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ABSTRACT
Watermelon rind (WR) content is rich in citrulline (Cit). Oral administration of L-Cit could improve thermotolerance
in layer and broiler chickens due to its hypothermic role. Additionally, chronic supplementation of WR dried powder
(WRP) increases feed intake but makes no changes to the body temperature. The objective of the current study was to
evaluate the effect of yellow and red WRP supplementation on plasma metabolites as well as and liver and spleen
weight. In Experiment 1, a total of 20 indigenous chicks aged 1-14 days were treated with different doses of yellow
WRP (0%, 2%, 4%, and 6%) supplemented in a commercial diet. Similarly, 20 indigenous chicks with the age range
of 1-14 days were treated in Experiment 2 with different doses of red WRP (0%, 2%, 4%, and 6%) supplemented in a
commercial diet. The obtained results indicated that the yellow WRP supplementation caused a linearly increased
plasma total cholesterol (TCHO). However, the red WRP neither increased plasma TCHO linearly nor plasma
glucose (Glu), although plasma Glu concentration significantly increased by 6% red WRP supplementation. These
results suggest that supplementation of both yellow and red WRP to a commercial diet could change the
concentrations of plasma metabolites, while the effect of yellow WRP may be different, compared to that of red
WRP.
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under HT, which subsequently leads to decreased
performance as a result of lower body weight gain in
broiler chickens and low egg production in layer chickens
with increasing rate of mortality (Teeter et al., 1985;
Quinteiro-Filho et al., 2010). Compared to other domestic
animals, poultry is more sensitive to HT (Geraert et al.,
1993) since they lack sweat glands and rely on evaporative
cooling (panting) to keep them cool (Ensminger et al.,
1990). There are some physiological changing aspects,
such as glucose, hormones, leukocytes, electrolytes, and
functions of the organ in responding to HT (Geraert et al.,
1996). It was further reported that HT negatively affects
growth performances and some physiological properties
(Tao et al., 2006; Chowdhury et al., 2012; Chowdhury et
al., 2014) and immunological adaptations of laying hens

INTRODUCTION
Nowadays, both global warming and summer heat stress
(HS) are becoming serious concerns all over the world. As
reported by the Intergovernmental Panel on Climate
Change (IPCC), the global surface temperature has been
increasing (IPCC, 2021). Hence, summer HS is becoming
more unbearable in tropical and subtropical countries.
Since the environmental temperature is steadily increasing
over the globe, HS is considered one of the major
challenges for poultry production in many countries.
Summer HS causes a great economic loss in the
commercial poultry sector. Leeson (1986) reported that
high ambient temperature (HT) is the most inhibiting
factor for poultry production in the hot regions because
birds cannot quickly dissipate the excess heat produced
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(Star et al., 2009). Therefore, it is important to examine
biochemical parameters in the blood, such as plasma
metabolites, plasma catecholamines to understand the
adaptation level of animals to HT (Erwan et al., 2014).
Numerous reports have shown that in an HT, the
concentration of plasma glucose (Glu) and total
cholesterol (TCHO) decrease in the blood, which is an
indicator of disruption in homeostasis (Ocak and Guney,
2010; Ribeiro et al., 2016; Ribeiro et al., 2018). Some
nutritional supplementations have been suggested to
eliminate the detrimental effects of HT on the body
temperature of poultry. For instance, providing essential or
non-essential amino acids with or without conjugated with
emulsifier of lauric acid in their diets could reduce the
effects of HT in poultry (Erwan et al., 2013; Erwan et al.,
2014; Yoshida et al., 2015). However, nutritional
manipulation with low-cost involvement is a common
approach in the poultry industry (Shane, 1988).
It was revealed that the body temperature of layer
chicks decreased when L-citrulline (L-Cit) was orally
administrated (Chowdhury et al., 2015). It was further
reported that the oral administration of L-Cit can be
beneficial to mitigate HS response in broilers (Chowdhury
et al., 2021). However, using synthetic commercial L-Cit
in chickens’ ration has not yet been recommended since
essential amino acid, arginine, can synthesis Cit as a
byproduct of nitric oxide production (Fleming and Busse,
2003). Hence, one alternative strategy might be using a
natural source of L-Cit from watermelon (Citrullus
lanatus). This fruit is a widely cultivated crop around the
world and is also considered as the largest cultivated
member of the Cucurbitaceae family (Ibrahim et al.,
2013). King et al. (2009) reported that the flesh color of
watermelon can be found in eight colors, namely, white,
salmon yellow, orange, crimson red, scarlet red, pale
yellow, canary yellow, and green. Instead of its flesh,
watermelon rind (WR) as an agricultural waste has been
reported to be a rich source of L-Cit (Rimando and
Perkins-Veazie, 2005). The different colors of the
watermelon flesh affect carotenoid contents (Zhao et al.,
2013). It was reported that WR extract (WRE) contains
6638 pmol/mg of L-Cit (Nguyen et al., 2019).
With this in mind, the current study aimed to examine
the effects of supplementation of WR from different colors
of fruit fresh, especially yellow or red WR powder (WRP)
as a natural source of L-Cit on plasma metabolites in
indigenous chicks, especially in Indonesia as there is no
report on this issue. The second purpose of the current
study was to investigate whether the supplementation of

