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ABSTRACT

This study was conducted ro investigate the effect of fructooligosaccharide on intestinal flora, lipid metabolism and immune
response. Thirty two male rats of Sprague-Dawley strain were divided into two groups according to body weight. Each group
was fed the diet containing 2% cholesterol or the normal diet, respectively for 4 weeks. Each group was again divided into two
sub-groups and they were fed with the diet containing 5% of sucrose and fructooligosaccharide, respectively for 8 weeks. The
number of bifidobacteria slighr increased, but not significantly, in oligosaccharide groups. Plasma total lipid concentration in
cholesterol group was significantly increased compared to the value in normal group. Dietary oligosaccharide decreased plasma
total lipid concentration and triglyceride concentrations in normal group, but not in cholesterol group. Fecal lipid excretion
was higher in cholesterol group than in normal group. Fecal cholesterol concentration in cholesterol-oligosaccharide group was
significantly increased compared to other groups. Cholesterol had slight effects on TBARS and the immune status, but dietary
oligosaccharide had no effect on these variables . The results in this study suggest that dietary oligosaccharide had no effect on
seram and liver lipid profiles of rats fed high cholesterol diet but increases the fecal cholesterol excretion. (Korean J Nutrition 32

(2) : 129~136, 1999)
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Table 1. Composition of the experimental diets (g/Kg)

Group Ns" NO cs cO
Corn Starch 529,486 529.486 509.486 509.486
Casein 200.000 200.000 200.000 200.000
Sucrose 100.000 47.370 100.000 47.370
Fructooligosaccharide 52.630 52.630
Soybean oil 70.000 70.000 70.000 70.000
Fiber 50.000 50.000 50.000 50.000
Mineral mixture” 35.000 35.000 35.000 35.000
Vitamin  mixture” 10.000 10.000  10.000  10.000
L-Cystine 3.000 3.000 3.000 3.000
Choline bitartarate 2.500 2.500 2.500 2.500
Tert-butylhydroquinone 0.014 0.014 0.014 0.014
Cholesterol 20.000  20.000

1) NS : No Cholesterol +Sucrose

NO : No Cholesterol 4 Oligosaccharide

CS : Choleslerol+Sucrase

CO : Cholesterol+Oligosaccharide

2) Mineral mixture : AIN-93G mineral mixture(g/kg mix)15)

Calcium carbonate, anhydrous 357.00 ; Potassium phosphate, mono-
basic 196.00 ; Potassium citrate, tri-potassium, monohydrate 70.78 ;
Sodiurn chloride 74.00 ; Potassium sulfate 46.60 : Magnesium ox-
ide 24.00 ; Ferric citrate 6.06 ; Zinc carbonate 1.65 ; Manganous
carbonate 0.63 ; Cupric carbonate 0.30 ; Potassium iodate 0.01 ;
Sodium selenate, anhydrous 0.01025, Ammonium paramolybdate, 4
hydrate 0.00795 ; Sodium meta-silicate, 9 hydrate 1.45, Chromium
potassium sulfate, 12 hydrate 0.275 : Lithium chloride 0.0174 ; Bor-
ic acid 0.0815 ; Sodiumn fluoride 0.0635 : Nickel carbonate 0.0318
: Ammonium vanadate 0.0066 : Powdered sucrose 221.026

3) Vitamin mixture : AIN-93 Vitamin mixture(g/kg mix) Nicotinic
acid 3.000 : Ca Pantothenate 1.600 : Pyridoxine-HC! 0.700 ; Thi-
amin-HCl 0.600 ; Riboflavin 0.600 ; Folic acid 0.200 : D-Biotin 0.
020 : Vitamin B-12(cyanocobalamin) 2.500 ; Vitamin E(all-rac-o-to-
copheryl acetate, 5001U/g) 15.000 : Vitamin Afall-trans-retinyl pal-
mitate, 500,0001U/g) 0.800 ; Vitamin Ds(cholecalciferol, 400,000
1U/g) 0.250 ; Vitamin K(phylloguionone) 0.075 ; Powdered sucrose
974.655

