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Galactomannan and glucono — ¢ — lactone affect calcium
absorption effect of xylooligosaccharide in rats.

Mikako Kishimoto, Toshiki Mathuura and Tomio Ichikawa

Department of Food Science and Nutrition,
School of Human Environmental Sciences,
Mukogawa Women’s University, Nishinomiya 663-8558, Japan

We investigated the effect of dietary saccharides on the absorption of calcium in rats. Calcium L-
lactate was used as a source of calcium. We used the test diets containing xylooligosaccharide (XO),
Galactomannan (GM) and Glucono—§-lactone(GL). In experiment 1, five-week—old rats, were divid-
ed into four groups. Each group was fed a control diet or a test diet(1.2%XO or 1.0%GM or
0.7%GL)for 3 weeks. In exp.2, each group of rats was fed a control diet or a test diet (1.2%XO or
1.2%X0-1.0%GM or 1.2%X0-0.7%GL). Inexp.3, rats were divided into two groups, and were fed
a control diet or a test diet (1.2%XO0-1.0%GM-0.7%GL). Inexp.4, rats were divided into four groups
and each group was fed a control diet or a test diet (5% XO or 5%GM or 5%GL). All diets contained
the same amounts of Ca(0.52%)and phosphorus(0.40%). Inexp.l and exp.2, Ca absorption ratios in
the test diet did not differ from those in the control diet group. In exp.3, Ca absorption ratio and Ca
contents of femur were significantly increased in the test diet group. In exp.4, Ca absorption ratio was
significantly increased in the 5%XO diet group. In the XO diet, a positive effect of Ca absorption was
observed in the 5%XO diet group, but not in the 1.2%XO diet group. The addition of 1.0%GM and
0.7%GL to 1.2%XO promoted Ca absorption effect of 1.2%X0O. These results suggest that increased
Ca absorption by mixture of XO, GM and GL was due to their synergistic effect.
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Table 1. Composition of experimental diet. (g/100g diet)
Control Exp. 1(Exp. 4) Exp. 2 Exp. 3
1.2%X0 1.0%GM 0.7%GL 1.2%X0O 1.2%X0-1.0%
(5%X0) (5%GM) (5%GL) 1.0%GM  0.7%GL  GM-0.7%GL
Casein 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Corn starch 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Corn oil 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Cellulose powder 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vitamin mix! 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mineral mix? 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
KH,PO, 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75
Sodium citrate 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
L-Ca 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
X0 - 1.23(5.00) - - 1.23 1.23 1.23 1.23
GM - - 1.04(5.00) - - 1.04 - 1.04
GL - - - 0.73(5.00) - - 0.73 0.73
Sucrose 44.4 43.1(39.4) 43.3(39.4) 43.6(39.4) 43.1 42.1 42.4 41.4
Ca(%)¥Exp.1 0.57 Exp.2 0.59 0.55 0.55 0.55 0.58 0.63 0.63 0.54
Exp.3 0.55 Exp.4 0.52 (0.52) (0.52) (0.52)

1) According to AIN-76 Vitamin mixture.

2) According to AIN-76 Mineral mixture, without Ca, P sources.

3)Findings
L-Ca : Calcium L-lactate, XO : Xylooligosaccharide,

GM : Galactomannan, GL : Glucono—d-lactone
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Table 2. Effect of xylooligosaccharide, galactomannan and glucono—é—lactone on body weight gain, food intake

and food efficiency.

Exp. 1 Exp. 2
Control 1.2%X0O 1.0%GM 0.7%GL Control 1.2%X0O

1.0%GM 0.7%GL
Body weight
Initial (g) 155+8 154+7 149t6 152+6 134+38 1337 1347 13310
Final(g) 299+13 292+17 28114 281+14  291+9 30419 29249 30023
Food intake
g/day 20.2+1.2 20.8*=1.8 20.4+0.5 20.6x1.1 20.7+0.6 21.5+1.2 20.5*+1.1 21.0+1.4
g/20day? 384+22  395x30 387£10 39122 41311 429+24 411%£22  420+29

Food efficiency? 0.37+0.022 0.35+0.02%® 0.34+0.03>" 0.34+0.02> 0.38+0.01 0.40=0.01 0.38+0.01 0.40=-0.03

