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We aimed to examine the effects of cyclical high ambient temperature (HT) and dried
Neem (Azadirachta indica) leaf extract (DNE) supplementation on the growth performance,
muscle lipid peroxidation level, and muscle drip loss of broiler chickens. Twenty-four 15-
day old broiler chickens (Chunky strain ROSS 308) were divided into four treatment
groups that were fed diets with or without 2.0% DNE under thermoneutral (25 ± 1°C) or
cyclical HT (35 ± 1°C for 8 h/day) conditions. Supplementation of DNE did not affect the
growth performance of the chicks, but HT reduced their feed intake, the weights of breast
muscle and heart. In addition, supplementation with DNE ameliorated the negative effects
of cyclical HT on feed intake and breast muscle mass. Furthermore, cyclical HT increased
the malondialdehyde (MDA) concentration and drip loss over 48 h of storage of the breast
muscle, and these effects were ameliorated by DNE. Collectively, we conclude that dietary
supplementation with DNE reduces the muscle MDA concentration and drip loss of broiler
chickens kept under HT conditions.

Keywords: Azadirachta indica, broiler chicken, heat stress, lipid peroxidation, Neem
INTRODUCTION

Air temperatures above the thermoneutral zone (defined as high ambient temperature, HT) induce
environmental heat stress in animals. Since chickens lack sweat glands and have higher body
temperatures, they are more vulnerable to heat stress than other domestic animals (Sahin et al.,
2009). Under HT conditions, the generation of reactive oxygen species (ROS), such as singlet
oxygen, hydrogen peroxide, and hydroxyl radicals, increases in various chicken tissues (Khan et al.,
2012), causing the oxidation of lipids, proteins, and DNA, and impairing their function (Liu et al.,
1999). Thus, heat is a major stressor for chickens, in which it causes a range of physiological
alterations and marked reductions in growth performance, carcass yield, and meat quality
(Whitehead and Keller, 2003; Zeferino et al., 2016).
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The appearance is crucially important factor for initial
selection by consumers and for final product satisfaction of
poultry meat (Fletcher, 2002). Chicken muscle has a high
polyunsaturated fatty acid in phospholipid of the subcellular
membranes, and such the highly unsaturated phospholipid is
considered to be easily undergone the oxidative degradation (i.e.,
lipid peroxidation) (Gray and Pearson, 1987). Therefore, chicken
meat is considered to be more sensitive to oxidative deterioration
during storage (Wilson et al., 1976; Igene and Pearson, 1979;
Grashorn, 2007). The oxidation of these lipids in chicken meat
deteriorates its quality (e.g., rancid odors, off-flavor development,
drip loss, discoloration, loss of nutritional value, a decrease in
shelf life, and the accumulation of toxic compounds) (Richards
et al., 2002; Mapiye et al., 2012).

Neem (Azadirachta indica) has been used in traditional
medicine (Saleem et al., 2018). However, since its leaves contain
high concentrations of dietary fiber (Esonu et al., 2005; Bonsu et al.,
2012), the dietary supplementation with 2.5%–7.5% of them
resulted in a negative effect on the growth performance of
chickens (Udedibie and Opara, 1998; Bonsu et al., 2012; Ubua
etal., 2019).Ontheotherhand, adried extractofNeemleaves canbe
used in chicken feed without having negative effects on the growth
performance or the serum biochemistry of the birds (Nnenna and
Okey, 2013). Furthermore, Neem leaves have high antioxidant
activities (Prakash et al., 2007; Heyman et al., 2017) due to high
concentration of phenolic compounds, such as gallic acids and
ferulic acids (Singh et al., 2005; Shewale and Rathod, 2018). In a
previous study, we showed that dietary supplementation with an
aqueous extract of dried neem leaves (DNE) at 2.0% increased the
expression of genes encoding Cu/Zn superoxide dismutase, Mn
superoxide dismutase, glutathione peroxidase 7, and catalase, and
consequently reduced the drip loss andmuscle lipid peroxidationof
broiler chicken muscle (Nakamura et al., 2022).

In the present study, we examine the effects of dietary
supplementation with DNE at 2.0% on the growth
performance, meat yield, and meat quality (lipid peroxidation
level and drip loss) of broiler chickens kept under prolonged HT
conditions. To mimic realistic HT conditions, a cyclical HT
environment (35 ± 1°C for 8 h/day) was created.
MATERIALS AND METHODS

