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Abstract— This research was aimed the composition of the substrate, inoculum dose and fermentation time 

suitable for the growth of Pleurotus ostreatus on cocoa pod substrate mixtures with different nitrogen sources 

(tofu waste, soy milk waste and rice bran) of the cellulase enzyme activity, laccase enzyme activity, crude fiber 

decreased, and crude fiber digestibility. This study used an experimental method with a completely randomized 

design (RAL) 3x3x3 factorial with 2 replications. Factor A is a substrate composition with a ratio of 80% cocoa 

pod and 20% for tofu waste, soy milk waste, and rice bran. Factor B is an inoculum dose of 6%, 8% and 10% 

with Factor C is the fermentation time of 7, 9 and 11 days. The results of the analysis showed that an interaction 

of the substrate composition and fermentation time with Pleurotus ostreatus which had a significant effect (P 

<0.05) of the activity of cellulase enzymes, laccase enzyme activity, crude fiber decreased and crude fiber 

digestion. The results of the study can be concluded that the selected treatment was foun d in the composition of 

80% cocoa pod and 20% tofu waste with 9 days fermentation time (A1C2). In this condition cellulase enzyme 

activity was obtained of 2.70 U/ml, the laccase enzyme activity of 12.33 U/ml, crude fiber decreased of 44.01% 

and crude fiber digestibility of 53.78%. 
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I. INTRODUCTION 

The problem of poultry feed is still a concern today 

because poultry is still one of the most developed 

livestock commodities. The price of poultry feed which is 

unstable tends to be expensive and the level of availability 

which continues to decrease simultaneously results in the 

decline of poultry business. The high price of poultry feed 

is caused by the constituents used which are still imported 

and compete with human needs. The price of feed tends to 

change at any time depending on the situation, natural 

conditions, and the market.  

One effort to reduce the problem of poultry feed is to 

replace conventional feed that is commonly used to 

prepare poultry rations with non-conventional feed 

ingredients. Generally, this non-conventional feed 

material comes from agricultural, livestock and industrial 

wastes. Non-conventional feed ingredients must be 

available continuously, in large volumes, easily available 

and inexpensive. One of the non-conventional feed 

ingredients that can be used as animal feed is cocoa pods 

obtained from cocoa fruit processing.  

Indonesia ranks third as the world cocoa producer 

country after Pantai Gading and Ghana. West Sumatra is 

one of the cocoa-producing provinces with a production 

of 52.2 thousand tons with an area of plantation reaching 

158.9 thousand hectares in 2017 (BPS, 2018). Cacao 

consists of 74% pods cacao, 2% placenta and 24% seeds 

(Harsini and Susilowati, 2010) so it can be estimated that 

pod cacao production of 38,628 thousand tons in 2017. 

Pod cocoa contains crude protein 11.75%, crude fat 

11.75%, NFE 34.95%, crude fiber 32.12% (cellulose 

22.11% and lignin 23.14%) (Nuraini et al, 2013), and 

tannins 0.11% (Nuraini et al, 2012). If viewed in terms of 

nutrient content and continuous availability, the cocoa 

pod is quite the potential to be used as animal feed. 

Research that has been done shows that cocoa pod can be 

used as a source of animal feed (Tequia et al., 2004). 

However, with the high content of crude fiber and the 

presence of theobromin antinutrient compounds in the 

cocoa pod is one of the limiting factors in giving to 

poultry, due to the limited ability of poultry to digest 

crude fiber and feeding continuously containing 

theobromine can reduce growth (Tarka et al. 1998). 

One effort to reduce the content of crude fiber and 

minimize the content of antinutrient compounds in the 

cocoa pod is fermentation by utilizing the role of 
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microorganisms. Microorganisms that are effective in 

degrading crude fiber, especially lignin, are Pleurotus 

ostreatus from the Basidiomycetes group known as high-

class mushrooms that produce extracellular ligninolytic 

enzymes such as laccase, lignin peroxidase and 

manganese peroxidase (Periasamy and Natarajan 2004; 

Mayer and Staples 2002). Pleurotus Ostreatus also 

produces cellulase enzymes (Sudiana and Rahmansyah, 

2002) which can work synergistically to break down 

cellulose into glucose through a catalyst process (Santos 

et al., 2012).  

