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Abstract

This study investigated the effects of bifidus enhancer yogurt (BEY) on loperamide-induced constipation in rats. The bifi-

dus enhancer, made of rice-DDGS (Dried Distillers Grains with Solubles), improved proliferation of bifidobacteria (BB-

12). Male SD rats were induced with constipation using loperamide and were then used to test the effectiveness of BEY in

relieving constipation. The rats were divided into four groups: normal group (NOR), loperamide-treated group (LOP), bifi-

dus enhancer yogurt and loperamide-treated group (L-BEY), and commercial yogurt and loperamide-treated group (L-CY).

Treatment of loperamide reduced the wet weight and water content of fecal pellets, but increased the number of fecal pellets

in the distal colon. Meanwhile, the fecal weight of the L-BEY group showed an increase of 43% and 23% versus the LOP

and L-CY group, respectively. Also, the fecal water content in the L-BEY group was 14.5% and 6.8% higher than that in

the LOP and L-CY group, respectively. In addition, the L-BEY group had the fewest fecal pellets in the distal colon. In the

serum lipid parameters, the LOP group had a HDL/total cholesterol ratio that was 43% lower than the NOR group, but the

L-BEY group had 27% lower than NOR group. These results suggest that bifidus enhancer yogurt has superior effects when

it comes to relieving loperamide-induced constipation in rats.
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Introduction

Constipation is prevalent in Western societies and is

commonly seen as a symptom in clinical practice. In the

Western world, lifestyle significantly determines health,

especially later in life. A lack of physical activity, partic-

ularly if associated with over-consumption of food, can

increase the risk of development of nutrition-related con-

ditions and diseases, such as obesity, diabetes, cardiovas-

cular disease, and constipation. Actually, constipation,

which is the most frequent digestive complaint, is a

symptom rather than a disease, but it is also one of the

risk factors related with colorectal cancer. Around 12% of

healthy people around the world have complained of con-

stipation at some point (Wald, 2007). Its symptoms

include loss of appetite, aging skin, skin ailments, head-

ache, and abdominal inflation. Worsening symptoms can

include hemorrhoids and terrible pain during bowel

movements, and in extreme cases, it can lead to colorectal

cancer (Conrazziari, 1999). Many in vitro studies and

clinical trials have sought to improve the function of the

gastrointestinal tract and alleviate fecal complaints with

live microbial supplements (Chen et al., 2006; Shimotoy-

odome et al., 2001; Shin et al., 2006). 

To relieve constipation and fluidize intestinal functions,

it is essential to first discern the causes of the constipation

and then prescribe a change of living habits and diet cure,

with a particular emphasis on well-regulated meals. Foods

that are effective against intestinal peristaltic motion include

vegetables and marine algae, which are high in fiber; fruits

containing organic acids; and dairy products like milk and

yogurt, which are high in lactose (Kim et al., 2003).

Fermented milk products control intestinal functions

and inhibit pathogenic bacteria because the metabolites

that form during incubation of intestinal microbial metab-

olites impede the growth of intestinal putrefactive bacte-

ria (Kim, 2000). Such products can also promote digestive

absorption and prevent both diarrhea and constipation. In

recent years, yogurt has also been reported to contribute
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to anticancer activity and a decline of serum cholesterol

(Woo and Mang, 1998).

Lactobacilli and streptococci had been used to make

bacillary milk. But once the beneficial effects of bifido-

bacteria were discovered, it became the bacteria primarily

used to make fermented milk. The major metabolites of

bifidobacteria are acetic acids and lactic acids. It shows

greater intestinal regulation than Lactobacillus, and also

decreases production of ammonia, phenol substances, and

bacterial toxins in the intestine (Hughes and Hoover, 1991).

