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ABSTRACT 

The present study was conducted to determine the appropriate inoculum dose and incubation period for the mixture 

of Cassava Leaf Meal (CLM) and Tofu Dreg (TD) fermented with Rhizopus oligosporus. This experiment was 

carried out in a completely randomized design in a 3 x 4 factorial treatments arrangement with 4 replications. The 

first factor was the inoculum dose (6, 8 and 10%), and the second factor was the incubation period of the 

fermentation (2, 3, 4, and 5 days). Measured variables were the changes in Dry Matter (DM), Organic Matter (OM), 

crude fat, Crude Fiber (CF), and Crude Protein (CP). The experimental results showed that there was no interaction 

between the inoculum dose and an incubation period of the fermentation in the reduction of DM, organic matter, and 

crude fat as well as the increase in the CP of fermented CLM and TD with Rhizopus oligosporus. However, the 

interaction was occurred between inoculum dose and incubation period in the reduction in CF. The inoculum dose 

significantly decreased  the DM, OM, crude fat and CF and also increased the CP. The best inoculum dose effect 

was at 10%. The incubation period had a significant reduction in the  DM, OM, crude fat, and CF and also increased 

the CP. The best incubation period of fermentation was at 3 days. The results indicated that the appropriate inoculum 

dose to ferment CLM and TD mixture with Rhizopus oligosporus was 10% at each incubation period. In the 

meanwhile, the appropriate incubation period was 3 days for each inoculum dose. 

Keywords: Fermentation, Inoculum dose, Incubation time, Rhizopus oligosporus  
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INTRODUCTION 

  

Cassava Leaf Meal (CLM) has been widely studied as a feed ingredient in a mixture of chicken rations because it 

contains quite high crude protein. According to Iheukwumere et al. (2008), CLM contains dry matter 25.30%, crude 

protein 25.1%, crude fiber 11.4%, crude fat 12.7%, nitrogen retention 46.1%, and ash 9.1%. Although the protein content 

of CLM is quite high, it cannot be utilized in large quantities in poultry rations because it contains high crude fiber and 

HCN. The CLM could only be used up to 5% in broiler chicken rations because the utilization of up to 10 and 15% 

reduced the efficiency of feed conversion (Melesse et al., 2018; Wyllie and Chamanga, 1979). According to Ravindran et 

al. (1986) and Eggum (1970), the utilization of cassava leaves is still limited due to high CF, tannins, HCN, alkalis, low 

digestibility and deficiency of sulfur-containing amino acids, especially methionine. To improve the quality of CLM, it 

needs to be processed. One of the processing methods that can be done is by fermentation method. Fermentation is a 

process of microorganism or microbial activity that can produce a product whose texture, taste, aroma, and nutritional 

quality changes better than the raw material and result in an increase in the quality and nutritional content of feed 

ingredients (Aisjah and Abun, 2012; Mirnawati et al., 2019a). Fermentation of cassava waste has been carried out by 

many researchers, including Sugiharto (2019), who performed a solid-fermentation with fungi which was a simple 

method to improve the nutrient qualities of cassava pulp and thus increased the production of such a cheap agro-

industrial by-product in chicken rations. Therefore, microbes were needed to overcome all of the problems of CLM as a 

feed ingredient. Yuniza et al. (2017) found that the fermentation of the combination of CLM and palm kernel cake by 

using Bacillus amyloliquefaciens improved the nutritional values of this fermented mixture of CLM and palm kernel 

cake. In the present study, therefore, microbes were needed that could overcome all problems of cassava leaves as feed 

component. According to Han et al. (2003), Dewi (2015) and Sumiati et al. (2011), Rhizopus oligosporus produces 

enzymes such as protease, lipase, alfa-amylase, glutaminase, and alfa-galactosidase and cellulase. The presence of the 

enzymes produced by Rhizopus oligosporus, is expected to reduce anti-nutrients and toxins content in CLM while 

increasing its nutritional values.  

