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Introduction 
 

The Arecaceae, commonly referred to as palms, are a family of 

monocot plants that resemble stemless trees and hold significant 

ecological and human value, particularly in tropical regions.1,2 Elaeis 

guineensis, commonly known as the African oil palm, is considered 

one of the most agriculturally important palm species worldwide. It is 

indigenous to West Africa and has served as a semi-wild food 

resource for traditional communities for over 7,000 years. In its native 

regions, the oil palm remains crucial for local livelihoods and 

biodiversity.3 Initially, cultivation was informal, primarily spread 

along the West and Central African coastal belt between 

Guinea/Liberia and Northern Angola.4 The most productive 

cultivation zones are typically located in equatorial regions with high 

rainfall, between latitudes 7° N and 7° S. In recent decades, growing 

demand for biofuels has accelerated the need for plant-based oils such 

as palm oil, thereby increasing palm cultivation and oil production in 

countries like Nigeria.5 
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Efficient utilization of by-products from palm oil extraction, such as 

empty fruit bunches, palm press fiber, and palm kernel cake (PKC), is 

essential for sustainable processing. PKC, a residue from palm kernel  

oil extraction, contains about 15% protein and is commonly used in 

animal feed. However, its application is limited by high fiber content 

and relatively low protein concentration, making it less suitable for 

high-performance animal diets like broiler feeds.6,7 

PKC can be more effectively valorized through a biorefinery approach 

that transforms its carbohydrate content into valuable products such as 

ethanol.8 Compared to other oilseed press cakes, PKC contains a high 

carbohydrate proportion (approximately 50%), with predominant 

sugars including glucose, galactose, and mannose.9,10 These 

fermentable sugars can be utilized by the yeast Saccharomyces 

cerevisiae for ethanol production, with a theoretical yield of 0.51 g 

ethanol per gram of hexose. This approach offers dual advantages: 

producing ethanol and improving the nutritional composition of PKC 

by enhancing its protein content and reducing fiber, thereby increasing 

its utility as animal feed. Moreover, ethanol has been proposed as a 

sustainable alternative to methanol in the transesterification process 

during biodiesel production, reinforcing the economic feasibility of 

integrating ethanol and biodiesel production within the same 

biorefinery framework.11 

Despite its potential, there is limited comparative research on 

optimizing PKC pre-treatment methods for industrial alcohol 

production. This study addresses that gap by evaluating the effects of 

three pre-treatment strategies—solid-state fermentation, autoclaving, 

and acid hydrolysis—on PKC's biochemical composition and alcohol 

yield during submerged fermentation with S. cerevisiae. The novelty 
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The search for sustainable and cost-effective substrates for bioethanol production has intensified 

interest in agro-industrial by-products. This study aimed to evaluate the impact of pre-treated 

palm kernel cake (PKC), a by-product of palm oil processing, on industrial alcohol production 

and associated biochemical changes. To enhance its fermentation suitability, PKC was subjected 

to solid-state fermentation, autoclaving, and acid hydrolysis over 72 hours before undergoing 

submerged fermentation with commercial baker's yeast (Saccharomyces cerevisiae). 

Biochemical parameters including soluble protein, glucose, phenol, total flavonoid concentration 

(TFC), and enzymatic activities (phytase and mannanase) were measured alongside fermentation 

indicators such as pH, total soluble solids, specific gravity, and alcohol concentration. The 

results revealed that pre-treated PKC showed significantly higher (p < 0.05) levels of soluble 

protein, phenols, and TFC compared to untreated PKC, while glucose concentration decreased 

markedly, suggesting efficient substrate utilization. Enhanced enzymatic activity and free radical 

scavenging capacity were also observed in the pre-treated groups. Notably, solid-state 

fermentation yielded the highest specific gravity and alcohol output. The pH increased 

significantly during fermentation, while total soluble solids declined post-fermentation, further 

supporting substrate breakdown. These findings indicate that pre-treatment, particularly solid-

state fermentation, improves the biochemical profile of PKC and enhances its potential for 

industrial alcohol production, demonstrating its viability as a low-cost, nutrient-rich substrate for 

bioethanol generation. 
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of this research lies in its integrative assessment of how specific pre-

treatment techniques influence both fermentable sugar availability and 

the biochemical profile of PKC. 

