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Abstract
Background and Objective: Heat stress is a major constraint to poultry production in tropical
regions, adversely affecting laying performance and overall productivity. This study evaluated
the effects of dietary supplementation with  Moringa  oleifera  leaf meal and  Parkia  biglobosa
pulp meal on the productive performance and egg quality of ISA Brown laying hens during
the hot season in Burkina Faso.
Materials   and   Methods:   A  total  of  372  ISA  Brown  laying  hens,  19  weeks  of  age,  were
randomly   allocated   to   one   of   three   dietary   treatments:   a   control   diet   (CT),    a    diet
supplemented with 2% Moringa oleifera leaf meal (MLT) and a diet supplemented with 2%
Parkia biglobosa pulp meal (PPT). Laying performance and egg quality traits were assessed
throughout the experimental period.
Results: Overall, feed conversion ratio (FCR) was relatively high across all treatments but was
significantly improved  in  the  MLT  group  (4.78±0.35)  compared  with  the  PPT (5.37±0.43)
and CT (5.82±0.52) groups (p<0.05). At 27 weeks of age, hens fed the MLT  diet  achieved  the
highest laying rate (73%), compared with 54 and 50% in the PPT and CT groups, respectively.
In addition, the MLT diet produced significantly heavier eggs (51.28±3.82 g) with a higher
yolk colour index (7.06±1.00) than the other dietary treatments (p<0.05).
Conclusion:   Dietary   supplementation   with   Moringa   oleifera   leaf   meal   improved  feed
efficiency, laying performance and selected egg quality traits under hot environmental
conditions. These findings indicate that Moringa  oleifera  leaf meal is a promising, sustainable
and locally available feed additive for enhancing the productivity of laying hens exposed to
tropical heat stress, with greater benefits than Parkia  biglobosa  pulp meal under the same
conditions.

INTRODUCTION

Poultry  production  plays  a  vital  role   in   ensuring   food
security and generating income in Burkina Faso, particularly in
rapidly expanding urban  areas  such  as  Bobo-Dioulasso.  Egg

production  is   a   major   component   of   the   poultry   sector,
contributing   substantially   to   household  nutrition  and  the
livelihoods      of      poultry     farmers.     Furthermore,     poultry
production is closely integrated with crop farming, as poultry
manure   serves   as   an   important   source  of  soil  fertility  for
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smallholder    production   systems1.  According   to   FAOSTAT,
Burkina Faso produced approximately 68.11 thousand tons of
hen eggs in 2023, highlighting the increasing importance of
the poultry industry within the national food system. Eggs are
among the most affordable and accessible sources of high
quality animal protein. However, egg consumption in many
African countries remains below the global average because
of   limited    purchasing    power    and    prevailing    economic
constraints2,3.   In   Burkina   Faso,  the  affordability  of  eggs  is
further    challenged    by    high     production     costs,     largely
attributable to the reliance on conventional feed ingredients,
including fishmeal, soybean meal and cottonseed meal, whose
availability    and    market    prices   are   often   unstable4.   This
situation has stimulated interest in identifying locally available,
nutritionally valuable  and  cost  effective  feed  resources  that
can reduce production costs while sustaining productivity.

Poultry production is further constrained by high ambient
temperatures,   particularly   during   the   hot   season,    which
extends from March to June in Burkina Faso and frequently
exposes birds to heat stress. Heat stress reduces feed intake,
impairs   nutrient   utilization   and    adversely    affects    laying
performance, thereby resulting in substantial economic losses
for   producers5-7.   Consequently,   considerable   attention  has
been    directed    toward    nutritional    strategies   capable   of
enhancing  the  resilience  of  laying  hens  to thermal stress. In
addition, consumer demand has increasingly shifted toward
eggs with superior quality attributes, particularly attractive
yolk pigmentation, which is strongly influenced by the dietary
supply of natural pigments8.

The   utilization   of   indigenous  feed  resources  has  long
been recognized as a promising strategy for improving poultry
production   under   tropical  conditions,  especially  in  Burkina
Faso,    where    locally   available   feed   ingredients   have   the
potential   to  reduce  feeding  costs  while  improving  nutrient
supply9,10. Among the alternative feed resources receiving
increasing   attention,   Moringa   oleifera   leaves    and    Parkia
biglobosa pulp are of particular interest because of their rich
nutritional composition and potential functional properties.
Several studies have demonstrated that these plant materials
contain high concentrations of proteins, energy, vitamins,
minerals     and     bioactive    compounds,    highlighting    their
considerable potential as poultry feed ingredients11-13. They
are also rich sources of carotenoids, polyphenols, vitamin C
and essential minerals, which possess antioxidant properties
and   may   help   alleviate  the  adverse  effects  of  heat  stress.
Consequently, the inclusion of these plant materials in poultry
diets may not only improve bird health and survivability but
also enhance laying performance and yolk pigmentation14.

Given    their    local    availability,    nutritional    value   and
functional properties, the incorporation of M. oleifera leaf meal
and  P.  biglobosa  pulp  meal  into  poultry  feeding   programs
represents a potentially sustainable strategy for improving the
productivity and profitability of table egg production under
semi-intensive      production      systems     in     Burkina     Faso.
Nevertheless,    despite    the    increasing     interest    in    these
alternative feed resources, information regarding their use in
diets of laying hens exposed to severe heat stress remains
limited, particularly under Burkinabe production conditions.

Therefore, the present study was conducted to address
this   knowledge   gap   by   evaluating   the   effects   of  dietary
supplementation with M. oleifera  leaf meal and P. biglobosa
pulp meal on the productive performance of Isa Brown laying
hens. Specifically, the study assessed the effects of these
dietary supplements on laying performance, egg physical
characteristics and the economic efficiency of feed utilization.

MATERIALS AND METHODS

Site and study period: The experiment was conducted at the
poultry research facility of the Institute for Rural Development,
Nazi Boni University, located in the village of Nasso (11E12
38.77"N,   4E25   09.84"W),   approximately  15  km  from  Bobo-
Dioulasso, Burkina Faso. The study was carried out over a two-
month period, from May to June, corresponding to the hottest
season of the year.

Nasso     is     situated     within      the      South      Sudanian
agroecological zone, which is characterized by relatively high
annual  rainfall,  often   exceeding   1,100   mm15.   Despite   this
favorable rainfall regime, the area experiences high ambient
temperatures, particularly during the dry season. In 2024, the
average maximum ambient temperature was approximately
34.0EC, while peak temperatures during the hottest months
approached 38EC16,17. These climatic conditions are known to
expose poultry to considerable heat stress, which may
adversely affect their productive performance.