The success of solid fermentation is dependent heavily on the optimal conditions that exist. Some factors that 

influence solid fermentation are substrate composition, inoculum dosage and fermentation time/incubation period. The 
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composition of the substrate must be considered as it affects the enzymes produced by microbes. Microbes produce 

enzymes based on the availability of inducers in the substrate. Therefore, in the present study the addition of tofu dregs 

(TD) as a combination of CLM substrate aims to provide the adequacy of nitrogen sources. 

The inoculum dose and incubation period of the fermentation also affect fermentation. The higher the dose of the 

inoculum, the more microbe grow, and the longer the incubation period of fermentation, the more chances for microbes 

to break down nutrients in the substrate (Mirnawati et al., 2012; Mirnawati et al., 2013; Mirzah and Muis, 2015; 

Mirnawati et al., 2019b). Thus, the combination of inoculum dose and incubation period of fermentation might improve 

the quality of CLM and TD. However, with the increasing in incubation period, the availability of nutrients in the 

fermentation media was exhausted, so that the bacteria would eventually die and thereby the decline in organic matter 

was reduced (Agustina et al., 2015; Iwansyah et al., 2019). In order to obtain the optimal conditions, it was necessary to 

determine the best inoculum dose and incubation period for the fermentation of CLM and TD mixture with Rhizopus 

oligosporus. 

 

MATERIALS AND METHODS 

 

The present study aimed to investigate the effects of inoculum dose and incubation period of CLM and TD mixture that 

were fermented with Rhizopus oligosporus on the alteration in DM, OM, crude fat, CF and CP, and to determine the 

appropriate inoculum dose and incubation period for the fermentation process. 

 

Materials 

The materials used in this study consisted of CLM, TD, Rice Bran (RB), Rhizopus oligosporus, Potato Dextrose 

Agar and brook minerals (Brook et al., 1969). This CLM was taken from the cassava waste when the cassava farmers 

harvested the roots. The cassava leaves were obtained from the two-thirds of the shoots or from the top part (where the 

leaves were still green). The equipment used in this study consisted of 5 kg capacity scale, 1 kg glass plastic size, 

autoclave, test tube, laminar flow, incase, oven, grinding machine and a set of proximate apparatus. 

 

Methods 

This experiment was carried out by the experimental method using a completely randomized design in a 3 x 4 

factorial treatment arrangements with 4 replications. The first factor was the fresh inoculum dose (D refers to inoculum 

dose, D6 = 6%, D8 = 8%, and D10 = 10%). The second factor was the incubation period (L refers to long term 

fermentation, L2 = 2 days, L3 = 3 days, L4 = 4 days, and L5 = 5 days). Measured variables were alteration in DM, OM, 

crude fat, CF, and CP after fermentation. 

 

Data collection  

The CLM was prepared by drying CLM in the sun and then grinding it in a finely milled two mm filter size. The 

Rhizopus oligosporus inoculum was the RB and CLM mixture at the ratio of 90% to 10%. Then, the substrate 

composition consists of 80% CLM and 20% TD. Finally, the fermentation process was carried out. The fermentation of 

CLM and TD by using Rhizopus oligosporus was performed with the inoculums dose of 6, 8 10% and incubation period 

of 2, 3, 4 and 5 days according to the treatment. This fermentation process was as follows: each of the CLM-TD samples 

was inserted into a heat-resistant and homogenized glass plastic, afterwards the samples, distilled water, and 

fermentation equipment were sterilized with autoclave, at a pressure of 15 lbs, and temperature 121
○
C for 15 minutes, 

and then cooled in laminar flow and UV for 15 minutes. In the next step the inoculum was dissolved in accordance with 

the treatment in 27 ml water that was sterilized (as an addition of water to 45-65%), then it had put into plastic substrate, 

then homogenized, fixed surface, and covered with plastic clips, and pierced with sterile sticks flat surface. 

Subsequently, the samples were incubated in open incase of airflow for 2, 3, 4 and 5 days according to the treatment 

(facultatively anaerobic). After completing the fermentation process according to the treatment, the DM, OM, crude fat, 

CF and CP of samples were analyzed according AOAC (1990) procedures.  

