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INTRODUCTION

The substantial increase in demand for livestock products 
in developing countries has resulted in a consequent in-
crease in the production and supply of animal feed. The 
exploitation of large amounts of agro-industrial waste, such 
as cassava, is of particular relevance. The cassava plant is 
cultivated throughout the tropics because of its roots as 
an important source of carbohydrates. Cassava pulp is a 
high moist attributed largely to the manufacture of cas-
sava starch and constitutes approximately 10-15% of the 
original root weight. Thai cassava starch factories were 
increasingly producing more than 4 million tons per year. 
Cassava pulp, which is mainly composed of 70% starch, is 
a valuable resource to be used as feed for livestock. Cas-
sava pulp, however, is slightly low in protein and high in 
fibre content, restricting its use in animals. There has been 
reported that dried cassava pulp can be used in broiler diets, 
with higher levels of inclusion resulting in lower growth 

performance and digestibility of nutrients.1 It is also noted 
that the significant disadvantage of the use of cassava root 
meal in animal feed is due to its low protein content and the 
inaccessibility of essential amino acids.2If this by-product 
is fermented with microorganisms to improve its nutritious 
value before being included in livestock diets, it will also 
be more beneficial. By raising the protein content of cas-
sava pulp by micro-organism fermentation, an increase 
in the feed value of cassava pulp could be accomplished. 
The low protein content of cassava pulp (less than 3% in 
DM) does not constitute a limitation for cattle, as the use 
of non-protein nitrogen (NPN) in the form of urea could be 
possible. However, for monogastric animals such as pigs, 
an additional supply of true protein is required. The pro-
tein content of cassava fermentation with A. niger could 
increase from 4.4-12.2 per cent.3 In addition, microorgan-
ism cultivation, such as A. niger, A.oryzae, S. cerevisiae, C. 
Utilis and C. tropicalis have also been widely reported 
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ABSTRACT
Introduction: Cassava (Manihot esculentaCrantz) pulp was increasingly and potential as environmental pollution, this study 
was aimed to evaluate the optimal condition for improving protein content of cassava pulp through microbial fermentation under 
the various by urea level.
Methods: Cassava pulp were fermented with each pure strain of S. cerevisiae or C. Utilis using urea as a Nitrogen (N) source 
(0, 2, 4, and 8%) for 8 days. Reducing sugar, crude protein, NPN and cell number were measured daily. 
Results: It was found that significant increase (p<0.05) in the reducing sugar, crude protein and yeast cell of fermented cas-
sava pulp compared to unfermented. C. Utilis fermented cassava pulp increased higher protein content and reduced NPN level 
compared to S. cerevisiae. Protein and cell number can be increased from 2.59% and 0.59 x 109 cell/g (unfermented) to 33.34% 
and 5.13 x 109 cell/g, respectively, of which the optimum condition for producing the maximum cell count of C. Utilis was 4% 
urea and fermented for 4 days. 
Conclusion: It is suggested that the use of cassava pulp fermented with C. Utilis at 4% urea for 4 days could be optimal to 
improve total protein by up to 30.55 and 16.13% of true protein which would subsequently as alternative feedstuff for animals.
Key Words: Cassava pulp, S. cerevisiae, C. Utilis, Single-cell protein, Feed resources, Fermentation



Int J Cur Res Rev | Vol 13 • Issue 17 • September 2021117

Khejornsart et al: Protein enrichment of cassava pulp by using yeast

in previous research on low protein content feedstuffs.4-8 

However, the dependability of fermentation can be attrib-
uted to variations in microorganism, cassava pulp waste 
condition and technique, especially true protein content. 
Therefore, this study was to confirm the optimal conditions 
for improving the protein content of cassava pulp through 
S. cerevisiae and C.utilis by using fermentation at different 
concentrations of urea.

MATERIALS AND METHODS

Cultivation of microorganism starter
This research used fresh cassava pulp obtained from Premier 
Quality Starch (2012) Co., Ltd, Sakon Nakhon, Thailand.
Microorganisms and preparation of inoculum: In this study, 
three strains of microorganisms were used: S. cerevisiae 
(5051) and C. Utilis (5046), collected from the Thai Institute 
of Scientific and Technical Research (TISTR). S.cerevisiae 
and C. Utilis were cultivated on Yeast-Malt-Agar (YMA). 
Batch cultures have been agitated on reciprocal shakers at 
200 rpm at 30 °C for 1 day and held at 4 °C. Until substrate 
inoculation with microorganisms. The suspension was cen-
trifuged at 3000 rpm at 4 °C for 15 minutes and the deposit 
was washed twice at 0.85 % NaCl. The resulting cells were 
suspended with 0.85 per cent NaCl to reach an average con-
centration of 108 cells/mL. To achieve an average concentra-
tion of 108 cells/mL, the resulting cells were suspended with 
0.85 % NaCl.

