Int.J.Curr.Microbiol. App.Sci (2026) Special Issue-13: 435-449

International Journal of Current Microbiology and Applied Sciences

ISSN: 2319-7706 Special Issue-13 [October-2026]

EXEE RN
PUBLISHERS

Original Research Article

Journal homepage: http://www.ijcmas.com

https://doi.org/10.20546/ijcmas.2026.sp13.045

Enhancing the Potentials of Custard Apple By-Products via
Submerged Fermentation with Trichoderma viride

R. Aaliya Begum'®' and A. Pushparani

Department of Microbiology, Valliammal College for Women, Chennai, Tamil Nadu, India

*Corresponding author

ABSTRACT

Keywords

Annona squamosa;
custard apple; food
by-products;
submerged
fermentation;
Trichoderma viride;
bioactive compounds

Article Info

Received:

22 August 2026
Accepted:

30 September 2026
Available Online:
10 October 2026

Food-processing by-products are nutrient-rich materials that can be converted into value-added
products through microbial fermentation. The present study investigated the valorization of
custard apple (Annona squamosa) seed and peel by-products through submerged fermentation
using Trichoderma viride MTCC 793. Custard apple seeds and peels were collected separately,
pretreated by autoclaving, and inoculated with 1% T. viride culture followed by fermentation
for 3—4 days at 28°C. The fermented media were filtered, extracted with dimethyl sulfoxide, and
concentrated. The extracts were evaluated qualitatively for phytochemicals and in vitro for
antioxidant, anti-inflammatory, antimicrobial, anticancer and antidiabetic activities. Alkaloids,
tannins, steroids, proteins, terpenoids and carbohydrates were detected in both extracts, while
flavonoids, saponins and anthraquinones were not detected; phenols were detected in the seed
extract but not in the peel extract. At 1000 pg/ml, DPPH radical-scavenging activity was
73.28% for seed and 75.98% for peel extracts. Protein-denaturation inhibition at 100 pg/ml was
46.61% and 45.63%, respectively. Antibacterial and antifungal assays showed concentration-
dependent inhibition against the tested organisms. In the MTT assay against MCF-7 cells, the
reported IC50 values were 53.29 for seed extract and 53.41 for peel extract. At 100 ug/ml, a-
amylase inhibition was 92.12% for seed and 89.09% for peel, while a-glucosidase inhibition
was 71.23% and 71.91%, respectively. These findings indicate that fermented custard apple by-
products contain measurable phytochemical constituents and exhibit several in vitro
bioactivities, supporting their further investigation as substrates for value-added bioproduct
development.

Introduction

The food industry currently generates a significant
number of by-products, which are typically disposed of.
While some of these by-products find re-use as animal
feed or energy fuel, their economic value remains
relatively low. Survey suggests that the agri-food
industry produces 88 million tons of by-products,

incurring a cost of 143,000 million euros (Stenmarck et
al., 2016). These by-products can potentially convert into
various high-value compounds, including biofuels and
bioactive substances (Ng et al., 2020).

The agricultural and food-processing wastes are usually
rich in carbon and nitrogen sources such as
carbohydrates, proteins and lipids which are the excellent
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industrial feedstock’s for the bioconversion of high value
bio-products such as biofuel, enzymes, probiotics,
bioactive compounds or even biodegradable plastics via
different optimized bioprocesses. (Maina et al., 2017).

Plant secondary metabolites, such as polyphenols, are
valuable due to their benefits to human health (Haminiuk
etal., 2012).

Taxonomic rank of A. squamosa: Kingdom Plantae
Subkingdom Tracheobionta (Vascular plants) Division
Magnoliophyta (Flowering plants) Class Magnoliopsida
(Dicotyledons) Family Annonaceae (Custard apple
family) Genus Annona Species squamosa (Sugar apple)
(Gupta et al, 2011) Custard apple is a delicious fruit
relished by many for table purposes, as it has a pleasant
flavor, mild aroma, and sweet taste. (Pilania et al., 2010).

Since ancient times, A. squamosa has been utilized in
folk medicines and various other applications, including
food product development. For instance, fruit pulp serves
as a juice or a flavoring agent. Custard apple industrial
processing units currently generate significant amounts
of seeds, peels, or seed coats. (Tamang et al., 2021)

Compared to other fruits, custard apple fruit contains
significant quantities of vitamin C, thiamin, potassium,
magnesium, and dietary fiber. The calorific value is high
(300-450 kJ per 100 g) and is almost double that of
peach, orange, and apple (Leung and Flores 1961;
Wenkam 1990; Janick and Paull 2006).

Custard apple is also a source of medicinal and industrial
products. It also exhibits certain significant properties
like antioxidants, anti-diabetic, hepatoprotective,
cytotoxic activity, gene- toxicity, antitumor activity and
as an anti-lice agent (Pandey and Barve 2011). Notably,
annonaceous acetogenins derived from custard apple
seeds exhibit antitumor and anticancer properties (Imadi
etal., 2018).

A. squamosa (custard apple) seed extracts in the
treatment of various cancers, including liver cancer,
prostate cancer, cervical cancer, pancreatic cancer, and
more (Chen 2011; Fareed and Ali 2022). The diverse
biological activities attributed to 4.squamosa seed extract
primarily stem for the presence of phenolic compounds,
alkaloids, peptides, amino acids, sterols, tannins,
flavonoids, polysaccharides, and tocopherols (Ben-
Othman et al., 2022; Ahmed et al., 2021).

Fermentation is the biological process of converting
complex substrates into simple compounds by various
microorganisms such as bacteria and fungi. During this
metabolic breakdown, these microorganisms also release
several additional compounds, in addition to the typical
fermentation products like carbon dioxide and alcohol.
These extra compounds are known as secondary
metabolites. Secondary metabolites encompass a wide
range of substances, from antibiotics to peptides,
enzymes, and growth factors (Balakrishnan and Pandey
1996; Machado ef al., 2004; Robinson ef al., 2001). They
are often referred to as 'bioactive compounds' due to their
possession of biological activity. Researchers are
currently demonstrating the industrial and economic
significance of several of these secondary metabolites.

