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Antioxidative Effects of Chungkukjang Fermented Using Bacillus
subtilis DJI in Rats Fed a High Cholesterol Diet
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Abstract

This study was conducted to investigate the antioxidative effects of chungkukjang fermented using Bacillus
subtilis DJI (DJI CJ) in rats fed high cholesterol diet. Sprague-Dawley male rats weighing 185~195 g were
divided into 6 groups: normal group (N), high cholesterol group (C), high cholesterol and DJI CJ with no salt
group (C-CJN), high cholesterol and DJI CJ added with solar salt group (C-CJS), high cholesterol and DJI CJ
added with refined salt group (C-CJR), and high cholesterol and commercial CJ group (C-CC]J). The body weight
gain and food intake in all four CJ groups were lower than C group. The serum activities of AST and ALT
that were elevated by high cholesterol diet were significantly decreased by CJ supplemented. The hepatic
activities of catalase and SOD in C group were increased to 20.59% and 18.72%, respectively, compared with
N group, but those of C-CJN, C-CJS, C-CJR, and C-CC]J groups were similar to those of N group. Liver TBARS
contents were significantly decreased in all CJ groups, compared with C group. The contents of brain lipofuscin
in C-CJN, C-CJS, C-CJR, and C-CC]J groups were remarkably inhibited about 20.86%, 22.06%, 14.73%, and
12.88%, respectively, compared with C group. There were no significant differences among DJI CJ groups in
antioxidative effects. According to this study, DJI chungkukjang or commercial chungkukjang seems to protect
tissues from oxidative stress by stimulating antioxidative systems in rats fed a high cholesterol diet.
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Aol A Axg A& AHEstAEH, B30l E23 B
subtilis 5 T o2 AL T -2 37°ColA] 2441 2E
A v oFste] LB A 8l 2] (Duchefa biochemie, bacto-tryp—
tone 10%, yeast-extract 5%, sodium chloride 10%)°l 1%
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Table 1. Analysis of proximate contents of freeze dried
chungkukjang (% dry basis)

Bacillus subtilis Commercial

Ingredients Casein DJI chungkukjang chungkukjang
Moisture 5.23 2.15 4.52
Crude protein 89.70 44.24 45.23
Crude fat 0.52 20.60 19.26
Ash - 5.70 7.62
Dietary fiber — 15.26 14.30
Carbohydrate” 455 12.05 9.07

! )Carbohydrate =100— (moisture+crude protein+crude fat+
crude ash+dietary fiber).



Table 2. Composition of each experimental group’s diet

B F oA Bacillus subtilis DJI o]-&3}] A %3+

=] atsla 1701

(g/kg diet)

Diet composition Groups

N C C-CJN C-CJS C-CJR C-CCJ
Corn starch 550.0 540.0 513.3 513.3 513.3 511.6
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0
Casein 200.0 200.0 100.0 100.0 100.0 100.0
DL-methionine 3.0 3.0 3.0 3.0 3.0 3.0
Soybean oil 50.0 50.0 9.3 9.3 9.3 12.8
Cellulose powder 50.0 50.0 199 199 19.9 22.4
Vitamin mixture” > 10.0 10.0 10.0 10.0 10.0 10.0
Mineral mixture® 35.0 35.0 35.0 35.0 35.0 35.0
Cholesterol 0.0 10.0 10.0 10.0 10.0 10.0
Choline bitartarate 2.0 2.0 2.0 2.0 2.0 2.0
Chungkukjang powder 0.0 0.0 1975 1975 1975 193.2

UThe experimental diet groups are as follow; N: normal group (casein diet), C: control group (high cholesterol and casein diet),
C-CJN: high cholesterol and D]JI chungkukjang with no salt group, C-CJS: high cholesterol and DJI chungkukjang added with
solar salt group, C-CJR: high cholesterol and DJI chungkukjang added with refined salt group, C-CC]J: high cholesterol and

commercial chungkukjang group.
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Table 3. Body weight gain, food intake and food efficiency

ratio in rats fed a high cholesterol diet containing the chung-
kukjang powder

Body weight gain  Food intake

1) 2)
Groups (g/day) (g/day) FER

N 5.32+0.21% 2350+2.42*  0.22+0.002~5

C 5.43+0.98" 22.13+1.84*  0.24+0.004
C-CJN 4.24+0.19° 19.31+£3.98"  0.22+0.005
C-CJS 4.19+0.22° 19.64+1.84"  0.21£0.007
C-CJR 4.17+0.46" 19.07+2.06"  0.22+0.005
C-CCJ 4.01+0.24° 17.29+1.41°  0.23%0.002

USee the legend of Table 1.