 

Data Analysis  

The data obtained were analyzed statistically using analysis of variance of completely randomized design in a 3 x 4 

factorial treatment arrangements. If there was a real effect, then the Duncan's Multiple Range Test (DMRT) according to 

Steel and Torrie (1980) should be used to test the significant differences among treatment means. 

 

RESULTS  

 

The effects of inoculum dose and incubation period of fermentation of CLM and TD mixture with Rhizopus oligosporus 

on the alterations in DM, OM, crude fat, CF and CP are shown in table 1. 
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Table 1. Effect of inoculum dose and the incubation period of cassava leaves and tofu dregs fermented with Rhizopus 

oligosporus on the reductions of dry matter, organic matter, crude fat, crude fiber and the increase in crude protein in the 

Non-Ruminant Nutrition Laboratory, at the Faculty of Animal Husbandry, Andalas University, Padang, Indonesia in 

January 2019. 

Observed variables 
Inoculum dose 

 (%) 

Incubation period (days) 
Average 

L2 L3 L4 L5 

Reduction in dry 

matter (%) 

D6 0.67 0.83 0.82 0.81 0.78 b 

D8 0.68 0.84 0.82 0.82 0.79 b 

D10 0.72 0.86 0.84 0.84 0.82 a 

Average 0.69 c 0.84 a 0.83 b 0.82 b 
 

Reduction in organic 

matter (%) 

D6 2.96 3.82 3.36 3.44 3.40 b 

D8 3.04 3.86 3.62 3.45 3.49 b 

D10 3.10 3.86 3.91 3.70 3.64 a 

Average 3.04 c 3.85 a 3.63 b 3.53 b 
 

Reduction in crude fat 

(%) 

D6 14.04 24.30 24.19 23.93 21.62 b 

D8 14.24 24.22 24.20 24.32 21.74 b 

D10 14.69 25.47 24.82 24.71 22.42 a 

Average 14.32 c 24.66 a 24.40 b 24.32 b 
 

Reduction in crude 

fiber (%) 

D6 18.27 c 25.36 b 24.66 b 24.66 b 23.24 b 

D8 18.39 c 26.05 b 25.27 b 24.90 b 23.65 b 

D10 24.73 b 27.40a 26.40 b 25.86 b 26.10 a 

Average 20.46 c 26.27 a 25.44 b 25.14 b 
 

Increase in crude 

protein (%) 

D6 22.40 25.44 23.51 23.84 23.80 b 

D8 22.44 26.92 24.97 24.39 24.68 b 

D10 24.07 28.47 27.20 25.79 26.38 a 

Average 22.97 c 26.94 a 25.23 b 24.67 b 
 

a, b, c, : Different in superscripts at the same rows and columns of each variable indicate significantly different effects (p < 0.05). 

 

Reduction in dry matter  

The result of experiment showed that there was no interaction between the inoculum dose and the incubation period 

of CLM and TD mixture fermented with Rhizopus oligosporus in the reduction in DM. The inoculum dose showed a 

significant effect (p < 0.05) on decreasing in DM. Further DMRT test indicated that inoculum dose had showed that D6 

treatment had no difference with D8 treatment. However, D6 and D8 treatments were significantly different from D10 

treatment. The incubation period showed a significant effect (p < 0.05) on the reduction in DM from the fermentation of 

CLM and TD mixture with Rhizopus oligosporus. The results of the DMRT indicated that the incubation period of L2 

treatment was significantly different from L3, L4, and L5 treatments. L3 treatment was significantly different from L4 

and L5. Then the L4 treatment was not different from the L5 treatment. The highest reduction in DM was found in the 

inoculum dose of 10%. The more reduction in DM was found at the incubation period of 3 days. The reduction in DM 

increased with the incubation time of 3 days, compared to the incubation time of 2 days, then decreased again after 4 

days and 5 days. Reduction in DM indicated that the optimal incubation period for CLM and TD mixture fermented with 

Rhizopus oligosporus was 3 days.  