Fermentation is also a valid and successful technology
for producing compounds that inhibit the growth of
foodborne microorganisms. It serves as a traditional
method for food processing, extending shelf life, and
simultaneously enhancing organoleptic properties. (Ricci
et al, 2019; Kothari et al., 2020; Liu et al., 2018) and is
gaining importance in research related to nutrition and
health because, through fermentation, bioactive
compounds such as antioxidant compounds, are produced
(Hur et al., 2014) and also piques interest at an industrial
level to obtain the desired compounds from reusable
waste. In this way, it contributes to protecting the
environment by reducing the environmental impact
caused by these wastes. (Martin ef al., 2011)

Currently, the fermentation process employs two
different strategies based on the type of substrate:
submerged fermentation or solid-state fermentation.

The first type of fermentation is solid state fermentation
(SSF). It uses a solid substrate in the absence of water
and fermenting microorganisms grow on it (Thomas et
al., 2013). The other method is submerged fermentation
(SmF). In this process, a liquid substrate or water is
added to a solid substrate to facilitate fermentation
(Doriya et al., 2016). The bioactive compounds produced
by microorganisms during fermentation are secreted into
the liquid medium. Therefore, SmF is commonly used to
produce secondary metabolites (Subramaniyam and
Vimala 2012).

Zhang et al., 2017 uses shrimp by-products as a substrate
to obtain chitin and chitosan through SmF. Mucor sp.
strains are producing gamma-linolenic acid and beta-
carotene after fermenting agro-industrial waste (such as
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brans, spent malt grains, distiller grains, etc.) through
SmF (Klempova et al., 2020) Submerged fermentation
remains an effective process for producing mycelial
biomass and bioactive compounds, particularly exo-
polysaccharides.

Submerged cultures emerge as a promising alternative,
offering speed, cost-effectiveness, ease of control, and
freedom from heavy metal contamination. Numerous
medicinal mushroom polysaccharides are currently
undergoing commercial production through submerged
culture. (Chandra & Ohga, 2006; Fan et al., 2007; Gao &
Gu 2007)

Trichoderma has garnered global attention for its
biological process in combating pathogenic fungi and
promoting plant growth. Species within the Trichoderma
genus demonstrate the capability to alleviate the severity
of plant diseases by effectively inhibiting plant pathogens
through their potent antagonistic and mycoparasitic
activities.

Taxonomic rank of Trichoderma: Kingdom: Fungi
Phylum: Ascomycota Class: Ascomycetes Order:
Hypocreales Family: Hypocreaceae Genus: Trichoderma
Trichoderma, a filamentous, asexually spore-producing
ascomycetic  fungus  belonging to the class
Deuteromycetes, is widespread. Trichoderma viride,
among numerous mold species, is nearly ubiquitous in
various soil types, making it one of the most prevalent
and culturable fungi (Butt ef al., 2001). Highly valuable
for industrial purposes and biocontrol, Trichoderma
exhibits minimal host specificity, readily colonizing a
wide range of plants. Extensively researched and
commonly utilized, it serves as a vital biological control
agent in agriculture, offering alternative products to
synthetic agro-chemicals. (Samuels J Gary 2006)

Trichoderma species are commonly found thriving in soil
and various substrates like wood, bark, and other fungi,
showcasing their remarkable opportunistic abilities and
adaptability to diverse ecological conditions (Druzhinina
et al., 2011). These characteristics render the genus
valuable for numerous biotechnological applications
(Esposito and Silva 1998). Trichoderma strains exhibit a
diverse range of secondary metabolite production,
showcasing  significant versatility and potential
applications in the medicinal field. Particularly,
Trichoderma viride emerges as an abundant source of
antibiotics through the transformation of acetaldehydes
gliotoxin and viridin into alpha-pyrones. This highlights

the inexhaustible potential of Trichoderma viride in
contributing to antibiotic production with promising
implications for medicinal applications Fermentation is a
useful tool for obtaining antioxidant and antifungal
compounds. In addition, by- products from the food
industry can be used for this process, making the process
more sustainable, giving added value to these by-
products, and reducing their environmental impact. With
this idea, the present study was carried out to valorize the
custard apple by-product by fermentation using
Trichoderma viride.

Materials and Methods

Sample collection: Custard apples were purchased from
the market and washed thoroughly to remove dirt and
other debris. The samples were obtained by removing
seeds (sample 1) and peels (sample 2) from the custard

apple.

Preparation and pretreatment of samples: Custard
apple peel weighed around 35.05g and the seeds weighed
18g. The two samples were sterilized by autoclaving at
121°C for 20 minutes in 100 ml distilled water separately

Collection and maintenance of standard strain: The
Standard strains of Trichoderma viride MTCC 793 were
collected for the fermentation process. They were
maintained on Sabouraud Dextrose Agar (SD) slants. The
strain was inoculated in SD broth with pH 5.8 for
fermentation (Alhassan et al, 2018) and stored for
further usage.

Fermentation and filtration process for bioactive
compounds production: The two samples were
inoculated with 1% microbial culture of Trichoderma
viride separately in 500 ml Erlenmeyer conical flask and
allowed for fermentation for 3-4 days at 28°C. The
fermented samples were filtered using filter paper.

Extraction and condensation: The extraction using
DMSO as a solvent was performed by the reference of
Barnes et al., 1992. The seed and peel filtrate measured
around 82ml and 89ml. To the filtrate, an equal amount
of Dimethyl sulfoxide (DMSO) was added in a
separating flask and shaken well. The extract was then
collected and condensed.

Qualitative analysis of phytochemicals: Phytochemical
analysis: Sample 1 and sample 2 were tested for
qualitative analysis of phytochemicals and were
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performed according to Raman 2006.

Test for alkaloids: To thel ml of samples a few drops of
Drangandoft reagent were added.

Interpretation: A prominent yellow precipitate indicates
the presence of alkaloids.

Test for flavonoids: To the 1 ml of samples NaOH was
added.

Interpretation: Observed for the presence of yellow color
and concentrated hydrochloric acid was added and
observed white color.

