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ABSTRACT

Lead is an environmental pollutant that causes remarkable damage to various organs in the

human body, especially the nervous system. Removal of lead by conventional methods is

costly, and therefore, in the current scenario, biosorption using fungi is extensively explored as

they provide good metal uptake systems. The present study evaluated the Pb (II) biosorption

potential of endophytic fungi Aspergillus �avus SGE34. The fungal isolate was obtained from the

root of an indigenous medicinal plant of the Chhattisgarh region named Cleome viscosa Linn.

The biosorption potential of dead fungal biomass was optimized at di�erent operating

parameters like contact time, pH, and temperature. The maximum biosorption values were

found at pH 6.0 with an equilibrium time of 150 minutes at 350C. The Fourier transform

infrared spectroscopy study revealed that the pattern of new absorption bands, altered

absorption intensity, and shift in wavenumber of functional groups was deduced, due to
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interaction between metal ions and active sites of biosorbent. The present study concluded

that A. �avus SGE34 has high metal tolerance and biosorption capacity; it could e�ectively

remove lead from industrial e�uents.
KEYWORDS: Aspergillus �avus biosorption dead biomass endophytic fungi FTIR lead
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Assessing the genetic diversity of Buchanania lanzan 
Spreng. (Chironji) using inter simple sequence repeat  
markers

Tripti Agrawal · Afaque Quraishi
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Abstract Buchanania lanzan Spreng, a member 
of the Anacardiaceae family, is a valuable tropical 
fruit tree native to India. This tree species possesses 
enormous pharmacological properties and socio-
economic significance but is underutilised due to 
inadequate genetic diversity and germplasm wealth 
resources data. The present investigation attempted to 
evaluate the diversity of nine accessions of B. lanzan 
obtained from three distinct geographical locations 
in the Chhattisgarh state of India using inter simple 
sequence repeat (ISSR) markers. Ten ISSR primers 
were used, of which eight ISSR primers produced 
remarkable bands selected for genetic diversity analy-
sis. The ISSR primers produced a total of 127 loci, of 
which 63 loci exhibited polymorphism. On average, 
each primer yielded 7.87 loci. The maximum poly-
morphism was observed for primer BLA4 (77.77%), 
while primer BLA10 exhibited the lowest polymor-
phism (25%). An average 49.87% polymorphism was 
detected amongst nine accessions using eight ISSR 
primers. The Jaccard’s similarity coefficient exhib-
ited a range of values between 0.63 and 0.98. Genetic 
variability in B. lanzan  accessions is low owing to 
low polymorphism percentage, although they belong 
to different agroclimatic regions of the Chhattisgarh 
state.

Keywords Chironji · Genetic variability · ISSR 
marker · Primer · Tropical

Introduction

Buchanania lanzan Spreng is a valuable tree spe-
cies known for its fruit and nut production, primarily 
found in the tropical forests of Asia. It is commonly 
known as the Almondette tree, and its vernacular 
name is Chironji in Hindi. The tree is often growing 
in the Sal dominating tropical deciduous forest areas 
inhabiting Shorea robusta, Madhuca latifolia, and 
Diospyros melanoxylon trees (Malik et al. 2012; Raj 
and Jhariya 2021). The tree is significant for its highly 
nutritious and valuable seeds enclosed in a hard fruit 
nut. Seeds have a sweet almond-like flavour and high 
neutraceutical, medicinal values. Parts of the tree, 
viz., root, bark, gum, leaf, fruit, and seed, bear vari-
ous phytoconstituents having pharmacological and 
are used to treat blood disorders, fever, ulcers, burn-
ing sensations in body parts, diarrhoea, dysentery, 
asthma, and snake bite (Malik et al. 2012). The ker-
nel and bark extracts are used as a tonic, to treat an 
intrinsic haemorrhage, and bloody diarrhoea. Kernel 
powder mixed with milk is an aphrodisiac that is also 
used to treat fever and burning sensations. The bark 
decoction of this plant species has been employed in 
the treatment of stomach pain, cough, and bronchi-
tis, as documented by Mehmood et  al. (2016). The 
fruit is a laxative, aphrodisiac, cures fever, ulcers, 

T. Agrawal · A. Quraishi (*) 
School of Studies in Biotechnology, Pt. Ravishankar 
Shukla University, Raipur, Chhattisgarh 492010, India
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Abstract
Curcuma caesia Roxb. is a critically endangered herb belonging to the Zingiberaceae family with economic and medicinal 
importance associated with its rhizomes. The prime function of epicurzerenone (a sesquiterpene) is to eliminate reactive 
oxygen species and is, therefore, known to have antitumor properties. In the present investigation, in vitro elicitation of ter-
penes was carried out on microrhizomes of C. caesia using salicylic acid and jasmonic acid at 25.0 µM and 50.0 µM each 
for 30 and 60 d. The jasmonic acid treatment did not affect morphology of the cultures compared to the un-elicited cultures. 
The jasmonic acid treated had similar or less epicurzerenone area% than the un-elicited cultures (23.48%). Even the total 
terpenoids content was less in the jasmonic acid treated ones than the un-elicited cultures. However, phenolic content was 
higher than the un-elicited cultures in jasmonic acid treated. Among all the tested elicitations, cultures with 25.0 µM sali-
cylic acid on the  60th day had the least fresh weight of microrhizomes. Gas chromatography–mass spectrometry analysis 
revealed epicurzerenone as the dominant sesquiterpene in all the elicited and un-elicited cultures on the  60th day. Salicylic 
acid at 25.0 µM level could elicit the highest accumulation of epicurzerenone (32.11%) compared to the other treatments, 
un-elicited culture (23.48%), and field-grown mother plant (12.43%). Biochemical studies during in vitro elicitation revealed 
that the protein, ascorbate, glutathione, and thiobarbituric acid reactive substances content increased significantly on the  60th 
day; similarly, the superoxide dismutase, ascorbate peroxidase, and guaiacol peroxidase activity also increased at the  30th 
day and then decreased at the  60th day in the 25.0 µM salicylic acid elicited cultures. These alterations in the biochemical 
parameters showed that treatment with 25.0 µM salicylic acid could induce a significant stress in the microrhizomes of C. 
caesia, which led to enhanced production of secondary metabolites, including terpenes (0.1649 mg abscisic acid equivalents 
 g−1 dry weight) and phenols (0.1382 mg gallic acid equivalents  g−1 dry weight).

Keywords Epicurzerenone · GC–MS · Glutathione · Jasmonic acid · Salicylic acid

Introduction

Elicitation is a process in which plants synthesized second-
ary metabolites by trace amounts of elicitors that help them 
survive, persist, and compete (Thakur et al. 2019). Elicitors 
stimulate the biosynthetic pathways leading to the enhanced 
production of commercially important secondary metabo-
lites (Jaiswal et al. 2022). This method is simple, effective, 
and inexpensive for increasing the secondary metabolites 
of cultured plant cells. The composition and percentage of 
secondary metabolites vary widely depending on various 

factors, such as the plant’s health, growth stage, parts used, 
soil, climate, and harvest time (Biesalski et al. 2009).

Salicylic acid and jasmonic acid are essential endogenous 
signal molecules in the plant signal transduction network that 
control physiological processes like growth, differentiation, and 
metabolism (Liu et al. 2018). Salicylic acid plays a significant 
role in plant growth and development and helps plants tolerate 
abiotic stresses, such as metals, drought, and salinity (Zhang 
et al. 2015). Jasmonic acid is a natural growth regulator in 
higher plants and is involved in plant-pathogen interactions and 
abiotic stress tolerance. Salicylic acid and jasmonic acid are 
the commonly used elicitors. Stressors induce the production 
of reactive oxygen species (ROS), which accumulate in plant 
cells and cause oxidative stress. This oxidative stress, in turn, 
enhances the production of secondary metabolites and increases 
the antioxidant activity of the plant (Dumanovic et al. 2021).

 * Afaque Quraishi 
 drafaque13@gmail.com

1 School of Studies in Biotechnology, Pt. Ravishankar Shukla 
University, Raipur, Chhattisgarh, India







Vol.:(0123456789)1 3

Journal of Fluorescence (2024) 34:833–846 
https://doi.org/10.1007/s10895-023-03316-x

RESEARCH

Antibacterial Activity of CdTe/ZnS Quantum Dot‑β Lactum 
Antibiotic Conjugates

Sandeep K. Vaishanav2 · Jyoti Korram1 · Tikendra K. Verma5 · S. K. Jadhav3 · Rekha Nagwanshi4 · 
Manmohan L. Satnami1

Received: 4 April 2023 / Accepted: 13 June 2023 / Published online: 30 June 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
β-Lactum antibiotics are broad class of antibiotics which kills bacteria by inhibiting the formation of peptidoglycan that con-
stitutes the bacterial cell wall. The resistance that develops in bacteria for antibiotics led the scientific world to think about the 
future aspects for modifying the way through which antibiotics are acted on the bacteria and become lethal for them. In this 
consequence, the potential of latest marketed antibiotics e.g. Amoxiciline (I), ceftazidim (II) have been evaluated after being 
conjugated with quantum dots. The surface of quantum dots has been conjugated with antibiotics by carbodiimide coupling 
with the help of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS) as conjugating 
agent between antibiotic and functionalized quantum dots. The antibacterial properties of QD-conjugated antibiotics have 
been determined by disc diffusion assay. The potency of QD-conjugated antibiotics has been estimated by determining their 
 MIC50 for the selected strain of Gram-negative (Escherichia coli) and Gram-positive (Staphylococcus aureus) bacteria. 
Minimum inhibitory concentration study, minimum bactericidal concentration and growth pattern analysis revealed that QD-
antibiotic conjugates showed slightly more prospective than pure native antibiotics against both Gram-negative (Escherichia 
coli) and Gram-positive (Staphylococcus aureus) bacteria.

Keywords β-Lactum antibiotics · QD-antibiotics conjugates · MIC50 · Antibacterial Activity

Introduction

Since the invention of penicillin, β-lactam antibiotics have 
developed as the most essential spectrum of antibacterial 
agents [1, 2]. However, the experimental treatment and 
wide utilization of these agents have made the bacteria to 

generate various types of β-lactamases (β-Lases), which 
could prompt the spread of bacterial resistance [3–6]. Thus 
clinical viability of β-lactam antibiotics was negotiated. 
β-lactam antibiotics resistance has turned out to be a seri-
ous issue that encounters the human health [7–10]. Thus, 
progressively more demand has been put on pharmaceuti-
cal investigators and medical researchers to develop new 
antibiotics [11]. Some strategies have been accounted for 
disabling the bacterial resistance. One was to change the 
structure of β-lactam to reduce its sensitivity to the hydrol-
ysis by β-Lases [12]. Another technique was to utilize dou-
ble activity cephems; if bacteria have resistance to one of 
them, the other antibacterial agent would destroy them in 
another way [13–16]. Vergauwe and coworkers utilized 
reagents, for example, 3 clavulanic acid to inactivate the 
β-Lases [17]. In all these techniques, reagents added to 
conquer the bacterial resistance were organic compounds. 
Inorganic components were occasionally utilized as a part 
of the antimicrobial industry. Though, it is notable that 
inorganic nanomaterials are great antimicrobial agents. 
Currently, there were some research work reported, which 
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started to investigate the antimicrobial impacts of com-
bination of β-lactam and inorganic nanomaterials. This 
investigation would be invaluable for designing novel anti-
microbial agents.

Over the previous decades, nanoparticles with exclu-
sive chemical and physical properties have demonstrated 
a growing significance in biological, biomedical, and phar-
maceutical applications. Inorganic nanomaterials have 
large surface to volume ratio and pronounced bioactiv-
ity which made them great candidate to displace conven-
tional organic antimicrobial agents that are enormously 
irritant and toxic. Currently, various nanoparticles have 
been appeared to have antimicrobial activities [18, 19] and 
among them the silver nanoparticles have been very much 
examined and reported to accrue in the Escherichia coli (E. 
coli) membrane to have efficaciously antibacterial effects 
[20]. Titanium dioxide  (TiO2), Silicon dioxide  (SiO2) and 
zinc oxide (ZnO) nanoparticles, also demonstrate encour-
aging biocidal properties against both Gram-positive and 
Gram-negative bacteria [21]. All these assemblies are 
observed to be photosensitive and can create reactive 
oxygen species (ROS) under high intensity light at a par-
ticular wavelength.  TiO2 can be utilized as an important 
antibacterial agent although when sunlight is applied as 
the excitation source. In contrast with different nanopar-
ticles, quantum dots (QDs) have superior size-dependent 
optical properties. They are essentially nanoscale crystals 
fabricated from semiconducting materials [22, 23]. QDs 
have turned out to be more significant research subjects 
in present years [24] because of their exceptional physi-
cal properties including photostability, narrow emission, 
and wide excitation range, high photoluminescence and 
potential applications in recent biosensors[25], cell imag-
ing [26] and in vivo tracking of living being [27]. QDs can 
indicate sizes and numbers of atoms between the molecu-
lar level and bulk solids with a band-gap relying upon 
different factors, for example, strength and type of bond 
with adjacent atoms. Usually, narrow fluorescent emis-
sion peaks are witnessed for separated atoms. It has been 
accounted for that a nanoparticle of roughly 100–10000 
atoms indicates distinctive narrow optical line spectra. On 
the premise of this data, QDs can be characterized as arti-
ficial atoms [28].

It has been demonstrated that under UV illumination, 
QDs produce free radicals, of which the quality and type 
are controlled by their center core materials [29]. The high 
extent of free radicals is hurtful to microorganisms. The 
release of free metal ions from QDs could also be hazard-
ous to microbes. There are only few reports on antimicrobial 
activity of QDs can be established [30, 31]. For instance, 
Kloepfer et al. demonstrated that cadmium selenium (CdSe) 
QDs can prevent bacterial growth [32]. To diminish the 
lethality and toxicity of QDs, core/shell structure and core/

shell materials are commonly utilized. Scientists develope 
various types of center/shell QDs CdTe/ZnSe, CdTe/ZnS, 
and CdSe/ZnS), ciore/shell/shell QDs (CdTe/CdS/ZnS, 
CdSe/CdTe/ZnSe), and condition cordial QDs (CuInSe, 
 Ag2S,and Si QDs) for different purposes [33–41].

In the present study, CdTe/ZnS core/shell QDs were 
selected as one of the most robust and highly fluorescent 
QDs which are synthesized through a green way or environ-
ment-friendly way using water as a solvent. The CdTe/ZnS 
core/shell QDs can be applied in various biological fields 
because the high Cd toxicity of CdTe QDs is supposed to 
be reduced by forming a shell of ZnS. In the present study, 
CdTe/ZnS core/shell QDs were conjugated with amoxicil-
lin (Amox) and ceftazidime (CZ) and subsequently char-
acterized with spectroscopic and microscopic techniques. 
The potency of antibacterial activities of these CdTe/ZnS-
antibiotic conjugates was evaluated against E. coli and S. 
aureus which is commonly used as a model in microbiologi-
cal research.

Experimental Section

Materials

Amoxicillin, ceftazidime, 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (EDC) and N-hydroxysuccinimide (NHS), 
cadmium acetate  (CH3COO)2Cd), tellurium powder, 
sodium borohydride  (NaBH4), zinc acetate  (CH3COO)2Zn), 
thiourea  (NH2CSNH2), manganese acetate tetrahydrate 
 (CH3COO)2Mn.4H2O), glutathione (GSH), acetone 
 (CH3COCH3) and all other chemicals were purchased from 
Sigma Aldrich, Bangaluru, India. All the chemicals used were of 
analytical grade and millipore water was used in all experiments.

The strains which were employed in this study are the 
Gram-negative bacterium E. coli (MTCC 1687) and the 
Gram-positive bacterium S. aureus (MTCC 3160), pur-
chased from the Microbial Type Culture Collection, Institute 
of Microbial Technology (Chandigarh).

Synthesis of CdTe/ZnS Core/Shell Quantum Dots

Core-shell CdTe/ZnS quantum dots were synthesized by 
slight modification of reported method [42]. Briefly, a 
NaHTe solution was prepared by dissolving Te powder (1 
mM) and  NaBH4 (4 mM) in 2 mL of nitrogen bubbled mil-
lipore water which was stirred for a few hours at 4 °C. The 
 Cd2+ precursor solution was prepared by dissolving GSH 
(10 mM) and Cd  (CH3COO)2 (4.0 mM) in 100 mL millipore 
water. Subsequently, the pH was adjusted to 10.5 by adding 
0.1 M NaOH followed by the addition of NaHTe solution 
into  N2 saturated  Cd2+ precursor solution. The colour of 
the solution immediately changed from colourless to yellow. 
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The molar ratio of  Cd2+: NaHTe: GSH was maintained at 
4:1:10. Then, the reaction mixture was heated at 100 °C, 
and aliquots of the mixture (0.5 mL) were collected after 
every 10 minutes. After desired growth the reaction was 
quenched by rapidly cooling down to 0 °C in an ice-bath. 
The core nanocrystals were precipitated by adding acetone 
(1:1 v/v), followed by centrifugation at 5000 rpm for 2 h. 
For ZnS shell coating, a  Zn2+ precursor solution was pre-
pared by dissolving GSH (0.2 mM) and Zn(CH3COO)2 (0.1 
mM) in 25 mL of Millipore water with adjusting pH to 7.0. 
For the synthesis of CdTe/ZnS core/shell QDs, the purified 
CdTe nanocrystals (0.025 μmol/L) and thiourea (0.1 mM) 
were added to the  Zn2+ precursor solution, and the pH was 
adjusted to 11.0. The molar ratio of  Cd2+/thiourea (TU)/
GSH in the reaction mixture was 1:1:2. Afterwards, the reac-
tion mixture was kept at 90 °C, and aliquots (0.5 mL) were 
collected in a glass vial at a series of different times. Each 
reaction was quenched by cooling to 0 °C in an ice bath. The 
core/shell QDs were precipitated by adding equal volume of 
acetone (1:1 v/v), followed by centrifugation at 4000 rpm for 
1.5h. The precipitate was used for further studies.

Conjugation of Antibiotics with CdTe/ZnS Core/Shell 
Quantum Dots

One milligram of CdTe/ZnS QDs was dissolved in 10 mL 
of 50 mM PBS buffer (pH 7.40). Then 10 mg of NHS and 
20 mg of EDC were added to the QD solution, and stirred 
for 30 min to activate the carboxylate groups on QDs. Then 
various amounts of antibiotics (amoxicillin/ ceftazidime) (1 
µg/ml-300 µg/ml) was dissolved in PBS buffer, and added 
to the activated QD solution. After reaction overnight, the 
antibiotic-conjugated QDs were separated from the solution 
by an ultracentrifugation.

Characterization

UV-Visible spectra were recorded by using Thermoscientific 
evolution-300spectrophotometer operated at a resolution of 
2 nm. Fluorescence spectra were recorded using an Agilent 
fluorescence spectrophotometer (G9800AA). The fourier-
transform infrared (FTIR) spectral analysis was performed 
within the wave number ranges from 4000-600  cm-1were 
measured using FTIR spectrometer (DRS-FTIR) set with 
deuterated, L-alanine doped triglycine sulfate (DLaTGS) 
detector (Model: Nicolet iS10, Thermofisher Scientific 
Instrument, Madison,USA). The size of the CdTe/ZnS QDs 
were assessed by transmission electron microscopy (TEM) 
on a JEOL, JEM-2100F model instrument operated an accel-
erating voltage of 200kV. The samples were prepared by 
adding drops of sample solution on carbon-129 coated cop-
per grids and allowed to dry in air. The resulting images 

were analyzed by gatan micrograph software. X-Ray diffrac-
tion study has been performed on PANalytical 3 kW X’pert 
Powder XRD–Multifunctional.

Antibacterial Activity

The antibacterial activities of QD-antibiotics conjugates 
were investigated against Gram-negative bacteria Escheri-
chia coli (E. coli) MTCC 1687 and Gram-positive bacte-
ria Staphylococcus aureus (S. aureus) MTCC 3160 by two 
methods: well diffusion and broth dilution method. The 
strains were cultured in Nutrient agar medium (NAM) plates 
in an incubator overnight at 37 °C. A single colony was inoc-
ulated in 20 ml of NAM Broth (TSB) and grown statically 
overnight at 37 °C. Then, 100μl of this bacterial suspension 
was transferred into 100ml of NAM in a conical flask and 
grown in a shaker incubator at 150 rpm at 37 °C.

Well Diffusion Method

The antibacterial activity of QD-antibiotics conjugates were 
assessed in vitro against two pathogenic bacterial strains using 
well diffusion method. NAM plates were prepared by pour 
plate method. For agar well diffusion, 100μl of the bacterial 
suspension was inoculated on semi solidified NAM plates and 
spread properly. Small wells about 5 mm diameter of size were 
made into semisolid NAM plates. Different dosages (5-150 μg/
ml) of QDs, 50-300μg/ml and 1-30μg/ml of amoxicillin and its 
corresponding QD-amox conjugates for E.coli and S. aureus 
were added in to each well. Similarly, 5-50μg/ml and 1-30μg/
ml of ceftazidime and its corresponding QD-CZ conjugates 
for E.coliand S. aureus QD- were added in to each well. The 
plates were placed in a 37 °C incubator for 24 h. Test was done 
in triplicate, then inhibitory action of tested samples on the 
growth of the bacteria was determined by measuring diameter 
of inhibition zone in mm around each well. Streptomycin was 
used as a positive control while water is used as negative con-
trol to test the bioactivity of compounds.

Broth Dilution Method

Nutrient broth medium inoculated in different test tubes 
plugged with sterile cotton and autoclaved. The 100μl bacte-
rial suspensions were inoculated in two set of test tubes con-
taining different dosages of different dosages (5-150 μg/ml) 
of QDs, 50-300 μg/ml and 1-30 μg/ml of amoxicillin and its 
corresponding QD-amox conjugates for E.coli and S. aureus. 
Similarly, 5-50 μg/ml and 1-30 μg/ml of ceftadizime and its 
corresponding QD-CZ conjugates for E.coli and S. aureus 
QD- were used. The final volume in the tubes was 10 ml. 
The tubes were incubated in a shaker incubator at 100 rpm 
at 37 °C for overnight. Growth of inoculums in the test tube 
was observed by determining the optical density (OD) at 600 
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nm by colorimeter. For standard comparison a control sample 
was prepared by a similar method exclusive of QD-antibiotic 
conjugates. The experiments were carried out in triplicate to 
confirm reproducibility. The percentage of growth inhibition 
was calculated using the following formula:

where ODc and ODt correspond to the optical density of 
the control and test sample of nanocomposite, respectively.

Results and Discussion

Spectral Characterization of CdTe/ZnS QDs 
and CdTe/ZnS QDs Antibiotic Conjugates

Figure 1 represents usual evolution of both absorption and 
fluorescence spectra of GSH-topped CdTe/ZnS QDs synthe-
sized in the aqueous phase. Although successfully synthe-
sizing CdTe QDs with an inclusive range of sizes, current 
study emphases on CdTe core with emission maxima at 556 
nm and study the evolvement of the optical, electronic and 
structural properties as a function of ZnS coating. The size 
and concentration of the CdTe core are 3.78 nm and 4.7 x 
 10-6 M, respectively, which is determined by utilizing the 
empirical formula (Eq. 2): [43]

Here A is the absorbance of the first excitonic absorption peak 
for CdTe QDs, c is the molar concentration (mol/L) of the CdTe 
QDs, l is the path length (cm) of the radiation beam, D is the 

(1)% Growth Inhibition = −

[

OD
c
− OD

t

OD
c

]

× 100

A = �cl, � = 10043(D)2.12

(2)
D = (9.8127 × 10

−7)�
3
−
(

1.7147 × 10
−3
)

�
2
+ (1.0064)� − (194.84)

diameter of the QDs, ε is the molar absorptivity of CdTe QDs 
and λ (nm) is the wavelength of the first excitonic absorption 
peak of the CdTe QDs. Heating the solution containing glu-
tathione,  Zn2+ and core CdTe QDs results in gradual red shift in 
the absorption and fluorescence spectra (Fig 1a), which infers that 
a ZnS shell is gradually developing in situ on the CdTe core. With 
the refluxing, the excitonic absorption peak of QDs shifts toward 
longer wavelength from 565 nm to 620 nm as the QDs grow 
to bigger size. This phenomenon is observed due to quantum 
confinement effect. The corresponding fluorescence emission 
wavelengths and QYs of the CdTe/ZnS NCs are 585 nm 40%, 
600 nm 48 %, 610 nm 42 %, 620 nm 39 %, and 635 nm 36 %, 
respectively. After the 15 min of refluxing, the best fluorescence 
QY (48 %) of the CdTe/ZnS QDs achieved is 1.4 times greater 
than that of the CdTe core QDs. At the same time, the diameter of 
the core–shell QDs rises to 4.7 nm (core CdTe = 3.8 nm), which 
displays that the thickness of ZnS shell is around 0.9 nm. After 
30 min. of refluxing, the fluorescence wavelength increases with 
decrease in the QY of CdTe/ZnS to 42 %. Further refluxing to 50 
min, the increasing rate fluorescence wavelength diminishes with 
the decrease in the QY to 39 %. Lastly, after 90 min. of reflux-
ing, the fluorescence emission wavelength of the QDs shifts up 
to 635 nm, however the QY reduced to just 36 %. These results 
show that during refluxing, the QDs are grown to their final size, 
as well as the fluorescence emission of the core–shell CdTe/ZnS 
QDs can be tuned in color with the refluxing time.

As appeared in the Fig. 1a, the absorption band shifts 
towards longer wavelength with increase in the fluorescence 
intensity as the ZnS shell grows. The increased intensity is due 
to the in situ formation of ZnS shell causing in the considerable 
decrease in the surface deformities of core CdTe QDs and the 
dropping down of confinement energy of exciton after coat-
ing core QDs with greater band gap shells [43–49]. Interfacial 
strain play an essential role which emerges from the extensive 
lattice mismatch between the ZnS shell and CdTe core (cross 
section parameters for ZnS c = 6.257 Å and for CdTe c = 

Fig. 1  Absorption and corresponding fluorescence spectra of CdTe and CdTe/ZnS QDs with refluxing time Absorption and corresponding FL 
spectra of CdTe/ZnS QDs and CdTe/ZnSamox and CdTe/ZnS CZ conjugates



837Journal of Fluorescence (2024) 34:833–846 

1 3

6.477 Å) [50]. On the other hand, it can be found in Figs. 1a 
and 2 that the sizes of QDs grow in aqueous phase accom-
plished by the fluorescence full width at half most extreme 
(FWHM) decreasing. FWHM of the fluorescence emission 
peak rapidly changes from 86 nm to 76 nm during refluxing for 
15–90 min. The narrow FWHM of the fluorescence emission 
peak reveals the narrow size distribution, which is a proficient 
way to explore the size focusing. Furthermore, the conjugation 
of CdTe/ZnS with Amox and CZ also monitored with absorp-
tion and fluorescence spectral measurements (Fig. 1b). The 
absorption and corresponding fluorescence spectra of amox 
and CZ CdTe/ZnS conjugates shifts towards longer wavelength 
with considerable decrease in intensity suggest the conjugation 
of CdTe/ZnS QDs with amox and CZ.

The powder XRD diffractogram for the CdTe, CdTe/
ZnS, CdTe/ZnS-Amox and CdTe/ZnS CZ conjugates are 
depicted in Fig. 3. The typical zinc blend planes of 111, 
220, and 311 positioned at 24.400, 41.600, and 47.900 for 
CdTe and at 24.940, 41.720, and 48.760 for CdTe/ZnS in 
the range of 10–700 have been observed. The position 
of the diffraction peaks of CdTe cores is well matched 
with those of the bulk CdTe cubic structure (JCPDSNO. 
15-0770) [42]. After formation of ZnS shell on CdTe core, 
diffraction peak position shifted to greater angles towards 
the positions of bulk ZnS cubic structure (JCPDS NO. 
05-0566) [42], which is confirmed the formation of CdTe/
ZnS. Furthermore, the diffraction peaks of CdTe/ZnS 
Amox and CdTe/ZnS CZ conjugates also appears to be at 
24.94°, 41.72°, and 48.76°, but the peaks at 24.95° shows 
a small splitting. The splitting of peaks might be due to 
slight loss in crystalline structure at 111 planes due to 
conjugation. The TEM and HRTEM images in Fig. 4 show 
that the CdTe/ZnS NCs possess a good dispersed crystal-
line structure, and have an average diameter of about 4.7 
nm, consistent with the results calculated from the absorp-
tion spectrum. The structural characterizations show a 

Fig. 2  Variation of FWHM (a) and Quantum Yield (b) of CdTe/ZnS QDs with refluxing time

Fig. 3  XRD of CdTe/ZnS QDs and CdTe/ZnS -Amox and CdTe/ZnS 
CZ conjugate

Fig. 4  TEM image of CdTe (a) and CdTe/ZnS QDs (b) Inset: His-
togram of CdTe and CdTe/ZnS QDs and HRTEM showing inter-
planer distance
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continuous growth of the crystallographic planes without 
a distinct boundary at the core-shell interface. Energy-
dispersive X-ray spectroscopy (EDS) was also used to 
examine the composition of CdTe/CdS/ZnS (Fig. S1). 
Zn and S were both clearly visible in the EDS pattern, 

and the atomic ratio of S:Zn:Cd:Te was determined to be 
1.38:1:1.64: 2.84. The FTIR spectrum of CdTe/ZnS antibi-
otics conjugates and free antibiotics (amox and CZ) reveals 
the conjugation of CdTe/ZnS with antibiotics as evident 
in the FTIR spectrum (Fig. 5) Curve 2 (Fig. 5a) represent 

Fig. 5  FTIR spectra of (a) free Amox and Amox-CdTe/ZnS conjugate (b) CZ and CZ-CdTe/ZnS conjugates

Table 1  List of some of the 
previously reported antibacterial 
activity studies of Quantum dots 
and corresponding bacterial 
strain

S. No. Quantum Dot Nanaomaterial Bacterial Strain Reference

1 CdTe QDs Escherichia coli [51]
CdS/Ag2S QDs Escherichia coli,

Pseudomonas aeruginosa,
Staphylococcus aureus

[52]

2 CdTe–Rocephin
QD complex

Escherichia coli [53]

3 Thioglycolic acid
(TGA) and
mercapto-acetohydrazide
(TGH)
lysine-capped

Staphylococcus aureus [54]

4
5 Ciprofloxacin-Carbon dot conjugate Escherichia coli,

Pseudomonas aeruginosa,
Staphylococcus aureus
Bacillus subtilis

[55]

6 CdTe/ZnS-Amoxicilline
And Ceftadzime

Escherichia coli,
Staphylococcus aureus

Current study
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the free amox which show characteristic absorption bands 
of cephalosporin compounds, such as 3660-3250  cm-1 
(N-H group axial deformation), 1750-1725  cm-1and 1540 
 cm-1(carboxylic acid function C=O stretching), 1475-1600 
cm-1 (aromatic ring C=C axial deformation), 1350-1300 
 cm-1 (C-N axial deformation) and 1680-1630  cm-1 (amide 
group C=O axial deformation). Curve 3 (Fig. 5a) amox-
CdTe/ZnS conjugates which shows quite characteristics 
changes in their amide stretching vibration such as split-
ting of 1680  cm-1 (amide group C=O axial deformation) 
bands which suggest the formation of conjugates through 
amide bond formation. Similarly, Curve 2 (Fig. 5b) rep-
resent the free CZ which show broad absorption bands 
of N-H group axial deformation at 3660-3250  cm-1, 1748 
 cm-1 (carboxylic acid function C=O stretching), 1480  cm-1 
(aromatic ring C=C axial deformation), 1382  cm-1 (C-N 
axial deformation) and 1678  cm-1 (amide group C=O axial 
deformation). The stretching band at 1678  cm-1splits in to 
two peaks suggested the formation of new amide bond as 
well as the conjugation of CdTe/ZnS QDs with CZ.

Antibacterial Activity Tests

To evaluate the antibacterial efficacy of CdTe/ZnS antibi-
otics conjugates, the activity were tested at different con-
centrations against E.coli and S. aureus. The micro dilution 
method was employed to evaluate their antibacterial activity 

and minimum inhibitory concentration  (MIC50). The evalua-
tion included also the different concentrations of bare CdTe/
ZnS, pure antibiotics and CdTe/ZnS-antibiotic conjugates 
to compare and analyze the antibacterial behavior contrib-
uted from each component of the conjugates. Moreover, 
the current study has been compared with that of previous 
reports and best of our literature survey we found that no 
such attempts have been made till now (Table 1)

Tables 2, 3 and 4 summarizes the percentage inhibi-
tion and  MIC50 values of bare CdTe/ZnS, pure antibiot-
ics (Amox, CZ) and CdTe/ZnS-antibiotic conjugates, to 
inhibit both bacterial strains. The obtained data show that 
the percentage inhibition of bacterial growth increases 
with increasing concentration of CdTe/ZnS, Amox, CZ, 
and its conjugates. The percentage inhibition of Amox-
CdTe/ZnS conjugates (50, 100, 150, 200 and 300µg/ml) 
against E.coli is found to be 32.06, 49.94, 69.01, 85.69 and 
94.63% which is greater than the percentage inhibition of 
free Amox which shows 20.14, 40.40, 61.85, 79.73 and 
89.27 % after 6h treatment at 37 °C (Fig. 6a). Similarly, 
the percentage inhibition of Amox-CdTe/ZnS conjugates 
(1, 3, 5, 10 and 20 µg/ml) against S. aureusis found to be 
33.25, 51.13, 71.39, 85.31 and 95.01 % which is greater 
than the percentage inhibition of free Amox Table (2 and 
3) (Fig. 6c). Similar trends were observed for CZ-CdTe/
ZnS conjugates and pure CZ against both the bacterial 
strain (Fig. 6b, d ) (Tables 5 and 6). Furthermore, the 
 MIC50 of 102.0 and 3.0 µg/mL of Amox-CdTe/ZnS con-
jugates and 9.5 and 3.6 µg/mL of CZ-CdTe/ZnS conjugates 
are required to kill 50 % of E. coli and S. aureus bacteria, 
respectively (Table 2). On the other hand, the  MIC50 cor-
responding to bare CdTe/ZnS, CZ and Amox were found 
to be above the Amox-CdTe/ZnS and CZ-CdTe/ZnS con-
jugates for E. coli and S. aureus bacteria (i.e., 700 µg/ml 
and 500 µg/ml for CdTe/ZnS, 140 µg/mL and 4.8 µg/ml for 
Amox, 12.5 µg/ml and 4.8 µg/ml for CZ). It is clear that 
there is a significant enhancement and a strong antibacte-
rial activity associated with CdTe/ZnS-antibiotic conju-
gates, as compared to bare CdTe/ZnS and pure antibiotics.

Table 2  MIC50values of pure antibiotics and antibiotics CdTe/ZnS 
conjugates for E.coli and S. aureus 

Tested Sample MIC50 (µg/ml)

E.coli S. aureus

CdTe/ZnS > 700 > 600
Amox 140±2.5 4.8±0.5
Amox-CdTe/ZnS 102 ±1.5 3.0±0.8
CZ 12.5 ±0.5 4.6±0.8
CZ-CdTe/ZnS 9.5±0.5 3.6±0.5

Table 3  Inhibition percentage of Amox, Amox-QD conjugates after 6 h treatment.

Tested Sample Inhibition Percentage

E.coli
MTCC1687

S. aureus
MTCC 3180

E.coli
MTCC1687

S. aureus
MTCC 3180

Amox (µg/ml) Amox-QD
(µg/ml)

Amox (µg/ml) Amox-QD
(µg/ml)

Amox Amox-QD Amox Amox-QD

50 50 1 1 20.14±1.93 32.06±1.83 27.29±1.97 33.25±1.82
100 100 3 3 40.40±1.84 49.94±1.89 42.78±2.33 51.13±2.16
150 150 5 5 61.85±2.23 69.01±2.13 64.24±1.91 71.39±1.85
200 200 10 10 79.73±1.94 85.69±1.69 80.12±1.74 85.31±1.78
300 300 20 20 89.27±1.86 94.63±1.79 90.70±1.96 95.01±1.91
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The antimicrobial effectiveness of CdTe/ZnS-Amox and 
CdTe/ZnS-CZ conjugates, dose-dependent growth kinet-
ics curves of E.coli and S. aureus were used to assess the 
relative rate and extent of antibacterial activity of CdTe/
ZnS-Amox and CdTe/ZnS-CZ conjugates. Figure 7 display 
the growth profiles of E.coli treated with various concen-
trations of pure antibiotics and CdTe/ZnS-antibiotic conju-
gates. Figure 7a, b shows a strong inhibition of E.coli and 

S. aureus when treated with Amox and CZ. The interaction 
between CdTe/ZnS-antibiotics conjugates (Amox and CZ) 
and E.coli was stronger than pure antibiotics (Amox and 
CZ), and the inhibition was significantly high (Fig. 7a, b). 
The lowest concentration of 50 µg/mL of Amox exerts a 
delay of 4 h in the growth rate of E.coli and 5µg/mL of CZ 
exerts a delay of 6 h in the growth rate of E.coli. On the other 
hand, CdTe/ZnS-antibiotic conjugates displayed a slightly 

Table 4  Inhibition percentage 
of CZ, CZ-QD conjugates after 
6 h treatment.

Tested Sample Inhibition Percentage

E.coli
MTCC1687

S. aureus
MTCC 3180

E.coli
MTCC1687

S. aureus
MTCC 3180

CZ (µg/ml) CZ-QD
(µg/ml)

CZ (µg/ml) CZ-QD
(µg/ml)

CZ CZ-QD CZ CZ-QD

5 5 1 1 24.91±2.13 36.82±2.22 15.37±1.85 22.52±1.98
10 10 3 3 48.15±1.84 52.32±1.87 39.21±1.54 43.98±1.86
15 15 5 5 64.97±2.23 76.73±2.12 55.89±2.11 64.24±1.92
20 20 10 10 85.08±1.94 89.46±1.69 73.77±1.74 77.35±2.41
30 30 20 20 93.82±1.86 96.30±1.81 89.27±1.96 95.23±1.92

Fig. 6  Inhibition percentage profile of Amox, Amox-CdTe/ZnS CZ and CZ-CdTe/ZnS conjugates against E.coli and S.aureus 
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strong antibacterial behavior at lower concentrations than 
pure antibiotics. Similar bacterial population growth kinet-
ics experiments have been carried out for pure antibiotics 
and QD-antibiotic conjugates with S. aureus (Fig. 7a, b). 
Similar to the E.coli, pure Amox and CZ displayed strong 
antibacterial activity against S. aureus, where the bacterial 
growth rate becomes slower when increasing the antibiotic 

(Amox and CZ) concentrations. Nonetheless, an increase in 
the antibacterial effect of CdTe/ZnS-antibiotic conjugates 
was observed.

Furthermore, we used the well diffusion method to evalu-
ate the ability of QDs-antibiotic conjugate to inhibit the for-
mation of bacterial biofilms (Figs. 8 and 9). Tables 5 and 6 
summarizes the diameter of the inhibition zones exhibited by 

Table 5  Inhibition zone of Amox, Amox-QD conjugates after 24 h treatment

Tested Sample Inhibition Zone (mm)

E.coli
MTCC1687

S. aureus
MTCC 3180

E.coli
MTCC1687

S. aureus
MTCC 3180

Amox (µg/ml) Amox-QD
(µg/ml)

Amox (µg/ml) Amox-QD
(µg/ml)

Amox Amox-QD Amox Amox-QD

50 50 1 1 14.0±1.93 18.0±1.93 13.0±1.93 18.0±1.93
100 100 3 3 25.0±1.93 29.0±1.93 20.0±1.93 24.0±1.93
150 150 5 5 30.0±1.93 34.0±1.93 26.0±1.93 29.0±1.93
200 200 10 10 36.0±1.93 44.0±1.93 32.0±1.93 35.0±1.93
300 300 20 20 45.0±1.93 56.0±1.93 35.0±1.93 41.0±1.93

Table 6  Inhibition zone of CZ, 
CZ-QD conjugates after 24 h 
treatment.

Tested Sample Inhibition Zone (mm)

E.coli
MTCC1687

S. aureus
MTCC 3180

E.coli
MTCC1687

S. aureus
MTCC 3180

CZ (µg/ml) CZ-QD
(µg/ml)

CZ (µg/ml) CZ-QD
(µg/ml)

CZ CZ-QD CZ CZ-QD

5 5 1 1 16.0±1.93 17.0±1.93 15.0±1.93 18.0±1.93
10 10 3 3 23.0±1.93 28.0±1.93 21.0±1.93 24.0±1.93
15 15 5 5 27.0±1.93 32.0±1.93 26.0±1.93 29.0±1.93
20 20 10 10 31.0±1.93 37.0±1.93 31.0±1.93 35.0±1.93
30 30 20 20 41.0±1.93 46.0±1.93 38.0±1.93 43.0±1.93

Fig. 7  Bacterial growth inhibition curve of (E.coli and S. aureus) at different concentration of pure antibiotics and its corresponding QD-conjugates
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Fig. 8  Disc diffusion assay for E.coli and S. aureus (a-b) QDs against S. aureus and E.coli, (c-d) Amox against S. aureus and E.coli, (e-f)QDs-
Amox conjugates against S. aureus and E.coli, (g-h) CZ against S. aureus and E.coli,(i-j) QDs-CZ conjugates against S. aureus and E.coli 
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the diffusion of bare QDs, pure antibiotics and QD-antibiotic 
conjugates. The diameter of inhibition zone by Amox-CdTe/
ZnS conjugates (50, 100, 150, 200 and 300 µg/ml) against 
E.coli is found to be 18.0,29.0, 34.0, 44.0 and 56.0 mm 
which is greater than the diameter of inhibition zone created 
by free Amox which shows 14.0, 25.0,30.0, 36.0 and 45.0 
mm after 24 h treatment at 37 °C. Similarly, the inhibition 
zone produced by Amox-CdTe/ZnS conjugates (1, 3, 5, 10 
and 20 µg/ml) against S. aureus is found to be 18.0, 24.0, 
29.0, 35.0 and 41.0 mm which is greater than the inhibition 
zone produced by free Amox (Tables 5 and 6). Similar trends 
were observed for CZ-CdTe/ZnS conjugates and pure CZ 
against both the bacterial strain. In contrast, bare CdTe/ZnS 
exhibited very low inhibition against both bacterial strains 
while antibiotics showed quite strong inhibition for both the 

bacterial strain. Moreover, the Amox-CdTe/ZnS and CZ-
CdTe/ZnS conjugates displayed greater inhibition than the 
pure antibiotics.

The observed antibacterial efficacy of Amox-CdTe/ZnS 
and CZ-CdTe/ZnS conjugates can be explained on the basis 
of earlier studies. We proposed that β-Lactam antibiotics 
exhibit bactericidal properties by disrupting the formation 
of bacterial cell walls through covalent binding to crucial 
penicillin-binding proteins (PBPs). These enzymes are 
responsible for the final stages of peptidoglycan cross-
linking in both Gram-negative and Gram-positive bacteria. 
Furthermore, The QDs insert into the cell membrane to 
cause membrane stress; and heavy metal ions are released 
into the cells to decline the gene expression of superox-
ide dismutase (SOD) [51]. In addition, the QD-antibiotic 

Fig. 9  Inhibition Zone profile of Amox, Amox-CdTe/ZnS, CZ and CZ CdTe/ZnS conjugates against E.coli (a-c) and S. aureus (b-d)
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conjugates attach to nuclear material and interfere with pro-
tein synthesis or nucleic acid replication (Fig 10) [52]. The 
synergistic effect of a CdTe/ZnS-antibiotic conjugates can 
contribute to the superior antibacterial efficacy of CdTe/
ZnS-Amox and CdTe-CZ conjugates compared to that of 
bare CdTe/ZnS quantum dots and antibiotic.

Conclusions

The CdTe/ZnS core shell quantum dots with high quantum 
yield up to 48% were successfully synthesized. Furthermore, 
the GSH functionalized CdTe/ZnS core shell QDs was suc-
cessfully conjugated with amoxicillin and ceftazidime to 
form QDs-antibiotics conjugates. The Amox-CdTe/ZnS 
and CZ-CdTe/ZnS conjugates showed enhanced antibac-
terial activity against E.coli and S. aureus bacteria, which 
are used as Gram-negative and Gram-positive model bac-
teria, respectively. The results showed that the conjugation 
of CdTe/ZnS QDs with Amox and CZ antibiotics fosters a 
small synergistic effect and reduces the concentrations of 
antibiotics required to inhibit both bacterial strains. This 
research can provide helpful insights to the development of 
new kind of antimicrobial agents.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10895- 023- 03316-x.
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In this study, Bacillus tequilensis TB5 α-amylase from rice-milled by-products (rice bran and de-oiled rice bran)
was successfully immobilized onto biologically synthesized magnetic nanoparticles fabricated with chitosan
(MNP-Ch) and characterized via different biophysical techniques. Furthermore, the study emphasized incorpo-
rating this nanostructure framework (MNP@2mgchitosan_DORB-amy and MNP@3mgchitosan_RB-amy) to offer
diverse applications, including enzymatic desizing, cleaning starchy stains, and treating synthetic starchy
wastewater. An enzyme loading of > 90 % for both enzymes indicated increased binding sites due to the
functional moieties of chitosan on the MNP. The Km was 0.28 and 0.31 mg/mL for the immobilized and free
forms of DORB-amy, respectively, and 0.18 and 0.27 mg/mL for the immobilized and free forms of RB-amy,
respectively. A low Km indicated an increased affinity of MNP-Ch-immobilized forms of enzymes toward the
substrate. The performance of both immobilized enzymes improved at a wide range of pH and temperature,
which may be attributed to the covalent binding of the enzyme on to the MNP-Ch. The nanobiocatalysts in the
detergent act synergistically to fade the starchy stains. Furthermore, an 8–9 TEGEWA scale rating with > 11 % of
starch removal was obtained through the biodesizing of starch-sized cotton fabric. The nanobiocatalyst effi-
ciently decomposed starch and liberated 650–670 mg/L of reducing sugar from the synthetic wastewater,
therefore offering promising opportunities for its exploration in a wastewater treatment plant. Thus, the study
recommends the potential exploration of sturdy matrices like MNP to offer remarkable applications with
maximum operational stability, easier recovery, and higher efficiency.

1. Introduction

Microorganisms have proven as a boon since time immemorial by
aiding synthesis of bio-products like enzymes. The motivation to do this
research was found because of the excellent potential of microorganisms
in synthesizing application-based enzymes. Hydrolytic enzymes from
microbial sources are the need of the hour due to their immense appli-
cation in various sectors. α-Amylase (E.C 3.2.1.1 1,4-α-glucan-glucano-
hydrolase) is an α-glucanase which preferentially cleaves internal α-D-
(1,4) glycosidic linkages of starch in a random manner to generate short
chain α-anomeric product at random locations [1]. α-Amylase is the
backbone of starch-based firms which accounts for about 30 % share of
the whole enzyme market and the second most demanded enzyme after
proteases [1,2]. It offers endless applications in food/bakery, biofuels,
textile, detergents, textile, pharmaceuticals and wastewater remediation

[3,4].
Enzymes have numerous advantages including eco-friendliness, cost-

effectiveness, require mild operational conditions and high specificity.
Despite having the aforementioned plus points, its solubility in the re-
action mixture, a non-recovery and poor catalytic performance due to
structural disruption at the extreme condition of pH and temperature
limits its usage in industries [5–8]. Immobilization has proven to be the
promising solution for all these shortcomings of free enzymes. Immo-
bilization is an empiric technique of confining an enzyme in/onto a
suitable support known as a matrix via several weak and strong in-
teractions for enhancing its stability, reusability and recovery [7,9,10].
The main advantage of immobilization is that it reduces the cost of the
entire production process because the enzyme prepared once can be
used multiple times with even better catalytic efficiency [2,7,8].

The correlation between nature and nanotechnology has proven to
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Biovalorizing agro-waste ‘de-oiled rice bran’ for thermostable, alkalophilic 
and detergent stable α-amylase production with its application as laundry 
detergent additive and textile desizer 
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A B S T R A C T   

The current research was concerned with the use of abundant agro-waste ‘de-oiled rice bran (DORB)’ as a sus-
tainable substrate to produce α-amylase followed by several targets like process parameter optimization for 
augmented production and immobilization. In addition, we have also focused on investigating the application of 
DORB_amy as an efficient laundry detergent additive and textile desizer. The best production was recorded at pH 
8.0 at 37 ◦C after 96 h incubation with 1.5 % (w/v) maltose. The DORB_amy has optimum activity at pH 9.0 at 
60 ◦C with a Km and Vmax of 0.31 mg/mL and 222.22 mg/mL/min respectively. The catalytic performance of 
DORB_amy was further enhanced after immobilization in 3.0 % calcium alginate beads with 61.95 ± 0.17 % of 
operational stability after five continuous reaction cycles. The findings showed excellent performance of 
DORB_amy in cleaning starchy stains. The washing performance of enzyme and detergent together was better 
than their individual performance which increases the application of α-amylase as a laundry detergent additive. 
About 17.34 % weight loss or desizing was done by DORB_amy with an 8–9 TEGEWA rating. The reported 
biochemical features like thermostability, alkalophilic and detergent-stable nature of the DORB_amy make it 
industrially fit with great significance.   

1. Introduction 

The extracellular hydrolytic enzymes produced by a diverse group of 
microorganisms have vital importance in the biotechnology sector due 
to their countless applications. Since it is easier and faster to cultivate 
microorganisms than plants or animals, and it is easy to genetically 
modify the producing organisms to generate desired grades and quan-
tities of enzymes, microbial enzymes proved to be economically ad-
vantageous. Hydrolytic enzymes have superior selectivity and can be 
used in mild reaction conditions than chemical catalysts, they are highly 
intriguing biocatalysts that have been the subject of much research 
[1,2]. Chemical catalysts have been surpassed by microbial enzymes 
nowadays. Microbial hydrolases like proteases, amylases, lipases, cel-
lulases and pectinases have long-term applications in industries such as 
food, paper and pulp, feed, textile, detergent, pharmaceutical, leather, 
biopolymer and waste treatment [1,3]. One such hydrolase owing ver-
satile application in starch-based industries is α-amylase which is the 
need of the hour. 

Starch is an abundant polysaccharide and the ultimate reservoir of 

energy for the organisms on earth. The demand for starch and its hy-
drolytic products is increasing in various industries, reinforcing the 
search for an efficient α-amylase enzyme. α-Amylase (endo-1, 4-α-D- 
Glucan glucohydrolase; E.C. 3.2.1.1) is an α-glucosidase widely used by 
industries to offer several vital applications [1,3]. It randomly cleaves 
the α-(1,4) glucosidic bonds of starch and other similar polysaccharides 
to release short-chain products like glucose, maltose and dextrin in 
α-anomeric configuration. Approximately 30 % share of the industrial 
enzyme market is dominated by α-amylases [3,4]. A lot of research and 
development is going on in searching for an efficient α-amylase for the 
detergent and textile industry that can withstand extreme conditions of 
temperature, pH and harsh chemicals. 

On taking account of sustainability, the cheaper production medium 
is very significant for enzyme production. The use of agricultural by- 
products including various crop residues like wheat straw, wheat 
bran, groundnut husk, corn straw, coconut coir and sugarcane bagasse 
for extracellular α-amylase production has grown rapidly in recent de-
cades [3,4]. Agro-waste has many supremacies such as its diversity, easy 
availability, cost-effectiveness, environment friendliness and high 
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Abstract 

Biofuels can be produced through the bioconversion of lignocellulosic substrates, which are derived from 

sustainable and renewable resources. One such biofuel, bioethanol, stands out as a viable alternative for 

transportation fuel, offering a sustainable approach to address the challenges posed by fossil fuels. The 

present study aimed to investigate the immobilization of Enterobacter cloacae cells for bioethanol 

production from rice husk hydrolysates. For this purpose, the biocompatible carriers such as Calcium 

alginate and activated charcoal beads were used for immobilization. The parameters of bioethanol 

fermentation, such as the incubation period in different carriers and the choice of a convenient carrier for 

efficient ethanol production were studied. The maximum bioethanol production of 10.8% was obtained in 

the 24 hour  of the incubation period, with  Enterobacter cloacae immobilized in Ca-alginate using a 

droplet method. However, after the second fermentation cycle, Calcium alginate beads got degraded and 

resulted in lower bioethanol production. The Enterobacter cloacae immobilized on activated charcoal also 

showed better production at 48 hour of 9.15% as compared to free cells (8.03%).  

 

Keywords: Agro-waste; Bioethanol; Ca−alginate; Enterobacter cloacae; Immobilization 

 

Introduction  

The overuse and combustion of fossil fuels are severely impacting the environment by releasing carbon 

dioxide and other harmful gases, thus intensifying the greenhouse effect, global warming, and climate 

change. The transportation sector alone accounts for almost 40% of all fossil fuel usage, highlighting the 

urgent need to minimize CO2 emissions through advanced technology and reduce reliance on fossil fuels 

(Chacón-Navarrete et al., 2021). One of the most promising sustainable fuels that have gained significant 

attention worldwide is biofuels, as they are renewable, environmentally friendly, and do not interrupt the 

balance of the environment. Biofuels possess low carbon and sulfur emissions, which make them cheap 

and could eventually displace energy sources generated from petroleum. The usual natural process of 

fossil fuel generation takes hundreds or thousands of years, whereas biofuels are manufactured from 

biomass in a very short period of time. Biofuels from lignocellulosic waste are produced as a substitute 

for renewable sources of energy (Beliya et al., 2013; Takano and Hoshino, 2018). Among all the biofuels, 

bioethanol can be used in the transport sector mixed with gasoline or as an octane enhancer as ETBE (ethyl 

tertiary butyl ether, with 45% ethanol by volume and 55% isobutylene). Bioethanol can directly be used 

in vehicles as it has similarities with conventionally used fuels, with some modifications in the engine. 

Bioethanol and gasoline (5–10% by volume) can be used without modifying the vehicle engine. (Bušić et 

al. 2018).  
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Abstract
Curcuma caesia Roxb., a critically endangered herb in the Zingiberaceae family, can be conserved through microrhizomes, 
which are easily transported, germinate like seeds, and are independent of seasonal variations. The current investigation 
attempts to induce microrhizomes of this endangered herb for conservation purpose using high concentration of sucrose. 
To encourage the establishment of microrhizomes, six-month-old cultures of C. caesia were transferred to Murashige and 
Skoog supplemented with containing 8 mg  L−1 benzyladenine, 8 mg  L−1 kinetin, 100 mg  L−1 citric acid, 200 mg  L−1 adenine 
sulphate, and 2 mg  L−1 indole-3-acetic acid (standard medium). For this, standard medium was examined with sucrose con-
centrations of 3%, 6%, 9%, and 12%. The standard medium with 9% sucrose showed the highest rate of microrhizome forma-
tion (now referred as microrhizome production medium, MPM). During acclimatization, the survival rate of microrhizomes 
exceeded 90%. The physiology behind the microrhizome formation was also evaluated using enzymatic and non-enzymatic 
tests on days 0, 30, and 60 after inoculation. Superoxide dismutase activity, an enzymatic defence molecule, and total solu-
ble sugar and ascorbate content, a non-enzymatic defence molecule, both increased in the MPM microrhizomes relative to 
the control [shoot multiplication medium (standard medium with 3% sucrose) at day 0]. Further, protein, 2-thiobarbituric 
acid reactive substances, and hydrogen peroxide content also increased. The biochemical results proved that 9% sucrose in 
MPM induces osmotic stress which eventually led to the formation of C. caesia microrhizomes, an in vitro storage organ.

Keywords Ascorbate · Black turmeric · Osmotic stress · Storage organ · Sucrose · Superoxide dismutase

Abbreviations
ANOVA  Analysis of variance
APX  Ascorbate peroxidase
CAT   Catalase
DAI  Days after inoculation
DMRT  Duncan’s multiple range test
H2O2  Hydrogen peroxide
MPM  Microrhizome production medium
MS  Murashige and Skoog
ROS  Reactive oxygen species
SMM  Shoot multiplication medium
SOD  Superoxide dismutase
TBARS  2-Thiobarbituric acid reactive substances

Storage organ crops are now second to cereal crops in culti-
vation as they are a prime source of secondary metabolites 
used in medicinal and human health applications (Natarajan 
et al. 2019). An efficient method is required to produce stor-
age organs, which could help increase their population and 
obtain a sufficient number of clones (Quraishi et al. 2017). 
Curcuma caesia Roxb., commonly known as black turmeric, 
is a tuberous rhizomatous herb belonging to the Zingiber-
aceae family. It is an endangered plant native to Central and 
North-East India. The rhizome is the only part used for the 
propagation of plants and also possesses pharmacological 
properties. The extract of C. caesia has been well-docu-
mented for its anticancer, anti-acne, anti-asthmatic, anti-
inflammatory, and antimicrobial properties, along with its 
potential in treating fever, diarrhea, skin disorders, rheumatic 
pains, typhoid, neurological and central nervous system 
disorders, as well as muscle and anxiety-related problems 
(Arya et al. 2022). This species has also been reported to 
have protective effects against Alzheimer's disease and other 
inflammatory bowel diseases (Benya et al. 2023). The plant 
has two storage organs: the rhizome and multiple root tubers, 
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Abstract
Medicinal applications of Plumbago zeylanica and its metabolites on various diseases and low viability and inconsistent 
germination of its seeds are the reasons behind the loss of its genetic diversity. Hence, an efficient protocol for the short-
term storage of P. zeylanica synthetic seeds, which is an overexploited medicinally valuable plant, was developed. Initially, 
in vitro culture was performed from nodal explants to develop synthetic seeds from its proliferated shoots. Murashige and 
Skoog (MS) medium augmented with 0.5 mg  L−1 6-benzylaminopurine (BAP) resulted in the best morphogenetic response. 
Thereafter, the developed synseeds were stored for 2 wk at a temperature of 10 or 25°C in different conditions and further 
evaluated for regeneration. Higher re-growth rate (80%) and the identical morphogenetic response were recorded for the P. 
zeylanica synthetic seeds, which were stored at a temperature of 10°C in dark condition after its storage period. As per the 
available literature, this is the first report pertaining to in vitro low-temperature storage of synthetic seeds of P. zeylanica 
and can further be utilized for the conservation of elite clones for the study of medicinally potent species.

Keywords Cold storage · Encapsulation · In vitro conservation · Micropropagation · Synseed

Introduction

Plumbago zeylanica L. is an herbaceous species generally 
known as Chitrak, which is widely distributed across the 
subtropics of the world, more particularly southern and cen-
tral India (Jain et al. 2018; Santra and Ghosh 2023). Previ-
ous reports have shown its medicinal and pharmacological 
impacts on hemorrhoids, rheumatism, and skin diseases, 
and it exhibited anti-cancer, anti-microbial, central nerv-
ous system stimulatory, and hepato-protective properties 
due to the presence of an important bioactive—plumbagin 
(Edwin et al. 2009; Sharma and Agrawal 2018; Zheng et al. 
2023). These impacts cause an increase in market demand 
for the targeted species, resulting in constant overexploita-
tion, which ultimately results in the loss of future genetic 

diversity (Mittal et al. 2010; Pandey et al. 2023). P. zey-
lanica propagation through seeds is not reliable due to low 
viability and inconsistent germination (Chaplot et al. 2006). 
Hence, in order to preserve P. zeylanica, an efficient in vitro 
conservation strategy is needed.

In comparison to field-grown plants, in vitro regenerated 
cultures required limited care for their conservation over 
time (Alzubi et al. 2019; Sota et al. 2023). However, tis-
sue culture–grown plants need successive subcultures that 
are economically not feasible and may induce off-types 
via somaclonal variations (Quraishi et al. 2017). There are 
several efficient techniques to preserve elite germplasm of 
clonally propagated plants. Among them, the slow-growth 
conservation technique allows the conservation of plant 
materials for short to long periods of time (Reed et al. 
2011) in a small area and at a low cost by slowing down 
the plant’s physiological metabolism (Deepa and Thomas 
2020; Lacerda et al. 2021). Production of synseeds is also 
one of the chief approaches for conservation and transporta-
tion with high germination and bears immense potential as 
a substitute for true seed (Jain et al. 2018). It can be defined 
as the artificial encapsulation of totipotent cells or tissues, 
which can grow under both in vivo and in vitro conditions 
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and originated in Indian subcontinent (Avani et al. 2019). 
This tree has been reported in north, west, and central dry 
regions, predominantly in the forests of the Indian states of 
Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Maharash-
tra, Bihar, Jharkhand, Orissa, Andhra Pradesh, and Guja-
rat (Malik et al. 2010). It is indigenous to India and found 
throughout the Indo-Malaysian region (Foundation for 
Revitalisation of Local Health Traditions (FRLHT), Benga-
luru, Karnataka, India). The tree is also found growing in 
Australia, the Pacific islands and tropical Asian countries 
(Siddiqui et al. 2016). The tree is a very common associate 
of Sal (Shorea robusta), Kaldhi (Anogeissus pendula), Teak 
(Tectona grandis), Salai (Boswellia serrata) and Mahua 
(Madhuca longifolia) in the forest dwellings (Malakar et 

Introduction

Buchanania cochinchinensis (Lour.) M.R. Almeida (Com-
mon name: Hindi- Chironji, English- Almondette) (Syn-
onym: Buchanania lanzan Spreng.) is a deciduous fruit nut 
tree in India’s tropical forests (Hiwale 2015). It is a tropi-
cal dicot tree of the Anacardiaceae family that is economi-
cally significant as Non-Timber Forest Product (NTFP) 
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Abstract
Buchanania cochinchinensis (Lour.) M.R. Almeida is a tropical tree from the Anacardiaceae family. Because of the 
high nutritional value of its seeds and the medicinal properties of various parts, the tree species is socio-economically 
important. This tree is a rich source of phyto chemicals of great medicinal value in root, bark, leaf, fruit and seeds. This 
multifunctional tree serves as a vital economic resource for tribal people living in Indian forests by providing food, fuel, 
fodder, timber, and medicine. However, the tree is at serious risk of extinction due to a lack of natural regeneration 
capacity and overexploitation of natural habitat. The seeds are the major source of propagation of B. cochinchinensis, 
but the main constraint is the low germination frequency caused by hard shell and fungal infestation during germination. 
Traditional plant propagation methods like vegetative propagation are time-consuming and inefficient for this species. A 
need for alternative seed germination strategies for quality planting material is imperative. Therefore, seed germination 
was carried out in the current study under ex vitro as well as in vitro condition. The germination of 52% was observed in 
seeds germinated in the greenhouse with a low seedling conversion rate. Total soluble sugars were estimated from differ-
ent parts of the B. cochinchinensis seedling; to investigate this low germination rate. The investigation revealed that the 
root part had the maximum soluble sugar, followed by cotyledons, and the dried kernels had the least. Therefore, in vitro 
seed germination was attempted with the insight that higher sugars in the early-stage seedlings might be responsible for a 
low germination rate due to fungal attacks. Murashige and Skoog medium at full and half-strength was used for seed ger-
mination, along with different sucrose concentrations- 0%, 1%, 2%, 3%, 4.5% or 6%. Half-strength MS medium fortified 
with 3% sucrose resulted in highest germination (96.60%) and seedling conversion (60%). Further, during acclimatization, 
in vitro seedlings survived at a rate of 80%, more than the ex vitro greenhouse-raised seedlings. This study proposed an 
efficient in vitro seed germination protocol for mass propagation of B. cochinchinensis, where the early-stage susceptible 
seedlings could be rescued from fungal attack.

Keywords Anacardiaceae · Greenhouse · Propagation · Seedling conversion · Sucrose
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In vitro seed germination for the seedling rescue of Buchanania 
cochinchinensis (Lour.) M.R. Almeida - a valuable tropical forest tree
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jktukanxk¡o ftyk esa d`f’k o xzkeh.k fodkl % ,d fo”ys’k.kkRed v/;;u 

 

feFkys”k dqekj lkgw “kks/kkFkhZ&vFkZ”kkL= v/;;u”kkyk] ia- jfo”kadj “kqDy fo”ofo|ky;] jk;iqj ¼N-x-½ 

lquhy dqekj dqesVh lgk;d izk/;kid&vFkZ”kkL= v/;;u”kkyk] ia- jfo”kadj “kqDy fo”ofo|ky;] jk;iqj ¼N-

x-½ 

 

“kks/k lkjka”k 

dksjksuk egkekjh ds le; tc lEiw.kZ vFkZO;oLFkk pjkejk x;h Fkh rc xzkeh.k o d`f’k gh Fkh tks 

fVdh jghA d̀f’k ,oa xzkeh.k {ks= dk fodkl vkSj mUufr fdlh Hkh jk’Vª ;k lekt dh izxfr dk lwpd gSA 

;gh dkj.k gS fd igyh o rr̀h; iapo’khZ; ;kstuk esa d`f’k vkSj ikapoh o NBoh iapo’khZ; ;kstuk esa xzkeh.k 

fodkl dks izkFkfedrk nh xbZA vr% “kks/kdk;Z dh n`f’V ls d`f’k o xzkeh.k fodkl egRoiw.kZ {ks= gSA izLrqr 

“kks/k i= jktukanxk¡o ftys esa d`f’k fodkl o xzkeh.k fodkl dh fLFkfr dk fo”ys’k.kkRed v/;;u izLrqr 

djrk gSA d`f’k fodkl dh fLFkfr dk v/;;u djus ds fy, d`f’k ls lacaf/kr fofHkUu ?kVdksa tSls&Hkwfe 

mi;ksx] tksr dk vkdkj] mRiknu o mRikndrk] f}&Qlyh {ks= jch Qly] flapkbZ o flapkbZ xgurk dks 

“kkfey fd;k x;k gSA xzkeh.k fodkl ds v/;;u esa xzkeh.k fo|qrhdj.k] “kS{kf.kd ,oa LokLF; v/kkslajpuk] 

xzkeh.k cSafdax bR;kfn ?kVdksa dks v/;;u esa “kkfey fd;k x;k gSA ftyk esa “kq) cks;k x;k {ks= esa esa o`f) 

gqbZ rFkk ;gk¡ tksr dk vkSlr vkdkj 1-73 gsDVs;j gS ,oa lhekar o y?kq tksrksa dh la[;k vf/kd gSA “kL; 

xgurk ftys esa vkSlr 131-88 ik;h x;h gSA flapkbZ xgurk vkSlr 138-39% gSA ftyk esa xzkeh.k lk{kjrk 

73-86% gSA xzkeh.k ;krk;kr esa izeq[k lM+d gS ftldh yEckbZ 6417-32 fdeh gSA dqy fctyh miHkksDrk dk 

vdsys 82-32% miHkksDrk xzkeh.k {ks=ksa esa gSA ogha xzkeh.k fo|qr miHkksx dqy fo|qr miHkksx dk izfr”kr 59-

48% gSA ;gk¡ 1603 vkckn xzkeksa esa “kr~&izfr”kr fo|qrhdj.k gks pqdk gSA 

“kCndqath % d̀f’k ,oa xzkeh.k fodkl] d̀f’k fodkl] xzkeh.k fodkl v/kkslajpuk] “kL; xgurkA 

 

izLrkouk 

Hkkjrh; vFkZO;oLFkk esa d`f’k vkthfodk ds izeq[k lzksr ds :i esa lcls cM+k lzksr gSA bls vxj 

vkfFkZd iz.kkyh dk jh<+ dgk tks rks vfr”;ksfDr ugha gksxhA okLro esa d`f’k {ks= [kk|kUu vkSj dPph lkexzh 

rks miyC/k djkrk gh gS] lkFk gh vkcknh ds ,d cM+s Hkkx dks jkstxkj ds volj Hkh iznku djrk gSA Hkkjr 

xk¡oksa dk ns”k gS ftldh lkekftd&vkfFkZd iz.kkyh dk vk/kkj d̀f’k gSA tSls fd bl “yksd ls Li’V gksrk 

gS& 

^^;Fkk “kwnz tuizk;] lè) d`f’kdyk 

{ks=ksi ;ksx Hkwe/;Z] olfr xzke lafKdk**  

ekdZ.Ms; iqjk.k esa xzke ds lUnHkZ esa mYys[k feyrk gS fd tgk¡ d`f’k dk;Z fd;k tkrk gS ,oa tgk¡ 

d`f’k lewg gS og xk¡o gSA  

xzkeh.k vkcknh dh vkthfodk dk eq[; lzksr d̀f’k gS blfy, d`f’k dks xzkeh.k vFkZO;oLFkk dk thou 

jDr dgk tkrk gSA xzkeh.k {ks=] mRiknu ds rjhds] lkekftd laxBu vkSj jktuhfrd xfr”khyrk ds ekeys 

esa cgqr gh fiNM+k ,oa fuEu gSA 70% ls vf/kd vkcknh xzkeh.k {ks=ksa esa jgrh gS ftuesa ls 50% ls vf/kd 

vkcknh xjhch js[kk ds uhps jgrh gSA Lora=rk izkfIr ds ckn iapo’khZ; ;kstukvksa esa xzkeh.k fodkl o d`f’k 

fodkl dks izkFkfedrk nh xbZA fo”ks’k :Ik ls izFke vkSj rr̀h; iapo’khZ; ;kstukvksa esa d`f’k vkSj xzkeh.k 

fodkl dks 5oha vkSj 6oha iapo’khZ; ;kstukvksa esa izkFkfedrk feyuh “kq: gksrh gSA 7oha iapo’khZ; ;kstuk esa 

xzkeh.k vFkZO;oLFkk ds lokZxh.k fodkl dks lokZf/kd egRo fn;k x;kA d̀f’k lrr~ fodkl ds dbZ igyqvksa ls 

lh/ks rkSj ij tqM+h gqbZ gS] ftlesa fVdkÅ mRiknu] ÅtkZ lalk/ku dk izca/ku] O;kikj] f”k{kk vPNh cktkj 

igqap vkSj lkFk gh rduhdh gLrkarj.k vkSj {kerk fuekZ.k “kkfey gSA d`f’k dks ns”k ds lexz fodkl esa 

egRoiw.kZ {ks= ekuk tkrk gSA ;g vuqeku yxk;k x;k gS fd d`f’k }kjk mRiUu fd;s x;s izR;sd vfrfjDr 

:Ik;s esa xzkeh.k {ks=ksa esa fofHkUu vkfFkZd dk;ksZa ls vk; esa rhu vU; vfrfjDr :Ik;s tqM+rs gSaA xzkeh.k 

vFkZO;oLFkk ds nh?kZdkyhu fodkl dh ǹf’V ls j.kuhfrd egRo dk {ks= gSA vkt d`f’k fodkl o xzkE; 

fodkl furkar vko”;d gSA 
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Abstract- The handicrafts are an important source of 

income for rural areas. Handicrafts hold enormous 

potential as they are essential to both the millions of 

artisans who already exist in the country and the 

growing number of newcomers entering the craft 

sector. The handicraft sector faces many challenges to 

cope with the current economic environment due to the 

advancement and development of technology. The 

present study examines the key marketing and 

financial constraints faced by handicraft artisans in 

Bastar and Kondagaon districts of Chhattisgarh. With 

the decline in demand and sales of handicraft products, 

artisans' incomes are also falling, forcing them to take 

up additional income-generating work by artisans. 

This study also attempts to identify the other sources 

of income as artisans in Bastar and Kondagaon 

districts of Chhattisgarh state. The study is based on 

primary data collected from 120 handicraft artisans of 

Bastar and Kondagaon districts of Chhattisgarh state.  

 

Keywords: Handicraft, Artisans, Marketing 

Constraints, Financial Constraints, Source of Income. 

 

INTRODUCTION 

 

The handicrafts market will witness remarkable 

growth with an expected CAGR of 8.87 during 

2022-2027. This growth is expected to increase the 

market size by $407.15 billion. Several factors, 

including the need for reduced capital investment, 

increased travel and tourism, and greater 

government support and funding, play a key role in 

the future of the craft. In this comprehensive 

analysis, we examine the key marketing constraints 

faced by artisans in Bastar and Kondagaon districts 

of Chhattisgarh. Before the British era, the trade of 

artisans was flourishing, the sales of their products 

were also high and their socio-economic situation 

was also very good. Handicrafts were their only 

source of income, and the artisans generally devoted 

their entire working time to producing handicrafts. 

However, during the British era and the Industrial 

Revolution around the world, crafts lost their 

identity and importance, resulting in a decline in 

demand for their handicraft products, resulting in 

low sales and therefore low production and income. 

Therefore, during this time, the artisans start looking 

for a new source of income in order to survive. The 

present study also tries to find out the source of 

income other than of handicraft artisans of Bastar 

and Kondagaon district of Chhattisgarh state. An 

important factor of the handicraft market is the 

minimum capital investment required to start a 

handicraft business. The handicrafts market faces a 

significant challenge in the form of a lack of 

managerial capabilities among manufacturers. Many 

handicraft producers often lack essential managerial 

skills, including workplace management, market 

research, inventory control, and sales promotion. 

This deficiency poses a barrier to the promotion of 

artisan handicrafts. Access to business development 

service providers (BDSPs) is limited for handicraft 

manufacturers, as they frequently operate on tight 

budgets and in isolation from urban businesses. This 

lack of access to managerial resources, coupled with 

a shortage of understanding regarding the needs of 

foreign exporters, constrains market growth during 

the forecast period. 

 

1.1 Review of Literatures 

Kumar, Dilip and PV, Rajeev (2014) Marketing 

Challenges of Handicraft Retailers in Changing 

Environment: - The article is divided into five parts, 

with the first part discussing the importance of 

craftsmanship and marketing in the changing 

environment of the retail industry and covering 

various aspects of retail stores. Upadhyay, Manali 

and Jain, U.C. (2018) Managerial Challenges of 

Handicraft Industry: An Indian Perspective: - The 

article throws light on the problem and different 

issues related to handicraft industries and marketing 

challenges in India. crafts have huge potential as it 

is important to maintain the existing pool of million 

artisans across the country. The craft sector plays an 
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Abstract

The handicrafts are an important source
of income for rural areas. It employs more than
six million artisans, including many women and
members of socially disadvantaged groups.
Today, craftsmanship contributes significantly
to exports and job creation. The craft holds
enormous potential as it is vital to both the
millions of artisans already in the country and
the growing number of newcomers entering the
craft industry. Each handcrafted item has a story
that tells the craftsman’s inspiration or
enthusiasm in making it.This study is based only
on primary data collected from the artisans of
Bastar districts of Chhattisgarh. The study
attempted to determine the level of
digitalization of handicrafts in Bastar district and
the challenges faced by artisans in adopting
modern technology and e-commerce for trade.

Keywords: Handicraft, Artisans, E-
commerce, Trading, Challenges, Digitalization.
1. Introduction

There was a time when traditional crafts
flourished, but today they are threatened with
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Abstract 

Millennium development goals (MDGs) are the United Nations Development Programmes (UNDP) initiative launched in 

the year 2000 with eight objectives and twenty-one milestones to be achieved by 2015. Thus, it is a global agreement and 

collaborative action. (Hulme, 2009) Poverty is not a new concept, rather it is found in every sphere of life; not only this, it 

also stirs a lot of misgiving; and as a result, it has a very devastating effect on its victims. Henceforth, the principal threshold 

of the paper is to exhibit a sketch on the work done on “Millennium Development Goals” through its bibliometric analysis. 

Therefore, the paper highlights a descriptive-quantitative analysis of the concept of Millennium Development Goal- 1 A 

for the last twenty-one years, i.e., 2000-2021 and SciVerse Scopus was used to collect the research publications on MDGs. 

The results of the study show that the Mediterranean Journal of Social Sciences (MJSS) has contributed plenty of 

publications on the theme “Millennium Development Goals” and “Poverty and Hunger”. With respect to most contributing 

authors, the Author Fukuda-Parr S has got the maximum number of the papers and also had the highest h-index. Further 

the keyword mapping results emphasised that in all the seven clusters - “Millennium Development” is the predominant 

word followed by child mortality, maternal mortality, drinking water, sanitation, environmental sustainability etc.  

 

Keywords:  Bibliometric analysis, Child mortality, Hunger, Maternal mortality, Millennium Development Goals, Poverty, 

SCOPUS. 

 

1. Introduction 

Millennium development goals are the United National development Programmes (UNDP) initiative launched in the year 

2000 with 8 objectives and 21 milestones to be achieved by 2015. The Millennium Development Goals (MDGs) is a global 

agreement and collaborative action (Hulme, 2009)1 mark an epochal event and hailed as an effective method of global 

mobilisation to accomplish a set of key social priorities all around the globe (Sachs, 2012)2. Furthermore, the MDGs sheds 

light on the widespread public attention in the sphere of poverty and hunger, health, unaddressed needs towards schooling, 

gender inequality, and environmental deterioration. As it is evidences that the importance and relevance of MDGs are 

increasing in the present era, it becomes indispensable to analyse and accumulate the past, present and futuristic literature, 

on the millennium development goals.  

 

Poverty is very difficult to define, because different people have different perceptions on it. This means the fact that; what 

may be termed as poor may not always be seen as poor by the other people. Poverty is not a new concept, rather it is found 

in every sphere of life; not only this, it also stirs a lot of misgiving; and as a result, it has a very devastating effect on its 

 
1 Hulme, D. (2009). The Millennium Development Goals (MDGs): A short History of the World’s Biggest Promise. BWPI 

Working Paper 100, pp. 1-55. 

 
2 Sachs, J. D. (2012). From millennium development goals to sustainable development goals. The lancet, 379(9832), pp. 

2206-2211. 
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Econometric modelling and forecasting of groundnut 

production and productivity in India using ARIMA Model 

Ram Prasad Chandra * 
Ravindra Brahmc ** 

ABSTRACT 

~roundn~t is the largest oilseed produced in the world and stands third largest oilseed in India. The 

a11n of tlus study was_ to m~del groundnut production and yield in India, using data from the period 
I 970-71 to 202 I -22 10 India an effort to forecast groundnut production and productivi ty amounts 

between the years 202~-23 to 2039-40 by using Autoregressive Integrated Moving Average (ARIMA) 

models. The Box Jenkms ARIMA methodology has been used for forecasting. The diagnostic checking 

has ~hown that ARIMA (0, I, 2) and ARJMA (0, I, 2), is the most appropriate model among twenty 
studied ARIMA models; and so for forecasted the groundnut production and yield amounts for the next 

18 years. We forecasted that annual amount of groundnut production and yield obtained in the year 

2022-23 was 93. I 36 lakh tonnes and 1850. 777 kg/hectare respectively, and it reached to 119.459 lakh 
tonnes and 2488.9_12 kg/he~tare respectively in the year 2039-40 with a significant acceleration for 

groundnut produ~tion and yield. Forecasting results of the ARIMA (0, I, 2) and (0, I, 2) illustrated an 

increasin~ trend _m the ~mount of groundnut production & yield, and they might help to determine a 
better policy for mcreasmg groundnut production in India. 

Keyword: Groundnut, Forecasting, ARJMA, AIC, BIC, GPY 

JEL Code: C 12, C22, C52. C53 

INTRODUCTION 

Agriculture is back bone of the Indian Economy. Groundnut is the largest oilseed produced in the world 

and stands third largest oilseed in India. Groundnut is important oilseeds crop and oil content material 

of the seed varies from 44-50%, relying on varieties and agronomic conditions. Groundnut is 

additionally of price as a rotation crop (Mahapatra et al., 2018; Kumar et al., 2020). India is one of the 

second largest producers of oilseeds in the world and occupies an important position in 1he Indian 

agricultural economy. It is one of the most important food and cash crops of our country. While being 
a valuable source of all the nutrients, it is a low-priced commodity. Groundnut is also called as wonder 

nut and poor men's cashew nut. Groundnut is one of the most important cash crops of our country. It 

is a low-priced commodity but a valuable source of all the nutrients. The major groundnut producing 

countries in the world are India, China, Nigeria, Senegal, Sudan, Burma and the United States of 

America (Borkar, 20 I 6; Saranyadevi, 2022). It is estimated that nine oilseeds namely groundnut, 

rapeseed-mustard, soybean, sunflower, safflower, sesame, Niger, castor and linseed, accounted for an 

area of 28.8 million hectares with the production of 35.9 million tonnes and yield 1247 kg/ht. in FY 

2020-21 and in which groundnut cultivated area 6.0 I million hectares, production I 0.2 million tonnes 

and yield 1703 kg/ht. in FY 2020-21 . 

Attention has been given to the univariate time series Auto-Regressive Integrated Moving Average 

(ARIMA) Models, which is principally due to World of Box and Jenkins. Yule and Walker proposed 

the Autoregressive Moving Average (ARMA) model, and Box and Jenkins proposed the method 

(ARIMA) model afterward (Box and Jenkins, 1976; Saranyadevi, 2022). Among the stochastic 

ARJMA types are robust, effective and famous as they can correctly describe the found facts and can 

make forecasts with minimum forecast error (Aarekar and Reddy, 2017; Hemavathi and Prabakaran, 

2018). 

