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______________________________________________________________________________________ 
Abstract 

The dietary supplementation of trace minerals and probiotics has long been practiced to reduce the 
harmful effects of high environmental temperature in poultry. The study aimed to assess the effect of single 
or combined supplementation of ZnSO4•H2O and probiotic (Protexin®) on the growth performance, gut 
biometry and immune organs histomorphology in broilers reared under cyclic heat stress. For this purpose, 
280 day-old broiler chicks were randomly divided into seven groups designated as control (basal diet), HS 
(heat stress + basal diet), HS-Zn30 (HS + 30 mg ZnSO4•H2O/kg feed), HS-Zn60 (HS + 60 mg ZnSO4•H2O/kg 
feed), HS-Pro (HS + 0.1 g Protexin®/kg feed), HS-Zn30-Pro (HS + 30 mg ZnSO4•H2O/kg feed + 0.1 g 
Protexin®/kg feed), and HS-Zn60-Pro (HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin®/kg feed). Each 
group consisted of five replicates (8 birds per replicate). The birds were fed on starter (0 - 21days) and 
grower (22 - 42 days) diets. From day 22 onwards, the birds were exposed to cyclic heat stress (temperature 
and relative humidity at 35 ± 1 °C and 75 ± 5% respectively) for 8 hours. The results revealed that birds 
exposed to heat stress showed significant decrease in body weight (BW) and increase in feed conversion 
ratio (FCR) compared to the control group. The dietary supplementation of ZnSO4•H2O and probiotic either 
singly or in combination improved BW and FCR throughout the experimental period in heat-stressed broilers. 
Area of lymphatic nodule and lymphoid follicle in caecal tonsils and bursa of Fabricius increased in HS-Pro, 
HS-Zn30-Pro and HS-Zn60-Pro groups compared to HS group. In conclusion, zinc and probiotics 
combination partially improved performance and immune organs histomorphology in heat-stressed broilers. 
______________________________________________________________________________________ 
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Introduction 

Heat is a significant stress factor in poultry production. Modern broilers are more exposed to heat 
stress owing to rapid growth and high metabolic activity (Khan et al., 2012; Chand et al., 2016). It has a 
negative impact on growth performance in terms of decrease in body weight (BW), feed intake (FI) and feed 
conversion ratio (FCR) in broiler (Khan et al., 2011). It causes high mortality due to free radical production 
leading to significant economic losses to the poultry industry (Zia ur Rahman et al., 2017).It has been 
reported that heat stress has negative impact on visceral organs including the pancreas (Kerr et al., 2003; 
Chand et al., 2017).Heat stress causes significant changes in gut morphology and intestinal microflora that 
decreases intestinal absorptive surface area in broiler chicken (Ashraf et al., 2013; Khan et al., 2014a; Sultan 
et al., 2018). High environmental temperature also causes decline of immune status in broilers (Bartlett & 
Smith, 2003; Chand et al., 2014). Moreover, heat stress has been reported to influence the relative weight 
(RW) of immune organs such as the bursa of Fabricius, spleen and thymus due to decrease in number of 
lymphocytes and lymphoid follicle (Aengwanich, 2008). 
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The dietary supplementation of trace minerals and probiotics has been practiced to reduce the 
unfavourable effects of high environmental temperature (Khan et al., 2014b; Shah et al., 2018). Among trace 
minerals,  specific importance is assigned to zinc owing to its involvement in antioxidant defence system of 
the body (Naz et al., 2016).It helps in the synthesis of metallothionein (cysteine rich protein) that helps in 
capturing free radicals produced during heat stress. The zinc requirement increases with an increase in 
environmental temperature (Siegel, 1995). Evidences have been accumulated that zinc increases FI, body 
weight gain (BWG) and improves FCR in heat-stressed birds (Chand et al., 2014). Zinc has an ameliorative 
effect on internal organs like heart, liver, gizzard, spleen and bursa of Fabricius in heat-stressed broilers (Cui  
et al., 2004).Probiotics are reported to have a complementary influence on performance and immunity of 
heat-stressed broilers (Khan & Naz, 2013; Landy & Kavyani, 2013). Protexin® (Probiotics International Ltd, 
UK) is a multi-strain probiotic containing bacterial strains of Lactobacillus plantarum, Lactobacillus 
acidophilus, Lactobacillus delbrueckii subsp. Bulgaricus, Bifidobacterium bifidum, Lactobacillus rhamnosus, 
Enterococcus faecium, Streptococcus salivarius subsp. Thermophilus and yeasts Aspergillus oryza and 
Candida pintolopesii (Khan et al., 2013). 

