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ABSTRACT: The objective of this study was to assess the biochemical potential of Rhizopus oligosporus as a
starter culture to enhance the nutritional value of palm kernel cake (PKC) for animal feed formulation using
appropriate standard methods. Among the experimental groups, the batch of birds fed with solid-state fermented
PKC as a 50% maize replacement showed a noteworthy weight gain (p < 0.05) in relation to the control group, while
the other experimental groups exhibited a weight loss. Serum levels of ALT, AST, ALP, creatinine, and blood urea
did not show a notable difference from the reference group and those on the experimental diets. These findings
collectively suggest that the pre-treatment of PKC using R. oligosporus holds the potential to elevate its nutritional

quality for utilization in animal feed applications.
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The rising demand for poultry meat and eggs in
developing countries is driving an increased need for
primary poultry feedstuffs, especially protein and
energy sources like soybean meal and yellow maize
(Alshelmani et al., 2021; Tonukari et al., 2023). This
trend is expected to cause the price of poultry diets to
rise. In response to this challenge, certain developing
countries are investigating alternative feed sources
derived from agricultural waste materials, including
wheat bran, rice bran, cottonseed meal, copra meal,
and palm kernel cake. Nonetheless, these residual
products  frequently  encompass non-starch
polysaccharides (NSPs) and anti-nutritional elements,
which may pose risks to monogastric animals like
chickens and pigs (Nguyen et al., 2021). One possible
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solution to mitigate the consequences of increasing
animal food product demand is to increase livestock
feed efficiency. However, there is a need to search for
and investigate alternative feed sources to replace
expensive traditional feedstuffs such as maize,
sorghum, soybean, and peanut due to their increasing
demand for human consumption and industrial
production (Ansari et al., 2021). The seasonality of
grain production and insufficient storage technology
also make their supply problematic for cattle rearing.
Palm kernel cake (PKC) emerges as a fibrous
byproduct during the palm kernel oil extraction
process. Offering a protein-rich composition (16-18%)
devoid of aflatoxin, PKC proves valuable for
ruminants and monogastric animals in their dietary
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regimen (Wong et al., 2011). Nevertheless, its
incorporation into monogastric  species' diets,
especially poultry, encounters limitations due to its
elevated indigestible fiber content and palm nut shell
impurities (Azizi et al., 2021). The predominant
presence of mannan within PKC's non-starch
polysaccharides adversely impacts chickens, causing
taste aversion and digestive issues (Alamgir, 2017;
Alshelmani et al., 2021).

Addressing this concern, enzymatic treatment utilizing
B-mannanase offers a potential solution to break down
the NSP, specifically B-mannan, into easily absorbable
and metabolizable carbohydrates like mannose,
thereby enhancing palatability and digestion in poultry
(Saeed et al., 2019). Another avenue involves solid-
state fermentation (SSF), a biotechnological process
where microorganisms thrive on solid substrates,
producing enzymes that modify the substrate's
chemical and physicochemical attributes (Egbune et
al., 2023a, b, c, d). Fungal strains like Aspergillus
niger, Sclerotium rolfsii, Trichoderma spp., and
Aspergillus flavus have been explored for PKC SSF
(Al-Snai, 2019; Akula and Golla, 2020; Guzman-
Guzman et al., 2023). Interestingly, a recently isolated
fungal strain from PKC demonstrated the ability to
enhance reducing sugar content and reduce
hemicellulose (B-mannan) through fermentation in a
unigue bioreactor setup (lluyemi et al., 2006). Among
these options, filamentous fungi such as R.
oligosporus, though underutilized, exhibit promise
due to their capability to produce nutritive elements
without generating harmful compounds. This study
delves into the feasibility of R. oligosporus as a starter
culture to transform PKC into a more nutritionally
enriched component suitable for animal feed.

MATERIALS AND METHODS

Materials Collection and Starter Organism Selection:
The palm kernel cake used in this study was obtained
from Songhai Delta Amukpe Sapele, Nigeria, and was
milled before being stored at room temperature until
further analysis. The R. oligosporus strains used in the
study were provided by PT Aneka Fermentasi Industri,
Bandung, Indonesia and obtained from the laboratory
at Harmony Path, Ltd. situated in Amukpe, Delta
State, Nigeria.

Various pretreatment for PKC: To prepare the
substrates for autoclaved PKC, 5kg of PKC was
blended with 15 mL of 50 mM phosphate buffer at pH
6. Similarly, the substrates for autoclaved PKC with
IN Sulfuric acid were prepared using the same
method. However, in this case, the mixture was
autoclaved in 4L of water and 80 ml of sulfuric acid.
For solid-state fermented PKC, 1g of R. oligosporus,
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obtained from Tonukari Biotechnology Laboratory,
was blended with 15 mL of 50 mM phosphate buffer
at pH 6 and 5kg of PKC. The same process was
followed for SSF autoclaved PKC with 1N Sulfuric
acid. Control samples were also prepared using PKC
with buffer alone and without cells. After fermentation
for 72 hours at room temperature, 6-gram aliquots of
the cell-PKC mixture were collected and blended with
a mortar and pestle. The resulting mixture was spun
for 10 minutes, and the supernatant was collected as
crude extract. Replicate samples of crude extracts
were prepared for follow-up tests.

Biochemical parameters: Total soluble protein was
measured using Gornall et al.'s method (1949).
Glucose concentration was assessed using the Randox
glucose Kkit. Reducing sugars concentration was
measured by the method (Miller, 1959). Total phenols
were determined with Singleton and Rossi's procedure
(1965). Total flavonoids were measured by
colorimetry (Jia et al., 1999). Antioxidant activity was
evaluated using the DPPH assay (Hatano et al., 1988),
and reducing power was assessed as per Benzie and
Strain (1996).

