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Abstract

This study was performed to investigate the effects of puffed and fermented red ginseng on blood glucose-re—
lated biomarkers in streptozotocin—-induced diabetic rats. Male Sprague-Dawley diabetic rats were orally injected
with 0.85% NaCL as a diabetic control (DC), 300 mg/kg general red ginseng (RG), 300 mg/kg puffing red ginseng
fermented by mixed strain culture of Bifidobacterium breve and Lactobacillus delbrueckii (BL), and 300 mg/kg
puffing red ginseng fermented by Enterococcus faecalis (EF) for 5 weeks. The blood glucose level of group
BL was significantly lower maintained than in groups DC and RG for the experimental period (p<0.05). It was
also significantly lower than in groups DC, RG, and EF at the 5th week (p<0.05). In the oral glucose tolerance
test, the blood glucose of group BL was maintained the lowest level (p<0.05), and the area under the blood glucose
curve (AUC) was also significantly lower in group BL than in group DC (p<0.05). The fasting blood glucose
and insulin levels after the experiment were significantly low in group BL (p<0.05), and the HOMA-IR was
more significantly low in groups BL and EF than in group DC (p<0.05). Also, the HbAlc content of group BL
was significantly low than in groups DC and RG (p<0.05). The serum TC level was significantly decreased
in groups RG, BL, and EF than in group DC (p<0.05), and the LDL-C content was significantly low in group
BL than in group DC (p<0.05). From the findings, it was shown that the puffed and fermented red ginseng
made using a mixed strain culture of B. breve and L. delbrueckii could improve blood glucose-related biomarkers.
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ATCC 157003} Lactobacillus delbrueckii subsp. delbrueckii

ATCC 96495 Z+Z+ MRS i A|(Difco, Detroit, MI, USA)°l
HEstA 3TCAA 24X M F & F dFE £33t oA
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Ginsenoside &2k 24

Ao A8 ZF A5 9] F8 ginsenoside TS ZALSH

7] 918t Shin(23)9] WMol F3te 2 T4 EFY A5 1
g2 F7 100 mLoll €313t 045 ym membrane filter=
oJ3}3+ & HPLC(Jasco, Tokyo, Japan)& #1315t £4
£ column® Z¥E SunFire™-C18(4.6x250 mm)& AH&-3}
931, Jasco MD-2010 Plus detector(Jasco)E ©]-&3t] UV
302 nmoll A B3 Ft} olsA o 2= E(A)F acetoni-
trilie(B)9] gradient system= A}&3lR o™ AE 7|FoE
80%(0%), 80%(20%), 70%(40+%), 55%(60+%), 20%(80+),
0%(904), 20%(100&)°] At Ovend 2=+ 30°CHoH
injection volume 10 pL, flow rate= 1.8 mL/min®] 1t}
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(25)9] ATl F3le ¥, F 8|28 E(total cholesterol, AEAS} ® FxEC] F4H 1 258 YEE AL

TC) 2 n¥ =Xl -7 2 = (high density lipoprotein- dHA ATH27,28). B Ao H3lgHS wash @3}

cholesterol, HDL-C) =% Z+Z} enzymatic colorimetry 7 ginsenoside7} A E£AE AslE) = AL Folstgon, E3

APHE o] 85193, A=A -Z8 2~H E(low density Bifidobacterium breveS}y Lactobacillus delbrueckii®] &3}

lipoprotemfcholesterol, LDL-C) %+ enzyme immuno- T5F5 A8 AS Enterococcus faecalis HF+5 A&

assay(EIA) HAMH S o] &390, 44X (triglyceride, R FgFo] oS oA AE A 4 JJ

TG) ¥ %+ lipase, glycerokinase(GK), L-a-glycerol A o] & FATFE o] &3 AT a gt Al F

phosphate oxidase(GPO) colorimetry AAPHS ©]-83}4 H7] 4 FeHEH T4 858 =AM F UL o=

AE5d A& 7] (ADVIA 1650, Bayer, Shiga, Japan)Z Z}Z} HodHY
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Assessment-Insulin Resistance(HOMAR)E ©] &3} A
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munoassay(TIA) AAPHS o]&3}l4] Integra 400(Roche,
Basel, Switzerland) 2.2 =743} t}
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B AFoa] Ao Ax= SPSS(statistical package for
social sciences, SPSS Inc., Chicago, IL, USA) software
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Z3+= mean+SE(standard error)2 YeER ST 2 2
Agrol ts] one-way ANOVA(analysis of variance)
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Table 1. The ginsenoside contents of the red ginseng and the puffed and fermented red ginseng