Mg % B8

1. JEFEY AR

Sprague-Dawley Z % IFHE AF20lF AF5}17]
A 2% B¢ nFAR AN E HeAF] F, FFol 281+
27g @ HELS AT oJsle] Yejzfoz F Fo7 1o
g el zhzt lembeld &dsl 3 L FEl2EEo] 4o
£A9) 9%E E3d Holm o 3 F
24 ARFBIGIT 477 AV § oA E S fES F4US
Z+ 78 HE F ToE el & ¥ L] 4o
A 5%Z FAHH AHolg, U & £ FUT
dero] S Aol Fof 857 o] ARSI A E
£ 3 uiely A ASsla, 2840l 82 AREA
H e st AP Aol AIN-93 diet"E o7t HEH

ofl 2
112: o > o b

712 2elg FEetden, Q*E‘JJ— L AgH R Y I
EET a7 (A 1%11%1‘%)5 At WF HEZAA Aol

A7}, B Adgoa] A83 2o)e) AL Table 13
2} ey F H%/&] AR A7kl o) AF B £As)

QT AFYel W 2L Az AFL FFHA Heo] &
£¢ ARG
2. B, = IF HL HY

!

E2 stainless steel2 ¥ A
= &7 48217 Feke] Mg AFHENAT. EAL 4F7)
T ZE& ethyl ether® PFA|A 4
A oz AHeAT EH2 Algao| ol 2000rpmel

ozi ri fo

A 30T A dlo] 48T FPe e F U #
Mg A8 FFe -70TAN JFEE StAT A

T FA 7+ wo] A d e *‘1]5%4%,} 8 2AE &3
an 2L g8 uiE - 70T BERS stk A,
epldldymal fat fad® welulel FAE $4s+95, BF
L FAS ST F HgdEgE dAeta
3. HOEA FA g
Nv\j”cﬂz AR A 0, 2, 4, 874 SEge] A FE
& A3 E9g A3 Z AF st BT phosphate
buffere] 4ASEE 3413 3 bifidobacteria =8 uj
2] TPY(Trypticase Phytone Yeast extract medium)
A }cq 7\l ol A 3TCE 48A17F vfdket &



MI 1640(Sigma)medium £-2f¢f o] Eogl= =uke- 4
A& F scapel2 o843} single cell dispensiong THE
Aot AT R 9 23] M4 3 ok 10% fetal bov-
ine serume FH& RPMI 1640 &0 AFE do] 96
well round bottom microtiter plated] 2+ well & A&
F7F 2.5X10707t S =8 2+ wello] 100p4) 530},
7} well®] Con A(Concanavalin A, 10pg/ml, Sigma),
PHA(Phytohematogglutin, 10pg/ml, Sigma), PWM (Po-
keweedmitogen, 10pg/ml, Sigma)& 1004 A7}shg
I control wellel= mitogens FA718bA &9ct. 253
platex 37C, humidified CO; incubatorell A 72417t &l
FatEet. woke] U] 447k Aol MTT(5mg MTT/ml
PBS)E 104% ZF welld] 253la sjgo] k3] £ua
AEHE A T DMSO(Dimethylsufoxide, Sigma)E
7} wellell 1501 #7181 cell& 541 & 147 < she
aking3t ¥ ELISA reader(Multiskan Mce/340 MK2)&
492nmelA FRE=E FH39 ). mitogend] o AxE
A AT stimulation index= &kt

toven S O E
Stimulation index= M’mge"f‘ ;Z‘ = el {3

we
Mitogen& QA gE-Lwello) &3

5. 8%, o, HeY NELE B

HAe] AL FringsH % ¢Jdte] 2Aslgon, 3
A%} total cholesterol, HDL Zz2H1E % kit(45
AehHE o|g3k] ZAstArt. ke £X4L Bligh &
Dyelf‘jq 9g olgste] AL, TzHFZY T

2 kit(dFAHE o)&std 23 A& chloroform
Bl lﬂ&] A 0}9514 A9 FA 42 Bligh & Dyer
Pog 2EEGon ZH~HEL $238 A& chloro-

o]&

form §voll = kit(FEAPE ol-8ste] £455T).