Enzyme extraction: On the seventh day of the
fermentation process, a sterile distilled water volume
of 20 mL was introduced into the PKC substrate
engaged in solid-state fermentation. Thorough mixing
was achieved by swirling the mixture to ensure
uniformity. Subsequently, all the flasks underwent
vigorous agitation on a rotary shaker operating at 200
revolutions per minute for a duration of 30 minutes.
To separate the solid biomass from the suspension,
filtration through Whatman filter paper No.1 was
employed. The resulting extract was then employed as
the source of the enzyme preparation. This sequence
of steps was repeated using various treated PKCs. The
determination of Mannanase activity was executed
using a modified adaptation of the Araujo and Ward
(1990) method. Conversely, the assessment of Phytase
activity was carried out by quantifying the release of
inorganic phosphorus from a sodium phytate solution,
utilizing the methodology outlined by Bogar et al.
(2003).

Evaluation of Broiler Starter Diets: Substitution of
Maize with Pretreated Palm Kernel Cake and Its
Impact on Growth Performance: Eight starter diet
diets were designed by replacing 50% of the maize
with processed palm kernel cake (PKC), while other
ingredients remained constant (see Table 1 for details).
Forty newly hatched chicks were shared into 8 groups
of five, each fed one diet for 4 weeks with unrestricted
access to feed and water. Weight gain was assessed by
recording weights on the first day and at the end of the
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fourth week. The study was conducted in accordance
with ethical guidelines, and approval was obtained
from the Research and Ethics Committee of the
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Faculty of Science, Delta State University, Abraka
(Ref: REC/FOS/22/06).

Table 1: Gross composition of broiler chick meals with 50% replacement maize with pretreated PKC

Component A B C D E F
PKC 0 25 0 0 0 0
Autoclaved PKC 0 0 25 0 0 0
Autoclaved PKC with 1N sulphuric acid 0 0 0 25 0 0
SSF PKC 0 0 0 0 25 0
SSF Autoclaved PKC 0 0 0 0 0 25
SSF Autoclaved PKC with 1N sulphuric acid 0 0 0 0 0 0

G
0
0
0
0
0
25
25
10
35
15
2
05
0.25
0.25
0.25

Maize 50 25 25 25 25 25

Wheat offal 10 10 10 10 10 10

Soybean cake 35 35 35 35 35 35

Bone meal 15 15 15 15 15 15
Limestone 2 2 2 2 2 2
Dicalcium phosphate 0.5 0.5 0.5 0.5 0.5 0.5

Lysine 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.25 0.25 0.25 0.25 0.25 0.25

Premix 0.25 0.25 0.25 0.25 0.25 0.25 .
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100 100 100
Number of birds 5 5 5 5 5 5 5

A) Control (Maize), B) Untreated PKC, C) Autoclaved PKC, D) Autoclaved PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF Autoclaved
PKC, G) SSF Autoclaved PKC with 1IN Sulfuric acid

Metabolizable Energy: The compound meal was
analyzed according to AOAC (1995) guidelines.
Metabolizable energy (ME) in Kcal/kg was calculated
using the following formula from AOAC (1995):

ME = (37 x CP) + (81.8 X CF)
+ (35.5 x NFE) (1)

Where:  NFE denotes nitrogen-free  extract
(carbohydrates), CF represents crude fat, and CP
stands for crude protein, all expressed as percentages.

Proximate Analysis of Feeds: The proximate analysis
of feeds, as detailed by Kirk and Sawyer (1991) and
James (1995), involved determining fat, fiber, ash,
carbohydrate, moisture, and dry matter percentages.
The fat percentage was calculated using the formula in
equation 2

(W2 — W1)

W x 100 @)

% fat =

Fiber content was assessed via the Weende method,
and ash content was determined using the furnace
incineration gravimetric method. Carbohydrate
percentage was computed using the formula in
equation 3

% Carp.— CoProtein + % fat + % fiber)
o Lard.= (% ash + % moisture content) ®)

Where Carb = carbohydrates

-Moisture percentage was determined using the
gravimetric method from AOAC (1990). Dry matter
percentage was obtained by subtracting moisture
content from 100, as expressed in the formula in
equation 4

% Dry matter = 100 — % MC (4)

Where MC represents Moisture Content.

Assessment of the Biochemical Impact of Feed
Formulations: Upon the culmination of the feeding
trial, venous blood was aseptically extracted using
sterile syringes and needles from prominent veins
located in the wings and/or legs of the chicks. The
collected blood was subsequently transferred into test
tubes. Following a clotting period, the blood was
dislodged and subjected to centrifugation at 2000 g for
10 minutes. This process facilitated the separation of
serum as the supernatant. The obtained sera were then
carefully preserved at a temperature of 4°C and
earmarked for various biochemical analyses. The
biochemical markers examined in the serum
encompassed serum alkaline phosphatase (ALP),
aspartate  aminotransferase (AST), alanine
aminotransferase (ALT), creatinine, urea, albumin,
calcium, cholesterol and aspartate aminotransferase
(AST). The procedures for conducting these analyses
adhered to the protocols stipulated in RANDOX test
kits.

Statistical Evaluation: The data analysis was
conducted using the SPSS software. To assess the
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experimental data, analysis of variance (ANOVA) was
employed. Subsequently, a Fisher's test of least
significant difference (LSD) was performed to
facilitate a comparison of group averages.

