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Introduction

The ban on antibiotic use in animal production 
led to increasing interest in alternative approaches, 
including feed additives such as organic acids, 
prebiotics, probiotics, enzymes, essential oils and 
phytogenic feed supplements (Nguyen et al., 2020). 
Among these alternatives, organic acids and their 
salts, used either individually or as blended mixtures 
have increasingly gained importance and attention  

as potential agents supporting antibiotic-free poultry 
production worldwide. The use of organic acids and 
their salts as non-antibiotic feed additives in animal 
production is generally recognised as safe and has 
been authorised by the European Union (Zeeshan 
et al., 2022).

The term ‘organic acids’ also referred to as acid-
ifiers, encompasses a broad range of chemical com-
pounds naturally occurring as components of plants, 
animal tissues, and microorganisms, which are in-
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during the late period only (LP) (days 21–42, OAB/LP). To induce heat stress, 
room temperature was maintained at 28–30 °C. At 42 days of age, the final 
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volved in important physiological and metabolic 
processes. In animal nutrition, organic acids such as 
acetic, formic, and butyric acids are used because of 
their nutritional value, antibacterial properties, and 
ability to stimulate energy metabolism. Moreover, 
organic acids reduce the abundance of pathogenic 
microbiota and lower gut pH, thereby suppressing 
the proliferation of pathogenic bacteria (Ao et  al., 
2009), which contributes to improved gut health and 
nutrient utilisation.

Due to the increasing occurrence of environ-
mental stressors, e.g. global warming and elevated 
ambient temperatures, research has focused on min-
imising the adverse effects of stress through the use 
of feed additives (Mangan and Siwek, 2024). Heat 
stress is well known to negatively affect bird wel-
fare and productivity, resulting in significant eco-
nomic losses (Khan and Iqhbal, 2016). Therefore, 
additives, such as organic acids have been applied 
to alleviate the negative effects of heat stress and 
improve performance by regulating acid-base bal-
ance (Olanrewaju et al., 2007). 

In poultry nutrition, feed consumption could 
be negatively affected by various factors, particu-
larly heat stress (Oluwagbenga and Fraley, 2023). 
Therefore, supplementing drinking water with addi-
tives may be more beneficial than feed supplemen-
tation because water passes through the digestive 
tract more rapidly than solids (Olnood et al., 2015). 
Moreover, the use of liquid additives may be more 
practical under commercial production conditions. 
Consequently, water acidification is expected to be 
more effective than lowering pH through the diet, 
especially during heat stress.

In the present study, growth performance, vil-
lus development and acidity in the small intestine, 
blood biochemistry and ascites susceptibility were 
evaluated in broilers receiving organic acid blend 
(OAB) supplementation in drinking water during 
two different periods of the rearing cycle (days 1–42 
and 21–42) and compared with a control group. The 
study aimed to determine whether supplementing 
of drinking water with OAB could improve broiler 
tolerance to heat stress and support the productivity 
and health status of the birds.

Material and methods

Birds, diets, housing, and experimental 
design

The care and use of animals for research 
purposes were approved by the Animal Use and 
Ethics Committee of Bursa Uludağ University in 

accordance with Turkish laws and regulations 
(Approval Number 2018-05/11).

A total of 240 one-day old Cobb 500 broiler 
chicks were randomly allocated to 12 floor pens, with 
4 replicate pens per treatment and 20 chicks per pen 
(10 males and 10 females). The chicks were weighed 
using a balance with a precision of ± 0.1 g and as-
signed to three treatment groups: a  control group 
without OAB supplementation (CONT), a  group 
receiving OAB supplementation from days 1  to 42 
(OAB/FP; full rearing period), and a group receiving 
OAB supplementation from days 21 to 42 (OAB/LP; 
late rearing period). The composition of OAB provid-
ed by the manufacturer is presented in Table 1. The 
supplementation level was 0.2% in drinking water (2 
ml/l) according to the manufacturer’s recommenda-
tion (R2 Agro A/S, Hedensted, Denmark). Drinking 
water samples were collected before and after OAB 
supplementation, and pH was measured using a digi-
tal pH meter (Mettler Toledo, SevenCompactTM pH/
Ion S220, Greifensee, Switzerland). The pH values of 
water with and without OAB supplementation were 
3.790 and 7.735, respectively.

A  maize-soybean mealbased diet formulated 
according to NRC (1994) recommendations for starter 
and grower broilers was used in the experiment. 
Chicks were fed a standard crumbled broiler starter 
diet from days 1 to 14 and a grower diet from days  
15 to 42. The composition and proximate analysis of 
the basal diets are presented in Table 2. Water and feed 
were offered ad libitum throughout the experiment. 

Stocking density was maintained at 27–30  kg 
live weight/m2 based on final weight, and a standard 
lighting programme was applied according to the 
Cobb (2012) management guidelines. To induce 
heat stress, room temperature was maintained at 
28–30°C during the experiment. Room temperature 
(TR,  %) and relative humidity (RH,  %) were 

Table  1. The composition of organic acid blend (OAB) used in the 
experiment

Substances Content (%)*
Ammonium formate 25–40
Formic acid 15–25
Propionic acid 10–15
Acetic acid 5–10
Lactic acid 2.5–5
Sodium propionate 1–2.5
Benzoic acid 0.25–1
Potassium chloride 0.25–1
Copper sulphate 0.25–1
Zinc acetate dehydrate 0.1–0.25
* the content of the OAB is given by the producer company
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monitored twice daily using a digital thermometer 
and hygrometer. Based on these measurements, the 
temperature–humidity index (THI) was calculated 
using the formula proposed by Thom (1959) and 
modified by Buffington et al. (1982):

The mean values of TR, RH and THI for each 
week are given in Figure 1. During the experimental 
period, the mean THI value was 84.3% which 
can be considered indicative of severe heat stress 
discomfort in birds (Timmons and Gates, 1988; 
Medeiros, 2001).

Growth performance parameters
Body weight and feed consumption of broilers 

were recorded weekly on a pen basis throughout the 
6-week experimental period. Body weight gain and 
feed intake were determined weekly, and feed con-
version ratio (FCR) was calculated based on weekly 
weight gains and feed intake values. FCR was ad-
justed for mortality within each pen. In addition, 
water intake was measured weekly on a pen basis. 
Cumulative body weight gain and feed intake were 
calculated for the period from days 1 to 42. 

According to the productive performance data 
obtained at 42 days of age, the European Production 
Efficiency Factor (EPEF) was calculated using the 
formula provided by Zarghi et al. (2020):

EPEF = 100 × [(final body weight (kg)] / 
viability (%))] / [age (day) × FCR].

Mortality was monitored daily on a  pen basis 
during the experiment. Broilers that died after 14 days 
of age were subjected to gross necropsy examination 
for hydro-pericardium, right ventricular hypertrophy, 
and abdominal fluid accumulation to determine 
ascites-related mortality (Shinder et al., 2009).

Intestinal histomorphological traits
To evaluate intestinal morphology under heat 

stress conditions, samples of the small intestine 
were collected at 21 and 42 days of age for intesti- THI = 0.8 × TR + RH × �(TR  -  14.3)

100
�+ 46.3. 