To accurately characterize the environmental conditions
experienced by the birds throughout the experimental period,
ambient temperature and relative humidity inside the poultry
house were monitored daily using a data logger (HOBO U12-
012,  Onset  Computer  Corporation,  Bourne,   MA,   USA).   The
device, with an accuracy of ±0.35EC for temperature and
±2.5% for relative  humidity,  was  positioned  at  bird  level in
the   center   of   the   poultry   house  to  obtain  representative
measurements   of   the   microclimate.   The   logger  operates
within measurement  ranges  of  -20  to  70EC  for  temperature
and 5 to 95% for relative humidity. Temperature and relative
humidity  were  recorded  daily  at  07:00  and  15:00  and were
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subsequently   used   to   calculate   the  temperature-humidity
index (THI), a widely recognized indicator of heat stress in
poultry.   These   measurements   provided   a    comprehensive
assessment of the thermal environment to which the hens
were exposed.

Animals and experimental design: A total of 372 ISA Brown
laying hens, 18 weeks of age, were reared specifically for this
study. Throughout the rearing period, all birds received the
recommended prophylactic treatments to ensure an adequate
health status before the commencement of the experiment.
The   ISA   Brown   strain   was   selected   because   of   its  well-
documented laying performance and its widespread use in
local poultry production systems18.

The   experiment   was   conducted   using   a  randomized
complete block design19,20. Before treatment allocation, the
birds underwent a two-week adaptation period to acclimate
them to the experimental conditions. At the end of this period,
all   hens    were    individually    weighed,    sorted    to    ensure
uniformity     among    experimental    groups    and    randomly
assigned to one of three dietary treatments:

C Control treatment (CT), receiving the standard layer diet;
C Moringa   oleifera   leaf   treatment   (MLT),   receiving   the

standard  diet  supplemented  wIth   2%   M.   oleifera   leaf
meal;

C Parkia biglobosa pulp treatment (PPT), receiving the
standard diet supplemented with 2% P. biglobosa pulp
meal.

Each   dietary   treatment   consisted   of   124  laying  hens
allocated to four replicates (blocks) of 31 birds each. Replicates
were considered the experimental units for all statistical
analyses.

To  facilitate  adaptation  to   the   experimental   diets,   a
transition       period       was       implemented       before        the
commencement of data collection.

The trial  was  conducted  in  a  naturally  ventilated,  semi-
open   poultry   house   oriented   along   an  east-west  axis.  To
accommodate the experimental design while maintaining
comparable rearing conditions among treatments, the facility
was  divided  into  three  separate   sections   using   wire-mesh
partitions.   This   arrangement   ensured   that   all   birds   were
exposed to similar environmental conditions throughout the
experimental period.

Bird health was monitored daily throughout the study.
Suspected   disease   cases   were   initially   identified   through
clinical     observations     and     subsequently     confirmed    by
postmortem examination following the procedures described
by Zachary and McGavin21.

Additives selection and diet formulation: Parkia biglobosa
pulp meal and Moringa oleifera leaf meal were selected as
plant-derived feed resources because of their nutritional value
and  functional  properties.  Both  ingredients  are  rich sources
of    energy,    vitamin    C,    carotenoids   and   other   bioactive
compounds and possess antioxidant, immunostimulatory and
metabolic regulatory properties22,23. An inclusion level of 2%
was selected based on previous studies to minimize potential
antinutritional effects while ensuring practical applicability
under field conditions.

Fresh   M.   oleifera   leaves   were  purchased  from  a  local
market  for  3,500  XOF  (5.83  USD,  1   USD   .557.5   XOF)   and
processed  to  obtain  2  kg  of  leaf  meal.  In  addition,  1  kg of
P.    biglobosa   pulp   powder   was   purchased   for   125   XOF
(0.21 USD).

The  experimental   diets   were   formulated   using   UNE-
FORME    MONOGASTRIC    software,   which   incorporates   the
Microsoft      Excel      Solver      optimization     tool24.     Nutrient
requirements      were      established       according       to       the
recommendations  of  Leeson   and   Summers25   and   the   ISA
management guide for commercial laying hens.

The   three   experimental   diets   were   formulated  to  be
isonitrogenous and isoenergetic. The ingredient composition
of  diets  is  presented in Table 1. Diet formulation was adapted
from locally recommended poultry feeding practices and the
technical guidelines previously developed by the former
Centre de Promotion de l'Aviculture Villageoise (CPAVI),
Ministry of Animal and Fishery Resources of Burkina Faso26.
The estimated nutritional composition of the experimental
and control diet is presented in Table 2.

Table 1: Composition of experimental and control diet for laying hens
Diets (%)
----------------------------------------------------------

Ingredients  CT MLT PPT
Maize 60.6 60.15 59
Wheat bran 6.75 6.2 6.25
Fishmeal 4 4 4.2
Cottonseed meal 8.3 8.1 8.7
Soybean meal 11.5 10.7 11
Iron sulfate 0.5 0.5 0.5
Salt 0.3 0.3 0.3
Dicalcium phosphate 0.3 0.3 0.3
L-Lysine 0.1 0.1 0.1
DL-Methionine 0.2 0.2 0.2
Premix* 0.25 0.25 0.25
Oyster shells 7.2 7.2 7.2
M. oleifera  leaf meal 0 2 0
P. biglobosa  pulp meal 0 0 2
Total 100 100 100
CT: Control treatment, MLT: 2% M. oleifera  leaf treatment, PPT: 2% P. biglobosa
pulp treatment, (*) Made of minerals, vitamins, amino acids and trace elements
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Table 2: Estimated chemical composition of the formulated diets
*Nutritional requirements 

Nutrient (reference values) CT MLT PPT
ME (kcal/kg.DMG1) 2,800 2,832 2,813 2,829
Crude protein (%) 18.00 17.88 17.89 17.93
Crude fat (%) 3.00 3.19 3.26 3.14
Fiber (%) 3.00 3.27 3.55 3.36
Lysine 0.95 0.95 0.95 0.95
Methionine 0.48 0.48 0.48 0.48
Calcium (%) 3.6 3.58 3.62 3.59
Available phosphorus (%) 0.35 0.33 0.34 0.32
*Leeson and Summers27 and ISA25

Data    collection:     The     variables     recorded     during     the
experimental period included ambient temperature, relative
humidity, feed intake, laying rate, egg weight, egg component
weights, egg yolk volume and yolk colour index. The formulas
used to calculate some key parameters are presented below.
Percentage    data   were   subjected   to   arcsine   square   root
transformation prior to analysis of variance (ANOVA) to satisfy 
the assumptions of normality and homogeneity of variance.

