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ABSTRACT

In nature, two different types of fructose polymers (fructan) are generally found in dietary fibers; these are the fructose
homopolymers levan, which is of high molecular weight and is p4(2,6)-linked, and inulin, which is of low molecular weight and is B-
(2,1)-linked. The effects of levan and inulin on the intestinal physiology of rats were compared. Sprague Dawley rats were fed one of
three diets for 3 weeks: a control diet, a basal diet containing 7% of levan, and a basal diet containing 7% of inulin. Cecal
enlargement, together with the lowering of cecal pH, occurred in rats fed on the levan and inulin diets (p < 0.05). The levan and
inulin diets resulted in a two-fold increase in the amount of short-chain fatty acids in the cecum, when compared to the control diet.
The number of total microbes and of lactic acid-producing bacteria in the feces were higher in rats fed the fructan diets than those
in rats fed control diet (p < 0.05). The levan diet also significantly increased the cecal o-galactosidase activity by 3.8-fold, when
compared to the control diet, indicating that levan simulated the growth of Bifidobacteria in the cecum. These results show that
the intake of levan and inulin stimulated the growth of lactic acid-producing bacteria in the cecum and thereby improved intestinal

conditions in rats. (Korean J Nutrition 35(9) : 912~918, 2002)
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ZAAE AT Fodste WYos o
F4E Yo R FEdA . T F
AR E SEugdo] X3 o] glow, oy
o= isomaltooligo®, xylooligo®, galactooligo@. 5
oligo?, fructooligo®d, lactulose, lactosucrose, raf-
finose, palatinoseoligo® S-°| it}

8, AAol EAshke Aol Fl F8 33 T
A(fructan) 2& ewka} o]Edo] glon, o]EL g 2
71¢] A3 EolA t2A FAE rt ke 3ol
10°~10° 7W7F B-2,13 B-2,6 Aoz F4Ho glon,
diRtra gAY oy dolukgol o3 Moz RE it
A} oo whale], o]EUL FHgo] 20~6077F T2
B-2.1 Ao AZd vy 3 ExFow Px|74A},
2718, et ol b FFE it o)lgd e 74
st B-2.1 A% A7 A 4382 (the small
intestinal sucrase- maltase complex)ol] ¢]3}e] £3f=
A &1, ¢k 90% ool tlgel] =gl Ayu] e o
ste] AE AL E£3, B Ho] o]EUL HHslAE,
BRHAA Al TAo] A Guthe Aol FE ¢ dada
oA gelFo] FolA st dadE Ao g
A A dFHoz A M olEdY £ 40 ¢/
day olde2 Rusgoy Ao s 5~20 g/day A3
=7 BREL Qo olEde Y aFo2e o
2222 (1.0~1.5 keal/g) vIvWNAES, waEA7)%,
HF dedy FAAAY daay g o 23
Fol AN Yok JiA o g Ynk = eutge]n
Foll i A A g5 g At EF 2@ EH
7t BEAEE Bt RuEHUE B0 Yukel HFHd w
2 AgA Wslo] @3t A= vig- vHE Aol
7% 57 ARAG] Yukeelny = levanheptaose
Aol AT FEA A vlg g 2747} 106 o]
7¥etd SARAR] E5E UEe Ao BRusigoy
AbFo] Rl #RhS: A o] 2 o] 8¢ AT ofF] AA]
ol gl AAolt}. duke ¥ gdo g of&3F in vitro A
FellA, AwkS i) Fun| A g ojste] wasx &
I, AR o|2Evt Fgold] o) AgH o o]&5= A
oz BuHch ™ A2 d7Asd) oshd, fAF
AT kg Balshs ikl 239 vl oy ™ Apg
o] FellA FE Akl oA = Bal7t nujg Aos
HuEo. 3HH, 0~40T B9 E3 e zANA
#ute} Jhe B e ok, 4 pH (< pH 3)0lM &=
o) w2 A FePso], AA S} pHeF FAIRE AT Aol A
guke] e wEA JPEE Aoz YeERdtHunpub-

dr ofy mj
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lished data). WebA G AFE in viro 2E A= in
vivo Al A 9] b4 pHel iz 23 Asdtas
nAEd g wdEFN Ao vl dE2A Y 5
Atk £ AFdA = dita o)lgd AolE ) TF3)
i, A9l pH, @At (short chain fatty acids,
SCFA), A 5484, FUvdE vX= 9% &2
ki o l=

