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Abstract. Coconut pulp has potential as animal feed but is limited in poultry diets due to its high fiber content 
and low protein levels. Fermentation using indigenous microorganisms offers a practical approach to improving 
its nutritional value. This study aimed to evaluate the nutritional quality of coconut meal using indigenous 
microorganisms (IMOs). The initial phase of the study involved producing IMOs, followed by measuring pH, total 
colony, and cellulase and mannanase enzyme activities. IMOs were applied to ferment coconut meal using a 
completely randomized design with four treatments (0, 7, 14, and 21 days) and four replications. Observed 
parameters included cellulase and mannanase enzyme activities, pH, crude fiber, crude protein, crude fat, and 
nitrogen-free extract. The characteristics of IMOs were analyzed descriptively, while enzyme activities and the 
nutritional content of coconut meal were analyzed using ANOVA and Duncan’s Multiple Range Test. The results 
showed that IMOs had a pH of 3.3, were dominated by lactic acid bacteria with a total colony of 5.4 × 10¹² 
CFU/mL, had cellulase activity of 2.1 U/mL, and had mannanase activity of 7.73 U/mL. Cellulase activity at 7, 14, 
and 21 days was significantly higher (P<0.01), while mannanase activity was highest at 21 days (P<0.01), with 
the lowest pH observed at 14 and 21 days. The lowest crude fiber and crude fat content, as well as the highest 
crude protein content (P<0.01), were observed at 14 days of fermentation. Fourteen days of fermentation were 
identified as the optimal duration for enhancing the nutritional quality of coconut pulp. 

Keywords: cellulase, coconut pulp, IMOs, mannanase, nutrient 

Abstrak. Ampas kelapa memiliki potensi sebagai pakan ternak tetapi terbatas dalam pakan unggas karena 
kandungan seratnya yang tinggi dan kadar protein yang rendah. Fermentasi menggunakan mikroorganisme asli 
menawarkan pendekatan praktis untuk meningkatkan nilai gizinya. Penelitian ini bertujuan untuk mengevaluasi 
kualitas gizi bungkil kelapa menggunakan mikroorganisme asli (IMO). Tahap awal penelitian melibatkan produksi 
IMO, diikuti dengan pengukuran pH, total koloni, dan aktivitas enzim selulase dan mananase. IMO diaplikasikan 
untuk memfermentasi bungkil kelapa menggunakan rancangan acak lengkap dengan empat perlakuan (0, 7, 14, 
dan 21 hari) dan empat ulangan. Parameter yang diamati meliputi aktivitas enzim selulase dan mananase, pH, 
serat kasar, protein kasar, lemak kasar, dan ekstrak bebas nitrogen. Karakteristik IMO dianalisis secara deskriptif, 
sedangkan aktivitas enzim dan kandungan gizi bungkil kelapa dianalisis menggunakan ANOVA dan Uji Jarak 
Berganda Duncan. Hasil penelitian menunjukkan bahwa IMO memiliki pH 3,3, didominasi oleh bakteri asam 
laktat dengan total koloni 5,4 × 10¹² CFU/mL, memiliki aktivitas selulase 2,1 U/mL, dan memiliki aktivitas 
mananase 7,73 U/mL. Aktivitas selulase pada hari ke-7, ke-14, dan ke-21 secara signifikan lebih tinggi (P<0,01), 
sedangkan aktivitas mananase tertinggi pada hari ke-21 (P<0,01), dengan pH terendah teramati pada hari ke-14 
dan ke-21. Kandungan serat kasar dan lemak kasar terendah, serta kandungan protein kasar tertinggi (P<0,01), 
teramati pada hari ke-14 fermentasi. Fermentasi selama empat belas hari diidentifikasi sebagai durasi optimal 
untuk meningkatkan kualitas nutrisi ampas kelapa. 

Kata kunci: selulase, ampas kelapa, IMO, mananase, nutrisi 

Introduction 
Coconut pulp is one of the wastes that has 

the potential to be used as an unconventional 

feed ingredient. Indonesia is one of the largest 

coconut producers globally, with a plantation 

area of 3.3 million hectares and coconut 

production reaching 2,800,000 tons (BPS, 2024). 