The  quantities  of  feed  offered  and  feed   refusals   were
weighed each morning using an electronic balance with an
accuracy of ±5 g. Eggs were collected and counted daily at
17:00 h to determine laying performance and egg production
parameters.

Temperature Humidity Index (THI):  THI was calculated using
the  equation  proposed  by  the  National  Research   Council28,
adapted for the assessment of heat stress in poultry:

THI = (1.8T + 32) - [(0.55 - 0.0055 × HR) × (1.8T - 26)] (1)

where, T represents the ambient temperature (EC) and HR, the
relative humidity (%)28.

Daily feed intake (DFI): DFI was calculated as:

 (2)Qd QrDFI (g)=
n
−

Where:
Qd : Quantity of feed distributed (g)
Qr : Quantity of feed refused (g)
n : Number of hens in the batch

Feed conversion ratio (FCR): FCR was calculated as: 

(3)Feedint ake(kg)FCR
Numberof eggs Averageegg weight

=
×

Laying   rate   (LR):  LR  was  expressed  as  a   percentage   and
calculated  according  to  the   method   described   by   Effiong
et al.29 using the following formula:

(4)Numberof eggsproducedLR(%) 100
Numberof hens numberof days

= ×
×

Egg  weight:  Weights  of  egg  and  its  individual components
(yolk, albumen and shell) were measured using a precision
balance with an accuracy of 0.001 g.

Egg  size:  Egg  size  was  evaluated   by   measuring   its   width
(minor diameter) and length (major diameter) using a digital
caliper with an accuracy of ±0.02 mm.

Egg  volume:  Egg  volume  was  calculated  according  to   the
method  described  by  Narushin  et  al.30  using  the   following
formula:

V = 0.5202×L× B2-0.4065 (5)

Where:
L : Length
B : Width

Yolk colour was evaluated using the DSM Roch Colour
Fan™ and scored on a scale ranging from 1 (pale yellow) to 15
(deep orange)31.

Statistical analyses:  All  data  were  analyzed  using  MINITAB
statistical  software  (Version  19.2020.1).  Descriptive   statistics
were  generated  and   data   were   subjected   to   analysis   of
variance  (ANOVA)  using   the   General   Linear   Model   (GLM)
procedure. Prior to analysis, the assumptions of normality and
homogeneity   of   variance   were   verified.   When   significant
treatment effects were detected, mean values were separated
using Tukey's multiple comparison test at a significance level
of 5%.

Ethical statement: All animal procedures performed in this
study   were   conducted   in   accordance  with  internationally
recognized  guidelines  for  the  care  and  use   of   animals   in
research.  Throughout   the    experimental   period,   particular
attention    was    given    to    safeguarding    bird    welfare    by
minimizing   stress,   discomfort   and   unnecessary    suffering,
especially under the high ambient temperatures experienced
during    the   hot   season.   Feed   and   water   were   provided
ad  libitum,   housing,   husbandry   and   health   management
practices  were  implemented  in  accordance  with established
poultry welfare recommendations.
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RESULTS

Climatic  conditions   during   the   study:   The   microclimatic
conditions recorded throughout the experimental period are
presented in  Fig.  1  and  2.  Ambient  temperature  inside  the
poultry house ranged from 26.6 to 32.1EC and showed only
slight  temporal   fluctuations   (Fig.   1).   In   contrast,   the   THI
exhibited  greater  variation,  ranging  from  72 to 83. Although
THI values remained relatively low until March, they  increased 
markedly from early April onward and consistently exceeded
75 thereafter (Fig. 2), indicating the progressive  intensification
of heat stress conditions during the latter part of the study.

Effects   of   the   inclusion   of   M.    oleifera    leaf    meal    and
P.  biglobosa  pulp  meal  on  feed  intake:  The  effects  of  the
dietary   treatments   on   Daily   Feed   Intake   (DFI)   and  Feed
Conversion   Ratio    (FCR)   are   presented   in   Fig.   3.   Dietary 
supplementation  significantly  affected  DFI, with hens fed the

M.  oleifera   leaf  meal  diet  exhibiting  the highest feed intake
(90.8    g    DM/hen/day),    followed    by   those   receiving   the
P. biglobosa  pulp diet (88.2 g DM/hen/day). In contrast, hens
in the control treatment (CT) consumed the least amount of
feed   (84.2   g   DM/hen/day).   Feed   intake   was   significantly
greater  in  both  supplemented  groups  than   in   the   control
group (p = 0.016).

Although, FCR  tended  to  decline  in   the   supplemented
groups,    the    differences    were   not   statistically   significant
(p = 0.063). The lowest FCR was recorded in the MLT group
(4.92), indicating greater feed utilization efficiency, followed
by the PPT group (5.37), whereas the control group exhibited
the highest FCR (5.83).

Estimated   nutrient   and   energy  intakes  were  generally
comparable       among      the      three      dietary      treatments.
Nevertheless, slightly higher nutrient and energy intakes were
observed in the supplemented groups, particularly in hens
receiving the M. oleifera  leaf meal diet (Table 3).

