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Abstract

Context. Heat stress poses a major limit to poultry production. Moringa stenopetala leaf meal (MSL) could be a
promising feed additive for poultry raised under heat stress, as-it is rich in antioxidants.

Aims. To determine the effect of (MSL) supplementation on the production and quality of broilers under heat-stress
conditions.

Methods. In the broiler performance trial, 156 1-day old Cobb 500 broilers were assigned to four groups, with each
containing three replicates of 13 chicks each. For the egg production trial, 108 Bovan Brown layers aged 20 weeks were
allocated to four groups, with each containing three replicates of nine hens. The four groups of broiler and layer chicken
were supplemented with MSL at a level of 0% (control), 1% (MSL1), 1.5% (MSL1.5) and 2% (MSL2). Relative
humidity, and minimum and maximum temperatures were 82%, 13°C and 23°C respectively. The effects of MSL
supplementation on growth performance, characteristics of digestive organs, carcass traits, egg production and egg
quality were analysed with one-way ANOVA.

Key results. Moringa stenopetala-leaf supplementation at a level up to 2% (MSL2) did not significantly affect feed
intake, weight gain or feed conversion ratio of the birds. Supplemented broilers had a significantly longer large intestine
(24% for MSL1, 37% for MSL1.5 and 49% for MSL2) and a heavier pancreas (82% for MSL1, 67% for MSL1.5, and
57% for MSL2) than did the control broilers. Hot and cold carcass weights, dressing yield, dressing percentage, breast-
meat weight, drumstick and thigh-meat weights, wing-meat weight, back weight and meat pH were not significantly
affected by MSL supplementation. Ash content of meat of the MSL2-fed birds was significantly higher than that of the
control birds (3.51% vs 2.74% respectively). Egg production, feed conversion ratio and interior and exterior egg-quality
parameters were not significantly affected by MSL supplementation. Intensity of yolk colour was significantly and
linearly enhanced due to MSL supplementation (by ~5-8 times compared with the control).

Conclusions. Supplementation with MSL at a level up to 2% improved yolk colour of Bovan Brown layer eggs, with no
effect on meat and egg production.

Implications. Yolk colour of eggs of layers raised under heat stress can be improved by MSL supplementation at 1%,
with there being a minimum increase in the diet cost.
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Introduction

Extensive chicken rearing systems contribute significantly to
food security of rural livelihoods in most developing countries
(Tadelle er al. 2000). Thus, improving poultry production
would play a key role in upgrading the overall livelihoods
of poor farmers in developing countries (Simainga et al. 2011).

Journal compilation © CSIRO 2020

Heat stress in chickens caused by hot and humid conditions
hampering the birds in dissipating the heat produced through
metabolism (Webster 1983) is a major limiting factor to
poultry production in the tropics. Heat stress in chickens
could be decreased by increasing ventilation and the use of
evaporative cooling systems; however, such solutions are
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costly to farmers in the developing countries. Nutritional
modification may present a sustainable and cost-effective
alternative strategy.