Exp. 3 Exp. 4

Control XO0-GM-GL Control 5%XO0 5% GM 5%GL
Body weight
Initial (g) 1464 147%5 1398 139+7 139+6 139t6
Final (g) 309+22  305+21 312+10 29920 315+22 30714
Food intake
g/day 21.7+1.5 20.6%=1.9 22.4+1.3 20.7x1.7 22.9+1.6 22.3+1.8
g/20day 434+30 413139 44826 414+35 45732  446£36

Food efficiency? 0.37+0.02 0.38+0.01 0.39+0.03 0.39:0.01 0.39+0.03 0.38=0.02

Values are means+SD(n=6). Values with unlike letters are significantry different : p<0.05

DExp. 1(g/19day) ?Body weight gain/food intake

L—Ca : Calcium L-lactate, XO : Xylooligosaccharide, GM : Galactomannan, GL : Glucono—§— lactone
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Table 3. Effect of xylooligosaccharide, galactomannan and glucono-d—lactone on the calcium balance in rats.

Exp. 1

Exp. 2

Control 1.2%XO 1.0%GM

0.7%GL  Control 1.2%XO0

1.0%GM  0.7%GL

6~9days
Intake? 115.4+6.8 108.5+8.1 106.4+4.1 108.7+7.7 121.6+3.8* 125.1+8.0v*131.6+9.4> 136.9£8.7°
Fecal excretion? 38.9+6.4 33.3+5.1 37.2+3.7 33.3+6.0 41.0£7.9 42.5+6.1 439100 42.8*5.0
Urinary excretion?  2.05+0.42 2.46+0.43 2.23+0.40 2.75+0.48 0.85+£0.58 2.25+2.13 1.16+0.50 2.12%0.81
Absorption (%) 66.4+4.0 69.3+4.0 65.0+3.7 69.5t4.1 66362 66.0+44 66.8+56  68.7+4.0
Retention (%) 64.7£3.7 67.0+3.9 629+3.8 67.0+4.1 65.6+59 64.3%3.6 65.9%5.6 67.1£3.6
17-20days
Intake? 138.0+8.7 133.9+18.9 128.8+4.1 123.2+8.2 135.0%+7.5* 138.6+9.5% 146.4+10.02154.8+13.3
Fecal excretion? 55.2+8.9 49.1+9.9 52,7457 49.2+7.0 59.0£6.5 67.3+8.5 63.4*14.1 62.6X:4.2
Urinary excretion? 2.23%£0.32 2.35+0.96 2.10+0.28 2.67+0.44 1.55+0.43 2.44%+1.57 1.86+0.52 2.18%0.89
Absorption (%) 60.2+4.4 63.4+44 592435 60.2+t4.3 56.4+3.32b 516+3.2¢ 57.0+6.5%> 59.4+3.6°
Retention (%) 58.6+4.2 61.7+3.8 57.6+3.5 58.0+4.3 55.3+3.2%b 499+4.1= 55.8+6.3»> 58.0+3.7°
Exp. 3 Exp. 4

Control XO0-GM-GL Control 5%X0 5% GM 5%GL
6~9days
Intake!) 114.6+9.4 108.9+11.5 114.9+84 113.3+6.4 119.2+7.3 116.9+11.3
Fecal excretion? 44.2+7.9* 28.0+8.9> 42.4+6.7° 24.6L5.7¢0 40.0+4.7° 37.3+8.6°
Urinary excretion? 1.06+0.21 1.40+1.06 1.02+0.732 5.55+2.15 2.24+0.84* 2.26+0.96*
Absorption (%) 61.6+4.7 74.6£4.1> 63.2t4.6° 78.4+4.8 68.9+4.3% 68.3+5.7°
Retention (%) 60.7+4.72 73.3%+4.6" 62.3+t4.880 73.5+5.66 67.0+4.7*b 66.3+5.9%°
17-20days
Intake? 129.1+15.8 121.1+11.9 1354+11.6 137.3£9.5 135.6+16.9 129.4+10.2
Fecal excretion? 56.1+4.82 447+9.5* 62.8+7.4 559+12.4 68.5+12.1 68.1+7.3
Urinary excretion? 0.831+0.46 1.22+0.64 1.14+0.54* 6.84+2.73® 1.80+0.95* 2.41+£0.91*
Absorption (%) 56.3+4.1* 63.2+6.2> 53.6+4.6%b 59.6+7.3> 49.6+4.2:8 47.4+2.5
Retention (%) 55.7+3.8 62.3+6.3 52.814.42b 54.6+7.9> 483+4.5%b 456+2.72

Values are means+SD(n=6). Values with unlike letters are significantry different:P<0.05. Umg/day

Absorption (%) = (intake—fecal excretion) /intake. Retention (%) = (intake—fecal excretion—urinary excretion) /in-

take.