 

Reduction in organic matter  

Based on the results of an analysis of variance, it was found that there was no interaction between the inoculum 

dose and incubation period of CLM and TD mixture fermented with Rhizopus oligosporus to reduce OM. The inoculum 

dose showed a significant effect (p < 0.05) on the reduction in OM of CLM and TD mixture fermented with Rhizopus 

oligosporus. Based on the result of further tests using DMRT showed that D6 treatment was not different from D8 

treatment. Furthermore, D6 and D8 treatments were significantly different from D10 treatment. The incubation period 

showed a significant effect (p < 0.05) on the reduction in OM of CLM and TD mixture fermented with Rhizopus 

oligosporus. The result of DMRT of incubation period showed that L2 treatment was significantly different from L3, L4, 

and L5 treatments. L3 treatment was significantly different from L4 and L5 treatments. Meanwhile, L4 treatment was not 

different from L5 treatment. In the inoculum dose factor, the highest reduction in OM was found at the inoculum dose of 

10%. Increasing the inoculum dose had a positive effect on the reduction in OM. During the incubation period, the 

greatest reduction in OM was found in the incubation period of 3 days. The reduction in OM increased during incubation 

period of 3 days compared to the incubation period of 2, 4 and 5 days. The result of experiment showed that the 

incubation period of 3 days was the optimal one for fermenting of CLM and TD mixture with Rhizopus oligosporus. 
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Reduction in crude fat  

From the result of the analysis of variance, it was obtained that there was no interaction (p > 0.05) between the 

inoculum dose and incubation period of CLM and TD mixture fermented with Rhizopus oligosporus in the reduction in 

crude fat. The inoculum dose significantly affected (p < 0.05) the reduction in crude fat. The results of the DMRT 

analysis showed that D6 treatment was not significantly different from D8 treatment. Furthermore, D6 treatment was 

significantly different from D10 treatment. 

The results of the analysis variance of incubation period showed a significant effect (p < 0.05) on the reduction in 

the crude fat of cassava leaves and tofu dregs were fermented with Rhizopus oligosporus. The DMRT test results showed 

that the L2 treatments differed significantly from L3, L4, and L5 treatments. In addition, L3 treatment was significantly 

different from L4 and L5 treatments. Then L4 treatment did not differ significantly from L5 treatment. 

In the inoculum dose factor, the highest decrease in crude fat was found at the treatment of the 10% inoculum dose 

The increasing inoculum dose had a positive effect on the reduction in crude fat. In the incubation period, the highest 

decrease in crude fat was found in the incubation period of 3 days. The reduction in crude fat increased at an incubation 

period of 3 days when compared to a 2 days incubation period, then decreased again at 4 days and 5 days. The incubation 

period of 3 days was the optimal for fermentation of cassava leaves and tofu dregs with Rhizopus oligosporus. 

 

Reduction in crude fiber  

Based on the results of the analysis variance, showed that there was an interaction (p < 0.05) between the dose of 

inoculum and the incubation period of cassava leaves and tofu dregs was fermented with Rhizopus oligosporus on the 

decrease in CF. Based on the results of the DMRT test the highest the decrease in CF was found in the treatment of 

D10L3, then D10L4, D10L5, D10L2, D8L3, D8L4, D8L5, D6L3, D5L4, D6L5, D8L2, and D6L2. This is caused by the 

fact that the higher the dose of inoculum the more the decrease in CF, the better the effect on increasing the nutritional 

value of fermented feed ingredients with Rhizopus oligosporus. Increasing the dose had a positive effect on the decrease 

in CF later. The incubation period in the treatment of 3 days was the optimal time to ferment cassava leaves and tofu 

dregs with Rhizopus oligosporus. The longer the fermentation time used, the ingredients were overhauled by enzymes. 

However as the fermentation time increased, the availability of nutrients in the fermentation media decreased, so that the 

microbes eventually died and the CF was reduced. 

 

Increase in crude protein  

Based on the results of the analysis of variance, it was found that there was no interaction (p > 0.05) between 

inoculum dose and fermentation period of a cassava leaf and fermented tofu dregs with Rhizopus oligosporus to increase 

CP. The results of the analysis variance of inoculum dose factors indicated a significant (p < 0.05) increase in CP 

fermented from cassava leaves and tofu dregs with Rhizopus oligosporus. Based on the DMRT test, it was found out that 

although D6 treatment was not significantly different from D8 treatment, but it was significantly different from D10 

treatment. Increasing the inoculum dose had a positive effect on the increase in CP. 