6. 3%, M2 LeEYS| £

F7ge] #2182 (malodialdehyde)?) TBARSS] e
Yagi®g ol-83te] 33191 kel TBARSE Bucki-
ngham$B*& HE sl 25190}

7. 5@+, M BN aA By W B

Z‘#fé:rLQJr 7+9] Superoxide dismutase 242 Folcher
400 RS o] gsle] FAsI e B8 e] GSH-px

4/d& Paglia5?2] ¥PE7 Floches?e] WS o]-43]
FA39). 4d79) 749 Catalase F4L Johans-
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8. 1A
2 ccl—‘,l_.] ZE QE‘@-L}T‘:' SAS programe ©]-&3}h]
| 2~HE 489

% %j%‘s] E7= 2-way ANOVA #4231, &
AYPT FTEA 7Y F2l4€ Duncan's multiple range

testel <o Agatedet. 2T HATH 4% AT

Zo2HE 589 Aole ttestE o] &3 FAL

A%
dEEn 9 1%
1. 33N, Mo X Aoj2g

A7 7 TUY Ao AH T, AFEIE, Holase
Table 29} Zt} Qo] 2re L) M 23 g

& Wol el 437 Aol dHFe] wgten 53 F
H2HEL F TN T nT 4T 2o 43 o]
2AHp<0.05). 3+ FiordalisoT®9] Aol =2t
EZTuES A3 AL 2ojdH o] ke 4P
FHE B8] FeH 2ol glglort o ol HE A
& B B Ayele dXER] Zoivt AF T 2 4o
g2 STngoly SYLHEY HHd g2 G P
A eroket.
2. 3R

Table 3914 B& ule} Zho] 74e) BAlw S 26 3
7kl & frejA Ao)g Hol ZH2EE A3 e T2
& FAHT H3) frejF oz FALY, o) nEYx

HE Aolz Q3 zte] FA} fojH oz Zrhst vy
ATt A HE Aol 2 9] 4719] epididymal fat
pad, ¥]F, F4, A%L 250 ng AFH

Table 2. Weight gain and food intakes, food efficiency ratio for 12"

weeks (g/ week)
Weight gain Food intakes  Food efficiency ratio
NS 19.9+540°  304.9:+18.1°"  0.065+0.010
NO 18.6+=3.34 296.7+22.1® 0.063£0.011
cs 19.0£3.60 315.7£17.1° 0.060+0.008
o) 19.6+4.05 290.7+18.1° 0.067 +0.009
S.F* NS 0 NS

1) 4 weeks fed by 2% cholesterol containing diet or cholesterol
free diet-++8 weeks fed by experimental diet 2) Mean=5.D.(n=8)
3) NS : Not significant at a=0.05 4) Values with different alpha-
bet within the column were significantly different at ¢=0.05 by Du-
ncan's multiple range test. 5) Statistical significance of dietary fac-
tors was calculated by 2-way ANOVA © O : Effect of oligosacch-
aride is significant at 0=0.05 ; C : Effect of cholesterol is signific-
ant at @=0.05 ; OC : Effect of interaction between oligosaccharide
and cholesterol is significantly at #=0.05
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Table 3. Organ weight of the experimental groups wet weight(g)
NS NO cs co SFS
Liver 15.06+2.65" 13.69£2.111° 24.67+3.95" 25.89+1.96° C
Epidydimal fat pad 11.85+3.97 9.52+2.46 9.17£3.18 10.05+2.80 N5
Spleen 0.76£0.13 0.75+£0.15 0.724+0.08 0.79£0.11 NS
Thymus 0.29£0.05 0.31£0.08 0.29+0.10 0.29+0.08 NS
Kidney 4.180.57 3.75+0.55 4.03+0.69 4.02+0.60 NS

1) Mean=%5.D.(n=8)

