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Abstract

This study evaluated the impact of feeding Lactiplantibacillus plantarum RS5 probiotic and its products on gut
health and immune status in laying hens under heat stress. A total of 192 Isa White pullets were randomly assigned
to individual cages in four environmentally controlled chambers. During the adaptation period from 1 to 21 d, all
birds received the same basal diet. On d 22, the birds were divided into six treatment groups, with half in two rooms
subjected to cyclic daily heat stress reaching about 30 °C and the other half allocated to two houses under regular
temperature conditions. The layers were fed one of three diets: (1) Control, (2) Control + L. plantarum RS5 probi-
otic, or (3) Control + L. plantarum RS5 postbiotic. The feeding trial lasted for five months. The study found that
heat stress negatively impacted the birds’ blood profile, with significant decreases in red blood cells, haemoglobin,
haematocrit, mean corpuscular volume, platelets, mean platelet volume and plateletcrit compared to the control
groups at two and five months of the trial (P<0.05). The intestinal lesions caused by heat stress showed numeric
improvements with probiotic/postbiotic supplementation, including mucosal cell degeneration and the number of
villi (P>0.05). Dietary probiotics numerically increased the humoral immune response to Newcastle Disease vaccine
at 2 and 4 weeks post-vaccination (P>0.05), compared to the control group. In conclusion, the study showed that
dietary L. plantarum probiotics and postbiotics may alleviate the impact of heat stress in the poultry industry. The
findings highlighted the potential for evaluating various dietary probiotics and postbiotics in new heat stress models
for layers.
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1 Introduction strategies, including behavioural, hormonal, physiologi-

cal and biochemical adjustments, to maintain homeo-

The primary objective of the global poultry industry is
to ensure a consistent supply of eggs and meat to con-
sumers. However, the increasing environmental tem-
perature worldwide poses a significant threat to the
poultry industry in many countries (Ahmad et al., 2022).
When birds experience heat stress, they employ various

stasis (Bueno et al, 2017). The intestinal tract, being
highly responsive, undergoes changes during heat stress.
The effective functioning of the intestinal tract is cru-
cial for poultry production, impacting overall health and
performance of the birds (Rostagno, 2020).
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Numerous studies have explored how heat stress
affects the immune responses of chickens, yielding vari-
able results (Mashaly et al., 2004). Heat stress can reduce
antibody production in young chickens (Zulkifli et al.,
2000). To combat such negative impacts on poultry
gut health and immunity, incorporating feed additives
such as antibiotics into the diet at sub-therapeutic levels
has become a common practice. These antibiotics alter
the intestinal flora in chickens and enhance immune
response, improving their ability to control diseases
(Danladi et al,, 2022). When used as growth promoters
in layer feeds, antibiotics can alleviate some effects of
heat stress and enhance overall performance (Loh et al.,
2014). However, the unregulated use of antibiotics has
led to the development of antibiotic-resistant bacteria
and can increase residues in animal products, posing
significant risks to both animal and consumer health
(Danladi et al,, 2022). Thus, there is a compelling need
for safer alternatives that can provide similar benefits
to animal production, with probiotics and post-biotic
metabolites emerging as promising substitutes.

Probiotics are live microorganisms that colonise the
gastrointestinal tract, enhancing the natural micro-
bial environment and inhibiting harmful pathogens
(Loh, 2017). They exert positive effects through various
mechanisms, including immunomodulation, the inhibi-
tion of bacterial toxins and competition with pathogens
for adhesion to the intestinal epithelium and nutrients.
Probiotics can promote gut maturation and integrity,
regulate the immune system, prevent inflammation
and improve growth and metabolism (Hu, 2024; Naeem
and Bourassa, 2025). Although recent developments
have produced stable probiotics (Terpou et al, 2019),
the use of certain types carries concerns, particularly
their potential to harbour antibiotic-resistant genes,
which could transfer between organisms and dimin-
ish long-term usage (Imperial and Ibana, 2016; Liu
etal., 2024).

In contrast, post-biotics consist of non-living micro-
bial metabolites and components derived from probiot-
ics. Because they do not contain live microorganisms,
postbiotics eliminate the risks associated with poten-
tial infection, such as bacteraemia or fungemia, mak-
ing them safer for use in animal production (Yelin
et al., 2019). Postbiotics boast several advantages, such
as diverse molecular structures, extended shelf life and
well-defined safety profiles (Shigwedha et al, 2014).
Post-biotics have demonstrated significant antioxidant
properties, attributed to high levels of various anti-
oxidant enzymes such as superoxide dismutase and
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peroxidases. These metabolites enhance the health of
intestinal villi, boost lactic acid production and lower
the levels of Enterobacteria spp.. These effects contrib-
ute to improved immune responses and overall gut
health, as well as enhanced growth performance (Saeed
etal., 2023).