Fermentation in principle is influenced by several 

factors including the composition of the substrate, the 

dose of the inoculum and fermentation time. Fermentation 

using Pleurotus ostreatus requires a substrate containing 

carbon, nitrogen and mineral sources to support the 

growth and development of mycelium maximally pod 

cocoa itself can be used as a carbon source (C) in the 

substrate fermentation, but must be supplemented with a 

nitrogen source (N) to get the balance C: N which is 

suitable for the growth and development of Pleurotus 

ostreatus mycelium. Sources of nitrogen (N) that can be 

used are tofu waste, soy milk waste, and rice bran. 

Tofu waste is a waste of soybean processing indus try 

that has nutrients namely crude protein at 28.36%, crude 

fat 5.52%, crude fiber 7.06% and NFE 45.44% (Nuraini et 

al., 2012). High crude protein content in tofu waste can be 

used as a source of N for the growth of mycelium. 

Muhfudz (2006) states that tofu waste contains lys ine and 

methionine amino acids and calcium which is quite high. 

Soy milk waste is a waste of the soybean processing 

industry such as tofu waste but different in processing. 

Soy milk waste has a high crude protein content of 

27.62%, this content can be used as a source of N for 

mycelium growth. Other nutritional content of crude fat is 

2.95%, NFE 52.66%, crude fiber 13.81% and ash 2.96%, 

Ca 0.09%, P 0.04% (Muis et al, 2009). 

Rice bran is the biggest by-product of rice milling 

process which contains metabolic energy of 2980 kcal/ 

kg, crude protein 12.9%, crude fat 13%, crude fiber 

11.4%, Ca 0.07%, phosphorus 0.22%, Mg 0.95% and 9% 

moisture content (Saputra, 2015). Rice bran is also rich in 

vitamin B complex and mineral components such as iron, 

aluminum, calcium, magnesium, manganese, phosphorus, 

and zinc (Astawan, 2010). It is hoped that cocoa pod 

fermented using Pleurotus ostreatus with different 

nitrogen sources can produce optimal cellulase and 

laccase enzymes to reduce fiber content and increase the 

digestibility of crude fiber. 

 

 

II. MATERIALS AND METHODS 

2.1. Materials 

The ingredients used are cocoa pod, tofu waste, soy 

milk waste and rice bran. The fungus used is Pleurotus 

ostreatus. The equipment used is analytical scales, 

autoclaves, laminar airflow, ovens, a set of equipment for 

proximate analysis, cellulase enzyme activity and laccase 

enzyme activity. 

2.2. Method  

The design used is a Completely Randomized Design 

(CRD) Factorial 3x3x3 with 2 replications. Factor A is a 

substrate composition consisting of 3 (three) levels, 

namely: 

A1 = 80% cocoa pod + 20% tofu waste 

A2 = 80% cocoa pod + 20% soy milk waste 

A3 = 80% cocoa pod + 20% rice bran 

Factor B is the dose of inoculum which consists of 3 

(three) levels, namely: 

B1 = 6% dry matter of the amount of substrate 

B2 = 8% dry matter out of the amount of substrate 

B3 = 10% of dry matter from the amount of substrate 

Factor C is the fermentation time consisting of 3 (three) 

levels, namely: 

C1 = 7 days 

C2 = 9 days 

C3 = 11 days 

2.3. Research Implementation 

This research activity is fermenting cocoa pods with 

tofu waste, soy milk waste and rice bran. Cocoa pod is 

cleaned first then chopped 0.5-1 cm. Tofu and soy milk 

wastes are squeezed to reduce water content. Weigh the 

substrate by composition (80% cocoa pod and 20% for 

tofu waste, soy milk waste and rice bran). Homogenize 

the three substrates then add 7 ml of Mineral Brook, the 

substrate water content is ± 70%. Sterilize all substrates in 

the autoclave at 1210 for 15 minutes. Pleurotus ostreatus 

inoculation according to treatment (6,8 and 10%). 

Incubation according to treatment (7, 9 and 11 days). 

