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Abstract: The aim of this study was to determine the effect of fermentation using Rhizopus oryzae for 24, 48, and 72 hours on characteristics of 
fermented cassava flour. The characteristics of fermented cassava flour determine through analysis of moisture content, starch content, yield, color, and 
microstructure. The results showed that the properties of fermented cassava flour were decreased after 72 hours fermentation. The yield of fermented 
cassava flour using Rhizopus oryzae for 24, 48, and 72 hours were 36.16%, 35.64% and 34.88%, respectively. The decrease in water content of 
fermented cassava flour was 8.57%, 8.45% and 8.36% during fermentation time 24, 48, and 72 hours, respectively. Starch content analysis results 
obtained in fermented cassava flour during fermentation for 24, 48, and 72 hours were 50.49%, 49.52 % and 49.15, respectively. The brightness level of 
fermented cassava flour using fermentation Rhizopus oryzae for 72 hours was 97.69, while unfermented cassava flour had brightness level 102,46. SEM 
(Scanning Electron Microscopy) was used to analysis microstructure, the results showed an alteration in the starch granules of fermented cassava flour 
for 72 hours fermentation.  
 
Index Terms: Fermentation time, Rhizopus oryzae, characteristics, fermented cassava flour. 

——————————      —————————— 

1 INTRODUCTION                                                                     

assava (Manihot esculenta Crantz) is one of the most 
important carbohydrate food sources in the tropical regions [1]. 
Cassava tubers can be used for processed foods, flour 
products and for animal feed [2]. It can be processed into 
tapioca, cassava flour for human consumption and various 
forms, while the leaves are cooked and eaten especially in 
Sumatera island, Indonesia. Cassava is cultivated on 1.4 
million hectares of land plantation and the annual production 
average of 16 million tons in Indonesia [3]. Indonesia also has 
the potential of cassava tubers as well as a source of 
carbohydrate and also raw materials for local flour. However, 
cassava tubers contain cyanide acid (HCN) which is toxic to 
man as they restrict to the functioning of specific organs and 
enzymes [4]. Cassava tubers is also regarded as a raw 
material with low in protein, minerals and vitamins contents [5] 
[6]. It is an obstacle in the processing of cassava broader and 
also decreasing the economic value of cassava.The 
perishable cassava also affects the low price of cassava 
tubers. This is caused by high moisture content of fresh 
cassava tubers, so the cassava tubers need to handle with 
post-harvest process. One of the derived products from 
cassava tubers is fermented cassava flour which is processed 
using fermentation to modification the cassava cells [7]. Some 
researchers have focused on the fermentation of cassava with 
various microorganism and additional nutrients for reducing 
toxin and improving the quality of fermented cassava tubers 
[8] [9]. Fermented cassava flour is one of commodity cassava 
tuber which is produced using fermentation process. The most 
common microorganism for fermented cassava flour 
production is lactic acid bacteria. In the current study, the 
production of fermented cassava flour was done by Gunawan 
et al [10] using Lactobacillus plantarum, Saccharomyces 
cereviseae, and Rhizopus oryzae. The results showed that 
level protein content of fermented cassava flour was 
increasing. Moreover, L. plantarum could reduce the 

cyanogenic glycoside up to 80% during fermentation process 
[11] [12]. This study was conducted to determine the effect of 
fermentation time on characteristics of fermented cassava 
flour of fermented cassava flour using Rhizopus oryzae. The 
characteristics of fermented cassava flour determine through 
analysis moisture content, starch content, yield, color, and 
microstructure.  

 
2 METHOD 
 
2.1 Inoculum Preparation 
Rhizopus oryzae were obtained from Laboratory of 
Microbiology and Molecular Genetics, Institut Teknologi Del, 
Sitoluama, North Sumatera, Indonesia. The media for 
inoculum contained (g/l): glucose, 50; yeast extract, 5; urea, 
7,5; K2HPO4, 3,5; MgSO4.7H2O, 0,75; CaCl2.2H2O, 1 and 0,05 
M citrate buffer (pH 5,5). 50 ml media were sterilized using 
autoclave at 121°C. Inoculum cultures were grown 
anaerobically in 250 ml Erlenmeyer flasks for 30 h, 30°C, and 
130 rpm. Samples from cultivation were centrifuged to get the 
biomass of Rhizopus oryzae. 
 
2.2 Cassava Pulp Fermentation 
Cassava tubers were obtained from Pasar Balige, a local 
market at Toba Regency, North Sumatera, Indonesia. The 
cassava tubers were peeled, washed, and grinded using 
grinder. The cassava pulp (100 g) were put into 250 ml-
fermenter. The biomass of Rhizopus oryzae and 73 ml 
nutrition which contained urea (8,0 g), MgSO4.2H2O (7,0 g), 
KH2PO4 (1,3 g) and citrate acid (2,0 g) were added into 
fermenter. The fermentations were conducted for 24, 48, and 
72 h, at 30ºC, and the relative humidity was 90 - 93%. The 
fermented cassava flour was analyzed covering moisture 
content [13], starch content [13], yield [13], color using color 
reader [14], and microstructure using SEM (Scanning Electron 
Microscope) ZEISS. The flow process for fermented cassava 
flour production using Rhizopus oryzae can be seen in Fig 1. 
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Fig 1. Flow chart of fermented cassava flour production using 