Nz X 34

1. MY 2 Mg

#REe: Elguteled (did)oA Aol AME3lS
o #vke] AR R-L AE ST YA EAsgon,
88 95.6%, 3 0.2%, 78 4.2%2 TAEHI. o
e AANAN F29 Sigmarl AES ARSI
GAM mediat 4FALA (Japan)odld 7Ystdz, &
2o AHEE A ke SigmaAl AES, 7]E ZE A
ok EFAl kS AME3ITH

2. HEFTEY Ao A AR
7 % Sprague-Dawley & ¢H 3FE FYUIFE
At A F8te] 15747 A$AIR F 2T, 7% dvke,
1% oledT 5 7 ol 6ulal® Uro] 357 AR

SH3
o}, Agole 24L& Table 13} 2o}, AFFEL 3 v}
Table 1. Composition of the experimental diets (g/kg diet)
Constituents Control diet  Levan diet Inulin diet
Casein 360 360 360
Corn oil 70 70 70
Cellulose 70 70 70
Sucrose 448 378 378
Levan 0 70 0
Inulin 0 0 70
Choline chloride 6 6 6
Mineral mix" 36 36 36
Vitamin mix? 10 10 10

1) AIN-76 Mineral mix provided the following (g/kg mix) : calcium
phosphate, dibasic, 500; sodium chloride, 74: potassium citrate -

H.O, 220; potassium sulfate, 52; magnesium oxide, 24; man-
ganous carbonate, 3.5; ferric citrate, 6; zinc carbonate, 1.6; cu-
pric carbonate, 0.3: potassium iodate, 0.01: sodium selenite, 0.01:
chromium K sulfate.12H,0, 0.55; sucrose, finely powdered, 118.
03: Dyets, Bethlehem, Pennsylvania, USA.

? AIN-76A Vitamin mix provided the following (ghkg mix) : thi-
amine HCl, 0.6; riboflavin, 0.6; pyridoxine HCl, 0.7; niacin, 3;

calcium pantothenate, 1.6 folic acid, 0.2; biotin, 0.02; Vit. By, (0.
1%), 1: Vit. A palmitate (500,000 1U/g), 0.8; Vit. D; (400,000 IU/g),
0.25; Vit. E acetate (500 1U/g), 10. menadione sodium bisulfite, 0.
08 sucrose, finely powdered, 981.15: Dyets, Bethlehem, Pennsyl-
vania, USA.
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2y Eelste ARSI, Aol 3MF A1 2W FF
stgon & A% glo] FFsAT. A 717 B2t Ao]
AFF AT Y9 238 Z4FAH. Aol 78
(food efficiency ratio, FER)S A@4o] 3EYLE £
AL AAE F A9 71 58 AT SUEE A9 7]
Tk Fee Ho] AFF R o] A&

S NESTHE R ENYY
1) MESH

35:7ke] 48717te] B F overnight fasting® 3 4
eloll A ethyl ether® w33 & HEWolA] AP F &
2, 9, dis FeEl $92 SR, 4% Al
WEES Bt ¥ 538 AT UL E JRES
F 8t o-galactosidased] 84 2 pHE 439 Y
Hx] BEL screw-capped tubedl] @olAd, A 70T
A TG @AY, a3, B3 50
mM phosphate §%-8%4202(pH 7.0) AH3 & S¢S
ZAsge.

2 DA 249 U85S 10% phosphoric
aciddl HEFE 10% (wv)Z g3t} AL (10000
rpm, 10 min) §, 459< gas chromatography (Hewlett
Packard Model 5890 Series II, USA)E o]-&3l A
3}t HP-FFAP (0.25 m, 25 m X 0.2 mm) column
5 ARSSen, 22 s 70TAA 18, 283 200T
744 15C/min £ 2 F7HN31 3, 200 5802
AL =g 22 7% 9 o2 BxAL gyt
Injection volume: 2 pl, Injection port temperature:
250T, Detector port temperature: 260C, Detector:
flame ionization detector, Split ratio: 40:1, Flow
rate of carrier gas (helium), 0.6 ml/min.

