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Effects of Lactulose Syrup on the Growth of Rats
Fed at Different Levels of Dietary Protein

Tomoko WaTtaNaBe, Tuneo Opa * and Yuriko Takar **

Chiba College of Health Science, Chiba 261
* Nikken Chemicals Co., Ltd., Chuo-ku, Tokyo 104
** College of Musashigaoka, Hiki-gun, Saitama 355-01

The study was undertaken to determine the effects of lactulose syrup on the growth and intestinal
microflora of rats at different levels of dietary protein. Male rats of the Wistar strain (at 6 weeks of age
and weight 97 g) were fed two control diets (15 % casein and 35 % casein) containing no lactulose
syrup and two experimental diets (156% casein and 35% casein) containing 19% lactulose syrup for 35
days. The following results were obtained: 1) The two lactulose groups showed a decrease in body

weight gain and total feed intake for 35 days.

2) The growth ratio (body weight gain/initial body

weight), the feed efficiency ratio and protein efficiency ratio were lower in the two lactulose groups
than in each control group. 3) The weight of liver, kidney, small intestine and cecum with contents

were increased in the two lactulose groups. The

weight of retroperitoneal fat pads were decreased in

the two lactulose groups, and this effect in rats fed the 35% casein diet was affected significantly. 4)
In the fatty acid composition of retroperitoneal fat pads, linoleic acid was increased and palmitic acid
decreased. 5) In the cecum, pH was decreased, and thiamin, riboflavin and Bifidobacterium were
increased in the two lactulose groups. These effects in the 35% casein diet group were demonstrated

significantly.
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Table 1. Composition of diets
‘ €3
Cl Cl1-L C2 C21L

a -Cornstarch 75 56 55 36
Lactulose syrup (lactulose) 0 19(10) 0 19(10)
Casein 15 15 35 35
Soybean oil 5 5 5 5
Mineral mixture* 4 4
Vitamin mixture* 1 1 1

0.15 0.15 0.15 0.15

Cl: 15% casein diet. C1-L: 15% casein diet with
lactulose. C2: 35% casein diet. C 2-L: 35% casein diet
with lactulose. *Prepared according to AIN-76TM
prescription (J. Nutr., 107, 1340 (1977)).

Choline bitartrate

3) HEEFOBE

BBE#®RTHR, 7v MEWEERE, 727Z75ICHEL,
SWEBLOTI - R GEEIP SR LI Bz b
D) DEEEREIELZ. MEE, NEWERER, &
BAKTHEL, == F NV TKD% 5 X0 o714,
BEErvllE L. B, EHNO pH ITERNICEL
T57:%, BEER, ERLPICABTYE S5ml R
AKIZHEE L pH B CGREEE®) 2 AVElzE L.
4) TRIERERRRE B X OBFIE O BE BB A AL
HIERERRIE D IR EE ML T 5 D FEY, gD
BERF AL B S BEBRIE Y ISV X F VALTR, A a~
FNrT 74— (BEBUERRBB A, AT LI HTAA
52 2.6mm X 2 m, F3HE# DEGS25%, Celite 545
A60/80, #F LIREE 1 2000C, BREHEAIREE : 250C,
M 2R L KEA F SR THlE L7,

5 BERNEYWFBIUHEOESY 3B, B2E
ERAEYFB L UHBFOE Y I BLidF+ 2
O — LD, B2l3V I 7589z X ) ifllE L.
6) ERNHEE OB

WER, ZZHICERNED AL L, REHEB
X UF Bifidobacterium |22\ THR® O HHEIZHEWEIE
L7-. BE#bid, BL B XU BS (RHHMLFE®HHE) 2 2h
FH -,

EERF— ¥ OfFEHLEIZ, C1BEL Cl1-LEIZow
T, C2BL C2-LEIZDWT, %4 Student & ¢-
test Uz X DT o 7.

