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Dose-Response of Chitooligosaccharide on Gut Ecology and Lipid Status in Rats
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Dept. of Food and Nutrition, Dacgu University, Gyeongbuk 712-714, Korea

Abstract

This study was carried out to investigate the dose-response of chitooligosaccharide (with a molecular weight
of 1~3 kDa) on antimicrobial activity and lipid lowering functions in rats. Sprague-Dawley male rats were
given experimental diets containing 0 (control), 0.5, 2, or 5% chitooligosaccharide (COS) for 5 weeks. Weight
gain and food intake were significantly lower in rats fed 5% COS than control rats and rats fed 0.5 and 2%
COS. The numbers of fecal bacteria, including bifidobacteria, lactobacilli, bacteroides, total anaerobes, and total
aerobes, which reflect gut microbiota, were significantly decreased in rats fed 5% COS. Plasma triglyceride
concentrations significantly decreased in a dose-dependent manner in rats fed 2% or 5% COS, while plasma
total cholesterol was not significantly different among groups. The hepatic concentration of triglycerides was
lower in rats fed 5% COS, and fecal triglycerides significantly increased in rats fed 5% COS. These results
indicate that 5% COS supplementation in a diet may exert antimicrobial activity in vivo, and inhibit the pro-

liferation of typical gut microbes, while lowering lipids.
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Lee (7)< $¥ = 2~8 DP9 7| L2
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7F A& ¥, 7ELYaT o] Qe y 59 AT W
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Table 1. Composition of experimental diets (g/kg diet)
Lo COSs COs COS
Ingredients Control 05% 20 5%
Constarch 379.5 379.5 379.5 379.5
Casein 200 200 200 200
Sucrose 120 115 100 70
Soybean oil 50 50 50 50
Beef tallow 150 150 150 150
Fiber 50 50 50 50
Mineral mix 35 35 35 35
Vitamin mix 10 10 10 10
L-Cystine 3 3 3 3
Choline bitartrate 2.5 25 2.5 2.5
cos” 0 5 20 50
Total 1,000 1,000 1,000 1,000

DCOS: Chitooligosaccharide (mol wt: 1~3 kDa).
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A A1 31 73+ phosphate
buffero| A 723} A]A 3] 235} At} Bifidobacteria, lacto-
bacilli, bacteroidesZS Z}2z} BS(Bifidobacterium-selective)
agar, MRS(Man, Rogosa and Sharpe)(Merck & Co., Inc.,
Darmstadt, Germany), VA (vancomycin-added) medium®]
A 37°C, 72A17F E<F Anaerocult® A(Merck & Co., Inc.)E
AH-g-3le] v k3 TH(25). Total anaerobes®} total aerobes

£ BL(glucose liver blood) agaroll Al 2tz @714 2 5 7]4
Z1& 93] 37°C, 72217t ¢ Hﬁoko}"% A & 53
star A E Fete] £W 1 g T E Al logi
colony -forming units(CFU)Z YEel 3\’1‘:}(26).
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o F FH 2" EY 44X, HDL-C(high density
lipoprotein cholesterol) FEv =348 AAA%(Asan

pharmaceutical, Seoul, Korea)S ©|&3le] ErnjdHog
2t2} 9k 500 nm, 550 nm, 500 nmol| A HIA A 7 5F] o,
LDL-C(ow density lipoprotein cholesterol) &=+ A& =
A X E ©]&3F Friedewald 2(27)0] w2} FZY 2=