yellow or red WRP can affect the weights of the spleen
and liver in indigenous chicks.
MATERIALS AND METHODS
Ethical approval
This research was conducted under strict regulations
in accordance with the recommendations in the Guide for
the Care and Use of Animal, at the Faculty of Agriculture
and Animal Science, State Islamic University of Sultan
Syarif Kasim Riau, Pekanbaru, Indonesia.
Supplementation of yellow WRP on plasma
metabolites as well as weights of spleen and liver
(Experiment 1)
One day-old indigenous chicks were raised at the
Poultry Division Field Laboratory, Faculty of Agriculture
and Animal Science, State Islamic University of Sultan
Syarif Kasim Riau, Indonesia. The chicks were housed in
a wire-meshed cage (50 × 35 × 33 cm) in a group of 20-25
and with continuous light for 2 weeks. The commercial
ration and water were provided ad libitum.
The
formulation of ration is presented in Table 1.
Table 1. The nutrient content of the commercial ration
provided for indigenous chicks
Nutrient

Commercial ration

Crude Protein (%)
Crude Fiber (%)

23.50
1.88

Crude Fat (%)

5.87

Ca (%)

0.29

P (%)

0.15

ME (Kcal/kg)

3,050

Ca: Calcium, P: Phosphor, ME: Metabolizable Energy; *Commercial
feed: CP511 PT, Charoen Pokphand, Indonesia; **Mineral Premix:
Vitamin A (12000 IU), D3 (2000 IU), E (20 mg), K3 (3 mg), B2 (7 mg),
B3 (12 mg), B5 (3 mg), B12 (0.03 mg), biotin (0.1 mg), choline chloride
(300 mg), Mn (130 mg), Fe (70 mg), Zn (60 mg), Cu (12 mg), I (1 mg),
Se (0.2 mg), and adequate antioxidant.

The treatments included the supplementation of
different levels of yellow WRP (0, 2, 4, and 6%) in
commercial diets of indigenous chicks from day 1 to 14
days of age. At the end of the experiments, chicks were
decapitated following anesthesia with chloroform. Blood
samples were collected under chloroform anesthesia in
heparinized tubes and centrifuged for 15 minutes at 5000
g, then plasma was collected and stored at 20°C until the
analysis.
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were analyzed by one-way ANOVA and regression
equations while the Tukey-Kramer test was performed as a
post-doc test. Significant differences were denoted as p <
0.05. Values were presented as means ± S.E.M. Statistical
analysis was performed using commercially available
package SAS (1998). Thompson rejection test was used
for all data before the analysis to eliminate outliers (p <
0.05), and the rest of the data were used for analysis.

Supplementation of red WRP on plasma
metabolites as well as weights of spleen and liver
(Experiment 2)
Similar to Experiment 1, Indigenous chicks in this
experiment were raised in a cage (50 × 35 × 31 cm) for 2
weeks. The treatments included supplementation of
different levels of red WRP (0, 2, 4, and 6%) in
commercial diets of old indigenous chicks aged 1-14 days.
At the end of the experiments, chicks were quickly
decapitated following anesthesia with chloroform. The
blood samples were collected in heparinized tubes and
centrifuged for 15 minutes at 5000 g, and the plasma was
collected and stored at 20oC until the analysis. After that,
the weights of the spleen and liver were recorded.

RESULTS
Effects of yellow WRP dietary supplementation in
commercial diets on plasma metabolites as well as
weights of the liver and spleen of indigenous chicks
(Experiment 1)
Table 2 shows the effects of supplementation of
different levels of yellow WRP on plasma metabolites.
The findings indicated a significant (p < 0.05) positive
correlation between the levels of yellow WRP and TCHO
concentration (109 [SE =10] + 5.62 [SE = 2] X, R2 =
0.368). However, plasma Glu, TP, and TG were not
changed by the dietary supplementation of yellow WRP
(Table 2). As shown in Figure 1, different treatments
including yellow WRP led to no significant effect on
weights of the liver and spleen (p > 0.05).