The research methods employed are particularly relevant, as they 

simulate industrially viable, cost-effective processes that can enhance 

PKC’s fermentability and ethanol productivity. These include 

subjecting PKC to solid-state fermentation with Rhizopus oligosporus, 

acid hydrolysis, and autoclaving for a 72-hour period prior to 

fermentation with S. cerevisiae under submerged conditions. 

Biochemical parameters such as glucose, soluble protein, phenols, 

flavonoids, pH, and enzyme activity (mannanase and phytase) were 

monitored to understand substrate transformation. Nonetheless, further 

clarity is required to delineate the individual and synergistic effects of 

each pretreatment step on the observed biochemical modifications and 

ethanol yield. Moreover, the absence of comparative studies involving 

untreated or alternatively treated PKC limits the critical evaluation of 

the process’s relative efficacy. Questions also remain concerning the 

scalability and economic viability of the approach for industrial-level 

bioethanol production. Addressing these aspects would significantly 

advance the development of this biotechnological strategy. 
 

Materials and methods 
 

Collection of Material and Starter Organism 

The palm kernel cake used in this study was obtained from Songhai 

Delta Amukpe, Sapele, Nigeria (GPS coordinates: 5.8942° N, 5.6760° 

E) on 20th July 2024. It was milled before being stored at room 

temperature until further analysis. The Rhizopus oligosporus strains 

used in this study were originally provided by PT Aneka Fermentasi 

Industri, Bandung, Indonesia, and were obtained from the culture 

collection maintained at Harmony Path Ltd., Amukpe, Delta State, 

Nigeria. The identification and confirmation of the fungal strains were 

carried out by Professor Daniel A. Ehwarieme, Department of 

Microbiology, Delta State University, Abraka, Nigeria. 
 