Test for tannins: To the 1ml of the samples a few drops
of 0.1 % ferric chloride was added. Interpretation:
brownish green or blue-black coloration indicates the
presence of tannins.

Test for saponins: To the 1 ml of Samples add 2 ml of
water. The suspension was shaken and left for 15
minutes.

Interpretation: A layer of foam indicates the presence of
saponins.

Test for steroids: To the 1 ml of Samples, two drops of
10% concentrated sulphuric acid were added.
Interpretation: brown color indicates the presence of
steroids.

Test for phenols: To the Iml of Samples 3 ml of 10%
Lead acetate solution was added.

Interpretation: A bulk white precipitate formed at the
surface indicates the presence of phenolic compound.

Test for protein: To the 1 ml of Samples a few drops of
Millon’s reagent were added.

Interpretation: white precipitate indicates the presence of
Protein.

Test for anthraquinones: To thel ml of Samples
aqueous ammonia was added.

Interpretation: Pink, red, or violet color in aqueous layer
indicates the presence of anthraquinone.

Test for terpenoids: 2 ml of chloroform, followed by 3
ml of concentrated sulphuric acid was added to 0.5ml of

the Samples.

Interpretation: Formation of red brown color at the
interface confirms the presence of terpenoids.

Test for carbohydrates: to the 0.5ml of Samples 0.5ml
of Benedict's reagent was added and mixed well and then
it was placed in the water bath for 2mins.

Interpretation: Formation of colored precipitate indicates
the presence of sugar.

Antioxidant assay: DPPH radical scavenging assay was
performed according to Molyneux, 2004.

Materials required:

1. 1,1 — diphenyl -2- picrylhydrazyl (DPPH)

2. Dimethyl sulphoxide (DMSO)

3. BHT (standard)-1.6mg/ml in methanol

4. Samples of desired concentration from 1 mg /ml —-max
of 5 mg / ml (in /DMSO)

Procedure: Aliquot 3.7 ml of absolute methanol in all test
tubes and 3.8 ml of absolute methanol was added to
blank. 100ul of BHT was added to the tube marked as
standard and add 100ul of respective samples to all the
test tubes marked as test. 200ul of DPPH reagent was
added to all the test tubes including blank. Incubate all
test tubes at room temperature in dark conditions for 30
minutes. The absorbance of all samples was read at 517
nm.

Calculation: % antioxidant activity = (absorbance at
blank) - (absorbance at test) x 100 + (absorbance at
blank)

Anti-inflammatory assay: Inhibition of protein
denaturation: Procedure: Anti-inflammatory assay was
carried out according to the procedure of Sakat et al.,
2010.

500ul of 1% BSA was added to the 100ul of sample 1
and sample 2 respectively separately. The mixture was
incubated for 10 minutes at 37°C. Heat the contents in a
water bath at 51°C for 20 minutes. Cool down to room
temperature and check the absorbance at 660 nm against
the blank. Acetyl Salicylic acid was used as positive
control and water as product control.

Calculation: %Inhibition =
0.D)/Control O.D*100

(Control O.D - Sample

438



Int.J.Curr.Microbiol. App.Sci (2026) Special Issue-13: 435-449

Antimicrobial assay the antibacterial and antifungal
activity was performed according to Jan Hudzicki 2009.
Antibacterial activity: Preparation of inoculum: Stock
cultures were maintained at 4°C on Nutrient agar Slant.
Active cultures for experiments were prepared by
transferring a loop full of culture from the stock cultures
into the test tubes containing nutrient broth, which were
incubated at 24hrs at 37°C. The Assay was performed by
agar disc diffusion method. Agar disc diffusion method:
Antibacterial activity of extracts was carried out by the
disc diffusion method on the sterilized Muller Hinton
agar (MHA) medium. Muller Hinton Agar (MHA)
medium was prepared and poured into the Petri plate.

The extracts were tested against Klebsiella, Escherichia
coli, Staphylococcus, Bacillus cereus, Salmonella. After
the medium was solidified, the inoculum was spread on
the solid plates with sterile swabs and the standard
ampicillin (20 pl/disc) was placed. The discs with 20 pl
of both samples separately at a Concentration of 1000ug,
750png, and 500 pg were placed in the plate. The plates
were incubated at 37°C for 24 hrs. The antimicrobial
activity was determined by measuring the diameter of the
zone of inhibition. Antifungal activity: Preparation of
inoculum: Stock cultures were maintained at 4°C on
Sabouraud Dextrose agar Slant. Active cultures for
experiments were prepared by transferring the stock
cultures into the test tubes containing Sabouraud
Dextrose broth that was incubated at 48 hrs at room
temperature. The assay was performed by agar disc
diffusion method.

Agar disc diffusion method

The antifungal activity of the Sample was determined by
the disc diffusion method on the Sabouraud Dextrose
agar (SDA) medium. Sabouraud Dextrose agar (SDA)
medium was prepared, sterilized and poured onto the
petri plate. The extracts were tested against Penicillium,
Trichoderma, Aspergillus. After the medium was
solidified, the inoculums were spread on the solid plates
with sterile swabs moistened with the fungal suspension.
Amphotericin-B is taken as positive control. The 2
Samples at a Concentration of 1000ug, 750ug, and 500
pug and positive control of 20 pl each were added to
sterile discs and placed in SDA plates. The plates were
incubated at 28°C for 24 hrs. The antifungal activity was
determined by measuring the diameter of the zone of
inhibition.

Anticancer assay: The anticancer assay was carried out

by the reference of Mosmann 1983 Cell line and culture:
MCEF 7 cell line was obtained from National Centre for
Cell Sciences, Pune (NCCS). The cells were maintained
in DMEM supplemented with 10% FBS, penicillin (100
U/ml), and streptomycin (100 pg/ml) in a humidified
atmosphere of 50 pg/ml CO2 at 37 °C. In Vitro assay on
MCEF 7 cell line: (MTT assay) (Mosmann, 1983) Cells (1
x 105 /well) were plated in 24-well plates and incubated
in 370C with 5% CO2 condition.

