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The Effects of Solid State Fermentation on Nutrient Composition of Olive
Cake with Aspergillus Niger and Bacillus Subtilis

A.H. Ataei,' F. Kirkpinar?

'Department of Animal Production, Faculty of Veterinary Sciences, Kabul University, Kabul 1004, Afghanistan
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ABSTRACT: Olive cake is a cost-effective feed ingredient with potential in animal nutrition; however, its ap-
plication is limited due to low protein content, high fiber levels, and anti-nutritional factors. This study aimed to
enhance the nutritional value of olive cake through solid-state fermentation using Aspergillus niger and Bacillus
subtilis. Aspergillus niger and Bacillus subtilis were applied to the olive cake, and samples were incubated at 30°C
for 24, 48, and 72 hours. Samples were divided into control and treatment groups, each containing 200 g of olive
cake mixed with 100 mL of distilled water. The results showed that solid-state fermentation generally increased
crude protein content and decreased crude fiber content (P<0.05). A significant increase in crude protein content
was observed only with Bacillus subtilis, while a significant decrease in crude fiber content was noted only with
Aspergillus niger (P<0.05). Neutral detergent fiber content remained unchanged across all groups (P>0.05). Al-
though acid detergent fiber and acid detergent lignin contents generally decreased in all fermented groups, this
reduction was statistically significant only in the groups treated with Aspergillus niger (P<0.05). Moreover, a
significant decrease in nitrogen-free extract, metabolizable energy, sugar, total phenolic content, total flavonoid
content, and antioxidant activity was observed in all fermented olive cake groups (P<0.05). The findings suggest
that olive cake, an inexpensive and underutilized by-product, can be effectively transformed into a valuable feed
ingredient and/or feed additive for animal nutrition through solid-state fermentation.
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INTRODUCTION

Due to the increasing global population, the demand
for animal products such as meat, eggs, and milk is
increasing to meet rising food needs. This urge in
demand for animal products consequently elevates
the need for animal feed, potentially causing com-
petition between resources allocated for animal feed
and those intended for human consumption. Tradi-
tional protein sources for poultry are anticipated to
become increasingly scarce and costly in the near
future (Iji et al., 2017). Given the rising prices of
traditional feed ingredients and the shortage of cere-
als, lignocellulosic materials present significant po-
tential as alternative animal feed sources (Graminha
et al., 2008). By-products and residues from various
industries contain valuable compounds, including
carbohydrates, proteins, lipids, and bioactive mole-
cules (Ravindran and Jaiswal, 2016). However, it is
estimated that approximately 50% of food is wast-
ed along the ‘farm-to-table’ chain (Vuong, 2017).
Therefore, to maximize the utilization of existing
feed resources, the adoption of advanced techno-
logical processes is essential (Makkar et al., 1995).

Olive cake (OC) is an industrial by-product that
contains a significant amount of solid residues. Only
small quantities are utilized as fuel, natural fertilizer,
or cattle feed (Pagnanelli et al., 2003). Recently it
has been widely studied as a potential feed ingredi-
ent for livestock, though its high fiber content, low
protein, and anti-nutritional factors limit its direct
use. Additionally, OC has a high fiber content com-
prising cellulose, hemicellulose, lignin, and pectins
and low protein content, with 80-90% of proteins
bound to the lignocellulosic fraction (Fathy et al.,
2018). Notably, the phenolic content of OC is 20
times higher than that of olive oil (Fernandez Guti-
érrez et al., 2013). Phenolic compounds can either
stimulate or inhibit digestive enzyme activity, there-
by affecting nutrient digestibility in poultry and also
inhibiting the growth of beneficial microorganisms
in ruminants (Brenes and Roura, 2010; Leskovec et
al., 2018; Medouni-Haroune et al., 2018).

Various treatments have been explored to enhance
its nutritional value and digestibility. Chemical treat-
ments, such as sodium hydroxide and ammonia, im-
prove fiber breakdown and increase crude protein
content (Al Jassim et al., 1997; Yanez-Ruiz et al.,
2004). Ensiling, particularly with alkalis or poultry
manure, enhances preservation and nitrogen content
(Molina-Alcaide & Yafiez-Ruiz, 2008). Mechanical
treatments like removing stones from exhausted ol-

ive cake increases (Tufarelli et al., 2013). Dietary
inclusion studies show that up to 25% olive cake in
goat and pig diets does not negatively affect growth
or performance, while improving meat fatty acid
profiles (Chiofalo et al., 2004; Nieto et al., 2002).