While both probiotics and postbiotics promote gut
health, enhance nutrient utilisation and support animal
growth, postbiotics do this without the need forlive cells.
This results in a more stable and safe option for farm-
ers and animal producers. Research has indicated that
post-biotics produced from various Lactiplantibacillus
plantarum cultivars display broad antagonistic actions
against various pathogens and have shown effectiveness
in improving growth metrics, meat quality and the abil-
ity to withstand heat stress in broilers, laying hens and
pigs (Shenderov, 2013; Danladi et al., 2022).

Furthermore, substances like lactic acid and bacte-
riocins from lactic acid bacteria, found in postbiotics,
exhibit antimicrobial properties and are increasingly
being viewed as effective alternatives to traditional anti-
biotics (Zhong et al., 2022). Studies have shown that
post-biotics derived from L. plantarum can inhibit a
range of pathogenic bacteria, including Listeria mono-
cytogenes, Salmonella typhimurium, Escherichia coli and
vancomycin-resistant Enterococci spp. (Kareem et al.,
2014). Notably, post-biotics have strong efficacy, espe-
cially under heat stress conditions, which suggests that
they can provide benefits similar to those offered by
probiotics, without the associated risks (Loh et al., 2014).
Overall, the exploration of post-biotics illustrates a step
forward in ensuring the health of poultry while address-
ing the problems relating to antibiotic use in animal
production.

This study assessed the impact of dietary L. planta-
rum RS5 probiotic and post-biotic preparations on gut
health and immunity parameters of laying hens, partic-
ularly under heat stress conditions.

2 Materials and methods

Ethical statement

All experimental procedures used in this study were
approved by the Institutional Animal Care and Use
Committee (IACUC) at the American University of
Beirut (Approval letter # 20-10-583) and adhered to
ARRIVE guidelines (Percie du Sert et al, 2020). This
work complemented another study that has already
been published (Farran et al., 2024). Consequently, both
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publications have the same approval letter number
from IACUC.

Lactiplantibacillus plantarum strain

The L. plantarum strain RS5 (NCIMB 701088) was
obtained from the NCIMB laboratory in the United
Kingdom and was originally isolated from cheese. To cul-
tivate the bacteria, it was suspended in a nutrient-rich De
Man, Rogosa and Sharpe (MRS) broth and then kept at a
temperature of 37 °C for 48 h. To confirm the presence
of the bacteria, Gram staining was applied. This revealed
the presence of Gram-positive, non-spore-forming
rod-shaped cells when examined under a microscope.
The bacterial suspension was then transferred to MRS
agar growth medium and allowed to grow for 48 h at the
same temperature (37 °C).

From the resulting colonies, white, circular forms
were randomly selected. Some of these were further iso-
lated by streaking on MRS agar to ensure pure cultures,
while others were subjected to Gram staining for con-
firmation. Subsequently, these colonies were suspended
in a sterile 0.85% saline solution. The optical density of
this bacterial suspension was adjusted to 3% at a wave-
length of 450 nm. After a series of dilutions, culturing on
MRS agar and counting the colonies, it was determined
that this initial solution contained 10'> colony-forming
units (cfu/ml). The original bacterial cultures were pre-
served for future use at a temperature of -80 °C in MRS
broth.

Preparation of post-biotics from Lactiplantibacillus
plantarum strains

Cultures of L. plantarum were prepared by introduc-
ing 10% (by volume) of active bacterial cells with a
concentration of 10° cfu/ml into MRS media. These
cultures were incubated at a temperature of 30 °C for
10 h. Following the incubation, the mixture underwent
centrifugation at 10,000xg and 4 °C for 15 min using
an Eppendorf 5810 centrifuge (Eppendorf, Hamburg,
Germany).

The resulting cell-free supernatant (CFS) was col-
lected by filtering it through a cellulose acetate mem-
brane with a pore size of 0.22 microns, as described by
Loh et al. (2014). The CFS was preserved at a tempera-
ture of -20 °C until it was needed for the feeding trial.
During the trial, the liquid post-biotics were combined
with the animal feed using a horizontal feed mixer and
a three-way mixing technique, whereby 300 ml of the
CFS solution in MRS broth was added per 100 kg of feed.
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Preparation of probiotics from Lactiplantibacillus
plantarum strains

Bacterial growth was promoted using MRS agar. The
overnight culture of the isolates was introduced and
allowed to incubate for a period ranging from 24 to 48
h. Following this incubation, bacterial colonies were
collected and re-suspended in a solution of phosphate-
buffered saline (PBS) at pH 7.4. The bacterial count
was fine-tuned to a concentration of 3.1° cfu/ml with
spectrophotometry.

Subsequently, the bacterial suspension was blended
with the basal diet at a concentration of 200 ml of the
RS5 solution in MRS broth for every 100 kg of feed. This
mixing process was achieved by employing a three-way
mixing technique within a horizontal mixer. Blending
the bacterial suspension with the basal diet was per-
formed once every week to avoid any significant loss
of L. plantarum viability upon storage or feeding under
heat stress conditions (Trisnawita et al., 2018).

