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Young barley leafis consumed as a popular green-colored drink, which is named “Aojiru” in Japan. In the present study, we examined
effects of young barley leaf powder (BL) on gastrointestinal transit time (GTT) and fecal moisture and weight in comparison with
wheat bran (WB) in male Sprague-Dawley rats. In addition, an attempt was made to identify BL components responsible for these
effects by using various fractions of BL. Additionally, we examined the water-holding capacity and setting volume of BL in vitro.
We also examined the granular structures of BL with a scanning electron microscope. As a result, BL supplementation in the
diet increased the fecal weight and shortened GTT. Our results demonstrate that the active component responsible for the effect
on increasing the fecal volume in BL is the water-insoluble dietary fiber fraction and that this effect is thought to be caused by
stimulation of the gut tract by the pH lowering. Furthermore, the high laxative action of BL was thought to be ascribable to the
high water-holding capacity due to the complicated structures of BL.

1. Introduction

Barley (Hordeum vulgare L.) is a plant widely distributed
and cultivated in eastern Asia and used as foodstuffs such as
bread and cakes [1-3]. Young barley leaf is well-known as the
material of a green-colored drink named “Aojiru” in Japan
[3]. Recently, several animal and human studies revealed
that the young barley leaves exert beneficial effects such
as antiulcer, antioxidant, hypolipidemic, antidepressant, and
antidiabetic effects [4-8]. Moreover, we previously reported
effect of young barley leaf powder (BL) on gastrointestinal
functions of human healthy volunteers and those with mild
constipation [9-11]. In these studies, we found that2gto 10 g
of BL supplementation increased fecal weight and defecation
frequency and improved other fecal characteristics. BL is rich
in insoluble dietary fiber. The effects of insoluble dietary fiber
on gastrointestinal functions have been described in many

reports [12-15]. However, BL also possesses water-soluble
dietary fiber, and some kinds of soluble dietary fiber are
also known to have effects on the gastrointestinal functions
[16, 17]. In the present study, we examined the effects of BL
on gastrointestinal transit time (GTT) and the moisture and
weight of feces compared with wheat bran (WB) in male
Sprague-Dawley (SD) rats. In addition, an attempt was made
to identify the BL component responsible for these effects by
using various fractions of BL. Additionally, we examined the
water-holding capacity (WHC) and setting volume in water
(SV) of BL in vitro. We also examined the granular structures
of BL with a scanning electron microscope.

2. Materials and Methods

2.1. Materials. BL was supplied by Toyo Shinyaku Co., Ltd.
(Saga, Japan). BL is produced from the young leaves of


http://dx.doi.org/10.1155/2014/974840

Hordeum vulgare L. by washing, drying, and powdering. The
color of BL ranges from light to dark green. The whole of BL
was separated into three fractions: water-insoluble fraction
(WI), ethanol-insoluble fraction (EI), and ethanol-soluble
fraction (ES). Figure 1 shows the scheme of fractionation.
Briefly, BL suspended in water was agitated for 12 hours and
centrifuged for 30 minutes at 9,000 rpm. After this process
was repeated 4 times, BL was separated into the supernatant
and the sediment. The sediment was freeze-dried (WI). The
supernatant was concentrated fivefold by freezing and drying.
After adding four volumes of 80% ethanol, the mixture was
left to stand overnight. The mixture was centrifuged for 30
minutes at 9,000 rpm and separated into two fractions: EI
and ES. The percentages by weight of WI, EI, and ES were
82.51%, 6.32%, and 13.53%, respectively, to the weight of BL.
WB (a trade name; Wheat bran P) was supplied by Nisshin
Seifun Co., Ltd. (Tokyo, Japan). Table 1 shows the chemical
compositions of BL, W1, EI, ES, and WB.

2.2. Animal Experiments. Animal experiments in the present
study were approved by the Ethical Committee of TOYO
SHINYAKU Co., Ltd. All study designs complied with the
Guidelines for the Care and Use of Experimental Animals of
the Japanese Association for Laboratory Animal Science.

