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L-Citrulline and L-leucine-mediated thermoregulation

affords thermotolerance

Vishwajit S. Chowdhury ", Guofeng Han’, Hui Yang’, Hiromi Ikeda’, Takashi Bungo" and
Mitsuhiro Furuse’

(' Graduate School of Bioresource and Bioenvironmental Science, Division for Experimental Natural Science,

Faculty of Arts and Science, Kyushu University; *>Graduate School of Bioresource and Bioenvironmental Science,

Kyushu University; °Graduate School of Biosphere Science, Hiroshima University)

1. Introduction

Thermal stress associated with global warming
is a rising concern for the wellbeing of animals - ).
Thermal stress in commercial chickens is a serious issue
because high productive chickens are more sensitive
to thermal stress compared with low productive native
chickens. Commercial chickens can invest less energy
for maintenance of their body temperature under thermal
stress compared to native chickens ¥. Therefore, the body
temperature of commercial chickens rises quickly under
high ambient temperature (HT) *9, which may cause heat
stress ¥, Heat stress decreases food intake, live weight
gain, and food efficiency in broilers®, and affects egg
production in laying hens '?.

Essential amino acids have been suggested as
important nutrients to overcome heat stress problems in
chicken husbandry '"'¥. Moreover, non-essential amino
acids may also reduce the effects of psychological and
physiological stress in chicks !> 19, It was found that the
levels of free amino acids were modified by heat stress 719
Plasma L-citrulline (L-Cit) concentrations declined in
young chicks when they were exposed to HT (35°C for
48 h) 7. L-Cit was first encountered as a constituent of
watermelon (Citrullus vulgaris) 2. Watermelon is a

good source of L-Cit as the dietary non-essential amino

acid 2> 2, L-Cit, which has physiological functions in
most living systems ¥, is well known to enhance the
synthesis of L-arginine (L-Arg), the endogenous substrate
for the production of nitric oxide (NO), and ultimately
to increase endogenous NO production. The enzyme,
NO synthase (NOS), converts L-Arg to NO. It has been
suggested that NO influences the thermoregulation 27,
However, until recently it was still not known whether
L-Citpossesses any thermoregulatory functions and NO is
involved in the L-Cit-mediated thermoregulation process.
Moreover, it was also unknown whether L-Cit can afford
thermotolerance in any species.

Thermal manipulation (TM) during embryogenesis
is carried out through increasing the incubation temperature,
which results in the acquisition of thermotolerance by
neonatal chicks %39 and chickens*" under HT. TM also
has a long-lasting effect on energy balance that leads to
an improved feed-conversion ratio *». Exposure to a daily
cyclic higher temperature during embryonic day (ED) 10 to
ED 18 decreased body temperature on the day of hatching
(DOH) and improved thermotolerance in broiler ***% and
layer chicks * after hatching. It has been suggested that
metabolic activities, especially energy metabolism, were
significantly altered by TM 3!:39, However, to the best of
our knowledge, there was no report available on amino

acid metabolism during TM in any species. Recently, we
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found that embryonic brain and liver content of leucine
(Leu) was significantly declined by TM 7. Therefore,
the declined Leu raised some possibilities of its function
in connection with body temperature regulation and
thermotolerance.

In this article, we describe the thermoregulatory
functions of L-Cit and L-Leu and their influence on
thermotolerance. All the chick studies described in this
article were performed in accordance with the guidelines
for animal experiments carried out in the Faculty of
Agriculture and on the Graduate Course of Kyushu
University and adhered to Law no. 105 and Notification
no. 6 of the government. The experiments using marketing
age broilers were conducted following the regulation of the

Animal Experiment Committee of Hiroshima University.

2. L-Cit-mediated thermoregulation and

thermotolerance

To examine the thermoregulatory function of L-Cit,
male layer chicks (Julia) (Gallus gallus domesticus)
were purchased from a local hatchery (Murata hatchery,
Fukuoka, Japan) and housed in wire-meshed cages in a
group (20 birds per cage) at a constant temperature of 30
+ 1°C and with continuous lighting. After the acclimation
period, a total number of 36 chicks were selected and
divided into four groups again on the day of the experiment
based on their initial rectal temperature in order to produce
uniform groups (Experiment 1). The amino acids (L-Cit,
L-Arg and L-ornithine (L-Orn)) were administered into
the left ventricle of the chicks by intracerebroventricular
(i.c.v.) injection via a microsyringe, according to the
method described elsewhere *®. The dose of the amino
acids for i.c.v. injection was based on the findings of
previous reports '> !9, In brief, chicks (5 days old) were
intracerebroventricularly injected either with 1 pmol/10
ul of the above-mentioned amino acids or, for the control,
with the same volume of saline solution. This injection
method is not stress-causing as described by Furuse et
al.?? and Koutoku et al.*”. In Experiment 2, 36 chicks
were selected and divided into four groups as described in
Experiment 1. Chicks (6 days old) were subjected to oral

administration with amino acid solutions (L-Cit, L-Arg or

L-Orn) using an elastic-plastic needle on a small syringe
or, for the control, with 0.25% methyl cellulose solution.
Chicks received the amino acids (L-Cit, L-Arg or L-Orn)
by oral injection at a dose of 15 mmol/10 ml/kg body
weight, based on our previous findings '
3, 28 chicks (6 days old) received three doses of L-Cit
(3.75, 7.5 or 15 mmol/10 ml/kg body weight) by oral

administration. Rectal temperature was recorded at 0,

. In Experiment

30, 60, 90 and 120 min after i.c.v. or oral injections. In
Experiment 4, the effect of L-Cit on thermotolerance was
conducted with a total of 32 chicks (14 days old). Since
our preliminary study found that a single (15 mmol/10
ml/kg body weight) oral administration of L-Cit was not
able to provide thermotolerance, chicks were subjected
to a dual oral administration of L-Cit (15 mmol/10 ml/kg
body weight/administration) prior to being exposed to HT.
After the first oral administration of L-Cit, chicks were
allowed to remain at room temperature for 60 min. This
was followed by a second administration and the chicks
were then kept at room temperature for another 30 min
before being exposed to one of two temperature-controlled
chambers (Sanyo Electric Co. Ltd., Japan)—either HT (35
+ 1°C) or control thermoneutral temperature (CT: 30 +
1°C)—for 180 min. Rectal temperature was measured at 0,
60, 120 and 180 min after being placed in the temperature-
controlled chambers. Finally, Experiment 5 was conducted
to examine the effect of L-Cit on thermoregulation and
thermotolerance in marketing aged broilers. Chunky
broilers were purchased (Fukuda hatchery, Okayama,
Japan) and reared until 30 days old under optimum
conditions of food, water, lighting, and temperature.
Each broiler (about 2 kg body weight) was subjected to
dual oral administration of L-Cit (20 mmol/10 ml/broiler)
and followed the same process as described above in
Experiment 4 before exposing to temperature controlled
chamber (Matterhorn incubator, Japan) —either HT (30
+1°C) or CT (23 + 1°C) for 120 min. Rectal temperature
was measured at 0, 60 and 120 min after being placed in
the temperature-controlled chambers.

The rectal temperature of chicks was measured
with a digital thermometer with an accuracy of +0.1°C
(Thermalert TH-5, Physitemp Instruments Inc., USA)

by inserting the thermistor probe into the rectum to a



depth of around 2 cm. For broilers, rectal temperature was
measured by thermo recorder (TR-7s, T&D Corporation,
Nagano, Japan). For the chick experiment, L-Cit, L-Arg,
and L-Orn were purchased from Wako Pure Chemical
Industries (Osaka, Japan). A large amount of L-Cit was
bought for broiler experiment from Kyowa Hakko Bio
(Yamaguchi, Japan). For i.c.v. injection, these amino acids
were dissolved in 0.85% saline containing 0.1% Evans Blue
solution. The solutions were dissolved by stirring them on
a vortex, and they were sonicated in a bath sonicator for
10 min. The resulting dissolved amino acids were kept
on ice during the i.c.v. injection. For oral administrations,
the same amino acids were suspended in 0.25% methyl
cellulose solution, and these suspensions were stirred well
on a vortex. These solutions were kept at room temperature
(30 £+ 1°C) during the oral administration. The data for
the rectal temperature derived from chick study were
statistically analyzed by a paired #-test between 0 min
and each time point after injection. A repeated-measure
three-way ANOVA was conducted in Experiments 4 and
5 for analysis of body temperature. Significant differences
were denoted as P<0.05. Data were analyzed using the

statistical program Statview Version 5.0 (SAS Institute,

-~ Control
0.5 17 & L-Arginine
O 04 -+ L<Citrulline
g 034 L-Ornithine
£ o2/
Q
€ 0.1 -
2
] 0 -
°
e -0.1 4
£
» 0.2 1
[
2 .03 -
e
o -04 4
-0.5 - 1 1 1 1 1
0 30 60 920 120

Time (min)

Fig. 1. Effects of central injection of L-citrulline, L-arginine
or L-ornithine on rectal temperatures in chicks during 120
min of the experimental period. The number of chicks used
in each group ranged between 5-9. Values are means + S.E.M.
Reproduced from Chowdhury VS, Shigemura A, Erwan E, Ito
K, Bahry MA, Tran PV, Furuse M. 2015. Oral administration
of L-citrulline, but not L-arginine or L-ornithine, acts as a
hypothermic agent in chicks. J. Poult. Sci., 52:331-335, with
the permission from Japan Poultry Science Association.

Cary, USA, 1998). Values are presented as means = S.E.M.

Rectal temperatures of chicks were not changed
significantly between 0 min and each time point after
i.c.v. administration of L-Cit, L-Arg, or L-Orn (Fig. 1) .
Fig.2 shows the changes in rectal temperatures following
oral administration of L-Cit, L-Arg and L-Orn. It was
found that L-Cit significantly (P<0.05) decreased the rectal
temperature at 60 min. Conversely, L-Arg administration
caused a significant (P<0.05) increment in rectal
temperature at 90 and 120 min and L-Orn administration
at 60 min compared with 0 min. The effect of different
doses of orally administered L-Cit on rectal temperature
during 120 min of the experimental period is shown in Fig.
3 . The highest dose of L-Cit caused to decrease the rectal
temperature significantly (P<0.05) at 30, 60 and 120 min.
Rectal temperature was increased significantly (P<0.0001)
in chicks by HT (data not shown). Besides lowering rectal
temperature under CT, L-Cit oral administration caused a
significant (P<0.0001) reduction in the rectal temperature
in heat-exposed chicks comparable to non-heat-exposed
control chicks. A significant (P<0.005) interaction was
found between HT and time, which indicates that the

difference in rectal temperature increased with the progress
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Fig. 2. Effects of oral administration of L-citrulline,
L-arginine or L-ornithine on rectal temperatures in chicks
during 120 min of the experimental period. The number
of chicks used in each group was 9. Values are means +
S.E.M. *, P<0.05 vs. 0 min, by paired #-test. Reproduced
from Chowdhury VS, Shigemura A, Erwan E, Ito K, Bahry
MA, Tran PV, Furuse M. 2015. Oral administration of
L-citrulline, but not L-arginine or L-ornithine, acts as a
hypothermic agent in chicks. J. Poult. Sci., 52:331-335,
with the permission from Japan Poultry Science Association.
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Fig. 3. Effects of different doses of orally administered
L-citrulline on rectal temperatures in chicks during
120 min of the experimental period. The number of
chicks used in each group was 7. Values are means =+
S.E.M. * P<0.05 vs. 0 min, by paired ¢-test. Reproduced
from Chowdhury VS, Shigemura A, Erwan E, Ito K, Bahry
MA, Tran PV, Furuse M. 2015. Oral administration of
L-citrulline, but not L-arginine or L-ornithine, acts as a
hypothermic agent in chicks. J. Poult. Sci., 52:331-335,
with the permission from Japan Poultry Science Association.

of time under HT. HT also caused to increase rectal
temperature (P<0.0001) in broilers (data not shown). In
addition, L-Cit caused a significant (P<0.0001) reduction
in the rectal temperature in heat-exposed broilers (data
not shown).