Procedure of fermentation
The optimal condition for improving the nutritional compo-
sition of cassava pulp by fermentation processes was studied 
using three variables(microorganism, concentration of urea 
and time of fermentation). Approximately 50 g of fresh cas-
sava pulp was placed into a 250 mL Erlenmeyer flask with 
triplicates and was autoclaved for 15 min at 121 °C. At vari-
ous amounts nitrogen (urea)was applied to each flask.2% of 
suspension (by 108cell/mL) was immersed in the substrate. 
Then properly blended and coated with aluminium foil un-
til allowing for 8 days to ferment at 30 °C. The ingredients 
for fermentation were collected every 2 days (0,2,4,6 and 8 
days) of fermentation and consequently for chemical com-
position. 

Sample analysis
After fermentation, the samples (fermentation products) 
were collected from the Erlenmeyer flask, cut into similar 
size particles. Then, 10 g of samples were dissolved in a 
250 mL flask with 90 mL of sterile saline water (0.9%). 
The series dilution (105 to 107) was performed for total 
cell count by using a microscope. Approximately 10 mL 

of sample was centrifuged at 2000 ×g for 10 min. The su-
pernatants were used for glucose concentration measure-
ment. The glucose concentration was measured by a col-
ourimetric method using the dinitrosalicylic acid (DNS) 
reagent and a spectrophotometer at a wavelength of 540 
nm.9Total nitrogen and moisture contents of samples were 
determined by standard procedure.10Non-protein nitrogen 
was measured precipitated from the diluted sample with 
trichloroacetic acid, and true protein was measured using 
the Kjeldahl method.11

Statistical analysis
Statistical analysis was carried out using factorial ar-
rangement in CRD according to the GLM procedure of 
SAS.12Analysis of variance (ANOVA) was performed and 
the significant differences between treatment means were 
determined by Duncan New Multiple Range Test.

RESULTS

Production of reducing sugar and yeast cell 
biomass
The results of this study show that, after fermentation with 
C. Utilis at urea level, the reducing sugar content of cassava 
pulp reached a maximum of 235.3 mg/g for 6 days and sub-
sequently tended to decrease at the end of the fermentation 
period (Fig. 1). While the reducing sugar of S. cerevisiae-
fermented cassava pulp remained lower at both urea levels 
and fermentation times (Fig. 2).

Figure 1: Mean concentration of reducing sugar content of 
cassava pulp fermented by using C. Utilis.

The result in Fig. 3 and Fig. 4 showed that cell count var-
ied from 3.63 to 8.98 (cell/g). The maximum value of cell 
number of cassava pulp fermented by C. Utilis was 9.87 
(cell/g)and increased at 61.20% compared to the non-fer-
mented. 
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Figure 2: Mean concentration of reducing sugar of cassava 
pulp fermented by using S.cerevisiae.

Figure 3: Mean concentration of reducing sugar content of 
cassava pulp fermented by using C. utilis.

Figure 4: Mean concentration of reducing sugar of cassava 
pulp fermented by using S.cerevisiae

Production of protein 
Cassava pulp fermentation protein and true protein derived 
from S. cerevisiae and C. Utilis showed that urea level and 

fermentation time with optimal condition exhibited signifi-
cant influent concerning protein content (P = 0.023). Chemi-
cal analysis findings found that the protein and true protein 
content of fermented cassava pulp are higher than that of un-
fermented cassava pulp and true protein was highest in cas-
sava pulp fermentation by C. Utilis with 4% urea at 4 days. 
This phenomenon was due to the influence of the mechanism 
of microbial cell growth and the N source of urea. 

Table 1: Effect fermenting microorganisms, urea lev-
el and fermentation time on crude protein and true 
protein of cassava pulp fermentation.
Items Crude protein True protein

Microorganisms, (A)

Control 4.46c 2.51c

S. cerevisiae 15.12b 7.26b

C. utilis 18.81a 8.53a

SEM 0.2041 0.1084

p-value <0.0001 0.0210

Urea, % (B)

0 3.77c 2.19d

2 15.61b 8.01c

4 21.66a 9.94bc

8 20.81a 10.72ab

SEM 0.0950 0.1509

p-value <0.0001 <0.0001

Fermentation time, days (C)

0 10.14c 1.04d

2 14.69b 4.23c

4 17.68a 9.66b

6 17.86a 12.39a

8 16.95a 12.17a

SEM 0.3195 0.1710

p-value <0.0001 <0.0001

Interaction 

AxB <0.0001 <0.0001

AxC <0.0001 0.0024

BxC <0.0001 <0.0001

AxBxC <0.0001 0.0003

abcd Means within main treatments without common super-
script differ at p<0.05

Fermentation with C. Utilis resulted in a higher rate of con-
version of crude to true protein than fermentation with S. 
cerevisiae, with intermediate results from urea and fermenta-
tion period (Table 1.).Cassava pulp fermented for each urea 
level for 8 days shows an improvement in crude protein and 
true protein content from 3.77 to 21.66 and 2.19 to 10.72, 
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respectively, while fermentation time increase from 0 to 8 
days, crude protein increased from 10.14 to 17.86 and true 
protein increased from 1.04 to 12.39, respectively. 

Figure 5: Crude protein contentof cassava pulp fermented us-
ing S. cerevisiae andC.utilis by various urea concentration dur-
ing 8 days of fermentation (m1 = S. cerevisiae, m2 = C.utilis; t0 
= day 0, t2 = day 2, t4 = day 4, t8 = day 8; u0 = 0% urea, u2 = 
2% urea, u4 = 4% urea and u8 = 8% urea).