After the cell reaches the confluence, the various
concentrations of the samples (peel and seed extract)
were added and incubated for 24 hrs. After incubation,
the sample was removed from the well and washed with
phosphate-buffered saline (pH 7.4) or DMEM without
serum. 100pl/well (5mg/ml) of 0.5% 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl--tetrazolium bromide (MTT) was
added and incubated for 4 hours. After incubation, 1 ml
of DMSO was added in all the wells. The absorbance at
570 nm was measured with a UV-Spectrophotometer
using DMSO as the blank. Measurements were
performed and the concentration required for a 50%
inhibition (IC50) was determined graphically. The % cell
viability was calculated using the following formula:

% Cell viability = AS570 of treated cells / A570 of
control cells x 100

Graphs are plotted using the % of. Cell Viability at Y-
axis and concentration of the sample in X. axis. Cell
control and sample control is included in each assay to
compare the full cell viability assessments.

Anti-diabetic assay

Determination of alpha — amylase inhibitory activity:
Alpha-amylase activity was performed according to Rege
and Chowdhary, 2014.

Preparation of reagent: Sodium Phosphate buffer
(0.02M) Alpha — amylase (10u/ml, SRL) Soluble starch
0.05% DNS

Sample: extract with range of concentrations 20-100 pg
/ml

Procedure: The assay mixture was prepared containing
200 pl of sodium phosphate buffer, 20 pl of enzyme and
20 pl of seed and peel extracts and incubated for 10
minutes at room temperature followed by the addition of
200 pl of starch in all the tubes. The reaction was
terminated with the addition of 400 pl of DNS reagent
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and placed in boiling water bath for 5 minutes, cooled
and diluted with 15 ml of distilled water and absorbance
was measured at 540 nm. The control samples were
prepared without any extracts. The % inhibition was
calculated by following the formula.

Calculation: Inhibition (%) =
Abs.sample/Abs.control X 100

Abs.control -

Determination of alpha — glucosidase inhibitory activity:
Alpha-glucosidase activity was carried out according to
Bachhawat et al., 2011.

Preparation of reagent: Phosphate buffer: 50mM, pH 6.8
sodium carbonate: (0.1M). PNPG: ImM

Sample: extracts (custard apple seed and peel) with range
of concentrations 20-100 pg /ml Alpha- glucosidase: 1u
/ml-SRL

Procedure: Reaction mixture containing 50ul phosphate
buffer, 10ul alpha-glucosidase and 20pl of varying
concentrations of extracts were pre-incubated at 370C for
15 min. Then 20ul p-nitrophenyl-a-D- Glucopyranoside
(PNPG) was added as a substrate and incubated further at
37°C for 30 min, the reaction was stopped by adding
50ul sodium carbonate. The yellow color produced was
read at 405 nm. Each experiment was performed along
with  appropriate  blanks. Acarbose at various
concentrations (20-100 ug/ml) was used as a standard.
Negative control without extracts was set up in parallel.
The result was expressed in percentage inhibition.
Calculation: Inhibition (%) = Abs.control -
Abs.sample/Abs.control X 100

Results and Discussion

The fermented seed and peel extracts showed multiple
detectable phytochemical classes. Antioxidant and anti-
inflammatory activities increased with concentration in
the reported assays. Both extracts inhibited the growth of
the tested bacterial and fungal strains, with the largest
reported antibacterial zone at 1000 pg/ml being 15 mm
for seed extract against Salmonella and 18 mm for peel
extract against Klebsiella. The MTT assay reported 1C50

values of 53.29 for seed extract and 53.41 for peel extract
against MCF-7 cells. The enzyme inhibition assays also
showed increasing activity with concentration, reaching
92.12% and 89.09% a-amylase inhibition and 71.23%
and 71.91% a-glucosidase inhibition for seed and peel
extracts, respectively, at 100 pg/ml.

The processing of food by industry generates a large
amount of by-products that are generally discarded.
These by-products can be converted into a wide variety
of compounds with high added value, such as biofuels or
bioactive compounds.

Fermentation process has gained importance in research
related to nutrition and health, because of which
bioactive compounds of interest are obtained, such as
antioxidants. Substrates are indispensable in the
production of  bioactive  compounds  through
fermentation, serving as the primary source of nutrients
and energy for microbial growth and metabolite
synthesis. Substrates can be optimized to stimulate the
production of specific secondary metabolites.

As substrates custard apple (Annona squamosa) by-
products proved to be efficient for the production of
bioactive = compounds by  Trichoderma  viride
fermentation. Various co-workers have reported the
production of bioactive compounds through submerged
fermentation.

Antioxidant activity was performed by DPPH assay, The
seed exhibited 73.28% antioxidant activity, while the
peel showed 75.9% activity after fermentation,
correlating with the findings of Hui Qian ef al, 2021,
who reported mulberry fruits exhibited antioxidant
activity of 51-53% and mulberry leaves exhibited 36.9%
after fermentation by Tapai starter and lactic acid
bacteria. With these findings, the present study revealed
that custard apple by-product has higher antioxidant
activity.

The anti-inflammatory assay was conducted using the
protein denaturation method, revealing that the seed
exhibited 46.6% anti-inflammatory activity, while the
peel showed 45.6%.
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Table.1 Qualitative phytochemical analysis of fermented custard apple seed and peel extracts.

Phytochemical

(Alkaloid  Present  Present
(Tannins  Present  Present
|

|
_Absent
|

|
_Absent
| |

Carbohydrates _l Present

Table.2 DPPH radical-scavenging activity.

Concentration DPPH activity — DPPH activity —
o/ml

800

1000

Control OD: seed = 0.569; peel = 0.608.

Table.3 Anti-inflammatory activity by inhibition of protein denaturation.

Concentration Protein-denaturation Protein-denaturation
'ml) inhibition — seed (%) inhibition — peel (%)

Control OD: seed = 0.708; peel = 0.710.

