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Abstract

This study aims to investigate the effects of lycopene on behaviour and serum
malondialdehyde (MDA) concentrations in broiler chickens during the hot-dry season.
Forty day-old broiler chicks were divided into control and lycopene groups of 20 chicks
per group, and treated for 28 days. Olive oil was given to each bird in the control group,
and lycopene at 10 mg/kg mixed with olive oil was administered to each bird in the
lycopene group by oral gavage once daily. Direct behavioural observations were
conducted on days 14, 21, and 28. Blood sampling for the determination of serum MDA
was conducted on day 28. The results showed that overall (mean + SEM) dry-bulb
0.42°C), relative humidity (59.41 + 1.74%), and temperature-
humidity index (31.24 + 0.43°C) were above the established values for broiler chickens,
which indicate that the birds were exposed to heat stress. Significantly increased
inactivity and decreased (P < 0.05) serum MDA concentration were recorded in the
lycopene group compared to the control group. In conclusion, lycopene administration
exhibited an ameliorative effect in broiler chickens exposed to heat stress during the
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hot-dry season as evidenced by reduced activities and decreased lipid peroxidation.
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Introduction

Broiler chicken production in the tropics is mostly
extensive, and the environment is characterised by
exposure to a variety of stressors including adverse
thermal environmental conditions (Oke et al., 2021).
In the Northern Guinea Savannah zone of Nigeria, for
instance, broiler chickens are exposed to high
ambient temperatures during the hot-dry season,
which induces heat stress (Ayo et al., 2022). Heat
stress during the hot-dry season has a significant
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economic impact due to lower productivity and
growth in the stressed birds (Renaudeau et al., 2012).
Many mitigating strategies, including antioxidant
nutrient  supplementation, are  continuously
developed to minimise the adverse effects of
stressors on birds (Wasti et al., 2020; Onagbesan et
al., 2023). Lycopene is a carotenoid phytochemical
with potent antioxidant properties (Joshi et al., 2020).
During heat stress, lycopene has been demonstrated
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to have ameliorative effects in heat-stressed broiler
chickens by decreasing serum malondialdehyde
(MDA) concentrations (Arain et al., 2018; Muhammed
et al., 2023). The behavioural defence against heat
stress in birds is the thermoregulatory-related
behaviour, which includes decreased feeding,
increased sitting, and drinking of water and panting
(McKechnie, 2022). However, studies on the effects
of lycopene on the behaviour of broiler chickens are
rare. Behavioural responses in birds are recognised
early indicators of health and welfare status (Baxter
et al.,, 2019; van Veen et al., 2023).

The aim of the study was to evaluate the effects of
lycopene on some behavioural activities and serum
MDA concentrations in broiler chickens during the
hot-dry season.

Materials and Methods

Experimental site and location

The experiment was performed in the poultry house
of the Veterinary Teaching Hospital, Ahmadu Bello
University, Zaria, located in the Northern Guinea
Savannah zone of Nigeria. The experiment was
carried out from March to April, during the hot-dry
season of the zone (Dzenda et al., 2013).

Experimental flock and management

A total of 40-day-old, male chicks (Arbor Acres) were
used for the experiment. The birds were assigned to
control and lycopene groups. The dimensions of
the broiler chicken house were 8.0 x 4.5 x 3.0 metres.
The broiler chicken house from the ground to a height
of about 0.5 m was made of cement blocks, and wire
mesh was covered from the block to the zinc roof to
allow for proper ventilation. The birds were raised on
a deep litter system. They were properly identified
using tags. They were fed a standard diet from day
one to day 28 (Table 1). Proximate analysis of the diet
was conducted in the biochemical laboratory,
Department of Animal Science, Ahmadu Bello
University, Zaria. The broiler chickens were given
access to water and feed ad libitum. Biosecurity
measures were followed throughout the experiment.