The objective of the study was to reveal whether
the amino acids (L-Cit, L-Arg and L-Orn) have
thermoregulatory functions in chicks. Oral, but not
central, administration of these amino acids altered rectal
temperature. Oral administration of L-Cit prominently
depressed rectal temperature, and conversely L-Arg and
L-Orn slightly increased it. It was found that a single dose
of'i.c.v. injection of L-Cit, L-Arg or L-Orn did not cause
any change in rectal temperature. Since we have used only
a single dose for i.c.v. injection, we cannot preclude the
possibility of the central effect of the three amino acids
on the thermal center of the brain in thermoregulation.

Almost all of the L-Arg coming from the food
supply is withdrawn from the portal blood by the liver to
convert it to urea in mammals ?. On the other hand, L-Cit
can bypass the liver, since the liver is unable to uptake

L-Cit from the portal circulation *. This bypassed L-Cit

is converted to L-Arg by the kidney and released into the
blood to make it available for the whole body. However,
birds are lacking carbamyl phosphate synthetase, one of
the enzymes of the urea cycle necessary for the synthesis
of L-Cit from L-Orn“*?. Hence, birds cannot synthesize
L-Cit or L-Arg from L-Orn but can synthesize L-Orn from
L-Arg®. L-Orn is transported to the mitochondria after
being synthesized in the cytosol. It is well known that
mitochondria are important organelles in the cell which
are involved in heat production and energy generation *¥.
However, still it is unknown whether L-Orn has any
involvement in the process of thermogenesis in the
mitochondria. NO, produced in the conversion of L-Arg
to L-Cit by the enzyme NOS 9, may play some roles as a
hypothermic agent in chicks because thermoregulation has
been proposed as one of the main physiological functions
of NO*9. However, our recent study found that NO may
not be the main factor in L-Cit dependent hypothermia
and thermotolerance (unpublished). Therefore, L-Cit itself
and/or its metabolites or the altered metabolic functions
induced by L-Cit may be involved in the process of
hypothermia through influencing the thermal center of the
brain and/or peripheral tissues. Therefore, further research
on the determination of the concentration of these amino
acids and their metabolites in the central and peripheral
tissues as well as in the plasma would reveal the functional
mechanisms of hypothermia induced by L-Cit. Compared
with the other two lower doses, the highest dose (15 mmol/
kg body weight for chicks or 20 mmol for broilers) was
effective doses for inducing the hypothermic action. Our
recent findings showed that plasma of chicks contains on
an average 32.2 to 35.4 pmol/ul L-Cit'”. Therefore, the
used doses of L-Cit are pharmacological doses. Rimando
and Perkins-Veazie ?» reported that watermelon rind
contained more L-Cit than flesh on a dry weight basis
which indicates that rind, an underutilized agricultural
waste, could be used as a natural source of L-Cit to
reduce high body temperature under HT. Future research
on watermelon rind will clarify this hypothesis and may
open further opportunity to find a natural source of L-Cit
to fight against heat stress problems in chickens.

It was interesting to reveal that the L-Cit, which

was a hypothermic agent in young chicks *”, did also



show the similar effects in marketing aged broilers. L-Cit-
dependent thermotolerance in broilers would open new
opportunity to examine its application to protect summer
time rising of body temperature in the farms. Since L-Cit
has already been reported as a strong antioxidant*®, it
could be speculated that the utilization of L-Cit in poultry
industry would be beneficial to protect heat stress related

problems.

3. L-Leu-mediated thermoregulation and
thermotolerance

To understand the involvement of amino acids
in TM, free amino acids were analyzed in thermal
manipulated broiler embryos. Experiments were conducted
with Chunky broiler eggs. Fertilized eggs purchased
from a local hatchery (Mori Hatchery, Fukuoka, Japan)
were individually weighed, and placed in the incubators
(Showa P008 type incubator, Showa Furanki Company,
Saitama, Japan). Eggs were grouped on the basis of their
weight to produce uniformity among the groups and
were marked with a soft lead pencil for identification.
Incubators had been set up with a temperature of 37.6°C
and approximately 60% relative humidity. All eggs were
candled on ED 7 and auto turned every huntil ED 18. Eggs
were transferred onto hatching trays from ED 19 and the
undeveloped eggs and dead embryos had been removed.
After hatching, day-old broiler chicks were housed in
groups in metal cages at a constant temperature of 30
+ 1°C under continuous lighting until they were 4 days
old. The temperature of the room was decreased to 28 +
1°C once the chicks were 5 days old. Food (Adjust diets
(metabolizable energy: >12.55 MJ/kg, protein: >23%));
Toyohashi Feed and Mills Co. Ltd., Aichi, Japan) and
water were provided ad libitum.

In Experiment 1, 60 eggs were distributed into two
incubators and set as two groups — namely, control stable
temperature (ST) and TM. The ST group was incubated as
described above, while the incubation temperature of the
TM group was increased from 37.6°C to 38.6°C daily for
6 h (10:00 AM—4:00 PM) from ED 10 to 18 as reported
by Yal¢in et al. . Developing embryos (n = 8-10) were
randomly selected from each group and euthanized by

cervical dislocation at ED 14 and 19. The euthanization

of chicks at DOH was carried out using anesthesia with
isoflurane (Mylan Inc., Tokyo, Japan). The brain and liver
were collected and rapidly frozen in liquid nitrogen and
then stored at —80°C until they were analyzed for free
amino acid concentrations. Since the brain is the center
of thermoregulation>” and the liver plays a critical role
in amino acid metabolism?>", we collected these tissues
for amino acid analysis.

In Experiment 2, 50 eggs were randomly divided
into five groups (n = 10 eggs) as follows: control (sterile
water injected); L-Leu; L-isoleucine (L-Ile); L-valine
(L-Val); and combined branched-chain amino acids
(BCAAs: L-Leu + L-Ile + L-Val). Amino acids were
dissolved into sterile water with doses of 35, 21 and 29
umol/500 pl/egg for L-Leu, L-Ile and L-Val, respectively,
as suggested by 2, and the combined BCAAs group was
the combination of the above doses. In the preliminary
study, we confirmed that there was no effect of injection
of 500 pl of sterile water compared to no manipulation
of eggs (no whole and no injection) on body temperature
at hatching. The in ovo injection was performed on ED
7 following the method described elsewhere . In brief,
the large end of the egg (the injection site) was sterilized
with 70% ethanol prior to a small hole being drilled in
it. Sterile water or amino acid solution was injected into
the yolk sac to a depth of 2.5 cm with a 1-ml disposable
syringe that had a 25-gauge needle. The small holes at the
large end of eggs were sealed immediately with Scotch
tape upon completion of the injection. After completing the
injection process, the eggs were returned to the incubator
for incubation under ST. On DOH, time until hatching,
hatchability, body weight and rectal temperature were
recorded at 2 h post- hatching. Rectal temperature was
recorded by a digital thermometer with an accuracy of
+0.1°C (Thermalert TH-5, Physitemp Instruments Inc.,
USA) by inserting the thermistor probe into the colon
(rectum) through the cloaca to a depth of 2 cm.

In Experiment 3, 100 broiler eggs were randomly
divided into two groups (n = 50) as follows: control group
(sterile water injection); and L-Leu-injected group. The
dose of in ovo L-Leu and the recording of the hatching
performance were as described in Experiment 2. The

rearing conditions were the same as described above.



However, sexing was carried out in this experiment on
day 2 after hatching. Male broiler chicks were selected
for the experiment, because males (Julia strain) had
been used in our previous experiments concerning heat-
stress administration > %1719, On day 9, broiler chicks
were exposed to HT or CT as described above for layer
chicks. All birds were provided the food and water ad
libitum during the 180 min of the heat challenge. Rectal
temperature was recorded at different time points of 0, 60,
120 and 180 min from the start of the heat challenge. To
investigate the effect of TM on amino acid metabolism,
free amino acid concentrations in the brain and liver were
analyzed by HPLC according to the method of Boogers
et al. >, with some modifications as described by Ito et
al. '®. For the amino acid concentrations in Experiment 1,
arepeated-measures two-way ANOVA was applied and a
t-test was used for analysis when a significant interaction
was detected. Hatchability, body weight, rectal temperature
and time until hatching at DOH were statistically analyzed
by one-way ANOVA, and the Tukey-Kramer test was
performed as a post-hoc test in Experiment 2. The rectal
temperature at hatching was analyzed by #-test. Rectal
temperature under heat challenge was analyzed by three-
way ANOVA in Experiments 3.

Compared with the ST embryos, Leu, Phenylalanine
(Phe) and Lysine (Lys) were significantly (P<0.05)
decreased in the brain and liver in the TM embryos.
Significant (P<0.05) interactions of TM and time on
Leu, Phe, Val and tyrosine (Tyr) in the brain suggested
that TM-dependent reduction of these amino acids was
pronounced on ED 19, while Leu, but not Phe, also
declined on ED 14 and Val and Tyr increased on ED 14.
Significant (P<0.05) interactions of TM and time on Leu,
Phe, Lys and aspartate (Asp) in the liver indicated that
the concentrations of the first three free amino acids were
significantly depressed at the middle stage of embryonic
development (i.e. ED 14); however, Asp was found to have
significantly declined at DOH. Although body weight and
hatchability were not influenced by the treatments, it was
found that rectal temperature was significantly (P<0.05)
low in the L-Leu treated chicks at DOH. In particular,
female chicks were more responsive to declined body

temperature at DOH. Although in ovo injection of L-Leu

did not afford thermotolerance in neonatal (5- and 6 days
old) chicks (data not shown), L-Leu afforded a significant
(P<0.05) low rectal temperature in 9 days old male young
chicks under HT (Fig. 4). HT significantly (P<0.001)
increased rectal temperature. The interaction between
time and HT had also a significant (P<0.001) effect on
rectal temperature, suggesting that the effect of HT on
increased rectal temperature became more pronounced
as time progressed.