Rhizopus oryzae 

 
3 RESULTS AND DISCUSSION 
Fig 2 showed the properties of fermented cassava flour that 
produced using Rhizopus oryzae. The yields of cassava flour 
were obtained from the mass of fermented cassava flour which 
were formed from the mass of processed cassava. The yield 
of fermented cassava flour using fermentation Rhizopus 
oryzae for 24, 48, and 72 hours were 36.16%, 35.64% and 
34.88 %, respectively. The results of moisture content in 
fermented cassava flour using fermentation Rhizopus oryzae 
for 24, 48, and 72 hours were 8.57, 8.45 and 8.36, 
respectively. Julianti et al [15] reported that unfermented 
cassava flour had 9.51% of moisture content. The moisture 
content of produced flour has met the quality requirements of 
flour by SNI [16] that the standard for moisture content of flour 
is 12%.  The moisture content of fermented cassava flour is 
lower than unfermented cassava flour, it is caused by during 
fermentation process the starch is degraded and water 
released from the cell of cassava tubers [17]. The other factor 
that causes the reducing of moisture content is the pressing 
and drying [18]. The decrease in moisture content of 
fermented cassava flour is necessary because it can affect the 
process storage of flour. Gunawan et al [10] reported that the 
starch content of fermented cassava flour was 48.20% after 
120 hours fermentation process with Rhizopus oryzae. Starch 
content analysis results obtained in fermented cassava flour 
using fermentation Rhizopus oryzae for 24, 48, and 72 hours 
were 50.49%, 49.52 % and 49.15, respectively. The decrease 
in starch content during fermentation could be caused by the 

microbes breaking down starch into simple sugars (glucose) 
as carbon sources for protein or fat synthesis [19]. 
Furthermore, glucose was converted into lactic, acetic, butyric, 
propionic acids, and ethanol [20] [21]. The starch content of 
fermented cassava chip using L. plantarum was decreased 
from 76.86% to 70.72% after 96 h fermentation [22].  

 
TABLE 1 

COLOR READER RESULT ANALYSIS WITH L*, A+, AND B+ 

Fermentation time (h) L* a+ b+ 

0 102,46 0,63 6,25 

24 
95,30 0,12 21,17 

48 96,92 0,15 19,12 

72 97,69 0,06 17,36 

 
The color of fermented cassava flour was measured by color 
reader (L*, a+, b+). L value of color reader is from 0 to 100, 
where value 0 is darkness level and value 100 is brightness 
level [23], while a+ is magenta and b+ is yellow. The 
brightness level of fermented cassava flour using fermentation 
Rhizopus oryzae for 72 hours was 97.69, while unfermented 
(fermentation time 0) cassava flour has brightness level 
102.46 9 (Table 1). Degradation process of pigment during 
fermentation and browning reaction during drying process 
affected brightness level of produced flour [24] [25]. Color in 
food and beverage is one of the most important factors to 
make them more interesting [26] [27]. The results of 
microstructure of produced flour using Rhizopus oryzae for 
fermentation time unfermented cassava flour and 72 hours is 
shown in Fig 3. The microstructure for fermented and 
unfermented cassava flour are seen having the starch 
granules with 2000 X magnification. Figure 3a shows that the 
fermented cassava flour granule has a round shape with a 
granule diameter from 3.07-14.91 μm, while diameter of 
unfermented cassava flour was ranging from 1.92-17.81 μm. 
Micrograph of starch granules have different sizes between 
fermented and unfermented cassava flour. The difference of 
granule diameter is caused by fermentation process. Elkhalifa 
et al [28] explained that the proteolytic activity removed the 
protein matrix that envelops starch that affect releasing of its 
granules during fermentation. Liu et al [29] reported that 
modifications of starch could affect the functional properties of 
starch. 

 

 
 

Fig 2. The properties of fermented cassava flour during fermentation for 24, 48, and 72 hours  
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Fig 3. Microstructure of fermented cassava flour for fermentation time (a) 72 hours and (b) unfermented cassava flour 

 

4 CONCLUSION 
Fermentation of cassava pulp using Rhizopus oryzae was 
shown to modify the characteristics of fermented cassava flour 
(the produced flour). The properties of fermented cassava flour 
were decreased after 72 hours fermentation. The yield of 
fermented cassava flour using Rhizopus oryzae for 24, 48, 
and 72 hours were 36.16%, 35.64% and 34.88 %, 
respectively. The decrease in water content of fermented 
cassava flour was 8.57%, 8.45% and 8.36% during 
fermentation time 24, 48, and 72 hours, respectively. Starch 
content analysis results obtained in fermented cassava flour 
during fermentation for 24, 48, and 72 hours were 50.49%, 
49.52 % and 49.15, respectively. The brightness level of 
fermented cassava flour using fermentation Rhizopus oryzae 
for 72 hours was 97,69, while unfermented cassava flour has 
brightness level 102,46. SEM (Scanning Electron Microscopy) 
was used to analysis microstructure, the results showed an 
alteration in the starch granules of fermented cassava flour for 
72 hours fermentation.  
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