Pretreatment of PKC 

To prepare the substrates, six treatment groups were established and 

labeled as follows based on the pretreatment conditions: A) Untreated 

PKC – Palm kernel cake (PKC) without any pretreatment, 

homogenized with 15 mL of 50 mM phosphate buffer (pH 6), serving 

as the control without microbial inoculation. B) Autoclaved PKC – 5 

kg of PKC was homogenized with 15 mL of 50 mM phosphate buffer 

(pH 6) and autoclaved. C) Autoclaved PKC with 1N Sulfuric Acid – 

Prepared as in B, but the mixture was autoclaved in 4 L of water 

containing 80 mL of 1N sulfuric acid to aid acid hydrolysis. D) Solid-

State Fermented (SSF) PKC – 5 kg of PKC was inoculated with 1 g of 

Rhizopus oligosporus (obtained from Tonukari Biotechnology 

Laboratory) and homogenized with 15 mL of 50 mM phosphate buffer 

(pH 6). E) SSF Autoclaved PKC – SSF PKC (as in D) was further 

subjected to autoclaving. F) SSF Autoclaved PKC with 1N Sulfuric 

Acid – SSF PKC (as in D) was autoclaved in 4 L of water containing 

80 mL of 1N sulfuric acid. For each treatment, the mixtures were 

fermented under aerobic conditions for 72 hours at room temperature 

(~28 ± 2 °C). At the end of fermentation, 6 g aliquots were aseptically 

collected and homogenized using a sterile mortar and pestle. The 

homogenates were centrifuged at 5,000 rpm for 10 minutes, and the 

resulting supernatant was collected as the crude extract. Replicate 

crude extracts were prepared and stored at 4 °C for subsequent 

biochemical assays. The methodology employed for substrate 

preparation, solid-state fermentation, and crude extract recovery was 

validated and slightly modified from previously described 

methods.12,13 
 

Enzyme Extraction Procedure 

At the end of the 72-hour solid-state fermentation period, 20 mL of 

sterile distilled water was added to each flask containing the fermented 

PKC substrate. The contents were gently swirled to ensure uniform 

mixing, followed by agitation on a rotary shaker at 200 rpm for 30 

minutes to enhance enzyme release. The mixtures were then filtered 

through Whatman No. 1 filter paper to remove solid residues. The 

filtrates obtained were used as crude enzyme extracts for enzymatic 

assays. This procedure was consistently applied to all treated PKC 

samples. Mannanase activity was determined using a modified 

protocol from Araujo and Ward14. Phytase activity was evaluated by 

quantifying the release of inorganic phosphate from sodium phytate, 

as described by Bogar et al.15 
 

Preparation of pretreated substrate for alcohol production 

Following pretreatment, the pretreated PKC underwent yeast 

fermentation using the technique outlined in Ogodo et al.16 

Specifically, 0.8 g/l of commercial baker's yeast (S. cerevisiae) was 

combined with 200 ml of the fermentation broth and stirred. The 

mixture was left to ferment for three days. Post-fermentation, 6 grams 

of pretreated PKC in yeast were gathered for further analysis. The 

aliquots were homogenized with a mortar and pestle, and 10 mL of 

distilled water was added to the resulting mixture. The mixture was 

then centrifuged for 10 min, and the supernatant was collected as 

crude extract. Replicate samples of crude extracts were prepared for 

subsequent assays. 

 

Biochemical procedure for pretreated PKC in yeast fermentation for 

alcohol production 

The total soluble protein (TSP) content of each sample was estimated 

at an absorbance reading of 540 nm using a UV-Visible 

spectrophotometer (Model: UV-1800, Shimadzu Corporation, Japan), 

with bovine serum albumin (BSA) as a reference standard, following 

the method of Gornall et al.17. Glucose concentration (expressed in 

mg/dL) was determined using a diagnostic glucose assay kit (Randox 

Laboratories Ltd., Crumlin, UK), based on glucose oxidase-peroxidase 

enzymatic reactions, as per the manufacturer's instructions. The pH of 

the test samples was measured using a Mettler Toledo FiveEasy™ pH 

meter (Mettler-Toledo GmbH, Switzerland). Total reducing sugar 

(TRS) was estimated using the dinitrosalicylic acid (DNS) method at 

540 nm, as described by Miller18. Alpha-amylase activity was assayed 

at 540 nm using maltose as a standard reference, following the 

protocol of Nouadri et al.19 

The antioxidant potential of each sample was evaluated using the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, in which 

absorbance was measured at 517 nm using a spectrophotometer 

(Model: UV-1800, Shimadzu Corporation, Japan), according to the 

method of Hatano et al.20 Total phenolic content (TPC) was 

determined at 760 nm using the Folin–Ciocalteu method as described 

by Singleton and Rossi21. Total flavonoid content (TFC) was analyzed 

at 510 nm, following the colorimetric aluminum chloride method of 

Jia et al.22 In addition, the ferric reducing antioxidant power (FRAP) 

assay was conducted to assess antioxidant potential based on the 

reduction of Fe³⁺ to Fe²⁺ at low pH, forming a blue-colored ferrous-

tripyridyltriazine complex measured at 593 nm, following the protocol 

of Benzie and Strain23 
 

Determination of total soluble solids  

An Atago Master series handheld refractometer from Japan was 

utilized in this experiment. To standardize the refractometer, a single 

drop of distilled water was applied onto the prism. The refractometer 

was then positioned in such a way that sunlight could enter the prism, 

and the coarse and fine adjustments were properly adjusted. The eye-

piece was used to observe the standardization process, as described in 

the AOAC24 guidelines. 
 

Specific Gravity 

The percentage alcohol content was calculated using the following 

formula based on the specific gravity (SG) obtained (equation 1): 

 where the initial and final SG values 

were obtained by measuring 50 mL of the sample into a measuring 

cylinder at 20 °C and dipping a hydrometer into it to determine the 

specific gravity (with appropriate temperature correction factor), in 

accordance with the method described by Balogu and Towobola25 
 

Results and Discussion 
 

Figure 1A illustrates the outcomes of the analysis of the soluble 

protein concentration of various pre-treated palm kernel cake (PKC) 

samples during yeast fermentation. The findings indicate that the pre-

treated PKC had significantly higher (p <0.05) levels of soluble 

protein concentration compared to the untreated sample. Among the 
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different pre-treatments, solid-state fermented PKC in yeast 

fermentation demonstrated the highest concentration of soluble 

protein.The increase in soluble protein concentration observed in the 

SSF-treated PKC during yeast fermentation can be attributed to the 

breakdown of the complex protein structures into simpler, more 

soluble forms.26 This breakdown is carried out by the action of 

enzymes produced by the microorganisms during fermentation. These 

enzymes include proteases, which break down the peptide bonds 

between amino acids in proteins,

 
 