Biological treatments, including microbial fer-
mentation, increase protein content and reduce fiber,
enhancing palatability (Filya et al., 2000). Combined
treatments, such as alkali treatment with fermenta-
tion, further enhance digestibility and nutrient con-
tent (Chammem et al., 2005).

In recent years, solid-state fermentation (SSF)
has gained increased attention in biotechnology due
to its low cost, high efficiency, reduced energy con-
sumption, minimal moisture requirements, and low
residual water production (Singhania et al., 2009;
Mussatto et al., 2012).

SSF is a process used to cultivate beneficial mi-
croorganisms on solid substrates or to extract various
active compounds from them. Unlike liquid-state
fermentation, which occurs in a liquid medium, SSF
takes place in a solid medium with only a small
amount of moisture provided by the substrate, sup-
plemented with additional moisture if necessary
(Pandey, 2003).

This study aimed to improve the changes in the
nutrient composition of OC through SSF using two
microorganisms, Aspergillus niger ATCC 16404 and
Bacillus subtilis ATCC 6633, under in vitro condi-
tions.

MATERIALS AND METHODS

Substrate and microorganisms

Olive cake was obtained from Morova, a local olive
oil mill located in Aydin, Turkey. Microorganisms
used in this study were obtained from the American
Type Culture Collection (ATCC), including strains
of Aspergillus niger (ATCC 16404) and Bacillus
subtilis (ATCC 6633). The fermentation process-
es were carried out under laboratory conditions at
Ege University Odemis Vocational Training School,
while the chemical analyses of the samples were
conducted at the laboratories of the Department of
Animal Science, Faculty of Agriculture, Ege Uni-
versity.

Screening medium and solid-state fermentation
preparation

The microorganisms were cultured on Potato Dex-
trose Agar (PDA) at 24°C for 14 days. Following
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incubation, the spores were harvested by tapping the
top of the inverted plates. For substrate preparation,
100 g of olive cake was adjusted to an initial mois-
ture level of 50% and inoculated with Aspergillus
niger (1.8 x 107 CFU/mL) and Bacillus subtilis (1.2
x 10¢ CFU/mL). The substrates were placed in poly-
ethylene bags and subjected to solid-state fermenta-
tion (SSF) at 30°C for 24, 48, and 72 hours (Fathy
etal., 2018; Glingor et al., 2017). The control group
(C1) received only distilled water for moistening
without the addition of microorganisms.

Chemical analysis of unfermented and
fermented olive cake

The crude ash (CA), crude protein (CP), ether ex-
tract (EE), crude fiber (CF), and nitrogen-free ex-
tract (NFE) contents of OC before and after SSF
were determined following the procedures outlined
by AOAC (1997). Neutral detergent fiber (NDF),
acid detergent fiber (ADF), and acid detergent lig-
nin (ADL) analyses were performed using the filter
bag system as modified by Goering and Van Soest
(1970). The total sugar content was determined using
the Luff-Schoorl method, while starch content was
analyzed according to AOAC (1997). The metabo-
lizable energy (ME) for poultry was calculated using
the formula provided by TSE (2004):

ME Mcal/kg = (0.03431x EE g/kg + 0.01551x CP
g/kg + 0.01669 x starch g/kg + 0.01301x sugar g/
kg) / 4.184

Determination of total phenolic content, total
flavonoid content, and antioxidant activity

To prepare the extracts for analysis, 0.5 g of each
sample was mixed with 20 mL of a 75% ethanol
solution and incubated in a shaking water bath at 60
°C for 30 minutes. Following incubation, the mixture
was centrifuged at 3000 rpm for 10 minutes. The
resulting supernatants were filtered and subsequently
used for the determination of total phenolic content
(TPC), total flavonoid content (TFC), and antioxi-
dant activity (AA).