Bird housing and treatments

The study took place at the American University of
Beirut’s research facilities (AREC) in the Beqaa region,
utilising four identical environmentally controlled poul-
try houses. The experiment ran over six months, com-
prising a 21 d adaptation period followed by five months
of the experimental phase. The initial live body weight
was recorded for all birds at the end of the adaptation
phase to allocate birds into different treatment homo-
geneously. Specifically, 192 twenty-week-old pullets
of the Isa white strain were evenly distributed into six
groups of 32 birds, each housed individually. Within
each group, birds were further divided between two
areas, accommodating 16 birds in each. The first two
areas maintained regular temperature conditions, vary-
ing from 20 °C during the night to 26 °C during the day.
The other two areas were exposed the birds to cyclic
heat stress, reaching approximately 30 °C for 4 h con-
secutively on a daily basis (Humam et al.,, 2019; Farran
et al., 2024). Temperature levels were monitored daily
at 10:00 am, 1:00 pm and 4:00 pm, as well as weekly at
4:00 am. Additionally, birds in each house were allo-
cated into one of three diet groups; a control basal
diet, control with probiotic supplementation and con-
trol with postbiotic supplementation. Throughout the
experiment, birds had free access to water and feed, pro-
vided in accordance with the recommendations from a
husbandry manual (Institut de Sélection Animale BV,
Boxmeer, the Netherlands). The experimental design,
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TABLE 1 Control and experimental diets and heat exposure for laying hens.

Treatment Temperature Diet Cages Replication
1 Regular Control 32 32 birds

2 Regular Probiotic 32 32 birds

3 Regular Postbiotic 32 32 birds

4 Cyclic heat stress Control 32 32 birds

5 Cyclic heat stress Probiotic 32 32 birds

6 Cyclic heat stress Postbiotic 32 32 birds

detailed in Table 1, encompassed six distinct treatments
for the birds.

Macroscopic lesions and pathology scoring of

the intestine

Four birds from each treatment were sacrificed at two
and five months after heat stress initiation to evaluate
macroscopic lesions and pathology scores of various
parts of the intestines. Lesions included the presence
of the following: thin/ thick intestinal wall, intestinal
haemorrhage, watery intestinal content and undigested
feed. Intestinal scores were recorded from O to 3 whereas
a score of 3 indicated pronounced macroscopic lesions
and a score of 0 had no lesions.

Histopathology

From the mid-portion of the jejunum, 5 cm was excised
from four sacrificed birds per treatment at the end of
the experiment to evaluate intestinal health using hae-
moxylin and eosin (H&E) staining (Shaib et al,, 2004).
Phosphate-buffered saline was used to wash the samples
before storing the tissues in 10% formalin. Dehydration
of the sample, embedding and cutting three 5 pm-thick
sections was carried out to position them on glass slides,
which were then heated until dry. The sections were
stained using H&E and examined under the microscope
to determine the number of villi and mucosal cells in
the intestinal lining. The percentage of fields show-
ing altered morphology of microvilli and mucosal cells
degeneration was recorded.

Blood collection and seroconversion studies

Studying complete blood count (CBC) at various months
after the experiment began was needed for monitoring
health status, evaluating nutritional needs, assessing
immune function and understanding environmental
stress impacts. Therefore, blood samples were collected
from eight laying hens from each treatment at two, four

and five months post initiation of heat stress to test
CBC. The haematological tests measured white blood
cells (WBC, 109/1), red blood cells (RBC, 106/mms3), hae-
moglobin (HGB, mg/dl), haematocrit (HCT%), mean
corpuscular volume (MCV, fl), mean corpuscular hae-
moglobin (MCH, pg), mean corpuscular haemoglobin
concentration (MCHC, %), red cell distribution width
(RDW, %), platelets (PLT, 103/ml), mean platelet volume
(MPV, 1), plateletcrit (PCT, ng/ml) and platelet distribu-
tion width (PDW%).

On the other hand, blood samples were collected
from eight laying hens from each treatment two and
four weeks post vaccination with live NDV to evaluate
humoral immunity. It was important to collect serum
samples at this specific timeframe, as it was expected
to show a significant immune response resulting from
vaccination. Blood was centrifuged at 2,000 rpm for
10 mins and sera were collected in 1.5 ml microcentri-
fuge tubes, followed by storage at -80 °C for subsequent
assessments. These included the determination of NDV
hemagglutination inhibition (HI) titres and subsequent
western immunoblotting to assess immunity at protec-
tive levels against the fusion protein.

Haemagglutination-inhibition test

The HI test for antibody titres against Newcastle dis-
ease virus (NDV) was performed using the OIE/FAO
2020 protocol (OIE/FAO, 2020). In brief, sera were seri-
ally diluted half in V-shaped wells and each well of the
HI plates received 4 HAU of NDV virus or antigen. The
plate was incubated at room temperature for 45 min and
was later supplemented with 0.050 ml of 0.5% chicken
red blood cells and incubated for an additional 30 min.
Positive and negative sera samples were used.