Moringa stenopetala is indigenous to eastern Africa,
Central America and Southeast Asia and is cultivated for its
leaf, which has a high biomass yield (~21 t DM/ha; Mendieta-
Araica et al. 2013) and nutritive and medicinal value (Melesse
et al. 2013). Moringa stenopetala leaf (MSL) has a high
content of crude protein (CP), minerals, vitamin and
essential amino acids (Melesse et al. 2012) and a low
content of cell-wall constituents. Additionally, a low
concentration of tannins (4.1%) and oxalates (3.1%) was
reported in Moringa leaf (Heuzé et al. 2015). Moringa leaf
has been introduced successfully to broiler diets, but its
efficacy seems highly variable across several parameters. It
has been reported that supplementing the diet of broilers with
M. oleifera leaf powder at a supplementation level of 1.2%
enhances gut health without a significant improvement in
growth (Khan et al. 2017). Broilers fed on a diet containing
1.5% M. oleifera leaf showed an improvement in growth
performance and meat quality (Ahmad et al. 2017). Cui
et al. (2018) reported that M. oleifera leaf meal could be
integrated into broiler diet at a level of 1.56% to improve fatty
acid profile and colour of meat, without there being any
penalty on growth performance. Inclusion of M. oleifera
leaf meal in the broiler diet at a level of 0.1% enhances
humoral immune response (Rama Rao e al. 2019). It has
been shown that the use of M. oleifera leaf meal at a level of
2.5% of broiler diet does not alter nutrient digestibility, but
improves body growth (Nkukwana et al. 2014). Using MSL in
total replacement of roasted soybeans at a level of 14% in the
diet of Koekoek chickens has been shown to leverage growth
performance and carcass yield (Melesse et al. 2013). Adding
M. oleifera leaf at a concentration of 0.5% has been shown to
improve weight gain, feed conversion ratio, dressing
percentage and meat quality of broilers (Karthivashan et al.
2015). Many studies have reported on the positive effect of
M. oleifera leaf on laying performance (Abouelezz ef al. 2011;
Swain et al. 2017). Inclusion of M. oleifera leaf at 5% of the
layer diet in replacement of soybean meal has been shown to
significantly improve laying performance and egg quality
(Alebachew et al. 2016). Supplementing hens by 1%
M. oleifera leaf has been shown to improve laying rate and
egg mass (Teteh e al. 2016). However, layers fed on 75 g
DM of M. oleifera leaf did not have better laying performance
and egg quality than did the control group in the study of
Abou-Elezz Fouad Mohammed et al. (2012). Inclusion of
M. oleifera leaf at a level of 5% was shown to improve yolk
colour, but it did not enhance laying performance and egg
quality in the study of Lu ef al. (2016). As Moringa leaf is
rich in vitamins, essential amino acids and antioxidants,
supplementing broilers and layers with MLS under heat-
stress conditions is expected to improve production
performance.

To our knowledge, no studies have evaluated the use of
MSL to improve production performance and quality of meat
and egg of chickens in temperate climates. Accordingly, the
goal of the present study was to identify the effect of MSL
supplementation on growth performance and carcass traits of
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Cobb 500 and on egg production and quality of Bovan Brown
hens under heat-stress conditions.

Materials and methods
Study site

The experiment was conducted at Jimma University College of
Agriculture and Veterinary Medicine poultry farm, Ethiopia
(7°40’N, 36°50’E, 1750 masl), in August 2018. The average
humidity during the study was 82% and the mean minimum and
maximum temperatures were 13°C and 23°C respectively.

Collection and preparation of M. stenopetala leaf

Branches and twigs were collected from 6—7-year-old
M. stenopetala trees in Konso area, southern Ethiopia
(1400-2300 masl, annual rainfall 300-900 mm, average
minimum  and maximum temperatures 15°C and 33°C
respectively; Ferro-Vazquez et al. 2017); then, the leaves
were handpicked, sundried for 5 days directly under sun rays
and ground using a mortar mill with a sieve size of 4 mm and,
finally, stored until used.

Experimental diets and experimental design

In total, 156 unsexed 1-day-old chicks of commercial Cobb
500 broilers were used in the study. The chicks were weighed
and randomly grouped into four groups of 39 chicks each.
Each group was then subdivided into three groups (replicates)
of 13 chicks. Group 1 (control), Group 2 (MSL1), Group 3
(MSLI1.5) and Group 4 (MSL2) were supplemented with 0%,
1%, 1.5% and 2% of MSL respectively (added on the top of the
diet). Standard starter and finisher commercial concentrates
(mashed), formulated to meet nutrient requirements of Cobb
500 as per recommended by NRC (1994), were purchased
from Alema Poultry PLC, Debre Zeit, Ethiopia, and used in the
current study. Chemical analysis and metabolisable energy of
the experimental feeds are presented in Table 1.

In total, 108 18-week-old Bovan Brown hens were
randomly allotted to four treatments (as per in broiler trial)
of three replicates and nine birds per replicate. Birds in each
replicate were randomly allocated to three cages. The basal
diet was a concentrate formulated to meet nutrient
requirements of Bovan Brown layers (NRC 1994). The trial
lasted for 56 days, in addition to 7 days of adaptation.

The birds of the study and the commercial feed were bought
from Alema poultry PLC.

