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Effects of Oligosaccharide-Supplemented Soy Ice Cream on Oxidative
Stress and Fecal Microflora in Streptozotocin-Induced Diabetic Rats

Bo-Young Her, Hye-Young Sung and Young-Sun Choi'
Dept. of Food and Nutrition, Daegu University, Gyeongbuk 712-714, Korea

Abstract

We have investigated physiological effects of soy ice cream with oligosaccharide on oxidative stress and
fecal microflora in streptozotocin-induced diabetic rats. Parched soybean powder (7.6%, w/w) substituted
skimmed milk and cream, soybean oil (7.6%, w/w) for milk oil, and fructooligosaccharide (9.5%, w/w) for
sucrose. Five types of ice cream were prepared: regular, oligosaccharide-supplemented regular, soy, oli-
gosaccharide-supplemented soy, and oligosaccharide-supplemented black soybean ice cream. Freeze—dried ice
cream was supplemented to AIN93-based diets at 30% (w/w) containing 6.5% soy and 4.5% fructooligosaccharide.
Diabetes was induced by intramuscular administration of streptozotocin, and experimental diets were given
for 4 weeks. Plasma concentration of thiobarbituric acid reactive substances (TBARS) was significantly
increased in the diabetic rats compared with the normal rats, then was significantly decreased with feeding
S0y ice cream containing diet compared with regular ice cream containing diet among the diabetic groups.
The levels of TBARS in liver were decreased in the rats that were fed either soy or oligosaccharide ice cream
compared with the rats that were fed regular ice cream. Erythrocyte superoxide dismutase activity was
significantly increased in the rats fed soy ice cream compared with the rats fed regular ice cream. Erythrocyte
glutathione peroxidase and catalase activities were significantly increased in the rats fed black soybean ice
cream. Fecal concentrations of Lactobacilli were significantly higher in the rats fed soy ice cream and
oligosaccharide-supplemented soy ice cream than that of the rats fed regular ice cream. Fecal concentrations
of Bifidobacteria were significantly higher in the rats fed oligosaccharide-supplemented soy ice cream than
that of the rats fed regular ice cream. In conclusion, oligosaccharide-supplemented soy ice cream suppressed
lipid peroxidation and improved the gut microbiota in diabetic rats compared with milk-based regular ice cream.
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Table 1. Ingredients and macronutrient composition of ice creams

ZAZXAA AIN-93 Ao](16)]

jN
Ice cream

Ingredients MMS MMO SSS SSO BSO
g (%)

Soybean” - - 8 (7.62) 8 (7.62) -
Black soybean - - - - 3 (7.62)
Skimmed milk 4 (3.81) 4 (3.81) - - -
Soy oil - - 8 (762) 8 (7.62) 8 (7.62)
Cream” 35 (33.33) 35 (33.33) 8 (7.62) 8 (7.62) 8 (7.62)
Oligosaccharide” - 135 (12.86) - 13.5 (12.86) 13.5 (12.86)
Sugar 10 (9.52) - 10 (9.52) - -
Milk 55 (52.38) 51.5 (49.04) 70 (66.66) 66.5 (63.32) 66.5 (63.32)
Gelatin 0.6 (0.58) 0.6 (0.58) 0.6 (0.58) 0.6 (0.58) 0.6 (058)
Emulsifier 0.3 (0.29) 0.3 (0.29) 0.3 (0.29) 0.3 (0.29) 0.3 (0.29)
Vanilla essence 0.1 (0.09) 0.1 (0.09) 0.1 (0.09) 0.1 (0.09) 0.1 (0.09)
Total water, % 06.2 66.5 65.0 65.2 65.2
Carbohydrate

Sugars, % 9.5 4.4 9.5 44 44

Fructooligo- 0 5.2 0 2.2 5.2

saccharide, %

Others; % 5.4 52 6.4 6.3 6.3
Lipid, % 14.1 14.0 14.2 14.0 14.0
Protein, % 4.0 39 4.2 4.1 41

YMMS: Regular ice cream (skimmed milk, milk oil, sugar).
MMO: Ice cream with oligosaccharide (skimmed milk, milk oil, oligosaccharide).