SDS PAGE western immunoblotting:

The SDS-PAGE was followed by western immunob-
lotting and were applied on the sera from all birds to
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quantify the mean specific immune responses in the
sera. This was collected onto trans-blotted fusion pro-
tein carried from the SDS resolving gel to the cellulose
membrane of the western blotting. An amount of 100
ug of NDV virus were mixed with 16 pl of Laemmli buf-
fer and 1 ul B-mercaptoethanol (Bio-Rad, Hercules, CA,
USA). Each sample was then subjected to 95 °C for 5 min
and loaded onto 10-well polyacrylamide gels (Bio-Rad).
Gel electrophoresis was performed at 300 V for 20 min
and the banded peptides were transferred directly onto
nitrocellulose membranes (NCM; Bio-Rad). The NCM
were blocked with 5% gelatin in tris-buffered saline
(TBS) for 2 h and then washed two times for 5 min with
tween 20-TBS (TTBS). The NCM were incubated with
primary antibodies specific for the protein of interest
for 1h in 1% gelatin in TTBS. Finally, after washing with
TTBS (twice for 5 min each), NCM were incubated with
secondary antibodies conjugated to horseradish peroxi-
dase in 1% gelatin in TTBS for 1 h. The detection of bands
was performed using DAB reagents (Bio-Rad) and the
intensity of the banded proteins was evaluated (Image
Lab software, Bio-Rad).

Statistical design and analysis:
The experiment was conducted as a randomised block
design with a 2 x 3 factorial design, resulting in a total of

six treatments, with each treatment having 32 birds per
replicate. Data analysis was carried out using multivari-
ate methods, two-way ANOVA and mean comparisons
were conducted at a 95% confidence level, where signif-
icance was attained at P<0.05. Frequencies of intestinal
gross lesions were statistically compared using one-way
ANOVA at 95% confidence level, where significance was
attained at P<0.05. Statistical analysis was performed
using SPSS software (version 25, IBM, Armonk, NY, USA).

3 Results and discussion

Complete blood count
Levels of the CBC parameters are shown in Tables 2, 3
and 4. The normal ranges of the haematological param-
eters in chickens are RBC 2.5-3.5 x108/ul, Hb 7-13 g/dl
and WBC 12-30 x 103/pl. The MCV is used to calculate
the average erythrocyte size, MCH haemoglobin amount
per blood cell and the MCHC haemoglobin relative to
the size of the cell per red blood cell. These have nor-
mal ranges are MCV 90-140 fl, MCH 33-47 pg/cell and
MCHC 26-35 g/dl (Jain, 1993; Bounous and Stedman,
2000; Osadcha, 2023).

Results showed that exposure to heat significantly
decreased the concentration of RBC, HGB, HCT, MCYV,

TABLE 2 Mean blood count of layers for white blood cells, red blood cells, haemoglobin, haematocrit, mean corpuscular volume, mean
corpuscular haemoglobin, mean corpuscular haemoglobin concentration, red cell distribution width, platelets, mean platelet
volume, plateletcrit and platelet distribution width under different feed and temperature parameters at two months after heat
stress initiation.

Treatment  Complete blood count

WBC RBC HGB HCT% MCV{l MCH MCHC RDW PLT MPV{l PCT PDW
1091 108/mm?3 mg/dl pg % % 103/ml ng/ml %

Feed

Control 4.87 3.36 12.71 33.20 98.51 4132 4151 10.50 42.92 5.85 0.027 7.21

Probiotic 13.41 315 12.81 3098 97.84 40.62 4136 10.56 45.50 5.78 0.026 7.05

Postbiotic 839 318 13.09 32.03 9745 4122 41.32 10.68 44.00 5.84 0.027 7.52

Temperature

Control 91.87 3.472 14.312  34.402 98.9802 41.25 41.64 10.63 52.26@ 6.4 0.0323 7.32

Heat stress  91.23 2.96° 11.32> 29.36> 96.260° 40.77 41.09 10.53 35.82> 553> 0.020Y 7.11

Treatment

Temperature 0.988 0.050 <0.001 0.048 0.030 0.327 0.00 0.546 <0.001 <0.001 <0.001 0.461

Feed 0.240 0.800 0936 0.791 0.802 0444 0902 0.707 0.896 0.899 0.882 0.370

TxF 0.108 0.840 0.802 0.692 0.176 0.686 0.049 0.651 0.693 0.941 0.718 0.183

a-b Means within a column in each comparison group with no common superscripts differ significantly (P<0.05).
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TABLE 3 Mean blood count of layers for red blood cells, haemoglobin, haematocrit, mean corpuscular volume, mean corpuscular
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haemoglobin, mean corpuscular haemoglobin concentration, red cell distribution width, platelets, mean platelet volume,
plateletcrit and platelet distribution width in layers under different feed and temperature parameters at four months after heat
stress initiation.