Table 1. Chemical composition and metabolisable energy content of
the experimental feeds

CF, crude fibre (%DM); CP, crude protein (% DM); EE, ether extract (% DM);

ME, metabolisable energy (MJ/kg DM) calculated according to Wiseman
(1987); and NFE, nitrogen-free extract (% DM)

Parameter DM CP EE Ash CF NFE ME
Moringa stenopetala 90.6 293 515 125 115 322 118
Broiler diet
Starter (0-21 days) 90.5 224 897 4.12 945 456 125
Finisher (2242 days) 93.6 20.5 8.76 4.32 923 50.8 12.7
Layer diet 909 16 6.62 8.56 6.64 62.8 14.1
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Management of the experimental birds

The study was approved by the Ethical Committee of Jimma
University, Ethiopia. All birds were vaccinated against
Marek’s disease, Newcastle disease, infectious bursal
disease (Gumboro), fowl typhoid and fowl pox, as per the
recommended vaccination schedules of the hybrid. Chicks
were raised in a deep-litter housing system, with concrete
floors covered by wood shavings at a depth of 5 cm. Watering
and feeding troughs of every pen were cleaned and disinfected
using appropriate detergents and insecticides. The birds were
fed twice a day ad libitum. The daily intake of the birds was
calculated by subtracting the leftover feed from the offered
feed. Clean water was provided ad [libitum throughout the
experimental period and appropriate ventilation was
maintained in all pens. The lighting regimen in the room
started as 23 h light on Day 1, with darkness increasing by
1 h/day until 6 h of darkness was reached, then maintained
throughout the rest of the study. All necessary biosecurity
measures were put in place.

Bird tissue and feed analysis

Representative sample of the feedstuffs and chicken meat
materials were ground to pass through 1-mm screen then
analysed for DM, ash, CP, ether extract (EE) and crude fibre
(CF), according to AOAC (2006). Total nitrogen content of the
feed was determined using micro-Kjeldahl method and, then, CP
was calculated as nitrogen X 6.25. Nitrogen free extract was
calculated by subtracting EE, CF and CP from organic matter.
Metabolisable energy of the experimental feeds was calculated
according to Wiseman (1987). All samples were analysed at
Jimma University, Animal Nutrition and Post-harvest and Food
Science Technology Laboratory.

At the end of the egg-production trial, blood samples were
collected from the jugular vein of three hens per replicate into
heparinised tubes, centrifuged (spectrafuge centrifuge, 1677g
for 20 min at 4°C) and the plasma was stored at
—15°C. Concentrations of high-density lipoprotein, low-
density lipoprotein and triglyceride were determined at
Universal ~ Clinic  Chemical = Pathology  Diagnostic
Laboratory, Jimma, Ethiopia, following procedures of Baron
and Warren (1997).

Data collection
Growth performance and carcass traits

The daily intake by the birds was calculated by subtracting
the leftover feed from the offered feed. The bodyweight of
birds was recorded at the start of the experiment and then on
a weekly basis at 0700 hours before the morning feed; then,
bodyweight gain and feed conversion ratio were calculated.

At the end of the growth trial, two birds from each replicate
were randomly selected and kept in separate temporary pens,
leg tagged, starved overnight, then weighed (slaughter weight)
and killed on the next day by severing the jugular vein to allow
complete bleeding. The birds were manually defeathered,
eviscerated and cut up according to standard procedures.
Dressing percentage was recorded as the percentage of hot
carcass weight from slaughter weight. Measurements of
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individual digestive organs and weights of carcass cuts
were also recorded.

Laying performance and egg quality

The initial and the final liveweights of hens were recorded.
Egg production, egg weight and feed consumption of every
replicate were recorded daily to calculate egg mass, egg
production, rate of lay, feed intake and feed conversion ratio.

Three eggs were randomly collected from each replicate on
a weekly basis to assess egg interior and exterior qualities.
Shell weight, shell strength (measured by an egg force reader
(EFR-01; Orka Food Technology, West Bountiful, UT, USA)),
shell thickness (determined by eggshell thickness gauge
(Robotmation Co.Ko6ylid, Finland) at the large end,
equatorial region, and small end) and specific gravity were
determined.

