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ABSTRACT: The objective of this study was to study the used of microorganism to improved nutritional value of 
cassava products on chemical composition and digestibility using in vitro gas production technique. The experimental 
design was a 2x4 factorial arrangement in a completely randomized design (CRD). Factor A was 2 levels of cassava 
form (fresh cassava root (FC) and cassava chip (CC)) and factor B was 4 levels of sources (no microorganism (No), 
yeast, effective microorganism (EM) and Mixed yeast and EM (EMY)). It was found that dry matter (DM) and crude 
protein (CP) have interaction (p<0.05) between cassava form (CF) and microorganism source (MS) of by dry cassava 
form group with effective microorganism (EM) and dry cassava form group with effective microorganism with yeast 
(EMY) were highest (p<0.01) of CP (44.2 and 45.3%CP, respectively). Moreover, the intercept value (a) has interaction 
(P<0.01) between cassava form and microorganism sources. The insoluble fraction (b), insoluble fraction (c), potential 
extent of gas production (a+b), cumulative gas production at 96 h, in vitro dry matter digestibility (IVDMD) and 
in vitro organic matter degradability (IVOMD) of dry cassava form were significantly higher (p<0.01) than fresh 
cassava form. Microorganism sources affected (p<0.01) on b, a+b, cumulative gas production at 96 h, IVDMD and 
IVOMD by EM and EMY group were highest (p<0.01) followed by Y and No group, respectively. In conclusion, 
potential used of microorganism could improve nutritional value of cassava products, leading to improving nutritional 
digestibility and a possible productivity in ruminants. However, further research for in vivo trial could be conducted. 
Keywords: cassava products, effective microorganism (EM), yeast, rumen fermentation, digestibility, in vitro gas production
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Introduction

The security of livestock feed is been 
becoming critical in terms of both quantity and 
quality, particularly the protein sources, lack of 
which results in low productivity. Researchers 
have been trying to find alternative protein sources 
which could help to increase livestock productivity 
and efficiency (Wanapat and Rowlinson, 2007; 

Guglielmelli et al., 2010). Cassava (Manihot 
esculenta, Crantz) is widely grown in the tropical 
region (Wanapat, 2003), its’ tuber is a good 
source of carbohydrate and the leaf as a protein 
supplement in ruminants (Devendra, 1988; 
Wanapat, 2003). Cassava root is an excellent 
source of dietary energy in beef cattle diets 
(Wanapat and Khampa, 2007). However, it has a 
readily fermentable carbohydrate with a crude 
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protein level that is low for ruminants (Wanapat, 
2003). The process of protein enrichment of animal 
feed using microorganisms in a semi-solid culture 
to improve the nutritional value of ruminants feed 
has been evaluated (Oboh and Akindahinsi, 2003; 
Polyorach et al., 2013, 2014, 2015). Incorporation 
of microbial additives such as a culture of 
Saccharomyces cerevisiae to the diet has become 
common practice in ruminant nutrition (Campanile 
et al., 2008). Boonnop et al. (2009) showed that 
using fermented cassava chip with yeast increased 
crude protein from 2 to 30.4% CP. Recently, 
Polyorach et al. (2012; 2013) reported that yeast 
fermented cassava chip protein (YEFECAP) could 
be prepared to increase crude protein level up to 
47% CP. The beneficial use of YEFECAP has been 
investigated (Boonnop et al., 2010; Polyorach  
et al., 2010; Wanapat et al., 2011). 

Moreover, Effective Micro-organisms (EM) is 
a product characterized by a mix of aerobic and 
anaerobic microorganisms consisting of three 
major groups: i.e. photosynthetic bacteria, 
lactobacillus bacteria and yeasts and/or fungi. It 
is produced in vats from cultivations of over 80 
varieties of microorganisms. The microorganisms 
are drawn from 10 genera belonging to 5 different 
families. The use of EM in animal husbandry is 
also clearly identified in many parts of the world. 
Syomiti et al. (2010) reported that supplement EM 
in drinking water at 0.2% has beneficial effects on 
cell wall constituents’ degradability and thus 
utilization of high fiber diets. Inclusion of a protein-
rich feed ingredient in the formulation of ruminant 
rations enhances feed utilization. Furthermore, 
Kassu et al. (2014) studies the effect of EM on 
nutritive quality of coffee husk silages, it was 
found that EM could improve nutritional quality of 
coffee husk. However, study of improving 
nutritional value of cassava products using 

microorganism still lack of data. 
Therefore, the present study was carried out 

to study the used of microorganism to improved 
nutritional value of cassava products on chemical 
composition and digestibility using in vitro gas 
production technique