Total phenolic content (TPC) was determined us-
ing the Folin—Ciocalteu (FC) method as described
by Singleton and Rossi (1965). Briefly, 300 uL of
the sample extract was combined with 1.5 mL of a
10-fold diluted Folin—Ciocalteu reagent and 1.2 mL
of'a 7.5% (w/v) sodium carbonate (Na.COs) solution.
The mixture was incubated in the dark at room tem-
perature for 90 minutes. Absorbance was measured
at 725 nm, and TPC was expressed as milligrams
of gallic acid equivalents (GAE) per gram of dry

matter (mg GAE g'), based on a calibration curve
prepared with gallic acid.

Total flavonoid content (TFC) was determined
according to the protocol described by Zhishen et al.
(1999). The extracted samples were diluted with 2.0
mL of distilled water in test tubes, followed by the
addition of 0.15 mL of a 5% sodium nitrite (NaNO-)
solution. After 6 minutes, 0.15 mL of 10% aluminum
chloride (AICls) solution was added. The mixtures
were allowed to stand for an additional 6 minutes
before 1.0 mL of 1 M sodium hydroxide (NaOH)
solution was introduced. The reaction mixtures were
then incubated at room temperature for 15 minutes.
Absorbance was measured at 415 nm using a UV-
VIS spectrophotometer, with a blank prepared by
replacing the extract with distilled water. TFC was
calculated using a standard calibration curve based
on quercetin and expressed as milligrams of querce-
tin equivalents (mg QUE g') per gram of dry matter.

Antioxidant activity (AA) was assessed using
the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging method described by Garcia et al. (2012).
Briefly, 300 pL of a 100 uM DPPH radical solution
prepared in 70% ethanol was mixed with 0.5 mL
of sample extracts or standards. The mixture was
vortexed thoroughly and incubated in the dark at
room temperature for 30 minutes. Absorbance was
then measured at 517 nm using a UV-VIS spectro-
photometer. A control solution containing only the
DPPH radical with added distilled water was used
for comparison. The percentage of DPPH radical
scavenging activity was calculated using the fol-
lowing equation:

Radical scavenging effect (%)= [(Control absorbance
- Absorbance values of samples)/ Control absorbance
x 100]

Statistical analysis

Data were analysed using the General Linear Mod-
el (GLM) procedure in the SAS software package
(SAS, 2002). Significant differences between the
means were determined using Duncan’s multiple
range test, with an alpha level of 0.05.

RESULTS

The chemical composition of OC fermented with
Aspergillus niger and Bacillus subtilis strains and
unfermented (control) was presented in Table 1.

The results showed that EE, total sugar, and ME
values of fermented OC decreased significantly
(P<0.05) in all fermented groups treated with A4s-
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Table 1. Chemical composition variation during olive cake fermentation using Aspergillus niger and
Bacillus subtilis before (control) and after 24, 48 and 72 h (%, based on DM)

Fermentation Chemical composition (%)

group DM Ash EE Cp CF NDF ADF ADL Sugar NFE ME
A. niger

Control 93.68° 4.12 10.64* 7.7 46.64* 7435 61.45* 31.81* 0.38* 31.20® 1169°
A-24 95.39*  4.04 10.18> 7.82 44.54* 7393 60.29® 30.55® 0.11® 33.80*° 1129°
A-48 95.17*  4.07 10.05* 7.78 43.83* 73.03 59.67° 30.12® 0.11> 33.89* 1124°
A-72 95.29*  4.01 10.27° 7.9 43.34* 71.38 59.68° 30.12° 0.11® 34.62* 1130°
SEM 0.175 0.063 0.084 0.098 0.674 1.005 0.414 0.500 0.039 0.777 5.810
P-value <.0001 0.752 0.000 0.558 0.016 0.276 0.037 0.036 0.002 0.043 0.001
B. subtilis