(952)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

FE Y ORI BELANLVOMEEBIITAS 7y —A 0y THREDEE

3. & B

(1) #RE, WFHERE (Table2) B X UEOMIK
T 70— ARESHOFREIIE A2 O REEICHEL
7 HELE, £REBREMCERWEEZ/RL C1-L#IZ7
HE»521HEFT, C2-LEIZ21 HETHEEED
Lo XCR (AR

FIRENE I SRBRIM T, 77 v u— AR5
& A& ORBEIIS UEWELXRL, C1-LEIIERER
HMT, C2-LEIZ 4 HECTAHEE RO LN,
BEOMRIE, Cl-LEOATTHEHI CH®ETH-
7278, FO%, BELEFEEII R 7.

C1l-LEIM=ET, C2-LEIIMNERB LUy v
7 ENECHEEENRD LN,

(3) H—HABEBIUH—H AT BIEBOE

4 (Table 4)

H—HABEBIUH - AT HEEOHEE
Rat, 770 —ABEHTELAOMBEIIGLE
E MRS ND DX, FFE, TE, BRI
Bl THot. —H, BELRBIVALNIZD DI,
H—HABLORBEEEECH-72. C2-LEDHHSB
L OB, C2BEICH LAELREMSALNT:. K
HOEEZELTIE, EROEME X CERIEEEIRR; DR

(2) HREHENE, AESRBLIOCY N7 EME PIKEAROKE,o7. EREELOXMEBRIIITL,
(Table 3) Cl-LET2.7#, C2-LET3.8EDELRL.

RERME, FARMRBLUY RV ERERIZ, 5
70— AEE5HTE 4 ORBEIIT LEVWELZRL,

HIERENRRG L& 4 OB L, C1-L#ETO0.7 1%,
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Table 2. Body weight and total feed intake

€y
Feeding period Body weight
(days) C1 C 1-L c2 C2-L
0 97+1* 98+1 97+1 97+1
7 118+5 101+2° 140+5 133+3
14 161+7 139+2° 189+6 179+5
21 207+6 19144° 2395 218+6"
28 236+5 22545 28447 2667
35 268+6 253+5 31946 29947
Feeding period Total feed intake
(days) Cl1 C1-L C2 C2-L
0-7 76+6* 5141° 78+3 70+2
0-14 189+11 164+ 3° 208+6 187+3
0-21 310+13 270+5° 309+7 293+8
0-28 439+ 14 4027 437+8 427+10
0-35 580+ 15 540+ 9° 571+8 56213

* Mean=+S.E. * Significantly different from C 1 group (p<0.05). * Significantly different from C 2 group (p<0.05).

Table 3. Growth ratio, feed efficiency ratio and protein efficiency ratio
Cl1 C 1-L c2 C 2-L
Growth ratio*? 1.76+0.03*! 1.59+0. 06 2.30x0.06 2.09+£0.05°
Feed efficiency rapio” 0.3010.004 0.28+0.008 0.39+0.008 0.36%0.008
Protein efficiency ratio** 2.231+0.03 2.11+0.06 1.25+0.03 1.18+0.03°

*'Mean + SE. **Body weight gain/initial body weight. ** Body weight gain/feed intake. ** Body weight gain/
protein intake. * Significantly different from C 1 group (p<0.05). ® Significantly different from C 2 group (p<0.05).
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Table 4. Organ weight per carcass weight
(%)

Organ C1 C1L Cc2 C2-L
Carcass (g) 200+4* 176 +7° 24245 218+5°
Lungs 0.63+0.01 0.66+0.01 0.56+0.01 0.62+0.01°
Heart 0.43%0.00 0.44£0.01 0.39£0.01 0.42+0.00
Liver 4.97+0.07 5.72%0.06° 5.37%0.06 5.84+0.05°
Spleen 0.27%0.00 0.30+0.01 0.30+0.00 0.28%£0.01
Kidneys 0.96+0.01 1.10=£0.02° 1.05%£0.01 1.21+0.01°
Pancreas 0.39%+0.01 0.3940.01 0.36+0.01 0.41+0.01°
Testicles 1.53+0.02 1.57+0.02 1.32£0.00 1.33+0.02
Stomach 0.75%+0.01 0.72+0.01 0.59+0.00 0.62%0.01
Small intestine 2.61+0.04 3.36+0. 08 2.36%0.03 2.91£0.04°
Cecum™** 1.67%0.05 4.47+0.10° 1.43+0.04 5.44+0.11°
Retroperitoneal fat pads 2.54%0.10 1.88+0.00° 2.79+0.04 1.69+0.12°
Epididymal fat pads 1.55+0.09 1.30%0.05 1.43£0.03 1.00+0. 06
pH of cecum 7.1640.08 6.00+0. 14° 7.10%0.09 6.10%+0.16°