TM caused a significant decline in Leu, Phe and
Lys in both the embryonic brain and the embryonic liver.
In fact, TM induced heat stress in embryos because it
increased egg shell temperature and the heart rate of
embryos, and stimulated gene expression of heat shock
proteins and plasma corticosterone concentration during
embryogenesis ** ). Some of the free amino acids (Leu,
Phe, Lys and Arg) that were decreased by TM were essential
amino acids. It could, therefore, be hypothesized that TM
caused the utilization of those amino acids for increased
protein synthesis or enhancement of metabolic activities,

and thereby decreased free amino acid concentrations in

Results of ANOVA

L-Leu P<0.05 L-LeuX HT P>0.05
HT P<0.001 L-LeuX Time P>0.05
Time P<0.001 HT X Time P<0.001
42.6 L-Leu X HT X Time P>0.05
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Fig.4. Effects of in ovo L-Leu injection on rectal
temperature in young male chicks exposed to either
control thermoneutral temperature (CT; 28 + 1°C) or a
high ambient temperature (HT; 35 + 1°C) for 180 min.
The number of chicks in each group was as follows: control
(CT = 7; HT= 6); L-Leu-injected groups (CT = 7; HT = 6).
Values are mean + SEM. L-Leu, L-leucine. Reproduced
from Han G, Yang H, Bahry MA, Tran PV, Do PH, Ikeda
H, Furuse M, Chowdhury VS. 2017. L-Leucine acts as a
potential agent in reducing body temperature at hatching
and affords thermotolerance in broiler chicks. Comp.
Biochem. Physiol. A Mol. Integr. Physiol., 204:48-56, with
the permission from Elsevier as the authors’ right.
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the embryonic brain and liver, because the development
of breast muscle and metabolic activities were improved
by TM*'59. Among the altered amino acids, Leu was
significantly declined in the brain at both ED 14 and ED
19, and it showed a drastic reduction on ED 14 in the liver,
which indicates that Leu might be a more critical amino
acid to contribute to the embryonic development under
TM. One of the highly concentrated amino acids in the
egg yolk is Leu (744 pg/g of dry weight)’®, which also
suggests an important role of this amino acid in embryonic
development. It has been reported that Leu and its
metabolites (a-ketoisocaproate (0—KIC) and B-hydroxy-f-
methylbutyrate (HMB)) have a robust influence on protein
synthesis >”-3® through the mammalian target of rapamycin
signaling pathway 3” and suppression of myofibrillar
proteolysis in chick skeletal muscles * . Kita et al. ®»
further reported that in ovo injection of Leu increased
embryonic weight at ED 14, but did not affect body weight
at hatching. Therefore, Leu, which is an important amino
acid in the egg for embryonic development raised some
possibilities of having physiological connections with TM.

TM during embryogenesis caused a higher
metabolic rate at the beginning of TM; however, rectal
temperature was lowered at DOH *" due to a low metabolic
rate before hatching %9, The mechanism of lowering the
rectal temperature by L-Leu injection at hatching might
be analogous to the TM mechanism. In Experiment 2, it
was shown that L-Leu, but not the combined BCAAs,
has the potential function of reducing body temperature
at hatching. Although Harper et al. *» reported that an
excessive supplementation of BCAAs may increase the
requirement for the other two amino acids, Bak et al. ¥
suggested that individual BCAAs have specific effects
on the metabolic pathway. Therefore, L-Leu might have
significant contribution in metabolic alteration during TM.

In heat challenge study, rectal temperature was
significantly increased by HT since commercial broilers
become hypothermic under HT #. Arad and Itsaki-
Glucklish * reported that the thermoregulatory mechanism
developed in broiler chicks until they were 10 days old.
Therefore, it could be hypothesized that 5- or 6-day-old
neonatal chicks were not developed enough to show their

L-Leu-dependent thermotolerance, but it did appear in

9-day-old young male chicks. As discussed above, if broiler
females are more responsive to L-Leu administration than
males, it can be assumed that L-Leu injection could also
provide more thermotolerance in females than in males.
However, our recent study showed that this hypothesis was
not correct, i.e. L-Leu in ovo injected female broiler chicks
did not show thermotolerance (data not shown). We are
currently analyzing the possible reasons of sex-dependent
L-Leu mediated thermotolerance issues, which would
clarify the interesting phenomenon of sex-dependent
thermoregulation under HT in broilers. Yahav *” reported
that the thermotolerance showed a reduction in heat
production in chicks, coupled with increased sensible heat
loss, enabled relatively slow development of hyperthermia
and thus dramatically reduced mortality. From ED 7, in
ovo-injected L-Leu, or its metabolites a—KIC and/or
HMB, significantly improved the mitochondrial content
and mitochondrial biogenesis—related gene expression in
myoblast cells ®. The enhanced mitochondrial density is
beneficial to oxidative metabolism and metabolic capacity,
which supports the development of regulation in body
temperature 3. Mitochondria are also related with the fatty
acid synthesis is organisms. Therefore, the contribution
of fatty acids to this process needs to clarify in future.
Furthermore, L-Leu could also be further catabolized to
acetyl CoA, which participates in the citric acid cycle .
The activity of enzymes in the citric acid cycle is also
beneficial for improved metabolic capacity and the
maintenance of endothermy during embryogenesis 7.
Our recent data (unpublished) showed that L-Leu in
ovo injection stimulated lipid metabolism in embryos,
which might cause some metabolic imprinting to trigger
some lipid metabolic activities in young chicks under
heat challenge for providing more energy under critical

period of stress.

4. Concluding remarks

Peripheral L-Cit has a hypothermic function
that can afford thermotolerance in neonatal chicks and
marketing aged broilers. A further study will focus on
elucidating the mechanisms of the peripheral functions

of L-Cit in thermoregulation. On the other hand, L-Leu



was found to be a potential candidate for affording
thermotolerance in young male chicks. Further research
is needed to clarify whether the effect of L-Leu in ovo
administration on thermotolerance could be persisted until
the marketing age of broilers. In conclusion, L-Cit and
L-Leu raised the possibility to be considered as novel
nutritional therapeutics to face the heat stress challenge

in chickens.
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Abstract

Bean husk is an agricultural by-product abundantly
available in the world and considered a new feed source
candidate for various animals. Although bean husk
has been reported as a fiber supplement for ruminant
animals, evaluation of its functional property with
respect to nutrition and health in monogastric animals is
quite limited. A series of studies using chickpea (Cicer
arietinum) husk, lablab bean (Dolichos lablab) husk and
soybean (Glycine max) husk were conducted to evaluate
the functional properties of the husk in monogastric
animals. First, we evaluated dietary supplementation
(5%) of chickpea husk using rats and found that rats fed
chickpea husk showed lower levels of cholesterol and
thiobarbituric acid reactive substances (TBARS) in blood
by its polyphenolic component. Second, we evaluated
lablab bean husk or soybean husk supplemented (5%)
diet using rats and found that rats fed either husk showed
increased cecal short chain fatty acid (SCFA) than those
on cellulose (control) and starch (negative control). Lablab
bean husk increased cecal abundance of Akkermansia,
while soybean husk increased that of lactobacilli according
to qPCR and Miseq analyses. Both types of bean husk
were found to contain oligosaccharides and these might
selectively stimulate the growth of beneficial bacteria and
improve hindgut fermentation. Cellulose- or soybean husk-
supplemented (5.6%) feed was given to Shiba dogs. Dogs
fed soybean husk showed higher SCFA level and higher
abundance of lactobacilli and bacterial groups including

butyrate producers in their feces than those fed cellulose.

Based on these, three different types of bean husk tested
in the present study were suggested as a functional feed
ingredient for possibly promoting blood or gut health of

monogastric animals.

Key words: antioxidants, bean husk, cholesterol, hindgut

fermentation, microbes

1. Introduction

Bean husk is an agricultural by-product yielded
during the separation of bean and has attracted attention
to efficient utilization. Chickpea husk constitutes about
10-11% of the whole seed and the presence of tannin
and dietary fiber has been reported ! ?. Lablab bean is
produced mainly in South and South East Asian countries
and its husk (8% of bean) is suggested to be used as easily
digestible supplemental fiber that selectively stimulates
rumen fibrolytic bacteria in ruminant animals®. Fiber
components of lablab bean husk are represented by
cellulose, hemicellulose and pectic polysaccharide
including arabinogalactan®. Although the presence of
oligosaccharides in lablab bean husk has been indicated
formerly, those sugars are not characterized in detail.
Soybean husk constitutes 8-10% of seed, contains a
rapidly fermentable fiber, and widely used as a palatable
energy source for ruminants but without assessing its
functionality. Fiber components of soybean husk are
cellulose, hemicellulose, pectin, uronic acid and lignin®,
some of which can be considered a functional dietary fiber.

Therefore, various types of bean husk could be a
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functional feed ingredient for monogastric animals. As a
supplement of functional components such as polyphenols
or dietary fiber, bean husk in the diet of monogastric animal
is expected to improve health status of the animal through
antioxidant activity and hindgut microbial modulation.
However, studies on bean husk for monogastric animal are
still limited. Therefore, we describe here about potential
evaluation of different types of bean husk in a series of
feeding studies using rats and dogs, which may contribute
to the understanding of new functional feed candidates

for the enhancement of health of monogastric animals.

2. Functional components of bean husks

In our studies, chickpea husk, lablab bean husk
and soybean husk were found to contain both of soluble
(represented by non-structural carbohydrate) and insoluble
(neutral detergent fiber) dietary fiber. However, each bean
husk contains different amounts of polyphenol and fiber
(determined by AOAC 1990; Goering & Van Soest 1975;
Makkar et al. 1993) . In particular, chickpea husk was
rich in tannin, resulting in high antioxidative effects (Table
1) as previously reported *. Meanwhile, soluble sugar from
lablab bean husk and soybean husk appeared as two main
spots on thin layer chromatography, and were identified
as raffinose and stachyose (Fig 1). When these different

types of bean husk are used in nutritional intervention

Standard Soybean
husk husk husk

Lablab bean Chickpea Standard

Figure 1. Thin layer chromatography to detect
oligosaccharides. L1, L2, S1, and S2 are prominent
oligosaccharide fractions that have been identified raffinose
(S1 and L1) and stachyose (S2 and L2). DP, degree of
polymerization.

studies, different functional properties can be expected.
We have carried out three feeding studies using rat and

dogs. Main findings are described as follows.

3. Function of chickpea husk

Functional property of chickpea husk was evaluated

Table 1. Chemical composition of three different types of bean husk

Parameters Soybean husk Labﬁgsem lelllgglg -
-------------- dry matter basis ------------
Neutral detergent fiber % 61.0 66.6 61.6
Acid detergent fiber % 47.0 52.2 58.6
Acid detergent lignin % 0.2 0.2 3.0
Non-structural carbohydrate % 24.0 23.6 28.5
Soluble fiber % 6.0 2.0 3.0
Crude ash % 4.5 33 4.0
Crude protein % 9.2 5.9 4.5
Ether extract % 1.4 1.2 1.0
Total tannin % 0.2 0.4 2.1
Superoxide dismutase % 20.1 23.5 32.0
DPPH % 1.0 1.0 31.0

Non-structural carbohydrate was calculated as 100-(NDF+ash+protein+fat), Soluble fiber was analyzed by
Dietary Fiber Assay Kits (K-TDFR, Megazyme, Ireland), " Data are referred to Myint ez al. 2017a ¥

_14_



by using 15 Sprague-Dawley rats at 5 wks of age. They
were grouped into three treatments (5 rats/group) with
average body weight basis. All rats had free access to water
and diet. One group was given a purified diet (AIN-93G,
CLEA Japan, Inc., Tokyo. Japan) containing 5% cellulose
powder used as control diet. The other two groups were
given the same purified diets in which 5% cellulose
was replaced by either 5% corn starch, or 5% chickpea
husk. Starch diet did not contain any fiber source and
was regarded as a negative control. Chickpea husk (Desi
type) was imported from Myanmar. After 3 weeks feeding,
rats were anaesthetized with injection of xylazine-HCI.
Blood samples were taken from the heart, and separated
blood plasma was analyzed for cholesterol (T-Cho CII
kits, Wako, Osaka, Japan) and thiobarbituric acid reactive
substances (TBARS) by assay kit (Cayman chemical,
Michigan, USA).