Table 2. The composition and nutrient level of broiler diets

Dietary item Starter 
(1–14 days)

Grower 
(15–42 days)

Composition, %
   maize 53.40 56.85
   soybean meal (CP 48%) 38.50 34.00
   vegetable oil 3.50 5.00
   dicalcium phosphate 2.00 2.00
   limestone 1.50 1.25
   salt 0.30 0.30
   L-lysine-HCl (99%) 0.10 0.10
   DL-methionine (98%) 0.30 0.25
   premix1 0.40 0.25

Calculated chemical composition
   ME, MJ/kg 12.88 13.53

Analyzed nutrient level, %
   crude protein 22.3 20.4
   lysine 1.36 1.23
   met + cyst 1.07 0.92
   Ca 1.17 1.06
   total P 0.45 0.44
   crude fiber 3.5 5

1 Premix provided per kg of diet: IU: vit. A 4000000, vit. D3 800000; 
mg: vit. E 20000, vit. K3 1200, vit. B1  800, vit. B2  2400, vit. B6  
2000, vit. B12 6, vit. C   18000, niacin 8000, biotin 40, folic acid 
400, choline chlorid 80000, manganese 32000, iron 24000, zinc 
24000 , copper 2000, iodine 400, cobalt 80, selenium 60

Figure 1. The mean value of room temperature (TR, °C), relative humidity (RH, %) and thermal heat index (THI, %) of each week during growing 
period
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nal villus micrometry analysis (n = 8 broilers/treatment 
group). The small intestine was divided into three seg-
ments: duodenum, jejunum and ileum. Samples were 
collected from the midpoint between the end of the 
stomach and bile duct entry (duodenum), between the 
bile duct entry and Meckel’s diverticulum (jejunum), 
and between Meckel’s diverticulum and the ileocecal 
junction (ileum) (Mahmoud and Edens, 2012). The 
samples were cut into 2-cm fragments and rinsed with 
0.9% NaCl to remove intestinal contents. Subsequently, 
the tissues were fixed in 10% buffered formaldehyde 
and dehydrated in a graded ethanol series (30, 50, 70, 
80, 95, and 100%) over 24 h. The samples were then 
embedded in paraffin and 5-μm sections were cut from 
the paraffin blocks using a microtome (Leica RM2155 
Germany). The sections were mounted on glass slides 
and stained with haematoxylin and eosin for micro-
scopic evaluation (Gridley, 1960).

For morphological analyses, intestinal morpho-
metric parameters including villus height, villus 
width, crypt depth, thickness of the tunica muscula-
ris, and apparent villus surface area were measured 
using a  light microscope (Leica, DM-500, Switzer-
land) coupled with a  computerised image system 
(Leica Application Suite, LAS Version 3.7.0, Leica 
Microsystems, Switzerland). For each bird, 15–20 
villi, crypts, and tunica  muscularis measurements 
were analysed.

Measurements of small intestinal pH 
Small intestine samples (duodenum, jejunum 

and ileum) were collected for pH determination at 
21 and 42 days of age. The pH of the samples was 
measured using a digital pH meter (Mettler Toledo, 
SevenCompactTM pH/Ion S220, Greifensee, 
Switzerland). 

Serum biochemical parameters
At 42 days of age, 8 broilers from each treatment 

group were randomly selected and euthanised by 
decapitation. Approximately 1 ml of blood was col-
lected for the determination of blood parameters, in-
cluding haemoglobin concentration and haematocrit 
value, using standard methods described by Schalm 
et  al. (1975). In addition, 4  ml of blood samples 
were collected into nonheparinised tubes for serum 
separation. Serum samples were analysed for activ-
ity of aspartate amino transferase (AST), alanine 
amino transferase (ALT) and alkaline phosphatase 
(ALP) using an automatic analyser. Plasma levels 
of immunoglobulins (IgA, IgG, and IgM), triiodo-
thyronine (T3) and thyroxine (T4) were determined 
using commercial kits and a  Roche auto-analyser 
(Cobas 6000 series C501 module, Roche Diagnos-

tic, Indianapolis, IN). Furthermore, 1 ml of EDTA 
blood samples were collected, and 2 blood smears 
per sample were prepared directly after drawing 
blood (n  =  8 broilers/treatment group). After air 
drying, the slides were stained with May Grünwald 
and Giemsa stain (Clark et al., 2009). A total of 100 
leukocytes including heterophils  (H),  eosinophils, 
basophils, monocytes, and lymphocytes (L)  were 
counted once on each slide using a microscope at 
100  ×  magnification with oil immersion. The H/L 
ratio was calculated as the number of heterophils di-
vided by the number of lymphocytes.

Data analysis
The data were analysed using ANOVA pro-

cedures appropriate for a  completely randomised 
experimental design with the general linear mod-
el (GLM) procedure of SAS Institute (version 
9.4 2012, Cary NC, USA). The assumptions of nor-
mality and homogeneity (SAS, 2012) of variance 
were assessed using the ShapiroWilk and Levene 
tests, respectively. Treatment effects were evaluated 
using the least squares means test, and multiple com-
parisons were performed using Tukey’s test. Perfor-
mance parameters were analysed using a completely 
randomised repeated-measures design on a weekly 
basis, whereas intestinal morphology and small in-
testinal pH measurements were evaluated at 21 and  
42 days of age. Repeated-measures ANOVA was 
used to evaluate performance and intestinal mor-
phology traits over time. When significant differenc-
es were detected, Bonferroni-corrected comparisons 
were applied to identify the source of variation, and 
results were presented as day × treatment interaction 
effects. Only significant day × treatment interactions 
were reported in the Results section (body weight). 
Mortality data (dead/alive) were summarised for 
each experimental group and analysed using Fish-
er’s exact test, which is suitable for categorical data 
with small sample sizes where the assumptions of 
the chi-square test are not met. Percentage data were 
analysed after arcsine square root transformation. 
Differences were considered significant at P ≤ 0.05.

Results

Growth performance parameters
The effects of OAB supplementation on the 

growth curves of heat-challenged broilers are 
shown in Figure  2.  Both treatment effects (OAB 
supplementation) and the day  ×  treatment inter-
action were significant (P = 0.023 and P < 0.001,  
respectively). During the experimental period, the 
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pattern of body weight changes differed between 
the treatment groups. The OAB-FP group showed 
the greatest increase in body weight compared to 
the other groups. Body weight on days 1 and 7 were 
similar among the experimental groups (P > 0.05), 
whereas broilers in OAB/FP were heavier at 14, 
21 and 28 days than birds in the remaining groups 
(P < 0.001). Thereafter, supplementation of drinking 
water with OAB exerted a beneficial effect on body 
weight, and broilers in the OAB/FP and OAB/LP 
groups remained heavier than in the CONT group 

until the end of the growing period (P < 0.001). At 42 
days of age, the final body weight of broilers in the 
OAB/FP and OAB/LP groups was higher (2632.6 
and 2569.4 g,  respectively) when compared to the 
control birds (2383.2 g, respectively, P = 0.002). 