Animals and Experimental Design
All the experimental protocols and procedures were approved by
the Animal Care and Use Committee of Kagoshima University
(approval number A22002). Twenty-four male broiler chicks
(Chunky strain ROSS 308) at 1-day old were supplied from a
commercial hatchery (Kumiai Hina Center, Kagoshima, Japan).
The chicks were placed in a temperature-controlled room and
provided with water and a commercial diet (23% crude protein, 3.1
Mcal/kg; Nichiwa Sangyou Company, Hyogo, Japan). On day 12,
the chicks were housed individually in wire-bottomed aluminum
cages (50 × 40 × 60 cm), and fed the basal diet (Table 1) for 3 days,
until the start of the experimental period. The chicks were then
randomly allocated to one of four groups using a 2 × 2 factorial
design, with the main experimental factors being diet and ambient
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temperature. They were fed either the basal diet or the basal diet
supplemented with 2.0% DNE, and exposed to either a
thermoneutral environment (25 ± 1°C) or an HT environment
(35 ± 1°C). DNE was prepared according to a method previously
described (Nakamura et al., 2022). The experiment was conducted
in a temperature-controlled room under 23 hours of light and 1
hour of darkness and at 50%–70% relative humidity. The chicks
assigned to the HT treatment groups were kept at 35 ± 1°C for 8 h/
day (9:00AMto17:00PM) tomimic realistic summer condition.At
28 days of age, the chickens were weighed, anesthetized using
carbon dioxide, and then killed by cervical dislocation. They were
then dissected, and the masses of their breast muscles (pectoralis
major muscles), leg muscles (thigh and drumstick), livers, hearts,
and abdominal fat tissue depots were recorded.

Determination of Skeletal Muscle Drip Loss
Drip loss was determined according to the method described by
Berri et al. (2008). The pectoralis major muscles were weighed
immediately after dissection and then placed in a plastic bag and
stored at 4°C for 48 hours. Afterwards, the breast muscles were
wiped and weighed again. The difference in mass corresponded
to the drip loss and was expressed as a percentage of the initial
muscle mass.

Determination of Muscle
Malondialdehyde Concentration
MDA concentration is one of the most frequently used indicators
of lipid peroxidation. To evaluate lipid peroxidation in chicken
breast muscles, the MDA concentration was determined
colorimetrically using 2-thiobarbituric acid reactive substance
according to the method described by Ohkawa et al. (1979).
Briefly, 0.3 g of each pectoralis major muscle was weighed and
homogenized in 1 mL of 1.15% KCl and centrifuged at 20,000 × g
for 5 minutes, then the supernatants were collected. Eighty
microliters of each homogenate were mixed with 80 mL of
8.1% SDS, 220 mL of 20% acetic acid (pH 3.5), and 300 mL of
0.8% 2-thiobarbituric acid; the mixture was then vortexed,
incubated at 95°C for 1 hour, and then transferred to ice. One
TABLE 1 | Composition and analysis of the basal diet.

Ingredients (g/100 g)

Corn meal 57.90
Soybean meal 34.00
Corn oil 4.30
CaCO3 0.66
CaHPO4 2.00
NaCl 0.50
DL-Methionine 0.14
Mineral and vitamin premix1 0.50
Calculated analysis
Crude protein (%) 20.0
Metabolizable energy (Mcal/kg) 3.1
June 2022 | Volume 3 | Article 9
1Content per kg of the vitamin and mineral premix: vitamin A 90 mg, vitamin D3 1 mg, DL-
alpha-tocopherol acetate 2,000 mg, vitamin K3 229 mg, thiamin nitrate 444 mg, riboflavin
720 mg, calcium d-pantothenate 2,174 mg, nicotinamide 7,000 mg, pyridoxine
hydrochloride 700 mg, biotin 30 mg, folic acid 110 mg, cyanocobalamin 2 mg, calcium
iodinate 108 mg, MgO 198,991 mg, MnSO4 32,985 mg, ZnSO4 19,753 mg, FeSO4

43,523 mg, CuSO4 4,019 mg, and choline chloride 299,608 mg.
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milliliter of butanol-pyridine 15:1 (v/v) was then added to each
sample, which was vortexed and centrifuged at 20,000 × g for 5
minutes. The absorbances of the supernatants (the butanol-
pyridine layer) were measured using excitation at 535 nm and
emission at 585 nm.

Statistical Analysis
Data are presented as the mean ± standard error of the mean. The
data were analyzed using two-way ANOVA, with individual
comparisons being made using Tukey’s multiple comparison test.
Correlation and regression analyses were performed using the
General Linear Model procedure. These analyses were performed
in R (RCore Team, Austria, 2020). Statistical significance was set at
P < 0.05 for all the comparisons.
RESULTS AND DISCUSSION

Under HT conditions, the oxidation of lipids, proteins, and
DNA, impairing their function are occurred by increasing ROS
generation in various chicken tissues (Liu et al., 1999; Khan et al.,
2012). Therefore, ROS generation can have negative effects on
the growth performance and meat quality of broiler chickens
(Yunis and Cahaner, 1999; Zeferino et al., 2016). In this study, we
confirmed that cyclical HT has significant effects on the final
body mass, body mass gain, feed intake, and body temperature of
broiler chicks (Table 2). In addition, although the leg muscle
masses were not affected by the cyclical HT concitions, the breast
Frontiers in Animal Science | www.frontiersin.org 3
muscle and heart masses of chickens kept under the HT
conditions were lower (Table 2). These results are consistent
with our previous findings (El-Deep et al., 2016; Shimamoto
et al., 2020) and suggest that the cyclical HT conditions used in
the present study (35°C for 8 h/day) cause the negative effects of
heat stress that are commonly observed in broiler chickens
(Yunis and Cahaner, 1999; Zeferino et al., 2016).