2) Values with different alphabet within the column were significantly different at 0=0.05 by Duncan's multiple

range test. 3) NS : Not significant at a=10.05 4) Statistical significance of dietary factors was calculated by 2-way ANOVA : O : Effect of oli-
gosaccharide is significant at @=0.05 ; C : Effect of cholesterol is significant at «a=0.05 : QC : Effect of interaction between oligosaccharide

and cholesterol is significantly at 0=0.05

Table 4. The number of rat fecal Bifidobaéteria
(log colony forming unit(cfu) /g wet feces)

0 week 2 weeks 4 weeks 8 weeks
NS 8.83+0.14" 8.92+0.17° 9.21+039 9071+0.23
NO 8.83+0.14 8994025 9.11+037 9.37+0.30
CS 8.94+0.25 9.19+0.16® 9.14+022 9.18+0.26
CcO 8.94+0.25 9.25+0.23" 9.29+0.22 9.20+0.34

5.F* NS C NS NS

1) Mean£5.D.(n=8) 2) NS : Not significant at @=0.05 3) Values
with different alphabet within the column were significantly diffe-
rent at ==(.05 by Duncan's multiple range test. 4) Statistical sig-
nifi-cance of dietary factors was calculated by 2-way ANOVA ; O :
Effect of oligosaccharide is significant at @=0.05 : C : Effect of cho-
lesterol is significant at a=0.05 : OC : Effect of interaction betw-
een oligosaccharide and cholesterol is significantly at 0=0.05
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Table 5. Concentrations of plasma lipids

32(2) : 129~136, 1999/133

(mg/d! plasma)

Total Lipid Cholesterol HDL Cholesterol Triglyceride
NS 176.8+32.17 102.07 £18.62 57.72+24 32 50.38+13.93"
NO 156.0+25.0° 99.77 £17.38 68.16--10.00° 41,73+11.85*
Cs 23264456 123.42+42.23 31.87+ 7.46° 3401+ 6.06°
cO 297.8+79.0° 102.07+£18.62 3206+ 8.24° 35.05+10.28°
Sk C, oC N§¥ C C

1) Mean=*5.D.(n=8)

2) Values with different alphabet within the column were significantly different at «=0.05 by Duncan's multiple

range test. 3) NS : Not significant at =0.05 4) Statistical significance of dietary factors was calculated by 2-way ANOVA : O : Effect of oli-
gosaccharide is significant at €=0.05 : C : Effect of cholesterol is significant at =0.05 ; OC : Effect of interaction between oligosaccharide

and cholesterol is significantly at @=0.05

Table 6. Lipids concentration in liver (mg /g wet liver)

Total Lipid Cholesterol Triglyceride
NS 2507+ 479" 1.40+0.72" 6.62+3.52°
NO 2593+ 4.27° 1.77+012° 6.94+2.14"
co 96.48+11.65°  9.93+275  15.831+4.82"
cs 93.50--14.48"  14.01£12.5° 135 +£3.45°
SFY C C C

1) Mean=5.D.(n=8) 2) Values with different alphabet within lhe
column were significantly different at ®=0.05 by Duncan's multi-
ple range test. 3) Slatistical significance of dietary factors was calcu-
lated by 2-way ANOVA ; O : Effect of oligosaccharide is significant
at @=0.05 ; C : Fffect of cholesterol is significant al a=0.05 : OC :
Effect of interaclion between oligosaccharide and cholesterol is sig-
nificantly at a=0.05

B E 02 AFAE 5‘"%”5 A
N B AR FREIW) glE AR HEHD 9=
Fiordaliso5¥& 4ol £A <] 10% °ﬂ HIsl= zZetEL
2 mEe AAAQ AdA 163 2ok TEH

Fe] FAAANAL 25% TAEH o FH A EL 15%7)
Aaxdvin B usti glvt

e A
o] X, FH2HE, F4AY i dibs Ta-
ﬂ} 2ok, 7ol FANRE Y HE AHE 2A F
Hov o) ZH2HE B FHAAY GA SHLHE
’%;H o folder Frige = 7 UM a2z
7re] & FH2HEL ZHZHE AFTelM 28ng 4
H Al fFoFR1 Apole glovt WolAlw BEE ¥t
HFEaTS Aol AF FFATRIS of BF Zell~
o] ZhAEE Eihs o] @Yol AFEHD oY
H]ﬁl HATg E3shs ZATFE bile salt hydrolaseE &
o2 LA 2 EE FF4E deconjugation A
7 glycerine®]} taurine®] E—E‘J 4 fa g5t Es) A
g 2AA7H o)HEA HaE GF4E conjugated bile
acid 2v} AEFFHEo] oA AEF 54% &L o] A
ojZct, wghA 7He] FHLHE AH-E ST EN 8