• Assistant Professor, Department of Economics, Govt. Madan Lal Shukla Postgraduate College, Seepat, (C.G.) India 

••Professor.School of Study in Economics, Pt. Ravishankar Shukla University Raipur, (C.G.) India 
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Stochastic models for coffee production 
productivity Forecasting in I ari_11 

l'ld1~ 
Ram Prasad Cb 

Ruindra Bra~
nd

" ' 
Sun-sh Kumar p .. trn, ,, 

.. el••, 

:\~1icultural proJudion and proJuct1\'ity fon:ca~ts arc useful for farmers, policy makers and ind1.1stn_ 
In the ~n.·,cnt ,tudy, an_ au10-rcgrc~~in· a1_1d moving _avc~age model (_A_RI~A) has been applied ~ 
tnt~.klling and foreca,t111g, of ,mnual cotlce production .1~d pr~uctrvi~y m Indra. The_ au~ 
l>1d;cy-l'ulkr (ADF) tc~t has tx-cn u~cJ to tcl!t th_c st~tionarrt~ of tu_nc ~cncs. The approp~atc t\RJ\~ 
model h.1,; ~ck'\:tcJ ha~cJ tlll the mrn1111um Akurkc mformatron cntcr~on (AIC). :ne r~s1duals of !ht 
fittl·d mo,kls ,, ere Ji:i~ntl'l-J for th_e po~~1_blc presence of autocorr~lat1on and white n01se effects, arrj 

h .. m'Ghts ml..Jd, arc cllntinutiu)ly 111crca~111g 0\'Cr the forecast pcrrod. 

h:c, \\Ord: Time Saic~ ,\nJlysis; Stuchastic model; Forecasting: ARIMA; AIC; BIC 

Jl-:1 , Cod(': Cl2. C22. C51, C51, C53 

lntroduclion 
S111"·c- th,·n the jl1un1ey ,,f Indian coffee- production is a long one dating back almost 400 years, it hol(h 
a H·r,· ~ix-(1JI plJfc in h1l!Wnc t:1 :-.tc. This unique journey has !.tarted from the hands of Yaman. 11, ~ 

harllkd llH'r ~ch·n magical ix-ans tl> BJbabuJJn, ,, ho plJntcd it in the Chandragiri Hills of Kamat:14 
ll1i, nu)_!l(JI tx·~mnmg p;ncJ the "ay for cofTcc with the aroma, tastt>, flavour and acidity~, 
l'\jX'rt\.'n,·c h . ..JJy l G,,pinath ct al., 20 I 9). Coffee i:> one of the mu:.t popular drinks in the world. Coffi!t 
fnm1 lnJ1l 1s the bc~t ~h:iJc-gro" n light coffee in the v. orlJ . Among plantation crops, cofTce Ill> 
nH1t11bu1cJ M!!nr fi,·antly tu the Indian ccorwmy Jurin~ the 1:1,t 50 years (Navccna ct al. , 2017). It holds 
11 n,itJbk pla,c m the li~t of tx-, cragcs Jue to 1ts !>tunulating intensity, and among all the coffee 
pn'l\iu,·m~ f\");1ons. InJ1a is th.: only country "h\.'rc rnfTcc is grown in shade. Indian coff ce holds a gm1 
pl.Kc in all the cuuntn1.·s Jue tu its lla\l)Uf, aroma. !-Oft and lower acidic nature (Prabha ct al., 2021 ). 

In lnJ1a, lrJJ111unal Clllfrc ~rn" mg Statc-s arc Karnatak.a, Kera la and Tamil Nadu. Some of the non
traJ1tion~1l ar'-".1"' arc Andhra Prad\.'!)h, OJi!>hl and North Eastern Region including Assam. Meghalaya. 
M.mipur •. \runadul Pr3Jc-~h :inJ Trrpura. The three traditional areas together accounted for 79.7 per 
,·cnt ,,f an·a anJ % .2 ix-r cent of coffee production. The major cofTcc growing areas in India are Hass:i.1, 
l 'h1L.m.\!!Jlur :mJ (\'11.lrg m Kam:uaka. \\'ayanaJ, ldut...ki and Nclliyampathy in Kcrala, Shc,aro}s. 
P.il,mi. Puln\.")S nnJ l\1l~iri lulls in Tarrnl NaJu (CofTcc BoarJ of India, 2023). Both (Arabica and 
Rohu:-tJ) th"· , ariC"til.'~ of c'-)ffc-c has !xl.'n more or kss equal in its area, production and producriv11) 
unJ'-·r traJ111"1n.1I an:.1., C'\Cl"pt Tum1l ~aJu. Tamil NaJu is the one of the State which has more 
proJu,·1,l,n ,,f .·\t.1bi,·3 c,,lfrc comparing\\ ith Robu~ta Cuffee: (Prnbha ct al.. 2021 ). Since every Indian 
t\lll« ~n,,, «:'r ~~nJs his cntin.· ti!Th! in colfrc pnxluction, it is no miracle or wondc-r that India produces 
nlr'lkH'Jmlry , M11.·ty l"1f ruff .. ·c anJ c-,rons it 10 d1ffrrcnt pans of the world over I 5O thycars (Gopinath 
C1 u .. :01~1. Con~~ rl\."1ucti'-'" and prnducti,ity a.re incessant rising in India respectively 3195 lal.h 
tomN.mJ 7o7 L.~ h1.'\:Lln:' in FY :otR-19. ln FY 2OW-21 , 3340 lal.h tonnes and 790 kg/hcctare\\luch 
is ancrc.uc: 1,, «"SP','\.'ll\ d) 34:0 l.llh h.,nncs :inJ 797 kg hectare in FY 202 J -22. 

-----· ..,.____ - --
• "---""«-1', l\.7-'ruron:u ,·f l ,,1~•!!'...:i-.. G-,,, t. ~1.1.!.L-, Lll Shuill PO)tgndu.t:e College, S«p.ll. cC G ) lnJ1a 
••,._,_.A Dr.An. !-.b.11.4 ,,t S!~~ m t.,'\.>D.vn..:s. Pt. ~, l-..':.-1."lUI Shi.:lu L'n1,crwy lu1pur, 1C G) lnJ1.s 
... AM I I~-..~~ ,:J h"()OCCr..,.,~. C.x.l\\. M.12 St-.1...'-.;in :,.;,,ccn Girl> P~tj;r.J.ia.ce Cvllciic, 81!.1~1".rr. (( G 1 .... 
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Abstract 

test 

Introduction 

Since the 19th century, the liaison between economic growth and government spending has been 
exnlored, debated and discussed by many. Social sector expenditures, including education, health, 
shelter. nutrition and soCial protection/social security, are productive. The establishment and enhancement of sOCial security systems by governments and access to basic social services for all should form an important component of policies for social development. The aim of the present study 
is to make an empirical study of the relationship between government expenditures on social sectors of Chbattisgarh at disaggregated level and Gross State Domestic Product (GSDP) during a twenty three time period (2000-21 to 2022-23).The study highlights the existence of a long-term relationship among GSDP, education expenditure, and health expenditure, emphasizing the interdependence and equilibrium among these variables despite their individual non-stationary behavior. The Vector Error Correction Model (VECM) employed captures both the long-term equilibrium relationships and short term adjustments among these factors, providing a nuanced understanding of their dynamics. The study's implications offer a strategic roadmap for policymakers in Chhattisgarh. Keywords: Cointegration, gross state domestic product, public expenditure, social sectors, unit roots 

Government Expenditure of Social Sectors and its impact 

time period (2000-21 to 2022-23). 

Vol.4. No.38: Dec-2023 

India. 

on the Economic Growth of Chhattisgarin 

Since le 19th century, the liaison between economic growth and government spending has been explored, debated and discussed by many (Wagner, 1883; Keynes, 1936; Ram, 1986; and so on). Accordingly, in a country, the government spending either is being stimulated due to increase in the economic activities or it stimulates the economic activities (Bhavsar & Samanta, 2023). Over the years the economic activities of the government vis-à-vis public expenditure have grown both relatively and absolutely in all the states of the Indian union. A predominant objective of public expenditure policy is sustained and equitable economic growth. Public expenditures have played an important role 
in physical and human capital formation over a period of time. Appropriate public expenditures can 
also be effective in boosting economic growth even in the short run. Therefore, the effect of public 
Cxpenditure on economic growth may be a comprehensive indicator of public expenditure productivity. 
The two components of such an indicator should be measureable: the contribution of public 
Cxpenditures to economic growth, and the efficiency with which these expenditures yield their output 
Lhoungu, et al, 2016). Jaman (2019) opined that Social sector expenditures, including education, 
nealth, shelter, nutrition and social protection/social security, are productive. The establishment and 
enhancement of social security systems by governments and access to basic social services for all 
Should form an important component of policies for social development. The aim of the present study 
1S to make an empirical study of the relationship between govermment expenditures on social sectors of 
Chhattisgarh at disaggregated level and Gross State Domestic Product (GSDP) during a twenty three 

Raipur, Chhattisgarh, India. 
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Abstract 

Introduction: 

Bibliometric 
Vol.4, No.39; Dec-2023 

er the past decade and a halt, a substantial volume of empirical research has been directed towards identifying the elements of public expenditure (at its aggregate and disaggregate levels) that bear significant association with economic growth. A large body of empirical research supports the notion 

capacity utilisation. 

analysis on Public Expenditure and 

that healthy budgetary balances are, Over the long run, good for growth. Henceforth, the principal threshold of the paper is to exhibit a sketch on the work done on Public Expenditure and Economic Growth" through its bibliometric analysis. Therefore, the paper highlights a descriptive-quantitative analysis of the concept of Public Expenditure and Economic Growth and SciVerse Scopus was used to callect the research publications on it. The results of the study show that the top two relevant sources are the Sustainability (Switzerland) and Applied Economics which published 9 and 8 articles respectively. Next to them is the Economic Modelling which has published7 articles. With respect to most contributing authors, the Author Magazzino C, Minea A, Sasmal J and Villieu P has the highest h-index and g-index of 4. Further the word cloud results emphasised that economic growth is the predominant word followed by public spending, fiscal policy, economic development, expenditure etc. Keywords: Bibliometric analysis, economic growth, education, health, public expenditure, fiscal policy, SOCPUS. 

India. 

Economic Growth 

Vikram* 
Pragati Krishnan** 

Ravindra K Brahme *** 

Over the past decade and a half, a substantial volume of empirical research has been directed towards identifying the elements of public expenditure (at its aggregate and disaggregate levels) that bear significant association with economic growth (Bose et al, 2007). A large body of empirical research supports the notion that healthy budgetary balances are, over the long run, good for growth (Easterly et al., 1994). The effect of fiscal consolidation on growth in the short run, however, remains open to question as a number of studies largely for industrial countries have drawn the conclusion that under some circumstances fiscal contractions can stimulate growth (Gupta et al,2005). Public expenditure allocations for education can improve economic growth while promoting equity (Jung & Thorbecke,2003). Gupta and Verhoeven (2001) and Gupta, Verhoeven, and Tiongson (1999) suggest 
that both the size and the efficiency of public education expenditure are important in improving 
soCioeconomic performance. Allain (2015) presents a basic Kaleckian model, enriched by the 
Simultaneous addition of an Harrodian investment function and an autonomous expenditure component 
nat grows at an exogenous rate. In his study the model shows that the usual short-run properties (wage. 

growth) are only transient, since the long-run growth rate converges towards that of autonomous 
expenditures. 

Raipur, Chhattisgarh, India. 

However, the impact on the level of variables ((output, capital stock, labour, etc.) is permanent. Further, 
the model also provides a conditional solution to the 'second' Harrod knife-edge problem: the 

destabilising behaviour of firms (as they adjust their investment decisions to the discrepancy between the actual and the normal rates of capacity utilisation) is now required to achieve the normal rate of 
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Abstract— Emotion is an essential part of human 
communication. People communicate with emotions through 
words and body language. Speech emotion recognition is a 
well-known technique to detect emotions from speech signals. 
Here, we have proposed binary and multiclass classification 
models that combine two cepstral coefficients, i.e., Mel-
Frequency Cepstral Coefficient (MFCC) and Mel-Frequency 
Magnitude Coefficient (MFMC) to extract the spectral features 
from the speech signals and classify them using 
backpropagation artificial neural network (BPANN). In our 
study, it is found that when significant features of both spectral 
coefficients are combined it shows improvement in training 
and classification results. The proposed model achieved 
85.24% accuracy for the multiclass classification of seven 
emotions using statistically significant features. The proposed 
model also achieved 100% accuracy for the binary 
classification of Happy versus Sad emotion and Sad versus 
Fear emotion. 

Keywords—MFCC, Mel-Frequency Magnitude Coefficient, 
Neural Network, Speech Emotion Recognition, Multiclass 
classification model   

I. INTRODUCTION  

 Emotion is an internal state of feeling or agitation. One's 
mood or way of feeling about something is an affective state 
that facilitates communication. The expression of emotions 
in an identical situation varies from person to person [1]. 
Depending on the situation encountered, human convey their 
feeling using facial expressions and emotions within the 
voice. Emotions help us understand what other people think 
and feel through facial expressions, body language, and 
vocalizations. Most human communication involves 
conveying one's emotional state to another person. Thus, it 
serves as a communication tool. It is a natural, primary 
reaction of the human body. The person can recognize 
emotions while talking, working, watching movies, playing 
games, etc. Machines can learn these human emotional 
responses through physiological signals, speech signals, 
facial expressions (image or video signals), text signals, etc. 
Automatic speech emotion recognition (SER) is one of the 
state-of-the-art research topics in the human-computer 
interface (HCI). It has many applications in the medical field, 
call centers, crime investigation, telecommunication, 
robotics, computer games, and psychological assessment [2].  

 Speech is the primary medium of human communication; 

therefore, detecting feelings or emotions is very easy and 
convenient compared to detecting emotions from the face or 
brain signal. Facial signals need high-quality video cameras, 
which are expensive, while brain signal acquisition is 
impossible at any time because it needs proper electrode 
setup, so speech emotion recognition is the easiest or less 
costly way to detect human emotions and is used for the 
human-computer interface. 

 Speech emotion recognition is a collection of 
methods that process and classify speech signals to detect 
embedded emotions [2]. To find the emotion embedded in a 
speech signal the first method is collecting data and then 
preprocessing it, the next step is to extract features from the 
utterance and then train the machine with these features with 
ground truth and finally trained machine will able to classify 
the inherent emotion in the speech. There are many types of 
features from which emotions can be identified from speech. 
These are prosodic features, spectral features, and Teager 
energy operators. Spectral features like Mel frequency 
cepstral coefficients (MFCC), log frequency power 
coefficients (LFPC), and linear predictive cepstral 
coefficients (LPC), and are the most used feature to extract 
emotion. Sato and Obuchi (2007) proved that spectral 
features give more accurate results than prosodic features [3]. 
The study by Zhang (2022) also shows the great result using 
Mel spectrograms for SER [14]. In this paper, we have used 
MFCC and MFMC based spectral coefficients to extract 
emotional features from a speech signal.  

     The forthcoming sections are arranged as follows: Section 
2 discusses the work related to speech emotion recognition. 
Section 3 is the materials and methodology; it explains the 
dataset, feature extraction, and the proposed methodology. 
Sections 4 and 5 present the results and discussion, and 
conclusion, respectively. 

II. RELATED WORK 

     Ancilin and Milton (2021) [1] introduced a new spectral 
feature, the Mel frequency magnitude coefficient (MFMC), 
which is a modification of MFCC. There are two steps 
involved in extracting the MFMC in comparison to the Mel 
frequency cepstral coefficient: To begin with, the magnitude 
square is substituted by the magnitude of the fast Fourier 
transform. As a second step, the discrete cosine transform 
used in the decorrelation extraction of MFCC is excluded. 
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Their experiment results show improved accuracy in higher-
order MFMCs to recognize speech emotions. Also, 
experimental results show that the Mel frequency magnitude 
coefficients classify emotions better than Mel frequency 
cepstral coefficients (MFCC), log frequency power 
coefficients (LFPC), and linear predictive cepstral 
coefficients (LPC). With the MFCCs alone, emotion was 
recognized with an accuracy of 81.50% for Berlin databases, 
64.31% for RAVDESS databases, 75.63% for SAVEE 
databases, 73.30% for EMOVO databases, and 56.41% for 
eNTERFACE databases. 

     Sönmez and Varol (2017) [4] developed a lightweight, 
effective speech emotion recognition method called 
1BTPDN. In this method, first, they applied 1D discrete 
wavelet transform (DWT) on raw speech signals. Then 
features were extracted from each filter by a one-dimensional 
local binary pattern and a one-dimensional local ternary 
pattern. By using neighborhood component analysis (NCA), 
1024 features are selected from 7680 features. For 
RAVDESS, EmoDB, SAVEE, and EMOVO databases, they 
achieved 95.16%, 89.16%, 76.67%, and 74.31% success 
rates, respectively.  

 Nagarajan et al. (2020) [5] reported novel triangular filter 
banks based on bark and ERB frequency scales to recognize 
speech signals. In this work, MFCCs, and human-factor 
cepstral coefficients (HFCC) features with different types of 
triangular filter banks such as TFBCC-M (for MFCC), 
TFBCC-HF (for HFCC), TFB-B (for bark scale) and TFB-E 
(for ERB scale) were utilized. The experimental results 
reported that triangular filter banks were much more 
effective in extracting cepstral features for recognition and 
characterizing emotions than conventional triangular filter 
banks. For EmoDB database, the proposed method got the 
accuracies of 83.23% and 81.99% for the speaker-dependent 
(SD) scenario, 75% and 60.94% for the Speaker Independent 
(SI) scenario, and SAVEE database, 75% and 66.67% for the 
SD scenario, and 44.17% and 55% for SI scenario. 

 Choudhury et al. (2018) [6] combined several spectral 
features with excitation source features. In this work, time 
and frequency domain spectral features were extracted from 
the raw speech signals. In this work, Sequential Minimal 
Optimization (SMO) and Random Forest (RF) were utilized 
as classifiers. They achieved the accuracies of 75.5% and 
75.5% for EmoDB, 55.5% and 55.3% for SAVEE, 99% and 
97.7% for TESS older, and 99.1% and 99% for TESS 
younger for SMO and RF, respectively.  

 Kathiresan & Dellwo (2019) [7] proposed new dynamic 
features to improve emotion recognition ability. The 
proposed features were temporal dynamics (temporal delta 
and delta-deltas) and cepstral derivatives (cepstral delta and 
delta-deltas). Two different languages database, i.e. EmoDB 
for German and SAVEE for English were utilized for this 
work. By using these new features of different dimensions, 
they achieved 67.7% accuracy for the EmoDB dataset and 
60.8% for the SAVEE dataset. 

     Langari et al. (2020) [8] proposed adaptive time-
frequency features based on fractional Fourier transform 
fusion with a cepstral coefficient. They used two categories 
of features to recognize speech signals. The first one is the 
prosodic feature, i.e. pitch, energy, and duration, and the 
other one is related to the vocal tract, i.e. cepstral coefficient, 
formants, and DFT harmonics. This work reported that the 

discrete fractional Fourier transform represents the angle on 
the time-frequency plane, and the rotation of the angle can 
restore the original data from the distorted signal in other 
space, which improves the accuracy. This work achieved 
accuracies of 97.57% for EmoDB, 80% for SAVEE, and 
91.46% for the PDREC dataset.  

 Daneshfar et al. (2020) [9] proposed a three-stage hybrid 
system for speech emotion recognition, which concludes 
feature extraction, dimensionality reduction, and feature 
classification. They used perceptual-spectral features such as 
MFCC, PLPC, and PMVDR in combination with the 
prosodic feature like pitch. In their paper, they used a new 
pQPSO method (QPSO-based approach) and gaussian 
elliptical basis function (GEBF)-type neural network as a 
classifier for SER. This work utilized EmoDB, SAVEE, and 
IEMOCAP datasets and got 79.94%, 59.38%, and 65.71% 
accuracies, respectively. 

 Zhang et al. (2022) [14] proposed Mel-IMel dual-channel 
complementary structure with a convolutional neural 
network-stacked sparse autoencoder (CNN-SSAE). They 
focused on the low-frequency part and the high-frequency 
part of the speech signal using the Mel-spectrogram and the 
inverse Mel spectrogram, respectively to prove that the two 
spectrograms are complimentary. The experiment was 
conducted on the EMO-DB, SAVEE, and RAVDESS 
datasets, they achieved high accuracies for all the datasets. 

III. MATERIALS AND METHODOLOGY 

 This section describes the dataset, spectral feature 
extraction techniques, classification approach, and the 
proposed emotion recognition model. 

A. Emotional database of the speech signal 
     In this paper, we have used SAVEE (Surrey Audio-Visual 
Expressed Emotion); it consists of acted audio-visual 
recordings of British English utterances. Four male actors in 
a visual media lab expressed seven emotions: anger, disgust, 
fear, happiness, neutral, sadness, and surprise. Each subject 
utters 15 sentences for each emotion, except neutral, which 
has 30 utterances. It contains 480 audio files in .wav format 
with 16-bit encoding and a sampling rate of 44.1 kHz [10]. 

B. Pre-processing of the raw speech signal 
 The preprocessing begins with pre-emphasis, in which 
the signal is passed from a high pass filter to increase the 
amplitude of weak signals and reduce the noise in the 
background, enhancing the raw speech signal. The next step 
is silence removal. When an audio or speech signal is 
recorded, there are three parts: voiced, unvoiced, and silent 
[2]. As noise removal is necessary to remove unwanted 
signals, silence part removal is also essential because it 
contains no information, and there is no need to keep that 
part of the signal. Here, the speech signal is first framed in 
20ms duration. For each frame, a zero cross rate is 
calculated. Then those frames that contain zero ZCR are 
eliminated, which is the silence part of the speech signal. A 
zero cross rate indicates the change of rate in signal from 
positive to negative or negative to positive. When there is no 
change in signal or the value of ZCR is zero, that means 
there is no change in signal, or there is no signal. Equation 
(1) shows the ZCR of the mth frame 

ZCR(m)  =  
�
�� � ���	
���� � �	
���� � ����� � (1) 
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Where     �	
���� � ���� ��� � ���� ��� � � 

��� is the kth sample amplitude of the mth frame of length n 
[11]. 

Fig. 1 is depicted the raw speech signal and pre-processed 
speech signal after pre-emphasis and silent part removal 
using ZCR. 

C. Feature extraction 
 Features are the essential characteristics of finding 
emotions from the speech signal. There are various features 
exist for SER. Here, cepstral coefficients are used to extract 
spectral features. Spectral features are the short-duration 
frequency signals obtained using Fourier transform from the 
time domain signal.   

  

 

Fig.1. Speech signal before and after preprocessing 

Cepstral coefficients are a type of spectral feature used 
extensively in speech recognition. Although they've been 
around for some time, they've recently received more 
attention as researchers have developed computer algorithms 
that use cepstral coefficients to perform speech emotion 
recognition. 

1) MFCC: Mel frequency cepstral coefficient is one of 

the most used features in speech emotion recognition [11].  It 

is obtained by dividing the speech signal into frames of short 

duration, here 20 ms frames are taken with 50% overlapping; 

then, each time domain frame is converted into a frequency 

domain using FFT. Fourier representation (2) represents the 

speech frame as different frequencies, and the Fourier 

transform coefficients indicate the number of different 

frequencies contained in the speech frame.  
 

X(k) = � ��
������ !�����"   k= 0,1,2,….N-1        (2) 
 

Where N represents the number of samples in the speech 

frame. ��
  represents the nth speech sample, and X(k)  

represents the kth Fourier transform coefficient. 

Next, the energy spectrum is calculated from the FFT 
signal and passed through Mel filter banks to calculate the 
subband energies. Then logarithm is applied to those 
energies. Lastly, a discrete cosine transform is taken to 
obtain MFCC.  

2) MFMC:  In [1], a new cepstral coefficient was 

introduced, which is a modification of the Mel frequency 

cepstral coefficient (MFCC), known as the Mel frequency 

magnitude coefficient (MFMC). MFMC is obtained by 

dividing speech signal into frames of short duration (usually 

20-30 ms) with 50% overlapping. Then each time domain 

frame is converted into a frequency domain using FFT. 

MFCC considers the energy spectrum, while MFMC uses the 

magnitude spectrum instead of the energy spectrum for 

further steps. 

 Next, the magnitude spectrum is converted into the Mel 
spectrum and divided into uniform bands. These uniform 
bands are converted into linear frequency scales and become 
non-uniform bands. Then the non-uniform bands will be 
passed through the triangular windows (3) with 50% 
overlapping to get Mel band magnitude. Lastly, the 
logarithm is applied to get MFMC. 

#$�� �
%&
' (�)*
)+�), � -� . � . -/�),�(
),�)+ �����-/ . � . -0�����������123�456��

  (3) 

Where k is the frequency, fx is the lower frequency, fy is the 
middle frequency, and fz is the highest frequency of the 
triangular window. 

Y(m) = � ��7$��8��(�" ��#$��� � . 9 . :    (4) 

Where t is the number of frequency components in the mth 
band 

MFMC(m) = ;1	�"�� ��7$��8��(�" ��#$��,    � . 9 . :   (5) 

D. Cross-validation 
 Data division protocol or cross-validation is a technique 
used in machine learning to divide the dataset into two parts: 
the training set and the testing set. The model learns through 
the training set, and the remaining dataset, i.e. testing set, is 
used to test the model's performance [12]. Here, hold-out 
with dataset divided into a ratio of 67:33 and K-fold with 
K=5 are used to classify emotion.  

1) Hold-out :  

 Hold-out cross-validation is the simplest and most 
common technique used for cross-validation (CV) [12]. The 
algorithm of the hold-out technique: 

1. Divide the dataset into two parts: the training set 
and the test set. It can be set to 80:20, 70:30, 60:40, 
or another ratio as suitable. The first number 
represents the percentage of the dataset for training, 
and the other one represents the percentage of the 
dataset for testing purposes. 

2. Training of model on the training set 
3. Validation of the model on the test set 

In this paper, hold-out is repeated 5 times to train the model 
and to get better accuracy in the testing phase. 

2) K-fold : 

 The K-fold method is another technique of cross-
validation similar to the hold-out method. It splits the dataset 
into K equal parts known as folds. K-1 folds of datasets are 
used for training, and one part of the dataset is used for 
testing; it repeats itself K times (K=5, 10, etc.). Each 
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validation tests a different set of datasets [12]. Here, 5-fold is 
selected for training the proposed model, the total dataset is 
divided into 5 equal parts and 4 parts were used for training 
and only one part is used in testing. This process repeats 
itself 5 times, each time new parts of the dataset were tested. 

E. Backpropagation artificial neural network 
 A backpropagation artificial neural network is a 
supervised learning method that contains one input layer, one 
output layer, and some hidden layer. It enhances the output 
by changing the weight of neurons according to the errors 
between the actual output value and the expected output 
value. The training in this method is carried out by repeating 
the entire dataset until the errors are minimized [13]. 

F. Proposed emotion recognition model 
The framework of speech emotion recognition is shown in 
fig. 2. Firstly, audio signals are pre-processed using a pre-
emphasis filter. A ZCR-based algorithm is used to remove 
the silence part from the audio signals. The whole audio 
database is divided into two parts namely training and testing 
part using data division protocol. From fig. 2, it can be seen 
that the proposed model is also divided into two parts namely 
training and testing part using a vertical discontinued line. 
Except for ground truth, the training and testing part is 
almost the same. In the present work, spectral coefficients 
namely MFCCs and MFMCs are extracted as features in the 
next step. In the next step, significant feature selection is 
performed using an independent t-test and analysis of 
variance (ANOVA) for the binary and multiclass 
classification, respectively. Further, the classifier is trained 
with a feature vector and ground truth. After training of the 
classifier, learning parameters are generated. These 
parameters will help the classifier to emotion recognition 
during the validation and testing. 

The basic steps are as follows: 

1. Collecting raw data of speech signal 
2. Pre-processing of the speech signal 
3. Extracting and selecting the spectral features  
4. Classification and validation 

IV. RESULT AND DISCUSSION 

This paper classified seven emotions from the SAVEE 
dataset, i.e. anger, disgust, fear, happy, neutral, sad, and 
surprise. Out of these seven emotions, four basic emotions 
namely anger, fear, happy, and sad are used to build binary 
classification problems (CP). In the present work, six binary 
CP (CP1 to CP6) and one multiclass CP (CP7) are used as a 
classification problem. The accuracies of six binary emotions 
CPs and one multiclass CP(all seven emotions) using MFCC, 
MFMC, and a combination of MFCC and MFMC features 
with hold-out and 5-fold are shown in Table I. Here, CP with 
numbers 1, 2, 3, 4, 5, and 6 are denoted by the binary 
emotion classification problems namely Fear versus Anger, 
Happy versus Anger, Happy versus Fear, Happy versus Sad, 
Sad versus Anger, and Sad versus Fear, respectively. CP7 is 
denoted   the   multiclass  classification    problem  (all  seven 
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Fig. 2. Proposed model of speech emotion recognition 

 
emotions). The alphanumeric code FV1, FV2, and FV3 are 
denoted the MFCC, MFMC, and combined MFCC+MFMC 
feature vectors, respectively. 

      The proposed model shows the 81.5%, 70.5%, 83.5%, 
91%, 92%, 90.5%, and 81.5%, 66%, 83.5%, 94.5%, 93%, 
93% accuracies for Fear versus Anger (CP1), Happy versus 
Anger (CP2), Happy versus Fear (CP3), Happy versus Sad 
(CP4), Sad versus Anger (CP5), and Sad versus Fear (CP6) 
for MFCC and MFMC features, respectively with hold-out 
CV and BPANN classifier. And 97.5%, 92.5%, 94.16%, 
98.34%, 97.5%, 98.3%, and 84.98%, 74.16%, 85.82%, 
98.32%, 97.5%, 95.82% accuracies for MFCC and MFMC 
features, respectively with 5-fold CV and BPANN classifier. 
When both features were combined, it shows the accuracy of 
87.0% and 97.5% for CP1, 67.5% and 92.5% for CP2, 79.5% 
and 97.5% for CP3, 97.5% and 99.16% for CP4, 99.05 and 
99.16% for CP5, and 95.0% and 98.33% for CP6 with hold-
out and 5-fold CV, respectively. Here we also get 66.4% and 
79.26% accuracies for all seven emotions (CP7) of SAVEE 
dataset for combined features (FV3) using hold-out and 5-
Fold CV, respectively. We get the highest accuracy of 
99.16% in 5-fold CV for Happy versus Sad (CP4) and Sad 
versus Anger (CP5) using FV3 feature vector with 5-fold CV 
and 80.74% accuracy for all seven emotions (CP7) using 
FV1 feature vector with 5-fold CV. 
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TABLE I.  COMPARISON WITH COMBINED FEATURES ON 

SAVEE    DATASET (%) 

CV Hold-Out 5-Fold 

Features 
Vector 
→ 

Emotion 
CP↓ 

FV1 FV2 FV3 FV1 FV2 FV3 

CP1 81.5 81.5 87.0 97.5 84.98 97.5 

CP2 70.5 66.0 67.5 92.5 74.16 92.5 

CP3 83.5 83.5 79.5 94.16 85.82 97.5 

CP4 91.0 94.5 97.5 98.34 98.32 99.16 

CP5 92.5 93.0 99.0 97.5 97.5 99.16 

CP6 90.5 93.0 95.0 98.34 95.82 98.33 

CP7 65.64 50.0 66.4 80.74 54.28 79.26 

Table II shows the classification accuracies for statistically 
significant features of the FV3 feature vector. Here we get 
100% accuracy for Happy versus Sad  (CP4) and Sad versus 
Fear (CP6) in the 5-fold method for significant features of 
FV3 and get 85.24% accuracy for CP7. The results show that 
the 5-fold CV gives a better result compared to hold-out 
except for some cases. When MFCC and MFMC features are 
merged (FV3) the proposed method gives higher accuracy 
compared to MFCC (FV1) and MFMC (FV2) are used alone. 
From Table I and II, it can also see that multiclass CP (CP7) 
classification accuracy is improved by 5.98% using 
significant features from FV3 and 5-fold CV. 

TABLE II.  CLASSIFICATION ACCURACY  FOR 

STATISTICALLY SIGNFICANT FEATURES 

Features Vector Significant features from FV3 

CV→ 

Emotion  CP↓ 

Hold-Out 5-Fold 

CP1 80 95.84 

CP2 65 80.84 

CP3 85 96.6 

CP4 97.5 100 

CP5 97.5 88.34 

CP6 97.5 100 

CP7 57.98 85.24 

 
A ROC (receiver operating characteristic curve) plot 
represents the performance of the classification model in 
graphical form. The ROC plot of CP2-FV3 for 5-Fold, CP6-
FV3 for hold-out, and CP1-FV3 for 5-fold of Table I is 
shown in Fig. 3, Fig. 4, and Fig. 5, respectively. 

Table III shows a comparison of the proposed work with 
some recently reported work. The results show that the 
proposed method gets a high accuracy of 85.24% for the 
SAVEE dataset compared to other works done on spectral 
features, as shown in Table III. 

TABLE III.  COMPARISON OF ACCURACIES FOR DIFFERENT WORK DONE 

ON SAVEE DATASET 

Author(Year) Features Classifiers Accuracy 
(%) 

Ancilin and 
Milton ( 2021) 

LPCC, LFPC, 
MFCC, MFMC 

Support Vector 
Machine (SVM) 

75.63 
 

Sönmez and 
Varol (2017) 

Time based,  
Frequency 
based, 
Cepstrum 
based, Wavelet 
transform 
based, Texture 
based, Deep 
features 

DT, LDA, 
KNN, SVM 

76.67 
 

Nagarajan et al. 
(2020)   

Cepstral 
coefficients  

SVM 75, 
66.67(SD) 
44.17,  
55(SI) 

Choudhury et al. 
(2018)  

Spectral 
features 

SMO, 
Random Forest 

55.5, 55.3 
 

Kathiresan & 
Dellwo (2019) 

MFCCs, 2TΔ, 
2CΔ 

SVM 
DNN 

60.8 

Langari et 
al.(2020) 

MFCC, LPCC, 
Format 

SVM 80 

Daneshfar et 
al.(2020) 

MFCC, PLPC, 
PMVDR, Pitch 

GEBFNN 59.38 

Proposed Method MFCC, MFMC BPANN 79.26 

Proposed Method Significant FV 
MFCC, MFMC  

BPANN 85.24 

  

 

 

Fig. 3. ROC plot of CP2-FV3 for 5-fold CV (accuracy 92.5%) 

 

 

Fig. 4. ROC plot of CP6-FV3 for hold-out CV (accuracy 95 %) 
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Fig. 5. ROC plot of CP1-FV3 for 5-fold CV (accuracy 97.5%) 

V. CONCLUSION 

This paper used the combination of MFCC and MFMC to 
recognize emotion from the speech signal. MFCC and 
MFMC are both cepstral coefficients. MFMC feature has not 
been used in many works. Our work shows that both 
features, MFCC and MFMC, can stand alone and recognize 
the emotion from speech signals very well; also, when 
combined with MFCC, it gives better results. On binary 
classification, 100% accuracies are obtained for Happy 
versus Sad and Sad versus Fear classification problem. When 
MFCC and MFMC have used stand-alone, we get 80.74% 
accuracy using the MFCC feature for all seven emotions 
with a 5-fold CV and BPANN classifier. Compared to other 
work done on SAVEE dataset, we got the highest accuracy 
of 85.24% for all seven emotions when significant features 
are selected from a combination of MFCC and MFMC. 
Hence, the proposed model may help the machine recognize 
human emotion for further applications.   
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Abstract. Brain signals for the human-computer interface is a research interest in recent years. 

The brain is the most vital part of our body. It handles and manages all types of activities of 

the body. Brain signals appear when neurons inside the brain send electrical impulses to 

communicate and elicit electrical potentials. This electrical activity can be measured by 

Electroencephalogram (EEG) through electrodes. EEG signals can help to recognize human 

emotions effectively. It is a non-invasive method to collect brain signals. In this paper, we 

have studied the subject-dependent and subject-independent analysis for four emotions (happy, 

sad, fear, and neutral) using the SEED-IV dataset of EEG signals for emotion. The raw EEG 

signals of the SEED-IV dataset have been preprocessed to remove unwanted signals and noise. 

32 statistical features have been extracted from the preprocessed EEG signals and used as 

input for classifiers. Here, we achieved an average of 95.73% accuracy for 15 subjects for 

subject-dependent analysis for emotional classification using a cubic support vector machine 

(SVM). Based on cubic SVM and fine Gaussian SVM, we achieved an average classification 

accuracy of 78.46% and 83.7% for subject-independent analysis. 

 

Keywords: Electroencephalogram, Support Vector Machine, Emotion 

1. Introduction 
Complex psychological and physiological states known as emotions can be brought on by both 

internal and external factors. They are subjective experiences that involve a range of cognitive, 

behavioral, and physiological responses [1,2]. Some common emotions are fear, anger, happiness, 

surprise, sadness, love, and disgust. Emotions are also categorized as positive or negative emotions, as 

they vary in duration and intensity. They are affected by various reasons, including genetics, culture, 

upbringing, personality, and experiences. Emotions play an important role in communication. 
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EEG (electroencephalogram) signals provide details about the electrical activity of the human 

brain [3]. EEG signals are recorded by placing electrodes on the scalp and are measured in microvolts 

(µV) [3]. The signals can be used to track the brain's activity associated with different states and 

functions, such as during sleep, during emotional responses, and in response to external stimuli. EEG 

signals can be used to diagnose certain neurological disorders, such as epilepsy, and to monitor the 

effects. EEG signals can help to recognize human emotions effectively. It is a non-invasive method to 

collect brain signals. Emotion recognition through EEG is the process of identifying the emotional 

state of a person by analyzing the brain signals. This technology is based on the fact that different 

emotions are associated with different patterns of brain activity. Machine learning algorithms are used 

to analyze EEG signals and classify them into different emotional categories such as happiness, 

sadness, anger, and fear.  

The approaching sections are arranged as follows: Section 2 discusses the work related to EEG 

emotion recognition. Section 3 is the methodology; it explains the dataset, channel selection, 

preprocessing, feature extraction, classifier, and the proposed methodology. Sections 4 and 5 present 

the results and discussion, and conclusion, respectively. 

2. Related works 
Some of the related work on emotion recognition using EEG signals are listed below. 

Huang et al. (2012) present an emotion detection system that detects emotions using EEG signals. 

They used short EEG segments of 1s [4]. They proposed a new feature extraction method called 

asymmetric spatial filtering (ASF) for high-dimensional EEG data. An ASF aims to maximize the 

variance difference between the two hemispheres of an EEG signal filtered by band-pass. The 

experiment result shows that for only 1s part of EEG data. The ASF achieved an average 

classification accuracy of 79% and 83% for valence and arousal classification, respectively. Zhang et 

al. (2016) proposed an algorithm based on EEG signals to detect emotion using sample entropy and 

empirical mode decomposition (EMD) [5]. EEG signals containing only two channels are first 

decomposed using EMD into intrinsic mode functions (IMFs). A feature vector is formed by selecting 

the first four IMFs and calculating their entropies. For training and testing the feature vectors are used 

as input to a support vector machine (SVM) classifier. For binary-class tasks, the proposed method 

achieves 94.98% accuracy, and for multi-class tasks, the best accuracy is 93.20% by using the DEAP 

database. Liu et al. (2018) used pre-trained ResNets to recognize emotions from EEG signals [6]. 

First, they preprocessed raw EEG data from the DEAP dataset and converted it into a 2D image. They 

extract deep semantic information using ResNets and LFCC features from preprocessed signals. They 

fused these two features and improved the classification performance for emotion recognition. LOO 

and 10-fold cross-validation (CV) are performed for three different tasks in their experiments. They 

used several classifiers in their experiment and found that the k-nearest neighbor (KNN) gives the best 

performance. 

Qing et al. (2019) demonstrate how emotion can be extracted using the emotional activation curve 

[7]. First, the algorithm used EEG signals from DEAP and SEED dataset to extract feature and 

classifies emotions based on machine learning (ML) approaches, which involved training models 

based on portions of trials and assessing their effectiveness in recognizing emotional states. Secondly, 

they construct novel activation curves of emotions and gave two emotion coefficients, first the 

correlation coefficients and second the entropy coefficients. based on the classification results. The 

results based on their experiment show that a weight coefficient obtained from the two coefficients 

can significantly enhance the accuracy of EEG-based emotion recognition. Gao et al. (2020) proposed 

a novel deep learning method, namely a channel fused dense CN, based on EEG signals for emotion 

recognition [8]. In their paper, they combine contextual features along the temporal dimension from 

EEG signals to form a 1D convolution layer. They stated that they were able to extract valuable 

features from noisy EEG signals by handling electrode correlations and temporal dependencies in 

their algorithm. They worked on SEED and DEAP datasets. Their framework achieved average 

accuracies of 92.58%, and 90.63% on the DEAP and SEED datasets, respectively. 
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Salama et al. (2021) proposed an emotion recognition model for humans based on face and EEG 

signals [9]. In the proposed method, deep learning-based 3DConvolutional Neural Network (3D-

CNN) architecture has been utilized to extract the spatiotemporal features from the human faces data 

signal, and the EEG signals. They proposed three approaches to emotion recognition for humans i.e., 

object detection using Mask-RCNN technique with OpenCV libraries with SVM, 3DCNN for the 

final predictions of the EEG-based emotion recognition approach, and 3D-CNN for face-based 

emotion recognition technique, and bagging, and stacking fusion techniques for emotion detection 

based on fusion technique. The experiments have been conducted on DEAP dataset. The average 

accuracy of 96.13% and 96.79% has been obtained for valance and arousal respectively for fusion-

based human emotion recognition. Liu and Fu (2021) proposed human emotion recognition from the 

EEG signals [10]; where sound signal stimulation produces an EEG signal. They used PCA and 

ReliefF methods to select suitable channels from multi-channel EEG. They extracted time domain 

features from multi-channel EEG and textual features. CNN approach has been used by them for 

textual feature extraction. Feature vector fusion is then further used in PCA analysis for feature 

reduction. 47%–81% classification accuracy has been achieved using SVM as a classifier. 

Pusarla et al. (2022) investigated an efficient approach for extracting and classifying emotional 

information from 2D spectrograms of EEG signals using deep learning [11]. They proposed a Deep 

Convolution neural network (DCNN) for Emotion Recognition (DCERNet) with high connections 

between layers to extract features from EEG signals. Using pre-trained Densenet121 as a base model, 

DCERNet is customized over softmax and SVM classifiers. The experiments were done using SEED 

and DEAP datasets. Their proposed model based on DCERNet for emotion recognition shows an 

improvement of almost 8% as compared to the other methods used for emotion recognition. Rajpoot 

et al. (2022) presented a novel deep learning method for emotion recognition [12]. It is based on 

unsupervised LSTM and CNN approaches. Here, lower dimensional latent space has been used to 

represent the EEG data signals. Firstly, they used a channel attention auto-encoder with unsupervised 

LSTM to extract features from EEG signals. After that, CNN is used to perform subject-independent 

emotion recognition. They compared their autoencoder approach with other encoding methods and the 

CNN attention classifier with series classifiers. They experiment with their model using DEAP, 

SEED, and CHB-MIT datasets. 69.5% and 76.7% classification accuracies have been achieved by the 

proposed method for DEAP and SEED datasets, respectively. Also, for the CHB-MIT dataset, 69%-

73% classification accuracies have been achieved for different types of experiments. 

Some research gaps have been found during the literature survey; they are as follows: 

 

1. Many researchers studied on valence arousal model, which assigns scores to an individual 

based on their positive/negative feeling and arousal level. The model assumes that every 

person's reaction to a situation follows a linear path with an expected degree of response. 

However, human emotion is far more nuanced than this simple model allows for. Also, 

emotions involve a wide variety of subjective experiences that cannot be captured by 

numerical values alone or just positive/negative. 

2. The datasets used were old and contained fewer amounts of EEG signals for various 

emotions, making it difficult for researchers to analyze their data effectively in real-time 

applications.   

3. Also, a deep learning-based model needs a significant amount of training data to accurately 

identify and interpret emotions, when these datasets are used, they lack a sufficient amount of 

data, which can lead to false accuracy. 

 

The core contributions of the present work are as follows: 

1. We implement and evaluate a multiclass emotion recognition model using kernel-based SVM 

classifiers and EEG signals. 

2. We also investigate the performance of this model for subject-dependent and subject-

independent analysis.      
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3. Methodology 
This section describes the dataset, channel selection and preprocessing techniques, feature extraction 

techniques, classification approach, and the proposed emotion recognition model. 

A. Emotional database of the EEG signal 
In this paper, the SEED-IV dataset has been used. The EEG signals from 15 participants who 

watched Chinese cinema snippets are included in the SEED-IV dataset. Happy, sad, fearful, 

and neutral are the four emotion categories shown in the movie clips. A preliminary 

investigation picked 72 movie snippets in total (18 clips for each emotion category). 24 trials 

are included in each experiment to ensure that all 72 film clips were seen by the participants. 

The ESI Neuroscan equipment was used to record the EEG data with a 62-channel cap 

following the 10-20 method [13]. 

 

B. Channel selection and preprocessing techniques 
From the SEED-IV dataset, out of 62 channels 27 most relevant channels have been selected 

for emotion recognition from the frontal and temporal lobes. These two lobes are responsible 

for generating emotions [3,13]. Then from these selected 27 channels the raw EEG signals 

have been preprocessed to remove unwanted signals and noise using a bandpass filter (0.5-

49.5 Hz). Also, a notch filter with 60 Hz has been used to remove baseline noise. 

 

C. Feature extraction techniques 
Features are the essential characteristics of finding emotions from the EEG signal. There are 

various features exist for the detection of emotions from EEG signals. Here, statistical 

methods have been used for the feature extraction process. 32 statistical features have been 

extracted from the preprocessed signal. MATLAB@2021a has been utilized to extract the 

features from the EEG signals. Table 1 shows the details of 32 features. 

The spectrum of frequency bands of EEG signals contains the same pattern for the 

same emotions and different patterns for each emotion. Similarly, statistical features contain 

patterns and values for each emotion. The selected features for extraction of emotional pattern 

help to improve the performance of the emotion recognition model. Here, to select the 

significant features for emotion recognition using EEG signal, statistical analysis has been 

performed using IBM SPSS Statistics (version 20) software mentioned in section 6. 

 

Table 1: List of features that were taken out of the preprocessed EEG signals 

 

Feature Name Features 
V1 Mean curve length 
V2 Hjorth Activity 
V3 Hjorth Mobility 
V4 Hjorth Complexity 

V5 First Difference 
V6 Normalized First Difference 
V7 Second Difference 
V8 Normalized Second Difference 
V9 Mean Energy 

V10 Mean Teager Energy 
V11 Log Root Sum Of Sequential Variation 

V12 Tsallis Entropy 
V13 Shannon Entropy 
V14 Log Energy Entropy 
V15 Renyi Entropy 
V16 Arithmetic Mean 
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V17 Standard Deviation 
V18 Variance 
V19 Median 
V20 Maximum 
V21 Minimum 

V22-V25 Auto Regressive Model 
V26 Kurtosis 
V27 Skewness 
V28 Band Power Delta 
V29 Band Power Theta 
V30 Band Power Alpha 
V31 Band Power Beta 

V32 Band Power Gamma 

 

D. Proposed emotion recognition model 
The framework of EEG emotion recognition is shown in Fig. 1. Firstly, we select the most 

relevant channels from 62 channels of the SEED-IV dataset for emotion recognition. Then 

these selected raw EEG signals have been preprocessed to remove unwanted signals and noise 

using a bandpass filter (0.5-49.5 Hz). After that 32 statistical features have been extracted 

from the preprocessed EEG signals. The features were divided into two parts namely the 

training and testing part using data division protocol. Further, the support vector machine 

(SVM) classifier is trained with a feature vector and ground truth. After training the classifier, 

learning parameters are generated. These parameters will help the trained classifier to 

recognize emotion during the validation and testing. 

 

Fig. 1 Proposed model for emotion recognition  

4. Results and Discussions 
In this paper two type of analysis has been performed i.e., subject-dependent (SD) analysis and 

subject-independent (SI) analysis. The subject-dependent analysis gives a person's perception of 

various emotional states. The same stimulus may elicit distinct feelings in other persons. When the 

subject-dependent analysis is performed, it only reveals the subject's efficiency in recognizing 
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emotions; however, when other subject's emotional data is tested for emotion recognition, the system 

may not be able to recognize the true emotion because it has only been trained and learned the pattern 

on the emotions of a specific subject. While in the case of subject-independent analysis, the system 

learns the patterns of various emotions from a variety of subjects, and if new subjects' emotional data 

are provided for the test, it will produce accurate findings because the system has learned the patterns 

from a variety of subjects. The system looks for a pattern in the input data and returns a result. 

Here, we achieved an average of 95.73% accuracy for 15 subjects for SD analysis for emotional 

classification using a cubic support vector machine (SVM). Fig. 2 shows that subject 5 shows higher 

accuracy of 97% and subject 8 shows the lowest accuracy of 93.6%. Based on cubic SVM and fine 

Gaussian SVM, we achieved an average classification accuracy of 78.46% and 83.7% for SI analysis. 

Fig.3 shows Subject independent accuracies for 4 emotions using Cubic SVM & Fine Gaussian SVM 

as a classifier. 

 

 
Fig. 2 Subject-dependent accuracies for 4 emotions (happy, sad, fear, neutral) by using Cubic SVM as 

a classifier 
 

 
 
Fig. 3 Subject-independent accuracies for 4 emotions using Cubic SVM & Fine Gaussian SVM as a 

classifier 
 
Using IBM SPSS Statistics (version 20) software, the F score and significant value of each character 

have also been determined, and the results are displayed in Table 2. The analysis of variance 

(ANOVA) test is a statistical analysis used to compare the means of two or more groups. It is used to 

determine if there is a significant difference between the group means and identifies which group(s) 

are responsible for any observed differences. This test is a parametric test, which means it assumes 

that data is normally distributed. While conducting an ANOVA, the F value is employed as a 
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parameter. Two mean squares are divided to calculate it. The ratio of explained variance to 

unexplained variance is calculated using this formula. The F value and degrees of freedom of the 

sources of variation are used to calculate the probabilities of the F values. The probability is the test's 

significance value means, a significant value determines the probability of obtaining the result by 

chance. Conventionally, a significant value of 0.05 or less is considered statistically significant. If the 

calculated significant value is less than 0.05, it indicates that the differences between group means are 

entirely due to chance, and the null hypothesis can be rejected. Conversely, if the significant value is 

greater than 0.05, it suggests that the differences between means are not significant, and the null 

hypothesis cannot be rejected [14,15]. In Table 2, 30 features' significant values are < 0.05. This 

indicates, out of 32 features 30 features are significant, which means they are more suitable to 

determine emotions from EEG signals and V19 and V27 are not suitable for emotion detection. 

 
Table 2: 32 Features with their F score and significant value 

 
Feature Name F Score Significant Value 

V1 17.757 .000 

V2 12.627 .000 

V3 27.561 .000 

V4 65.045 .000 

V5 17.758 .000 

V6 10.864 .000 

V7 19.455 .000 

V8 59.332 .000 

V9 12.625 .000 

V10 16.656 .000 

V11 7.270 .000 

V12 30.833 .000 

V13 411.993 .000 

V14 18.219 .000 

V15 228.719 .000 

V16 22.962 .000 

V17 7.296 .000 

V18 12.627 .000 

V19 0.938 .421 

V20 13.068 .000 

V21 11.072 .000 

V22 37.815 .000 

V23 14.952 .000 

V24 21.546 .000 

V25 14.983 .000 

V26 30.484 .000 

V27 0.965 .408 

V28 5.955 .000 

V29 13.804 .000 

V30 13.687 .000 

V31 13.567 .000 

V32 13.716 .000 

 
 
Table 3 shows a comparison of the proposed work with some similar existing work. The results show 

that our proposed work gets an accuracy of 78-96% for the SEED-IV dataset and shows improvement 

for both SD and SI analysis compared to other works done on EEG datasets as shown in Table 3. 
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Table 3: Performance comparison of present work with similar existing work 
 
Sr. 
No. 

Author/Year Dataset 
used 

Feature 
Extraction  

Classifier/ Machine 
Learning Approach 

Performance/ 
Accuracy 

1. Huang et al. 

(2012) [4] 

EEG 

signal 

Asymmetric 

spatial filtering 

(ASF) 

Linear, Naive Bayes 

(NB), K-Nearest 

Neighbor 

(KNN), and Support 

Vector Machine (SVM). 

83% for arousal 

79% for valence 

2. Zhang et al. 

(2016) [5] 

DEAP Empirical mode 

decomposition 

(EMD), Sample 

entropy 

SVM 94.98% for 

binary-class tasks 

93.20% for the 

multi-class task  

3. Liu et al. 

(2018) [6] 

DEAP Linear 

frequency 

cepstral 

coefficient 

(LFCC) 

K-nearest neighbor 

(KNN) 

61.55% for 

valance and 

54.53% for 

arousal 

4. Qing et al. 

(2019) [7] 

DEAP 

SEED 

1st and 2nd order 

difference 

differential 

entropy 

Decision Tree, KNN and 

Random Forest  

63.09% 

75% 

5. Heekyung 

Yang et al. 

(2019) [16] 

DEAP -- convolutional 

neural network (CNN) 

90.01% for 

valence & 

90.65% for 

arousal. 

6. Salama et al. 

(2021) [9] 

DEAP  Spatiotemporal 

features 

3D-Convolutional Neural 

Network (3D-CNN) deep 

learning 

96.13% for 

valence and 

96.79% for 

arousal 

7. Rajpoot et al. 

(2022) [12] 

DEAP 

SEED 

-- LSTM and CNN 69.5%  

76.7% 

8. Zong et al. 

(2020) [17] 

SEED 

SEED-IV 

 Regularized 

graph neural network 

(RGNN) 

94.24% for SD 

85.30% for SI 

& 79.37% for SD 

73.84% for SI 

9. Our Proposed 

Model 

SEED-IV Statistical 

features 

Support Vector Machine 

(SVM) 

95.73% for SD 

78.46% & 83.7% 

for SI 

 
 
 
5. Conclusion 
In this work, we proposed an electroencephalogram (EEG) based machine learning approach for 

emotion recognition. The new dataset “SEED-IV” provided by BCMI laboratory is used in the 

proposed work. The 32 statistical features from the selected EEG signals have been utilized to train 

the SVM-based machine learning approach. Here, subject-dependent (SD) and subject-independent 

(SI) analysis has also been performed for four emotions namely happy, sad, fear & neutral. We further 

found that the trained SVM classifier shows good classification accuracies for 15 subjects for SD and 

SI analysis. F score and its significant values also have been calculated which shows that 30 features 

are most suitable for the detection of emotions using EEG signals. As compared to the previous work 

done, the proposed machine learning approach shows good accuracy with a simple and easy-to-

implement multiclass emotion recognition model. 
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Abstract— In the modern communication world, capacity 
of future mobile networks will continuously rise for 
enhanced data traffic and high reliability. The current 
evolution trends in 5G networks and beyond impose drastic 
increase in energy consumption and therefore, a high level of 
carbon footprint by industry network infrastructures. 
Modern 5G wireless communication can be a potential 
driver for machine learning (ML) and artificial intelligence 
architecture at network edge. Herein, we investigate the 
performance and evaluation analysis of cellular radio access 
networks (RAN) simulated and based Q-learning approach 
by turning on-off some base stations (BSs) to achieve 
enhanced energy savings in a cellular RAN. In this work, we 
study the BS switching actions, considering traffic load 
variations. We formulate the network models as action state, 
environment and reward. It was shown that the proposed 
learning scheme results in efficient energy saving under 
varying workloads. 

Keywords— cellular network, energy harvesting, radio, 
neural network, switching  

I. INTRODUCTION

Energy is very vital for our life and in modern 
electronics world. The energy consumption is therefore a 
concern in various research areas. Being a non-renewable 
source of energy, there is an urgent need to overcome this 
energy constraint in modern science and technology and 
human life. The demand for wireless communication 
services has increased rapidly over the years, resulting in a 
significant increase in the energy consumption of cellular 
networks. With the growing trend of green and sustainable 
communication, energy harvesting (EH) has emerged as a 
promising technique for powering cellular networks. EH 
technologies enable the utilization of ambient energy 
sources, such as solar, wind, and radio frequency (RF) 
signals, to generate electrical energy that can be used to 
power energy-constrained devices. Various research 
activities are attempted for reducing the  consumption of 
energy after the energy crisis in 1970s [1]. So far, the 
energy crisis is not overcome completely due to 
continuously consumption of energy worldwide [2]. 
Therefore, energy consumption needs to be minimized and 
use of renewable sources of energy must be encouraged. 
Each country across the globe is now trying to minimum 
possible energy and relying on the energy from agriculture, 

solar energy harvesting as well as from the waste [3]. 
Likewise, the energy from the fossil deposits and nuclear 
wastes, there is a great need to keep monitoring the energy 
from these sections [4].   

   In this way, we can make a prediction on the amount 
of energy to be used in advance in various areas and plan 
accordingly for specialized applications and usage. All 
these usage of energy and its prediction over years is 
advantageous for the government and industrialist for 
raising the economy of the country. The amount of energy 
usage depends upon many factors like water, sunlight and 
wind. Therefore, energy consumption is highly complex 
[5]. In modern science and technology, machine learning 
approaches are very useful for predicting the amount of the 
energy used over time. The machine learning approaches 
act like a mapping function of input to output data with 
high accuracy.  

     In modern telecommunication, there is a geometric 
increase in the number of smartphones and electronic 
gadgets promoting the mobile data services. The fifth 
generation technology (5G) is the key to overcome the vast 
data traffic and demand [1]. Other variations associated 
with the 5G, such as cloud radio access networks (CRAN), 
manage the operating expenditures, and inter-cellular noise 
to overcome the data rates and energy consumption [2]. 
The 5G cellular mobile communication services boast to 
provide thousand times higher data rates than existing 
cellular systems. Therefore, new network architectures and 
applications, like internet of things are crucial. A popular 
trend in 5G technology is large scale distributed cells 
deployment as base station. This trend is coined as network 
densification. However, this type of trend for getting 
specified goals based on the modern 5G approach is very 
tough to achieve due to the increased energy crisis and 
environmental issues. 

    All these issues in advanced wireless communication 
can be overcome by several approaches as done in the past, 
such as network plan and deployment, switch off and on 
technology, radio resource and component level 
optimization, and finally use of renewable sources of 
energy [6]. Among these mentioned techniques, the one 
with sleep mode is highly regarded as efficient one for 
energy saving strategy. In [5], authors proposed 
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multiobjective optimsation method in large distributed 
multiple input multiple output (MIMO) systems. Presently, 
over 90% of the power is consumed by base stations (BSs) 
of RANs [4]. This is because of the deployment of the BS 
based on peak traffic loads. Mostly this BS are on active 
state regardless of the dynamic traffic load variations [7]. 
Valerdi et al., proposed a method to manage the power 
consumption of the BS which is part of the renewable
energy resource and (solar, wind etc ) [8]. The authors in 
[9] focused on C-RAN by using reinforcement learning 
and applying switch on-off techniques to save energy. In 
[10] authors showed the chance of energy saving by 
algorithm and simulations. In [11] and [12] authors studied 
how to alter the active state of BS to inactive mode 
dynamically, based on the expected traffic loads. In this 
work, we propose algorithm for energy harvesting by using 
a multiple agent system. In this approach, each agent has 
its own independent decision. Within this framework, we 
propose a machine learning approach with distributed 
multiple agents based algorithm, widely known as Q 
learning [12].

Base Station Controller Micro BS

Macro BS

Figure 1: The framework of cellular radio access networks 

In this approach, each of the cellular networks (agent) 
operates by resource management. We propose to 
maximize the energy efficiency. The framework of cellular 
networks is shown in Fig. 1. We adopt a cellular radio 
access nnetwork’s for energy harvesting approach in this 
work. This paper presents a novel approach based on Q-
learning for energy harvesting in cellular radio access 
networks (RANs). The proposed method aims to maximize 
the total harvested energy in the network while ensuring 
that the network performance meets certain quality of 
service (QoS) requirements. In this paper, we crack this 
problem by reinforcement learning (RL) [11-14 ]. A RL 
approach has one benefit that is there is no requirement to 
have a prior knowledge the traffic loads.. We proposed the 
novel ML based Q-learning method is to save energy. The 
BS controller first check variations of the traffic load based 
on the Q-leaning. Subsequently, it can select one of the 
switching actions and then reduces or increase the balances
repetition of the same action on the basis of the required 
cost which aims is to save energy. After several actions 
and receiving the costs, the controller which act as a agent 
how to turn on-off the BSs. Additionally, the ML method, 
the switching scheme is would improve energy efficiency 

of networks. The learning operation is further enhanced by 
Q-learning.  In the proposed methodology, ML methods is 
used as reward function for Q-learning techniques.

The rest of the paper is ordered as follows. System 
model is present in Section II.  In Section III and Section 
IV, we discuss the energy saving pattern and simulation 
result respectively. Finally, conclusions are present in 
Section V.

II. SYSTEM MODEL

In this section, we consider cellular RAN usually 
comprises of numerous BSs while the traffic loads of these 
BSs are generally unstable, thus often making BSs under-
utilization. The cells are further divided into two types 
such as macro and small (micro) cells. In such scenario, 
macro cells base station (BS) is attached to the power grid 
providing energy to whole cells. The micro cells are also 
deployed to enhance the system capacity as needed e.g., 
home, university, school, hospital etc. 

A. Power Consumption Model
A BS comprises of many power components like
processor, amplifier, transceiver, backhaul link and air 
conditioner tool. The total power consumption, , can be 
calculated as follows [16]

                          (1)
where represent the number of cell, is transmitting 
antennas per cell, and is power if amplifier, is , 
transceiver power, are the power 
consumptions of the processor, generator, link tools, and 
air cooler respectively.

We maximize the throughput of the whole network
assuming the traffic intensity and coverage constraints as
[17]

                            (2)

                           s.t.  

                                  

                                  

where   indicate effective traffic intensity for cell , 
denote  the area served by cell.

BS Switching
Operation Controller

State

Environment
Action

Reward

Figure 2: Working Concept of Reinforcement Learning
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Hence, we study RL methods to crack energy saving 
problem without demanding the previous knowledge of 
traffic loads and precisely apply the q-learning algorithm. 
As the name denotes, it encompasses four components: 
action, state, environment, and reward as shown in Fig. 2. 
These microcells are operated through the energy 
harvested from the sun, i.e., solar energy monitored by Q 
learning agents. 

We choose a reward function here to achieve the 
desired solution of the optimization problem. There are 
various proposed reward functions in the past using co-
operative learning, independent learning [8-10, 19-20]. 
The QoS constraint of the macro cells was considered to 
optimize the sum capacity of the entire network. The 
cooperative Q learning has also been verified to optimize 
the capacity of macro cells without designating a reward 
function in a dense network. The use of reward function 
ensures a fair allocation of resources in Q-learning 
approach at base stations.  

III. PROPOSED ENERGY SAVING SCHEME 

A. Q- learning on/off switching algorithm  
Here, we employ Q-learning approach. We have N 

distributed users for making decisions in either on or off 
condition independently.  

As described in previous section, we consider cellular 
radio access networks of N agents (users). All the devices 
are monitored via a multiple agents system. The goal of 
this proposed method is to learn with environment by 
means of a Q-learning approach. In Q-learning system, the 
value function is saved in a Q-table which is expressed as 

 
1 1

, ,

( , ) max , ,

t t

t t t t

t tQ a b Q a b

t tr a b Q a b Q a b
    

  (3) 

where α and  is the learning rate and the discount factor 
respectively. is the state-action pair; and 

1 1,t tQ a b is state-action pair of next state.  

B. Definition of State, Acton, Reward function 

State: The state b is expressed  as 

        (4) 

where  is renewable energy source during  day time and 
night,   represent the level of battery,  is the state of 
the  load for i- th cell  in time t. 

Action: The actions A contain two actions of on state and 
off state of the controller. When a controller is turned off, 
the users connect to the macro BS. Although, the macro 
BS unable to contribute service, they will be leave and wait 
for decisions.  

Reward function: A reward function is expressed as:   

                 
0
1 , OFF tate

, ON

s

state

t
i th

t t
ti i th
i

t t
i i th

J J

r J JJ

T J J

  (5) 

 where is the normalized throughput of ith cell in slot t, 
and Jth is a threshold value on the battery level. Thus, the 
controller can be turned off and offload the macro BS. The 
second line represent that the reward is proportional to the 
inverse of the energy buffer level when the controller is in 
off state to save energy.  The third line represent that the 
reward is directly proportional to the   times of 
throughput when the controller is ‘on’. After learning, 
controller will remain on state. In third line, constant  is 
used to balance throughput and energy saving. 

During the training phase, the users use the energy data to 
generate the Q-tables offline, these Q-values are used to 
generate the Q-tables for the micro cell users in online 
mode. This proposed training algorithm is given in Table 
1. 

Algorithm 1: Proposed Training Algorithm Framework 
Start 
1. Initialize state-value function 

2. Train  
3. Calculate  current   
4. Choose action  and state   

5. Calculate new state and reward value based on q-

learning 

6. Find the traffic loads accordingly  and update state 

→  

7. Update the state-value function (3)); 

8. Stop 

 

The given algorithm describes a Q-learning approach 
for achieving energy savings in cellular radio access 
networks (RAN) by turning on-off some base stations 
(BSs) based on traffic load variations. The algorithm is as 
follows: First step involves initializing the state-value 
function, which represents the expected reward for each 
state and action. In second step, the Q-function is trained 
for the given state-action pair ( ). The Q-function 
estimates the expected reward for each action in a given 
state. In third step the current Q-value for the chosen state-
action pair is calculated. Next we choose action and state 

 based on the current state of the network and the Q-
function. In the fifth step the network moves to a new state 
based on the chosen action , and the reward value for the 
new state is calculated using the Q-function. In next step 
the traffic loads are determined based on the new state and 
the state is updated accordingly. In seventh step the state-
value function is updated based on the observed reward for 
the chosen action in the current state. Finally the algorithm 
stops when a stopping criterion is met, such as reaching a 
maximum number of iterations or a desired level of energy 
savings. 
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IV. SIMULATION RESULTS 
The cellular RAN network of N distributed agents and we 
confirm the energy saving by proposed q- learning scheme 
under practical configurations. We assume the power 
consumption of the components of a BS are 10.4 W,  

30 dBm, 100 W ,  is 80 W  is 384 
W,  690 W. We consider the propagation channel of 
this network by modified Hata model [18]. The goal of the 
proposed algorithm is for each agent to learn, through the 
environment, an energy saving scheme via Q-learning 
technique. Precisely, the energy consumption is defined 
when few BSs are switched off since our simulation starts. 
This explanation is reasonable because it show the energy 
efficiency enhancement, which is our goal of an energy 
harvesting.      

 
Figure 3.   Throughput gain [%] of QL with number of small cell 
 
Fig. 3 shows the average throughput gain of Q-learning as 
a function of number of small cells. The system 
throughput gain by Q- learning is upto 9.5% (during the 
winter). Furthermore, it rises with the number of the small 
cells as more users get more traffic. 

              
Figure 4.  Energy efficiency improvement by QL method 

 
 Fig.4 represents the energy efficiency improvement of Q-
learning algorithm with the number of small cell. QL 
significantly gain, up to 14% in the winter months. In the 
summer, the algorithm is not showing saved energy, since 
the harvested energy is sufficient for the entire day. 
Therefore, Q-learning has nearly similar performance. 

 

V. CONCLUSION 
We employed Q learning approach to formulate the 

proposed algorithm for managing the energy harvesting for 
cellular  radio networks. We proposed the algorithm                   
and reduced power consumption at the base station 
applying switching operations under varying traffic loads . 
Our simulated results show the encouraging and viable 
approach. The proposed algorithm considers the design 
goals at maximum and enhances the energy efficiency 
appreciably. However, there are certain aspects that need 
to be further highlighted, such as the impact of cellular 
network on the decisions made for careful synchronization 
of the common goals. Further exploration of various 
functions is needed to achieve the gains in performance 
objectives for a large number of smaller cells by using the 
energy efficiency into the learning. 
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Abstract. Automatic Speech Emotion Recognition (ASER) is a state-of-the-art application in 

artificial intelligence. Speech recognition intelligence is employed in various applications such as 

digital assistance, security, and other human-machine interactive products. In the present work, three 

open-source acoustic datasets, namely SAVEE, RAVDESS, and EmoDB, have been   utilized (Haq 

et al., 2008, Livingstone et al., 2005, Burkhardt et al., 2005). From these datasets, six emotions 

namely anger, disgust, fear, happy, neutral, and sad, are selected for automatic speech emotion 

recognition. Various types of algorithms are already reported for extracting emotional content from 

acoustic signals. This work proposes a time-frequency (t-f) image-based multiclass speech emotion 

classification model for the six emotions mentioned above. The proposed model extracts 472 

grayscale image features from the t-f images of speech signals. The t-f image is a visual 

representation of the time component and frequency component at that time in the two-dimensional 

space, and differing colors show its amplitude. An artificial neural network-based multiclass machine 

learning approach is used to classify selected emotions. The experimental results show that the 

above-mentioned emotions' average classification accuracy (CA) of 88.6%, 85.5%, and 93.56% is 

achieved using SAVEE, RAVDESS, and EmoDB datasets, respectively. Also, an average CA of 

83.44% has been achieved for the combination of all three datasets. The maximum reported average 

classification accuracy (CA) using spectrogram for SAVEE, RAVDESS, and EmoDB dataset is 

87.8%, 79.5 %, and 83.4%, respectively (Wani et al., 2020, Mustaqeem and Kwon, 2019, Badshah et 

al., 2017). The proposed t-f image-based classification model shows improvement in average CA by 

0.91%, 7.54%, and 12.18 % for SAVEE, RAVDESS, and EmoDB datasets, respectively. This study 

can be helpful in human-computer interface applications to detect emotions precisely from acoustic 

signals. 

Keywords: Time-Frequency Image; Neural Network; Automatic Speech Emotion Recognition; 

Acoustic Signal; Grayscale Image Feature 

Introduction 

Emotions are an individual's feelings about a situation. It is the body's physical and emotional 

response to a person's thoughts and feelings. People express emotions in identical situations 

differently. People's expressions on their faces and their voices usually reflect their feelings. For 

effective communication, emotion is essential. Different emotions can be expressed as happiness, 

sadness, anger, anxiety, cheerfulness, excitement, lonely, helplessness, annoyance, etc. Additionally, 

it can be categorized as positive and negative emotions. The primary emotions are classified into six 

categories: happy, sad, anger, fear, disgust, and surprise (Ekman et al., 2013). Human uses many 

types of gestures, including speech, as a means of communication. Speech is the most common, 

easiest, and natural form of communication. Communication can be done in other ways as well, but 

it lacks emotions such as text messages, without proper emotions, can induce misunderstanding. So, 

emojis were introduced, which replicated the emotions. Using emojis in text messages conveys our 

emotions. When people speak, their emotions are reflected in their voices, facilitating better 
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communication. One of the unique physiological processes is speech generation. Therefore, the 

inherent emotional state in the speech can also help to detect the mental and physical health of 

human (Akçay and Oğuz, 2020). 

Automatic Speech Emotion Recognition (ASER) is the process of recognizing emotions in speech. 

ASER uses speech analysis and machine learning to create an automated system that can detect the 

emotions of human beings from their voice for various purposes. Acoustic feature extraction plays a 

prominent role in the ASER system to analyze a speaker's voice and determine the speaker's 

emotional state. A variety of methods are used to classify emotions from the acoustic signal, such as 

Prosodic features, Mel-frequency cepstral coefficients, Pitch Frequencies, vocalization duration, and 

spectrogram. ASER-based systems can be applied to make supportive tools for some areas such as 

healthcare, digital assistant-based customer service, marketing and other human-machine interactive 

services.   

The main challenge in ASER is extracting hidden features embedded in the acoustic signal. For this, 

various methods are applied to extract features. Prosodic features, voice quality features, spectral 

features, and Teager energy features are the different types of speech features (Akçay and Oğuz, 

2020). Time domain, as well as frequency domain feature extraction techniques for acoustic signals, 

were reported by many researchers. Some researcher uses spectrogram of the acoustic signal. The 

present method extracts emotional features from time-frequency images (spectrogram). The t-f image 

is a visual representation of the time component and frequency component at that time in the two-

dimensional space, and differing colors show its amplitude. 

Literature Review 

Some recent studies using spectrogram-based emotion recognition with various datasets and 

classifiers are reported briefly below.  

Wang (2014) extracted texture image information from a spectrogram of the speech signals to sense 

emotions embedded in speech. Two open-source emotional datasets have been used in their work, 

namely EmoDB and eNTERFACE, along with their self-recorded dataset (KHUSC-EmoDB) for the 

cross-corpus method. Firstly, the speech signals of the dataset mentioned above are converted into a 

spectrogram; after that, it is transformed into a normalized grayscale image, and then a cubic curve is 

used to enhance the image contrast. The features were extracted by Laws' Masks, based on the 

principle of texture energy measurement and SVM is used as a classifier. Their experimental results 

show that the correct classification rates range from 65.20% to 77.42%.  

Badshah et al. (2017) proposed a model for SER using a spectrogram with the deep convolutional 

neural network. The EmoDB dataset has been utilized in their work, and the acoustic signals have 

been converted to spectrogram images. They used three convolutional layers and three fully 

connected layers to extract suitable features from spectrogram images. The Softmax layer performs 

the final classification for seven emotions embedded in acoustic signals of the EmoDB dataset. They 

achieved an overall classification accuracy of 83.4% for all seven emotions. 

Özseven (2018) investigated the effects of texture analysis methods and spectrogram images on 

speech emotion recognition. In their work, four different texture analysis methods were used to 

obtain features from the spectrogram images of the speech signals. Also, acoustic features were 

studied to compare texture analysis methods with acoustic analysis methods. They achieved 82.4%, 

60.9%, and 64.6% success rates for texture analysis method and 82.8%, 56.3%, and 74.3% success 

rates for acoustic analysis methods for EMO-DB  (Berlin Database of Emotional Speech), 

eNTERFACE'05 and SAVEE (Surrey Audio-Visual Expressed Emotion) databases, respectively 



146  DOI: 10.52228/JRUB.2023-36-2-10 

using SVM classifier. When comparing SER performance based on approach, the acoustic analysis 

outperforms the texture analysis by 0.4% for EMO-DB and 9.7% for SAVEE and underperforms by 

4.6% for eNTERFACE'05.  

Hajarolasvadi and Demirel (2019) extracted 88-dimensional vectors from acoustic signals of 

SAVEE, RML, and eNTERFACE’05 databases. They also obtained each signal's spectrogram and 

then applied k-means clustering to all the extracted features to get keyframes. Then, the 

corresponding spectrogram of keyframes is encapsulated in a 3-D tensor form, which works as an 

input of 3-D CNN. The 3-D CNN consists of 2 convolutional layers and a fully connected layer for 

classifying six emotions, anger, disgust, fear, happy, sad, and surprise, in the dataset mentioned. 

They achieved 81.05%, 77% & and 72.55% overall classification accuracy using SAVEE, 

RML(Ryerson Multimedia Laboratory), and eNTERFACE'05 datasets, respectively.  

 

Mohammed and Hasan (2020) have been used MELBP variants of spectrogram images to recognize 

emotion from the acoustic signal. They converted the emotional acoustic signals into 2D 

spectrogram images, and then four forms of Extended Local Binary Pattern (ELBP) were generated 

to extract the emotional features from spectrogram images. ELBP provides information about 

direction and variation in amplitude intensities for the given emotions; as a result, more effective 

feature vectors were captured. In this paper, a Multi-Block of ELBP (MELBP) using the histogram 

is proposed to highlight the important features of the spectrogram image. Here, Deep Belief Network 

(DBN) is used to classify the emotions from extracted features. For the well know SAVEE dataset, 

they achieved 72.14% accuracy.  

Sönmez and Varol (2020) developed a lightweight, effective speech emotion recognition method 

called multi-level local binary pattern and local ternary pattern abbreviated as 1BTPDN. This method 

first applied a one-dimensional local binary pattern (1D-LBP) and a one-dimensional local ternary 

pattern (1D-LTP) on the raw speech signal. Then 1D discrete wavelet transform (DWT) with nine 

levels was utilized to extract the features. Out of 7680 features, 1024 features are selected using 

neighbourhood component analysis (NCA). Using a third-degree polynomial kernel-based support 

vector machine as a classifier, they obtained success rates of 89.16%, 76.67%, and 74.31% for EMO-

DB, SAVEE, and EMOVO (an Italian emotional speech database) databases, respectively.  

Padi et al. (2021) proposed transfer learning and spectrogram augmentation based automatic SER 

model. In this work, they used spectrogram images as input for ResNet layer. Statistics Pooling 

layer, fully connected layers, and softmax layer were other consecutive layers of proposed model. 

Three experimental setups were prepared for evaluation of this model. Each experimental setup 

contained data of four emotions only. The emotions namely angry, happy, neutral, sad, and excited 

were selected from the IEMOCAP (Interactive emotional dyadic motion capture) database. High 

classification accuracy of 71.92 % was achieved using this model. 

Yalamanchi et al. (2022) proposed architecture that utilizes CapsuleNets with Time distributed 2D-

convolution layers to accurately predict emotions from speech samples. This paper highlights the 

importance of time distributed layers in handling time series data and capturing crucial cues for 

emotion recognition. The proposed model is trained and evaluated on two datasets, RAVDESS and 

IEMOCAP for Speech Emotion Recognition (SER) and achieved an accuracy of 92.6% on the 

RAVDESS dataset and 93.2% on the IEMOCAP dataset. The CapsuleNets architecture with Time 

distributed 2D-convolution layers outperformed the architecture without Time distributed layers. 

Class-wise accuracies were used to evaluate the model's performance in predicting each emotion 

class. Precision, recall, and F1 score were also calculated to assess the model's performance. The 

results showed that the proposed architecture effectively classified emotions. 
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Zhang et al. (2023) proposed speech emotion recognition (SER) model based on dual global context 

attention and time-frequency features achieves competitive performance on three public datasets: 

IEMOCAP, RAVDESS, and EMO-DB. The model demonstrates recognition accuracies of 70.08%, 

86.67%, and 93.27% on these datasets, respectively. The utilization of time-frequency features in the 

model leads to improved performance compared to using either time-domain or frequency-domain 

features alone. Their proposed model outperforms most of the baseline methods on the RAVDESS 

and EMO-DB datasets, achieving accuracies of 86.67% and 93.27%, respectively. Additionally, their 

proposed model achieves high recognition accuracy on the EMO-DB dataset, with an accuracy of 

93.27%. The results show the effectiveness of the model in addressing the misuse of features and 

improving recognition accuracy in speech emotion recognition tasks. 

Contributions of the present paper 

1. We have implemented and evaluated t-f image-based multiclass emotional state classification 

model using the BPANN classifier.   

2. We have also validated the proposed SER model's performance using various datasets for the 

emotions namely anger, disgust, fear, happy, neutral, and sad only. 

The rest of the paper is arranged in the following section: The material and Methods section includes 

a brief discussion about datasets, time-frequency images, feature extraction, BPANN classifier, and 

multiclass ASER model. The next section is results and discussions, followed by the conclusion. 

 

Materials and methods 

Dataset 

For this study, we have selected three benchmarked database of different native speakers and 

different languages, which includes male and female speakers. The datasets used in this paper are 

discussed briefly below: 

 

SAVEE : 

Surrey Audio-Visual Expressed Emotion (SAVEE) is a well-known dataset of emotional speech. It 

contains an audio-visual signal with seven emotions, anger, disgust, fear, happiness, neutral, 

sadness, and surprise, a total of 480 speech signals in .wav format of four male actors. Each subject's 

audio-visual signal was recorded for seven emotions, 30 utterances for neutral emotions, and 15 

sentences for each remaining emotion. The speech signals were recorded in a visual media lab with 

16-bit encoding and a 44.1 kHz sampling rate. All subjects were British English speakers (Haq et al., 

2008).  

 

RAVDESS:  

Ryerson Audio-Visual Database of Emotional Speech and Song (RAVDESS) is an open-source 

dataset that contains speech and song, audio, and video signals of 24 actors (12 male, 12 female). All 

actors were native North Americans, and their speech signals contained anger, disgust, fear, calm, 

happiness, neutral, sad, and surprise emotions. The speech signals were recorded in a studio with 16-

bit encoding and a 48 kHz sampling rate. RAVDESS dataset contains 60 sentences per actor, i.e., 

60x24 = 1440, and all files are in .wav format (Livingstone et al., 2005).  

 

EmoDB: 

The EmoDB dataset (Berlin Database of Emotional Speech) is created by the Institute of 

Communication Science, Technical University, Berlin, Germany, which can be openly accessed on 



148  DOI: 10.52228/JRUB.2023-36-2-10 

their website. This dataset contains speech signals from 10 speakers (5 male, 5 female) on seven 

emotions: anger, fear, boredom, disgust, happy, sad, and neutral. A total of 535 utterances were 

recorded with a 48 kHz sampling rate (Burkhardt et al., 2005). 