Fermentation products will be analyzed for crude fiber 

content (AOAC method, 1990), crude fiber digestibility 

(Sibbald method, 1975), cellulase enzyme activity 

(Nelson method, 1944) and laccase enzyme activity 

(Buswell et al., 1995). 

 

III. RESULT AND DISCUSSION 

3.1. Cellulase enzyme activity 

Statistical analysis showed that there was no 

interaction between the composition of the substrate, 

inoculum dose and fermentation time but the interaction  

was significantly different (P<0.05) found in the 

composition of the substrate with the fermentation time 
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on the activity of cellulase enzymes (U / ml) cocoa pod 

fermented with Pleurotus ostreatus (Table 1). 

DMRT (Duncan Multiple Range Test) showed that 

cellulase enzyme activity in A1C3 treatment (80% cocoa 

pod and 20% tofu waste with 11 days fermentation time) 

had no significant effect (P> 0.05) from A1C2 treatment 

(80% pod cacao and 20% tofu waste with 9 days 

fermentation time), A2C2 treatment (80% cocoa pod and 

20% soy milk waste with 9 days fermentation time) and 

A2C3 treatment (80% cocoa pod and 20% soy milk waste 

with 11 days fermentation time); but significantly (P 

<0.05) higher than other treatments.  

Table 1. The average cellulase enzyme activity (U/ml)  

Substrate 

(A) 

Inoculum 

dose (B)  

Fermentation time 

(C)  Average 

C1 C2 C3 

 

A1 

B1 2,02 2,52 2,69 2,41 

B2 2,18 2,77 2,87 2,61 

B3 2,37 2,80 3,03 2,73 

Total  6,56 8,70 8,58  

Average   2,19b 2,70a 2,86a   

A2 

B1 1,99 2,40 2,52 2,30 

B2 2,13 2,62 2,68 2,48 

B3 2,22 2,76 2,85 2,61 

Total  6,33 7,78 8,05  

Average   2,11b 2,59a 2,68a   

A3 

B1 1,94 2,05 2,18 2,05 

B2 2,02 2,12 2,24 2,12 

B3 2,11 2,28 2,33 2,24 

Total  6,07 6,44 6,74  

Average   2,02b 2,15b 2,25b   

The high activity of cellulase enzymes in A1C2, 

A1C3, A2C2, and A2C3 treatments is due to the presence 

of substrate composition and fermentation time which are 

suitable for the growth of Pleurotus ostreatus. On 80% 

cocoa pod and 20% tofu waste substrate and 80% cocoa 

pod and 20% soymilk waste substrate, it appears that the 

growth of Pleurotus ostreatus is fertile, white and evenly 

almost covered the entire substrate. This is supported by 

Gunam et al., (2011) that there is a correlation between 

protein content and enzyme activity produced when 

viewed from substrate concentration and fermentation 

time. In environmental conditions with high protein 

content produced, the enzyme activity is also high and 

otherwise if, in conditions where the protein content 

produced is low, it appears that the activity of the 

resulting enzyme is low. 

Fermentation time allows mycelium to flourish to fill 

the substrate so that more cellulase enzymes are 

produced. According to Setyawan (2007) that the 

fermentation time is closely related to the time that can be 

used by microbes to grow and multiply so that the 

enzyme activity increases. The longer time of 

fermentation causes the fungus to flourish and the 

cellulase enzymes produced from hyphae will be more 

numerous, besides the conditions in the substrate also 

support the cellulase enzyme to move, so that the 

cellulase enzyme is more active in breaking down 

cellulose into glucose. 

The selected treatment based on its efficiency was 

found in A1C2 (80% cocoa pod and 20% tofu waste with 

9 days fermentation time) with cellulase enzyme activity 

2,70 U/ml. This result is higher than Doharne (2015) 

where cacao pod fermented with P.chrysosporium and a 

dose of inoculum 7% with a fermentation period of 10 

days and continued fermentation with N.crassa 9% with a 

fermentation period of 4 days has an enzyme activity of 0, 

10 U/ml. 

3.2. Laccase enzyme activity 

Statistical analysis showed that there was no 

interaction between the composition of the substrate, 

inoculum dose and fermentation time but the interaction 

was significantly different (P <0.05) found in the 

composition of the substrate with the fermentation time 

on the activity of laccase enzymes (U / ml) cocoa pod 

fermented with Pleurotus ostreatus (Table 2). 