Control 93.68° 4.12 10.64* 7.70° 46.64 7436 61.45 31.81 0.38* 31.2 1169*
B-24 95.48* 4.1 10.14* 8.06* 44.74 7497 60.48 31.17 0.18% 3295 1137°
B-48 95.47*  4.02 10.04°> 8.12* 4448 75.35 60.93 31.11 0.13> 3334 1130°
B-72 95.36* 4.08 10.03> 8.16* 44.3 7495 60.49 30.81 0.18° 3348 1127°
SEM 0.178 0.070 0.084 0.098 0.824 1.005 0.463 0.500 0.047 0.757 5.810
P-value <.0001 0.677 0.000 0.040 0.129 0.070 0.360 0.459 0.029 0.180 0.000

a*Means in the same column with different superscripts are significantly different (P<0.05); SEM: Standard error of means; A1-24, A1-48
and A1-72: Fermentation with 4. niger for 24, 48 and 72 hours respectively; B1-24, B1-48 and B1-72: Fermentation with B. subtilis for 24, 48
and 72 hours respectively; DM: Dry matter; EE: Ether extract; CP: Crude protein; CF: Crude fiber; NDF: Neutral detergent fiber; ADF: Acid
detergent fiber; ADL: Acid detergent lignin; NFE: Nitrogen-free extract; ME: Metabolizable energy; 4. niger: Aspergillus niger; B. subtilis:

Bacillus subtilis.

pergillus niger and Bacillus subtilis. In contrast, DM
and NOM values significantly increased (P<0.05)
in all fermented groups. Ash content, however, did
not show any statistically significant difference
(P>0.05). Although crude protein (CP) content did
not exhibit a statistically significant difference in
the groups fermented with Aspergillus niger, it in-
creased numerically from 7.70% in the control group
to 7.90% in the A-72 group (P>0.05). In contrast,
a significant increase in CP content was observed
in all groups fermented with Bacillus subtilis (B-
24, B-48, and B-72) compared to the unfermented
control group (P<0.05). The starch content of OC
was below the measurement limit and could not be
determined, both before and after fermentation with
Aspergillus niger and Bacillus subtilis.

The changes in CF, NDF, ADF, and ADL of un-
fermented and fermented OC with Aspergillus niger
and Bacillus subtilis during different fermentation
periods (24, 48, and 72 hours) was shown in Table
1. With increasing fermentation time using Asper-
gillus niger, the CF content of samples decreased
significantly by 4.50%, 6.03%, and 7.07% at 24, 48,
and 72 hours, respectively (P<0.05). In contrast, no

significant changes were observed in the CF content
of OC fermented with Bacillus subtilis (P>0.05).
Similarly, no significant differences (P>0.05) were
observed in the NDF content of OC fermented with
either Aspergillus niger or Bacillus subtilis (Table
1). While the ADF and ADL contents did not show
significant differences in the groups fermented with
Bacillus subtilis at any time point (24, 48, and 72
hours), a numerical decrease was observed across
all fermented groups.

The changes in TPC, TFC, and AA of unfermented
and fermented OC with Aspergillus niger and Bacil-
lus subtilis during different fermentation periods (24,
48, and 72 hours) was exhibited in Table 2.

There was a significant decrease in TPC between
the control and the treatment groups (P<0.05). Total
phenolic content of unfermented samples was 3.70
mg GAE/g. In samples fermented with Aspergillus
niger, TPC decreased to 2.29 mg GAE/g, 2.24 mg
GAE/g, and 2.20 mg GAE/g at 24, 48, and 72 hours,
respectively. Similarly, fermentation with Bacillus
subtilis resulted in a reduction in TPC to 2.30 mg
GAE/g, 2.25 mg GAE/g, and 2.22 mg GAE/g at 24,
48, and 72 hours, respectively.
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Table 2. Total flavonoid content and antioxidant activity variation during olive cake fermentation
using Aspergillus niger and Bacillus subtilis before (control) and after 24, 48 and 72 h (%, based on

DM).
Aspergilus niger

Parameter

Control Al-24 Chamge  yy4g Change 0 Change(%) SEM  P-value

(%) (%)

TpC 3.702 2.29b -38.22 2.33b -37.07 2.20° -40.45 0.017 0.004
(mg GAE/g) > . . . . : . . :
TFC b b )

2.03¢ 1.19 -41.29 1.18 -41.84 1.18 -41.97 0.051 <.0001
(mg QE/g)
AA (%) 75.54*  56.01° -25.85 57.71>  -23.60 59.97° -20.60 0.024 0.010