In the present work, only six common emotions in the above dataset have been selected, and speech 

signals of emotions, namely anger, disgust, fear, happy, neutral, and sad are used. The number of 

utterances for each emotion is listed in Table 1. A total of 1870 utterances, i.e., 360, 1056 and 454, 

are utilized from SAVEE, RAVDESS and EmoDB datasets, respectively. 

 

Table 1 — Emotion and number of utterances selected from the 

various dataset 

S. No. Dataset → SAVEE RAVDESS EmoDB 

Emotion ↓     

1.  Anger 60 96 127 

2.  Disgust 60 192 46 

3.  Fear 60 192 69 

4.  Happy 60 192 71 

5.  Neutral 60 192 79 

6.  Sad 60 192 62 

 Total =  360 1056 454 

Time-Frequency Image 

The time-frequency image is a visual representation of the time component and frequency 

component at that time in the two-dimensional space, and differing colors show its amplitude. Dark 

blue shows low amplitude, and bright colors yellow to red show high amplitude (Fig.1). It is also 

known as a spectrogram, and when used in acoustic signals, it is called voicegram or voiceprints. 

The speech signal represents a 1-D signal and provides information such as speech rate, amplitude, 

and space between each sample, giving information about emotions. Similarly, the t-f image 

represents a 2-D image with color-coded amplitudes, which gives information about emotions 

embedded in them. The t-f image is usually obtained by applying Fast Fourier Transform (FFT) on 

the acoustic signal. It begins with the decomposition of the acoustic signals into small time frames. 

Each frame is converted to the frequency domain from the time domain by applying windowed 

Short-Time Fourier Transform (STFT), as shown in (eq.1). Here, hamming window with 50% 

overlapping is used. 

 

X(k,t)  = ∑ 𝑥(𝑛)𝑤(𝑛 − 𝑡)𝑁−1
𝑛=0 𝑒

−2𝜋𝑗𝑘𝑛

𝑁   k=0,1,2,…….N-1   (1) 

 

Where X(k,t) is the time-frequency representation of acoustic signal x(n), x(n) is preprocessed 

Acoustic signal, w(n) represents the Hamming window function, N represents the length of the 

window function, k represents the corresponding frequency, f (k) = kfs/N , where fs is the sampling 

frequency 

The following equation (eq.2) generates the coefficients of a Hamming window: 

 

w(n)=0.54−0.46cos(2πnN), 0≤n≤N                       (2) 

   

The time-frequency image is a very reliable form to extract features for ASER. It holds rich 

information which can't be extracted in the time domain or frequency domain alone (Mustaqeem 

and Kwon, 2019). Due to this reason, time-frequency image has been used to improve the study in 

various fields. In many applications, the time-frequency image has been used to classify sound 

events, speech recognition, speech emotion recognition, and speaker recognition (Mao et al., 2014, 
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Yu et al., 2013, Dennis et al., 2010, Lee et al., 2009). In this paper, MATLAB © R2021a has been 

used to replicate acoustic signal into a t-f image. (Fig.1) shows the acoustic signal and their t-f 

image for six emotions.  

 

Feature Extraction from Grayscale Image 

Once the t-f image is obtained for every acoustic signal, it is converted into a 400x400 grayscale 

image. The grayscale image is represented by gray colors with binary values between 0-255. 0 

shows the black color, and 255 shows the white color. Using various statistical methods, 472 

features are extracted such as First Order Statistics (FOS), Haralick Spatial Gray Level Dependence 

Matrices (SGLDM), Gray Level Difference Statistics (GLDS), Neighborhood Gray Tone Difference 

Matrix (NGTDM), Statistical Feature Matrix (SFM), Spectral Texture of Images (STI), Gray Level 

Run Length Matrix (GLRLM), etc. (see Table 2). Next, these features were given to the back 

propagation artificial neural network (BPANN) classifier to train and test emotions embedded in 

acoustic signals (Singh et al., 2015). 

 

Anger Disgust Fear Happy Neutral Sad 

      

      

Fig.1— Acoustic signal and t-f image of 6 emotions 

BPANN 

The neural network is one of the most broadly used classifiers. In neural networks, there are two 

algorithms: feedforward and backpropagation. In the present work, backpropagation artificial neural 

network (BPANN) is utilized to classify emotions. This type of neural network needs supervised 

learning; it contains one input layer, one output layer, and some hidden layer. The goal of 

backpropagation is to minimize the error between the predicted output of the neural network and the 

actual target output. This is achieved by adjusting the weights of the network through a process of 

iterative optimization. This process is repeated for multiple iterations (epochs) until the network 

converges to a set of weights and biases that minimize the error on the training data (Goh, 1995). 

The main terminology and annotations that explain the BPANN method is denoted by following 

terms: 

• L: The total number of layers in the neural network (including the input and output layers). 

• W(l): The matrix of weights connecting layer l to layer l +1. The superscript (l) indicates the 

layer index. 

• b(l): The vector of biases for layer l +1. 

• a(l): The vector of activations in layer l after applying the activation function. 
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• z(l): The vector of inputs to the activation function in layer l. 

• δ(l): The error term for layer l. 

The backpropagation algorithm consists of two main steps: the forward pass and the backward pass. 

1. Forward Pass: 

Compute the activations a(l) for each layer using the weighted sum of inputs and the 

activation function.  

z(l+1)=W(l)a(l)+b(l)         (3) 

a(l+1)=f(z(l+1))          (4) 

This process will be repeated for each layer until we reach the output layer. 

2. Backward Pass: 

Compute the error term δ(L) for the output layer:  

δ(L)=∇aJ⊙f′(z(L))         (5) 

where J is the cost function, ∇aJ is the gradient of the cost function with respect to the 

activations, ⊙ denotes element-wise multiplication, and f′(⋅) is the derivative of the 

activation function. 

Propagate the error backward through the layers to compute the error terms for each layer:  

δ(l)=((W(l))Tδ(l+1))⊙f′(z(l))        (6) 

Compute the gradients of the cost function with respect to the weights and biases:  
∂𝐽

∂𝑊(𝑙)
 = δ(l+1)(a(l))T         (7) 

∂𝐽

∂𝑏(𝑙)
 = δ(l+1)          (8) 

 

Update the weights and biases using a gradient descent optimization algorithm:  

W(l)=W(l ) − α  
∂𝐽

∂𝑊(𝑙)
         (9) 

b(l)=b(l) − α
∂𝐽

∂𝑏(𝑙)
         (10) 

where α is the learning rate. 
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Table 2  — List of grayscale image features(Singh et al., 2015) 

Feature Category Feature Name No. of Features 

Statistical Features  Mean, Variance, median, mode, skewness  5 

Haralick textural features  Mean and range values are calculated for 

features, namely angular second moment, 

contrast, correlation, a sum of squares, 

homogeneity, sum average, sum variance, 

sum entropy, entropy, difference variance, 

difference entropy, information measures of 

correlation-1, information measures of 

correlation-2  

26 

Gray level difference 

statistics (GLDS)  

Homogeneity, contrast, energy, entropy  4 

 

 

Neighbourhood gray-tone 

difference matrix (NGTDM)  

 

 

Coarseness, contrast, busyness, complexity, 

strength  

 

 

5 

Statistical feature matrix 

(SFM)  

Coarseness, contrast, periodicity, roughness  4 

Texture energy measures 

(TEM)  

LL, EE, SS, LE, ES, and LS kernel-based 

TEM features  

6 

Fractal dimension texture 

analysis (FDTA)  

FDTA-H1, FDTA-H2, FDTA-H3, FDTA-

H4  

4 

Shape  Area, perimeter, perimeter square per unit 

area  

3 

 Spectral texture of images 

(STI)  

199 features of spectral energy distribution 

as a function of radius, 180 features of 

spectral energy distribution as a function of 

angle  

379 

Invariant moments of image 

(IMI)  

MI1-IMI7  7 

Statistical measures of 

texture (SMT)  

Average gray level, average contrast, 

measure of smoothness, third moment, 

uniformity, entropy  

6 

Gray-level run length matrix-

based properties (GLRLP)  

SRE, LRE, GLN, RLN, RP, LGRE, HGRE, 

SRLGE, SRHGE, LRLGE, LRHGE  

11 

Texture feature using 

Segmentation based fractal 

texture analysis (SFTA) 

algorithm  

SFTA1-SFTA12  12 

Total          472 

Experimental analysis of the multiclass SER model 

In the present work, three benchmark datasets of the emotional speech signal, namely SAVEE, 

RAVDESS, and EmoDB, have been utilized to recognize six emotions, i.e., anger, fear, disgust, 

happy, neutral, and sad. The speech signals of each dataset are firstly preprocessed to remove noise 

and unwanted signals. It is a necessary part before feature extraction. Here, the preprocessing 

method abides by two stages. The first stage is noise removal using a bandpass filter with a 20 Hz to 

20 kHz frequency range. In the second stage, the silence part of the  speech signal has been 
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removed to decrease the frame length and unwanted signals. After that, speech signals are 

transformed into 2-D time-frequency images using the FFT method. The t-f image is then converted 

into a 400x400 grayscale image using MATLAB ©R2021a software. The t-f image-based 

multiclass SER model is shown in (Fig.2). 472 features have been extracted from these grayscale 

images. Using these features as input and ground truth the BPANN classifier is trained. The trained 

network contains the learning parameters that will help the BPANN to take decision during testing. 

The testing part is almost similar to the training part. Here only relevant features are extracted from 

the unknown preprocessed speech signals. The trained BPANN classifier takes the decision on the 

signals based on the learning during the training process. Here, we studied and evaluated the 

performance of the multiclass SER model using each dataset separately and with the mixed dataset. 

Each dataset is divided using a 5-fold data division protocol. This method divides the whole data 

into 5 equal parts, 4 used for training purposes, and 1 for testing. It repeats itself process 5 times 

with different validation data (Browne 2000). 

 

Fig.2 — A t-f image-based Speech Emotion Recognition (SER) model 

Result and discussion 

In the present work, we proposed the t-f image-based SER model for classifying six common 

emotions (i.e., anger, disgust, fear, happy, neutral, and sad) from SAVEE, RAVDESS, and EmoDB 
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datasets. The average accuracies of the classifier using grayscale features with 5-fold BPANN are 

shown in (Fig.3). We got the highest average classification accuracy (CA) of 93.56 % for the 

EmoDB dataset, followed by the SAVEE dataset with 88.60% and for RAVDESS dataset it is 

85.5%. Also, the average CA of 83.44% is obtained for the mixed dataset. 

 

Fig.3 — Classification accuracy of BPANN-based SER model for various datasets 

 

The true positive rate (TPR) and false positive rate (FPR) of six emotions of all three datasets used 

in the present work are shown in Table 3. The TPR represents the correct positive results during the 

test among all positive samples. While the FPR gives the amount of incorrectly positive results out 

of all the negative samples during the test, the FPR tells you how frequently those results occur. 

TPR should be high, and FPR should be low. Here, the highest TPR of 100% is obtained for the sad  

 

Table 3  — TPR & FPR for six emotions of SAVEE, 

RAVDESS, EmoDB 

Dataset Emotion TPR (%) FPR (%) 

SAVEE Anger 90.00  3.00  

Disgust 85.00  4.00  

Fear 88.33  1.67  

Happy 88.33  2.00  

Neutral 91.67  1.67  

Sad 88.33  1.39  

RAVDESS Anger 87.13  3.72  

Disgust 86.11  3.02  

Fear 84.24  3.13  

Happy 82.65  3.12  

Neutral 85.26  1.88  

Sad 87.37  3.00  

EmoDB Anger 95.20  2.18  

Disgust 93.33  1.50  

Fear 85.71  1.87  

Happy 88.57  1.60  

Neutral 94.67  0.81  

Sad 100.00  0.53  

 

emotion of the EmoBD dataset. For the RAVDESS dataset, sad emotion also shows the highest 

TPR of 87.37%, while for the SAVEE dataset, a TPR of 91.67% is the highest for neutral emotion. 

The lowest FPR is obtained for the sad emotion of the EmoDB dataset, which is 0.53%. For other 

88.60%
85.18%

93.56%

83.44%

60.00%

65.00%

70.00%

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

Accuracy

SAVEE

RAVDESS

EmoDB

Mixed(SAVEE +
RAVDESS + EmoDB)
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datasets, the lowest FPR is 1.39% for the sad emotion of SAVEE and 1.88% for the neutral 

emotion of RAVDESS. In overall analysis, the EmoDB dataset gives the highest CA and TPR, and 

lowest FPR from all three datasets utilized in this work.  

 

Table 4 — Performance comparison with other research works 

Author Name & 

Year 

Dataset Feature & Classifier Accuracy 

Wang, 2014 EMO-DB 

eNTERFACE05 

Texture image information (TII) from 

Spectrogram with SVM classifier 

65.20% to 

77.42%. 

Zheng et al., 

2015 

IMOCAP Deep Convolutional Neutral Network 

using the spectrogram segment as 

input 

40% 

Fayek et al., 

2015 

eNTERFACE’05 

SAVEE 

Deep Neutral Network, Spectrogram 

as input 

60.53 

59.7 

Badshah et al., 

2017 

EmoDB Convolutional Neutral Network, 

Spectrogram as input 

83.4% 

Sönmez and 

Varol, 2017 

EMO-DB 

SAVEE 

EMOVO  

global optimum features with Third-

degree polynomial kernel-based SVM 

classifier 

89.16%,  

76.67%, 

74.31% 

Özseven, 2018 EmoDB 

SAVEE 

eNTERFACE’05 

Spectrogram-based features with 

SVM classifier 

82.8%,  

74.3% 

60.9% 

Hajarolasvadi 

and Demirel, 

2019 

SAVEE 

RML 

eNTERFACE’05 

3D CNN with tensors as an input 

consists of Mel Frequency Cepstral 

Coefficients (MFCC), pitch,  intensity, 

and spectrogram  

 

81.05% 

77% 

72.55%  

Mustaqeen and 

Kwon, 2019 

RAVDESS deep stride convolutional 

neural network (DSCNN) with a 

spectrogram as input 

79.5% 

Mohammad and 

Hasan, 2020 

SAVEE Spectrogram features with ELBP and 

Deep Belief Network(DBN) 

72.14% 

Wani et al., 2020 SAVEE Deep Stride Convolutional Neural 

Networks (DSCNN), spectrogram as 

input 

87.8% 

Shuzhen Li et al., 

2021 

IEMOCAP 

EMO-DB 

eNTERFACE05 

SAVEE 

Spatiotemporal and Frequential 

Cascaded Attention Network consist 

of CNN 

80.47% 

83.30% 

75.80% 

56.50% 

Proposed 

Method 

SAVEE 

RAVDESS 

EmoDB 

SAVEE+ 

RAVDESS+ 

EmoDB 

Gray scale image features of 

spectrogram with BPANN classifier 

88.60% 

85.50% 

93.56% 

83.44% 

 

Table 4 shows the performance comparison of different works done on spectrogram features for 

speech emotion recognition. In this table, many researchers worked on different datasets of 

emotional signals viz. EmoDB,  eNTERFACE, IMOCAP, SAVEE, EMOVO and RAVDESS. Here, 

only three datasets are participating in the comparison i.e., SAVEE, RAVDESS and EmoDB.  
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Using Deep Stride Convolutional Neural Network (DSCNN) Wani's work show the highest average 

classification accuracy (CA) for the SAVEE dataset with 87.8% (Wani et al., 2020). The highest 

average classification accuracy (CA) of 79.5% for the RAVDESS dataset using Deep Stride 

Convolutional Neural Network (DSCNN) is reported by Mustaqeem and Kwon (2019). The highest 

average classification accuracy (CA) for the EmoDB dataset is 83.4%, reported by Badshah 

(Badshah et al., 2017). using a convolutional neural network. The proposed t-f image-based model 

with Back Propagation Artificial Neural Network(BPANN) shows better results with average 

classification accuracy (CA) of 88.6%, 85.5%, and 93.56% for SAVEE, RAVDESS, and  EmoDB 

datasets, respectively. This shows improvement in maximum reported average CA by 0.91%, 

7.54%, and 12.18 % for SAVEE, RAVDESS, and EmoDB datasets, respectively.  

 

Conclusion 

This study's proposed model is based on time-frequency images of acoustic signals to recognize 

emotions. This model shows improvement by 0.91%, 7.54%, and 12.18 % for SAVEE, RAVDESS, 

and EmoDB datasets, respectively, as compared to the maximum reported accuracies for the same 

datasets. The proposed model is also validated with various dataset and combination of the datasets.  

The proposed method is efficiently works on the combination of datasets as well and shows the 

classification accuracy of 83.44%. These out performances are also the evidence of efficiency of the 

proposed model.  

 

Future Scopes and Challenges 

The time-frequency image-based study is the most prominent in the area of ASER. Much research 

has already been done in the ASER application area for human-computer interfaces. Still, it needs 

more improvement for much more perfection and accuracy and a less complex structure so it can be 

used widely at a low cost. The emotion recognition model validation and test with emotion database 

of Indian context is also new path for further research.     
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ABSTRACT 

Two circuit models of Small Signal amplifier, constituted with BJT-MOSFET hybrid unit 

under Sziklai pair topology are designed and analyzed using ‘PSpice’ and ‘Cadence Virtuoso 

and Spectre simulation tool (at GPDK 180nm technology)’ respectively. First amplifier 

(Circuit-1) uses PSpice user-defined model of BJT and MOSFET whereas the second amplifier 

(Circuit-2) consists of transistors available at GPDK 180nm technology. Circuit-1 can amplify 

the AC signals of 1mV-1nV range with optimum voltage gain 389.532, 137.570 current gain, 

14.464MHz bandwidth and 2.43% THD. However, Circuit-2 can amplify AC signals of 

0.1mV-10nV range with 164.018 voltage gain, 32.775 current gain, 11.906 MHz bandwidth, 

and 13.608E-6% THD. Both the proposed amplifier circuits remove narrow band problem and 

generate better results than earlier announced small signal Sziklai pair amplifier with BJT-

MOSFET hybrid unit in respect of voltage and current gains, bandwidth, THD, and power 

consumption. Proposed amplifiers successfully address the problem of poor frequency 

response of small signal Darlington pair amplifier in higher frequency range and narrow 

bandwidth limitations of small-signal PNP Sziklai pair amplifier. Dependency of the proposed 

amplifiers at various biasing resistances and performance with temperature variation, noise 

variation, DC supply variation, and phase variation are also discussed herein. Proposed Circuits 

display strong dependency over ideal maximum forward beta ‘β’ of NPN transistor, 

Transconductance ‘VTO’ of P-MOS transistor and additional biasing resistances ‘RA’. Layout 

of Circuit-2 is found to cover 96.3898µm2 area with 11.32µm length and 8.515µm breadth. 

Minor percentage variation between pre-layout and post-layout simulation results of Circuit-2 

validates the proposed design at GPDK 180nm technology. Monte Carlo and Process Corner 

analysis are also performed to test the robustness and insensitivity of Circuit-2 against mean 

value of the parameters and process and mismatch variations respectively. Performance 

summary of the proposed circuits and comparison with the recently reported designs shows 

effectiveness of the proposed circuits in terms of power gain, THD, voltage gain, current gain, 

input referred noise and power gain. Qualitative analysis of the proposed Circuits recommends 

its usability as Low Noise Amplifier in the portable RF noise measurement system. 

Key Words: Sziklai pair, Small signal amplifier, compound pair    

INTRODUCTION 

For a variety of electronics and communication system applications, the preferred device 

configurations are the Darlington and Sziklai Pairs [1]-[4]. Due to the identical ranges for input 

impedance, output impedance, voltage gain, and current gain factor ‘β’, Darlington and Sziklai 

pairs are regarded as complementary to one another in many applications [4]-[5]. But now-a-
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days, Sziklai pair gradually replacing the Darlington pair in small-signal amplifiers, power 

amplifiers and digital circuits because of its half base turn-ON voltage, low power dissipation, 

and better switching speed than Darlington pair [5]. 

In order to combine the required qualities of JFETs and BJTs, Aina et al. (1993) first ever used 

a JFET-BJT hybrid unit based small-signal amplifier under Darlington pair topology [6]. They 

concurrently obtained high input impedance and high current gain. These coordinated efforts 

have resulted in the usage of a number of devices in hybrid combinations under Darlington pair 

and Sziklai pair topology by many researchers [6]-[13]. The BJT and MOSFET hybrid unit 

based Sziklai pair amplifier had been reported by Shukla et al. in 2015 which crops high voltage 

gain, moderate current gain with low THD [7].  

This manuscript reports modified version of two small-signal amplifiers circuits with BJT-

MOSFET hybrid unit under Sziklai pair topology. These circuits not only resolve the narrow 

band problem found in [7] and PNP Sziklai pair Small Signal Amplifier but also resolves the 

poor response problem of small signal Darlington pair amplifier at higher frequency [12], [14]-

[15]. The key merits of the reported circuits are their high voltage and current gains, wide 

bandwidth, low power consumption, and low input referred noise. 

CIRCUIT DETAILS  

Circuit designs of Proposed amplifiers, as sketched in Fig.1(a) and Fig.1(b), are referred herein 

as Circuit-1 and Circuit-2 respectively. Circuits of Fig.1(a) and Fig.1(b) accommodate NPN 

type BJT at driver position and P-type MOSFET at follower position under Sziklai pair 

topology. Respective circuits of proposed amplifiers are analyzed with the aid of PSpice 

(Student Version 9.2), and Cadence Virtuoso and Spectre Simulation (at GPDK 180nm 

technology) tools [16]-[17]. Proposed amplifier (Circuit-1) accommodates user defined PSpice 

model of BJT (QMODN with β=300) at driver position and P-type MOSFET (PMOSD with 

VTO=-2) at follower position under Sziklai pair topology [16].    

 
Fig.1(a). Proposed Amplifier (Circuit-1) under PSpice Simulation tool  
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Fig.1(b). Proposed Amplifier (Circuit-2) under Cadence Virtuoso and Spectre Simulation tool at GPDK 180nm 

technology 

Similarly, at GPDK 180nm 

technology under Cadence 

Virtuoso and Spectre 

simulation tool, proposed 

amplifier (Circuit-2) uses 

lateral type of BJT (npn with 

β=100) at driver position and 

P-type MOSFET (pmos with 

VTO=-3.67) transistor at 

follower position under 

Sziklai pair topology 

(Fig.1(b)) [18]. Moreover, 

amplifier with commercial 

BJT Q2N2222 (β=255.9) at 

driver position and P- type 

MOSFET IRF9140 (VTO=-

3.67) at follower position in 

the design of Fig.1(a) is 

referred throughout the present 

manuscript as Reference 

Amplifier [7]. Model 

parameters used in PSpice 

User-defined and Cadence 

system defined, BJTs and 

MOSFETs, are listed in Table-

1 and Table-2 respectively. 

Qualitative performance of the 

proposed amplifiers is 

observed with 1mV, 1KHz AC 

input signal source. However, 

the Circuit-1 and Circuit-2 

produce undistorted output for 

1mV-1nV and 0.1mV-10nV range of AC input at 1KHz respectively. 

 

 

Table 1: Model Parameters of NPN BJT for Circuit-1 and Circuit-2 

amplifiers 

Model Parameters for BJTs 
QMODN 

(Circuit-1) 

npn 

(Circuit-2) 

IS (p-n saturation current) 200E-21A 3.26E-16A 

BF (Ideal maximum forward beta) 300 100 

NF (Forward current emission coefficient)   1 Default 

BR (Ideal maximum reverse beta) 1 6 

NR (Reverse current emission coefficient) 1 Default 

RB (Zero-bios (maximum) base resistance) 5Ω Default 

RC (Collector ohmic resistance) 1Ω 1Ω 

RE (Emitter Ohmic resistance) --- Default 

TF (Ideal forward transit time) 200E-12S 25E-12S 

TR (Ideal reverse transit time) 5.00E-12S Default 

 

Table 2: Model Parameters of P-type MOSFET for Circuit-1 and Circuit-

2 amplifiers 

Model Parameters for MOSFETs 
PMOSD 

(Circuit-1) 

pmos 

(Circuit-2) 

LEVEL (Model type 1,2, or 3) 3 3 

L (Channel Length) 100μm 2μm 

W (Channel Width) 100μm 1.9μm 

VTO (Threshold Voltage) -2V -3.67V 

KP (Transconductance) 
4.54 

Amp/V 

10.15          

μ Amp/V 

PHI (Surface Potential) 0.6V 0.6V 

RD (Drain ohmic resistance) 5Ω 60.66mΩ 

RDS (Drain Ohmic Shunt Resistance) 1E+6Ω 444.4KΩ 

RS (Source Ohmic Resistance) -- 70.6mΩ 

IS (Gate p-n saturation current) 10E-15A 52.23E-18A 

PB (Gate p-n potential) 0.8V 0.8V 

CBD (Bulk-drain zero bias p-n 

capacitance) 

5E-12F 2.141nF 
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RESULTS AND DISCUSSIONS 

A. PERFORMANCE PARAMETERS  

Comparative values of the performance parameters of the Proposed amplifiers (Circuit-1 and 

Circuit-2) with Commercial transistor based BJT-MOSFET Sziklai pair amplifier (Reference 

Amplifier) are listed in Table-3. Circuit-1 describes the PSpice user-defined BJT-MOSFET 

based Sziklai pair amplifier whereas Circuit-2 designates the similar amplifier design with 

Cadence system defined transistors at GPDK 180nm technology [17]-[18]. 

Table 3: Qualitative features of Proposed Amplifiers 

 
Fig.2. Distribution of Voltage gain on Frequency Scale 

Refer Table-3. Circuit-1(with PSpice user-defined BJT and MOSFET) carries significantly 

improved voltage and current gains, wider bandwidth, wider unity gain bandwidth, higher 
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Performance Parameters Reference Amplifier Circuit-1 Circuit-2 

Maximum Voltage Gain (AVG) 347.995 389.532 (51.81 dB) 164.018 (44.29 dB) 

Unity Gain Bandwidth, (BU)  8.1438 MHz 2.438 GHz 1.7957 GHz 

Maximum Current Gain (AIG) 71.519 136.570 32.775 

Band Width (BW) Corresponds to AVG 47.926KHz 14.464 MHz 11.906 MHz 

Lower Cut-off Frequency (fL) 300.787Hz 2.5038 KHz 1.595 KHz 

Higher Cut-off Frequency (fH) 48.227KHz 14.467 MHz 11.908 MHz 

Power gain (PW in Watt) 24888.25 53198.385 37.3043 

Device Current Gain (AIGD) 143.099 20701 108.636 

Device voltage Gain (AVGD) 367.213 389.632 172.659 

Peak Output Voltage (VRL)  336.537mV 145.812 mV 91.845 mV 

Peak Output Current (IRL)  33.654μA 14.581μA 9.15μA 

Input Current across RSS 456.009nA 109.714nA 271.076nA 

Output Phase Difference θo -163.479O -112.173O -123.245O 

Total Harmonic Distortion THD 1.33% 2.43% 13.608E-6% 

Total Power Consumption, (PC) 55.2 mW 55.2 mW 47.865 mW 

Phase Margin of Voltage Gain (θM) --- --- 52.4371O 

Slew Rate of Output Voltage, (SR)  --- --- 5.06 V/μs 

Power Spectral Density, (PD) --- --- 26.705 pV2/Hz 

Transfer Function, (TF) --- --- 164.011 V/V 
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power consumption, and higher device voltage and current gain than Reference Amplifier on 

the cost of enhanced THD [18]. However, Circuit-2 (at GPDK 180nm technology) generates 

wider bandwidth, wider unity gain bandwidth, lower power consumption, and lower THD, than 

Reference Amplifier with the compromise over voltage and current gains. In spite of this, phase 

difference of the Circuit-1 and Circuit-2 is found lower than the Reference Amplifier. 

Moreover, due to typical CE-CD configuration, nearly 180O phase reversal output is observed 

for all the amplifier circuits under consideration [19].  

Fig.2 represents the voltage gain of all the amplifiers with respect to frequency. It is evident 

from Fig.2 that the Proposed amplifiers (Circuit-1 and Circuit-2) removes the narrow 

bandwidth restrictions of the Reference Amplifier and PNP driven Sziklai pair amplifier [7], 

[12]. Theses amplifiers are also found free from the poor-response-problem of small-signal 

Darlington pair amplifier at higher frequencies. Performance parameters observed in Table-3 

suggests that proposed amplifiers may be used to design Cascadable gain blocks for radio and 

TV receiver stages and 1KHz-14MHz frequency range power sources [15], [20].  

It must be mentioned that the performance of Circuit-1 strongly depends on Ideal maximum 

forward beta ‘β’ of user-defined BJT and Transconductance ‘VTO’ of user-defined MOSFETs 

in PSpice [14]. It is found that voltage gain increases with increasing value of β and becomes 

saturated at higher β value whereas it decreases with increasing value of VTO. In addition, 

meaningful amplification with β is received for 4 ≤ β ≤ 500 whereas for VTO, the range for 

faithful amplification is -12 ≤ VTO ≤ +3. The voltage gain of Circuit-1 increases with rising β 

because increasing β of the NPN transistors beyond β=4, causes increment in Small Signal 

transconductance, gm and collector current IC which perhaps increases the voltage gain of 

Circuit-1. In contrast, voltage gain of Circuit-1 decreases with increasing VTO because small 

signal transconductance gm decreases when the value of VTO is varied beyond -12 to +3 range. 

Proposed amplifiers may be used as Low Noise amplifier (LNA) in RF noise measurement 

system, shown in Fig.3 [21]. In this set-up, a biconical antenna is fed to bandpass filter through 

coaxial wires. The output of this filter is, then, applied to the LNA (having gain ≈ 30dB-60 dB 

in radio frequency region). The recording of the noise phase and quadrature data is performed 

with the help of spectrum analyser. 

 
Fig.3. Block Diagram of Portable Noise Measurement System 

B. SMALL SIGNAL AC ANALYSIS 

Small-signal AC equivalent circuit of Proposed amplifiers is depicted in Fig.4(a). With 

RX=ro||RA and RY=rd||RS and RB=R1||R2, the reduced version of Fig.4(a) is sketched in Fig.4(b).  
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Fig.4(a). Small-signal AC Equivalent of the Proposed amplifier  

 
Fig.4(b). Small-signal AC Equivalent of the Proposed amplifier  

Based on simulation results of Circuit-1, BJT of the Sziklai unit consists base-emitter resistance 

rπ=3.69KΩ, collector-emitter resistance ro=1x1012Ω, AC current gain factor β=300 whereas 

MOSFET consists gm=87.7x10-3, drain-source resistance rd=4.19KΩ [15].  

Analysis of Fig.4(b) suggests that  

𝑉𝑂 = −𝑉𝑔𝑠𝑔𝑚𝑅𝑌 

𝑉𝑔𝑠 = −
𝑉𝑂

𝑔𝑚𝑅𝑌
                        (1) 

Now voltage across register RX would be 

𝑉𝑅𝑋 = 𝑉𝑔𝑠 + 𝑉𝑂 

Hence, 

𝛽𝑖𝑏𝑅𝑋 = −
𝑉𝑂

𝑔𝑚𝑅𝑌
+ 𝑉𝑂         (2) 

Now, the voltage at input half 

𝑉𝑖 = 𝑖𝑏𝑟𝜋 = 𝐼𝑖𝑅𝐵                  (3) 

𝑖𝑏 =
𝑉𝑖

𝑟𝜋
                                    (4) 

Now by Equation (2) and Equation (4) 

𝛽𝑉𝑖𝑅𝑋

𝑟𝜋
= −𝑉𝑂 (

1

𝑔𝑚𝑅𝑌
− 1)                                (5) 

Now, by Equation-5, small-signal AC voltage gain of the proposed amplifier may be 

expressed as- 
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𝐴𝑉𝐺 =
𝑉𝑂

𝑉𝑖
=

−𝛽𝑅𝑋

𝑟𝜋 (
1

𝑔𝑚𝑅𝑌
− 1)

                              (6) 

Now by Equation (6) 

𝑉𝑂

𝑉𝑖
=

𝐼𝑜𝑅𝑌

𝐼𝑖𝑅𝐵
 

𝐼𝑜

𝐼𝑖
=

𝑅𝐵𝑉𝑂

𝑅𝑌𝑉𝑖
 

𝐼𝑜

𝐼𝑖
=

−𝛽𝑅𝑋𝑅𝐵

𝑟𝜋𝑅𝑌 (
1

𝑔𝑚𝑅𝑌
− 1)

                              

𝐼𝑜

𝐼𝑖
=

−𝛽𝑅𝑋𝑅𝐵

𝑟𝜋 (
1

𝑔𝑚
− 𝑅𝑌)

                              

Small-signal AC current gain of the proposed amplifier may be defined as- 

𝐴𝐼𝐺 =
𝐼𝑜

𝐼𝑖
=

−𝛽𝑔𝑚𝑅𝑋𝑅𝐵

𝑟𝜋(1 − 𝑔𝑚𝑅𝑌)
                                (7)          

C. PERFORMANCE WITHOUT RA  

Performance of the proposed circuits significantly depends on RA which is to be necessarily 

included in circuit structure to retain amplification status [3], [16]. Table-4 summerizes the 

status of the parameters of the proposed circuits without RA. 

Table 4: Qualitative features of Proposed Amplifiers without RA 

 

Refer Table-4. Exclusion of RA causes reduction in voltage and current gains of the proposed 

circuits (both AVG and AIG goes below unity). However, power consumption of both the 

proposed circuit reduces in the absence of RA. In addition, THD of Circuit-1 remains constant 

whereas for Circuit-2, THD significantly reduces in the absence of RA. This happens because 

Performance Parameters Reference Amplifier Circuit-1 Circuit-2 

Maximum Voltage Gain (AVG) 0.208 0.447 0.463 

Maximum Current Gain (AIG) 0.009 0.120 0.076 

Band Width (BW) Corresponds to AVG 5.2762 MHz --- 13.5523 Hz 

Lower Cut-off Frequency (fL) 1.0334 MHz --- 1.0943 Hz 

Higher Cut-off Frequency (fH) 6.3096 MHz --- 14.6466 Hz 

Power gain (PW in Watt) -27.447 -12.705 -14.559 

Device Current Gain (AIGD) 0.697 15.103 0.260 

Device voltage Gain (AVGD) 0.850 0.838 0.559 

Peak Output Voltage (VRL)  4.7249 μA 86.874 μA 42.302 μV 

Peak Output Current (IRL)  472.490 pA 8.6892 nA 4.2309 nA 

Input Current across RSS 2.4944 μA 3.2383 μA 1.7732 μA 

Output Phase Difference θo -61.640O -83.300O -86.912O 

Total Harmonic Distortion THD 1.75% 2.47% 22.13E-15% 

Total Power Consumption, (PC) 23.8 mW 26.2 mW 38.44 mW 

Slew Rate of Output Voltage, (SR)  --- --- 0.347 V/us 

Power Spectral Density, (PD) --- --- 11.036 nV2/Hz 

Transfer Function, (TF) --- --- 463.085 mV/V 
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of the fact that when RA is detached from the Circuit-1, drain current ID and drain-to-source 

voltage VDS of P-type MOSFET decreases which consequently decreases the voltage and 

current gain across RL. 

    

Fig.5. Effect of RA on Voltage Gain 

Fig.5 portrays the status of voltage gain of the proposed circuits as a function of RA. Permissible 

range of RA for Reference amplifier for meaningful amplification is 470Ω<RA<5KΩ [7]. For 

Circuit-1 and Circuit-2, Voltage gain increases with increasing value of RA up to RA=5KΩ, and 

starts decreasing thereafter. It is also to note that both the proposed circuits produce distortion 

at RA ≥15KΩ. Hence, the purposeful range for amplification of Circuit-1, and Circuit-2 is 

1KΩ<RA<15KΩ and 100Ω<RA<15KΩ respectively. Observed phenomenon is found in 

accordance with the deduced Equations (6) and (7).  

D. EFFECT OF BAISING RESISTANCES 

Fig.6. shows the variation of the voltage gain of the proposed circuits with respect to Souce 

resistance RS [9].  

          
Fig.6. Effect of RS on Voltage Gain 

The Voltage gain of Circuit-1 elevates with rising value of RS and reaches its peak value at RS= 

15KΩ, and acquire decreasing trend at higher value of RS. Similarly, in case of Circuit-2, 

0.001

0.01

0.1

1

10

100

1000

0.1 1 10 100

M
ax

im
u

m
 V

o
lt

ag
e

 G
ai

n

Additional Baising Resistance RAin Kilo Ohms

Reference Amplifier

Circuit-1

Circuit-2

0

50

100

150

200

250

300

350

400

450

500

0.1 1 10 100

M
ax

im
u

m
 V

o
lt

ag
e

 G
ai

n

Source Resistance RS (Kilo Ohms) at Log Axis

Reference Amplifier

Circuit-1

Circuit-2



 

49  DOI: 10.52228/JRUB.2023-36-2-4 
 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

voltage gain goes on increasing with increasing value of RS.  However, this circuit produces 

distortion at RS≥25KΩ. Therefore, meaningful range of amplification for Circuit-1 and Circuit-

2 is 100Ω≤RS≤100KΩ and 100Ω≤RS≤25KΩ respectively. For Reference Amplifier, AVG 

increases non-linearly with source resistance RS and reaches its maximum value at RS=12KΩ. 

Thus, purposeful response is received in 1KΩ<RS<12KΩ range [7].  This generally happens 

because VDS of P-type MOSFETs increases with increase in RS (Upto 15KΩ) which in-turns 

increases the voltage gain of Circuit-1. However, beyond RS≥15KΩ, drain to source voltage 

starts to reduce which reduces the voltage gain. 

 

Fig.7. Effect of RD on Voltage Gain 

Fig.7 shows the variation of the maximum voltage gain with respect to drain resistance [12]. 

For Circuit-1, voltage gain rises with rising value of RD and reaches to its peak value at 

RD=2KΩ, thereafter starts decreasing non-linearly. It is also to note that this circuit produces 

distortions at RD≥10KΩ. Hence, meaningful range for amplification with RD for Circuit-1 is 

100Ω<RD<10KΩ. Similarly, voltage gain for Circuit-2 increases non-linearly with increasing 

value of RD and attains its maximum value at RD=2KΩ, and starts decreasing beyond this value. 

Therefore, meaningful range of RD for Circuit-2 is 1KΩ≤RD≤40KΩ.  However, for Reference 

Amplifier, voltage gain decreases with increasing values of drain resistance RD up to 7KΩ and 

beyond this, amplifier performance becomes poor [7]. This usually happens because beyond 

2KΩ, drain current and drain to source voltage both starts to decrease which is probably 

responsible for the deterioration of voltage gain.  

It is also worth mentioning that the current gain of both the proposed amplifier circuits remain 

more or less unaffected with the variation of RSS (Figure not shown) [19]. Instead, it is found 

that the voltage gain increases with decreasing value of RSS for both the proposed circuits. 

However, for the Reference Amplifier, the voltage gain AVG receives its maximum value at 

RSS=10Ω and minimum value at RSS=80KΩ [7].  

E. EFFECT OF DC SUPPLY VOLTAGE   

Supply voltage scaling causes significant impact on the proposed amplifiers’ performance [13]. 

Fig.8 depicts the variation of voltage gain of the proposed circuits with respect to Supply 

Voltage VDC. Respective observations are recorded up to VDC=50V and beyond this limiting 

value, the proposed amplifiers appear with distorted outcome.  
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     Fig.8. Effect of VDC on Voltage Gain 

Fruitful range for amplification for Circuit-1 and Circuit-2 are observed to be 25 Volt ≥VDC ≥ 

5 Volt and 35 Volt ≥VDC ≥10 Volt respectively. In addition, voltage gain for both the proposed 

amplifiers increases with increasing VDC. However, Reference Amplifiers produces 

meaningful amplification with VDC in the 7-40V range [7].   

The factor which is responsible for this behavior is the significant enhancement in drain to 

source voltage of the of P-type MOSFET at increasing values of VDC which in-turns increases 

the effective voltage gain of the amplifiers. 

F. PHASE VARIATION   

Phase difference of output voltage with respect to frequency is shown in Fig.9 for the proposed 

amplifier circuits [18], [22].  

 
Fig.9. Phase Variation 

At 1KHz of operating frequency, Circuit-2 produces higher phase reversal output (-123.624O) 

than Circuit-1 (-112.173O). However, Reference Amplifier generates phase reversal output 

close to 180O (i.e. -163.479O) [7]. With the increasing value of frequency, output phase 
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difference of Circuit-2 initially decreases up to 100 Hz and undergoes sudden increment at 

1KHz frequency, and thereafter increases non-linearly. Similarly, for Circuit-1, output phase 

difference changes in zig-zag manner up to 1KHz frequency, and increases non-linearly beyond 

this frequency. 

G. TEMPERATURE DEPENDENT PERFORMANCE 

Table-5(a) and Table-5(b) refers the performance of the Circuit-1 and Circuit-2 with the 

variation of temperature in -20OC ≤ T ≤ +50OC range [23].  

 
Table-5(a): Temperature effect on Circuit-1 with PSpice User defined Transistors 

 

Table-5(b): Temperature effect on Circuit-2 with Transistors Available at GPDK 180nm Technology 

Environmental 

Temperature (OC) 

Voltage Gain 

(AVG) 

Current Gain 

(AIG) 

Bandwidth (BW) Total Power 

Consumption (PC) 

-20 197.205 34.5065 10.666 MHz 47.2631 mW 

-10 189.251 34.14 10.957 MHz 47.389 mW 

0 181.818 33.77 11.212 MHz 47.516 mW 

10 174.863 33.403 11.400 MHz 47.645 mW 

27 164.018 32.775 11.632 MHz 47.865 mW 

50 151.006 31.9228 12.489 MHz 48.166 mW 
 

Refer Table-5(a) and Table-5(b). Voltage and Current gain reduce whereas total power 

consumption increases for both the proposed amplifier circuits with rising temperature. 

However, bandwidth decreases with increasing temperature for Circuit-1, whereas for Circuit-

2, it increases with temperature elevation. In addition, for reference amplifier, voltage gain 

goes down but current gain goes high with rising temperature [7]. This usually happens because 

the temperature elevation accelerates majority carrier generation process in both the proposed 

circuits which elevates collector and drain currents and therefore affects AVG, AIG and BW [24]. 

This probably happens because the Drain-Source resistance of the P-type MOSFET rises with 

temperature which in turn reduces the drain current and the voltage and current gains [14]. 

Similarly, the bandwidth of proposed amplifiers also reduces with raising temperature for 

Circuit-1 because the effective drain to source capacitance of P-type MOSFET decreases with 

increasing temperature and causes reduction in the bandwidth [14]. 

H. NOISE SENSITIVITY 

Variation of input and output noise with temperature (at different operational frequencies) for 

Circuit-1 and Circuit-2 is listed in  Table-6(a) and Table-6(b) respectively [24]-[25].  
 

Table 6(a): Noise Sensitivity of Circuit-1 with PSpice User defined Transistors 

Temp  

(oC) 

Noises at 10Hz Noises at 1KHz Noises at 100KHz Noises at 100MHz 

Out  

Noise  

In  

Noise 

Out  In  Out  

Noise  

In  Out  In  

Environmental 

Temperature (OC) 

Voltage Gain 

(AVG) 

Current Gain 

(AIG) 

Bandwidth (BW) Total Power 

Consumption (PC) 

-20  457.520 138.401 16.516 MHz 55.0 mW 

-10  441.102 138.006 16.122 MHz 55.0 mW 

0  425.842 137.614 15.507 MHz 55.1 mW 

10  411.617 137.225 15.340 MHz 55.1 mW 

27  389.532 136.570 14.464 MHz 55.2 mW 

50  336.227 135.696 13.725 MHz 55.3 mW 
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(V/√Hz) 

x 10-9 

(V/√Hz) 

x 10-9 

Noise      

(V/√Hz) 

x 10-9 

Noise  

(V/√Hz) 

x 10-12 

(V/√Hz) 

x 10-9 

Noise 

(V/√Hz) 

x 10-12 

Noise 

(V/√Hz) 

x 10-9 

Noise 

(V/√Hz) 

x 10-12 

-20 12.140 6.1389 59.553 403.402 181.320 396.416 29.613 396.900 

-10 12.275 6.2081 60.985 414.776 179.849 407.823 28.534 408.293 

0 12.409 6.2765 62.392 426.108 178.868 419.185 27.539 419.643 

10 12.541 6.3442 63.773 437.401 177.169 430.506 26.617 430.952 

20 12.672 6.4113 65.130 448.657 175.945 441.788 25.761 442.223 

27 12.762 6.4579 66.066 456.515 175.130 449.664 25.197 450.091 

50 13.057 6.6087 69.057 482.226 172.666 475.425 23.525 475.830 

 

Table 6(b): Noise Sensitivity of Circuit-2 with Transistors Available at GPDK 180nm Technology 

Temp  

(oC) 

Noises at 10Hz Noises at 1KHz Noises at 100KHz Noises at 100MHz 

Out  

Noise 

(V/√Hz) x 

10-6 

In  

Noise 

(V/√Hz) 

x 10-9 

Out  

Noise      

(V/√Hz) 

x 10-9 

In  

Noise  

(V/√Hz) 

x 10-9 

Out  

Noise 

(V/√Hz) x 

10-9 

In  

Noise 

(V/√Hz) 

x 10-9 

Out  

Noise 

(V/√Hz) 

x 10-9 

In  

Noise 

(V/√Hz) 

x 10-9 

-20 2.0498 0.001522 269.22 2.8071 249.55 1.2655 26.078 1.2579 

-10 2.133 0.001589 280.83 2.9656 244.65 1.2927 26.169 1.2838 

0 2.2208 0.001662 293.08 3.1355 239.96 1.3198 26.243 1.3093 

10 2.3074 0.001798 305.32 3.31034 235.49 1.3467 26.302 1.3345 

20 2.396 0.001811 317.926 3.4941 231.211 1.3734 26.349 1.3593 

27 2.459 0.001866 326.365 3.6283 228.329 1.3921 26.374 1.3765 

50 2.676 0.002052 357.955 4.1040 219.445 1.4532 26.422 1.4320 

 
Refer Table-6(a) and Table-6(b). Input noise of Circuit-1 and Circuit-2 at all the mentioned 

frequencies increases with increasing temperature. However, output noise of Circuit-1 at 10Hz, 

and 1KHz frequencies increases with increasing temperature whereas at 100KHz and 100MHz 

frequencies, it reduces with temperature elevation. Similarly, for Circuit-2, output noise at 

10Hz, 1KHz, and 100MHz increases whereas at 100KHz, it decreases with rising temperature.  

I. LAYOUT AND POST LAYOUT SIMULATION 

Layout of Circuit-2, depicted in Fig.10, is designed at GPDK 180nm technology using Layout 

XL editor tool in Cadence Virtuoso and Spectre simulation [26]-[27]. Layout of Circuit-2 

covers an area of 

96.3898µm2 having 

11.32µm length and 

8.515µm breadth. In 

this layout, first block 

replicates NPN 

transistor whereas 

second block shows P-type MOS transistor. The P-type MOS transistor, having dimensions of 

0.68μm x 0.955μm, is taken as integrated because source and substrate terminal is connected 

to same wire. Yellow and Violet wires represent poly and metal wires respectively. The λ rule 

for connecting the wires is well abided to avoid wire mismatch and overlapping [19], [28]. 

Minor % variation between pre-layout and post-layout simulation, recorded in Table-7, 

authenticate the design of Circuit-2 at GPDK 180nm technology. 

Table 7: Pre-Layout and Post-Layout Simulation Results of Circuit-2 

Parameters Pre layout Post layout 
Percentage 

variation 

Voltage Gain, (AVG) 164.018 142.23 14.22% 

Current Gain, (AIG) 32.775 23.12 34.54% 

Total Power Consumption, (PC) 47.465 mW 40.22 mW 16.52% 
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Fig.10. Layout of Circuit-2 

J. MONTE CARLO ANALYSIS 

For 51 samples, Monte Carlo simulation is done to check the robustness of the proposed 

amplifiers for Voltage gain, and total power consumption against process and mismatch [29]. 

Statistical representation of such variations are shown in Fig.11, and Fig.12 respectively. 

                                              
Fig.11. Monte Carlo Simulation of Voltage gain 
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Fig.12. Monte Carlo Simulation of Total Power Consumption 

Table-8 shows the deviation of the 

Voltage gain, and total power 

consumption from their mean 

value. It is found that the measured 

parameters shows small deviation 

against their respective mean value 

which shows the robustness against the process and mismatch variations [11]. 

K. PROCESS CORNER SIMULATION 

Fig. 13, and Fig.14 represents the five-corner simulation (TT, FF, SS, FNSP, SNFP) of voltage 

gain and total power consumption at 27oC, where TT, FF, SS, FNSP, and SNFP stands for 

typical-typical, fast-fast, slow-slow, fast-NPN-slow-PMOS, and slow-NPN-fast-PMOS [30]. 

 
Fig.13. Corner Analysis of Voltage gain 

Table 8: Monte Carlo Simulation of Circuit-2 

Parameters Mean (µ) Deviation (𝝈) 

Voltage Gain 72.2460 71.7907 

Total Power Consumption 48.4902mW 445.118μW 
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Fig.14. Corner Analysis of Total Power Consumption 

The SS corner simulation produces the largest Voltage gain, measuring 195.21 whereas the SS 

consumes lowest power consumption, measuring 47.1mW. In addition, all the corners have 

almost similar values of parameters at different corners which shows that the Circuit-2 is 

insensitive against the process and mismatch variations. 

L. TUNING PERFORMANCE OF CIRCUIT-1 

The Load capacitor CL is included in Circuit-1 as an essential circuit component which help 

the amplifier to tune at a specific frequency to match the frequency of a particular channel [30]. 

It is achieved under two conditions, first by keeping the CL constant at 1nF and varying CD 

(Table-9(a)), and second by varying CL and keeping CD constant at 10μF (Table-9(b)). 

Table-9(a): Performance parameters at Varying CD and keeping CL constant 

CD (CL=1nF) AVG AIG FL FH BW 

1μF 288.243 132.514 18.476 KHz 19.602 MHz 19.599 MHz 

10μF 389.532 136.570 2.5038 KHz 14.467 MHz 14.464 MHz 

100μF 403.718 136.990 263.770 Hz 14.030 MHz 14.029 MHz 

1mF 405.194 137.031 30.758 Hz 13.943 MHz 13.942 MHz 

10mF 405.342 137.036 7.6096 Hz 13.935 MHz 13.934 MHz 

100mF 405.357 137.036 5.1210 Hz 13.936 MHz 13.935 MHz 
 

Table-9(b): Performance parameters at Varying CL and keeping CD constant 

CL (CD=10μF) AVG AIG FL FH BW 

1nF 389.532 136.570 2.5038 KHz 14.467 MHz 14.464 MHz 

10nF 288.059 132.392 1.8522 KHz 1.9548 MHz 1.9544 MHz 

100nF 79.903 101.340 515.633 Hz 703.398 KHz 702.883 KHz 

1μF 9.714 30.293 65.026 Hz 582.178 KHz 582.113 KHz 
 

Refer Table-9(a) and Table-9(b). Tuning with CD is achieved in 10μF-100mF range, while the 

range of tuning with CL is 1nF-10nF. Fig. 15 shows two combinations of CL and CD which tune 

at a specific frequency with varying bandwidth. 



 

56  DOI: 10.52228/JRUB.2023-36-2-4 
 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Fig.15. Tuning Performance of Circuit-1 

For Reference Amplifier, bandwidth varies with drain capacitor CD and load capacitor CL in 

10μF–100μF and 0.001μF–.001F variation range respectively. However, in Circuit-2, CL is not 

connected to the circuit structure hence no such type of tuning effect is recorded [9], [14]. 

M. PERFORMANCE SUMMARY AND COMPARISON  

Table-10 compiles the comparison of proposed amplifiers, Circuit-1 and Circuit-2, with the 

BJT-MOSFET hybrid unit based small signal Darlington pair amplifier and small signal 

amplifier with BJT-MOSFET hybrid unit under Sziklai pair topology [7], [11].  

Table 10: Performance Summary and Comparison 

  

Refer Table-10. Proposed Circuit-1 generates higher current and voltage gains, higher power 

gain, and lower THD than the amplifiers of Shukla et. al. [7] and Pratima et. al., [11]. However, 

Proposed Circuit-2 holds wide bandwidth, and higher power gain than [7], lower input noise 

than [11], lower THD than [7], lower power consumption than [7], [11]. 
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Transistors 
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PSpice User 

Defined Transistor 

At GPDK 180nm 
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Year 2015 2023 2022 2022 

Technology (nm)  -- 180 -- 180 

Supply Voltage (Volt)  +18 +15 +18 +18 

Maximum Voltage Gain (AVG) 347.995 281.331 389.532 164.018 

Maximum Current Gain (AIG) 71.519 33.698 136.570 32.775 

Band Width (BW)  47.926KHz 22.562 MHz 14.464 MHz 11.906 MHz 

Power gain (PW in Watt) 24888.25 9480.292 53198.385 37.3043 

Input Referred Noise, IRN --- 23.167 nV/√Hz 456.515 pV/√Hz 3.6283nV/√Hz 

Output Referred Noise, ORN --- 5.5523 pV/√Hz 66.066 nV/√Hz 326.365 nV/√Hz 

Total Harmonic Distortion THD 1.33% 5.296E-6% 2.43% 13.608E-6% 

Total Power Consumption, (PC) 55.2 mW 165.061 mW 55.2 mW 47.865 mW 
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In addition, Circuit-2 emerges with lowest power consumption, and lowest THD whereas 

Circuit-1 carries highest voltage and current gain, lowest Input referred noise, and higher power 

gain.  

CONCLUSION 

Two Circuit designs of small signal Sziklai pair amplifier with BJT-MOSFET hybrid unit are 

studied and analysed under the purview of present manuscript.  

The proposed circuits commonly use CE-CD configuration; therefore, the entire unit produces 

180O phase shift in the output. In spite of this, proposed circuits provide solution to the poor 

frequency response of Darlington pairs at higher frequencies and narrow bandwidth limitations 

of small-signal PNP Sziklai pair amplifier. Additionally, these circuits also remove the narrow 

band problem of Reference Amplifier with comparatively high voltage and current gain as well 

as wider bandwidth.  

The value of the additional biasing resistance RA, as an essential circuit component, must be 

taken in the range 1KΩ<RA<15KΩ and 100Ω<RA<15KΩ for Circuit-1 and Circuit-2 

respectively. In addition, for Circuit-1, meaningful amplification with ideal maximum forward 

beta β is received for the range 4 ≤ β ≤ 500 whereas for transconductance VTO, the range for 

faithful amplification is -12 ≤ VTO ≤ +3. It is also to be noted that load capacitor CL acts as an 

essential circuit element for Circuit-1 to provide tuning whereas Circuit-2 does not require any 

load capacitor. Tuning performance of Circuit-1 can be availed with CL=1nF, CD=1μF and 

CL=10nF, CD=10μF. Comparison of proposed circuits with the similar small signal amplifiers 

design reported recently suggests voltage gains, current gains, input referred noise, bandwidth, 

THD, power consumption, and power gain as their prominent features. 

Analysis of the proposed circuit suggests its use as Low Noise Amplifier in Street-scale 

Mapping of Radio frequency Noise at VHF and UHF region. 
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ABSTRACT 

This study examines Lotka’s law of authorship distribution in the field of Congestive Heart Failure from 1989 to 

2023. The data were retrieved from the Web of Science database. A total of 2565 documents were retrieved and 

analyzed through Histcite and Bibexcel software. Graphs and Charts are made through Microsoft Excel. The data 

were examined by type of document, year-wise distribution, journal-wise distribution, and Prolific author. The 

applicability of Lotka’s law and Kolmogorov-Smirnov (K-S) test has been analyzed to find out the scientific 

productivity. The findings of the study revealed that congestive heart failure articles gradually increasing and the 

highest publications are recorded in the year 2021. Journal articles have the highest impact on types of documents. 

The most productive journals are the European Journal of Heart Failure and the International Journal of 

Cardiology with 124 and 63 articles on Congestive Heart Failure. The most productive author is Kumar A with 73 

contributions followed by Yusuf S with 56 contributions. The study reveals that Lotka’s law applies to the authors of 

congestive heart failure where the Dmax value is lower than the critical value. 

 

KEYWORDS: Heart attack, Congestive Heart failure, Scientometrics, Lotka’s law, Productivity, K-S test, 

Prolific author. 

 

INTRODUCTION 

A heart attack, also called myocardial infarction, occurs when the blood flow that supplies oxygen to part of the 

heart muscle is suddenly blocked. Your heart isn't getting enough oxygen. If blood flow is not restored quickly, the 

heart muscle begins to die. A heart attack is not the same as cardiac arrest, which occurs when the heart suddenly 

and unexpectedly stops beating. A heart attack can lead to sudden cardiac arrest. Most heart attacks are caused by 

coronary heart disease.  Age, lifestyle, and other health conditions can increase the risk of a heart attack. Symptoms 

of a heart attack include chest and upper body pain, shortness of breath, dizziness, sweating, and nausea. Women 

often experience various heart attack symptoms. 
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ABSTRACT 

An infection that can occur in any part of the urinary system is known as a urinary tract infection (UTI). The urinary 

system comprises the bladder, urethra, ureters, and kidneys. The majority of infections affect the lower urinary 

system's bladder and urethra. This study presents a scientometric analysis of authorship patterns in Urinary Tract 

Infection (UTI) and Diabetes. The study focuses on Lotka's law to understand the productivity and impact of authors 

in the field. For this study, 1149 documents were retrieved from the Web of Science database from 2009 to 2023. 

The USA leads in publications on UTIs and diabetes among all countries. Among all authors, Kuku K has been the 

most productive author. K-S test reveals that the current data set does not support Lotka's law's applicability to 

research on urinary tract infections and diabetes.  The findings of the study suggest that there is a need for more 

research to be done to improve the understanding of the relationship between UTI and Diabetes. 

 

KEYWORDS: Urinary Tract Infection, Diabetes Mellitus, Lotka’s Law, Authorship pattern, Scientometric, 

Author productivity, Diabetes. 

 

INTRODUCTION 

A urinary tract infection (UTI) is an infection in any part of the urinary system. The urinary system includes the 

kidneys, ureters, bladder, and urethra. Most infections affect the lower urinary tract – the bladder and urethra. 

Women have a higher risk of developing a urinary tract infection than men. If an infection is limited to the bladder, 

it can be painful and annoying. However, if a urinary tract infection spreads to the kidneys, it can cause serious 

health problems. (Urinary Tract Infection (UTI) - Symptoms and Causes - Mayo Clinic, n.d.). Type 2 diabetes 

mellitus is a heterogeneous group of disorders characterized by variable degrees of insulin resistance, impaired 

insulin secretion, and increased glucose production. Patients with type 2 diabetes mellitus are at increased risk of 

infections, with the urinary tract being the most frequent infection site. The increased risk of UTI among diabetic 

patients, coupled with the increase in the incidence of type 2 diabetes mellitus worldwide in recent years, may 

impose a substantial burden on medical costs. (Nitzan et al., 2015). Due to several circumstances, the likelihood of 
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Abstract

Air pollution is a significant health risk factor are all over the worlds. Air pollution has a very 
bad effect on the respiratory system. The term scientometrics originated as Russian term for 
the application of quantitative methods of the history of science, which studies the quantitative 
aspects of science. This applied study was done using scientometric techniques and software. 
The Data collection was performed on June 2, 2023 from the Web of Science (WoS) database.
The search period was from 1991 to 2023. Data has been analyzed with the help of HistCite 
Software, chart & graphs have been made with the help of Microsoft Excel. In this study, the 
most productive authors, top journals, year wise distribution, and country-wise distribution of 
publication has been analyzed. The highest number of scientific output belongs to USA, China 
and UK followed by other countries which extensively had a lower rate of publication. Science 
of the Total Environment journal has been ranked first among the journals published the most 
articles i.e. 111 out of 2805 articles. The result shows law of scattering does 
not fit well when analyzing the collected data of research articles of air pollution on respiratory 
system.

Keywords: Scientometric analysis, Bradford Law, Air pollution, Respiratory system, 
Publication output. 

1. Introduction

Air pollution is a significant health risk factor in Europe, and all over the world. A global study 
of diseases risk factors. Approximately 7 million people in the world and 400.000 people in 
the European Union (EU) experience early death due to air pollution.(Unver)

Air pollution is a complex mixture of different gaseous and particulate components and can 
cause several health effects. Both long and short term exposure to air pollution can cause 
cardiovascular diseases, respiratory diseases (e.g. asthma, chronic obstructive pulmonary 
disease) and mortality.(Bergstra et al.)

Four adverse effects of air pollution on respiratory system that is Asthma,  COPD, lung cancer 
and respiratory infections all seem to be exacerbated due to exposure to a variety of 
environmental air pollutants with the greatest effects due to particulate matter (PM), ozone and 
nitrogen oxides, New publications reviewed reaffirm these findings.(Kurt Kar et al.)

Scientometrics

Since the development of scientometrics and bibliometric techniques they are proved to be the 
most dynamic tools to evaluate the productivity of universities, research institutes and 
individual researchers, as well as to map the growth of the research field. Scientometrics is a 
study of quantitative aspects of information in any form, not just records or bibliographies and 
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by the Research Scholars of IGIC/,
Raipur: A Study
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ABSTRACT

The objective of this study is to investigate the level of awareness, utilization, and

impact of the KrishiKosh lnstitutional Repository. lt is an online repository estab-

lished by the lndian Council of Agricultural Research (ICAR) to centralize agricultural

research outputs and knowledge from ICAR institutes and affiliated organizations.

The repositoiy provides access to agricultural research literature and resources for

researchers, academics, and professionals in the agricultural field. The study focused

on research scholars from lndtra Gandhi KrishiVishwavidyalya, Raipur, and employed

a questionnaire as the primary data collection tool. The results of the study revealed

that a significant proportion (96.80%) of research scholars are aware of KrishiKosh,

and the main source of their awareness is the university library and faculty/depart-

ment. The majority of scholars reported using KrishiKosh for their research purposes.

Additionally, the scholars expressed a need for more training programs and improved

infrastructure to enhance their reading experience'

Key Words; KrishiKosh, User Awareness. lnstitutional Repository, lndian National

Agricultural Research System. User Satisfaction, IGKV. ICAR.
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Abstract:

This paper aims to propagate the pivotal role of e-resources in the academic
environment, particularly focusing on the postgraduate students of the Science stream of Pt.
Ravishankar Shukla University, Raipur. A survey method was employed and a well-structured
questionnaire was designed for collecting the data from respondents. This study focused to f,rnd

out various aspects related to the use of e-resources by the target respondents i.e. awareness
level, purpose of using e-resources, time spent by the respondents, etc. This study will enhance
the infrastructure and basic requirement of e-resources in the library uplift the teaching and
learning environment in the university and offer an insight to policy makers and librarians for
better use of e-resources. as a result found that the Total219 (100%) respondent's use internet for
e- resources and other purposes. The highest 1 82 (83 . 1 1%) of respondents use email followe<i by
146 (66.67%) use e-books, e-journals 85 (38.81%), e-newspaper clippings 76 (34.70%), e-pg
pathshala 64 (29.22%), e-magazines 37 (16.89%), e-thesis 26 (11.87%), e-shodhganga
2l(9.59%), e-repositoryl3(5.94%),e-database 12(5.48%), and trowest 03(1.37%)by used is e-

shodhsindhu. and The majority of the 163 (74.43%) respondents are satisfied with the use of e-
resources,l2 (5.48%) are dissatisfied, 19 (8.68%) are very satisfied and25 (11.42%) respondents
don't know the satisfaction level.

Keywords: Electronic Resources, Services, PG Students, Science, Pt. Sundar lal Sharma
Library, PRSU Raipur.

Introduction

Developments in Information and Communication Technologies (ICT) have radically taken over
every sphere of activity in university libraries. Academic libraries owe it a key duty to keep pace
with technological advancement to cope with users' continual sophisticated information
requirements. Academic libraries in the 21st century may not function properly without the
existence ofeiectrohic resources. Over the years, technology has progressed
significantly,leading to the development of new techniques and standards that manage and
distribute content in various formats. As a result, librarians are increasingly embracing e-
resources in their collections to address users'e-resource needs. Information and Communication
Technology (ICT) based computers and the internet have brought about significant changes in
the operations of library institutions, necessitating adaptations in internal library processes and
user services. Traditional libraries are transitioning into digital and virtual libraries due to
advancements in technology and web development. Information technology has not only

author: Santu Ram
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ABSTRACT 

Adolescence is a transitional phase from childhood to adulthood. It is a period of 

development as the gain of anthropometric measurements is increased over this period. India 

is a country with different tribal groups and Bastar district is a tribal belt of Chhattisgarh state 

in India. The nutritional status is a major concern among adolescent girls, which affects 

growth and development and forms basis of adulthood, dietary supplements can play an 

important role to address the concerns. The study aimed to explore the effect of soy 

supplement on the anthropometric measurement of tribal girls.  A total of 120 female players 

aged 12 to 18 years from a residential school where the female players take part in sports 

training as well as attend the school Khel Parisar Kanker (KPK) from the tribal area and 

female players of Sports Authority of India (SAI) of urban area were selected for the study.  

Female players of KPK and SAI were divided into Experimental Group (EG) (N=30) and 

Control Group (CG) (N=30). Soy Supplement in form of Soy Ladoo was provided to the 

experimental group from August’2018 to March’2019. Before and after experimental design 

with control groups was used in the study. Height, Weight, Mid Upper Arm Circumference 

(MUAC), Waist Girth (WG) were measured and BMI was calculated. ANCOVA and trend 

analysis were used to analyse the data. It was found that Anthropometric measurements 

(MUAC, WG and BMI)increased significantly in EG than CG in KPK and SAI female 

players. An upward trend was observed and can be concluded that soy supplement was 

effective in improving anthropometric measurements.  

Keywords: Soy supplement, adolescent girls, anthropometric measurement, Khel Parisar 

Kanker (KPK), Sports Authority of India (SAI) 

 

INTRODUCTION 

A balanced diet is an essential element in the life of one and all,  it needs special attention 

during the adolescent period as it is the period of the growth spurt and developmental stage 

where physical, physiological and mental changes take place, which requires that each cell of 

the body is well nourished to work optimally when these adolescents take part in sports the 

nutritional requirement needs much more attention asper increased demand of the physical 

activity for optimal performance.   
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 The “dietary supplement” means a product (other than tobacco) intended to supplement the 

diet that contains one or more dietary ingredients, including a vitamin, minerals, a herb or 

other botanical substance, an amino acid, a dietary substance, for use by man to supplement 

the diet by increasing the total dietary intake, or a concentrate, metabolite, constituent, extract 

or combination of any of aforementioned ingredients.
1
A dietary supplement is also known as 

a food supplement or nutritional supplement, is a preparation to provide nutrients when it is 

lacking in the diet.
2 

Soy supplement is a preparation of soybean has global importance and economic value. It has 

an excellent source of high quality of all 8 essential amino acid such as cysteine, tryptophan, 

leucine, isoleucine, lysine, valine, histidine, phenylalanine. It has soluble carbohydrates, 

dietary fibres, Omega 3 and Omega 6 fats. It also contains minerals such as calcium, iron, 

copper, zinc, magnesium, phosphorus, potassium and flavonoids which are important for 

growth and to build lean body mass.
3
 

Adolescence is an intermediate phase between childhood and adulthood. According to WHO 

the age ranges from 10 to 19 years. It is a period of rapid growth and demand higher nutrition 

because up to 50% of the height and skeletal mass is gained during this period. 

Anthropometric measurements are used commonly to assess nutritional status. It displays 

health, nutritional status and anticipates performance. It also reflects the growth pattern of 

individuals. 

 In India adolescent girls aged11 to 18 years are about 16.75%of the total female population.
4
 

Their nutritional status is low and nutritional anaemia is a major health problem, The 

National Family Health Survey 3 (NFHS 3) data suggests that 56% of girls of 15 to 19 years 

were anaemic.
5
 

Chhattisgarh was established on 1st November 2000 by splitting ten Chhattisgarhi and six 

Gondi districts of Madhya Pradesh. Bastar district is a tribal belt of Chhattisgarh. The major 

tribes are Gond, Batra, Muria, Abujmaria, Bison, Hornmaria, Halba, Dhurva.
6
 Almost 70% of 

the population are tribals. They are an important part of the state population and lives mainly 

in the dense forest of Bastar. They depend upon primitive agriculture practices and often face 

problems like scarcity of food, poverty, health problems and improper education facilities.  

The plethora of studies revealed that anthropometric measurements were significantly lower 

among adolescent girls. Kapoor and Aneja reported that 35.5% of adolescent girls aged 11 to 

18yrs of Delhi are undernourished.
7
Adolescent girls were found to be 3 to 10cm shorter and 3 

to 15 Kg lighter than their U.S. counterparts.
8
 A study in nine states of India reported that 

about 42% of adolescent tribal girls were undernourished.
9
 In another study, 58.44% stunting 

and 72.71% wasting was found in tribal girls.
10

Sharma et al. (2013) report that 42.6 % of girls 

were undernourished.
11

Venugopal et al (2016) state that weight and height, when compared 

with NCHS 1987, CDC 20-07-2010, ICMR 2010 growth reference and all the anthropometric 

measurements, were significantly lower among adolescent girls of Chhattisgarh.
12

Various 

other studies also revealed that the prevalence of lower nutritional status is common in 

adolescent girls in Chhattisgarh (C.G.).  Kurrey et al. reported underweight 32.5%, stunting 

22% and thinness 24% among Bihor tribal children.
13

A Study has reported 57.1% of children 

to be thin in the sample.
14

 Low BMI was reported in Gond tribes of C.G.
15

 Lower weight and 

height were reported in Kamar children in almost all ages.
16 
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Insufficient protein intake has been shown to have a negative association with growth 

indicators and performance of players. Proper nutrition is very crucial for adolescent players, 

to address the body composition as well as to meet the demand for training and competition 

load. The players in the tribal area working hard to excel in sports, hence this issue of energy 

requirement and specifically protein intake were taken into cognizance.  

Aim of the study: 

 To investigate the effect of SS on anthropometric indicators, selected under study. 

MATERIAL AND METHODS: 

Selection of Subjects:                                                                                                                               

A total of 120 players from Khel Parisar Kanker (KPK) and SAI were selected for the study. 

Participants of both groups were divided into the Experimental group (N=30) EG and Control 

group (N=30) CG. Soy ladoos prepared from processed soy flour, besan (Bengal gram flour), 

sugar, almond, cashewnut and ghee were consumed by the experimental group. They 

consume 50 grams per day which have 10.3gram protein. CG did not consume Soy ladoo. 

The experimental protocol was approved by the ethical committee (246/IEC/PRSU/2018). 

All the subjects were trained according to their sports for 4 hours along with their academic 

engagements. Before testing the written consent form was taken regarding the willingness of 

participation in the study. 

Selection of variables:  

Mid upper arm circumference (MUAC), Waist girth (WG) and Body mass index (BMI) are 

used to identify the status of muscle development, the proportion of abdominal fat and body 

composition. Height, Weight, MUAC, Waist Girth (WG)was measured with standard 

techniques and BMI was calculated. 

Experimental design: 

Experimental design before and after with control group was used. The variables were 

measured in the beginning and after every three months for the experimental group and 

control group till 9 months after the supplementation. Data collected was analysed through 

SPSS package 25 version. 

RESULTS: 

Table 1. Descriptive statistics of the effect of soy supplement on MUAC, WG and BMI between KPK and  

SAI girls. 

 KPK GIRLS              N=30 SAI GIRLS               N=30 

MUAC MEASURES PRE-TEST POST-TEST PRE-TEST POST-TEST 

EXPERIMENTAL 

GROUP 

MEAN 7.87±10 8.98+-.14 8.59+-.17 9.95+-.21 

SD .59 .77 .93 1.18 

CONTROL 

GROUP 

MEAN 9.01+-17 8.85+-.19 10.07+-.21 9.33+-.17 

SD .95 1.04 1.17 .95 

      

WG 

EXPERIMENTAL 

GROUP 

MEAN 23.74+-.32 26.91+-.33 26.36+-.38 28.11+-.40 

SD 1.76 1.83 2.12 2.20 

CONTROL 

GROUP 

MEAN 27.30+-.40 26.38+-.47 29.17+-.38 28.06+-.52 

SD 2.21 2.57 2.09 2.87 

BMI 

EXPERIMENTAL 

GROUP 

MEAN 18.48+-.31 0+-.27 20.40+-.50 20.79+-.37 

SD 1.72 1.48 2.74 2.03 
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CONTROL 

GROUP 

MEAN 18.70+-37 18.18+-.40 20.78+-.46 20.23+-.37 

SD 2.06 2.20 2.52 2.07 

 

Table 1 shows the mean course of MUAC, WG, BMI before and after the soy supplement. 

Mean score gain in the experimental group of KPK girls and SAI girls in MUAC is 1.11 

inches and 1.36 inches, in WG is 3.17 inches and 1.75 inches and in BMI is 1.32 to and 0.39 

respectively whereas control groups of KPK and SAI did not show any change in any of the 

variable selected. 

Table 2. Analysis of covariance and comparison of adjusted post-test means of soy supplement on MUAC, 

 WG and BMI between EG and CG of KPK and SAI girls. 

Table 2reported a significant difference in adjusted post-test mean scores of MUAC between 

EG and CG (F (3,115) = 15.09, p <0.00). Lower effect (.283) after soy supplement was seen 

when compared with Cohen’s guidelines of effect size (0.2- small effect 0.5- moderate effect, 

0.8-large effect). The partial eta squared value of .283 justifies 28.3% effect of soy 

supplement (Independent variable) on MUAC (Dependent variable) in EG. 

The significant difference in the adjusted mean score of WG was also reported between EG 

and CG (F (3,115) = 11.10, p<0.00). Small effect (.225) after the soy supplementation was 

seen when compared with Cohen's guidelines of effect size. The partial eta squared justifies 

22.5% effect of soy supplement on WG in EG. 

         Similarly, the significant difference in adjusted post-test mean score of BMI between 

EG and CG (F (3,115) = 11.51, P< 0.00). Small effect (0.231) after the soy supplementation 

was seen when compared with Cohen's guidelines of effect size. The partial etas squared 

justifies 23.1% effect of soy supplement on BMI in EG. 

Table 3. Trend analysis of the effect of soy supplement on MUAC, WG and BMI of KPK and SAI girls.   

MUAC SUM OF 

SQUARES 

DF MEAN 

SQUARE 

F SIG PARTIAL ETA 

SQUARED 

Contrast 33.208 3 11.069 15.09 .000 0.283 

Error 84.335 115 0.733 - - - 

WG       

Contrast 127.127 3 42.376 11.10 .000 0.225 

Error 438.827 115 3.816  - - 

BMI       

Contrast 57.740 3 19.247 11.51 .000 0.231 

Error 192.203 115 1.371  - - 

Measures Source of  

Variation 

Type III sum of 

squares 

Df Mean 

Square 

F – ratio Sig. 

MUAC Intercept 38952.033 1 38952.033 14663.240 .000 

 Group 100.185 3 33.395 12.571 .000 

 Error 308.174 116 2.656   

WG Intercept 345210.951 1 345210.951 24480.473 .000 

 Group 761.065 3 253.688 17.990 .000 

 Error 1635.772 116 14.101   

BMI Intercept 185369.123 1 185369.123 11984.725 .000 

 Group 367.275 3 122.425 7.915 .000 

 Error 1794.185 116 15.467   
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Table 3 reported statistically significant improvement in trend on MUAC after Soy 

Supplement (F (1,116) = 14663.24, p<.000) at 1% level of significance. It also shows the 

statistically significant difference in comparing the trend of MUAC between KPK and SAI 

girls (F (3,116) = 12.57, p<.000) at 1% level of significance. 

Similar improvement in trend on WG was seen (F (1,116) = 2448 0.47, p<.000) at 1% level 

of significance after soy supplement. It also shows the statistically significant difference in 

comparing the trend of WG between KPK and SAI girls (F (3,116) = 12.57, p<.000) at 1% 

level of significance. 

 Likewise, improvement in trend on BMI was seen (F (1,116) = 11984.72, P<.000) at 1% 

level of significance after soy supplement. The trend on BMI between KPK and SAI girls (F 

(3,116)= 7.91 P<.000) at 1% level of significance shows a statistically significant difference. 

Table 4.Trendanalysisofthe effect of soy supplement on MUAC, WG AND BMI among 

KPK and SAI girls. 

Source Factor 1 Type III 

sum of 

squares 

Df Mean 

Square 

F-ratio Sig. 

MUAC Linear 13.054 1 13.054 27.87 .000 

 Factor*Group 

Linear 

46.723 3 15.574 33.256 .000 

 Error(factor1) 54.324 116 0.468   

WG Linear 40.119 1 40.119 17.69 .000 

 Factor*Group 

Linear 

196.439 3 65.480 28.872 .000 

 Error(factor1) 263.079 116 2.268   

BMI Linear 1.034 1 1.034 0.793 .375 

 Factor*Group 

Linear 

36.832 3 12.277 9.417 .000 

 Error(factor1) 151.242 116 1.304   

 

   Table 4 supports Linear trend F (1,116) =27.87,p< .000, between independent variable (soy 

supplement) and dependent variable (MUAC) for EG. It also showed a statistically 

significant difference in linear trend F (3,116) =33.25, p< .000, between KPK and SAI female 

players. 

      Similarly, the table supports the linear trend F (1,116) =17.69, p<.000, between the 

independent variable ( soy supplement)and dependent variable (WG) for EG. It also showed a 

statistically significant difference in linear trend F (3,116) = 28.87 p< .000 between both the 

groups.  

In case of the linear trend F (1,116) = .793, p< 0.05, did not support between the independent 

variable (soy supplement) and dependent variable (BMI) for EG whereas it showed a 

statistically significant difference in the linear trend F (3,116) = 9.41, p< .000 on BMI 

between the KPK and SAI players.  

DISCUSSION: 

Anthropometric measurements are important indicators of growth and optimal growth can 

contribute to better performance. MUCA, WG and 8 BMI showed significant improvement in 

EG of KPK and SAI female players which can be considered as a factor for performance 
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improvement. A large number of studies indicates that players need to ingest protein two 

times of RDA (1.5 to 2.0 kg/d) to maintain protein balance.
17,18,19,20

 An overview that soy 

being a dense source of protein with all essential amino acid helps to attain protein 

requirements before, during and after exercise.
21

Studies have shown that soy protein 

contributes to optimising muscle performance during and after exercise
22

 and promotes lean 

body mass gain.
23,24,25,26

Munson States 20 to 25 gram of protein every 3 hours is needed to 

maintain muscle protein synthesis.
27

Low protein consumption (0.86kg 
-1

day
-1

) by strength-

trained athletes results in reduced protein synthesis compared with medium and high 1.4g kg
-

1
 day

-1
 and 2.4g.kg

-1
 day

-1
 protein diets respectively.

28
 Soy has antioxidant properties and 

similar digestibility and absorption properties like animal protein, so it is good for vegans. 

Thus, soy supplement is implemented to the sportsperson. 

CONCLUSIONS AND RECOMMENDATIONS:  

MUAC, WG and BMI are the important anthropometric indicators and significant 

improvement have been observed in these indicators after nine months of soy 

supplementation in the diet of the experimental groups. Soy supplement can be included in 

the diet of adolescent female players to improve body composition, which may in turn be 

helpful in better performance. 
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Abstract- Objective - To assess the growth and 

nutritional status of the Gond children.  

Methods - A cross sectional study of the physical growth 

was conducted on 409 Gond children (194 boys and 215 

girls), aged 12 to 17 years, in the Bastar district of 

Chhattisgarh. The study aimed to find out the growth 

pattern of the Gond children, which is considered to be a 

primitive tribe of Chhattisgarh, India and was compared 

with other Indian tribe and the official data of 

NCHS1987, CDC 2007-2010 & all India (ICMR 2010). 

Anthropometric measurements included height, weight, 

sitting height, and measurements of the biceps, triceps 

and subscapula, supraspinale and calf skinfolds.  

Results - All anthropometric measurements except 

skinfold thickenness exhibited uniform increase with age 

in both sexes. Gond boys showed higher anthropometric 

values than girls in height, weight and sitting height 

whereas in all the skinfolds measurements mean values 

of girls were higher as compared to boys. The Gond 

children showed lower mean values as compared to 

NCHS &CDC 2007-2010 where as height & weight were 

at par with ICMR 2010 and higher than Kamar tribe. 

Around 47% boys & 72% girls reported to be in various 

category of malnutrition. 

Conclusion - Poor socio-economic status of this primitive 

tribe may be one of the reasons for this poor nutritional 

status & growth pattern as compared to NCHS 1987. 

However, further study can be conducted to get more 

insight 

 

Key Words – Growth Status and Nutritional Status, 

Gond Tribe.  

INTRODUCTION 

 

The nutritional status of growing children in a 

population indirectly determines the standard of 

living. Nutritional inadequacy slows down the growth 

of children and which is observable response. 

Therefore, determination of nutritional status may 

prove to be a powerful tool to identify the health status 

of any population. 