Table 2. The average laccase enzyme activity (U/ml)  

Substrate 

(A) 

Inoculu

m dose 

(B)  

Fermentation time (C) 
Averag

e 
C1 C2 C3 

A1 

B1 9,78 11,75 12,09 11,21 

B2 10,59 12,27 12,56 11,81 

B3 11,11 12,96 13,02 12,36 

Total   31,48 36,98 37,67   

Average   
10,49

c 

12,33
a 

12,56
a   

A2 

B1 9,32 11,23 11,40 10,65 

B2 10,47 11,98 12,09 11,52 

B3 10,53 12,44 12,91 11,96 

Total   30,32 35,65 36,40   

Average   
10,11

c 

11,88
a 

12,13
a   

A3 

B1 8,45 9,66 10,65 9,59 

B2 9,78 10,36 11,00 10,38 

B3 10,13 11,05 11,98 11,05 

Total   28,36 31,08 33,62   

Average 
  9,45d 

10,36
c 

11,21
b   

DMRT (Duncan Multiple Range Test) showed that 

laccase enzyme activity in A1C3 treatment (80% cocoa 

pod and 20% tofu waste with 11 days fermentation time) 

had no significant effect (P> 0.05) from A1C2 treatment 

(80% cacao pod and 20% tofu waste with 9 days 

fermentation time), A2C2 treatment (80% cocoa pod and 

20% soy milk waste with 9 days fermentation time) and 
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A2C3 treatment (80% cocoa pod and 20% soy milk waste 

with 11 days fermentation time); but significantly(P 

<0.05) higher than other treatments.  

The high activity of the laccase enzyme in A1C2, 

A1C3, A2C2, and A2C3 treatments due to the presence of 

a C: N ratio balance in the four treatments, can be seen 

from the fertile growth of mycelium compared to other 

treatments. The fertility of the mycelium is also affected 

by the fermentation time, where the fermentation time 

gives the mycelium opportunity to continue to grow. The 

C: N ratio of 80% cocoa pod and 20% tofu waste is 

12.16: 1, and 80% cocoa pod and 20% soy milk waste is 

12.47: 1. This is supported by the opinion of Gianfreda et 

al. (1999) that laccase production is strongly influenced 

by the concentration of nitrogen in the culture medium 

and the carbon source used (Galhaup et al., 2003). 

Furthermore, Nadeem et al. (2014) that carbon and 

nitrogen sources at the right ratio are needed for 

propagation and enzyme production. Basidiomycetes 

fungi including Pleurotus ostreatus have different 

responses to carbon sources and their concentration in the 

medium for growth. Significant laccase secretion occurs 

when the concentration of carbon sources in the growth 

medium reaches a low level. The best C: N ratio for the 

growth of Pleurotus ostreatus is 10 - 15: 1 and results in 

maximum laccase production, where an increase in C: N 

ratio will further reduce laccase production significantly. 

Majeau et al. (2010) reported that laccase enzyme 

production was influenced by factors of nutrient 

availability such as carbon and nitrogen, concentration 

and C: N ratio as well as other factors such as 

characteristic and concentration of the inducer. The 

optimum concentration of organic carbon in growth 

media has an important role in laccase production. In the 

white-rot fungus group, the production of the enzyme 

laccase main role in ligninolytic activity (Bonnen et al., 

1994). Furthermore, Ardon et al. (1998) show a strong 

indication that the activity of the laccase enzyme can 

increase the level of lignin degradation. Among the 

Basidiomycetes groups of white rot species dominant 

studied are Pleurotus ostreatus and Tramets versicolor 

because of their ability to mineralize lignin through the 

secretion of oxidative enzymes such as laccase (Halburgi, 

2011) known as an efficient enzyme in degrading lignin 

(Bernardi et al., 2008). 

The selected treatment based on its efficiency was 

found in A1C2 (80% cocoa pod and 20% tofu waste with 

9 days fermentation time) with laccase enzyme activity of 

12,33 U/ml. Pleurotus ostreatus also produces laccase 

enzymes in palm sludge fermentation obtained of 12.73 

U/ml. 