Table 7. Lipids concentration in feces and absorption rate of Cho-

lesterol (mg/g dry feces)
Total Lipid Cholestero! absgrt;‘)(t)ilszter;?é(% |
NS 13.36+2.04™%  183+0.86° -
NO 16.28+9.50° 1.452£041° -
cs 58.94%3.66° 4304148 7676+ 9.79™
coO 55.19+6.02° 6.76+2.12° 58.47+11.41
SEY C 0, ¢, OC -

1) Mean+5.D.(n=8) 2) Values with different aiphabet within the
column were significantly different at a=0.05 by Duncan's multiple
range test. 3) Statistical significance of dietary factors was calculated
by 2-way ANOVA ; O : Effect of oligosaccharide is significant at o=
0.05 : C : Effect of cholesterol is significant al 0=0.05 ; OC : Effect
of interaction between oligosaccharide and cholesterol is significan-
ty at ¢=0.05 4)P<0.01({by t-test)

F SH2EE TES @R FE Z0R AUHI QTP

E daoMe EH2HE TN eelnge] 44
Al ZHAHE Go] Zidhe FEe] Y9} 22 7] 7]
g Aoe= HOM B 1FY BHE ¢l8) A vFes
o] Z2lo] I LERA] kol o]o] thgt ATt o =]
FZASE %f%

6. Mo AAEE X cholesterol® &4 &

o FAd s e adESel g 2 Table 7
of AXEEtr. FE2EE QHFEA MoRe] X )
Mko] 2 2EZ FAH Tl vaf 49 oltelut Bttt
B ZHAEHER 94 FY2EE ﬁ%ﬂ%ﬂl/ﬁ FeHe
= F7isteen ge2HE FAATAME e80T 4
Hel ME pol7} GElLEA] ggtont %—aﬂﬁzﬂl%; AF ol
M 2l ode 4E % 7o B U e aHEe] foF
o2 ot 2z FuUsEHE AHTY SH4HE FF
&5 Add vH g8y 4Ty EFU2HE 58]
F9F o2 vttt 7r il S 2HEo| Zd2HE AT
oA el AHA A AN HlE FgHe e
AD A6 B o Yy A2 Hoz9 ZH2HE
gl dge] Frlgozx ) FH2HE & Bolxle



134 /-22] 4] # 2} <A oAb

Ve g AXNE T ATt

7. Eoyn} Jtof MMEY

TEYAHEEFOE Q13 FHAgshs Pd W&lﬂr
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2t B d7343 €7 U TBARS AL AT 7t
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Ao ZH2HE HHTNA FelH o2 FUIsIAHTable
8). ManthaS*% Del BoccioS™¢] F7ollA A4 o]
s} ZHAHE #7} 2ol 23 TBARS 442 2A 7F
stz Bustn e ¥ AFAAgNME et F
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Table 8. Thiobarbituric acid reactive substance levels in plasma

and liver (nmol)
Plasma Liver
NS 0.22+0.01" 0.36+0.06"
NO 0.19+0.06 0.40+0.79°
Cs 0.17£0.05 0.69+0.29°
CcO 0.16+0.06 0.81+0.59°
S.F" N5? C

1) Mean+5.D.(n=8) 2) NS : Not significant at &=0.05 3} Values
with different alphabet within the column were significantly diffe-
rent at a=0.05 by Duncan's multiple range lest. 4) Statistica! sig-
nificance of dietary factors was calculated by 2-way ANOVA ; O :
Effect of oligosaccharide is significant at @=0.05 : C : Effect of cho-
lesteral is significanl at ®=0.05 : OC : Effect of interaction betwe-
en oligosaccharide and cholesteral is significantly at ©=0.05