Tribal populations are isolated from general 

population with their own physical, socioeconomic 

and cultural environment. They are the most backward 

section of the society, due to various factors like 

ignorance, poverty, lack of development in the 

inaccessible areas, illiteracy and exploitation. Several 

studies have documented a close relationship between 

tribal ecosystem and their health and nutritional 

status.1 The habitat of the tribe has conferred certain 

advantages. The dietary habits and other related modes 

of life contributed to their better nutritional and health 

status in some tribal groups, while in other groups 

these practices are not conducive to good health. 2 

Many studies based on published data have indicated 

patterns of anthropometric variation along ethnic, 

geographic, latitude, longitude and altitude, nutrition 

and several confounding variables.3 This work is an 

attempt to study the growth status through 

anthropometric measurement of Gond, children a 

primitive tribe of Bastar district, Chhattisgarh state 

and to compare their growth & nutritional status with 

other studies. 

The Gonds are one of the most famous and important 

tribes in India, known for their unique customs and 

traditions. They are mainly a nomadic tribe and call 

themselves as Koytoria. The term 'Gond' is derived 

from the Telugu word 'Konda' which means hill. Gond 

Tribes are primarily found in Madhya Pradesh, 

Chhattisgarh, eastern Maharashtra, northern Andhra 

Pradesh and Western Orissa. With a population of over 
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4 millions, Gonds also form the largest tribal group in 

central India4, which is around 55% within the tribal 

population.5 In Chhattisgarh Gond population are 

found in Bastar, Dantewada, Kanker, Suurguja and 

Raipur districts.  The total population of Gond is 

42,98,404 consisting of 21,20,974 males and 

21,77,430 females (Census of India 2011).6 The staple 

food of Gonds tribes in Bastar district are Kodo or 

Kutki (millet), they are usually meat consumers. 

MATERIAL AND METHODS 

 

The present study was based on cross-sectional 

samples of 409 apparently healthy Gond children (194 

boys and 215 girls), aged 12+ to 17+ years. The 

subjects were selected from various tribal schools of 

Bastar district, Chhattisgarh. Anthropometric 

measurements such as body weight, height, sitting 

height, biceps, triceps, subscapular and calf thickness 

were the variable measured, according to the standard 

technique (Weiner and Lourie 1981 and Singh and 

Bhasin 1987).7,8 Standing and sitting height were 

measured to the nearest cms. using a wall-mounted 

stadiometer (manufactured by Harpenden). Weight 

was measured with a physician’s beam balance scale 

to the nearest 0.5 kg. A skin fold caliper was used to 

measure the skinfold thickness to the nearest mm.  

Height and weight are basic measurement to under 

stand the growth pattern and the nutritional status, 

separately as well through BMI (WHO 2004).9 

Skinfold thickness are indirect but authentic method of 

assessment of body fat percentage in body.  

Data on Anthropometric measurements were analyzed 

using descriptive statistics. Weight and height of the 

present data were compared with NCHS (1987)10, 

ICMR (2010)11,12, CDC (2007-2010)13 and Mitra et 

al.(2002).14 Analysis was done by using Windows 

Microsoft Excel and SPSS. 

 

RESULT 

 

TABLE 1. Descriptive Statistics of Weight, Height and Sitting Height of Gond Boys and Girls. 

 

Table 1 Steady increment in mean weight was 

observed in the present study from 12+ to 17+ years of 

age. In case of girls minimum weight was 32.6 kg in 

12+ year & maximum 42.3 at the age of 17+ years, 

difference of 9.7 kg was observed between 12+ to 17+ 

years. Mean weight of boys at 12+ was recorded to be 

36.1 kg where as at 17+ year the weight was 52.3 kg 

weight gain of 16.2 kg was recorded in boys from 12+ 

to 17+ years. Higher weight was noted in boys as 

compared to girls in all the age.  

Mean height of 12+ year girls was 137.6 cm which 

increased gradually and  was 150.6 cm at the 17+ year, 

increase of total 13 cm was recorded. Growth spurt 

was noted between 12+ to 13+ years (5.14 cm). In 

boys the increase of height from 12+ (147.9 cm) to 17+ 

(163.3 cm) was 15.4 cm.  

Mean value for sitting height were 53 cm (12+) & 60.7 

(17+) for girls &57.9 (12+) & 64.8 (17+) for boys. 

Total increment of 7.7 & 7.6 cm from 12+ to 17+ years 

were observed for girls & boys respectively.   

 

Girls 

Age group N Weight(kg) Height (cm) Sitting height (cm) 

  Mean SD Mean SD Mean SD 

12+ 28 32.6 5.91 137.6 7.7 53.0 4.90 

13+ 39 36.0 5.59 142.7 4.9 56.6 2.71 

14+ 37 37.0 5.72 146.7 5.6 55.7 3.70 

15+ 40 39.9 4.22 148.5 5.8 58.3 3.23 

16+ 35 41.7 4.43 150.0 4.8 58.7 3.16 

17+ 36 42.3 3.57 150.6 5.0 60.7 2.69 

Boys 

12+ 30 36.1 7.56 147.9 9.3 57.9 9.08 

13+ 35 38.0 7.69 148.0 8.4 58.1 7.50 

14+ 30 46.6 6.01 156.5 6.7 63.5 4.49 

15+ 35 47.7 5.24 158.7 6.7 65.5 1.00 

16+ 31 51.7 4.65 161.0 6.2 64.9 6.16 

17+ 33 52.3 5.98 163.3 5.3 64.8 4.00 
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TABLE 2. Descriptive Statistics of Skin fold measurement of Gond Boys and Girls. 

Girls  

Age 

group 

N Biceps Triceps Sub scapular Suprailac Calf 

  Mean SD Mean SD Mean SD Mean SD Mean SD 

12+ 28 4.99 2.19 6.46 2.50 6.87 2.39 5.62 2.39 12.1 3.64 

13+ 39 4.72 2.05 9.27 3.24 8.21 2.37 7.13 2.75 12.9 3.39 

14+ 37 5.24 2.28 8.20 2.79 8.03 2.14 7.16 2.47 13.3 3.97 

15+ 40 5.11 2.33 8.70 1.98 8.42 1.68 8.05 2.59 12.9 3.39 

16+ 35 4.65 1.74 10.0 3.50 8.66 2.95 7.56 2.65 13.6 3.69 

17+ 36 4.25 1.72 9.36 2.82 8.67 2.69 8.00 2.64 13.4 4.78 

Boys 

12+ 30 2.63 .41 4.52 .96 5.03 1.31 3.60 1.53 8.45 2.52 

13+ 35 2.88 .81 5.27 1.91 5.10 1.39 3.75 1.76 8.45 2.06 

14+ 30 3.16 1.54 5.84 1.55 5.99 1.38 4.35 1.41 10.1 3.00 

15+ 35 2.68 .55 5.52 1.56 5.99 1.19 4.16 1.28 8.54 2.40 

16+ 31 2.83 .42 5.71 1.49 6.51 1.56 4.18 1.10 7.64 1.85 

17+ 33 3.04 .99 5.73 1.21 7.02 1.38 4.96 2.42 7.65 2.76 

Descriptive statistics of skinfold measurement are 

presented in table 2 all the skin fold measurement 

showed increment from 12+-17+ years. Mean values 

of all the skin fold measurement were higher in girls 

as compared to boys through out 12+ to 17+ years, 

highs SD value in measurements show greater inter 

individual variability. Maximum increment observed 

in biceps triceps, Sub scapular, Suprailiac & Calf 

skinfold for boys   were recorded 3.54 mm, 1.8 mm, 

2.74 mm & 4.5 mm respectively , whereas  in girls 

increment recorded to be 16 mm, 1.32 mm, 1.99 mm, 

1.36 mm & 1.6 mm respectively from 12+ to 17 +yrs.    

 

TABLE 3. Test of significance of various anthropometric measurement between the Gond tribe boys and girls 

Age 

Group 

Weight Height  BMI 

 

Sitting 

height 

Biceps  Triceps  Sub 

scapular  

Suprailac  Calf  

12+ 1.96 2.30* 7.20** 2.52* 5.79** 3.93** 3.65** 3.85** 4.46** 

13+ 1.23 4.44** 1.30 1.12 4.95** 6.37** 6.77** 6.19** 6.10** 

14+ 6.62** 5.84** 3.97** 7.73** 4.25** 4.13** 4.50** 5.53** 3.59** 

15+ 7.10** 5.60** 3.54** 4.30** 6.02** 7.63** 7.11** 8.02** 6.40** 

16+ 8.95** 6.42** 4.43** 5.27** 5.65** 6.42** 3.62** 6.60** 8.19** 

17+ 8.52** 8.16** 3.96** 5.02** 3.51** 6.80** 3.14** 4.97** 6.11** 

SD – Standard Deviation,  

*Significant at 5% and ** Significant at 1% level  

Comparison of mean weight, height, sitting height & 

skin fold measurements between Gond boys & girls 

are shown in table 3. Statistically significant 

difference was observed in height between Gond boys 

& girls, boys being tall than girls at all age group 

(P<0.01). In case of weight higher mean values are 

seen in the boys in all the age group and statistically 

significant difference was observed in 14+,15+, 16+ & 

17+ years of age (P<.01). In sitting height statistically 

significant difference was observed at all age group 

between boys & girls (P<0.01) except age group 13+. 

Mean values of biceps, triceps, sub scapular, supraillae 

& calf skinfold measurements were higher in girls in 

all the age group, statistically significant difference 

was noted at (P<.01). 

 

TABLE 4. Distribution of Body Mass Index value of Gond boys and girls (According to WHO 2004 Standard) 

Boys  Girls 

Normal 
Range 

(18.50-

24.99) 

Mild 
Thinness 
(17.00-
18.49) 

Moderate 
Thinness 

(16.00-

16.99) 

Severe 
Thinness 

<16.00 

Age in 
Years 

Normal Range 
(18.50-24.99) 

Mild Thinness 
(17.00-18.49) 

Moderate 
Thinness 

(16.00-16.99) 

Severe 
Thinness 

<16.00 

4 (13.3) 7 (23.3) 2 (6.6) 17 (56.6) 12+ 4(14.2) 2(7.1) 3(10.7) 19 (67.8) 
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7 (20) 11 (31.4) 9 (25.7) 8 (22.8) 13+ 6(15.3) 10 (26.4) 5 (12.8) 18(46.1) 

19 (63.3) 6 (20) 4 (13.3) 1 (3.3) 14+ 12 (32.4) 5 (13.5) 8(21.6) 12(32.4) 

22 (62.8) 9 (25.7) 3 (8.5) 1 (2.8) 15+ 11(27.5) 13(32.5) 10(25) 6(15) 

26 (83.8) 4 (12.9) 1 (3.2) 0 16+ 15(42.8) 9(25.7) 6(17.1) 5(14.2) 

24 (72.7) 9 (27.2) 0 0 17+ 12(33.3) 15(41.6) 6(16.6) 3(8.3) 

102 (52.5) 46 (23.7) 19 (9.7) 27 (13.9) Total 60(28.0) 54(25.1) 38 (17.6) 63 (29.3) 

 

 

 

Table 4 & fig 1. shows the BMI according to WHO 

2004 standard of malnutrition. BMI reveals that 52.5 

%  boys and 28.0% girls are classified under the 

normal category. 23.7 % boys and 25.1% girls suffered 

mild thinness 9.7% boys and 17.6 % girls suffered 

from moderate thinness and 13.9% boys and 29.3% 

girls suffered with severe thinness category of 

malnutrition. Distribution of girls & boys in various 

nutritional categories showed different trend for 

different age group at age 12+ 56.6 % of boys 67.8 % 

of girls fell in severe malnutrition categories with 

increases in age malnutrition status in boys and girls   

improved. Which is evident from the reduced number 

of boys and girls in severe malnutrition categories.   

 

TABLE 5. Comparison of mean of Weight of present Study with Other Studies 

Age in Years Present study ICMR 2010 NCHS 1987 M.Mitra 2002 CDC 2007-2010 

Boys 

12+ 36.1 29.2 44.2 24.8 49.1 

13+ 38.0 32.6 49.6 25.7 54.0 

14+ 46.6 36.7 56.9 26.9 64.1 

15+ 47.7 41.1 61.0 31.0 66.9 

16+ 51.7 44.2 66.8 34.1 68.8 

17+ 52.3 47.1 67.5 37.2 72.9 

Girls 

12+ 32.6 29.6 47.10 23.60 49.0 

13+ 36.0 33.6 51.50 25.43 55.8 

14+ 37.0 37.2 54.70 27.25 58.5 

15+ 39.9 39.8 56.40 29.84 58.1 

16+ 41.7 42.0 58.20 31.82 61.3 

17+ 42.3 43.2 59.70 34.00 62.4 

FIG 2. Comparison of mean of Weight of Boys  in  present Study with Other Studies 
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FIG 3. Comparison of mean of Weight of Girls in present Study with Other Studies  

 
Table 5 & fig 2-3. shows the comparison of body 

weight of boys and girls of present study with other 

studies ie. reference data of NCHS (1987), ICMR 

(2010), CDC (2007-2010) and Mitra et al. (2002). It is 

revealed from the table that present study mean were 

lower than NCHS (1987), and CDC (2007-2010) and 

higher than ICMR (2010) and Mitra et al. (2002).  

TABLE 6. Comparative Analysis of Height of present Study with Other Studies 

Age in Years Present study ICMR 2010 NCHS 1987 M.Mitra 2002 CDC 2007-2010 

Boys 

12+ 147.9 137.4 152.2 132.5 155.5 

13+ 148.0 142.7 159.2 137.1 161.6 

14+ 156.5 148.5 167.1 140.5 169.0 

15+ 158.7 153.8 170.8 144.7 172.8 

16+ 161.0 156.9 174.5 151.8 175.0 

17+ 163.3 159.7 175.5 155.9 176.5 

Girls 

12+ 142.7 137.6 154.6 130.6 156.1 

13+ 147.3 142.7 158.8 133.7 160 

14+ 147.7 146.7 160.9 140.3 161.6 

15+ 150.6 148.5 163.2 145 162.9 

16+ 152.1 150.0 162.2 147.9 162.2 

17+ 153.2 150.6 162.7 150.1 163.1 
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FIG 4. Comparison of mean of Height of Boys of   present Study with Other Studies  

 
FIG 5. Comparison of mean of Height of Girls in  present Study with Other Studies  

Height of the boys and  girls of present study were 

compared with reference data it was revealed that 

means  of present study were lower than NCHS 

(1987), and CDC (2007-2010) and higher than ICMR 

(2010) and Mitra et al. (2002). 

TABLE 7. Period of Occurrence of Adolescent Spurt As Indicated By »Hpv« In Different 

Body Measurements Among the Gond tribe of Chhattisgarh 

 

Measurement 

Boys adolescents spurt Girls adolescents spurt 

Age Group HPV Age Group HPV 

Body weight 13-14 8.6 kg 12-13 3.4 kg 

Height 13-14 8.5 cm 12-13 4.6 cm 

Sitting height 13-14 5.4 cm 12-13 3.6 cm 

Biceps 14-15 0.48 mm 15-16 0.46 mm 

Triceps 12-13 0.75 mm 12-13 2.81 mm 

Sub Scapular 13-14 0.89 mm 12-13 1.34 mm 

Supraspinale 16-17 0.78 mm 12-13 1.51 mm 

Calf 13-14 1.65 mm 12-13 0.80 mm 

HPV – Highest peak velocity 
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DISCUSSION 
 

The present study examined growth and nutritional 

status of children from 12+-17+ years and increase in 

all anthropometric measurements under study was 

observed with increase in age. Weight and height of 

the Gond boys and girls were higher than Kamar boys 

and girls( Mitra et al 2002),14 another primitive tribe 

of central India where as it was lower as compared to 

CDC 2007-2010 & NCHS 1987 data.  

The growth pattern of Gond boys and girls showed 

increasing  trend in almost all the variables, the rate of 

increase showed different pattern for different 

variables. Highest peak velocity corresponding to the 

occurrence of growth spurt was observed between 12+ 

- 15+ years in girls and 12+ - 16+ years in boys. 

Among the boys out of  eight body measurements five 

measurements (Weight, Height, Sitting height, Sub 

Scapular, Calf ) showed  the highest peak velocity 

between 13-14 years indicating an adolescent spurt in 

these measurements. Highest peak velocity was 

observed in the 12+ -13+ for Triceps Skinfold at  14+ 

- 15+  for Biceps Skinfold and at 16+ - 17+ for 

Supraspinale Skinfold. In case of the girls, highest 

peak velocity was observed in seven measurements 

(Weight, Height, Sitting height, Triceps, Sub Scapular, 

Supraspinale, Calf skinfold ) out of eight, between 

12+-13+ years. One measurements (Biceps skinfold)  

indicated highest peak velocity in the 15+-16 + years  

Present study shows that 28.8%  girls were found to be 

normal. Deshmukh et al (2006)15 in their study of 

adolescents in rural Wardha district reported that 44% 

of adolescents girls to be in normal category of 

nutrition status.  Nagamani et al (2015) 16 in another 

study on adolescent Girls in Urban Slums of 

Visakhapatnam City, Andhra Pradesh State reported 

that 35% girls were chronic energy deficient 

(BMI<18.5). 80% of the girls were undernourished in 

a study done by Kalhan et al (2009) 17 on adolescent 

girls of rural Haryana  and 75.5% in a study done by 

Guduri et al (2014) 18 on early adolescents girls (11-

14) attending Government school of Visakhapatnam 

city.  

Present study shows that 47.8% boys were 

underweight. Hunshal et al. (2010)19 in a study on 

subjects of 10 to 13 years in Dharwad district of 

Karnataka state have reported 82.6%  of adolescents 

boys to be underweight. Similarly Prashant & Shaw 

(2009)20 reported 42.6% & 22.9% prevalence of under 

weight in girls as per NCHS & Indian standard 

respectively.  

CONCLUSION 
 

Height, weight, sitting height and skinfold 

measurement (Triceps, Biceps, Sub Scapular, 

Supraspinale, Calf skinfold) of Gond boys & girls 

were similar to ICMR 2010 and lower as compared to 

NCHS 1987 & CDC 2007-2010 standards.  The Gond 

tribe when compared to other tribe Chhattisgarh it was 

found that the height, weight, sitting height and 

skinfold measurement (Triceps, Biceps, Sub Scapular, 

Supraspinale, Calf skinfold) of  boys and girls of Gond 

tribes were higher. It is also concluded that 47.3% of 

boys 72 % girls suffered from different categories of  

malnutrition it was also observed that the malnutrition 

status improved with advancement of age.  
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Skill test battery in Kho-Kho for women 

 
Rinku Tiwari, Reeta Venugopal and Aniksha Varoda 

 
Abstract 

The purpose of the study was to develop test for assessment of skill ability of women Kho-Kho players. 

Kho-Kho playing ability demands speed, agility, coordination, balances and flexibility. The test items 

constructed were administered to 60 female Kho-Kho players, age range between 17 to 25 years. Factor 

analysis was employed to analyze the data. Two factors were identified offensive skill test with five 

items and defensive skill test with three items. The test constructed will help the coaches, trainer and 

teachers for selection, of the players, to monitor performance to predict the performance and for other 

purposes. 

 
Keywords: Kho-Kho, indigenous sports and women players 

 

Introduction 

Skill test is a tool which can be used to assess performance of a player and provides unbiased 

and validated evaluation. Skill test assess a player in variety of positions and situations which 

actually occurs during play. This kind of tests which assess skill outcomes in games and 

sports are used by coaches and researchers, to estimate player’s ability and also for talent 

identification. Sports specific technical skill test is important to differentiate among the 

players of different caliber and also useful in predicting performance [1]. 

Kho-Kho is one of the popular traditional sports in India. The origin of Kho-Kho is difficult 

to trace, but many historians believe, that it is a modified form of 'Run Chase', which in its 

simplest form involves chasing and touching a person [2]. KhoKho is a traditional Indian sport 

that dates back to ancient India and is believed to have been mentioned in the Mahabharata, 

an epic that narrates the war between two sets of royal cousins [3]. 

With its origins in Maharashtra, Kho-Kho in ancient times, was played on 'raths' or chariots, 

in premorden times and was known as Rathera [2, 3]. The present form of the game, played by 

individuals on foot, was invented in 1914 by Pune’s Deccan Gymkhana club12 Kho-Kho is a 

tag game where one team tries to chase and touch the members of the other team while the 

other team tries to avoid being touched [4, 5, 6]. 

Like other indigenous games, Kho-Kho is simple, inexpensive and enjoyable and game of 

high alertness. The game demands high level of physical fitness specifically speed, agility 

and endurance, dodging and feinting along with mental toughness. Kho Kho is widely played 

across South Asia and also has a presence in some regions outside South Asia, such as South 

Africa and England [4]. It is a competitive game and has been demonstrated at the 1936 Berlin 

Olympics and the 1982 Asian Games [5]. It is also a medal sport in the South Asian Games [2] 

The first league of its kind called Ultimate Kho-Kho was launched in India in August 

2021(1) Kho-Kho has been recognized by the International Kho-Kho Federation (IKF) and is 

played at the national and international levels [3, 4]. In India, the Kho-Kho Federation of India 

(KKFI) governs the sport and organizes national championships and selection trials for 

international competitions [5, 6, 7]. 

Assessing sports-specific technical skills plays a vital role in classifying players, selecting 

individuals for teams, and designing effective training programs [7, 8, 9]. The evaluation of 

these skills provides insights into an athlete's unique abilities and their capacity to perform in 

specific positions. Consequently, researchers continuously strive to develop comprehensive 

tests that accurately assess performance across a wide range of sports and games [10, 11, 12]. 

Skill test in Kho-Kho for different age and gender have developed. Test items ewer also 

developed for female players in Kho-Kho and other indigenous sports like Kabaddi [14, 15, 16].  
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Objective of study 

The objective of the study was to develop instrument to 

measure performance in Kho-Kho. 

 

Selection of subject 

For the purpose of the study 60 female Kho-Kho players age 

group from 18 to 25 years were selected.  

 

Selected test item 

For present study of 12 skill test were developed, items were 

as follows- Ball touch Kho, Tapping, Covering, Fast attack 

Kho, Shuttle Run, Reaction Time, Pole Turn, Squat Sit, 

Cone zigzag run, Fast attack run, Ring game, Dozing & 

Running 

In preparing test battery to measure playing ability of Kho-

Kho the principal axis factor (PAF) with a varimax of 

(orthogonal) rotation of 12 items was conducted on data 

obtained. The tests were conducted and data was collected 

on 60 Kho-Kho female players age between 18-25 years. 

The data was analyzed and initial results showed that the 

variables under study co-related with each other which 

indicates that the variables measures similar underlying 

attribute that is playing ability in Kho-Kho, further the 

results showed that the co-relation was neither too high or 

too low, which qualifies the data for factor analysis. 

An examination of Kaiser-Meyer-Olkin measure of 

sampling adequacy on selected skill item suggested that the 

sample was factorable (KMO=.654). In the next stage of 

factor analysis test one explains 37.61% of total variance. 

 
Table 1: Communalities before and after extraction 

 

Variables Initial Values Extraction Values 

`Cone Zig-Zag Run 1 .367 

Pole Turn 1 .583 

Ball Touch Kho 1 .692 

Tapping 1 .518 

Squat Sit 1 .312* 

Shuttle Run 1 .236* 

Doze Run 1 .573 

Reaction Time 1 .132* 

Covering 1 .546 

Fast Attack Kho 1 .528 

Ring Game 1 .152* 

Fast Attack Run 1 .555 

*standard value taken .35 factor loading level (Stevense field, 

2000) 

 

The communalities before and after extraction is shown in 

table 1. 4 Principal component analysis in based on initial 

assumption that all variance is common hence before 

extraction communalities are one for all. The extraction 

value shows that 37.617% variance is common or shared, 

the values in extraction can be explained in terms of 

proportion of variance by underlying factors. 

Table:2 explains that two factors have been extracted. The 

rotated components matrix gives same information as 

component matrix. When loading less than 0.35 were 

excluded the analysis yielded two-factor solution with a 

simple structure (factor loading =>.35). 

Two factors with Eigen values greater than one have been 

extracted (3.009) here factor one explains 37.617% 

variance, whereas factor two explains 20.224% (1.069) 

variance, after rotation we can observe the eigenvalues are 

presented in the table. Rotation has the effect of optimizing 

the factor structure and relative importance of the two 

factors is equalized, after extraction it accounts for 32.58% 

(2.607) and 25.054% (2.004). 

 
Table 2: Principal axis factor (PAF) with a varimax of 

(orthogonal) rotation matrix of 12 items 
 

Variables Factor 1 Factor 2 

Cone Zig-Zag Run  .367 

Pole Turn .583  

Ball Touch Kho  .692 

Tapping .518  

Squat Sit .312  

Shuttle Run .236  

Doze Run  .573 

Reaction Time .132  

Covering .546  

Fast Attack Kho .528  

Ring Game .152  

Fast Attack Run .555  

Eigenvalues 3.009 1.602 

Percentage of total variance 32.588 25.054 

Number of test measures 05 03 

 

The two-factor skill test 

Five Test items loaded into factor 1 It is clear from table 1 

that these 5 tests all related to attacking skill of the players 

where the player’s ability to give Kho, touch the defensive 

player, attack the player by covering the allowed area, 

ability to attack with high speed and to use the pole 

effectively to turn and touch the defensive player (Items 

Ball touch kho, Tapping, Covering, Fast attack kho, Pole 

turn respectively). This factor was labeled as Offensive Skill 

Test. 

 

Three test items 

(Cone zigzag Run, Fast attack Run, and Dozing & Running) 

load on to second factor related to the ability of players to 

stay in field for longer duration and running away from the 

chasers during the game, the ability to change the running 

path with in the field, speed and ability to give dodge to 

chaser and run. This factor was labeled as Defensive Skill 

Test. 

 
Table 3: Two factor classification of tests. 

 

Offensive Skill Test  Defensive Skill Test.  

Pole Turn .583 Cone Zig-Zag Run .367 

Tapping .518 Ball Touch Kho .692 

Covering .546 Doze Run .573 

Fast Attack Kho .528   

Fast Attack Run .555   

Eigenvalues 3.009  1.602 

Percentage of total variance 32.588  25.054 

Number of test measures 05  03 

 

Skill Test: The detailed description the tests are given 

below 

A: Offensive Skill Tests 

 

Ball touch Kho 

Objective of the test is to measure, ability to give correct 

Kho with speed.  

Tools: Stop watch, measuring tap, Lime, whistle, 8 balls, 

marked Kho-Kho court. 

 

Administration Process: 8 balls are placed in each square 

box of all the blocks. On command the player start running 
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from starting point at pole, the player touches the first ball 

and calls Kho loudly. When the player touches the ball it 

moves from its place and the player sits in the place of the 

ball, player repeat the action with with all the next seven 

balls. A particular player is given 2 trials. 

 

Score: Best time in seconds out of two trials. 

 

 
 

Fig 1: Ball Touch Kho: Measurements 

 

Tapping 

Objective: Objective of the test is to measure capacity to 

deaccelerate with coordination, body balances, flexibility 

and reaction time.  

Tools: Stop watch, measuring tap, Lime, whistle, 4 cone. 

Ground: Kho-Kho court, 23.50 meter& 4meter, pole to first 

block 2.50 meter, 2nd block to 7th block 2.30 meter, and 8th 

to 2nd pole 2.50 meter distance, and square box 3*3 c.m.  

 

Administration Process 

4 cone are placed in between first &eight sitting blocks 

alternatively, from the starting point at pole. On command 

go the player starts running from one side of the starting 

line, he has to touch all the four cone one by one during the 

running, while checking the speed, controlling the body and 

lunging forward with maximum flexibility after reaching the 

pole the players turns back from opposite side and repeats 

the same and complete the test. Two trials are given.  

Score: Time in second of best out of two trial is the score. 

 

 
 

Fig 2: Drawing Showing Ground Position 

 

Covering: Covering Skill Test  

Objective: Objective of the test ability of player to attack 

when the defender is trying dodge with out changing 

direction. 

Tools: Stop watch, measuring tap, Lime, whistle. 

 

Administration Process: For the test the player who is 

tested sits in block three, other player assist by sitting in 

block five, the player assist by touching the first player and 

pounces Kho. On listening Kho first player move three steps 

forward (assuming chaser is 3 meter at right side) and move 

speedily right side to sit in box no 5. Two trials are given, 

best is recorded. 

Measurement: Time in seconds taken to complete the 

work. 

 
 

Fig 3: Drawing Showing Ground Position 

 

Fast attack Kho 

Objective: Objective of the test to measure ability of player 

to attack with speed. To measure the immediate given Kho 

with speed in game condition.  

Tools: Stop watch, measuring tap, Lime, whistle, ect. 

Administration Process: On command the player starts 

sprinting from starting line at pole, the player runs with 

maximum speed and sit in 3rdboxand again, from sitting 

position again sprints and sit in box no 6, then sprints to 

pole 2 and repeat the same and finishes at the end point. 

Two trials are given and best is recorded. 

 

Measurement: Time in second taken to complete the work. 

 

 
 

Fig 4: Drawing Showing Ground Position 

 

Pole Turn 

Objective: Objective of the test is to test the ability to use 

the pole effectively to attack.  

Tools: Stop watch, measuring tap, Lime, whistle. 

Administration Process: A player standing in pole runs 

and gives Kho to the player sitting on box the sitting player 

after getting the call Kho runs fast to reach the pole no 1 and 

hold the pole and turs the body to attack the defender time is 

noted for the whole action, that is running from the sitting 

position to turning the body around the pole. Two trials are 

given and best time is recorded. 

 

Measurement: Time in seconds taken to complete the 

work. 

 

 
 

Fig 5: Drawing Showing Ground Position 

 

B: Defensive Skill Tests 

1) Cone zigzag run: Cone Zig-Zag Running (Single Chain) 

https://www.allresearchjournal.com/
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Objective: Objective of the test is measure agility, 

coordination, alertness and reaction ability, during defensive 

play.  

Tools: Stop watch, measuring tap, Lime, whistle, 8 cone 

and marked standard Kho-Kho court. 

Administration Process: Eight cones are placed in all the 

sitting box. On command go player starts running from the 

left side from starting point in the center crosses the cone 

then runs from right side and reaches to cone two same 

pattern is repeated in all the cones, and the player return to 

starting point in the same manner. Two trials are given and 

best is recorded. 

 

Measurement: Time in second taken to complete the work. 

 

 
 

Fig 6: Drawing Showing Ground Position 

 

2) Fast attack run 

Objective: Objective of the test is measure ability 

controlled sprint which is important for offence as well as 

defense.  

Tools: Stop watch, measuring tap, Lime, whistle 

Administration Process: Player starts sprinting on 

command go from starting point at pole one, after reaching 

second pole holds the pole and take turn at pole and sprints 

back to pole one to complete the test. Two trials are given 

and best is recorded. 

Measurement: Time in second taken to complete the work. 

 

 
 

Fig 7: Drawing Showing Ground Position 

 

3) Dozing& Running: skill Test:  

Objective: Objective of the test were develop to Dozing 

Running skill test. A player how much control over running 

speed, with proper coordination of body balances with 

flexibility and effectively react with game condition.  

Tools: Stop watch, measuring tap, Lime, whistle, 5 cone ect. 

Ground: The ground measurements are 30 feet in length & 

12 feet in width. At the center point (A)of the 12 feet line, 5 

cones are placed at six feet distance each covering thirty feet 

in length. 

Administration Process: On command go player starts side 

running from point A to B (6 feet) then turns face and again 

move side running to point C (30 feet) changes face 

complete side running to point A, then does zigzag running 

across the cones (5 cones at 6 feet distance total (30 feet) 

comes back to point A repeats the same other side (A to D 

and D to E finishes the test E to Aside running) and finishes 

the test at point A. Two trials are given and best is recorded. 

 

Score: Time in seconds taken to complete the work. 

 
 

Fig 8: Drawing Showing Ground Position 

 

Conclusion 

 
Offensive Skill Test Defensive Skill Test. 

Pole Turn Cone Zig-Zag Run 

Tapping Ball Touch Kho 

Covering Doze Run 

Fast Attack Kho  

Fast Attack Run  

 

In conclusion, the assessment of sports-specific technical 

skills is a critical element in player classification, selection, 

and training program planning. The development of robust 

assessment tests in Kho-Kho which includes five offensive 

and three defensive skill tests will empower decision-

makers to identify talented players, optimize team 

composition, and design targeted training regimes. By 

incorporating skill assessments into sports management 

practices, organizations can improve player development 

and ultimately achieve higher levels of success. The test 

battery developed and validated, can be used for the 

evaluation of players. 
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ABSTRACT 

Adolescence is a transitional phase from childhood to adulthood. It is a period of 

development as the gain of anthropometric measurements is increased over this period. India 

is a country with different tribal groups and Bastar district is a tribal belt of Chhattisgarh state 

in India. The nutritional status is a major concern among adolescent girls, which affects 

growth and development and forms basis of adulthood, dietary supplements can play an 

important role to address the concerns. The study aimed to explore the effect of soy 

supplement on the anthropometric measurement of tribal girls.  A total of 120 female players 

aged 12 to 18 years from a residential school where the female players take part in sports 

training as well as attend the school Khel Parisar Kanker (KPK) from the tribal area and 

female players of Sports Authority of India (SAI) of urban area were selected for the study.  

Female players of KPK and SAI were divided into Experimental Group (EG) (N=30) and 

Control Group (CG) (N=30). Soy Supplement in form of Soy Ladoo was provided to the 

experimental group from August’2018 to March’2019. Before and after experimental design 

with control groups was used in the study. Height, Weight, Mid Upper Arm Circumference 

(MUAC), Waist Girth (WG) were measured and BMI was calculated. ANCOVA and trend 

analysis were used to analyse the data. It was found that Anthropometric measurements 

(MUAC, WG and BMI)increased significantly in EG than CG in KPK and SAI female 

players. An upward trend was observed and can be concluded that soy supplement was 

effective in improving anthropometric measurements.  

Keywords: Soy supplement, adolescent girls, anthropometric measurement, Khel Parisar 

Kanker (KPK), Sports Authority of India (SAI) 

 

INTRODUCTION 

A balanced diet is an essential element in the life of one and all,  it needs special attention 

during the adolescent period as it is the period of the growth spurt and developmental stage 

where physical, physiological and mental changes take place, which requires that each cell of 

the body is well nourished to work optimally when these adolescents take part in sports the 

nutritional requirement needs much more attention asper increased demand of the physical 

activity for optimal performance.   
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 The “dietary supplement” means a product (other than tobacco) intended to supplement the 

diet that contains one or more dietary ingredients, including a vitamin, minerals, a herb or 

other botanical substance, an amino acid, a dietary substance, for use by man to supplement 

the diet by increasing the total dietary intake, or a concentrate, metabolite, constituent, extract 

or combination of any of aforementioned ingredients.
1
A dietary supplement is also known as 

a food supplement or nutritional supplement, is a preparation to provide nutrients when it is 

lacking in the diet.
2 

Soy supplement is a preparation of soybean has global importance and economic value. It has 

an excellent source of high quality of all 8 essential amino acid such as cysteine, tryptophan, 

leucine, isoleucine, lysine, valine, histidine, phenylalanine. It has soluble carbohydrates, 

dietary fibres, Omega 3 and Omega 6 fats. It also contains minerals such as calcium, iron, 

copper, zinc, magnesium, phosphorus, potassium and flavonoids which are important for 

growth and to build lean body mass.
3
 

Adolescence is an intermediate phase between childhood and adulthood. According to WHO 

the age ranges from 10 to 19 years. It is a period of rapid growth and demand higher nutrition 

because up to 50% of the height and skeletal mass is gained during this period. 

Anthropometric measurements are used commonly to assess nutritional status. It displays 

health, nutritional status and anticipates performance. It also reflects the growth pattern of 

individuals. 

 In India adolescent girls aged11 to 18 years are about 16.75%of the total female population.
4
 

Their nutritional status is low and nutritional anaemia is a major health problem, The 

National Family Health Survey 3 (NFHS 3) data suggests that 56% of girls of 15 to 19 years 

were anaemic.
5
 

Chhattisgarh was established on 1st November 2000 by splitting ten Chhattisgarhi and six 

Gondi districts of Madhya Pradesh. Bastar district is a tribal belt of Chhattisgarh. The major 

tribes are Gond, Batra, Muria, Abujmaria, Bison, Hornmaria, Halba, Dhurva.
6
 Almost 70% of 

the population are tribals. They are an important part of the state population and lives mainly 

in the dense forest of Bastar. They depend upon primitive agriculture practices and often face 

problems like scarcity of food, poverty, health problems and improper education facilities.  

The plethora of studies revealed that anthropometric measurements were significantly lower 

among adolescent girls. Kapoor and Aneja reported that 35.5% of adolescent girls aged 11 to 

18yrs of Delhi are undernourished.
7
Adolescent girls were found to be 3 to 10cm shorter and 3 

to 15 Kg lighter than their U.S. counterparts.
8
 A study in nine states of India reported that 

about 42% of adolescent tribal girls were undernourished.
9
 In another study, 58.44% stunting 

and 72.71% wasting was found in tribal girls.
10

Sharma et al. (2013) report that 42.6 % of girls 

were undernourished.
11

Venugopal et al (2016) state that weight and height, when compared 

with NCHS 1987, CDC 20-07-2010, ICMR 2010 growth reference and all the anthropometric 

measurements, were significantly lower among adolescent girls of Chhattisgarh.
12

Various 

other studies also revealed that the prevalence of lower nutritional status is common in 

adolescent girls in Chhattisgarh (C.G.).  Kurrey et al. reported underweight 32.5%, stunting 

22% and thinness 24% among Bihor tribal children.
13

A Study has reported 57.1% of children 

to be thin in the sample.
14

 Low BMI was reported in Gond tribes of C.G.
15

 Lower weight and 

height were reported in Kamar children in almost all ages.
16 
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Insufficient protein intake has been shown to have a negative association with growth 

indicators and performance of players. Proper nutrition is very crucial for adolescent players, 

to address the body composition as well as to meet the demand for training and competition 

load. The players in the tribal area working hard to excel in sports, hence this issue of energy 

requirement and specifically protein intake were taken into cognizance.  

Aim of the study: 

 To investigate the effect of SS on anthropometric indicators, selected under study. 

MATERIAL AND METHODS: 

Selection of Subjects:                                                                                                                               

A total of 120 players from Khel Parisar Kanker (KPK) and SAI were selected for the study. 

Participants of both groups were divided into the Experimental group (N=30) EG and Control 

group (N=30) CG. Soy ladoos prepared from processed soy flour, besan (Bengal gram flour), 

sugar, almond, cashewnut and ghee were consumed by the experimental group. They 

consume 50 grams per day which have 10.3gram protein. CG did not consume Soy ladoo. 

The experimental protocol was approved by the ethical committee (246/IEC/PRSU/2018). 

All the subjects were trained according to their sports for 4 hours along with their academic 

engagements. Before testing the written consent form was taken regarding the willingness of 

participation in the study. 

Selection of variables:  

Mid upper arm circumference (MUAC), Waist girth (WG) and Body mass index (BMI) are 

used to identify the status of muscle development, the proportion of abdominal fat and body 

composition. Height, Weight, MUAC, Waist Girth (WG)was measured with standard 

techniques and BMI was calculated. 

Experimental design: 

Experimental design before and after with control group was used. The variables were 

measured in the beginning and after every three months for the experimental group and 

control group till 9 months after the supplementation. Data collected was analysed through 

SPSS package 25 version. 

RESULTS: 

Table 1. Descriptive statistics of the effect of soy supplement on MUAC, WG and BMI between KPK and  

SAI girls. 

 KPK GIRLS              N=30 SAI GIRLS               N=30 

MUAC MEASURES PRE-TEST POST-TEST PRE-TEST POST-TEST 

EXPERIMENTAL 

GROUP 

MEAN 7.87±10 8.98+-.14 8.59+-.17 9.95+-.21 

SD .59 .77 .93 1.18 

CONTROL 

GROUP 

MEAN 9.01+-17 8.85+-.19 10.07+-.21 9.33+-.17 

SD .95 1.04 1.17 .95 

      

WG 

EXPERIMENTAL 

GROUP 

MEAN 23.74+-.32 26.91+-.33 26.36+-.38 28.11+-.40 

SD 1.76 1.83 2.12 2.20 

CONTROL 

GROUP 

MEAN 27.30+-.40 26.38+-.47 29.17+-.38 28.06+-.52 

SD 2.21 2.57 2.09 2.87 

BMI 

EXPERIMENTAL 

GROUP 

MEAN 18.48+-.31 0+-.27 20.40+-.50 20.79+-.37 

SD 1.72 1.48 2.74 2.03 
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CONTROL 

GROUP 

MEAN 18.70+-37 18.18+-.40 20.78+-.46 20.23+-.37 

SD 2.06 2.20 2.52 2.07 

 

Table 1 shows the mean course of MUAC, WG, BMI before and after the soy supplement. 

Mean score gain in the experimental group of KPK girls and SAI girls in MUAC is 1.11 

inches and 1.36 inches, in WG is 3.17 inches and 1.75 inches and in BMI is 1.32 to and 0.39 

respectively whereas control groups of KPK and SAI did not show any change in any of the 

variable selected. 

Table 2. Analysis of covariance and comparison of adjusted post-test means of soy supplement on MUAC, 

 WG and BMI between EG and CG of KPK and SAI girls. 

Table 2reported a significant difference in adjusted post-test mean scores of MUAC between 

EG and CG (F (3,115) = 15.09, p <0.00). Lower effect (.283) after soy supplement was seen 

when compared with Cohen’s guidelines of effect size (0.2- small effect 0.5- moderate effect, 

0.8-large effect). The partial eta squared value of .283 justifies 28.3% effect of soy 

supplement (Independent variable) on MUAC (Dependent variable) in EG. 

The significant difference in the adjusted mean score of WG was also reported between EG 

and CG (F (3,115) = 11.10, p<0.00). Small effect (.225) after the soy supplementation was 

seen when compared with Cohen's guidelines of effect size. The partial eta squared justifies 

22.5% effect of soy supplement on WG in EG. 

         Similarly, the significant difference in adjusted post-test mean score of BMI between 

EG and CG (F (3,115) = 11.51, P< 0.00). Small effect (0.231) after the soy supplementation 

was seen when compared with Cohen's guidelines of effect size. The partial etas squared 

justifies 23.1% effect of soy supplement on BMI in EG. 

Table 3. Trend analysis of the effect of soy supplement on MUAC, WG and BMI of KPK and SAI girls.   

MUAC SUM OF 

SQUARES 

DF MEAN 

SQUARE 

F SIG PARTIAL ETA 

SQUARED 

Contrast 33.208 3 11.069 15.09 .000 0.283 

Error 84.335 115 0.733 - - - 

WG       

Contrast 127.127 3 42.376 11.10 .000 0.225 

Error 438.827 115 3.816  - - 

BMI       

Contrast 57.740 3 19.247 11.51 .000 0.231 

Error 192.203 115 1.371  - - 

Measures Source of  

Variation 

Type III sum of 

squares 

Df Mean 

Square 

F – ratio Sig. 

MUAC Intercept 38952.033 1 38952.033 14663.240 .000 

 Group 100.185 3 33.395 12.571 .000 

 Error 308.174 116 2.656   

WG Intercept 345210.951 1 345210.951 24480.473 .000 

 Group 761.065 3 253.688 17.990 .000 

 Error 1635.772 116 14.101   

BMI Intercept 185369.123 1 185369.123 11984.725 .000 

 Group 367.275 3 122.425 7.915 .000 

 Error 1794.185 116 15.467   
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Table 3 reported statistically significant improvement in trend on MUAC after Soy 

Supplement (F (1,116) = 14663.24, p<.000) at 1% level of significance. It also shows the 

statistically significant difference in comparing the trend of MUAC between KPK and SAI 

girls (F (3,116) = 12.57, p<.000) at 1% level of significance. 

Similar improvement in trend on WG was seen (F (1,116) = 2448 0.47, p<.000) at 1% level 

of significance after soy supplement. It also shows the statistically significant difference in 

comparing the trend of WG between KPK and SAI girls (F (3,116) = 12.57, p<.000) at 1% 

level of significance. 

 Likewise, improvement in trend on BMI was seen (F (1,116) = 11984.72, P<.000) at 1% 

level of significance after soy supplement. The trend on BMI between KPK and SAI girls (F 

(3,116)= 7.91 P<.000) at 1% level of significance shows a statistically significant difference. 

Table 4.Trendanalysisofthe effect of soy supplement on MUAC, WG AND BMI among 

KPK and SAI girls. 

Source Factor 1 Type III 

sum of 

squares 

Df Mean 

Square 

F-ratio Sig. 

MUAC Linear 13.054 1 13.054 27.87 .000 

 Factor*Group 

Linear 

46.723 3 15.574 33.256 .000 

 Error(factor1) 54.324 116 0.468   

WG Linear 40.119 1 40.119 17.69 .000 

 Factor*Group 

Linear 

196.439 3 65.480 28.872 .000 

 Error(factor1) 263.079 116 2.268   

BMI Linear 1.034 1 1.034 0.793 .375 

 Factor*Group 

Linear 

36.832 3 12.277 9.417 .000 

 Error(factor1) 151.242 116 1.304   

 

   Table 4 supports Linear trend F (1,116) =27.87,p< .000, between independent variable (soy 

supplement) and dependent variable (MUAC) for EG. It also showed a statistically 

significant difference in linear trend F (3,116) =33.25, p< .000, between KPK and SAI female 

players. 

      Similarly, the table supports the linear trend F (1,116) =17.69, p<.000, between the 

independent variable ( soy supplement)and dependent variable (WG) for EG. It also showed a 

statistically significant difference in linear trend F (3,116) = 28.87 p< .000 between both the 

groups.  

In case of the linear trend F (1,116) = .793, p< 0.05, did not support between the independent 

variable (soy supplement) and dependent variable (BMI) for EG whereas it showed a 

statistically significant difference in the linear trend F (3,116) = 9.41, p< .000 on BMI 

between the KPK and SAI players.  

DISCUSSION: 

Anthropometric measurements are important indicators of growth and optimal growth can 

contribute to better performance. MUCA, WG and 8 BMI showed significant improvement in 

EG of KPK and SAI female players which can be considered as a factor for performance 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12, Iss 01, 2023 

 

3220 

 

improvement. A large number of studies indicates that players need to ingest protein two 

times of RDA (1.5 to 2.0 kg/d) to maintain protein balance.
17,18,19,20

 An overview that soy 

being a dense source of protein with all essential amino acid helps to attain protein 

requirements before, during and after exercise.
21

Studies have shown that soy protein 

contributes to optimising muscle performance during and after exercise
22

 and promotes lean 

body mass gain.
23,24,25,26

Munson States 20 to 25 gram of protein every 3 hours is needed to 

maintain muscle protein synthesis.
27

Low protein consumption (0.86kg 
-1

day
-1

) by strength-

trained athletes results in reduced protein synthesis compared with medium and high 1.4g kg
-

1
 day

-1
 and 2.4g.kg

-1
 day

-1
 protein diets respectively.

28
 Soy has antioxidant properties and 

similar digestibility and absorption properties like animal protein, so it is good for vegans. 

Thus, soy supplement is implemented to the sportsperson. 

CONCLUSIONS AND RECOMMENDATIONS:  

MUAC, WG and BMI are the important anthropometric indicators and significant 

improvement have been observed in these indicators after nine months of soy 

supplementation in the diet of the experimental groups. Soy supplement can be included in 

the diet of adolescent female players to improve body composition, which may in turn be 

helpful in better performance. 
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Abstract- Objective - To assess the growth and 

nutritional status of the Gond children.  

Methods - A cross sectional study of the physical growth 

was conducted on 409 Gond children (194 boys and 215 

girls), aged 12 to 17 years, in the Bastar district of 

Chhattisgarh. The study aimed to find out the growth 

pattern of the Gond children, which is considered to be a 

primitive tribe of Chhattisgarh, India and was compared 

with other Indian tribe and the official data of 

NCHS1987, CDC 2007-2010 & all India (ICMR 2010). 

Anthropometric measurements included height, weight, 

sitting height, and measurements of the biceps, triceps 

and subscapula, supraspinale and calf skinfolds.  

Results - All anthropometric measurements except 

skinfold thickenness exhibited uniform increase with age 

in both sexes. Gond boys showed higher anthropometric 

values than girls in height, weight and sitting height 

whereas in all the skinfolds measurements mean values 

of girls were higher as compared to boys. The Gond 

children showed lower mean values as compared to 

NCHS &CDC 2007-2010 where as height & weight were 

at par with ICMR 2010 and higher than Kamar tribe. 

Around 47% boys & 72% girls reported to be in various 

category of malnutrition. 

Conclusion - Poor socio-economic status of this primitive 

tribe may be one of the reasons for this poor nutritional 

status & growth pattern as compared to NCHS 1987. 

However, further study can be conducted to get more 

insight 

 

Key Words – Growth Status and Nutritional Status, 

Gond Tribe.  

INTRODUCTION 

 

The nutritional status of growing children in a 

population indirectly determines the standard of 

living. Nutritional inadequacy slows down the growth 

of children and which is observable response. 

Therefore, determination of nutritional status may 

prove to be a powerful tool to identify the health status 

of any population. 

Tribal populations are isolated from general 

population with their own physical, socioeconomic 

and cultural environment. They are the most backward 

section of the society, due to various factors like 

ignorance, poverty, lack of development in the 

inaccessible areas, illiteracy and exploitation. Several 

studies have documented a close relationship between 

tribal ecosystem and their health and nutritional 

status.1 The habitat of the tribe has conferred certain 

advantages. The dietary habits and other related modes 

of life contributed to their better nutritional and health 

status in some tribal groups, while in other groups 

these practices are not conducive to good health. 2 

Many studies based on published data have indicated 

patterns of anthropometric variation along ethnic, 

geographic, latitude, longitude and altitude, nutrition 

and several confounding variables.3 This work is an 

attempt to study the growth status through 

anthropometric measurement of Gond, children a 

primitive tribe of Bastar district, Chhattisgarh state 

and to compare their growth & nutritional status with 

other studies. 

The Gonds are one of the most famous and important 

tribes in India, known for their unique customs and 

traditions. They are mainly a nomadic tribe and call 

themselves as Koytoria. The term 'Gond' is derived 

from the Telugu word 'Konda' which means hill. Gond 

Tribes are primarily found in Madhya Pradesh, 

Chhattisgarh, eastern Maharashtra, northern Andhra 

Pradesh and Western Orissa. With a population of over 
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4 millions, Gonds also form the largest tribal group in 

central India4, which is around 55% within the tribal 

population.5 In Chhattisgarh Gond population are 

found in Bastar, Dantewada, Kanker, Suurguja and 

Raipur districts.  The total population of Gond is 

42,98,404 consisting of 21,20,974 males and 

21,77,430 females (Census of India 2011).6 The staple 

food of Gonds tribes in Bastar district are Kodo or 

Kutki (millet), they are usually meat consumers. 

MATERIAL AND METHODS 

 

The present study was based on cross-sectional 

samples of 409 apparently healthy Gond children (194 

boys and 215 girls), aged 12+ to 17+ years. The 

subjects were selected from various tribal schools of 

Bastar district, Chhattisgarh. Anthropometric 

measurements such as body weight, height, sitting 

height, biceps, triceps, subscapular and calf thickness 

were the variable measured, according to the standard 

technique (Weiner and Lourie 1981 and Singh and 

Bhasin 1987).7,8 Standing and sitting height were 

measured to the nearest cms. using a wall-mounted 

stadiometer (manufactured by Harpenden). Weight 

was measured with a physician’s beam balance scale 

to the nearest 0.5 kg. A skin fold caliper was used to 

measure the skinfold thickness to the nearest mm.  

Height and weight are basic measurement to under 

stand the growth pattern and the nutritional status, 

separately as well through BMI (WHO 2004).9 

Skinfold thickness are indirect but authentic method of 

assessment of body fat percentage in body.  

Data on Anthropometric measurements were analyzed 

using descriptive statistics. Weight and height of the 

present data were compared with NCHS (1987)10, 

ICMR (2010)11,12, CDC (2007-2010)13 and Mitra et 

al.(2002).14 Analysis was done by using Windows 

Microsoft Excel and SPSS. 

 

RESULT 

 

TABLE 1. Descriptive Statistics of Weight, Height and Sitting Height of Gond Boys and Girls. 

 

Table 1 Steady increment in mean weight was 

observed in the present study from 12+ to 17+ years of 

age. In case of girls minimum weight was 32.6 kg in 

12+ year & maximum 42.3 at the age of 17+ years, 

difference of 9.7 kg was observed between 12+ to 17+ 

years. Mean weight of boys at 12+ was recorded to be 

36.1 kg where as at 17+ year the weight was 52.3 kg 

weight gain of 16.2 kg was recorded in boys from 12+ 

to 17+ years. Higher weight was noted in boys as 

compared to girls in all the age.  

Mean height of 12+ year girls was 137.6 cm which 

increased gradually and  was 150.6 cm at the 17+ year, 

increase of total 13 cm was recorded. Growth spurt 

was noted between 12+ to 13+ years (5.14 cm). In 

boys the increase of height from 12+ (147.9 cm) to 17+ 

(163.3 cm) was 15.4 cm.  

Mean value for sitting height were 53 cm (12+) & 60.7 

(17+) for girls &57.9 (12+) & 64.8 (17+) for boys. 

Total increment of 7.7 & 7.6 cm from 12+ to 17+ years 

were observed for girls & boys respectively.   

 

Girls 

Age group N Weight(kg) Height (cm) Sitting height (cm) 

  Mean SD Mean SD Mean SD 

12+ 28 32.6 5.91 137.6 7.7 53.0 4.90 

13+ 39 36.0 5.59 142.7 4.9 56.6 2.71 

14+ 37 37.0 5.72 146.7 5.6 55.7 3.70 

15+ 40 39.9 4.22 148.5 5.8 58.3 3.23 

16+ 35 41.7 4.43 150.0 4.8 58.7 3.16 

17+ 36 42.3 3.57 150.6 5.0 60.7 2.69 

Boys 

12+ 30 36.1 7.56 147.9 9.3 57.9 9.08 

13+ 35 38.0 7.69 148.0 8.4 58.1 7.50 

14+ 30 46.6 6.01 156.5 6.7 63.5 4.49 

15+ 35 47.7 5.24 158.7 6.7 65.5 1.00 

16+ 31 51.7 4.65 161.0 6.2 64.9 6.16 

17+ 33 52.3 5.98 163.3 5.3 64.8 4.00 
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TABLE 2. Descriptive Statistics of Skin fold measurement of Gond Boys and Girls. 

Girls  

Age 

group 

N Biceps Triceps Sub scapular Suprailac Calf 

  Mean SD Mean SD Mean SD Mean SD Mean SD 

12+ 28 4.99 2.19 6.46 2.50 6.87 2.39 5.62 2.39 12.1 3.64 

13+ 39 4.72 2.05 9.27 3.24 8.21 2.37 7.13 2.75 12.9 3.39 

14+ 37 5.24 2.28 8.20 2.79 8.03 2.14 7.16 2.47 13.3 3.97 

15+ 40 5.11 2.33 8.70 1.98 8.42 1.68 8.05 2.59 12.9 3.39 

16+ 35 4.65 1.74 10.0 3.50 8.66 2.95 7.56 2.65 13.6 3.69 

17+ 36 4.25 1.72 9.36 2.82 8.67 2.69 8.00 2.64 13.4 4.78 

Boys 

12+ 30 2.63 .41 4.52 .96 5.03 1.31 3.60 1.53 8.45 2.52 

13+ 35 2.88 .81 5.27 1.91 5.10 1.39 3.75 1.76 8.45 2.06 

14+ 30 3.16 1.54 5.84 1.55 5.99 1.38 4.35 1.41 10.1 3.00 

15+ 35 2.68 .55 5.52 1.56 5.99 1.19 4.16 1.28 8.54 2.40 

16+ 31 2.83 .42 5.71 1.49 6.51 1.56 4.18 1.10 7.64 1.85 

17+ 33 3.04 .99 5.73 1.21 7.02 1.38 4.96 2.42 7.65 2.76 

Descriptive statistics of skinfold measurement are 

presented in table 2 all the skin fold measurement 

showed increment from 12+-17+ years. Mean values 

of all the skin fold measurement were higher in girls 

as compared to boys through out 12+ to 17+ years, 

highs SD value in measurements show greater inter 

individual variability. Maximum increment observed 

in biceps triceps, Sub scapular, Suprailiac & Calf 

skinfold for boys   were recorded 3.54 mm, 1.8 mm, 

2.74 mm & 4.5 mm respectively , whereas  in girls 

increment recorded to be 16 mm, 1.32 mm, 1.99 mm, 

1.36 mm & 1.6 mm respectively from 12+ to 17 +yrs.    

 

TABLE 3. Test of significance of various anthropometric measurement between the Gond tribe boys and girls 

Age 

Group 

Weight Height  BMI 

 

Sitting 

height 

Biceps  Triceps  Sub 

scapular  

Suprailac  Calf  

12+ 1.96 2.30* 7.20** 2.52* 5.79** 3.93** 3.65** 3.85** 4.46** 

13+ 1.23 4.44** 1.30 1.12 4.95** 6.37** 6.77** 6.19** 6.10** 

14+ 6.62** 5.84** 3.97** 7.73** 4.25** 4.13** 4.50** 5.53** 3.59** 

15+ 7.10** 5.60** 3.54** 4.30** 6.02** 7.63** 7.11** 8.02** 6.40** 

16+ 8.95** 6.42** 4.43** 5.27** 5.65** 6.42** 3.62** 6.60** 8.19** 

17+ 8.52** 8.16** 3.96** 5.02** 3.51** 6.80** 3.14** 4.97** 6.11** 

SD – Standard Deviation,  

*Significant at 5% and ** Significant at 1% level  

Comparison of mean weight, height, sitting height & 

skin fold measurements between Gond boys & girls 

are shown in table 3. Statistically significant 

difference was observed in height between Gond boys 

& girls, boys being tall than girls at all age group 

(P<0.01). In case of weight higher mean values are 

seen in the boys in all the age group and statistically 

significant difference was observed in 14+,15+, 16+ & 

17+ years of age (P<.01). In sitting height statistically 

significant difference was observed at all age group 

between boys & girls (P<0.01) except age group 13+. 

Mean values of biceps, triceps, sub scapular, supraillae 

& calf skinfold measurements were higher in girls in 

all the age group, statistically significant difference 

was noted at (P<.01). 

 

TABLE 4. Distribution of Body Mass Index value of Gond boys and girls (According to WHO 2004 Standard) 

Boys  Girls 

Normal 
Range 

(18.50-

24.99) 

Mild 
Thinness 
(17.00-
18.49) 

Moderate 
Thinness 

(16.00-

16.99) 

Severe 
Thinness 

<16.00 

Age in 
Years 

Normal Range 
(18.50-24.99) 

Mild Thinness 
(17.00-18.49) 

Moderate 
Thinness 

(16.00-16.99) 

Severe 
Thinness 

<16.00 

4 (13.3) 7 (23.3) 2 (6.6) 17 (56.6) 12+ 4(14.2) 2(7.1) 3(10.7) 19 (67.8) 
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7 (20) 11 (31.4) 9 (25.7) 8 (22.8) 13+ 6(15.3) 10 (26.4) 5 (12.8) 18(46.1) 

19 (63.3) 6 (20) 4 (13.3) 1 (3.3) 14+ 12 (32.4) 5 (13.5) 8(21.6) 12(32.4) 

22 (62.8) 9 (25.7) 3 (8.5) 1 (2.8) 15+ 11(27.5) 13(32.5) 10(25) 6(15) 

26 (83.8) 4 (12.9) 1 (3.2) 0 16+ 15(42.8) 9(25.7) 6(17.1) 5(14.2) 

24 (72.7) 9 (27.2) 0 0 17+ 12(33.3) 15(41.6) 6(16.6) 3(8.3) 

102 (52.5) 46 (23.7) 19 (9.7) 27 (13.9) Total 60(28.0) 54(25.1) 38 (17.6) 63 (29.3) 

 

 

 

Table 4 & fig 1. shows the BMI according to WHO 

2004 standard of malnutrition. BMI reveals that 52.5 

%  boys and 28.0% girls are classified under the 

normal category. 23.7 % boys and 25.1% girls suffered 

mild thinness 9.7% boys and 17.6 % girls suffered 

from moderate thinness and 13.9% boys and 29.3% 

girls suffered with severe thinness category of 

malnutrition. Distribution of girls & boys in various 

nutritional categories showed different trend for 

different age group at age 12+ 56.6 % of boys 67.8 % 

of girls fell in severe malnutrition categories with 

increases in age malnutrition status in boys and girls   

improved. Which is evident from the reduced number 

of boys and girls in severe malnutrition categories.   

 

TABLE 5. Comparison of mean of Weight of present Study with Other Studies 

Age in Years Present study ICMR 2010 NCHS 1987 M.Mitra 2002 CDC 2007-2010 

Boys 

12+ 36.1 29.2 44.2 24.8 49.1 

13+ 38.0 32.6 49.6 25.7 54.0 

14+ 46.6 36.7 56.9 26.9 64.1 

15+ 47.7 41.1 61.0 31.0 66.9 

16+ 51.7 44.2 66.8 34.1 68.8 

17+ 52.3 47.1 67.5 37.2 72.9 

Girls 

12+ 32.6 29.6 47.10 23.60 49.0 

13+ 36.0 33.6 51.50 25.43 55.8 

14+ 37.0 37.2 54.70 27.25 58.5 

15+ 39.9 39.8 56.40 29.84 58.1 

16+ 41.7 42.0 58.20 31.82 61.3 

17+ 42.3 43.2 59.70 34.00 62.4 

FIG 2. Comparison of mean of Weight of Boys  in  present Study with Other Studies 
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FIG 3. Comparison of mean of Weight of Girls in present Study with Other Studies  

 
Table 5 & fig 2-3. shows the comparison of body 

weight of boys and girls of present study with other 

studies ie. reference data of NCHS (1987), ICMR 

(2010), CDC (2007-2010) and Mitra et al. (2002). It is 

revealed from the table that present study mean were 

lower than NCHS (1987), and CDC (2007-2010) and 

higher than ICMR (2010) and Mitra et al. (2002).  

TABLE 6. Comparative Analysis of Height of present Study with Other Studies 

Age in Years Present study ICMR 2010 NCHS 1987 M.Mitra 2002 CDC 2007-2010 

Boys 

12+ 147.9 137.4 152.2 132.5 155.5 

13+ 148.0 142.7 159.2 137.1 161.6 

14+ 156.5 148.5 167.1 140.5 169.0 

15+ 158.7 153.8 170.8 144.7 172.8 

16+ 161.0 156.9 174.5 151.8 175.0 

17+ 163.3 159.7 175.5 155.9 176.5 

Girls 

12+ 142.7 137.6 154.6 130.6 156.1 

13+ 147.3 142.7 158.8 133.7 160 

14+ 147.7 146.7 160.9 140.3 161.6 

15+ 150.6 148.5 163.2 145 162.9 

16+ 152.1 150.0 162.2 147.9 162.2 

17+ 153.2 150.6 162.7 150.1 163.1 
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FIG 4. Comparison of mean of Height of Boys of   present Study with Other Studies  

 
FIG 5. Comparison of mean of Height of Girls in  present Study with Other Studies  

Height of the boys and  girls of present study were 

compared with reference data it was revealed that 

means  of present study were lower than NCHS 

(1987), and CDC (2007-2010) and higher than ICMR 

(2010) and Mitra et al. (2002). 

TABLE 7. Period of Occurrence of Adolescent Spurt As Indicated By »Hpv« In Different 

Body Measurements Among the Gond tribe of Chhattisgarh 

 

Measurement 

Boys adolescents spurt Girls adolescents spurt 

Age Group HPV Age Group HPV 

Body weight 13-14 8.6 kg 12-13 3.4 kg 

Height 13-14 8.5 cm 12-13 4.6 cm 

Sitting height 13-14 5.4 cm 12-13 3.6 cm 

Biceps 14-15 0.48 mm 15-16 0.46 mm 

Triceps 12-13 0.75 mm 12-13 2.81 mm 

Sub Scapular 13-14 0.89 mm 12-13 1.34 mm 

Supraspinale 16-17 0.78 mm 12-13 1.51 mm 

Calf 13-14 1.65 mm 12-13 0.80 mm 

HPV – Highest peak velocity 
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DISCUSSION 
 

The present study examined growth and nutritional 

status of children from 12+-17+ years and increase in 

all anthropometric measurements under study was 

observed with increase in age. Weight and height of 

the Gond boys and girls were higher than Kamar boys 

and girls( Mitra et al 2002),14 another primitive tribe 

of central India where as it was lower as compared to 

CDC 2007-2010 & NCHS 1987 data.  

The growth pattern of Gond boys and girls showed 

increasing  trend in almost all the variables, the rate of 

increase showed different pattern for different 

variables. Highest peak velocity corresponding to the 

occurrence of growth spurt was observed between 12+ 

- 15+ years in girls and 12+ - 16+ years in boys. 

Among the boys out of  eight body measurements five 

measurements (Weight, Height, Sitting height, Sub 

Scapular, Calf ) showed  the highest peak velocity 

between 13-14 years indicating an adolescent spurt in 

these measurements. Highest peak velocity was 

observed in the 12+ -13+ for Triceps Skinfold at  14+ 

- 15+  for Biceps Skinfold and at 16+ - 17+ for 

Supraspinale Skinfold. In case of the girls, highest 

peak velocity was observed in seven measurements 

(Weight, Height, Sitting height, Triceps, Sub Scapular, 

Supraspinale, Calf skinfold ) out of eight, between 

12+-13+ years. One measurements (Biceps skinfold)  

indicated highest peak velocity in the 15+-16 + years  

Present study shows that 28.8%  girls were found to be 

normal. Deshmukh et al (2006)15 in their study of 

adolescents in rural Wardha district reported that 44% 

of adolescents girls to be in normal category of 

nutrition status.  Nagamani et al (2015) 16 in another 

study on adolescent Girls in Urban Slums of 

Visakhapatnam City, Andhra Pradesh State reported 

that 35% girls were chronic energy deficient 

(BMI<18.5). 80% of the girls were undernourished in 

a study done by Kalhan et al (2009) 17 on adolescent 

girls of rural Haryana  and 75.5% in a study done by 

Guduri et al (2014) 18 on early adolescents girls (11-

14) attending Government school of Visakhapatnam 

city.  

Present study shows that 47.8% boys were 

underweight. Hunshal et al. (2010)19 in a study on 

subjects of 10 to 13 years in Dharwad district of 

Karnataka state have reported 82.6%  of adolescents 

boys to be underweight. Similarly Prashant & Shaw 

(2009)20 reported 42.6% & 22.9% prevalence of under 

weight in girls as per NCHS & Indian standard 

respectively.  

CONCLUSION 
 

Height, weight, sitting height and skinfold 

measurement (Triceps, Biceps, Sub Scapular, 

Supraspinale, Calf skinfold) of Gond boys & girls 

were similar to ICMR 2010 and lower as compared to 

NCHS 1987 & CDC 2007-2010 standards.  The Gond 

tribe when compared to other tribe Chhattisgarh it was 

found that the height, weight, sitting height and 

skinfold measurement (Triceps, Biceps, Sub Scapular, 

Supraspinale, Calf skinfold) of  boys and girls of Gond 

tribes were higher. It is also concluded that 47.3% of 

boys 72 % girls suffered from different categories of  

malnutrition it was also observed that the malnutrition 

status improved with advancement of age.  
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 Abstract

Curcuma caesia Roxb. is a highly valuable, endangered herb of therapeutic importance that resides in their rhizomes. In the present investigation, the effect of ½

strength liquid Murashige and Skoog (MS) medium supplemented with 1 mg/l Indole-3-butyric acid (IBA) and different sucrose concentrations (1.5%, 3%, 6%, 9%, or

12%) was studied on microrhizomes induction of C. caesia. The shoot length, root length and microrhizomes dry weight of C. caesia decreased significantly at 6%

sucrose and above. When compared to the control (1.5% sucrose), the current water content significantly decreased at 6% sucrose. The optimum concentration for in

vitro microrhizomes induction in C. caesia was 6% sucrose. Therefore for further experiments, the 6% sucrose was used. We also studied the effect of silver nanoparticles

(AgNP) on microrhizome induction and antioxidant activity in C. caesia cultures. Field-grown C. caesia rhizomes extract was used in the green synthesis of AgNP. The

synthesized AgNP was further characterized through scanning electron microscopy and X-ray diffraction. The AgNP, ranging from 0, 0.025, 0.05, 0.075 or 0.1 mg/l was

supplemented in ½ strength liquid MS medium with 6% sucrose & 1 mg/l IBA. The MS medium with 0.05 mg/l AgNP found with significant morphological changes in C.

caesia cultures (root number, root length and microrhizomes fresh weight). For the total phenolic and total terpenoids content estimation as well as for antioxidant activity

analysis, the extracts of un-treated cultures (6% sucrose + 1 mg/l IBA, without AgNP), AgNP treated cultures (6% sucrose + 1 mg/l IBA with 0.025 & 0.05 mg/l AgNP)

was used. The 0.025 and 0.05 mg/l AgNP enhanced the phenolic and terpenoid content in the cultures compared to the field-grown mother plant. The antioxidant activity

of the cultures treated with AgNP also increased compared to un-treated cultures and field-grown mother plant. The Gas Chromatography-Mass Spectrometry (GC-

MS) analysis revealed that the extract treated with 0.05 mg/l AgNP had increased production of monoterpene (camphor) and sesquiterpenes (β-elemenone &

curcumenone). These increased terpenes could be responsible for the enhanced antioxidant activity of C. caesia cultures.

 Keywords: Antioxidant activity, Current water content, GC-MS, Indole-3-butyric acid, XRD.

Introduction

Curcuma caesia Roxb., also known as 'Kali Haldi' or 'Black Turmeric,' is an endangered herb belonging to the family Zingiberaceae. It is native to Northeast India and is also distributed

in the Himalayan region, Northern Australia, and the tropical and subtropical regions of Asia, especially in Thailand, Indonesia, and Malaysia (Karmakar et al., 2011). The fresh and

dried rhizomes of this herb are used for the treatment of various diseases, including asthma, anthelmintic, allergies, aphrodisiac, postpartum uterine abnormalities, bronchitis, cancer,

splenomegaly, epilepsy, fertility, gonorrheal discharges, impotence, toothache, leukoderma, leprosy, piles, tumours, menstrual disorders, rubefacient, smooth muscle relaxant activity,

vomiting, and wounds (Ravindran et al., 2007). C. caesia is characterized by tuberous bluish-black rhizomes with a camphoraceous aroma and medicinal properties (Donipati and

Sreeramulu, 2015). C. caesia exhibits antimicrobial, anti-in�ammatory, and antioxidant properties (Mukunthan et al., 2018; Borah et al., 2019; Benya et al., 2023). C. caesia contains

various phytoconstituents, including curcuminoids, �avonoids, essential amino acids, and high alkaloid content (Baghel et al., 2013). These secondary metabolites are responsible for

the pharmaceutical properties, fragrances, and �avouring associated with C. caesia.

Sugars are crucial as plant regulators, facilitating numerous physiological processes such as photosynthesis, seed germination, �owering, senescence, and more, especially during

abiotic stresses (Sami et al., 2016). The external application of sugars in low concentrations regulates seed germination, �owering, and photosynthesis, while also delaying senescence

under various stressful environmental conditions. Above a particular concentration, sucrose induces osmotic stress in the in vitro condition (Mehta et al., 2000). Previous research

has demonstrated the bene�cial impact of sucrose on the formation of storage organs like corms and tubers (Nayak and Naik, 2006).

In recent years, there has been signi�cant interest in the green synthesis of silver nanoparticles (AgNPs) using plants. This method has gained attention due to its cost-effectiveness,

non-toxic technology, biocompatibility, and environmentally friendly nature. Studies have shown that AgNPs synthesized using plant extracts are more stable than those synthesized

by other organisms,such as fungi and bacteria (Mamidi and Polaki, 2019). Researchers have also been investigating the positive effects of AgNPs on plant growth and development.

The present investigation focuses on the impact of sucrose and indole-3-butyric acid on microrhizome induction in C. caesia cultures. The effect of the nanoparticles on

microrhizome induction in C. caesia cultures was also examined. The total phenolic and terpenoid content and the antioxidant activity in C. caesia microrhizome extracts after

nanoparticles treatment was also investigated.

Materials and Methods

The present work was conducted at the School of Studies in Biotechnology, Pt. Ravishankar Shukla University, Raipur, Chhattisgarh (India). Curcuma

caesia in-vitro cultures were used for the experimental work, which included the following procedure-

 Effect of sucrose on microrhizomes induction of C. caesia

To study the effect of sucrose concentration in the growth of microrhizomes of C. caesia, in vitro  experimental work was carried out. ½ strength liquid Murashige and Skoog (1962)

(MS) medium supplemented with 1 mg/l  IBA (Indole-3-butyric acid) was usedalong with different concentrations of sucrose ranging from 1.5%, 3%, 6%, 9% or 12%. The selection of 1

mg/l IBA was based on the �ndings of Anjum et al. (2022). Culture tubes (25 x 150 mm) containing 15 ml liquid MS medium were plugged with cotton and sterilized at 121°C for 20

min in an autoclave. After autoclaving, the medium was stored in a clean, dust-free chamber for a couple of days to check for contamination before use. Then, prior to inoculation, the

mediumand all other laboratory wares were disinfected by exposure to UV light inside the laminar air �owfor 30-35 min. Inoculation was done after two days of medium preparation

and six-month-oldcultures on the standard medium (Anjum et al., 2022)  was used for inoculation. The cultures were incubated for 30 days under white �uorescent light for 16 h dark

and a photoperiod         of 8 h. Observation of the established cultures was taken after one month. From the observation, the best range of sucrose (6%) was used for further experiments.

 Green synthesis of silver nanoparticles ((AgNP)

Extract preparation

The �eld-grown rhizomes of C. caesia were dried in a hot air oven at 45 C to remove the moisture                  completely. The rhizomes were powdered using a mixer grinder. For extract

preparation, 5 g of C. caesia rhizome powder was added to 100 ml methanol in a 250 ml glass beaker and kept in a magnetic stirrer for 8 h at room temperature. Then the crude

methanol extract was �ltered through      Whatman �lter paper (20–24 µm) paper, and the �ltered extract was further used for AgNP preparation.

o
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Synthesis of AgNP

in a 250 ml glass beaker, fully covered with aluminium foil to avoid any photoreactions. It

was then thoroughly mixed using a magnetic stirrer for 2 h. The solution was checked every 30 min to monitor the colour change (from colourless to brown), which revealed the

reduction of Ag  into Ag  nanoparticles. The synthesized nanoparticles were �rst characterized through a UV-visible spectrophotometer. After taking the spectrum, the solution was

poured into a petri dish and placed in hot air over. After the solution was dried, the leftover precipitate was scratched to obtain a �nepowder. The powder obtained was AgNP, which

was used for further experiments.

The further characterization of synthesized nanoparticles was done through scanning electron microscope (SEM), X-ray diffraction (XRD).

Effect of AgNP on microrhizomes induction of C. caesia

We studied the effect of AgNP in the microrhizome induction of C. caesia. For this, ½ strength liquid MS medium was prepared supplemented with 6% sucrose and 1 mg/l IBA along

withdifferent ranges of concentration of AgNP: 0, 0.025, 0.05, 0.075 or 0.1 mg/l). The pH of the medium was adjusted to 5.8 with the help of a pH meter. The medium was poured into

clean culture tubes and autoclaved with the rest of the materials required during the inoculation. The two-month-old microrhizome cultures were used for inoculation. After a

month, the morphology of the cultures and fresh and dry biomass of the microrhizome was observed.

 Water bath-assisted extraction

After the observation, the dried microrhizomes were powdered and extracted using a water bath sonicator for 1 h at a temperature between 30-35 C. The solid-to-liquid ratio was

1:25 (1 g dried powder with 25 ml methanol). The obtained extract was centrifuged at 10,000 rpm for 15 min, and the supernatant was collected and used for further experiments.

 Total phenolic content

The total phenolic content of the extract (�eld grow mother plant, 6% sucrose + 1 mg/l IBA +0 AgNP, 6% sucrose + 1 mg/l IBA + 0.025 mg/l AgNP, 6% sucrose + 1 mg/l IBA + 0.05

mg/l AgNP) was determined quantitatively by an assay that utilizes the Folin Ciocalteu reagent (Ainsworth and Gillespie, 2007). 100 µl of the extract was mixed with 200 µl 10% Folin

Ciocalteu reagent and vortexed thoroughly. Then, 800 ml of 700 mM sodium carbonate was addedand incubated at room temperature for 2 h. Then, absorbance was taken at 765 nm

using Micro Scan (Electronics Corporation of India Limited and expressed in mg gallic acid equivalents (GAE)/g dry weight (DW).

 Total terpenoids content

Total terpenoid content of the extract (�eld grow mother plant, 6% sucrose + 1 mg/l IBA +0 AgNP, 6% sucrose + 1 mg/l IBA + 0.025 mg/l AgNP, 6% sucrose + 1 mg/l IBA + 0.05 mg/l

AgNP) was estimated using method of Ghorai et al. (2012). 200 µl extract mixed with 1.5 2 4 

incubated for 2 h in the dark at room temperature. After incubation, reddish-brown precipitation formed. Then all supernatant was decanted carefully, and 1.5 ml of 95% methanol

was added to the precipitate and vortex thoroughly till the precipitate dissolved completely. Absorbance was recorded at 538 nm using Micro Scan (Electronics Corporation of India

Limited) and expressed in mg abscisic acid equivalents (AAE)/g DW.

 In vitro antioxidant activity

DPPH radical scavenging activity

For screening the antioxidant activity of the extract (�eld grow mother plant, 6% sucrose + 1 mg/l IBA + 0 AgNP, 6% sucrose + 1 mg/l IBA + 0.025 mg/l AgNP, 6% sucrose + 1 mg/l IBA +

0.05 mg/ l  AgNP), the protocol of DPPH radical scavenging activity given by Blois (1958) was followed. To 1 ml of extract (100 µg/ml), 1 ml of DPPH (0.1 mM) was added, and the

tubes were incubated in the dark for 30 min. Absorbance was recorded at 517 nm using Micro Scan (Electronics Corporation of India Limited). Ascorbic acid was used as standard.

 

Ferric-reducing antioxidant power assay (FRAP)

The reducing power was determined by following the procedure given by Oyaizu (1986). 2.5 ml  of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide were

added to of 2.5 ml extract (100 µg/ml). The mixture was placed in the water bath for 20 min at 50 C and was cooled immediately. After cooling, 2.5 ml of 10% trichloroacetic acid was

added, then samples were centrifuged at 3,000 rpm for 10 min. 5 ml supernatant was then mixed with 5ml distilled water, followed by the addition of 1 ml of 0.1% ferric chloride. The

absorbance was taken at 700 nm after 10 min using Micro Scan (Electronics Corporation of India Limited). Butylated hydroxytoluene was used as standard.

 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

GC-MS analysis was performed using extracts of un-treated cultures and treated cultures with 0.05 mg/l AgNP. GC-MS analysis was done using hired facilities

of Sophisticated Analytical Instruments Facility, Indian Institute of Technology-Madras, Chennai, Tamil Nadu.

Statistical analysis

For the microrhizomes induction, each sucrose range had ten replicates repeated three times. Each range of AgNP had ten replicates repeated three times. Antioxidant tests, total

phenolic, and total terpenoid content analysis were conducted using three replicates repeated twice. The obtained data were analyzed using analysis of variance (ANOVA) with SPSS

software version 20, and mean differences were calculated using Duncan's multiple range test (DMRT) at a signi�cance level of p≤0.05.

 Results and Discussion

Effect of 1 Indole-3-butyric acid (IBA) with different sucrose concentrations on microrhizomes induction of C. caesia

To induce microrhizomes in C. caesia, six-month-old cultures of C. caesia cultures grown on standard medium were used as explants. Sucrose of varied concentrations, 1.5%, 3%, 6%,

9%, or12% was added to the ½ strength liquid MS medium supplemented with 1 mg/l IBA (Table 1). The cultures treated with 1.5%, 3%, or 6% sucrose had no effect on shoot number,

similar to the control (1.5% sucrose). When the concentration of sucrose rose beyond 6%, the shoot number decreased signi�cantly. The least shoot number was observed on medium

with 12% sucrose (Table1). The shoot length was signi�cantly increased with the increasing sucrose concentration from 1.5% to 3%, while there was a decrease in the shoot length

when the concentration further increased to 6%, and 9%. The shoot length was statistically the same at 9% and 12% sucrose (Table1). In the case of root number, there was a signi�cant

decrease with the increasing sucrose concentration (1.5% to 12%). There was an increase in the root length when the concentration rose from 1.5% to 3% sucrose; on increasing the

concentration beyond 3%, the root length continuously  decreased with the increased sucrose concentration (3% to 12%) (Table 1). There was no signi�cant difference in the fresh

weight of microrhizomes, while the dry weight of the microrhizomes increased signi�cantly at 6% sucrose and above (Table 1). Similarly, the maximumin vitro tubers of Chlorophytum

To the 2 ml of C. caesia rhizome extract, 18 ml of 3 M silver nitrate (AgNO3) solution was mixed

+ 0

o

ml chloroform and vortex and rested for 3 min. After that, 100 µl H SO was added and again

o

 

7/15/24, 5:20 PM JRUB-

https://jru-b.com/HTMLPaper.aspx?Journal=Journal+of+Ravishankar+University%3bPID%3d2024-37-1-4 3/14



borivilianum was found in MS media that contained 60 g/l of sucrose (Chauhan et al., 2018). A higher intake of sucrose might stimulate enzymatic activity resulting in starch synthesis

and accumulation in the storage tissues. Reduced shoot growth observed in culture media with high sucrose concentration, along with a swollen basal region, suggested that sucrose

must have been transported to the stem for rhizome formation (Chirangini                     et al., 2005).