SSS: Soybean ice cream {soybean, soy oil, sugar).

SSO: Soybean ice cream with oligosaccharide (soybean, soy oil, oligosaccharide).
BSO: Black soybean ice cream with oligosaccharide (black soybean, soy oil, oligosaccharide).

Dparched soybean powder composed of soy protein 23.3%, soy oil 19.8%, and fiber 4.8%.

3)Liquid cream composed of mlik oil 37%, water 57.7%, and milk protein 2.1%.
4)Oligosaccharide syrup composed of fructooligosaccharide 4196, water 25%, and the rest of it, glucose and sucrose.
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30% FFoer AT AFAe] F dF 2 65
g/kg, fructooligosaccharide ¥8-2- 45 g/kgol| ) %slsich.
572 ¥ Sprague-Dawley & $% 3z 60vle] & 15749
T AR ASAR F FAS R FEE FeE
FbslA] ok AAFE(Normalell 1072l S wiA 8l v
-(Diabetes) % 107}e] & w4 311}, Streptozotocin(STZ)
% 0.1 M citric acid buffer(pH 4.5) § )] 48§47 & A=
kg% 50 mgg o Foll Foatn JATFAA L FuFe 01
M citric acid buffer $H-& Foi3}g o], Fojd Re] A ¥
Alo] & Alzteted 47 Ft KA A F T AT dubole]
237l MMSE A#HAZAY B fEd24E d5d
F malygdo 2y dNL e E2-S =4 (Superglu-
cocard II, Akaray, Japan)3l*] % 3-8 #glslgi o,
o] & 13 AdA"E Azbel] AF-& Aok A 159
A 4d gk #8-& FA st FAE SR sle] 19 FHES
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thlobarbltunc ac1d(TBA)$} H}-2-3}od WA H thiobar-
bxturlc acid reactive substance(TBARS) %f-& &7 8} mal-
ondialdehyde(MDA) %22 vetiict. &Abe) 4 2] TBARS
k2o TBARS kit(Oxitex, USA)E o] £-3}of &4 3t}
2 50 UL #8te] 532 sodium dodecyl sulfate(SDS)
Solution% 7}y&} 2, TBA buffer 1.25 mL-E 7}3F 5 95°Cef| 4

6057 wr-2- A v}, Al 2o 4] 1087k W2k F 3,000 rpmell 4]
15327F Al ¥l sle] doiz AEF9-E 532 nmollA #]AA
2Fatglch. 2124 05 g2 PBS(50 mM) 3 mLel| @3 287

TASE 3 50 uLs #Aste] A7 FUd W oE F
2] SDS solution® 7}3t3 TBA buffer 1.25 mLE 713 ¥
95°Cell A 60%7F k-8 F w4 afstgict.
SOD &4 x A : dZe]Ad oA pyrogallol®] =5
0] £-gF Marklund$} Marklund(17)<] ®}
+ AT A EAEE ST AT E 499
FTE SEA) F, F7TE 100 343l Aadow
Agshel T, 320 nmoll A 2% B9t E}EE A stgon
540 84S 1% 52t pyrogaloll®) 2}E44EE 50% A Al
e 875 = E..:_«] = 1 unit2 A4bsto] daAgko
2 3Astgc}. 723 05 g& 025 M sucrose(0.5 mM

- H94

EDTA, 50 mM PBS, pH 7.4) 5 mLel| ¥ 2 287k F-A 34|
7] ¥ 12,000 rpmellA 2087k *'—‘?—ﬂs}‘ﬂﬂ FEN e
PBS(10 mM)oll 1280 &4 8ke] AP 02 AHE-3}gl on]
Yo} A W oe R H4¢ wélié Ao s u
A3kl et

GSH-Px A% 53 : @39} 7ke] GSH-Px 84 %

+ Flohé(18)8] W& 44 3te] S agdrct. AP 75 4wl
o) ZH,2 $E A7) F FF42 34% A ¥ FE Drabkin
49 (3.2 mM KCN, 24 mM KsFe(CN)g, 47.6 mM NaHCOa)
o2 1:19 v &2 E43 F 402 A3 GSH-