The lower concentration of total cholesterol
concentration (P <0.05) was observed in rats fed chickpea
husk diet in comparison with starch (Fig. 2A). Lower
cholesterol level is probably due to tannins and dietary
fiber present in chickpea husk. Tannins of chickpea
husk can bind to bile acid in rat intestine and inhibit its
reabsorption, facilitating bile acid synthesis in the liver for
which plasma cholesterol is used. This can promote the
reduction of blood cholesterol level. Beside tannins, both
of soluble and insoluble fiber in chickpea husk might in
part inhibit absorption of cholesterol source from dietary
lipids by acceleration of fecal lipid excretion through lipid
binding ability of tannins.

Blood lipid oxidation was measured by using
TBARS and chickpea husk dietary supplementation showed
the reduction of TBARS (P < 0.05) in comparison with
cellulose and starch supplementation (Fig. 2B) . Tannins
in chickpea husk might be responsible for the prevention
of superoxide formation and lipid peroxidation. In fact,
TBARS lowering effect of tannin has been demonstrated
in serum of rabbits ¥, Tannin-rich fiber found in tea
was reported as a lipid binding agent that reduced blood
cholesterol level and improved antioxidant activity in
mice, because tannins interfere with fatty acid metabolism
and it enhance endogenous antioxidant defense system

or participate in the regeneration of other antioxidant

A Cholesterol B TBARS
160 100
a © a
120 L € 75 a
© ab ©
g i 2 I
© b 5
1_!;- 80 g 50
? = '
©
40 g 25
3
0 — 0 LIl |

[ Cellulose [ Starch M Chickpea husk

Figure 2. Blood cholesterol (A) and thiobarbituric acid
reactive substances (TBARS) (B) of rats fed three different
diets: Cellulose (Control), AIN 93G diet containing 5%
cellulose, Starch (Negative control), AIN 93G diet in which
cellulose is replaced by corn starch and Chickpea husk
(Treatment) AIN 93G diet in which cellulose is replaced by
chickpea husk. a, b denote P < 0.05. Data are referred to
Myint et al. 2017a Y.

compounds 'V. Cholesterol-lowering effect of chickpea
husk and protective effect of chickpea husk against lipid
oxidation suggest the functional importance of this by-
product in prevention and care for cardiovascular diseases

and overall health in animals.

4. Function of lablab bean husk

Twenty male Sprague-Dawley rats aged 5 wks
were divided into four groups (n=5). Diet and water were
provided ad libitum. One group was given a purified diet
that contains 5% cellulose powder as fiber source. This was
used as the control diet. The other three groups were given
the same purified diet in which 5% cellulose was replaced
by either corn starch, lablab bean husk, or soybean husk.
Starch diet was regarded as a negative control. Lablab
bean husk generated from local pulse processing plant
(Yezin, Nay Pyi Taw, Myanmar) where bean were soaked
and de-hulled by hand. Soybean husk (Japanese product)
was obtained through ZEN-NOH (Tokyo). After 3 weeks’
feeding, rats were sacrificed to take cecal digesta for the
analysis of SCFA by gas chromatography as described
by Suto (1973) '» and microbiota (by qPCR and Miseq
according to Yu & Morrison 2004; Caporaso et al. 2010;
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Figure 3. Cecal SCFA and pH of rats fed 4 different diets: Cellulose (Control), AIN 93G diet containing
5% cellulose, Starch (Negative control), AIN 93G diet in which cellulose is replaced by corn starch, Lablab
bean husk (Treatment 1) AIN 93G diet in which cellulose is replaced by lablab bean husk and Soybean husk
(Treatment 2), AIN 93G diet in which cellulose is replaced by soybean husk. a, b, ¢ denote P < 0.05.
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Figure 4. Cecal microbial changes quantified by real-time PCR (qPCR) (A) and analyzed by Miseq (B)
of rats fed 4 different diets: Cellulose (Control), AIN 93G diet containing 5% cellulose, Starch (Negative
control), AIN 93G diet in which cellulose is replaced by corn starch, Lablab bean husk (Treatment 1) AIN
93G diet in which cellulose is replaced by lablab bean husk and Soybean husk (Treatment 2), AIN 93G diet in
which cellulose is replaced by soybean husk. a, b denote P < 0.05.

Herleman et al. 2011) 1319,

Lablab bean husk feeding increased cecal level
of total SCFA (P < 0.05) including acetate and butyrate
but lowered cecal pH (Fig. 3) , indicating improvement
of hindgut fermentation. In particular, lablab bean husk
feeding showed higher acetate level that was related
to increased abundance of Akkermansia (P < 0.05)
confirmed by both of qPCR and Miseq (Fig 4) . This mucin

degrading species is known to convert mucins to acetate '©.

Such prebiotics-like activity might be due to pectin or
oligosaccharides possibly contained in lablab bean husk.
Consumption of pectin or guar gum was found to increase
Akkermansia in rats fed high-fat diets ' and its abundance
has been negatively associated with metabolic diseases
such as obesity and diabetes '* ). Therefore, increased
abundance of Akkermansia by lablab bean husk feeding
has a beneficial health impact with respect to prevention

and care for obesity, diabetes and their associated metabolic
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disorders in monogastric animals, especially long-living

animals including companion animals and even humans.

5. Function of soybean husk

Soybean husk feeding in rats increased total SCFA
(P <0.05), acetate, butyrate in comparison with cellulose
and starch feeding (Fig 3). Major polysaccharides and
oligosaccharides in soybean husk seem to be utilized
by cecal microbes and improved the cecal environment
through organic acid production, leading to low pH. The
most favorable aspect of soybean husk feeding in rats was
the increase of cecal lactobacilli (P < 0.05) which were
predominant acetate and lactate producers confirmed by
both qPCR and Miseq (Fig. 4). The presence of pectin or
raffinose family oligosaccharides in soybean husk might be
the main factor to increase lactobacilli, because lactobacilli
have the ability to break down raffinose and stachyose by
their a-galactosidase activity 2%, leading greater SCFA
production. Soybean husk could possess a beneficial health
impact in another aspect, since importance of lactobacilli
have been known for the immune development in the
gastrointestinal tract Y.

Soybean husk was supplemented in the diet of dogs
to evaluate its impact. Four Shiba dogs (7-48 months in
age and 7.5+1.7 kg in body weight) were offered twice
daily commercial diet (170g/d, Unicharm or Hill’s
Colgate, Tokyo, Japan) to which 10 g cellulose powder or

soybean husk powder was supplemented (5.6% inclusion

in total diet). Dogs were fed cellulose-supplemented diet
for the first 7 days and then switched to soybean husk-
supplemented diet for another 7 days. On 6th and 7th
day of each dietary period, fecal collection was made
four times. Fecal sample was suspended in distilled water,
vortexed, and centrifuged and the supernatant was used
for the analysis of fermentation metabolites. Fecal sample
was also employed for DNA extraction to monitor fecal
microbes by qPCR.

Feces of dogs fed on soybean husk diet had higher
levels of total SCFA (P < 0.05) and lactate (P < 0.01)
than those on cellulose diet (Table 2) . These increases of
beneficial organic acids with concomitant reduction of pH
are indicative of increased microbial growth and activities.
Lactogenic effect (P < 0.05) of soybean husk found in
rat study was confirmed in dog. This caused increase of
lactate that might be consumed by clostridial cluster IV
including Faecalibacterium prausnitzii and clostridial
cluster XIVa to produce butyrate as demonstrated by
Duncan et al. (2004)??. Increased abundance of those
butyrate producers (P < 0.05) are considered favorable,
because these species have been shown to possess anti-
inflammatory properties due to their potential protective
effect on inflammatory bowel disease in dog by producing
butyrate ¥, Therefore, supplementation of soybean husk in
the diet of dog has a beneficial health impact with respect
to its lactogenic effect and potential anti-inflammatory

properties.

Table 2. Fecal fermentation metabolites and microbiota of dogs fed experimental diets (Mean + SD)

Diet supplemented with

Parameters Cellulose' Soybean husk’ P-value
pH 64 + 06 59 + 03 0.004
Metabolites
Total short chain fatty acid (umol/g feces) 1391 + 284 1583 £+ 253 0.035
Lactate (umol/g feces) 139 =+ 4.5 21+ 7.4 0.007
Microbiota (Relative % in total bacteria)
Total lactobacilli 56 = 2.7 142 + 4.5 0.044
Clostridial cluster IV 12 £ 09 28 £ 06 0.034
Faecalibacterium prausnitzii 04 = 0.3 23 + 1.1 0.044
Clostridial cluster XIVa 184 =+ 5.8 333 + 9.7 0.043

'Cellulose: 170 g basal feed supplemented with 10 g cellulose was fed daily.
*Soybean husk: 170 g of basal feed supplemented with 10 g soybean husk was fed daily.

Data are referred to Myint et al. 2017b >
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6. Conclusion

The results in first experiment indicate that

chickpea husk dietary supplementation (5%) improves

cardiovascular health through lowering of blood

cholesterol and lipid peroxidation product (TBARS) by

its polyphenols and dietary fibers in chickpea husk. The

results in second experiment indicate that 5 % inclusion

oflablab bean husk and soybean husk in the diet promotes

cecal fermentation of rats, as represented by higher SCFA.

Lablab bean husks exhibits a remarkable selectivity against

Akkermansia, while soybean husk particularly favors the

growth of lactobacilli in the cecum of rats. Improvement

of hindgut fermentation and lactogenic effect by soybean

husk were confirmed in third experiment using dogs.

The improvement of hindgut fermentation and increased

proportion of beneficial bacteria by supplementation of

bean husk may be useful for promoting gastrointestinal

health of monogastric animals. However, further studies

are needed to fully understand the association of bean

husk feeding with health of animals including humans.
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2030 4F WA 838 127.6 106.9 16.4 7,800 6,536
S RE R I 2R 206 88.7 18.3

BFd (<«,274 H) 297 68.2 20.2

HFHA 3-64 H) 66 34.6 23

B (<372 A) 33

&5t 1,440 147.7

ZALE (2013 4EH.%) +3.2 +5.6
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Zfess ROArst) 39 22 S
20304F w4 726 131.3 95.4 14.6 9,000 6,536
kL =m Lt w3k 174 88.7 15.4

Bd (<«2i,>74 H) 296 68.2 20.2

B 3-64 H) 66 34.6 23

B4 (<372 H) 33

4t 1,295 133.3

ZALFE (2013 4EH %) 72 4.7
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ZALH (EhAfr&%) 136 o -1L7 e
20304F WL 726 124.8 90.6 13.9 9,000 6,536
BiE Hz AL 174 81.6 14.2