Fig. 1: Variation in hen house temperature during the experimental period
Lower lim: Lower limit of thermal comfort, Upper lim: Upper limit of thermal comfort

Fig. 2: Temperature-humidity index variation
THI: Temperature-humidity index observed, UCL: Upper comfort limit of THI and EL: Emergency level of THI
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Fig. 3: Effects of dietary inclusion of Moringa oleifera leaf meal and Parkia biglobosa pulp meal on daily feed intake and feed
conversion ratio of laying hens (n = 372)
DFI: Daily feed intake (g/day), FCR: Feed conversion ratio, CT: Control treatment without additive, MLT: Treatment with 2% incorporation of M. oleifera leaf
meal and PPT: Treatment with 2% incorporation of dry P. biglobosa pulp meal

Fig. 4: Temporal changes in laying rate according to dietary treatment (n = 372)
CT:  control  treatment  without  additive,  MLT: Treatment  with  2%  incorporation  of  M. oleifera  leaf powder and PPT: Treatment with 2% incorporation of
dry P. biglobosa  pulp

Table 3: Effects of dietary inclusion of Moringa oleifera leaf meal and Parkia
biglobosa pulp meal on nutrient intake of laying hens

Diets
----------------------------------------------------

Nutrients CT MLT PPT
Dry matter (g/day) 73.25 79.00 76.73
Metabolizable energy (kcal/day) 236.60 258.10 248.60
Crude protein (g/day) 15.05 16.24 15.81
Crude fat (g/day) 2.69 2.96 2.77
Lysine (g/day) 0.80 0.86 0.84
Methionine (g/day) 0.40 0.44 0.42
Calcium (g/day) 3.01 3.29 3.17
Phosphorus (g/day) 0.28 0.31 0.28
CT: Control treatment without additive, MLT: Treatment with 2% incorporation
of  M.  oleifera   leaf  meal  and  PPT:  Treatment   with   2%   incorporation   of   dry
P. biglobosa pulp meal

Effects    of    the    inclusion    of   M.   oleifera   leaf   meal   and
P. biglobosa pulp meal on the onset of lay and laying rate:
The first eggs were recorded in the P. biglobosa  treatment at
the end of the 19th week of age. The progression of laying rate
according  to  dietary  treatment  is  presented  in  Fig.  4. In the
control group, laying rate increased from 7 to 50% between 20

and  27  weeks  of  age.  During  the  same  period,  it increased
from 6 to 73% in the MLT and from 5 to 54% in the PPT.

Overall, dietary supplementation with these plant-derived
feed  additives  improved  laying  performance.  From  the 21st
week  of  age  onward,  hens receiving the supplemented diets
consistently achieved higher laying rates than those fed the
control diet. This improvement was particularly evident in  the
M.  oleifera  treatment,  which  maintained  the  highest  laying
rate from 25 weeks of age onwards.

Effects   of   the   inclusion   of   M.    oleifera    leaf    meal    and
P. biglobosa  pulp meal on egg physical characteristics
Egg   weight   and   egg   volume:   The   effects  of  the  dietary
treatments on egg weight and egg volume are presented in 
Table    4.   Mean   egg   weight   differed   significantly   among
treatments.    Hens    fed    the    M.    oleifera     diet     produced
significantly  heavier  eggs  (51.28  g)  than those in the control
(50.11  g)  and  P.  biglobosa   (50.18   g)   groups,   whereas   no
significant difference was observed between the latter two
treatments (p = 0.031).
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Table 4: Effects of dietary incorporation of  Moringa  oleifera   leaf meal and Parkia biglobosa pulp meal on egg weight, egg volume, egg component weights and yolk
colour index (mean±SD) (n = 372)

Treatments
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters CT MLT PPT p-value
Albumen weight (g) 31.48±2.57 31.63±2.88 31.11±3.12 0.072
Yolk weight (g) 14.7±1.09 15.13±1.15 14.93±1.42 0.061
Shell weight (g) 4.53±0.9 3.93±0.86 4.14±0.89 0.074
Egg weight (g) 50.11±3.31 b 51.28±3.82 a 50.18±3.99 b 0.031
Egg volume (cm3) 46.61±4,27 b 47.7±2,84 a 46.68±2,67 b 0.045
Egg yolk colour index 4.59±0.6 b 7.06±1 a 5.12±0.9 b 0.028
Within the same row, means with different superscripts differ significantly (p<0.05)

Table 5: Effects of dietary treatments on feed cost per egg and per kg of egg mass
Treatments
--------------------------------------------------------------------------------------------------------------------

Parameters CT MLT PPT
Cost of layer feed (XOF/kg) 213.7 242.1 214.2
Total feed intake (kg/hen) 8.75 10.11 9.44
Total feed cost (XOF/hen) 1,870 2,448 2,022
Number of eggs produced (eggs/hen) 30 40 35
Feed cost per egg (XOF/egg) 62.33 61.20 57.77
Total egg mass (kg/hen) 1.50 2.05 1.75
Feed cost per kilogram of egg mass (XOF/kg) 1,240 1,190 1,150
1 USD: 557.5 XOF

Egg volume ranged from 46.6 to 47.7 cm3. The largest egg
volume was recorded in the MLT, which differed significantly 
from    the    other    treatments    (p   =   0.045).   No   significant
difference  in  egg volume was observed between the PPT and
control treatment.

Egg component weights: Albumen weight ranged from 31.1
to    31.6   g   and   was   not   significantly   affected   by  dietary
treatment. Similarly, yolk weight varied from 14.70 to 15.13 g
and did not differ significantly among treatments (p = 0.061).
Eggshell weight ranged from 3.9 to 4.5 g, with hens in the
control group producing significantly heavier eggshells than
those receiving the supplemented diets.

Yolk   colour   index:   The   mean   yolk   colour   index  differed
significantly  among  treatments,  ranging  from  4.59   to   7.06
(Table 4). Hens receiving the M. oleifera-supplemented diet
produced  eggs  with  the  highest   yolk   colour   index   (7.06),
indicating    superior    yolk   pigmentation.   The   P.   biglobosa
treatment resulted in an intermediate yolk colour index (5.12),
whereas   the   control   group   produced   the   least  intensely
pigmented  yolks  (4.59).  These  differences   were   statistically
significant     (p     =     0.028),     demonstrating     that      dietary
supplementation,   particularly   with   M.   oleifera   leaf    meal,
enhanced yolk pigmentation.

Feed    cost    of    egg    production:    The    feed-related    costs
associated with egg production are presented in Table 5. The
cost of the experimental diets ranged from 213 to 242 XOF/kg

and varied slightly according to the dietary additive. The diet
supplemented with 2% M. oleifera leaf meal had the highest
unit cost (242 XOF/kg), whereas the control and P. biglobosa-
supplemented diets had comparable costs.

Despite higher feed intake observed in the supplemented 
groups,  the  feed  cost  per  egg  was  lower  than  that  in   the
control treatment. The lowest feed cost per egg was recorded
in    the    PPT    (57.77    XOF/egg),     followed     by    the     MLT
(61.20 XOF/egg), whereas the control treatment recorded the
highest per egg feed cost (62.33 XOF/egg). A similar trend was
observed   for   feed   cost   per   kilogram   of    egg    produced,
indicating improved economic efficiency in the supplemented
diets,  particularly  in  the  diet  containing  P.   biglobosa   pulp
meal.