L~Ca : Calcium L-lactate, XO : Xylooligosaccharide, GM : Galactomannan, GL : Glucono—4— lactone
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Table 4. Effect of xylooligosaccharide, galactomannan and glucono—é-lactone on femur properties.

Exp. 1 Exp. 2
Control 1.2%X0O 1.0%GM 0.7%GL Control 1.2%X0
1.0%GM 0.7%GL
Wet weight (g) 0.64+0.05 0.64+0.04 0.64+0.05 0.65+0.04 0.61+0.03 0.66+0.03 0.65+0.03 0.65+0.05
Length (mm) 30.3+0.8 29.5+0.6  30.1+0.6 30.4+03 29.4+0.5 29.5+0.7 29.5+0.5 29.6%0.3
Ash weight (g) 0.20+0.01»20.21£0.01>% 0.19+0.02¢ 0.21+0.01* 0.20+0.01 0.21+0.01 0.21£0.01 0.21+0.01
Ca content (mg) 84.1+3.6 88.0+4.2  82.5+55 90.0£58 80.4%3.7 79.7+4.8 77.4x41 83.0+6.6
Ca% (Ca/Ashx100) 42.1£1.12 42.2+0.62 43.8%+1.1> 43.3+1.0% 40.0+2.7 37.9£1.9 36.5£2.9 39.4+3.1
Exp. 3 Exp. 4
Control XO-GM-GL Control 5%X0O 5%GM 5%GL
Wet weight (g) 0.67+0.03 0.69+0.05 0.70£0.02 0.70£0.03 0.70+0.04 0.67+0.02
Length (mm) 30.9+0.5 30.7£0.6 29.9+0.4 30.0+0.5 30.4+£03 30.4%+0.5
Ash weight (g) 0.21+0.01 0.22+0.02 0.22+0.01 0.22+0.01  0.22+0.01 0.22+0.01
Ca content (mg) 82.9+4.32 96.5+6.4> 88.4+4.8 92,5+6.32> 96.9+3.3> 90.6+5.02
Ca%(Ca/Ashx100) 40.0+1.8¢ 44719 40.9+0.92 41.3+1.4% 43.4+0.9> 41.6+1.22

Values are means+SD (n=6). Values with unlike letters are significantry different:P <0.05.

L—Ca : Calcium L-lactate, XO : Xylooligosaccharide, GM : Galactomannan, GL : Glucono—§-lactone
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Table 5. Effect of xylooligosaccharide, galactomannan and glucono—i—lactone on pH, weight and short-chain

fatty acid composition of the cecal contents.

Exp. 1

Exp. 2

Control 1.2%X0O 1.0%GM

0.7%GL

1.2%X0
1.0%GM  0.7%GL

Control

Weight (g)

Cecum wall (g) 0.85+0.11 0.84+0.09 0.84+0.03
Weight of contents

in the cecum(g)

3.07£0.42 3.93+0.55" 3.74+0.4%> 3.05+0.172
0.78+0.06

2.23+0.38 3.09%0.54> 2.90+0.47° 2.28+0.17

3.36+£0.772 3.71£0.612° 4.77+0.77° 4.25+0.772®
0.82+0.08 0.97+0.13  0.92+0.17 0.89+0.11

2.54+0.73* 2.74+0.58: 3.85:0.74°> 3.36+0.76*°

pH 8.23+0.09* 7.50+0.33* 8.01+0.072 7.98+0.182 7.80+0.10 7.51+0.46 7.71£0.20 7.73%+0.27
Short chain fatty acids (mg/cecum/rat)