Coconut pulp constitutes approximately 70% of 

coconut meat. However, its low nutritional 

quality limits its use as feed (Sundu et al., 2020). 

The crude fiber content of coconut pulp is as high 

as 28.72% (Hidayati, 2017), with crude fat at 

38.24% and protein at only 5.86% (Laksono et al., 

2023). The use of coconut pulp in poultry rations 
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is not optimal because of the presence of fibrous 

carbohydrates in the form of mannose-based 

polysaccharides known as mannan (Sundu et al., 

2020), which inhibits feed digestibility in the 

poultry digestive tract. Various methods to 

manipulate nutrition, such as the addition of the 

amino acids lysine and methionine or physical 

modification, have been attempted; however, 

these approaches have proven less effective. 

The fermentation method by microbes is 

considered effective for hydrolyzing cellulose 

and mannan because microorganisms serve as 

the primary producers of hydrolytic enzymes 

due to their fast growth rate, ease of cultivation, 

high enzymatic activity, and stability (Hasanah et 

al., 2024). Effective fermentation depends on 

the microbial strain and enzyme activity for 

hydrolyzing the substrate. The study prior to 

fermentation using Aspergillus niger showed no 

significant reduction in the crude fiber content 

of coconut meal (Laksono et al., 2023). 
The fiber fraction in coconut pulp 

predominantly consists of cellulose and mannan, 

which can be hydrolyzed by the enzymes 

cellulase and mannanase. Cellulose is hydrolyzed 

into glucose, while mannan is degraded into 

manno-oligosaccharides and smaller amounts of 

mannose, glucose, and galactose (Patel et al., 

2024). Fermentation using inoculants with 

mannanase and cellulase enzyme activities 

offers a more effective method to improve the 

quality of coconut pulp. The use of indigenous 

microorganisms (IMOs) with mannanase and 

cellulase enzyme activities as inoculants in 

coconut pulp fermentation provides a cost-

effective and practical solution. 

IMOs are bioactivators that can enhance the 

quality of agricultural waste when used as feed. 

They contain various enzymes essential for feed 

fermentation (Yulianto et al., 2022). Indigenous 

microorganisms are derived from natural 

sources containing beneficial microbes such as 

Rhizobium sp., Azospirillum sp., Azotobacter sp., 

Pseudomonas sp., and Bacillus sp. (Khasanah et 

al., 2019). The enzyme content in IMOs depends 

on the microorganism present, as they are 

typically isolated from their substrates (Yunilas 

et al., 2021). IMOs are bioactivators that can 

enhance the quality of agricultural waste for use 

as feed. They contain various enzymes essential 

for feed fermentation (Yulianto et al., 2022). 

Indigenous microorganisms are derived from 

natural sources containing beneficial microbes 

such as Rhizobium sp., Azospirillum sp., 

Azotobacter sp., Pseudomonas sp., and Bacillus 

sp. (Khasanah et al., 2019). The enzyme content 

in IMOs depends on the microorganism present, 

as they are typically isolated from their 

substrates (Yunilas et al., 2021). 

IMOs produced from coconut by-products, 

such as coconut water and meal, have the 

potential to stimulate the growth of microbes 

with mannanase and cellulase enzyme activities 

due to the high crude fiber and mannan content 

in coconut meal. Coconut pulp contains 61% 

galactomannan and 26% mannan (Bahri et al., 

2018). The relatively high galactomannan and 

mannan content in coconut meal can be utilized 

to produce mannanase and cellulase enzymes 

(Hatta et al., 2016). Consequently, IMOs derived 

from coconut waste can enhance the nutritional 

quality of coconut pulp as a feed ingredient. This 

study aimed to evaluate the nutritional quality of 

coconut pulp using IMOs. 

Material and Methods 
The initial stage of this research involved 

producing IMOs from coconut water and 

coconut pulp at a ratio of 1 liter of coconut water 

to 1 kg of coconut meal, which was fermented 

anaerobically for 10 days. The resulting IMOs 

were analyzed for color, aroma, pH, total 

bacteria, cellulase, and mannanase activities. 