RESULTS AND DISCUSSION

According to Figure 1A, the concentration of soluble
proteins in the pre-treated PKC exhibited a noteworthy
increase  (p<0.05). The pre-treatment method
involving R. oligosporus in solid-state fermentation
yielded the highest concentration of soluble proteins
among all the tested methods.
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Fig. 1: (A) Levels of soluble proteins (B) Glucose concentration
and (C) Reducing sugar concentration at different pretreatments of
PKC. Values marked with superscript letters vary markedly from
the control. A) Untreated PKC, B) Autoclaved PKC, C)
Autoclaved PKC with 1N Sulfuric acid, D) SSF PKC, E) SSF
Autoclaved PKC, F) SSF Autoclaved PKC with 1N Sulfuric acid

The increase in soluble protein concentration observed
in the pre-treated PKC samples could be due to the
proteolytic activity of R. oligosporus during solid-state
fermentation. R. oligosporus is a well-known
filamentous fungus with a broad range of proteolytic
enzymes that can hydrolyze proteins and peptides into
smaller units (Christensen et al., 2022; Aganbi et al.,
2023; Edema-Eyen et al., 2023). These enzymes are
secreted by the fungus to degrade the complex organic
matter present in the substrate and to release nutrients
for their growth and metabolism (Noman et al., 2019;
da Silva Vilar et al., 2022).

The proteolytic activity of R. oligosporus on PKC can
lead to the breakdown of proteinaceous components
such as cell walls and membranes, which would
increase the solubility of proteins and enhance their
availability for extraction (Cabanillas-Bojérquez et
al., 2020; Egbune et al., 2024b). Additionally, the
release of amino acids and peptides from protein
hydrolysis can stimulate the growth and activity of the
indigenous microbial communities in the PKC, which
could further contribute to the increase in soluble
protein concentration (Wang et al., 2022; Egbune et
al., 2024a).
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Figure 1B presents the outcomes of the analysis
carried out to determine the glucose concentration of
pre-treated PKC. The results showed that SSF PKC,
SSF Autoclaved PKC, and SSF Autoclaved PKC with
1N Sulfuric acid had a noticeable elevation (p<0.05)
in glucose concentration compared to the PKC that
was untreated. However, the glucose concentration of
Autoclaved PKC and Autoclaved PKC with 1N
Sulfuric acid was significantly reduced.

The increase in glucose concentration in SSF PKC,
SSF Autoclaved PKC, and SSF Autoclaved PKC with
1N Sulfuric acid could be due to the breakdown of the
carbohydrate polymers present in the pre-treated PKC
(Zhang et al., 2021). These treatments likely caused
the breakdown of the cell wall components, which
released the carbohydrates into the solution. The SSF
process, which involves simultaneous saccharification
and fermentation, further breaks down the complex
carbohydrates into glucose, which would explain the
elevated glucose concentration in the treated PKC
samples (Antia et al., 2021; Ezedom et al., 2022,
2023). On the other hand, the reduction in glucose
concentration observed in Autoclaved PKC and
Autoclaved PKC with 1N Sulfuric acid could be
attributed to the denaturation or degradation of
enzymes responsible for the saccharification process
(Zhao et al., 2021). Autoclaving and acid treatment are
known to cause denaturation or degradation of
enzymes, which would explain the reduced glucose
concentration in these samples (Rivas et al., 2022).

Relative to the control, there was a slight increase in
reducing sugar concentration in SSF PKC, SSF
Autoclaved PKC, and SSF Autoclaved PKC with 1N
sulfuric acid. However, Autoclaved PKC and
Autoclaved PKC with 1IN Sulfuric acid showed a
significant reduction in the concentration of reducing
sugar (Figure 1C).

The reduction of sugar concentration in autoclaved
PKC and autoclaved PKC with 1N Sulfuric acid could
be due to the thermal and chemical degradation of the
polysaccharides in the PKC (Azizi et al., 2021). The
high temperature during autoclaving and the acidic
conditions of sulfuric acid treatment could have
broken down the glycosidic bonds in the
polysaccharides, resulting in a decrease in reducing
sugar concentration (Constantino et al., 2021).

In contrast, the slight increase in reducing sugar
concentration in SSF PKC, SSF Autoclaved PKC, and
SSF Autoclaved PKC with 1N Sulfuric acid could be
attributed to the activity of enzymes produced during
solid-state fermentation (SSF) (Leite et al., 2019).
During SSF, microorganisms secrete various enzymes
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such as cellulases, hemicellulases, and amylases,
which can break down the complex polysaccharides in
the PKC into simpler sugars, including reducing
sugars (Lee et al., 2019). According to a study by
Gnanamani et al. (2010), SSF of PKC with
Aspergillus niger resulted in the production of
cellulases and hemicellulases, leading to an increase in
reducing sugar concentration. Similarly, another study
by Dasari et al. (2019) showed that SSF of PKC with
Trichoderma reesei and Aspergillus niger increased
the concentration of reducing sugars due to the activity
of cellulases and xylanases.
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Fig. 2: (A) Total phenolic content (TPC) and (B) Total flavonoid
content (TFC) at different pretreatments of PKC. Values marked
with superscript letters vary markedly from the control. A)
Untreated PKC, B) Autoclaved PKC, C) Autoclaved PKC with 1N
Sulfuric acid, D) SSF PKC, E) SSF Autoclaved PKC, F) SSF
Autoclaved PKC with 1N Sulfuric acid

Figure 2A shows a significant increase (p<0.05) in the
total phenolic content of PKC after pretreatment
compared to the untreated sample. Autoclaved PKC
subjected to SSF showed the highest phenolic content
among all the samples. The increase in phenolic
content observed in the pretreated PKC samples could
be due to the activation of plant defense mechanisms
in response to the applied pretreatment methods
(Suohui et al., 2022). Pretreatment methods such as
autoclaving and SSF can cause physical and chemical
changes in the structure of the plant cell wall, leading
to the release of phenolic compounds (Selo et al.,
2022). The released phenolic compounds can also act
as signal molecules to trigger the biosynthesis of
additional phenolic compounds in response to the
applied stress (Naikoo et al., 2019). Autoclaving is
known to cause structural changes in plant cell walls,
leading to the release of phenolic compounds that were
previously inaccessible (Hu et al., 2022). Similarly,
SSF can cause physical and chemical changes in the
cell wall, leading to the release of phenolic compounds
(Bodoira and Maestri 2020). The observed increase in
phenolic content could also be attributed to the
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microbial activity during SSF, where microorganisms
can produce and release various phenolic compounds
as part of their metabolic processes (Torres-Ledn et
al., 2019).