Materials and methods 

Preparation of yeast-fermented cassava products
Cassava products preparation were adapted 

from the method of Polyorach et al. (2013, 2016) 
and some important details are as follows: 
activated microorganism were prepared using 20 
g of microorganism (yeast, EM, EMY) and 20 g 
cane sugar mixed with 100 mL distilled water, then 
mixed well and incubated at room temperature 
for 1 h (A). Liquid media was prepared using 16 
g molasses and 100 mL distilled water, followed 
by addition of 56 g urea (B). Mixed (A) and (B) at 
1:1. After 66 h, the yeast medium solution was 
mixed with cassava chips at a ratio of 1 mL: 1.3 
g, then fermented in solid state under shade for 
3 day, followed by sun-drying for 48 h. The final 
product is stored in plastic bag for later analysis.

Experimental design and dietary treatments 
This study was conducted using an in vitro 

gas production technique at various incubation 
time intervals. The experimental design was a 2x4 
factorial arrangement in a completely randomized 
design (CRD) with three replications per 
treatment. The treatments were two difference 
cassava form (fresh cassava root (FC) and 
cassava ch ip (CC))  and four  leve ls  o f 
microorganism sources (no microorganism (No), 
yeast, effective microorganism (EM) and Mixed 
yeast and EM (EMY)). Rice straw was used as a 
roughage source. Samples of roughage and 
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concentrates were dried at 60 °C, then ground to 
pass a 1-mm sieve (Cyclotech Mill, Tecator, 
Sweden) and used for chemical analysis and in 
the in vitro gas test. The samples were analyzed 
for dry matter (DM), ash and crude protein (CP) 
using the procedures of AOAC (1998), neutral 
detergent fiber (NDF) and acid detergent fiber 
(ADF) according to Van Soest et al. (1991). 

Animals and preparation of rumen inoculums 
Animals rumen fluid was collected from 

animals fed with concentrate (14.0% CP and 80.6% 
TDN) at 0.5% of BW in to equal portions, at 07.00 
h and 16.00 h and rice straw was fed on ad libitum 
basis. The animals were kept in individual pens 
and clean fresh water and mineral blocks were 
offered as free choice. The animals received the 
diets for 20 d before the rumen fluid was collected. 
On d 20, 1,000 mL rumen liquor was obtained from 
each animal before the morning feeding. The 
rumen fluid was filtered through four layers of 
cheesecloth into pre-warmed thermo flasks and 
then transported to the laboratory. 

In vitro fermentation of substrates 
Samples of each total mixed substrate (500 

mg), following respective treatments were weighed 
into 50 mL serum bottles. For each treatment, three 
replications were prepared. Ruminal fluid from each 
animal was mixed with the artificial saliva solution 
of Menke and Steingass (1988) in a proportion 2:1 
(mL/mL) at 39°C under continuous flushing with 
CO

2
. Thirty milliliters of rumen inoculum mixture 

were added into each bottle under CO
2
 flushing. 

Bottles were sealed with rubber stoppers and 
aluminium caps and incubated at 39°C (96 h) for 
in vitro gas test. Thirty minutes after starting the 
incubation, the bottles were gently mixed and then 
mixed three times every 3 h. For each sampling time, 

three bottles containing only the rumen inoculum were 
included within each run and the mean gas 
production values of these bottles were used as 
blanks. The blank values were subtracted from each 
measured value to give the net gas production.