Subsequently, IMOs were applied to ferment 

coconut pulp. The study employed a completely 

randomized design with four treatments and 

four replications. The treatments consisted of 

four fermentation durations for coconut meal: 0, 

7, 14, and 21 days. The fermentation of coconut 

pulp utilized indigenous microorganisms (IMOs) 
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at a dosage of 4%. The parameters observed in 

fermented coconut pulp are cellulase activity, 

mannanase activity, and pH. The proximate 

analysis was conducted to determine crude 

fiber, crude protein, ether extract, and Nitrogen-

Free Extract (NFE) (AOAC, 2005).  

The color and aroma of IMOs were observed 

by visual [Mullagulova et al., 2021]. Total 

bacteria were determined using the Total Plate 

Count (TPC) method. Samples were serially 

diluted and inoculated onto Plate Count Agar 

(PCA) using the pour plate technique. The plates 

were incubated at 37°C for 48 hours, and the 

resulting colonies were counted and expressed 

as CFU/mL (Li et al., 2020). Lactic acid bacteria 

were also determined using the Total Plate 

Count (TPC) method. Samples were serially 

diluted and inoculated onto de Man, Rogosa, 

and Sharpe (MRS) agar using the pour plate 

technique. The plates were incubated 

anaerobically at 37°C for 48 hours. The resulting 

colonies were counted and expressed as CFU/mL 

(Harnentis et al., 2022). 

Cellulase Activity 

Cellulase enzyme activity was determined 

using the Nelson method as described by Triani 

et al. (2024). One milliliter of crude enzyme was 

mixed with 1 mL of extract (0.5% carboxymethyl 

cellulose [CMC] dissolved in 10 mL of buffer) and 

incubated at 40°C for 30 minutes in a water bath 

shaker. After incubation, 1 mL of Nelson AB 

solution was added to the mixture, which was 

then heated in boiling water fofor 20 minutes. 

After the mixture cooled, 1 mL of 

phosphomolybdate solution and 7 mL of distilled 

water were added.er were added. The 

absorbance was measured using a 

spectrophotometer at a wavelength of 575 nm, 

and enzyme activity was calculated based on a 

standard curve. 

Mannanase Activity 

Mannanase enzyme activity was measured 

based on the amount of mannose released using 

a modification of the Nelson method (1944). One 

milliliter of substrate (0.5 g of substrate 

dissolved in 100 mL of 50 mM phosphate buffer 

at pH 7) was mixed with 1 mL of mannanase 

enzyme solution and incubated at 50°C for 30 

minutes. The reaction was stopped by heating 

the mixture in boiling water at 100°C for 5 

minutes, followed by centrifugation for 5 

minutes. One milliliter of the supernatant was 

added to 1 mL of Nelson reagent (a combination 

of 25 mL of Nelson A and 1 mL of Nelson B), 

heated at 100°C for 20 minutes, and cooled to 

room temperature. Subsequently, 1 mL of 

phosphomolybdate solution and 7 mL of distilled 

water were added. The red-brown color 

intensity was measured using a 

spectrophotometer at a wavelength of 595 nm. 

Proximate Analysis 

The crude fiber, crude protein, ether extract 

and NFE content in fermented coconut pulp 

were analyzed using the AOAC (2005) methods. 

Data Analysis 

The characteristics of IMOs were analyzed 

descriptively and qualitatively, while enzyme 

activity and the nutritional composition of 

coconut pulp were analyzed using analysis of 

variance (ANOVA) followed by Duncan’s 

Multiple Range Test (DMRT), as described by 

Steel and Torrie (1997). 

Results and Discussion 
IMOs Characteristics 

The characteristics of IMOs derived from the 

research, including aroma, color, odor, pH, 

cellulase activity, mannanase activity, and the 

total bacterial colony, are presented in Table 1. 

The aroma of the IMOs produced from coconut 

water and coconut meal has a sour, tapai-like 

smell, indicating that the MOL has a complete 

fermentation process 

Table 1. Characteristics of IMOs  
Characteristics of IMOs Observation 
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Aroma Sour 
Colour Light brown 
pH 3.3 
Total Bacteria  7.2 x 1012  cfu/ml 
Total Lactic Acid Bacteria  5.4 x 1012  cfu/ml 
Cellulase Activity 2.1 U/ml 
Manannase Activity 7.73 U/ml 

The sour odor with a tapai-like aroma in the 

IMOs suggests that it is mature and ready for 

application (Yuliana, 2021). The tapai-like sour 

smell in the IMOs is caused by the hydrolysis of 

carbohydrates by microorganisms, which 

produce organic acids such as lactic acid and 

alcohol (Yunilas et al., 2022). The pH value is a 

chemical property of the IMOs, and the resulting 

IMOs have a very low pH of 3.2. The activity of 

microorganisms, which release H+ ions to form 

organic acids, also contributes to this pH 

decrease. The pH of these IMOs is lower than the 

standard pH range for IMOs produced from 

fruits and vegetables, which ranges from 3.87 to 

4.13 (Swandi et al., 2023). 