B Qg 29z E o
3oy F33 a5

Ginsenoside (mg/g)

< 1)

Sample Rgl Rhl Rbl Rb2 Re Rg3 C-K?
GRG 1.06+0.05"  0.4340.11° 3.86+0.21° 6.16+0.14% 4.81+0.12° 0.9040.08° 0.03+0.01°
PFRG-1 0.12+0.05° 0.25+0.06" 1.05+0.09° 1.61+0.15 0.89+0.14" 3.16+0.08" 0.13+0.02°
PFRG-2 0.19+0.03" 0.29+0.05" 1.23+0.10 1.754+0.22" 0.99+0.11° 2.67+0.13" 0.08+0.02°

DGRG: general red ginseng concentrate, PFRG-1: puffed and fermented red ginseng concentrate (using the mixed strain culture
of Bifidobacterium breve and Lactobacillus delbrueckii), PFRG-2: puffed and fermented red ginseng concentrate (using the

_ Enterococcus faecalis).
%)Compound*K.
YAll values are mean+SE.

YValues within a column with different superscript letters are significantly different at p<0.05 by Tukey'’s multiple range test.
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Table 2. Effects of puffed and fermented red ginseng on weight gain, diet intake and FER in STZ-induced diabetic rats

Group” Initial wt. (g) Final wt. (g) Gain (g/day) Diet intake (g/day) FER?
DC 32474155 356.2+39.2°° 0.91+£051™ 18.11+4.88™ 0.05+0.03%%
RG 342.2+13.2 402.7+20.6 1.73+0.92 17.39+2.05 0.10+0.06
BL 331.8419.4 377.6445.7 1.3140.78 16.15+2.34 0.08-+0.03
EF 327.349.1 374.4+92.0 1.354+0.41 18.00+2.94 0.08+0.04

YDC: diabetic control, RG: injection of general red ginseng (300 mg/kg), BL: injection of puffing red ginseng fermented by mixed
strain culture of Bifidobacterium breve and Lactobacillus delbrueckii (300 mg/kg), EF: injection of puffing red ginseng fermented

by Enterococcus fecalis (300 mg/kg).

YFER (feed efficiency ratio)=weight gain/diet intake.
YAll values are mean+SE (n=10).

"Not significant.
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Table 3. Effects of puffed and fermented red ginseng on organ weight in STZ-induced diabetic rats

Group” Organ weight (g/100 g bw)

Liver Kidney Spleen Testis Pancreas
DC 3.4740.367N% 0.93+0.18" 0.2140.02% 0.90+0.18"° 0.20+0.04
RG 3.36+0.43 0.9940.14* 0.19+0.02 0.95+0.17 0.19+0.03"
BL 3.34+0.34 0.92+0.06" 0.20+0.02 0.81+0.07 0.16+0.03"
EF 3.65+0.29 1.07+0.13° 0.2540.12 0.93+0.18 0.2240.06°

YSee the annotation of Table 2.
YAll values are mean+SE (n=10).
INot significant.

YValues within a column with different superscript letters are significantly different at p<0.05 by Tukey’s multiple range test.