Because of bifidobacteria showing poor growth in milk

and fermented milk, several substances have been studied

for their potencial growth-stimulating activity. Human

CMP promoted the growth of B. infantis, bovine casein

digest and yeast extract increased the growth of various

species of the genus bifidobacterium, in addition casei-

nomacropeptide and whey protein enhanced bifidobacte-

ria growth in milk (Azuma et al., 1984; Janer et al., 2004;

Poch and Bezkorovainy, 1988). These nutrient supple-

ments were milk-derived components. Meanwhile, dried

distillers grain is a residual product from alcohol-fermen-

tation of cereals. Amino acids remain in dried distillers

grain even after drying, so it has been used in fodder in

the form of processed foods such as dried distillers grain

(DDG) or dried distillers grain with soluble (DDGS)

(Fontaine et al., 2007). The main ingredients of DDG are

crude fat, crude protein, crude fiber, fungus bodies, and

many types of minerals. Thus, DDG is a potential power

and needs more research and development (Ganesan et al.,

2007). DDG can be made of various ingredients, including

corn, brown rice, barley, yam, and tapioca, and studies on

the use of DDGS have been consistently reported (Song,

2005). However research for using DDGS in food is still

currently lacking. Thus, we used rice-DDGS, an alcohol

fermentation byproduct, to make yogurt with bifidus en-

hancer. In order to investigate how bifidus enhancer yogurt

could affect the relief from constipation and intestine

function, rats were induced with loperamide constipation

and then given a diluted solution of yogurt.

Materials and Methods

Preparation of bifidus enhancer yogurt

The bifidus enhancer is composed of 90% rice-fermented

extract and 10% lactose. Its composition was as follows:

moisture content 3.09%, crude protein 9.53%, crude fat

7.89%, crude ash 7.99%, and carbohydrate 71.5%. In a

preparatory experiment, bifidus enhancer made with rice-

fermented extract promoted growth of bifidobacteria spe-

cies in yogurt. The bifidobacteria cell count of commer-

cial yogurt (CY) and experimental yogurt 1 added bifido-

bacterium BB-12 were 7.5×105 and 4.0×106 CFU/mL

respectively, but experimental yogurt 2 (BEY) added bifi-

dus enhancer and bifidobacterium BB-12 was 5.0×107

CFU/mL (Table 1). The yogurt used in this study was

obtained by requesting products from Namyang Dairy.

The commercial yogurt (CY) of the comparison group is

composed of yogurt culture Yo-MixTM 101 (Danisco, Den-

mark), 77% milk, 3% skim milk, 1% diatary fiber, and

19% any many others such as isomaltooligosaccharides,

flavouring agents etc. The bifidus enhancer yogurt (BEY)

of the experimental group consisted of the CY with the

addition of 0.0075% bifidobacterium BB-12 (Chr. Hansen,

Denmark), and 0.05% bifidus enhancer (S&D, Korea).

Animal care and feeding schedule

Sprague-Dawley male rats (7-8 wk old, 220-250 g)

were purchased from Central Laboratory Animal, Inc.

(Seoul, Korea), and were given a 1 wk adaptation period

in our lab. The rats were divided into four groups by body

weight: water group (NOR), water and loperamide-

treated group (LOP), bifidus enhancer yogurt and lopera-

mide-treated group (L-BEY), and commercial yogurt and

loperamide-treated group (L-CY). The rats were given

two types of yogurt sample in their water for 5 d: 10%

BEY (bifidus enhancer yogurt) and 10% CY (Commer-

cial Yogurt).

The other rats were given tap water. Feed (AIN-76A,

Central Lab, Seoul, Korea) and water were fed ad libi-

tum. The temperature of the lab was 20 to 22oC, and the

alternating photo cycle was 12 h of light and 12 h of

darkness (Cho et al., 2008).

Induction of experimental constipation

In order to study the effect of bifidus enhancer yogurt

on constipated colonic mucus, constipation was induced

in the rats by subcutaneous injection of loperamide (1.5

mg/kg) twice daily (9:00 AM and 6:00 PM) for five days

after the adaptation period (Jeon et al., 2007). The loper-

Table 1. Bifidobacterium species cell counts of yogurts made

with and without bifidus enhancer

Commercial

Yogurt

Experimental

Yogurt 1

Experimental

Yogurt 2

Viable cell counts

(CFU/mL)
 7.5×105  4.0×106 5.0×107

Experimental Yogurt 1, commercial yogurt and 0.0075% bifido-

bacterium BB-12; Experimental Yogurt 2, commercial yogurt and

0.0075% bifidobacterium BB-12 and 0.05% bifidus enhancer
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amide was dissolved in 0.9% sodium chloride and was

purchased from Sigma Chemical Co. (USA). Every group

was treated with loperamide except the normal group

(NOR group). The NOR group was given only 0.9%

sodium chloride by injection.