A Roche colour fan (Hoffman-La Roche, Basel, Switzerland)
was used to determine the egg-yolk colour. Height of albumin
and yolk (measured with an electronic digital caliper
(SH14100025; Shenhan, Shanghai, China), albumin weight
and yolk weight were measured. Haugh unit was calculated
according to Card and Nesheim (1972).

Antioxidant analyses of plasma, meat and egg

Two birds per replicate were randomly selected and blood
samples were collected from the wing vein, centrifuged at
3000g for 10 min at 4°C then stored at —20°C. Plasma was
analysed for antioxidative capacity (AOC), superoxide
dismutase (SOD), glutathione peroxidase (GPX) and
malondialdehyde according to (Wang et al. 2015), by using
reagent kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, Jiangsu, China).

Samples of breast and thigh meat were homogenised with
four-fold saline (0.9% NaCl solution stored at 4°C overnight),
centrifuged (10 min at 2800g at 4°C), and the supernatant was
collected.

Muscle protein was measured with the biuret method by
using the instructions of the total protein reagent (Nanjing
Jiancheng Bioengineering Institute). The malondialdehyde
concentration of meat samples was assayed by chemical
colorimetric diagnostic kits (Nanjing Jiancheng Bioengineering
Institute) and expressed as nmol of malondialdehyde per
milligram protein (Zhang et al. 2010).

For determination of egg-yolk oxidative stability, three
eggs from each cage were stored at room temperature for
15, 20 and 30 days. Eggs were broken at the end of the storage
periods and their yolks were separated and dry frozen. Yolk
oxidation was analysed by the thiobarbituric acid-reactive
species method according to Vyncke (1970), with the
modifications of Ramanathan and Das (1992).

Statistical analyses

The effect of MSL supplementation on growth performance,
skin colour, carcass characters, and egg production and quality
was analysed using one-way ANOVA. Means of treatments
were compared using least significant-difference test at
P < 0.05. All statistical analyses were performed using
Statistical Analysis System (SAS 2012).
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Results
Growth performance

Growth performance of broilers in the control group as well as
in the experimental treatments is presented in Table 2. There
was no significant increase in feed intake and no improvement
in bodyweight gain or feed conversion ratio were found as a
result of an increased level of MSL supplementation. A small
but no significant improvement in bodyweight gain and feed
conversion ratio was found. Table 3 shows that feed intake,
bodyweight gain, and feed conversion ratio during finishing
were not significantly altered by MSL supplementation.

Digestive organs

Measurements of digestive organs of the broilers are presented
in Table 4. Length of large intestine, weight of pancreas and
weight of jejunum were significantly affected by MSL
supplementation, while the measures of other organs were not.

Large intestine of birds in MSL1, MSL1.5 and MSL2 was
1.49%, 1.36% and 1.24% longer respectively, than that of the

Table2. Growthperformance of Cobb 500 broilers supplemented with
Moringa stenopetala
Control, 0% of moringa leaf meal; MSL1, control + 1% moringa leaf meal;
MSL1.5, control + 1.5% moringa leaf meal; MSL2, control + 2% moringa
leaf meal. s.e.m., standard error of the mean

Time Treatment
Control MSL1 MSL1.5 MSL2 s.e.m.

Feed intake (g)
1st week 131 136 137 138 5.07
2nd week 362 361 366 369 14.1
3rd week 576 576 578 578 26
4th week 790 791 794 798 324
Sth week 929 951 950 965 44.2
6th week 968 973 979 984 43.7

Bird weight (g)
0 days 43.6 43.6 43.5 43.7 2.59
1st week 165 166 166 166 6.93
2nd week 408 409 417 416 15.9
3rd week 804 807 827 814 45.1
4th week 1270 1275 1334 1310 86.5
Sth week 1723 1784 1851 1818 125
6th week 2215 2288 2377 2322 156

Weight gain (g)
1st week 121 122 122 121 9.52
2nd week 244 244 251 250 19.5
3rd week 395 399 410 398 31.9
4th week 466 468 507 496 39.5
Sth week 453 509 517 508 40.3
6th week 492 504 526 504 41