 Current water content (CWC)

The CWC of the C. caesia cultures at 1.5% and 3% sucrose was the same as that of the control (1.5% sucrose) (Fig. 1). The CWC decreased signi�cantly at 6% sucrose compared to the

control.This decrease was more intense at 12% sucrose. Sucrose induces abiotic osmotic stress when addedbeyond the normal limit (Kim and Kim, 2002). Relative water content in the

leaves of maize cultivars decreased after drought treatment (Valentovic et al., 2006). Thus, in the present investigation, based on the morphological parameters (shoot length, root

number, and root length) and CWC, 6% of sucrose was best for C. caesia micro rhizome formation in vitro. Therefore, a further experiment was performed with 6% sucrose.

 Green synthesis of silver nanoparticles (AgNP)

The AgNP was successfully synthesized using field-grown C. caesia rhizomes extract.

Characterization of AgNP

 UV-visible spectroscopy

UV-visible spectrum refers to the absorbance spectra in the UV-visible region. When the light beam passes through the solution, part of the light is absorbed, and the rest is

transmitted throughthe solution. The transmittance is de�ned as the ratio of light entering the sample to the light that exits the sample at a �xed wavelength. The negative logarithm

of transmittance is called absorbance. In the present study, the maximum absorption spectra of the synthesized AgNP were obtained at 400 nm (Fig. 2), which showed the formation

of AgNP. It concludes that the AgNP was effectively synthesized using C. caesia rhizome powder methanol extract. The formation of AgNP through the reduction of silver ions by

plant extract was observed via a UV-visible  suspension stirred for 24 h at room

temperature, the emulsion's colour changed from yellow to dark brown. The surface plasmon resonance (SPR) phenomenon is responsible for the colour variations in aqueous

solutions (Shameli et al., 2012). UV–visible spectroscopy showed that the SPR sharp peak at 350-430 nm wavelength indicates the formation of AgNP (Naik et al., 2002). Previous

research has demonstrated that the spherical Ag-NP contribute to the absorption bands in the UV-visible spectrum at about 400-420 nm (Stepanov, 1997; Shameli et al., 2012).

These absorption bands are thought to have extra-�ne quality and small size of the Ag-NP. AgNP absorption spectra can be between 330 and 700 nm, with a sharp peak at 432 nm. This

peak denotes the formation of AgNPs as it falls within the region of the SPR for AgNP (Logeswari et al., 2013).

Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy (SEM) is a technique that provides an image of the surface morphology of the nanoparticle by providing information about the samples' size, shape, and

other physical and chemical properties. An electron beam is generated and passed through the sample, and the scattered electrons from the particle’s surface are detected, which

creates a high-resolution image. Black scattered electrons can reveal differences in chemical composition because heavier elements re�ect more electrons, making them look

brighter in the image. Figure 3 displays the    SEM image of synthesized silver nanoparticles of size ranging from 60-80 nm. SEM analysis wasused to examine silver nanoparticles

extracted from Syzygium aromaticum, which revealed the formation of spherical nanoparticles with a diameter range of 40–50 nm (Geoprincy et al., 2013).

 X-Ray Diffraction

XRD is a technique used to identify the crystalline phases present in a material and can determine the element proportions. The interaction between the X-ray beamand the atomic

planes results in partial transmission of the beam, and the rest is absorbed, refracted,scattered, and diffracted by the sample. X-rays are diffracted by each element in a different way,

depending on the atomic arrangement and the type of atoms. In our study, the XRD pattern of synthesized AgNP showed sharp peaks at 2θ angles of 35.58°, 35.60°, 35.68°, 43.87°,

and 47.87° (Fig 4). The sharp peak can be attributed to the crystalline structure of AgNP. The XRD peaks at 2θ of 38.18°, 44.25°, 64.72°, and 77.40° were each assigned to one of the

face-centered cubic silver crystals (Ahmad et al., 2009). In a study performed by Shameli et al. (2012), XRD peaks of AgNP which were synthesized using C. longa, obtained at 2θ of

38.18°, 44.25°, 64.72°, and 77.40°, which attributed to face-centered cubic crystals structure of synthesized AgNP.

 Effect of AgNP on microrhizomes induction of C. caesia

After the selection of the best range of sucrose (6%) for the induction of microrhizomes in C. caesia, the cultures were treated with a varied range of AgNP, ranging from 0, 0.025,

0.05, 0.075  or 0.1 mg/l (Table 2). The root number increased signi�cantly when AgNP concentration increased from 0.025 to 0.05 mg/l. When the concentration was increased

beyond 0.05 mg/l, the root number decreased. The root length had no signi�cant difference in microrhizomes treated with 0.025 mg/l AgNP compared to the un-treated cultures

(without AgNP) (Table 2). But when the concentration was raised from 0.025 to 0.050 mg/l  root length increased signi�cantly, again decreasing at 0.075 mg/l AgNP. There was no

signi�cant difference in the microrhizomes fresh weight of the cultures treated with 0, 0.025, and 0.05 mg/l AgNP concentration. However, in Curcuma longa, compared to the

control treatment, zinc oxide NP signi�cantly enhanced the productivity, yield, and curcuminoid content (Khattab et al., 2023).

 Total phenolic content

TPC of the extract treated with 0.025 and 0.05 mg/l AgNP had 0.62 folds and 0.59 folds higher phenol content than the �eld-grown mother plant (Fig. 5). However, this content was

comparatively less than the un-treated cultures. On the other hand, Salih et al. (2022) investigated the impact of different concentrations (0.0, 2.5, 5, 10, 25 mg/l) of biogenic AgNP

on the antioxidant activity of Solanum tuberosum in vitro. They reported that 5 mg/l AgNP showed the  highest value of TPC, which was 281.7 mg GAE/g DW. Hasan et al. (2022)

hydroponically exposed Lactuca sativa seedlings to different concentrations of Ag  ions and AgNP for 25 days. Ag  ions raised the TPC by 18% and �avonoid content by 12% of

seedlings, respectively, while AgNP boosted TPC by 12%.

 Total terpenoid content

The extract treated with 0.025 and 0.05 mg/l AgNP had the highest terpenoid content (Fig. 6). This content was 3.5 folds and 1.67 folds higher than the �eld-grown mother plant and

un-treated cultures, respectively. Solanki et al. (2023) conducted research to study the synergistic effect of AgNP and fungal symbionts in enhancing the secondary metabolites in

leaves of black rice (Oryza sativa). Maximum production of secondary metabolites found at 80 ppm of AgNP. AgNP treatment couldsigni�cantly increase terpenoids such as β-cymene,

ϒ-terpinene, terpinene-4-ol, α-elemene, linalool, caryophyllene, β-ocimene, trans linalool, and myrcene.

 Antioxidant tests

DPPH radical scavenging activity

spectrophotometer (Cittrarasu et al., 2019). When AgNO3 was added to C. longa extract and the 

,

 

+ +

7/15/24, 5:20 PM JRUB-

https://jru-b.com/HTMLPaper.aspx?Journal=Journal+of+Ravishankar+University%3bPID%3d2024-37-1-4 4/14



The extract treated with 0.05 mg/l AgNP had the DPPH radical scavenging activity similar to the standard ascorbic acid (Fig. 7). The activity of the extract

treated with 0.05 mg/l AgNP was  signi�cantly higher than the �eld-grown mother plant and un-treated cultures. However, the activity of extract treated with

both the range of AgNP (0.025 and 0.05 mg/l) possessed similar % inhibitionof DPPH radical. Selvan et al. (2018) synthesized AgNP by using aqueous extracts of

garlic, green tea, and turmeric and assessed the antioxidant potential of the synthesized AgNP. Compared to other nanoparticles, the AgNP synthesized
using turmeric extract exhibited excellent antioxidant activity in terms of DPPH assay. Elegbede et al. (2018) synthesized nanoparticles using xylanases     from

Trichoderma longibrachiatum and Aspergillus niger. The 100 µg/ml of AgNP had maximum DPPH free radical scavenging activities compared to other tested

ranges of AgNP and un-treated cultures.

 Ferric-reducing antioxidant power assay (FRAP)

FRAP of the extract treated with 0.025 and 0.05 mg/l AgNP was found to be similar (Fig. 8). The FRAP of both the treated extracts had a similar reducing power as that of

standard butylated hydroxytoluene. The reducing power of the un-treated cultures and extract treated with 0.025 mg/l AgNP was the same but was significantly higher

than the field-grown mother plant. Zhang and Jiang (2020) used chitosan/tea polyphenols-silver nanoparticles composite film (CS/TP-AgNP) in their studies. CS/TP-

AgNPs III (8 ml AgNP) showed the highest FRAP activity, followed by CS/TP-AgNPs II (4 mL AgNPs) > CS/TP-AgNP I (2mL AgNP) nanocomposite film. The least

FRAP activity was in un-treated cultures.

 GC-MS

GC-MS analysis identi�ed some important monoterpenes i.e. camphor (1.98%) and ethyl N-(o anisyl)formimidate (3.72%), important sesquiterpenes i.e. 1,5-
cyclodecadiene, 1,5- dimethyl-8-(1- methylethenyl)-, [S-( (1.51%), β-elemenone (3.4%), pentadecanoic acid (8.32%), curcumenone (9.2%) and (4aR,5S)-1-

hydroxy-4a,5-dimethyl-3-(propan2-ylidene)-4,4a, (14.1%) in the control samples (without AgNP) (Fig. 9b). GC-MS analysis of the extract treated with 0.05

mg/l AgNP identi�ed monoterpenes such as camphor (4.15%) and sesquiterpenes such as 1,5-cyclodecadiene, 1,5- dimethyl-8-(1- methylethenyl)-, [S-(

(1.69%), β-elemenone (5.18%), (4aR,5S)-1-hydroxy-4a,5-dimethyl-3-(propan-2-ylidene) (23.84%) and curcumenone (26.03%) (Fig. 9c). The treatment with

0.05 mg/l AgNP resulted in the enhanced production of monoterpene (camphor) and sesquiterpenes (β-elemenone & curcumenone). The area % of camphor,

β-elemenone and curcumenone increased by 2.09, 1.52 and 2.82 times respectively in the extract treated with 0.05 mg/l AgNP compared to un-treated

extract. Whereas as compare to �eld-grown mother plant curcumenone area % increased by 17.46 and 6.17 times in the extract treated with 0.05 mg/l AgNP
and un-treated extract respectively (Fig. 9a). The sesquiterpenes are known to possess antitumor properties as had an important role in eliminating reactive

oxygen species (Anjum and Quraishi, 2023). Chung et al. (2018) AgNPs at 5  mg/l elicited cell suspension cultures of bitter gourd had enhanced amount of

phytoconstituents than the control. These changes were responsible for high pharmacological activities (antioxidant, antidiabetic, antibacterial, antifungal and

anticancer) in the AgNPs (5  mg/l)-elicited cell suspension cultures of bitter gourd. Keshari et al. (2020) reported that the AgNP (synthesized by Cestrum
nocturnum extract) have more antioxidant activity as compared to vitamin C. The AgNP has 29.55% DPPH radical scavenging activity while vitamin C has

24.28% antioxidant activity.

 Conclusions

In the present investigation, the 6% sucrose with 1 mg/l IBA was optimum for in vitro microrhizomes induction in Curcuma caesia. The effect of AgNP on microrhizome induction and

on antioxidant activity in C. caesia cultures was evaluated. The 0.025 and 0.05 mg/l AgNP enhanced the phenols and terpenoid content in the cultures compared to the �eld-grown

mother plant. The antioxidant activity of the cultures treated with AgNP also increased compared to un-treated cultures and �eld-grown mother plant. The application of 0.05 mg/l

AgNP to C. caesia cultures elicited the terpenoids content (especially curcumenone) which might be responsible for enhanced antioxidant activity.
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Figure Legends
 

Fig. 1 Effect of ½ strength liquid Murashige and Skoog (1962) medium with Indole-3-butyric acid and different sucrose concentrations on -the current water content of Curcuma
caesia cultures.

ANOVA df F p

Current water

content

5 68.42 <0.0001

 

Fig. 2 UV-Visible absorption spectra of the synthesized silver nanoparticles (using �eld-grown Curcuma caesia rhizomes extract) with λ max= 400 nm.

 

Fig. 3 SEM image of the synthesized silver nanoparticles using �eld-grown Curcuma caesia rhizomes extract.

 

Fig. 4 XRD pattern of the synthesized silver nanoparticles using �eld-grown Curcuma caesia rhizome extract.

 

Fig. 5 Effect of AgNP-treated extract from �eld-grown mother plant of Curcuma caesia on  total phenolic content in cultures after one month.

ANOVA df F p

Total phenolic content 3 48.27 <0.0001

 

 

 Fig. 6 Effect of AgNP-treated extract from �eld-grown mother plant of Curcuma caesia on total  terpenoids content in cultures after one month.

ANOVA df F p

Total terpenoids content 3 48.35 <0.0001

 

 

Fig. 7 Effect of AgNP-treated extract from �eld-grown mother plant of Curcuma caesia on  DPPH radical scavenging activity in cultures after one month.

 

ANOVA df F p

DPPH radical scavenging activity 4 9.092 <0.0001

 

Fig. 8 Effect of AgNP-treated extract from �eld-grown mother plant of Curcuma caesia on     ferric reducing antioxidant power assay in cultures after one month.

 

ANOVA df F p

Ferric reducing antioxidant power

assay

4 6.159 0.001

 

Fig. 9 Chromatogram of Curcuma caesia a Field-grown mother plant b Un-treated cultures c Cultures treated with 0.05 mg/l AgNP.

 

Fig. 10 (a) Curcuma caesia cultures with different sucrose concentrations; C. caesia cultures with (b) 1.5% sucrose (Control) (c) 1.5% sucrose + 1 IBA (d) 3%
sucrose + 1 IBA (e) 6% sucrose + 1 IBA (f) 9% sucrose + 1 IBA (g) 12% sucrose + 1 IBA (h) C. caesia cultures with different AgNP concentrations; C. caesia
cultures with (i) 6% sucrose + 1 IBA + 0 AgNP (j) 6% sucrose + 1 IBA + 0.025 AgNP (k) 6% sucrose + 1 IBA + 0.05 AgNP (l) 6% sucrose + 1 IBA + 0.075 AgNP, 

and (m) 6% sucrose + 1 IBA + 0.1 AgNP

 

Table 1 Effect of ½ strength liquid Murashige and Skoog (1962) medium with Indole-3-butyric acid and  different sucrose concentrations on the morphology of

Curcuma caesia cultures.
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½ MS liquid

medium

containing 1

mg//l IBA &

Sucrose

Shoot

Number

 

 

Mean ±SE

Shoot

Length

(cm)

 

Mean ±SE

Root

Number

 

 

Mean ±SE

Root

Length

(cm)

 

Mean ±SE

Microrhizome

Fresh Weight

(mg)

 

Mean ±SE

Microrhizome

Dry Weight

(mg)

 

Mean ±SE

1.5% Sucrose

(Control)
2.40

±0.13a

1.71

±0.14c

4.86

±0.29c

2.32

±0.11c

28.23 ±3.93a 1.83 ±0.29b

1.5% Sucrose +

IBA
2.46

±0.23a

2.02

±0.10b

7.80

±0.39a

3.03

±0.09b

30.83 ±3.88a 2.06 ±0.37b

3% Sucrose + IBA 2.46

±0.21a

2.35

±0.15a

6.40

±0.23b

5.14

±0.10a

34.46 ±9.06a 1.73 ±0.30b

6% Sucrose + IBA 2.80

±0.20a

1.37

±0.08d

5.86

±0.37b

1.95

±0.06d

35.33 ±3.27a 5.13 ±0.44a

9% Sucrose + IBA 1.60

±0.13b

0.98

±0.09e

1.53

±0.13d

0.49

±0.03e

32.46 ±3.03a 5.60 ±0.58a

12% Sucrose +

IBA
1.00 ±0.00c 0.84

±0.06e

0.06

±0.04e

0.03 ±0.02f 26.66 ±3.15a 5.40 ±0.68a

ANOVA df F p      

Shoot Number 5 15.61 <0.0001      

Shoot Length 5 28.21 <0.0001      

Root Number 5 118.35 <0.0001      

Root Length 5 539.38 <0.0001      

Microrhizome

Fresh Weight
5 0.49 0.78

     

Microrhizome

Dry Weight
5 24.91 <0.0001

     

 

Values are represented as mean ±standard error. Means denoted with different letters are signi�cantly different at p<0.05 (DMRT) compared using ANOVA.

 

 

 

Table 2 Effect of silver nanoparticles (AgNP) with 6% sucrose and 1 mg/l IBA on morphology of Curcuma caesia cultures.

 

½ MS liquid

medium with

6% sucrose & 1

 mg/l IBA

+ AgNP (mg/l)

Shoot

Number

 

 

Mean ±SE

Shoot

Length

(cm)

 

 

Mean ±SE

Root

Number

 

 

Mean ±SE

Root

Length

(cm)

 

 

Mean ±SE

Microrhizome

Fresh Weight

(mg)

 

 

Mean ±SE

Microrhizome

Dry Weight

(mg)

 

 

Mean ±SE

0 1.03

±0.03a

1.76

±0.12a

2.03

±0.30b

1.01

±0.08b

53.73 ±4.33bc 7.13 ±0.71b

0.025 1.16

±0.06a

1.75

±0.12a

1.93

±0.25b

0.84

±0.06b

64.10 ±3.93ab 8.03 ±0.77ab

0.05 1.20

±0.07a

1.72

±0.08a

3.00

±0.39a

1.45

±0.02a

63.56 ±4.77ab 8.16 ±0.52ab

0.075 1.10

±0.05a

1.52

±0.15a

0.96 ±0.25c 0.50

±0.09c

48.56 ±5.80c 9.60 ±0.96a

0.1 1.23

±0.09a

1.81

±0.11a

2.06

±0.38b

1.36

±0.09a

73.43 3.52a 9.60 ±0.79a

ANOVA df F p
     

Shoot Number 4 1.40 0.23
     

Shoot Length 4 0.80 0.52
     

Root Number 4 4.87 0.001
     

Root Length 4 25.09 <0.0001
     

Microrhizome

Fresh Weight
4 4.57 0.002
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Microrhizome

Dry Weight
4 1.96 0.10      

 

Values are represented as mean ±standard error. Means denoted with different letters are signi�cantly different at p<0.05 (DMRT) compared using ANOVA.
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Abstract
The expense of cellulase enzymes is the main barrier to the enzymatic saccharification of biomass. Numerous tactics, such as 
the utilizing inexpensive lignocellulosic substrates as well as economically feasible fermentation techniques for the produc-
tion of the enzyme may reduce the cost of cellulases. The present investigation was aimed to improve cellulase production 
employing potential cellulolytic soil fungi, Aspergillus stellatus NFCCI 5299 using wheat bran as substrate. Employing 
response surface methodology (RSM) with central composite design (CCD), the most efficient process parameters were 
determined. The ideal conditions for the synthesis of carboxy methyl cellulase (CMCase) and filter paper cellulase activity 
(FPase) were 6 days of incubation, inoculum size of 4 mycelial disc, 125 rpm of agitation, and 3.5% of wheat bran. The 
significant mycelial development and enzymatic digestion of wheat bran were discovered by scanning electron microscopy 
(SEM) and fourier transform infrared (FTIR) analysis. The findings suggested that it can be practicable to use wheat bran 
as substrate under submerged fermentation utilizing Aspergillusstellatus NFCCI 5299 for efficient cellulase production.

Keywords Aspergillus · Cellulase · CMCase · Fpase · RSM-CCD · Wheat bran

Introduction

An apprehension over pollution caused by agro-industrial 
waste products has sparked interest in recycling waste mate-
rials to produce goods with a high commercial value. Crop 
leftovers (remaining stalks, rice straw, leaves, corn husks, 
wheat bran, etc.) are readily available and effortlessly renew-
able. The food business generates a considerable volume of 
waste, which can be recycled and converted into the vari-
ety of valuable products (Sirohi et al.2019). Agricultural 
wastes are huge source of lignocellulosic biomass and can 

easily be digested by microorganisms primarily by fungi, 
making it appropriate for enzyme production. It consists 
of three major polymers viz., cellulose, hemi-cellulose, 
and lignin. Huge amount of cellulose is produced every 
year making this polysaccharide an immense natural car-
bon repository on the planet (Goukanapalle et al. 2020). 
Wheat bran is a major contributor of agricultural waste, a 
key crop grown worldwide, mostly for human consumption 
and cattle feed. There are three main portions in a wheat 
kernel, namely endosperm, germ, and bran. Wheat bran 
consists of a lot of nutrients viz., fibre, minerals, vitamins, 
as well as phenolic compounds which are all significant 
components of a healthy diet. Due to its immense nutrition 
value, it can be utilized as cost effective substrate for pro-
duction of industrially important enzymes like cellulases 
(Saini et al. 2017). Cellulases are responsible for digesting 
the cellulose’s β-1, 4-glucosidic linkages to produce glu-
cose, cellobiose, and cello-oligosaccharides as their main 
by-products. These multi-component enzymes are made 
up of endoglucanases (EG), cellobiohydrolases (CBH) and 
β-glucosidases (BGL). Endo-glucanases work on the cel-
lulose polymer to cleave it, exposing the reducing and non-
reducing ends. Cellobiohydrolases then act on these ends to 
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release cello-oligosaccharides and cellobiose units. Later, 
cellobiose was broken down by glucosidases into glucose, 
concluding the hydrolysis. Therefore, this enzyme make 
complex with components of CBH, EG, and BGL and works 
to convert crystalline cellulose to glucose. Due to its numer-
ous industrial applications, these enzymes have been ranked 
as the third-largest industrial enzymes in the World (Cas-
tro Ochoa et al. 2023). Submerged fermentation (SmF) has 
conventionally been used to produce industrially significant 
enzymes and is mostly favoured due to sufficient agitation 
and aeration, among other factors. To make the process eco-
nomically viable, there should be also better control over 
environmental variables like temperature, pH and they are 
easy to handle (Matker et al. 2013; Meena et al. 2018). It is 
necessary to develop an appropriate approach for process 
optimization that affects the final output of enzyme. The 
traditional method of optimizing various physicochemical 
parameters involves adjusting one-factor-at-a-time (OFAT) 
and it works as long as only a small number of variables 
have an impact on the production process. This method 
does not, however, depict the cumulative influence of all 
the contributing factors. It demands patience and the con-
duct of numerous tests (Hajji et al. 2008; Braga et al. 2011; 
Abdullah et al. 2021). As a result, it was discovered that 
the conventional one-factor-at-a-time (OFAT) technique for 
the optimization process takes more time. However, it also 
performs the function of providing a rough estimate of the 
ideal levels. Response Surface Methodology (RSM), which 
combines statistical and mathematical methodologies, can 
be used to circumvent this issue. Researchers can analyze the 
interactions between all the variables and responses during 
the experiments by using RSM to construct the experiments 
(Verma et al. 2020; Shaktimay et al. 2010; Vishwanatha 
et al. 2010; Nisar et al. 2020). By selecting a fungal strain 
that is complementary to the substrate, cellulase production 
can be increased. Different types of agro-industrial waste 
has been documented in the literature viz., rice straw, rice 
bran, wheat bran, coir waste, pea hulls, sugarcane bagasse 
etc., utilizing Aspergillus spp. However, the potential of 
Aspergillus stellatus for producing cellulases has not been 
fully investigated so far. Therefore, the goal of this study is 
to determine the efficiency of Aspergillus stellatus under 
shake flask submerged fermentation affecting the yield of 
cellulases utilizing wheat bran.

Material and methods

Chemicals

Carboxy methyl cellulose sodium salt, analytical-grade 
chemicals were utilized throughout the entire experimen-
tal process. Ammonium sulphate, dinitrosalicyclic acid, 

magnesium sulphate, malt extract, potassium dihydrogen 
phosphate, potato dextrose agar, tri-sodium citrate, yeast 
extract were procured from Sigma-Aldrich and Himedia 
Laboratories Pvt. Ltd. Mumbai, India.

Fungal strain and morphological characterization

The potent cellulolytic fungal strain Aspergillus stellatus 
NFCCI 5299 was isolated from soil sample which was 
obtained from the vicinity of Pt. Ravishankar Shukla Uni-
versity, India. On the basis of their cultural and morpho-
logical traits, the potent cellulolytic fungi was characterized 
after seven days of incubation on Czapek Dox yeast extract 
agar (CYA), malt extract agar (MEA), and potato dextrose 
agar(PDA). The colony’s diameter, texture, presence of pig-
mentation, and exudates were determined. To better recog-
nize conidial traits, the fungal species were identified using 
both a slide culture technique and an adhesive tape method. 
The fungal identification was done in accordance with the 
literature (Klich et al. 2002), Leica DM750 microscope with 
Leica ICC50 digital camera was used to conduct the identi-
fication. Software Leica LAS V. 3.8.0 was used to examine 
the photos.

Inoculum preparation

The fungus was preserved at 4 ℃ on potato dextrose agar 
slants. Inoculum was made by allowing the cultures to grow 
on malt extract agar at 28 ℃ for 7 days, until the sufficient 
fungal growth was observed. For inoculation, a 10 mm diam-
eter mycelial disc was employed.

Preparation of substrate

Wheat bran, one of the most prevalent agro-industrial waste 
was procured from the nearby farm of Raipur, Chhattisgarh, 
India. The substrate was washed, allowed to dry in sun and 
grounded to a fine powder.

Alkaline pre‑treatment of wheat bran

Wheat bran along with NaOH (0.2 g NaOH/g dry wheat 
bran) and de-ionized water (15 g  H2O/g dry wheat bran) 
were added in a beaker and heated to 100 ℃ with continu-
ous stirring for 1 h on a hot plate. After this alkaline treat-
ment, pH of the solution was maintained using 0.1N HCl to 
the final pH of 5. The soluble product of this solution was 
removed by washing with distilled water and leftover solid 
biomass was then dried at 50 ℃ for 12 h in an incubator. 
This dried biomass was used as a substrate for fermentation 
(Lodha et al. 2020).
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Submerged fermentation

Vogel’s media was used for the enzyme production. The 
media consisted of tri-sodium citrate (0.5%), potassium 
dihydrogen phosphate (0.5%), ammonium sulphate (0.4%), 
magnesium sulphate (0.02%), yeast extract (0.1%) dissolved 
in 100 ml distilled water in a conical flask. In this study, 
submerged fermentation was used for the synthesis of cel-
lulases. Dried wheat bran was incorporated in the flask con-
taining 50 ml of Vogel’s media, mixed gently and autoclaved 
at standard temperature and pressure. Mycelial disc (10 mm) 
was inoculated in each flask. However, the concentration of 
wheat bran and amount inoculum were varied as per experi-
mental design. After the inoculation, flasks were shifted to 
shaking incubator for different time of incubation, and agi-
tation speed. The culture broth was filtered to obtain crude 
enzyme which was used further for enzyme assay.

Enzyme assay

CMCase and FPase activity were determined according to 
the method of Wood and Bhat (1988) and dinitrosalicyclic 
acid (DNSA) method (Miller 1959) was used for the estima-
tion of reducing sugar.

CMCase assay

1 ml of citrate buffer (pH 4.5), 0.5 ml of 1% CMC (w/v) 
as a substrate, 0.5 ml of enzyme extract and the mixture 
were incubated at 50 ℃ for 30 min and further reaction was 
ceased by the addition of 3 ml DNSA reagent to the mix-
ture. The mixture was boiled for 15 min until color change 
was observed in the reaction mixture. 1 ml of Rochelle salt 
and distilled water up to 7 ml were added before the cool-
ing of the reaction mixture for stabilizing the color change 
formation. 1 ml citrate buffer and 0.5 ml undiluted enzyme 
extract were used as control and absorbance at 540 nm was 
noted. One unit of CMCase was defined as the amount of 
enzyme that release one micromole of glucose performed 
under standard reaction condition.

FPase assay

Filter paper activity of the culture filtrate was measured. 
The concoction was prepared by taking 1 ml of citrate buffer 
(pH 4.5), Whatman no. 1 filter paper (1 × 6), 0.5 ml of crude 
enzyme, and the mixture was incubated at 50 ℃ for 60 min. 
The reaction was ceased by the addition of 3 ml DNSA rea-
gent to the mixture and boiled for 15 min until color change 
was observed in the reaction mixture. 1 ml of Rochelle salt 
and distilled water up to 7 ml was added before the cooling 

of the reaction mixture for stabilizing the color change for-
mation and absorbance at 540 nm was noted.

Response surface methodology

RSM modelling was used in the current work to optimize 
the crucial physicochemical parameters. Using the cen-
tral composite design (CCD) with four independent vari-
ables, the statistical model was created. The parameters 
viz., the incubation period (2–10 days), inoculum size (2–6 
mycelial disc, 10 mm), agitation rate (75–175 rpm) and 
wheat bran (0.5–6.5%) were selected as important factors 
as per the literature review. Their effect on CMCase and 
FPase activity was analyzed employing a  24 full facto-
rial central composite design with 30 runs. Under 150 ml 
of Erlenmeyer flask with 50 ml of production medium in 
submerged fermentation, the experiments were carried out 
in triplicates.

The experimental results were fitted using second-order 
polynomial equation:

where Y is the predicted response, β0 is the intercept term, 
βi is the linear coefficient, βij is the quadratic coefficient and 
βii is the interaction coefficient.

The analysis of cellulase activities (FPase, CMCase) was 
done usingANOVA together with the F-test. The model’s 
lack of fit, adequacy in terms of precision, and effectiveness 
in predicting the response were evaluated. The coefficient of 
determination  (R2) and adjusted  R2 were used to statistically 
assess the quality of the polynomial model equation. The 
design expert software (version 10.0.7.0- × 64) was used to 
create all three-dimensional response surface plots.

Experimental validation

Experiments have been carried out independently with opti-
mal levels of medium components in shake flasks to validate 
the statistical model and its predictions. The observed ideal 
levels of parameters were maintained. Following incuba-
tion, culture filtrate was removed and tested for CMCase and 
FPase activity as mentioned earlier.

Degradation study of wheat bran

FTIR spectra was employed to examine the structural altera-
tions in fermented wheat bran samples using Brucker alpha, 
FTIR spectrophotometer, in the range of 400–4000  cm−1, 
with resolution of 4  cm−1. Bran specimens were prepared by 
combining some potassium bromide in moderate amounts. 

Y = �0 +

∑

�iXi +
∑

�ijXiXj +
∑

�iiXi2
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Sixteen scans were recorded at room temperature to acquire 
the absorbance. The analysis of degradation in fermented 
wheat bran was carried out using a Karl and Zeiss (Germany 
SEM 50) Scanning electron microscope (SEM). Samples 
were gold coated before observation.

Results

Colonial and morphological characterization 
of Aspergillus stellatus NFCCI 5299

Colonies in CYA had a velvety appearance, were initially 
slow-growing, sulcate in pattern, and reversed dull brown 
with pigments present. On PDA, however, colonies showed 
a darker shade of green, were slightly floccose and veluti-
nus, and had exudates on their surface. On MEA, colo-
nies that were initially yellowish green turned dark green 
with time. No exudates were discovered, but the colony’s 
reverse was seen to have a dark brown hue due to the pres-
ence of pigments. Green colored, radiating conidial heads 
were observed and were found to be columnar in shape 
and free forming. The philaides (8.2–9 × 2.6–2.9 µm) were 
colorless and biseriate along with the presence of metulae 
(4.2–6.5 × 1.7–2.0 µm). The shape of the philaides was found 
to be ampuliform. The vesicles observed were hemispheri-
cal in shape ranging in diameter from 10–11.5 µm. Green, 
rough-walled conidia was observed, entirely globose in 
shape and had a diameter of 2.4 to 3.0 mm. Spherical cli-
estothecia with many hulle cells (320–400 m in diameter) 
were seen along with smooth and straight conidiophores. 
The hyphae of the fungi were found to be septate (Fig. 1).

Effect of fermentation parameters on CMCase 
and FPase production using central composite 
design

Response surface approach incorporates interaction effects 
between the discrete variables assisting in the simultane-
ous optimization of several process parameters through-
out the course of the fewest possible experimental runs 
(Table  1). In the current study, Aspergillus stellatus 
NFCCI 5299 was employed to optimize the independent 
fermentation parameters, including incubation period, 
inoculum size (10 mm mycelial disc), agitation rate (RPM) 
and concentration of wheat bran (g/100 ml) using four fac-
tor central composite design (CCD). With all of the con-
ceivable combinations of these four independent variables, 
a series of 30 tests were carried out with four coded levels 
(− 2, − 1 and + 2, + 1). All of the selected factors were dis-
covered to have a favorable impact on the synthesis of cel-
lulases for both CMCase and FPase activities. According 

to RSM simulation, the quadratic model was the best strat-
egy for elucidating the relationship between responses and 
parameters. A second-order polynomial equation demon-
strated the experimental relationship between the distinct 
variables and responses (CMCase and FPase), which are 
provided in Eq. (1) and Eq. (2).

where Y is the CMCase/FPase activity (IU/ml), A is incuba-
tion period (days), B is inoculum size (10 mm mycelial disc), 
C is the agitation rate (rpm), D is wheat bran (g/100 ml). 
AB, AC, AD, BC, BD and CD represent interaction effect 
among variables, whereas quadratic effect is shown as  A2, 
 B2,  C2 and  D2.

Using design expert software 10.0.7.0, the F-test (Fis-
cher’s test) for ANOVA was employed to statistically evalu-
ate the quadratic model for CMCase and FPase activity as 
shown in Tables 2 and 3. The findings revealed that the val-
ues of “Prob > F” less than 0.0500 indicate highly signifi-
cant regression model. The resulting F-value of 45.81 and 
11.55 inferred that the quadratic model is significant and the 
large F-value is caused by noise only which happens with a 
0.01% chance. A, C, AB, AC, BC, CD,  A2,  C2 were found 
to be significant model terms for CMCase activity. How-
ever, AC, BC,  A2 were significant model terms for FPase. 
Values greater than 0.1000 indicate that the model terms are 
not significant. The “Lack of Fit F-value” of 0.85 and 0.65 
for CMCase and FPase indicates that the lack of fit is not 

(1)

CMCase activity:Y = ; + 0.51 − 0.057 ∗ A − 7.083E
− 003 ∗ B − 0.016 ∗ C
+ 1.667E − 003 ∗ D
− 0.012 ∗ AB − 0.017 ∗ AC
− 5.000E − 003 ∗ AD
+ ;0.019 ∗ BC − 8.750E
− 00. ∗ BD − 0.011 ∗ CD
− 0.076 ∗ A2 − 2.812E
− 003 ∗ B2−8.437E − 003 ∗ C2

− 2.187E − 003 ∗ D2

(2)

FPase activity:Y = +0.62 + 0.018 ∗ A + 0.017 ∗ B
+ 3.750E − 003 ∗ C + 8.167E
− 003 ∗ D − 0.026 ∗ AB
− 0.032 ∗ AC − 8.125E
− 003 ∗ AD + 0.028 ∗ BC
+ 6.875E − 00. ∗ BD
− 0.022 ∗ CD − 0.11 ∗ A2

− 0.013B2 − 1.625E − 003 ∗ C2

+ 0.014 ∗ D2
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significant relative to the pure error.This demonstrated the 
model’s precision and assisted in fitting the present model. 
The analysis of coefficient  R2, predicted  R2, and an ade-
quate precision helped to identify the model’s accuracy and 
dependability. The signal-to-noise ratio is measured using 
an indicator termed adequate precision. The ratio greater 
than 4 is recommended. The calculated ratio of 29.59 and 
15.09 for CMCase and FPase activity, suggests a strong 
signal. Consequently, it is possible to navigate the design 
space using this approach. In case of CMCase activity, the 
Pred R-Squared” value of 0.9051 for CMCase activity was in 
acceptable agreement with the "Adj R-Squared" of 0.9558, 
whereas the “Pred R-Squared” of 0.6702 was in acceptable 

agreement with the “Adj R-Squared” of 0.8358 for FPase 
activity i.e., the difference was less than 0.2 which essen-
tially states that the existing model fits the experimental 
data pretty well. The model’s ability to predict the outcome 
increases as  R2 approaches 1. It has also been confirmed that 
the expected CMCase and FPase activity closely matched 
with the activity that was actually observed. Figure 2 shows 
the experimental and predicted values of the model, and the 
fact that the data points are clustered along the diagonal 
line indicates that the model is reliable. To comprehend the 
impact of variable interactions and to determine the ideal 
values of each parameter for achieving the highest FPase and 
CMCase yields, response surface curves were plotted. By 

Fig. 1  Colonial characteristics of A.stellatus NFCCI 5299 (Obverse and Reverse): CYA (A, D); PDA (B, E); MEA (C, F); (G) conidial heads 
(× 100); (H) Aspergillus vesicle; (I) Hulle cells
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using 3D response surface plots against any two independent 
factors and their respective enzyme production while keep-
ing other variables at their center (0) level, the interactive 
effects of variables on the production of these enzymes were 
examined. The 3D plots revealed that the highest CMCase 
and FPase activities occurred at moderate levels of the incu-
bation period, inoculum size, and agitation rate and wheat 
bran concentration. The predictions of the quadratic model 
indicated highest CMCase and FPase activity of 0.508 IU/
ml and 0.623 IU/ml, which is possible with the ideal values 
of bioprocess parameters viz., incubation period (6 days), 
inoculum size (4 disc of 10 mm diameter), agitation rate 
(125 rpm) and 3.5% wheat bran. With the projected optimum 
values of various parameters, shaking flask experiments 
were used to validate the final optimized media. The value 
obtained of 0.508 IU/ml for experimental CMCase activity 

as optimized media is in remarkable agreement with the 
predicted value of 0.500 IU/ml. FPase activity was experi-
mentally determined to be 0.623 IU/ml, which is in line with 
the predicted value of 0.630 IU/ml (Table 4). It shows that 
created model was effective and reliable for predicting the 
biosynthesis of both CMCase and FPase by Aspergillus stel-
latus NFCCI 5299. 

Graphical interpretation of 3D response surface 
plots

The three-dimensional response surface graphs were plot-
ted to comprehend the impacts of variable interactions and 
to determine the ideal values of each parameter for achiev-
ing the highest CMCase and FPase yields. The computed 
responses from the response surface plots by interactions 

Table 1  Factors and their level used for optimum cellulase production by RSM method

S. No. Factor 1 incu-
bation days

Factor 2 inoculum 
10 mm mycelial disc

Factor 3 agita-
tion rpm

Factor 4 wheat 
bran (g/100 ml)

Carboxy methyl cellulase 
activity IU/ml

Filter paper activity 
FPU/ml

Observed Predicted Observed Predicted

1 6 4 125 3.5 0.50 0.50 0.70 0.69
2 2 4 125 3.5 0.35 0.32 0.18 0.14
3 8 3 150 5 0.32 0.32 0.45 0.45
4 4 3 150 2 0.44 0.45 0.50 0.47
5 6 2 125 3.5 0.51 0.51 0.56 0.54
6 8 3 150 2 0.35 0.34 0.52 0.51
7 6 4 125 3.5 0.50 0.51 0.63 0.62
8 6 4 125 3.5 0.50 0.51 0.68 0.62
9 8 3 100 2 0.41 0.42 0.52 0.58
10 8 5 100 2 0.36 0.36 0.52 0.49
11 6 4 125 0.5 0.51 0.50 0.68 0.66
12 6 4 75 3.5 0.51 0.51 0.65 0.61
13 6 4 125 3.5 0.55 0.51 0.62 0.62
14 8 5 150 2 0.35 0.36 0.55 0.54
15 4 5 150 2 0.49 0.51 0.54 0.60
16 4 5 100 5 0.45 0.47 0.49 0.52
17 6 4 125 3.5 0.50 0.51 0.65 0.62
18 4 5 150 5 0.49 0.49 0.65 0.60
19 8 3 100 5 0.47 0.45 0.65 0.61
20 4 5 100 2 0.45 0.45 0.42 0.43
21 6 4 175 3.5 0.45 0.44 0.61 0.62
22 6 6 125 3.5 0.50 0.48 0.61 0.61
23 6 4 125 3.5 0.49 0.51 0.65 0.62
24 4 3 100 2 0.45 0.46 0.39 0.41
25 10 4 125 3.5 0.07 0.09 0.20 0.21
26 6 4 125 3.5 0.51 0.51 0.51 0.62
27 8 5 100 5 0.36 0.36 0.51 0.55
28 8 5 150 5 0.31 0.30 0.51 0.51
29 4 3 100 5 0.51 0.51 0.45 0.47
30 4 3 150 5 0.45 0.46 0.40 0.45
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between the factors are represented in Fig. 3 and 4. Inoculum 
sizes and incubation time have an impact on CMCase activ-
ity as shown in Fig. 3a, and their interactions are shown to 
be significant. However, in case of FPase activity (Fig. 4a), 
they were found to be insignificant. The 3D graph shows that 
CMCase activity rises with longer incubation times and then 
falls off. Varying the inoculum size does not have any sig-
nificant effects, however varying incubation period, inocu-
lum size enhanced FPase production at moderate levels and 
later on declined. Similar outcomes can be seen when incu-
bation time and agitation speed were combined (Figs. 3b, 
4b). Both interactions were confirmed to be statistically sig-
nificant for both CMCase and FPase yield. Although varied 
levels of agitation rate had no significant impact, further 
moderate levels of incubation time led to maximal CMCase 
activity and FPaseactivity. A 3D plot between CMCase and 
FPase activity for incubation time vs wheat bran was shown 
in Figs. 3c and 4c. However, modest levels of incubation 
period led to elevated CMCase and FPase activity, which 
dropped after extended incubation period. Both interactions 
were discovered to be insignificant. Wheat bran also had no 
noticeable effect on the production of enzymes. Figures 3d 
and 4d demonstrated the response surface plot as a function 
of inoculum size vs. agitation speed. CMCase and FPase 
yield increased marginally at moderate agitation rates, but 
inoculum size had no discernible effect. A response sur-
face plot as a function of inoculum size and wheat bran was 

shown in Figs. 3e and 4e. No enzyme output was seen and 
the interactions were not statistically significant. A plot was 
shown in Figs. 3f and 4f as a function of agitation speed and 
wheat bran.

Structural assessment of wheat bran 
before and after fermentation

FTIR analysis

The findings showed that crude enzyme produced  from 
Aspergillus stellatus NFCCI 5299 was good at hydrolyzing 
wheat bran. According to the FTIR spectra of the unfer-
mented and fermented wheat bran, the modifications to the 
functional groups of wheat bran after fermentation were 
examined (Fig. 5). FTIR of pre-treated wheat bran showed 
medium and sharp peaks at 3562.20, 3552.34, 3518.69, 
3364.36, and 3345.61 cm−1 indicating O–H stretching. 
Whereas the new peak of fermented wheat bran was gen-
erated due to the degradation of wheat bran at a range at 
3209.84 cm−1 and 3104.44 cm−1 which is an attribute of 
the stretching vibration of the O–H bond in polysaccha-
rides. This peak includes intermolecular hydrogen bond 
vibration in cellulose. The medium and sharp absorption 
bands at 3091.02, 3065.99, 3039.59, 3023.22, 2937.11 
and 2908.68 cm−1 were also observed in fermented wheat 

Table 2  ANOVA of quadratic model for CMCase activity

Source Sum of squares Df Mean square F- value p value Prob > F

Model 0.26 14 0.019 45.81  < 0.0001 Significant
A-Incubation 

period
0.077 1 0.077 188.16  < 0.0001

B-Inoculum size 1.204E-003 1 1.204E-003 2.94 0.1070
C-Agitation speed 6.017E-003 1 6.017E-003 14.69 0.0016
D-Wheat bran 6.667E-005 1 6.667E-005 0.16 0.6923
AB 2.500E-003 1 2.500E-003 6.10 0.0260
AC 4.900E-003 1 4.900E-003 11.96 0.0035
AD 4.000E-004 1 4.000E-004 0.98 0.3387
BC 5.625E-003 1 5.625E-003 13.73 0.0021
BD 1.225E-003 1 1.225E-003 2.99 0.1043
CD 2.025E-003 1 2.025E-003 4.94 0.0420
A2 0.16 1 0.16 386.17  < 0.0001
B2 2.170E-004 1 2.170E-004 0.53 0.4779
C2 1.953E-003 1 1.953E-003 4.77 0.0453
D2 1.312E-004 1 1.312E-004 0.32 0.5797
Residual 6.144E-003 15 4.096E-004
Lack of Fit 3.860E-003 10 3.860E-004 0.85 0.6175 Not significant
Pure error 2.283E-003 5 4.567E-004
Cor Total 0.27 29
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bran which is attributed to C-H stretching vibration of all 
hydrocarbon constituents in polysaccharides. More peaks at 
1638.51, 1423.23, 1081.15, 407.65, and 433.11 cm−1 were 
observed in unfermented wheat bran. However, after sac-
charification the fermented wheat bran showed new strong 
and broad peaks at 1637.15 cm−1 and 1661.78 cm−1 indi-
cating the C = C stretching which was considered as the 

double bond region. Further, sharp band at 1401.33 cm−1 in 
fermented wheat bran indicated O–H bending and medium 
to broad absorbance peak at the range of 1092 cm−1 indi-
cated C–O–C stretching, this region indicated the fingerprint 
region. The signal at 634.59 cm−1 , 618.09 cm−1 indicated the 
C–OH out-of-plane bending mode. The absorption band at 

Table 3  ANOVA of quadratic 
model for FPase activity

Source Sum of squares Df Mean square F- value p value prob > F

Model 0.44 14 0.031 11.55  < 0.0001 Significant
A-Incubation period 7.704E-003 1 7.704E-003 2.86 0.1114
B-Inoculum Size 7.004E-003 1 7.004E-003 2.60 0.1276
C-Agitation speed 3.375E-004 1 3.375E-004 0.13 0.7282
D-Wheat Bran 1.601E-003 1 1.601E-003 0.59 0.4527
AB 0.011 1 0.011 3.90 0.0669
AC 0.016 1 0.016 6.04 0.0267
AD 1.056E-003 1 1.056E-003 0.39 0.5405
BC 0.013 1 0.013 4.70 0.0466
BD 7.562E-004 1 7.562E-004 0.28 0.6039
CD 7.656E-003 1 7.656E-003 2.84 0.1124
A2 0.34 1 0.34 126.93  < 0.0001
B2 4.547E-003 1 4.547E-003 1.69 0.2134
C2 7.243E-005 1 7.243E-005 0.027 0.8719
D2 5.186E-003 1 5.186E-003 1.93 0.1855
Residual 0.040 15 2.693E-003
Lack of Fit 0.023 10 2.285E-003 0.65 0.7364 Not significant
Pure Error 0.018 5 3.507E-003
Cor Total 0.48 29
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531.31, 487.97, 460.76, 442.41 cm−1 is the characteristic of 
β-glycosidic linkage between glucose units.

SEM analysis

The structure and surface morphology of alkaline pre-
treated/unfermented and fermented wheat bran were studied 
using SEM analysis. Extensive mycelial proliferation on fer-
mented wheat bran and mycelial invasion in bran pores was 
evident in the SEM image. However, the control image of 
chemically pre-treated/unfermented wheat bran revealed the 
thick textures and intact surfaces. The breakdown and altera-
tion of the fibre structure as well as an increase in pores and 
cavities were caused by the fungal proliferation on fermented 
wheat bran (Fig. 6). In addition, the exposed surfaces of the 
fermented wheat bran were greater than those of the pre-
treated/unfermented wheat bran Table 4.

Discussions

Utilizing cellulolytic microbes in place of chemical 
and mechanical processing of cellulose has been recognized 
as being more eco-sustainable approach. Numerous cellulo-
lytic microbes have been discovered in a variety of habitats, 
including soil, organic waste, guts, animal waste, marine 
sediments, and seaweed. However, the available enzymatic 
repertoire is currently insufficient to fulfil industrial 
demands, thus efforts to obtain potent isolates from 
uncharted habitats are continuously being made. In this 
investigation, a potent cellulolytic fungal strain was isolated 
from soil sample. The colonial and morphological charac-
teristics were found to be comparable with Aspergillus sp. 
Further, the organism was deposited at national fungal cul-
ture collection, India and identified as Aspergillus stellatus 
NFCCI 5299. The synthesis of extracellular cellulase is sig-
nificantly impacted by fluctuations in the physical factors as 
well as substrate concentration. Therefore, one strategy to 
lower the cost of producing cellulase by microorganisms is 

Fig.5  FTIR spectra for 
pre-treated/unfermented and 
fermented wheat bran using 
Aspergillus stellatus NFCCI 
5299
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to optimize each factor of the medium. RSM is a widely used 
statistical technique that uses cost efficient experimental 
designs and provides statistical assessments and predictions. 
To boost the CMCase and FPase production by Aspergillus 
stellatus NFCCI 5299, RSM was used in conjunction with 
CCD to optimize physical parameters including wheat bran 
concentration. The RSM simplified the optimization tech-
niques in 30 trials. The model developed was found to be 
very effective in optimizing the chosen medium constituents 
which is evident from R2 value 0.9051 for CMCaseand 
0.6078 for FPase. The model’s ability to predict the outcome 
increases as  R2 approaches 1. When compared to earlier 
studies, the observed  R2 value was similar. The use of 3D 
plots, which enables the direct display of the individual and 
interactive interaction of variables, makes it possible to 
effectively optimize the synthesis of microbial enzymes. 
According to the 3D plots, the maximum CMCase and FPase 
activities took place during the moderate incubation period 
(6 days), inoculum size (4 disc of 10 mm diameter), agitation 
rate (125 rpm) and 3.5% wheat bran. Sravanan et al. (2012) 
reported similar results using Box-Behnken design for 
enzyme optimization with Trichoderma reesei and observed 
six days of incubation period for maximal cellulase activity. 
Similar studies were also reported with Aspergillus niger 
under solid-state fermentation. Six days was optimum incu-
bation period after statistical optimization of cellulases 
(Verma et al. 2019). Researchers also investigated cellulase 
production with endophytic fungus Pestalotiopsismicros-
pora using RSM. The outcome demonstrated that the incu-
bation time of 5–6 days was ideal for increasing the activity 
of the cellulase enzyme (Goukanapalle et al. 2020). The 
results were also in agreement with Gad et al. (2022), who 
reported six days as optimal incubation time for CMCase 
production. The decrease in activity following the ideal incu-
bation period may be caused by a number of factors. This 
includes modifications to the fungus’s machinery for secret-
ing enzymes under stress brought on by the depletion of vital 
nutrients (Mrudula and Murugammal 2011), an inhibitory 
effect of cellobiose (Azzaz et al. 2012) or glucose accumu-
lated in the medium, the production of proteases (Nathan 
et al. 2014), or other physiological conditions. Production of 
cellulase is significantly influenced by the quantity of fungal 
inoculum. A number of four mycelial discs of 10 mm diam-
eter were inoculated into the fermentation medium in the 
current study. However, no significant impact of inoculum 
size on enhancing cellulase production was observed. 
According to Saravanan et al. (2012) and El-Hadi et al. 
(2014), an imbalance between growing biomass and nutrient 
accessibility may lead to decrease in enzyme activity. Cell 
clumping can also interfere with oxygen intake and enzyme 
release. On the contrary, insufficient inoculum levels result 
in less biomass production, which leaves many nutrients 

unused and reduces the synthesis of enzymes (El-Hadi et al. 
2014). Similar findings were made by Agrawal (2016), who 
found that a 2.5% (v/w) inoculum size was the ideal one for 
increasing CMCase production from Aspergillus sp. Accord-
ing to Saini et al. 2017, two mycelial discs of Trichoderma 
reesei (NCIM 992) per gram of substrate resulted in the best 
CMCase production. Authors (Ezeilo et al. 2022), studied 
the solid-state fermentation using palm oil leaves Tricho-
derma asperellum and Rhizopus oryzae for efficient produc-
tion of cellulose degrading enzymes. They observed 
2.0 ×  107  spores g−1 as optimal inoculum size for both 
CMCase and FPase production. Agitation speed of 125 rpm 
was found to be optimal for maximal CMCase and FPase 
production. Increased dissolved oxygen in the medium and 
consistent distribution of nutrients and catabolites are both 
influenced by the rate of agitation. However, increase in agi-
tation rate can also lead to damages in cell structure, leading 
to morphological changes brought on by shear stresses. 
Comparable results were reported by (Deka et al. 2013), viz., 
121 rpm as optimal agitation speed for CMCase production 
using Bacillus subtilis. Researchers (Tabassum et al. 2018), 
also reported 120 rpm as optimal agitation rate for enhanced 
CMCase activity. One study (Chavan et al. 2022) reported 
157 rpm as optimal agitation rate for maximal cellulase pro-
duction from Penicillium funiculosum NCIM 1228 using 
response surface methodology. According to the investiga-
tions mentioned above, cellulase is best produced at an agita-
tion rate ranging from 120 to 160 rpm. Wheat bran of 3.5% 
was found optimal for improving enzyme production. Simi-
lar outcomes were reported by Gomathi et al. 2012, i.e., 4% 
wheat bran as optimal substrate concentration for improved 
cellulase synthesis. Another study (Kumar et al.2018) also 
reported 1% wheat bran for maximal enzyme production 
with Schizophyllum commune NAIMCC-F-03379. Yousef 
et al. 2022 investigated in one study about how Virgibacil-
lussalarius produces thermo and halostable cellulase. They 
claimed that 30 g/L of wheat bran was the ideal concentra-
tion for producing enzymes and for achieving the highest 
possible saccharification output. It is generally accepted that 
the form and content of the carbohydrates in wheat bran 
make them ideal for stimulating the production of cellulases 
by filamentous fungus throughout both submerged and solid-
state fermentation (Deswal et al. 2011). The significance of 
previous work on cellulase production from Aspergillus spe-
cies using agro-residual waste lies in its potential to alleviate 
environmental and industrial challenges while contributing 
to sustainable resource. Researchers have investigated vari-
ous factors influencing cellulase production, such as sub-
strate selection, microbial strains, fermentation parameters 
and inducer molecules. These findings guide the optimiza-
tion of cellulase production processes for higher yields and 
cost-effectiveness, as well as the investigation of other 
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cellulase-producing strains, including various species of 
Aspergillus, Trichoderma, and other fungi. Sasi et al. (2012) 
observed the optimization, production, and purification of 
cellulase enzyme from marine Aspergillus flavus. The exper-
imental results showed that the cellulase production was 
higher at pH 8 and 30 ℃ on seven days of incubation period. 
The effect of different carbon sources like rice bran, wheat 
bran, bagasse were used for cellulase enzyme production. 
Reddy et al. (2015) investigated the cellulase production by 
Aspergillus niger on different natural lignocellulosic sub-
strates (rice bran & wheat bran). Maximum titers of FPase, 
CMCase and β-glucosidase obtained on this combination 
were 2.632, 2.478 and 2.984 U/mL in SmF and 29.81, 25.2 
and 32.18 U/g DS in SSF, respectively. This work helps in 
identifying the most promising strains with high enzyme 
yields and specific cellulase activities. The current investiga-
tion suggests that A. Stellatus is an uncommon isolate 
reported up to this point for optimizing cellulase production 
using solid substrate, despite thefact that there are only a few 
reports of it having cellulolytic capability. Enzyme charac-
terization studies have revealed the diversity of endoglu-
canases, exoglucanases, and β-glucosidases and their syner-
gistic actions in cellulose degradation. Analyzing various 
cellulase-producing strains and evaluating the cost-effective-
ness of cellulase production process by particular strain, 
substrate cost, enzyme yield and downstream processing 
expenses are crucial for determining utility in large scale 
industrial production and application. Comparative studies 
of different agro-residue waste substrate (rice straw, wheat 
straw,corn stover) with various fermentation conditions 
(temperature, pH, aeration and agitation), enzyme profiling 
across different strain can provide insights into variation in 
the types and proportion of cellulase enzyme. Cellulases 
have enormous potential in industries and are used in food, 
beverages, textile, laundry, paper, waste management, medi-
cal/pharmaceutical industry, protoplast production, genetic 
engineering, pollution treatment and in other area and pulp 
industries etc. (Gomathi et al. 2012). The field of bioprocess 
engineering has been benefited from earlier research by 
developing strategies for scaling up cellulase production 
from laboratory to industrial level (Khan et al. 2016). In 
summary, earlier work in cellulase production serves as a 
knowledge base for understanding the process, optimizing 
conditions, synergetic effects of different cellulase enzyme 
and identifying promising microbial strains. Based on the 
FTIR spectra of the unfermented and fermented wheat bran, 
the modifications to the functional groups of wheat bran 
after fermentation produced absorption bands at 
3209.84 cm−1 and 3104.44 cm−1 indicating stretching vibra-
tion of the O–H that confirms the presence of cellulose. The 
findings concurred with the literature (Vinche et al. 2021), 
who also investigated the enzyme optimization using wheat 
bran as substrate. Absorption bands at 3091.02–2908.68 cm−1 

ascribed to C-H stretching vibration, 1637.15 cm−1 and 
1661.78 cm−1 indicated the C = C stretching, 1401.33 cm−1 
revealed O–H bending and 1092 cm−1 indicated C–O–C 
stretching. The results were in agreement with other work 
Silva et  al. (2021), absorption bands in the region 
500–1000 cm−1 was related to the carbohydrate skeletal 
vibrations (Wiercigroch et al. 2017; Hong et al. 2021). SEM 
analysis was used to examine the structure and surface mor-
phology of pre-treated and fermented wheat bran. The chem-
ically pre-treated/unfermented wheat bran revealed the dense 
and solid surfaces. The breakdown and modification of the 
fibre structure were caused by the mycelial growth on fer-
mented wheat bran. Similar observations were reported by 
some researchers (Vinche et al. 2021; Kumari et al. 2022; 
Abdullah et al. 2021), on agricultural waste. The findings 
showed that crude enzyme produced from Aspergillus stel-
latus NFCCI 5299 was good at hydrolyzing wheat bran.

Conclusion

Cellulase output can be enhanced by Aspergillus stellatus 
NFCCI 5299 using wheat bran as substrate in submerged 
fermentation. To improve growth and the potential for the 
synthesis of enzymes, it is important to consider the phys-
icochemical characteristics and composition of the wastes. 
Due to its favorable lignocellulosic characteristics for cel-
lulose production, the wheat bran provided great support for 
the enzyme’s synthesis. Using RSM with central composite 
design, the best process parameters for maximizing the pro-
duction of CMCase and FPase were identified. The optimal 
conditions for the production of CMCase and FPase were 
achieved at the incubation period of 6 days, inoculum size of 
4, agitation rate of 125 rpm and wheat bran concentration of 
3.5%. Utilizing SEM and FTIR analysis, the morphological 
structure and surface of alkaline-pre-treated and fermented 
wheat bran were examined. The high cellulolytic activity 
of the enzyme can be utilized in a wide range of biotechno-
logical and manufacturing industries. Other agro-industrial 
waste can further be tested to get closer to the proper valori-
zation parameters supporting production of enzymes.
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A B S T R A C T   

An enormous increase in the use of enzymes in a wide range of industrial biological conversion technologies has 
been made possible by the explosion of green biotechnology. Industrial enzymes’ huge biocatalytic potential 
gives them an advantage over chemical technology in terms of security, reusability, and greater process regu-
lation. One such enzyme with enormous potential for converting hydrolyzable tannins into gallic acid is tannase. 
Tannins mostly accumulate in plant components including leaves, fruits, roots as well as bark. Additionally, 
harmful tannery effluents from a variety of tanneries contain high concentrations of tannins in the chemical form 
of tannic acid. Tannase is primarily used to degrade the tannins that mostly exist in harmful tannery effluents, 
offering a comparatively much more affordable method for their biodegradation. This review discusses the 
mechanism of action of tannases, with an emphasis on substrates and production, biochemical characterization, 
and its applications.   

1. Introduction 

Tannins are naturally occurring polyphenols and are widely 
distributed non-volatile secondary plant metabolites with varying mo-
lecular weights. They are involved in protection against ultraviolet rays 
as well as invading pathogens in plants [1,2]. Based on their structure 
and characteristics, tannins are divided into two major classes. They 
consist of condensed and hydrolyzable tannins, as well as Catechin 
tannins in the form of an intermediate. The majority of plants contain 
tannins [3]. They are found in the bark, wood, leaves, fruits, roots, and 
seeds of plants. Tannins are regarded as anti-nutritional substances that 
drive enzymes involved in digestion and other proteins to proliferate. 
Additionally, they also provide wine, fruit juices, and tea its bitter flavor. 
The enzymes known as tannases are responsible for catalyzing the 
transformation of tannins and gallic acid esters into gallic acid and 
glucose. Tieghem unintentionally found tannase from fungi growing in 
the solution of tannins [4]. Tannase is ubiquitous enzyme that is ob-
tained from the family of esterases and depsides [4,5]. Also known as 
Tannin acyl hydrolase, these enzymes hydrolyze the ester bonds present 
in tannic acid, gallotannin, and gallate esters producing glucose and 

gallic acid [6], [7],[8]. They usually hydrolyze those substrates that 
have at least two phenolic hydroxyl groups in the acid component [4,9]. 
Tannases are produced by microbial, animal, and plant sources, how-
ever, industrial production of tannases on a large scale is primarily 
carried out by microbes due to their metabolic diversity, consistency in 
the production of enzymes, and simplicity in downstream processing. 
Several reports have mentioned Aspergillus, Penicillium, Fusarium, and 
Trichoderma as potential tannase producers. Bacterial species viz., Ba-
cillus, Clostridium, and Lactobacillus along with a few yeast are also re-
ported for their ability to synthesize tannase [10]. Solid state 
fermentation (SSF) is frequently used for the production of tannase from 
fungal sources because it lacks product feedback inhibition without any 
requirement of sophisticated instruments. In contrast to low-value me-
dium sources, it has simple processing after fermentation with excellent 
yielding and cost-effective characteristics [6]. 

On the other hand, submerged fermentation (SmF), has a high water 
need for easy provision of nutrients for growth and culture and is 
frequently employed for the manufacture of bacterial tannase. For the 
production of highly purified tannase, downstream processing combines 
techniques including recovery, concentration, and purification; 
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however, adding more than two stages increases the cost [11]. Tannase 
is used to make quick tea, wine, beer, refreshing drinks, and fruit juices, 
as well as it improves the nutrition of animal feed. Additionally, tannase 
is used for fruit ripening, colon cancer detection, and the treatment of 
effluents that are associated with high content of tannin [12]. Tannase is 
a crucial industrial enzyme, and has been known for its application in 
advancement of green biotechnology. However, little is known about 
these biocatalysts due to ignorance about solid substrates, methods of 
production, catalytic activity, and other characteristics. Moreover, a 
number of researchers have documented the use of waste with high 
tannin concentrations to produce tannase. For instance, cashew testa 
waste containing high tannin content was utilized for the production of 
tannase leading to reduction of harmful effects of tannin. Additionally, 
selecting a potentially active microbe to be used with a cheaper sub-
strate composed of agricultural waste can help to lower the cost of 
synthesizing tannase [13]. The development of green biotechnology is 
aided by the discovery, that high titres of tannase, produced by many 
fungal species such as Aspergillus isolated from tannin waste, digest 
tannin present in tannery effluent, consequently lowering water pollu-
tion. Several techniques involving biosorption, bioaccumulation, bio 
reduction, and immobilization of microbial cells can also potentially 
help in reducing tannin content leading to decreased environmental 
pollution. Additionally, recent advancements in recombinant tannase 
manufacturing and the creation of straightforward downstream pro-
cedures are crucial in lowering production costs. Tannase has numerous 
uses in the commercial sector, for instance in beverages, medicine, skin 
care products, and bioremediation [14]. Tannase is receiving attention 
as a result of their ability to hydrolyze and synthesize in appropriate 
solvent systems. The tannases’ intricate catalytic ability has increased 
their commercial significance [15]. Although a number of review arti-
cles have been reported the challenges, microbial production, and 
biotransformation of tannins [16–18], no review has highlighted the 
biotechnological production of tannase and its applications in different 
fields. Therefore, the current review article is focussed on tannins and 
their harmful impact on the environment along with their microbial 
decomposition using tannase. The chemistry of tannase has also been 
addressed, in terms of significance in bioremediation, action mecha-
nism, synthesis, characterization, and significant applications in 
numerous industries. In the biological method of pollutant degradation, 
the utilization of microbial tannase is a relatively new and promising 
topic of study. Many enzyme systems have been shown to oxidize and 
break down various organic pollutants into smaller intermediates, 
therefore efficiently degrading the pollutants. The synthesis and 
biochemical analysis of tannase might contribute to the comprehension 
of the nature of enzymes and their potential uses in industry. This would 
also enable to employ various immobilization techniques for the effec-
tive use of the protein and efficiently alter it via proteomics. 

1.1. Tannins 

The tannins are the second-most prevalent category of phenols in 
ecology and have a number of significant biological functions, including 
defense against bacterial, viral, and fungal infections in plants. They 
have also been known for protection against several pests and herbivores 
[16]. The location and distribution of tannins in different plant parts, 
such as flowers, needles, bark, seeds, and leaves, were documented by 
Belmares et al. [19]. Condensed and hydrolyzable tannins are the two 
main categories into which tannins have conventionally been divided. 
Gallotannins, ellagitannins, condensed tannins, and complex tannins 
make up the four groups that make up the most recent and widely 
accepted classification of tannins. Gallotannins are the most basic tan-
nins and they are produced when the units of galloyl or di-galloyl 
esterify to a core of glucose or another polyhydroxy alcohol. Ellagi-
tannins are hexahydrodiphenic acid (HHDP) esters, polymeric proan-
thocyanidins are condensed tannins. Gallic or ellagic acids can interact 
with catechins and glucosides to produce complex tannins. The chemical 

structure of different tannins is shown in Fig. 1. [20]. Tannins have a 
variety of impacts on different organisms, ranging from poisonous 
consequences on animals to microbe growth inhibition. Yet, certain 
microorganisms have evolved other mechanisms and pathways for 
tannin breakdown in their native habitats, making them resistant to 
tannins. Condensed tannins’ microbial breakdown occurs in both aero-
bic and anaerobic settings, however, has received less research than that 
of gallotannins. Environmental contamination is greatly exacerbated by 
tannins’ capacity to bind with proteins and other substances. This im-
plies the need for environmentally friendly methods of tannin degra-
dation [1]. 

1.2. Tannase and their mechanism of action 

Tannin acyl hydrolase (TAH), commonly known as tannase, is a 
widely distributed enzyme [4]. It is a member of the esterase family that 
hydrolyses the ester bonds in tannic acid, gallotannin, and gallate esters 
to produce glucose and gallic acid [7],[8]. Typically, they only hydro-
lyze the substance’s acid components that have two or more phenolic 
hydroxyl groups. Tannic acid is completely hydrolyzed by TAH to gallic 
acid and glucose. The 1,2,3,4,6-pentagalloylglucose, 2,3,4,6-tetra-
galloylglucose, and two varieties of mono-galloyl glucose are the re-
action’s intermediates [16]. The tannase-catalyzed hydrolysis reaction 
is shown in Fig. 2. 

2. Microbial sources of tannase 

Tannases are produced by plants, animals, as well as microorgan-
isms. Microbial tannase is not only employed in bioremediation, but also 
utilized in industry. Various microbiological sources of tannase, have 
been described: 

2.1. Bacterial tannase 

Microorganisms are the major sources of tannase, particularly bac-
teria [6]. There are few reports on bacterial tannase in the literature 
before 1969 s. In 1969, Lewis and Starkey first reported that Achromo-
bacter sp. can utilize gallotannin as the energy source for their growth. 
Deschamps et al. isolated several bacterial strains that can utilize tannic 
acid as the sole carbon source [21]. Over the past years, culturable, 
tannase-producing bacteria have been isolated from copious sources 
such as soil, wastewater, decaying bark, pickles, animal feces, bever-
ages, etc. In general, the optimal pH (4.5–7) and temperature (30–40 ◦C) 
were reported for most active tannase-producing bacteria [6]. The mo-
lecular weight of monomeric bacterial tannase exists in the range of 
46.5–90 kDa [6,22]. Maximum productivity of tannase was reported in 
the stationary phase of growth in bacteria [23]. There is no substrate 
specificity for bacterial tannase due to the variety in the quality of the 
substrate [6]. In order to defend themselves from tannin, microbes 
synthesize the enzyme tannase [24]. The bacterial, yeast, and fungal 
tannases have divergent amino acid sequences but share a common 
pentapeptide active site motif of Gly-X-Ser-X-Gly, a typical feature for 
serine hydrolases [25]. Cloning of fungal tannase genes has proven to be 
difficult due to the complexity of fungal enzymes. However, bacterial 
tannase is made up of a single subunit of the polypeptide chain, which 
makes cloning, overexpression, and purification accessible compared 
with fungal tannase [26]. 

Bacterial tannase is classified into two subtypes based on the pres-
ence or absence of aspartate residues in the catalytic triad, the presence 
or absence of single peptides, and the protein length. Subtype A is 
around 600 residues, and subtype B is smaller than type A with 470–570 
residues [25]. However, other than a few type B tannases that have been 
shown to selectively cleave gallate esters with longer alkyl chains, there 
haven’t been any obvious changes in the biochemical features between 
the two proposed classes [27]. The first three-dimensional structure of 
tannase from Lactobacillus plantarum was reported by Ren et al. [24], as 
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shown in Fig. 3a. The enzyme has a huge cap domain inserted into a 
classical serine hydrolase fold, giving it α/β structure with 18α helices 
and 13β strands. The structure was found to have a catalytic triad made 
up of Ser163, His451, and Asp419. The catalytic triad of the enzyme 
forms hydrogen-bonding interactions with the carboxyl group of the 
gallic acid molecule, and the three hydroxyl groups make contact with 
Asp421, Lys343, and Glu357 to create another hydrogen-bonding 
network. A left-handed twisted sheet made up of nine β-strands (β1 to 
β7, β12, and β13), in which β1 and β3 run antiparallel to each other. On 
the concave side of the major β-sheets, the helices α3 and α18 are linked, 
whereas the other side has the majority of helices. On the C-terminal side 
of the β-sheet, the α10 helix runs roughly perpendicular across β13 and 
joins together with α11, α12, and a two-stranded antiparallel β-sheet 
composed of β10 and β11. One of the structure’s distinguishing features 
is the flap hung above the major β-sheet. Two long strands, β8, and β9, 
that are twisted together to form an antiparallel sheet make up the flap. 

On the protein surface, a tunnel is created when the loop between po-
sitions β8 and β9 makes contact with positions β4 and α3. The in-
teractions are mediated by Val89, Thr90, Trp91, Asn238 and Arg240. A 
hydrogen bond is formed between the backbone nitrogen of Trp91 and 
oxygen of Asn238. Tannase is found in the crystal as a dimer in the 
asymmetric unit. Most of the residues in helix α9 and the loop between 
helixes α9 and α10 are involved in the inter-subunit interactions. At the 
dimer interface, the two helices of α9 are parallel to one another, 
forming hydrophobic interactions and many hydrogen bonds between 
them as well as between α9 in one subunit and the loop connecting α9 
and α10 in the other subunit as depicted in Fig. 3a [26]. 

Researchers have isolated a variety of bacterial species that produce 
tannase and are capable of degrading tannin from the environment. A 
significant role is performed by lactic acid bacteria (LAB) in the break-
down of dietary tannins. LAB can hydrolyze tannins and reduce the 
amount that they are absorbed by intestinal cells [28]. In environmental 
biotechnology, tannase has also been used to remediate tannery effluent 
[29]. Tannase produced from Enterobacter species can be used in 
bioremediation as well as in biocatalysis and biotransformation to create 
molecules like gallic acid, trimethoprim, and other pharmaceutically 
relevant chemicals [30]. Cellulase’s catalytic activity can be increased 
by using tannase to break down the phenolic substances [31]. A tannase 
and a gallate decarboxylase functioned together to decarboxylate the 
gallic acid synthesized by tannase action in the metabolic route used by 
L. plantarum to break down tannins [27]. The rumen bacteria that syn-
thesize tannase and catalyze the degradation of HTs (hydrolysable tan-
nins) and euptox A, have applications as microbial feed additions to 
promote the utilization of plant biomass containing anti-nutritional 
phytometabolites [30]. Amanda et. al., described biochemically and 
structurally three tannase enzymes from a single organism, the soil and 
gut-dwelling anaerobic bacterium Clostridium butyricum [10]. Tannase 
encoded by C. butyricum may indicate the ability to either metabolize or 
detoxify tannins to sustain growth in a wide range of environments. 
Different bacterial sources along with their tannase activity are listed in  
Table 1. 

Fig. 1. Classification of tannins ( 
Source: Aguilar and Gutiérrez-Sánchez 2001) [19], Adopted with permission. 

Fig. 2. Tannase catalyzed hydrolysis of 1,2,3,4,6-pentagalloylglucose ( 
Source: Aguilar and Gutiérrez-Sánchez 2001) [20], Adopted with permission. 
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2.2. Fungal tannase 

Tannase producers do not belong to a large variety of fungal species, 
even though fungi are the prominent tannase producers among all mi-
croorganisms. Aspergillus and Penicillium species are the most frequent 
tannase makers, according to the majority of studies’ outputs. The list of 
other mould species that have been reported to generate tannase is not 
very large but includes Fusarium sp., Mucor sp., Paecilomyces sp., and 
Hyalopus sp. Only a few yeast species that produce tannase have been 
identified [46]. Kita discovered fungal tannase from Aspergillus oryzae 
[47]. Yamada et al., discovered fungal tannase from the mycelium of 
Aspergillus flavus [8]. Several yeast strains were also found to produce 
tannase. Four different species of tannin-tolerant yeast, including 
Cyberlindnera rhodanensis, Debaryomyces hansenii, Candida sp., and 
Sporidiobolus ruineniae, were isolated from the city of Miang by Kan-
piengjai et al. [43]. The tannase produced by them translocated in their 
cell wall, hence they were called as cell-associated tannases (CATs). 
Thirty Aspergillus niger strains were reported by Pinto et. al., for their 
potential to make tannase [48], A. niger 11T25A was reported as the best 
producer. Enemuor [49] isolated the tannic acid-degrading fungus 
Aspergillus tamari from the soil contaminated by tannery effluent. Feces 
of koalas were also reported to contain tannin-degrading microorgan-
isms [50]. 

Commonly, fungal tannase production is done by solid-state 
fermentation (SSF), however, bacterial tannase production occurs via 
submerged fermentation [6]. SSF is more significant when compared 
with SmF since it requires less water and energy to operate. Because of 
the extracellular nature of tannase, SSF is more feasible and the enzyme 
is easy to recover, whereas in SmF it is largely preferred for intracellular 
enzymes [16,5]. The favorable pH for fungal tannase is 4.0–6.0. Tannase 
produced by yeasts can tolerate high temperatures compared with 
bacterial tannases [18]. The majority of commercialized tannase is 
manufactured by the fungus as in Biocon (India), Kikko-man (Japan), 
and JFC GmbH (Germany) [46]. Fungal tannase has a comparatively 
higher molecular weight (45–310 kDa) than bacterial tannase 
(31–90 kDa) [51]. Tannase produced by Penicillium montanense URM 
6486 is stable over the entire range of pH, because of this property the 
cost of pH control during the manufacturing process is reduced [52]. 
Aspergillus sp. tannase has a higher isoelectric point than other fungal 
species, confirming its thermal stability [53]. The catalytic site of tan-
nase containing tryptophan is sensitive to salts and thus affects the 
enzyme activity [26]. High concentrations of urea (6–8 M) are also 

known to cause conformational changes in the enzyme [54]. The crystal 
structure of fungal tannase depicted in Fig. 3b was first reported by Dong 
et. al., [32]. They reported that the enzyme has a large inserted cap 
domain along with a typical α/β-hydrolase-fold domain that forms a 
bowl-shaped hemispherical structure with a surface concavity sur-
rounded by N-linked glycans. In between the two domains, gallic acid is 
present by forming two hydrogen-bonding networks with adjacent res-
idues. One bond is formed around the carboxyl group of gallic acid 
involving residues from the hydrolase fold domain, together with the 
residues of a catalytic triad consisting of Ser206, His485, and Asp439. 
The second one is around the three hydroxyl groups of the compound 
involving the residues of the cap domain namely Gln238, Gln239, 
His242, and Ser441. By forming a hydrophobic contact with Ile442, 
gallic acid is sandwiched together. All of these residues are highly 
conserved in both fungal and yeast tannase. Fungal tannase has been 
used for the bioremediation of waste from industries [55]. Tannery ef-
fluents are highly polluted and contain a huge amounts of tannin. It’s 
highly soluble and also inhibits the growth of microorganisms [56]. It 
was also applicable in the biodegradation and decolorization of waste-
water from olive-mill and was found to remove 58% of the color [57]. 
Other than this tannase finds application in the food industry as well as it 
is used to reduce the bitterness and dark color during the preparation of 
fruit juices [16]. It is also used in the production of instant tea and gallic 
acid [18]. Although it is a useful enzyme, due to the high production cost 
its applications are limited [41]. Recently genetic engineering (Genetic 
Modified Organisms: GMO) and recombinant DNA technology are being 
used to increase the production of tannase [18,58]. Liu et. al., also 
conducted research by transferring the tannase gene in A. niger to in-
crease its yield [59]. Some important fungal tannase along with their 
source and activity are listed in Table 2. 

2.3. Affecting parameters in tannase production 

Microbial tannases are extracellular enzymes and their production is 
highly regulated by physical and nutritional parameters such as pH, 
temperature, nitrogen and carbon sources, inorganic salts, agitation, and 
moisture content. The control of tannase gene activity by the manipu-
lation of various physicochemical circumstances has been the subject of 
several reports. The tannase gene may be induced by all of these 
imposed microenvironments, which would then cause this enzyme to be 
expressed. Since the majority of tannases are inducible enzymes and are 
typically synthesized in the presence of inducers, such as tannic acid, 

Fig. 3. The structure of L. plantarum tannase. A monomer. Stick depiction is used to show the side chains of the catalytic triad’s residues (Ren et al.2013) [26]. (a) 
Crystal structure of Aspergillus niger tannase (b) (Dong et al. (2021) [32], adopted with permission. 
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carbon has traditionally been the primary determinant for the expres-
sion of tannase activity [49]. However, additional carbon sources such 
as arabinose, glucose, maltose, mannose, sucrose, and xylose have a big 
impact on their synthesis as well. In one experiment, tannase from 
Paecilomyces variotii was stimulated by the presence of glucose, whereas 
the presence of arabinose, raf-finose, sorbose, and starch suppresses it 
[65]. Lagemaat and Pyle, also reported that depletion of glucose supply 
in media could result in the partial stimulation of tannase [74]. Addi-
tionally, Banerjee and Pati observed that glucose had a favorable impact 
on the tannase synthesis of Aureobasidium pullulans [46]. According to 
Seiji et. al., an organism’s tannase activity can only be seen during 

glucose-rich growth conditions [75]. Selwal et. al., reported the pres-
ence of maltose as a significant carbon source for improving tannase 
production up to 31.1 U/mL from Penicillium atramentosum [67]. 
Mannose (0.1%) and sucrose (0.05%) were also observed to enhance 
tannase activity in bacterial species viz., Bacillus subtilis [6] and Klebsi-
ella pneumonia [30]. Under solid-state fermentation, the use of coffee 
husk enhanced enzyme production employing Lactobacillus sp. [28], 
coffee husk combined with wheat bran and tea stalk powder in combi-
nation with glucose significantly improved the production of fungal 
tannase [5,76]. 

The diverse nitrogen sources in the medium, in addition to the car-
bon sources, have an impact on the tannase titers in the production 
broth. The presence of various nitrogen sources, including yeast extract, 
sodium nitrate, ammonium nitrate, ammonium sulphate, and ammo-
nium chloride, was investigated by a number of researchers. The pres-
ence of ammonium nitrate in the medium along with tamarind seed 
powder increased the tannase production [36]. Raman et. al., reported 
0.2% sodium nitrate as an optimal nitrogen source for enhanced tannase 
production utilizing Paecilomyces variotii under solid-state fermentation 
[65]. Similar studies were also reported using Aspergillus flavus under 
submerged fermentation with sodium nitrate as the optimal nitrogen 
source. The highest tannase production was reported by Banerjee and 
Pati by utilizing di-ammonium hydrogen phosphate [77]. A few studies 
reported the inhibiting effects of nitrogen. According to Kumar et al. 
[30] adding ammonium sulphate to the medium decreased the pro-
duction of tannase. Similar findings were also reported by Selwal et. al. 
[67] who revealed that decline in tannase production decreased in the 
medium containing sodium nitrate, ammonium chloride, urea, and 
ammonium sulphate, but increased in the presence of ammonium nitrate 

Table 1 
Bacterial tannase from various sources and their tannase activity.  

