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Physiological Characteristics of Bacillus spp. Isolated from
Rice Straw as Cheonggukjang Starter

Shin-Ho Lee*, Lag-Min Baek, and La-Young Park
Department of Food Science and Technology, Catholic University of Daegu

Abstract The primary objective of this study was to select a probiotic starter for cheonggukjang using 60 strains isolated
from rice straw. Among isolated strains, only 8 strains including strain B-59 evidenced proteolytic, amylolytic and soybean
activity. These 8 strains were all gram-positive, spore-forming rods. The B-59 strain evidenced antimicrobial activity
against Staphylococcus aureus, Listeria monocytogenes, Pseudomonas fluorescens, and Vibrio parahaemolyticus. The
antimicrobial activity of isolated B-59 was verified by its ability to inhibit the growth of S. aureus, L. monocytogenes, P.
fluorescens, and V. parahaemolyticus. The selected B-59 strain was indentified as Bacillus licheniformis, as shown by a
result of 99.0% homology upon API kit analysis. The selected B-59 strain also displayed viability in pH 2.5 artificial
gastric juice, artificial bile acid, NaCl (2, 4, 8, 16, 32%), and ethanol (4, 8, 16, 32%). The antioxidative activity of the
strain B-59 culture was assessed via a DPPH free radical scavenging activity assay. The activity increased with an
increasing in the fermentation time of strain B-59 for 20 hours.
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Table 1. Cultural characteristics of the various strains isolated
from rice straw

Strains Activity (mm) Gram
No - - stain Spore  Shape
NaCl S50 e oreA - Soybean Skim milk Starch
NaCl& 0, 2, 4, 8, 16, 32%(w/n)2] =2 71 0.2% potas- B-36 25 25 10 + + rod
sium phosphatedl] 24A17F wlFeE HEldFE HESI 37°CoA] B-47 5 8 5 + + rod
AN W F 3719 e o AR 24T B-49 25 25 -+ * rod
B-52 25 20 10 + + rod
Oj|E+20f| CHEF LHA B-53 5 10 10 + + rod
olghE 0, 4, 8, 16, 32(vv¥%)°] H7FH 02% potassium phos- B-55 25 25 25 + + rod
phateol] 24A]7F H|Y3E Hal7EE HESIS 37°CAA 47 B B-59 20 30 20 + + rod
oF HjSFet T A7)} 7O WPHO T AFAE =AU} Kn-10 25 20 20 + + rod
Table 2. Antimicrobial activity of Bacillus spp. isolated from rice straw against various pathogens
B-36 B-47 B-49 B-52 B-53 B-55 B-59 Kn-10
Staphylococcus aureus - - - - - - + -
Listeria monocytogenes - - - - - - + -
Pseudomonas fluorescens - - - - - - + -
Vibrio parahaemolyticus - - - - - - + -
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Fig. 1. Growth of various pathogens for 24 hrs at 37°C in Nutrient broth and Nutrient broth containing isolated strain B-55 or B-59
cultured media. -l-, NB (Nutrient broth); -4-, NB containing B-55 cultured media; - & -, NB containing B-59 cultured media.
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Table 3. Identification of strains B-59 by API SOCHB Kit
No. Characteristics Results" No. Characteristics Results"
0 Control - 25 Esculine +
1 Glycerol + 26 Salicine +
2 Ertythritol - 27 Cellobiose +
3 D-Arabinose - 28 Maltose +
4 L-Arabinose + 29 Lactose +
5 Ribose + 30 Melibiose +
6 D-Xylose + 31 Saccharose +
7 L-Xylose - 32 Trehalose +
8 Adonitol - 33 Inuline +
9 B-Methyl-xyloside - 34 Melezitose -
10 Galactose + 35 D-Raffinose +
11 D-Glucose + 36 Amidon +
12 D-Fructose + 37 Glycogene +
13 D-Mannose + 38 Xylitol -
14 L-Sorbose + 39 B-Gentiobiose -
15 Rhamnose + 40 D-Turanose +
16 Dulcitol - 41 D-Lyxose -
17 Inositol + 42 D-Tagatose -
18 Mannitol + 43 D-Fucose -
19 Sorbitol + 44 L-Fucose -
20 o-Methyl-D-mannoside - 45 D-Arabitol -
21 o-Methyl-D-glucoside + 46 L-Arabitol -
22 N-Acetyl glucosamine - 47 Gluconate -
23 Amygdaline + 48 2 Ceto-gluconate -
24 Arbutine + 49 5 Ceto-gluconate -
D+, positive; -, negative
Table 4. Survival of isolated strain B-59 in artificial gastric juice and artificial bile acid at 37°C
Artificial gastric juice" Artificial bile acid”
Incubation time
6 24
Viable cell (log No. CFU/mL) 8.33+0.16” 6.91£0.12 8.20+0.27 8.24+0.11

YSurvival cell in artificial gastric juice for 3 hr at 37°C.

ASurvival cell in artificial bile acid for 24 hr at 37°C after treated with artificial gastric juice for 3 hr at 37°C.
dViable cell, (log No. CFU/mL)+SD (n=3)

Viable cell (log No. CFU/mL)

Fig. 2. Effect of NaCl concentration on survival of isolated strain

B-59.
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Fig. 3. Ethanol resistance of isolated strain B-59.
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Fig. 4. Changes in DPPH radical scavenging ability and growth

of the B-59 for -[1-, DPPH radical scavenging effect (%); - l-,
cell growth.
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