(1) Animal-Rearing Conditions and Diet Compositions. Thirty-
six male SD rats were purchased from Japan SLC Inc.
(Shizuoka, Japan) at the age of 5 weeks. They were housed
in a room with controlled temperature (23 + 2°C), humidity
(55 + 10%), and a preset light-dark cycle (12h:12h). The
rats were fed laboratory chow (ME, Oriental Yeast Co., Ltd.,
Tokyo, Japan) for 1 week during the acclimatization period,
and then the 36 rats were randomly divided into 6 groups
with approximately equal average body weights. The animals
were housed individually in cages and allowed free access
to powdered diets and drinking water for the experimental
period of 28 days. In order to examine alternation of cecum
pH, the animals were treated with BL for 28 days as previously
reported [18]. Table2 shows the diet compositions. The
control (CT) group was fed a modified AIN- (American
Institute of Nutrition-) 76 diet in which the percentage of
cellulose was decreased from 5% to 3%. The WB and BL
groups were fed supplemented diets in which sucrose was
partly replaced by test materials, WB (5.25%) and BL (3.51%),
respectively, so that each diet contained a total of 5% dietary
fiber based on the fiber contents of WB (38.1%) and BL
(57.0%) shown in Table 1. The diets for the WI, EI, and ES
groups contained each fraction in amounts corresponding
to the respective contents 82.51%, 6.32%, and 13.53% in BL
(see above). The animal weight and feed consumption were
measured every 3 or 4 days.

(2) Gastrointestinal Transit Time (GTT). GTT was measured
on days 19 and 20 of the feeding period. After 9 hours
fasting, the animals were given 2 g of each diet containing
0.5% red pigment (Carmin; Wako Pure Chemical Industries,
Ltd. (Osaka, Japan)) between 21:00 and 22:00. The animals
were then allowed free access to each experimental diet.
We observed fecal conditions every hour after the stained
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TABLE 1: Chemical compositions of samples in the animal experi-
ments.

Unit WB  BL WI EI ES

Energy™' kcal 299 262 — - =
Moisture g 35 49 — — —
Protein g 243 147 — — —
Fat g 2.6 4.2 — — —
Ash g 60 63 — — —
Carbohydrate g 255 129 — — —
Dietary fiber*> g 381 570 — - -
Dietary fiber*’ g 358 576 729 151 15
Soluble dietary fiber** g 36 16 14 138 12
Hemicellulose** g 211 230 284 13 03
Cellulose™ g 82 267 33 ND ND
Lignin** g 29 63 101 ND ND
*IConversion factor into calorie (protein 4, fat 9, carbohydrate 4, and dietary
fiber 2).

*2Enzymatic-gravimetric method.

*3Southgate method.

*4Phenol-sulfuric acid method.

WB: wheat bran, BL: whole of young barley leaf powder (BL), WI: water-
insoluble fraction of BL, EI: ethanol-insoluble fraction of BL, and ES:
ethanol-soluble fraction of BL.

diet. GTT was calculated as the average time between the
appearance and disappearance of stained feces.

(3) Measurement of Fecal Moisture Contents and Weights.
Fecal moisture was measured on days 11 and 18 of the feeding
experiment. Briefly, two pieces of fresh feces were collected
directly from the anus with a test tube and their weights
were measured quickly and dried overnight at 100°C in an
incubator. Fecal moisture contents were calculated as the
difference between the fresh and dried feces.

In order to measure dry fecal weights, we collected all
excreted feces continuously for 4 days (from day 25 to 28
of the feeding period). At 10:00 every day, we collected all
feces excreted during the preceding 24 hours. All the collected
feces were dried overnight at 100°C in the incubator and their
weights were measured as dry fecal weights.