Table.4 Antibacterial activity of seed

Organism Z.0I (mm) at 1000 Z.0I (mm) at 500
ng/ml ng/ml

Bacillus cereus

Staphylococcus

Klebsiella
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Table.5 Antibacterial activity of peel

Organism Z0I (mm) at 1000 Z0I (mm) at 500
ng/ml ng/ml

Staphylococcus
Klebsiella

Table.6 Antifungal activity of seed

Organisms

Z0I (mm) at 1000
ng/ml

Z0I (mm) at 500
ng/ml

Aspergillus

Penicillium 15

Table.7 Antifungal activity of peel

Organisms Z0I (mm) at 1000

ng/ml

Z0I (mm) at 500
ng/ml

Aspergillus

Penicillium 13

Table.8 MTT assay results for MCF-7 cells.

Concentration Seed cell viability Peel cell viability
(ng/ml) (%) (%)

7.8

Cell control
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Table.9 In vitro antidiabetic enzyme inhibition activities.

Concentration o-Amylase o-Amylase o- o-Glucosidase
(ng/ml) inhibition — inhibition — Glucosidase inhibition —
seed (%) peel (%) inhibition — peel (%)

Control

Figure.1 Antioxidant values of samples
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Figure.2 Anti-inflammatory value of samples
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Figure.3 Anticancer assay of seed
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Figure.4 Anticancer assay of peel
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Figure.S Alpha amylase activity of samples
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Figure.6 Alpha glucosidase activity of samples
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These results were consistent with the findings of Hui  activity compared to the findings of Hui Qian et al,

Qian et al., 2021, who

reported that mulberry fruit  2021.

exhibited 28% anti-inflammatory activity, while

mulberry leaves exhibited 8% through Tapai starter  Anti-diabetic assay was carried out by the determination
fermentation. The conclusion of the present study  of alpha-amylase inhibition. The a- amylase inhibition of
demonstrated a higher level of anti- inflammatory  the seed was 92%, while that of the peel was 89% after
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fermentation. These results correlated with the findings
of Hui Qian ef al., 2021, which stated that mulberry
fruits exhibited 85% inhibition and mulberry leaves
exhibited 65% inhibition of a-amylase by Tapai starter
fermentation. The outcome of the present study
demonstrated a higher level of a-amylase inhibition
compared to the findings of Hui Qian et al., 2021.

Antimicrobial activity was performed by disc diffusion
method at various concentrations. Seeds were tested
against Salmonella, Klebsiella, Staphylococcus, Bacillus
cereus, and Escherichia coli. Salmonella showed
maximum zone of inhibition of 15mm while lowest zone
of inhibition was observed against E. coli of 10mm at
1000 pg/ml. These findings were corresponded with
those of Aamir et al., 2013, using the methanolic seed or
cotyledon extract of A. squamosa was investigated for its
antimicrobial effect against microbial strains including S.
aureus, K. pneumoniae, S. typhi, E. coli, Enterococcus
faecalis, Salmonella paratyphi, and Pseudomonas
aeruginosa. Salmonella typhi showed maximum zone of
inhibition of 31mm whereas Klebsiella pneumoniae
showed minimum inhibition of 20mm.

Antifungal activity was performed against Penicillium,
Aspergillus, Trichoderma. Penicillium showed 19%
inhibition and the seed showed 17% inhibition against
Penicillium and Trichoderma at 1000 pg/ml. These
results correlated with the findings of Christ ef al., 2019,
who fermented rice bran with Rhizopus oryzae and found
39.8% inhibition of fungal growth of Penicillium
verrucosum. The conclusion of the recent study
demonstrated minimum antibacterial and antifungal
activity compared to the findings of Aamir et al., 2013,
and Christ ef al., 2019.

Anticancer activity was carried out by MTT assay. The
seed exhibited antitumor activity against MCF-7 with an
IC50 of 53.29, while the peel showed an IC50 of 53.41.
These results are consistent with the findings of Chen et
al,, 2012, who indicated that seed oil demonstrated
considerable antitumor properties against A-549, Hela,
MCF-7, and HepG2 cells, especially for HepG2 (IC50:
0.36 mg/mL) and MCF-7 (IC50: 0.25 mg/mL) cells in
vitro. The outcome of the present study demonstrated
higher anticancer properties than the findings of Chen et
al., 2012.

This study concludes the successful production of
bioactive compounds from the by-products of custard
apple using standard strains of Trichoderma viride.

446

custard apple has been employed in indigenous folk
medicine worldwide and likely used in the food industry,
as 50-80% of the fruit is edible. Fermentation enhances
the production of bioactive compounds. After
fermentation the seed and peel part are rich sources of
phytochemicals such as Alkaloid, tannins, steroids,
protein, terpenoids and carbohydrates. Based on in vitro
experiments, custard apple seed and peel extracts were
found to be effective in various bioactivities such as
antimicrobial, antifungal, antidiabetic, anticancer,
antioxidant and anti-inflammatory. This research effort
opens a gateway towards the development of an efficient
method for bioactive compound production using food
by products as a substrate for fermentation.

This current study will be further continued to optimize
the fermentation parameters and to obtain purified
bioactive compounds in high concentration for product
development and to reduce the by- product
environmental impact. More pharmacological studies
need to be performed to determine the neutraceutical and
food supplement potential of seeds and peels of custard
apple in future research.

Acknowledgement

The authors are thankful to the Honoble Vice Chancellor,
University of Madras, Chennai, India for providing
necessary facilities to carry out this experimental work.
Author Contributions

R. Aaliya Begum: Conceived the original idea, designed
the study protocol, and wrote the manuscript. A.
Pushparani: Contributed to revision of the manuscript
and reviewed the manuscript.

Data Availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

Declarations

Ethical Approval Not applicable.

Consent to Participate Not applicable.

Consent to Publish Not applicable.



Int.J.Curr.Microbiol. App.Sci (2026) Special Issue-13: 435-449

Conflict of Interest The authors declare no competing
interests.

References

Aamir J, Kumari A, Khan MN, Medam SK. Evaluation
of the combinational antimicrobial effect of
Annona squamosa and Phoenix dactylifera seeds
methanolic extract on standard microbial strains.
Int Res J Biol Sci 2013; 2: 68-73.