Sample and analysis 
During the incubation, data of gas production 

was measured immediately after incubation at 0, 
2, 4, 6, 8, 12, 18, 24, 48, 72, and 96 h by using a 
pressure transducer and a calibrated syringe. 
Cumulative gas production data were fitted to the 
model of Orskov and McDonald (1979) as follows: 

y = a + b (1-e (-ct))
Where a = the gas production from the 

immediately soluble fraction, b = the gas 
production from the insoluble fraction (b), c = the 
gas production rate constant for the insoluble 
fraction (c), t = incubation time, (a+b) = the 
potential extent of gas production. y = gas 
produced at time “t”. 

Inoculum ruminal fluid was sampled at 0, 4, 6, 
12, and 24 h post inoculations. Rumen fluid samples 
were then filtered through four layers of cheese-
cloth. In vitro degradability was determined after 
termination of incubation, when the contents were 
filtered through pre-weighed Gooch crucibles and 
residual dry matter was estimated. The percent loss 
in weight was determined and presented as in 
vitro dry matter degradability (IVDMD). The dried 
feed sample and residue left from above was ashed 
at 550°C for determination of in vitro organic matter 
degradability (IVOMD) (Tilley and Terry, 1963). 

Statistical analysis 
Data used for statistical analysis consisted of 

2 levels of cassava form, 4 levels of levels of 
microorganism sources, 3 replications. All data 
were analyzed as a 2x4 factorial arrangement in 
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a completely randomized design (CRD) using the 
PROC GLM of SAS (1998). Data were analyzed 
using the model:

Y
ij 
= µ+A

i
+B

j
+AB

ij
+ ε

ij 

Where: Y = observations; µ = overall mean; A
i
 

= effect of factor A (protein sources, i = 1 to 2); B
j
 

= effect of factor B (level of roughage to concentrate 
(R:C) ratio, j = 1 to 5), AB

ij
 = interaction between 

factor A and B, and ε
ij
 = the residual effect. Multiple 

comparisons among treatment means were 
performed by Duncan’s New Multiple Range Test 
(DMRT) (Steel and Torrie, 1980). Differences 
among means with p<0.05 were accepted as 
representing statistically significant differences. 

Results and discussion

Chemical composition of cassava products
The chemical composition of cassava products 

are presented in Table 1. It was found that dry 
matter (DM) and crude protein (CP) have interaction 

(p<0.05) between cassava form (CF) and 
microorganism source (MS) by dry cassava group 
with effective microorganism (EM) and dry cassava 
form group with effective microorganism with yeast 
(EMY) were highest (p<0.01) of CP (44.2 and 
45.3%CP, respectively). CP of cassava products in 
this experiment were similar to those reported earlier 
by Polyorach et al. (2013, 2014). Moreover, Kassu 
et al. (2014) reported study the effect of EM on the 
nutritive quality of coffee husk silages, it was found 
that significant improvement in the total ash, ether 
extract (EE) and CP content of pure coffee husk 
ensiled with the use of EM. Samsudin et al. (2013) 
also study improving the nutritive value of rice straw 
that were treated with biological treatments were 
showed that fungal treated and with EM could 
reduce in lignocelluloses contents as shown by 
decreased value of neutral detergent fiber (NDF), 
of acid detergent fiber (ADF) and of acid detergent 
lignin (ADL) of treated rice straw may increase the 
nutrients availability to animals.

Table 1 Chemical composition of cassava products (% of dry matter).

Cassava Form
Microorganism 

Sources
Dry 

matter
Organic 
matter

Crude 
protein

Ether 
extract

Neutral 
detergent 

fiber

Acid 
detergent 

fiber
Fresh No 65.3c 95.0b 3.1f 2.1d 7.8a 6.2

Yeast 66.4c 96.3b 28.7e 3.2bc 7.2abc 5.8
EM 66.7c 98.2a 30.4d 3.5bc 6.9bcd 5.3
EMY 66.1c 98.5a 31.8c 3.7b 6.8cd 5.0

Dry No 86.2a 96.0b 3.5f 2.5cd 7.7ab 6.1
Yeast 84.3b 98.1a 42.1b 5.3a 6.8cd 5.3
EM 84.7ab 98.5a 44.2a 5.6a 6.5cd 4.9
EMY 85.0ab 98.8a 45.3a 5.8a 6.3d 4.8

SEM 0.54 0.43 0.38 0.34 0.26 0.45
Comparison
 Cassava Form ** * ** ** ns ns
 Microorganism Sources ns ** ** ** ** ns
Interaction  * ns ** ns ns ns

a,b,c,d,e,f Value on the same row with different superscripts differ (P<0.05), *P<0.05, **P<0.01, ns = non-significant 
different, SEM=Standard error of the mean, Y= Yeast, EM= Effective microorganism, EMY= Effective 
microorganism with yeast.