3.3. Reduction of crude fiber 

Statistical analysis showed that there was no interaction 

between the composition of the substrate, inoculum dose 

and fermentation time but the interaction was 

significantly different (P<0.05) found in the composition 

of the substrate with the fermentation time on the 

reduction of crude fiber (%DM) cocoa pod fermented 

with Pleurotus ostreatus (Table 3). 

DMRT (Duncan Multiple Range Test) showed that 

reduction crude fiber in A1C3 treatment (80% cocoa pod 

and 20% tofu waste with 11 days fermentation time) had 

no significant effect (P> 0.05) from A1C2 treatment (80% 

pod cacao and 20% tofu waste with 9 days fermentation 

time), A2C2 treatment (80% cocoa pod and 20% soy milk 

waste with 9 days fermentation time) and A2C3 treatment 

(80% cocoa pod and 20% soy milk waste with 11 days 

fermentation time); but significantly(P <0.05) lower than 

other treatments.  

Table 3. The average reduction of crude fiber (%DM) 

Substrate 

(A) 

Inoculu

m dose 

(B)  

Fermentation time (C) 
Averag

e 
C1 C2 C3 

A1 

B1 33,02 39,95 46,57 39,85 

B2 32,09 43,95 46,78 40,94 

B3 35,31 48,14 49,40 44,28 

Total   100,42 132,04 142,75   

Average   
33,47c

d 

44,01a

b 47,58a   

A2 

B1 30,19 39,71 38,48 36,13 

B2 32,34 41,83 44,46 39,54 

B3 33,40 46,36 47,67 42,48 

Total   95,93 127,90 130,61   

Average   
31,98c

d 

42,63a

b 

43,54a

b   

A3 

B1 20,06 22,61 35,56 26,08 

B2 21,55 29,88 38,63 30,02 

B3 30,44 33,82 40,13 34,80 

Total   72,06 86,31 114,33   

Average   
24,02e 

28,77d

e 

38,11b

c 334,11 

The decrease in crude fiber in A1C3, A1C2, A2C3, and 

A2C2 treatments was due to the activity of cellulase 

enzymes in the four treatments, which were respectively 

2.86%, 2.70%, 2.68% and 2.59%. High cellulase enzyme 

activity is related to substrate composition (C: N balance) 

and fermentation time suitable for Pleurotus ostreatus to 

grow and flourish. Pleurotus ostreatus produces cellulase 

enzymes (Sudiana and Rahmansyah, 2002) which can 

work synergistically to break down cellulose into glucose 

through a catalyst process (Santos et al., 2012). Substrate 

composition that has a balanced C: N ratio can accelerate 

the growth of Pleurotus ostreatus, because fungi need 

carbon and nitrogen for its growth. Nadeem et al., (2014) 
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stated that the best C: N ratio range for the growth of 

Pleurotus ostreatus is 10-15: 1. 

Fermentation time allows the mycelium to grow more 

optimally and produce enzymes to degrade crude fiber 

components. This is supported by Musnandar (2004) 

where the longer the fermentation, the greater the 

opportunity for enzyme complex to degrade crude fiber 

components into simple sugars. This increase in simple 

sugars will increase the growth of fungal colonies, 

especially high doses of inoculum so that the production 

of enzymes increases which in turn increases the 

degradation of crude fiber on the substrate. The more 

fertile the mycelium, the higher the activity of the 

cellulase enzyme produced in degrading the fiber 

components of the fiber on the substrate. 

The longer fermentation will cause the process of 

fungal metabolism to increase so that more energy is 

released by the fungus by degrading various energy 

sources in the substrate such as crude fiber. Furthermore, 

Perez et al. (2001) explained that each microfungus has  a 

different ability to decompose the substrate. The longer 

the incubation period, the more complex the compounds 

that are broken down by microorganisms into simpler 

compounds that can accumulate into energy. 

The selected treatment based on its efficiency was 

found in the A1C2 treatment (80% cocoa pod and 20% 

tofu waste with 9 days fermentation time) of 44,01%. 

This result is higher than Doharne (2015) where cocoa 

pods fermented with P.chrysosporium with 7% inoculum 

dose with 10 days fermentation time and continued 

fermentation with N.crassa 9% with 4 days fermentation 

time decreased fiber content of 25,47%. 