DISCUSSION

Climatic context: Heat stress is widely recognized as one of
the major constraints affecting poultry production systems
because of its detrimental effects on bird welfare, productive
performance, immune function and survival6,32,33. Throughout
the    present    study,    ambient     temperatures     consistently
exceeded    the    thermoneutral    range     recommended     for
commercial laying hens (18 to  22EC),  while  the  temperature-
humidity index (THI) remained above the comfort threshold of
70   and   occasionally   exceeded   the   critical    value    of    81.
According  to  the  classification   proposed   by   Zulovich   and
DeShazer34,  these  environmental  conditions   correspond   to
moderate to severe heat stress situations.
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Although,    physiological    stress    indicators    were     not
evaluated    in    the    study,    previous     investigations     have
demonstrated   that   exposure   to   such   thermal   conditions
induces  oxidative   stress,   disrupts   metabolic   and   immune
functions       and       ultimately       compromises       productive
performance in poultry7,35.

Feed   intake   and   feed   efficiency:    Hens    receiving    diets
supplemented  with   Moringa   oleifera   leaf   meal   or   Parkia
biglobosa pulp meal exhibited higher daily feed intake and
lower feed conversion ratios than those fed the control diet,
with the greatest improvement observed in the M. oleifera
treatment. These responses are particularly important under
tropical   production   conditions,    where    elevated    ambient
temperatures  generally  reduce  voluntary  feed  intake5,7.  The
increased feed intake observed in the supplemented groups
may be associated with improved diet palatability, enhanced
antioxidant status and better gastrointestinal function under
heat stress conditions. Moreover, hens fed the M. oleifera diet
recorded the lowest feed conversion ratio, indicating greater
feed utilization efficiency, which was likely associated with
their  higher  laying  rate  (73%  at  27  weeks   of   age).   Similar
improvements    in    feed    efficiency    following    M.   oleifera
supplementation have been reported by several authors36-38.

The relatively high feed conversion ratios recorded across
all  treatments  (>2)  nevertheless   suggest   reduced   nutrient
utilization    under    the    prevailing    heat    stress   conditions.
Elevated    temperatures    are    known    to    impair    digestive
efficiency,   nutrient   metabolism   and   energy   utilization  in
poultry6,35.

Laying   performance:   Dietary   supplementation  influenced
laying performance throughout the experimental period. Hens
receiving  the  P.  biglobosa  pulp   meal   diet   reached   sexual
maturity   earlier,   whereas   those   fed   M.   oleifera  leaf  meal
achieved the highest laying rates between 20 and 27 weeks of
age.  These  findings  are  consistent  with  those   reported   by
Melesse   et    al.39   and   Abdel-Wareth   and   Lohakare31,   who
demonstrated that dietary inclusion of M. oleifera improved
reproductive performance and alleviated the adverse effects
of    heat    stress    on    reproductive     function.     Comparable
improvements in egg production following supplementation
with    M.   oleifera   leaf   meal   have   also   been   reported   in
studies   conducted   in   India    and    Indonesia40-42.    Similarly,
Kenneth-Obosi  et  al.41  observed  enhanced  egg   production,
reflected by an increased number of eggs and greater egg
weight, following supplementation with 1% P. biglobosa  pulp
in the drinking water of laying hens.

The  beneficial  effects  of  these  plant  resources  may  be
attributed   to   their   high    concentrations    of    antioxidants,
vitamins and other bioactive compounds, which are known to 
support ovarian function and sustain reproductive activity
under     heat      stress      conditions38,43.      Nevertheless,      the
comparatively  lower  laying  performance  observed   in   hens
receiving P. biglobosa pulp meal may be related to its higher
fibre  content  and  lower  digestible  nutrient  value relative to
M. oleifera leaf meal44.

Egg characteristics: Dietary supplementation also influenced
several  egg  quality  characteristics.  Hens  fed  the  M.  oleifera 
leaf meal diet produced significantly heavier eggs with greater
egg  volume  than   those   in   the   control   and   P.   biglobosa
treatment groups. These findings agree with previous studies
demonstrating the positive effects of M.  oleifera  leaf  meal  on
egg weight and yolk quality31,38. The observed improvements
are  likely  attributable  to  the  high concentrations of essential
amino acids, vitamins, minerals and antioxidant compounds
present in M. oleifera  leaves11,31,45.

In contrast, supplementation with P. biglobosa  pulp meal
did not improve egg volume. This response may be associated
with  its  relatively  lower  protein  quality   and   less   balanced
amino  acid  profile,  as  reported  by  Jacob  et  al.46  in  Nigeria,
factors    that   may   limit   egg   development   under   stressful
environmental  conditions47,48.  Eggshell   weight   was   slightly
reduced in the supplemented groups, which may reflect lower
mineral availability, resulting from the presence of dietary fibre
and antinutritional compounds that interfere with calcium
absorption46,49.  Heat  stress  itself  may  further  impair  calcium
metabolism and eggshell formation32.

Yolk   pigmentation   was  markedly  enhanced  by  dietary
supplementation  with  M.  oleifera  leaf  meal  and,  to  a lesser
extent,  with  P.  biglobosa  pulp  meal.  This  response  is  most
likely attributable to the high carotenoid concentration of M.
oleifera leaves, particularly lutein and $-carotene, which are
efficiently deposited in the egg yolk22,50. Similar improvements
in yolk pigmentation have been reported by Madkour et al.51

following the use of carotenoid-rich diets under heat stress
conditions   in   Egypt.   The   $-carotene   naturally   present  in
P.  biglobosa  pulp  may   likewise   explain   the   greater   yolk
pigmentation observed, relative to the control treatment23.

Feed  economic  efficiency:  From  an  economic   perspective,
feed     cost     varied     according     to     the    dietary    additive
incorporated.   The   diet   supplemented  with  M.  oleifera  leaf
meal had the  highest  cost  per  kilogram.  Despite  this  higher
formulation  cost,  both  supplemented  treatments   improved
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the  economic  efficiency  of  egg  production.  Hens   receiving
P. biglobosa pulp meal diet exhibited the lowest feed cost per
egg and  per  kilogram  of  egg  produced,  indicating  superior
economic efficiency. This advantage may be attributed to the
relatively low purchase cost of the fruit pulp together with its
high energy content, may help compensate for the increased
energy demands associated with heat stress52,53.