The effects of OAB supplementation on produc-
tion parameters and water intake of broilers exposed 
to heat stress are presented in Table 3. Higher final 
body weight at 42 days of age, and improved FCR, 
were observed in the OAB/FP (2581.2 g and 1.71,  
respectively) and OAB/LP (2518.2  gand 1.75, 

Table 3. Effects of organic acid blend (OAB) supplementation on productive parameters and water consumption of broilers challenged with heat 
stress

Parameters Treatment groups   SEM P-valuesCONT OAB/FP OAB/LP
Productive performance
     BWG (g, days 1–42) 2332.9b 2581.2a 2518.2a   70.3  0.002
     CFC (g, days 1–42) 4563.9 4491.6 4502.2   88.7  0.735
     FCR (day 42) 1.92a 1.71b 1.75b     0.05  0.001
     EPEF 240.0b 343.5a 336.3a   19.5 <0.001
Water consumption (ml/bird)
     day   7   492.0b 543.7a 506.9b   12.3   0.001
           14 1049.0ab 1014.6b 1072.4a   19.9   0.008
           21 2061.3a 1818.2b 2036.6a   49.6 <0.001
           28 3258.4a 2829.8c 2998.9b   54.1 <0.001
           35 4808.0a 4594.2b 4510.9b 101.7   0.007
           42 6237.8ab 6184.3b 6336.5a   69.2   0.035
N – 4 replicate pens/treatment group (20 broilers/pen); BWG – body weight gain, CFC –  cumulative feed consumption, FCR –  feed conver-
sion rate, EPEF –  European Production Efficiency Factor, CONT –  control, no supplementation of OAB, OAB  – organic acid blend,  FP – full 
period of growing, LP – late period of growing, OAB/FP –  supplementation of OAB during 1–42 days, OAB/LP – supplementation of OAB during  
21–42 days, SEM – standard error of the mean, abc – means within a columns with different superscripts are significantly different at P < 0.05  

Figure 2. Effects of organic acid blend (OAB) supplementation on growth curves of broilers challenged with heat stress
CONT – control, no supplementation of OAB, OAB – organic acid blend, FP – full period of growing, LP – late period of growing, OAB/FP – supple-
mentation of OAB during 1–42 days, OAB/LP – supplementation of OAB during 21–42 days, n: 4 replicate pens/treatment group (20 broilers/pen), 
** indicates significant differences among the experimental groups (P < 0.05), NS indicates any significant differences among the experimental 
groups (P > 0.05)
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respectively) groups than the CONT group 
(2332.9  g  and 1.92, respectively; P  <  0.01). In 
contrast, the EPEF value was lowest in the CONT 
group (240.0), compared to the OAB/FP (343.5) 
and OAB/LP groups (336.3, P  <  0.001). Water 
intake varied among the treatment groups during 
the experimental period; however, broilers in the 
CONT and OAB/LP groups tended to drink signifi-
cantly more water than the broilers in the OAB/FP 
group (P < 0.05). 

The effects of OAB supplementation on mor-
tality in broilers challenged with heat stress are 
presented in Table 4. Ascites-related mortality was 
highest in the CONT group (11.3%), followed by 
the OAB/FP (3.8%) and OAB/LP (1.3%) groups. 
Statistical analysis showed that only the difference 
between the CONT and OAB/LP groups was sig-
nificant with respect to ascites-related mortality 
(P < 0.05), while deaths due to other causes were 
similar in all treatment groups and ranged from 
2.5% to 7.5% (P > 0.05). 
Intestinal histomorphological traits

The effects of OAB supplementation on intes-
tinal morphology in broiler exposed to heat stress 
are presented in Table 5. OAB supplementation in 
drinking water improved villus growth and may 
have enhanced digestive and absorption processes. 
At 21 days of age, the highest villus height and ap-
parent villus surface area were observed in the duo-
denum (449.5 μm and 22483 μm2, respectively) and 
jejunum (400.0 μm and 24333 μm2, respectively) of 
broilers in the OAB/FP group compared to the other 
groups. In the duodenum, the thickness of the tuni-
ca muscularis was lower in the OAB/FP (71.2 μm) 
and OAB/LP (77.7 μm) groups (P < 0.001), where-
as crypt depth was the highest in the CONT group 
(49.9  μm; P  <  0.01). Similarly, mean values for 
ileal crypt depth and tunica  muscularis thickness 
were the highest in the CONT group (45.5 μm and 
86.3 μm, respectively; P < 0.05). 

At 42 days of age, OAB supplementation stimu-
lated villus growth and development in all three sec-
tions of the small intestine compared to the CONT 

group. The highest villus height values in the duo-
denum (596.7  μm) and ileum (339.7  μm), as well 
as higher apparent villus surface area in the duode-
num (29839  μm2) and jejunum (32304  μm2), sug-
gested improved digestive and absorptive capac-
ity of the intestinal tract. Lower crypt depth values 
in the duodenum (66.2  μm) and ileum (60.4  μm) 
were observed in the CONT group (P  <  0.05). 
Lower thickness values of the tunica muscularis in 
the duodenum (94.9  μm), jejunum (88.2  μm) and  

ileum (86.5  μm) were recorded in the OAB/FP 
group. Moreover, reduced thickness of the tuni-
ca  muscularis in the duodenum and jejunum was 
also observed in the OAB/LP group (103.6 μm and 
90.0 μm, respectively; P < 0.01).

Small intestine pH 
The effects of OAB supplementation on the 

pH of the small intestine in heat stresschallenged 
broilers are presented in Table 6. At 21 days of age, 
duodenal and jejunal pH values were lowest in the  
OAB/FP group (5.95 and 5.62, respectively) 
compared wih the CONT and OAB/LP groups 
(P < 0.05). Supplementation with OAB also caused 
a  more acidic intestinal environment, reducing je-
junal pH to 5.89 in the OAB/FP and 5.91 in the 
OAB/LP, when compared to the CONT group (6.10, 
P < 0.01). Ilea1,5 l pH was lowest in the OAB/FP 
group (5.30), followed by the OAB/LP (5.88) and 
CONT groups (6.54; P < 0.001).

Serum biochemical parameters
The effects of OAB supplementation on blood 

chemistry of broilers exposed to heat stress are pre-
sented in Table 7. Higher haemoglobin concentra-
tion and haematocrit values were observed in the 
CONT group (8.5  g/dl and 33.0%, respectively) 
compared to the OAB/FP (7.6 g/dl and 30.1 l/l) and  
OAB/LP groups (7.8  g/dl and 30.9  l/l, respec-
tively). The highest T3 concentration (1.22  ng/ml)  
was recorded in the CONT group, whereas T4 con-
centration was highest in the OAB/FP group  
(1.30 µg/dl, P < 0.05). Lower AST, ALT and ALP 

Table 4. Effects of organic acid blend (OAB) supplementation on mortality of broilers challenged with heat stress

Treatment groups Ascites induced mortality Mortality (other causes)
Number % P- values Number % P-values

CONT vs. OAB/FP 9/3 11.3/3.8 0.130 6/2 7.5/2.5 0.276
CONT vs. OAB/LP 9/1 11.3/1.3 0.017 6/2 7.5/2.5 0.276
OAB/FP vs. OAB/LP 3/1   3.8/1.3 0.620 2/2 2.5/2.5 1.000
CONT   –   control, no supplementation of OAB, OAB  –  organic acid blend, FP  –  full period of growing, LP  –  late period of growing,  
OAB/FP  –   supplementation of OAB during 1–42 days, OAB/LP  –   supplementation of OAB during 21–42 days,  P > 0.05 (no statistically  
significant)
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Table 6. Effects of organic acid blend (OAB) supplementation on pH of small intestine of broilers challenged with heat stress