The incubation period factor also influenced (p < 0.05) the increase in CP from cassava leaves and TD mixture 

fermented with Rhizopus oligosporus. The DMRT test results indicated that L2 treatment was significantly different 

from L3, L4, and L5. L3 treatment was significantly different from L4 and L5. Then, L4 treatment was not significantly 

different from L5 treatment. The highest increase in CP was found at an incubation period of 3 days. Thus, the optimal 

incubation period was 3 days for fermented of cassava leaves and tofu dregs with Rhizopus oligosporus. 

 

DISCUSSION 

 

Reduction in dry matter  

The reduction in DM could be an indicator of the success of fermentation, since the fermentation process could 

decrease the amount of DM and increase the use of nutrients from the substrate by microbes as a source of carbon, 

nitrogen, and minerals, and release of CO2 and energy in the form of heat that evaporates with air particles created by 

the catabolic process that transform complexes into simpler materials (Astuti et al., 2017). The more mold grew, the 

more substance was in the substrate material, which was renewed as an energy source. The increase in water molecules 

resulting from the mold growth also increased (Kasmiran, 2011).  

The reduction in DM also depended on the incubation period factor. The reduction in DM began to tie up for 3 

days and began to decrease for 4 days, and this reduction happened because the longer the incubation period was used, 

the more nutrients were overtaken by enzymes. However, as the incubation period increased, the availability of nutrients 

in the fermentation media became increasingly limited, which led to decreased microbial growth and ultimately to death 

(Agustina et al., 2015; Iwansyah et al., 2019). According to Wang et al. (1979), the growth of microbes has reached a 

stationary phase, the growth rate would decrease due to increased use of food and the accumulation of metabolic 

substances which inhibit the growth and the growth rate. That condition was increased until the value became zero (the 
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number of growing cells corresponds to the number of dying cells), then the total cell mass was constant and the number 

of living cells continued to decrease due to lysis. 

 

Reduction in organic matter  

The reduction in OM indicated a better fermentation process by increasing the provision of tofu dregs compared to 

the without fermentation. The reduction in DM showed success indicators of fermentation as the fermentation process 

reduced the amount of OM, due to the use of nutrients from the substrate by microbes as a carbon source, nitrogen and 

minerals, and release of CO2 and energy in the form of heat that evaporates with air particles whereby water molecules 

were formed from catabolic processes that convert complex compounds into simpeler materials (Astuti et al., 2017). The 

reduction in OM caused to decrease in the nutrients supply of the overhauled material that has been utilized by mold 

(Kasmiran, 2011). 

The reduction in OM at the incubation duration factor was limited to 3 days and began to decrease after 4 days. The 

OM reduction happened because the longer the incubation period, the more ingredients were overhauled by enzymes 

produced by microbes. With increasing incubation period, however, the availability of nutrients in the fermentation 

media would exhausted, so that the bacteria will eventually die off, thereby reducing the reduction in OM (Agustina et 

al., 2015; Iwansyah et al., 2019). Moreover, Wang et al. (1979) explained that the growth rate of microbes decreased due 

to the declining in nutrients supply when they reached stationary phase, and the microbes died overtime.  

 

Reduction in crude fat  

The reduction in crude fat caused by lipase enzymes produced by Rhizopus oligosporus converted fat content into 

lighter fatty acids (Yuliani, 2008). The higher reduction in crude fat in the substrate was eventually caused by increasing 

the inoculum dose.  

The reduction in crude fat with the incubation period factor increased with the incubation period of 3 days and 

began to decrease with the incubation period of 4 days. The reduction in crude fat happened because the longer the 

fermentation incubation had been used, the more ingredients were degraded by enzymes produced by microbes. 

However, with the increasing in incubation period, the availability of nutrients in the fermentation media decreased, so 

that the microbes eventually died, and the reduction in crude fat also declined (Agustina et al., 2015; Iwansyah et al., 

2019).  