Ahmed SR, Rabbee MF, Roy A, Chowdhury R, Banik A,
Kubra K, Baek KH. Therapeutic promises of
medicinal plants in Bangladesh and their bioactive
compounds against ulcers and inflammatory
diseases. Plants 2021; 10:1348.
https://doi.org/10.3390/plants10071348.

Alhassan Haruna Gumel, Mutari Bala, Amina Shehu,
Ibrahim Khalil Adam, Muhammad Nasidi,
Ibrahim Usman Mohammad, Abdullahi
Abdulkadir Imam. Bioethanol production by
Enzymatic hydrolysis and Fermentation of
Cocoyam. ARRB 2018; 1-9.
https://doi.org/10.9734/ARRB/2018/43399.

Bachhawat A, Shihabudeen MS, Thirumurugan K:
Screening of fifteen Indian Ayurvedic plants for a-
glucosidase inhibitory activity and enzyme
kinetics. Int J Pharm Pharm Sci 2011; 3: 267- 274.

Balakrishnan K, Pandey A. Production of Biologically
Active Secondary Metabolites in Solid State
Fermentation. J Scie Ind Res 1996; 55: 365-372.

Barnes JD, Balaguer L, Manrique E, Elvira S, Davison
AW. A reappraisal of the use of DMSO for the
extraction and determination of chlorophylls a and
b in lichens and higher plants. Env Exp Bot 1992;
32: 85-100.
https://doi.org/10.1016/00988472(92)90034-Y..

Ben-Othman S, Joudu I, Bhat R. Bioactives from agri-
food wastes: Present insights and future
challenges. Mol 2020; 25: 510.
https://doi.org/10.3390/molecules2503051

Butt TM, Jackson CW, Magan N. Fungi as biocontrol
agents. Progress, Problems and Potential. CABI
2001; 390.

Chandra P and Ohga PS. Submerged culture condition
for mycelial yield and polysaccharides production
by Lyophyllum decastes. Food Chem 2006; 105:
641-646.
https://doi.org/10.1016/j.foodchem.2007.04.033.

Chen J, Chen Y, Li X, Preedy VR, Watson RR, Patel
VB, Eds. Beneficial aspects of custard apple

447

(Annona squamosa L.) seeds. NSHDP 2011; 1:
439-445.

Chen Y, Xu SS, Chen JW, Wang Y, Xu HQ, Fan NB, Li
X. Anti-tumor activity of Annona squamosa seeds

extract containing annonaceous
acetogenincompounds. J Ethnopharmacol 2012;
142: 462-466. 44

https://doi.org/10.1016/j.jep.2012.05.019.

Christ-Ribeiro A, Graca CS, Kupski L, Badiale-Furlong
E, De Souza-Soares LA. Cytotoxicity, antifungal
and antimycotoxins effects of phenolic
compounds from fermented rice bran and
Spirulina sp. Process Biochem 2019; 80: 190196.
https://doi.org/10.1016/j.procbio.2019.02.007

Doriya K, Jose N, Gowda M, Kumar DS. Solid-state
fermentation vs submerged fermentation for the
production of LAsparaginase. Adv Food Nutr Res
2016; 78: 115-135.
https://doi.org/10.1016/bs.afnr.2016.05.003

Druzhinina IS, Seidl-Seiboth V, Herrera-Estrella A,
Horwitz BA, Kenerley CM, Monte E, Mukherjee
PK, Zeilinger S, Grigoriev IV, Kubicek CP.
Trichoderma: the genomics of opportunistic
success. Nat Rev Microbiol 2011; 9: 749-759.
https://doi.org/10.1038/nrmicro2637.

Eke ON, Augustine AU, Ibrahim HF. Qualitative
Analysis of Phytochemicals and Antibacterial
Screening of Extracts of Carica papaya Fruits and
Seeds. Int ] Mod Chem 2014; 6(1): 48-56.

Esposito E and Silva M. Systematics and environmental
application of the genus Trichoderma. Crit Rev
Microbiol 1998; 24: 89-98.

Fan L, Soccol AT, Pandey A, Soccol CR. Effect of
nutritional and environmental conditions on the
production of exopolysaccharides of Agaricus
braslilensis by submerged fermentation and its
antitumor activity. JFST 2007; 40: 30-35.
https://doi.org/10.1016/1.1wt.2005.09.006

Fareed MM and Ali MM. The Revelation and
Therapeutic Role of Medicinal Phytochemicals in
the Treatment of Cancer: A Brief. Comput. Intell.
Oncol. Appl. Diagn. Progn. Ther. Cancers 2022;
1016: 335.

Francisco J Marti-Quijal, Sucheta Khubber, Fabienne
Remize, Igor Tomasevic, Elena Rosell6 Soto,
Francisco J. Barba.Obtaining Antioxidants and
Natural Preservatives from Food By- Products
through Fermentation: A Review. Fermentation
2021; 7: 106.

Gao H and Gu W. Optimization of polysaccharides
production from Agarieus brasilienses by



https://doi.org/10.3390/plants10071348
https://doi.org/10.9734/ARRB/2018/43399
https://doi.org/10.1016/00988472(92)90034-Y
https://doi.org/10.3390/molecules2503051
https://doi.org/10.1016/j.foodchem.2007.04.033
https://doi.org/10.1016/j.jep.2012.05.019
https://doi.org/10.1016/j.procbio.2019.02.007
https://doi.org/10.1016/bs.afnr.2016.05.003
https://doi.org/10.1038/nrmicro2637
https://doi.org/10.1016/j.lwt.2005.09.006

Int.J.Curr.Microbiol. App.Sci (2026) Special Issue-13: 435-449

fermentation process. Biochem Eng J 2007; 33:
202-210.
https://doi.org/10.1016/j.bej.2006.10.022

Gupta A, Pandey S, Shah DR, Yadav JS, Seth NR. 2.
Annonaceous Acetogenins: The Unrevealed Area
for Cytotoxic and Pesticidal Activities. Sys Rev
Pharm 2017; 2(2): 104-109.

