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Effect of Soybean Milk-Fermented Product on Intestinal Microbiota and Colon Carcinogenesis
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Abstract A few studies have investigated the effeft of fermented product of soybean milk on human health. This
study evaluated the effects of soybean milk-fermented product(SFP) on the intestinal flora of humans, and
colorectal carcinogenesis in animals. SFP was prepared by culturing soybean milk with lactic acid bacteria and yeast.
The effect SFP(450mg/day) on human fecal flora was determined by comparing the changes in intestinal flora
between human volunteers consuming SFP and those taking a placebo. The occupation rate of Bifidobacterium of
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more than 25% was greater in the SFP group (n=11) than in the placebo group (n=10, &0.05). The occupation
rate of Clostridium in fecal flora of the volunteers(n=>5) increased after shifing from a traditional Japanese diet(TJD)
to a Western diet (WD), in which a total daily amount of 300g of meat (900 kcal) was eaten once at lunch for 3
days (/~0.05). The occupation rate of Clostridium in the WD group was reduced by SFP ingestion (900 mg/day) to a
level similar to that in the T/D group. Meanwhile, the occupation rate of Bifidobacterium was higher in the SFP
ingestion group than in the WD group. B-Glucuronidase activity in the feces was up to 5 times higher when lunch
was changed from TJD to WD, but this was recovered by SFP inclusion in the WD diet (P<0.05). The above findings
suggest the possibility that SFP inhibits colon cancer carcinogenesis. To investigate this notion further, a colon
cancer-inducing substance, 1,2-dimethylhydrazine (DMH), was given to CF#1 mice. SFP administration significantly
decreased the incidence of colon cancer, compared to controls. We also examined the mechanism of SFP tumor
suppression. A Winn assay was performed using spleen cells. SFP given for more than 6 days inhibited tumor
growth compared to tumor cells inoculated with Meth-A alone (/40.05). This result indicates the possible induction
of anti-tumor immune cells in SFP-treated spleen cells. Furthermore, the number of spleen cells increased more in
gnotobiotic BALB/c mice in association with Bifidobacterium than in saline-treated germ-free mice. The number of
spleen cells in germ-free mice given SFP or soybean milk (10 mg/day and 0.2 ml/day, respectively) for 4 weeks was
not significantly different compared to the saline-treated germ-free animals. Our results suggest that the
suppressive effect of SFP on tumorigenesis was mediated by the involvement of the host immune response induced
by intestinal bacteria. Further studies are required to clarify the mechanism of this phenomenon.

Key words : soybean milk ; fermented product ; lactic acid bacteria ; yeast ; colon carcinogenesis
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Table 1
volunteers fed traditional Japanese diet in 2 groups *

Flacebo group (n=10)

Effect of sovbean milk-fermented product (SFP} on fecal bacterial occupation rate and incidence of

SFF group Hﬁﬁ h'l_g,-’day, n=11)

Bacteria Oecupation rate (%) Incidence of volunteers ” Oceupation rate (%) Incidence of volrmteers P value
Before After Inc® Dec? NC® Before After Inc Dec N

Bifidobacterium 65 £ 79 54 £ 71 1 b 4 109+ 75 1232 <832 7 2 ) 2 0041
Lactobacilialas 38 =51 6.5 = 7.2 5 - 3 5Y + 66 45 £ 31 3 4 4 0,454
Bacteroides 330+ 170 272 £ 161 2 4 1 281 + 147 291 £ 154 4 3 4 0627
Prevotera 77 +119 111 = 147 2 0 8 131 £ 1656 126 + 163 1 3 7 0,626
Clostridium | 370 =108 391 £ 115 4 2 4 278 £ 120 277 £ 96 3 3 5 0678
Others 120 = 78 107 + 62 1 2 T 144 £ 946 140 £ 69 4 3 1 0113

? The occupation rate of fecal bacteria was analyzed by T-RFLP (terminal restriction fragment length polymorphism) method.