Figure 2B displays the outcome of the evaluation of
the overall flavonoid content of pre-treated PKC. The
results show that there was no substantial difference
(p>0.05) in the flavonoid content between the pre-
treated PKC and the control group. Nevertheless, a
significant difference (p<0.05) was observed in the
flavonoid content between SSF PKC and SSF
Autoclaved PKC when subjected to 1N Sulfuric acid
treatment. Flavonoids, plant-derived compounds
known for their antioxidant, anti-inflammatory, and
anticancer properties (Batiha et al., 2020), were
evaluated in pre-treated PKC to assess the impact of
various treatments on their concentration. The absence
of a significant difference in flavonoid content
between pre-treated PKC and the control indicates that
the treatments did not notably affect flavonoid levels.
However, the significant difference in flavonoid
content between SSF PKC and SSF Autoclaved PKC
when subjected to 1N Sulfuric acid treatment indicates
that the type of pre-treatment used can have a
significant effect on the concentration of these
compounds.

One possible explanation for this observation is that
the pre-treatment methods used in this study may have
differentially affected the availability of flavonoids in
the samples (Song et al., 2022). For example,
autoclaving has been shown to cause degradation of
some flavonoids, whereas other methods such as solid-
state fermentation (SSF) can enhance the production
of certain types of flavonoids by promoting the growth
of specific microorganisms (Xiao et al., 2022).
Therefore, it is possible that the SSF pre-treatment
method used in this study resulted in an increase in the
production of specific flavonoids that were more
susceptible to hydrolysis by the 1N sulfuric acid
treatment.

The pre-treated PKC exhibited a significant increase
in FRAP percentage inhibition (p<0.05) compared to
the control (Figure 3A). On the other hand,
Autoclaved PKC and Autoclaved PKC with 1N
Sulfuric acid showed a significant decrease. Ferric
reducing antioxidant power (FRAP) is a commonly
used assay for measuring the antioxidant capacity of a
sample (Munteanu and Apetrei 2021). The results of
the current study suggest that the pre-treatment of
PKC can have a significant effect on its antioxidant
capacity, as measured by the FRAP assay.

The observed increase in FRAP percentage inhibition
in the pre-treated PKC compared to the control group
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suggests that the pre-treatment methods used in this
study may have enhanced the antioxidant capacity of
the samples. One possible explanation for this
observation is that the pre-treatments may have
increased the availability of antioxidant compounds in
the PKC, such as phenolic compounds and flavonoids,
which have been shown to have strong antioxidant
activity (Posadino et al., 2021).
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Fig. 3: (A) FRAP percentage inhibition and (B) Free radical
scavenging activity of DPPH (%) at different pretreatments of
PKC. Values marked with superscript letters vary markedly from
the control. A) Untreated PKC, B) Autoclaved PKC, C)
Autoclaved PKC with 1N Sulfuric acid, D) SSF PKC, E) SSF
Autoclaved PKC, F) SSF Autoclaved PKC with 1N Sulfuric acid

In contrast, the significant decrease in FRAP
percentage inhibition in Autoclaved PKC and
Autoclaved PKC with 1N Sulfuric acid suggests that
these pre-treatment methods may have had a negative
impact on the antioxidant capacity of the samples.
Autoclaving is known to cause thermal degradation of
some antioxidant compounds, while sulfuric acid
treatment can hydrolyze certain types of flavonoids
and other phenolic compounds, resulting in a decrease
in their antioxidant activity (Kataria et al., 2022).
Figure 3B displays the outcomes of the analysis
conducted to determine the free radical scavenging
activity of pre-treated PKC using 1,1-diphenyl-2-
picrylhydrazyl (DPPH)-2,2-diphenyl-1-
picrylhydrazyl (DPPH). The results demonstrate that
solid-state fermented SSF PKC had an enhanced free
radical scavenging activity compared to the control. In
contrast, all other pre-treatments resulted in a
significant reduction in scavenging activity. The 1,1-
diphenyl-2-picrylhydrazyl (DPPH) assay is a widely
used method to evaluate the antioxidant activity of
various compounds, including natural products, due to
its simplicity and reliability (Munteanu and Apetrei
2021). The free radical scavenging activity of pre-
treated palm kernel cake (PKC) was determined by
measuring the ability of the sample to neutralize the
stable free radical DPPH. In this assay, the purple-
colored DPPH radical is reduced by the addition of an
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antioxidant compound, resulting in a color change
from purple to yellow (Jin et al., 2022). The results
presented in Figure 3B shows that the solid-state
fermented (SSF) PKC had the highest free radical
scavenging activity, which indicates that SSF
treatment could enhance the antioxidant potential of
PKC. This could be due to the generation of bioactive
compounds such as phenolic acids, flavonoids, and
enzymes during the fermentation process, which have
been reported to exhibit antioxidant activity (Ketnawa
et al.,, 2022). On the other hand, all other pre-
treatments, including autoclaving, soaking, and oven-
drying, resulted in a significant reduction in
scavenging activity. This could be due to the
degradation or loss of bioactive compounds during
these pre-treatments, resulting in a decrease in
antioxidant potential (Santos et al., 2022).

