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Heat stress is an increasing concern in poultry industry as it can cause a rise in the body temperature of chickens.
Recently, we reported that L-citrulline (L-Cit) is a potential hypothermic agent that could improve thermotolerance in
chicks. However, synthetic L-Cit has not yet been approved for inclusion in animal diets. L-Cit was first isolated from
watermelon. Watermelon rind (WR), an agricultural waste product, contains more L-Cit than the flesh of the fruit. In
the current study, the chemical composition and L-Cit content of WR dried powder (WRP) were determined. WRP
was mixed with water at a ratio of 4:5 (wt/v) to make WRP mash, and then mixed with a commercial starter diet to
prepare a 9% WRP mash diet. The WRP mash diet was fed to 3- to 15-day-old chicks and daily food intake, body
weight, and changes in rectal temperature were measured. At the end of the experiment, blood was collected from the
chicks to analyze plasma L-Cit and other free amino acids. The chemical analysis of WRP revealed a variety of com-
ponents including 19.1% crude protein. L-Cit was the most abundant free amino acid in WRP (3.18 mg/g). Chronic
supplementation of the WRP mash diet significantly increased compensatory food intake, plasma L-Cit, L-ornithine,
and L-tyrosine in chicks. WRP mash diet did not affect the body temperature of the chicks. In conclusion, WRP mash
diet supplementation increased plasma L-Cit concentration in chicks. The increase in plasma L-Cit concentrations
suggest that WR could be used as a natural source of L-Cit in chicks to ameliorate the adverse effects of heat stress.
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Introduction

Body temperature is an important parameter for assessing
the homeostatic status of an organism. Ambient temperature
can affect body temperature in chickens. In particular, high
ambient temperatures cause body temperature increases and
induce heat stress in chicks (Chowdhury et al., 2012; Ito et
al., 2014) because the birds do not have the ability to sweat
due to the absence of sweat glands (Marder and Arad, 1989;
Ensminger et al., 1990). Moreover, prolonged high body
temperature negatively affects oxidative status and growth
performance in chickens (Savory, 1986; Azad et al., 2010;
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Chowdhury et al., 2014). Therefore, reducing body tem-
perature in chickens is an effective approach to protecting
them from the potentially adverse effects of heat stress.
L-Citrulline (L-Cit) is an endogenous amino acid in most
living systems (Curis et al., 2005). It is a non-protein amino
acid (Angela et al., 2011) that is metabolized to L-arginine
(L-Arg), which is then converted to L-ornithine (L-Orn) by
arginase (Tamir and Ratner, 1963; Suenaga et al., 2008).
Recently, it was found that plasma L-Cit levels are signifi-
cantly reduced by heat stress in chicks (Chowdhury et al.,
2014). Interestingly, it was also reported that oral admini-
stration of L-Cit, but not L-Arg or L-Orn, lowered body tem-
perature in chicks (Chowdhury et al., 2015) and afforded a
degree of thermotolerance (Chowdhury et al., 2017). There-
fore, the provision of L-Cit may offer a novel nutritional
means of reducing body temperature in chickens under heat
stress. Although the inclusion of synthetic L-Cit in poultry
rations has not yet been approved (Food and Agricultural
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Materials Inspection Center, Japan, 1953), an alternative ap-
proach might be the use of a natural source of L-Cit, which
might offer a means to increase plasma content of L-Cit in
chickens to ameliorate heat stress effects and improve poul-
try production.

L-Cit was first identified as a constituent of watermelon
(Citrullus vulgaris) in the early twentieth century (Koga and
Ohtake, 1914; Wada, 1930), and watermelon is believed to
be a natural source of L-Cit (Rimando and Perkins-Veazie,
2005; Tarazona-Diaz et al., 2011). Interestingly, waterme-
lon rind (WR), an agricultural waste product, contains a high
amount of L-Cit in comparison with its flesh (Rimando and
Perkins-Veazie, 2005). Following absorption of L-Cit from
watermelon, plasma L-Arg levels have been found to increase
in humans (Mandel et al., 2005; Collins et al., 2007). Con-
sumption of watermelon combined with exercise was shown
to reduce arterial blood pressure compared with a placebo
(Figueroa et al., 2011). Thus, there are indications that L-
Cit in watermelon juice may affect physiological functions.
However, to the best of our knowledge, the effect of using
WR as a natural source of L-Cit on plasma L-Cit levels or
body temperatures has not been studied in any species.

In the present study, the chemical composition and free
amino acid contents of WR dried powder (WRP) were
examined. In addition, the effects of WR on plasma L-Cit
level and body temperature in chicks were examined. Chick
blood was analyzed to evaluate plasma levels of L-Cit and
other free amino acid concentrations following long-term
feeding with a diet supplemented with WRP.