Feed conversion ratio

1st week 1.11 1.1 1.1 1.11 0.061
2nd week 1.49 1.48 1.45 1.47 0.081
3rd week 1.46 1.45 1.41 1.45 0.08
4th week 1.70 1.69 1.57 1.61 0.09
Sth week 2.05 1.87 1.84 1.90 0.11
6th week 1.97 1.93 1.86 1.95 0.108

M. Tamiru et al.

Table 3. Growth performance of Cobb 500 broilers supplemented
with Moringa stenopetala leaf meal during the whole experimental
period
Control, 0% of moringa leaf meal; MSL1, control + 1% moringa leaf meal;
MSLL1.5, control + 1.5% moringa leaf meal; MSL2, control + 2% moringa
leaf meal. s.e.m., standard error of the mean

Parameter Treatment

Control MSL1 MSL1.5 MSL2 s.em.
Feed intake (g/day) 89.4 90.2 90.6 91.2 5.88
Initial bodyweight (g) 43.6 43.6 43.5 43.7 2.82
Final bodyweight (g) 2215 2288 2377 2322 154
Weight gain (g) 2171 2245 2333 2278 152
Feed conversion ratio 1.73 1.69 1.63 1.68 0.105

Table 4. Carcass characteristics and digestive organs of Cobb 500
broilers supplemented with Moringa stenopetala leaf meal
Control, 0% of moringa leaf meal. MSL1, control + 1% moringa leaf meal.
MSL1.5,control+ 1.5% moringa leafmeal. MSL2, control + 2% moringa leaf
meal. s.e.m., standard error of the mean

Parameter Treatment

Control MSL1 MSLI.5 MSL2 s.e.m.
Gizzard weight (g) 43.6 44.6 45.6 452  2.89
Heart weight (g) 10 9.14 9.3 9.83  0.665

Liver weight (g) 42.7 46.8 48 502 2.83

Small intestine length (cm)  58.7 62.9 62.7 67.2  3.89
Small intestine weight (g) 54 57.5 54.4 60.6  3.58
Large intestine length (cm)  2.02c  2.51b  2.76ab  3.0la 0.134
Large intestine weight (g) 13.7 15.8 16.5 16.6  0.906
Proventriculus weight (g) 7.96 9.38 8.21 9.56  0.528
Pancreas weight (g) 3.08c 4.84b S5.15ab  S5.6la  0.204
Spleen weight (g) 1.48 2.05 1.66 1.96  0.098
Duodenum length (cm) 31.7 36.5 345 353 2.1

Duodenum weight (g) 12.4 12.4 12.8 137 0.826
Jejunum length (cm) 80.7 82.2 74.2 86.7 5.36
Jejunum weight (g) 23.8ab 26.4ab  21.3b  27.5a 1.58
Ileum length (cm) 75.2 753 76.3 75.8 499
Ileum weight (g) 18.6 18.9 20 19.5 1.24
Head weight (g) 46.3 40 40.7 438  3.07
Legs weight (g) 66.7 66.9 68 67.8 443
Neck weight (g) 50.1 523 48 52 3.32
Liveweight (kg) 2.26 2.31 232 229  0.111
Hot carcass weight (kg) 1.59 1.68 1.78 1.67  0.085
Cold carcass weight (kg) 1.59 1.68 1.88 1.68  0.09
Breast meat weight (g) 467 483 528 475 25.3

Drumstick and thigh meat 362 321 344 390 16.5
weight (g)

Wing meat weight (g) 147 139 143 149 6.84
Back meat weight (g) 244 239 212 233 10.2
Dressing yield weight (g) 1350 1270 1363 1304 654
Dressing (%) 70.7 73 76.7 733 3.67
pH 5.97 6.03 5.94 595  0.28
Chemical composition of meat

Moisture (%) 75 75.5 76 76 3.64
Total ash (%) 2.74b 2.8%  3.09ab 3.5la 0.148
Crude protein (%) 21.8 22.2 23.2 22.7 1.11

Ether extract (%) 3.06 3.05 3.04 3.08 0.145
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control birds. Weight of pancreas of the supplemented birds
was higher than that in the control group by 82%, 67% and
57% respectively, in MSL1, MSL1.5 and MSL2 groups.
Jejunum weight of the control birds was not significantly
different from that of the supplemented birds. However, the
jejunum of birds in MSL1.5 was significantly lighter than that
in MSL2.