HFiA (<«2i%,>74 H) 258 62.7 16.2

B4 (3-64 H) 57 31.8 1.8

B (<372 H) 28

&EF 1,244 122.8

AL (201341 %) -10.8 -12.2

A (D ITE %) -17.0 -18.7

VB — 2D O WTIRATZBIEOZ &,

COWNATEr — AT, fkD 5 VIZEFER Y
Z Mz A5 2 PEARBURIIC X %
72 (R TR Do FE S 2 I EEERIN

By 951
W

AL
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F2. HILERBHR X 2 > WHIZIR /D 5 h 28RS LCRMHOH

fEB X ORI IIIESS k=S SCEE S

WFLE

RV A FE MR E 6.6% (NO; & L7C) 15.4% 7
RNVAZ A4 U H FI=—=74—=F 27% 11.6% 8
FWVAZ A fl DDGS 30% 8.3%

RIVA A HE H Y a—F v ikl (CNSL) 4g CNSL/100kg AT 6.0% 10
FNVAY A FE A —FMH&EEFI=Z—T74—F ZFNEN12%B LT 14% 4.8% 8
FEw A

RIVA Y A o HMEL H Y a—F v Vil 4g CNSL/100kg A 19.3% 11
B R XA 12% 15.3% 12
RIVAY A CREFREA 2y I 1% (sarsaponin & L C) 12.8% 13
5 A A5 RAd I HRy 7 HET lg/kg R E 12.5% 14
54 v RS aaF v Ui 0.63% 12.0% 15
BN v — 12% 7.7% 12

IR S R T A S AR EE B T ORI EBIVED D 2 iR

FLAEPEGRRSE ) I DD S N7k o 72 3B R 2 Filit o
PRS2 T AU G- R O R ORI (B — R) o
SHEPM T 2 8 PR RO IR AT E,

A OBIE A S, AEB TOMMIZEBIEDS D
kD B IZIRIM 2 o 72D ) b, v %
W7 5B T ApEMS A WIZEEMICHEE T 1R
B (izWpdBIpe., HAbEE, fRBHERSE) (SR REN
RoNGdo 72 B R 2 L7z, £hoWil
4B L OIEWI I B 2D K EIHIRE, e
T 5 ME TS B 2 A E B B\ THEILD FE 2 #H]
REEZ 2, WAEB LI OIFBIT0 A & PR EH
REZINEFN, 5%BLT8% L L1z, TORHE.
PEHRBOTIC L b, HEHEIIR DT & 7y — Rk
59%K & %o 7205 S AUZTRIN A X B B
MEM59% TH DI L r2RT — T Rk
I o TH 2034 E X D X 1.6% FHW AR &
o7z,

REY R Y 3 REEERON EICL S
B LT 5A5 BUEDFHRE R 2.7# (20144F)
AHREEHY DB 1985ED LX)V (3.17) FTEE
L7z gLz E oAy YHEMICRIZT B %
B LTHhE (Ko [FFHERK D, e KRS
(2005) " DY I 2L —Y a3 ryhb, FEPYERD
DIEMNDINEICIERE TS 2 L2, BRFE
BT 13% KR CTEX A EDRETE D, ZOFWK
HHIRAZ & 5 2030 4R 5 D) A7 & Fe PRI IPHI =13 2.2%
Thh, TNIEPFHERPOL4EMTL I EIZED
A5 PRI A 22% TH B T L R T

22T, 7 ¥ 7 RRBR T AT (GRIGE, ML,

AR FLE AT E Ly 2030 4812 5 % o B g H A
2 H A MRILE 9,000 kg/ 4 % 3K L7256 (o
MMEARL R E D) WA oY EIE I, B Y17
X — 2N % 72 o HEARECD BN %,
— TR AT & & — AR FL 0 fl 2 U 9%
Bl TRIZED WO S0 ¥ b 5 7
B, BHEHE X 20134 4.7% DA & 2 ) fHE
FLi A RIS X B HEMIHIRI R E11.7% L RE S h /e,

RIS, 22 FOMET L CE RS 2 ikt
WAL, SEE KRB B, B X OME AL B
2 X 2 HHI ORI M AT T & L 7235 0
HIX20134E D 122% W & %2 . BWEIH O %) R X
18.7% LB S iz (Ko [HHED. AETO
AT TRA Y APPSR & i % & AR R )
IR VIR EZ R L. U EARILE L
WX BAAENTZ) 25 HEHOK T IS (2030
ER D AT E LEARFLEN Ly — A TEhZEh, 164
BLU14.6 gkg i), 2o SR HIH S 1
L5ZLIZLEBbDTHD, HADMAAREIZ1975
5 2015EDRIZ67% WML TE 722 ATH
0. ZOMM L MEEILEOM Fid 7 ~PER I
HLCTEDDLEZLNEH, 5% HEERILE
O LI O —2 L LTEETH 5,

_24_



3. BRICBT2AA4&» S5 DELERBRKX 4
eI O FTREME
20134EDHEE B X BT 5 EH R 1 H AR

4Ry b)) =Y BV, 20304 DB TMIEE

O BB AE H A 02025 4F H BB 2,520 T3 (5

LR 1,860 T £ V. 2013 4F I S
DEALHEE R D, 2030 FEDOREL % 2,499 THH (9

HLWE 1,918 TBH) & L7ze ZHIC20134FEDONW

HAMEE X O Z o X 5 EE %

FTHIEIED, HXS @ﬂ%ﬁ@%kbt(%

EHDM20134E]) o B KB QMG ALY T

ﬂ%%%¢@$ﬁ%¢té&&wﬁ@fﬁ¢%¢i

ERZPRTHELTE), 2D &N 5203041

20134 IR E AR EIE S < I 2%

o TWh, TOFEHTAY VHNEZHEET S

& RBEBUIZ2030F XA T H T & MR THE

HRBOKRE OIS Z & 552030

EOPEMEIZ2013ED5.0% E %o 72 (FEfo

[20304E L BB HAZ ). S, # & » HEH B

w%%hOQHﬁm%%3wﬁwuL®¢/ JHIZ

R L72HE. £20IFWAFITBT B KGN

ﬂ%lb‘%ﬂmwwhiémm%ﬁﬁT%s%k

T5E, Ay P EIL 2030 4EHE 5 H A 8%
%D, 20134ED 12.6% W & 72 o 72 (FH o [2030
FEFEHRINY D) ARETRETRTORGDOT >
TP AR B 8% I & L72A% K20 IS
B2 RBUCIEF R O X 5 2R EEE A MR
FUTTORRREERA TRV, ThEEET 2
ERPFHERIARBE I DR R EEZOLN L,
—J7 T REREWAREL B L 22 RWIH R I E
IR & v o Py AR I R AR 1295 -3 B B
A& B AF CHEMPIHIRNRITEHE L T a7z
WD, INEEETRIESSICHEREZIHITE 50
REMED D %o

4. RET7IT7OHLERBEHRRA 4 HEOBE
W7 Y7 TOHMPH OMETIZH 725 TIE, Z
NETYUL sy —WRAMELIT>TEZ5 4 DA
HEBIOWHFICER L, HET IV TICBITS
5 4 OB X OCFREEOMBEDIFIZOVWTES
WR L7z 74 OFERAEAEERITZI v V7 —I1TK
WCHE T V720 TH AN A pER
DFSRELEEESN TS, —FT, Ivrv—
DAEFLE 3746 kg/EE RBEEDL SR THBY ™, &

IIvr~—

3. BAOHAFICHT22013F, HLV2030FES — X5 FAFER S L OHEHLBERBHRX 54 HEE

2013 4F

2030 4 S B 345 B A 2030 4 H L+ 7niyy

SEE PEHAREL PR R
T9H kg/BH/4E kv/4F

SR PEMAREC PEtE b
TH kg/BH/4E kt/4E T

R AR S PR
kg/ B/ AE kv/4F

B > 1% 568  57.0 32.4
BEHMET <1, >72 A 14 538 0.8
M 3-6 7 A 9 305 0.3
2IEMES <34 A 5

MEE 4= R4 M > 158% 381 685 26.1
EHE 4= 2 M <18, >77» H 115 645 7.4
JEE 4 F4 HE3-6 4 A 77 30.6 2.4
ME 4 R <34 H 38

B2 R M >1 5% 328 519 17.0
MEFE 2= FI2p i <1, >7» H 91 487 4.4
JEH 24 - W 3-6 4 J i 60 273 1.6
EE 4= FI2k M <3 A 30

MmE LM >72 A 639 756 48.3
E 2 ZUHME3-6 7 A i 142 415 5.9
EE 4 FLUHME <3 A 71

&t 2,568 146.6

AR (6 2013 48 %)
ZEALER (hf 2030 4E B4 H A %)

635 57.0 36.2 635 52.4 333
16 53.8 0.8 16 49.5 0.8
10 30.5 0.3 10 28.1 0.3

6 6

426 68.5 29.2 426 63.0 26.8

129 64.5 8.3 129 593 7.6
86 30.6 2.6 86 28.2 24
42 42

367 51.9 19.0 367 47.7 17.5

102 48.7 5.0 102 44.8 4.6
67 27.3 1.8 67 25.1 1.7
34 34

425 75.6 32.1 425 69.6 29.6
94 41.5 3.9 94 38.2 3.6
47 47

2,499 139.3 2,499 128.2
-2.7 -5.0 -2.7 -12.6
-8.0

VB — Z DGO WTIRAEALBROZ &,
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K4 RETITIHTD2014ENEFEERE. FEREEES LV — AL ZEEN#EEE (GDP)

R ER ri AR ER 2t — A\472 0 %4 H GDP’, USD

HYRYT 24,607 69,205 1,096
I s 800,749 497,669 3,534
5 F A 7,639 30,131 1,718
<L—37 75,270 27,462 11,009
Iy rv— 2,164,832 232,804 1,275
TJ4YEY 20,010 201,390 2,844
¥ A 1,067,452 163,264 5,921
N R F L4 549,533 292,501 2,047
YVUAER=I, TIVERA BT 4BV,

R4 LD,

*IMF 7 — ¥ — X — Z (https://www.imf.org/en/Data) & U o

WAY A 2 d B\ FZ DM ZEA L 7250 7%
FEEAFEARDOEOHTIE 5 4 OFUEER DN T
bEVWHDEEZ NS, WHFEEIIOVT, ¥
A DFBWAERIIIBN TS L B> TWwb, —A
W70 L HENBEE T L — Y TIZRWT2HT
B Y EEENOPLE DI TR T WIS 5,

TV TIIBT HIHAE SRR 2 & PR A %
ST AL, A Y FZELODETEHTITHE

300,000
250,000
200,000
o
S
S 150,000
o1}
L)
100,000
50,000
0 “ | EESESNE N SSp————
300,000
250,000
200,000
o
@
3 150,000
T}
(U]
100,000
50,000 I
0 I ll ||
LHEHNXA|RTAA2N0G20AYNKDNNN
A&%A¢A£m%|%ﬁﬁ%%ﬁ§%\m
NUONKIRPARLYKe KL ANK DT KHye
I 2 S gl ARSI BN | B
EE Y A AR < A R
Ny xR D N
v
< o M 2