Although,    the   M.   oleifera   leaf   meal   diet   was   more
expensive, its economic efficiency was comparable to that of
the P. biglobosa treatment and superior to that of the control
diet. This improvement is likely associated with the lower feed 
conversion  ratio  observed  in  hens  receiving M. oleifera leaf
meal supplementation. Furthermore, the high  concentrations 
of    minerals,    vitamins,    antioxidants    and   other   bioactive
compounds  present  in  M.  oleifera   may have contributed to 
improved nutrient utilization and enhanced resilience to heat
stress,    as    reported    previously45,54.    Because    feed    cost
represents one of the principal determinants of profitability in
commercial poultry production, these improvements are of
considerable practical and economic importance55,56.

While the findings of this study are encouraging, several
limitations  should  be  acknowledged.  First,  the   absence   of
physiological and biochemical biomarkers precluded a direct 
assessment  of the birds' responses to heat stress. Second, only
a single dietary inclusion level (2%) of M. oleifera leaf meal and
P.    biglobosa    pulp    meal   was   evaluated,   preventing   the
determination    of    optimal    supplementation     levels     and
potential dose-response relationships. Finally, the relatively 
short  experimental  period  may  not  have  been  sufficient  to 
fully     evaluate    the    long-term    effects    of    these    dietary
interventions on laying performance, egg quality traits and the
economic efficiency of egg production.

CONCLUSION

In  tropical  regions,   where   laying   hens   are   frequently
exposed  to  severe  heat  stress,  particularly   during   the   hot
season    from    May    to    June,    as    indicated    by    elevated
temperature humidity index values, dietary supplementation
with Moringa oleifera  leaf meal or Parkia biglobosa  pulp meal
at a 2% inclusion level improved both productive performance
and the economic efficiency of feed utilization. Compared
with the control diet, both dietary supplements increased feed
intake  and  enhanced  overall  laying  performance.   However,
M. oleifera leaf meal consistently produced superior responses,
including  higher  laying  rate,  greater  egg   weight   and   egg
volume    and    more   intense   yolk   pigmentation.   However,
supplementation  with  P.  biglobosa   pulp  meal  provided the
greatest  economic  benefit,  resulting  in  the lowest feed cost

per  egg  and  per  kilogram  of  eggs  produced.  Overall, these
findings  demonstrate  the  potential  of  locally  available plant
resources  as  sustainable  feed   additives   for   improving   the
resilience  and  productivity  of  laying  hens under hot climatic
conditions.  In  particular,  M.  oleifera   leaf   meal   appears   to
represent  a  more  effective  nutritional strategy for enhancing
laying    performance    and   egg   quality   under   heat   stress.
Nevertheless, further research is warranted to determine the
optimal dietary inclusion levels of these feed resources and to
evaluate  their  long-term  effects  on  laying performance, egg
quality    and    the    economic    sustainability    of   table   eggs
production.

REFERENCES

1. Coulibaly,   K.,   F.   Sankara,   S.   Pousga,   P.J.   Nacoulma   and
H.B. Nacro, 2019. Pratiques avicoles et gestion de la fertilité
des sols dans les exploitations agricoles de l’Ouest du Burkina
Faso. J. Appl. Biosci., 127: 12770-12784.

2. FAO, 2023. The State of Food and Agriculture 2023: Revealing
the true cost of food to transform agrifood systems. Food and
Agriculture Organization of the United Nations. Rome.
https://www.fao.org/publications/fao-flagship-publications
/the-state-of-food-and-agriculture/2023?utm_source=chat
gpt.com/en

3. Moore, E.V., E. Wood, H. Stark, A.W. N'Diaye and S.L. McKune,
2023. Sustainability and scalability of egg consumption in
Burkina Faso for infant and young child feeding. Front. Nutr.,
Vol. 9. 10.3389/fnut.2022.1096256

4. OECD and FAO, 2023. OECD-FAO agricultural outlook 2023-
2032. OECD Publishing, Paris, France, ISBN: 9789264619333,
9789264688308, 9789264458543. Pages:359.

5. Saeed,    M.,    G.    Abbas,    M.     Alagawany,     A.A.     Kamboh,
M.E.A.  El-Hack,  et  al.,  2019.  Heat  stress  management  in
poultry  farms:  A  comprehensive  overview.  J.   Therm.   Biol.,
84: 414-425.

6. Wasti, S., N. Sah and B. Mishra, 2020. Impact of heat stress on
poultry health and performances and potential mitigation
strategies. Animals, Vol. 10. 10.3390/ani10081266

7. Bekele, G., 2021. Review on the effect of heat stress on poultry
production  and  productivities.  Food  Sci.  Nutr.  Technol.,
Vol. 6. 10.23880/fsnt16000260

8. Leeson,  S.  and  J.D.  Summers,  2009.  Commercial  poultry
nutrition. 3rd ed., Nottingham University Press, Thrumpton,
Nottingham,     UK,     ISBN:     190476178X,     9781904761785.
Pages: 416.

9. Pousga,   S.,   H.   Boly,   J.E.   Lindberg   and   B.   Ogle,   2005.
Scavenging pullets in Burkina Faso: Effect of season, location
and breed on feed and nutrient intake. Trop. Anim. Health
Prod., 37: 623-634.

178



int. J. poult. Sci., 2026, 25: 170-180 Salimata Pousga et al.

10. Pousga, S., H. Boly, J.E. Lindberg and B. Ogle, 2006. Effect of
supplementation on the feed intake and performance of
confined and scavenging crossbred growing chickens in
Burkina Faso. Trop. Anim. Health Prod., 38: 323-331.

11. Djeneba, C., Y.K. Dembélé, O.B. Touré and A.A. Iknane, 2023.
Caractérisation et composition biochimique et nutritionnelle
du Moringa oleifera récolté dans le district de Bamako, Mali
en 2020. Mali Santé Publique, 12: 5-13.

12. Akib, M.G., A. Rifat, C. Bormon, A. Dutta, M.S. Ataher, et al.,
2024. Effects of Moringa oleifera leaf powder on the growth
performance, meat quality, blood parameters and cecal
bacteria of broilers. Vet. Sci., Vol. 11. 10.3390/vetsci11080374

13. Touré, O., O.I.K.  Cissé,  M.  Faye,  P.G.  Faye,  N.C.  Ayessou  and
M. Cissé, 2024. Nutritional potential of Parkia biglobosa fruits
pulp harvested in Senegal. Food Nutr. Sci., 15: 1288-1298.