3.4. Crude fiber digestibility 

Statistical analysis showed that there was no interaction 

between the composition of the substrate, inoculum dose 

and fermentation time but the interaction was 

significantly different (P <0.05) found in the composition 

of the substrate with the fermentation time on the crude 

fiber digestibility (%DM) cocoa pod fermented with 

Pleurotus ostreatus (Table 4). 

Table 4. The average crude fiber digestibility  (%DM) 

Substrat

e (A) 

Inoculu

m dose 

(B)  

Fermentation time (C) 
Averag

e 
C1 C2 C3 

A1 

B1 43,77 48,60 49,30 47,22 

B2 47,29 54,87 56,82 52,99 

B3 49,53 57,86 58,76 55,38 

Total 
  

140,5

8 161,33 

164,8

9   

Average   46,86b 53,78a 54,96a   

A2 
B1 42,31 46,33 48,01 45,55 

B2 45,75 49,79 53,29 49,61 

B3 49,30 51,31 55,28 51,96 

Total 
  

137,3

6 147,43 

156,5

8   

Average   
45,79b 

49,14a

b 52,19a   

A3 

B1 42,01 43,12 44,17 43,10 

B2 43,39 44,09 46,54 44,67 

B3 46,16 46,70 47,67 46,84 

Total 
  

131,5

6 133,91 

138,3

8   

Average   43,85b 44,64b 46,13b   

DMRT (Duncan Multiple Range Test) showed that 

laccase enzyme activity in A1C3 treatment (80% cocoa 

pod and 20% tofu waste with 11 days fermentation time) 

had no significant effect (P> 0.05) from A1C2 treatment 

(80% cacao pod and 20% tofu waste with 9 days 

fermentation time), A2C2 treatment (80% cocoa pod and 

20% soy milk waste with 9 days fermentation time) and 

A2C3 treatment (80% cocoa pod and 20% soy milk waste 

with 11 days fermentation time); but significantly (P 

<0.05) higher than other treatments.  

The high digestibility of crude fiber in the A1C3, 

A1C2, A2C3 and A2C2 treatments is due to the low 

crude fiber content in the four treatments due to the high 

activity of cellulase and lacase enzymes due to the C: N 

ratio in a balanced substrate composition and long 

fermentation time so high coarse fiber digestibility. 

Prawitasari et al. (2012) states that the lower crude fiber 

content in the ration causes the higher digestibility of 

crude fiber and otherwise. The content of crude fiber in 

the ration greatly affects the digestibility of crude fiber. 

Maynard et al., (2005) stated that the digestibility of 

crude fiber is influenced by several factors including fiber 

content in feed, composition of crude fiber and 

microorganism activity. Poultry is difficult to digest high 

crude fiber because fiber-digesting microbes are only in 

the cecum and are few in number. Wahju (2004) states 

that crude fiber has bulky properties which consists of 

cellulose, hemicellulose and lignin which are mostly 

difficult to digest by poultry. 

Van Soest (1985) states that the digestibility and 

digestion rate of hemicellulose is higher than that of 

cellulose, this is due to the constituent components and 

the abrasive components of cellulose, lignin, and silica 

cannot be digested by poultry, but the hemicellulose 

component can still be hydrolyzed by the acid content in 

proventiculus and gizzard. 

  Scott et al., (1982) reported that broiler can utilize 

energy from hemicellulose through the hydrolysis process 

that is in the proventiculus and gizzard or possibly 

digestion by microbes in the intestine to produce energy. 
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The selected treatment based on its efficiency was 

found in the A1C2 treatment (80% cocoa pod and 20% 

tofu waste with 9 days fermentation time) of 53.78%. 

 

IV. CONCLUSION 

It can be concluded that the selected treatment was 

found in the composition of 80% cocoa pod and 20% tofu 

waste with 9 days fermentation time (A1C2). In this 

condition cellulase enzyme activity was obtained of 2.70 

U / ml, lactase enzyme activity of 12.33 U / ml, crude 

fiber decreased of 44,01% and crude fiber digestibility of 

53.78%. 
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