3) BUOI¥E FNET

357 dix Ao], #Hk Ao}, o]Ed 2lo]E 3 F 9
£9& Mitsukao) W%l wel @714 24 6z
(KH,PO, 45 g, NaHPO, 6.0 g L-cysteine hy-
drochloride 0.5%, Tween 80, 0.5 g, agar 1g, per 1 lit-
enE A3 A% o, GAM HiX L fAH A o)
Ao} o}25 et GAM BiAE ¥ 75 A0 AHE3Ig L
o, 37 78 A7) 8t AR fAkE Agul]
9 Rz pepf,one 10 g, lactose 10 g, yeast ex-
tract 10 g, sodium acetate 25 g, L-cysteine hy-
drochloride 0.2 g, ascorbic acid 1 g, CaCQs 5 g, bro-

mocresolpurple 0.06 g, agar 15 g, per liter, pH 6.8 9
ok AEA] (GAM =X 9 ikt A uiA])E 37T
2~397 713 AN aigd Foll IR +5 Au
o7)d] HMuFE F3lo) B 1 g F FF (log CFU
(colony forming unit)/g wet feces) 2 YERASIT

4) 3422 §¥5

FA<l &2 50 mM phosphate buffer (pH 7)&
ojg&ld AFHE 10% (wWE 3XF ¥ argalactosi-
dase 843< A3 424 9319 200 mM phos-
phate buffer (pH 6.5) 0.1 ml, 20 mM p-nitrophenyl-
o-D-galactopyranoside 0.1 ml, 49 0.05 mlE 7}3}
o] 37N 1087 vH8A 7 F F3% 400 nmollA 34
s A=

5) Bquin} o529 24

Hdolxe} gyt o) B EHS 5% 32 B
o 833t o] & 45 pm o AT O, A 20
HE a&AQ=a 20ty (HPLC, Beckman, USA)
ol #9489 FF SA.® HPLC 2424 50C2 #
AA71 28 (Tonpak KS-802, Shodex, Japan)€ ©|-&3}
o FF5E 04 m/min®] $52 FUHHn, HAR
(refractive index)ol o3 A&}t A2, T=9, =
3, ZBRE-g1T T 2 BFIFLS 7 EEE 20 4
loop®ll 438t HAEHH o, Z Fxo] B2 peak VA
& o) 838l FFF4E A

3. Mg 84

ARAAE Py EFHA (Mean + SD)E UES)
i, Statistical Analysis System (SAS) program< ©]
£3}4) analysis of variance (ANOVA) 84& %3 7
AY F749) Ao)E o= 0.05 TEAA e AE8
th. FAFeR feoAe] e A= YA Duncan's
multiple range test® A3l JaA gl zo)E AS3
At

i Q0

1. 497, 5 313 L 4°128

AYEFES Aol AHF AT /1, Aolage gz
T, A HolT, ojEd HolFzi oA AolE Kol
A #3tcH(Table 2). ol £ Aol AFPFE] 2o|&
3Rl 3AZH 23] AFStEE uhE FHE HAs,
FE TN Aol AFE A FA A o=



A%z Az,

2. 319 2} Aol

243} 2130 Faol| A 7 F3ell F21HQ Aele e
o, &37| @5 A &%e] Zoje} FHAME 2jo| & Ho)
2 sttH(Table 3). 28}, cecum®) FAE Gyt Aol
(6.47+1.80 g), °l1=d 4°]F(4.46 £ 0.80 g), W=7
(1.73g £ 0.16 g}l A= F4Hp <0.05). 34, cecum
W-8-2ofl A= dlwt Ao]F(5.49 + 1.64 g3 o] 2 o]
T(3.55 1 0.84 g)o} thZ7(1.39 + 0.28 g)ol| vlsld z+
7} 3.9, 2.54] £ Aog Yehyth e RAE 4 &
7kl ol & Bolx| ¢k},