Day Organs
Treatment groups

SEM P-value
CONT OAB/FP OAB/LP

Da
y 

21

Duodenum 6.04a 5.95b 6.05a 0.02  <0.001
Jejunum 6.18a 5.62b 6.09a 0.04  <0.001
Ileum 6.99 6.75 6.90 0.21 0.112

Da
y 

42

Duodenum 6.10a 5.89b 5.91b 0.09 0.009
Jejunum 5.64 5.65 5.50 0.31 0.681
Ileum 6.54a 5.30c 5.88b 0.27  <0.001

For pH measurements, organ samples were collected from 8 broilers per experimental groups; CONT – control, no supplementation of OAB, 
OAB – organic acid blend, FP – full period of growing, LP – late period of growing, OABOAB/FP – supplementation of OAB during 1–42 days, , 
OAB/LP – supplementation of OAB during 21–42 days, SEM – standard error of the mean; ab – means within a columns with different superscripts 
are significantly different at P < 0.05

Table 5. Effects of organic acid blend (OAB) supplementation on intestinal morphology of broilers challenged with heat stress

Day Treatment 
groups

Villus 
height, μm

Villus width,  
μm

Villus apparent  
surface area, μm2

Crypt depth,  
μm

Tunica muscularis,  
μm

Day 21 Duodenum
CONT 396.1b 38.8 20076.0b 49.9a 94.1a

OAB/FP 449.5a 42.5 22483a 40.0b 71.2b

OAB/LP 403.1b 41.9 21235b 41.8b 77.7b

SEM 22.7 4.5 911.1 2.9 3.4
P-values 0.038 0.102 0.046 0.015 <0.001

Jejunum
CONT 348.6b 46.7 21182b 38.3 85.7
OAB/FP 400.0a 46.0 24333a 43.5 84.7
OAB/LP 357.9b 48.0 21434b 39.7 87.7
SEM 21.0 2.5 961.9 2.2 7.8

P-values 0.041 0.052 0.018 0.064 0.058
Ileum

CONT 213.2 39.3 13590 45.5a  86.3a 

OAB/FP 256.0 46.9 14955 32.6b 64.2b

OAB/LP 231.1 43.3 13928 35.1b 65.8b

SEM   27.9   5.5 1445.6   4.4   6.6
P-values  0.069   0.053    0.062   0.028   0.010

Day 42 Duodenum
CONT 515.0b 45.3 26771b 66.2a 125.0a

OAB/FP 596.7a 56.5 29839a 53.3b   94.9b

OAB/LP 563.7ab 56.0 28837ab 57.0ab 103.6b

SEM   25.2   6.0     847.8   4.0     9.3
P-values     0.021   0.111         0.012   0.020   <0.001

Jejunum
CONT 466.7b 49.1b 28373b 51.4 112.3a

OAB/FP 531.3a 61.1a 32304a 57.7   88.2b 
OAB/LP 545.3a 64.6a 31513a 53.4   90.0b

SEM   31.5 2.6     737.3 2.6     4.2
P- values     0.047 0.01         0.001 0.058   <0.001

Ileum
CONT 286.7b 52.8 15590 60.4a 114.5a 
OAB/FP 339.7a 62.2 20295 43.9b   86.5b

OAB/LP 311.3ab 63.8 18795 56.8ab   95.6a

SEM    18.9   4.8   1904.2   5.7     8.6
P-values     0.038   0.062         0.057   0.027     0.010

For morphologic measurements, small intestine samples were collected from 8 broilers per experimental groups.
CONT –  control, no supplementation of OAB; OAB – organic acid blend, FP – full period of growing, LP – late period of growing, OAB/FP –  
supplementation of OAB during 1–42 days; OAB/lP –  supplementation of OAB during 21–42 days; SEM – standard error of the mean; ab – means 
within a coloumns with different superscripts are significantly different at P < 0.05  
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activities were observed in OAB/FP group (31.1, 
130.6 and 3287.0 IU/l respectively, P < 0.05) com-
pared to the other groups. Supplementation of drink-
ing water with OAB increased immunoglobulin ti-
tres. Broilers in the control group showed lower IgG, 
IgA and IgM levels than the OAB/FP and OAB/LP 
groups (P < 0.05). In addition, the highest H/L ratio 
was observed in the CONT group (0.76), followed 
by the OAB/LP (0.62) and OAB/FP groups (0.63, 
P < 0.01).

Discussion
This study clearly demonstrated that OAB 

supplementation improved growth performance of 
broilers under heat stress conditions. The growth-
stimulating effects of organic acids can be attributed 
to their ability to regulate gastrointestinal microbio-
ta, improve gut microstructure, stimulate the secre-
tion of digestive enzymes, and enhance the immune 
response in birds (Nguyen et  al., 2018). Recently, 
Islam et  al. (2024) investigated the effects of di-
etary supplementation with an organic acid mixture 
containing formic acid, propionic acid, ammonium 
formate, and ammonium propionate at different 
inclusion levels in broilers. The authors reported 
improved body weight gain and feed consump-
tion in broilers receiving the organic acid blend at  
200 mg/kg compared to the other treatment groups. 

These effects may be attributed to improved 
nutrient utilisation associated with better develop-
ment of the gastrointestinal tract and a  barrier ef-
fect against pathogenic microorganisms (Khan and  
Iqhbal, 2016). In addition, organic acids play im-
portant roles in various physiological process in the 
gastrointestinal system, including the conversion 
of inactive pepsinogen into active pepsin, serving 
as an important energy source for intestinal tissues, 
and regulation of stomach‐emptying rate (Chukwu-
di et al., 2024). These metabolic functions make or-
ganic acids valuable feed additives for stimulating 
broiler growth. However, the lower water intake ob-
served in the control group may also have contrib-
uted to poorer growth performance compared with 
the OAB-supplemented groups. In a previous study, 
Bruno et al. (2011) reported that reduced water in-
take could decrease feed consumption and conse-
quently impair broiler growth performance. 

In the current study, mortality was classi-
fied into two categories: ascites-related and other 
causes, as ascites is considered one of the major 
factors contributing to death in broilers worldwide 
(Wideman and French, 2000). Dewil et  al. (1996) 
reported that the incidence of ascites and associ-
ated mortality in fast‑growing broilers tended to 
peak between 3 and 6 weeks of age due to an imbal-
ance between oxygen demand and cardiopulmonary 
capacity resulting from rapid growth. In addition,  

Table 7. Effects of organic acid blend (OAB) supplementation on blood chemistry of broilers challenged with heat stress

Parameters Treatment groups SEM P-valueCONT OAB/FP OAB/LP
Hematology

hemoglobin, g/dl 8.5a 7.6b 7.8b 0.346 0.003
hematocrit, l/l 33.0a 30.1b 30.9b 1.029 0.002

Thyroid hormones
T3, ng/ml1 1.2a 0.85b 0.97b 0.126 0.048
T4, µg/dl2 0.86b 1.30a 1.02b 0.108 0.039

Liver functions, IU/l
AST3 57.3a 31.1b 47.0a 6.32 <0.001
ALT4 160.1a 130.6c 146.1b 9.36 0.048
ALP5 4889.5a 3287.0b 4559.0a 731.5 0.011