Figure 1: (A) Levels of soluble proteins, (B) Glucose concentration, and (C) Reducing sugar concentration at different pretreatments of 

PKC in submerged fermentation with S. cerevisiae for alcohol production. Values with superscripted letter a, b, c, d are significantly 

different from the control (p < 0.05). 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 2: (A) Total phenolic content (TPC) and (B) Total flavonoid content (TFC) at different pretreatments of PKC in submerged 

fermentation with S cerevisiae for alcohol production. Values with superscripted letter a, b, c, d are significantly different from the 

control (p < 0.05). 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 3: (A) FRAP percentage inhibition and (B) Free radical scavenging activity of DPPH (%) at different pretreatments of PKC in 

submerged fermentation with S cerevisiae for alcohol production. Values with superscripted letter a, b, c, d are significantly different 
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from the control (p < 0.05). 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 4: (A) Phytase and (B) Mannanase activity at different pretreatments of PKC in submerged fermentation with S cerevisiae for 

alcohol production. Values with superscripted letter a, b, c, d are significantly different from the control (p < 0.05). 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 
 

leading to the release of soluble protein fragments.27,28 Additionally, 

the microorganisms themselves can contribute to the increase in 

soluble protein concentration. Yeasts, for example, have been shown 

to synthesize and secrete proteins during fermentation, some of which 

are soluble and can contribute to the overall soluble protein 

concentration of the PKC.29 

Figure 1B displays the outcomes of measuring glucose concentration 

for various pre-treatments of PKC during submerged fermentation 

with S. cerevisiae for producing alcohol. The results indicate a notable 

reduction (p <0.05) in glucose concentration for the pre-treated PKC 

compared to the control group. 

The pre-treatment of PKC likely caused the breakdown of complex 

carbohydrates into simpler forms, including glucose, which can be 

easily utilized by S. cerevisiae during submerged fermentation for 

alcohol production. This breakdown may have been caused by various 

mechanisms such as enzymatic hydrolysis or acid hydrolysis.30 

Furthermore, it is possible that the pre-treatment of PKC improved the 

accessibility of enzymes to the complex carbohydrates, thus enhancing 

the efficiency of enzymatic hydrolysis.31 This could lead to a reduction 

in the glucose concentration of the pre-treated PKC compared to the 

control group. In addition, the use of S. cerevisiae during submerged 

fermentation can also contribute to the reduction of glucose 

concentration. This is because S. cerevisiae is known to efficiently 

metabolize glucose, consuming it as a carbon source for energy and 

alcohol production.32 Overall, the observed reduction in glucose 

concentration in the pre-treated PKC during submerged fermentation 

using S. cerevisiae for alcohol production is likely due to a 

combination of enzymatic and microbial activity. 

Figure 1C illustrates the findings of measuring the concentration of 

reducing sugar for various pre-treatments of PKC during submerged 

fermentation with S. cerevisiae for producing alcohol. The results 

demonstrate a noteworthy decrease (p <0.05) in the concentration of 

reducing sugar for the pre-treated PKC in comparison to the untreated 

PKC group during submerged fermentation using S. cerevisiae for 

alcohol production. 

The pre-treatment of PKC may have facilitated the breakdown of 

complex carbohydrates into simpler forms such as reducing sugars, 

which are readily utilized by S. cerevisiae during submerged 

fermentation for alcohol production. The reduction in the 

concentration of reducing sugars observed in the pre-treated PKC 

compared to the untreated PKC could be attributed to various 

mechanisms such as enzymatic hydrolysis or acid hydrolysis.33 

The pre-treatment of PKC may have also enhanced the accessibility of 

enzymes to the complex carbohydrates, resulting in more efficient 

enzymatic hydrolysis and a decrease in the concentration of reducing 

sugars.34 Additionally, during submerged fermentation, S. cerevisiae is 

known to metabolize reducing sugars, consuming them as a source of 

energy and producing alcohol as a byproduct.35 Therefore, the 

observed reduction in the concentration of reducing sugars for the pre-

treated PKC during submerged fermentation using S. cerevisiae for 

alcohol production may be due to both the pre-treatment method and 

the metabolism of reducing sugars by the yeast. 