Measurement of dietary intake, water intake, body

weight, feces water content and number of fecal

pallets

We measured the rats’ food intake, water intake, weight

of feces, and number of fecal pellets every day at 10:00

AM, and we measured their body weight on the 1st, 7th,

12th and final day of the experiment. In order to get the

dried weight of the rats’ feces, the feces of the individual

rats were collected and dried them in a 70oC oven for 24

h. We calculated the water content of the fecal pellets by

the following equation: water content = fecal weight −

dried weight/fecal weight, as used in Nakamum et al.

(2001). On the final day, we sacrificed the rats to check

the number of fecal pellets in the distal colon (Shimotoy-

odome et al., 2000).

Determination of serum lipid parameters

At the end of the experiment, blood samples were col-

lected from all treated and untreated rats by an intracar-

diac puncture. Serum was separated from blood samples

by centrifuging at 4000 rpm for 10 min and kept at -80oC

for further biochemical determination. The levels of

serum triglyceride (TG), total cholesterol (TC), high-den-

sity-lipoprotein cholesterol (HDL-cholesterol), and low-

density-lipoprotein-cholesterol (LDL-cholesterol) were

measured by using commercially available kits (Bio Clin-

ical System, Korea). 

Statistical analysis

All data are expressed as mean±SEM and were ana-

lyzed using analysis of variance (ANOVA). Differences

between treatments were tested using Duncan’s multiple

range test and are considered statistical significant at P-

values of less than 0.05. All statistical analyses of data

were performed using an SAS statistical package (SAS

Institute, 2008). 

Results and Discussion

Feed and water intake and body weight gain

Table 2 shows the rats’ dietary intake, water intake, and

body weight gain during the study period. The dietary

intake did not differ significantly among the experimental

groups during the 13 d, although the dietary intake of the

loperamide-induced groups seemed to slightly decrease.

The water intake differed among the groups for the 0-7 d

period, but there was no difference in water intake during

the loperamide-induced period. In addition, the rats

showed similar growth in body weight before treatment

with loperamide. In particular, the body weight gains of the

LOP and L-CY group were significantly smaller than the

NOR group during the induction of constipation. But the

difference was not significant in the case of L-BEY

group. Kim et al. (2008) and Shimotoyodome et al.

(2000) have reported that loperamide does not signifi-

cantly affect body weight gain, but the growth was still

less than the control group. Also, Jeon et al. (2007) and

Shin et al. (2006) have reported that the cause of the

reduced body weight gain is likely the loperamide injec-

tion. The above findings agree with those previous stud-

ies. Therefore, we concluded that the decreased body

weight gain was likely not due to the food intake or the

yogurt, but could be attributed to the loperamide.

Wet feces weight and the number of fecal pellet

The wet feces weight of each group did not differ before

Table 2. Effects of loperamide and yogurt on food and water intake, and body weight gain

Group1)

NOR LOP L-BEY L-CY

Food intake

(g/d)

Adaptation 19.24±1.06a2) 19.07±0.98a 18.67±1.26a 18.64±1.33a

Constipation 18.25±1.69a 18.08±1.84a 17.74±3.38a 17.12±3.97a

Water intake

(g/d)

Adaptation 26.88±3.52ab 28.00±3.74a 23.13±2.75b 24.75±3.92ab

Constipation 31.20±4.27a 25.40±5.03a 28.00±4.18a 28.20±1.92a

Weight gain

(g)

Adaptation 9.68±1.56 9.80±0.78 9.34±1.02 9.76±0.49

Constipation 9.21±0.85a 6.40±1.94b 7.76±1.20ab 5.82±2.48b

1)NOR, normal group; LOP, Loperamide-treated group; L-BEY, Bifidus enhancer Yogurt+Loperamide-treated group; L-CY, Commercial

Yogurt+Loperamide-treated group
2)Values are mean±SD.
a,bMeans within rows with different superscript letters are significantly different (p<0.05).