Figure 6: True protein content of cassava pulp fermented us-
ingS. cerevisiae and C.utilis by various urea concentration dur-
ing 8 days of fermentation (m1 = S.cerevisiae, m2 = C.utilis; t0 
= day 0, t2 = day 2, t4 = day 4, t8 = day 8; u0 = 0%urea, u2 = 
2% urea, u4 = 4%urea and u8 = 8% urea)

From the combinations of effects of independent variables 
on the crude protein and true protein content (Fig.5), it can 
be noted that the maximized protein production (33.15%) 
was achieved at 4% urea and 4 days of fermentation by using 
C.Utilis. An increase of 30.41% was noted in comparison 
with non-fermented cassava pulp.

DISCUSSION

Production of reducing sugar and yeast cell 
biomass
To the results of this study, cassava pulp fermentation by C. 
Utilis at 4% of urea, the reducing sugar content was highest. 
While the reducing sugar of S. cerevisiae-fermented cassava 
pulp remained lower at both urea levels and fermentation 
times. In general, microorganisms have a wide capacity to 
produce the enzyme for starch degradation into sugar and 
glucose. It has recently been reported that yeast produces en-
zymatic activity, which is an enzyme involved required for 
polysaccharides decarboxylation into smaller sugars.C. Uti-
lis can generate enzymes, in particular cellulase and amylase, 
to hydrolysate glucosidic bonds in polysaccharides may be 
seen with the highest reducing sugar content of cassava pulp 
fermentation with C. utilis.13The cell maximal amount ob-
tained is similar for Saccharomyces species (8.92 g/L)13and 
also obtained 10.83 and 8.29 g/L, respectively from C. Tropi-
calis and C. Utilis NOY1.14This could be useful to food and 
agro-based industries for the development of value-added 
goods, waste disposal, and valorization, as stated in the find-
ing of C. Utilis yeast cultivation on cassava peel showed 
high significance in growth rate and cell concentration.15

Production of protein 
The protein content in this study was obtained rage from 
8.76 to 33.55 % of DM and it was higher than the results of 
the previous report.16 It is also existing research on cassava 
pulp fermentation with microorganisms that is still inacces-
sible, whereas a great deal of information on fermented cas-
sava has been widely reported. There has been reported that 
C. Utilis-fermented cassava root can increase crude protein 
by up to 18.3%.5 In this study, the maximum amount of crude 
protein derived from S. cerevisiae and C. Utilis was 24.67% 
fermented for 4 days at 8% urea and30.34% fermented for 4 
days at 4% urea, respectively. However, a portion of N from 
urea that is known to be a non-protein N and not useful for 
non-ruminant animals was included in this protein enhance-
ment. In addition, it has also been reported that true protein 
is more effective than crude protein for animal production. 
There have been found after 48 hours of fermentation, the 
mean crude protein content of fermented cassava increased 
from 0.74 to 4.58 per cent.6, 17-18Considering that most obser-
vations show that the highest degree of conversion of added 
NPN sources to true protein is on the order of 70-80%, the 
logical implication is that residual NPN is the element caus-
ing lower intake and hence growth rate.19

Several factors can influence microbial growth and product 
formation during the fermentation process. The composition 
of the substrate (carbon and nitrogen sources), microbial 
capacity, and degree of process optimization all may con-
tribute to increasing the supply of reducing sugar to yeast, 
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thus enhancing the efficiency of the process. However, pro-
tein production was influenced by the time of cultivation 
and concentration of substrate.20 It can be established that 
the optimal conditions for the growth of S. cerevisiae and 
C. Utilis in cassava pulp to produce the maximum biomass 
is 8% fermented urea for 4 days and 4% fermented urea for 
4 days, respectively.S. cerevisiae and C. Utilis can produce 
protein and true protein from 2.59 vs. 0.89% (unfermented) 
to 22.67 vs. 15.15 and 30.34 vs. 19.46%, respectively, under 
these circumstances. The treatment combination found sig-
nificantly different (P<0.0001) among interaction between 
microorganism, fermentation day and urea level (Table 1). 
It is laborious to show all the interaction effects, there were 
represent only the top ten of the best results performed by the 
fermentation process of crude protein and true protein (Fig.5 
and Fig. 6). The interaction of more than one did not show 
any significant difference. As a result, using microbes to 
manage environmental emissions is an exciting technology, 
and microbes may also serve as a platform for an improved 
bioremediation process for a variety of contaminants.21-22

CONCLUSION

The significant influent of dependent variables (microbial, 
urea and fermentation time) on fermentation quality has been 
noted. It is suggested that the use of cassava pulp fermented 
with C. Utilis with 4% urea for 4 days could increase crude 
protein by up to 30.34%, increases the amount of reducing 
sugar and true protein content which would also provide 
reasonable feedstuffs for livestock and also be potential to 
reduce the pollution from agro-industrial by-products. How-
ever, the digestibility and performance of animals could be 
further evaluated.
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