(HDL-C+FAAE/H)E o] &3t Astatdth. @49 glu-
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tamic pyruvic transaminase(GPT) 42 transaminase =
A8 Al 2F(Asan pharmaceutical) S ©]-83}¢] 505 nmol A
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F 27 1 gol Y94 2 mLE ¥o] homogenizer
(Glas—Col, LCC, Terre Haute, IN, USA)Z EEoA +&
33t Th5, Folch 5(28)9] W& o] &3l & AdS F=
It WE Bas BHS T2 dxV)dA o] 2 o
M2 AZA713L FA B F 05 g& FH3+ Foleh 5
(28)9] WHE o] g3t F AEAE FE3YT 1k =4
EHOZHE FE3 AW FAE AMESY frE0E
A A F triton X-1007 o gkl &-3)|A]1A(29) 4 A4
BEA8 A2 9% (Asan pharmaceutical) & AMg3le] & 2
d2HEH FAAYS S45AT B & gFEAe A
Z B3 WS 21831 Crowelldt Macdonald® (30)el <]
& =23 & 2 GFA BAL 3§ A A ¢(Bio-Quant Inc,

San Diego, CA, USA)E ©]&3}4] 540 nmdll A SA 3T
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57 &t ARAAE AHANZ FY 27 AT, HF
Az, AsFS7HE Aol 2 2ol & & (food efficiency
ratio, FER)- Table 29} 2t} COS 05% 73 COS
2% FH7tre dxzwH AFEUt HAoldAH, Holasd
A ZFol7} ASAAIEE, COS 5% H7MEe A S5F57H, 4ol
AHHF L Hojggo] =79 59.8%, 80.6%, 72.7%
o2 FosA wpth AF 100 g¥ 1H] FA= #3F 79

A|Zre 3 Frol gk xpolE RolA eFtH(Table 3).

B Aol A ALE-3 Aol AgghEFo] 20%0) s Fet=
A2 ololtt, B F o] A FF U] COS 2% H 7oA
= T3} 2ol 7} gl ey, COS 5% A7kl e 2
3] 23t ol ¥ A= nFH 2EHE 2ol £4)
~20 kDa 7| E&8 135 40]9] 1% = 2%= 7}
A A A FF7E, Aol HZ, FERAA F92<
NLS-(20)7 FAFSFA T Tanaka 5 (3)-& BALB/c mice
o] 30~50 kDa 71 E4HS Ao]d] 5% FFo2 A 7 4
3 A&o] I o= AF Fa} FosA FBAEE
et B3 Yt Choi 5(31)2 35 kDa 71 ES8|1
e A o) 1%} 3% o2 Hrlet 2o)& /i€
Fos A7 3% HUbol A Aol FHFR A dAFS
z}ol7) glod = Bslal AT o] 16% AT B s}
Aok Kim¥ Seong®] A7(21)e) oJatd T4 S F| A
A B2 #0674 kDa)o] 7| ES 23S 209 10% FE2
2577 g9 27 7 ELY Y AT Aol dHFH
2olg &L 2T Fo 3 o] E HolA| gkttt o]te
Ao A 1 kDa "|5re] AEAFe] JEL21d-S AF
F7He AAEA o, EXFo] 1 kDa oo 2 AYe}
T 2o]9 2% Hr7te A dFE vAA ¥e X3t

B AT 1~3 kDa 7IE2 13- 2]o]9] 5% F=F9
A Aol dAE A, HolEE A B AFFUE FAE
HQEH, Choi 53] AT E 3 kDa 7| ELE] 170
3% FEAA AF FAE YEAY o|AHH JELYLT
o] FHETF FF5 HoldHFe] 1 AT 7P HotA
JIELE 1o = wet AF Wl thgt &F-ukE
39T A E AoE wodrh

gk zpol7t gle whHol WA A, &A%l FA9F Aol A COS 5% H7Mel A AF 100 g &3] FA £
COS 5% H7hro] o Fol i8] folsHl =3oh & 53¢ dol7t & ol HF) Fo3tA w2 A JFEZF(E2)Y
Table 2. Body weight gains and food intakes of rats
Group Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day) FER (g/g)
Control 156 +5.34" 451 £ 34.82° 7.01£0.76" 21.09+1.40" 0.3340.03"
COS 0.5% 154+7.52 466+ 22.28" 7.44+0.57° 21.43+1.13" 0.35+0.01°
COS 2% 155+7.91 438 +42.53" 6.73+0.91° 20.64+1.73" 0.33+0.03"
COS 5% 150+18.48 326+83.20 419+2.14° 17.00+2.46" 0.24+0.10°

Values are mean+SEM for n=8.