FEAFAAN HoldfAy HA WE cecum HWEE
o Z7tEHE oY ¥ ojsdLYny,” 1z YK
Aol AANN® AdH o2 Yehte @z Hojids
2] F5d wet 24 dehdo o= Zh g @
J7 Ao] HAEo f3d wet tEA Yehr| gEgl
Ao AmdEYy. dxT vastd, Huk Aol ol
Aol FF Aldl cecumd F#Y FAT WLES St}
FARHA 718l en = #uto] cecumdlM ol &
ARSHAl ZHg-3h 7t E e O f 34 Yehds 22 A}
=221=

Table 2. Daily food intake, weight gain and food efficiency ratio
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3. BHBEY pH R SHAYN Ty

2 Y8-Ee pHE thET (6.78 + 0.16), #ut Aol
(6.68 £ 0.16), ol=d 2ol (6.71 £ 0.21)|A] A}ols}
FEEA Fkot, cecum (T 6.55 + 0.21, &k 2]
o] 5.23 + (.18, o]Ed o|F 593 + 0.38) L thF
|E (=T 6.98 £ 0.21, &uk Ao|F 5.71 £ 0.55, ol&
A 2ol 5.82 + 0.60)9] pHe #wk AolE A3 3}
olEd 2ol MF3 ToA F4 QA FA AU
(Table 4). 53], cecum W-£E2] pHE #ut 2lold o3}
o FYAJA FAER LT, o]g 2 EE pH A
st 4 PAE LE) ofsle] AHdstEE A vl
o oleigt Aat= #ut AojZ} o)Ed AolTollA o
Za-ol| Hlste] FuliE A% 2 syt @A Jepd

= AL ouiehy, 53], BHAARE AAsHE Fin|
AE2] Aol 438 AYErhe AL vepdch

Holol] XFH Q)= TFH T, dFFY o1ZF7F Flin
AE 29 FJ537} e AeE LA oY cecum
EE WFLE o|fH7| Hof| ojn] Fu]7] Wi FulY
v S FAERE ZdEr)E @Y PP weba Fun)
AE FAERE e F e DRE dFEe A% 3
AX FFEA ¥E vgdRelt. Yvtges giEe
£79] o-amylases} a-glucosidasedl] 23ty ¥x9, 7}

Control diet Levan diet Inulin diet
Food intake (g/day) 15.68 + 2.23 15.13 £ 195 15.21 + 1.88
Weight gain (g/day) 4.08 £ 0.72 4.10 £ 0.61 392 +£ 0.51
FER" 0.27 + 0.07 0.28 + 0.06 0.26 + 0.01
1) FER : Food efficiency ratio
All values are mean + SD (n = 6)
Table 3. Organ weight and intestine weight of experimental animals
Control diet Levan diet Inulin diet
Organ weight (g)
Liver 8.70 + 0.53 891 + 1.24 8.66 + 0.92
Kidney 213 £ 019 210 + 0.16 2.00 + 0.16
Total weight (g)
Small intestine 6.96 + 0.60 6.96 + 0.76 718 = 1.12
Cecum 1.73 + 0.16° 6.47 + 1.80° 4.46 + 0.80°
Colon 2.69 + 0.34 290 *+ 0.45 2.74 £ 0.53
Content weight (g)
Small intestine 2.75 + 0.58 263 = 093 287 = 0.59
Cecum 1.39 + 0.28° 5.49 + 1.64° 3.55 + 0.84°
Colon 152 + 0.21 1.72 + 049 1.66 + 0.33

All values are mean + SD (h = 6)

Values in the same row with different superscript letters are significantly different (p < 0.05).



916/7}ell21 9] #jukat o] g 9] &} v

Table 4. Short-chain fatty acid concentrations in colon and pHs in intestine

Control diet Levan diet Inulin diet
pH
Small intestine 6.67 + 0.16 6.68 + 0.16 6.71 + 0.21
Cecum 6.55 + 0.21° 5.23 £+ 0.18° 593 + 0.38°
Colon 6.98 + 0.21° 571 + 0.55 582 + 0.60°
Colon (pmol/content)
Acetate 39.90 + 4.16° 81.49 + 7.30° 84.34 + 7.10°
Propionate 1223 + 3.10° 13.58 + 2.88° 2713 + 3.89°
Butyrate 991 + 1.02° 20.34 + 1.76° 2111 + 1.82°
Total 62.01 + 7.63° 115.63 + 9.33° 132,52 + 12.24°

Ali values are mean = SD (n = 6)

Values in the same row with different superscript letters are significantly different (p < 0.05).