(4) Wet Weight and Length of the Colon and pH of the Cecal
Contents. On the final day (day 28) of the experiment, the
animals were anesthetized with ether. After the animals were
sacrificed by exsanguination, laparotomy was performed. The
small intestine, cecum, and colon were excised and their
lengths and weights were measured. The small and large
intestines were removed and irrigated with saline. After
dabbing away the excess water, the small and large intestines
were weighed. The cecal contents were diluted tenfold with
distillated water, and their pH values were measured by the
glass electrode method.

2.3. Materials for In Vitro Experiments. BL and WB were the
same samples as used in the above animal study. Cellulose
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FIGURE 1: The preparation method of fractions of young barley leaf powder. BL: young barley leaf powder, WI: water-insoluble fraction of BL,
EI ethanol-insoluble fraction of BL, and ES: ethanol-soluble fraction of BL.

TABLE 2: Diet compositions of the animal experiments.

(%)
CT group WB group BL group WI group EI group ES group
Casein 20.00 20.00 20.00 20.00 20.00 20.00
DL-Methionine 0.30 0.30 0.30 0.30 0.30 0.30
Cornstarch 15.00 15.00 15.00 15.00 15.00 15.00
Sucrose 52.00 46.75 48.49 49.10 51.78 51.53
Corn oil 5.00 5.00 5.00 5.00 5.00 5.00
AIN mineral mixture 3.50 3.50 3.50 3.50 3.50 3.50
AIN vitamin mixture 1.00 1.00 1.00 1.00 1.00 1.00
Choline bitartrate 0.20 0.20 0.20 0.20 0.20 0.20
Cellulose powder 3.00 3.00 3.00 3.00 3.00 3.00
WB — 5.25 — — — —
WH — — 351 — — —
WI — — — 2.90 — —
EI — — — — 0.22 —
ES — — — — — 0.47

CT: control, WB; wheat bran, BL: whole of young barley leaf powder (BL), WI: water-insoluble fraction of BL, EI: ethanol-insoluble fraction of BL, and ES:

ethanol-soluble fraction of BL.

(CL; a trade name; S-102) was supplied by Takeda Pharma-
ceutical Co., Ltd. (Tokyo, Japan). The contents of dietary fiber
in BL, WB, and CL were 37.8%, 38.1%, and 96.0%, respectively.

2.4. In Vitro Experiments

(1) Water-Holding Capacity (WHC) [19]. We used a polyethy-
lene container with a mesh wire-bottom of stainless steel
(6 cm in diameter and 8 cm in depth) with fitted filter paper in
the bottom. First, the filter in the container was moisturized
adequately by water and weighed every 2 minutes. When the
speed of loss of weight began to become constant, the weight
was determined as W1. Secondly, each dried one gram sample

of BL, WB, and CL was shaken intermittently with 75 mL of
water in a beaker and poured on the filter in the container.
Each sample in the container was weighed every 2 minutes.
When the speed of loss of weight began to become constant,
the weight was determined as W2. WHC was obtained by the
calculation formula: W2 — W1 — 1 gram.

(2) Setting Volume in Water (SV) [19]. The method was devel-
oped by Middleton and Byers [20] and applied by Takeda et al.
for the determination of SV of dietary fiber. Briefly, each dried
5 g sample of BL, WB, and CL was shaken intermittently with
50 mL of deionized water placed in a 200 mL media bottle
under reduced pressure. Each suspension was transferred to
a 100 mL graduated cylinder and left to stand quietly for 24
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FIGURE 2: Gastrointestinal transit time in rats. CT: control group,
WB: wheat bran group, BL: whole of young barley leaf powder
(BL) group, WI: water-insoluble fraction of BL group, EI: ethanol-
insoluble fraction of BL group, and ES: ethanol-soluble fraction
of BL group. a and b Data with different alphabetical letters are
significantly different at P < 0.05.

hours. SV was measured as the height of sedimentation of
each sample in the cylinder.