Bacillus subtilis

Parameter

Control Bl-24 Change B1-48 CMMEC By o) Change (%) SEM  P-value

(%) (%)

TpC 3.70° 2.30° -37.99 2.28° -38.25 2.22° -40.11 0.169 0.002
(mg GAE/) . ) : . ) : . . :
TFC a b b b

2.03 1.17 -42.38 1.15 -43.38 1.09 -46.35 0.051 <.0001
(mg QE/g)
AA (%) 75.542 59.99*  -20.59 58.46° -22.61 57.71°  -23.60 0.024 0.005

*b Means in the same column with different superscripts are significantly different (P<0.05); SEM: Standard error of means; A1-24, A1-48 and
A1-72: Fermentation with 4. niger for 24, 48 and 72 hours respectively; B1-24, B1-48 and B1-72: Fermentation with B. subtilis for 24, 48 and
72 hours respectively; TPC: Total phenolic content; TFC: Total flavonoid content; AA: Antioxidant Activity; A. niger: Aspergillus niger; B.

subtilis: Bacillus subtilis.

The changes in TFC of OC fermented with As-
pergillus niger and Bacillus subtilis was displayed
in Table 2. Regardless of the microorganism used,
TFC significantly decreased in all fermented groups
compared to the control (P<0.05). The reduction in
TFC ranged from 41.29% to 46.35%.

The AA of unfermented and fermented OC with
Aspergillus niger and Bacillus subtilis, as measured
using the DPPH scavenging assay, was demonstrated
in Table 2. The AA of unfermented OC was 73.78%.
In samples fermented with Aspergillus niger, AA sig-
nificantly decreased to 56.20%, 57.34%, and 55.44%
at 24, 48, and 72 hours, respectively (P<0.05). Sim-
ilarly, in samples fermented with Bacillus subtilis,
AA decreased significantly to 56.96%, 54.68%,
and 54.68% at 24, 48, and 72 hours, respectively
(P<0.05).

DISCUSSION

In the present study, dry matter (DM) content signifi-
cantly increased in all treatment groups after fermen-
tation. The optimum moisture level SSF has been
reported as 50% (Chutmanop et al., 2008), which
was used to initiate this experiment. Typically, fun-
gi require moisture levels between 40% and 60%
for growth under SSF conditions (Singhania et al.,

2009), while bacteria often require moisture levels
exceeding 70% (Pandey et al., 2001). Lower mois-
ture content facilitates direct fermentation of the
substrate without the need for sterilization. Simi-
lar findings were reported by Moftah et al. (2012)
for OC using SSF. In contrast, Nazem et al. (2008)
observed a reduction in DM content during SSF of
citrus pulp. According to Shojaosadati (1999), this
decrease in DM in fermented substrates is attributed
to fungal respiration, nutrient consumption, and gas
production. Although there was a slight numerical
change in the ash content of OC fermented with A4s-
pergillus niger and Bacillus subtilis, it was not statis-
tically significant (P>0.05). This result is consistent
with previous studies on cassava peels (Aro, 2008),
rapeseed pulp (Shi et al., 2016), and palm kernel (La-
wal et al., 2010), which also reported no significant
changes in ash content using SSF. However, several
studies have reported an increase in ash content in
substrates after fermentation (Assi and King, 2008;
Okpako et al., 2008; Altop et al., 2018). Rajesh et
al. (2010) suggested that this increase might result
from the depletion of organic matter during SSF. In
contrast, a decrease in ash content has been report-
ed during the SSF of olive pomace (Oliveira et al.,
2017) and OC (Moftah et al., 2012).
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As shown in Table 1, the EE content significantly
decreased after 24, 48, and 72 hours of fermentation
in all treatment groups, regardless of the microor-
ganism used (P<0.05). These findings are consistent
with previous studies on mango kernel (Kayode and
Sani, 2008), grape seeds (Altop et al., 2018), and
Terminalia catappa fruit meal fermented with As-
pergillus niger (Apata, 2011). Similarly, Oliveira
et al. (2018) reported a reduction in EE content in
palm kernel cake fermented with Aspergillus niger,
Aspergillus oryzae, and Aspergillus awamori com-
pared to unfermented samples. The decrease in EE
content observed in this study may be attributed to
the lipase enzyme activity of fungal microorganisms,
which hydrolyzes fats into fatty acids and glycerol
(Kumar and Kanwar, 2012). However, several stud-
ies have reported an increase in fat content during
the SSF of olive pomace (Moftah et al., 2012; Fadel
and El-Ghonemy, 2015; Fathy et al., 2018) and olive
leaves (Altop et al., 2019).