Values are expressed as mean ® 5D, of occupation rate of fecal microflora (%)

Number. * Inc: 26% or more relative rate [LO-::EupatJ'm‘.

rate after treatment / occupation rate before treatment-1) = 100L U Dec 26% or less relative rate. ® NG Mo Change. " The total
value of cluster (IV, XI, XVIII) and subcluster (XIVa), *P<005, placebe vs, SFP group at number of volunteers' distribution (Mann-

Whitney's 1 test).

SFP
HzlAlzch 22
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=
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Tahle 2. Effect of soybean milkfermented product (SFP) on fecal bacterial composition
in 5 volunteers fed western diet mainly meat meals”

Bacteria 'T]ElhI WDF WD + SFP (900 mg/day)
Bifidobacterium 32 =21 54 = 5.3 128 £ 101 ™
Lactobacillales 20+ 18 23+ 3232 20+ 22
Bricteroides 323 + 151 280+ 8A 198 =+ 77 *
Prevotelln 182 = 128 121 = 113 184 = 156
Clostridium’ 318 = 71 411 * 89 " 297 + 114 *#

others 126 £ 56 112 + 44 174 + 6.4

# The composition of fecal bacteria was analvzed by T-RFLF (terminal restriction
fragment length polymorphism) method. Values are expressed as mean * S5D. of
composition of fecal microflora (%), * TID, traditional Japanese diet © WD, Western diet
mainly meat meal (approximately, a total amount of meat ingestion 300 g 900 kecal) at the
only lunch for 3 days. 9 The total value of cluster (IV, XI, XVIIT) and subcluster (XIVa).
® #p) 06, significantly different from the value of WD (Two-sided paired ¢ test). Lepeol,
significantly different from the value of TJD (Twosided paired ¢t test). ® *P<0.05
significantly different from the wvalue of WD (Twosided paired ¢ test).

a4 A SH7ER| ZAZCH (X0.05). YgHHQl U=2A

Mz|AQl  Bacteroides BRE 32.3£15.1%

1. SFP M7 QA7tUMZZ2t BHUY B- HHES =|ASHe MAAe=z sz 28.0
glucuronidase &-d0f| 0|x|= & +8.6%%2 0| QldE £ SIUA|T, O|F
UHbMol  AEAo| SFP & ol HZOol SFP £ MHAIZIAF 19.8%17.7%=2 AT

FUMZE2 O HSlE Tablel Of HEA[SUCEH (/~0.05).

SFP 29| Bifidobacterium dR88 F0UZO

Zt0[7 QIEE[R| QtUALLt, HREC| WSO dutHol AZA Y =
25%0|d Saet AR £0M BlusiE Bt M7A 2 SFP dR[AIe] 2H  £ol p-
Bifidobacterium 0| 275t Atgte= SFP 0| glucuronidase &4 Z1E Fig.1 Of| LIEFWCE
ScetMER 20F /AT (P<0.05).

B-glucuronidase &4, dAME |AIA9
gutol A2A, FAZHCl M7A D2l MFAC=Z SHAF YEHMol URAL HR[A|Q] 5 Y
FASHO MAA SFP & HRet AAF Z2E o4 S7RHA|BHAX0.01).0|= SFP & H2IAIZ|At
HUMZZ9| HSE Table2 Off LIEFRHCE. Yutel U=A0t S0t & 7k A]
AU (AX0.05)
Aut™ol A=AS oF WO| Bifidobacterium 2
HRBS 3212.1%=, HA |ASH9
MPAAE M2IHE 5.415.3%=2 HEPIL Q=R 2. SFP £0{7} DMH & Cjetof| Ojx|= g
OEQUZ| T o= SfP SE NP, CHYY U =42 E2b= Fig.2 off LIEFHCE
12.8£10.1% 2 R2|0|5tA S7I34CHA0.05). He|R2std A B, Cfo| YEHE Y2
25 MA0|RYCH(Data not shown). SFP =<
dotHol A2A H2[A| Clostridium Bre&e SF+c= 24412  Ji/head 2 OiRET
31.817.9% =2, HAME |ASMH MPASZ  4.3£2.3 Ji/head, 9 4.3£2.7 7i/head ECt
St 41.148.9% 2 SII5tY +2|0] StA HACH(AX0.05).