S. 
No 

Sources Bacterial Isolates Tannase 
activity 

References 

1 Forest litter and 
decaying bark of 
oak and pine tree 

Bacillus polymyxa , 
Bacillus pumilus 
Corynebacterium sp. 
Klebsiella planticola 
Klebsiella pneumonia 
Paenibacillus polymyxa 
Pseudomonas 
solanaceanum 

0.5 U/mL [21] 

2 Domestic livestock Selenomonus ruminantium 4.5 mg/ 
mL 

[22] 

3 Tannery effluent Citrobacter freundii 1.87 U/ 
mL 

[30] 

4 Sal forest soil Bacillus licheniformis 
Bacillus cereus 

5.44 U/ 
mL 

[23] 
[23] 

5 Olive wastes Lactobacillus plantarum 6 U/mL [28] 
6 Compost tannery 

soil 
Pseudomonas citronellolis 
Pseudomonas 
plecoglossicida 

0.25 g/ 
mL 
0.15 g/ 
mL 

[33] 

7 Human feces Lactobacillus plantarum 11.4 U/ 
mL 

[34] 

8 Feces of Japanese 
large wood mouse 

Lactobacillus animalis 
Lactobacillus murinus 

10.1 U/ 
mL 
9.7 U/mL 

[35] 

9 Sheep excreta Lactobacillus sp. 0.85 U/ 
mL 

[36] 

10 Mouse feces Lactobacillus apodemi  [37] 
11 Tannery effluent Citrobacter sp. 0.5 U/mL [38] 
12 Compost tannery 

soil 
Enterobacter cloacae 
Pseudomonas aeruginosa 

0.55 U/ 
mL 
13.65 U/ 
mL 

[39] 

13 Olive wastes Pantoea sp. Serratia sp. 1.005 U/ 
mL 
0.902 U/ 
mL 

[40] 

14 Tea processing 
factory 

Microbacterium terregens 
Bacillus massiliensis, 
Serratia ficaria, Serratia 
marcescens Providencia 
rettgeri 

0.026 U/ 
L 
9.65 U/L 
0.29 U/L 
0.017 U/ 
L 
0.15 U/L 

[41] 

15 Tannery effluent Klebsiella pneumonia 22.7 U/ 
mL 

[42] 

16 Compost tannery 
soil 

Bacillus subtilis 10.69 U/ 
mL 

[6] 

17 Rhizospheric soil Klebsiella pneumonia 
KP715242 

0.065 U/ 
mL 

[30] 

18 Miang (A 
traditional 
fermented tea leaf 
found in northern 
Thailand) 

Lactobacillus pentosus BA- 
7 
Lactobacillus pentosus 
QA1–5 

40 KU/L 
39KU/L 

[43] 

19 Pomegranate Bacillus velezensis TA3 32 U/g [44] 
20 Forest soil Paraburkholderia tropica 

PK17 
Kosakonia arachidis 

0.75 U/ 
mL 
1.49 U/ 
mL 

[45]  

Table 2 
Fungal tannase from various sources and their tannase activity.  

S. 
No 

Sources Fungal Isolates Tannase 
activity 

References 

1 Soil Rhizopus oryzae 32.76 U/mL [46] 
2 Soil of IIT KGP Aspergillus foetidus 25–30 U/ mL [60] 
3 Soil of IIT campus A. awamori 

nakazawa. 
2–3 U/ mL [54] 

4 Tunisian soil A. flavus 8000 UI/L [57] 
5 Soil sample and 

damaged tissue of 
tannin-rich plants 
of Mexican dessert 

Penicillium commune, 
A.niger, A. rugulosa, 
A. terricola, A. 
ornatus and 
A. fumigatus 

500 U/L [61] 

6 Garbages, forests 
and orchards, 

A. rubber 69 U/g [62] 

7 Tannery effluent A. niger 16.77 U/ mL [63] 
8 Tannery effluent A. fumigates 174.32 U/g [64] 
9 Ocimum sanctum Hyalopus sp. 7.6 U/ mL [54] 
10 Tannery 

wastewater 
Paecilomyces variotii 98 U/ mL [65] 

11 Tannery soil A. tamari 0.8–1 U/ mL [49] 
12 Seawater A. awamori 2761.89 IU/ 

mg 
[66] 

13 Tannery effluent Penicillium 
atramentosum KM 

170.75 U/g [67] 

14 Bark of Acacia 
nilotica trees 

A. niger 101.428 U/ 
mL 

[68] 

15 Air from the 
Brazilian Caves 

A. japonicus 246 A A. 
tamarii 3 

16.45 U/mg 
and 12.95 U/ 
mg 

[69] 

16 Moldy tea leave Penicillium EZ-ZH190 4.33 U/ mL [70] 
17 Barks of angico A. niger 

A. fumigatus 
10.05 U/ mL 
10.14 U/ mL 

[71] 

18 Marine sediment A. nomius 291 U/mg 
protein 

[72] 

19 Tea industry waste Rhizopus stolonifer 1.052 U/mg [2] 
20 Soil of Gururipal sal 

forest 
Penicillium 
Purpurogenum 

5.784 U/g [6] 

21 Odontotermes 
obesus. 

Mucor ellipsoideus 
strain CBS 126271 

0.690 IU/ mL [73]  
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[67]. Apart from the diverse chemical components of the fermentation 
medium, physiological factors like pH, fermentation time, agitation, and 
temperature also have a significant impact on enzyme production. 
Mostly, microbes prefer a pH range of 4.5–6.0 to produce tannase such 
as Bacillus haynesii [18], B. licheniformis, Aspergillus niger [51], and 
Rhizopus oryzae [78]. However, Rautella orynithinolytica showed 
maximal tannase yield at pH 7 [79]. The synthesis of the enzyme and 
biomass are both significantly influenced by temperature, a key process 
variable. By changing the characteristics of the cell membrane, it is also 
known to play a significant part in the release of the extracellular 
enzyme. Largely fungal tannase production ranged from 25 to 37 ◦C 
such as Aureobasidium pullulans [46]; Paecilomyces variotii [65]; A. niger 
and A. fumigatus [71]. However, bacterial tannase showed optimal 
production under the temperature ranging from 30 to 40 ◦C. Several 
bacterial species reported in this temperature include Enterobacter 
cloacae [39]; Klebsiella pneumonia [30] and Bacillus amyloliquefaciens 
[79]. However, Shakir et. al., reported 45 ◦C as the optimal temperature 
to enhance tannase production by Raoutella ornitholytica [79]. It has 
been established that incubation intervals ranging from a few hours to 
several days are ideal for maximizing tannase production. Pseudomonas 
aeruginosa produced tannase best during an incubation duration of 24 h 
[67]. Although Aspergillus ruber, Penicillium atramentosum, and Asper-
gillus niger produced the most tannase after 96 h of incubation [80]. 
Metal ions are necessary for tannase to display its full enzymatic activity. 
Selwal et. al., found that the presence of Mg2+ in the case of amla 
(Emblica officinalis Gaertn) and Hg2+ in the case of keekar leaves stim-
ulated the synthesis of tannase from Pseudomonas aeruginosa [67]. The 
generation of tannase by Aspergillus niger is stimulated by traces of Fe2+, 
Zn2+, and Cu2+. Likewise, Verticillium sp. showed that Mg2+ has a 
stimulatory effect on tannase synthesis. However, Aspergillus japonicus 
tannase synthesis was found to be inhibited by divalent cations. Briefly, 

we can say that tannic acid is the most common inducer followed by 
other carbon sources and waste residues, which may both suppress or 
increase the tannase activity. The second major chemical component in 
the medium was the nitrogen sources which significantly helped to in-
crease tannase activity and also add up to its moisture content. With the 
above conditions, all the organisms optimally produced tannase be-
tween 25 and 45 ◦C, except some produced at lower temperatures, and 
the pH widely varied from 3 to 8. However, there is a need to explore 
more tannase-producing microbes capable of thriving in extreme envi-
ronments which can be proven as more cost-effective, sustainable, and 
environmentally friendly than traditional. They create extremozymes, 
and extremolytes, in response to these settings through biochemical and 
physiological changes. These products find application in a variety of 
industries, including bioremediation. It is possible to increase the syn-
thesis of enzymes under both SmF and SSF settings. In contrast to SSF, 
SmF had a shorter incubation period and may facilitate simpler product 
purification. Fermentation can be controlled more easily in liquid cul-
ture, which allows for much shorter fermentation durations. A few 
divalent metals also played an important role in the higher production 
along with this. Different bioprocess parameters utilized with various 
microorganisms are listed in Table 4. 

3. Purification and biochemical characterization of tannase 

The complex process of enzyme purification necessitates the 
sequential use of various techniques in order to reach acceptable high 
purity levels. Researchers are constantly looking for less expensive, 
simpler processes that yet produce significant amounts of product early 
in the purifying process. Any effective method for enzyme purification 
should meet the following criteria: (1) increased ultimate level of purity; 
(2) increased overall recovery of biocatalyst; and (3) ability to be easily 

Table 4 
Overview of bioprocess parameters for tannase production.  

S. 
No 

Organism Fermentation Incubation 
period 

pH Temperature 
(ºC) 

Substrate Tannase activity References 

1 Lactobacillus Plantarum SmF 24 h 6 37 Tannic acid 6 U/mL [28] 
2 Lactobacillus sp. SSF 72 h 5.0 33 Coffee husk and 

tannic acid 
0.85 U/gds [36] 

3 B. licheniformis SmF 30 min 5.0 40 Tannic acid 0.356 U/ mL [81] 
4 L. plantarum SmF 8 h 6.0 30 Tannic acid 9.29 U/ mL [82] 
5 S. ficaria SmF 25 h 5.5 30 Tannic acid 0.56 U/L [41] 
6 L. plantarum SmF 

SSF 
SmF- 30 h 
SSF- 48 h 

5.0 30 Tannic acid 
Coffee husk 
Tamarind seed 
wheat bran 

SmF-9.13 U/ mL 
SSF-Coffee husk - 
5.319 U/gds 
Tamarind seed- 
4.115 U/gds 
wheat bran-2.877 U/gds 

[82] 

7 Aspergillus flavus SmF 96 h 5.5. 35 Tannic acid 
Redgram Husk 
Tamarind seed 
powder 

Redgram Husk-76.43(U/ mL) 
Tamarind seed powder-67.58(U/ 
mL) 

[83] 

8 Aspergillus niger Van 
Tieghem 

SmF 4 days 4 30 Tannic acid 580 U/50 mL [84] 

9 Aspergillus niger AVM-1 SmF 96 h 5.5 30 Tannic acid 7.5 U/ mL [85] 
10 A. tubingensis CICC 2651 SSF 118 h 6.0 4 Tea stalk powder 84.24 U/gds [86] 
11 Klebsiella pneumonia 

KP715242 
SmF 91.34 h 5.2 34.97 Tannic acid 0.065 U/ mL [87] 

12 Aspergillus sp. GM4 SSF 2 days 4.0 25 Jamun leaves, 
Mango leaves 

Jamun leaves: 1.44 U/mg 
Mango leaves: 0.99 U/mg 

[88] 

13 Penicillium sp. EZ-ZH390 SmF 84 h 5.5 30 Tannic acid 21.73 U/ mL [89] 
14 Bacillus gottheilii SSF 26.45 h 4.74 32 Tannic acid 49.32 U/ mL [90] 
15 Aspergillus niger CEPC 11 SSF 48–120 h 3–8 32–35 Cashew testa 301.70 U/g DS, [91] 
16 Mucor circinelloides isolate 

F6–3–12 
SSF 72 h 4.26–7.83 30 Modified dox 

medium 
Plackett-Burman design- 5.83 U/ 
gds 
Box-Behken design- 12.24 U/gds 

[92] 

17 B. amyloliquefaciens SmF 24 h 5 37 Tannic acid 1.27 IU/ mL [93] 
18 B. velezensis TA3 SSF 57 h 7 37 Tannic acid 

Pomegranate peel 
32 U/g [44] 

19 Aspergillus aculeatus SmF 96 h 6.0 30 Tannic acid 388 U/ mL [94] 
20 Bacillus subtilis SSF 24 h 5 45 Tannic acid 211.97 U/ mL [79]  

P. Sutaoney et al.                                                                                                                                                                                                                               



Biochemical Engineering Journal 202 (2024) 109163

7

reproducible. The enzyme is then excavated in pure fractions with a 
marked increase in its particular activity using chromatographic 
methods such as ion exchange, gel filtration, and affinity chromatog-
raphy. It is also possible to estimate the molecular weight of the enzyme. 
Tannin acyl hydrolase is said to include two or more subunits. According 
to Hatamoto et. al., Aspergillus oryzae native tannase is made up of four 
pairs of two different subunit sizes (30 and 34 kDa, respectively), which 
are joined by disulfide bonds to form a 300 kDa hetero-octamer [93]. 

Tannases were found to have a molecular weight that varied between 
50 and 320 kDa [95]. Mondal et. al., studied the purification and 
characterization of tannase from Bacillus cereus [23]. At pH 4.5 and 
40 ◦C, partially purified tannase demonstrated maximum activity. 
However, it was found stable at a pH range of 4.5–5.0, at 30 ◦C. It was 
also observed that the enzyme sustained up to 2 M of NaCl and retained 
82% of its initial activity in 3 M which was found to be salt tolerant. 
Bharadwaj et al., purified and characterized the enzyme [96]. With a 
yield of 20%, the two-step purification procedure produced 51-fold pure 
enzyme. Esterase and depsidase activity contributed equally to the 
overall tannase activity. The purified tannase protein was electro-
phoresed using sodium dodecyl sulfate–polyacrylamide gel and revealed 
to be composed of two polypeptides with molecular weights of 102 and 
83 kDa. Tannic acid was found the best substrate, having a 
Michaelis-Menten constant (Km) of 2.8 × 104 M, followed by methyl 
gallate as well as propyl gallate as the three substrates. CaCl2 showed the 
greatest suppression (58%) while EDTA had no influence on tannase 
activity. CaCl2 inhibitor binding constant (KI) was 5.9 × 104 M, and it 
was a noncompetitive kind of inhibition. Zhong et. al., isolated tannase 
enzyme from the fungus Aspergillus oryzae, which was then successfully 
cloned and expressed in Pichia pastoris [97]. The recombinant enzyme’s 
catalytic activity was evaluated. With the help of Saccharomyces cer-
evisiae, the enzyme was converted into a secretory form and was purified 
using an uncomplicated method. By using fed-batch culture, the yield of 
released tannase was 7000 IU/L. The 90 kDa recombinant tannase was 
made up of two different subunits connected by one or more disulfide 
bonds. The research was the first documentation of heterologous 
expression of tannase, indicating that the P. pastoris system offers a 
propitious technique for synthesizing significant amounts of tannase for 
industrial applications. Mahendran et.al., purified tannin acyl hydrolase 
from Paecilomyces variotti using gel filteration and column chromatog-
raphy techniques [96]. Using native polyacrylamide gel electrophoresis 
(PAGE), the molecular weight of tannase was found to be 149.8 kDa. 
The purified enzyme was discovered to be monomeric with an average 
molecular weight of 45 kDa using sodium dodecyl sulphate-PAGE. The 
ideal conditions for tannase function and stability were between 30 and 
50 ◦C and 5.0 and 7.0, respectively. Even after repeated application, 
tannase immobilized on beads made of alginate could break down tannic 
acid and maintain around 85% of its initial activity. Similar in-
vestigations were also reported employing a two-step purification pro-
cess for isolating tannase from Penicillium variable IARI 2031. A100 kDa 
molecular weight cutoff was used to obtain the enzyme. The optimal 
temperature and pH of the enzyme were found to be 50 ◦C and 5 ◦C, 
respectively. The operational range of pH was 3.0–8.0, while the phys-
iological temperature ranged from 25◦ to 80◦C [39]. Goel et al. [98] 
purified tannase from Enterococcus faecalis. With a recovery of 41.7%, 
tannase from E. faecalis was purified up to 18.7 times using ammonium 
sulfate precipitation, DEAE-cellulose, and Sephadex G-150. The 45 kDa 
protein was highly active at 40 ◦C, pH 6.0, with 0.25 mM methyl gallate 
as the substrate. Reports suggest that Emericella nidulans’ native tan-nase 
was made up of three pairs of two different subunits (45.8 and 52 kDa), 
which combine to produce a 302 kDa hetero-hexamer [16]. Costa et al. 
[97] characterized the tannase from Aspergillus tamarii. The homodi-
meric enzyme had a molecular weight of 180 kDa and 40.5% of its 
weight was made up of carbohydrates. TAH I was stable over a wide pH 
range (3.0–9.0) at 40 ◦C, with its activity peak at 30 ◦C and pH 5.5. The 
enzyme displayed a Km of 0.77 mM and a Vmax of 682.8 U/mg proteins 
with methyl gallate as the substrate. Metal ions hindered the enzyme, 

although organic solvents and surfactants seemed to have little effect on 
it. Similar studies were also reported from the tannase of Klebsiella 
pneumoniae, KP715242, which was purified and examined for its 
favorable characteristics. An overall purification of 8.55-fold along with 
9.5% yield was achieved after the purification. The molecular mass was 
observed to be 38.20 kDa. It was discovered that tannase activity was 
best at 50◦C and pH 5.5, respectively. This enzyme belongs to the 
thermostable category of all bacterial tannases that have been discov-
ered so far, with an optimal temperature of 50 ◦C [87]. Using olive 
pomace as a solid substrate, Kluyveromyces marxianus was used to pro-
duce tannase, which was then purified. This enzyme had a 64.6% 
enzyme yield, 1026.12 U/mg specific activity, and a 24.21 purification 
fold. The molecular weight of pure tannase was 65 kDa and 66.62 kDa, 
respectively. With two separate pH maxima—one acidic (4.5) and the 
other alkaline (8.5), it displayed its peak activity at 35 ◦C. The enzyme 
was thermostable between 30 and 70 ◦C and found to be stable in the 
acidic pH range of 4.0–5.5 for 30 min. The enzyme’s Km value with 
tannic acid was 0.77 mM, and its Vmax was 263.20 mol min− 1 mL− 1. On 
enzymatic activity, the impact of various metal ions was examined. Data 
from the HPLC study showed that the purified enzyme could convert 
tannic acid by 24.65% with a 5.25-fold higher gallic acid concentration 
in 30 min[99]. Ong et al. [100] purified and characterized Rhodotorula 
glutinis tannase. With a recovery rate of 1.3% and an overall 302-fold 
purification with specific activity, 3.33 U/mg. Based on SDS-PAGE, 
the tannase appeared to be homogenous with molecular weight of 
roughly 73 kDa. The ideal pH and temperature for tannase were 6.0 and 
40◦C, respectively. The enzyme remained persistent up to 40◦C at a pH 
of 7.0. Fe3+, Sr2+, Na+, and Pb2+ were discovered to boost enzyme 
function at 1.0 m mol/L, whereas Ca2+, Mg2+, Zn2+, Ag+, Co2+, Fe2+, 
Mn2+, Cu2+, Cd2+, K+, and Li+ suppressed tannase efficiency. As per 
reports, tannase activity was found to be optimal at an average tem-
perature of 20–70◦C and a pH range of 3–9. Each of the enzymes that 
had been purified had a molecular weight of roughly 43–186 kDa. 
Regarding their stability and activity in harsh environments, the en-
zymes don’t exhibit any notable traits. However, more research is 
required in regards to increasing enzyme stability like immobilization, 
protein engineering, and chemical modification. An enzyme that has 
been immobilized is more resistant to extremes in pH or temperature. 
Additionally, it keeps the enzyme in position during the reaction, 
making it simple to separate from the result and return to the reaction. 
This is a popular and effective procedure in enzyme-catalyzed reactions. 
In the case of protein engineering, changing the catalytic reaction rate of 
isolated enzymes or an enzyme’s structure and consequently, its func-
tion is accomplished, however, chemical modifications involve changes 
in amino acid residues in order to improve enzyme stability. Currently, it 
is necessary to use methods that can boost yield at a lower cost, 
enhancing its biotechnological potential. Biochemical characterization 
of different microbial tannase are listed in Table 5. 

4. Application of tannase 

There are several intriguing uses for tannase in the food, feed, 
leather, and pharmaceutical industries. Additionally, the tannase was 
primarily used to produce gallic acid from high-tannin plant sources, 
instant tea, and corn liquor. The negative effects of tannins in beverages 
are lessened with tannase. When the beverage is cooled down at lower 
than 4 ◦C during vinification, soluble grape proteins are precipitated in 
the presence of tannins. Additionally, a significant number of aromatic 
compounds can be eliminated if these precipitates are removed chemi-
cally removed from the wine while it is aging. Tannase can hydrolyze 
these polyphenols’ ester linkages, preventing their polymerization and 
producing wine with a high quantity of aromatic compounds and the 
right color, improving its quality. The formation of gallic acid, a crucial 
intermediate chemical in the synthesis of thrimethoprim in the phar-
maceutical sector, is another significant use of tannase [80]. Gallic acid 
is traditionally made by acid hydrolyzing tannins; however, this process 
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produces a significant amount of toxic effluent that poses environmental 
risks. Curielet et. al. described an enzymatic method for producing gallic 
acid [111]. They used the immobilized enzyme to hydrolyze commercial 
tannic acid after they had immobilized a recombinant tannase from 
Lactobacillus plantarum produced in E. coli. Tannic acid was converted 
into gallic acid, yielding an almost pure molecule. To lower the tannin 
content of Phyllanthus emblica juice, sodium alginate-entrapped Asper-
gillus niger tannase was found to be more effective than soluble enzyme 
preparations. 

The use of tannase in the manufacturing of instant tea was docu-
mented by Boadi and Neufeld [112]. The traditional method of making 
instant tea mostly entails treating hot water extract of tea at low tem-
peratures, stirring continuously, and centrifuging the resulting tea 
cream. Tea cream has been tannase-solubilized by Tenco Brooke Bond 
Ltd. [117]. Although an unprocessed sample at low temperature was 
optically opaque and had a 7.5% undissolved solid content, the finished 
item generated at 5 ◦C was cloudy and had a 13.5% undissolved solid 
content. The method of removing tea cream and dissolving the compo-
nents of a hot water extract of tea that are insoluble in cold water was 
disclosed in British Patents GB-B-1, 413,351 and GB-B-1, 380,135. This 
process involved treating the tea with free or immobilized tannase [18]. 

Phytase and tannase from Paecilomyces variotti were used to detoxify 
castor bean and sorghum residues [113]. By eliminating the tannin from 
guava juice, Sharma et. al., were able to enhance the bioavailability of 
vitamin C and minerals [51]. Tannase is essential for enhancing the 
nutritional value of cow feed [11]. Proanthocyanidins, which have been 
demonstrated to be highly beneficial in reducing cardiovascular risk, are 
extracted from grape seeds and skins with the aid of tannase and other 
enzymes [114]. Queirós et. al., employed tannase for the first time to 
boost the antioxidant activity and isoflavone content of soymilk [113]. 
In another study, Roberto et. al., employed immobilized tannase to boost 
tea’s anti-obesity and hypoglycemic properties [113]. According to 
Hwang et al. [107], tannase treatment of green tea extract increased its 
therapeutic role in the treatment of atopic dermatitis. For increasing the 
effectiveness of the enzyme, immobilized tannase has also been involved 
in various applications [115]. Enzyme immobilization has also been 
used for a very long time in industries. It enhances the thermal and pH 
stability and helps in the separation of products. Like the one from 
A. oryzae has better thermal stability and was also stable at lower pH. 
Sharma et. al., concluded that immobilized tannase from P. variable IARI 
2031 was able to retain its 85% activity even after being used continu-
ously 9 times [115]. Paecilomyces variotii tannase’s ability to function 

Table 5 
Purification and biochemical characterization of different microbial tannases.  

S. 
No 

Microbial Isolate Method employed Molecular 
weight 

Km and Vmax Optimum 
temperature 
(oC) 

Optimum 
pH 

Additives and Metal 
ions 

References 

1. Aspergillus niger 
LCF 8 

Ultrafiltration and high- 
pressure size exclusion 
chromatography 

186 kDa - 35 6.0 - [101] 

2. A.niger Column chromatography - 0.20 mM and 5.0 µmol/ 
min/mg protein 

60 6.0 - [95] 

3. A.niger ATTC 
16620 

DEAE-Sephadex A-50 
chromatography 

168 kDa 1.03 mM and 
4.25 mmol/min 

40 6.0 Zn2+, Mn2+, Cu2+, 
Mg2+ (inhibitor) K+

(activator) 

[36] 

4. A. awamori Gel filtration 
chromatography 

- - 35 5.0 Urea, Sodium lauryl 
sulfate, EDTA 
(inhibitor) 

[54] 

5. Verticillium sp. P9 Column chromatography 155 kDa (TAH 
I and TAH II) 

- 25–20 5.5 Mg2+ and Br- (activator) [102] 

6. Paecilomyces 
variotti 

DEAE-Sepharose ion 
exchange 
chromatography 

87.3kDa 0.61 µmol and 0.55 U/ 
mL 

40–65 4.5–6.5 - [76] 

7. Streptomyces 
psammoticus 

Anion exchange and Gel 
filteration 

43 kDa 0.25 mM 50 6.5–9.5 Fe, Zn, Cu, Na and Mg 
(activator) 

[103] 

8. A.heteromorphus 
MTCC 8818 

DEAE-Cellulose column 
chromatography 

- - 50 5.5 Ca2+, Fe2+, Cu+,Cu2+

(activator) Hg2+, Zn2+, 
Tween 20, EDTA 
(Inhibitor) 

[104] 

9. Rhodococcus 
NCIM 2891 

DEAE Cellulose Ion 
exchange 
chromatography 

Dimeric 
Tannase I 
(60 kDa) 
Tannase II 
(62kDa) 

0.034 mM and 40 U/mL 
(Tannase I); 0.040 mM 
and 45 U/mL (Tannase 
II) 

30 6.0 Hg2+ [105] 

10. Penicillium 
notatum NCIM 
923 

DEAE-Cellulose column 
chromatography 

Dimeric 
Major band 
(97 kDa) 
Minor band 
(43 kDa) 

0.33 × 10− 2 and 40 U/ 
mg 

35–40 5.0 - [106] 

11. A. nomius GWAS Sephadex G-100 and Ion 
exchange 
chromatography 

30 kDa - 50 6.0 Mg2 + (activator) 
EDTA, Cd2+, Pb2+ and 
Mg2+

[72] 

12. Fomitella fraxinea DEAE- Cellulose and 
Seohadex G-100 gel 
chromatography 

44.9 kDa - 50–70 5.5 5 mM Fe2+ and Cu2+

(inhibitor) 
[107] 

13. A. niger Superdex 200 column gel 
fulteration 
chromatography 

95.49 kDa - 20–50 3–6 1–5 mM Cu2+, Fe2+, 
Hg2+ (inhibitor) 
Mg2+, K+ (activator) 

[108] 

14. Enterobacter 
cloacae 

Ion exchange and size 
exclusion 
chromatography 

45 kDa 3.0 × 10− 3 M and 
4.401 U/mL 

50 6.0 - [109] 

15. Geotrichum 
cucujoidarum 

Fast protein liquid 
chromatography 

63 kDa 2.9 mM 30 5.0 - [110]  
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under acidic circumstances was also enhanced by sodium alginate 
entrapment [116]. Taskin [117] employed Rhodotorula glutinis MP-10 
immobilized cells for the first time to co-produce tannase and pecti-
nase. In order to increase the catalytic effectiveness of tannase, Wu et. 
al., immobilized it on carboxyl-functionalized Fe3O4 nanoparticles 
(CMNPs) [24]. The study also recommended using enzyme technology 
coupled with nanotechnology for tannase industrial uses. 

One of the main types of waste produced in the Mediterranean region 
is olive mill wastewater (OMWW). It has a lot of hydrolyzable tannins, 
which tannases are capable of breaking down [34]. Aissam et. al., 
studied the production of tannase using tannic acid and olive mill 
wastewater as substrate employing Aspergillus niger HA37 [27]. They 
observed that the fungal strain enhanced enzyme production by 
degrading complex wastewater. The degradation was preceded by a 
latency period (24 h) corresponding to the time required for spore 
germination. After which the content of phenolic compounds decreased 
from 0.9 ± 0.07–0.26 ± 0.03 g/L after 72 h of culture and remained 
constant until at least 96 h of culture. The COD reduction during this 
period was 71 ± 2% was associated with a biomass production of 5.3 
± 0.05 g/L dry weight. Tannase production in OMWW started in the 
first hour of culture and peaked at approximately 0.55–0.65 EU/mL 
during 8–28 h of culture. Although the enzyme levels decreased and 
became undetectable after 54 h of incubation, phenolic compound 
content continued to decrease over an additional 18 h. It can be due to 
the involvement of other complementary enzymes in the degradation 
process. After the treatment, the result indicated the depolymerization 
of high-molecular-weight aromatics, including gallotannins, followed by 
the assimilation of low-molecular-weight aromatics that were not 
completely consumed at the end of the growth cycle. Presumably, tan-
nases are involved in the initial hydrolysis step of tannins, releasing 
monomeric components that proceed further into the fungal metabolic 
network. Thus, tannase has the potential to control environmental 
pollution remediation. Among all industrial wastes, tannery effluents 
have also been identified as heavy polluters. The global community, 
particularly in emerging nations, is more aware of environmental 
challenges than ever before. Murugan and Al-Sohaibani Saleh used 
biomass and an enzyme from A. candidus MTCC 9628 to demonstrate the 
removal of tannin from tannery effluents [116]. In particular, White Rot 
Fungi (WRF) produce a number of extracellular enzymes that can break 
down tannins, such as laccases, lignin peroxidases, and manganese 
peroxidases. Due to their capacity to produce the enzyme tannase, some 

Ascomycetes, especially Aspergillus sp. and Penicillium sp., are particularly 
effective in decomposing tannins among them. Several resistant sub-
stances might be depolymerized by fungi into substances that bacteria 
could break down [18]. Therefore, it was proposed that certain con-
taminants could be degraded more effectively by fungi and bacteria 
working together. It has been shown that the beneficial effect of their 
synergistic activity is typically challenging to maintain in non-sterile 
environments. There is competition between bacteria and fungi for the 
available organic substrates, which severely affects fungal metabolism. 
For instance, Spennati et. al., recently treated Tara natural tannin in 
bioreactors using the fungus Aspergillus tubingensis MUT 990 embedded 
in Polyurethane Foam (PUF) cubes [118]. After twenty days of opera-
tion, a 90% reduction of soluble chemical oxygen demand (SCOD) was 
attained. However, this outcome was linked to bacterial biomass out-
competing fungal biomass. Sigona et al. evaluated the possible syner-
gistic effect of fungi and bacterivorous grazers in the degradation of 
resistant chemicals by evaluating the impact of bacterivorous grazers 
(ciliates and/or rotifers) in batch scale experiments employing fungi to 
remove Tara tannin [113]. It was noted that the bacterial load was 
substantially lower and the system was able to remove more SCOD faster 
in all experimental settings where grazers were present. Their findings 
offered practical guidance for maintaining fungal-based systems under 
non-sterile circumstances [45]. Various industrial and environmental 
applications of tannases are shown in Fig. 4. 

5. Future prospective and recommendations 

Numerous tannase-producing microorganisms have been discovered, 
out of which filamentous fungi have been found to exhibit very high 
potential for tannin hydrolysis. Given its potential use in the beverage, 
agricultural, chemical-based, and pharmaceutical industries, tannase is 
one of the many hydrolases that is gaining economic importance. The 
bioremediation of toxic tannery effluent is also more successful and cost- 
effective when tannase-based treatment is used. Researchers constantly 
have the chance to look for novel tannases with increased activity and 
longevity since there are so many harmful tannery and agricultural 
wastes that are rich in tannin. Understanding tannase structure, induc-
tion, synthesis, regulation, and underlying mechanism of action has 
become simpler because of advancements in molecular tools and 
methodologies. Researchers are using a metagenomic approach to find 
and use tannase genes from uncultivable microorganisms. However, in 

Fig. 4. Microbial tannases and their potential applications.  
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order to fully understand tannin breakdown by tannase, the following 
study and inventive solutions are needed. More study is required on the 
fundamental and practical properties of tannase, such as its regulation, 
new expression systems, design of novel bioprocesses utilizing large- 
scale cultivation technologies, effective and reasonably priced down-
stream processing, and creation of novel tannase applications. Opti-
mizing the production procedure requires a thorough understanding of 
the kinetics of tannase synthesis, including the enzyme’s stability, 
specificity, and activity. Many times, there is insufficient information on 
these factors for various tannase-producing microbes. Although tannase- 
producing microbes have some genetic material available, much more 
research needs to be done. Expanded genomic information may be 
useful in genetic engineering and strain modification to increase tannase 
output. It is important to choose the right microbe for producing tan-
nase. Regarding which strains synthesize tannase most effectively and 
economically, there are gaps in the available data. It is critical to 
recognize and describe these strains. 

To uncover novel tannase, researchers need to develop fresh strate-
gies for protein engineering and metagenomics. This could result in the 
identification of a tannase enzyme with distinct properties that have a 
variety of industrial uses. Uncertainty exists in the field of research on 
ellagitannin biodegradation. Additionally, to produce more affordable 
procedures, tannase immobilization needs to be improved. To do so, it is 
necessary to create enzyme preparations with better catalytic properties 
and test new reaction conditions. The production of tannase under novel 
culture conditions can be improved and optimized with additional 
effort, even though expression studies have been conducted. Future 
expression in a reliable microbial expression host will be necessary to 
completely understand the kinetics of the recombinantly expressed 
tannase. The processes involved in tannase purification can be costly 
and time-consuming. To create effective and affordable purification 
methods, effective research is required. Furthermore, there is a dearth of 
information on large-scale downstream processing. There is frequently a 
lack of information available about the regulatory aspects of tannase 
production, such as quality control, safety, and adherence to food safety 
regulations. Additionally, lack of information on tannase immobiliza-
tion for continuous and reusable applications. Enzyme stability and 
reusability can be improved by immobilization, which is important for 
industrial applications. Although tannase enzyme engineering for better 
features has been studied, information on the precise changes and the 
effect of the functionality of the enzyme is not always clear. 

6. Conclusions 

Tannin molecules have a wide range of complicated structures. 
Therefore, it is evident that the term "tannase" refers to a variety of 
enzymes from various organisms that are all capable of hydrolyzing 
tannins. Different microbiological sources of tannase may offer advan-
tages for various industries, including those in the food, beverage, 
cosmetic, and pharmaceutical sectors as well as environmental pollu-
tion. On some substrates, a tannase may be effective but ineffective on 
others. More work must be put into creating particular tannases to meet 
these needs. In this regard, solid-state fermentation is superior to sub-
merged culture in terms of advantages. New bioreactors, however, offer 
the opportunity to raise tannase output in both production systems. 
Additionally, improvements in molecular tools and methods have made 
it easier to comprehend tannase structure, induction, synthesis, regula-
tion, and underlying mechanisms of action. There is always a chance for 
researchers to look for novel tannases with better activity and longevity 
because of the abundance of tannin-rich agro-industrial wastes and 
noxious tannery effluent waste available. The potential for tannin hy-
drolysis by filamentous fungi’s tannase is very high. Additionally, the 
bioremediation of harmful tannery effluent using tannase-based treat-
ment is more affordable and effective. In a nutshell, tannase is a crucial 
enzyme for industry and has enormous potential for use in numerous 
bioprocessing scenarios. The commercial use of tannase in a variety of 

industrial applications has increased significantly over time. Thus, 
further research related to increasing the tannin hydrolysis rate, and 
tannin tolerance as well as to assure better process control for increased 
tannase production would be envisaged. 
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Abstract: Three-dimensional printing (3DP) has gained popularity among scientists and
researchers in every field due to its potential to drastically reduce energy costs for the
production of customised products by utilising less energy-intensive machines as well as
minimising material waste. The 3D printing technology is an additive manufacturing ap-
proach that uses material layer-by-layer fabrication to produce the digitally specified 3D
model. The use of 3D printing technology in the pharmaceutical sector has the potential
to revolutionise research and development by providing a quick and easy means to manu-
facture  personalised  one-off  batches,  each  with  unique  dosages,  distinct  substances,
shapes, and sizes, as well as variable release rates. This overview addresses the concept
of 3D printing, its evolution, and its operation, as well as the most popular types of 3D
printing processes utilised in the health care industry. It also discusses the application of
these cutting-edge technologies to the pharmaceutical industry, advancements in various
medical fields and medical equipment, 3D bioprinting, the most recent initiatives to com-
bat COVID-19, regulatory frameworks, and the major challenges that this technology
currently faces. In addition, we attempt to provide some futuristic approaches to 3DP ap-
plications.

Keywords:  3D  printing  techniques,  vat  photopolymerization,  SLS,  EMP,  inkjet,  DOP,  EHD,  personalized
medicines,  drug  delivery  system,  COVID-19  treatment,  3D  printed  equipment,  3D  bioprinting.

1. INTRODUCTION
3D printing, also known as additive manufacturing,

involves creating a three-dimensional object by deposit-
ing successive layers of material in a controlled mann-
er  [1].  This  process  utilises  Computer-Aided  Design
(CAD) software to transmit instructions to a 3D print-
er. The printer translates the digital model into two-di-
mensional  sections  and  uses  them  as  a  basis  to  con-
struct  the  object  in  layers.  Alternative  terms  for  this
technology include freedom fabrication manufacturing
and additive layer manufacturing [2].

*Address  correspondence  to  these  authors  at  the  Faculty  of  Sci-
ence,  University  of  Hradec  Kralove,  Rokitanskeho  62,  Hradec
Kralove, Czech Republic; Tel: +91-9892723773,
E-mail: kamil.kuca@uhk.cz;
Tel: +420 493 332 509; E-mail: chemnamrata09@gmail.com
#These authors contributed equally to this work.

As the name suggests, additive manufacturing (3D
printing) adheres to the opposite principles of fabrica-
tion  from  subtractive  manufacturing,  which  involves
the creation of three-dimensional  objects  through the
use  of  material  removal  techniques  like  drilling,
milling, sawing, broaching, etc [3]. Both additive and
subtractive  manufacturing  methods  can  be  used  for
quick prototyping. The decision is dependent on taking
into account a variety of elements, including the intrica-
cy  of  the  products  to  be  manufactured,  the  material
used, the required number of copies, and the cost. It is
important to note that additive manufacturing has the
potential  to  significantly  reduce  energy  costs  for  the
production of personalised products by employing less
energy-intensive machines, as well as material waste.

3D printing was discovered back in the late 1980s
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when Charles Hull first introduced it in a patent for a
technique of successively layering with liquid photopo-
lymer  solutions  to  print  objects  in  three  dimensions.
This concept was the earliest 3D printing technology,
today known as Stereolithography (SLA) [4]. Hull lat-
er used this technology to create the SLA-250, the first
3D printer available to the general public [5].

After  the  discovery  of  SLA,  researchers  became
very interested in  creating 3D printing technology to
print products using alternative materials like metal, ce-
ramics,  etc.  Some  of  the  developed  alternative  print
technologies are material jetting, Digital Laser Printing
(DLP), Selective Laser Sintering (SLS), Selective Las-
er Melting (SLM), and Laminated Object Manufactur-
ing (LOM).

The industries of aerospace, mechanical manufac-
turing, construction, and biomedical engineering have
all benefited significantly from the rapid development
and wide-ranging uses of 3D printing technologies [6].
However, the pharmaceutical industry started using it
very recently. The U.S. Food and Drug Administration
(FDA) authorised a levetiracetam pill (Spritam®) de-
veloped using 3D printing technology in July 2015, in-
dicating  the  industry's  acceptance  of  this  technology
[7]. In the pharmaceutical industry, it has been used to
create a variety of pharmaceutical products, including
microneedles,  transdermal  patches,  orodispersible
films, gastro-floating tablets, controlled-release tablets,
and  polypills  [8].  3D  printing  techniques  were  also
helpful in the battle against COVID-19 through the de-
velopment of equipment like face masks, face shields,
safety goggles, nasopharyngeal swabs, ventilation de-
vices, and respiratory devices [9-12].

Despite the benefits of 3DP, there are still several
barriers that impede the advancement of 3DP technolo-
gies. High temperatures are used due to the stability of
these products, which is challenging. Low mechanical
resistance, low printing resolution and limited material
choices are some other aspects confined to the limita-
tions of this technology [13].

This review summarises the 3DP concept, its evolu-
tion and workings, outlining the most prevalent types
of 3D printing technologies and their application in the
pharmaceutical field. The relevance of this technology
to the various medical fields, including manufacturing
of medical equipment, 3D bio-printing and the most re-
cent approach to combating COVID-19, have been dis-
cussed  in  this  report.  It  also  covers  the  regulatory
guidelines,  the  major  challenges  currently  associated
with 3-DP technology, and the future outlook toward
the advancement of human healthcare (Fig. 1).

2. EVOLUTION FROM CONVENTIONAL TO 3D
PRINTING TECHNOLOGIES

The  conventional  methods  of  medical  treatment
were  based  on  the  formula  “one  size  fits  all”,  which
means that the same doses of the same drugs were giv-
en to every patient for a specific illness [14]. The drugs
were  made  with  fixed  parameters,  which  include
shape, size, and release type, without considering the
patient's needs, such as gender, age, genetic features,
and level of the disease. Moreover, drug dosage is gen-
erally  adult-based  in  traditional  methods,  which  de-
mands  the  production  of  age-specific  doses  for  chil-
dren and elderly patients [15, 16]. Moreover, conven-
tional  methods  are  heavily  based  on  trial-and-error
methods,  which  leads  to  uncertainty  in  the  develop-
ment procedures [17]. In addition to the oral delivery
of drugs, other specific dosage forms are also needed
depending on the patients, such as a transdermal deliv-
ery system [18]. Also, the establishment of new metho-
dologies is desirable for the production of hydrophobic
drugs to achieve the time-specific release [19, 20]. Cur-
rently, researchers have found that 60% of drugs in re-
search and 40% of commercial drugs are hydrophobic
in nature, which causes problems in the formulation of
oral drug delivery systems [19, 21, 22]. The conventio-
nal method procedures have some drawbacks, such as
time  consumption  for  large-scale  production,  rigid
labour work as well as doses that cannot be changed ac-
cording to the requirements of the patients. As a conse-
quence, of all these aspects, pharmacists need to devel-
op new methods and compounds that have controlled
release properties and patient-specific needs [22, 23].

Therefore,  the  concept  of  personalised  medicine
has begun, where medicines are fabricated for a patient
according  to  their  physiology  and  genetic  features
[12]. Personalised medicines are more precise, produc-
tive, safer, and cost-efficient [24]. Hence, 3D printing
is  an  appealing  route  for  the  fabrication  of  personal-
ized medicine because it is a method that manufactures
substances in a solid form by settling the material layer
by layer. In pharmaceuticals, 3D printing plays a huge
role in the construction of personalized medicine and
drug  delivery.  During  the  late  1970s,  several  patents
were  granted  for  computer-aided  techniques  that  at-
tempt several platforms of 3-DP [25]. Charles Hull in-
vented the technique that is currently used in 3D print-
ing, i.e., stereolithography (SLA), which involves the
process of polymerization of resins by using UV light
to get the desired material and his work soon got pa-
tented during the mid-1980s [26-28]. This technology
was  used  in  non-clinical  areas,  such  as  automobiles
and consumer products [29]. A student of Texas State
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Fig. (1). Roadmap of the review. (A higher resolution / colour version of this figure is available in the electronic copy of the ar-
ticle).

University  named  Carl  Deckard  invented  another
method  called  Selective  laser  sintering  by  fusing  the
powder through laser operations in 1986. By following
this method, in 1989 by Scott and Lisa Crump at Strata-
sys  company,  a  fused  deposition  modelling  was  pro-
posed, involving metal and plastic extrusion by heat-
ing. Furthermore, Emanuel Sachs and his team at MIT
(Massachusetts  Institute  of  Technology,  Cambridge,
USA)  invented  an  inkjet  printer  or  binder  jetting
method based on 3D printing in the early 1990s, which
involved  binding  solutions  from  the  powder  surface.
This innovation led to the beginning of 3D printing in
the drug industry [13]. Hans Langer developed metal
laser sintering, which used lasers to generate 3D mate-
rials  through  computer  operations  [26-30].  Andrew
Bowyer from the University of Bath focused on the 3D
printers  that  generate  their  own  materials,  and  later,
they  reported  their  application  in  various  fields  [25].
Moreover,  implants  with  active  pharmaceutical  addi-
tives can have the potential for personalised medicine
[31].  This  is  how 3D printing  technology by  using  a
Magnetic  Resonance  Image  (MRI)  or  3D  Comput-

er-Aided Design (CAD) has entered the sector of phar-
maceutics for the development of programmed and per-
sonalized products [32, 33]. Thereafter, Spritam or Lev-
etiracetam, which is the first 3D printed drug, was de-
veloped by Aprecia Pharmaceuticals and approved by
USFDA in 2015. This drug was constructed by apply-
ing the binder jet printing technique. It has the ability
for fast oral dissolution due to its highly porous nature
and is used for epilepsy treatment [34]. Additionally,
3D printing has a huge application in drug delivery, di-
agnosis purposes, transdermal therapies, organ and tis-
sue manufacturing, biomedical apparatus, and Additive
Manufacturing  (AM),  such  as  biorobotics,  implants
and  bioprinted  substances  for  wound  healing,  etc.
There are several advantages of 3D printing compared
to traditional methods, like rapid and easy, highly accu-
rate solid dosage forms, personalized formulation with
adjustable dosage, being more computerised, and cost--
efficient  [35-39].  This  innovation  can  decrease  the
chances  of  failure  in  new pharmaceutical  procedures
(Fig. 2) [29].
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Fig. (2). Comparison of conventional and 3D printing methods. (A higher resolution / colour version of this figure is available
in the electronic copy of the article).

3. FUNDAMENTALS OF 3D PRINTING
A cutting-edge technology called 3D printing is as-

sisting designers in rethinking the design of things like
personalised formulations and leadership development.
This is achieved by reducing the design cycle of mak-
ing  decisions  through  the  creation  of  fresh  concepts
and ideas, useful feedback, and improved design [40].

Digitally exquisite software, such as Solid Works,
Onshape, Creo Parametric, Autocad, Autodesk Tinker
Cad,  BRL-CAD, Free CAD, Open SCAD, 3D Slash,
Wings3D, Sketch UP, Fusion 360, etc., are used to cre-
ate virtual 3D designs of objects [41]. The 3D model
must  be  converted  to  the  Standard  Tessellation  Lan-
guage  (STL)  file  format  (from  Stereolithography),
which records the information about the model's sur-

faces as a table of triangulated section coordinates af-
ter it has been constructed [42].

Slicing is the process of converting a three-dimen-
sional  model  into  a  stack  of  flat  layers.  Software  for
slicing,  such  as  Matter  Control,  Ultimaker  Cura,
Slic3r,  Octo  Print,  Concept  Maker,  etc.,  are  used  to
slice objects [43]. These layers appear in slicing soft-
ware as direct derivatives of the laser or other extruder
fixing mechanisms used in 3D printing. The Standard
Tessellation Language (STL) file is converted into a G
file by slicing the design into a series of 2D horizontal
cross-sections  with  the  aid  of  specialized  slicer  soft-
ware installed in the 3D printer. The next step is to se-
lect a material that will work well for 3D printing. A
vast  range  of  materials,  including  plastics,  ceramics,

personalized
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resins, metals, sand, fabrics, biomaterials, glass, food,
and lunar dust, among others, may be used in 3D print-
ing. The computer sends instructions to the 3D printer
for  layer-by-layer  material  deposition  as  soon  as  the
model  is  loaded.  A 3D printer  operates  by  extruding
molten plastic through a tiny nozzle. It moves precise-
ly  in  accordance  with  computer  instructions.  After

printing one layer, the printer waits for it to dry before
printing the next layer on top. This process continues
until the final product is obtained (Fig. 3) [44].

All types of 3D printing follow a basic work cycle
and  flow,  often  referred  to  as  the  “three  D’s  of  3D
printing,” even if each has unique features and benefits
to offer (Fig. 4) [29].

Fig. (3). Step-by-step procedure for 3D printing. (A higher resolution / colour version of this figure is available in the electron-
ic copy of the article).
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Fig.  (4).  Three  D’s  of  3D printing.  (A higher  resolution  /
colour  version  of  this  figure  is  available  in  the  electronic
copy of the article).

The fact that production is carried out layer by lay-
er, as is typical of an additive process, as opposed to
more conventional production techniques that employ
subtractive  procedures  or  casting  processes,  is  what
unites all these 3D processes and technologies [45].

4. TECHNIQUES OF 3D PRINTING
Various 3DPs have been designed, which have the

ability to print, extrude, and shape the important dimen-

sions  of  3D  printing.  There  are  six  types  of  printing
methods  (Fig.  5)  used  in  the  pharmaceutical  field
based on the energy source, materials, mechanical prop-
erties and layer formation, as shown in Table 1. These
are Vat photopolymerization, Selective Laser Sintering
(SLS),  Extrusion  Molding  Printing  (EMP),  ink-
jet-based printing, Drop On Powder (DOP), and Elec-
trohydrodynamic (EHD) printing techniques.

 

Fig. (5). Various techniques of 3D printing. (A higher resolu-
tion / colour version of this figure is available in the elec-
tronic copy of the article).

Table 1. Summary of various 3D printing techniques.

3D  Printing  Tech-
niques

Excipients
Used

Advantages Disadvantages Configure References

Vat photo-polymeriza-
tion

SLA      • PEG
     • pHEMA
     • PEGDA
     • GelMA
     • PEG-
DMA
     • PPF/DEF,
etc

     • Excellent resolu-
tion
     • Less thermal
stress is involved
     • Less demand for
properties and chemi-
cal structure of drugs/
excipients
     • Patterning precise
structures

     • Limited formula-
tion
     • Toxic material
     • Costly
     • Fewer resins pre-
sent

     • Transdermalmicro-needle
     • Modified release tablets
     • Multi-layer polypills
     • Drug loaded hydrogels
     • Bladder devices
     • Anti-acne patch

[28, 87]

(Table 1) contd....
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3D  Printing  Tech-
niques

Excipients
Used

Advantages Disadvantages Configure References

DLP      • PEGDA
     • PEGDMA
     • PPF
     • DEF
     • PEGMA,
etc.

     • Fast process
     • Less usage of
resins
     • Instantly solidify
the complete layer

     • Possibility of
degradation of mate-
rials
     • Unexpected drug-
polymer interactions
     • Time-consuming

     • Drug delivery implants
     • Solid oral dosage forms
     • Micro-needle arrays

[47]

CLIP      • PEGDMA
     • PCL-tMa
     • PCLDMA
     • PMA, etc.

     • Predictable me-
chanical features
     • Consistent molecu-
lar structure of 3D ob-
ject

     • Degradation of ma-
terials
     • Accidental drug-
polymer reactions

     • Transdermal drug delivery
devices
     • Microneedle
     • Mask devices

[47]

TPP      • PEGDA
     • PEGDMA
     • PLA, etc.

     • Control drug re-
lease profile
     • Act as a drug carri-
er with variable size
and shape
     • Adjustable drug re-
lease kinetics

     • Unexpected drug-
polymer interactions
     • Degradation of ma-
terials

     • Microneedle
     • Drug delivery devices

[47]

SLS -      • PE
     • PVA-PEG
     • PCL, etc

     • Solvent-free
     • High resolution
     • Single-step
method for drug deliv-
ery
     • Less time consu-
ming
     • Absent of liquid
binders

     • Degradation of ma-
terials due to highly en-
ergetic light source
     • Finite speed of sin-
tering

     • Oral dispersible tablets
     • Cubic porous structure
     • Pellets loaded with drugs

[28, 87, 289]

EMP FDM      • PVA
     • TCP
     • PLA
     • HPMCAS
     • PCL
     • HPC
     • PLGA
     • Eudragit,
etc

     • Low-cost
     • Easy operating pro-
cess
     • Accurate
     • Promising parame-
ter properties
     • Association of
HME
     • Excellent mechani-
cal properties
     • More flexible in
designing complex for-
mulations

     • Less drug loading
capacity
     • Causes of thermal
degradation

     • Immediate, Pulsatile and
Enteric drug-release tablet
     • Vaginal ring suppositories
     • Microneedle patches
     • Rectal ring suppositories
     • Oral dispersible films
     • Delivery devices for nano-
capsules
     • Uterus devices

[289]

MED      • PEG
     • HPC
     • Glycerol
     • Kollidon,
etc

     • Filament-free
method
     • Accurate
     • Reproducible
     • Large-scale pro-
duction
     • Operating multi-
ple materials
     • Excellent compati-
bility with drugs/ ex-
cipients
     • Broad-range ex-
cipients can be used
     • No product degra-
dation
     • GMP compliance

- • Multi-component tablets,
such as core-shell structured
tablets with a delay layer
• drug delivery devices

[17]

(Table 1) contd....
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3D  Printing  Tech-
niques

Excipients
Used

Advantages Disadvantages Configure References

PAM      • PVP
     • HPC
     • HPMC
     • MCC, etc

     • Appropriate for
thermally unstable
drugs
     • A broad range of
initial materials can be
used

     • Post-processing re-
quired
     • Usage of heavy
machinery tools, i.e.,
hot extruder motor
     • Low resolution
     • Organic solvents
are used

     • Double layer tablet
     • Suppositories
     • Floating drug delivery sys-
tem (FDDS)
     • Nanocapsules
     • Gummy drugs

[29, 87]

Inkjet based -      • Binder
fluid like
glycerol,
deionised
water
     • PVP
     • Polysor-
bate, etc.

In continuous inkjet,
     • Rapid droplet ejec-
tion
     • No blockage in the
nozzle
In DoD,
     • Cost-effective
     • Easy to use
     • High precision
     • Controlled droplet
sizes
     • Less wastage of
drugs

In continuous inkjet,
     • Unnecessary dis-
persion of ink
     • Costly mainte-
nance
     • Low resolution
In TIJ,
     • Degradation of
thermal-sensitive ac-
tive ingredients

     • Implants
     • Oral wafers
     • Tablets
     • Inhaler

[28, 289]

- - - - - -
DOP/ Binder jet -      • PVP

     • HPMC
     • Starch,
etc.

     • Restoration of un-
processed powder after
the activity
     • High level of
porosity
     • Inexpensive pro-
duction
     • Removal of residu-
al volatile solvent
through thermal sin-
tering
     • Normal tempera-
ture process
     • A broad range of
materials can be used

     • High fragile
     • Less resolution
     • Post-processing re-
quired
     • Defects in product
     • Deficient mechani-
cal features

     • Implants
     • Orally disintegrating
tablets (ODTs)
     • Extended-release and En-
teric dual pulsatory tablets

[28, 87]

EHD -      • CA
     • PCL
     • PEO
     • PVA, etc

     • Highly control-
lable resolution
     • Provide a suitable
atmosphere for poly-
mers/drugs
     • Controllable digi-
tal system for the depo-
sition of materials
     • Complex geome-
tries fabrication
     • Single step pro-
cess
     • Low-cost produc-
tion

     • Organic solvents
are used
     • Less effective

     • Micro/nano-scale fibers
     • Wound dressings
     • Cylindrical capsules
     • Film patches
     • Composite films
     • Dual-core matrices

[87]

4.1. Vat Photopolymerization Printing Technique
Vat photopolymerization 3D printing method is the

process in which high energy light is ejected onto the

vat  of  liquid  photopolymer  to  fabricate  the  solid  ob-
jects.  The  polymer  forms  due  to  the  reactive  species
generated  from  the  photoinitiators  under  the radia-
tion.  Recently,   researchers  have   developed  novel
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Fig. (6). A schematic illustration of VAT photopolymerization 3D printing technique for drug delivery system preparations. (A
higher resolution / colour version of this figure is available in the electronic copy of the article).

photopolymers  that  have  shape  memory  properties.
This can be used to tailor the smart devices by formu-
lating  the  water-responsive  shape  rearrangement  3D
structures  with  the  hydrophilic  or  hydrophobic  com-
plex based on poly (propylene glycol) dimethacrylate
(PPGDMA)  and  poly  (ethylene  glycol)  diacrylate
(PEGDA) [46]. It has numerous applications in tissue
engineering, versatile drug delivery, and biomedical de-
vices [47]. Fig. (6) shows graphically how vat photopo-
lymerization 3D printing can be used to create devices
that are loaded with drugs. This can be done in one of
two  ways:  either  by  adding  the  drug  directly  to  the
liquid resin before printing or by adding it to a blank
device after printing [48]. In the first scenario, magnet-
ic  stirring at  room temperature  is  used to  completely
dissolve  or  uniformly  disperse  the  medication  in  a
resin made up of a photoinitiator and a photopolymer.
The medication is then physically confined in the cross-
linked polymeric network after printing. The medicine
is released via diffusion from the swelling matrix once
the device has been disseminated into a dissolving me-
dia. For blank devices, conventional drug loading meth-

ods based on adsorption, such as spray coating and dip-
ping, can be used to integrate the medication. Alterna-
tively, by soaking the blank device in a drug-concen-
trated solution, the drug can be absorbed into the poly-
mer network. Post-loading minimises potential drug de-
terioration  while  pre-printing  or  printing,  even  if  it
adds an extra production step. Moreover, there are four
main  types  of  vat  photopolymerization  processes,
which are as follows: Stereolithography (SLA), Contin-
uous Light Interface Production (CLIP), Two-Photon
Polymerization  (TPP),  and  Digital  Light  Processing
(DLP)  [49].

4.1.1. Stereolithography (SLA) Printing Technique
SLA technology is the first technology that is avail-

able  for  commercial  purposes  [4].  SLA  printing
method  uses  an  ultraviolet  laser  to  photopolymerize
the photosensitive liquid resins [50, 51]. The SLA prin-
ter system can either be top-down, in which the plat-
form  is  below,  and  the  UV  laser  is  above,  or  bot-
tom-up, in which the platform is above, and the UV las-
er is below [28]. The  first  step  of  SLA is scanning a

minimizes
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Fig. (7). A schematic illustration of top-down and bottom-up approaches of SLA 3D printing technique. (A higher resolution /
colour version of this figure is available in the electronic copy of the article).

thin layer of liquid resin along with the drug for poly-
merization by using a photoinitiator. The adhesion of
the next layer on the basic layer takes place due to the
curing depth being a little bit larger than the thickness
of a single layer,  which results in the polymerization
between the resins and unreacted compounds in two ad-
joining layers. This cycle takes place till the product is
formed. After the process, unnecessary resin and pho-
toinitiator  should be rinsed with alcohol  to  avoid the
toxicity of resin and to develop the mechanical proper-
ties of the object by using a UV oven [28, 52, 53]. Ad-
ditionally,  when  drugs,  excipients,  and  resins  form a
homogeneous mixture with each other, they can be ab-
sorbed into it due to polymerization and cross-linking
[54]. Hence, it is necessary that materials used in SLA
have photo-curable properties for photo-cross-linkage.

The advantages of SLA include excellent resolution
(20 µm), less thermal stress involved, less demand for
properties  and  chemical  structure  of  drugs  or  excipi-
ents, and patterning precise structures [28, 55]. There-
fore, SLA has applications in hydrogels, microneedle
patches,  and  fabricating  oral  solid  dosages  [56-60].
However, it has some drawbacks, like the limited for-
mulation for dosage formation, as SLA can barely use
a particular resin formulation at a time of a single print-
ing process, except the earlier formulation is replaced

with the latest formulation if the printing is discontin-
ued. Although some photocrosslinkable polymers have
been developed over the past few years, such as Gel-
MA and PEGDA, photosensitive polymers are limited
and are FDA-approved [61-63]. Hence, SLA is a poten-
tial tool for the pharmaceutical industry (Fig. 7).

4.1.2.  Digital  Light  Processing  (DLP)  Printing
System

In  this  printing  system,  liquid  photopolymers  are
cured  by  photon  exposure  in  a  layer-by-layer  form.
The building platform is immersed in resin, and the po-
lymerized resin layer is at the bottom of the vat during
the printing process. This method prevents direct con-
tact with the air, making the printing process less vuln-
erable  to  oxygen  inhibition  [64].  The  3D  material
through  the  DLP  printing  system  was  prepared  by
Yang et al. [65]. It was found that robustness, printabil-
ity, drug loading capacity and drug release profile were
highly dependent on the height of the layer, plasticizer
addition, emission time, and concentration of PEGDA.
When compared with SLA, the DLP printing system is
a fast process, allowing less usage of resin to develop
3D  objects  and  instantly  solidify  the  complete  layer
[66]. DLP has applications in the construction of drug-
delivery  devices  and  personalized  medicine  (Fig.  8)
[47].
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Fig. (8). A schematic illustration of the DLP 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

4.1.3. Continuous Light Interface Production (CLIP)
Printing Technique

In  the  CLIP  printing  method,  3D  objects  are
formed by a continuous fabrication process instead of
a layer-by-layer manner. In 2014, Joseph DeSimone et
al. prepared the CLIP printing system [67]. The dead
zone  is  a  thin  layer  of  liquid  interface  between  the
liquid resin and the printed parts created by the CLIP
system using an oxygen-permeable window [68]. This
dead zone prevents  photopolymerization at  the  inter-
face, permits resin to flow freely under the window sur-
face, and removes the need for an intermediate resin re-
coating step for each layer, which is the most time-con-

suming procedure in DLP printing [69]. It has advan-
tages  over  the  SLA  or  DLP  method,  such  as  pre-
dictable mechanical features and consistent molecular
structure of a 3D object. The CLIP technique includes
the mask device fabrication for the microneedle coat-
ing and was developed by Caudill et al. [70]. In addi-
tion to this, the coated mask was applied for the regulat-
ed  fast  delivery  of  model  proteins  (such  as  bovine
serum albumin, lysozyme and ovalbumin) from the mi-
croneedles into the skin and also the possibility of co-
delivery of various antigens/ proteins through a single
microneedle. Therefore, it has applications in the fabri-
cation of transdermal drug delivery devices (Fig. 9).
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Fig. (9). A schematic illustration of CLIP 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

4.1.4.  Two-Photon  Polymerization  (TPP)  Printing
Technique

TPP is a microfabrication technique in which near-
infrared  femtosecond  laser  sources  are  exposed  to  a
photosensitive  resin.  Photosensitive  polymers  absorb
two or more photons at the same time in the non-linear
optical process and later, the regional resins get solidi-
fied to form 3D nano/microstructures [71]. Additional-
ly, the resolution of TPP is influenced by the exposure
time,  photoinitiator  ability  and  laser  power  density
[72]. Furthermore, TPP is capable of developing drug-
encapsulated  particles  from  polylactide  (PLA)  based
photocurable  polymers.  There  are  several  achieve-

ments of the TPP printing process. Shavkuta et al. used
TPP in conjunction with a micromolding process to de-
sign the particles loaded with insulin from methacry-
late-functionalized PLA [73], and thus, this combina-
tion is useful for drug carriers with a controlled drug re-
lease profile, adaptable size and shape. Also, Cordeiro
et al. used the TPP 3D printing technique to manufac-
ture  several  designs  of  microneedle  array  templates
[74].  This  microneedle  was  found  to  be  efficient  in
drug delivery and better at skin insertion. Besides this,
Do et al. used the TPP method to construct rhodamine
B-loaded poly (ethylene glycol) dimethacrylate (PEGD-
MA) devices [75]. Therefore, it has applications in the
fabrication of drug-delivery devices (Fig. 10) [47].
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Fig. (10). A schematic illustration of TPP 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

4.2. Selective Laser Sintering (SLS) Printing Tech-
nique

SLS is a laser-based 3D printing technique that us-
es the laser beam of CO2 rather than the binders for the
accurate sintering of a particular area of powders in ev-
ery  layer.  It  employs  heat  through  a  laser  beam  and
combines the powder to form a 3D structure. There are
three main components of SLS, which are the laser sys-
tem,  powder  bed,  and  spreading  platform  [28].  The
first step of SLS is to produce long filaments, which in-
clude thermoplastic polymers, by using hot melted ex-
trusion  and  active  pharmaceutical  ingredients  (APIs)
[76]. In SLS, commonly used thermoplastic polymers
are as follows: polylactic acid (PLA), polycarbonates
(PC), polymethylmethacrylate (PMMA), polyvinyl al-

cohol  (PVA),  polylactide  (PLLA),  polyamides  (PA),
polyurethane  (PU)  polyethylene  (PE),  po-
ly(ether-ether-ketone)  (PEEK),  and  polycaprolactone
(PCL)  [77].  The  process  chamber  is  filled  with  inert
gas, commonly nitrogen, to avoid the oxidation of ma-
terials. Moreover, the process chamber works at a tem-
perature  that  generally  ranges  less  than  the  melting
point of raw materials (40-50°C) for the entire printing
process, and thereafter, the powder must be cooled to
eliminate stress and curl deformation [64, 78]. The ex-
cellent sintering process is obtained when the size of
powder particles ranges from 58-180 µm, and the thick-
ness of the layer ranges in size around 0.1-0.3 mm [77,
79]. SLS has several advantages, such as solvent-free,
high  resolution  (approx.  30  to  60  µm),  single  step
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method for drug delivery as well as less time consum-
ing due to the absence of liquid binders so that the eva-
poration of solvents is not required [80].

In  recent  years,  SLS  has  been  widely  acknowl-
edged due to the easy disintegration of drugs by using
high-energy laser  beams.  It  has  been found that  SLS
has applications in the drug delivery system and tissue
engineering  [81-85].  In  2017,  Fina  et  al.  developed
paracetamol  tablets  by  using  Kollicoat  IR,  which  in-
cludes an immediate release feature, as well as Eudrag-
it L100-55, which includes a modified release property
[80]. It has been observed that the mechanical proper-
ties  of  this  tablet  fulfil  the  need  of  the  US  pharma-
copeia,  and  also,  no  degradation  of  the  drug  was
found. Additionally, Hamed et al. applied SLS printing
technology  to  manufacture  amorphous  lopinavir
(LPV),  which  is  an  inhibitor  used  to  treat  the  HIV
virus and study the formulation outcomes [86]. In this
way, SLS received huge attention in the pharmaceuti-
cal field (Fig. 11).

4.3. Extrusion Molding Printing (EMP) Technique
It is a very often used methodology that is primari-

ly  categorised  into  three  types  based  on  the  molding
substances: Pressure Assisted Microsyringe extrusion
moulding method (PAM), Fused Deposition Modeling
method (FDM), and Melt Extrusion Deposition (MED)
3D printing method [17, 87].

4.3.1.  Fused  Deposition  Modeling  (FDM)  Printing
Technique

FDM, also known as fused filament fabrication, is a
widely used 3D printing technique. This method works
by converting the  drug-loaded polymers  into  a  semi-
fluid state by heating them to a critical state and then
ejecting them through the printing nozzle based on the
parameters,  which  solidify  over  the  printing  surface,
and the product can be achieved [88]. This technique
involves several parameters in its working phenomena,
such as nozzle diameter, product filled percentage, ex-
trusion  speed,  temperature,  layer  width,  and  head
movement  printing  speed.  Moreover,  the  preparation
of drug-loaded filament is the fundamental step in the
development of FDM, which is obtained by the passive
soaking  technique.  In  this  technique,  filament  subs-
tances are placed in the solvent of ethanol or methanol,
which contains the drug, and then dried. Nevertheless,
due to the less probability of getting drug load through
this approach, Hot Melt Extrusion (HME) method, in-
cluding single or twin screws, is an alternative way for
the filament preparation. The filament substances that
are mainly used are as follows: Polyvinyl alcohol (P-
VA), Polycaprolactone (PCL), Polylactic Acid (PLA),
polylactide-coglycoside (PLGA), and other derivatives
of cellulose [31, 89-93]. Despite this approach, the pre-
paration of drug-loaded filament can be avoided by

Fig. (11). A schematic illustration of SLS 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

categorized
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making the polymer compatible with the 3D printer as
well as the original form of the drug as a raw material
[94]. Additionally, dosage forms based on TPU, which
are loaded with 60% (w/w) crystalline drug, are effi-
ciently  developed  by  Verstraete  et  al.,  whereas  the
HME method linked with the FDM method is also ef-
fective in developing a tablet, as discussed by Zhang et
al. in 2017 [95, 96]. These results demonstrated the po-
tential of FDM technology in the application of solid
forms of dosage preparation.

The advantages of the FDM technique include low
cost, easy operating process, accuracy, promising pa-
rameter  properties,  an  association of  HME, excellent
mechanical  properties  of  the  product  and  also,  it  is
more flexible to design complex pharmaceutical proce-
dures,  such as  chamber-like and core-shell  structures
[97, 98]. However, the disadvantages of the FDM tech-
nique include high-temperature heating action in print-
ing, generally greater than 150°C, which is not appro-
priate  for  thermally  unstable  drugs  like  4-aminosali-

cylic  acid,  which  decays  over  210°C  [99].  Through
this  study,  various  modifications  are  made  in  FDM
technology to minimise thermal stress, such as the pre-
paration of drug-loaded filaments by using low-melt-
ing point povidone, which was successfully developed
by Kollamaram et al. [100]. It showed that low-melt-
ing point filaments can reduce the temperature of the
printing procedure up to 90 °C. Another study showed
that the temperature of printing can be diminished by
eliminating  filament  with  soft  extruded  polymer
threads as well as preparing filament by using water as
a temporary plasticizer that reduces the temperature up
to  54  °C  [101,  102].  In  addition  to  this,  researchers
have  found  that  Direct  Powder  3D Printing  (DPP)  is
used for  tablet  tailoring,  which is  a  single-step  FDM
process with the absence of HME. In this process, after
filling the powder into a stainless-steel extrusion car-
tridge, the powder mixtures were heated, which led to
the printing of tablets into honeycomb structures [103].
FDM technology has major significance in the pharma-
ceutical field (Fig. 12).

Fig.  (12).  A schematic illustration of  hot  melt  extrusion coupled with FDM 3D printing technique.  (A higher resolution /
colour version of this figure is available in the electronic copy of the article).

minimize
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4.3.2.  Melt  Extrusion  Deposition  (MED)  Printing
Technique

The Melt Extrusion Deposition (MED) 3D printing
technique belongs to the extrusion-based category. Un-
like FDM technology, it offers a significant advantage
by eliminating the need for filament preparations when
working with drugs and excipients during the printing
process. In this method, the initial materials are active
ingredients and excipients in the form of powder. The
powder of materials and active pharmaceutical ingredi-
ents were directly used for MED without any addition-
al processing. The powder feedstocks were converted
into molten states,  and layer-by-layer  deposition was
followed to produce the desired geometries of the ob-
ject. MED filament-free method is also reliable for the
production of high drug loaded (60%) thermoplastic po-
lymers. The nozzle printer array has high throughput,
precise control of deposition, and operation of multiple
materials that can build the accurate, reproducible and
large-scale  production  of  the  desired  product.  More-
over, Good Manufacturing Practice (GMP) compliant
MED  3DPtechnology  was  developed  in  which  each
printing  stations  contain  one  nozzle  that  is

synchronised with each other for the fabrication of cer-
tain  parts  of  the  structure,  such  as  shell,  delay  layer,
core,  filler,  etc.  Therefore,  it  leads to the tailoring of
multi-component tablets by using compartment mod-
els, which provide controlled kinetics, on-set time re-
lease, and mode of release and fulfill desired product
needs.

The predictability of tablet release serves as the plat-
form for the 3DP Formulation by Design (3DPFbD) ap-
proach,  which  is  a  novel  development  approach  that
provides an effective process of product development.
It has several advantages, such as excellent compatibili-
ty with drugs or excipients, a broad range of excipients
that can be used, no filament preparation, no degrada-
tion of product, and GMP compliance. It is crucial for
controlled drug delivery. Many desired aspects of cur-
rent pharmaceutical production are also implemented,
resulting in a compact, modular, continuous manufac-
turing,  scalable,  versatile,  and  intelligent  MED  3D
printing system. The technology enables the efficient
production of modified-release medication tablet prod-
ucts at any required scale, suggesting a viable route for
next-generation  pharmaceutical  manufacturing  (Fig.
13)  [17].

Fig. (13). A schematic illustration of the fabrication of core-shell structured tablet with a delay layer by using MED 3D print-
ing technique. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

synchronized
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Fig. (14). A schematic illustration of PAM 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

4.3.3.  Pressure-Assisted Microsyringe (PAM) Print-
ing Technique

PAM  is  a  3D  printing  technology  that  is  also
known  as  the  Semi-Solid  Extrusion  method  (SSE)
[104]. The extrusion can be pneumatic, solenoid or me-
chanical  piston  based  [28].  This  method  exerts  pres-
sure or screw gear rotation on the syringe-based print
head for the uniform extrusion of the semi-solid mate-
rials and places it on the printing surface layer by layer
for the printing process according to the command of
the software. The exerted pressure for the printing is re-
quired around 0.4-3.8 bar and the syringe print head di-
ameter  is  around  0.35-0.85  mm.  In  the  PAM  tech-
nique, raw materials play a significant role in the semi--
solid  process  due  to  the  pressure  directly  exerted  for
the extrusion of semi-solid materials into the head of
the printer without distortion. It allows the microstruc-
ture production, which is around 5-10 μm or less [29].
The PAM method has advantages like no requirement

of heating, so it  is  appropriate for thermally unstable
drugs, for example, guaifenesin [105, 106]. However,
it  has  some  drawbacks,  such  as  the  usage  of  heavy
machinery  tools,  i.e.,  hot  extruder  motor  element  for
the extrusion process by applying torque, as well as the
usage of organic solvent for making semi-solid mate-
rials, which may not be suitable for the remaining or-
ganic solvents in the tablets [107, 108]. The PAM tech-
nique is  potentially good for pharmaceutical  applica-
tions (Fig. 14).

4.4. Inkjet Printing Technique
The inkjet printing method is based on the placing

of liquid droplets onto a substrate under the command
of  a  digital  controlling  system.  The  combination  of
drugs and other materials, which are known as ink, are
settled as droplets in a layer-by-layer form over the sub-
strate.  Inkjet  printing  is  mainly  classified  into  two
types,  namely Drop on Demand (DoD) and Continu-
ous Inkjet printing (CIJ) (Fig. 15) [63, 109].
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Fig. (15). A schematic illustration of inkjet-based 3D printing technique. (A higher resolution / colour version of this figure is
available in the electronic copy of the article).

4.4.1. Continuous Inkjet Printing Technique
This type of printer discharges a jet of droplets of

liquid  over  a  substrate  in  a  continuous  manner.  The
evenly  sized  droplets  are  formed  due  to  the  pressure
generated  into  the  inkjet,  and  thereafter,  droplets
discharge  from  the  nozzle  whose  diameter  is  around
50-80 μm [29]. There are some advantages of continu-
ous  inkjet  printers,  which  include  rapid  droplet  ejec-
tion and no blockage in the nozzle. However, there are
some disadvantages of this technology, which include
unnecessary  dispersion  of  ink,  inflated  maintenance,
and low resolution [110].

4.4.2. Drop on Demand (DoD) Inkjet Printing Tech-
nique

This method only ejects the liquid droplets (10-50
μm diameter with 1-70 pL volume) when it is neces-
sary over a substrate according to the command of the
signal  [29].  DoD inkjet  printers  have  sources,  which
are present in the printhead, which provide kinetic ener-
gy to the droplets near every nozzle [111]. Also, this

kind  of  printer  has  many  nozzles,  which  are  around
100-1000;  however,  a  single  specialised  printhead  is
present.  There  are  several  advantages  of  the  DoD
method, which include cost-effective, easy to use, high
précised, controlled droplet sizes, and less wastage of
drugs  [28].  However,  it  still  gains  more  attention  as
compared to the continuous inkjet printing [112, 113].
DoD inkjet printers are categorised on the basis of the
printhead, namely thermal inkjet (TIJ) and piezoelec-
tric inkjet (PIJ) printers [52].

In  the  TIJ  technique,  thermal  energy is  the  signal
used  to  eject  droplets  out  of  the  nozzle.  Here,  print-
heads carry resistors to gain exposure to the ink (fluid)
and induce electric current to generate heat. This ther-
mal energy leads to the bubble formation from the vo-
latile fluid; thereafter, it enlarges and discharges fluid
in  the  form of  droplets  from the  nozzle.  However,  it
has some drawbacks, such as the degradation of ther-
mally sensitive active ingredients due to the usage of
resistors with high temperatures of around 200-300 de-
gree Celsius [110, 114].

specialized

categorized
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In the piezoelectric inkjet printer, a certain amount
of electric voltage is given to the piezoelectric crystal-
s/element/actuator, which changes its shape to generate
a signal that further generates pressure, leading to the
discharges of ink from the nozzle. Thereafter, the ele-
ments  attain  their  original  shape,  and  the  nozzle  is
again filled with the fluid for the activation [113, 115].
There are some advantages of this technique, which in-
clude efficiency at room temperature due to the pres-
ence  of  more  biocompatible  and  less  volatile  fluids
[114]. Hence, the piezoelectric print head is in demand
for numerous applications.

4.4.3. Miscellaneous Inkjet Printing Technique

4.4.3.1. Valve Jet Printing Method
This method is also known as electromagnetic print-

ing, which is applicable in the pharmaceutical field and
is based on small-sized solenoid valves. In contrast to
the TIJ or PIJ, this technology is better due to its large
orifice sizes, robustness, and ability to print coarser sus-
pensions [116].

4.4.3.2. Glass Inkjet Printing Method
This method discharges the droplets at high frequen-

cies, and it has shown applications in the pharmaceuti-
cal field due to the inertness of glass that will stay unre-
active with other materials [117].

4.4.3.3. UV-based Inkjet Printing Method
This technology has UV photo-initiation along with

inkjet  printing,  which  is  useful  to  harden  the  subs-
tances quickly. In this method, the ink contains cross-
linked functional groups that get signals through light,
and further, a photo-initiator is involved in the process
[118].

4.5. Drop On Powder (DOP) Printing Technique
The DOP printing method is also known as binder

jetting, drop on solid, and plaster printing technology
[29].  It  is  an  application  of  the  inkjet-based  printing
method. In this method, the print head ejects the dro-
plets so that it can combine the powder particles in a
deposited  powder  over  the  surface  [119]  in  lay-
er-by-layer form, which is uniformly placed by using a
roller. The nozzle of the printer contains binder fluid,
which is operated to jet above the powder bed by mov-
ing in the x-y direction [28]. The ejecting droplets with
binders, for example, hydroxyl propyl methylcellulose
(HPMC) and PVP K30,  are deposited on the powder
bed at a controlled speed according to a certain pattern
designed  in  the  computer.  The  powder  soaked  the

liquid drops, which solidifies the layer. The solidifica-
tion process that takes place in DOP is similar to the
wet  granulation used in tablet  formation [120].  Solid
bridges  are  formed  due  to  the  crystallisation  of  dis-
solved particles and the evaporation of the solvent. Fur-
thermore, the layers are formed by sliding the previous
layer  of  the  surface  along  the  vertical  axis  and  then
printing  the  new layer  in  place  of  the  previous  layer
from the feeding cell. Furthermore, this cycle contin-
ues until it  completes the construction of 3D objects.
Many parameters are involved in the preparation pro-
cess, like the droplet spacing, layer thickness, nozzle di-
ameter,  distance  between  the  print  head  and  spread
powder, movement of the print head, droplet velocity,
line spacing, and frequency of the droplets [121-123].
These  parameters  facilitate  the  behavior  of  drug  re-
lease and physical properties (viscosity, concentration
and surface tension) [124]. The flowing nature of print-
ing ink depends on the physical properties, and it can
be altered by adding binders or Active Pharmaceutical
Ingredients  (APIs),  for  example,  HPMC,  CMC-Na,
PVP,  HPC,  and  PEO  [125-127].  In  view  of  the  fact
that  material  integrity  totally  depends  on  the  weak
force  rather  than  the  mechanical  compression  force,
the  dosage  forms  are  easily  tailored  with  interlinked
pores in the micro range for the preparation of tablets
[128].