Figure 4A demonstrates that the phytase activity of
PKC subjected to pre-treatment showed a notable rise
(p<0.05) relative to the phytase activity of PKC that
was not subjected to any pre-treatment.
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Fig. 4: (A) Phytase and (B) Mannanase activity at different
pretreatments of PKC. Values marked with superscript letters vary
markedly from the control. A) Untreated PKC, B) Autoclaved
PKC, C) Autoclaved PKC with 1N Sulfuric acid, D) SSF PKC, E)
SSF Autoclaved PKC, F) SSF Autoclaved PKC with 1N Sulfuric
acid

Phytase is an enzyme that hydrolyzes phytic acid,
releasing inorganic phosphate and reducing the anti-
nutrient effect of phytic acid on plant-based feed
ingredients (Kumar et al. 2021). The increase in
phytase activity observed in pre-treated PKC may be
due to several factors. Firstly, pre-treatment may break
down the cell wall components of PKC, resulting in
the release of intracellular enzymes, including
phytase. This is supported by a study by Abdullah et
al. (2020), which found that pre-treatment with
protease and xylanase significantly increased the
phytase activity in PKC. Secondly, pre-treatment may
improve the accessibility of phytase to its substrate,
leading to an increase in enzyme activity. The pre-

UGHE, F. O; EGBUNE, E. O; ANIGBORO, A. A; TONUKARI, N. J



Assessment of Biochemical Potential of Rhizopus oligosporus as Starter Culture. ..

treatment process may disrupt the binding of phytic
acid to other molecules in PKC, making it more
available for phytase to act upon. This is consistent
with a study by Yigit et al. (2018), which found that
pre-treatment with a mixture of protease and cellulase
significantly increased the phytase activity in soybean
meal. Lastly, pre-treatment may cause changes in the
protein structure of phytase, leading to an increase in
enzyme activity. This is supported by a study by
Kortekangas et al. (2020), which found that pre-
treatment with acid and alkali improved the activity of
phytase enzymes by changing their structure. In
summary, the increase in phytase activity observed in
pre-treated PKC may be due to the release of
intracellular enzymes, improved accessibility of
phytic acid to phytase, and changes in the protein
structure of phytase. These findings highlight the
potential of pre-treatment as a strategy to enhance the
nutritional value of PKC and other plant-based feed
ingredients. The higher phytase activity observed in
SSF PKC (solid-state fermentation pre-treated palm
kernel cake) may be due to the degradation of complex
substrates present in the PKC by the microbial
community during SSF (Lee et al., 2019). This process
results in the release of intracellular enzymes,
including phytase, which can be further improved by
optimizing the fermentation conditions such as pH,
temperature, and moisture content (Qasim et al.,
2017). Several studies have shown that microbial
fermentation can enhance the phytase activity in
different feed ingredients. For instance, studies by
Jannathulla et al. (2018) and Grela et al. (2019)
reported an increase in phytase activity in fermented
soybean meal and fermented rapeseed meal,
respectively. The increase in phytase activity was
attributed to the degradation of phytate by the
microbial community during fermentation (Nkhata et
al., 2018). Furthermore, SSF pre-treatment may have
caused changes in the structure and composition of
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PKC, leading to an increase in phytase activity
(Cebrian and Ibarruri 2023). The microorganisms
involved in the SSF process may also produce organic
acids, which can improve the solubility and
accessibility of phytate to phytase enzymes, leading to
increased enzyme activity (Cebrian and Ibarruri 2023).
Figure 4B illustrates that pre-treatment of PKC
resulted in a significant increase (p<0.05) in its
mannanase activity, as compared to untreated PKC.
Among the pre-treated PKC samples, SSF PKC
showed the highest mannanase activity. The increase
in mannanase activity observed in pre-treated PKC, as
compared to untreated PKC, suggests that the pre-
treatment may have caused structural changes in the
protein that enhanced its enzymatic activity. Previous
studies have reported similar effects of pre-treatment
on enzymatic activity in various proteins. For instance,
pre-treatment with denaturants, such as urea or
guanidine hydrochloride, has been shown to increase
the activity of several enzymes, including trypsin,
subtilisin, and papain (Liu et al., 2020; de Jong et al.,
2022). Pre-treatment with other chemicals, such as
surfactants or detergents, has also been reported to
affect the activity of enzymes (Mohd et al., 2017). Itis
worth noting that the effect of pre-treatment on protein
activity can be complex and may depend on several
factors, such as the nature of the protein, the specific
pre-treatment conditions, and the type of enzymatic
assay used to measure activity. Therefore, the
observed increase in mannanase activity in pre-treated
PKC should be interpreted in the context of these
factors. Studies have reported the use of various pre-
treatment methods, such as heat treatment or exposure
to surfactants, to enhance the activity of other
enzymes, including cellulases and xylanases (Yadav
2017; Reis et al., 2022). These studies suggest that
pre-treatment may be a viable strategy to improve the
activity of certain enzymes.

Table 2: Proximate composition of formulated diet.