Effects of Bifidus Enhancer Yogurt on Constipation Relief 27

loperamide constipation was induced, but, as shown in

Fig. 1, there was a significant difference after constipation

was induced and the rats were given yogurt. The feces

weight of the L-BEY group who were fed bifidus enhancer

yogurt increased more than the other groups, including

the NOR group. The feces weight of the LOP group

showed the largest drop, because of the effect of the lop-

eramide. The fecal weight of the L-BEY group increased

43% more than the LOP group and 23% more than the L-

CY group. Also, the number of fecal pellets significantly

changed during loperamide-induced period. The number

of fecal pellets for the NOR, LOP, L-BEY, and L-CY

groups were 21.1±2.3, 19.0±1.1, 23.3±2.7, and 20.1±2.2,

respectively. The L-BEY group had 22% more fecal pel-

lets than the LOP group, and approximately 9% more

than the L-CY positive control group (Fig. 2). Improve-

ment in the alleviation of constipation may be attributed

to the synbiotic effect of probiotics, yam, kiwi fruit, and a

soothing herb that improves the function of the gas-

trointestinal tract (Farombi et al., 1997; Jeon et al., 2007;

Sinn et al., 2008).

Feces water content

The feces water content of all groups was quite differ-

ent among each group. During the adaptation periods, the

feces water content of the LOP group (which were not

fed yogurt and were induced with constipation) was the

highest at 27.87±3.9%. The feces water percentages of

the NOR, L-BEY and L-CY groups were 25.49±3.9%,

23.41±3.2%, and 22.83±3.5%, respectively (Fig. 3). How-

ever, those values began to change after the loperamide

injection. The feces water contents of the L-BEY, L-CY,

and LOP groups were 32.48±3.6%, 25.67±2.3%, and

17.93±3.6%, respectively.

The water content percentage of the L-BEY group was

even higher than the NOR group (30.23±4.4%), which

were not induced with constipation, and was approxi-

mately twice as high as the LOP group. Loperamide,

Fig. 1. Effects of Loperamide and Bifidus enhancer yogurt

on wet feces weight. Adaptation, 1-wk; Constipation,

loperamide-induced constipation and fed yogurt period (5

d); NOR, normal group; LOP, Loperamide-treated group;

L-BEY, Bifidus enhancer Yogurt+Loperamide-treated

group; L-CY, Commercial Yogurt+Loperamide-treated

group; Bars represent mean±SD. a-cOn the bars having

different letters are significantly different (p<0.05) by the

Duncan’s multiple range test.

Fig. 2. Effects of Loperamide and Bifidus enhancer yogurt

on the number of fecal pallets. Adaptation, 1-wk; Con-

stipation, loperamide-induced constipation and fed yogurt

period (5 d); NOR, normal group; LOP, Loperamide-

treated group; L-BEY, Bifidus enhancer Yogurt+Lopera-

mide-treated group; L-CY, Commercial Yogurt+Lopera-

mide-treated group; Bars represent mean±SD. a,bOn the

bars having different letters are significantly different

(p<0.05) by the Duncan’s multiple range test.

Fig. 3. Effects of Loperamide and Bifidus enhancer yogurt

on moisture content of feces. Adaptation, 1-wk; Consti-

pation, loperamide-induced constipation and fed yogurt

period (5 d); NOR, normal group; LOP, Loperamide-treated

group; L-BEY, Bifidus enhancer Yogurt+Loperamide-

treated group; L-CY, Commercial Yogurt+Loperamide-

treated group; Bars represent mean±SD. a-cOn the bars hav-

ing different letters are significantly different (p<0.05) by

the Duncan’s multiple range test.
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which was used to induce constipation on the experimen-

tal animals, is a diarrhea medicine which can repress

intestinal mobility and extend the time of evacuation

(Schiller et al. 1984).

In this research, the loperamide treatment reduced both

the wet weight and water content of fecal pellets. The

influence of loperamide was confirmed by other studies

on constipation (Kim et al. 2011; Schiller et al. 1984;

Shimotoyodome et al. 2000; Shin et al. 2006).

The constipation relief effects of L-BEY (bifidus enhancer

yogurt) were evaluated by measuring the amount and

water content of feces in rats that were fed yogurt mixed

with water. Both the fecal weight and water contents of

the LOP group remarkably declined in period when con-

stipation was induced. On the other hand, the fecal weight

and water contents of the L-BEY group increased signif-

icantly, more than the L-CY group.

In previous studies on how yogurt-added samples effect

constipation relief (Cho et al. 2008; Jeon et al. 2007; Kim

et al. 2008), the dietary fiber of the samples were a major

part of the constipation relief, because the experimental

samples had much more diet fiber than other samples.

