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ABSTRACT 

Original rice flour has a low digestibility, so it is modified by fermentation using lactic acid bacteria (LAB) to improve the chemical and physical 
characteristics. Lactic acid bacteria used in the study were Lactobacillus pentosus LLA18 and Lactobacillus fermentum LLB3 that were isolated from 
a pickled bamboo shoot. The purpose of this study was to determine the effect of fermentation time and types of LAB on the making of fermented 
rice flour. Rice was fermented for 24, 48, 72, 96, and 120 hours. Fermented rice flour is chemically and physically analyses; and Scanning Electronic 
Microscope (SEM) was performed to see the fermented starch granules. The fermentation treatment showed better chemical and physical characteris-
tics compared to rice flour without fermentation. The best rice flour was obtained with a fermentation time of 120 hours using the Lactobacillus fer-
mentum LLB3. Based on Scanning Electronic Microscope (SEM), fermented rice flour has separating, not clustering, and irregular starch granules. 
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In general, one-half of the world population, including East 
and Southeast Asia, is wholly dependent upon rice as a staple food. 
Almost 95 percent of the world’s rice crop is eaten by humans. Rice is 
cooked by boiling, or it can be ground into a flour. It is eaten alone 
and in a great variety of soups, side dishes, and main dishes in Asian, 
Middle Eastern, and many other cuisines.  

Red rice (Oryza nivara) is generally a broken rice skin that is only 
separated from the husk, so that the epidermis is still attached to the 
endosperm. Red rice contains genes that produce anthocyanins that 
can be seen in the physical condition of rice.  

To improve the digestibility of carbohydrates is through fermentation 
by microbes such as lactic acid bacteria. The modification of flour car-
ried out in this study is expected to form the desired characteristics of 
the final product, such as changes in the chemical characteristics of 
flour and Scanning Electronic Microscope (SEM) analyses. Flour fer-
mentation has better characteristics than flour that is not fermented 
(Copeland et al., 2009). 

Conclusion 

The best rice flour was obtained with a fermentation time of 120 hours using the Lactobacillus fermentum LLB3. Based on Scanning Electronic Mi-
croscope (SEM), fermented rice flour has separating, not clustering, and irregular starch granules. 

References: 
Copeland, L., Jaroslav B., Hayfa S., & Mary C.T., 2009. Form and Functionality of Starch. Food Hydrocolloids. 

Day, C. N., & Morawicki, R. O. (2018). Effects of fermentation by yeast and amylolytic lactic acid bacteria on grain sorghum protein content and di-
gestibility. Journal of food quality, 2018.  https://www.hindawi.com/journals/jfq/2018/3964392/abs/ 

Hartajanie, L., Lindayani, L., & Murniati, M.P. (2016). Antimicrobial Activity ff Lactic Acid Bacteria From Bamboo Shoot Pickles Fermented At 
15oC. Microbiology Indonesia, 10(2), 5. https://jurnal.permi.or.id/index.php/mionline/article/view/327 

LeBlanc, J.G., Garro,  M.S. & de Giori G.S. (2004). Effect of pH on Lactobacillus fermentum Growth, Raffinose Removal, a-Galactosidase Activity 
and Fermentation Products. Appl Microbiol Biotechnol, 65, 119 - 123.  

 Table 1. Chemical analyses of rice flour during fermentation 

Table 2. Physical analyses of rice flour during fermentation 

  
 
Figure 2.  Morphology of Fermented 
Rice Starch Granules for  120 hours 
fermentation  with  Lactobacillus  fer-
mentum LLB3 with magnifications of 
500x (a), 1000x (b), 1500x (c), and 
2000x (d) 
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Figure 1. Flow chart of rice flour fermentation 

            Chemical analyses 
Culture 

Duration of fermentation (hours)
0 24 48 72 96 120

Water content (%)
L. pentosus LLA18 6.82 ± 0.07* 7.28 ± 0.14ab 7.52 ± 0.43abc 7.20 ± 0.25abc 7.28 ± 0.30c 6.96 ± 0.22a 
L. fermentum LLB3  7.22 ± 0.41abc 7.26 ± 0.35bc 7.25 ± 0.35abc 7.32 ± 0.48c 7.12 ± 0.60bc 

Fat content (%)**
L. pentosus LLA18 1.77 ± 0.49* 1.42 ± 0.33d 1.35 ± 0.28bcd 1.75 ± 0.15e 1.37 ± 0.14cd 1.24 ± 0.28abcd 
L. fermentum LLB3  1.02 ± 0.26a 0.95 ± 0.22a 1.23 ± 0.19abcd 1.08 ± 0.21abc 1.05 ± 0.22ab 