Px7} H:0: & A7 3184 4259 GSHE 93 22 234
7]=d] 2 28 NADPH ¢F% 340 nmell A A s gdct. 4
gAL 18 29 1 pmole NADPHE 4H3HA) 7] & &40 o
2 1 unit2 AAREFG o G Aleke 2 B sl h2
A 05 g8 025 M sucrosedl] YL 287 #AFAZ F
12,000 rpm, 4°Coll 4] 208-7F 14 H-a) sl gl o}, AbZ= o & o} A]
20,000 rpmel A 608-7F YA Eeld FASH S ALgoR
;\}s%}oa o) u:} pal tﬂ—?—&}, 5%@-} Holr\ﬂd o2 Z':Zé%‘} 73}:% g_]—u,q
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Catalase 3 X 53 1 Achi(19)9] Wil wha} 2+
o} 719 catalase 825 SA stk AEF-E 40l S F
+2 £8A71 3 50 mM PBS(pH 7.0)2 5004 3] 4 5o
f40® A3 e, 30 mM Hy028 3 718he] 240 nm
o)A 2% % FREE & 5}93‘:} are 8L 1¥
o+ HyO2 1 umole-S ¥-31 A7) <& 1 unit2 Al4Fs}a v Al
goz wAsEeh k24 05 g& PBSG0 mM)el ¥ i
227 FAFAR F 2500 pmel A 1027 4432843
t}. A4Z8-& 50 mM PBSE 250u) 34 sle] Ao A}
S3tx, AEFe} FAR W o m SAE S e
2 BARshgdr}

A v A EEA B v AYE 542 Hartemink 5-
(20), Ji 3(21)7}F Maeng 5(22)2] WS- o] 88} 2434
k. 34 19 Ao AT £ 05 g& P phosphate
buffer(pH 7.0, 0.1% polypeptone) 4.5 mLZ 3 3} s} ).
Bifidobacteria, Lactobacilli, Bacteroides® %3 3}7] ¢ 3]
Z+7z} RB(raffinose-bifidobacterium), MRS(de Man, Rogosa
and Sharp), VA(vancomycin-added) Wl X] & A}-&-3}5 o.n],
w2 9] 7] 244 -2 Table 29} v}, AZH wix]eo] F£H-L
23} - anaerobic jarel] ‘@¢] 37°CollA] 72X 7F 71 - o2
kA7 F g8 SAsg e, FAuleE Fate] £
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Table 2. Compositions of RB, MRS and VA" medium”

Agar c : Amount
medium ormponents (per liter)
Agar bacteridological No.l 180 g
D{(+)-raffinose 75 g
Sodium caseinate 50 g
Yeast extract 50 g
Lithium chloride 30 g
Sodium propionate 150 ¢
RB Sodium thioglycollate 05 g
Bromocresolpurple 1% solution 15 mL
Salt solution (g/L): 40 mL
MgS04 (0.2 g), CaClz (0.2 g), KyHPO4 (1 g)),
KH:PO, (1 g), NaHCO;3 (10 g), NaCl (2 g)
pH:6.6~6.8
Salt solution [: KoHPQ, (0.78%, w/v) 375 mL
Salt soultion I : 37.5 mL
KHPO, (0.479%), NaCl (1.18%),
CaClz (0.1296), (NH4)250; (0.20%),
MRS MgSOs - TH:O (0.25%)
Resazurin (0.19% solution) 1.0 mL
L-cysteine (C3HNQOQS - HCD 05 ¢
L-~ascorbic acid (25% solution) 2.0 mL
NaxCOs (8% solution) 50 mL
Agar 05 ¢
Lab-lemco powder (Oxoid) 24 g
Protenose peptone No.3 (Difco) 100 ¢
Yeast extract 50 g
Potassium phosphate, dibasic (Na;HPO4) 10 g
Glucose 15 g
Starch, soluble 05 ¢g
VA L-~cystine 02 g
Silicon antifoamer 1 mL
Bacto-agar 150 g
L~cysteine-HCI 05 g
Horse blood 50 mL
vancomycin 1.5 mg

pH: 7.6~7.8

URB: raffinose-hifidobacterium, MRS: de Man, Rogosa and
Sharp, VA: vancomycin—added.