Plasma metabolites measurement
The plasma metabolites, including Glu, TCHO, total
protein (TP), triacylglycerol (TG) were measured by
Microlab 300 (Vital Scientific, Netherland). The samples
were assayed together and in a random sequence for each
metabolite.
Statistical analysis
In Experiments 1 and 2, regression equations were
used for data on the doses of WRP and concentrations of
plasma metabolites. In both Experiments 1 and 2, data

Table 2. Effects of supplementation of several doses of yellow watermelon rind dried powder on plasma metabolites in
indigenous chicks
Yellow watermelon dried rind powder (%)
Parameter
Glucose (mg/100 ml)
Total cholesterol (mg/100 ml)
Total protein (g/100 ml)
Triacylglycerol (mg/100 ml)

0

2

263 ± 10
114 ± 18
2.53 ± 0.2
98 ± 37

273 ± 23
108 ± 15
2.30 ± 0.1
179 ± 66

4
371 ± 63
139 ± 6
2.70 ± 0.8
246 ± 2

6
246 ± 21
143 ± 8
2.50 ± 0.3
74 ± 9

Values are means ± SEM. Total cholesterol = 109 [SE=10] +.5.62 [SE= 2] X, R2 = 0.368

Figure 1. Effects of supplementation of yellow watermelon rind dried powder on the weights of liver and spleen in indigenous
chicks
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between the dose of red WRP and Glu concentration (253
[SE = 8] + 4 [SE = 2] X, R2 = 0.29). In addition, a positive
significant correlation was observed between the dose of
red WRP and TCHO concentration (112 [SE=12] + 6
[SE= 3] X, R2 = 0.27, p < 0.05).
As shown in Figure 2, different levels of red WRP
dietary supplementation in commercial diet had no
significant effect on the weights of spleen and liver in
indigenous chicks

Effects of different levels of red WRP dietary
supplementation in commercial diet on plasma
metabolites as well as weights of the liver and spleen of
indigenous chicks (Experiment 2)
Table 3 shows the effects of dietray supplementation
of different levels of red WRP in commercial diet on
plasma metabolites. Treatments in this experiment could
significantly affect plasma Glu concentration (p < 0.05)
and there was a significant positive correlation (p < 0.05)

Table 3. Effects of supplementation of several doses of red watermelon rind dried powder on plasma metabolites in
indigenous chicks
Red watermelon dried rind powder (%)

0

2

Glucose (mg/100 ml)

247± 0a

272 ± 10ab

259 ± 3a

281 ± 4b

Total cholesterol (mg/100 ml)

125± 0

119 ± 3.5

135 ± 8.5

149 ± 8.8

3.40 ± 0.1

2.63± 0.1

2.30 ± 0.1

2.65 ± 0.1

226 ± 0

171 ± 35

109 ± 36

174 ± 22

Parameter

Total protein (g/100 ml)
Triacylglycerol (mg/100 ml)
a,b

4

6

Means different superscripts in the same row were significantly different at p < 0.05

Figure 2. Effects of dietary supplementation of red Watermelon rind dried powder on the weights of spleen and liver in
indigenous chicks
supplementation of WRE decreased plasma TCHO in
mice. The discrepancies in the TCHO concentration in
response to yellow WRP were due to the fact that Poduri
et al. (2013) used the fresh extract of skin, pulp, and seeds
of the watermelon. However, the current study relied on
the dried substance of the skin and pulp. Moreover,
species differences could be another factor leading due to
such difference as the current study was performed on
indigenous chicks while Poduri et al. (2013) used mice.
The WRP obtained from the yellow watermelon in the
current study had no significant correlation with plasma
Glu, TP, and TG implying that 14 days of supplementation

DISCUSSION
In Experiment 1, it was clearly observed that when yellow
WRP was supplemented to the diet of indigenous chicks,
no significant changes were observed in their plasma
metabolites. However, the yellow WRP level increased the
concentration of plasma TCHO linearly. As far as the
researchers are concerned, the current study has been the
first attempt to recognize that yellow WRP could be
considered as a potential factor in increasing plasma
TCHO. These findings are inconsistent with a previous
report (Poduri et al., 2013) indicating that dietary
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of yellow WRP may not affect the metabolism of these
three components in indigenous chicks.
Regarding Experiment 2, supplementation of red
WRP doses increased Glu. This result is not in line with
Chowdhury et al. (2017) who revealed that plasma Glu
concentration decreased when layer chicks were given oral
synthetic L-Cit for 90 minutes. Furthermore, Poduri et al.
(2013) demonstrated that dietary supplementation of WRE
decreased plasma TCHO in mice, meanwhile Parmar and
Kar (2008) revealed that and LDL-cholesterol
concentrations were increased by dietary supplementation
of WR in Wistar rats. These discrepancies in the Glu or
TCHO concentrations in response to WRP may be due to
some factors, such as different types of watermelon as
well as experimental duration, doses, or strains. Recently,
it has been demonstrated that the content of L-Cit was
higher in red WRP than that of yellow WRP (unpublished
data). Therefore, there is a need to conduct further
investigation to determine the factors involved in this
disparity.

article. All authors checked and approved the final version
of the manuscript.
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