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Abstract

This study investigated the effect of tea fungus/kombucha(TF) beverage on body weights, pancreas
weights, serum glucose and lipid concentrations of both normal and diabetic male rats. Sprague-Dawley
male rats weighing 140+ 10g were randomly assigned to one control and five streptozotocin(STZ)~
diabetic groups. Diabetic groups were divided into D—control(TF free water), 20% TFD(20% TF
in water), 40% TFD(40% TF in water), 20% TFSD(20% TF disinfection in water) and 40% TFSD(40%
TF disinfection in water) according to the level of TF supplementation. Diabetes was experimentally
induced by intraperitoneally administration of STZ in citrate buffer(pH4.3) after 3 week feeding of
four experimental water. Animals were sacrificed at the 4-week of diabetic state. The diabetic groups
showed significant decrease of body weight(~29.4~-48.6g) compared with the control group(72.4g).
Pancreatic weights relative to body weights in all diabetic groups were heavier than those of the control
group. The levels of fasting serum glucose were higher in all diabetic groups than that of the control
group. The concentrations of triglyceride in serum was lower in 20% TFD and 20% TFSD groups than
in those D-control group. The levels of total cholesterol, LDL-cholesterol in serum and atherogenic
index were significantly decreased in all(20 or 40%) TFD and TFSD groups than in those D~control
group, but those were similar to control group. The levels of HDL~cholesterol in serum was similar
to all groups, but HDL—cholesterol/total cholesterol ratio were significantly increased in all(20 or 40%)
TFD and TFSD groups than in those D-control group. Liver triglyceride concentration of the all diabetic
groups significantly decreased compared with the control group. Liver total cholesterol and phospholipid
were not affected by TF and TFS feeding. The results indicated that tea fungus/kombucha beverage
feeding improved the cholesterol, triglyceride and atherogenic index levels in diabetic rats.
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Table 1. Body weight gains, pancrease weights and serum glucose levels of male rats fed tea fungus/kombucha

beverage for 49 days

b Body weight gains (g) Glucose Pancrease (mg)

Groups K

Initial Before STZ”  After STZ® (mg%) Weight P/BW
Control 146711007  1325+129%Y  742+17.97 150.4+21.0° 542163 154+ 20°
D-control 1486%10.8 139.3+17.1 -36.7£16.9 369.7+34.4 565+65 224130
20% TFD 144.4+102 130.0£12.3 -29.4+19.6° 326.7£938° 60470 249+31°
40% TFD 147.9+10.8 129.3+137 -30.0+24.1° 330.0+95.7° 613=78 242+28°
209% TFSD 152.1+11.2 1386£107 -486+15.7 334.7+82.7° 61477 25636
40% TFSD 1544+11.6 138.8+19.0 -38.1+23.3° 336.8+91.7° 575%79 230£38"

“Diet abbreviations: Control: normal group, D-control: diabetic control, 20% or 40% TFD: Diabetic-20% or 40% tea
fungus/kombucha beverage mixed with water, 20% or 409 TFSD: Diabetic-20% or 40% disinfection of tea fungus/

kombucha beverage mixed with water.
2All values are mean® SD(n=6). *Not significant
“Before streptozotocin(STZ) injection for 3 weeks

YAfter streptozotocin(STZ) injection for 4 weeks. ®Pancrease weight/100g body weght
"Values within a column with different superscripts letters are significantly different each other groups at p<0.05.
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Table 2. Serum total lipid, triglyceride and phospholipid
concentrations of male rats fed tea fungus/

kombucha beverage for 49 days (mg/dl)
Groups“ Total lipid  Triglyceride Phospholipid
Control 260814837 625+17.8° 89.2+13.1°
D control 3466+337° 1133+201° 905+12.7°
20% TFD 3039%+369™ 896+159° 101.3+21.8°
40% TFD 3404+487° 1080+21.4% 1237+225°

20% TFSD 2959t46.7®° 876+160° 91.6+11.6%
40% TFSD 327.8+31.6° 96.6+205" 107.5+12.0®

Y2560 the legends in Table 1.
PValues within a column with different superscripts letters
are significantly different each other groups at p<0.05.
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Table 3. Serum total cholesterol(A), HDL~cholesterol(B), concentrations, B/A ratio, and atherogenic index(AI) of rats

fed fed tea fungus/kombucha beverage for 49 days (mg/dl)

Groups" Total cholesterol HDL-cholesterol ~ LDL cholesterol  (B)/(A) 100(%) AlY

Control 726+105%° 35.3+89% 248448 AR3670% 1.06+0.24°
D control 95.0+10.6° 38.1+8.0° 34.2+424 40.1+8.1° 1.49%0.28"
20% TFD 752+ 16° 39.9+6.6° 17.3£52% 53.0+7.2° 0.88+0.30°
40% TFD 72.3+11.6° 382168 125+39° 528+6.4° 0.89+0.25°
20% TFSD 776+ 8.8 402+47° 19.9+50% 55.7+4.8" 0.93+0.21°
409 TFSD 81.3+ 94° 414%6.1° 20.6+5.3% 504+55° 0.96+0.31°

Y2366 the legends in Table 1. ¥ Al=(total cholesterol-HDL-cholesterol)/HDL-cholesterol
Values within a column with different superscripts letters are significantly different each other groups at p<0.05.