Total bacterial count in the IMOs produced 

from coconut water and meal is relatively high, 

measuring 7.2 × 10^12 cfu/ml, with lactic acid 

bacteria (LAB) making up a significant portion at 

5.4 × 10^12 cfu/ml. This dominance of LAB 

causes a more acidic MOL with a lower pH. The 

LAB are group of gram-positive bacteria capable 

of hydrolyzing carbohydrate substrates into 

organic acids while producing another 

metabolite. Organic acids, including propionic, 

acetic, and lactic acid, create unfavorable 

environment for spoilage microorganism growth 

(Bangar et al., 2022) 

Cellulase activity is indicated by the activity of   

cellulolytic   bacteria   capable  of  degrading  

crude fiber. The cellulase activity in the IMOs 

derived from coconut water and coconut meal is 

2.1 U/ml. This amount is considered low if 

compared to the cellulase activity of cellulolytic 

bacteria from cassava waste, which reaches 7.58 

U/ml (Triani et al., 2024). This variation is due to 

the high mannose fiber content in coconut pulp, 

limiting the growth of cellulolytic bacteria in the 

IMOs. Bacterial growth tends to align with the 

available substrate (Triani et al., 2024). Although 

the cellulase enzyme activity in the produced 

IMOs is relatively low, the mannanase activity is 

significantly higher at 7.73 U/ml. The mannanase 

activity observed in this study is higher than that 

of Aspergillus niger, which has 0.33 U/ml 

cellulase activity (Bahri et al., 2022) and is 

considered a known mannanase producer 

(Dawood et al., 2020). 

Cellulase and Mannanase Enzyme Activity, and 

pH Values in Fermented Coconut Pulp 

The effectiveness of IMOS as a bioactivator or 

for coconut pulp fermentation can be evaluated 

based on fermentation process and nutritional 

quality of the fermented coconut pulp. Cellulase 

and mannanase enzyme activities, along with pH 

values of fermented coconut pulp, are presented 

in Table 2, while nutritional quality, including 

crude fiber, crude protein, and crude fat, is 

shown in Table 3. 

Table 2. Cellulase and mannanase activity and pH value in fermented coconut meal 
Treatments Selulase Activity Manannase Activity pH 

T0  1.28a 4.62a 4.40a 
T1  1.57b 5.19a 3.95b 
T2  1.77b 5.09a 3.64c 
T3  1.68b 6.99b 3.69c 

Note : Description: Different superscripts in the same column indicate significant differences (P<0.05) and very significant 
differences (P<0.01). T0=control, T1=7 days fermentation, T2=14 days fermentation, T3=21 days fermentation 
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The results of the study indicate that the 

fermentation duration of coconut pulp 

significantly (P<0.01) affects cellulase activity, 

mannanase activity, and pH values. Cellulase 

activity on days 7, 14, and 21 was significantly 

higher (P<0.01) than on day 0. Mannanase 

activity was highest (P<0.01) at 21 days of 

fermentation, while the lowest pH values 

(P<0.01) were observed on days 14 and 21 of 

fermentation. 

The increased cellulase activity on days 7, 14, 

and 21 resulted from the growth of cellulolytic 

microbes, which also enhanced the activity of 

microbes that degrade fibers in coconut pulp. 