Thermal micro-environmental parameters

The dry- and wet-bulb temperatures of the micro-
environment of the poultry pen were measured three
times daily using a dry- and wet-bulb thermometer
(Aura Labtech, India) at 07:00 h, 13:00 h, and 19:00 h
(GMT+1) from day 8 to day 28 (Table 2). Relative
humidity (RH) was calculated using an online relative
humidity calculator (www.1728.org/relhum.htm).
The temperature-humidity index (THI) on each day
was determined using the formula as described by
Tao & Xin (2003):

THI =0.85 x DBT + 0.15 x WBT

Table 1: The nutrient contents of the broiler chicken's feed (where DBT =  dry-bulb
Nutrient contents Amount temperature, and WBT = wet-
Metabolisable energy (kcal.kg™?) 2800 bulb temperature)

Proximate analysis (%):

i) Dry matter 97.50

ii) Crude protein 24.74

iii) Crude fibre 4.61

iv) Oil 3.40

v) Ash 4.50

vi) Nitrogen-free extract 62.75

Table 2: Thermal environmental parameters inside the broiler chickens’ house during the hot-dry season

(March - April)

Parameter Hour of the Day Overall
13:00 h 19:00 h
DBT (°C) 24.61+£0.49 39.86 £ 0.67 32.39+0.51 32.29+0.42
(32 -45) (27 - 38) (19 -45)
RH (%) 79.10 £1.69 46.86 +2.41 52.27 +3.05 59.41+1.74
(47.40-92.00) (17.90 - 93.80) (16.70 = 79.90) (16.70 —93.80)
THI 24.21+0.48 38.29 £ 0.65 31.23+0.45 31.24+0.0.43

(18.85 —28.55)

(31.10-43.20)

(25.95 -35.75) (18.85 -43.20)

Values in parentheses are the minimum and maximum
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Experimental design and groupings

Forty day-old broiler chicks were divided into two
groups of 20 chickens each, using simple random
sampling. Each bird in the control group received
olive oil (1 ml/kg), and lycopene at 10 mg/kg mixed
with olive oil was given to each bird in the lycopene
group by oral gavage once daily for 28 days,
commencing at 7:00 h (GMT+1) each day. A gelatin
capsule containing 10 mg of lycopene (General
Nutrition Corporation, Pittsburgh, U.S.A.) was
reconstituted in olive oil (Goya en espana, S.A.U.,
Sevilla, Spain) to a suitable working concentration
(Ogundeji et al, 2013). Direct behavioural
observations were carried out three times daily on
days 7, 14, 21, and 28 at 07:00 h, 13:00 h, and 18:00
h (GMT+1). On day 28, 7 birds per group were
randomly selected, and 2 mL of blood per bird was
collected via wing vein into non-heparinised sample
bottles. The samples were centrifuged at 1,500 x g for
10 minutes before the serum was removed and
stored at 4°C until used for serum MDA
concentration analyses.

Behavioural data

Direct and continuous behavioural observations were
quietly conducted in each pen for a single duration of
5 minutes. The observations were quietly carried out
after 10 minutes of acclimatisation by trained
observers who stood at a fixed corner of the pen. The
observations were obtained by counting the number
of birds performing the following activities during the
specified period using the ethogram as described by
Ross et al. (2019): feeding (number of birds that place
head over the feeder); drinking (number of birds that
their beak touch the drinker); maintenance (number
of birds scratching: using a foot to scratch at the head;
preening: grooming by using beak on the body;
stretching wings: extension of the single wing without
a flapping motion, often accompanied by a leg
stretch; dust bathing: interaction with bedding by
tossing onto the body or rolling in bedding); active
(number of birds exhibiting behaviour that involves
movement and does not fall into the other categories,
and primarily involves walking in pen); and inactive
(number of birds sitting or standing with no forward
motion or maintenance behaviours throughout each
period of observation). The outcomes of the counting
were expressed as a percentage of: the total number
of behaviour counts (Kristensen et al., 2007) and the
total number of birds in each pen (Minka & Ayo,
2008).
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Determination of
concentration