Table 9. Antioxidant enzyme activities of erythrocyte and liver

50D/ protein  GSH-px/ Catalase/
w'/mg)  proteinu”/g)  protein®
Erythrocyte NS 0.22+0.08" 15.68+8.04 633.6--239.9
NO 0.260.06 21.25+7.58 685.2%x165.5
Cs 0.34+0.11 17.02+8.15 B865.4+207.3
CcO 0.21£0.06 10.70+2.36 553.2X£284.2

S NS? NS NS

Liver NS 1.21+046"" 469+158  4.1=1.4%
NO  1.164029°  43.1+215  3.1+08°
CS  1.56+023" 437+ 82 5.0+1.3
CO  1.59+038" 447+ 5.2 3.7+1.3"

8. Mgye Mo FNgar T

#atsl 849 Superoxide dismutase(SOD). Glutat-
hione peroxidase(GSH-px), Catalase®] B87A¢] 24
2 APF el F9A Aole HeolA] @tk (Table 9).
Tzl el e] #42 SODE FHl4HE A 9%
2 ZY2HNE AHATIA 2% Catalase 92 9L
T AT fre)d e g A vehgtHTable 9). Del Bo-
ccio §9& E7A aAgA o], | 2HE 2olE A&
o kst &40 WEE AES A7 SODg GSH-pxd
gge A AEHARE Qs Fr7lstger Catalaser
o) Zrasigcka Buska glon od Hik= B
M £4¢ QoA dcta stgnh, B AgdA AHE
Fo| FAsas B Ze2HEd 2HaT HH B
& A BT TPl SODE ﬂaﬂfﬂiﬂg— 2ol
o) &4o] Fhslin 2HE 43
o ¢J3} ol Catalase %"é% w30 —ﬂ‘w‘é 2345 B
FaAt.
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Eolld & e veERiou felAel zkels gl
PHAZ AR83819E tic 48T 74l Zhol7} vehA] %}“9
v} 2x B-Al¥e] F4& Ak PWM tig 23
ZH2HE 4FTo] FlHe R ugten 1 FME 4
B AF3 ol nde FHAY Toll vzt B2 A
veldc}, Roselaars ™2 S| 2828 83 Eﬂ]
oA MEejNg A THo] T4 1"1
ghe AL F7HA T E.ﬂé} s
A
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o

S.F. C NS o]

1) Mean=5.D. 2) NS : Notsignificant at ¢=0.05 3) Statistical sig-
nifi-cance of dietary factors was calculated by 2-way ANOVA ; O :
Effect of oligosaccharide is significant at a=0.05 : C : Effect of cho-
lesterol is significant at a=0.05; OC : Effect of interaction betw-
een oligosaccharide and cholesterol is significantly at «=0.05 4)
Tunit is defined as by the inhibition of cytochrome C reduction by
50% 5) Tunit=Tpmol NADPH disappearance/min 6) nmol formal-
dehyde utilized as standard/g protein 7) Values with different alph-
abet within the column were significantly different at @=0.05 by
Duncan's multiple range test.

Fol @2y ak-$e) Z27] ?_1 Peyer’s patch
Table 10. Mitogen stimulation index by MTT methods
r"é‘;:)%gr?s'; ConA/Control  PHA/Control  PWM/Control

NS 1.34+0.11" 0.88+0.17 1.05+£0.07*
NO 1392047 0.96+0.16 1.02:£0.17°
cs 1.18+0.10 0.96+0.08 0.85+0.03"
coO 1.154+0.23 0.900.10 0.97 +0.06"
S.FY NS? NS C

1) Mean=+S5.D.(n=8) 2) NS : Not significant at «=0.05 3) Values
with different alphabet within the column were significantly diffe-
rent at ©=0.05 by Duncan's multiple range test. 4) Statistical sig-
nifi-cance of dietary factors was calculated by 2-way ANOVA : O :
Effect of oligosaccharide is significant at @=0.05 : C : Effect of cho-
lesterol is significant at a=0.05 : QC : Effect of interaction betw-
een oligosaccharide and cholesterol is significantly at @=0.05
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