Protein content (%)**
L. pentosus LLA18  8.05±1.05* 7.53±0.19a 9.28±0.66b 10.10±0.41c 11.03±0.48d 11.91±0.31e 
L. fermentum LLB3  12.37±0.18ef 12.96±0.91f 14.18±0.58g 15.58±0.58h 17.22±0.60i 

Ash content (%)
L. pentosus LLA18 0.50 ± 0.10* 0.25 ± 0.03f 0.23 ± 0.02e 0.19 ± 0.01c 0.16 ± 0.01b 0.11 ± 0.01a 
L. fermentum LLB3  0.28 ± 0.01g 0.22 ± 0.01de 0.20 ± 0.01cd 0.16 ± 0.02b 0.11 ± 0.01a 

Reducing sugar content (%)**
L. pentosus LLA18 0.20 ± 0.01* 0.14 ± 0.01a 0.22 ± 0.02c 0.25 ± 0.01d 0.28 ± 0.01e 0.31 ± 0.01f 
L. fermentum LLB3  0.17 ± 0.03b 0.22 ± 0.03c 0.29 ± 0.01e 0.32 ± 0.02f 0.39 ± 0.01g 

Amylose content (%)
L. pentosus LLA18 21.27 ± 0.97* 19.92±1.67de 19.61±0.77cde 18.54±1.74abcd 17.86±1.01abc 17.50±2.12ab 
L. fermentum LLB3  20.98±0.67e 19.02±0.87bcd 18.72±2.18bcd 18.49±0.95abcd 16.74±1.77a 

pH**
L. pentosus LLA18 6.36 ± 0.02* 4.35 ± 0.05h 4.19 ± 0.11g 4.08 ± 0.09fg 3.94 ± 0.07de 3.79 ± 0.09c 
L. fermentum LLB3  4.19 ± 0.07g 4.02 ± 0.11ef 3.83 ± 0.16cd 3.65 ± 0.14b 3.45 ± 0.10a 

Keys: 
- All values are mean ± standard deviation, * no statistical testing is performed. 
- Parameters with the symbol ** do not show significant differences (p <0.05) between 2 types of bacteria based on the Independent T-Test. 
- Values with different superscript symbols show significantly different relationships in each treatment (p <0.05) based on the One-Way ANOVA  

test. The significance test between treatments used the Duncan test.
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            Physical analyses 
Culture  

Duration of fermentation (hours)
0 24 48 72 96 120

White degree (%)**
L. pentosus LLA18 96.41±0.16* 95.37±0.52c 94.67±0.63b 94.52±0.80b 94.26±0.59ab 93.66±0.29a

L. fermentum LLB3  96.20±0.19d 95.69±0.47cd 95.49±0.82c 93.97±0.61ab 94.34±0.46ab

Kamba density (g/ml)
L. pentosus LLA18 0.68 ± 0.03* 0.65 ± 0.02f 0.55 ± 0.03d 0.51 ± 0.03c 0.46 ± 0.02b 0.42 ± 0.02a

L. fermentum LLB3  0.57 ± 0.01e 0.57 ± 0.03e 0.50 ± 0.01c 0.49 ± 0.03c 0.47 ± 0.01b

solubility (%)**
L. pentosus LLA18 3.64±0.55* 4.47±1.21a 7.45±1.52c 8.13±1.17cd 9.12±1.13d 10.93±0.63e

L. fermentum LLB3  5.96±0.87b 8.78±1.49cd 11.13±0.73ef 12.29±1.18f 15.11±0.68h

Swelling Volume (%)**
L. pentosus LLA18 8.23±0.77* 8.58±0.58a 9.95±0.15c 9.95±0.15c 10.90±0.53de 12.04±0.45f

L. fermentum LLB3  9.42±0.49b 10.56±0.47d 10.56±0.47d 12.34±0.36fg 12.66±0.82g

water absorption capacity (%)
L. pentosus LLA18 0.64 ± 0.37* 0.88 ± 0.24ab 1.00 ± 0.09b 1.00 ± 0.09b 0.88 ± 0.05ab 0.69 ± 0.03a

L. fermentum LLB3  0.85 ± 0.25ab 1.02 ± 0.07b 1.02 ± 0.07b 0.95 ± 0.14b 0.89 ± 0.24ab
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