14. Peñalver,  R.,  L.  Martínez-Zamora,  J.M.  Lorenzo,  G.  Ros   and
G. Nieto, 2022. Nutritional and antioxidant properties of
Moringa oleifera leaves in functional foods. Foods, Vol. 11.
10.3390/foods11081107

15. Zoungrana, S.S., S. Ganaba, P. Ouoba and R.N. Tiendrebeogo,
2021.  Diversité  végétale  et   effet   sur   la   température   des
infrastructures vertes urbaines de Bobo-Dioulasso (Burkina
Faso). Sci. technique, Sci. s Nat. lles Appl., 40: 10-22.

16. ANAM-BF,, 2024. Etat du climat de l'année 2024. Agence
Nationale de la Météorologie du Burkina Faso. Burkina Faso.
https://meteoburkina.bf/produits/etat-annuel-du-climat/etat-
du-climat-de-lann%C3%A9e-2024

17. JMA,   2025.   ClimatView:    Monthly     Climate    Data,    Bobo-
Dioulasso, Burkina Faso. Tokyo Climate Center, Climate
Prediction Division, Tokyo, Japan. https://www.data.jma.go.
jp/tcc/tcc/products/climate/climatview/graph_mkhtml.ph
p?d=0&e=0&k=0&m=6&n=65510&r=0&s=1&y=2025

18. Gaston,     G.O.     and     K.K.    Parfait,    2017.    Évaluation    des
performances zootechniques des pondeuses “Isa Brown” en
élevage semi-liberté à la ferme traditionnelle de Tiama (Côte
D’ivoire). Eur. J. Social Sci., 55: 403-414.

19. Fisher, R.A, 1937. The Design of Experiments. 2nd ed., Oliver
and Boyd, Edinburgh and London, Pages:260.

20. Gomez, K.A. and A.A. Gomez, 1984. Statistical procedures for
agricultural   research.   2nd   ed.,   John   Wiley   &  Sons/Wiley,
New     York,     USA,     ISBN:     0471870927,    9780471870920.
Pages: 680.

21. Zachary, J.F. and M.D. McGavin, 2012. Pathologic basis of
veterinary disease. 5th ed., Elsevier Mosby, St. Louis, Missouri,
USA, ISBN: 978-0-323-07533-6, 0-323-07533-9. Pages:1322.

22. Stohs, S.J. and M.J. Hartman, 2015. Review of the safety and
efficacy of Moringa oleifera. Phytother. Res., 29: 796-804.

23. Parkouda,    C.,    M.    Dufrechou,    B.    Vinceti,    D.L.   Meurlay,
V.L.     Verdier     and     P.     Picouet,     2021.    Caractéristiques
physicochimiques et potentiel nutritionnel des pulpes de
fruits des écotypes de Parkia biglobosa du Burkina Faso. Sci.
Nat. Appl., 40: 166-176.

24. Thomson, E. and J. Nolan, 2001. UNEForm: A powerful feed
formulation spreadsheet suitable for teaching or on-farm
formulation. Anim. Feed Sci. Technol., 91: 233-240.

25. Hendrix Genetics, 1925. Nutrition. Laying hen nutrition, diet
formulation and feeding strategies. Hendrix Genetics Laying
Hens, Technical Support.
https://layinghens.hendrix-genetics.com/en/technical-
support/nutrition/

26. CPAVI, 2022. Manuel du Technicien en Aviculture Moderne.
Technical manual / poultry production guide. French. pages:
49. https://www.scribd.com/document/807202592/Manuel-
du-Technicien-Aviculture-Moderne-CPAVI-2022-VF

27. Leeson,   S.   and   J.D.   Summers,   1991.   Commercial  poultry
nutrition. 1st ed., University Books, Guelph, Ontario, Canada,
ISBN: 0969560052, 9780969560050. Pages: 398.

28. National  Research  Council,  1971.  A  Guide to Environmental
Research    on    Animals.    National    Academy    of    Sciences,
Washington      DC,      United      States,     ISBN:     0309018692,
9780309018692. Pages: 374.

29. Effiong,     O.O.,    N.J.    Paul    and    A.    Halilu,    2024.    Laying
performance and egg characteristics of Isa brown pullets fed
diets containing Mucuna urens (horse eye bean) meal as an
alternative protein source. Niger. J. Anim. Sci., 26: 120-128.

30. Narushin, V.G., M.N. Romanov, G. Lu, J. Cugley and D.K. Griffin,
2020. Digital imaging assisted geometry of chicken eggs
using Hügelschäffer's model. Biosyst. Eng., 197: 45-55.

31. Abdel-Wareth, A.A.A. and J. Lohakare, 2021. Moringa oleifera
leaves as eco-friendly feed additive in diets of hy-line brown
hens during the late laying period. Animals, Vol. 11.
10.3390/ani11041116

32. Oluwagbenga, E.M. and G.S. Fraley, 2023. Heat stress and
poultry production: A comprehensive review. Poult. Sci., Vol.
102. 10.1016/j.psj.2023.103141

33. Dao, N.D., S. Pousga, T. Kiendrebeogo, I. Traore, I.N. Dabire
and   G.A.   Ouedraogo,    2025.    Incidences    techniques    et
financières relatives à la période chaude en élevage de poules
pondeuses à bobo-dioulasso au burkina faso.. J. Anim. Plant
Sci., 64: 12077-12096.

34. Zulovich,   J.M.   and   J.A.   DeShazer,   1986.   Estimating    egg
production declines at high environmental temperatures and
humidities. American Society of Agricultural Engineers, St.
Joseph, Michigan, USA, pp: 1-15.

35. Kim, H.-R.,  C.  Ryu,  S.-D.  Lee,  J.-H.  Cho  and  H.  Kang,  2024.
Effects of heat stress on the laying performance, egg quality
and physiological response of laying hens. Animals, Vol. 14.
10.3390/ani14071076

36. Djouhou, M.C.F., 2020. Inclusion of moringa oleifera leaf
powder  in  broiler  chicken  feed  and  its  effect  on  growth
performance,     biochemical     profile      and      metabolism
stimulation:  Case  study  of  the  synthesis  of  some  sulphur
compounds. Biomed. J. Sci. Technical Res., Vol. 28.
10.26717/bjstr.2020.28.004693

179



int. J. poult. Sci., 2026, 25: 170-180 Salimata Pousga et al.