Composition A B D E F G
Protein (%) 27.8+0.5 9.3+0.6  27.8+0.5 32.2+0.7 36.7#0.5 33.4+05  32.1+0.5
Fat content (%) 4.2+0.2 2.240.2 4.2+0.2 3.240.2 3.240.2 3.1+0.2 3.240.2
Fiber (%) 232405 34705 232+0.5 16.2#¢05 13.2+05 142+04  13.2+0.5
Ash (%) 5.9+0.1 6.3+0.2 6.1+0.1 5.9+0.1 6.310.1 5.410.1 6.310.1
Carbohydrate (%) 374404  40.5+0.5 38.4+0.4 37.4+04 36.9+04  36.9+04  37.2+0.4
Moisture (%) 10.1+0.2  16.3+0.3 12.1+0.2 10.1+0.2 11.1+0.1  11.1+0.1  10.7+0.1
Dry matter (%) 89.6+0.7  90.4+0.7 81.5+0.5 89.6+0.7 80.3+0.5 80.3+0.5  80.3+0.5
Metabolizable 2696.9 1960.3 1369.2 2778.6 2927.4 2797.2 2767.8
energy (kcal/kg)

A) Control, B) Untreated PKC, C) Autoclaved PKC, D) Autoclaved PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF Autoclaved PKC, G)
SSF Autoclaved PKC with 1IN Sulfuric acid

Table 2 presents the outcomes of the proximate
analyses conducted on the prepared diets. The broiler
starter feed was composed of the following
constituents: crude protein ranging from 9.3% to

36.7%, crude fat from 2.2% to 4.2%, crude fiber from
13.2% to 37.4%, ash from 5.9% to 6.3%, carbohydrate
from 37.2% to 40.5%, moisture from 10.1% to 16.3%,
and dry matter from 80.3% to 89.6%. Among the
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different diets, SSF PKC exhibited the highest crude
protein content at 36.7%, which could indicate its
potential as a protein-rich ingredient. Conversely,
Untreated PKC had the lowest crude protein content at
9.3%, possibly indicating its limited nutritional value.
Furthermore, the calculated metabolizable energy
(ME) values ranging from 2127.7 to 2882.8 Kcal/kg
provide insights into the energy content of the feed
samples. This parameter is crucial for assessing the
diets' potential to meet the energy needs of broiler
chickens (Egbune et al.,, 2023). The variations
observed in the levels of proximate composition
between the control and experimental meals highlight
the importance of diet formulation. These differences
could influence the growth, health, and overall
performance of broiler chickens.

The group of birds that received SSF PKC
demonstrated a significant increase in weight (p<0.05)
compared to the control group, while all other
experimental groups showed a noteworthy decrease in
weight (Figure 5).

e

IS
]
)

— w
Deq
0.3 =

Ew = S 2 = AR
> o
Qm"‘
= £ 5 0.2+
o L £
oOC o
29 901+
$ES

Q.
< e

T T 71
ABCDETFG

Experimental groups

Fig. 5: Weight gained (kg). Values marked with superscript letters
vary markedly from the control. A) Control, B) Untreated PKC, C)
Autoclaved PKC, D) Autoclaved PKC with 1N Sulfuric acid, E)
SSF PKC, F) SSF Autoclaved PKC, G) SSF Autoclaved PKC
with 1IN Sulfuric acid

Solid-state fermentation (SSF) of palm kernel cake
(PKC) can enhance the nutritional value of the feed by
breaking down the anti-nutritional factors and
increasing the bioavailability of nutrients (Azizi et al.,
2021). The improved nutrient profile of the SSF PKC
may have contributed to the significant weight gain
observed in the birds fed with this feed. Several studies
have shown that SSF of PKC can increase the protein
content, amino acid profile, and mineral content of the
feed, while reducing the levels of tannins, phytates,
and other anti-nutritional factors that interfere with
nutrient absorption and utilization (Londofio-
Hernandez et al., 2020; Magbanua et al., 2022). The
fermentation process also produces enzymes and
organic acids that improve digestion and absorption of
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nutrients, enhance gut health, and modulate the gut
microbiota (Peredo-Lovillo et al., 2020; Melaku et al.,
2021).

Increased nutrient absorption and utilization can lead
to improved growth performance, as demonstrated by
the significant weight gain observed in the birds fed
with SSF PKC (Egbune and Tonukari 2023). This
finding is consistent with previous studies that have
reported improved growth rates, feed conversion
ratios, and nutrient retention in birds fed with
fermented PKC (Egbune et al., 2021; Hakim et al.,
2022). Furthermore, SSF PKC may have a beneficial
effect on lipid metabolism, as PKC is known to
contain high levels of medium-chain fatty acids
(MCFAs), which have been shown to promote weight
gain and improve lipid profiles in animals (Huang et
al., 2021). The fermentation process can enhance the
bioavailability and digestibility of MCFAs, which may
have contributed to the weight gain observed in the
birds fed with SSF PKC.
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Fig. 6: (A) Activity of serum alanine aminotransferase (ALT), (B)
aspartate aminotransferase (AST) and (C) alkaline phosphatase
(ALP). Values marked with superscript letters vary markedly from
the control. A) Control, B) Untreated PKC, C) Autoclaved PKC,
D) Autoclaved PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF
Autoclaved PKC, G) SSF Autoclaved PKC with 1N Sulfuric acid