Treatment Complete blood count
RBC HGB HCT% MCV{ MCH MCHC RDW PLT MPV  PCT PDW
106/mm3 mg/dl pg % % 103/ml ] ng/ml %
Feed
Control 3.64 13.88 35.03 96.51 44.75 46.35 10.67 47.80 5.86 0.029 7.3
Probiotic 3.05 13.49 28.66 94.04 44.08 46.86 10.60 47.13 5.86 0.029 75
Postbiotic 341 12.76 32.24 95.08 42.85 44.93 10.73 48.00 5.99 0.030 7.5
Temperature
Control 3.812 14.15 36.112 94.87 4347  45.86 10.77  48.21 588 0.029 7.182
Heat stress 2.87b 12.70  27.32> 9553 4430 46.33 10.70 47.00 593 0.028 7.75P
Treatments
Temperature 0.005 0.108 0.006 0.535 0444 0.615 0.750 0.767 0.576 0.584 0.038
Feed 0.364 0.621 0.277 0.152 0.374 0.221 0.438 0.983 0415 0.967 0.084
TxF 0.390 0.228 0.403 0.766 0.254 0.194 0.431 0.310 0.207 0.279 0.802
a-b Means within a column in each comparison group with no common superscripts differ significantly (P<0.05).
TABLE 4 Mean blood count of layers for white blood cells, red blood cells, haemoglobin, haematocrit, mean corpuscular volume, mean

corpuscular haemoglobin, mean corpuscular haemoglobin concentration, red cell distribution width, platelets, mean platelet
volume, plateletcrit and platelet distribution width in layers under different feed and temperature parameters at five months
after heat stress initiation.

Treatment = Complete blood count

WBC RBC HGB HCT MCV{l MCH MCHC RDW PLT MPV{l PCT PDW
1091 106/mm?3® mg/dl % pg % % 103/ml ng/ml %
Feed
Control 6.69 3.05 12.76 3112 10143 4210 4142 1045 49.57 6.01 0.030 7.33
Probiotic 13.23 3.03 12.28 29.89 9844 40.39 41.05 10.58 40.13 5,68 0.023 6.90
Postbiotic 7.54 317 1345 3226 9942 4112 4175 10.69 42.60 587 0160 7.51
Temperature
Control 9.31 3.422 14502 34.742 99.85 41.72 41.84* 10.6 52.92 6.102 0.0969 7.28
Heat stress 9.28 2.80P 11.34> 27.70> 99.02 40.62 41.00*> 10.6  36.0P 5.58> 0.0200 7.17
Treatments
Temperature 0.994 0.003 <0.001 <0.001 0.557 0.062 0.015 0.876 <0.001 <0.001 0.198 0.666
Feed 0.333 0.849 0.539 0.652 0172 0.062 0.250 0.610 0.207 0111 0129 0.137
TxF 0.417 0.524 0.563 0.507 0.729 0.923 0.258 0.981 0.160 0.872 0.587 0.571

a-b Means within a column in each comparison group with no common superscripts differ significantly (P<0.05).
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PLT, MPV and PCT compared to control groups at
two and five months after the initiation of heat stress.
Remarkably, heat stress significantly increased platelet
distribution width (PDW) four months after the initia-
tion of heat stress.

The decrease in RBC, ranging between 3.81x106/ul
and 2.8x10%/ul has been reported in another study which
showed an indirect relationship between heat stress and
the decrease in RBCs in heat-stressed quail (Mahmoud
et al., 2013). The recorded HCT values, ranging between
27.32% and 36.11%, varied with ambient rearing tem-
perature. According to Kubena et al. (1972) and Vo et al.
(1978), the exposure of chickens to high temperatures
causes a decrease in blood haematocrit values. Due to
the positive relation between RBC number and HGB
concentrations in blood, HGB showed a significant
decline (14.5 g/dl vs 11.34 g/dl for control and heat stress
birds, respectively).

Haemoglobin is only the protein constituent of red
blood cells where it serves as a carrier of oxygen for use
in various processes in cells. The current findings agreed
with Dinu et al. (2004), who reported that reduction in
the level of HGB and HCT values were the consequence
of the heat stress. Thermal stress reduced the HCT,
which may have been due to decreased production of
erythrocytes or both the decreased erythrocyte number
and size (Altan et al., 2000). The MCV indicates the size
of the red blood cells, which was negatively affected
with heat stress exposure. Other research showed that
the concentrations of blood HCT, RBC, MCV, MCH,
MCHC, RDW, HGB, PLT, PCT and MPV were lower in the
heat stress groups compared with the control group in
ducks (Byung-Sung et al., 2018). In the current study, the
same pattern was further reflected in the MCHC values
at two months whereby the results indicated that, while
the type of feed alone did not significantly influence
blood count, the interaction between feed type and tem-
perature conditions had a significant impact (P<0.05).
Feeding probiotics and post-biotics decreased blood
count under heat stress conditions.