Acetic acid 2.61+0.57 3.80+£1.10 3.32t1.25 2.55+0.88 5.05+2.71 6.14+1.21 7.54+1.68 6.09+1.35
Propionic acid 0.91+0.15* 1.24+0.30* 2.32+0.65>v1.38+£0.43* 1.68+1.052 2.07£0.66* 3.94+0.92° 2.54+0.712

Butyric acid 0.85+£0.152 1.76+0.75* 1.34+0.36>11.26+0.36> 1.57+0.68 2.09+0.94 2.47+0.69 2.42+0.71
Total VFA 437+0.68 6.81£1.91 6.98+2.09 5.19+1.63 8.30+4.332 10.29+2.45% 13.95+3.09°11.10+2.61>°
Exp. 3 Exp. 4
Control XO-GM-GL Control 5%X0 5%GM 5%GL
Weight (g) 3.08+0.06* 4.63+0.59 3.59+0.36* 7.35+£0.45¢ 6.02+0.69* 5.65-+1.03
Cecum wall(g) 0.95+0.08 0.97+0.16 0.95+0.28= 1.39+0.30 1.38+0.14> 1.28+0.16"

Weight of contents

in the cecum(g)  2.13+0.10

3.65+0.51° 2.64+0.36* 5.96+0.37°

4.64+0.70° 4.37+0.99°

pH 8.08+0.30 7.71+£0.66 8.14x0.14° 6.78+0.37% 7.3710.54> 7.8410.31>¢

Short chain fatty acids(mg/cecum/rat)

Acetic acid 2.78+0.522
Propionic acid 0.95+0.352
Butyric acid 1.03+0.322

5.72+1.77° 3.97+£0.892 9.28+1.75% 11.13+3.57* 6.23+0.89
3.46£0.85* 1.57+0.28* 3.85+£0.92° 6.00£1.69° 3.39+1.14°
2.29+0.84> 1.41+0.132 3.56+1.25% 3.44+1.06® 3.13£0.76°

Total VFA

4,76+0.892 11.47£3.32Y 6.96+1.19* 16.69+2.42%¢20.57 +5.87° 12.75+2.35°

Values are means+=SD(n=6). Values with unlike letters are significantry different:P <0.05.

L—Ca : Calcium L-lactate, XO : Xylooligosaccharide, GM : Galactomannan, GL : Glucono—d—lactone
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bhlsh otz Ca &L S%X0 AR, S%HGM A&
B, S%GL A0 IHBCS W TEIA LW
DS, EEEEAEEL MBI LT 5%X0 AR, 5%CL AR
HETFEWERAYTRL, 5%CM AR EECEE
R L.

BEHERIT, BEERFLIHKLT, 5%X0 A
B, 5%GM A, S%CGL BEVTFhick\Th
ZILBRLEEBE BEIRE. BIRSHX0 &
HCIEERFO 2GR L. Thicfiv, B
BEsIOCBBEHAZWIHEA L. EBN pH &
5X0 RFICHVWTELIIETL, 5%GM &F
X OETER YR Ule. BREMEHHRE 1, Fi
AL HE LT 5%X0 &% 5 XL O 5%GM AR
I, Kefg, 7w v VR, EBHAEML, Tet
d VEBIX S%GM B CTE LML, 5%GL
BT, Vet Vgl JOBE S EML. &
BRMISR AR, 5%XO0, S5%GM, 5%GLA
HovwThiek\ Tl 5%GM AR
BWikbE<, BEAROIGEYBE L.

£ B

EE O Ca WIREEZD R, BoENILEOME
IBLDTHY, NETIKGBI R\ DR
BELTREZS. T LTEERZROZ L, £O%
MELEBELRBRC D Z EAHLRT\5. FbE
T 10% TRBHRS/RSR 37D, 12% D Lo
Exb 2 o9 i Ca RIIEHERI B L BTz,
FGI2Fm—ATILS5% L HH 10% DEEY 52
7RI gR< S, 5 7 b4 Y TR TO Ca IU{ELE
TR 5% TiIA D LW BEL HBH. —F,
BOETIE, BYBRLAET v b0 Ca BRIRHECFLEE
BERAEDTHHZ EHRLTWAHY L ZHITH
B X 5 BAR oML SR O ARG Ca % IR #F
IRDBZECHDHETEH. B, TORMEILI
FIEMER BRI E Y RIF L 3 5 7 VORI
T 5.