Materials and Methods

Animals

Day-old male layer chicks (Julia strain; Gallus gallus
domesticus) were purchased from a local hatchery (Murata
Hatchery, Fukuoka, Japan) and housed together in metal
cages (50X35X33cm) in a group (14 birds) at a constant
temperature of 30+ 1°C with continuous light. Chicks had
free access to food [Adjust diets (metabolizable energy
(ME): >12.55 MJ/kg, protein: >23%); Toyohashi Feed and
Mills Co. Ltd., Aichi, Japan] and water during the whole
experimental period. This study was performed in accord-
ance with the guidelines for animal experiments of the
Faculty of Agriculture and of the Graduate Course of Kyushu
University, and adhered to Law no. 105 and Notification no.
6 of the Japanese government.
Preparation of WRP Mash

Fresh watermelons were obtained from Suika-no-Meisan,
(Kumamoto, Japan). The rind was separated from the flesh
and dried in an oven (Matsui MFG CO., Ltd., Japan) at 60°C
for 96h. After complete drying, the WR was ground for 1
min using an electric grinder [Wonder blender (KT.WB-1),
Kastech, Japan] to produce WRP. The WRP was stored in
airtight plastic bags at room temperature until it was used in
the experiments. To produce a WRP mash diet, 100 g of
WRP was mixed with 125m/ deionized distilled water.
Then, the WRP mash (225 g) was mixed with a commercial
starter diet (900 g) to produce a 9% WRP mash diet. Since

the maximum recommended level of feed additives in
poultry diet is 15% (Banerjee, 1998), the additive level used
here is relatively low.
Proximate Analysis of WRP

The chemical composition of WRP was analyzed by the
Japanese Functional Food Analysis and Research Center
(Fukuoka, Japan). The moisture, crude protein, ether extract,
crude fiber and ash contents were determined. In brief,
moisture was determined by weight loss on heating at 135C
for 2h. The Kjeldahl method was applied to measure crude
protein. Hydrolysis and ether extraction methods were used
for the analysis of crude fat. Crude fiber analysis was per-
formed using HSO4 and NaOH. Ash was determined by
direct baking of WRP at 600°C for 2h.
Analysis of Free Amino Acid Concentrations in WRP

Free amino acid concentrations in WRP were analyzed by
ultra performance liquid chromatography (UPLC) based on
the method of Ohmori et al. (2011) and Furudate and
Meguro (2002) with some modifications. Forty mg of WRP
was homogenized in a 15m/ centrifuge tube with 200 2/ of
99% ethanol for 30 seconds. After homogenization the WRP
sample was kept at room temperature for 30 min. The WRP
homogenate was then filtered through 70 mm filter paper
(Advantec, Toyo Roshi Kaisha, Ltd., Japan). Any remaining
WRP homogenate in the centrifuge tube was washed out
using 1200 u/ of 80% ethanol and subjected to filtration as
above. The filtrate was dried under vacuum at —100kPa
(Centrifugal Vaporizer, CVE-200D, Eyela, Japan). The dried
residue was dissolved in 400 «/ deionized distilled water and
filtered through a 0.20#m filter (Millipore, Bedford, MA,
USA). Twentyu/ WRP sample was mixed with 2u/ 1M
NaOH and vortexed. Then 104/ WRP was transferred to a
UPLC tube, and 204/ N-acetylcysteine/O-phthalaldehyde,
and 70 ¢l borate buffer were added and mixed; the mixture
was kept for 2 min in a dark room. Both L- and the p-amino
acid contents were measured using a UPLC system (Acquity™™
UPLC system, consisting of a Waters Binary Solvent Man-
ager, Water Sample Manager, and a Waters FLR Detector)
with an ACCQ-TAG™ ULTRA C18 1.7 #m 2.1 X100 mm
column (Waters Corporation, USA). The excitation and
emission wavelengths for the fluorescent detection of amino
acids were 350 and 450 nm, respectively. The system was
controlled with a flow rate of 0.25m//min at 30°C. The
UPLC gradient system (A=50 mM sodium acetate [pH 5.9],
B=methanol) was 10-20% B over 3.2 min, 20% B for 1
min, 20-40% B for 3.6 min, 40% B for 1.2 min, 40-60% B
for 3.8 min, 60% B for 1 min and 60-10% B for 0.01 min.
The same method was used for the standard solutions con-
taining 18 L-amino acids, 16 D-amino acids, glycine, and tau-
rine. The concentrations of free amino acids in WRP were
determined and expressed as nmol/mg sample.
Experimental Design

A total of 14 chicks (2-day-old) were gradually separated
into groups of 2 chicks per cage (21 X 10X 14 cm); 3-day-
old chicks were individually isolated into two groups (n=7).
We used gradual isolation (1st day, 14 chicks/cage; 2nd day,
2 chicks/cage; and 3rd day, 1 chick/cage) to separate chicks