Table 5. The number of total microbes and lactic acid-producing bacteria in feces (log CFU"/g wet feces)

Control diet Levan diet fnulin diet
Total microbes 9.02 + 0.17° 9.76 + 0.11° 9.57 + 0.18°
LAB? 8.34 + 0.15* 9.14 + 0.17° 8.98 + 0.14°

1) CFU : Colony forming units
2) LAB : Lactic acid-producing bacteria
All values are mean + SD (n = 6)

Values in the same row with different superscript letters are significantly different (p < 0.05).
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offt

o2 FajE e wale], Aty ojgds e 2o
ARAL olg At e B-2.1 Aol 23 G20 9
gto) A9 Ei=A] ¢7) fio)? 2NN BeHA) @@
cecumZ7HA] kgste] njA) B ojle] wgH)

FURIAE TEd] gt AREHE F2 Gt
+ acetate, propionate, butyrate $°] Sith*® @)
Wi F 32k Aol (115.6 pmol/colon con-
tent) ol&¥ 4o]FolA (132.5 pmol/colon content) T
Zoll (62.1 pmol/colon content) ¥ldted =LA A et
w1t} (p <0.05) (Table 4). #wt L o}59) Hiloj uj
A A Bishe A SRR oh g iate] 2
AAME Vel acetate®] $ako] thERa, #ut 2lol2,
olgd AojFolA 27t 39.9+ 4.2, 815+ 73, 843+
7.2 pmol/colon content® WERtt}h & butyrated] &
ZFE acetate®] FEFH KA BHEHS B gut 2 ol
Aojatell A F-oA JA =A JERT

Campbell 5%& 6% ol=d28 13, cellulose, xy-
looligosaccharide 2ol & Z+2+ 373 HHAARE B¢, ol
82 ug FollA acetated} butyrated] o] th2
Aolg T ol vldl] ooz & AoZ »ws
Atk 4, Aol A9 o] caloric valued] #3 ¥
E 2 A AN E ol 2987 1.0~1.5 kealZ

T SR RIFHALT? ojF dFand gy, 1
mole?] #H2E& HAY 75, SAdsA diarES CO%

ATP(38 moles)7} AAHE= widdel, oidd SFHAQ ol&
2 AHANE 5%7F CO, BA, 40%71 vRE HF L =
A, 0% SAARY B, 2T 15%E 4 A4l
AHEHE AoE eyt E3 ol AR 90%=
F45H9 oA AFHOE 14 moled) ATPE AAsH=
Aoz BRE At SvHdH Aol Aol SA=EE 4%
o A ATE Lo, dlwt A AMHE dAA
Aol %ol ol @] HHAIS} FAIG Ao H|Fo] B )
(Table 4), gt Ao w2 Huoll A LA}z dFL o]
87 023 £59 Ao Agad a3y By 32
# 27F A9ME 55 ¢ QL0 g A8 B
o] gasjt},

4. 3 NP2 w3t

gutn} olxdol FFoz U3 AR o} ST
o] 4 &35 #A3 AHE Table 59 YA} o]
AHAe] FF wet AAERE 571 7 Bo) 43
2L A Aol (9.76 + 0.11CFU/g wet feces) o]R2
B 22 olEd 4ol (9.57 + 0.11CFU/g wet feces),
AZ AolF (9.02 + 0.11CFU/g wet feces)2l solth
(Table 5). &8 k7o) 5 #¥t 2o)F (9.14 + 0.16
CFU/g wet feces), ©]1=# 2Joli# (8.98 +0.14 cfu/g
wet feces), TIZ 2ol (8.34 * 0.15CFU/g wet feces)
o] £ 2 gt Aol A 71 1A el
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Fig. 1. Effect of fructan diets on cecal o-galactosidase activity in ex-
perimental animals. Relative enzyme activities were determined by
dividing the cecal o-galactosidase activity of each diet by that of
the control diet.