E1. 2013FEDNT I 7ICH T BHILERBEHR A 2 8
HE 20 EOHEHE (ER) BXTKELSD
X2 HHE (TR
RFIIHE 7 ¥ 7 ik SCHK18 & 1 RN

FUOHEOPFHENEHR L THEL, 4 Y FBLUH
EDORTT VT OHALEFREEHEK A ¥ Y HlED6
#HzhHoTws (K1) o HET7 I T7IZ2WTAT
AbE, Ixry—BLUA Y PR YT OHHED
BEL D b REVD, W7 V7 HE O T
k2 7 VHEHREIRX 7 V7 &Ko 1 5IfRE L 5o
HIZTER V. REFTHIIBIT S EELPHRIETH
BARKHHIK X 7 Y i2onTid, R HEB X4
Y FOPFHBEDIKEVD, TOT I TICBIT 5Kk
MmO G, HILERFHR X ¥ L) HKL
45%ETH D, —HT, WET TV TabED»H DK
MR A5 YHERIZ T O 7 &R0 43% % 5 5,
KHEDS DA %7 PR EIZIE T 13 o 5 5k
A B X ORALETTEMEET L2720, FY
FHEHOMIE, B X O —w WK H % JEK 3 2
WEE (P L) 252 7 VPRI RRE A D B & &
NTW3Y, WH7 Y7 TRIRT 7B L0k 4%
DIKRRLERE A & BRI S 2 B REY) 13 3% 7 f LG 5
DOEDTHBHH, ATV FNFIIBT B
WCHHB LI, M7 TOREBHIET EAARD H W
EHEHISNTWDEEZOLNTVE, ZOkD, 4
BOWMT 2L EZONDZEEWEECHL T, £
AR 7 OFEFIFIIAT R EE Z S, BREEY
T2 S 13 AKH B L OEE b— 7V TORBRRS
AHEHIE % B 2 LD B B,

5. 21125 AED, 5 OELERBHES 2
CHEHE DO
ZAZBF WIS D R 7 VPR O R
BExy A TR TFHN LR T— 5 — 2o
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R5. 2MICHT 2 IFFEERY. IEEESIVUCHEHILERBERA 2 HHEHE

HEE EFAEER HARILE' PeE? PeE?

kt kg/ H g/kg FLi kt/ 4F

1982 4F 13,770 27 5.4 27.5 1
1987 4F 36,200 79 6.7 25.4 2
1991 4F 59,850 147 6.8 25.3 4
1996 4F 117,130 328 7.8 23.7 8
2005 4F 296,472 781 11.6 17.7 14
2009 4F 293,287 883 12.3 16.5 15
2012 4F 295,634 1,064 12.5 16.2 17

k24 X v

Xk 22 D F WA & Y

L720 Odai & (2010) E & 4 I2BVWCTY A7 #E?
WWEDFEmINIF CRVAF AL e 1R
Tl & DOZHERE) D R F— iR R 2 v (0
=20), KL E1kgdH7z) DX ¥ HEHE (Y, L/
kg) AL E (X, kg H) 5P HX%2R L7
(Y = -2.22X + 50.40; R*= 0.39, P = 0.003) %' 2O F
WA &AL ED L OB EERORE T — 5 —
B EMVT A Y PR EZHEE L (5) . ¥ 4
BT AEBEOERILIET V=2 BLXT I YD
FIRIZ L D 1960 - UG E - 7225, 1991 4F LLBE
AR RASZHIIHM L, R EICOWTIE
1996 FEVIBER & CHIML 720 S D 72D KT E 1kg
H7zVORx Y APHEIIBAE TIRT LT T 5
EREINTDS, RO & FLEE R ORI
WX D 20R2FICBTF2WATER2rLDO XY VHE
R 1982 FED 175 L HEE STz T D30FEDIH,

kt/£

AR BHE

T T T
1980 1990 2000 2010 2020

&

2. ZMICHBTBBILFH 5 OHEHLEREHRE X
S HHHE (RR) B L UBILFOEFILEH 1982
FLNIVDOEEEFOEEIEBEERL LHED
HEHLERBHEA 7 BHHE (RiR)

RN E L 2o 7204, T abbkilE
MI9R2EDFE FTHEORIE L EELHLE.
AN L L7 BE L 0ETELRELS LD
(B2) o 2O Z &3 RPENEIZAE 4 H 2 TV D D5,
REDOYWRDB X UG L2 X D PR ED
BMAsME s hCTEZ EZ2RLTWA, 20124
2B A Y VR L AR B R WIS
D20124ERX 5 VHEHE L DD, 30FEHDORKE
QR - RN RS X A PR IEI R Rk 41% T
Hol-bFZ b BUE 20124F) OFH AR
125kg/ HCTH VD, KM TIEDH 503N
BEZMEOSRMEDLIDLEZ LN, SHLER
BOCE - EEEAR B X B X 7 CHER NI R
T&57259, —hH T, WIEELEETIE2015FE25
2030 4F- D B D EFUEER OBIMFIL 34% & TR S h
TBYY ¥4 THEBEOMINE 2 554, Bk
HEZBIRL VI DL FIFLZ 3L WS 9,

6. F1ICHTHIHRRAFDLSDHEEERBHRHNEKA 2

> IHEI O A RETE

W7 V7 COMH DO REHEIZ DWW THRET 5 72
DIZ, 7 A z2FE L THHIRRORE & A7,
Boonyanuwat & (2013) &% A 2B 2 WA f
BHRRE, BE TR LE T MW ERE, ST
D SRAEAM O EVER 2 RS- 5 BAEE, BXY
T L i % O3 5 B S O 3 212X L.
FOEOWHAITHBMICFHEZE SN TE Y, Hikw
fFE T CoOHMARE P HEED), £RREH
ORI LHEL TV D (K6, o> [2014
D, BAED A & VPR ERHEET D ICH 72,
HERX O BEBL. FEREXGHERILY %
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x£6. 21 DHAFICHT 320145

 BEUV2030ES — X3 FEEN. AEFESLOHBEHLERBRERX 2>

=
BlEEe PEAREL PE = H 3k = H 34k
T8 kg/BE / 4F kt/ 4F kg/¥E/ H t/ H
SRR fi 2 4,153 37 155 0.27 1,109
F [ 79 i) 22 99 47 5 0.59 58
20145 R HE 60 57 3 0.95 57
..................................................... aEL 4312 - 163 . 1224
R i 28 5,544 37 206 0.27 1,480
r R 1 i 12 132 47 6 0.59 78
;gi?;?i éE%@H@ﬁﬂ%% 81 57 5 0.95 77
& 5,757 217 1,635
..................................................... ZELHE (20144 1 %) +33.5 +33.5
MR i 22 5,544 37 206 0.27 1,480
r FE] 1 £ 22 132 43 6 0.59 78
2030 4F R EE 81 52 4 0.95 77
aximny A &t 5,757 216 1,635
AL (2014 4E 1L %) +33.5 +33.0
..................................................... AL (Y 17 5 3t %) 04
MU B i 28 2,772 37 103 0.27 740
r ] 7 fi) 22 1,393 47 65 0.59 818
2030 4F & SRONTES 81 57 5 0.95 77
AR EHEA &t 4,246 173 1,635
AL (2014 4E 1L %) -1.5 +6.5
..................................................... B (KD 47 & B %) 262 202
R i 2 2,772 37 103 0.27 740
F ] 79 fi) 22 1,393 43 60 0.59 818
2030 4F SR 2 81 52 4 0.95 77
(R At 4,246 1,635
AL (2014 4E 1L %) -1.5 +3.1
ZALE (D 17 & 1, %) -26.2 23.0

"B — ADGEIIOWTIIALBROZ &,

HAE (20144E) ORMBF4312 T 2R 2
ZEIWZEDRDT, I ANF—EEEB L UH#
A& 12D Tld Boonyanuwat & (2013) Ofii % W
720 FABLIUNNFATERLIAY FRY 2
AN X BIFRERER A S ST A 7 VR
B Rz A F -GN 72 ) oPii s hiz x ¥
YOI ANF =) 3446 (AENX—R) 12DV,
KGR OREREE PR —2) 12X o T
HMEVEHX (<33%;n=83), HHLEIRHX (34-67%;n
=73) B IO EHEEIX (> 68%; n=188) D32IZ
TW—T531F L7 D37 )V — 7 A Boonyanuwat
5 (2013) OHEK M, HRIMEIES X ORI
RIS ENZNIIET 2 b D EMEL 72" KX
DI AN F - E E X5 VR, S 2014
DXy AHEMARE 1Mz 2 7 CHeE)
RO E A, HERNEE, RRIGEES X O

W TEREN, 37, 47B X057 kg/HH/4E & 7
o7z (RFO (20144 ). ZOREK. WA
LDRA Y YHPEHREIZIS kUL R, 2D H95%
AL T OWH R & o 7,

FAO (2002) 1. B%#& LENCBIT 5201548 &
2030 4F 0 4 P A i = 13 346,000 B X 1Y484,000 kt
E), COMBTAEERIIBS%EMTLZLE
FHLTwEY, ZOTFHZE YA ORIEREICSHT
Fo, FREEOHBIL. v i, HARICE
A3 7% <\ 2030 4F 2= P A2 B A3 2014 4F 1 33.5%
WML 7236, 4108 2 WARFETFEEILS,757
THERD, X7 AP EIZIIE D 34% 5 D 217
k/fEEREE N (Rbho [HYiT& )., 2hi
2030 FHFE O D ITE r— A L L. ik d 5\
EEERRI ORI, &5 WIFEER T EOLEE
2 & B PRI 2 G %,
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BB B AN RE 512 & B PRI R AME 12
Hizh, Z20FWAFTROBLIHIZ L D,
20304E DL Y 4T & & — A2 BT B HEH AR B E 8% %
ELTHREERRZRE L2 (EholRmm s ).
72 B MR 28 IO ETE DAL o SRR 51213 &
AERWEEZEZLNATO, FRINEES X OEYN
15 52 T O RGBS & #a5- L PEHARED 8% KT
FTHLDE Lze TR WHEORER ML
WFRICK IR TS 2o, B E1320304E
DY ITEr — ANZHRT04% DD & Lok s
Lol

WIZ, 2030E DK ATE r — ADFWERE R
ZEboF, FRERRENIEITLEI 2R LT
AHb (Fho [FEEHENL]D. Tabb, HEHK
EOATRILE35 t2 MR L2 T, Mz Y ¥
F AR PRSI L RSN L 7236 %2 8
ET 5L (RHMFAREIE R LETS), HEE
OB, HHWFAZOFBHEBSMEZ 5720, &
ROFEBIL4246 THHE . BVITEr — R XD b il
BBV L b ZOMOKBIEHRIZ 173 kv/4E
THY. 2011ED S OBMFIIE Y 7E 7 — A1
AR E Il E T 6.5% DB, 20304E DK
T&r—ALWRT202%ME R Do T OFIZERE
BT, B & ORI L THEIR
BAwIRh R 8% O 2 A L 72356 (o [#
A1V 20304E D 1T & 7 — A D 23.0% . 201141t
3% E oz, ThbHWHFMEOHEHL
FEPEI B) LM O 1X23.0% D 2 & 2 HE D
HIRIRD D 5 2 & ZRTH, ENTH 2011 FEOHEHH
LAVEDRELSR-oTLE ), BRI EOZD
IR R SR DS B L 72 2705, TSR O
WCMA T Kk, 7o 7 i, B8 dmEvo
7R - AR CRE N S N A REIEY O A R F
R R TS, BIFEDE— BRI RN 2R D
Bd b & h b RFEMOMER D L OEY) %46 5Bl
DWRBUETH L, T2 Ko HE. HHVIE
JRE% 2 mamIcatdoizown g o
BPLETH 5,

