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Effect of fermented soy milk on the intestinal bacterial ecosystem
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Abstract

AIM: To investigate the effect of fermented soy milk on
human ecosystem in the intestinal tract by way of
examining the population of different microorganisms
isolated from fecal samples.

METHODS: A crossover experimental design was applied.
Twenty-eight healthy adults completed this experiment.
Each subject consumed 250 mL, twice a day between
meals, of either fermented soy milk or regular soy milk
first for 2 wk, then switched to the other drink after 2 wk.
Fecal samples were collected from all subjects every week
starting from the second week to the end of the experiment.
The microorganisms analyzed were Bifidobacterium spp.,
Lactobacillus spp., Clostridium perfringens, coliform
organisms, and total anaerobic organisms.

RESULTS: In the period of fermented soy milk consumption,
the populations of Bifidobacterium spp. and Lactobacillus
spp. increased (P<0.05) as well as the ratios of
Bifidobacterium spp. and Lactobacillus spp. to Clostridium
perfringens (P<0.05). The population of coliform
organisms decreased (P<0.05) when subjects were in
the period of fermented soy milk consumption.

CONCLUSION: Intake of fermented soy milk significantly
improved the ecosystem of the intestinal tract in the body
by increasing the amount of probiotics.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Probiotics are bacteria with health-benefits that live in the
intestinal tract. Probiotics reduce lactose-intolerance
symptoms, increase the resistance of the intestines to
diseases, inhibit cancer cells from proliferating, modulate
the concentration of plasma cholesterol, improve digestive
functions, and stimulate the immune system[1,2]. On the other
hand, prebiotics are the food ingredients that can be utilized
by or can enhance the growth of probiotics. Some commonly
mentioned prebiotics are lactose, fructooligosaccharides, and
galactooligosaccharides[3-6]. Soybeans and soy products have
been well known for their health benefits. In soybeans,
oligosaccharides were also proven to be prebiotics[7]. The
combination of probiotics and prebiotics is called synbiotics[1].
Fermented soy milk, according to previous statements, can
be considered as a synbiotic product. Thus, our objective
was to investigate the effect of  fermented soy milk on the
ecosystem in the intestinal tract of human subjects.

MATERIALS AND METHODS

Subjects
This study was approved by the Human Ethics Committee
of  Taipei Medical University (Taipei, Taiwan). Subjects were
recruited mostly from the campus of  Taipei Medical
University and had no acute or chronic diseases, gastrointestinal
problems, or a recent history of taking antibiotics. Before
executing this study, written informed consents were
acquired from all subjects. Totally 36 subjects participated
at the beginning. Subjects were advised to maintain their
normal life style during the experiment.

Study design
A crossover design was used in this study. Subjects were
randomly assigned to two groups, A and B. In group A,
subjects consumed fermented soy milk first, and then
switched to regular soy milk, while regular soy milk was
consumed first in group B. The total experimental time was
9 wk. A 2-wk adjustment period was carried out, followed
by consumption of experimental drinks for 2 wk. Before
switching to the other experiment drink, there was another
2-wk period for washout. After all subjects had completed
consuming the two kinds of experimental drink, there was
a 1-wk washout period before the experiment formally
ended. The drink consisted of 250 mL each time given
30 min after a meal, twice a day (500 mL/d). A 3-d (Sunday,
Monday and Tuesday) dietary record was completed by
subjects every week during the experiment.

Sample collection and microorganism analyses
About 1 g of fecal samples from each subject was collected
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in wk 2, 3, 4, 6, 7, 8, and 9 for microorganism analyses.
Samples were stored at -20 ℃ for less than 24 h before
analysis. For the analyses, 0.5 g of  the inner part of  a fecal
sample (to retrieve anaerobic material) was mixed well with
15 mL of  an anaerobic solution (Table 1), followed by serial
dilutions to acquire different concentrations (10-1 to 10-8).
Certain microorganisms were isolated from fecal samples
using the media and methods developed by Molly et al[8].
The bacteria, media and incubation times are listed in
Table 2. Starting from the lowest concentration, 50 L of
the solution was then inoculated on different media using
the spread plate method. For incubating Clostridium perfringens,
1 mL of  solutions with suitable concentrations, determined
by the result of a pre-experiment, was mixed well with TSC
medium (without egg-yolk) using the pour plate method,
followed by mixing with the regular TSC medium. After
the liquid medium solidified, the plate was placed in an
anaerobic chamber.

When counting colonies, plates with 30-300 colonies were
included. The number of bacteria was presented as log
CFU/g of  wet weight of  feces. The calculation formulae
are listed as follows and are based on the FDA Bacteriological
Analytical Manual: Bifidobacterium spp., Lactobacillus spp.,
coliform organisms, and total anaerobic organisms: CFU/
plate ×20 (50 L/plate)×dilution factor×15 mL/sample (g);
and Clostridium perfringens: CFU/plate×dilution factor×15 mL/
sample (g).

Table 1  Composition of the anaerobic solution

Chemicals                  Weight

KH2PO4 4.5 g

Na2HPO4 6.0 g

L-cysteine HCl·H2O 0.5 g

Tween 20 1 g

Galtin 2 g

Distilled water 1 L

Statistical analysis
All data are presented as the mean±SD. One-way analysis
of  variance (ANOVA), unpaired and paired t-tests were

performed using SAS version 8.1. P<0.05 was the level of
significance.