Moreover, DOP is categorised into two types based
on  the  printhead,  namely  thermal  and  piezoelectric
[121]. The thermal printhead allows a smaller number
of solvents with high vapour pressure to vaporize. It us-
es a heater with a temperature of around 200-300 °C to
vaporize a  small  amount  of  fluid,  which forms small
bubbles that eject the droplets [129]. It has been found
that below 0.5% of the liquid in the print head comes
under the influence of high temperature for a few mi-
croseconds [130] with no degradation of proteins (in-
sulin  and  human  growth  hormone)  for  the  thermal
print head [131]. In comparison to piezoelectric print
heads, thermal print heads are inexpensive for the fabri-
cation  process.  The  piezoelectric  printhead  contains
piezoelectric crystals, which get charged by providing
the  voltage.  This  causes  the  distortion  of  the  liquid,
which ejects the drops from the nozzle. Hence, piezo-
electric printheads are in more demand for various sub-
stances. Furthermore, there are advantages to the DOP
method in post-processing, including the restoration of
unprocessed  powder  and  the  removal  of  residual  vo-
latile solvent through thermal sintering [28]. Spritam,
which is the first 3D printed drug, was constructed by
using the binder jet-based zip dose method [34]. It is a
novel microfabrication process that has application to
construct dosage forms in a layer-wise fashion [132].
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Fig. (16). A schematic illustration of DOP 3D printing technique. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

However,  DOP  has  some  drawbacks  as  it  shows  de-
fects  in  the  printed  product  due  to  high  fragility  and
low resolution.  Therefore,  further  exploration  of  this
method to overcome the problem is still needed (Fig.
16).

4.6.  Electrohydrodynamic  (EHD)  Printing  Tech-
nique

Electrohydrodynamic 3D printing is a growing tech-
nology that can model thread-like materials by placing
the  materials  layer  by  layer  to  fabricate  a  controlled
system.  EHD  has  several  components,  which  are  re-
quired  for  the  printing  process:  a  thin  nozzle  print
head, syringe pumps, a moving platform along the X-
Y-Z  direction  with  a  controller,  and  a  high-voltage
power supply [133]. Several materials having viscosi-
ties between 1-10,000 mPa have been processed to de-
velop drug carriers,  such as  polycaprolactone (PCL),
polyvinyl alcohol (PVA), polyethylene oxide) (PEO),
and cellulose acetate (CA) [134]. There are several ad-

vantages of EHD technology, such as highly control-
lable  resolution,  providing  a  suitable  atmosphere  for
polymers and many drugs like thermally stable drugs,
manufacturing  micro-  to  nanoscale  fibers,  a  control-
lable digital system for deposition of materials, and fab-
rication of systematic complex geometries [135]. The
complex geometries formed by this technology include
dual-core graphene composite matrices, film patches,
wounding dressings, cylindrical capsules, Janus fibers,
and coreshells [136-141]. Hence, EHD 3D printing is a
flexible approach for drug delivery and the fabrication
of personalised medicines by printing a specific pattern
of therapeutics on a porous film (Fig. 17) [129].

5.  APPLICATION  OF  3D  PRINTING  IN  THE
PHARMACEUTICAL FIELD

The use of 3D printing is expanding quickly across
all industrial manufacturing sectors owing to its advan-
tages for improving production efficiency and lower-
ing the cost and quantity of defects by preventing hu-
man factors [142, 143]. Given its significant flexibility
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Fig. (17). A schematic illustration of the EHD 3D printing technique. (A higher resolution / colour version of this figure is avai-
lable in the electronic copy of the article).

and ability to create a variety of simple to complex ge-
ometries,  3D  printing  has  altered  not  only  industrial
production but also the emphasis on industrial automa-
tion. To produce high-quality drug products with im-
proved process robustness, 3D printing is quickly pi-
oneering pharmaceutical manufacturing in the field of
biopharmaceutical  product  development,  where  there
is a reliance on producing medications using conventio-
nal manufacturing techniques [13, 144].

Utilizing  3D  printing  technology  to  foster  drug
items has gained critical interest in the pharmaceutical
industry and universities as 3D printing innovation be-
comes more accessible to drug researchers. The assem-
bly of medication delivery systems with precisely engi-
neered constructions and the production of customised
medications are two expected effects of the use of 3D
printing in the pharmaceutical  industry that  will  help
bring the development of pharmaceutical products into
uncharted territory. Due to its potential benefits, such
as  improved  productivity,  complex  drug  release  pro-
files,  multiple  dosing,  single-step  processes  at  low
cost, and customization/personalization of drug deliv-

ery, 3DP has seen widespread use in the pharmaceuti-
cal industry. This updated technology is a very helpful
tool  for  more  accurate  drug  dispensing  with  tailored
drug release to  meet  the particular  needs of  each pa-
tient.  Additionally,  personalised  medicine  offers  3D
printing  a  previously  unheard-of  opportunity  to  ad-
dress the difficulties associated with treating heteroge-
neous diseases. Below is a description of the momen-
tous implications of 3D printing in the pharmaceutical
field.

5.1. Pre-medical Assessment of New Drugs
Before the approval of any kind of drug for com-

mercial use, the pharmaceutical properties of the active
ingredients  of  the  drug are  thoroughly  examined and
analysed by scientists  for clinical  safety and efficacy
purposes in the early phase of drug development.  To
overcome drug failure during early-phase development
and fulfil  the  high  demand for  promising  drugs,  it  is
crucial for companies to rapidly identify suitable drugs
at the low expense as early as possible during the drug
development process, ideally within preclinical studies
[145, 146]. The 3DP technique can be considered for
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this  purpose,  as  it  has  proven  its  ability  to  fabricate
dosage forms in the early phases of drug development
with  fewer  resources,  time  and  human  efforts  [147,
148].  3DP  is  a  very  flexible  procedure  that  makes  it
simple  to  modify  doses  to  meet  the  demands  of  the
trial. By physically changing the tablet's size or infill
level, doses may be adjusted quickly and easily [91].
Whereas in conventional production, thorough pre-for-
mulation studies, large batch sizes, scaling up and opti-
mising the formula so as to create the desired dosage
forms  and  significant  labour  costs  are  required  [50,
149].

5.2. Person Specific Drugs (Personalised Medicine)
The majority of patients are supported by conventio-

nal  dosage  forms,  which  are  only  based  on  fixed
strengths. Personalised medicine aims to offer the best
medication at the optimum dose for the patient's indivi-
dual symptoms at the right time according to the patien-
t's genetic, physiological, or pathological background,
taking into account additional variables, such as genet-
ic makeup, gender, age, and weight for dose titration
and  dosage  form  design  [14].  They  increase  patient
compliance and are cost-efficient, more effective, and
safer [24]. To provide such personalised drugs to treat
specific patient populations for all age groups, the 3D
printing technique can be a better tool, especially for
treating  complex  diseases  like  Alzheimer’s  disease,
cancer, and epilepsy [142, 150, 151]. 3D printing of-
fers the preparation of a drug delivery system (DDS)
with various doses, geometries, substances, and adjust-
ed release rates considering the patient's personal char-
acteristics [78, 152]. Additionally, it is possible to print
pills in a kid-friendly format for kids who have trouble
swallowing [98]. The 3D printing method does not re-
quire the installation of a comprehensive manufactur-
ing setup with upscale equipment as with conventional
methods,  and  it  is  flexible  for  on-site  production.  In
this way, 3D printing techniques encourage a person-
alised drug approach [153-155]. In short, individualis-
ing and personalising therapies can enhance the thera-
peutic result, lessen side effects, and boost patient ad-
herence to the regimen.

5.3. Complex Drug Therapies
In order to maintain drug levels in the blood for the

desired therapeutic action for extended periods of time,
patients  frequently  need  to  take  conventional  dosage
forms of multiple pills for a single disease indication
[156]. Such a strategy has a number of disadvantages,
including  low  patient  compliance,  missed  doses  that
cause  blood  levels  to  fluctuate,  and  high  costs.  With
the use of 3D printing technology, it is now feasible to

design  complicated,  unmoldable  dosage  forms  with
distinctive properties and improved efficiency to facili-
tate  long-acting  drug  therapy.  Complicated  dosage
forms have narrow therapeutic parameters that would
not be achievable with traditional manufacturing meth-
ods [155-157]. Such complex drugs loaded with high
dosages  are  referred  to  as  Fixed-Dose  Combinations
(FDCs) or polypills. It is now possible to individually
adjust dosages and release patterns as well as the co--
formulation of pharmaceuticals with interaction poten-
tial by physical separation of medications with the help
of layer-by-layer printing [155]. A 3D-printing method
of  drug  delivery  would  greatly  benefit  medications,
such  as  asthma,  cancer,  cardiovascular  diseases,  TB,
and epilepsy, where polypills are advised for patients.

5.4. Fabrication of Novel Drug Delivery Systems
The creation of solid pharmaceutical dosage forms

has been significantly influenced by 3D printing. Com-
pared  to  traditional  methods,  it  offers  the  design  of
dosage,  providing a great  deal  of  flexibility and effi-
ciency  [158].  The  process  of  making  solid  dosage
forms traditionally entails a number of batch-wise oper-
ations, including mixing, granulation, milling, compac-
tion, and compression. As a result, conventional multis-
tep manufacturing is linked to increased batch-to-batch
variability and decreased process robustness. The de-
velopment  of  a  variety  of  dosage  forms,  including
solid dosage forms, implants, stents, and transdermal,
rectal,  and  vaginal  devices,  can  be  done  quickly  and
easily with 3D printing due to its high robustness, accu-
racy, and precision [36, 124, 156]. Additionally, it de-
creases the number of manufacturing steps, associated
costs, failure risks, and quality consistency.

5.4.1. Oral Solid Dosage Forms
The easiest way to administer API is through oral

dosage  forms,  which  also  have  higher  patient  com-
pliance than any other method. The layer-by-layer for-
mation  principle  that  underlies  3D printing  gives  the
flexibility to produce geometric dimensions that are dif-
ficult to achieve using conventional approaches. These
dosage  forms  can  contain  multiple  drugs  and  excipi-
ents to achieve altered drug release properties. 3D print-
ing gives you the freedom to alter the tablet's geome-
try, use different infill densities, or incorporate multi-
ple medications for a release profile based on the lag
phase. By using CAD, these features are obtained by al-
tering the dosage form's geometric size and shape. Ad-
ditionally, altering the film's characteristics by the use
of plasticizers, such as polyethylene glycol (PEG), tri-
ethyl citrate, talc, or stearic acid, as well as modifying
process  variables  like  the  roller  printing  speed,  can
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help manage the performance of the drug release [144]
[143].  Children's  favourite  cartoon  or  animal-shaped
tablets can be designed and printed using 3D printing
technology by precisely adjusting the geometric shapes
of the tablet [159]. Using extrusion-based 3D printing
technology, paediatric-friendly chocolate-based chew-
able tablets were recently fabricated into six shapes re-
sembling  the  simple  structures  of  cartoon  characters
[160]. Additionally, 3D printing enhances the pharma-
cokinetic performance and solubility of poorly water--
soluble drugs [122, 156, 161].

For disease indications that demand a quick start to
the drug's activity, immediate-release tablets are neces-
sary. These come in a range of dose forms, including
buccal  and  sublingual  tablets,  orodispersible  tablets,
tablets  for  solution,  fast-dissolving  tablets,  etc  [13].
The traditional manufacturing of such formulations in-
volves a number of steps, high-end equipment, and the
selection of the best excipients in the right amounts to
achieve the desired performance.  Fabrication of such
drugs with 3D printing is more productive. The tablets
are typically printed using IJP, which has the medica-
tion distributed in a wet binder solution. To construct
the entire tablet, the powder mixture for substrate pro-
duction is applied layer by layer to the surface. Drug-
loading filaments can be created using polymers like
polyvinyl pyrrolidone (PVP), hydroxypropyl methylcel-
lulose  (HPMC),  hydroxypropyl  cellulose  (HPC),  and
polycaprolactone.  The  effectiveness  of  medication
loading and release can be changed by adjusting the po-
lymer concentrations in the filament [162-164].

The choice of appropriate excipients or binder mate-
rials, as well as manufacturing processes for creating
the desired dosage forms, are the main factors influenc-
ing dosage form development using 3D printing. Drug
delivery systems created using 3D printing should un-
dergo  routine  testing,  including  evaluations  of  hard-
ness,  friability,  disintegration,  and  dissolution  time,
just  like  conventional  dosage  forms  do.

Modified-release dosage forms offer a typical medi-
cation release profile according to the needs of the dis-

ease, in contrast to immediate-release tablets. Enteric
release, delayed release, controlled release, and extend-
ed-release  systems are  just  a  few of  the  modified-re-
lease  systems  that  have  been  created  [98,  165,  166].
Biphasic release systems, multi-active tablets, and pul-
satile  drug  delivery  systems  are  examples  of  modi-
fied-release systems. 3D printing can also be used to
create formulations with the complicated geometry ne-
cessary  to  generate  a  typical  medication  release  pro-
file.

 
5.4.2. Transdermal Drug Delivery System (TDDS)

Depending on the patient's  needs, the 3D printing
technique  has  been  effectively  used  in  a  number  of
transdermal formulation strategies, including implants,
microneedles,  masks,  and  patches  for  both  systemic
and local API administration. Using a 3D printing tech-
nique, the geometry of the administered implant can be
tuned according to the application site [167]. Dissolv-
able micro-needles developed using a piezoelectric ink-
jet printing technique were fabricated with seasonal in-
fluenza vaccine using a drop-on-drop deposition tech-
nique, which aids in vaccine stabilization for percuta-
neous administration [168]. Transdermal films contain-
ing indomethacin produced using the piezoelectric ink-
jet printing technique demonstrated effective drug pen-
etration  as  well  as  better  anti-inflammatory  action
when  compared  to  a  higher  printing  density  of  600
Dots Per Inch (DPIs) [169].

6. ADVANCES IN 3D PRINTING FOR THE MED-
ICAL INDUSTRY

6.1. Branch of Medicines
Emerging  as  a  modern  and  swift  manufacturing

method,  three-dimensional  (3D)  printing  has  shown
great potential in the medical and drug delivery fields.
In this section, we explore the current advancements of
3D printing technology in healthcare and drug deliv-
ery, conveniently presented in Table 2 (Fig. 18).

Table 2. 3D printing technology in the medical field.

3DP technology Formulation API Special characteristics Medical field References
SLA Spherical implant Ifosfamide, methotrexate, Cis-

platin (CDDP)
Transdermal microneedles Oncology [290]

Power extrusion Tablet Lopinavir+ ritonavir Mini tablets (6mm) Paediatrics [291]
FDM Orodispersible Aripiprazole Personalized medicine Geriatrics [292]

Melt-extrusion Tablet Levofloxacin Personalized medicine Ophthalmology [184]
DLP Fast dissolving tablet Diclofenac Microneedle Dermatology [293]
SSE Hydrogel patches Doxorubicin Solid self-emulsifying formulations Virology [294]
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Fig. (18). Application of 3D printing technique in different branches of medicine. (A higher resolution / colour version of this
figure is available in the electronic copy of the article).

6.1.1. Pediatrics
Children's  unique  preferences  for  dosage  form,

taste, shape, and scent make them the most challenging
segment of the population. Even though oral adminis-
tration may appear most practical, it can be challeng-
ing  when  dealing  with  young  children.  A  youngster
might simply reject one dose form over another due to
petty preferences for shape, colour, or flavour. This is
where 3D printing may help and cater to each person's
preferences [170]. Orally Dissolving Film (ODF) for-
mulations, rapid dissolving tablets, and mini-pills creat-
ed using 3D printing seem appropriate for delivery be-
cause swallowing is an issue in younger children.

According  to  a  study  on  children's  dosage  form
preferences, kids preferred mini-tablets with a 4 mm di-
ameter  over  other  formulations  [171].  Giving dosage
forms in the flavour and colour of their choice to chil-
dren can boost their adherence to and compliance with
their  medication  [172].  By  extruding  HPMCAS-  and

PEG-based filaments loaded with indomethacin to pro-
duce  formulations  of  various  forms,  such  as  a  heart,
ring, bottle, bear, and lion, Scoutaris et al. created can-
dy-like  formulations  for  paediatric  medications  with
improved palatability [173]. Wang et al. (2020) creat-
ed taste-masked donut-shaped tablets  for  pedological
uses  [174].  As  a  result,  3D  printing  has  advantages
over conventional production methods when producing
paediatric dose forms. From the foregoing, it may be in-
ferred that dosage forms can be made with the precise
dose, shape, and size that will improve paediatric popu-
lations' drug adherence, therapeutic outcomes, and safe-
ty.

6.1.2. Geriatrics
Most urbanized nations have greater life expectan-

cies  and,  as  a  result,  a  generally  ageing  population,
with the majority  of  people  anticipated to  live above
the age of 65. These nations also typically have nutri-
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tion, cutting-edge medical facilities, and better patient
care. Senior patients suffer from a variety of illnesses,
including neurological ones, such as dysphagia and de-
mentia. Compared to adults in the overall adult popula-
tion (18 to 60 years old), medications and the elderly
(those above 65) face far more complex and difficult
management issues due to the latter typically requiring
different characteristics from adult drugs. As swallow-
ing problems get worse with age in the majority of the
senior  population,  it  can  be  difficult  to  take  medica-
tions  as  prescribed.  Fast-disintegrating  pills  and  oro-
dispersible film formulations can be used to treat this
issue. The elderly population has a variety of illnesses
that necessitate numerous medications, which leads to
polypharmacy  problems  [175].  The  problem  of  po-
lypharmacy can be overcome by using poly-pills that
are 3D printed specifically for the needs of the patient.
Additionally,  some  of  them  experience  dementia,
which can hinder drug compliance. This can be avoid-
ed by using 3D-printed dosage forms with embossed
graphics  that  can  be  customised  for  each  patient  and
show the date, time, and/or day of the week for admin-
istration [176].

6.1.3. Oncology
A CT scan or MRI is the first step in the diagnosis,

staging, and planning of a tumour's treatment. The two
imaging methods help to determine the shape, volume,
size, and extent of tumours as well as reveal informa-
tion regarding metastasis. In CAD, customised tumour
models can be created based on a patient's CT or MRI
scan. To investigate applications in diagnosis and treat-
ment,  these  models  are  further  printed  and  closely
match  the  cancer  structure  [177].

The  process  of  creating  customised  medications
starts with a cancer examination and is largely accom-
plished through 3D printing. Using an extrusion-based
printing approach, a personalised anticancer drug deliv-
ery prosthesis that enables targeted chemotherapy de-
livery was created. A polydimethysiloxane carrier pros-
thesis that included paclitaxel and doxorubicin success-
fully delivered the medications for more than 3 weeks.
The mice's  breast  cancer  spread and recurrence were
prevented  by  the  3D-printed  personalised  prosthesis
[178]. To encourage localised drug distribution, three-
-dimensional printed microneedles with different anti-
cancer agents have been extensively explored for skin
cancer.

In addition to  aiding in  the delivery of  anticancer
medications,  three-dimensional  printing  also  helps
with  cancer  diagnosis,  particularly  when  using  can-
cer-specific diagnostic tools. Three different cancerous

cell  types  were  successfully  isolated  using  a  3D--
jet-printed  microfluidic  device  to  separate  cancerous
cells  from  blood  samples.  The  device  was  outfitted
with anti-epithelial cell adhesion molecular antibodies
that  captured  the  circulating  tumour  cells  (CTCs),
which were then used for diagnosis and treatment plan-
ning [179]. To isolate CTCs, a similar microfluidic de-
vice using the negative enrichment of hybrid cells prin-
ciple  was  created  using  the  jet  printing  technique
[180].

This technology can be used in the medical field to
lessen the discomfort associated with cancer therapy. It
might be compared to employing chemotherapy and ra-
diation  therapy  as  long-lasting  cancer  treatments.  It
works well when used for breast cancer [181, 182]. Tu-
mour  cells  are  extracted  and  printed  during  this  pro-
cess. This makes it  easier to test out various medica-
tions and choose the best course of action for the pa-
tient [2].

6.1.4. Ophthalmology
Hydrogel-based formulations for 3D-printed medi-

cation patches can also enable drug release effectively
in the eye, such as the conjunctiva, without impairing
vision or making blinking uncomfortable. In order to
provide  unique  dosages  that  may  be  tailored  to  the
needs of patients in hospitals, Tagami et al. developed
lyophilized  ophthalmic  patches  [183].  Levofloxacin
was an antibiotic that was present in the drug-releasing
patches.  A  hydrogel-based  bio-ink  made  of  hydrox-
ypropyl  methylcellulose  (HPMC),  mannitol,  xylitol,
and the medication were used to print the 3DP drug-re-
leasing  patch.  The  formulation  was  created  using  a
freeze-drying method. Additionally, various concentra-
tions of mannitol, xylitol, and HPMC were examined
and contrasted.  The viscosity  property  of  the  bio-ink
was  determined  by  the  composition  of  the  biomate-
rials, which, in turn, may have an impact on the printa-
bility of the patches [184]. Furthermore, visual impair-
ment raises a number of issues with regard to medicine
and treatment, particularly for the elderly population,
which  frequently  takes  several  different  drugs.  This
causes poor treatment management and medication ad-
herence, which eventually results in therapeutic ineffi-
ciency. Orally disintegrating tablets that are ideal for
people who are blind or visually impaired were created
by Awad et al. using SLA. When these printlets are re-
moved  from their  packaging,  patients  may  recognise
the drug because of the braille and moon patterns on
their surface. Differently shaped tablets with additional
information, such as dosage instructions or drug indica-
tions, have been developed. By increasing drug adher-
ence  and  lowering  medication  errors,  this  ground-
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Fig. (19). Medical equipment produced with the help of 3D printing. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article).

breaking idea  can significantly  help  the  management
of  patients  who are  blind or  visually  impaired [185].
Although 3D printing (3DP) in the ophthalmic field is
not yet fully comprehended and advanced, its undeni-
able  potential  to  offer  groundbreaking  solutions  for
various eye diseases remains evident. The emergence
of bioinks in 3D printing has the potential to address
the scarcity of corneal transplantation and facilitate the
advancement of tissue regeneration [184, 186].

6.1.5. Dermatology
The  largest  organ,  the  skin,  is  most  prone  to  in-

juries caused by severe burns and conditions like der-
matitis or diabetes. Full-thickness wound patients are
physically  and  financially  burdened.  Given  that  they
do not trigger allergic or harmful reactions, biodegrad-
able  patches  have  found  use  in  the  treatment  of
wounds [187]. In order to create constructs with cus-
tomizable features, a hybrid printing method for hydro-
gel wound dressings was developed. This method com-
bines the deposition of thermoplastic polycaprolactone
with  hydrogel  scaffolds  made  of  alginate  and  car-
boxymethylcellulose. The antibacterial properties of al-
ginate are well known, and studies have demonstrated
that  carboxymethylcellulose  can  absorb  dangerous
germs [188]. In order to replicate the upper layers of
skin, the epidermis and dermis, respectively, a similar

technology  was  used  to  print  a  bilayer  membrane
(BLM) made  of  a  poly  (lactic-co-glycolic  acid)  (PL-
GA)  membrane  and  an  alginate  hydrogel  layer.  The
membrane had a dual purpose: the multi-porous algi-
nate  gel  promoted  cell  attachment  and  proliferation,
while  the  PLGA  prevented  bacterial  infection  and
maintained the needed levels of moisture. Electrospinn-
ing was used to create the PLGA mat, yielding fibres
with a two-micrometre thickness and a ten-millimetre
diameter. To create the final scaffold, sodium alginate
hydrogels were created by applying the gel to the sur-
face of the PLGA mat [189].

6.1.6. Dentistry
Dental  labs  may  now  correctly  and  quickly  con-

struct crowns, bridges, plaster/stone models, and a vari-
ety of orthodontic appliances, such as surgical guides
and aligners, by combining oral scanning, CAD/CAM
(Computer-aided Manufacturing) design, and 3D print-
ing.  Instead of  making uncomfortable imprints,  a  3D
scan is obtained, which is eventually converted into a
3D model and sent to be 3D printed. An entire range of
orthodontic products, including delivery and position-
ing trays, clear aligners, and retainers, can be produced
using the printed model. As 3D CAD files, the models
can  also  be  easily  stored  digitally.  With  the  use  of
3DP, the entire operation may be digitalized, thereby
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Fig. (20). Transdermal drug delivery using various types of 3D printed microneedle (MN); (A) Solid MN (B) Coated MN (C)
Dissolving MN (D) Personalized MN (E) Hollow MN. (A higher resolution / colour version of this figure is available in the
electronic copy of the article).

reducing turnaround times and raising output. Addition-
ally, they make it possible to do away with model stor-
age and physical impressions [190].

The  product  Invisalign®,  which  consists  of  3D-
printed clear orthodontic devices that straighten teeth
without  the  use  of  conventional  metal  braces,  is  the
most frequently cited example of 3D printing in den-
tistry  [40].  Small  intraoral  cameras  could  be  used  to
scan  a  patient's  misaligned  teeth  in  the  future  rather
than requiring them to send moulds to a specialised lab
for scanning and retainer fabrication (a procedure that
can take weeks) [191].

Recent improvements have been made as a result of
3D  printer  manufacturers  realising  the  increased  de-
mand for machines capable of producing dental parts.
As  an  illustration,  Stratasys  recently  unveiled  two
CrownWorxTM and FraMEDorxTM semi-solid extru-
sion  printers  that  were  created  exclusively  for  dental
applications [192]. In order to enable dental laborato-
ries to produce custom-made crowns and bridges, the
printers extrude a type of wax.

6.2. Medical Equipment
3D printing technology has revolutionized medical

equipment  production  by  enabling  customization,
rapid prototyping, and cost-effectiveness. Its ability to
create  personalized devices  tailored to  individual  pa-
tients'  needs  has  improved  comfort  and  patient  out-
comes (Fig. 19).

6.2.1. Microneedle (MN)
Microneedles  are  a  type  of  TDDS comprising  ar-

rays  of  micro-sized  needles  (2D,3D  projections)  or-
ganised on the surface of a matrix that increases the in-
terpenetration of biologically active molecules via the
stratum corneum by developing microchannels or mi-
cropores  under  the  skin  [193].  These  tiny  structures
can distribute drugs more effectively because they can
pass through the SC barrier without damaging pain-pro-
ducing  nerve  terminals  [194].  Far-reaching  materials
seemed  to  be  used  for  MN  fabrication,  like  silicon,
glass, metal, ceramics and different types of polymers
[170]. Polymeric MNs are gaining attention because of
their  biodegradability,  biocompatibility,  strength  and
optical clarity [49]. Farias et al. used stereolithography
to draft a cell-hydrogen having a 3D printed methacry-

specialized



28   Current Medicinal Chemistry, XXXX, Vol. XX, No. XX Sinha et al.

late-based custom hollow microneedle  assembly (1.3
conical frusta circular array) to figure out the potentiali-
ty of cells called human hepatocellular [195]. Economi-
duo  et  al.  plotted  3D-printed  microneedle  arrays  via
stereolithography  (SLA)  using  a  biocompatible  resin
for the delivery of transdermal insulin [196]. By com-
paring the control of the entire skin, intensified penetra-
tion  of  diclofenac  diethylamine  gel  was  found  after
medicamentation with the MN finger splint. Likewise,
bioinspired  MNs,  along  with  backward-facing  barbs,
were designed to increase tissue adhesion [197] (Fig.
20).

6.2.2. Implants/prosthetics
Implants and prosthetics are necessary to meet iso-

lated patients’ requirements and are susceptible to their
pathology and unique anatomy. Conventional wrought/-
casting techniques require additional tools or devices
that have inherent drawbacks concerning implant fabri-
cation, like inadequate biomechanical joint reconstruc-
tion  and  inaccurate  joint  fixation.  Correspondingly,
more than one-fourth of hip implant revisions are re-re-
visions [198]. Multi-Material Additive Manufacturing
(MMAM)  fabricated  implants  underwent  improve-
ments  like  different  kinds  of  drugs/effective  ingredi-
ents loaded, maximum mechanical properties, and com-
plicated structure implants in comparison with the con-
ventional 3D printed implants [47]. A dosing structure
called  an  embed,  containing  effective  medications
within a supported delivery conveyance grid, offers ad-
vantages to patients who require long-haul medication.
For example, microstructured embeds of levofloxacin
exhibit complicated delivery profiles acquired through
a solitary embed. This embed indicates a bimodal pro-
file with pulsatile [29].

A 3DP-based multi-drug implant was recently de-
veloped by Wu et al., in which tobramycin (TOB) and
levofloxacin (LVFX) as APIs were loaded and multi-
faceted scaffolds were used for the cure of chronic os-
teomyelitis [199]. The modelling of implants and pros-
theses by AM has reorganized the area of developing
medical  equipment,  satisfying  the  growing  need  for
personalized therapy. 3D printing authorizes the con-
struction of tailor-made products that meet individual
requirements  resulting  from specific  patient  anatomy
as well as pathology. Additionally, it allows the devel-
opment of structures with site-specific physical and me-
chanical properties and spatial and temporal control of
bioactive  components  [78].  The  individualized  pros-
thetic accessories and tools make it possible to regain
lost mobility, functionality, and a natural look. Herbert
and colleagues created a prosthetic foot [200].

6.2.3. Hearing aids
Hearing aids are an incredible instance of medical

devices that have become advanced from the develop-
ment of VAT photopolymerization and 3D printing. In
fact,  more  than  99% of  patient-oriented  hearing  aids
are fabricated using 3D printing nowadays. Prior to 3D
printing  being  established,  the  fabrication  of  hearing
aids took longer than a week. Today, the entire opera-
tion, involving scanning, design and 3D printing, could
take less than one day. One of the top manufacturers of
hearing aids is Envision TEC, which offers large-scale
production and more than 16 biomedically certified ma-
terials, both soft and hard, ranging from translucent for
ear moulds to skin tones for ear shells [190, 201].

6.2.4. Biorobotics
The ability of bio-inspired hybrid devices to simu-

late different biological activities has recently received
a lot of interest. The biorobots are formed of synthetic
scaffolds  that  support  soft  biological  stuff  like  pro-
teins,  live  cells,  or  tissues  and  are  made  of  polymer
elastomers  or  hydrogels.  They  can  conduct  several
sorts  of  movements,  such  as  walking  or  swimming,
and can interact with their surroundings since they are
more flexible than typical robots. The most exciting of
these robots are the rotary machines, which are typical-
ly  connected  to  the  conversion  of  chemical  energy
from  ATP  (Adenosine  triphosphate)  hydrolysis  into
work [202-204]. Biorobots are in high demand due to
the  benefits  of  3D  (bio)printing  tissues  and  organs
since they act as little mechanical devices that can take
part  in  tissue  regeneration  and  drug  administration.
They might also aid in the comprehension of locomo-
tives. To explain the mechanism of microbes, William
et al. developed the long flagellar swimmer. The swim-
mer consists of a polydimethylsiloxane filament with a
short, rigid head and a long, slender tail [205]. Direct
production  of  soft  robots  utilizing  MMAM  offers  a
method for creating 3D objects out of different mate-
rials  in  a  single step.  In contrast  to  traditional  robots
with  rigid  bodies,  soft  robots  are  devices  with  com-
pliant and flexible bodies (made of elastomeric mate-
rials)  that  enable  complicated  motions  and  actions.
This section introduces a few soft robots that are em-
ployed as medical devices with the ability to adminis-
ter drugs. The first example is a hybrid MMAM-made
soft actuator with adjustable stiffness. This soft actua-
tor  combined  an  elastomeric  body  with  a  pneumatic
system,  a  layer  of  shape  memory  polymer  for  con-
trolling stiffness, and a layer containing silver particles
for resistive heating [206].
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6.2.5. Wearable Sensors
New wearable sensors, which can be thought of as

adaptative electrochemical cells able to monitor chemi-
cal species in biological fluids in real-time, have been
made viable due to additive manufacturing. The scien-
tists described a 3D-printed device with integrated elec-
tronics and a screen-printed electrode that was formed
into a ring and connected to a computer through Blue-
tooth.  The  electrode  was  covered  with  a  semi-solid
agarose-based electrolyte. The electrochemical device
was tested for the detection of 2,4-dinitrotoluene (DN-
T), a by-product of peroxide-based explosives' degrada-
tion that  is  frequently  linked to  the  explosives  2,4,6-
trinitrotoluene  (TNT)  and  H2O2  in  liquid  and  vapour
phases. Katseli described a wearable glucose measur-
ing device that was 3D printed, following the idea of a
ring-shaped device [207]. After gold electrodeposition
on the 3D-printed carbon black/PLA electrode for the
electrocatalytic oxidation of glucose, glucose detection
was made possible and was identified on perspiration
before and after a meal. Without requiring an enzyme,
the gadget is adaptable and ready to be used for contin-
uous glucose monitoring.

Intriguing wearable technology for sweat analysis
was made possible by 3D printing, as reported by Dias
and colleagues [208]. A flexible thermal-printed elec-
trode  was  positioned  at  the  3D-printed  reservoir  at
which perspiration was collected from the volunteer's
body. The instrument was able to measure zinc ions in
sweat using anodic stripping voltammetry and a work-
ing  electrode  that  had  been  modified  to  contain  bis-
muth. The ability to create flexible devices with an inte-
grated electrochemical  system is  a  key benefit  of  3D
printing technology in the creation of wearable sensors
[209].

6.2.6. Microfluidics
A microfluidic device is a collection of tiny chan-

nels  made  to  hold  tiny  amounts  of  reagent.  Mi-
crofluidic  devices  have  been  used  to  accurately  ex-
amine biological and chemical processes, diagnose dis-
eases at the point of care, and cultivate cells in regulat-
ed environments [210, 211]. These devices have a sig-
nificant reduction in reagent usage, low manufacturing
costs,  and  high  throughput.  The  ability  to  cast  mi-
crofluidic devices from a liquid that cures at low tem-
peratures, its surface inertness, its transparent appear-
ance  (which  makes  it  ideal  for  optical  detection),  its
non-toxic nature, its gas permeability, and its ability to
chemically  modify  its  surface  make  poly(dimethyl

siloxane) (PDMS) one of the most frequently used ma-
terials [212, 213]. By applying adhesive to seal the tub-
ing or drilling holes, microfluidic devices can be con-
nected with fluidic tubing, although bad tubing connec-
tions can result  in abrupt device failure,  leakage sus-
ceptibility, or the generation of dead volumes that im-
pair device performance. To enable label-free and di-
rect measurements of electroactive compounds, these
devices can also be integrated with electrochemical de-
tectors. Therefore, 3D printed devices and microfluidic
devices both offer certain advantages from a strategic
standpoint.  However,  using  a  3D printer  to  precisely
and repeatedly create complicated micromachined com-
ponents, fluid connectors and junctions, and other parts
offers potential benefits [214].

6.3.  Role  of  3D  Printing  Techniques  to  Counter
COVID-19

The rapid spread of COVID-19 has strained health-
care systems worldwide, leading to a scarcity of essen-
tial  supplies,  such  as  N95  respirator  masks,  face
shields,  ventilator valves,  testing kits,  and other vital
personal protective equipment (PPE). As the pandemic
continues to unfold, ensuring adequate production and
distribution of PPE becomes increasingly critical.  To
address these shortages, an innovative and promising
solution lies in the application of 3D printing technolo-
gy. Renowned for its ability to fabricate complex archi-
tectures,  3D printing emerges as a novel approach to
meet the pressing demand for essential medical equip-
ment during this unprecedented crisis [12].

In response to the demands for  essential  services,
especially in the healthcare sector, the establishment of
adaptable factories capable of manufacturing materials
and  devices  on  demand  becomes  imperative.  Within
this context, the integration of a robust and advanced
manufacturing network, empowered by the distribution
of 3D printing facilities, holds significant promise. Th-
ese small factories can be strategically located at hospi-
tals and transportation hubs, enabling the swift and effi-
cient provision of medical necessities. The COVID-19
crisis has served as a crucible for the redeployment of
3D printing capabilities, showcasing its competitive ad-
vantage in meeting emergency requirements [215].

There are various 3D printing applications against
COVID-19, as shown in Fig. (21), such as face masks
and shields, ventilator circuit splitters and valves, na-
sopharyngeal swabs, and field respirators. Table 3 pre-
sents the equipment associated with 3D printing tech-
niques for COVID-19.
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Fig. (21). Use of 3D printing technique against COVID-19. (A higher resolution / colour version of this figure is available in
the electronic copy of the article).

Table 3. COVID-19 related equipment associated with 3D printing techniques.

S. No. Medical Devices/PPE 3D Printing Techniques References
1. Facemasks FDM, SLS [9]
2. Respiratory Valves FDM, SLA [11]
3. Face-shield FDM [12]
4. Field Respirators Not Specified [10]
5. Ventilation Devices FDM [12]
6. Mask Fitter FDM [10]
7. Surgery Mask FDM [9]
8. Nasopharyngeal Swabs FDM, SLA, SLS [12]
9. Safety Goggles FDM, SLS [10]

6.3.1. Face Mask
The use of 3D printing technology fulfills a signifi-

cant  need  for  facemasks  in  the  COVID-19 pandemic
crisis. As the most effective method of preventing inter-
human transmission, facemask use is necessary when
in public. A customized 3D protective facemask is pos-
sible due to 3D printing. The 3D-printed reusable parts
and filter membrane support make up the unique pro-
tective facemask. A removable, non-woven particle fil-
ter can be used to assemble these parts. With the aid of
this specialised 3D protective facemask, the use of dis-

posable surgical  masks can be reduced.  The reusable
cartridge that is inserted between the facemask can al-
so be manufactured using 3D technology [10].

6.3.2. Ventilator Circuit Splitter
Every area of the world has been greatly harmed by

the COVID-19 problem, but the health sector has been
particularly hit harder. There was a severe global venti-
lator shortage as a result of the virus uprising. Addition-
ally,  the  manufacture  and  movement  of  medical  de-
vices were halted by the interruption of the worldwide

specialized
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supply chain. Employing six Briggs T-tubes and a Puri-
tan-Bennett 840 Series ventilator, the concept of using
a  single  ventilator  for  several  patients  was  tested  on
four sheep to simulate human size. The Briggs T-tube
is a sophisticated device that was not always accessi-
ble. Due to 3D printing technology, digitized designs
are  readily  accessible  online.  Briggs  T-tubes  could
now be produced in bulk where they were needed due
to 3D printing. The Royal Women's Hospital in Aus-
tralia has created a splitter and flow restrictor device.
Fusion  360  has  been  used  by  San  Rafael,  CA,  USA,
for computer-aided ideas and design. Several low-cost
FDM 3D printers are used to build the ventilator split-
ter. The desktop 3D printer (Original Prusa i3 MK3S,
Prusa  Research,  Prague,  Czech  Republic)  with  one
complete  set  of  two  splitters,  comprising  expiratory
and inspiratory limbs and one inspiratory flow restric-
tor, had a production time limit of six hours [11].

6.3.3. Ventilator Valves
For patients with acute respiratory distress, includ-

ing those with COVID-19, ventilator valves are attach-
ments  that  provide  oxygen  at  regulated  doses.  Sin-
gle-use valve sets can be produced using three-dimen-
sional printing technology via a filament extrusion sys-
tem or a polymer-laser powder bed fusion procedure.
Biomaterials like polyamide and polysulfone, polycar-
bonate, silicone rubber, and stainless steel can be used
to design the various valve components on 3D printers.
Furthermore,  these  disposable  valves  eliminate  the
need for time-consuming sterilization procedures [12].

6.3.4. Face Shield
Face shields are mostly used in the medical, dental,

and veterinary fields to safeguard patients by covering
their full faces [216]. Polylactic acid (PLA) was used
to quickly produce the face shield using a material ex-
trusion-based  3D  printer.  Finite  Element  Analysis
(FEA)  in  ANSYS  Workbench  was  used  to  simulate
head-holding  and  wearing  situations  and  verify  the
structural  design  of  the  shield.  A  single  face  shield
(with a mass of less than ten grams) may be created in
less than 45 minutes, according to the experiment. Elas-
ticity, comfort, Design for Additive Manufacturing (D-
fAM),  single  frame  design,  biodegradability  of  fila-
ments, ease of maintenance, lightweight, productivity,
quick production, and multi-facility manufacturability
were the criteria used to optimise the final face mask
design  [217].  A  face  shield  is  a  frame  worn  on  the
head that shields the user's eyes, nose, and mouth from
respiratory droplets, saliva inhalation, dust, and pollen
[218]. A face shield's frame has straightforward geome-
try and is easily fabricatable with the aid of 3D print-

ing [173]. During the COVID-19 epidemic, Delbarre et
al.  used  3D  printing  to  create  cloth  shields  for  slit
lamps. The face shield is made using 3D printing with
Fused  Deposition  Modelling  (FDM).  A  headband,  a
shield,  and an elastic  strap are  all  3D printed in  face
shields. Utilizing PLA material, 3D printing technolo-
gy  was  used  to  create  the  face  shield  structure.  The
face-shield  prototype can be used by the  surgeon for
protection after assembling the transparent film in the
frame [10].

6.3.5. Nasopharyngeal (NP) Swabs
The most accurate and secure method for gathering

a patient sample for the diagnosis of COVID-19 is us-
ing nasal and NP swabs. NP swabs are flexible sticks
that are about 6 inches long and have a bristl end. They
are rotated into the space between the nose and mouth
to ensure that adequate material is gathered. Then, the
swab is put into a container with a culture medium and
taken to the lab for analysis. The availability of nasal
swabs required for COVID-19 test kits was significant-
ly hampered by the COVID-19 epidemic [9].

6.3.6. Field Respirators
In specific work zones where a patient exhibits res-

piratory symptoms and when handling the remains of
suspected patients who have passed away, full-face res-
piratory protection equipment is necessary (death due
to COVID-19). A tool used for temporary emergency
ventilation is a field respirator. These respiratory pro-
tection  devices  are  made  to  prevent  patients  from
breathing in dangerous airborne bacteria. By allowing
air to escape and keeping the interior dry, the field res-
pirators facilitate easy breathing for the wearer. Using
3D printing technology, Petsiuk et  al.  created a fully
open  portable  bag-valve  mask-based  ventilator  com-
pression system. As a temporary emergency ventilator,
an automatic ventilator can be made available [219].

7. 3D BIO-PRINTING
3D bioprinting concerns the dispensing of cell-load-

ed  biomaterials  for  the  manufacture  of  complicated
functional living tissues or organs. It has been used in
medication to fabricate tissues like bone, skin, and car-
tilage. Therefore, a different technical concept compati-
ble with the deposition of living cells becomes compul-
sory.  Precise  cell  deposition control,  scalability,  cus-
tomization, high resolution, and cost-effectiveness are
a few benefits of 3D bioprinting.

Bio-inks  are  expressions  that  originate  from cells
and may comprise bio-materials as well as biologically
active components [220].
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Table 4. Different tissues, printing methods, and cell responses in terms of 3D bio-printing.

Tissue Printing Techniques Cell Response References

Bone MED/FDM      • After 21 days of cell culture, cells on aligned scaffolds maintained their orienta-
tion.
     • On scaffolds containing Hap and coating, increased cell proliferation and osteo-
genic differentiation were observed.
     • in vivo bone production and improved osteogenic differentiation for scaffolds
coated with CaSH.

[295]

Cardiac MED/Extrusion printing      • Favor cell contractions
     • maturation.

[28]

Cartilage FDM      • Enhanced chondrogenesis for scaffolds using cytokines.
Better cartilage healing for cytokine-loaded scaffolds in vivo

[28]

Cornea NFES (Near field electrospinn-
ing)

Enhanced mineralization, osteoblast differentiation, and extracellular matrix (ECM)
deposition on Hap-infused scaffolds.

[295]

Kidney MED Rhombus pores with unidirectional cell alignment and elevated gene expression. [295]

Bioinstructive materials can directly influence cell
performance by providing specific biochemical as well
as physical cues and direct tissue formation [221]. Bio-
instructive  materials  give  multi-scale  guidance  for
cells in a 3D environment by establishing cell signal-
ing to closely imitate specific biological, composition-
al  and  mechanical  properties  of  native  tissues  [222,
223].  The  cues  can  be  introduced  inside  the  scaffold
matrix or on the scaffold surface, and they are divided
into biochemical and physical ones. Physical cues in-
volve electrical, mechanical and topographical stimuli
like roughness or hierarchically ordered structure. Bio-
chemical  signals  involve  specific  drugs,  growth  fac-
tors, proteins and integrated insoluble particles [224].
They direct cell behaviour by modulating the prolifera-
tion,  migration  patterns,  adhesion  and  differentiation
of  stem  cells  [225-227].  For  improved  performance,
both kinds of  cues  can be mixed in  a  single  material
system. Table 4 presents the different tissues, printing
methods, and cell responses in terms of 3D bioprinting
(Fig. 22).

7.1. 3D Bio-printing Applications

7.1.1. Cardiac Tissue
Mechanical  cues  used  in  heart  tissue  engineering

support cell contractions as well as maturation. Accord-
ing  to  studies,  the  levels  of  cardiac  markers  are  in-
creased  when  using  scaffold  designs  with  enhanced
elastic characteristics or growing cells in dynamic envi-
ronments [228, 229]. The most popular technique for
creating scaffolds for the regeneration of heart tissue is
extrusion  bioprinting.  However,  recently,  MED  also
gained  appeal  for  that  application  because  it  could

print flexible scaffolds and had a fresh hydrogel print-
ing alternative [230].

7.1.2. Bone Tissue
Bone tissue engineering is the foremost field imple-

menting  bio-instructive  materials,  mainly  based  on
FDM of PCL as well as PLA, which has high energy
and moderate degradation rates [231-233]. To intensify
the osteogenic potential of printed scaffolds, biochemi-
cal  cues  like  hydroxyapatite  (HAP)  (insoluble  parti-
cles)  are  integrated  [234-236].  Additionally,  compo-
nents like Strontium (Sr) particles, bio-glass, or tricalci-
um phosphate (TCP) are also added to scaffold matri-
ces to promote bone formation [237-239]. Bone substi-
tutes with physical clues, such as modified pore shape
and  size,  are  made  using  MED  and  FDM  [231,
240-244].

7.1.3. Cartilage
FDM  and  MED  printing  techniques  were  used  to

create fibers that reinforced various hydro-gel matrices
for the regeneration of cartilage tissue [245, 246]. The
incorporation of soluble cues like growth factors, carti-
lage-based extracellular matrix (ECM), or proteins into
scaffolds  is  made  possible  by  the  use  of  hydrogels,
which enhance regeneration [247-249].

7.1.4. Neural Tissue
Electric stimulation is the main stimulus for brain

regeneration. A conductive coating or conductive com-
pounds (such as gold) that promote the differentiation
and elongation of neural cells are used to deliver this
cue [250]. These results are amplified by electric stimu-
lation [251, 252].
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Fig. (22). Pathway of 3D bioprinting. (A higher resolution / colour version of this figure is available in the electronic copy of
the article).

7.1.5. Skin Tissue Engineering
For sophisticated skin regeneration techniques, 3D

bio-printing has been available  for  the past  ten years
[253]. The different methods can now be divided into
two categories: bottom-up and top-down. The former
tries to create massive tissue blocks that replicate the
structure of actual tissue, while the latter aims to create
little  complicated  constructions.  Cell  aggregates,  mi-
cro-beads, or hydrogels with cell content are examples
of  bottom-up  technologies.  Cells  are  seeded  into
biodegradable scaffolds for top-down techniques, and
active elements like growth factors are added to encour-
age cell proliferation and growth. Generally, skin bio-
printing has generated a lot of attention, and major cos-
metic businesses like L'Oréal and Procter and Gamble,
as  well  as  printer  makers  like  Rokit,  are  working  to
build skin models. For instance, L'Oréal has created a
unique technology called Episking that can be applied
to cosmetics, therefore adhering to the three R’s (Re-
placement,  Reduction  and  Refinement)  for  enhanced
animal  welfare  and  more  compassionate  animal  re-
search  [37].

7.1.6. Other Tissues
Hydrogel extrusion printing enables the creation of

scaffolds with the appropriate stiffness, and bio-print-
ing is the technique most frequently utilized for the re-
generation of soft tissues (such as skin, muscle, or liv-
er). Alginate and gelatin are well-known bio-compati-
ble bio-inks, and stiffness can be controlled, for exam-
ple,  by  adjusting  the  amount  of  cross-linker  used
[254-256]. The regeneration of skin can be enhanced,
especially by using soluble cues that improve cell dif-
ferentiation and cell proliferation [257, 258]. Succes-
sively,  due  to  its  ability  to  guide  cells  toward an  ap-
plied force, mechanical stimulation has been shown to
be  helpful  for  tendon  and  muscle  regeneration
[259-261].  With  approximately  40  different  types  of
cells in the lungs, co-culture can be a crucial trigger for
lung regeneration because cells  secrete the necessary
signalling molecules [262, 263].
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7.2.  Emerging  Perspectives  in  3D  Bioprinting  to
Fight COVID-19

The distinct and unexpected pattern of COVID-19
infection and the dearth of potent vaccinations and an-
tivirals have brought the world's human population to
the brink. However, the global response to the pandem-
ic was remarkably quick, with early community initia-
tives  and  a  quick  increase  in  COVID-19-related  re-
search. There are now various attempts being made to
repurpose existing medications as viable counter mea-
sures and produce efficient vaccine technologies. Tis-
sue  engineering-based  therapies  and  in  vitro  tissue
models  created  from  stem  cells  can  be  a  blessing  in
this kind of overwhelming pandemic crisis. Traditional-
ly, tissue engineering has placed a strong emphasis on
creating synthetic structures for organ regeneration or
replacement.  Despite  the  vast  promise,  only  a  small
number of engineered constructions have been effec-
tive  in  human clinical  trials  to  date  [264].  In  this  vi-
cious circumstance featuring a constellation of unansw-
ered problems, tissue engineering technologies may of-
fer creative solutions. Both healthy tissue models (such
as  human  hair  follicles  and  cartilage  tissue)  and  dis-
eased  tissue  models  (such  as  an  osteoarthritis  model
and ocular pathological conditions) can be created us-
ing  tissue  engineering  [265,  266].  Even  more  break-
throughs are made possible by three-dimensional bio-
printing, which requires the layer-by-layer precise posi-
tioning  of  living  cells,  biochemistry,  growth  factors,
ECM orientation, etc. When combined, a 3D structure
that mimics the native tissue's ultrastructure can be cre-
ated [267]. In the pandemic situation caused by SARS--
CoV-2,  an  attempt  was  made  to  suggest  how  or-
gan-on-a-chip,  3D  bioprinting,  organoids,  and  ad-
vanced bioreactor models made of a coculture of cells
from endodermal, mesodermal, and ectodermal origin
can be used to create in vitro human tissue models that
can be used for more effective diagnosis, drug deliv-
ery,  and  customized  development  of  drugs  and
vaccines as well as the delivery of small molecules at
targeted anatomical sites.

8. GUIDELINES IN 3D PRINTING
In  2015,  the  FDA  approved  the  first  3D  printing

product, which significantly increased the motivation
of biopharmaceutical manufacturers to adopt 3D print-
ing  as  a  new technology  for  creating  pharmaceutical
products and biomedical devices. Due to the rapid ad-
vancement, questions regarding regulation and liability
in the event that a product fails or has a negative effect
are some of the most frequently discussed topics with
the 3D printing of medications and equipment. In order
to provide potential regulatory insights and key chem-

istry, manufacturing, and control requirements for the
approval of 3D-printed drug products and medical de-
vices,  the  FDA  published  “Technical  Considerations
for  Additive  Manufactured  Medical  Devices”  in  De-
cember  2017  [268].  Following  the  FDA  guidance,
Health Canada also issued new guidance in late 2018,
including  a  description  of  the  essential  elements  of
manufacturing operations, a summary of the 3D print-
ing  process,  and  important  device  design  parameters
for  3D  printing  of  medical  devices  to  promote  high-
-quality personalized drug therapy and treatment solu-
tions for patients. Discussions are currently being held
by the FDA's Office of Testing and Research to find so-
lutions to issues like how to investigate the key parame-
ters of various printing technologies, how to assess the
effectiveness of 3D-printed medications, how to study
the  release  of  preparations  in  vitro  and  in  vivo,  and
how to regulate the quality of 3D-printed formulations
[269]. Under the International Coalition of Medicines
Regulatory  Authorities  (ICMRA),  several  regulatory
organizations, including Health Canada, the Therapeu-
tic Goods Administration (TGA, Australia), the Euro-
pean Medicines Agency (EMA), Agencia Nacional de
Vigilancia Sanitaria (ANVISA, Brazil), the Health Sci-
ences Authority (HAS, Singapore), and the Pharmaceu-
ticals  and  Medical  Devices  Agency  (PMDA,  Japan),
discussed the potential benefits of the developing 3D
printing  technology  in  2019.  Three  of  them  began
establishing  new  legal  frameworks  (Health  Canada,
HSA,  and  ANVISA)  or  developing  new  regulatory
frameworks to promote the creation of novel products,
including 3D bio-printed products [270].

9. LIMITATIONS OF 3D PRINTING
Though 3D printing technology has several advan-

tages, there is still a need for modifications as well as
exploration in  the  printing instruments,  software,  ex-
cipients, mechanical strength, false product and clini-
cal practice [28, 87].

9.1. Technology
The printing process includes computer-based oper-

ation, which demands that the software programming
be constantly reconditioned based on the formulation.
In  the  case  of  DOP  technology,  multiple  pauses  and
restarts of the print head are required, which is particu-
larly  demanding  regarding  the  print  head's  stability
[121]. Additionally, the performance of printing formu-
lations  has  been  impacted  by  nozzle  blockages,  the
movement and leakage of binders, and the variation in
powder feed [271]. Several print nozzles that are relat-
ed to extrusion moulding technology have been created
and  upgraded  for  compatibility  with  FDM and  PAM
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technologies. However, in order to get various formula-
tions, the double nozzle location may be off, which has
a significant impact on the product’s characteristics, in-
cluding content homogeneity, hardness, and friability.
Devices using lasers and heat may degrade active phar-
maceutical  ingredients,  cause  unintended  drug-poly-
mer interaction, and resin toxicity [47, 272]. Therefore,
it is vitally necessary to further optimise and improve
the mechanical apparatus, operational processes, driv-
ing control mechanisms, and essential components of
3D printers. Furthermore, the recovery and disposal of
unused powders in the case of SLS and DOP, as well
as any occupational health risks, should be taken into
account [273]. Also, the manufacturing practice (GM-
P) standard is not fulfilled by the 3D printers used in
medicine; thus, it is necessary to validate the produc-
tion  process  and  the  end  products  to  guarantee  their
safety for human health [87].

9.2. Excipients
All types of 3D printing technologies have specific

needs for the qualities of excipients throughout the pre-
paration process. The carrier excipient must be suitable
for  the  drug  due  to  the  involvement  of  melting  and
heating procedures in some printing technologies, such
as FDM, in which PVA is used as an excipient. Howev-
er, it has a high melting point, which is inappropriate
for  thermally  sensitive  drugs  [274].  Therefore,  3D
printing technology based on low temperatures uses ex-
cipients  like  triethyl  citrate,  PVP,  Kollidon,  and
HPMC for the enhancement of drug loading capacity
and drug degradation [96, 100, 275]. In the SLA and
SLS methods,  photopolymers  are  used  as  excipients,
which  are  unsafe  as  per  the  guidelines  of  the  FDA.
Moreover,  a  smaller  number  of  excipients  are  used
mostly because of their bad odour, toxicity, and protec-
tion from light for the elimination of premature poly-
merization. In addition, options in solvents are also fi-
nite  in  the  case  of  DOP  and  SSE  methods  [276].
Hence, there is a need to explore the excipients that are
suitable  for  pharmaceutical  use,  such as  non-toxic  in
nature,  stable,  biocompatible  with  drugs,  and
biodegradable  [87].

9.3. Mechanical Strength
The mechanical characteristics of the product act as

a quality control criterion that can be used to verify the
repeatability and acceptability of the tablets for post-
processing.  The  performance  of  the  product  is  influ-
enced by factors, such as surface tension, nozzle fine-
ness,  and viscosity [277].  Whereas the impact on the
look and quality of the products are influenced by the
post-processing  of  printing,  which  involves  drying

methods.  In  SLA,  the  loading  efficiency  of  the  drug
contained in the polymer matrix is decreased due to the
post-washing step (washing unreacted resins with iso-
propanol from the printed material). Hence, the post-
curing step is essential to increasing the mechanical ro-
bustness  of  printed  structures  [47].  Furthermore,  the
Spritam drug is developed, which is highly porous in
nature and provides fast degradation, but it lacks me-
chanical strength (<40 N). Hence, there is a need to im-
prove the optimization techniques, such as the printing
process,  computer  operations  and  nozzle  refinement,
for the betterment of the mechanical properties [87].

9.4. False Product
This challenge arises from the usage of 3D printing

technology by neglecting its regulatory aspect, which
generates  false  products  that  do  not  meet  the  quality
standards. These fake medications may be obtained at
a very reasonable cost; however, they can cause major
health  issues  in  humans.  Moreover,  the  WHO  esti-
mates that fake medicines affect 10.5% of the low and
middle-income nations. This can be prevented by us-
ing  effective  safeguards.  One  study  used  FDM  3D
printing with piezoelectric 2D inkjet printing to estab-
lish a unique track and trace false measure for 3D print-
ed medications. For tracking purposes, QR codes and
data  matrices  were  placed  on  the  surface  of  the  3D-
printed printlets for scanning by using a smartphone,
which provides information about the unique patient,
provider, and medicine. Nevertheless, incorporating a
data matrix or QR code onto the surface of the printlet
might influence its visual aesthetics and potentially in-
fluence patients' willingness to accept the medication.
Therefore, it is important to assess this aspect in future
clinical  investigations.  It  is  worth  noting  that  by  ex-
panding  the  variety  of  additives  and  coloring  agents
present in the material inks, the randomized code could
encompass an extensive range of permutations, thereby
enhancing  the  incorporation  of  personalized  medica-
tions through an enhanced tracking and authentication
system throughout the supply chain [278].

9.5. Clinical Use
Installing  3D  printing  technology  into  the  health

centre may pose additional obstacles as it  demands a
highly qualified worker to handle the technical compo-
nents, an expensive budget, as well as maintain quality
control of printed drugs. Moreover, to satisfy the crite-
ria of customised medicine in a clinical context, pack-
aging and labelling standards must also be considered.
More technical advancements are required to bring the
ultimate  3D  printer  for  clinical  applications,  which
must be user-friendly, quick, cost-effective, and have a
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high  resolution,  as  current  3D  printers  have  not  yet
overcome their disadvantages [28].

10. CONCLUSION
3D printing has advantages over conventional meth-

ods due to its accuracy, reproducibility, controlled size
and shape, patient-specific, controlled release proper-
ties, safety, and cost efficiency.

There  are  various  techniques  involved in  the  pro-
cesses of printing, extrusion and designing, such as ink-
jet-based,  VAT  photopolymerization,  SLS,  EMP,
DOP, and EHD. They have applications in the fabrica-
tion of personalized medicines, drug delivery (oral, rec-
tal and vaginal), complex drug formation and suitable
dosage forms. Furthermore, advancement in 3D print-
ing  is  manifested  in  several  branches  of  the  medical
field, including paediatrics, geriatrics, oncology, oph-
thalmology, dermatology, and dentistry because of its
development in the production of various medical com-
ponents, such as microneedles, implants, hearing aids,
bio-robotics,  wearable  sensors,  and  microfluidics.
Moreover, 3D printing technology also aids in the fight
against  pandemics  like  COVID-19 by using methods
like FDM, SLS and SLA for the development of equip-
ment like face masks, face shields, safety goggles, na-
sopharyngeal swabs, ventilation devices, and respirato-
ry  devices.  In  addition,  integrating  3D printing  tech-
niques into biomaterials for the tailoring of living tis-
sues of bone, skin, cartilage, cardiac, etc, is of utmost
significance. In short, 3D printing plays an important
role in the advancement of the healthcare system.

11. FUTURE PERSPECTIVES
Traditional preparation technology and 3D printing

preparation technology work well  together  in several
ways. After years of development, traditional prepara-
tion technology has reached a distinct industrial advan-
tage. In contrast, 3D printing, an emerging technique,
can achieve the precise sculpting of a variety of mate-
rials and can address many of the drawbacks of conven-
tional preparatory technology.

Hybrid living materials are another area that has a
great deal of potential to aid in the creation of bio-in-
structive materials. These substances are made of syn-
thetic  materials  and  living  microorganisms  (such  as
cells, bacteria, microalgae, or yeast). Microbes control
the physical and chemical characteristics, creating new
material qualities like self-regeneration or acclimatisa-
tion to their surroundings [279]. The creation of self--
sufficient and self-regenerating scaffolds that can pro-
duce the proteins or enzymes required for cell prolifera-
tion  and  specific  differentiation,  which  will  improve

and speed up tissue regeneration, is what we anticipate
will result from the continued development of hybrid
living materials.

The field of additive manufacturing has made signi-
ficant progress, resulting in the creation of smart 3D-
printed materials that can change their properties and
shape  in  response  to  outside  stimuli  over  time,  so--
called 4D printing technology, which addresses the fab-
rication of shape memory materials, self-evolving struc-
tures, and actuators for biorobotics [280-285]. It is ex-
pected that 4D printing technology will allow the con-
struction  of  smart  scaffolds  with  specialised  dimen-
sions  and  shapes  in  the  future.  These  scaffolds  will
vary in shape in accordance with the rate of tissue re-
generation and maturation. It will also enable the use
of  minimally  invasive  surgical  techniques  to  deliver
the scaffolds to difficult-to-reach areas of the body.

The idea of on-demand manufacturing of medicine
is that specialized software may produce the patient's
own information, which is then utilized to print the pre-
scriptions at a community pharmacy or even at home
using a personal 3D printer. Instead of depending sole-
ly on healthcare professionals, patients may tailor their
own  dosage  requirements  based  on  their  illness  [13,
157, 286]. For drugs with a short shelf life, printing at
the point of treatment can also be helpful, which may
lead  to  the  marketing  approval  of  novel  medications
[286]. This would be especially important in regions of
the world where there are not enough medical profes-
sionals  to  meet  the  demands  of  the  population.  The
same strategy could be applied to military operations,
disaster relief efforts, and remote villages.

The 3D printing strategy can also be applied to the
advancement of clinical pharmacy practise. In the mod-
ern world, the pharmacist can use 3D printing technolo-
gy to quickly deliver medication in a format that is cus-
tomised  according  to  the  doctor’s  prescription  [287].
This  would  eliminate  any  drug  shortage  and  make  it
easier to implement personalised drug therapy into rou-
tine  clinical  practice  [98,  165].  Hospital  pharmacists
must  be  educated  about  these  advanced  technologies
since they will play an important role in the future im-
plementation  of  3D  printing  in  pharmacy  practice
[288].

LIST OF ABBREVIATIONS

CA = Cellulose Acetate
DEF = Diethyl Fumarate
GelMA = Gelatin Methacryloyl
HPC = Hydroxyl Propyl Cellulose

personalized

customized

specialized
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HPMC = Hydroxyl Propyl Methylcellulose
HPMCAS = Hydroxyl Propyl Methyl Cellulose Ace-

tate Succinate
MCC = Microcrystalline Cellulose
PCL = Polycaprolactone
PCLDMA = Polycaprolactone Dimethacrylate
PCL-tMa = Polycaprolactone Trimethacrylate
PE = Polyethylene
PEG = Polyethylene Glycol
PEGDA = Poly (Ethylene Glycol) Diacrylate
PEGDMA = Poly (Ethylene Glycol) Dimethacrylate
PEGMA = Poly (Ethylene Glycol) Methacrylate
PEO = Poly(Ethylene Oxide)
pHEMA = Poly(2-hydroxyethyl Methacrylate)
PLA = Polylactic Acid
PLGA = Polylactide-co-glycoside
PMA = Propyl Methacrylate
PPF = Poly (Ethylene Fumarate)
PVA = Polyvinyl Alcohol
PVP = Povidone
TCP = Tricalcium Phosphate
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Abstract: Biomarkers are the most significant diagnosis tools tending towards unique approaches
and solutions for the prevention and cure of Alzheimer’s Disease (AD). The current report pro-
vides a clear perception of the concept of various biomarkers and their prominent features through
analysis to provide a possible solution for the inhibition of events in AD. Scientists around the
world truly believe that crucial hallmarks can serve as critical tools in the early diagnosis, cure,
and prevention, as well as the future of medicine. The awareness and understanding of such bio-
markers would provide solutions to the puzzled mechanism of this neuronal disorder. Some of the
argued biomarkers in the present article are still in an experimental phase as they need to undergo
specific clinical trials before they can be considered for treatment.
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1. INTRODUCTION
Hailing from a century-old era, Alzheimer’s still  holds

the  position  of  an  unsolved  medical  mystery.  Scientific
minds working on this memory impairment are still clueless
about its treatment. The sole hold on this situation is thera-
peutic, which could partially slow down the progression of
this disorder. Unfortunately, AD patients can only be com-
forted by these side effects causing drugs. The answer to this
delayed diagnosis of AD lies in the findings of the biomark-
ers that can pace the research of treatment as well as thera-
peutics.  Biomarkers,  also known as neurochemical indica-
tors, give a clear indication of either the risk or the presence
of the disease in an organism [1, 2].

AD symptoms precede very slowly. Thus, it is impera-
tive to investigate biomarkers of AD [3]. Some well-known
neuropathological  indicators  of  AD  have  been  discussed
here  and  depicted  in  Fig.  (1).  The  study  of  biomarkers  is
prominent in medicine as they lay the foundation for drug de-
velopment. The effect of the newly designed drugs is first
critically measured on volunteers during the clinical trials by
examining  the  specific  biological  hallmark.  This  review
aims to highlight specific biomarkers of AD that can be tar-
geted for the detection of AD primarily and can result in a
hopeful treatment.
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Putting an end to something always demands the identifi-
cation of its specific origin or the multiple causes/reasons be-
hind  its  emergence.  If  we  are  unable  to  find  the  cause,  it
would  be  impossible  to  reach  the  final  destination.  The
search for specific biomarkers for Alzheimer's disease (AD)
has been the same story in clinical history for a century. Cov-
ering 70% of the pie-chart of dementia, AD is the highest af-
flicting  neurodegenerative  dysfunction  [4,  5].  The  actual
cause of its incurability is still unknown as it lacks diagnosis
at its earliest onset. Unraveling the clinical hallmarks of AD
can not only be helpful in its treatment but also for its early
diagnosis and permanent cure. The defining features of AD
are the unrequired deposits of amyloid plaques and neurofib-
rillary tangles [6, 7]. The global prevalence of this disorder
is projecting a future plan of hitting a population of only 14
million in the USA by 2050 [8]. Despite a lot of theories and
research about the neuropathological events involved in AD,
there  is  neither  prevention  nor  cure  available.  Efforts  are
still focused on the slow progressive rate of AD, which is of
no help as the incurability is constant till the present [9, 10].
Such a  state  strongly  underscores  the  necessity  to  explore
the fundamental root cause of the dysfunction development
and  its  prominent  clinical  markers  for  sooner  diagnosis.
Moreover, unsolved mysteries of the mechanism of neurode-
generation initiation need to be unfolded to prevent, delay,
or  cure  AD.  The  interplay  of  such  responsible  causes  has
been discussed in his mini-review, which triggers the untold
story of AD. The understanding of the outline of these clini-
cal markers is important as they hold the baseline for future
clinical success. So, this mini-review explores and encom-
passes the current status of the potential clinical hallmarks

http://dx.doi.org/10.2174/0115680266292514240404040341
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Fig. (1). Biomarkers signaling in Alzheimer’s disease. (A higher resolution / colour version of this figure is available in the electronic copy
of the article).

of AD. This study could improve clinical studies in a lot of
diagnostic and treatment approaches.

The diagnostic pathway proceeds via. two different tech-
niques.  The  techniques  used  to  investigate  the  biomarkers
have been broadly classified into two categories.

1.1. Invasive
Invasive techniques are used to study precise brain areas

and cerebrospinal fluid as early biomarkers [11], as shown
in  Fig.  (2).  Since  these  are  invasive  techniques,  they  are
time-consuming, expensive, and likely to cause discomfort
to patients. Hence, minimally invasive techniques and nonin-
vasive  techniques  are  the  mandates  for  early  diagnosis  of
neurodegenerative disorders.

1.2. Non-invasive
The routine diagnosis of AD and mixed forms of demen-

tia from CSF has various limitations, including the invasive
nature of lumbar puncture and collection of CSF, the difficul-
ty of patient screening, and the need for multiple-year fol-
low-up on the same patient. To expand the range of AD diag-
nostic  tests,  it  is  crucial  to  create  sensitive  and  specific
ELISA for  additional  site-specific  phosphorylated  tau  iso-
forms. It is currently unclear how closely analyte concentra-
tion  in  the  blood  links  to  pathological  alterations  in  the
brain. Thus, it is obvious that it is necessary to look for bio-
markers in other body fluids.  With the advent of noninva-

sive neuroimaging techniques that enable the visualization
of structures in vivo in recent decades, the progress in the di-
agnosis of AD has been considerably improved. Novel mag-
netic resonance imaging (MRI), metabolic changes picked
up by Positron Emission Tomography (PET), and imaging
of amyloid are a few examples. The development of omics
technologies  over  the  past  few  years,  including  genomes,
transcriptomics, proteome, metabolomics, secretomics, etc.,
has made it possible to analyze a variety of AD hallmarks.
These  instruments  make  it  easier  to  analyze  human  fluid
samples of many types, such as blood, tears, urine, or saliva,
with  easy  collection  and  accessibility  under  non-invasive
techniques. Numerous proteins associated with neurodegen-
erative diseases,  including Tau,  amyloid beta,  alpha-synu-
clein, and the huntingtin protein, are known to be abundant
in saliva and to reflect physiological activity. These proteins'
concentrations in saliva are helpful biomarkers for the kind
of diseases they are associated with [12]. Fig. (3) manifests
the non-invasive biomarkers of AD.

2.  BIOLOGICAL  HALLMARKS  OF  ALZHEIMER’S
DISEASE

The  elevated  exponential  rate  of  people  afflicted  with
AD has highlighted the necessity of taking substantial steps
in the direction of finding the neurodiagnostic biomarkers re-
sponsible  for  AD.  The  prominent  biological  hallmarks  of
AD include diffused extracellular amyloid plaques and intra-
neuronal neurofibrillary tangles in the brain [13]. Apart from
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Fig. (2). Invasive biomarkers of Alzheimer’s disease. (A higher resolution / colour version of this figure is available in the electronic copy of
the article).

Fig. (3). Non-invasive biomarkers of Alzheimer’s disease. (A higher resolution / colour version of this figure is available in the electronic
copy of the article).

them,  many  other  clinical  factors  like  cerebrospinal  fluid,
metal  toxicity,  mitochondrial  dysfunction,  neurofilament
light  chains  etc.,  are  proclaimed  as  promising  indicators.
With regard to this, Reitz et al. and his team in 2011 have-
critically discussed the prevalence, environmental risk fac-
tors, and other protective factors [14]. Therefore, the search

for  blood  biomarkers  that  are  associated  with  AD  should
start with recognized CSF markers, such as biomarkers relat-
ed to Aβ and Tau, and also take into account elements relat-
ed to inflammation, protein aging and cell death, and cere-
brovascular dysfunctions. Information regarding crucial AD
biomarkers and the changes associated with them has been
summarized in Table 1.
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Table 1. Essential biomarkers of AD.

S. No. Biomarkers Mild AD Severe AD References

Amyloid Biomarkers

1 APP (sAPPβ) blood No change No change [15]

2 Three subtypes of APP (106, 110 and 130) Present in platelets Present in platelets [16]

3 APP (sAPPβ) blood Decrease in blood Decrease in blood [17]

4
Aβ peptides

(Aβ 1-42 and Aβ 1-40 peptides)
Overproduction, accumulation

Overproduction, accumulation, amyloid
plaques formation

[18]

5 Aβ42/ Aβ42 Increase Increase [19]

6
Plasma Aβ (1-42) and

Aβ (1-40)
Elevated, reduced, or remains

unchanged
Elevated, reduced, or remains unchanged [20]

7 Aβ (1-42) - Increase in plasma of women [21]

8 Aβ (1-42) Increase in plasma Increase in plasma [22]

9 Aβ (1-42) autoantibodies Decrease in serum Decrease in serum [23]

Tau Biomarkers

1 Total tau (t-tau) Increases in CSF Increases in CSF [24]

2 Total tau (t-tau) Increases in CSF Increases in CSF [25]

3
Phospho-tau-231 has

shown
Decrease longitudinally from mild to

moderate
Elevated [26]

4
Phosphorylated forms of Tau (phospho-tau-199,

-231, -235, -396, and -404)
Elevated Elevated [27]

Neuronal Biomarkers

1 Neurofilament light chain protein (NFL) Elevated blood and plasma Elevated blood and plasma [28]

2 S100b and neuron-specific enolase (NSE) proteins Reduced Reduced [29]

Biomarkers of Neuroinflammation

1 Glial fibrillary acidic protein (GFAP) Elevated Elevated [30]

2 GSK-3 - Elevated in white blood cells [31]

3
Chemokines, cytokines, growth factors, and binding

proteins
Elevated in plasma Elevated in plasma [32]

4 YKL-40 Increase both in serum and CSF Increase both in serum and CSF [33]

5 Neurogranin (synaptic protein) Increase in the CSF Increase in the CSF [34]

Other Biomarkers

1 Ab toxicity and ubiquitin levels Elevated in the cerebral cortex Elevated in the cerebral cortex [35]

2 telomeres Smaller in peripheral blood cells Smaller in peripheral blood cells [36]

3 C-reactive protein (CRP) High High [37]

4 Level of vasodilator and vasoconstrictor Increased Increased [38]

2.1. Blood-based Biomarkers
Recently, biomarkers of AD research have taken a front

seat,  especially  blood-based  biomarkers.  Hansoon  et  al.
have reviewed blood based biomarkers for clinical trials and
practices [39-41]. When identifying AD in patients with cog-
nitive  impairment  from  all  other  neurodegenerative  disor-
ders, phosphorylated Tau (p-tau) in plasma shows excellent
diagnostic accuracy [42-44]. There is a need to elucidate the
specific  research  that  needs  to  be  conductedbefore  blood-

-based biomarkers can be widely used. Doecke et al. [45],
with  his  research  team  in  2012,  have  also  worked  on  the
identification of plasma biomarkers of AD for the purpose
of early diagnosis. For this, they screened AD-afflicted and
healthy individuals at the same time. This panel of plasma
biomarkers showed an appreciable extent of sensitivity and
specificity, which could help in the easy distinction between
AD and healthy  individuals.  This  evidence  could  strongly
help in AD diagnosis. Fig. (4) represents crucial plasma bio-
markers.
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Fig. (4). Plasma biomarkers. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

2.1.1. Plasma Amyloid Beta
Just like the reduction of Aβ42/Aβ40 in CSF biomark-

ers, Plasma Aβ42/Aβ40 biomarkers are strong indicators of
AD. Aβ is isolated from plasma and quantified using mass
spectrometry. By using these techniques, it is possible to see
group-level decreases in plasma Aβ42/Aβ40 levels in amy-
loid PET-positive individuals relative to PET-negative indi-
viduals.  The  fact  that  plasma  Aβ42/Aβ40  levels  are  com-
pletely altered even in the pre-symptomatic stages of the dis-
ease is a significant characteristic. For this reason, this bio-
marker, similar to CSF Aβ42/Aβ40, can accurately identify
Aβ pathology in cognitively unimpaired individuals with ac-
curacy  levels  comparable  to  those  seen  in  cognitively  im-
paired  individuals  [46].  For  biological  reasons,  CSF
Aβ42/Aβ40 is a more robust brain Aβ pathology biomarker
than plasma Aβ42/Aβ40. In clinical laboratory practice, stan-
dardizing and maintaining the stability  of  this  kind of  test
over time with the kind of rigor required to accurately identi-
fy the subtle difference between persons who are Aβ-posi-
tive and -negative is a difficult task [ 47 ].

2.1.2. Plasma Phosphorylated Tau (P-tau)
Tau phosphorylated at amino acid 181 (p-tau181), 217

(p-tau217), or 231 (p-tau231) have been reported by experts
to detect different stages of AD [48, 49]. To evaluate the ki-
netics of various tau isoforms and fragments in the human
Central  Nervous  System  (CNS)  and  in  neurons  produced
from  induced  Pluripotent  Stem  Cells  (iPSCs),  Sato  et  al.
[50] devised stable isotope labeling and mass spectrometry
techniques. It was also claimed that both tau tangles and β-
amyloid plaques raise the concentration of plasma P-tau217,
which is consistent with the theory that P-tau is implicated
in the β-amyloid-dependent development of neocortical tau
tangles  [51].  Recent  research  on  plasma  phosphorylated
tauhas developed methods tostudy soluble p-tau indicators
that have a stronger correlation with cerebral amyloid-β than

with PET-measured tau aggregation [52]. Various reports on
plasma phosphorylated Tau are directed toward AD patholo-
gy [53, 54].

2.1.3. Plasma Neurofibrillary Tangles (NFL)
Salvado et al. [55] carried out a head-to-head compari-

son between many plasma biomarkers and neuropathologi-
cal  measurements  of  neurofibrillary  tangles  and  amyloid
plaques.  They  found  that  while  plasma  Glial  Fibrillary
Acidic Protein (GFAP) is uniquely linked to tau pathology,
plasma Aβ42/40 and plasma p-tau231 are specifically linked
to amyloid disease. In individuals with cerebral white matter
rarefaction,  plasma Neurofilament  Light  (NfL)  is  elevated
even after taking Alzheimer's disease pathology into consid-
eration. Rodriguez et al. [56] reported that Aβ-positive cog-
nitively  impaired  groups  showed  a  particular  increase  in
CSF and plasma NTA-tau concentrations. Global uptake and
voxel-level correlations between CSF and plasma NTA-tau
concentrations and tau PET were found to be stronger than
those with Aβ PET and MRI. Both CSF and plasma NTA-
tau are preferentially related to tau disease, according to re-
gression models.Vrillon et al. [57] demonstrated in memory
clinic settings, CSF NfL, plasma neurofibrillary heavy chain
levels, and plasma NfL levels function similarly in positive
and differential AD diagnoses. Unlike illnesses affecting mo-
toneuron function, plasma pNfH did not show any additional
benefit when compared to plasma NfL. The performance of
CSF and PET indicators must be matched by continued re-
search and the creation of reliable tests. In conclusion, blood-
-based biomarkers are becoming more and more important
for  AD  diagnosis,  monitoring,  prognostication,  assessing
treatment response, and population screening-especially in
primary care settings. With these advancements, AD diag-
nostics will be transformed, and more accessible and early
detection  and  management  options  will  be  provided  [58,
59].
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2.1.4. Plasma Glial Fibrillary Acidic Proteins (GFAP)
Pereira et al. [60] reported that when compared to per-

sons without amyloid-β pathology, the plasma GFAP con-
centration was considerably higher in all amyloid-β-positive
groups  (P  <  0.01).  Furthermore,  in  all  amyloid-β  positive
groups, there were significant correlations between plasma
GFAP and increased amyloid-β-PET signal. Plasma GFAP
is a viable candidate to be added to the blood-based biomark-
er panel for AD because it is linked to AD-type pathology
and has the ability to reliably predict clinical progression to
AD dementia [61]. It has been demonstrated that the strong
predictive value and clinical utility of GFAP as an ideal op-
tion to identify high-risk individuals and further prevent ear-
ly in clinical trials or treatment timely in patients, as it is a
highly specific marker of astrocyte activation and a substan-
tial structural element of astrocytes. It is yet unknown, never-
theless, if GFAP is merely a sign of a broader astrocyte acti-
vation or even if it is the primary initiator of the inflammato-
ry  cascade  reactions  [62].  Using  one-way  Analysis  Of
Variance (ANOVA) and Receiver Operating Characteristic
(ROC)  curves,  it  was  found  that  the  area  under  the  ROC
curve (AUC) of 0.928 for GFAP indicated that it was a more
effective diagnostic tool. The two serum indicators for the di-
agnosis of AD have cut-off values of GFAP >31.40 pg/mL
and NfL >40.09 pg/mL. For the diagnosis of AD, the corre-
sponding sensitivity and specificity for NfL were 59.6% and
76.2%,  respectively,  while  the  corresponding  values  for
GFAP  were  90.4  and  82.1%  [63].