1(/0.05), o=
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Fig. 1. Effect of soybean milk-fermented product (SFP,
900 mg/day) on the fecal F-glucuronidase in 5 volunteers
fed high meat meals. * Phenolphthalein liberated pg /
hr/mg of feces. ” TID: traditional Japanese diet. © WD
western diet {mainly meat meal, approximately, a total
amount of meat ingestion 300 g, 900 keall at the only
lunch for 3 days. Values are expressed as mean + SD,
#p<() 05, Significantly different from the wvalue of WD
(Twosided paired ¢ test), **F<001, Significantly different

from the value of TJD (Two-sided paired t test).
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Fig. 2. Inhibitory effects of soybean milk-fermented
product (SFP) on 12-dimethylhydrazine (DMH) -induced
colon tumors in male CF#l mice. Values are expressed
as mean = 5D, (n=21). SM: soybean milk contrel. SFF
sovbean milk-fermented product. ® The number of colon
tumor nodules at 25 weeks after the last DMH injection.
*P0) 06, Significantly different from the wvalue of control
or SM (Tukey's test).
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5 =dfle e S
—8— SFP
u [ i i i
2 4 ] 8 10 12 14
Days after tumor inoculation
21 -14 -7 0 2 4 6 8 10 12 Li{Days}
Eﬂsm,sr-'mm | D B EEEO
(10mg/day

J [Meth-A 1 10° cellsihead s. c.|

: Day of oral administration

Fig. 3 Growth inhibition of Meth-A tumor by oral administration of soybean milk-fermented produet (SFP)
in BALB/c mice. Values are expressed as mean £ SD. SM: soybean milk control. SFP: soybean milk-
fermented product, ® Tumor size was calculated by square root of the valug of major axis ¥ minor axis
imrm). *P=<005, Significantly different from the value of control (Dunnett's test).
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3. SFP 07| Meth-A &9| ZAlo| D0|x|&= SFP 9| H|ZMEE Meth-A Z2U9| ZAIS
ek 0|4 6 Y& Meth-A T=0|AlZ 2Lt Ro/0|5H
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SFP 22 ZY0lAl 11 YUMo iR Lo}
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SR FYSAE URFY 0|7t AFEZ| SFP &, FRc, S8UzRE 2 Y40z
URUAC. 2t2to| H|AMELZE Fig5 @F ZCh SFP =29

4.SFPEODO O3t FEYHBIIH(Winnassay)  HIZMESE SR, SHHZ2Z0l 207t
SFP 2, FRZ, UEE U MethA 3% ©S  IYER Tt O, PHHRRO HIYNEAE
O[AlZo| £9f ZA| 20/= Figd 9 2CHWinnassay)  SFP 2, £92 U S4CIZ20 QAW it

(/X0.05).
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-8— SFP
0 2 4 6 8 0 12
Days after tumor inoculation
-21 <14 -7 0 2 4 6 B8 (Days)
Ejsm,srfpp.m | B B B =
10malda
r1ome/dan) |Meth-A 1 x 108 cells/head s. c.l ‘ Spleen cells

J. Effectar cells (spleen): Target cells (Meth-A) =10:1
AN AEEEY Eju 2 4 6 8 10 12_(Days)

Fig. 4. Growth inhibition of Meth-A tumor by oral administration of soybean milk-fermented product
(SFP) in BALB/c mice (Winn assay). Values are expressed as mean £ 3D, MA control: Meth-& tumor
alone. SM: soybean milk control. SFP: soybean milk-fermented product.  Tumor size was calculated
by square root of the value of major axis * minor axis (mm). *P<005, Significantly different from the
value of control (Dunnett's test),
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