Values in the same column not sharing common superscript letters are significantly different at p<0.05.
COS: Chitooligosaccharide. FER: Food efficiency ratio. NS: not significant.

Table 3. Relative weights of digestive organs, gut transit time and fecal weight

Group Liver Cecum Small intestine Small intestine length Gut transit Fecal weight
(g/100 g BW.) (g/100 g BW.) (g/100 g B.W.) (cm/100 g B.W.) time (hr) (g/day)
Control 3.24+0.16™ 0.49+0.15" 1.374+0.09° 27.34+2.20° 10£1.20™ 2.75+0.38"
COS 0.5% 3.45+0.29 0.51+0.08" 1.40+0.09° 2676 +1.17° 124141 2.85+0.25"
COS 2% 3.32+0.21 0.58+0.14 1.5040.08" 28.43+2.46" 11+2.77 3.24+0.48"
COS 5% 3.47+0.45 0.91£0.42° 1.96+0.52° 39.59+10.63" 11£2.50 3.00£0.72

Values are mean+SEM for n=8.

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

COS: Chitooligosaccharide. NS: not significant.
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bifidobacteria, lactoba—
cilli, bacteroides, total anaerobes, total acrobes ¥+ thHZ
T, COS 05% 7k, COS 2% A7t 7roll= #2138k 2}o]
7F Sl e, COS 5% H7htol A fosiAl 343t Ath 7]
ELng HIk g Al 9 74 &3+ total anae-
robes®| Hl3] total aerobesollA] © =LA EMSTH

In vitroo| A 75 kDa 71242} 7~10 kDa low-molar-
mass 7] E4HE bifidobacteria strain®l sl S24 A&
Ef 1o, 5 kDa PIRHe] 7| E& @ aid-2 d3ko] fidth
(18). Jeon 5 (15)% &A#=(10 kDa), FZHEA#(5 kDa)
9 A1 kDa)o] 71 EL o] it S5 vus
A3} 0.1% FxolA A8 ¥ Gram-negative®} Gram-pos-—
itive AT B FAITol ik 474 A S e,
DEAFAA A4 vt o Zoka Bttt v
Lee 517 T¥= 2~8 DPY 71ELE| 13 v X|ol|A] bi-
fidobacteria®} lactobacilliZ} F43tHoH, 71 ESE 1T
Fx7} Z7}3H4A bifidobacteria % =71tk B 113}
o Jeon 5(15)9] A@ATd+= e A5 B ¥
NELYnFS AFHT T in vivo FU ATl v X< 3
Ao B3 A+= =EY. Wang 5(34)2 7| E&E]
(210]9] 05%) 7t 2lol& HAANA | 23 AT =
ZFA2 3 A 9 lactobacilli ol 93S v XA i
RAstATh B AT 1~3 kDa 71 EL22F-2 2o]9]
2% FENAE F Aol e, 5% FEAM = tE
el A & 7)A T2 bacteroides 2 A &77F = A
eSS Btk o}y e}, bifidobacteria®} lactobacilli= & Al
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Table 4. Concentrations of fecal bacteria in rats fed different doses of chitooligosaccharide
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sttt ole} 2o A EAF 30~50 kDa 71 EARS
05%%} 5% FELZ LFolA 145 Bt AF A AFHA
71 A3 71 E4F 5% o] 0.5% 7ol HlE)] #1 2] bifidobac—
teria ¥ lactobacilli & ZFAA| ATl B 313 Tanaka 5