Although fermentation with Aspergillus niger
resulted in a slight increase in the CP content of
OC, the differences were not statistically significant
(P>0.05). In contrast, a significant increase in CP
content was observed in OC fermented with Bacillus
subtilis (Table 1). Previous studies have reported no-
table increases in CP content following SSF. For in-
stance, Altop (2019) demonstrated an increase in the
CP level of olive leaves fermented with Aspergillus
niger, while Vahidi et al. (2017) observed enhanced
CP content in OC fermented with Lentinus edodes.
Similarly, Mathot et al. (1992) reported up to a 22%
increase in CP content during the fermentation of
barley using Aspergillus niger. Several studies have
suggested that microorganisms secrete enzymes such
as protease, amylase, cellulase, hemicellulase, hy-
drolase, and pectinase during fermentation, which
can utilize protein, starch, sugar, or cellulose in the
plant material as a carbon source, thereby enhancing
the protein content (Raimbault, 1998; Mathivanan et
al., 2006). Additionally, the protein content of fungal
mycelium increases during the fermentation process
due to microbial growth and reproduction, which
further contributes to the elevated protein levels in
the final product (Belewu and Musa, 2003; Oboh,
2006). Therefore, the increase in protein content
of fermented OC, particularly in samples treated
with Bacillus subtilis in the present study, can be
attributed to these factors. It has also been reported
that microorganisms such as Aspergillus niger and
Bacillus subtilis can secrete enzymes like protease,
tanninase, and amylase, which can contribute to this

process (Owens et al., 1997; Okpako et al., 2008).
However, studies by Alhamad et al. (2012) on OC
and Tosun and Yasar (2021) on tomato pulp have
reported no significant change in CP content. In our
study, the degree of CP increase varied depending on
the type of microorganism used, suggesting that the
specific microorganism employed in fermentation
plays a critical role in determining the extent of CP
enhancement. Overall, fermentation with Bacillus
subtilis proved to be particularly effective in increas-
ing the CP content of OC.

In the present study, a significant decrease in
sugar content was observed in all treatment groups
after fermentation with Aspergillus niger and Bacil-
lus subtilis (P<0.05). These findings are in line with
previous studies on olive leaves (Altop, 2019) and
olive cake (Oliveira et al., 2017) subjected to SSF.
In contrast, Neifar et al. (2013) reported an increase
in the sugar content of OC by SSF. The reduction
in sugar content observed in this study may be at-
tributed to the enzymes secreted by the microbial
inoculants, their capacity to hydrolyze sugar in the
OC, and the subsequent utilization of the resulting
glucose by microorganisms as a carbon source (Rai
et al., 1988; Oboh, 2006).

The NFE content of fermented OC increased
significantly in the groups treated with Aspergillus
niger. Although a numerical increase in NFE was
observed in the groups fermented with Bacillus sub-
tilis, the difference was not statistically significant
(P>0.05). These findings are consistent with studies
conducted on tomato pomace (Tosun, 2017), Termi-
nalia catappa fruit meal (Apata, 2011), and cotton-
seed meal (Altop et al., 2019). The observed increase
in NFE content may be attributed to the enzymatic
activity of microorganisms during fermentation or
to specific effects exerted by the microbial strains.
However, these results are not consistent with studies
on olive leaves (Altop, 2019), cassava peels (Aro,
2008; Okpako et al., 2008), palm kernel cake (Lawal
et al., 2010), and canola meal (Safari et al., 2012),
where no significant changes or a decrease in NFE
content were reported. This variation in findings may
be due to differences in substrate composition, fer-
mentation conditions, or the type of microorganisms
used in the fermentation process.