The synthesis and level of activity of cellulolytic 

enzymes depend on the presence of inhibitors 

and inducers as well as other physical and 

chemical parameters. Cellulose with a suitable 

structure, such as bran and pulp, is an excellent 

biological inducer for microbiological cellulase 

(Grata, 2020). The results of the study in Table 2 

also show that the optimal fermentation time in 

coconut pulp using MOL is 14 days. When the 

fermentation duration is increased to 21 days, 

cellulase activity tends to decrease; however, 

this change is not statistically significant. This 

decrease is attributed to an increase in inhibitors 

that reduce cellulase activity, which occurs 

alongside the rise in cellulose hydrolysis 

products. Cellulose hydrolysis products are most 

often cellulase inhibitors; cellobiose inhibits 

endoglucanase and exoglucanase activity, while 

the presence of glucose can suppress β-

glucosidase activity. Other compounds, 

including solvents, phenolic compounds, and 

surfactants, can also be inactivators (Grata, 

2020). The value of cellulase enzyme activity in 

this study was relatively low; the decrease was 

due to the high mannan content in coconut pulp 

being an inhibitor of cellulase activity (Kumar et 

al., 2014). 

Mannanase activity in coconut pulp increased 

significantly after 21 days of fermentation, 

whereas the activity observed at 7 and 14 days 

of fermentation did not differ significantly from 

the control, suggesting optimal mannanolytic 

microbial activity at 14 days of fermentation. 

Enzyme activity, including mannanase, depends 

on the growth and development of 

microorganisms, each of which has a specific 

growth period (Triani et al., 2024). 

Microorganisms are an important source of 

mannanase, an enzyme that exhibits catalytic 

activity. Mannanase activity will degrade feed 

ingredients rich in mannan. β-Mannanase, the 

primary mannan-degrading enzyme, hydrolyzes 

β-1,4-mannoside bonds in mannan (Wang et al., 

2024). 

The acidity of the fermented product serves 

as a gauge for the effectiveness of the 

fermentation process. A low pH, classified as 

acidic, will prevent the growth of pathogenic and 

spoilage microbes, resulting in a sour aroma, 

which is characteristic of fermented products. 

The study findings showed that the pH value of 

coconut pulp fermentation after 14 and 21 days 

was lower compared to other treatments. This 

decrease is attributed to the continued microbial 

growth and increased activity until day 14, which 

led to higher production of organic acids as 

secondary metabolites, thereby lowering the pH 

value. The duration of fermentation significantly 

influences the pH value, as it fosters the growth 

of microbes that generate organic acids (Sandi et 

al., 2023). The pH value of fermented coconut 

pulp was lower than that of cassava waste 

fermentation, which had a pH range of 4.28–

4.25 (Triani et al., 2024). 

Nutritional Quality of Fermented Coconut Pulp 

The nutritional quality of fermented coconut 

pulp also reflects the effectiveness of IMOs as a 

bioactivator. Table 3 presents the nutritional 

composition, which includes crude fiber, crude 

protein, and crude fat. The results of this study 

show that fermentation duration significantly 

affects (P<0.01) crude fiber, crude protein, and 

crude            fat          in           coconut           pulp.  
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Table 3. Crude Fiber, Crude Protein, Ether Extract and NFE of Fermented Coconut Meal 
Treatments Crude Fiber (%) Crude Protein (%) Ether extract(%) NFE (%) 

T0  28.03a 4.84a 35.04a 28.97a 
T1  22.01b 5.37b 26.64b 36.76b 
T2  18.47c 7.01c 24.49c 37.65b 

T3 (21 Days) 20.92b 4.90a 25.23c 33.12c 
P-value 2.72x10-8 1.49x10-8 2.84x10-7 1.05x10-8 

Note : Description: Different superscripts in the same column indicate significant differences (P<0.05) and very significant 
differences (P<0.01). T0=control (0 days fermentation), T1=7 days fermentation, T2=14 days fermentation, T3=21 days 
fermentation.

Coconut pulp fermented for 14 days exhibited 

significantly lower (P<0.01) crude fiber and ether 

extract [R1] content, alongside the highest crude 

protein (P<0.01). The crude fiber content of 

coconut pulp was lower after 14 days of 

fermentation, measuring 18.47%. This 

fermentation treatment reduced crude fiber by 

34.10% compared to the control (unfermented 

coconut pulp), which had a crude fiber content 

of 28.03%. The reduction in crude fiber content 

in fermented coconut pulp is due to the 

increased activity of cellulase enzymes, which 

degrade fiber components such as cellulose into 

glucose. Enzyme activity is influenced by 

fermentation duration and microbial growth, 

highlighting the significant role of time in the 

microbial degradation of cellulose (Yin et al., 

2024). 