Table 4. Liver total lipid, triglyceride, phospholipid and total cholestrol concentrations of rats fed tea fungus/

kombucha beverage for 49 days

(mg/g of wet liver)

Groups” Total lipid Total cholestrol Triglyceride Phospholipid
Control 62.3416.247% 4.92+0.60™ 26.26+5.20° 28.68+4.24°
D-control 55.30+5.70° 482+0.94 18.88+4.28° 29.20+ 4,08
20% TFD 53.06 £ 1.80% 4.48+0.46 16.20+2.24* 29.48+2.50°
40% TFD 50.98+6.16% 432+0.48 13.86+2.80° 28.46+3.58°
20% HTFD 56.04+452% 4.40%0.48 16.08+1.06™ 33341450
40% HTFD 61.62+7.14° 4.46+0.62 18.46£5.26™ 35.72+t342°

19566 the legends in Table 1.

¥Values within a column with different superscripts letters are significantly different each other groups at p<0.05.



HEEAL FriFle] A Al v 9% 617

2.2 xes o) 48kx] Tl Zholv} &% F A
£ T3 energy ® o] £-3}7] o Feoll AT A9}
o ge] AA} 55 o)t 2 A E Aojal & 5 gl
(23,24,28).

o] o] ¥ Kol B nF o b FAE Foigtu}

=0 S [lqle] H& Yo XA, Fe
2HE, LDL-Z¥92HE 55 4 $H4dA5E ¢
St &A%7} 93, HDL-Ed 2802 ¥ 5/3 Fu 2H
B 5= u)Es Fole Aoz Yehtong Wil
27t FaF o A- WA QA 7= 29t gl A
o2 Mz

==

(=] oF
XL =

WEEA/ B Fo Y3 (A F R v x] &
-8 Ve A}, HFAF 140+ 10g A F-5 = Sprague-
DawleyAl =3 L5345 Fo43 =27, ez
T, WEFATE S5 HEIAE 20%} 40%4
243 T3 A2 F L aEAE 20%9) 40964 &
FFodst T 5 6722 el 2 AP EE 357 AL
53 o}% streptozotocin 2 F g FuHA 7] 2 Al
477 ZF A SRR ALSslg et A5 e 9k
A 37 AFFE7te 2T 74 el Has
2 Foio] HiEtH S HAEFAI AA e o
g FA g Ao Jehgo oy Gafad
45718 AFH3 e Q2T 724g Fbslg oY, @
a2 prd 3l idlTe g A%
oAb o) 2 29.4~486g9] Aol AoH T AA =
FAE Fa 2T v de 3 20% HETALE, 3
L A40% MEFAT D G 20% FYEd T Laza
T2 2817 Z27Hp<0.05)= At A5 100g 23
FAE AT vlsty drdady 7 5 gy
g EapFo] 8§95 A 27Hp<0.05)E ) Ydeke
FrlETH FxdaFxTel vid Ager ¥
FEFE FEA = LG A SAANAFEE S
SHE T vsle] B 20% WA EANFH gk 20%
ZhehEF A F AT A4 (p<0.05)H e, F F
A2HE 5 4 4T dagReER
ot oA 24 (p<0.05)3 ] Hx2F3 v)=7 £F
L2 MEFANFRFAL YA F ZUA2HEAEH
ApFgo g Y2t F317) 9l A o2 vehgtl HDL-
E92HE T Zhre] Aol & Holx| gkghor,
HDL-EH 28 E 2/ Fd2dE 559 vgL
ST vl3le] 7 bR AT o] H-9fshAl
S7Hp<0.05)=H 9tk LDL-Z8l 28l & 5= 2 59474

-

A e Gl vt 4 Gt a AT
fro) 3HA F2(p<0.05) =& 25t 7k F A4
B dEFol vlste] ©ix 20962} 40% WA FAo]
7= (p<0.0)E g o, F EH2EHE FEE HET
3}z Aol ulsg AL rod) FAAAATES
2ol vlste] Frdi2Ed 7t g gl
Fol3hAl 74 (p<0.05)5 et o1+ AR R Ro} 7
LF ol HEFAE F3ul Fu ] Yalo]
He g3 $A4XA, 229269, LDL-Z3 24
2 35E 9 E9AALE G Ayl gleng i
AEA/ GeAY AANAE FEAH 2 A AT
= A7) 9le Ao eyt

Ko
2
F

4

INCE

ol 19989 = Aleh it o Fu] 2 o] FolR
ou], A7u) Aol Hatod AEYL

ot

=
(L.