The serum MDA level was analysed using the method
of Draper & Hadley (1990). Briefly, 0.5 ml of serum
and 2.5 ml of a 100 g/L trichloroacetic acid solution
were combined in a centrifuge tube, which was then
placed in boiling water for 15 minutes. It was then
allowed to cool for five minutes under running tap
water. Following a 10-minute centrifugation at 1000
x g, 2 ml of the supernatant was combined with 1 ml
of a 6.7 g/L TBA solution in a test tube, which was
then placed in a boiling water bath for 15 minutes.
After cooling the solution under running tap water for
five minutes, the absorbance was determined at 532
nm using a UV spectrophotometer (Schimadzu,
Japan). The concentration of MDA in the serum was
calculated using the absorbance coefficient for the
MDA-TBA complex of 1.56 x 10° /M/cm, and
expressed in umol/ml.

serum malondialdehyde

Data analyses

The data obtained were expressed as a percentage
and mean % standard error of the mean (mean %
SEM). The overall behavioural data were analysed
using  Mann-Whitney  U-test. Serum MDA
concentrations were analysed using Students’ t-test.
Values of P < 0.05 were considered significant. The
analyses were performed using GraphPad 8.02 for
Windows (San Diego, CA, USA).

Results

In both groups, the feeding time budget was lower at
13:00 h compared to 7:00 h and 18:00 h (Table 3). The
proportion of time allocated to maintenance
behaviour was highest at 7:00 h in both groups. There
was a gradual decrease in the number of active birds
in the lycopene group starting from 7:00 h to 18:00 h.
The proportion of time that the birds were inactive
was higher in the lycopene group at each of the hours
of the day. The highest inactivity was recorded in the
lycopene group at 13:00 h.

There was an insignificant difference between the
control and lycopene groups in the overall percentage
of birds exhibiting feeding, drinking, and maintenance
behaviour (Figure 1). The overall percentage of active
birds was 91.18 + 3.29% in the control group, and this
value was significantly higher than 71.49 + 6.72%
obtained in the lycopene group. The percentage of
inactive birds in the lycopene group was 26.32 +
6.11% which was significantly higher than the value of
11.27 £ 3.28% obtained in the control group.

The serum MDA concentration in the lycopene group
(230.40 + 12.84 nmol/mL) was lower (P < 0.05) than
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Table 3: Behavioural activities of broiler chickens administered lycopene during the study period.

Activities 7:00 h 13:00 h 18:00 h
Counts % Counts % Counts %
Feeding
Control 39 27.08 27 19.01 43 31.16
Lycopene 26 17.93 17 13.71 33 21.85
Drinking
Control 9 6.25 23 16.2 16 11.59
Lycopene 13 8.97 9 7.26 23 16.55
Maintenance
Control 28 19.44 21 14.79 9 6.52
Lycopene 33 22.76 22 17.74 21 15.11
Active
Control 63 43.75 64 45.07 59 42.75
Lycopene 63 43.45 47 37.9 53 38.13
Inactive
Control 5 3.47 7 4,93 11 7.97
Lycopene 10 6.9 29 23.39 21 15.11
% Means for the same parameter having different superscript letters are significantly (P < 0.05) different
the value obtained for the 100 - # Control
control (267.70 + 8.29 nmol/mL) 50 & Lycopene
(Figure 2). % |
Discussion P 70 1
The DBT values were outside the E 60 4
established thermoneutral ¢ 50 4
zones of 18-26 °C for broiler 5 40 4
chickens reared in tropical E 3
regions of the world (Meltzer, - 20 4
1983; Scheele et al., 2014). The 10 -
ambient temperature values are 0

within the range reported by
Sumanu et al. (2019), who
recorded minimum and
maximum DBT of 26 °Cand 36 °C,
respectively, during the hot-dry
season in the Northern Guinea
Savannah zone of Nigeria. The
high RH recorded in the present
study was above the value of 30
to 40%, established for broiler
chickens raised in the tropics
(Oluyemi & Roberts, 2000). High
ambient temperature and high
RH induce heat stress in broiler
chickens due to difficulty in heat
dissipation by  evaporative
cooling (Yahav et al, 1995;
Shahzad et al, 2021). The THI
was above 21 °C reported by
Purswell et al. (2012). High THI

Feeding Drinking

Maintanance

Activities

Active

Inactive

Figure 1: Overall behavioural activities of broiler chickens administered

lycopene during the study period

300 4
a

250 A
200 A

150

MDA (nmol/mL)

100 A
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Control
Figure 2: Serum malondialdehyde concentration
administered lycopene during the study period
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indicates that the thermal microenvironmental
conditions during the study period were
uncomfortable for the broiler chickens due to heat
stress.