Carcass traits

Table 4 shows the carcass traits of the study birds. Hot and cold
carcass weights increased slightly (~0.19 kg), although not
significantly, due to MSL supplementation. The dietary
treatment did not significantly change the weight of breast
meat, drumstick and thigh meat, wing meat and back meat
(changes were <13%).

Dressing weight and dressing percentage tended to increase
as a result of MSL supplementation; however, the increase was
small and not significant. The meat of all birds had a similar
pH, which was close to 6.

The chemical composition of meat in the current study is
presented in Table 4. Mean moisture content of meat of the
experimental groups ranged from 57% to 76%, without any
significant variation. Crude protein of meat improved due to
MSL supplementation, although the change was not
significant. Ether extract of meat varied among the
experimental groups, although not significantly. Only MSL2
had a significantly higher meat ash content by 28% than did the
control.

Laying performance and egg quality

Table 5 presents laying performance and egg quality of layers
as affected by the MSL supplementation. Supplementing layer
diet by MSL did not affect feed intake, rate of lay egg mass and
feed conversion ratio significantly (P > 0.05).

Concentrations of total cholesterol, triglyceride, low-
density lipoprotein and high-density lipoprotein of blood
were not significantly (P > 0.05) affected by the MSL
supplementation.

Albumin weight, albumin height, yolk weight, yolk height
and Haugh unit were not significantly affected by the
MSL supplementation. Intensity of yolk colour increased
significantly and linearly as a result of the increase in the
level of MSL supplementation.

Exterior egg-quality parameters were slightly, but not
significantly, affected by the MSL supplementation.

Antioxidant profile of plasma, meat and egg

Table 6 presents the effect of MSL supplementation on
antioxidant profile of plasma, meat and eggs of the
experimental animals. There was no significant effect of
MSL  supplementation on AOC, SOD, GPX and
malonaldehyde of broilers at Day 21 and Day 42 of the
trial. The concentration of malonaldehyde in breast and
thigh meat after 2, 4 and 6 days of storage was not
significantly affected by the MSL supplementation.
Similarly, AOC, SOD and GPX of plasma of layers were
not significantly influenced by the MSL supplementation.

Animal Production Science E

Table 5. Laying performance and egg quality of Bovan Brown layers
supplemented with Moringa stenopetala leaf meal

Control, 0% of moringa leaf meal; MSL1, control + 1% moringa leaf meal;
MSLL1.5, control + 1.5% moringa leaf meal; MSL2, control + 2% moringa

leaf meal. s.e.m., standard error of the mean

Parameter Control MSL1 MSLL.5 MSL2 s.em.
Initial liveweight (g) 1427 1334 1430 1399  40.6
Final liveweight (g) 1645 1576 1665 1670 585
Feed intake (g/day) 103 99.3 99.5 99 343
Egg output (g/day) 57.2 57 57.4 58.1 1.87
Feed conversion ratio 1.81 1.75 1.74 1.71  0.055
(g feed/g egg)
Rate of lay (%) 57.8 55.5 60.3 57.5 1.9
Blood lipid profile
Total cholesterol (mg/dL) 126 121 118 117 10.9
Triglyceride (mg/dL) 115 101 94.5 111 4.16
Low-density lipoprotein 264 241 258 270 8.7
(mg/dL)
High-density lipoprotein 106 116 112 117 3.54
(mg/dL)
Internal egg quality
Albumin weight (g/L) 36.5 36.2 36.1 372 1.99
Albumen height (mm) 7.87 7.5 7.9 7.5 0.241
Yolk weight (g/L) 14.1 14 14.3 14 0.465
Yolk height (mm) 17.7 17.2 17.2 16.8 0.58
Yolk colour 1d 4.75¢ 6.68b 7.41a  0.032
Haugh unit (%) 88.9 86.5 89.2 86.5 2.95
External egg quality
Shell weight (g) 6.93 7.15 7.15 7.27 0.23
Shell strength (kg/cm?) 3.8 3.54 3.48 3.86  0.127
Shell thickness (mm) 0.538  0.544  0.547 0.551  0.017
Specific gravity 1.06 1.07 1.07 1.08  0.034

Moreover, malonaldehyde concentration of yolk was not
significantly affected by MSL.