Haminiuk CWI, Maciel GM, Plata-Oviedo MSV, Peralta
RM. Phenolic compounds in fruits an overview.
Int J food sci Technol 2023-2044 (2012); 47(10).
45
https://doi.org/10.1111/5.13652621.2012.03067 .x.

Helena Rudge de Moraes Barros, Tania Aparecida Pinto
de Castro Ferreira, Maria Inés Genovese.
Antioxidant capacity and mineral content of pulp
and peel from commercial cultivars of citrus from
Brazil. Food Chem 2012; 134: 1892—-1898

Hui Qian Chuah, Pei Ling Tang, Ni Jing Ang, Hui Yin

Tan.  Submerged  fermentation  improves
bioactivity of mulberry fruits and leaves. Chinese
Her Med 2021.

Hui Suan Ng, Phei Er Kee, Hip Seng Yim, Po-Ting
Chen, Yu-Hong Wei, John Chi-Wei Lan. Recent
advances on the sustainable approaches for
conversion and reutilization of food wastes to
valuable bioproducts. Bioresour Techol 2020;
302: 122889.
https://doi.org/10.1016/j.biortech.2020.122889

Hur SJ, Lee SY, Kim YC, Choi I, Kim GB. Effect of
fermentation on the antioxidant activity in plant-
based foods. Food Chem 2014; 160: 346-356.
https://doi.org/10.1016/j.foodchem.20

Imadi SR, Mahmood I, Gul A. Medicinal Plants against
Cancer. Plant Hum Health 2018; 1: 139196.

Jan Hudzicki. Kirby-Bauer Disk Diffusion Susceptibility
Test Protocol. ASM 2009; 4

Janick J and Paull R. The Encyclopedia of Fruit and
Nuts. CABI 2006.

Jaya Prakkash MA, Ragunathan R, Jesteena Johney.
Evaluation of bioactive compounds from
Jasminum polyanthum and its medicinal
properties. JDDT 2019; 9(2): 303-310

Klempova T, Slany O, Michal S, Marcin S, Milan C.
Dual production of polyunsaturated fatty acids and
beta-carotene with Mucor wosnessenskii by the
process of solid-state fermentation using agro-
industrial waste. J Biotechnol 2020; 311: 111.
https://doi.org/10.1016/j.ibiotec.2020.02.006

Kothari D, Lee WD, Jung ES, Niu KM, Lee CH, Kim
SK. Controlled Fermentation Using
Autochthonous Lactobacillusplantarum Improves

448

Antimicrobial Potential of Chinese Chives against
Poultry Pathogens. Antibiotics 2020; 9, 386.
https://doi.org/10.3390/antibiotics9070386

Leung W and Flores M. Food composition tables for use
in Latin America. INCAPG NIHM 1961

Liu Y, Chen H, Chen W, Zhong Q, Zhang G, Chen W.
Beneficial Effects of Tomato Juice Fermented by
Lactobacillus plantarum and Lactobacillus casei:
Antioxidation, Antimicrobial Effect, and Volatile
Profiles. Mol 2018; 23, 2366.
https://doi.org/10.3390/molecules23092366

Machado CM, Oishi BO, Pandey A, Soccol CR. Kinetics
of Gibberella fujikori Growth and Gibberellic
Acid Production by Solid State Fermentation in a
Packed-Bed Column Bioreactor. Biotechnol Prog
2004; 20: 1449-1453. 46
https://doi.org/10.1021/bp049819x.

Maina S, Kachrimanidou V, Koutinas A. A roadmap
towards a circular and sustainable economy
through waste valorization. Cur Opin Green
Sustain Chem. 2017; 8: 18-23.
https://doi.org/10.1016/j.cogsc.2017.07.007.

Martins S, Mussatto SI, Martinez-Avila G, Montafiez-
Saenz J, Aguilar CN, Teixeira JA. Bioactive
phenolic compounds: Production and extraction
by solid-state fermentation. A review. Biotechnol.
Adv 2011; 29: 365-373.
https://doi.org/10.1016/j.biotechadv.2011.01.008.

Molyneux P. Use of DPPH to estimate antioxidant
activity. J Sci Technol 2004; 26(2): 211-219

Neeraj Kumari, Suraj Prakash, Manoj Kumar, Radha,
Baohong Zhang, Vijay Sheri Nadeem Rais,
Deepak Chandran, Abhijit Dey, Tanmay Sarkar,
Sangram Dhumal, unil Kumar, Dipendra Kumar

Mahato,  Marthandan  Vishvanathan, = Pran
Mohankumar, Mirian Pateiro, and Jos¢é M
Lorenzo. Seed Waste from Custard Apple

(Annona squamosa L.): A Comprehensive Insight
on Bioactive Compounds, Health Promoting
Activity and Safety Profile. Processes 2022; 10:
2119. https://doi.org/10.3390/prl

Ng HS, Kee PE, Yim HS, Chen PT, Wei YH, Chi-Wei
Lan J. Recent advances on the sustainable
approaches for conversion and reutilization of
food wastes to valuable bioproducts. Bioresour
Technol 2020; 302: 12288.
https://doi.org/10.1016/].biortech.2020.122889.

Olufunke O Ezekiell, Ogugua C Aworh, Hans P
Blaschek Thaddeus C Ezeji. Protein enrichment of
cassava peel by submerged fermentation with
Trichoderma viridae (ATCC 36316). Afr J



https://doi.org/10.1016/j.bej.2006.10.022
https://doi.org/10.1111/j.13652621.2012.03067.x
https://doi.org/10.1016/j.biortech.2020.122889
https://doi.org/10.1016/j.foodchem.20
https://doi.org/10.1016/j.jbiotec.2020.02.006
https://doi.org/10.3390/antibiotics9070386
https://doi.org/10.3390/molecules23092366
https://doi.org/10.1021/bp049819x
https://doi.org/10.1016/j.cogsc.2017.07.007
https://doi.org/10.1016/j.biotechadv.2011.01.008
https://doi.org/10.3390/pr1
https://doi.org/10.1016/j.biortech.2020.122889

Int.J.Curr.Microbiol. App.Sci (2026) Special Issue-13: 435-449

Biotechnol 2010; 9(2):
https://doi.org/10.5897/AJB09.620.