The platelets profile was assessed as platelet count PLT,
mean platelet volume MPV, plateletcrit PCT and platelet
distribution width PDW. The results clearly showed that
heat stress significantly reduced platelet parameters all
over the experimental period except for PDW. Previous
research supported these results, whereby heat-stressed
ducks and other birds showed lower RBC and PLT and
lower blood gas concentration, except PO, (Park et al.,
2015). Although the platelet parameters were reduced
due to heat stress, PDW showed an opposite trend after
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four months of heat stress exposure. The PDW repre-
sents the heterogenicity in platelet morphology due to
the presence of large along with normal sized platelets.
However the literature is not consistently reporting simi-
lar results, whereby Abudabos et al. (2018) and Késeman
et al. (2021) reported a PDW reduction under heat stress
in layers and broilers.

Platelets are involved in clotting. When heat stress
conditions lead to a decrease in platelets, birds are
more prone to bruising, which affects the healing pro-
cess. This is highly correlated to enteric lesions, due to
increased risk of haemorrhage (Bueno et al, 2017). A
previous study confirmed a reduction in the number of
platelets in the blood of broiler chickens in response to
heat stress (Saif and Fadly, 2008).

Microscopic intestinal morphology

The number of villi and mucosal cells are important
indicators of gut function and animal health. The villi
are the key components responsible for the absorbance
of nutrients in the small intestine. Increasing the villi
number may result in higher nutrient absorption thereby
improving growth performance. The results (Table 5)
showed numerically high number of villi in the micro-
scopic field in intestinal lining of birds fed diet contain-
ing post-biotic supplementation, with 15.19 compared to
14.16 in the control group. Heat stress slightly affected
the density of the villi number, which had lower value
compared to sections from the control group (P>0.05).
The significant impact of the interaction between the
two factors (P<0.05) suggested that the presence of pro-
biotics under optimal temperature conditions may play
a crucial role in promoting intestinal health by increas-
ing the surface area for nutrient absorption, facilitated
by the proliferation of intestinal villi.

Microscopic fields showing altered morphology of
microvilli in the intestines were insignificantly the
highest in birds fed the control diet (50.79%) regard-
less of heat stress conditions (P>0.05). Probiotic and
post-biotic treatments led to a numerical reduction in
the areas showing microvilli alteration whereby only
38.9% and 45.4% of the microscopic fields observed
during this study showed areas of altered microvilli mor-
phology. These findings indicated that these feed addi-
tives can enhance the structural integrity of the mucosal
layer in the jejunum and may potentially mitigate the
effects of microvilli morphology alterations. Therefore,
these additives could help maintain microvilli function
that is essential for nutrient absorption (Abd El-Ghany
et al., 2022).
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TABLE 5 Number of villi, mucosal cells and altered microvilli morphology areas under microscopic fields and percentage of microscopic
fields showing no mucosal cells degeneration under different temperatures and feed parameters in layers during five months of
the experiment

Treatment Histopathology

Number of villi/ Number of mucosal % of microscopic fields % of microscopic fields
microscopic field  cells/microscopic showing Altered microvilli ~ showing mucosal cells
field morphology degeneration

Feed

Control 14.16 52.452 50.79 87.50

Probiotic 14.41 44.22b 38.89 71.29

Postbiotic 15.19 52.502 45.37 88.89

Temperature

Control 14.70 50.02 47.41 87.66

Heat stress 14.61 48.51 40.97 77.47

Treatments

Temperature 0.428 0.201 0.197 0.170

Feed 0.232 <0.001 0.475 0.070

TxF 0.010 0.019 0.548 0.412

a-b Means within a column in each comparison group with no common superscripts differ significantly (P<0.05).

The enhancement in morphological aspects of the
intestinal lining contributes to increased absorption,
likely arising from the competitive interactions between
lactic acid bacteria (LAB) and pathogenic microorgan-
isms, influencing resource utilisation and ecological
niches (Shojadoost et al., 2022). It is worth noting that
although the probiotic treatment significantly reduced
the number of mucosal cells, it limited the percentage
of degenerating mucosal cells (71.29 per microscopic
field) in comparison to the control (87.5) and postbi-
otic group (88.89), although this was not significant
(P>0.05). These results emphasised the positive role
of probiotics in supporting the mucosal layer integrity
and function and are in agreement with other studies
(Zhang et al., 2016; Gadde et al., 2017; Wang et al., 2018).
Zhang et al. (2016) demonstrated that specific probiotic
strains improved intestinal morphology, increased villus
height and enhanced the overall gut barrier function.
Similarly, Wang et al. (2018) reported that probiotics
promoted beneficial gut microbiota and stimulated the
immune response in poultry, leading to improved muco-
sal integrity and reduced incidence of gastrointestinal
diseases. Together, these studies highlight the poten-
tial of probiotics as a strategic intervention to bolster
mucosal health and improve the overall well-being of
poultry. Overall, the adopted model in the current study
was not stressful enough to induce significant changes

in microscopic lesions (Nanto-Hara et al., 2020; Ahmad
et al.,2022). This was reflected through the lack of signif-
icance between heat stressed and control birds regard-
ing the parameters.