 

Reduction in crude fiber  

The reduction in CF was reduced due to heat due to the fermentation process, whereby the binding of fibers could 

be broken down into simpler bonds, thereby increasing the dissolved fiber and decreasing the CF. Rhizopus oligosporus 

with a substrate made from a mixture of cassava leaves and tofu pulp as an inducer could use the carbohydrates and 

hemiselolosa contained in the substrate as an energy source for the metabolism, so that the rough fiber decreased 

(Wattiheluw, 2012). In addition, the reduction in CF was also caused by cellulase enzymes produced by the fungus 

Rhizopus oligosporus. Mold secreted enzymes according to the inductors available in the substrate (Mirza, 2019). 

Cassava leaves and tofu dregs as inducers in the substrate contain CF which could induce Rhizopus oligosporus to 

secrete cellulase enzymes which are needed to degrade the available fiber in the substrate. Rhizopus oligosporus 

cellulase enzymes could degrade carbohydrates and hemicelluloses such as galactose and pentose into simpel sugars and 

then used for the growth of these molds to about 50 percent (Wattiheluw, 2012).  

The reduction in CF increased with increasing in inoculum doses, since the reduction in CF declined.. The success 

of solid medium fermentation was highly dependent on the optimal conditions. Some factors that influence solid media 

fermentation were substrate composition, substrate thickness, inoculum dosage, fermentation period, temperature and 

pH. The longer the incubation period used, the more ingredients were broken down by enzymes. However, as incubation 

period increased, the availability of nutrients in the fermentation medium decreased, so that the microbes eventually had 

died and then the reduction in CF decreased (Agustina et al., 2015; Iwansyah et al., 2019). 

 

Increase in crude protein  

The increase in CP occurred because of the protein was donated by microbial cells. Increased in growth resulted in 

a Single Cell Protein (SCP) product or cell biomass containing approximately 40-65% protein (Krishna et al., 2005). 

During the fermentation process, the microbes released enzymes, which was a protein, and the microbe itself was also a 

source of single-cell protein. According to Han et al. (2003), R. Oligosporus produces the enzymes including protease, 

lipase, a-amylase, glutaminase, and a-galactosidase. According to Dewi (2015), R. Oligosporus also produces cellulase, 

B-glucosidase, tananase, phytase enzymes. The presence of  these enzymes was expected to overcome all limiting 

factors, reduce anti-nutrients and toxins contained in cassava leaves, while increasing their nutritional value (Sumiati et 

al., 2011). The presence of body cells and enzymes produced by R. oligosporus during the fermentation of cassava leaves 

and tofu dregs could  increase the CP of the substrate because the body cells and these enzymes are proteins. 



123 
To cite this paper: Annisa, Rizal Y, Mirnawati, Suliansyah I and Bakhtiar A (2020). Determination of the appropriate inoculum dose and incubation period of cassava leaf 

meal and tofu dreg mixture fermented with Rhizopus oligosporus. World Vet. J., 10 (1): 118-124. DOI: https://dx.doi.org/10.36380/scil.2020.wvj16  

According to Mirzah and Muis (2015) and Mirnawati et al. (2019b) the more CP would be produced when the 

inoculum dose was increased because the higher inoculum dose resulted in more microbes to degrade substrates.  The 

increase in CP in 3 days and began to decrease in 4-5 days. This happened because the longer the fermentation time 

used, the more ingredients were degraded by enzymes. However, with the increase in fermentation time, the availability 

of nutrients in the fermentation medium decreased and the bacteria eventually had died, so that CP decreased (Agustina 

et al., 2015; Iwansyah et al., 2019).  

 

CONCLUSION 

 

The inoculum dose as well as incubation period affected the chemical composition of CLM and TD mixture fermented 

with Rhizopus oligosporus. The fermentation process altered DM, OM, crude fat, CF, and CP. There was a reduction in 

DM, OM, crude fat and CF, but an increase in crude protein of fermented CLM and TD mixture. The appropriate 

inoculum dose for fermenting the CLM and TD mixture with Rhizopus oligosporus was 10% for each incubation period, 

while the appropriate incubation period for this fermentation was 3 days for each inoculum dose.   
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