7. ¥&®
A THATHLE TR R X &V PEH RO

KT L WO S S HARTIREROMA &
P E . Iz CAAOEFLRE R R X b Bl
L) DPFHEZMOT LN TEDLLEEZ LN
720 HHEMBADMU LG NPLETH LI, HA
CBU B AL SRR X 7 VPRI, BAER
JHTTRE el ©, LEE SN AR T HEFEL 203
O, MBI TEREN12%B L TV13
I % ERL T 5 LIETHETH L L EZDND,
HARDEEREF AL X N IE 1990 4E % S I
¥ o72A5 A4 WA TEREN LELOHIED
BT E AU 1990 - LARE, I bRV E & 22 %
FNTHHLERBEH R A ¥ THAOBIRE R
A A HI H R & A U 26% 0% %2 5 E 3 5 & &Ik
Thhbo ¥4 TEAHA. WHEE DI, AEEMERN
RIS X 2 HHIR R K E VWA, 55 D OB A
FHREIN, 2030 FOPEEZBELD DS T
LW DEEZ BN

HERIZBITZSL2WHI, YA FEORBET Y
TIZBUT 5 BURHEH & DU~ o Il o 72 121,
Y R Bl B, AL R X 7 IR S 2
WEEEERD S oMo N, AR Lok
K. Z L TR S NAHMOEEBRSAT K TH
Bo B ZIE. Fr7z PP & L T 3-nitrooxypropanol
(3NOP) HH OWFFEH ¥ A HEA TV 5, 3NOP XX
THOEMWICBI S A7 VERORKERETH D X F
NVEBBRIGEZHET 2L SNTEY ., 30%RED
PRI R D B & ShTwAE ™, F72, K2 %
VHRRREERY P ¥ VHE T 2 F P b n
S 7Bl T Tu—FIZ L B X e A B
BRED LN T W5,

T VD D OB AR A AP & LTl
2y BIRERA 7 v B L OB Lg%, fEH
5 O—FRAL ERIM .. KFH - FEEEICHE S LA
PREHH B RO AL IR K S 1P b b, T
EHMEHR A & HEIMIHIRD R OBETH BV TR,
PRI E R RN A AN EL LI THERD B
JUORFEHHBELADLETEBIRETH S, T
7ov BREBIUEMEIEY. BIUENTEES L
7Rt ORI, SR R O IR RN R AR
HHENZRRTHY. FATHA I NVTEARX Y |
2 & BRAM D 2 ShTw 5,

_29_



A FEPEIR) FAC X B AL SRR SR 2 7 2 PRI
HOBE2»S, HFRICBW TIZIERDREGTF O A
T, L B, BB MAES. WA st L
ZZRYMADPUETH L, Tz FAE TR
WX BREEENDOHDOENFEFLL TETN D
A REEEETIZ A 7 VPRI BR & 7%
%720, BB RKOBA BV TH RIS
NT=HAM D X 5 > PEINHIR) R % 5065 2 LA D
%o

SBEEHEEI —E T aME TR W
B, S NHAICOWTIE, B, SBoSHE S
e B2 P S 5 TR LET oI EH
PLHETH L, BREVHFIE LT, HATHIES
Nizh v a—F v RIS 25 2 PEflE:
WDEANDREHAPHAALNT VWD EIATHD
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Potency of ginkgo fruit for modulation of rumen microbiota and fermentation

Seongjin Oh, Yutaka Suzuki, Satoshi Koike and Yasuo Kobayashi’
(Graduate School of Agriculture, Hokkaido University, Sapporo, 060-8589, Japan)

Introduction

Enteric methane is produced by methanogenic
archaea in gastrointestinal tract of ruminant animals
during their feed utilization, which closely related to
greenhouse gas emission and loss of energy in feed stuff?.
Therefore, methane reduction has been attempted by the
use of rumen modulating agents including antibiotics?.
Although ionophore antibiotics have exhibited beneficial
effect on rumen fermentation and animal performance,
use of these additives have been gradually prohibited
due to concerns on public health*%. The use of “natural”
sources may not be subject to concerns raised regarding
the overuse of chemically- and biologically- synthesized
antibiotics including ionophores®. Many plant-derived
compounds have been paid attention as a safer additive
candidate for modulating rumen fermentation. Salicylate,
its derivatives®, flavonoids and terpenoids” have been
reported to possess different extents of antimicrobial
function.

Ginkgo is grown widely among Far East Asian
countries such as China, Korea and Japan. Industrial uses
of ginkgo are leaves for medicine (China) and nuts for
food (Korea and Japan). Leaf extracts for medicinal use
are even exported to European countries. Ginkgo fruit
is a byproduct in the process of ginkgo nut separation
(unsuitable for any uses due to its peculiar smell), yielding
ca. 2,600 metric t/yr in Japan, accounted for 230% of nut
production®. Therefore, biomass of ginkgo fruit is much
smaller in comparison with the previously reported potent
additive candidate cashew nut shell liquid (CNSL). In
this regard, use of ginkgo fruit for feed additive might

be limited locally. However, no evaluation has been
made so far as to the functionality of ginkgo fruit as a
feed additive candidate for ruminants. Although CNSL
containing anacardic acid has been evaluated and found to
be an effective rumen modifier in the previous studies® 9,
its additive formula has not yet been widely available in
the world and has not been fully appreciated on animal
feed market. It is better to have alternatives to CNSL that
should be a similarly effective plant source of anacardic
acid. In this regard, ginkgo fruit is a suitable alternative
candidate to be evaluated in the same manner as CNSL
was done.

We describe here about the initial screening of
potent cultivar of ginkgo for the use to modulate rumen
fermentation, dose-response of rumen fermentation to
ginkgo extract, microbial and fermentation changes in
artificial rumen, and also the potency of ginkgo extract

under various feeding conditions.

Ginkgo fruit extract and alkylphenols

Of six different ginkgo cultivars distributed in
Japan, we chose 2 major cultivars of ginkgo, Kyuju (K) and
Tokuro (T), as candidate materials based on availability
from annual production. Fresh fruit after separation of the
nut was obtained at a ginkgo farm in Sobue town, Aichi
Prefecture, Japan, a major ginkgo-nut-producing area. For
extraction, ginkgo fruit was suspended in of 99.5% ethanol
for 48 h, centrifuged to obtain the supernatant, and then
concentrated by a centrifugal evaporator. This stock extract
was diluted with 99.5% ethanol to set each experimental

dosage of ginkgo extract, expressed as percent (wt/vol) of
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Fig.1. Comparison between two different cultivars Kyuju
and Tokuro in alkylphenolic compounds of ginkgo fruit.
Alkylphenolics (anacardic acids, cardanol, and cardol) were
quantified by HPLC ?.

ginkgo fruit (wet weight equivalent) in the final culture.
The alkylphenols in 2 cultivars of ginkgo fruit are shown
in Fig. 1. Both cultivars contained 3 types of anacardic
acids, which were classified by length of the alkyl side
chain and the number of double bonds (C13:0, C15:1, and
C17:1). Ginkgo fruit also had cardanol (C15:1) and cardol
(C15:1). The total content of these alkylphenols was more
than 5 times higher in K than in T, although proportion of
alkylphenols in each cultivar was similar. Thus, ginkgo
fruit was confirmed to contain functional alkylphenolics
as seen in CNSL.

Screening of more potent ginkgo cultivar

Batch culture studies were carried out to select
more potent ginkgo cultivar as follows. Rumen fluid was
diluted by a buffer in test tubes with a substrate that was
a mixture of concentrate and hay (2.3:1). Ginkgo extract
or an equal volume of ethanol was added to tubes and
anaerobically incubated at 39°C for 24 h. For cultivar
comparison, the dose of ginkgo was set at 1.6% in fruit
equivalent. A comparison of the potency of the 2 ginkgo
cultivars is shown in Fig. 2 . Although extracts from
both cultivars greatly decreased methane production, K
showed greater potential than T (86 vs. 66%). Total SCFA
concentration was not changed by either ginkgo extract
compared with the control. The concentration and molar
proportion of acetate was decreased by K but not by T.
Both ginkgo extracts enhanced propionate production. We

observed lower butyrate production for K. Based on these
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15 15 2.5 0.4
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b 2 b S 03
9 9 15
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Fig. 2. Comparison between two different cultivars Kyuju
and Tokuro in rumen gas and short chain fatty acid from
cultures with ginkgo fruit extract. Ginkgo extract (1.6%
fruit equivalent in final culture) was added to each treatment,
while ethanol was to control. Bars with different superscripts
differ (P<0.05).

observations, we selected K as the more potent additive
for modulating rumen fermentation and used it for further

study.

Dose response of rumen fermentation to ginkgo
extract

The selected cultivar ginkgo K was evaluated for
the dose response of rumen fermentation parameters,
using 5 different doses (0, 0.8, 1.6, 3.2, and 6.4%),
and results obtained are shown in Fig. 3 . Total gas
production decreased at >3.2% supplementation. Methane
production was linearly inhibited in a dose-dependent
manner. Supplementation at >3.2% was quite effective for
decreasing methane, but hydrogen accumulation occurred
at >3.2%. Total SCFA concentration was not affected by
the ginkgo extract. Acetate production linearly decreased,
but propionate production linearly increased, depending on
dose. The concentration and molar proportion of butyrate
decreased at higher levels (>3.2%). All parameters except
CO, production showed a linear increase or decrease in
dose response. Based on the observation of a decrease

in total gas production and accumulation of hydrogen at
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Fig. 3. Dose response of rumen fermentation parameters to selected ginkgo (Kyuju) extract supplementation
(tested at 5 different levels that were 0, 0.8, 1.6, 3.2 and 6.4% of fruit equivalent). Dots with different superscripts

differ (P<0.05).

>3.2%, we selected the 1.6% dose of ginkgo fruit equivalent

for further evaluation.

Evaluation of ginkgo extract by rumen simulation
technique

Longer-term rumen responses to ginkgo extract
were evaluated by the rumen simulation technique
(RUSITEC) 'V that allows continuous fermentation under
more practical condition. Rumen fermentation profiles
and feed digestibility are shown in Fig. 4 . Total gas and
CO, production was not affected, but methane production
decreased by 47% when ginkgo extract was added. Ginkgo
extract did not influence total SCFA concentration. The
concentration and molar proportion of acetate were
decreased by ginkgo extract, but the corresponding

values of propionate were increased. Ruminal pH was

significantly decreased. Ammonia concentration deceased,
while disappearance of DM, NDF, and ADF were not
affected by ginkgo extract.

Changes in bacterial and archaeal communities
at different taxonomic levels with ginkgo extract
supplementation are shown in Fig. 5 . For bacteria at the
phylum level, the abundance of Bacteroidetes decreased
with ginkgo extract, but the abundance of Firmicutes
increased. The abundance of Proteobacteria was 4.6
times higher with ginkgo extract. More drastic change
was seen for Synergistes, showing a 41-fold increase
with ginkgo extract, of which Pyramidobacter was the
main member. At the genus level, increased abundance
with ginkgo extract was seen for specific groups related
to succinate and propionate production, or both. These

were Succinivibrio, Ruminobacter, Selenomonas,
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Fig. 4. Effect of ginkgo (Kyuju) extract supplementation on rumen fermentation profile in RUSITEC (rumen
simulation technique). Ginkgo extract (1.6% fruit equivalent in final culture) was added to treatment, while ethanol
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Megasphaera, and Prevotella. At the same time, decreased
abundance was seen for Fibrobacter and unclassified
bacteria belonging to the Bacteroidales, Clostridiales,
and Ruminococcaceae. The archaea community in
the control comprised 3 classes: Methanobacteria,
Methanomicrobia, and Thermoplasmata. By adding
ginkgo extract, the community was changed toward
more Methanomicrobia and less Methanobacteria and
Thermoplasmata. The majority of each class were the
genera Methanobrevibacter, Methanoplanus, and vadin
CA11 (Methanomassiliicoccaceae). Thus, it is apparent
that ginkgo fruit extract selectively inhibits rumen

microbes, leading to fermentation changes.