37. El-Hack, M.E.A., A.H. Alqhtani, A.A. Swelum, M.T. El-Saadony,
H.M. Salem, et al., 2022. Pharmacological, nutritional and
antimicrobial uses of Moringa oleifera Lam. leaves in poultry
nutrition:   An   updated  knowledge.   Poult.   Sci.,  Vol.  101.
10.1016/j.psj.2022.102031

38. Junior,      R.V.D.S.,      C.B.-V.      Rabello,      M.D.C.M.M.     Ludke,
C.D.C. Lopes, W.R.L.D.M. Ventura, et al., 2024. Performance
and quality of eggs of laying hens fed with Moringa oleifera
leaf flour. PLoS ONE., Vol. 19. 10.1371/journal.pone.0314905

39. Melesse, A., Y. Getye, K. Berihun and S. Banerjee, 2013. Effect
of feeding  graded  levels  of  Moringa  stenopetala  leaf  meal
on growth performance, carcass traits and some serum
biochemical   parameters   of   Koekoek   chickens.   Livest. Sci.,
157: 498-505.

40. Siti,    N.W.,   I.G.N.G.   Bidura,   S.N.   Mayuni,   I.M.   Suasta   and
I.A.P.  Utami,  2019.  Effect  of  Moringa  oleifera  leaf  powder
in   diets   on   feed   digestibility   and   external   egg   quality
characteristics   in   laying   hens.   Int.   J.   Fauna   Biol.   Stud.,
6: 113-118.

41. Kenneth-Obosi, O., A.O. Oduntan and O.S. Babalola, 2023.
Utilisation of locust bean (Parkia biglobosa) pulp as a natural
egg    quality    enhancer   in   laying   hens.   Agricultura   Trop.
Subtropica, 56: 58-64.

42. Vaghamashi, D.G., D.D. Garg, G.P. Sabapara, H.H. Savasani,
M.R. Chavda, et al., 2024. Effects of incorporation of Moringa
oleifera leaf meal on production performance of rhode island
red laying hens. Indian J. Anim. Nutr., 41: 361-369.

43. Egbu, C.F., A. Mulaudzi, L.E. Motsei and C.M. Mnisi, 2024.
Moringa oleifera products as nutraceuticals for sustainable
poultry production. Agric. Food Secur., Vol. 13.
10.1186/s40066-024-00508-x

44. Bélem, H., R.N.-T. Meda, B.K. Koama, W. Kagambéga, S.N. Da,
et al., 2023. Parkia biglobosa (Jacq.) R. Br. Ex G. Don fruit pulp
supplementation in the diet of local chickens in Burkina Faso:
Effects on growth performance and carcass characteristics.
Food Nutr. Sci., 14: 1119-1132.

45. Busani,  M.,  J.M.  Patrick,  H.  Arnold  and  M.  Voster,  2011.
Nutritional characterization of moringa (Moringa oleifera
Lam.) leaves. Afr. J. Biotechnol., 10: 12925-12933.

46. Jacob, M., A.J. Amuda and I.J. Umaru, 2024. Antinutritional
factors of seed, seed hull and pod, of African locust bean
(Parkia   biglobosa).   Afr.   Multidiscip.   J.   Sci.   Artif.   Intell.,
1: 858-866.

47. Macelline,   S.P.,   M.   Toghyani,   P.V.   Chrystal,  P.H.  Selle  and
S.Y. Liu, 2021. Amino acid requirements for laying hens: A
comprehensive review. Poult. Sci., Vol. 100.
10.1016/j.psj.2021.101036

48. Oliveira, J.D.P.D., A.P. Félix and M.M.D. Vale, 2026. Ingestive
behaviour of laying hens in response to dietary energy,
digestible amino acids, protein and minerals: A systematic
review and meta-analysis. World's Poult. Sci. J., 82: 895-913.

49. Elnesr, S.S., B.Y. Mahmoud, P.G.D.S. Pires, P. Moraes, H.A.M.
Elwan, et  al.,  2024.  Trace  minerals  in  laying  hen  diets  and
their  effects  on   egg   quality.   Biol.   TrAc.   e   Element   Res.,
202: 5664-5679.

50. Kashyap, P., S. Kumar, C.S. Riar, N. Jindal, P. Baniwal, et al.,
2022.   Recent   advances   in   drumstick   (Moringa   oleifera)
leaves bioactive compounds: Composition, health benefits,
bioaccessibility and dietary applications. Antioxidants, Vol. 11.
10.3390/antiox11020402

51. Madkour, M., S.I. Ali, M. Alagawany, M.S. El-Kholy, F.K. El-Baz,
et al., 2025. Dietary Dunaliella salina microalgae enriches eggs
with  carotenoids  and  long-chain  omega-3  fatty  acids,
enhancing    the    antioxidant    and    immune   responses   in
heat-stressed   laying   hens.   Front.   In   Vet.   Sci.,   Vol.   12.
10.3389/fvets.2025.1545433

52. Lara, L. and M. Rostagno, 2013. Impact of heat stress on
poultry production. Animals, 3: 356-369.

53. Farag, M.R. and M. Alagawany, 2018. Physiological alterations
of poultry to the high environmental temperature. J. Therm.
Biol., 76: 101-106.

54. Gakuya, D.W., P.N. Mbugua, B. Kavoi and S.G. Kiama, 2014.
Effect of supplementation of Moringa oleifera leaf meal in
broiler chicken feed. Int. J. Poult. Sci., 13: 208-213.

55. Barry, D., T. Kiendrebeogo, M. Sere, A. Combari, Y.M. Logténé
and C.Y. Kaboré-Zoungrana, 2019. Effects of mango wastes-
based diets on the growing parameters of laying hens and
biometric parameters of the eggs. Open Access Lib. J., Vol. 6.
10.4236/oalib.1105868

56. Chibanda, C., P. Thobe, M.I. Almadani, P.V. Horne, C. Deblitz
and C. Wieck, 2025. Improving broiler farm competitiveness
in Ghana and Senegal: Insights from comparative analysis
with   Germany   and   the   Netherlands.   Agric.   Food  Secur.,
Vol. 13. 10.1186/s40066-024-00519-8

Mention of trade name(s) or commercial product(s) in this publication is solely for the purpose of providing specific information and does not imply recommendation
or endorsement by the International Journal of Poultry Science or its publisher.

180