Ca MIFHBEwowTik. X0(1.2%) ,
GM(1.0%) , GL(0.7%) #HANCIIZhRiEA DRI
WA, EBEARE XO XHEMLELLDIRIbIC
GM B L O GL iz e BA THRBETH - 723,
XORGLEHMTAHZ Lk h XORELEHE LT
FECRREYED. b, EEFBT
X0, GM, GL#%fnz 5 & CaBIKiTE L1
U7z, B 5% FHRNCiL 5%X0 O ZI IR

ELEMABD ORI, XO 3#d CaFrE A (ET
X%, R CaBRtEX M2, BELLO Ca
I % fRAE L Ca DRI Ed . XO-GM-GL &
B Xb, S%X0 A5 Ca B & FIREDRIN
WmsgZEIhics, X0 -GM-GL Hincik, #
rh Ca BRIFE 133 U KT L7cdd, R Ca BEitE
CIXZER LRI otc. T THRE IR Cal
IR R, XO 235% O & ¥ Ca {RAESREHN &
BRBEM1.2% Cizt+4 7t B/, XOLA»
WECIX, THhOBEE S Ca RIEES R K &
Dhhrhote, ThEDZ B X0 DX 5
BRI Ca BRIBED R FOb DI, GM,
GL © L 5 /s Ca BIUREDZY R A oo\ BN
s Lk v CaBIIBHES R Bt BHiH
COWTIEB BTk 7oA, Ca BI{BAES R
OB CEE IS SR X VAT
RIEEZ FHFCV5X50ELBNRS. '

Ca BIREOBIMI BRI RIS & &5
bhTuwh. XO-GM-GL HNAI X » KBRE Ca
BIXELLER L. BEEE, X0 X0-GM
AFILXO-GL BBV BRER &Y R
Xl oteh, S5%GM ATIEEBCHEML,
5%X0 &, 5%GL A\ T b BEmEm AR LT
WhHIZ EMD, ZhbOES Ca RIN(EE & 12B8
Dic{ B CaBRREEYTHZ LB 2B,

NG THIE E sk - BT KB E L, BN
BEOBE Y b L, Brx0AEBRRLYRT
EXIBRT WS, XOEfho A+ v i A4
BTY 7 4 AAWEHEERYRL, Thicl AL
T B Ca A ILDORAED 5 \ ik Ca DX Bl
BEBE L TCO LRI BREIR B 1L 12,
BEBEERER IOASYEIL XO-GM-GL Hinc X
DI L. 1.2%X0 &, 1.0%GM & CiiEMmc
P EBEECEESYIR LIS, GL T 0.7% Tk
PEL IR Ich ot 5% HINTCI W TFhofA
THLELIHERL, chruTFhoydd —8hH5
WA EBE CELTWA T ERWE ST
5.

X0, GM, GL ZzhZhixth¥aorE%)
Bo2EoZ ERHLMNE s, BTH XO Ok
> Ca WIRHEZI RS, ThIHBRYRILVWET
LBAMECEEY 52 540, Calftticgs
w52 Db DOEET, HRETRTIORLHE
BB BH TS T,
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L O

EEAEE X0(1.2%) , GM(1.0%) ,
GL(0.7%) x5 = & X 5 Ca IR R %
BE Lic, BMES CBRIECEI RO -
fo. BESFIC XO #HEM LA DI HIK GM
¥ GL Mz FBAECLERREIADM
Potchy, b, BEHC XO0-GM:-GL % in
25H&E, CaBMIREFIFELIHEML .
XO-GM-GL I X h KBEF CaELE L LR
Lic. BEBoMc X AR T, BT sE0EE
LEVEREEBEOESL, ILREBAPH
BEYRIF L. BRI XO-GM-GL ¥
THZELLY, EBERPHEIELLWHDDHE
EEIEBECEEYRITL, CaRRcEsb
2.

X0, GM, GL zhZXhizthkaDEER)
BAEoZ LWL s, T X0 DR
D Ca WIURETIRD, ThIHRELRE L VET
LBANMECEYE X 53D, CalafEicisE
E2 BL0OORET, BRERTIOCDZ L
Zﬁﬁ%iﬂ&f&oﬁ:.
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