Pure culture study: Minimum inhibitory
concentration (MIC) test

We cultivated representative rumen bacteria to
determine minimum inhibitory concentratin (MIC) of
ginkgo K extract and of the purified phenolic compounds
in ginkgo, and MIC values are shown in Fig. 6 . The
bacterial response to ginkgo extract and anacardic acid
was clearly divided into sensitive and insensitive groups.
The sensitive group included R. flavefaciens, R. albus, E.
ruminantium, B. fibrisolvens, B. proteoclasticus, S. bovis, F.
succinogenes, P. ruminicola, S. amyloytica, C. sticklandii,
C. aminophilum, and P. anaerobius. Insensitive species

were L. ruminis, S. dextrinosolvens, R. amylophilus, S.

ruminantium, and M. elsdenii. Hydrogen/formate producers
and hyper ammonia-producing bacteria belonged to the
sensitive group, but succinate- and propionate-producing
(or both) bacteria were in the insensitive group. Purified
cardanol and cardol, phenolic compounds present in
ginkgo, did not show strong antibacterial activity to
rumen bacteria except C. sticklandii. Thus, it is apparent
that ginkgo extract and 3 anacardic acids show selective
inhibition of bacterial growth at pure culture level,
confirming that such selection occurs at mixed culture

level in rumen simulation technique (see above).

Batch culture evaluation of ginkgo extract under
different diet conditions

Effect of ginkgo extract supplementation on rumen
fermentation was compared under five different forage to
concentrate (F:C) ratios (Fig. 7) . Total gas production for
each dietary substrate was not affected by ginkgo extract
supplementation, except for the observed decrease with
the 5:5 ratio diet. Methane decreased with ginkgo extract
supplementation, with the greatest reduction found with
the 5:5 ratio (41.9%); whereas the F:C ratio itself had
no marked effect on methane production. Hydrogen was
accumulated following ginkgo extract supplementation at
3:7,5:5,7:3 and 9:1 F:C ratios. Total SCFA concentration
was not affected by ginkgo extract supplementation in

each dietary substrate. However, total SCFA was clearly

Gram-positive Gram-negative

: L [= ¢ B B R F. P s R s s M.
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Fig. 6. Sensitivity of rumen representative bacterial species in pure culture to ginkgo (Kyuju) extract and

individual alkylphenolic component.

_37_



Total gas CO,
o, ) A:0.18 ol < A: 0.66
15 Control D: 0.70 11 D: 0.89
== Ginkgo AxD: 0.20 * * AxD: 0.10
13 z * 10 *
3 2 ¢ < *
12 % T 9 $ 5 *
11 3 8 3
10 7
19 37 55 73 91 19 37 55 73 91
Total SCFA Acetate A: <0.001
mmolidL Az 0.044 o D: <0.001 .
D: <0.001 y AxXD: <0.001
14 AxD: <0.001 70 * t
13 * ¥ -
65 - ’
12 * :
1 60
10 55
19 37 55 73 9l 19 37 55 73 91

CH, A:0.56
rgL D: 0.30
AxD: 0.22
6 * *
. 3 I *
4 - { :
2 ———
0
1.9 37 55 73 91
Propionate
W A: <0.001
. D: <0.001
30 * * * AxDr <0.001
*
25 '—_é—_\\;
20 .
15
1:9 37 55 73 91

o, H, A1 031
D: 0.12
0.020 AxD: 0.12
0.010
0.000 DN 5
19 37 55 73 91
Butyrate
% tyra A: 0.015
D: <0.001
20 AxD: <0.001
15

1:9

37

55 730 91

Fig. 7. Effect of ginkgo extract supplementation under different forage to concentrate ratios on gas and short chain
fatty acid. Ginkgo extract (1.6% fruit equivalent in final culture) was added to treatment, while ethanol was to
control. A: additive effect; D: diet effect; AXD: interaction of additive effect and diet effect. Asterisk (*) indicates
significant difference between control and treatment under the same dietary condition (£<0.05).

Total bacteria % Methanogen % Butyrivibrio group % T. bryantii o, R flavefaciens
12 a a a 6 a 8 0.10 0.05
2,  —— 5 3 b 6 0.08 0.04 T
5 bbe e be  be 006 0.03 1
gEY } I ol 0.0 0.02 2
b = o -Control 2 1 5, b £ : o ' b 3
=) h b 4 9 -
=5 —=Ginkgo 1 b b b ed d 0.02 0.01 b
8 0 0 0.00 0 b b
19 55 91 1:9 5:5 9:1 1:9 535 9:1 19 55 91 19 55 91
% R. albus o, F succinogenes P ruminicola % P. bryantii %
0.15 a 004 . 20 004 2 0.25
I
010 I o003 Nov I s T 0.03 0.20
’ | I 1 b 0.15
be b 0.02 1.0 0.02 T
005 1 - ab T i a 0.10
I = 0.01 0.5 0.01 a
be NG 005
b C c &
000 cd 0.00 0.0 0.00 a 0.00 ¢
19 55 91 1:9 55 91 1.9 55 91 1:9 55 91 1:9 55 91
o, S dextrinosolvens .~ R amylophilus S. bovis o S ruminantium o, M elsdenii
0.5 0.8 0.5 a 2.0 0.20
a a a
04— a 0.6 T o1 o4 15 015
03 0.4 03 ab 10 0.10
02 % 02
b b
b a 5
ab T 02 0.5 0.05
01 BN A ST b b\
0.0 be 00 b 00 @ MTTSu o g d  0.00 b
19 55 91 19 55 91 19 55 91 19 55 91 19 55 91

Fig. 8. Effect of ginkgo extract supplementation under different forage to concentrate ratios on rumen representative
bacteria. Ginkgo extract (1.6% fruit equivalent in final culture) was added to treatment, while ethanol was to
control. “*Means with different superscripts differ (P<0.05).

affected by the F:C ratio, and decreased as the proportion of acetate and increase of propionate were observed for

of concentrate in the substrate decreased. Concentrations the 5 F:C ratios tested.

and proportions of acetate and propionate were affected by The effect of ginkgo extract on bacterial levels under

both ginkgo extract supplementation and diet; a decrease different F:C ratios is shown in Fig. 8 . Total bacteria was
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decreased by ginkgo extract supplementation. The relative
level of fibrolytic bacteria such as R. flavefaciens, R. albus
and F. succinogenes was decreased by ginkgo extract, and
the decrease was dependent on both the species and F:C
ratio; the predominant R. albus showed obvious decreases
at 5:5 and 9:1 ratios. Several species related to succinate
and propionate production, such as S. ruminantium, A.
lipolytica, R. amylophilus, S. dextrinosolvens and M.
elsdenii, were increased with ginkgo extract under almost
all dietary substrate conditions. These results suggest that
rumen modulation by ginkgo extract can be achieved at
a wide range of F:C ratios with no adverse impact on
feed digestion. Moreover, F:C ratios of 5:5 and 7:3 may
be optimal when methane mitigation is expected. The
modulation of fermentation is clearly indicated to be a

reflection of microbial changes by ginkgo extract.

Interpretation and perspective

Anacardic acid in ginkgo, accounting for 85%
of alkylphenolic compounds (Fig. 1), was found to be
a major compound to inhibit specific group of rumen
bacteria. Although the alkyl side-chain structure is
different (C13:0, C15:1 and C17:1), these anacardic
acids in ginkgo were potent for selective inhibition of
rumen bacteria (Fig. 6). Fruit of ginkgo contains a greater
proportion of anacardic acids than other parts (leaves or
seeds) that have been commercially used '?. Therefore,
the fruit is considered more functional as an antimicrobial
and more easily available in terms of quantity than leaf
and seed. It is known that other bioactive compounds
besides alkylphenols in ginkgo extract such as flavonoid
might influence rumen fermentation to decrease rumen
methane 1. Although more details on the mode of action
of ginkgo extract is experimentally to be investigated,
alkylphenols represented by anacardic acid could be a
main factor in altering rumen microbiota and fermentation.

Ginkgo fruit extract altered rumen fermentation
with no adverse effect on SCFA level, although extent
of methane reduction was diet-dependent (Fig. 7).
Hydrogen accumulation was observed only with ginkgo
supplementation, indicating that hydrogen released
from hydrogen-producing bacteria is not completely

well metabolized via alternative pathways involved in

propionate production rather than methanogenesis. SCFA
composition was greatly changed by ginkgo extract
toward less acetate and more propionate production. Such
great shift in rumen fermentation pattern is attributed to
rumen microbial changes by selective inhibition of rumen
microbes with ginkgo supplementation (see below).
Ammonia reduction by ginkgo fruit extract
in RUSITEC study could be related to inhibition of
hyper-ammonia producing bacteria C. stickandii and
P anaerobius by ginkgo extract, i.e. these species
were confirmed quite sensitive to ginkgo extract when
those were individually cultivated (Fig. 6). If ammonia
reduction by ginkgo extract successfully occurs within a
critical level (>5mgN/dL), it might lead better dietary N
economy for maintaining microbial protein synthesis'¥.
The disappearance of DM, NDF, and ADF were not
affected by ginkgo extract in RUSITEC study (Fig. 4).
This is the most important characteristic to be addressed
for developing a new additive candidate, as reported for
CNSL?. However, longer incubation or feeding studies
are obviously needed for more practical evaluation.
Rumen fermentation changes by ginkgo extract
were reasonably attributed to microbial community
changes that were evaluated MiSeq (Fig. 5) analysis, and
also by sensitivity of individual rumen bacterial species to
the extract (Fig. 6). Microbial selection by ginkgo extract
was suggested by growth inhibition of hydrogen- and
formate-producing bacteria (R. flavefaciens and R. albus)
and by growth stimulation of succinate- and/or propionate-
producing bacteria (P. ruminicola, S. dextrinosolvens, R.
amylophilus, S. ruminantium, and M. elsdenii).
Although the abundance of fibrolytic organisms
(Fibrobacter, Ruminococcus, fungi) was depressed by
ginkgo extract supplementation, NDF and ADF digestibility
was not affected (Fig. 4). This suggests development of an
alternative fibrolytic system, possibly due to an increase in
abundance of Prevotella and Selenomonas (Fig. 5), some
groups of which are involved in fiber degradation !9, The
abundance of P. ruminicola was not affected by F:C ratio,
supporting that this bacterium might play an important role
in digestion of a wide range of diet. The contribution of
uncharacterized fibrolytic bacteria'” ' may also need to

be considered for deeper discussion about fiber digestion.
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Inapplication, one problemneedstobesolved: ginkgo
fruit contains nutritionally harmful 4-methylpyridoxin
(a vitamin B, antagonist) ', which may be unsuitable
for animal feed, leading to deficiency of vitamin B, for
animals. If the activity of this anti-nutritional compound
can be reduced by specific treatments, ginkgo fruit can
be further evaluated in animal feed studies. One solution
could be silage fermentation. Some lactic acid bacteria
can produce vitamin B, *”, which might compensate for
the negative effects of 4-methylpyridoxin if those bacteria
are used as a silage inoculant. This possibility needs to
be confirmed to better assess the functionality of ginkgo

fruit as a potential feed additive for ruminant animals.
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