Aol2 FFE dnta o]Edol AelA o] &HA] k3t
3 HjEEE Fe 2ARELY] Siste] ERAA S EEe B
3 A3t b, oled Ex dol EAEH &t webM
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5. 34 B-galactosidase 2S5

gyt Hojgt o] Aojo] HH ] B Fikde] YF
Ao FAERE vwsly] $8le  a-galac-
tosidased] 848 FAsA (Fig. 1). 273} v @A),
#nta o] gd HolFolM & FAo] ztzt 3.84), 3.
4 o]} F& o= Yehyith Fgtedele] A a-
galactosidase £284 FA &3 oln| & 71 7%
o] ARZ u|Fo| Ho} Zhy] HlyyAge] F4d wE 4
B2 AlREY. ¥ 579 d7due] w2 A Ale
H 13F39 Mk FolA, HiFHaT] 4FA4 JERG
a-galactosidase @40 2 9% fAHFERT 10~
100419} & 84S JepdS Baslodrt

B Ad4dn2 8y JdEE el 484 7)5dE v
Hujzqte] F2o 2 Qg el el A, acetate E
butyrate < @A ik} Aol st Al pHel A s
o} o] 2 Q1g WIFT, LA T T 22 HYA AEe 54
A9 ol5 WA Al s BYEE FRYo}, glu-
curonidase, amine, indole 59 F# et Az =
=352 Qate) A JA) Fo] XE F vk =F HE
el AEFE A vAEEA A AH 59 52
At vl glon P ol Pt Fxjol N PGttt
ol Ae] F71d E4EA 53 22 s "
guto] 240X a-amylasett a-glucosidase 59 &4
o &3 =R %1 2% HFE NS FTHIIIH,
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gog X3 o]FdtgA B FFE AAANH 2N
Ty Bzl 3 AHdEI} e AoE Alsd
]:]_'29.30)

T3 olzde] YA &S F9 sl ¥r12 &R
&3 A gk AT ASE vehg F e o
4 430 93 2 FrFEA SEAHNM, P 273
A gz vlste g F55EA 2de] ¥4 4o
Y, 3 E FE5A deds BHen, o A
pHe A BAZL A5 MM &, olsdd o3t
AU F71d FFEA a3E 2P E BA UehA,
A 257} A= cecumt thFolA el oz A
ah= Aog §48 4 gtk Chonan $¥ 2ahd, F ol
A 5% galactooligosaccharide 2]0]E Zu| M2 A4
AAA FHEA (neomycin sulfate) T G EE FA|
A NS W), S u3e G502 A3 aFdME
Ul pH a9t Zad ntadlge §571 713 vhde,
22) 11933 neomycin sulfateE Al AHAAZ 159
A= ) pHO 43 vlavige] {4l sy} B2
A BFEE Bl Aol Ao FEd FF EX &
Be AR E dad JIE Bregs AS AA AT
B AgdMe gk AHe wE A pH 2237} FHol
$g BPornz vt AdH e 9% 7713 4 7l Aol 4
Fo Fot g g8 d77r 879

A AE

29

AFANA it & o]5dE AN T el M9 BE
o & Al pH, @AWt &5, A Ak ¢,
FAEAY U)X e QS FZAVEIY QL ARE aokstd
o} 2

D Aol AAF, AF F7HF, 2olag, F7)e FA
£ AL ztol7t e, cecum®] FEE 2 Fhy
|E9] FRME gt 2 o]l Ao|FoA FoHoz
34

2) ) pHE @t 2 o3 Aol wgton o]
23 AU pH #2& A= it ol FolA 6L A sHA
82257 ¢=

3) Ao|2 AHE vt & o]z FuldRd u} A
A9 ) g e FERS gz v mAje] A8
A =& FE BYon, oz 4L cecum E A
o] pH 7+4:¢} #do] &L BAFYr.

4) Cecum® thgollAe] Al 9 FAH & g}
ol Aol A thzx Aol Hst frejF e g Ettt.
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5) i o-galactosidase?] 42 it HolEH olF
A Aol gizFo) uld] FodHog & g HIA

AEHoZ o] HiAe 4F<l vt 2 oj=dL &
e B Eof 93te] waHo F iE9 F7E FEstL,
A it S E25PY, vigv A S48 £33
= A=A 7158 72 e Ao AR,
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