539KHON KAEN AGR. J. 45 (3) :  535-542 (2017).

When considerate effect of cassava form it 
was found that organic matter (OM), CP, EE in dry 
cassava form group affected were higher 
(p<0.01) than fresh cassava form group. 
Moreover, microorganism source affected on OM, 
EE and NDF by EMY was the highest (P<0.01) 
fo l lowed by EM, yeast  (Y)  and unused 
microorganism (No), respectively. These results 
might be due to fresh cassava form contained 
higher cyanide content lead to limited fermentation 
activities of yeast resulted to low nutritional value 
in fresh cassava form than dry cassava form 
(Table 1). Boonnop et al. (2009) found that 
cassava fermented yeast could improve nutritional 
value of cassava chip (dry form) were remarkably 
higher (p<0.001) when in compared to cassava 
root (fresh form) by DM, OM, CP, Fat, NDF and 
ADF of yeast fermented cassava chip were 85.3, 
97.6, 32.5, 5.8, 7.3 and 5.8 %, respectively while 
yeast fermented cassava root were 65.7, 96.2, 
21.1, 3.0, 7.5 and 6.0 %, respectively.

Gas production kinetics and in vitro digestibility
Cumulative gas production for each of the 

substrate treatments presented as gas production 
and the values for estimated parameters obtained 
from the kinetics of gas production models for 
substrates studied are given in Table 2 and Figure 
1. This studied revealed that the intercept value (a) 
has interaction (P<0.01) between cassava form and 
microorganism sources. When considerate effects 
of factors, It was found that the insoluble fraction 
(b), rate constant for the insoluble fraction (c), 
potential extent of gas production (a+b), cumulative 
gas production at 96 h, in vitro dry matter digestibility 
(IVDMD) and in vitro organic matter degradability 
(IVOMD) of dry cassava form were significantly 
higher (p<0.01) than fresh cassava form. Moreover, 
microorganism sources affected (p<0.01) on b, a+b, 
cumulative gas production at 96 h, IVDMD and 
IVOMD by EM and EMY group were highest (p<0.01) 
(96.2 and 97.6 /0.5 g DM substrate, respectively) 
followed by Y and No group, respectively.

Table 2 	The used of microorganism to improved nutritional value of cassava products on gas kinatics and 
degradability from in vitro incubation with rumen fluid.

Cassava 
Form

Microorganism 
Sources

Gas kinatics1 Gas (96h)/
0.5 g DM 
substrate

In vitro degradability (%)

a b c a+b IVDMD IVOMD
Fresh No 2.6e 81.2f 0.500 83.8d 84.5d 55.4f 60.6f

Yeast 3.2cd 86.3de 0.493 89.5b 90.1bc 67.4d 71.9d

EM 2.4e 87.3dc 0.491 89.7b 91.0b 69.7c 75.0c

EMY 4.4b 85.5de 0.478 89.9b 91.1b 71.6bc 76.2bc

Dry No 2.6e 84.3e 0.435 86.9c 87.6c 60.9e 66.2e

Yeast 3.1d 88.9bc 0.435 92.1b 92.6b 72.9b 77.8b

EM 3.6c 91.6a 0.450 95.3a 96.2a 75.5a 80.6a

EMY 5.5a 91.1ab 0.441 96.5a 97.8a 76.1a 81.1a

SEM 0.156 0.793 0.008 0.805 0.880 0.660 0.769
Comparison
 Cassava Form ** ** ** ** ** ** **
 Microorganism Sources ** ** ns ** ** ** **
 Interaction ** ns ns ns ns ns ns