Discussion

Identifying the nutritive value of feed is important to decide
the inclusion level in livestock ration. Low variability in
nutritive value of feed implies that the inclusion level of
moringa leaf meal could be determined using tabulated
values. Crude protein, EE and CF of M. stenopetala leaf
were slightly different from the results of previous studies
(Melesse et al. 2012, 2013), indicating a low variability in
nutritive value. However, other abiotic factors might affect the
nutritive value of M. stenopetala leaf, such as soil and age of
the tree. Therefore, further studies on the variation in nutritive
value of M. stenopetala leaf should be conducted before any
final recommendation.

Heat stress is defined as a non-specific reaction to a
combination of high temperature and humidity (Lara and
Rostagno 2013). It has been reported that the upper boundary
of the thermoneutral zone (the range of ambient temperature
where the bird is able to maintain its core temperature by
regulating dry-heat loss; Sonaiya and Swan 2004) for
broilers is 29-30°C (Pereira and Niaids 2008). In the present

20



5

F Animal Production Science

Table 6. Plasma antioxidant profile of egg and plasma of broilers and
layers supplemented with Moringa stenopetala leaf meal
Control, 0% of moringa leaf meal; MSL1, control + 1% moringa leaf meal;
MSLL.5, control + 1.5% moringa leaf meal; MSL2, control + 2% moringa
leaf meal; AOC, total anti-oxidative capacity; SOD, total superoxide
dismutase activity; GPX, glutathione peroxidase. s.e.m., standard error of

the mean
Parameter Control MSL1 MSL1.5 MSL2 sem.
Layer
AOC (U/mL) 8.84 8.24 9.16 9.43  0.535
SOD (U/mL) 122 140 143 145 8.26
GPX (U/mL) 1399 1395 1456 1547 87
Broiler
AOC (U/mL) 21 day 5.99 5.72 6.07 6.42  0.363
SOD (U/mL) 21 day 144 143 143 144 8.61
GPX(U/mL) 21 day 1329 1361 1456 1458 84.1
Malonaldehyde 21 day 5.55 5.77 522 5.66  0.333
(nmol/mg protein)
AOC (U/mL) 42 day 7.71 7.93 8.91 7.65  0.484
SOD (U/mL) 42 day 133 139 139 135 8.18
GPX(U/mL) 42 days 1443 1385 1440 1444 85.7
Malonaldehyde 42 days 6.66 6.77 6.97 6.46  0.403
(nmol/mg protein)
Malonaldehyde
(nmol/mg protein)
Yolk
Fresh 223 2.25 2.36 233 0.137
15 days 2.45 2.42 2.44 225 0.143
20 days 2.33 2.31 2.36 2.3 0.139
30 days 3.37 3.35 3.34 333 0.201
Meat
Breast meat, Day 2 0.987 1.02 0.923 0.889  0.057
Breast meat, Day 4 1.65 1.68 1.65 1.57 0.098
Breast meat, Day 6 1.76 1.92 1.78 1.63 0.106
Thigh meat, Day 2 1.13 1.13 1.12 1.19  0.069
Thigh meat, Day 4 1.38 1.27 1.24 1.21 0.077
Thigh meat, Day 6 1.44 1.39 1.34 1.29  0.082

study, the high temperature combined with high relative
humidity were higher than the thermoneutral zone for
broilers, which pinpoints a heat-stress status. Heat stress
negatively affects broiler and layer performance by
decreasing growth, egg production, increasing feed
conversion ratio and increasing mortality rate (Lin et al.
2006; Yi et al. 2016). Furthermore, heat stress elevates
accumulation of radicals in broiler meat and egg yolk,
leading to a decline in shelf life.