Nguyen et al.: Watermelon Rind Increases Plasma L-Citrulline 67

individually to minimize isolation stress. The starter diet
was replaced by 9% WRP mash diet in the treatment group,
while the control group continued the starter diet during the
experimental period, from 3 to 15 days old. Daily recording
of food intake, body weight, and rectal temperature was
carried out. Rectal temperature was measured with a digital
thermometer with an accuracy of +0.1C (Thermalert TH-
5, Physitemp Instruments Inc., USA) by inserting the therm-
istor probe into the rectum through the cloaca to a depth of
around 2 cm from the anus. At the end of the experiment,
birds were euthanized by exposure to isoflurane (Mylan Inc.,
Tokyo, Japan). Blood was immediately collected from the
jugular vein into heparinized tubes and centrifuged at 10,000
Xg for 4min at 4°C (MX-307, Tommy, Japan) to collect
plasma. The plasma was stored at —80°C until analysis of
free amino acids was carried out.
Analysis of Free Amino Acid Concentrations in Plasma

Free amino acid concentrations were analyzed by UPLC
according to the method of Ohmori ef al. (2011) with some
modifications. Plasma was obtained by centrifuging it at
14,000X g for 15min at 4C (MX-307, Tommy, Japan).
Plasma was then filtered through ultrafiltration tubes
(Millipore, Bedford, USA). Samples (10 /) of plasma were
transferred to UPLC tubes, and 20u/ N-acetylcysteine/O-
phthalaldehyde, and 70/ borate buffer were added and
mixed; the tubes were left for 2min in a dark room. The
samples and standards were applied to UPLC as described
above for the analysis of WRP. Plasma amino acid
concentrations were expressed in nmol/z/.
Statistical Analysis

Changes in food intake, body weight, and rectal tempera-
ture were statistically analyzed by two-way ANOVA, where
the main effects were the WRP treatment and days/time.
Plasma free amino acids were analyzed by Student’s #-test.
Statistical analyses were performed using StatView Version
5.0 software (SAS Institute, Cary, NC, USA, 1998). Values
are presented as means+S.E.M.

Results

The results of the chemical analysis of WRP are presented
in Table 1 and the free amino acid contents are shown in
Table 2. L-Cit (18.2nmol/mg or 3.18 mg/g) was the most
abundant free amino acid in WRP, and L-Arg was the next
most abundant (2.72 nmol/mg) (Table 2). The concentra-
tions of L-alanine, L-glutamine, L-valine, L-phenylalanine, L-
isoleucine, L-serine, L-tyrosine, and GABA are also shown in
Table 2.

Chicks fed the 9% WRP mash diet had a significantly
increased food intake in all periods (Fig. 1A; F(1,12y=61.4, P
<0.0001). The length of time into the experiment (‘days’)
also had a significant effect on food intake (F(11,132)=282.9, P
<0.0001). A significant interaction on food intake was also
found between treatment and days (F(11,132)=2.35, P<0.05),
indicating that the increase in food intake was greater with
time in the WRP mash diet-treated group compared with the
control. The WRP mash diet did not affect total weight gain
throughout the feeding test (WRP, 106.122.9g; control,

Table 1. Chemical composition of watermelon rind
powder

Composition Content
Moisture (%) 15.7
Crude protein (%) 19.1
Crude fat (%) 1.22
Crude fiber (%) 14.5
Ash (%) 15.4
Nitrogen-free extract! (%) 34.1
Gross energy2 (kcal/100 g) 336
Metabolizable energy® (kcal/100 g) 196

"'Nitrogen-free extract: 100—(Moisture+Crude protein+Crude fat
+Crude fiber); ? Gross energy: Crude protein X 5.67+ Crude fat
X9.68+ Crude fiber X 4.9+ Nitrogen-free extract X 4.25; > Metabo-
lizable energy: Crude protein X 34.92+ Crude fat X 62.16+Nitrogen-
free extract X35.61 (Janssen, 1989).

Table 2. Free amino acid contents in watermelon rind
powder

Amino acids Content (nmol/mg)

L-Citrulline 18.24+0.71
L-Arginine 2.72%0.10
L-Alanine 0.97%0.04
GABA 0.85+0.09
L-Glutamine 0.84740.03
L-Valine 0.78%0.03
L-Phenylalanine 0.76%0.03
L-Isoleucine 0.47%0.02
L-Serine 0.37£0.01
L-Tyrosine 0.324+0.02

Nine samples were analyzed. Values are means®S.E.M in nmol/
mg.