Immunoglobulins, mg/dl
IgG6 131.2b 133.3a 131.3b 0.618 <0.001
IgA7 7.7b 9.0a 8.3ab 0.610 0.015
IgM8 4.6b 6.2a 6.2a 0.673 0.005

Stress indicator
H/L9 0.76a 0.63b 0.62b 0.05 0.002

For these measurements, blood samples were collected from 8  broilers per experimental groups; CONT  –  control, no sup-
plementation of OAB, OAB  –  organic acid blend, FP  –  full period of growing, LP  –  late period of growing, OAB/FP  –  sup-
plementation of OAB during 1–42 days, OAB/LP  –  supplementation of OAB during 21–42 days; 1 T3  –  triiodothyronine,  
2 T4  –  thyroxine, 3 AST  –  aspartate amino transferase, 4 ALT  –  alanine amino transferase, 5 ALP  –  alkaline phosphatase,  
6 IgG – immunoglobulin-G, 7 IgA – immunoglobulin-A, 8 IgM – immunoglobulin-M, 9 H/L – heterophiles / lymphocytes; SEM – standard error of the 
mean; abc – means within a coloumns with different superscripts are significantly different at P < 0.05 
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environmental temperature and rapid growth rate 
during the rearing period are among the main factors 
contributing to ascites development by increasing 
metabolic rate and oxygen demand (Scheele et al., 
1991). The present findings clearly demonstrate that 
OAB supplementation during both the 1–42-day 
and 21–42-day periods reduced ascites-related mor-
tality under heat stress conditions compared to the 
control group. These results may provide useful in-
formation on the metabolic mechanisms associated 
with ascites development in broilers exposed to heat 
stress. The numerically lowest mortality value was 
observed in the OAB/LP group, which may suggest 
that acidifier supplementation has the potential to 
mitigate ascites under heat stress conditions.

Although studies focusing specifically on this 
topic are limited, Kopecký et  al. (2012) reported 
that supplementation of acetic acid or citric acid 
in drinking water (at a concentration of 0.25%) re-
duced total mortality in broilers. The observed de-
crease in mortality due to ascites could be related 
with the regulatory effects of organic acids or their 
salts on acid-base homeostasis in birds, especially 
under stressful conditions. This protective effect 
of organic acids is further supported by the higher 
haemoglobin concentration observed in the control 
group compared with the OAB-supplemented birds. 

Villus development may be considered an indi-
cator of small intestinal function and is linked to nu-
trient absorption through increases in villus height, 
width and apparent surface. In addition, each seg-
ment of the small intestine performs specific func-
tions in nutrient digestion and absorption. The jeju-
num is the main site of nutrient absorption, while 
the ileum plays an important role in nutrient assimi-
lation (Islam et  al., 2024). According to the pres-
ent findings, OAB supplementation improved small 
intestinal morphology in broilers exposed to heat 
stress. Similarly, Pelicano et al. (2005) reported that 
organic acids suppressed the growth of pathogenic 
and non-pathogenic intestinal bacteria, thereby re-
ducing intestinal colonisation and infectious pro-
cesses. This may consequently reduce inflammatory 
reactions in the intestinal mucosa and improve vil-
lus development, as well as the secretory, digestive, 
and absorptive functions of the mucosa, which was 
also supported by the results of Islam et al. (2024). 

Organic acid supplementation resulted in fa-
vourable changes in intestinal structure, as evi-
denced by increased villus height and reduced crypt 
depth in the OAB groups compared to the control 
group, reflecting improved absorptive capacity and 
reduced epithelial turnover. These morphological 
adaptations are indicative of a more functionally ef-

ficient intestinal environment and may be associated 
with improved nutrient utilisation (Celi et al., 2017). 
Moreover, reduced thickness of the tunica muscula-
ris may indicate lower intestinal motility linked to 
enhanced digestibility and a reduced luminal load, 
as previously reported by Teirlynck et  al. (2009). 
Overall, these findings demonstrate that organic ac-
ids positively affect intestinal structure and function 
in broilers. Similar results were also published by 
Stefanello et al. (2020), Ebeid et al. (2021) and Ko 
et al. (2025).

One of the main reasons for using organic ac-
ids in drinking water is their potential to lower in-
testinal pH and reduce the colonisation and growth 
of pathogenic bacteria, particularly during critical 
growth stages and stressful conditions (Kammon 
et  al., 2019). However, conflicting results have 
been reported regarding the ability of organic ac-
ids supplied in drinking water to reduce the pH of 
small intestine, and gastrointestinal tract in general 
(Hamid et al., 2018). These discrepancies may be 
related to differences in the type and concentration 
of organic acids used in individual studies, buff-
ering capacity of dietary ingredients, presence of 
other anti-microbial additives in the diet, variation 
in gut microbiota and health status, as well as envi-
ronmental conditions and stressor (Rynsburger and 
Classen, 2007).

Dietary organic acids were found to generally 
reduce intestinal pH in broilers, with more pro-
nounced effects observed in the distal segments, 
such as the ileum, compared to the duodenum and 
jejunum (Suiryanrayna and Ramana, 2015; Liu 
et al., 2018), although results published in the litera-
ture are not fully consistent. Similarly, Ndelekwute 
et al. (2019) observed that dietary supplementation 
with acetic and butyric acids (0.25%) reduced pH 
in the duodenum and caecum of broilers. On the 
other hand, Ma et al. (2021) detected a decrease in 
duodenal pH in broilers supplemented with a mixed 
organic acid preparation (formic acid, ammonium 
formate, propionate, acetate, and lactate), while no 
significant differences were observed in jejunum 
and ileum. 

Based on current knowledge, the effects of or-
ganic acids on intestinal pH may vary depending on 
the method of supplementation (feed vs. water), the 
dose applied, and the intestinal segment considered. 
While dietary inclusion of organic acids provides 
a more consistent reduction in gastrointestinal pH, 
supplementation via drinking water leads to a rapid 
but transient acidification, mainly affecting the up-
per digestive tract (Dibner and Buttin, 2002; Van 
Immerseel et al., 2006).
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Blood biochemical parameters are widely used 
as indicators of animal health status, providing in-
formation on infections, dehydration, haematologi-
cal disorders, and nutritional imbalance (Kareem 
et al., 2024). This study clearly showed that OAB 
supplementation via drinking water affected blood 
biochemical parameters, as well as growth param-
eters, ascites-related mortality, intestinal morphol-
ogy, and pH in broilers exposed to heat stress. 
A significant increase in haemoglobin and haema-
tocrit values in control broilers was observed in the 
control group. Under stressful conditions, haemo-
globin concentration may increase to improve oxy-
gen transport in the blood (Olanrewaju et al., 2007). 
Additionally, the higher incidence of ascites in the 
control group was accompanied by elevated haemo-
globin concentration and haematocrit values, which 
was consistent with the findings of Maxwell et al. 
(1986). Higher haemoglobin and haematocrit val-
ues in the control group may also have been related 
to lower water intake. Dehydration resulting from 
reduced water intake and heat stress may cause hae-
moconcentration in broilers, resulting in increased 
haematocrit and haemoglobin levels, as previously 
reported by Altan et al. (2000). These results indi-
cate that the analysed parameters were interrelated.