Figure 6A displays the blood levels of the liver
enzyme alanine aminotransferase (ALT) in birds.
Based on this information, it can be concluded that
there were no significant variations in serum ALT
activity between the group of birds that consumed the
control diet and the groups that consumed the
experimental diets. Alanine aminotransferase (ALT) is
primarily found in the liver, and it is an enzyme that is
involved in the metabolism of amino acids (Ndrepepa
2021). The normal range of ALT in the blood can vary
depending on the laboratory and method of analysis,
but in general, elevated levels of ALT are considered
to be a marker of liver damage or disease (Kathak et
al., 2022). The result of the study concluded that there
were no significant differences in serum ALT activity
between birds fed the control diet and those fed the
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experimental diets. This suggests that the experimental
diets did not cause any significant liver damage or
dysfunction. Several studies have shown that elevated
levels of ALT are associated with various liver
diseases, including viral hepatitis, nonalcoholic fatty
liver disease (NAFLD), alcoholic liver disease,
autoimmune hepatitis, and drug-induced liver injury
(DILI) (Wu et al., 2020). In viral hepatitis, such as
hepatitis B and C, elevated ALT levels are commonly
observed, and monitoring ALT levels is an important
tool for assessing the severity of liver inflammation
and damage (Kim et al., 2008). Figure 6B illustrates
the blood levels of the liver enzymes aspartate
aminotransferase (AST) in birds. Based on this data, it
can be inferred that there were no significant
differences in serum AST activity between the group
of birds that consumed the control diet and the groups
that consumed the experimental diets. Aspartate
aminotransferase (AST) is an enzyme found in the
liver, heart, skeletal muscles, and other organs
(Glinghammar et al., 2009). Similar to ALT, elevated
levels of AST in the blood can indicate liver or muscle
damage (Radi et al., 2011). In the context of the study,
the lack of significant differences in serum AST
activity between the control and experimental groups
suggests that the experimental diets did not have a
significant effect on liver or muscle function in birds.
This finding is consistent with a study conducted on
broiler chickens that found no significant differences
in serum AST levels between groups fed different
levels of dietary crude protein (Akbarian et al., 2015).
Alkaline phosphatase (ALP) is a hydrolase enzyme
that catalyzes the hydrolysis of phosphate esters in an
alkaline environment. It is found in various tissues,
including the liver, bones, and intestine, and is
released into the blood when there is damage or
dysfunction in these tissues (Lowe et al. 2022).
Therefore, elevated levels of ALP in the blood are
often used as a marker for liver and bone disease. In
the context of the study, the blood levels of ALP were
measured to assess the potential impact of the
experimental diets on liver function in the broiler
chickens. Figure 6C shows that there were no
significant differences in serum ALP activity between
the group of birds that consumed the control diet and
the groups that consumed the experimental diets. This
suggests that the consumption of solid-state fermented
PKC did not have a negative impact on liver function
in the birds. The lack of significant differences in ALP
levels between the groups could be due to the fact that
the fermented PKC diets did not cause any liver
damage or dysfunction. This is consistent with the
findings of other studies that have investigated the
effects of fermented feed on liver function in animals.
For example, a study on weaned piglets fed with
fermented wheat showed no significant differences in
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serum ALP levels compared to those fed with non-
fermented wheat (Seo et al., 2021). Similarly, a study
on rainbow trout fed with fermented soybean meal
found no significant differences in serum ALP levels
compared to those fed with non-fermented soybean
meal (Barmes et al., 2015). Overall, the results of the
study suggest that the use of solid-state fermentation
in the production of PKC feed for broiler chickens
does not negatively impact liver function, as
evidenced by the lack of significant differences in
serum ALP levels between the control and
experimental groups. Figure 7A indicates that there
were no significant differences in blood creatinine
levels between the birds that received the experimental
diets and those that were given the control diet.
Creatinine is a waste product that is produced by
muscle metabolism and excreted by the kidneys Pasala
and Carmody 2017). Blood creatinine levels are a
commonly used indicator of kidney function in both
humans and animals. Elevated blood creatinine levels
can indicate impaired kidney function or disease,
while low creatinine levels are generally not a concern
(Sargent et al., 2021). In this case, the finding that
there were no significant differences in blood
creatinine levels between the birds that received the
experimental diets and those that were given the
control diet suggests that the experimental diets did
not have a negative impact on kidney function.
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Fig. 7: (A) Level of serum creatinine and (B) Urea. Values marked
with superscript letters vary markedly from the control. A)
Control, B) Untreated PKC, C) Autoclaved PKC, D) Autoclaved
PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF Autoclaved
PKC, G) SSF Autoclaved PKC with 1N Sulfuric acid

Figure 7B shows that there were no significant
differences in blood urea levels between the birds that
received the experimental diets and those that were
given the control diet. Urea is a waste product
produced by the liver as a result of protein metabolism
and excreted by the kidneys (Getahun et al., 2019).
Blood urea levels can be used as a measure of renal
function, as impaired kidney function can lead to an
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accumulation of urea in the blood (Gyuraszova et al.,
2019). However, in the case of the birds in the study,
the blood urea levels were not significantly different
between the group that received the experimental diets
and the group that received the control diet, suggesting
that the experimental diets did not have any adverse
effects on renal function. The levels of albumin in
birds that consumed the experimental diets, including
solid state fermented PKC, SSF autoclaved PKC, and
autoclaved PKC with 1N sulfuric acid, showed
significant differences (p<0.05) when compared to the
control diet (as seen in Figure 7A). However, the
group of birds that were fed the autoclaved PKC diet
displayed a notable decrease in albumin levels.
Albumin is an essential protein synthesized by the
liver that functions as a transport protein, aiding in the
maintenance of colloidal osmotic pressure, and the
transport of various molecules, including hormones,
lipids, and drugs (Raghubeer et al., 2022). In birds,
albumin levels are a critical indicator of protein
metabolism, and low levels can indicate protein
malnutrition or liver dysfunction (Loftus et al., 2019).
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Fig. 8: (A) Levels of serum albumin and (B) calcium. Values
marked with superscript letters vary markedly from the control. A)
Control, B) Untreated PKC, C) Autoclaved PKC, D) Autoclaved
PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF Autoclaved
PKC, G) SSF Autoclaved PKC with 1N Sulfuric acid.