?)Food efficiency ratio: FER (body weight gain/ food intake).

YMean + SE (n=6), values with different superscripts in the
same column are significantly different (p<0.05) among
groups by Tukey's test.

NS: not significantly different among groups.
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Table 4. Activities of AST, ALT, ALP, and LDH in serum of rats fed a high cholesterol diet containing the chungkukjang

powder (U/L)

Group"” AST ALT ALP LDH

N 102.00+6.29™ 60.33+3.29 78.67+4.29™ 266.73+14.21™°

C 123.18 +8.29° 71.03+5.01% 79.29+2.84 267.42+9.87
C-CJN 97.00+6.49° 53.50+2.98" 72.21+6.59 249.43+11.98
Cc-CJS 92.49+10.11° 55.83+2.08" 66.80+4.93 251.31+13.21
C-CJR 98.29+8.10° 5450+3.81° 70.20+9.26 259.19+12.43
Cc-CCJ 95.43+9.53" 59.26+2.43" 79.40+3.29 269.13+4.69

USee the legend of Table 1.

YMean+SE (n=6), values with different superscripts in the same column are significantly different (p<0.05) among groups by

Tukey's test.
INS: not significantly different among groups.
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Ql XO &4& 43t 23 Table 59 2t}
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Table 5. Activities of catalase, SOD, GSH-Px, and XO in liver of rats fed a high cholesterol diet containing the chungkukjang

powder
Groupl) Catalase? sop? GSH-Px” X0”
N 101.33+8.36" 68.33+3.29" 135.21+9.41™7 37.12+3.01™
C 122.19+11.21% 81.12+2.75" 145.23+13.20 42.26+2.74
C-CJN 102.42+5.01° 62.28+2.96" 129.39+8.69 35.01+1.98
C-CJS 101.15+8.47" 61.13+5.16" 131.64+10.25 35.54+3.89
C-CJR 101.39410.24" 68.24+4.19° 135.26+9.84 39.80+5.89
C-CCJ 109.21+10.13" 69.26+5.13" 142.33+11.26 40.53+2.69

YSee the legend of Table 1.

?Decreased HyO; pmol/min/mg protein.
¥imol/min/mg protein.

YDecreased NADPH pmol/min/mg protein.
“mU/g protein.

“Mean+ SE (n=6), values with different superscripts in the same column are significantly different (p<0.05) among groups by

. Tukey's test.
NS: not significantly different among groups.
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Table 6. Contents of GSH and TBARS in liver of rats fed
a high cholesterol diet containing the chungkukjang powder

Group” GSH (ug/g) TBARS (MDA nmol/g)

N 29.39+3.10™? 6.79+1.42%

C 36.39+4.02 11.69+1.26°
C-CJN 28.29+2.07 8.43+2.01°
C-CJS 31.69+1.58 8.29+0.61"
C-CJR 30.34+2.87 8.99+0.49"
c-cCJ 32.02+2.17 9.12+0.58"

USee the legend of Table 1.

?)NSZ not significantly different among groups.

PMean+SE (n=6), values with different superscripts in the
same column are significantly different (p<0.05) among groups
by Tukey's test.
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Table 7. Contents of lipofuscin in liver and brain of rats fed
a high cholesterol diet containing the chungkukjang powder

Liver (% of Control) Brain (% of Control)

1)

Group (ng/mg protein) (pg/mg protein)

N 0.77+0.04 (93.90%)™?  1.35-+0.07 (82.82%)"

C 0.82+0.06 (100.00%) 1.6340.09 (100.00%)*
C-CJN  0.75+0.09 (91.46%) 1.29+0.05 (79.14%)°
C-CJS  0.79+0.04 (96.34%) 1.27+0.04 (77.91%)°
C-CJR  0.78+0.08 (95.12%) 1.3940.04 (85.27%)"
C-CCJ]  0.80+0.05 (97.56%) 1.4240.04 (87.12%)"

USee the legend of Table 1.

?)NSZ not significantly different among groups.

PMean+SE (n=6), values with different superscripts in the
same column are significantly different (p<0.05) among groups
by Tukey's test.
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