The ME levels in all fermentation groups, wheth-
er treated with Aspergillus niger or Bacillus subti-
lis, significantly decreased compared to the control
group (P<0.05). This reduction in ME may be at-
tributed to the observed decrease in EE and sugar
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content of OC ofter SSF. The results of this study are
consistent with those reported by Fadel and El-Gho-
nemy (2015), who investigated the effects of SSF on
OC. However, in contrast to our findings, studies on
apple and tomato pomace (Tosun, 2017) and olive
pomace (Fathy et al., 2018) have shown an increase
in ME levels treated by SSF.

The present study demonstrated that Aspergil-
lus niger was more effective than Bacillus subti-
lis in significantly reducing the CF content of OC
(P<0.05). These findings suggest that both fungi
and bacteria can reduce CF content during SSF, with
Aspergillus niger exhibiting superior effectiveness.
This may be attributed to the fact that cellulase en-
zymes are predominantly synthesized by cellulolytic
fungi such as Chaetomium spp., Fusarium myroth-
ecium, Trichoderma penicillium, and Aspergillus
spp. (Aguilar et al., 2008). However, it has been
reported that certain bacteria, such as Streptomyces
spp., cannot grow on OC during SSF due to their
mycelial morphology, growth cycle characteristics
and cannot produce lignocellulolytic enzymes effec-
tively (Medouni-Haroune et al., 2017). Neifar et al.
(2013) reported that the CF content of OC decreased
through SSF with white rot fungi (Fomes fomentari-
us). Similarly, Fadel and El-Ghonemy (2015) report-
ed that Aspergillus oryzae was effective in producing
lignocellulolytic enzymes and enhancing the in vitro
digestibility of OC. The hydrolytic nature of Asper-
gillus niger is likely responsible for these effects.
This hypothesis is supported by Chesson (1993),
who explained that fungi secrete hydrolytic enzymes
during fermentation, enabling the breakdown of cell
wall components. Although some previous studies
have reported a decrease in NDF content through
SSF of various agricultural by-products, including
sour cherry (Prunus cerasus) kernels (Glingor et
al., 2017), olive leaves (Altop, 2019), and canola
meal (Safari et al., 2012), the present study found
no significant effect (P>0.05) on the NDF content of
OC fermented with Aspergillus niger and Bacillus
subtilis (Table 1). While Arda (2000) reported that
fermentation could increase NDF content due to the
presence of cellulose and chitin in the fungal cell
wall. Additionally, the effectiveness of the inoculant
strain in degrading hemicellulose and lignin may
vary.

As shown in Table 1, the ADF and ADL contents
of OC fermented with Bacillus subtilis showed no
significant changes (P>0.05). However, a significant
decrease in ADF and ADL contents was observed

in OC fermented with Aspergillus niger (P<0.05).
Similarly, Neifar et al. (2013) reported decreases
of 13% and 10% in ADF and ADL contents on fer-
mented OC through SSF respectively, while Fathy
et al. (2018) observed a 16.16% decrease in ADF
content. In this study, SSF effectively reduced the
ADF content of OC, with fungi (4spergillus niger)
exhibiting a greater impact compared to bacteria.
This reduction can be attributed to the secretion of
enzymes, such as cellulase, during microbial fer-
mentation. These enzymes utilize structural carbo-
hydrates as a carbon source, leading to a decrease
in ADF, NDF, and lignin contents (Krishna, 2005).
However, some studies have reported increases in
ADF and ADL contents in fermented by-products,
including cottonseed meal (Altop et al., 2019), cas-
sava peels (Okpako et al., 2008), and sour cherry
kernels (Giingor et al., 2017). Oliveira et al. (2017)
also reported an increase in ADL content in a product
obtained by fermenting OC and wheat bran with A4s-
pergillus niger, Aspergillus ibericus, and Aspergillus
tubingensis. The presence of lignin in lignocellulosic
materials forms a protective barrier that prevents
plant cell walls from being degraded by fungi and
bacteria. To utilize as a carbon source, cellulose and
hemicellulose must first be broken down into their
corresponding monomers (sugars) (Kumar and Kan-
war, 2012). Fadel and EI-Ghonemy (2015) reported
that Aspergillus oryzae is an effective microorganism
for producing lignocellulolytic enzymes, which sig-
nificantly increased the in vitro digestibility of OC.