RESULTS

Before the experiment started, 8 people withdrew from the
study due to personal reasons. Thus, totally 28 people
participated and completed two experimental periods. As
shown in Table 3, there were no significant changes in weight,
height, or BMI between before and after the study.

Group A (fermented soy milk first, regular soy milk second)
In this group (Figure 1A), we found that during the first
period of  fermented soy milk consumption, the populations
of  coliform organisms and Clostridium perfringens significantly
decreased (P<0.05). In the same period, the populations
of both Lactobacillus spp. and Bifidobacterium spp. increased
(P<0.05). The ratios of Lactobacillus spp. and Bifidobacterium
spp. to Clostridium perfringens also increased in the first period.
In the second period of regular soy milk consumption, the
populations of  coliform organisms and Clostridium perfringens
and the ratios of Lactobacillus spp. and Bifidobacterium spp.
to Clostridium perfringens did not change.

Group B (regular soy milk first, fermented soy milk second)
In this group (Figure 1B), in the first and second periods,
the population of Lactobacillus spp. significantly increased
(P<0.05). In the second period, the populations of  coliform
organisms and Clostridium perfringens significantly decreased
(P<0.05), while the population of Bifidobacterium spp.
significantly increased (P<0.05). At the end of the first and
second periods, the ratios of Lactobacil lus spp.  and
Bifidobacterium spp. to Clostridium perfringens had significantly
increased (P<0.05). The population of total anaerobic
bacteria did not change in either group.

DISCUSSION

The population of microorganisms in the intestine is in a
balanced phase[9]. When the number of probiotics increases,
the number of  harmful bacteria decreases. As seen in the
results, we found that when subjects were in the period of
fermented soy milk consumption, their intestinal ecosystem

Table 2  Microorganisms analyzed and incubating media, times and temperatures

Medium Microorganism Color of the colony       Incubation conditions

Bifidobacteria iodoacetate medium–25 (BIM-25) Bifidobacterium spp. Green                 48 h, 35-37 ℃

Lactobacillus anaerobic MRS with bromocresol green (MRS-modified) Lactobacillus spp. Reddish orange                 48 h, 35-37 ℃

Tryptose-sulfite-D-cycloserine agar (TSC) Clostridium perfringens White with black center                 24 h, 35-37 ℃

Endo agar plates (Endo) Coliform organisms Metallic red                 24 h, 35-37 ℃

CDC anaerobe blood agar plates (CDC) Total anaerobic organisms White                 48 h, 35-37 ℃

Table 3  Background information of subjects before and after the study

       Wk 0      Wk 8
Group n

Age (yr)                  Weight (kg)               Height (cm)                     BMI                       Weight (kg)             Height (cm)                    BMI

A 14 23.1±1.1 56.4±10.6 162.0±7.9 21.3±2.3 56.1±10.2 162.0±7.9 21.2±2.2

B 14 22.6±1.8 55.9±8.3 162.6±8.2 21.1±1.5 56.1±9.5 163.1±8.8 21.1±3.5
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tended to be improved by an increase in the populations of
the so-called “good bacteria”. The effect could be maintained
even 3 wk after cessation of  fermented soy milk
consumption. On the other hand, results showed that regular
soy milk also had some effect on increasing the population
of Lactobacillus spp. This may have been because soybeans
contain certain types of oligosaccharides such as raffinose
and stachyose that can be utilized by Lactobacillus spp. as
energy sources[10,11]; this reduces the beany odor and gas
production in the intestines[12]. It was found that, by culturing
different probiotics in soy milk, the amounts of raffinose
and stachyose that caused reduction of gas production in
the stomach while the amounts of sucrose, glucose,
galactose, acetic acid, and free amino acids increased[13]. The
increase in probiotics lowers the risk of GI tract dysfunction
from bacterial invasion and hence, maintains one of the
major functions of GI tract, the barrier function[14]. Beside
the effects of  consuming fermented soy milk determined
in this experiment, soy products are well known for their
health benefits. It has been found that the intake of soy
products reduces the risk of various cancers, lowers the
levels of blood lipid and cholesterol, and prevents oxidation
of VLDL and LDL, and hence lowering the risk of
cardiovascular diseases[15-17].

In conclusion, consumption of  fermented soy milk is
beneficial to the ecosystem of the intestinal tract by
increasing the populations of probiotics and reducing the
populations of  unwanted bacteria. In addition, fermented
soy milk may also provide other exclusive ingredients such
as isoflavone and saponin that do not exist in dairy products.
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Figure 1  Changes in the number (log) of different microorganisms during the experiment. A: the group in which fermented soy milk was
consumed in the first period; B: the group in which regular soy milk was consumed in the first period. Data presented as the mean±SD, n=13;
    : coliform organisms,   : total anaerobic organisms,    : lactobacillus spp.,    : Bifidobacterium spp.,    : Clostridium to wk 2-0, aP<0.05 vs total
anaerobic organisms; cP<0.05 vs total anaerobic organisms.
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