Table 4. Effects of puffed and fermented red ginseng on blood glucose level in STZ-induced diabetic rats

Blood glucose (mg/dL)

Group”

Oth week 1st week 2nd week 3rd week 4th week 5th week
DC 343.6495.27%59 409.0+64.4* 390.2+44.5"° 363.3+28.1° 419.7+45.7° 403.8+36.9°
RG 339.3+70.4 394.7+51.4° 363.7+98.4 359.4462.5° 417.9464.3° 401.44+61.7°
BL 337.0+47.3 292.74+29.0 329.6+65.4 280.9+41.5" 313.7454.6" 295.24+28.6"
EF 344.9+37.1 318.64+69.1" 317.0+775 360.64-29.2° 384.4479.0°™ 379.2463.2°

‘”See the annotation of Table 2.
%)All values are mean+SE (n=10).
INot significant.

YValues within a column with different superscript letters are significantly different at p<0.05 by Tukey’s multiple range test.
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(3325 mg/dL)9] o] frold oz WAl YeERTth(p<0.05).
120% F¢] ¥94F-2 DCH(2586 mg/dL) 2tk RG ¥ EF
(2236, 2137 mg/dL)°] F93 #HAAFTFSE BRAI(p<
0.05), BL#*(1854 mg/dL)> A¥+ 5 BAXZ 71 @
L FE YEAHp<0.05). =T Fo 1808 Fol=
DC+(174.3 mg/dL)¥ BL(131.1 mg/dL) ZFell <4<l
2ol 7F DA THP<0.05). 3+, 18047+ o FA431H A (AUC)
= DC#(49097)l wl3] BLT(40125)0] SAIH o2 f293}
A B Aoz YeEhthp<0.05). AT3H3 #HAL 2=
AR7IZ T AEFA7E ey Aol dso]l =435
AE7HE LolE 5 = ANEZA(39) o4 23 Bifido-
bacterium breve®} Lactobacillus delbrueckii®] &3+
E A B agatel AR Foe GafEF
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Fig. 1. Effects of puffed and fermented red ginseng on blood
glucose level and area under the blood glucose curve after
oral glucose tolerance test in STZ-induced diabetic rats.
Experimental conditions are same as the annotation of Table 2.
All values are mean+SE (n=10). NS: Not significant. Values with
different letters are significantly different at p<0.05 by Tukey's
multiple range test. AUC: area under the curve.
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Table 5. Effects of puffed and fermented red ginseng on blood glucose-related biomarkers in STZ-induced diabetic rats

Group" Glucose” (mmol/L) Insulin (uWU/mL) HOMA-IR? C-peptide (pmol/L) HbAlc” (%)
DC 14.5942.727% 14.94+3.05* 9.69+1.71° 132.12+476.02°7 7.13+1.26
RG 12.56+3.10° 13.06+4.12° 7.29+1.78" 140.93+86.07 6.68+1.04"
BL 7.1042.01° 10.1242.06 3.1940.68° 189.65+71.68 5.37+0.80"
EF 11.40+4.88™ 11.1443.77% 5.64+1.75" 168.16+63.21 6.02+£0.94

YSee the annotation of Table 2.

Z)Fasting blood glucose after the experiment.

YHOMA-IR (homeostasis model assessment for insulin resistance)=[fasting insulin (uWU/mL)xfasting glucose (mmol/L)]/22.5.
i“HbAlci Hemoglobin Alc.

YAll values are mean+SE (n=10).

9Values within a column with different superscript letters are significantly different at p<0.05 by Tukey's multiple range test.
"Not significant.

Table 6. Effects of puffed and fermented red ginseng on serum lipid levels in STZ-induced diabetic rats
Lipid profiles” (mg/dL)

G 1)

roup TC HDL-C LDL-C TG
DC 89.25412.143 63.15419.20™% 14.05+5.13" 159.70+35.89™°
RG 73.17+823" 68.00+11.61 12.5543.92% 127.24+37.52
BL 68.53+9.39" 67.25+10.02 8.96+4.41° 123.58+45.68
EF 70.02+10.98" 64.25+11.35 10.5045.26™ 119.85+41.20

YSee the annotation of Table 2.

PTC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, TG: triglyceride.
YAll values are mean+SE (n=10).

f’Values within a column with different superscript letters are significantly different at p<0.05 by Tukey’s multiple range test.
“Not significant.
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