*Mean = SE. ** With contents. * Significantly different from C 1 group (p<0.05). ® Significantly different from C 2

group (p<0.05).

Table 5. Fatty acid composition of retroperitoneal fat pads and liver

Cl1 C 1-L Cc2 C2-L
Retroperitoneal fat pads
C 14:0 3.8+0.4* 3.1£0.1 3.440.3 3.5+0.2
C 16:0 31.7%£1.2 29.7+1.2 31.1£0.7 29.9x+0.5
C 16:1 (7 10.4£0.4 9.7£0.4 10.1+0.4 8.9+0.4
C 18:0 3.44+0.3 3.3%+0.2 3.9£0.2 4.0£0.3
C 18:1 9 29.7x1.1 27.2%£0.5 29.6%+0.9 28.2+0.7
C 18:2 (n6) 19.2£1.1 24.0+1.1° 19.3+1.0 22.7+0.9"
C 18:3 n3) 1.8£0.2 3.0£0.2° 2.6%0.3 2.6+0.4
Liver
C 14:0 2.8+0.0* 3.0%0.3 2.3+0.2 3.0£0.4
C 16:0 25.3%0.7 21.9%+0.3° 23.5%0.7 22.4+0.4
C 16:1 w7 5.1+0.5 4.0+0.6 5.0x0.2 4.6x0.3
C 18:0 14.4%0.8 14.4+0.3 12.9+£0.2 16.5+0.5°
C 18:1 (n-9) 17.4%1.1 11.6£0.3° 17.6+0.6 14.7+0.7°
C 18:2 (n6) 13.7+0.7 18.7x0.8° 13.9+£0.8 15.5%0.8
C 20:4 (n6) 16.5+1.0 19.5+0.7° 19.0+0.4 18.7%0.9
C 22:6 (n-3) 4.8+0.5 7.1+0.6° 5.9£0.6 4,7+0.3°

* Mean +SE. * Significantly different from C 1 group (p<<0.05). ° Significantly different from C 2 group (p<0.05).
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Table 6. Thiamin and riboflavin contents of cecum and liver

C1 C 1L c2 C2-L
Cecum
Thiamin (.g/g) 5+1* 6+0 4£0 5+0°
Total thiamin ( .g) 8+1 1443 101 28+4°
Riboflavin (.g/8) 6+1 6+1 3+0 4+£0
Total riboflavin ( pg) 11+1 383 9+1 57+3°
Liver
Thiamin (;.8/8) 11+1 1140 12+1 16+2°
Total thiamin (pg) 11145 11445 157+11 20317
Riboflavin (zg/g) 26+1 26t1 32+1 33+2
Total riboflavin ( .g) 259+7 26011 415+12 416+25

* Mean +SE. " Significantly different from C 1 group (p<<0.05). " Significantly different from C 2 group (p< 0.05).

Table 7. Bactefial flora in cecal contents

(log)
Cl1 C1-L c2 C2-L
per g of cecum
Total bacteria 11.06%0.08* 11.31£0.15 11.17£0.08 11.26+0.07
Bifidobacterium 8.75+0.19 10.87x0.07° 9.65%0.17 10.66£0. 28"
per total of cecum
Total bacteria 11.36+0.06 12.16+0.18 11.59+£0.07 12.31£0.07°
Bifidobacterium 9.05+0.33 11.65+0.15° 10.06+0.23 11.71+0.53°
* Mean +S.E. * Significantly different from C 1 group (p<0.05). " Significantly different from C 2 group (p<0.05).
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