Figure 2A presents the outcomes of the assessment of total phenol 

concentration (TPC) for pre-treated PKC during submerged 

fermentation, where S. cerevisiae was utilized for alcohol production. 

The results indicate a noteworthy elevation (p <0.05) in the phenol 

concentration of pre-treated PKC in the process of submerged 

fermentation with S. cerevisiae compared to the untreated PKC. 

During the process of submerged fermentation, S. cerevisiae utilizes 

various compounds present in the pre-treated PKC for the production 

of alcohol.36 These compounds may include phenolic compounds that 

are naturally present in the PKC, such as hydroxycinnamic acids and 

flavonoids.36 These phenolic compounds may undergo various 

transformations during the fermentation process, leading to the 

formation of new phenolic compounds or the release of previously 

bound phenolic compounds.37 These transformations are likely to have 

contributed to the observed increase in total phenol concentration 

(TPC) of the pre-treated PKC during submerged fermentation with S. 

cerevisiae. 

Phenolic compounds are known to have antioxidant properties and can 

contribute to the flavor, color, and health benefits of fermented foods 

and beverages.38 However, their presence in PKC may also have 

negative effects on the fermentation process, as they can inhibit the 

growth and activity of yeast cells.39 Therefore, the increase in TPC 

observed in the pre-treated PKC during submerged fermentation with 

S. cerevisiae may have both positive and negative effects on the 

overall process of alcohol production. 

The findings from figure 2B indicate a noteworthy elevation 

[statistically significant at p<0.05) in the total flavonoid concentration 

[TFC] of pre-treated PKC during submerged fermentation with S. 

cerevisiae for alcohol production when compared to the 

control.Flavonoids are a class of naturally occurring compounds found 

in various plants that have a wide range of biological activities, 

including antioxidant, anti-inflammatory, and anti-cancer effects.40 
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They are synthesized through the flavonoid biosynthesis pathway, 

which involves the conversion of phenylalanine into flavanones and 

then into flavones, flavonols, and other classes of flavonoids.41 In the 

context of fermentation, flavonoids have been shown to have a 

positive impact on yeast growth and metabolism, possibly by acting as 

antioxidants and modulating signaling pathways involved in stress 

response.42 Flavonoid-rich plant extracts have been used as 

supplements to enhance the productivity of various fermentation 

processes, including alcohol production.43 

In the case of pre-treated PKC, it is possible that the pre-treatment 

method used in the study (specifically SSF) resulted in the release or 

activation of flavonoids or other compounds that could have promoted 

yeast growth and metabolism during fermentation, leading to the 

observed increase in TFC.38 It is also possible that the pre-treatment 

method affected the expression of genes involved in flavonoid 

biosynthesis in the PKC, leading to a higher concentration of 

flavonoids in the starting material for fermentation.44  

The findings displayed in figure 3A demonstrate that the percentage 

inhibition activity of FRAP in pre-treated PKC during submerged 

fermentation with S. cerevisiae for alcohol production exhibited a 

significant increase (p <0.05) when compared to the control. On the 

other hand, Autoclaved PKC and Autoclaved PKC with 1N Sulfuric 

acid treatments resulted in a noteworthy decrease. 

The increase in FRAP inhibition activity in pre-treated PKC may be 

attributed to the activation of enzymes and the release of bioactive 

compounds during the pre-treatment process. For example, it has been 

reported that pre-treatment of PKC with enzymes such as cellulase, 

xylanase, and protease can result in the release of phenolic 

compounds, which have been shown to have antioxidant properties.45 

Additionally, pre-treatment with acid can cause the breakdown of 

complex molecules, resulting in the release of bioactive compounds.46 

On the other hand, the decrease in FRAP inhibition activity in 

Autoclaved PKC and Autoclaved PKC with 1N Sulfuric acid 

treatments may be due to the denaturation of enzymes and the 

breakdown of bioactive compounds during the treatments. High-

temperature autoclaving can denature proteins and enzymes, rendering 

them inactive.47 Similarly, treatment with sulfuric acid can break down 

bioactive compounds, rendering them ineffective.48 

In figure 3B, the outcomes of the analysis conducted to determine the 

scavenging activity of free radicals using 1,1-diphenyl-2-

picrylhydrazyl (DPPH) in pre-treated PKC during submerged 

fermentation with S. cerevisiae for alcohol production have been 

presented. The results indicate that the scavenging activity of free 

radicals in SSF PKC, SSF autoclaved PKC, and SSF Autoclaved PKC 

with 1N Sulfuric acid in submerged fermentation has improved when 

compared to the control. However, autoclaved PKC with 1N Sulfuric 

acid exhibited a significant decrease in scavenging activity. 

