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Abstract The aim of this study was to produce Chungkookjang-a food produced through fermentation with Bacillus
licheniformis El-that contains an increased concentration of a bacterial biological response modifier (B-BRM).
Unfortunately, sensory studies have indicated that B. licheniformis El-fermented Chungkookjang is unacceptable for
commercial use. We isolated another bacterial strain from this food product: B. subtilis S2. The optimum time and
temperature for Chungkookjang fermentation with B. licheniformis E1 and B. subtilis S2 were 48 hr and 40°C, respectively.
Sensory studies showed that Chungkookjang fermented by both B. licheniformis E1 and B. subtilis S2 was more acceptable
than B. licheniformis E1 only. The amino nitrogen and crude protein content of the product were 359 mg% and 45.6%,
respectively. Additionally, it was confirmed that the proliferation of mouse splenic lymphocytes increased significantly,
when the cells were treated with the BRM from Chungkookjang fermented using the mixture of bacterial strains in vitro.
These results suggest that the enriched Chungkookjang may help patients who are medically in need of potentiation of

lymphocytes proliferation.
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Fig. 1. Protease activity of strains isolated from commercial
Chungkookjang. E1 was Bacillus licheniformis E1. S1, S2, S3, S4,

501, 502, and 503 strains were isolated from commercial
Chungkookjang.
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Table 2. General characteristics and carbohydrate fermentation
patterns of S2 strain

Characteristics Results Characteristics Resuits

Morphological characterization ~ Physiological characterization

Shape rod Catalase +
Gram stain +  Voges-Proskauter test +
Mobility +  Hydrolysis of starch +
Spore formation +  Hydrolysis of casein +
Growth at 45°C +
Growth anaerobically -
Carbohydrate degradation
Control -V Esculine +
Glycerol +  Salicine +
Erythritol - Cellobiose -
D-Arabinose - Maltose +
L-Arabinose +  Lactose -
Ribose +  Melibiose -
D-Xylose +  Saccharose +
L-Xylose - Trehalose +
Adonitol - Inuline -
-Methyl-xyloside - Melezitose -
Galactose - D-Raffinose +
D-Glucose +  Amidon +
D-Fructose +  Glycogene +
D-Mannose - Xylitol -
L-Sorbose - B-Gentiobiose -
Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol +  D-Tagatose -
Mannitol - D-Fucose -
Sorbitol - L-Fucose -
a-Methyl-D-mannoside - D-Arabitol -
o-Methyl-D-glucosamine  +  L-Arabitol -
N-Acety! glucosamine - Gluconate -

Amygdaline -
Arbutine -

2 ceto-gluconate -
5 ceto-gluconate -

U+ positive or slow positive; -: negative or weakly positive.

7} B licheniformis E1RF &t LS HSgH A=
=AU B3| 4009 258 HFFAS 2ads o M rEs
7F 2T Ko 5(5) 30, 37, 40, 50°Ce) vz 7 Wge

Table 1. Physico-chemical properties and sensory evaluation scores of Chungkookjang that was inoculated by isolated strains"

El” s1? s2v S3% S49 5017 5029 503%
Viable cell count (Log,, CFU/g) 0.46 9.33 9.54 9.18 9.47 9.21 9.35 9.16
Amino nitrogen (mg%) 220 343 569 546 47 272 571 565
Crude protein (%) 47.1 48.0 482 47.6 472 47.0 47.8 47.5
Appearance 1.00°1" 3.00% 457 328 3.00™ 1.71¢ 3.57%® 357"
Odor 2.00° 228 3.85° 371 2.85° 2.00° 371 3.14°
Bitter taste 2.00° 3.14° 3.85° 328 3.71% 2.57% 3.85% 3.85
Savory taste 228 2,71 3.71° 3.42% 3.14° 2.14¢ 357" 3.42%
Overall acceptance 2.00° 2.85% 3.85° 3.42% 3.28" 2.14¢ 3.42% 3.42%

PEach value indicates the average of the sensory scores in the range from 1 (dislike extremely) to 5 (like extremely) that 8 panels recorded. “El
was Bacillus licheniformis E1, 7®S1, 82, 83, S4, 501, 502, and 503 strains were isolated from Chungkookjang. '”In a column, means followed

by the same letter are not significantly different at the 5% level.
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Table 3. Sensory comparison of Chungkookjang that was inoculated by Bacillus licheniformis E1 and mixed strains during temperatures

and times of fermentation®

El E19+82"
Temperatures
35°C 40°C 45°C 35°C 40°C 45°C
Appearance 2.00™ 1.86™ 1.71% 3.71® 4.19% 4.00°
Odor 2.71° 2.43% 1.71¢ 3.71* 4.00" 3.86%
Bitter taste 2.71° 2.20™ 1.71¢ 3.57% 4.00° 3.14®
Savory taste 3.00° 3.14° 2.57% 3.43* 4.43* 3.57*
Overall acceptance 3.00° 2.71™ 2.14¢ 3.43® 457 343"
El E1+82
Times
36 hr 48 hr 60 hr 36 hr 48 hr 60 hr
Appearance 2.00° 2.00° 226" 3.86" 4.29a 3.86%
Odor 3.14° 3.14" 2.14" 3.86" 4.00a 2,57
Bitter taste 3.14 2.86" 2.4 3.43° 3.29a 2.29°
Savory taste 2.86™ 3.29° 2.29° 3.86% 4.00a 2.14¢
Overall acceptance 3.14° 3.14° 2.71% 3.71% 4.14a 2.86"

PEach value indicates the average of the sensory scores in the range from 1 (dislike extremely) to 5 (like extremely) that 8 panels recorded. “El
was B. licheniformis E1, ¥S2 was B. subtilis S2. In a column, means followed by the same letter are not significantly different at the 5% level.

Table 4. Physico-chemical properties and sensory evaluations of Chungkookjang that was inoculated by the different Bacillus strains"

El” E1+S2 s2* c?
Viable cell count {Log,, CFU/g) 9.67 9.97 10.06 10.01
Amino nitrogen (mg%o) 140 359 392 443
Crude protein (%) 43.5 45.6 46.9 48.3
Dry weight polymer (g) 0.033 0.078 0.074 0.036
Appearance 2255 412 425 3.42°
Odor 2.83 3.75¢ 3.33 3.33%
Bitter taste 295" 3.75° 3.38% 3.12%
Savory taste 2.11° 3.55° 3.15% 3.25%
Overall acceptance 2.02°0 3.63 3.25% 3.12*

"Each value indicates the average of the sensory scores in the range from 1 (dislike extremely) to 5 (like extremely) that 8 panels recorded. JE1
was B. licheniformis E1, S2 was B. subtilis S2, PC was commercial Chungkookjang. >In a column, means followed by the same letter are not

significantly different at the 5% level.
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Fig. 2. Comparison of the proliferation of lymphocytes by the
BRM. The lymphocytes were obtained from BALB/c mouse spleen
and the BRM was extracted from Chungkookjang that was
inoculated by B. licheniformis E1 and mixed strain during
fermentation. Splenic [ymphocytes were plated in a 96 well round
bottomed microtiter plate (2 X 10° cells/100 puL/well) and the BRM
(100 pL) was added to the wells. The plates were incubated for 48 hr
and the cell proliferation was measured using the technique of 3H-
TdR incorporation. The one unit was the BRM concentration shown
50% radio activity of maximum 3H-TdR radio activity.
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