(3)9 Azsh FAre A

e T ESE e v S B9 WAYFL
st B AR AkA, AdE WAYSFE 7B
NNEZTaTe] vdE Azete] FRHE WA U
&0 FFE A AZPES FEE oI A
A Fohs Roltk(3H). V1B FA1e] s u
= 422 amine 719 g Ao)H(36), FAte] 7=

golAgsl el T3 Jxo vl sy, 85~95% EolM gz}t
7F Huo] drE S AFSu@r). 7B gt &
e AT AlxE o st Ao we o F Aed,
Gram-negative bacteriax= Gram-—positive bacteria®l H] 3|
MEEAS S8t £3x7}F o FobA 7| EEE T Gram-
negative bacteria 8ol F&317] H9 o =2 I &4
< 7HAA "5(35). Z2AS AAdste s AUl Aad
bifidobacteria®} lactobacillit= Gram-positive HHE]&]o}21
WA | bacteroides= Gram-negative bacteria®]th. & A7
oA 7IEEEFo &l WE Y mAE F2 A
E37} 0~2% &l vl 5% §-FA 7)Aol vl 3
714+, 28la U Fw <] bifidobacteria®} lactoba-
cilliell B3} Gram-negative bacterial] bacteriodeso| A ©

A YEbstt

zol7h gtk $4AW F== COS 2%
5% 7ol ol Hl &

H, &g §7Fo] Fo =
ojx¥ ¥ FezHE vAe 7 ELYFe] ARt
FEehA e wtdo), g3 FAANE UFE £
a3+ 530 Yehdth 8% GPT 844 COS 5% 3
oA ol His) 2 A =gt AF A FFE 2o
5% FF9 NELTnTE kg AF

A 2 g ool fdetH, o] &Fe 2
A 71 EAY NES o] dAddF#2)9] 50~1008)
o] FFo) Pt e B At =

Y
g
fu
p\o
)
X
(r rle
ol
%
[
e
ol
v

R

(logio CFU/g feces)

Group Bifidobacteria Lactobacill Bacteroides Total anaerobes Total aerobes
Control 8.46+0.13° 8.44+0.18" 959+0.13" 7.30+0.08" 9.44+0.04*
COS 0.5% 855+£0.17° 8.48 +0.45" 9.45+0.11% 7.17+0.23° 9.37+0.06"
COS 2% 8.59+0.14° 857+0.29" 9.61+0.10° 7.03+0.34° 9.36+0.07"
COS 5% 7.12+0.20° 7.10+0.63" 7.84+054° 6.97+0.36" 7.93+0.18"

Values are mean+SEM for n=8.

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

COS: Chitooligosaccharide.
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Table 5. Plasma concentrations of lipids and GPT activity

Group Triglyceride Total cholesterol HDL cholesterol LDL cholesterol GPT
(mg/100 mL) (Karmen)

Control 86.29+32.73° 65.80+22.99N 17.79+5.01 30.84+15.20% 10.88+3.87"

COS 05% 70.76 +15.06™° 59.87+9.39 14.48+2.38 31.24+7.68 12.88+5.28"

COS 2% 56.05+20.58" 64.88+15.26 1554+4.41 38.13+9.26 13.00£6.00°

COS 5% 47.41+11.35° 60.54+14.37 13.58+3.32 37.47+11.74 21.13+7.92°

Values are mean+SEM for n=8.

Values in the same column not sharing common superscript letters are significantly different at p<0.05.
GPT: Glutamic pyruvic transaminase. COS: Chitooligosaccharide. NS: not significant.

Table 6. Hepatic and fecal concentrations of lipids

Liver Feces
Group Total cholesterol Triglyceride Total cholesterol Triglyceride Total bile acid
(mg/g) (mg/g) (umoles/g)
Control 1.01+0.41% 13.52+£4.37" 0.84+0.27" 0.3240.06 30.28+14.53"
COS 0.5% 0.94+0.66 16.19+5.93° 0.68+0.34 0.29+0.12° 40.96+6.81*
COS 2% 0.92+0.24 11.71 +553® 0.70+0.24 0.42+0.10™ 2756+11.07"
COS 5% 0.63+0.24 893+4.52" 1.1140.42° 0.54+0.25% 20.54+12.66°

Values are mean+SEM for n=8.

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

COS: Chitooligosaccharide. NS: not significant.
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