Thyroid hormones regulate energy metabolism 
and accelerate both basal and oxidative metabolic 
rate. Rapid growth is known to increase T3 level, 
which reflects elevated metabolic activity and oxy-
gen demand (Luger et al., 2001). This may exceed 
cardiopulmonary capacity and predispose fast-
growing broilers to hypoxia, pulmonary hyperten-
sion and subsequent ascites development (Ezzuld-
din, 2023; Hossain and Akter, 2022). In the present 
study, supplementation with organic acids reduced 
T3 and increased T4 concentrations in the OAB/FP 
group, while remaining within physiological rang-
es. The increase in T4 concentration could be asso-
ciated with reduced susceptibility to ascites under 
stress conditions, as lower thyroid hormone levels 
may impair tissue oxygen supply and contribute to 
hypoxia and heart failure (Hassanzadeh, 2009). In 
addition, hepatic enzyme activity is commonly used 
as an indicator of liver function and health status 
(Cheesborough, 1987). The higher AST, ALT and 
ALP activities observed in the control group could 
therefore indicate a greater susceptibility to ascites. 

A previous study showed that organic acidifiers 
can stimulate the immune response in birds (Khan 
and Iqhbal, 2016). In this study, OAB supplementa-
tion increased immunoglobulin concentrations. The 
H/L ratio is employed to assess immune response of 
birds and is considered an indicator of physiologi-

cal stress (Lentfer et al., 2015). The current findings 
clearly showed that the supplementation of OAB 
may reduce the effects of heat stress by lowering 
the H/L ratio and improving immune status, which 
is consistent with the results reported by Akaichi 
et al. (2022). The increased value of this parameter 
observed in the control group may have also been 
associated with lower water intake and its negative 
effects on physiological status. Based on these re-
sults, lower water consumption may increase the 
susceptibility of broilers to heat stress and conse-
quently increase the H/L ratio. Similar observations 
were reported by Gil et al. (2023).

Conclusions
In summary, supplementation of drinking water 

with acidifiers may be used as a growth-promoting 
strategy, particularly under heat stress conditions. 
Organic acid blend (OAB) exerted a  positive ef-
fect on the growth performance irrespective of the 
supplementation period (days 1–42 or 21–42). One 
limitation of the present study was the relatively 
small number of birds per treatment group, which 
may have reduced the ability to detect minor but bi-
ologically relevant differences between treatments. 
Nevertheless, the results provide preliminary evi-
dence supporting the hypothesis of this study and 
indicate a consistent relationship between the evalu-
ated parameters. Future studies with a greater num-
ber of animals are required to confirm these find-
ings, improve statistical robustness, and strengthen 
the broader applicability of the conclusions.

This study provides important evidence sup-
porting the potential of OAB as an effective alterna-
tive strategy for improving intestinal health, broiler 
productivity, and reducing susceptibility to ascites, 
particularly under stressful conditions. The adop-
tion of OAB supplementation under different pro-
duction conditions may contribute to more sustain-
able poultry production.

Conflict of interest
The Author declares that there is no conflict of 

interest. 

References
Akaichi A., Jebali A., Benlarbi M., Mohjoub T., Kabodi K., Chaouacha-

Chekir R.B., Haouas Z., Boudhrioua N., 2022. Effects of 
humic acid and organic acids supplements on performance, 
meat quality, leukocyte count, and histopathological changes 
in spleen and liver of broiler chickens. Res. Vet. Sci. 150, 
179−188, https://doi.org/10.1016/j.rvsc.2022.07.001

https://doi.org/10.1016/j.rvsc.2022.07.001


A. Çelik	 11

Altan Ö., Altan A., Çabuk M., Bayraktar H., 2000. Effects of heat stress 
on some blood parameters in broilers. Turk. J. Vet. Anim. Sci. 
24, 145−148 

Ao T., Cantor A.H., Pescatore A.J., Ford M.J., Pierce J.L., Daw-
son K.A., 2009. Effect of enzyme supplementation and 
acidification of diets on nutrient digestibility and growth 
performance of broiler chicks. Poult. Sci. 88, 111−117,  
https://doi.org/10.3382/ps.2008-00191	

Bruno L.D.G., Maiorka A., Macari M., Furlan L.R., Givisiez P.E.N., 
2011. Water intake behavior of broiler chickens exposed 
to heat stress and drinking from bell or and nipple drinker. 
Rev. Bras. Cienc. Avic. 13, 147−152, https://doi.org/10.1590/
S1516-635X2011000200009	

Buffington C.S., Collier R.J., Canton G.H., 1982. Shade management 
systems to reduce heat stress for dairy cows. St Joseph: 
American Society of Agricultural Engineers, 16, 82−4061	

Celi P., Cowieson A.J., Fru-Nji F., Steinert R.E., Kluenter A.M., Verl-
hac V., 2017. Gastrointestinal functionality in animal nutrition 
and health: New opportunities for sustainable animal pro-
duction. Anim. Feed Sci. Technol. 234, 88−100, https://doi.
org/10.1016/j.anifeedsci.2017.09.012	

Cheesborough M., 1987. Medical laboratory manual for tropical 
countries. 2nd edition. Tropical health technology and But-
terworth scientific limited Cambridge and Edinburgh, ISBN 
0750615206	

Chukwudi P., Umeugokwe P.I., Ikeh N.E., Amaefule B.C., 2024. The 
effects of organic acids on broiler chicken nutrition: A review. 
Anim. Res. One. Health. 3, 43−53, https://doi.org/10.1002/
aro2.85	

Clark P., Boardman W., Raidal S., 2009. Atlas of clinical avian he-
matology. p. 200, Wiley Publishing Inc., John Wiley & Sons, 
West Sussex, UK	

Cobb, 2012. Cobb 500 Broiler: Management guide. Accessed Apr., 
2016, https://www.tt-trade.cz/docs/cobb-broiler-en.pdf	

Dewil E., Buys N., Albers G.A., Decuypere E., 1996. Different char-
acteristics in chick embryos of two broiler lines differing in 
susceptibility to ascites. Br. Poult. Sci. 37, 1003−1013, https://
doi.org/10.1080/00071669608417931	

Dibner J.J., Buttin P., 2002. Use of organic acids as a model to study 
the impact of gut microflora on nutrition and metabolism. 
J. Appl. Poult. Res. 11, 453−463, https://doi.org/10.1093/
japr/11.4.453	

Ebeid T., Al-Homidan I., Fathi M., Al-Jamaan R., Mostafa M., Abou-
Emera O., Abd El-Razik M., Alkhalaf A., 2021. Impact of 
probiotics and/or organic acids supplementation on growth 
performance, microbiota, antioxidative status, and immune 
response of broilers. Ital. J. Anim. Sci. 20, 2263−2273,  
https://doi.org/10.1080/1828051X.2021.2012092

Ezzulddin T.A., 2023. Ascites in broiler: updates. J. Appl. Vet. Sci, 8, 
23−29, https://doi.org/10.21608/javs.2023.175426.1195	

Gil M.G., Gomez-Raya L., Torres O., Cigarro-Vazquez F.A., Davila 
S.G., Rauw W.M., 2023. Heterophil/Lymphocyte response 
of local Spanish breeds of laying hens to cold stress, heat 
stress, and water restriction. J. Therm. Biol. 113, 103542., 
https://doi.org/10.1016/j.jtherbio.2023.103542	