112.4%+3.4 g; F(112y=1.42, P=0.256; Fig. 1 B). There was
a significant effect of time (days) on body weight (e.g., WRP,
45.6+1.4 g and control, 46.8+1.4¢ on day 3; WRP, 151.7
+3.6 g and control, 159.1£2.9 g on day 15; F(12,144)=2063,
P<0.0001) in both the WRP mash diet group and the control
group. Rectal temperature was not changed significantly
(F(1,12y=2.94, P=0.112) by chronic dietary supplementation
with the WRP mash diet (Fig. 1 C). Time (days of feeding)
had a significant effect on changes in body temperature
caused by chronic treatment with the WRP mash diet
(F(12’144):13.7, P<00001) Plasma L-Cit, L-Om, and L-
Tyr were significantly increased by administration of the
chronic WRP mash supplement (Fig. 2 A-C; P<<0.05). Other
analyzed plasma free amino acids were not changed by the
chronic WRP mash supplementation (data not shown).

Discussion

In the current study, we found that WRP mash diet sup-
plementation increased the daily food intake of chicks com-
pared with a control group. The ME content of WRP was
calculated as approximately 196kcal/100 g (8 MJ/kg). There-
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Fig. 1. Effects of chronic WRP mash diet supplementa-
tion on changes in food intake (A), body weight (B), and
rectal temperature (C) in chicks from 3 to 15 days old.
Seven chicks were used in each group. Values are means+
S.E.M. WRP, watermelon rind powder.

fore, the ME content in the treatment diet was estimated as
10.8 MJ/kg considering the 9% inclusion of WRP; this is
much lower than the ME content in the standard diet (cal-
culated value, 12.6 MJ/kg). Hence, it could be predicted that

A. L-Cit
0.5 = *
I N
04 4 %
= 03 A \
§ 0.2 - §
0.1 - \
0 mnliam &
Control WRP
B.
0.3 - L-Orn
0.25 -
02 4 *
N T
= 015 - N
£
501 A §
0.05 \
‘1l
Control WRP
C. L-Tyr
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0.25 1

0.2 1
0.15 A1

0.05 A1
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Fig. 2. Effects of chronic WRP mash diet supplementa-
tion on changes in plasma L-Cit (A), L-Orn (B), and L-
Tyr (C) in chicks. Seven chicks were used in each group.
Values are means=S.EM. *, P<<0.05 by Student’s #-test.
L-Cit, L-citrulline; L-Orn, L-ornithine; L-Tyr, L-tyrosine;
WRP, watermelon rind powder.

the lower energy in the WRP diet might have caused the
increase food intake by the chicks to satisfy their energy
demands. WR contains several bioactive compounds, aro-
matic compounds, lycopene, phenolic compounds, and anti-
oxidants (Tarazona-Diaz et al., 2011). Although we did not
identify the bioactive compounds in WRP, it could be as-
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sumed that the WRP mash diet was sufficient because of the
presence of such compounds, and this might have played a
positive role in enhancing the compensatory food intake. We
found that the actual intake of starter diet was not different
between the WRP group (186.1%3.8 g) and control group
(184.7£3.8 g) over the whole experimental period.

Rectal temperature did not change significantly after WRP
supplementation. Previously, it was shown that acute oral
administration of <15 mmol/kg body weight of L-Cit did not
lower rectal temperature in 6-day-old chicks given an oral
administration of 1.03 mmol L-Cit (Chowdhury et al., 2015).
However, the WRP mash diet contained 0.0016 mmol of L-
Cit per mg of food. Based on our calculation of food intake
in the current study, chicks consumed 0.03 and 0.04 mmol of
L-Cit when 6- and 15-day-old, respectively. The amount of
L-Cit consumed was not enough to reduce rectal temperature.
It is not yet known how much plasma L-Cit is required to
cause a reduction in body temperature; however, plasma L-
Cit significantly increased in the WRP mash diet-treated
group to 0.44 nmol/ul compared with the control group in the
present study.

Plasma L-Arg levels increase after ingestion of L-Cit from
watermelon flesh and watermelon juice in humans (Mandel
et al., 2005; Collins et al., 2007). Our chemical analysis
here confirmed that L-Arg was the second most abundant free
amino acid in WRP (Table 2). However, plasma levels of L-
Arg did not increase significantly in chicks in the WRP
mash-supplemented group compared with the control diet
group (WRP, 0.64£0.04 nmol/u/; control, 0.55730.06 nmol/
ul). Chickens can synthesize L-Orn from L-Arg but cannot
synthesize L-Cit from L-Orn (Tamir and Ratner, 1963). Thus,
in the present study, the increased level of plasma L-Orn
might have been the result of accumulation of L-Om due to
the different metabolic pathways between mammals and
birds.

In conclusion, WRP, which is an agricultural waste pro-
duct could be a natural source of L-Cit in chicks. Increased
plasma L-Cit concentrations through chronic dietary supple-
mentation with WRP at a level of 9% was not enough to
induce a hypothermic effect in chicks. Further research will
clarify a suitable level of inclusion of WR to reduce the
effects of heat stress in chicks.
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