2.2. Cerebrospinal Fluid (CSF) Biomarkers
Cerebrospinal Fluid (CSF) is the first call for accessing

AD  treatment  and  therapeutic  interventions  [64].  CSF  are
most explored due to their ability to spot people with mild
cognitive  impairment,  which  can  further  assist  in  tracking
their  AD  progression.  Seyfried  and  group  have  supported
this using a novel method known as selected reaction moni-
toring mass spectrometry, and the findings say that neuronal
proteins are capable of differentiating cognitive decline is-
sues  [65].  Moreover,  bioinformatics  methods  used  by  Li
[66] et al. have led to the identification of six hub proteins in
CSF,  which  could  successfully  differentiate  between  AD
and other neuronal disorders. CSF biomarkers also aid in the
assessment of plaques and tangles accountable for cognitive
decline. Recently, many researchers have pointed the impor-
tance of CSF biomarkers [67, 68, 69]. Trombetta et al. [70]
CSF tested a panel of 25 well-validated biomarker assays,
and all were elevated in AD patients. Oxidative stress and
metabolic  markers  influenced  the  multianalyte  profile  of
AD. The authors concluded that it's critical to evaluate sever-
al  biomarker  domains  in  order  to  comprehend  the  hetero-
geneity of  diseases.  Mravinacová et  al.  [71] observed that
When proteins from various groups were combined in ratios
(tau-associated protein/amyloid-associated protein), the pro-
teins' association with cognitive decline as assessed by cogni-
tive scores was dramatically increased. In a discovery cohort
with 98 patients, Tao et al. [72] conducted tandem mass tag
proteomic  analysis  of  matched  Cerebrospinal  Fluid  (CSF)
and serum samples. Targeted proteome assays based on par-

allel reaction monitoring were utilized to validate candidate
biomarkers in a separate multicenter cohort of 288 individu-
als. In the discovery cohort, they measured 3,238 CSF and
1,702 serum proteins. Of these, they identified 171 and 860
CSF proteins and 37 and 323 serum proteins, respectively,
as possible early diagnostic and staging indicators. Twelve
and  eighteen  serum  proteins  and  fifty-eight  CSF  proteins
were confirmed as early diagnostic and staging indicators in
the validation cohort, respectively. Recently [73] the role of
neural lipids has been observed in the prediction of mild to
AD.  Bateman  et  al.  [74],  in  their  longitudinal  study,  re-
vealed very fascinating conclusions. They analyzed 128 par-
ticipants for cognitive assessments, brain imaging, CSF, and
blood tests. The cross-sectional analyses revealed exciting re-
sults, such as the concentrations of amyloid-beta 42 decline
25 years before the symptom was revealed. Using positron-e-
mission tomography, Aβ deposition and Tau protein's pres-
ence in the CSFwere observed 15 years before AD striked.
Hypometabolism  of  cerebral  and  fresh  memory  loss  was
found to diminish 10 years before the AD diagnosis. Mean-
while, global cognitive impairment was observed 5 years ear-
lier, and the afflicted people met diagnostic criteria only 3
years before. This study concluded that the pathophysiologi-
cal alterations of the CSF start at least over 20 years before
the  symptoms  are  visible.  Based  on  the  same  biomarkers,
Mattson et al. [75] and his research group worked to deter-
mine their accuracy. For this, an extensive study was con-
ducted involving AD patients and controls from 12 centers
in Europe and the US. Here, also follow-up study was done
for 2 years till the symptoms progressed for the neurological
disorder. The concluding results showed a total number of
271 participants were diagnosed with AD and 59 with other
forms of dementia. Fig. (5) summarizes the criteria for estab-
lishing a good biomarker for the diagnosis of AD.

Subsequently, Shaw et al. [76], again remarked CSF as
the most sensitive biomarker for AD, in an experiment per-
formed in the Alzheimer's disease Neuroimaging Initiative
(ADNI) cohort with 96.4% detection sensitivity. They also
found that CSF can also indicate mild cognitive (MCI) im-
pairment to AD conversion. In 2006, Blennow et al.  did a
follow-up study for  4-6 years  of  180 patients  having mild
cognitive  impairment  (MCI)  in  association  with  CSF  bio-
markers.  Here,  the  clinical  studies  clarified  that  people
struck with MCI have a higher chance of encountering with
AD in their life. This occurred due to the elevated concentra-
tions of T-tau, position threonine 181 (P-tau181), and A42
in CSF [77].

2.2.1. CSF Amyloid-beta (Aβ)
The instability of Aβ (1-42) plasma levels can be attribut-

ed to a number of factors [78, 79]. As of right now, the FDA
has approved two assays: Roche Elecsys pTau181/Aβ42 ra-
tio and Fujirebio Lumipulse G β-Amyloid Ratio (Aβ42/40)
for assessing these biomarkers in CSF.2, 3 According to th-
ese assays; there is brain amyloid pathology when there is a
lower Aβ42/40 ratio or a higher pTau181/Aβ42 ratio in CSF
[80]. Ab levels in the blood fluctuate over time and between
individuals and may differ in mild, early, and late stages of
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Fig. (5). Criteria for establishing a good biomarker.

AD. In addition, blood platelets contain high levels of Aβ,
which directly  affects  plasma levels  [81].  The most  senile
form of AD marker is Amyloid-beta (Aβ) proteins found in
the Aβ42, Aβ40, and Aβ42/40 ratio as detected by positron
emission tomography (PET), which eventually uplifts their
weightage in comparison to other biomarkers [82]. The CSF
also  shows  their  prominent  presence  [83].  To  validate  the
presence of amyloid in CSF, Queiroz et al.  used a tandem
mass spectrometry technique coupled with fiber-in-tube. It
is  well  known that  the  alteration caused in  amyloidogenic
proteins a major reason for these serious neurodegenerative
issues [84, 85]. The protein misfolding and resulting struc-
tures, such as polymorphic oligomers and fibrils, can often
lead to cell death as they are toxic species. Beyer et al. have
worked  for  over  17  years  to  establish  the  risk  associated
with the disorder. AD diagnosed around 60 participants and
nearly about 200 controls were involved in this study. Their
Aβ abnormal foldings and Ttau biomarkers were studied, re-
vealing that Aβ is more specific in foretelling the AD risk
factor [86].

Gliozzi et al. [87] showed the same by performing an in-
teractive study using model membranes, which results in the
formation of amyloid aggregates. These aggregates deposit
in various tissues and causes AD, but this can still not be de-
tected at the early onset of AD. They have also assumed that
environmental conditions may contribute to aggregation and
ultimately, to neurodegeneration. A fluorescent probe called
Q-OB, which is generated from quinoline, has been created
to detect Aβ oligomers [88]. This was achieved by precisely
adjusting the hydrophobicity of the biannulate donor motifs
in the donor-π-acceptor structure. When it comes to dynami-
cally monitoring Aβ oligomerization during amyloid fibrillo-
genesis in vitro, Q-OB has exceptional sensing power. Fur-
thermore, authors utilized this approach to fluorometrically
examine the kinetics of Aβ self-assembly in the cerebrospi-
nal fluids (CSF) of individuals with AD for an early diagno-
sis  method.  Various  electrochemical  immunosensors  have

been developed [89] for detecting AD biomarkers (Aβ and
p-tau protein) and their subtypes (AβO, Aβ(1-40), Aβ(1-42), t-tau,
cleaved-tau (c-tau), p-tau181, p-tau231, p-tau381, and p-tau441).

2.2.2. CSF Phosphorylated-tau
One  another  prominent  mechanism  involved  in  AD  is

Tau pathology [90]. There have been recent reports on bio-
markers for moderate cognitive impairment: CSF tau and β-
amyloid [91]. A form of protein that is involved in forming
neurofibrillary tangles in Alzheimer’s patients. Tau is pro-
nounced  hyperphosphorylated  (39  potential  locations)  in
AD, which causes axonal transport impairment and a lack of
function. Authors have reported [52] that the results of PET-
assessed tau aggregation are less strongly correlated with sol-
uble  p-tau  biomarkers  than  with  cerebral  amyloid-β.  This
suggests that p-tau biomarkers should be carefully interpret-
ed within the framework of amyloid/tau/neurodegeneration.
The AD group had significantly lower NfL levels but higher
total-tau  levels.  Significant  relationships  between  NfL,  p-
tau181, and total-tau, as well as between NfL and cognitive
capabilities, were discovered in the FTD group. Aβ42/40 ra-
tio  had  an  inverse  correlation  with  both  total-tau  and  p-
tau181, but not with NfL. In the AD group, NfL levels were
directly  connected  with  both  of  these  measures.  The  CSF
biomarkers  p-tau181  and  p-tau231  identified  healthy  AD,
and  MCI  populations.  When  matched  to  controls,  AD  in-
tensely surges the revealing of Tau that has been phosphory-
lated at position 181, with a cut-off of >60 pg/ml. PET imag-
ing shows a few Tau-related biomarkers like total tau (t-tau),
phosphorylated Tau (p-tau), and tau/Aβ42 ratio [92]. Appar-
ently, it was found that Tau emerges peripherally as well as
from the brain. Now, it is evident that the brain-related Tau
are much more responsible for the neuronal disorder; thus,
to  distinguish  between  peripheral  and  brain-derived  Tau,
Gonzalez-Ortiz et al. brought about an anti-tau antibody that
certainly bind to the one that originated from the brain. This
is because the former is not a specific biomarker, and may
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produce discrepancies [93]. Subsequently, their concentra-
tion is also region-defined. This was proved by Dang et al.,
who, in their study, involved 83 AD patients and 38 normal
patients and examined their brain spatial biological patterns.
The biomarkers inter-relationship with AD was considered
using various tests and algorithms, where they were tagged
as the region-specific clinical marker [94]. Rodriguez et al.
[95] commented on the significance of p-tau 205 in AD bio-
marking.

According to Braak et al. [96], Tau alterations start even
20 years before the Aβ plaques. The detailed study of Hase-
gawa on tau pathology has revealed the information that the
tau fibrils are characteristically distinct in every other dis-
ease. In fact, plaques are only found with the tau tangles in
the brain. Thus, it may be the tau alterations may be the rea-
son for the Aβ plaques [97]. Medina et al. observed Tau as a
protein that binds to microtubules and then regulates its mor-
phology and activities in the brain. When the pathological al-
terations occur, they form neurofibrillary tangles. They have
reviewed developments in AD and tauopathies [98]. Subse-
quently in the same year, Serpell et al. pondered the cellular
distribution, its nuclear location, and functions of Tau and
how this alteration varies or changes drastically in the disor-
der  state.  Globally,  it  has  been  accepted  that  the  Tau  is  a
prominent  hallmark  of  AD [99].  In  fact,  tau  Tau  has  also
been assessed separately by researchers for novel drug devel-
opment in correspondence with them. The tau accumulation
and their regional distribution in a human brain and the ag-
ing of Tau has all  been taken into concern.  The review of
Harada et al., helps in the critical understanding of how the
tau Tau fibrils interact with amyloid plaques in an AD brain
and how their combination assists to the disorder early diag-
nosis [100].

Šimić et al., have mentioned in their article that the ab-
normal  extra  neuronal  deposition  of  aggregated  proteins/
plaques and the intraneuronal aggregation tau protein are the
most common reasons for AD. It is now completely accept-
ed that misfolded or abnormally structured proteins are the
reason for AD [101].

2.2.3. CSF-Neurofilament Light Chain (Nfl)
In  2019,  a  new  kind  of  biomarker  came  under  notice:

Neurofilament light chain (NfL), which has been marked as
a prominent fluid clinical marker by Preische et al. for AD.
The generation of this chain has been noticed upon the pro-
gression of neurodegeneration into CSF [102]. Their pres-
ence has been confirmed via. Immunoassay. This cytoskele-
tal  protein  comes  into  existence  upon  neuronal  damage;
thus,  it  is  not  specific  to  AD.

It  has  been  observed  in  their  research  that  CSF  and
serum  are  correlated  and  elevated  at  the  primary  stage  of
AD. This elevation of serum NfL was revealed from the lon-
gitudinal analysis of people, and surprisingly, it was estimat-
ed that this elevation occurred almost a decade earlier before
the estimated onset of AD. The elevation was also accom-
panied  by  cortical  thinning,  diagnosed  by  magnetic  reso-

nance imaging (MRI). The study conducted at Mini-Mental
State Examination and Logical Memory test shows that as-
sessing NfL dynamics in serum can help in early prediction
of  AD,  indicating  that  it  is  a  prominent  biomarker  [103].
Another  bioindicator  is  the  Phosphorylated  neurofilament
heavy chain. They show a resemblance to NFT and mark the
axonal damage relating to neurodegeneration [104]. The ele-
vated levels lead to the progression of disease by their pres-
ence in CSF.

2.3. Disguised Factors Targeting Alzheimer’s Disease
With time, other factors have also been explored which,

in disguised form, act as biomarkers of this neuronal disor-
der. Other important etiological factors responsible for AD
are oxidative stress, excess metal ions, etc. Again, in 2014,
Mitra et al. focused on a potential cause of AD i.e., the pres-
ence of excess metal ions causing toxicity, but the pathologi-
cal  mechanism is  less  known than how it  affects  neurons.
Their studies have shown that elevated levels of redox metal
ions (iron and copper) in the brain could irreversibly damage
neurons. As their repair was inhibited by metal chelators and
reducing agents.  In their  review, they have laid interest  in
the oxidative genome damage repair pathway, which could
help  prevent  AD  [105].  Eventually,  in  2014,  Hane  et  al.,
studied the role of metal ions like (copper and zinc) in the
AD pathological  pathway.  They highlighted the  point  that
the metal ions plausibly change the kinetic path of the Aβ
peptide, forming toxic oligomeric end-products. Here, the au-
thors have critically reviewed how these metals severely af-
fect the reaction path and lead to more neuro-toxic species.
Studies have shown that the excess of copper ions can serve
the  purpose  of  neurotoxicity  [106].  Few  by-products,  like
oxysterols (formed by cholesterol biosynthesis), have a spec-
trum of biological reactions corresponding to AD pathology.
Some  oxysterols  bear  cytotoxic  and  pro-apoptotic  proper-
ties. They can induce inflammatory responses and are potent
enough  to  interfere  with  the  lateral  domain  organization.
Studies done on them by Olkkonen et al. in 2012 have unrav-
eled  that  their  physiological  functions  assist  as  signaling
molecules  involved in  maintaining cellular  and body lipid
homeostasis. Still, to claim oxysterols as a specific biomark-
er, their role in the mechanisms of AD is less investigated
[107].  The study of clinical  hallmarks got an entirely new
platform  when  Fisar  and  his  group  studied  mitochondrial
dysfunctions in co-relation with AD in 2014. Mitochondrial
dysfunctions are also indicators of neurodegenerative dys-
function like AD as the impairment in mitochondria may re-
sult  in AD. In this review, Hroudová et al.  discussed con-
cepts like reactive oxygen species, impaired mitochondrial
dynamics,  and  apoptosis.  Mitochondrial  dysfunction  also
tends to damage the electron transport chain, which is again
a responsible factor for the pathogenesis of AD [108]. More-
over, in 2019 a novel factor was underscored, which is also
responsible for triggering AD. Mansour et al. have reviewed
the evidence that air pollution can trigger AD. People with
hearing and encoding disability for complex sounds may al-
so  be  victims  of  AD.  This  happens  as  the  auditory  brain-
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stem’s nuclei are sensitive to neurodegenerative disorders.
People  who regularly  encounter  air  pollution  are  found to
show an accumulation of Tau, senile amyloid plaques, and
suffer oxidative stress. Thus, it concludes that the physiologi-
cal assessment of such people’s brain-stem can help in prior
indication of  AD [109].  In AD, there is  an abnormality in
the lysosomal pathway-mediated autophagic breakdown of
intracellular components. While cells from healthy individu-
als vigorously internalize Aβ, macrophages and monocytes
from AD patients typically have limited Aβ phagocytic activ-
ity.

3. LIMITATIONS OF BIOMARKERS OF AD
Despite the full coverage of the background story of bio-

logical hallmarks of AD, some important questions remain
unanswered. These need to be clarified to access AD at its
early onset. It is necessary to determine their possible predic-
tive usefulness with respect to the duration of recovery and
the likelihood of incomplete recovery or CTE. There is still
very less information on the mechanism of biomarkers and
how blood concentrations relate to blood-brain barrier dys-
function 1 . Moreover, serum and plasma are already highly
enriched in a number of proteins (~50-70 g/L), which makes
it difficult to detect and leads to less successful results when
using biomarkers in blood as opposed to CSF. As of now,
there  is  insufficient  data  to  demonstrate  the  superiority  of
biomarkers over other diagnostic techniques for AD (such as
CSF/imaging). Therefore, compared to blood-based biomark-
ers, CSF has fewer difficulties with availability and diagno-
sis in A/T/N framework-based biomarkers. A major limita-
tion in the field is that markers discovered by one group can-
not be reproduced by other groups. The predictive value of
the existing biochemical and neuroimaging markers is quite
low. Although the prognostic importance is currently limited
to the latter stages of the disease, combining neuroimaging
investigations with the detection of some CSF proteins im-
proves diagnostic sensitivity and specificity, particularly in
AD. The fact that markers found by one group cannot be re-
plicated  by  other  studies  is  a  significant  constraint  in  the
field.

CONCLUSION
We have reviewed the prominent hallmarks of AD and

discussed various plasma and fluid biomarkers that are rele-
vant to clinical investigations and early predictions with re-
cent insights. Alzheimer's disease (AD) is characterized by
neurofibrillary  tangles  (NFTs)  of  Tau  protein  in  patients'
brains and senile plaques made of Aβ. Four CSF biomarker-
s-Aβ42,  Aβ42/40,  Tau,  and  pTau181-have  undergone  in-
-depth analysis and have been established as essential mark-
ers for AD.Apart from the direct role of biomarkers, the im-
portance  of  the  correct  protocol  of  sample  collection  has
been an area of interest. More information is required on bio-
logical  variation  (e.g.,  the  impact  of  renal  function,  body
mass index (BMI), and peripheral neuropathy) as well as bio-
marker performance in a variety of groups. Clinical laborato-
ry practice already uses plasma NfL analysis in several labo-

ratories worldwide.  The biomarkers for  AD diagnosis  that
have been explored and used the most include CSF Aβ42,
CSF Aβ42/Aβ40, CSF p-tau, tau PET, amyloid PET, structu-
ral MRI, etc. It has been well established that Tau and Aβ42
levels are significantly lower in plasma than in CSF. There
is  no doubt  that  once the biomarkers  of  AD are  identified
from its core origin, they will projectile in the direction of in-
stant early detection and treatment of the disease. To con-
clude,  a  precise  clinical  diagnosis  is  crucial  when looking
for  a  biomarker.  Future  research  work  may  help  identify
more and more highly specific clinical insights for unravel-
ing the biomarkers of this neuronal disorder. With this, drug
efficacy can be modified, and novel therapeutic approaches
may be introduced. Great insights into biomarkers can give
possible solutions when it comes to curing AD. The identifi-
cation  of  promising  biomarkers  can  be  a  truly  fascinating
finding, which could completely open new ways in the pre-
vention of the most dreadful form of dementia. Hitting the
biomarkers of AD at an early stage represents a way better
solution than prescribing anti-AD drugs.
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MRI = Magnetic Resonance Imaging
NFL = Neurofilament Light Chain
NFT = Neurofibrillary Tangles
NSE = Neuron-Specific Enolase
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Abstract 

In recent decades, essential oils have emerged as natural supplements to synthetic substances 

in medicine, agriculture, food industries etc. The modern techniques for extraction of 

essential oils have significantly reduced the time consumption and increased the yield in 

comparison to the conventional techniques that have been in use for so long. Advanced 

characterisation techniques like Gas chromatography (GC), Liquid Chromatography (LC), 

Mass Spectrometry (MS) etc., provide high accuracy in characterisation depending upon the 

nature of essential oils or other major phytoconstituents. Studies have shown essential oils to 

possess biologically significant activities like antibacterial, antifungal, anti-inflammatory, 

antioxidant, antihistamine, anticholinesterase, anti-cancer, antiaging etc. These activities of 

essential oils have made them eligible for their application in food preservation, medicines, 

industries, agriculture etc. Thus, the traditional knowledge of plants and extraction of 

essential oils from their different parts of significance can contribute to a healthy society if 

efforts are made towards enhancing their natural properties for maximum utilisation. The 

present review discusses different sources and compositions of essential oils, common 

extraction and characterisation techniques, some biological properties of essential oils and 

their applications in various industries. 

Keywords: Essential oils, Mass spectrometry, antifungal, anticholinesterase, 

phytoconstituents. 

1. Introduction 

Essential oils are volatile odorous oils extracted from various parts (leaves, bark, roots, etc.) 

of plants. The essential oils extracted from different aromatic plants (like spices or medicinal 

plants) differ in their odour and flavour owing to the variety in the type and amount of 

constituents present in them. Some common plants and their parts used for essential oil 

extraction along with their major chemical constituent(s) are listed in Table 1. The 

organoleptic compounds, responsible for the aroma and flavour are present at varied 

concentrations in different parts of the plant depending on the part of the plant chosen for 

extraction and also on some growth parameters like climate and soil characteristics. Their 

molecular weights are usually less than 300 and they have some characteristic properties in 

common. These properties are optical activity, high refractive index, immiscibility with 

water, sufficient solubility to impart aroma to water, and solubility in most organic solvents 

such as alcohol and ether. Several methods can be utilized for the extraction of essential oils 

e.g., effleurage, expression, hydro distillation, steam distillation etc. However, steam 

distillation is the most used technique for commercial-scale production in related industries. 

Essential oils are considered secondary metabolites functional in plant defence against 

microbes(Tajkarimi et al., 2010). The essential oils and their phytoconstituents that have been 

investigated are known to possess several biological properties including antioxidant(Tit & 

Bungau, 2023), antimicrobial (Garzoli, 2023), antiparasitic (AlGabbani et al., 2023), 
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antimutagenic(Rasgele & Altin, 2023), anticancer(Sharma et al., 2022a), anti-inflammatory 

(Zhao et al., 2023), anti-ageing s(Raina et al., 2023), anticholinesterase(Raina et al., 2023)etc.  

Table 1. List of common plants and their parts with major component(s) of essential oil  

Common 

name 
Scientific name 

Part of 

plant 

Major 

compound(s) 
References 

Basil Ocimum 

basilicum L 

Flowers, 

leaves, 

stem 

Linalool, estragole, 

eugenol, methyl 

chavicol 

(da Silva et al., 2021) 

Turmeric Curcuma longa L Leaves, 

rhizomes 

Turmerone, 

phellandrene, 

curcumin 

(Ray et al., 2022) 

Clove  Syzygium 

aromaticum L. 

Buds  Eugenol, 

caryophyllene  

(Abadi et al., 2022) 

Peppermint Mentha piperita Leaves  Methanol, 

methanone 

(Pérez-Vázquez et al., 

2022) 

Ginger Zingiber 

officinale 

Rhizomes Citral, zingiberene (Kalhoro et al., 2022) 

Bay leaf Laurus nobilis L. 

 

Leaves, 

flowers 

 1,8-cineole, 

linalool, 

methyleugenol 

(Ordoudi et al., 2022) 

Cinnamon Cinnamomum 

zeylanicum 

Leaves, 

bark 

Cinnamaldehyde, 

eugenol 

(Stevens & Allred, 

2022) 

Tea tree Melaleuca 

alternifolia 

Leaves, 

bark 

Terpin-4-ol, 

terpene, 1,8-

cineole, p-cymene 

(Borotová et al., 2022) 

Thyme Thymus 

vulgaris L. 

Leaves  Thymol, p-cymene, 

Terpinene 

(Ghafarifarsani et al., 

2022) 

Orange Citrus aurantium 

var. 

Fruit  D-limonene, β-

myrcene 

(Radünz et al., 2021) 

Nutmeg Myristica 

fragrans Houtt. 

Seed  Sabinene, 

limonene, methyl 

eugenol, myristicin  

(Nikolic et al., 2021) 

Black 

pepper 

Piper nigrum L. Leaves, 

seeds 

β-caryophyllene, 

limonene 

(Ashokkumar, Murugan, 

et al., 2021) 

Lavender Lavanda 

angustifolia L 

Flowers, 

leaves 

Linalool, Linalyl 

acetate, β-

Caryophyllene 

(Ciocarlan et al., 2021) 

Ajowain Trachyspermum 

ammi L. 

Seeds, 

fruits 

Thymol, p-cymene, 

γ-terpinene, 

carvacrol 

(Mazzara et al., 2021) 

Fenugreek Trigonella 

foenum-

graecum L. 

Seeds  Linoleic acid, 

palmitic acid 

(Akbari et al., 2019) 
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Fennel Foeniculum 

vulgare Mill. 

Seeds  trans-anethole, 

estragole, 

limonene, and 

fenchone 

(Sabzi Nojadeh et al., 

2021) 

Cumin Cuminum 

cyminum 

Seeds  Cuminaldehyde, γ-

terpinene, β-pinene 

(Padilla-Camberos et al., 

2022) 

Allspice Pimenta dioica Berries Eugenol, 1,8-

cineole 

(Padilla-Camberos et al., 

2022) 

Coriander Coriandrum 

sativum L. 

Aerial 

parts, 

seeds 

Linalool, 2-decenal (Raveau et al., 2021) 

Clary Sage Salvia sclarea L. Aerial 

parts 

Linalool, linalyl 

actetate, 

Germacrene-D 

(Raveau et al., 2021) 

Cardamom Elettaria 

cardamomum L. 

Seeds  α-terpinyl 

acetate,1,8-cineole 

(Vellaikumar, et al., 

2021) 

Mint Mentha 

piperita L. 

Leaves  Piperitenone oxide, 

1,8-cineole 

(Ilić et al., 2022) 

Oregano Origanum 

vulgare, L 

Leaves  Thymol, bergamol, 

terpineol  

(Radünz et al., 2021) 

Sandalwood Santalum 

album L. 

Bark  α-and β-santalenes (Raghavendra & 

Mahesh, 2022) 

Rosewood Aniba rosaeodora Bark Linalool, α-

terpineol 

(Teles et al., 2020) 

Cedarwood Cedar atlantica Bark δ-cadinene, β-

farnesene 

(Kačániová et al., 2022) 

Parsley Petroselinum 

crispum 

Seed  Myristicin, 

sabinene, β-

myrcene 

(Foudah et al., 2022) 

Star Anise Illicium verum Fruit  Trans-anethole, 

limonene, estragole 

(Yu et al., 2021) 

 

Conventionally, the extraction of essential oil was done through expression methods like 

enfleurage, effleurage and defleurage, hot maceration process, pelatrice method, cold press, 

dry press method, etc. but they carried some limitations as well. Modern technologies have 

been developed over the years to overcome these limitations and to enhance the efficiency of 

extraction. The modern methods are mostly based on the distillation process and solvent 

extraction. Hydro-distillation, hydro-diffusion and steam distillation methods are collectively 

called azeotropic distillation.  

It is crucial to perform chemical profiling of essential oils to determine their composition and 

variation in concentration of different constituents present in essential oils extracted from 

different plants or different plant parts of the same plant or plant parts of different varieties of 

the same species. This distinction helps in determining the phytoconstituents responsible for 
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the biological activities of essential oils. The characterization of essential oils for their 

composition is done through chromatographic techniques like gas chromatography (GC), 

Liquid Chromatography (LC) etc. coupled with a detection technique like mass spectrometry 

(MS), flame ionization detection (FID) etc.  

The biological properties of essential oils have generated a wide range of applications. These 

implications are relevant to both industries and the medicinal fields. The use of synthetic food 

preservatives has laid roots for skin allergies, cancer, intoxication, and other degenerative 

conditions. Essential oils have been known to possess antioxidant and antimicrobial 

activities, and their ability to protect food from pathogenic and spoilage microorganisms 

raises their eligibility to be used as natural additives in foods and food products. These can 

also be used as active compounds in packaging materials, by improving their water vapor 

barrier property associated with their hydrophobic nature. Essential oils are being sought as 

an alternative to these non-natural products in food preservation(Hussain et al., 2021).  

Apart from food preservation, essential oils have also been applied in the field of therapeutics 

and medicine. Cosmetics and aromatherapy are the leading heads in utilizing the benefits of 

essential oils. Owing to their insecticidal and plant growth-enhancing properties essential oils 

have been utilized in the field of agriculture. 

2. Sources and Composition 

Several plants can be utilized for the extraction of essential oil. However, the part of a plant 

which acts as the major source of essential oil can always be different. Also, the quantity of 

different components present in essential oils extracted from different parts of the same plant 

may vary. The essential oils are mainly composed of low molecular weight (<1000 Da) 

volatile components, around 85-99%. Essential oils contain over 300 compounds. The 

chemical composition of essential oils is mostly contributed by secondary metabolites (like 

terpenes, terpenoids, flavonoids, alkaloids, polyphenols, indigenous pigments, etc.), other 

aromatic compounds and aliphatic constituents. Terpenes and terpenoids have a structural 

backbone made up of isoprene units. The structural representation of common terpenes and 

terpenoids is presented in Table 2. The major compounds found in essential oils are mainly 

divided into two classes: Terpene hydrocarbons and oxygenated hydrocarbons. 

Table 2. Structural representation of common terpenes, terpenoids and flavonoids 

found in various essential oils 
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2.1 Terpene Hydrocarbons 

Terpenes are a class of aromatic compounds that have a general formula of (C5H8) n and a 

basic structure formed from 5-carbon-based isoprene (C5H8) units. Based on the number of 

C-units present in the terpenes molecules, they are divided into six classes: hemiterpenes 

(C5), monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), triterpenes (C30) and 

tetraterpenes (C40). Further higher classes of terpenes are known as carotenoids. 

Monoterpenes are made up of two isoprene units and are the major components (around 90%) 

in essential oils. 

2.2 Oxygenated Hydrocarbons 

These compounds are derived from terpenes and are termed terpenoids (or isoprenoids). 

Terpenes are modified by the addition of functional groups like alcohol, aldehyde, ketones 

etc. to form terpenoids. Some examples of terpenoids are represented in Table 3. 

Table 3. Examples of Terpenoids 

Class  Examples 
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Phenols thymol, eugenol, carvacrol, chavicol 

Alcohols borneol, isopulegol, nerolidol, α-santalol, lavanduol, α-terpineol, santalol 

Aldehydes citral, myrtenal, cumin aldehyde, citronellal, cinnamaldehyde, benzaldehyde 

Ketones carvone, menthone, pulegone, fenchone, camphor, thujone, verbenone 

Esters bornyl acetate, linalyl acetate, citronellyl acetate, geranyl acetate 

Ethers 1,8-cineole, anethole, elemicin, myristicin 

Oxides  1,8-cineole, bisabolone oxide, linalool oxide, sclareol oxide 

Lactones  bergaptene, nepetalactone, psoralen, aesculatine, citroptene 

3. Extraction of Essential Oils 

The process of extraction is crucial in case studies based on essential oils as it defines the 

quality and quantity of the yield. The extraction method is selected based on the type, state, 

and form of the plant material. Inappropriate selection of extraction methods may result in 

loss of bioactivity, natural characteristics, or physical properties. Discolouration, off-

odour/flavour, increased viscosity, etc. might also take place. In the worst cases, even 

alteration of the chemical signature of essential oil may occur. Almost any part of a suitable 

plant can act as a source and essential oil can be extracted from it to be utilized in 

applications like food preservation and others. The modern methods are mostly based on the 

distillation process and solvent extraction.  

3.1 Steam Distillation 

This method is a common and efficient choice for the extraction of essential oils. The process 

of steam distillation involves passing steam through crushed or chopped plant material in 

upward direction. The vapours flowing through the plant material carry the volatile 

components along with them. The heat carried by steam bursts and breaks the cell structure of 

plant material and causes the release of phytochemicals. The temperature of steam must 

always be sufficient for this rupture. The vaporized mixture is then condensed and collected, 

where the aqueous and non-aqueous components get separated based on their lipophilicity. 

Figure 1 shows a diagrammatical representation of the steam distillation process. The steam 

distillation method is efficient in extracting 93% of essential oil and the remaining 7% can be 

extracted by further processing(Masango, 2005). This method can be coupled with 

hydrodistillation for better yields(El Kharraf et al., 2021).  

Figure 1. Schematic diagram of steam distillation process. 
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3.2 Hydro-distillation 

Hydro-distillation method for extraction of essential oils involves boiling plant materials 

completely immersed in water. This method is suitable for capturing the hydrophobic 

phytochemicals having a high boiling point. The water surrounding plant materials protects 

them from overheating, which might cause damage to the desired outcome. Upon boiling the 

essential oil vapors move along with steam and the mixture is allowed to condense. The 

separation of aqueous and non-aqueous phases takes place upon condensing. Figure 2 shows 

a diagrammatical representation of the hydro-distillation process. Hydro-distillation method 

is utilized after coupling it with heating techniques in modern extraction procedures. 

Microwave-assisted Hydrodistillation(MAHD)(Elyemni et al., 2019), Ultrasonic-assisted 

hydro-distillation (UAHD)(Sneha et al., 2022) and ohmic-assisted hydrodistillation(Sharifi et 

al., 2022) are three such cases. 

 

3.3 Hydro-diffusion  

The hydro-diffusion method is similar to the steam-distillation method, as it involves steam 

as the carrier of heat. In this method, steam is passed from the top of the plant material. This 

process also protects the plant materials from the damage caused by boiling. Hydro-diffusion 

method is advantageous over the hydro-distillation method as the processing time is lesser 

and the yield obtained for a given amount of steam is higher. The traditional hydro-diffusion 

method has been modified to perform hydro-diffusion and gravity methods(Bousbia et al., 

2009).  

3.4 Solvent extraction using an organic solvent 

Organic solvents like methanol, petroleum ether, ethanol, dimethyl sulphoxide etc. can be 

utilized for the extraction of essential oils in place of water. Because of the non-aqueous 

nature of essential oils, this method provides a better yield. This procedure involves mixing 

plant material with the organic solvent and heating the mixture. This method can be operated 

efficiently at low temperatures. The mixture is then filtered and the solvent is separated from 

essential oil by evaporation. 

Figure 2. Diagrammatic representation of hydro-distillation. 
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3.5 Solvent extraction using supercritical carbon dioxide 

Evaporation of the solvent in the case of organic solvent may lead to the loss of volatile 

components from essential oil. If not evaporated then the solvent residue may affect the 

activity of essential oils. Carbon dioxide (CO2) is capable of forming supercritical fluid at 

high-pressure conditions. As soon as the room temperature is attained, CO2 vaporizes leaving 

no solvent residue. Thus, using supercritical CO2 is a better option when compared to organic 

solvents 

4. Characterisation Techniques 

The modern analytical techniques for the characterisation of essential oils are based on 

chromatography principles. The essential oil contains both volatile and non-volatile 

components. The volatile components are analyzed by Gas Chromatography (GC), while 

non-volatile components are analyzed by Liquid Chromatography (LC).  

In both techniques, the components are eluted by the mobile phase and are separated based on 

their affinity with the stationary phase. In GC, the mobile phase is a carrier gas containing 

vaporized analytes, while in LC, the mobile phase is a solvent or mixture of solvents. The 

separated analytes are recorded, and a chromatogram (signal v/s time) is generated following 

a Gaussian distribution curve scheme. The chromatogram delivers both qualitative and 

quantitative information. The peak area and height determine the amount of analyte present; 

the peak width determines the band spreading, and the solute is identified by characteristic 

retention time, which is also a function of the nature of the solvent. 

4.1 Gas Chromatography-Mass Spectrometry (GC-MS)  

Mass spectrometry involves the ionization of analytes to generate the gaseous ions, with or 

without fragmentation. The ions are then analyzed for their mass-to-charge ratios and relative 

abundances(Todd, 1995). The analytes can be ionized by exposing them to electric fields or 

energetic species (like electrons, ions, or photons) or thermal methods.  Although destructive, 

this technique is susceptible, requires a small sample size, is lower in expense, simple in 

design, and caters to fast data acquisition rates.  

Gas chromatography coupled with mass spectrometry has great potential in determining the 

volatile compounds, which hold a significant share in the chemical constitution of essential 

oils. The mass spectrum of unknown compounds acquired from the GC-MS hyphenated 

technique is compared against the MS reference library created with standardized protocols 

of compound analysis. The incorporation of retention indices with MS libraries enhances the 

accuracy in the identification of compounds(Costa et al., 2007).  

4.2Fast Gas Chromatography 

Compared to traditional GC, fast GC provides sufficient resolving power in less time by 

combining appropriate columns and instrumentation. With improved run conditions, analysis 

times can be reduced by 3–10 times(Korytár et al., 2002). This technique is more analytically 

sensitive and efficient in terms of speed. The objective of Fast GC is accomplished by 

altering some analytical parameters like length and internal diameter (ID) of the column, 

carrier gas, linear velocity, stationary phase, film thickness, oven temperature, and ramp rate. 

This method necessitates instruments equipped with high split ratio injection systems to aid 

smaller sample column capacities, increased inlet pressures, rapid oven heating rates, and fast 

electronics for detection and data collection. 

4.3 GC – Olfactometry 
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Fuller et al. first modified the gas chromatography to determine the volatile odour activity. 

The standard GC is incorporated with an olfactory port along with or in place of other 

detectors.  GC-O is utilized in addition to a flame ionization detector (FID), thermal 

conductivity detector (TCD), mass spectrometer, or photoionization detector.  

4.4 Enantioselective GC: 

The primary objective of Es-GC is to characterize the enantiomeric excess (ee) and 

enantiomeric ratio (ER) in chiral compounds. This technique requires a small sample size and 

provides high separation efficiency and selectivity along with high precision and 

reproducibility. The resultant information is crucial in characterizing essential oils and is 

considered equal to ‘fingerprint.’ Es-GC can be hyphenated to MS for more efficiency. 

4.5Liquid Chromatography-Mass Spectrometry (LC-MS) 

Although non-volatile components of essential oils hold a small share in their chemical 

constitution, they are significant when analyzing samples like citrus essential oil obtained by 

cold pressing methods. Thus, information gathered from GC techniques is not sufficient. 

Such non-volatile compounds are analyzed using LC, referred to as High-performance LC 

(HPLC). In normal phase (NP-HPLC) applications, the slightly polar analytes are separated 

based on their affinities towards an opposite stationary phase and a non-polar mobile phase, 

and the result is obtained in terms of elution time of analyte, which is highly influenced by 

the degree of adsorption of the analyte on the stationary phase. In reversed-phase (RP-HPLC) 

applications, a non-polar stationary phase and a moderately polar aqueous mobile phase are 

involved. The purified fractions obtained from HPLC or LC techniques are analyzed by 

coupled mass spectrometry. UV detection and spectrofluorimetric detections have been 

engaged as analyzing tools.    

5. Biological Activities 

Essential oils are known to possess various biological activities that can prove to be a boon to 

humankind if utilized properly.  

5.1 Antioxidant activity  

The production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) as 

byproducts of various biological processes occurring within the human body is harmful and 

deteriorating in nature. Studies have bridged the relationship between the oxidative damages 

caused by ROS and multiple diseases that include ageing (Head, 2008), cancer(Paz-Elizur et 

al., 2008), diabetes(Jain, 2006), and Parkinson’s disease(Blesa et al., 2015) among many 

others. To counter these ROS, our body requires antioxidants. Antioxidants are defined as 

compounds capable of inhibiting or de-escalating an oxidation process. Natural antioxidants, 

like Vitamin C, Vitamin E, polyphenols/flavonoids, etc., are molecules capable of preventing 

oxidation of a substrate even when it is present in a lower concentration than the substrate. 

Studies have reported their effectiveness in preventing the above-mentioned diseases. The 

antioxidant activities of essential oils can be evaluated through various Hydrogen Atom 

Transfer (HAT) and Electron Transfer (ET) methods. Some antioxidant assays are 

categorically listed in Table 4. A schematic representation of some popular assays has been 

depicted in Figure 3.  

Table 4. List of antioxidant assays 

Category List of antioxidant assays 

Hydrogen 

Atom Transfer 

Oxygen radical absorbance capacity (ORAC) method 

Lipid peroxidation inhibition capacity (LPIC) assay 
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methods  

(HAT) 

Total radical trapping antioxidant parameter (TRAP) 

Inhibited oxygen uptake (IOC) 

Crocin bleaching nitric oxide radical inhibition activity 

Scavenging of H2O2 radical 

1,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

radical scavenging method 

Scavenging of superoxide radical formation by alkaline 

Electron 

Transfer 

methods (ET) 

Trolox equivalent antioxidant capacity (TEAC) 

Ferric reducing antioxidant power (FRAP) 

2,2-diphenylpicrylhydrazyl (DPPH) free radical scavenging assay 

Copper (II) reduction capacity 

N,N-dimethyl-p-Phenylenediamine (DMPD) assay 

Other assays Total oxidant scavenging capacity (TOSC) 

Inhibition of Briggs-Rauscher oscillation reaction 

Chemiluminescence 

Electrochemiluminescence 

Fluorometric Analysis 

Enhanced chemiluminescence 

TLC bioautography 

Cellular antioxidant (CAA) assay 

Dye-substrate oxidation method 

 

 

(a) ABTS radical scavenging method  
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(b) DPPH free radical scavenging assay  

 

 

(c) FRAP method 

Figure 3. Mechanism of some antioxidant assays (a) ABTS radical scavenging methods, 

(b) DPPH free radical scavenging assay and (c) FRAP method. 

5.2 Anticholinesterase activity 

Alzheimer's disease (AD) is a slowly progressive neurodegenerative disease. It is a disorder 

that causes degeneration of brain cells and is the leading cause of dementia(Cipriani et al., 

2011). AD is characterized by neurotic plaques and neurofibrillary tangles, that result from 

the accumulation of amyloid-beta (Aβ) peptide in affected areas of the brain, the medial 

temporal lobe, and neocortical structures(Selkoe, 2001). Disorders like Alzheimer’s disease 

may cause a progressive loss of cognitive functions, which may further result in reduced 

oxygen supply to the brain, tumours, vitamin B12 deficiency, other nutritional deficiencies, 

and so on(Nakaizumi et al., 2018). There is currently no widely effective treatment that can 

stop or slow the progression of Alzheimer's disease. Natural ingredients are expected to play 

an important role in the emergence of potentially neurodegenerative disorder therapeutic 

avenues. The utilization of secondary metabolites is beneficial(Sweeney et al., 2018). The 

inhibition of cholinesterase by essential oils has been investigated using Ellman’s 

colourimetric method(Kamli et al., 2022). The mechanism followed in Ellman’s method has 

been depicted in Figure 4. 
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Figure 4. Mechanism of Ellman's method. 

5.3 Antimicrobial activity 

The bioactive components present in essential oils cause disruption in the cell wall of 

pathogens. Because of their hydrophobic nature, components of essential oil move rapidly 

across the lipids of bacterial cell membranes, disrupting cell wall structures and making them 

more permeable (Figure 5). Essential oils extracted from the plant parts of turmeric(Joshi et 

al., 2021), pepper(Le et al., 2022), clove(Yoo et al., 2021) etc. have been investigated for 

their antimicrobial activities. 

Figure 5. Schematic representation of the antimicrobial action of essential oils(Wang et 

al., 2020). 

 

5.4 Anti-inflammatory activity 
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Inflammation is a defense process of human body involving the recognition and removal of 

foreign stimuli by the immune system. Immune-responsive compounds, cytokines and 

interleukins are produced by macrophages, keratinocytes and lymphocytes in the human 

body(Jacob et al., 2013). The components of essential oils like thyme, chamomile, 

eucalyptus, lavender etc. modulate the transcription of the pro-inflammatory cytokines to 

reduce inflammation(Pandur et al., 2021). 

6. Applications 

Essential oils have a wide range of applicability. Different sectors where essential oils have 

been applied include the Food and beverage industries, paper and printing industries, paint 

and textiles industries, medical sector, agriculture sector etc. These have also been applied to 

adhesives, cosmetics and toiletries. The major applications of essential oils are discussed 

below. 

6.1 Food Preservation 

Owing to their antimicrobial activity against common food-borne bacteria and fungi, essential 

oils have been studied and employed for food preservation and increasing their shelf 

life(Tongnuanchan & Benjakul, 2014). The food industry has utilized several essential oils in 

the form of flavouring agents and they also have shown potential as food-grade 

preservatives(Angane et al., 2022). Essential oils have been modified in the form of 

capsules(Yang et al., 2023), bioactive films(Mohamad et al., 2022), edible coatings(Ju et al., 

2019), chitosan-based membranes(Maleki et al., 2022), food packaging(Mukurumbira et al., 

2022) etc. to enhance their role as preservatives. Essential oils extracted from herbs and 

spices have proved to be better than synthetic chemical additives. Essential oils have been 

applied for the preservation of meat and meat products(Smaoui et al., 2022), bread(Rahman 

et al., 2022), dairy products(Badola et al., 2023), aquatic food(Shahidi & Hossain, 2022), 

fruits and vegetables(Pandey et al., 2022). Active packaging of food products using essential 

oils is highly advantageous as essential oils possess antioxidant and antimicrobial properties 

that help in shelf-life improvement. Also, the food waste in the case of such packaging can be 

reused as a source of essential oil. However, the usage of essential oils in food preservation is 

accompanied by some limitations due to their high volatility, low lipophilicity and easy 

degradation. These limitations can be resolved by encapsulating essential oils(Carpena et al., 

2021).  

6.2 Medicines and therapeutics 

Essential oils are being studied for their biological properties and have shown results 

significant to the field of medicine and health care. Aromatherapy is a traditional and most 

popular application of essential oils in this field and utilizes them to treat several diseases. 

Aromatherapy utilizes the antiseptic and skin permeability properties of essential oils. Some 

plants whose essential oils are used in aromatherapy include clary sage, eucalyptus, lavender, 

lemon, peppermint, rosemary, tea tree etc. The utilization of essential oils in aromatherapy 

has been reviewed(Ali et al., 2015). The effect of clove essential oil on memory function has 

also been studied through aromatherapy(Ansariniaki et al., 2022).  The application of 

essential oil to treating skin anomalies(Lee et al., 2022) and dermatological hair 

problems(Abelan et al., 2022) has been studied recently. Anticancer(Sharma et al., 2022b), 

anti-inflammatory(Jaradat et al., 2022), antiaging(Lohani & Verma, 2022), and 

neuroprotective(Rashed et al., 2021) potential of several essential oils have been investigated 

and they can be employed in the formulation of drugs to counter the aforesaid human-related 

problems. 
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6.3 Agriculture 

Essential oils can prove to be beneficial in the field of sustainable agriculture. They have 

shown significant activities against plant pathogens, weeds and a broad spectrum of 

microorganisms in different in vitroand in planta studies carried out(Raveau et al., 2020). 

Due to their remarkable phytotoxic activities,essential oils are suitable candidates for the 

development of novel bio-herbicides(Wan & Rengasamy, 2022). They also have a potential 

role as pesticides to play in integrated pest management and organic farming as they are 

environment-friendly. The biological activities of essential oils have been applied to control 

plant pests and diseases(Basaid et al., 2021). The insecticidal properties of essential oils have 

also been studied(Bravim dos Santos et al., 2021). Essential oils have a potential role in 

extending fruit shelf life by fighting against postharvest pathogens(El Khetabi et al., 2022). 

6.4 Cosmetics and Toiletries 

Essential oils have emerged as natural ingredients in cosmetics and toiletries due to their 

odorous character and beneficial biological properties like antioxidant, anti-inflammatory, 

antimicrobial etc. They have been utilized in the manufacturing of fragrances and perfumes. 

These oils are used as active ingredients or preservatives in various skin and hair care 

products like moisturizers, lotions, cleansers, conditioners etc. The application of essential 

oils and their components in cosmetic products have been properly reviewed 

recently(Guzmán & Lucia, 2021).  

7. Conclusion 

Essential oils can be extracted from different parts of a variety of plants. Aromatic plants like 

spices, flowers, herbs, etc. possessing medicinal properties are chosen for the purpose. The 

extraction process can be properly chosen to maximize the yield. These oils can be utilized in 

their natural form or modified into capsules, bio-active films, etc. for their applicability in 

food preservation. Essential oils and their active agents can act as natural medicine or an 

alternative to commercially available medicines in the treatment of diseases associated with 

pathogens and metabolism. If studied properly the essential oils may prove to have the 

potential to deliver a synergistic effect with the drugs used in the treatment of different 

diseases. If properly explored to their full potential, essential oils can be a boon to 

humankind. 

8. Future prospects 

Owing to the global developments in recent years, the antiviral properties of essential oils can 

be peculiarly studied and applied for prevention and treatment. The use of natural aromatics 

for inhalation and their interaction with the central nervous system is an interesting field and 

can be further explored. Work can still be done to maximize their already existing potential in 

various fields of food preservation, medicine etc. by enhancing their activities through 

molecular size-modification, structural rearrangement of components etc. Despite 

considerable applications, essential oils also showcase some limitations. Firstly, being 

lipophilic they show less to no interaction with the polar moieties. Secondly, due to their high 

volatility and instability, their effects are acute. Another important aspect of essential oils is 

their chemical variability. Being majorly composed of secondary metabolites they are 

considerably affected by external factors which may degrade their quality over time. Recent 

studies have suggested the applicability of nanotechnology in the field of essential oils. 

Preparation of nano formulations of essential oils like nano emulsions, and nano-hydrogels 

not only promote hydrophilicity but also have the potential to mould essential oils into the 

desired frame of applications with enhanced stability and bio interaction. Essential oils can 
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also be encapsulated using nanocontainers and studied for their kinetics and release 

mechanism. Such methods and studies would intensify their biological applications. 

Acknowledgement 

The financial support from the Chhattisgarh Council of Science and Technology (CCOST), 

Raipur (C.G.) is highly acknowledged (1258/CCOST/MRP/2021).  

 

References 

Abadi, A. V. M., Karimi, E., Oskoueian, E., Mohammad, G. R. K. S., and Shafaei, N. (2022). 

Chemical investigation and screening of anti-cancer potential of Syzygium aromaticum L. 

bud (clove) essential oil nanoemulsion. 3 Biotech, 12(2), 1–10. 

https://doi.org/10.1007/S13205-022-03117-2 

Abelan, U. S., de Oliveira, A. C., Cacoci, É. S. P., Martins, T. E. A., Giacon, V. M., Velasco, 

M. V. R., and Lima, C. R. R. de C. (2022). Potential use of essential oils in cosmetic and 

dermatological hair products: A review. Journal of Cosmetic Dermatology, 21(4), 1407–

1418. https://doi.org/10.1111/JOCD.14286 

Akbari, S., Abdurahman, N. H., Yunus, R. M., Alara, O. R., and Abayomi, O. O. (2019). 

Extraction, characterization and antioxidant activity of fenugreek (Trigonella-Foenum 

Graecum) seed oil. Materials Science for Energy Technologies, 2(2), 349–355. 

https://doi.org/10.1016/J.MSET.2018.12.001 

AlGabbani, Q., Shater, A. F., Assiri, R., Assiri, G. A., Assiri, A. A., Makhlof, R. T. M., 

Alsaad, M. A., Alkhalil, S. S., Almuhimed, R. M., Almohaimeed, H. M., and 

AlDughaishem, H. (2023). Differential effects of methanolic extracts of clove, ginger, 

garlic and eucalyptus essential oils on anti-parasitic partitivities of G. lamblia and E. 

histolytica: an in vitro study. Rendiconti Lincei, 34(3), 853–866. 

https://doi.org/10.1007/S12210-023-01173-1 

Ali, B., Al-Wabel, N. A., Shams, S., Ahamad, A., Khan, S. A., and Anwar, F. (2015). 

Essential oils used in aromatherapy: A systemic review. Asian Pacific Journal of Tropical 

Biomedicine, 5(8), 601–611. https://doi.org/10.1016/J.APJTB.2015.05.007 

Angane, M., Swift, S., Huang, K., Butts, C. A., and Quek, S. Y. (2022). Essential Oils and 

Their Major Components: An Updated Review on Antimicrobial Activities, Mechanism 

of Action and Their Potential Application in the Food Industry. Foods, 11(3), 464. 

https://doi.org/10.3390/FOODS11030464 

Ansariniaki, M., Behnam, B., Keyghobady, S., Izadisabet, F., Mirmohammadkhani, M., 

Abdollahi, M., and Soleimani, M. (2022).The effects of aromatherapy with clove 

essential oil on memory function of patients during electroconvulsive therapy: A 

randomized controlled trial. European Journal of Integrative Medicine, 51, 102121. 

https://doi.org/10.1016/J.EUJIM.2022.102121 

Ashokkumar, K., Murugan, M., Dhanya, M. K., Pandian, A., and Warkentin, T. D. (2021). 

Phytochemistry and therapeutic potential of black pepper [Piper nigrum (L.)] essential oil 

and piperine: a review. Clinical Phytoscience,7(1), 1–11. https://doi.org/10.1186/S40816-

021-00292-2 

Ashokkumar, K., Vellaikumar, S., Murugan, M., Dhanya, M. K., Ariharasutharsan, G., 

Aiswarya, S., Akilan, M., Warkentin, T. D., and Karthikeyan, A. (2021). Essential Oil 



 
 

87  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Profile Diversity in Cardamom Accessions From Southern India. Frontiers in Sustainable 

Food Systems, 5, 639619. https://doi.org/10.3389/FSUFS.2021.639619 

Badola, R., Prasad, W., Panjagari, N. R., Singh, R. R. B., Singh, A. K., & Hussain, S. A. 

(2023). Khoa and khoa based traditional dairy products: preparation, spoilage and shelf 

life extension. Journal of Food Science and Technology, 60(4), 1209–1221. 

https://doi.org/10.1007/S13197-022-05355-X 

Basaid, K., Chebli, B., Mayad, E. H., Furze, J. N., Bouharroud, R., Krier, F., Barakate, M., 

and Paulitz, T. (2021). Biological activities of essential oils and lipopeptides applied to 

control plant pests and diseases: a review. International Journal of Pest Management, 

67(2), 155–177. https://doi.org/10.1080/09670874.2019.1707327 

Blesa, J., Trigo-Damas, I., Quiroga-Varela, A., and Jackson-Lewis, V. R. (2015). Oxidative 

stress and Parkinson’s disease. Frontiers in Neuroanatomy, 9(July), 147963. 

https://doi.org/10.3389/FNANA.2015.00091 

Borotová, P., Galovičová, L., Vukovic, N. L., Vukic, M., Tvrdá, E., and Kačániová, M. 

(2022). Chemical and Biological Characterization of Melaleuca alternifolia Essential Oil. 

Plants,11(4), 558. https://doi.org/10.3390/PLANTS11040558 

Bousbia, N., Abert Vian, M., Ferhat, M. A., Petitcolas, E., Meklati, B. Y., and Chemat, F. 

(2009). Comparison of two isolation methods for essential oil from rosemary leaves: 

Hydrodistillation and microwave hydrodiffusion and gravity. Food Chemistry, 114(1), 

355–362. https://doi.org/10.1016/J.FOODCHEM.2008.09.106 

Bravim dos Santos, A. T., Zanuncio Junior, J. S., Parreira, L. A., Pedra de Abreu, K. M., de 

Oliveira Bernardes, C., Romário de Carvalho, J., and Menini, L. (2021). Chemical 

identification and insecticidal effect of Tephrosia vogelii essential oil against Cerosipha 

forbesi in strawberry crop. Crop Protection, 139, 105405. 

https://doi.org/10.1016/J.CROPRO.2020.105405 

Carpena, M., Nuñez-Estevez, B., Soria-Lopez, A., Garcia-Oliveira, P., and Prieto, M. A. 

(2021).Essential Oils and Their Application on Active Packaging Systems: A Review. 

Resources,10(1), 7. https://doi.org/10.3390/RESOURCES10010007 

Ciocarlan, A., Lupascu, L., Aricu, A., Dragalin, I., Popescu, V., Geana, E. I., Ionete, R. E., 

Vornicu, N., Duliu, O. G., Hristozova, G., and Zinicovscaia, I. (2021). Chemical 

Composition and Assessment of Antimicrobial Activity of Lavender Essential Oil and 

Some By-Products. Plants, 10(9), 1829. https://doi.org/10.3390/PLANTS10091829 

Cipriani, G., Dolciotti, C., Picchi, L., and Bonuccelli, U. (2011). Alzheimer and his disease: 

A brief history. Neurological Sciences, 32(2), 275–279. https://doi.org/10.1007/S10072-

010-0454-7 

Costa, R., Fina, M. R. De, Valentino, M. R., Dugo, P., and Mondello, L. (2007). Reliable 

Identification of Terpenoids and Related Compounds by using Linear Retention Indices 

Interactively with Mass Spectrometry Search. Natural Product Communications, 2(4), 

413–418. https://doi.org/10.1177/1934578X0700200412 

da Silva, W. M. F., Kringel, D. H., de Souza, E. J. D., da Rosa Zavareze, E., and Dias, A. R. 

G. (2021). Basil Essential Oil: Methods of Extraction, Chemical Composition, Biological 

Activities, and Food Applications. Food and Bioprocess Technology, 15(1), 1–27. 

https://doi.org/10.1007/S11947-021-02690-3 

El Kharraf, S., El-Guendouz, S., Farah, A., Bennani, B., Mateus, M. C., El Hadrami, E. M., 

and Miguel, M. G. (2021). Hydrodistillation and simultaneous hydrodistillation-steam 



 
 

88  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

distillation of Rosmarinus officinalis and Origanum compactum: Antioxidant, anti-

inflammatory, and antibacterial effect of the essential oils. Industrial Crops and Products, 

168, 113591. https://doi.org/10.1016/J.INDCROP.2021.113591 

El Khetabi, A., Lahlali, R., Ezrari, S., Radouane, N., Lyousfi, N., Banani, H., Askarne, L., 

Tahiri, A., El Ghadraoui, L., Belmalha, S., and Barka, E. A. (2022). Role of plant extracts 

and essential oils in fighting against postharvest fruit pathogens and extending fruit shelf 

life: A review. Trends in Food Science & Technology, 120, 402–417. 

https://doi.org/10.1016/J.TIFS.2022.01.009 

Elyemni, M., Louaste, B., Nechad, I., Elkamli, T., Bouia, A., Taleb, M., Chaouch, M., and 

Eloutassi, N. (2019). Extraction of Essential Oils of Rosmarinus officinalis L. by Two 

Different Methods: Hydrodistillation and Microwave Assisted Hydrodistillation. 

Scientific World Journal,  https://doi.org/10.1155/2019/3659432 

Foudah, A. I., Alqarni, M. H., Alam, A., Salkini, M. A., Ross, S. A., and Yusufoglu, H. S. 

(2022). Phytochemical Screening, In Vitro and In Silico Studies of Volatile Compounds 

from Petroselinum crispum (Mill) Leaves Grown in Saudi Arabia. Molecules, 27(3), 934. 

https://doi.org/10.3390/MOLECULES27030934 

Garzoli, S. (2023). Chemical Composition and Antimicrobial Activity of Essential Oils. 

Plants, 12(4), 800. https://doi.org/10.3390/PLANTS12040800 

Ghafarifarsani, H., Hoseinifar, S. H., Javahery, S., Yazici, M., and Van Doan, H. (2022). 

Growth performance, biochemical parameters, and digestive enzymes in common carp 

(Cyprinus carpio) fed experimental diets supplemented with vitamin C, thyme essential 

oil, and quercetin. Italian Journal of Animal Science, 21(1), 291–302. 

https://doi.org/10.1080/1828051X.2021.1965923 

Guzmán, E., and Lucia, A. (2021). Essential Oils and Their Individual Components in 

Cosmetic Products. Cosmetics, 8(4), 114. https://doi.org/10.3390/COSMETICS8040114 

Head, E. (2008). Oxidative Damage and Cognitive Dysfunction: Antioxidant Treatments to 

Promote Healthy Brain Aging. Neurochemical Research, 34(4), 670–678. 

https://doi.org/10.1007/S11064-008-9808-4 

Hussain, M. A., Sumon, T. A., Mazumder, S. K., Ali, M. M., Jang, W. J., Abualreesh, M. H., 

Sharifuzzaman, S. M., Brown, C. L., Lee, H. T., Lee, E. W., and Hasan, M. T. (2021). 

Essential oils and chitosan as alternatives to chemical preservatives for fish and fisheries 

products: A review. Food Control, 129, 108244. 

https://doi.org/10.1016/J.FOODCONT.2021.108244 

Ilić, Z. S., Milenković, L., Tmušić, N., Stanojević, L., Stanojević, J., and Cvetković, D. 

(2022). Essential oils content, composition and antioxidant activity of lemon balm, mint 

and sweet basil from Serbia. LWT, 153, 112210. 

https://doi.org/10.1016/J.LWT.2021.112210 

Jacob, J. N., Badyal, D. K., and Bala, S. (2013). Evaluation of the In Vivo Anti-Inflammatory 

and Analgesic Activity of a Highly Water-Soluble Aspirin Conjugate. Basic & Clinical 

Pharmacology & Toxicology, 112(3), 171–174. https://doi.org/10.1111/BCPT.12006 

Jain, S. K. (2006). Superoxide dismutase overexpression and cellular oxidative damage in 

diabetes: A commentary on “Overexpression of mitochondrial superoxide dismutase in 

mice protects the retina from diabetes-induced oxidative stress.” Free Radical Biology 

and Medicine, 41(8),1187–1190. 

https://doi.org/10.1016/J.FREERADBIOMED.2006.07.017 



 
 

89  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Jaradat, N., Qneibi, M., Hawash, M., Al-Maharik, N., Qadi, M., Abualhasan, M. N., Ayesh, 

O., Bsharat, J., Khadir, M., Morshed, R., Yaaqbeh, S., Marei, S., Hamayel, S., Mousa, A., 

Daqqa, M., and Bdir, S. (2022). Assessing Artemisia arborescens essential oil 

compositions, antimicrobial, cytotoxic, anti-inflammatory, and neuroprotective effects 

gathered from two geographic locations in Palestine. Industrial Crops and Products, 176, 

114360. https://doi.org/10.1016/J.INDCROP.2021.114360 

Joshi, P., Joshi, S., Semwal, D. K., Bisht, A., Sharma, S., and Dwivedi, J. (2021). Chemical 

composition, antioxidative and antimicrobial activities of turmeric spent oleoresin. 

Industrial Crops and Products, 162, 113278. 

https://doi.org/10.1016/J.INDCROP.2021.113278 

Ju, J., Xie, Y., Guo, Y., Cheng, Y., Qian, H., and Yao, W. (2019). Application of edible 

coating with essential oil in food preservation. Critical Reviews in Food Science and 

Nutrition, 59(15), 2467–2480. https://doi.org/10.1080/10408398.2018.1456402 

Kačániová, M., Galovičová, L., Valková, V., Ďuranová, H., Štefániková, J., Čmiková, N., 

Vukic, M., Vukovic, N. L., and Kowalczewski, P. Ł. (2022). Chemical Composition, 

Antioxidant, In Vitro and In Situ Antimicrobial, Antibiofilm, and Anti-Insect Activity of 

Cedar atlantica Essential Oil. Plants 2022, 11(3), 358. 

https://doi.org/10.3390/PLANTS11030358 

Kalhoro, M. T., Zhang, H., Kalhoro, G. M., Wang, F., Chen, T., Faqir, Y., and Nabi, F. 

(2022). Fungicidal properties of ginger (Zingiber officinale) essential oils against 

Phytophthora colocasiae. Scientific Reports, 12(1), 1–10. https://doi.org/10.1038/s41598-

022-06321-5 

Kamli, M. R., Sharaf, A. A. M., Sabir, J. S. M., and Rather, I. A. (2022). Phytochemical 

Screening of Rosmarinus officinalis L. as a Potential Anticholinesterase and Antioxidant–

Medicinal Plant for Cognitive Decline Disorders. Plants, 11(4), 514. 

https://doi.org/10.3390/PLANTS11040514/S1 

Korytár, P., Janssen, H. G., Matisová, E., and Brinkman, U. A. T. (2002). Practical fast gas 

chromatography: methods, instrumentation and applications. TrAC Trends in Analytical 

Chemistry, 21(9–10), 558–572. https://doi.org/10.1016/S0165-9936(02)00811-7 

Le, N. V., Sam, L. N., Huong, L. T., and Ogunwande, I. A. (2022). Chemical Compositions 

of Essential Oils and Antimicrobial Activity of Piper albispicum C. DC. from Vietnam. 

Journal of Essential OilBearing Plants, 25(1), 82–92. 

https://doi.org/10.1080/0972060X.2022.2032840 

Lee, S. H., Chow, P. S., and Yagnik, C. K. (2022). Developing Eco-Friendly Skin Care 

Formulations with Microemulsions of Essential Oil. Cosmetics, 9(2), 30. 

https://doi.org/10.3390/COSMETICS9020030 

Lohani, A., and Verma, A. (2022).Lipid vesicles: potential nanocarriers for the delivery of 

essential oils to combat skin aging. Nanotechnology for the Preparation of Cosmetics 

Using Plant-Based Extracts, 131–156. https://doi.org/10.1016/B978-0-12-822967-

5.00006-0 

Maleki, G., Woltering, E. J., and Mozafari, M. R. (2022). Applications of chitosan-based 

carrier as an encapsulating agent in food industry. Trends in Food Science & Technology, 

120, 88–99. https://doi.org/10.1016/J.TIFS.2022.01.001 

Masango, P. (2005).Cleaner production of essential oils by steam distillation. Journal of 

Cleaner Production, 13(8), 833–839. https://doi.org/10.1016/J.JCLEPRO.2004.02.039 



 
 

90  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Mazzara, E., Scortichini, S., Fiorini, D., Maggi, F., Petrelli, R., Cappellacci, L., Morgese, G., 

Morshedloo, M. R., Palmieri, G. F., and Cespi, M. (2021).A design of experiment (Doe) 

approach to model the yield and chemical composition of ajowan (trachyspermum ammi 

l.) essential oil obtained by microwave-assisted extraction. Pharmaceuticals, 14(8), 816. 

https://doi.org/10.3390/PH14080816 

Mohamad, N., Mazlan, M. M., Tawakkal, I. S. M. A., Talib, R. A., Kian, L. K., and Jawaid, 

M. (2022). Characterization of Active Polybutylene Succinate Films Filled Essential Oils 

for Food Packaging Application. Journal of Polymers and the Environment, 30(2), 585–

596. https://doi.org/10.1007/S10924-021-02198 

Mukurumbira, A. R., Shellie, R. A., Keast, R., Palombo, E. A., and Jadhav, S. R. 

(2022).Encapsulation of essential oils and their application in antimicrobial active 

packaging. Food Control, 136, 108883. 

https://doi.org/10.1016/J.FOODCONT.2022.108883 

Nakaizumi, K., Ouchi, Y., Terada, T., Yoshikawa, E., Kakimoto, A., Isobe, T., Bunai, T., 

Yokokura, M., Suzuki, K., and Magata, Y. (2018). In vivo Depiction of α7 Nicotinic 

Receptor Loss for Cognitive Decline in Alzheimer’s Disease. Journal of Alzheimer’s 

Disease, 61(4), 1355–1365. https://doi.org/10.3233/JAD-170591 

Nikolic, V., Nikolic, L., Dinic, A., Gajic, I., Urosevic, M., Stanojevic, L., Stanojevic, J., and 

Danilovic, B. (2021). Chemical Composition, Antioxidant and Antimicrobial Activity of 

Nutmeg (Myristica fragrans Houtt.) Seed Essential Oil. Journal of Essential Oil Bearing 

Plants, 24(2), 218–227. https://doi.org/10.1080/0972060X.2021.1907230 

Ordoudi, S. A., Papapostolou, M., Nenadis, N., Mantzouridou, F. T., and Tsimidou, M. Z. 

(2022). Bay Laurel (Laurus nobilis L.) Essential Oil as a Food Preservative Source: 

Chemistry, Quality Control, Activity Assessment, and Applications to Olive Industry 

Products. Foods, 11(5), 752. https://doi.org/10.3390/FOODS11050752 

Padilla-Camberos, E., Sanchez-Hernandez, I. M., Torres-Gonzalez, O. R., Gallegos-Ortiz, M. 

del R., Méndez-Mona, A. L., Baez-Moratilla, P., and Flores-Fernandez, J. M. (2022). 

Natural essential oil mix of sweet orange peel, cumin, and allspice elicits anti-

inflammatory activity and pharmacological safety similar to non-steroidal anti-

inflammatory drugs. Saudi Journal of Biological Sciences, 29(5), 3830–3837. 

https://doi.org/10.1016/J.SJBS.2022.03.002 

Pandey, V. K., Islam, R. U., Shams, R., and Dar, A. H. (2022). A comprehensive review on 

the application of essential oils as bioactive compounds in Nano-emulsion based edible 

coatings of fruits and vegetables. Applied Food Research, 2(1), 100042. 

https://doi.org/10.1016/J.AFRES.2022.100042 

Pandur, E., Balatinácz, A., Micalizzi, G., Mondello, L., Horváth, A., Sipos, K., and Horváth, 

G. (2021). Anti-inflammatory effect of lavender (Lavandula angustifolia Mill.) essential 

oil prepared during different plant phenophases on THP-1 macrophages. BMC 

Complementary Medicine and Therapies, 21(1), 1–17. https://doi.org/10.1186/S12906-

021-03461-5 

Paz-Elizur, T., Sevilya, Z., Leitner-Dagan, Y., Elinger, D., Roisman, L. C., and Livneh, Z. 

(2008). DNA repair of oxidative DNA damage in human carcinogenesis: Potential 

application for cancer risk assessment and prevention. Cancer Letters, 266(1), 60–72. 

https://doi.org/10.1016/J.CANLET.2008.02.032 

Pérez-Vázquez, M. A. K., Pacheco-Hernández, Y., Lozoya-Gloria, E., Mosso-González, C., 

Ramírez-García, S. A., Romero-Arenas, O., and Villa-Ruano, N. (2022). Peppermint 



 
 

91  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Essential Oil and Its Major Volatiles as Protective Agents against Soft Rot Caused by 

Fusarium sambucinum in Cera Pepper (Capsicum pubescens). Chemistry and 

Biodiversity, 19(1).https://doi.org/10.1002/CBDV.202100835 

Radünz, M., Mota Camargo, T., Santos Hackbart, H. C. dos, Inchauspe Correa Alves, P., 

Radünz, A. L., Avila Gandra, E., and da Rosa Zavareze, E. (2021). Chemical composition 

and in vitro antioxidant and antihyperglycemic activities of clove, thyme, oregano, and 

sweet orange essential oils. LWT, 138, 110632. 

https://doi.org/10.1016/J.LWT.2020.110632 

Raghavendra, N. R., and Mahesh, H. B. (2022). Sandalwood Essential Oil and Its Phyto-

Chemistry. 83–88. https://doi.org/10.1007/978-3-030-93394-4 

Rahman, M., Islam, R., Hasan, S., Zzaman, W., Rana, M. R., Ahmed, S., Roy, M., Sayem, 

A., Matin, A., Raposo, A., Zandonadi, R. P., Botelho, R. B. A., and Sunny, A. R. (2022). 

A Comprehensive Review on Bio-Preservation of Bread: An Approach to Adopt 

Wholesome Strategies. Foods, 11(3), 319. https://doi.org/10.3390/FOODS11030319 

Raina, K., Kumari, R., Thakur, P., Sharma, R., Singh, R., Thakur, A., Anand, V., Sharma, R., 

and Chaudhary, A. (2023). Mechanistic role and potential of Ayurvedic herbs as anti-

aging therapies. Drug Metabolism and Personalized Therapy. 

https://doi.org/10.1515/DMDI-2023-0024 

Rasgele, P. G., and Altin, N. (2023). Characterization of Essential Oils from Medicinal Plants 

and Assessment of Their Antimutagenic Effects Using Ames Salmonella/Microsomal 

Test. Proceedings of the Bulgarian Academy of Sciences, 76(2), 192–202. 

https://doi.org/10.7546/CRABS.2023.02.03 

Rashed, A. A., Rahman, A. Z. A., and Rathi, D. N. G. (2021). Essential Oils as a Potential 

Neuroprotective Remedy for Age-Related Neurodegenerative Diseases: A Review. 

Molecules, 26(4), 1107. https://doi.org/10.3390/MOLECULES26041107 

Raveau, R., Fontaine, J., and Lounès-Hadj Sahraoui, A. (2020). Essential Oils as Potential 

Alternative Biocontrol Products against Plant Pathogens and Weeds: A Review. Foods, 

9(3), 365. https://doi.org/10.3390/FOODS9030365 

Raveau, R., Fontaine, J., Verdin, A., Mistrulli, L., Laruelle, F., Fourmentin, S., and Sahraoui, 

A. L. H. (2021). Chemical Composition, Antioxidant and Anti-Inflammatory Activities of 

Clary Sage and Coriander Essential Oils Produced on Polluted and Amended Soils-

Phytomanagement Approach. Molecules, 26(17), 5321. 

https://doi.org/10.3390/MOLECULES26175321 

Ray, A., Mohanty, S., Jena, S., Sahoo, A., Acharya, L., Panda, P. C., Sial, P., Duraisamy, P., 

and Nayak, S. (2022). Drying methods affects physicochemical characteristics, essential 

oil yield and volatile composition of turmeric (Curcuma longa L.). Journal of Applied 

Research on Medicinal and Aromatic Plants, 26, 100357. 

https://doi.org/10.1016/J.JARMAP.2021.100357 

Sabzi Nojadeh, M., Pouresmaeil, M., Younessi-Hamzekhanlu, M., and Venditti, A. (2021). 

Phytochemical profile of fennel essential oils and possible applications for natural 

antioxidant and controlling Convolvulus arvensis L. Natural Product Research, 35(21), 

4164–4168. https://doi.org/10.1080/14786419.2020.1741580 

Selkoe, D. J. (2001). Alzheimer’s disease results from the cerebral accumulation and 

cytotoxicity of amyloid beta-protein. Journal of Alzheimer’s Disease: JAD, 3(1), 75–81. 

https://doi.org/10.3233/JAD-2001-3111 



 
 

92  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Shahidi, F., and Hossain, A. (2022). Preservation of aquatic food using edible films and 

coatings containing essential oils: a review. Critical Reviews in Food Science and 

Nutrition, 62(1), 66–105. https://doi.org/10.1080/10408398.2020.1812048 

Sharifi, A., Hamidi-Esfahani, Z., Ahmadi Gavlighi, H., and Saberian, H. (2022). Assisted 

ohmic heating extraction of pectin from pomegranate peel. Chemical Engineering and 

Processing - Process Intensification, 172, 108760. 

https://doi.org/10.1016/J.CEP.2021.108760 

Sharma, M., Grewal, K., Jandrotia, R., Batish, D. R., Singh, H. P., and Kohli, R. K. (2022a). 

Essential oils as anticancer agents: Potential role in malignancies, drug delivery 

mechanisms, and immune system enhancement. Biomedicine & Pharmacotherapy, 146, 

112514. https://doi.org/10.1016/J.BIOPHA.2021.112514 

Sharma, M., Grewal, K., Jandrotia, R., Batish, D. R., Singh, H. P., and Kohli, R. K. (2022b). 

Essential oils as anticancer agents: Potential role in malignancies, drug delivery 

mechanisms, and immune system enhancement. Biomedicine & Pharmacotherapy, 146, 

112514. https://doi.org/10.1016/J.BIOPHA.2021.112514 

Smaoui, S., Ben Hlima, H., Tavares, L., Ennouri, K., Ben Braiek, O., Mellouli, L., Abdelkafi, 

S., and Mousavi Khaneghah, A. (2022). Application of essential oils in meat packaging: 

A systemic review of recent literature. Food Control, 132, 108566. 

https://doi.org/10.1016/J.FOODCONT.2021.108566 

Sneha, K., Narayanankutty, A., Job, J. T., Olatunji, O. J., Alfarhan, A., Famurewa, A. C., and 

Ramesh, V. (2022). Antimicrobial and Larvicidal Activities of Different Ocimum 

Essential Oils Extracted by Ultrasound-Assisted Hydrodistillation. Molecules, 27(5), 

1456. https://doi.org/10.3390/MOLECULES27051456 

Stevens, N., and Allred, K. (2022). Antidiabetic Potential of Volatile Cinnamon Oil: A 

Review and Exploration of Mechanisms Using In Silico Molecular Docking Simulations. 

Molecules, 27(3), 853. https://doi.org/10.3390/MOLECULES27030853 

Sweeney, M. D., Sagare, A. P., and Zlokovic, B. V. (2018). Blood–brain barrier breakdown 

in Alzheimer disease and other neurodegenerative disorders. Nature Reviews Neurology, 

14(3), 133–150. https://doi.org/10.1038/nrneurol.2017.188 

Tajkarimi, M. M., Ibrahim, S. A., and Cliver, D. O. (2010). Antimicrobial herb and spice 

compounds in food. Food Control, 21(9), 1199–1218. 

https://doi.org/10.1016/J.FOODCONT.2010.02.003 

Teles, A. M., Silva-Silva, J. V., Fernandes, J. M. P., Calabrese, K. da S., Abreu-Silva, A. L., 

Marinho, S. C., Mouchrek, A. N., Filho, V. E. M., and Almeida-Souza, F. (2020). Aniba 

rosaeodora (Var. amazonica Ducke) Essential Oil: Chemical Composition, Antibacterial, 

Antioxidant and Antitrypanosomal Activity. Antibiotics, 10(1), 24. 

https://doi.org/10.3390/ANTIBIOTICS10010024 

Tit, D. M., and Bungau, S. G. (2023). Antioxidant Activity of Essential Oils. Antioxidants, 

12(2), 383. https://doi.org/10.3390/ANTIOX12020383 

Todd, J. F. J. (1995). Recommendations for nomenclature and symbolism for mass 

spectroscopy. International Journal of Mass Spectrometry and Ion Processes, 142(3), 

209–240. https://doi.org/10.1016/0168-1176(95)93811 

Tongnuanchan, P., and Benjakul, S. (2014). Essential Oils: Extraction, Bioactivities, and 

Their Uses for Food Preservation. Journal of Food Science, 79(7), R1231–R1249. 

https://doi.org/10.1111/1750-3841.12492 



 
 

93  DOI: 10.52228/JRUB.2023-36-2-6 
 

 

Journal of Ravishankar University, Part – B, 36(2), (2023) 

Wan, C., and Rengasamy, K. R. R. (2022). Editorial: Application of Plant Natural Products 

and New Emerging Technologies for the Postharvest Storage of Fruits. Frontiers in 

Nutrition, 9, 884438. https://doi.org/10.3389/FNUT.2022.884438 

Wang, X., Shen, Y., Thakur, K., Han, J., Zhang, J. G., Hu, F., and Wei, Z. J. (2020). 

Antibacterial Activity and Mechanism of Ginger Essential Oil against Escherichia coli 

and Staphylococcus aureus. Molecules, 25(17), 3955. 

https://doi.org/10.3390/MOLECULES25173955 

Yang, T., Qin, W., Zhang, Q., Luo, J., Lin, D., and Chen, H. (2023). Essential-oil capsule 

preparation and its application in food preservation: A review. Food Reviews 

International, 39(7), 4124–4158. https://doi.org/10.1080/87559129.2021.2021934 

Yoo, J. H., Baek, K. H., Heo, Y. S., Yong, H. I., and Jo, C. (2021). Synergistic bactericidal 

effect of clove oil and encapsulated atmospheric pressure plasma against Escherichia coli 

O157:H7 and Staphylococcus aureus and its mechanism of action. Food Microbiology, 

93, 103611. https://doi.org/10.1016/J.FM.2020.103611 

Yu, C. Y., Zhang, J. F., and Wang, T. (2021). Star anise essential oil：chemical compounds, 

antifungal and antioxidant activities: a review. Journal of Essential Oil Research, 33(1), 

1–22. https://doi.org/10.1080/10412905.2020.1813213 

Zhao, Q., Zhu, L., Wang, S., Gao, Y., and Jin, F. (2023). Molecular mechanism of the anti-

inflammatory effects of plant essential oils: A systematic review. Journal of 

Ethnopharmacology, 301, 115829. https://doi.org/10.1016/J.JEP.2022.115829 

 

  

 

 

 

 

 

 

 

 

 
 


























































































	1.pdf (p.1-10)
	3.pdf (p.11-45)
	Antibacterial Activity of CdTeZnS Quantum Dot-β Lactum Antibiotic Conjugates
	Abstract
	Introduction
	Experimental Section
	Materials
	Synthesis of CdTeZnS CoreShell Quantum Dots
	Conjugation of Antibiotics with CdTeZnS CoreShell Quantum Dots
	Characterization
	Antibacterial Activity
	Well Diffusion Method
	Broth Dilution Method


	Results and Discussion
	Spectral Characterization of CdTeZnS QDs and CdTeZnS QDs Antibiotic Conjugates
	Antibacterial Activity Tests

	Conclusions
	Acknowledgment 
	References

	Chitosan decorated magnetic nanobiocatalyst of Bacillus derived α-amylase as a role model for starchy wastewater treatment, ...
	1 Introduction

	Biovalorizing agro-waste ‘de-oiled rice bran’ for thermostable, alkalophilic and detergent stable α-amylase production with ...
	1 Introduction


	6.pdf (p.46-93)
	7.1.pdf (p.94-96)
	7.2.pdf (p.97-99)
	7.3.pdf (p.100-105)
	7.4.pdf (p.106-115)
	7.7.pdf (p.116-120)
	7.8.pdf (p.121-134)
	7.9.pdf (p.135-136)
	7.10.pdf (p.137)
	7.11.pdf (p.138-156)
	9.pdf (p.157-162)
	10.pdf (p.163-166)
	12.pdf (p.167-168)
	13.1.pdf (p.169-171)
	13.2.pdf (p.172-174)
	13.3.pdf (p.175-176)
	13.4.pdf (p.177-178)
	13.5.pdf (p.179-182)
	13.6.pdf (p.183-185)
	13.7.pdf (p.186-187)
	13.8.pdf (p.188)
	INTRODUCTION

	13.9.pdf (p.189)
	INTRODUCTION

	13.10.pdf (p.190)
	13.11.pdf (p.191-194)
	13.12.pdf (p.195-197)
	18.1.pdf (p.198-205)
	18.2.pdf (p.206-213)
	18.3.pdf (p.214-233)
	19.1.pdf (p.234)
	19.2.pdf (p.235-258)
	21.pdf (p.259-306)
	23.pdf (p.307-308)
	24.1.pdf (p.309-313)
	24.2.pdf (p.314-321)
	24.3.pdf (p.322-329)
	25.pdf (p.330-500)


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