The crude protein content in coconut pulp. 

The crude protein content increased significantly 

from 4.84% before fermentation (control) to 

7.01% after 14 days of fermentation, 

representing a 44.63% increase, which is 

attributed to the rising microbial population.g 

microbial population, as indicated by the 

enhanced enzymatic activity. A high microbial 

population during fermentation contributes to 

increased protein content through protein 

synthesis within the microbial cells, particularly 

bacteria. Protein synthesis is the process of 

forming polypeptide compounds within cells, 

which supports bacterial growth and activity, 

thereby enhancing protein content (Renaldi et 

al., 2023). 

Extending the fermentation period to 21 days 

resulted in a decrease in crude protein content, 

returning to 4.90%, which is comparable to the 

control treatment. This decline is attributed to a 

reduction in microbial population during 

fermentation due to the depletion of available 

nutrients. Microbial growth is influenced by the 

availability of nutrients (Kumakura et al., 2023). 

Microorganisms, as unicellular entities, 

contribute to the crude protein content of the 

feed; therefore, a decrease in bacterial 

population directly leads to a reduction in the 

protein content of fermented coconut pulp. 

Coconut pulp is an agricultural product with a 

high-fat content, and fermentation is expected 

to reduce its fat levels. The ether extract content 

of coconut pulp fermented with IMOs decreased 

significantly as the fermentation duration 

increased. The lowest crude fat content was 

observed in coconut pulp fermented for 14 and 

21 days, showing a reduction of 30.11%. The 

decrease in ether extract during fermentation is 

attributed to the hydrolysis of fats by 

microorganisms, breaking them down into fatty 

acids and glycerol. This finding is consistent with 

the findings of Hayati (2018), who reported that 

microorganisms in IMOs produce lipase, which 

hydrolyzes fat into fatty acids and glycerol. 

Microorganisms subsequently utilize the 

hydrolysis products for their growth. 

Fermentation duration significantly affected 

(P<0.01) the nitrogen-free extract (NFE) content 

of coconut pulp. Fermentation for 7 and 14 days 

resulted in the highest NFE content (P<0.01) at 

36.76% and 37.65%, respectively. The elevated 

NFE content was attributed to the activity of 

cellulase and mannanase enzymes in degrading 

fiber components into glucose and mannose. 
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The cellulase enzymes present in IMOs degrade 

crude fiber in coconut pulp by hydrolyzing and 

breaking the glycosidic bonds in cellulose, 

resulting in cellobiose and glucose (Machiel et 

al., 2023). Meanwhile, mannanase enzymes 

hydrolyze the glycosidic bonds in mannan 

chains, breaking down polysaccharides to 

mannose products. Furthermore, Mannan can 

be sustainably and efficiently degraded into 

mannooligosaccharides (MOS), which are 

important as prebiotics (Capeti et al., 2023). 

This was evidenced by the increased cellulase 

activity alongside a decrease in crude fiber 

content and the upward trend in mannanase 

activity, albeit not statistically significant. 

However, extending the fermentation period to 

21 days led to a significant decline in NFE content 

despite the increase in mannanase activity. This 

decline is likely due to the utilization of 

mannose, a hydrolysis product, by microbes as a 

nutrient source, as the nutrient availability in the 

fermentation medium diminishes over time. 

Microbes consume a portion of the fiber 

degradation products for their growth. Thus, 

with prolonged fermentation, glucose and 

mannose are increasingly utilized by microbes as 

the nutrients in the medium become 

progressively diminished (Triani et al., 2024). 

This study is in line with Hindratiningrum (2023), 

who stated that the fermentation period of 

cassava leaves using EM4 for 14 days resulted in 

an NFE of 37.93%. 

Conclusions 
The IMOs derived from coconut water and 

coconut meal have the potential to be utilized as 

a bioactivator for fermentation to enhance the 

nutritional quality of coconut pulp. Fermenting 

coconut meal for 14 days yielded optimal 

nutritional quality with lower crude fiber and 

ether extract contents, as well as increased 

crude protein and nitrogen-free extract (NFE) 

levels. 
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