Gridley M.F., 1960. Manual of histologic and special staining technique. 
2nd edition. McGraw-Hill Book Company, New York, USA

Hamid H., Shi H.Q., Ma G.Y., Fan Y., Li W.X., Zhao L.H., Ma Q.G., 
2018. Influence of acidified drinking water on growth perfor-
mance and gastrointestinal function of broilers. Poult. Sci. 97, 
3601−3609, https://doi.org/10.3382/ps/pey212	

Hassanzadeh M., 2009. New approach for the incidence of asci-
tis syndrome in broiler chickens and management con-
trol the metabolic disorders. Int. J. Poult. Sci. 8, 90−98,  
https://doi.org/10.3923/ijps.2009.90.98

Hossain M.E., Akter N., 2022. Further insights into the prevention of 
pulmonary hypertension syndrome (ascites) in broiler: a 65-
year review. Worlds Poult. Sci. J., 78, 641−688, https://doi.or
g/10.1080/00439339.2022.2090305	

Islam Z., Sultan A., Khan S., Khan K., Jan A.U., Aziz T., Alharbi M., 
Alshammari A., Alasmari A.F., 2024. Effects of anorganic 
acids blend and coated essential oils on broiler growth per-
formance, blood biochemical profile, gut health, and nutrient 
digestibility. Ital. J. Anim. Sci. 23, 152−163, https://doi.org/10.
1080/1828051X.2023.2297562	

Kammon A., Alzentani S., Tarhuni O., Asheg A., 2019. Effect of some 
organic acids on body weight, immunity and cecal bacterial 
count of chicken during heat stress. Int. J. Poult. Sci. 18, 
293−300, https://doi.org/10.3923/ijps.2019.293.300	

Kareem D.U., Amos A.T., Idowu O.P.A., Bonagurio L.P., Idowu O.M.O., 
2024. Blood profile as a health indicator in broiler chickens 
fed diets of different particle sizes supplemented with mul-
tienzyme. Agric. Trop. Subtrop. 57, 45−59, https://doi.
org/10.2478/ats-2024-0005	

Khan S.H., Iqhbal J., 2016. Recent advances in the role of organic 
acids in poultry nutrition. J. Appl. Anim. Res. 44, 359−369, 
https://doi.org/10.1080/09712119.2015.1079527	

Ko H., Goo D., Lee J., Gyawali I., Katha H.R., Lee K.Y., Kim W.K., 
2025. Effect of coated organic acids on growth performance, 
Clostridium perfringens colonization, gut integrity and im-
mune response in broilers challenged with subclinical necrot-
ic enteritis Poult Sci. 104, 105504, https://doi.org/10.1016/j.
psj.2025.105504	

Kopecký J., Hrnčár C., Weis J., 2012. Effect of organic acids supple-
ment on performance of broiler chickens. Sci. Paper: Anim. 
Sci. Biotech. 45, 51−54	

Lentfer T.L., Pendl H., Gebhardt-Henrich S.G., Frohlich E.K., Von 
Borell E., 2015. H/L ratio as a measurement of stress in laying 
hens-methodology and reliability. Br. Poult. Sci. 56, 157−163, 
https://doi.org/10.1080/00071668.2015.1008993	

Liu Y.H., Espinosa C.D., Abelilla J.J., et al., 2018. Non-antibiotic feed 
additives in diets for pigs: a review. Anim. Nutr. 4, 113−125, 
https://doi.org/10.1016/j.aninu.2018.01.007	

Luger D., Shinder D., Rzepakovsky V., Rusal M., Yahav S., 2001. As-
sociation between weight gain, blood parameters, and thyroid 
hormones and the development of ascites syndrome in broil-
er chickens. Poult. Sci. 80, 965−971, https://doi.org/10.1093/
ps/80.7.965	

Ma J., Mahfuz S,. Wang J., Piao X., 2021. Effect of dietary supple-
mentation with mixed organic acids on immune function, 
antioxidative characteristics, digestive enzymes activity, and 
intestinal health in broiler chickens. Front. Nutr. 8, 673316, 
https://doi.org/10.3389/fnut.2021.673316	

Mahmoud K.Z., Edens F.W., 2012. Breeder age affects small intestinal 
development of broiler chicks with immediate or delayed ac-
cess to feed. Br. Poult. Sci. 53, 32−41, https://doi.org/10.108
0/00071668.2011.652596

Mangan M., Siwek M., 2024. Strategies to combat heat stress in poul-
try production - A review. J. Anim. Physiol. Anim. Nutr. 108, 
576−595, https://doi.org/10.1111/jpn.13916	

Maxwell M.H., Robertson G.W., Spence S., 1986. Studies on 
an ascitic syndrome in young broilers 1. haematology 
and pathology. Avian Pathol. 15, 511−524, https://doi.
org/10.1080/03079458608436312	

Medeiros C.M., 2001. Adjustment of models and determination of 
environmental thermal productivity index for broiler chickens. 
115 p. Thesis (Doctorate in Rural Constructions and 
Environment) - Federal University of Viçosa, Viçosa, MG. (in 
Portuguese)	

https://doi.org/10.3382/ps.2008-00191
https://doi.org/10.1590/S1516-635X2011000200009
https://doi.org/10.1590/S1516-635X2011000200009
https://doi.org/10.1016/j.anifeedsci.2017.09.012
https://doi.org/10.1016/j.anifeedsci.2017.09.012
https://doi.org/10.1002/aro2.85
https://doi.org/10.1002/aro2.85
https://www.tt-trade.cz/docs/cobb-broiler-en.pdf
https://doi.org/10.1080/00071669608417931
https://doi.org/10.1080/00071669608417931
https://doi.org/10.1093/japr/11.4.453
https://doi.org/10.1093/japr/11.4.453
https://doi.org/10.1080/1828051X.2021.2012092
https://doi.org
10.21608/javs
https://doi.org/10.1016/j.jtherbio.2023.103542
https://doi.org/10.3382/ps/pey212
https://doi.org/10.3923/ijps.2009.90.98
https://doi.org/10.1080/00439339.2022.2090305
https://doi.org/10.1080/00439339.2022.2090305
https://doi.org/10.1080/1828051X.2023.2297562
https://doi.org/10.1080/1828051X.2023.2297562
https://doi.org/10.3923/ijps.2019.293.300
https://doi.org/10.2478/ats-2024-0005
https://doi.org/10.2478/ats-2024-0005
https://doi.org/10.1080/09712119.2015.1079527
https://doi.org/10.1016/j.psj.2025.105504
https://doi.org/10.1016/j.psj.2025.105504
https://doi.org/10.1080/00071668.2015.1008993
https://doi.org/10.1016/j.aninu.2018.01.007
https://doi.org/10.1093/ps/80.7.965
https://doi.org/10.1093/ps/80.7.965
https://doi.org/10.3389/fnut.2021.673316
https://doi.org/10.1080/00071668.2011.652596
https://doi.org/10.1080/00071668.2011.652596
https://doi.org/10.1111/jpn.13916
https://doi.org/10.1080/03079458608436312
https://doi.org/10.1080/03079458608436312


12	 Organic acids as a protector against heat stress

Ndelekwute E.K., Unah U.L., Udoh U.H., 2019. Effect of dietary 
organic acids on nutrient digestibility, faecal moisture, digesta 
pH and viscosity of broiler chickens. MOJ Anat. Phys. 6, 
40−43, https://doi.org/10.15406/mojap.2019.06.00242	