The decrease in albumin levels in birds fed the
autoclaved PKC diet could be due to the lack of
essential amino acids, particularly sulfur-containing
amino acids, in the diet. Sulfur-containing amino
acids, such as methionine and cysteine, are essential
for the synthesis of albumin (Azad et al., 2020).
Autoclaving can also result in protein denaturation and
the formation of Maillard reaction products that can
reduce protein digestibility (Gu et al., 2022).
However, the significant differences in albumin levels
between the experimental diets and the control diet
may suggest that the food and feed additives used in
the experimental diets provided a better nutritional
profile and efficient protein utilization, resulting in
higher albumin levels (Disetlhe et al., 2018). In birds
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fed SSF PKC diets, the blood calcium levels were
found to be significantly higher (p<0.05) compared to
those fed the control feed, as depicted in Figure 8B.
On the other hand, there were no significant
differences in the blood calcium levels between birds
fed Untreated PKC diets and the control diet.
However, there was a notable decrease in calcium
levels in birds that were fed Autoclaved PKC with 1N
Sulfuric acid diet. Calcium is an essential mineral that
plays a critical role in various biological processes,
including bone formation, muscle contraction, and
nerve function in birds (Alagawany et al., 2021). The
calcium levels in the blood are regulated by a complex
interplay between several hormones, including
parathyroid hormone (PTH), calcitonin, and vitamin D
(van Goor et al., 2017). In the case of the SSF PKC
diet, the increased blood calcium levels observed in
birds may be due to the presence of higher levels of
calcium in the feed or the enhanced bioavailability of
calcium due to the solid-state fermentation process
(Olukomaiya et al., 2019). This is supported by a study
conducted by Hsiao et al. (2022), which reported that
solid-state fermentation of poultry feed using
Aspergillus niger and Lactobacillus acidophilus
resulted in increased calcium content in the feed. On
the other hand, the decrease in blood calcium levels
observed in birds fed Autoclaved PKC with 1N
Sulfuric acid diet could be attributed to the acid
treatment, which might have resulted in the
solubilization and leaching of calcium from the feed
(Vanderzee and Zeman 2018). Overall, the results
suggest that the type of treatment applied to the feed
can affect the bioavailability of calcium, which can
subsequently impact the blood calcium levels in birds.
The serum levels of total triglycerides were found to
be significantly lower (p < 0.05) in birds fed
experimental diets when compared to the control diet,
as shown in Figure 9A. Conversely, there were no
significant differences in the serum triglyceride levels
of birds fed Autoclaved PKC with 1N Sulfuric acid
diet when compared to the control diet.

Triglycerides are the main form of fat stored in adipose
tissue and transported in the bloodstream. In birds,
high levels of serum triglycerides have been associated
with various metabolic disorders such as fatty liver
syndrome and atherosclerosis (Song et al., 2021). The
lower serum levels of total triglycerides observed in
birds fed SSF PKC diets in this study suggest that these
diets may help reduce the risk of metabolic disorders
in birds.

The lower serum triglyceride levels observed in birds
fed SSF PKC diets may be due to the presence of
bioactive compounds, such as polyphenols and dietary
fiber, which have been shown to have hypolipidemic
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effects (Garcia-Garcia et al., 2020). Polyphenols have
been reported to reduce lipid absorption and increase
lipid excretion (Huang et al., 2018), while dietary fiber
can reduce the absorption of dietary fats by binding to
them and increasing fecal excretion (Yegin et al.,
2020). In contrast, the lack of significant differences
in serum triglyceride levels between birds fed
Autoclaved PKC with 1N Sulfuric acid diet and the
control diet suggests that this diet did not have a
significant effect on lipid metabolism in birds.
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Fig. 9: (A) Levels of serum triglycerides, (B) HDL and (C) LDL.
Values marked with superscript letters vary markedly from the

control. A) Control, B) Untreated PKC, C) Autoclaved PKC, D)
Autoclaved PKC with 1N Sulfuric acid, E) SSF PKC, F) SSF

Autoclaved PKC, G) SSF Autoclaved PKC with 1N Sulfuric acid

As depicted in Figure 9B, the levels of HDL in birds
fed experimental diets were significantly reduced (p <
0.05) when compared to the control diet. HDL, or
high-density lipoprotein, is a lipoprotein that carries
cholesterol from peripheral tissues back to the liver for
processing and excretion, which is why it is often
referred to as "good cholesterol.” Several studies have
shown that changes in diet can affect HDL levels in
animals and humans.

One possible explanation for the observed decrease in
HDL levels in birds fed the experimental diets could
be the altered lipid metabolism resulting from the
different nutrient compositions of the diets. For
example, diets high in carbohydrates and low in fat
have been associated with decreased HDL levels in
both humans and animals (Yegin et al., 2020).
Similarly, diets high in polyunsaturated fatty acids
(PUFASs) have been shown to increase HDL levels
(Yanai et al., 2018). It is possible that the trial feed
used in this study may have had different ratios of
carbohydrates, fats, and PUFAs compared to the
control diet, leading to changes in HDL levels.

As depicted in Figure 9C, the levels of LDL in birds
fed experimental diets were not significantly different
(p < 0.05) when compared to the control diet. Low-
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density lipoprotein (LDL) is often referred to as the
"bad cholesterol" because it can build up in the walls
of arteries and lead to the formation of plaque, which
can eventually cause cardiovascular disease
(Anlamlert et al., 2017). In the study, it was found that
the levels of LDL in birds fed experimental diets were
not significantly different (p < 0.05) when compared
to the control diet, as shown in Figure 4.20. This
suggests that the experimental diets did not have a
significant impact on the levels of LDL in the blood of
the birds.

Conclusion: The study showed that solid-state
fermentation of PKC using R. oligosporus can
increase its nutritional value and antioxidant potential,
while other pre-treatments may lead to a decrease in
scavenging activity. The results suggest that replacing
50% of maize with SSF PKC in broiler diets can result
in significant weight gain in birds. The improved
nutritional quality and digestibility of fermented feed
may be responsible for this weight gain. Furthermore,
the use of fermented PKC in broiler diets did not have
any negative impacts on the birds' liver function or
overall health. The study's findings suggest that solid-
state fermentation has promising applications in
various biotechnological processes and the production
of improved bioproducts.
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