2.5. Photographs with a Scanning Electron Microscope (SEM).
For taking photographs of expanded images of BL, WB, and
CL, we used SEM (MINISCOPE TM-1000, Hitachi High-
Technologies Co., Ltd.). We observed each sample at 100- to
500-fold magnification on the SEM.

2.6. Statistics. Data were expressed as means + SEM. Statisti-
cal analyses were done with one-way ANOVA to compare all
subgroups and the Tukey test for paired comparisons. In all
experiments, signiﬁcance was set at P < 0.05.

3. Results

3.1. Animal Experiments

(1) Weights and Feed Consumptions. There were no significant
difference in body weights and feed consumptions (data not
shown).

(2) Gastrointestinal Transit Times. Figure 2 shows the result
of GTT measurement. The GTTs of the BL and WI groups
were shortened compared with that of the CT group. On the
other hand, the GTTs of the WB, EI, and ES groups were not
different from the GTT of the CT group.

(3) Fecal Moisture Contents and Weights. Figures 3 and 4 show
the results of fecal moisture contents and dry fecal weight. The
fecal moisture content of the BL group was higher than that
of the CT group. The fecal moistures contents of the WB, W1,
and EI groups tended to be higher than that of the CT group.
On the other hand, the fecal moisture content of the ES group
was similar to that of the CT group. The dry fecal weight of the
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FIGURE 3: Fecal moisture in rats. CT: control group, WB: wheat bran
group, BL: whole of young barley leaf powder (BL) group, W1: water-
insoluble fraction of BL group, EI: ethanol-insoluble fraction of BL
group, and ES: ethanol-soluble fraction of BL group. a-d Data with
different alphabetical letters are significantly different at P < 0.05.
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FIGURE 4: Dry fecal weight in rats. CT: control group, WB: wheat
bran group, BL: whole of young barley leaf powder (BL) group, WI:
water-insoluble fraction of BL group, EI: ethanol-insoluble fraction
of BL group, and ES: ethanol-soluble fraction of BL group. a-c: Data
with different alphabetical letters are significantly different at P <
0.05.

BL group increased compared with that of the CT group. The
dry fecal weights of the WB and WI groups tended to increase
compared with that of the CT group. On the other hand, the
dry fecal weights of the EI and ES groups were similar to that
of the CT group.

(4) Wet Weight and Length of the Colon and pH of the Cecal
Contents. Among the wet weights and tissue weights of the
small intestine, cecum, and colon, there were no significant
differences in any of the groups. In addition, there were
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FIGURE 5: Photographs of cellulose, wheat bran, and young barley leaf powder with scanning electron microscope. (a) cellulose powder (100-
fold magnification), (b) cellulose powder (400-fold magnification), (c) wheat bran powder (100-fold magnification), (d) wheat bran powder
(500-fold magnification), (e) young barley leaf powder (100-fold magnification), and (f) young barley leaf powder (400-fold magnification).

no significant difference in the lengths of small and large
intestines (data not shown). Table 3 shows the result of pH
of the cecal contents. The pH values of the cecal contents of
the WB, BL, and W1 groups were significantly lower than that
of the CT group. On the other hand, the pH values of the EI
and ES groups were similar to that of the CT group.

3.2. In Vitro Experiments. Table 4 shows the results of WHC
and SV measurement. The WHC and SV of BL were higher

than those of WB and CL. The WHC and SV of WB were
similar to those of CL.

3.3. Photographs with a Scanning Electron Microscope (SEM).
Figure 5 shows the SEM images of BL, WB, and CL. BL and
WB are suggested to have many fine grains which have small
holes. In addition, the large grains of BL have many fine slits
on the surfaces and seem to have complicated structures. On
the other hand, WB and CL have no slits and seem to have
very smooth surfaces.
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TaBLE 3: The pH of cecal contents.
pH

CT group 7.08 + 0.13"
WB group 6.87 +0.17°
BL group 6.87 +0.11°
WI group 6.75 +0.07°
EI group 724 + 0.09°
ES group 710 + 0.12*

CT: control, WB: wheat bran, BL: whole of young barley leaf powder (BL),
‘WI: water-insoluble fraction of BL, EI: ethanol-insoluble fraction of BL, and
ES: ethanol-soluble fraction of BL.