But the results of our study suggest that the improved

relief was caused by the bifidus enhancer, which consid-

erably increases the bifidobacteria of the yogurt, which

could improve intestinal health.

The number of fecal pellets in distal colon

Loperamide increases the number of fecal pellets in the

distal colon (Fig. 4). The number of fecal pellets in the

distal colon of the NOR, LOP, L-BEY and L-CY groups

were 3.8±1.1, 5.6±1.1, 3.0±1.2 and 5.6±2.0, respectively.

In constipation, feces pellets remain in the distal colon

because colon movement is reduced. However, the num-

ber of pellets in the L-BEY group was equal to the NOR

group. The feces pellets of the LOP and L-CY groups

were more than the others. These results suggest that bifi-

dus enhancer yogurt has a superior effect on relieving

loperamide-induced constipation in rats. The results are

similar to previous studies that examined the effects of

mulberry leaves and lenitinus edodes extract on loperam-

ide-induced constipation (Lee et al., 2008; Park et al.,

2007).

Serum lipids profile

Loperamide injection induces stress and is known to

alter serum lipid parameters. One mechanism by which

stress may influence the lipid metabolism is by activating

the sympathetic adrenal medullary axis. Epinephrine,

which typically increases during periods of stress (Fran-

kenhaeuser, 1971), may have a lipid-mobilizing effect,

since infusion of epinephrine increases cholesterol levels

in animals (Dimsdale et al., 1983) and enhances lipolysis

in people (Freyschuss et al., 1986; Hjemdahl and Linde,

1983). Therefore, we investigated how bifidus enhancer

yogurt affects the serum lipid profiles of rats with lopera-

Fig. 4. Effects of Loperamide and Bifidus enhancer yogurt

on the number of fecal pellets in distal colon after

experiment period. NOR, normal group; LOP, Loperam-

ide-treated group; L-BEY, Bifidus enhancer Yogurt+Loper-

amide-treated group; L-CY, Commercial Yogurt+Loper-

amide-treated group; Bars represent mean±SD. a-cOn the

Bars having different letters are significantly different

(p<0.05) by the Duncan’s multiple range test.

Table 3. Effects of Bifidus enhancer yogurt on serum lipid profiles in rats

Group1) Triglycerid

mg/dL

Total Cholesterol

mg/dL

HDL/Total

cholesterol Ratio

LDL/Total

cholesterol Ratio
AI 2)

NOR 146.91±12.86NS 116.52±07.84NS 0.48±0.12b 0.53±0.14b 1.15±0.08c

LOP 147.40±18.02 123.86±14.10 0.27±0.10a 0.75±0.08a 2.76±0.43a

L-BEY 132.62±12.83 120.98±07.46 0.35±0.15ab 0.69±0.04ab 1.83±0.67b

L-CY 150.90±15.60 118.64±17.21 0.36±0.04ab 0.60±0.03ab 1.78±1.28b

1)NOR, normal group; LOP, Loperamide-treated group; L-BEY, Bifidus enhancer Yogurt+Loperamide-treated group; L-CY, Commercial

Yogurt+Loperamide-treated group
2)AI(Atherogenic index): Total-HDL cholesterol/HDL
a,bMeans within columns with different superscript letters are significantly different(p<0.05).
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mide-induced constipation. Table 3 summarizes the over-

all data concerning triglycerides, total cholesterol (TC),

HDL/TC ratio, LDL/TC ratio, and AI (atherogenic index)

in the rats. In this study, the triglyceride and total choles-

terol content were not significantly different among the

groups, but the HDL/TC ratio was decreased in the con-

stipation groups. The LOP group’s ratio was 43% lower

than the NOR group, and the L-BEY and L-CY groups

were 25-27% lower than the NOR group. The LDL/TC

ratio and AI were highest in the LOP group, but the AI of

the L-BEY and L-CY groups (with yogurt intake) was

33-35% lower than the LOP group. Kim (2010) and Kim

et al. (2005) reported that the total cholesterol content in

mice increased when various types of stress were induced,

but that cholesterol content was decreased by intake of

pine needle yogurt and injection with Korean medicinal

herbs. The results of this study indicate that the stress

caused by constipation changed the cholesterol level and

profiles, but the yogurt, enriched with rice-DDGS and

fiber, may improve the serum lipid profile and relieve

constipation.
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