The hypothesis of the present study was that MSL has a high
concentration of glutamine, glutamic acid, vitamin and
antioxidants; therefore, it might improve the production and
quality of meat and eggs of chickens raised under heat stress.
However, results of the present study showed that inclusion of
MSL into broiler diet at a level up to 2% did not improve either
performance or carcass traits, being in line with the findings of
Nkukwana et al. (2014), Olugbemi et al. (2010) and Abou-
Elezz Fouad Mohammed et al. (2012). Similarly, no positive
effect of supplementing layers with MSL at a level up to 2% on
laying performance and egg quality (except yolk colour) was
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found, which is in agreement with Lu ef al. (2016). However,
Moringa leaf supplementation was reported to have a positive
effect on the performance of broilers (David ef al. 2015; Khan
et al. 2017) and layers (Olugbemi et al. 2010).

The exposure of MSL used in our study to ultraviolet rays
during the 5 days of sundrying might have resulted in inactivation
of significant amounts of antioxidants and vitamins, which are
the compounds that have the potential of decreasing the negative
consequences of heat stress in livestock (Ndawula et al. 2004;
Potisate et al. 2014; Saini et al. 2014), while the majority of
remnant antioxidants were used by the antioxidant defence
systems of the birds to cope with heat stress.

The linear increase in the intensity of yolk colour in our
study, corresponding to Akinola and Ovotu (2015), Teteh et al.
(2016), Gakuya et al. (2014) and Lu et al. (2016), could be due
to the increase in the pigment content in the diet (Pasaporte
et al. 2014), which might not be affected by ultraviolet during
sundrying. Most of the consumers in the world prefer eggs
with yolk colour ranging from golden yellow to orange
(Karunajeewa et al. 1984; Bejaei et al. 2011). Therefore,
using MSL at a level of 1% in the layer diet would be
recommended, so as to produce eggs with a higher
preference by the consumers.

Heat stress stimulates oxidative stress, resulting in an
increase in the production of reactive oxygen species and
an increase in the cellular damage in many tissues and
organs (Akhavan-Salamat and Ghasemi 2016). The body
reacts to that by increasing the synthesis of antioxidant
enzymes such as GPX and SOD, so as to reduce lipid
peroxidation and cell damage (Huang et al. 2015). That
would be reflected also in the increase in malonaldehyde,
which is an index of lipid peroxidation and cellular damage
(Ruberto and Baratta 2000). The current study showed that
MSL supplementation at up to 2% did not improve antioxidant
profile of plasma, oxidative stability of meat and egg yolk.
This is in agreement with the broiler- and layer-performance
results, suggesting a low antioxidant activity of MSL. This also
implies that MSL supplementation would not improve shelf
life of poultry meat and eggs.

Moringa oleifera leaf was reported to have high levels of
B-sitosterol (90 mg/g), which has the ability to impede the
absorption of cholesterol in the small intestine (Rajanandh
and Kavitha 2010). However, supplementing layer diet with
MSL in the current study did not significantly alter
concentrations of triglyceride, total cholesterol, low-density
lipoprotein and high-density lipoprotein in blood. It seems
that MSL supplementation at a level up to 2% did not provide
the layers with a high-enough amount of B-sitosterol to induce
hypocholestemic activity.

The significant increase in pancreas weight suggests a
presence of antinutritional activities due to MSL
supplementation (Rocha et al. 2014). Accordingly, further
analyses of moringa leaf antinutritional factors should be
undertaken. The increase in the length of the large intestine,
which is in agreement with Khan er al. (2017), might be
attributed to the increase in the stay-time of ingesta due to
the increase in CF content as a result of MSL supplementation
(de Vries et al. 2012).
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Conclusions

It is concluded that supplementing Cobb 500 broilers under hot
and humid tropical conditions with sundried MSL at a level up
to 2% did not improve growth performance, or carcass traits.
Supplementing Bovan Brown layers with MSL at a minimum
level of 1% increased the intensity of yolk colour, but did not
alter laying performance and other interior and exterior egg
traits.

The majority of chickens in the developing countries are
indigenous. Thus, the use of MSL as a supplement to local
chickens under hot and humid tropics should be studied.

The effect of the preservation method on the nutritive value
of MSL should be studied when biomass yield of Moringa was
reported to be generally high and exceeding the consumption
in producing areas.

The results of the current study highlighted the importance
of investigating concentration and biological activity of
antinutritional compounds of MSL.
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