Pandey N and Barve D. Phytochemical and
Pharmacological Review on Annona squamosa
Linn. Int J Res Pharma BiomedSci 2011; 2(4):
1404-1412.

Pardeep Kumar Sadh, Surekha Duhan, Joginder Singh
Duhan. Agro-industrial wastes and their utilization
using solid state fermentation: a review. Bioresour
Bioprocess 2018; 5: 1.

Pilania S, Dashora LK, Singh V. Standardization of
recipe and juice extraction method for preparation
of ready-toserve beverage from custard apple
(Annona squamosa L.). Int J Pro Post- Harvest
Technol 2010; 1(2): 65-72.

Raman N. Qualitative phytochemical
Phytochemical Tech 2006; 320.
Ramén Larios-Cruz, Juan Buenrostro-Figueroa, Arely
Prado-Barragan, Rosa M. Rodriguez-Jasso, Ratil
Rodriguez-Herrera, Julio C. Montafiez, Cristobal
N. Aguilar. Valorization of Grapefruit By-
Products as Solid Support for Solid-State
Fermentation to Produce Antioxidant Bioactive
Extracts. Waste Biomass Val 2019; 10: 763-769.

https://doi.org/10.1007/s12649017-0156-y

Rege AA and Chowdhary AS. Evaluation of alpha -
amylase and alpha - glucosidase inhibitory
activities of Rhizophora mucronata. Int J Pharma
Sci Res 2014; 5(6): 2261-2265.

Ricci A, Bernini V, Maoloni A, Cirlini M, Galaverna G,
Neviani E, Lazzi C. Vegetable By-Product Lacto-
Fermentation as a New Source of Antimicrobial
Compounds. Microorganisms 2019; 7: 607 47
https://doi.org/10.3390/microorganisms7120607.

Robinson T, Singh D, Nigam P. Solid-state fermentation:
a promising microbial technology for secondary
metabolite production. App Microbiol Biotechnol
2001; 55: 284-289.

Sakat S, Juvekar AR, Gambhire MN. In vitro antioxidant
and anti- inflammatory activity of methanol
extracts of Oxalis Corniculata Linn. Int J Pharm
Sci 2010; 2(1): 146-56.

187-194.

screening.

Samuels J Gary. Trichoderma: Systematics, the Sexual
State, and Ecology. Phytopathology 2006; 96(2):
195-206. Doi

Stenmarck A, Jensen C, Quested T, Moates G.
Estimation of European Food Waste Levels. SERI
2016; 4-5.

Subramaniyam R and Vimala R. Solid state and
submerged fermentation for the production of
bioactive substances: comparative study. Int J Sc.
Nat 2012; 3: 480-486.

Tamang A, Subba SK, Chhetri S. Wild edible and minor
fruits of Odisha. Pharma Innov J 2021; 10: 609—
613.

Thomas L, Larroche C, Pandey A. Current developments
in solid-state fermentation. Biochem. Eng J 2013;
81:146-161.
https://doi.org/10.1016/].bej.2013.10.013.

Tim Mosmann. Rapid colorimetric assay for cellular
growth and survival: application to proliferation
and cytotoxicity assay. J Imm met 1983; 65: 55-
63.

Wenkam N. Foods of Hawaii and Pacific Basin. Fruit
and fruit products. Raw, processed and prepared.
Hawaii Ins Trop Agri Hum Resour 1990; 110: 4.

Xiangqun Xu, Yongde Wu, Hui Chen. Comparative
antioxidative characteristics of polysaccharide-
enriched extractsfrom natural sclerotia and
cultured mycelia in submerged fermentation
ofInonotus obliquus. Food Chem 2011; 127: 74—
79.

Yosie Andriani, Nadiah Madihah Ramli, Desy Fitrya
Syamsumir, Murni Nur Islamiah Kassim, Jasmin
Jaafar, Nur Asniza Aziz, Leni Marlina, Noor
Suryani Musa, Habsah Mohamad. Phytochemical
analysis, antioxidant, antibacterialand cytotoxicity
properties of keys and cores part of Pandanus
tectorius fruits. Arab J Chem 2019; 12: 3555-
3564.

Zhang H, Yun S, Song L, Zhang Y, Zhao Y. The
preparation and characterization of chitin and
chitosan under largescale submerged fermentation
level using shrimp by-products as substrate. Int J
Bio Macromol 2017; 96: 334-339. 48
https://doi.org/10.1016/].ijbiomac.2016.12.017.

How to cite this article:

Aaliya Begum R. and Pushparani A. 2026. Enhancing the Potentials of Custard Apple By-Products via Submerged
Fermentation with Trichoderma viride. Int.J. Curr.Microbiol. App.Sci. Special Issue-13: 435-449.

doi: https://doi.org/10.20546/ijcmas.2026.sp13.045

449


https://doi.org/10.5897/AJB09.620
https://doi.org/10.1007/s12649017-0156-y
https://doi.org/10.3390/microorganisms7120607
https://doi.org/10.1016/j.bej.2013.10.013
https://doi.org/10.1016/j.ijbiomac.2016.12.017
https://doi.org/10.20546/ijcmas.2026.sp13.045

	Enhancing the Potentials of Custard Apple By-Products via Submerged Fermentation with Trichoderma viride
	ABSTRACT
	Introduction
	Materials and Methods
	Agar disc diffusion method
	Anti-diabetic assay
	Results and Discussion
	Table.2 DPPH radical-scavenging activity.
	Table.3 Anti-inflammatory activity by inhibition of protein denaturation.
	Table.4 Antibacterial activity of seed
	Table.5 Antibacterial activity of peel
	Table.6 Antifungal activity of seed
	Table.7 Antifungal activity of peel
	Table.8 MTT assay results for MCF-7 cells.
	Table.9 In vitro antidiabetic enzyme inhibition activities.
	Figure.1 Antioxidant values of samples
	Figure.3 Anticancer assay of seed
	Figure.5 Alpha amylase activity of samples

	Acknowledgement
	Author Contributions
	Data Availability
	Declarations
	References