The DPPH assay is a widely used method to assess the antioxidant 

activity of various samples, as it can determine the ability of 

antioxidants to scavenge free radicals.49 The outcomes shown in figure 

3B demonstrate that pre-treated PKC during submerged fermentation 

with S. cerevisiae for alcohol production had enhanced free radical 

scavenging activity in SSF PKC, SSF autoclaved PKC, and SSF 

Autoclaved PKC with 1N Sulfuric acid in comparison to the control. 

The improvement in scavenging activity can be attributed to the 

increased release of antioxidant compounds due to pre-treatment of 

PKC.50 Pre-treatment of PKC may result in the release of more 

phenolic compounds, which are recognized to have powerful 

antioxidant activities.51 In contrast, autoclaved PKC with 1N Sulfuric 

acid resulted in a significant reduction in scavenging activity. The 

acidic conditions and the high temperature during autoclaving may 

have led to the destruction of these antioxidant compounds.52 

The results presented in Figure 4A indicate that the phytase activity of 

PKC during the submerged fermentation process with S. cerevisiae for 

alcohol production was significantly higher (p <0.05) compared to the 

phytase activity of untreated PKC. The use of phytase enzymes to 

degrade phytic acid has been shown to improve the bioavailability of 

these essential minerals.53 During submerged fermentation with S. 

cerevisiae for alcohol production, the microorganisms present in the 

fermentation broth can also produce phytase, which can further 

contribute to the hydrolysis of phytic acid. The increase in phytase 

activity observed in pre-treated PKC can be attributed to the increased 

bioavailability of phytase and the potential synergistic effect of 

phytase produced by the microorganisms.54 Studies have consistently 

demonstrated that pre-treating palm kernel cake (PKC) through 

autoclaving can result in a greater availability of phosphorus and other 

crucial minerals, which are vital for the growth and development of 

animals.55 This effect is attributed to the heightened activity of phytase 

in pre-treated PKC, as previously reported in research.56 Autoclaving 

is believed to enhance the bioavailability of phytase in PKC by 

breaking down its cell wall and protein matrix, leading to an increase 

in enzymatic activity.57In the study, it was observed that the 

mannanase activity of pre-treated PKC increased significantly (p 

<0.05) during the submerged fermentation process with S. cerevisiae 

for alcohol production (Figure 4B). The increase in mannanase 

activity was found to be significant when compared to the mannanase 

activity of untreated PKC. Mannanases are enzymes that hydrolyze the 

beta-1,4 linkage in the backbone of mannan polysaccharides, 

liberating mannan oligosaccharides as well as mannose as a 

monosaccharide unit.58 In the case of PKC, it is known that mannan is 

one of the principal hemicellulose components of the cell wall. 

Submerged fermentation process with S. cerevisiae, a type of yeast, 

has been shown to be an effective method for pre-treating PKC.59 

During this process, enzymes such as mannanases are released from 

the yeast and can potentially act on the cell wall of PKC, leading to an 

increase in mannanase activity. This could be due to the fact that 

mannanases are also produced by yeast during fermentation and may 

act on the cell wall of PKC, thereby increasing the release of mannan 

oligosaccharides.60 

Previous studies have reported an increase in mannanase activity when 

PKC is pre-treated with different microorganisms, including bacteria 

and fungi, through solid-state fermentation or submerged fermentation 

processes.61,62 The increased mannanase activity could potentially 

increase the release of mannan oligosaccharides, which can have 

beneficial effects on animal health and nutrition.63 

The changes in physicochemical parameters of pre-treated PKC during 

submerged fermentation with S. cerevisiae for alcohol production 

were presented in Table 1.0. The pre-treated PKC samples exhibited a 

significant increase in pH throughout the fermentation period (24-72  

 