Gross lesions

The least observed macroscopic lesions were the pres-
ence of thick intestinal wall and undigested feed in the
intestinal lumen (Table 6). Post-biotics exerted a posi-
tive impact in reducing major macroscopic lesions such
as thinning of the intestinal wall (intestinal tissue integ-
rity), hyperaemia (inflammation) and watery digesta
(against pathogens), specifically towards the end of the
experiment. These results were in agreement with other
literature emphasising the role of post-biotics and pro-
biotics in relieving heat stress impact. Abd El-Ghany
et al. (2022) illustrated the efficacy probiotics, postbi-
otics and antibiotics on the enteric lesions where the
histopathological effects were significantly improved for
the treated groups.

The intestinal lesion evaluation reflected a mild
impact of heat stress on intestinal health during the first
half of the experiment. Although there were no signifi-
cant differences in the second half of the experiment,
there was a trend for heat stress to increase score for
thin walls (75%), hyperaemia (100%) and watery digesta
(50%). Post-biotics reduced the frequency of birds with
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TABLE 6 Percentages of intestinal thin wall, thick wall, haemorrhage, watery content and undigested feed in layers under six different
treatments taken at the mid and the end of the five month experimental trial.
Intestinal Thin Thick Hyperaemia Watery Undigested Thin Thick Hyperaemia Watery Undigested
integrity wall  wall content feed wall  wall content feed
Scoring Mid End
percentage
Control/control 0% 0% 25% 75% 0% 75% 0% 75% 100% 0%
Probiotic/control 50% 0% 0% 50% 0% 75% 25% 50% 75% 0%
Post-biotic/control 75% 0% 0% 75% 0% 50% 0% 50% 75% 0%
Control/heat 50% 0% 25% 25% 0% 75% 0% 100% 50% 0%
stress
Probiotic/heat 75% 0% 25% 25% 0% 50% 0% 25% 50% 0%
stress
Post-biotic/heat 50% 0% 25% 75% 0% 25% 0% 50% 25% 0%
stress
Significance 0.306 - 0.791 0432 - 0.634 0.390 0.360 0319 -
TABLE 7  Average scoring of the duodenum, jejunum and ileum parts of the intestine under different feed and temperature parameters
in layers at the mid and end of the five month experimental period.

Treatment Intestinal scoring
Time Mid End

Duodenum jejunum ileum duodenum jejunum ileum
Feed
Control 0.125 0.125 0.125 0.750 1.000 0.750
Probiotic 0.125 0.000 0.000 0.375 0.375 0.250
Postbiotic 0.000 0.125 0.250 0.625 0.625 0.125
Temperature
Control 0.000 0.083 0.167 0.420 0.580 0.420
Heat stress 0.167 0.083 0.083 0.750 0.750 0.330
Treatments
Temperature 0.152 1.000 0.557 0.303 0.534 0.731
Feed 0.614 0.614 0.350 0.636 0.142 0.065
TxF 0.615 0.250 0.721 0.298 0.487 0.879

watery digesta to 25%; while probiotics lessened hyper-
aemia frequency to 25%. A recently published study
(Xu et al., 2020) observed that L. plantarum supplemen-
tation in layer diets enhanced mucosal integrity and
reduced intestinal inflammation.

Adding to this, the duodenum, jejunum and ileum
intestinal sections were scored for lesions in support for
the above results (Table 7). The jejunum was affected,
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mostly scoring 1 in the control group, whereas feeding
the probiotic enhanced integrity, reducing the score to
0.375. For the ileum, feeding post-biotics showed a posi-
tive impact, scoring 0.125 in comparison to the control
(0.75). Nevertheless, heat stress affected all the intesti-
nal parts negatively showing lower scoring compared
to the control. This emphasised the negative role of
heat stress on the integrity of the mucosal tissue of the
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intestine reflected in the reduction of mucosal cells and
the positive impact of pro- and post-biotics on decreas-
ing morphology alterations.

Previous studies have reported that alterations in the
intestinal epithelium integrity and microbiota, which
could disturb the homeostasis of the intestinal eco-
system and lead to enteritis, have been linked to heat
stressed birds (Burkholder et al., 2008; Awad et al., 2018).

Inflammation of the intestinal mucosa can directly
affect gut barrier function, impairing the absorption
of nutrients and slowing down the growth of birds. It
has been indicated that exposure to acute heat stress
causes a substantial impairment in the gut microbiota,
intestinal integrity and villus morphology (Burkholder
et al., 2008).

Haemagglutination inhibition titres against Newcastle
Disease virus

To determine the effect of probiotic and postbiotic
supplementation on humoral immunity of layers under
heat stress conditions, serum samples were tested using
haemagglutination inhibition (HI) method to depict
antibody production in response to live NDV vaccine.
The immune response results at two and four weeks
post vaccination against NDV vaccine are shown in
Table 8. No significant differences were observed for HI
titres against NDV vaccine across treatments. Although
the results were not significant at two and four weeks
post vaccination with NDV, the HI titre from the probi-
otic and postbiotic groups were numerically higher than
the control group. The results at week two post vaccina-
tion ranged between 192.59 and 312 titre and decreased
after four weeks post vaccination to range between 31.89
and 36.00. This decline of HI titre after four weeks post
vaccination agreed with previous trials, which reported
a maximal antibody titre obtained at two weeks post
vaccination (Saif and Fadly, 2008). The magnitude of
humoral response depended on the vaccine/infect-
ing strain, bird age and breed and the environmental
conditions.