“ref: 20-22.
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Fig 1. Plasma and liver lipoperoxides in streptozotocin-
induced diabetic rats fed ice creams.

Gooup: See the legend of Table 1.

Values are means with SE bar (n=10).

Values not sharing common superscript letters are significantly
different at p<0.05.
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Table 304 = upe} 2ol Mol FAAA 224
SOD, GSH-Px, catalase?] &X =& vl wg 23 = oh5-7
o) YT SODEA L SSST+o] MMSEell vl ske]
3 =9kth. MMO, SSO, BSO 5% MMS+-el ¥l 3] =2
Aeg ek

SOD+ AFEW 3§ 289 FAHER YA == super-
oxide radical-&- &4 ¥4 °ﬂ 2] & Zﬂ A 5L3E44 ) R
7FAEN EAE = AE
TH30). SODE A} &

o dlo
o

Fo] Qubofo]l Az Fol] Bl & EAAL} B AL vieh
gowz I ol g8 1i-g 383k ofo] AzElo] SOD &
ezl oz AP T At AEY 2 A} 7]
)

+ g 24k
A8 Tl A o] GSH-Px 4 %=E BSOTS A 9g »§
Fito]l AT £ 8 Aol glalov, BSOT kel A
4T B2 MMST visl A = f-28A 8k} Kim 5
(102 HFLud-s AAA7 Gz 4 GSH-Px
A 2ot hza]elel v]dte] foj3tA & & Blvh
sl o), B AFode &elawy i #AER
[

2453:[’- catalase 84 £ MMSTo] AATl v]3}e]

Table 3. Activities of antioxidative enzymes of erythrocytes
of streptozotocin-induced diabetic rats fed ice cream

G » SOD GSH-Px Catalase
roup (unit/min/mg protein)

Normal 106010698 8864142 357+0319°
MMS 9.48+0.555° 13.22+093°  2.15+0.305
MMO 10.93£0.741° 1034+155° 2.42+0477°
SSS 11.61+0.465" 1494+342°  281£0.374"
SSO 1119205907 1055+1.48°  2.83+0.397"
BSO 9.97+0.246®  2411+419°  3.71+0.712°

YSee the legend of Table 1.

YValues are mean™ SE for n=10.

v alues in the same column not sharing common superscript
letters are significantly different at p<0.05.
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Table 4. Activities of antioxidative enzymes of livers of
streptozotocin-induced diabetic rats fed ice cream

b SOD GSH-Px Catalase
Group N :
(unit/min/mg protein)

Normal 29,61 12,357 25.66£6.64 8.67%0.963
MMS 22651456 20.24+2.30 11.30+2.130
MMO 31.27£3.93 21.78£3.44 10.37+0.934
SSS 27172296 1850+1.23 9.73£1.909
5SSO 34.02+7.47 23.41%+3.26 11.19+1.372
BSO 29.01+4.30 24.07+6.37 11.44£1.166

USee the legend of Table 1.
PValues are mean®SE for n=10.
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Table 5. Weights of cecal tissue and content, and feces in

diabetic rats fed ice cream (g)

G i) Cecal tissue Cecal content Fecal

roup weight weight weight
Normal 0515100279 263720171  3.20410.203°
MMS 0.855T0.112®°  5711+£0.400° 5329+0.629°
MMO 0.929£0.057° 741510756 5.832+0.327°
$SS 0.79920096%  6.707£1.35%6™  685110.428%
$S0O 1.155+0.189° 8646+ 1.037"  6.004+0.424

BSO 1.022+0.103*

USee the legend of Table 1.

MValues are mean® SE for n=10.

¥V alues in the same column not sharing common superscript
letters are significantly different at p<0.05.

10.416+1.622"  7.695+0.889"
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Fig. 2. Fecal concentrations of Lactobacilli, Bifidobacteria
and Bacteroides in streptozotocin-induced diabetic rats fed
ice cream.

Group: See the legend of Table 1.

Values are means with SE bar (n=10).

Values not sharing common superscript letters are significantly
different at p<0.0b.
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