Although dietary supplementation with 2.0% of DNE did not
affect the growth performance of the broiler chickens under
thermoneutral conditions, it significantly affected their breast
muscle mass. In addition, it ameliorated the negative effects of
the cyclical HT. This might be explained by the high free radical-
scavenging activity of the DNE (Nakamura et al., 2022). In our
previous study, we found that dietary supplementation with 2.0%
of DNE significantly increased the expression of genes encoding
antioxidant enzymes and reduced the MDA concentration in the
breast muscle of broiler chickens kept under thermo-neutral
temperature (Nakamura et al., 2022). Consistent with this, in the
present study, the MDA concentration was higher in the breast
muscle of chickens kept under cyclical HT conditions than in
that of chickens kept under thermoneutral conditions (Table 3).
Dietary supplementation with DNE ameliorated the cyclical HT-
induced increase in breast muscle MDA concentration, implying
that the degradation of polyunsaturated fatty acids had been
reduced. Consequently, dietary supplementation with DNE
reduced muscle drip loss during storage (Table 3).

In conclusion, dietary supplementation with DNE
ameliorates the negative effects of cyclical HT on the growth
TABLE 2 | Effects of dietary supplementation with DNE on growth performance and tissue weights of broiler chickens under high temperature conditions.

Thermo-neutral High ambient T N T × N

Control DNE Control DNE

Growth performance
Final body weight (g) 1282.57 ± 80.44a 1363.62 ± 76.28a 1068.45 ± 31.73b 1175.65 ± 19.39ab < 0.01 N.S. N.S.
Body weight gain (g) 751.27 ± 89.96ab 848.45 ± 97.66a 568.60 ± 32.66b 657.38 ± 34.26ab < 0.01 N.S. N.S.
Feed intake (g) 1081.91 ± 74.61ab 1167.63 ± 76.79a 855.22 ± 29.99c 950.62 ± 17.42bc < 0.001 N.S. N.S.
Feed conversion ratio 1.50 ± 0.15a 1.43 ± 0.12a 1.53 ± 0.11a 1.46 ± 0.07a N.S. N.S. N.S.
Body temperature (°C) 40.40 ± 0.12b 40.35 ± 0.10b 42.28 ± 0.22a 42.23 ± 0.12a < 0.001 N.S. N.S.

Tissue weights
Pectoralis major muscle (g) 200.71 ± 11.32ab 238.21 ± 14.97a 180.03 ± 13.25b 195.33 ± 5.46ab < 0.01 < 0.05 N.S.
Heart (g) 5.33 ± 0.60a 5.55 ± 0.45a 3.21 ± 0.14b 3.22 ± 0.15b < 0.001 N.S. N.S.
Liver (g) 23.11 ± 1.42 24.96 ± 1.81 20.34 ± 2.15 21.91 ± 1.73 N.S. N.S. N.S.
June 2022 |
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Results are expressed as mean ± standard error of the mean (SEM) (n = 8). Means with the same superscript letter within rows are not significantly different at p < 0.05. T: the effect of
temperature; N: the effect of feeding DNE; T × N: the statistical interaction between temperature and feeding DNE; N.S., not significant.DNE, dried neem extract; MDA, malondialdehyde.
TABLE 3 | Effects of dietary supplementation with DNE on MDA concentration and drip loss in the skeletal muscle of broiler chickens under high temperature conditions.

Thermo-neutral High ambient T N T × N

Control DNE Control DNE

Muscle MDA concentration
(nmol MDA/g tissue)

131.53 ± 19.18ab 71.45 ± 18.71b 189.29 ± 26.59a 90.91 ± 14.68b < 0.05 < 0.01 N.S.

Drip Loss (%) 10.37 ± 0.38ab 9.00 ± 0.46b 13.28 ± 1.55a 11.74 ± 0.62ab < 0.01 N.S. N.S.
Results are expressed as mean ± standard error of the mean (SEM) (n = 8). Means with the same superscript letter within rows are not significantly different at p < 0.05. T: the effect of
temperature; N: the effect of feeding DNE; T × N: the statistical interaction between temperature and feeding DNE; N.S., not significant.DNE, dried neem extract; MDA, malondialdehyde.
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performance, meat yield, and meat quality (muscle lipid
peroxidation and drip loss) from muscle of broiler chickens.
Moreover, there was no significant difference, dietary
supplementation with 2.0% of DNE increased body weight
gain and decreased feed conversion ratio under either
thermoneutral or the cyclical HT condition. And, dietary
supplementation with 2.0% of DNE positively affected the
weight of the pectoral muscle. Therefore, further studies on
DNE are needed to determine its beneficial additive amount
for broiler’s growth performance, meat yield and meat quality.
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