Table 1: Physiochemical changes pre-treated PKC in submerged fermentation with S. cerevisiae for alcohol production for 72 hours 
 

Various 

pre-

treatments  

pH 

(Initial) 

pH 

(24 

hrs) 

pH 

(48 

hrs) 

pH 

(72 

hrs) 

Total 

soluble 

solids 

(Initial) 

Total 

soluble 

solids 

(24 

hrs) 

Total 

soluble 

solids 

(48 

hrs) 

Total 

soluble 

solids 

(72hrs) 

Specific 

gravity 

(Initial) 

Specific 

gravity 

(24 hrs) 

Specific 

gravity 

(48 hrs) 

Specific 

gravity 

(72 hrs) 

A  6.70 7.30 7.80 8.40 2.10 1.20 1.10 1.20 1.19 1.03 1.03 1.03 

B 7.70 8.30 8.60 8.90 2.40 1.70 1.60 1.40 1.25 1.04 1.03 1.01 

C 4.10 7.20 7.80 8.80 1.90 1.10 1.10 1.10 1.06 1.03 1.03 1.03 
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D 4.60 7.20 7.90 8.90 2.90 1.20 1.20 1.20 4.16 4.01 3.92 3.74 

E  3.10 6.70 6.80 8.80 1.10 1.30 1.00 1.30 2.04 1.93 1.91 1.87 

F  3.10 6.50 7.30 8.30 1.60 1.10 1.10 1.10 1.15 1.03 1.01 1.00 

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 
 

hours). Moreover, a notable reduction in total soluble solids was 

observed post fermentation. Of note, the specific gravity of the SSF 

PKC in yeast fermentation was found to be the highest (Figure 5). 

Additionally, a considerable improvement in the percentage of alcohol 

in the SSF PKC in yeast fermentation was observed. 
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Figure 5: Alcohol percentage by volume at different 

pretreatments of PKC in submerged fermentation with S. 

cerevisiae for alcohol production. Values with superscripted 

letter a, b, c, d are significantly different from the control (p < 

0.05). 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 
 

During the process of submerged fermentation, S. cerevisiae 

metabolizes the sugars present in PKC to produce alcohol. As a result 

of this process, there are several physicochemical changes that occur. 

The increase in pH observed in pre-treated PKC during fermentation 

can be attributed to the production of ammonia and other alkaline 

metabolites by yeast, which act as buffering agents and increase the 

pH of the medium.64 The reduction in total soluble solids can be 

attributed to the consumption of sugars by yeast during fermentation. 

The specific gravity of the SSF PKC in yeast fermentation is a 

measure of the density of the medium and can be affected by factors 

such as the concentration of dissolved solids, the amount of yeast 

biomass, and the production of ethanol.65,66 

The considerable improvement in the percentage of alcohol in the SSF 

PKC in yeast fermentation observed in this study can be attributed to 

the higher concentration of fermentable sugars present in pre-treated 

PKC, which can be utilized by yeast to produce more alcohol.67,68 The 

increase in mannanase and phytase activity observed in pre-treated 

PKC during fermentation can also play a role in improving the 

availability of sugars for yeast to ferment, by breaking down complex 

carbohydrates present in PKC to simpler sugars.69 
 

Conclusion 
 

Pre-treatment of PKC with SSF using yeast fermentation can increase 

soluble protein concentration through the breakdown of complex 

protein structures and synthesis of soluble proteins. During submerged 

fermentation with Saccharomyces cerevisiae for alcohol production, 

there is a reduction in glucose concentration due to enzymatic and 

microbial activity, resulting in a decrease in the concentration of 

reducing sugars. The increase in mannanase and phytase activity 

observed in pre-treated PKC during fermentation can improve the 

availability of sugars for yeast by breaking down complex 

carbohydrates into simpler sugars. This research opens new avenues 

for the development of value-added feed ingredients from agro-

industrial by-products. Further studies may focus on optimizing 

fermentation parameters for large-scale application, exploring 

additional microbial strains for enhanced enzymatic activity, and 

evaluating the bioavailability and performance effects of the treated 

PKC in animal feeding trials. 
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