The significant interaction between the type of
feed and the temperature conditions at two weeks
post NDV vaccination (P<0.05) clearly delineated the
positive impact of dietary L. plantarum probiotics on
the improvement of the humoral immune response
under heat stress conditions. The results obtained in
this study did not provide compelling evidence to sug-
gest that dietary postbiotics derived from L. planta-
rum had a significant impact on humoral immunity in
poultry. Humam et al. (2019) reported a slight efficacy
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in utilising L. plantarum RI11 post-biotics in compari-
son to RS5 metabolites, used in this study, to improve
IgG and IgM antibody levels in heat stressed broilers.
Nevertheless, previous studies reported that dietary
pro-and post-biotics alone were not able to induce a
significant humoral immunity improvement in heat
stressed birds (Rahimi et al., 2006; Humam et al., 2019).
Their impact was improved by the inclusion of other
dietary additives, such as inulin. This shows that the role
of dietary probiotics and post-biotics as immunopoten-
tiators of the humoral response is debatable.

Humoral immunity against NDV fusion

In Western blots, the signal-to-noise (S/N) ratio is deter-
mined by comparing the signal intensity to the noise in
the local background for each band present on the blot.
When a blot exhibited bands of relatively low intensity, a
higher S/N ratio indicated that these are more likely to be
discernible and, consequently, potentially measurable,
in contrast to a scenario with a low S/N ratio. The results
showed no significant difference in S/N ratio against
NDV-F protein between the control and treatment
groups at two and four weeks post vaccination (Table 8).
As for the value of the post-biotic group, this had higher
S/N (1.1) than the control group (1.08) two weeks post
vaccination, whereas the probiotic group showed
greater (1.17) S/N ratio compared to control group (1.07)
at four weeks after vaccination. The statistical analysis
of the quantitative seroconversions for antigen F (fusion
protein) from NDV, revealed complete failure of each
factor separately to enhance seroconversion to the pro-
tective F-protein from NDV in birds (P>0.05). However,
there was a significant impact of the interaction of the
two factors included in this study on the improvement
of the S/N ratio against the F protein whereby probiotics
clearly enhanced the specific immune response against
this specific viral protein at four weeks post vaccination
under heat stress conditions (P<0.05).

Positive HI titres against the haemagglutinin pro-
tein coupled with the low antibody titres against the
F protein question the protective efficacy of the vac-
cine against velogenic NDV strains. The importance of
obtaining a significant seroconversion to the F-protein
is due to its role in the pathogenesis of ND, in which it
assists the virus to be involved in cell fusion leading to
penetration of the host cell, a prerequisite for multipli-
cation (Saif and Fadly, 2008).

These results will allow future investigation and eval-
uation of specific NDV vaccines to provide protective
immune response against highly velogenic NDV strains
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TABLE 8 Haemagglutination inhibition titres and S/N ratios of western blotting of bird sera under different temperature and feed
parameters during five months of experimental period

Treatment Hemagglutination inhibition test and western blot
Time Week 2 post vaccination Week 4 post vaccination

HI S/N HI S/N
Feed
Control 204.89 1.08 31.89 1.07
Probiotic 312.00 1.08 36.00 117
Postbiotic 216.00 1.10 32.00 1.04
Temperature
Control 192.59 1.10 33.26 1.08
Heat stress 296.00 1.07 33.33 1.10
Treatments
Temperature 0.066 0.596 0.986 0.732
Feed 0.229 0.938 0.660 0.138
TxF 0.018 0.434 0.414 0.017

a-b Means within a column in each comparison group with no common superscripts differ significantly (P<0.05).

circulating locally. This evaluation should not be only
based on ELISA or HI tests, but should include WBC
analysis as well.

4 Conclusions

This research revealed that heat stress adversely affected
blood parameters, particularly RBC, HGB, HCT, MCV,
PLT, MPV and PCT in layers subjected to cyclic heat
stress. These parameters showed a significant (P<0.05)
decrease compared to the control groups after two and
five months of the trial.

Pro- and post-biotic supplementation numerically
improved lesions scores attributed to heat stress, mani-
fested by the mitigation of mucosal cell degeneration
and microvilli morphology alteration, along with an
increase in the number of villi. The impact of L. plan-
tarum pro- and post-biotics was not significant for
humoral immunity, specifically against the F protein
from NDV.

The postbiotic metabolite showed promise as a
feed additive particularly under heat stress conditions.
However, it should not be viewed as a complete replace-
ment for chemical therapeutics. In addition, the paucity
of significant differences in various immunity param-
eters between heat stressed and control birds, suggested

JOURNAL OF APPLIED ANIMAL NUTRITION 13 (2025) 81-94

new heat stress models may be needed that include dif-
ferent temperature, cycling hours and layer breeds.
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