As shown in Table 2, a significant decrease in
the TPC of fermented OC was observed across all
treatment groups (P<0.05). Similarly, Leite (2015)
reported a reduction in TPC from 8.9 mg GAE/g
to 1.5 mg GAE/g after fermentation of OC with
Aspergillus niger and Trichoderma reesei. Chebai-
bi et al. (2019) also observed a decrease in TPC
after two weeks of fermentation with Aspergillus
niger. In contrast, Madeira et al. (2012) reported a
statistically significant increase in TPC in orange
pomace fermented with Paecilomyces variotii. The
decrease in total tannins, phytic acid, and phenolic
compounds during fermentation may be attributed
to the enzymatic activity of tannin hydrolase and
hemicellulase secreted by Aspergillus niger, as well
as phytase, xylanase, and hydrolase produced by
Bacillus subtilis (Sun et al., 2012).

The TFC of fermented OC also demonstrated
a significant decrease (P<0.05), with a decrease
ranging from 35% to 46% in all treatment groups
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(Table 2). Chebaibi et al. (2019) similarly reported
a decrease in TFC from 3 mg QE/gto 1.07 mg QE/g
during the fermentation of OC with Aspergillus ni-
ger. In this line, Zhang et al. (2012) and Cao et al.
(2012) reported a decrease in the TFC of Ginkgo
leaves (Ginkgo biloba L.). The decrease in TFC
during fermentation with Aspergillus niger is due to
the conversion of flavonoids into aglycones, facilitat-
ed by the production of B-glucosidase enzymes (Hsu
and Chiang, 2009). However, Altop (2019) reported
no significant changes in flavonoid content or AA in
olive leaves using SSF.

After the fermentation of OC, a significant de-
crease (P<0.05) in AA was observed across all treat-
ment groups (Table 2). This result is consistent with
findings by Oliveira et al. (2017), who reported a
significant reduction in AA in fermented OC (10
mmol Trolox kg™) compared to unfermented OC
(30 mmol Trolox kg™). Similarly, Alpar (2018) re-
ported a decrease in AA in olive leaves through SSF
with Bacillus subtilis. In contrast, Alhamad et al.
(2012) found no statistically significant changes in
AA in OC after fermentation, while Tosun (2017)
reported an increase in AA using both the ABTS
(2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)) and DPPH methods for AA determination.
The reduction in AA observed in the present study
may be attributed to the concurrent decrease in TPC
and TFC across all treatment groups. A positive cor-
relation between TPC and AA has been reported pre-
viously by Alu’datt et al. (2010). It is important to
note that different methods for determining AA can
yield varying results. While the DPPH assay is the
most commonly used method, it may not necessar-
ily be the most accurate or definitive (Atli, 2020).
Moreover, Saci et al. (2015) reported a significant
decrease in AA with increasing storage temperature
and duration (P<0.05).

Differences between the findings of this study
and those of others may be due to various factors,
including plant variety (Tura et al., 2007), regional
differences (Vinha et al., 2005), harvesting condi-

tions (Gomez-Alonso et al., 2002), and variations in
processing methods (Ranalli et al., 2001). Zhang et
al. (2021) also highlighted the influence of storage
time on polyphenol content in wheat flour. Further-
more, changes in phytochemical components after
fermentation may depend on the specific microbial
inoculants used.

CONCLUSION

In conclusion, solid-state fermentation with
both Aspergillus niger and Bacillus subtilis led
to a decrease in ether extract, total sugar, total
phenolic content, total flavonoid content, and
antioxidant activity of fermented olive cake,
while dry matter and neutral organic matter val-
ues increased. Crude protein content showed
a significant increase with Bacillus subtilis.
Additionally, changes in cell wall components
were also observed, with Aspergillus niger sig-
nificantly decreasing crude fiber content, while
no significant changes were detected during fer-
mentation with Bacillus subtilis.

This study highlights the potential of solid-state
fermentation as an effective approach for modifying
the nutritional composition of olive cake, an inex-
pensive and underutilized agro-industrial by-prod-
uct. These modifications could enhance its value as
animal feed or feed additive, particularly for use in
poultry nutrition.
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