a,b,c,d,e,f Value on the same row with different superscripts differ (P<0.05), *P<0.05, **P<0.01, ns = non-significant 
different, SEM=Standard error of the mean, No=unused microorganism, Y= Yeast , EM= Effective microorganism, 
EMY= Effective microorganism with yeast, 1a= The gas production from the immediately soluble fraction,  
b= The gas production from the insoluble fraction (b), c= The gas production rate constant for the insoluble 
fraction (c), a+b = The gas potential extent of gas production, Gas (96h)/0.5 g DM substrate= Cumulative gas 
production at 96 h (ml/0.5 g DM substrate)
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The present results were probably due to 
difference chemical composition of cassava 
products as showed in Table 1. and cassava 
products promoting growth of rumen ruminal 
microorganism, especially, cellulolytic bacteria 
and lactictate-utilizing bacteria. Moreover, the 
positive effect and mode of actions of yeast 
products are generally considered to involve 
changes in rumen fermentation rates and patterns 
by removal of oxygen that occurs in ruminal fluid 
and in that way can prevent toxicity to the ruminal 
anaerobes (Chaucheyras-Durand et al., 2008; 
Doto and Liu, 2011) and yeast was effective at 
raising and stabilizing ruminal pH by stimulating 
certain populations of ciliate protozoa, which 
rapidly engulf starch and, thus, effectively 
compete with amylolytic lactate-producing 
bacteria (Nocek, and Kautz, 2006). A less acidic 
ruminal environment has been shown to benefit 
the growth and fiber-degrading activities of 
cellulolytic microorganisms (Mosoni et al., 2007; 

Chung et al., 2011). These results were similar to 
the finding of Wanapat et al. (2011) that yeast 
fermented cassava chip protein (YEFECAP) can 
fully replace SBM in concentrate for dairy cows 
and improved rumen fermentation, dry matter 
intake, nutrient digestibility, milk production and 
composition. 

In additional, mixed microbes for ruminants 
also have mainly been selected to improve vari-
ous ruminal digestion by increasing pH in the 
rumen (Mohamed et al., 2009), fiber digestion 
(El-Waziry and Ibrahim, 2007) and the synthesis 
of microbial proteins (Uyeno et al., 2015). 
Probiotics enhance growth and/or cellulolytic 
activity by rumen bacteria and prevent ruminal 
acidosis by balancing the VFAs ratios in the 
rumen (Arcos-Garcia et al., 2000). Therefore, 
mixed microbes supplementation in the diet may 
result in improved nutrient digestibility (Kwak et 
al., 2016).
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Figure 1 The used of microorganism to improved nutritional value of cassava products on cumulative  
gas production (No=unused microorganism, Y=yeast, EM=effective microorganism, EMY=effective  
microorganism with yeast). 
 

Cumulative gas production for each of the substrate treatments presented as gas 
production and the values for estimated parameters obtained from the kinetics of gas production 
models for substrates studied are given in Table 2 and Figure 1. This studied revealed that the 
intercept value (a) has interaction (P<0.01) between cassava form and microorganism sources. 
When considerate effects of factors, It was found that the insoluble fraction (b), rate constant for the 
insoluble fraction (c), potential extent of gas production (a+b), cumulative gas production at 96 h, in 
vitro dry matter digestibility (IVDMD) and in vitro organic matter degradability (IVOMD) of dry 
cassava form were significantly higher (p<0.01) than fresh cassava form. Moreover, microorganism 
sources affected (p<0.01) on b, a+b, cumulative gas production at 96 h, IVDMD and IVOMD by EM 
and EMY group were highest (p<0.01) (96.2 and 97.6 /0.5 g DM substrate, respectively) followed by 
Y and No group, respectively. 

Figure 1 The used of microorganism to improved nutritional value of cassava products on cumulative 

gas production (No=unused microorganism, Y=yeast, EM=effective microorganism, EMY=effective 

microorganism with yeast).
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Conclusions

Based on this study, it could be concluded 
that using microorganism could improve 
nutritional value of cassava products and 
improved in vitro nutrient digestibility. However, 
further research for in vivo trial could be 
conducted. 
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