Nguyen D.H., Lee K.Y., Mohammadigheisar M., Kim I.H., 2018. 
Evaluation of the blend of organic acids and medium-chain 
fatty acids in matrix coating as antibiotic growth promoter 
alternative on growth performance, nutrient digestibility, 
blood profiles, excreta microflora, and carcass quality in 
broilers. Poult. Sci. 97, 4351−4358, https://doi.org/10.3382/
ps/pey339	

Nguyen D.H., Seok W.J., Kim I.H., 2020. Organic acids mixture as a 
dietary additive for pigs-A review. Animals 10, 952, https://doi.
org/10.3390/ani10060952	

NRC (National Research Council), 1994. Nutrient Requirements 
of Poultry. 9th Revised edition. National Academic Press, 
Washington, DC

Olanrewaju H.A., Thaxton J.P., Dozier W.A., Branton S.L., 2007. 
Electrolyte diets, stress, and acid-base balance in broiler 
chickens. Poult. Sci. 86, 1363−1371, https://doi.org/10.1093/
ps/86.7.1363	

Olnood C.G., Beski S.S.M., Iji P.A., Choct M., 2015. Delivery routes for 
probiotics: effects on bird performance, intestinal morphology 
and gut microflora. Animal Nutr. 1, 192−202, https://doi.
org/10.1016/j.aninu.2015.07.002	

Oluwagbenga E.M., Fraley G.S., 2023. Heat stress and poultry 
production: a comprehensive review. Poult. Sci. 102, 103141, 
https://doi.org/10.1016/j.psj.2023.103141	

Pelicano E.R.L., Souza P.A., Souza H.B.A., Figueiredo D.F., Boiago 
M.M., Carvalho S.R., Bordon V.F., 2005. Intestinal mucosa 
development in broiler chicken fed natural growth promoters. 
Braz. J. Poult. Sci. 7, 221−229, https://doi.org/10.1590/
S1516-635X2005000400005	

Rynsburger M., Classen H.L., 2007. Effect of age on intestinal pH of 
broiler chickens. Proc. Int. Poult. Sci. Forum Poult. Sci. 86, 
724

SAS Institute, 2012. SAS/STAT 9.4 user’s guide. SAS Institute Inc., 
Cary, NC, USA

Schalm O.W., Jain N.C., Caroll E.J., 1975. Veterinary haematology. 
3rd ed. Philadelphia: Lea and Febiger; p. 15−81	

Scheele C.W., Wit W., Frankenhuis M.T., Vereijken P.F.G., 1991. 
Ascites in broilers. 1. Experimental factors evoking symptoms 
related to ascites. Poult. Sci. 70, 1069−1083, https://doi.
org/10.3382/ps.0701069

Shinder D., Rusal M., Giloh M., Yahav S., 2009. Effect of repetitive 
acute cold exposures during the last phase of broiler 
embryogenesis on cold resistance through the life span. 
Poult. Sci. 88, 636−646, https://doi.org/10.3382/ps.2008-
00213	

Stefanello C., Rosa D.P., Dalmoro Y.K., Segatto A.L., Vieira M.S., 
Moraes M.L., Santin E., 2020. Protected blend of organic 
acids and essential oils improves growth performance, 
nutrient digestibility, and intestinal health of broiler chickens 
undergoing an intestinal challenge. Front. Vet. Sci. 6, 491, 
https://doi.org/10.3389/fvets.2019.00491	

Suiryanrayna M., Ramana J.V., 2015. A review of the effects of dietary 
organic acids fed to swine. J. Anim. Sci. Biotechno. 6, 45, 
https://doi.org/10.1186/s40104-015-0042-z	

Teirlynck E., Bjerrum L., Eeckhaut V., Huygebaert G., Pasmans F., 
Haesebrouck F., Dewulf J., Ducatelle R., van Immerseel F., 
2009. The cereal type in feed influences gut wall morphology 
and intestinal immune cell infiltration in broiler chickens. 
Br. J. Nutr. 102, 1453−1461, https://doi.org/10.1017/
S0007114509990407	

Thom E.C., 1959. The discomfort index. Weatherwise. Washington, 
12, 57−60, https://doi.org/10.1080/00431672.1959.9926960

Timmons M.B., Gates R.S., 1988. Predictive model of laying hen 
performance to air temperature and evaporative cooling. 
St. Joseph: Transactions of the ASAE, St. Joseph, 31, 
1503−1509, https://doi.org/10.13031/2013.30892	

Van Immerseel F., Russell J.B., Flythe M.D., Gantois I., Timbermont L., 
Pasmans F., Haesebrouck F., Ducatelle R., 2006. The use of 
organic acids to combat Salmonella in poultry. Avian Pathol. 35, 
182−188, https://doi.org/10.1080/03079450600711045	

Wideman R.F.J., French H., 2000. Ascites resistance of progeny 
from broiler breeders selected for two generations using 
chronic unilateral pulmonary artery occlusion. Poult. Sci. 79, 
396−401, https://doi.org/10.1093/ps/79.3.396	

Zarghi H., Golian A., Tabatabaei Yazdi F., 2020. Effect of dietary sulphur 
amino acid levels and guanidinoacetic acid supplementation 
on performance, carcass yield and energetic molecular 
metabolites in broiler chickens fed wheat-soy diets. Ital. J. 
Anim. Sci. 19, 951−959, https://doi.org/10.1080/182805
1X.2020.1809537	

Zeeshan M., Zaneb H., Masood S., Ashraf S., Khan I., Rehman H.F.U., 
Din S., Hayat K., 2022. Morphological modulation of broiler 
organs in response to an organic acid-phytogen composite 
in healthy broilers. Agric. 12, 791, https://doi.org/10.3390/
agriculture12060791	

https://doi.org/10.15406/mojap.2019.06.00242
https://doi.org/10.3382/ps/pey339
https://doi.org/10.3382/ps/pey339
https://doi.org/10.3390/ani10060952
https://doi.org/10.3390/ani10060952
https://doi.org/10.1093/ps/86.7.1363
https://doi.org/10.1093/ps/86.7.1363
https://doi.org/10.1016/j.aninu.2015.07.002
https://doi.org/10.1016/j.aninu.2015.07.002
https://doi.org/10.1016/j.psj.2023.103141
https://doi.org/10.1590/S1516-635X2005000400005
https://doi.org/10.1590/S1516-635X2005000400005
https://doi.org/10.3382/ps.0701069
https://doi.org/10.3382/ps.0701069
https://doi.org/10.3382/ps.2008-00213
https://doi.org/10.3382/ps.2008-00213
https://doi.org/10.3389/fvets.2019.00491
https://doi.org/10.1186/s40104-015-0042-z
https://doi.org/10.1017/S0007114509990407
https://doi.org/10.1017/S0007114509990407
https://doi.org/10.1080/00431672.1959.9926960
https://doi.org/10.13031/2013.30892
https://doi.org/10.1080/03079450600711045
https://doi.org/10.1093/ps/79.3.396
https://doi.org/10.1080/1828051X.2020.1809537
https://doi.org/10.1080/1828051X.2020.1809537
https://doi.org/10.3390/agriculture12060791
https://doi.org/10.3390/agriculture12060791