The present study shows that the proportion of time
the birds allocated to feeding in both groups
decreased as DBT and THI increased. This suggests
that the broiler chickens reduced their feeding
activities as a mechanism to alleviate the effects of
high DBT and THI (Gous & Morris, 2005; Nawaz et al.,
2021). Reduced feed intake and activities in birds are
behavioural strategies against the production of body
heat, which in turn decreases body metabolism
(Wanget al., 2018; Bohler et al., 2021). Reduced basal
metabolism is among the several thermoregulatory
mechanisms in  birds employed to ensure
homeostasis during heat stress (Etches et al., 2008).
The proportion of time allocated by the birds to
maintenance behaviour (that is, scratching, preening,
stretching wings, and dust bathing) was higher at 7:00
h in both groups, which may be due to lower THI at
the time compared to 13:00 and 19:00 h. This is
supported by the observation that the highest
number of birds were active at 7:00 h in both groups.
The findings agree with those by Papageorgiou et al.
(2023) that maintenance behaviour is comfort
behaviour that helps in the overall well-being of the
bird. The high frequency of occurrence of this
behaviour indicates that the birds in both groups
were less stressed at 7:00 h compared to 13:00 and
19:00 h.

In the present study, lycopene did not affect the
proportion of time allocated to feeding, drinking, and
maintenance behaviour of the broiler chickens.
However, there was decreased active and increased
inactive behaviour in broiler chickens administered
lycopene. This suggests that lycopene administration
enhances heat loss to the environment through an
increase in sitting behaviour. The effects of lycopene
agree with the report of Mohammed et al. (2018),
who reported increased sitting behaviour as a
positive effect in broiler chickens exposed to heat
stress. Birds reduce body heat generation during heat
stress by decreasing physical activities, including
sitting/lying down (Li et al., 2015). The decreased
inactivity may be attributed to the antioxidant effect
of lycopene (Sahin, 2015). Although reports on the
direct effect of lycopene on chicken behaviour are
rare, studies have associated the positive effects of
antioxidants with calming effects in heat-stressed
birds. Jones et al. (2005) reported that the
preliminary addition of vitamin C (24 h before the
stressors) resulted in less panic and calmer behaviour
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in Japanese quails. Sinkalu et al. (2016) further
supported these findings, showing that melatonin
administration in broiler chickens decreases the
number of tonic immobility induction attempts and
increases  tonic immobility  duration, which
demonstrated the antioxidant-induced hypoactivity.
These reports suggest that antioxidants can have a
calming effect on the behaviour of broiler chickens.
Administration of lycopene decreased the MDA levels
in the serum of broiler chickens, which indicates that
it decreases lipid peroxidation. The results agree with
the report that Iycopene exerted increased
antioxidant effects by decreasing serum MDA levels
in broiler chickens (Sahin et al., 2016; Arain et al.,
2018; Mezbani et al.,, 2019; Liu et al., 2021). Heat
stress increases the generation of reactive oxygen
species (ROS), and antioxidants have been shown to
scavenge ROS and, thus, protect body cells from
oxidative damage (Halliwell, 1994). Lycopene’s ability
to suppress singlet oxygen and detoxify ROS has been
shown to decrease lipid peroxidation in broiler
chickens (Rao & Agarwal, 1999; Wang, 2012; Bin-
Jumah et al., 2022).

In conclusion, lycopene administration exhibits
ameliorative benefits, as evidenced by reduced
activity and decreased lipid peroxidation in heat-
stressed broiler chickens during the hot-dry season.
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