1. Frank, G.: Kombucha, la boisson au champignon de
longue vie. W. Ennsthalier, Austria(1990)

2. Chanbionnat, M. : Contriution a I'etude du champignon
japonais. Bull. Soc. Hist. Nat. Maroc., 33, 3-8(1952)

3. Zottner, G. : Note de bacteriologie a propos du cham-
pignon japonais. Bull. Soc. Hist. Nat. Maroc., 33, 9-
11(1952)

4., Abadie, M.: Association de Candida mycoderma
Reess Lodder et d'Acetobacter xylinum Brown dans
fermentation des infusions de the. Ann. Sc. Nat. Bot.,
12, 765-780(1961)

5. Steinkraus, K. H., Shapiro, K. B., Hotchkiss, J. H. and
Mortlock, R. P.: Investigation into the antibiotic ac-
tivity of tea fungus/kombucha everage. Acta biotechno-
logica, 16, 199-205(1996)

6. Frank, G. W. : Kombucha, healthy beverage and natural
remedy from the Far Easi. W. Ennsthalier, Austria
(1991)

7. Reiss, J.: The tea fungus and its metabolic products.
Deutsche Lebensmittel-Rundschau, 83, 286-290(1987)

8. Hauser, S. P. : Dr. Sklenar’s kombucha mushroom in—
fusion a biological cancer therapy. Schweiz Rundsch
Med. Prax., 79, 243-246(1990)

9. Stadelman, E.: Der Teepilz und seine antibiotische
Wirkung. Zentralbl. Bakt. Parasit. Inf Hyg., 180, 401
435(1961)

10. Steiger, K. E. and Steinegger, E. : On the tea fungus.
Pharmaceutica Acta Helvetiae, 32, 133-154(1957)

11. Choi, M. A. ! A study on fermentation of black tea bev-
erage by tea fungus. Taeuge Hyosung Catholic Univer—
sity Graduate School Ph.D. Dissertation(1995)

12. Rayfield, E. J. and Ishimura, K. : Environmental factors
and insulin-dependent diabetes mellitus. Diabetes



618

13.

14.

15.

16.

17.

18.

19.

20.

21.

Metab. Rev., 3, 925-930(1987)

Yoon, J. W, Kim, C. J., Park, C. Y. and McArthur, R.
G. : Effect of environmental factors on development of
insulin-dependent diabetes mellitus. Clin. Invest. Med.,
10, 459-466(1987)

Williams, S. R. : Nutrition and therapy. Mosby, pp.635-
660(1993)

Reaven, G. M. Role of insulin resistance in human
disease. Diabetes, 37, 1595-1067(1988)

Raabo, E. and Terkildsen, T. C.: On the Enzymatic
determination of blood glucose. Scand. J. Clin. Invest.,
12, 402-407(1960)

Folch, J., Lees, M. and Stanley, G. S. H.: A simple
method for the isolation and purification of total lipid
from animal tissues. J. Biol. Chem., 226, 497-509(1957)
Frings, C. S. and Dunn, R. T.: A colorimetric method
for determination of total serum lipid based on the sul-
fophospho-vanillin reaction. Am. J. Clin. Path., 53, 89-
91(1970)

Friedwald, W. T., Levy, R. L. and Fedreicson, D. S.:
Estimation of the concentration of low densitylipoprotein
cholesterol in plasma, without use of .the preparative
ultracentrifuge. Clin. Chem., 18, 499-508(1972)
Haglund, O., Loustarinen, R., Wallin, R., Wibell, I. and
Saldeen, T. : The effect of fish oil on triglycerides, ch-
olesterol, fibrinogen and malondialdehyde in humans
supplemented with vitamin, Eur. J. Nutr., 121, 165-172
(1991) ’

Choi, N. J. and Han, Y. J.: Effects of soy protein on

22.

23.

26.

217.

29.

plasma glucose, lipids and hormones in streptozotocin-
diabetic rats. Korea J. Nutrition, 27, 833-891(1994)
Lee, J. S, Son, S. H.,, Maeng, Y. S., Chang, Y. K. and
Ju, J. S. : Effects of buckwheat on organ weight, glu-
cose and lipid metabolism in streptozotocin-induced
diabetic rats. Korea J. Nutrition, 27, 819-827(1994)
Koh, J. B. : Effects of raw soy flour and magnesium on
serum glucose and lipid metabolism in streptozotocin—
diabetic rats. J. Korean Soc. Food Sci. Nutr., 25, 963-
968(1996)

. Koh, J. B.: Effects of raw soy flour(yellow and black)

on serum glucose and lipid concentrations in strepto-
zotocin—diabetic rats. J. Korean Soc. Food Sci. Nutr.,
27, 313-318(1998)

. Kakade, M. L., Hoffa, D. E. and Liener, 1. E. : Contri-

bution of trypsin inhibitors to the deleterious effects
of unheated soybeans fed to rats. J. Nutr., 103, 1772-
1778(1973)

Baker, H. ], Lindsey, J. R. and Weisbroth, S. H. : The
laboratory rat. Academic Press, Inc., New York, Vol.
I, p.123(1984)

Goodman, A., Goodman, L. S. and Gilman, A. : The phar-
macological basis of therapeutics. 6th ed., MaCmillan,
Publishing Co. INC, New York, p.1615(1975)

Koh, E. T., Mueller, J., Osilesi, O., Kenhans, A. and
Reiser, S.: Effects of fructose on lipid parameters in
obese and lean, diabetic and nondiabetic Zucker rats.
J. Nutr., 115, 1274-1284(1985)

(19994 24 99 A4