*PData with different alphabetical letters are significantly different at P <
0.05.

TABLE 4: Water-holding capacity and setting volume in water of BL,
WB, and CL.

Content of dietary fiber WHC Y%
(%) g water/g mL/g
BL 378 41+02° 71+ 0.3
WB 38.1 2.9+0.3° 3.9+01°
CL 96.0 25+0.2° 44+02°

BL: young barley leaf powder, WB: wheat bran, CL: cellulose, WHC: water-
holding capacity, and SV: setting volume in water.

“>Data of WHC and SV, respectively, with different alphabetical letters are
significantly different at P < 0.05.

4. Discussion

When we surveyed the effect of WB, BL, and each fraction
of BL in this animal study, the dry fecal weight of the BL
group increased and that of the WB or WI group tended to
increase compared with that of the CT group, but those of the
EI and ES groups were similar to that of the CT group. WB
and BL contained high amounts of dietary fiber. Moreover,
when WI was prepared, the ratio of water-insoluble dietary
fiber increased. It is well-known that insoluble dietary fiber
is hard to disintegrate by digestive fluids and enzymes in the
upper gut and tends to reach the colon as structurally intact
molecules, and they are used to form the building frame of
feces [21]. Therefore, the effects of BL to increase the fecal
volume should be ascribable to the insoluble dietary fiber of
BL.

Additionally, It is known that some kinds of dietary fiber
(both soluble and insoluble fibers) and oligosaccharides are
utilized partially by intestinal flora, and short-chain fatty
acids produced by the flora cause a lowering of pH, which
stimulates the gut tract and promotes the elimination of feces
[13, 22-25]. In this animal study, pH of the cecal contents
of the BL and WI group was lowered. Previously, we found
that treatment of female volunteers with BL caused a reduced
percentage of Clostridium (so-called “bad bacterium”) in
their feces [9]. Short-chain fatty acids were able to inhibit
pathogenic bacterial growth by lowering pH in the intestinal
lumen [26]. The insoluble dietary fiber of BL might cause an
increase in the fermentative activity of some kinds of intesti-
nal flora and promote fermentation of intestinal contents and
improve the amount of defecation.
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On the other hand, the GT'T of the BL or WI group was
shortened compared with that of the CT group. However, the
GTT of the EI or ES group was not shortened. Additionally,
despite the fact that WB has high amount of dietary fiber and
tends to increase the dry fecal weight and decrease cecal pH,
the GTT of WB group was not shortened compared with that
of the CT group. Therefore, the effect of BL to shorten GTT
could not be explained only by the high amount of insoluble
dietary fiber.

When we surveyed the effects of water-holding capacity
of BL, WB, and CL in the in vitro study, the augmenting
effects of BL on WHC and SV were greater than those of
WB or CL. The SEM observation of BL, WB, and CL showed
that BL has more complicated structures than WB or CL. In
the study using inert plastic particles of different sizes and
shapes, a coarse-grained plastic had complicated structures
and showed a greater effect on SV than a fine-grained one,
and the coarse-grained plastic caused shortening of GTT
compared with the fine-grained one [27]. The shortening
effect of BL on GT'T was thought to be ascribable to the high
water-holding capacity due to the complicated structures of
BL.

In conclusion, BL supplementation in the diet increased
the fecal weight and shortened the GTT. Our results suggest
that the active component in BL responsible for the augment-
ing effects on the intestinal transit and fecal volume is likely to
be the insoluble dietary fiber fraction and that these effects are
thought to be caused by the presence of insoluble dietary fiber
as the building frame of feces and stimulation of the gut tract
by the pH lowering. Furthermore, the high laxative action of
BL was thought to be ascribable to the high water-holding
capacity due to the complicated structures of BL.
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