A combination of zinc and probiotics augments host’s intestinal health by enhancing the efficacy of 
probiotics (Bomba et al., 2002; Abudabos et al., 2017). It is therefore hypothesized that their dietary 
supplementation will positively influence the growth performance parameters and immunity of heat-stressed 
broilers. The present study thus aimed to determine the effect of single or combined supplementation of zinc 
and probiotics on the growth performance, gut biometry and immune organ histomorphology in broilers 
reared under cyclic heat stress. 

 
Materials and Methods 

The experiment was conducted on 280 healthy broiler chicks (Cobb 500) under standard management 
conditions in broiler experimental house, University of Veterinary and Animal Sciences, Lahore (Pakistan). 
The birds were individually weighed and randomly assigned to seven groups (Table 1). Each group 
consisted of five replicates (8 birds/replicate). Total duration of the experimental trial was 42 days. The study 
was approved by the Ethical Review Committee of the University (Notification No. DR/ 430 dated 16 August 
2016). The temperature of 35 ± 1 °C and relative humidity (RH) of 65% were maintained by day-1 of the 
experiment. Temperature was decreased gradually at the rate of 3 °C per week to 26 °C until day-21 of the 
experiment. From day 22 onwards, the temperature of 26 °C and RH of 65 ± 5% were maintained for the 
control group. While for remaining heat-stressed groups the temperature and RH were maintained at 35 ± 
1 °C and 75 ± 5% respectively from 9:00 to 17:00 (8 hours daily) followed by 26 °C and 65 ± 5% RH for 16 
hours for 3 weeks after 21 days of the experiment. 

 
 

Table 1 Description of the experimental treatment 

Groups Description 
  
Control Basal diet 
HS Heat stress + basal diet 
HS-Zn30 HS + 30 mg ZnSO4•H2O/kg feed 
HS-Zn60 HS + 60 mg ZnSO4•H2O/kg feed, 
HS-Pro HS + 0.1 g Protexin® /kg feed 
HS-Zn30-Pro HS + 30 mg ZnSO4•H2O/kg feed + 0.1 g Protexin® /kg feed 
HS-Zn60-Pro HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin® /kg feed 
  

 
 

The birds were fed a corn-based basal diet. The basal diet was formulated using NRC (1994) 
guidelines and its composition is presented in Table 2. Two phases of feed i.e. starter (1 - 21 day) and 
grower (22 - 42 day) were adopted. Feed and water were provided ad libitum.  

Proximate composition of feed samples were analyzed for nitrogen (Kjeldahl method; AOAC, 1990), 
crude protein (N × 6.25), dry matter, crude fat (AOAC, 1990) and crude fibre (AOAC, 2000).  
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Table 2 Feed ingredients, composition and calculated AME of the starter and grower diets for broilers 

 Starter Grower 
   
Feed ingredients (%) 

Corn 40.15 57.57 
Rice broken 15.0 0.00 
Rice polish 0.00 4.00 
Wheat bran 1.34 0.00 
Soya meal 11.54 9.60 
Sunflower meal 12.00 13.00 
Canola meal 9.00 5.00 
Rapeseed meal 5.00 7.60 
Guar meal 1.00 0.00 
Molasses 2.00 0.00 
Dicalcium phosphate 1.73 1.96 
Premix* 1.00 1.00 
Sodium chloride 0.21 0.21 
Sodium bicarbonate 0.03 0.065 

Proximate composition (%) 
Crude protein 19.6 18.5 
Crude fat 2.16 2.35 
Crude fibre 1.26 1.80 
Total ash 5.77 5.40 
Calculated AME (Kcal/kg) 2750 2850 

   

*Vitamin mineral premix (each kg contained): Ca, 195 g; K, 70 g; Na, 18 g; Mg, 6 g; Zn, 28.8 mg;  
Fe, 2 000 mg; Cu, 400 mg; Mn, 1 200 mg; Se, 8 mg; Co, 20 mg; I, 40 mg; vitamin A, 200 000 IU;  
vitamin D3, 80 000 IU; vitamin E, 1072 IU; vitamin K3, 34 mg; ascorbic acid, 1 300 mg;  
thiamine, 35 mg; riboflavin, 135 mg; niacin, 1 340 mg; vitamin B6, 100 mg; folic acid, 34 mg;  
vitamin B12, 670 µg; and biotin, 3 350 µg 
AME: apparent metabolizable energy 

 
 

All the birds were weighed individually at the start of experiment and then on weekly intervals. The FI 
was recorded on daily basis and weekly feed intake per replicate was used to calculate FCR. The FI and 
FCR were calculated from average values of each replicate. The BW of control group was compared with 
that of the HS group while BW of supplemented groups was compared with HS group. 

At day-42, two birds from each replicate (10 birds/group) were randomly selected and live BW was 
noted with the help of digital balance. The birds were killed by cervical dislocation and the visceral organs, 
i.e. proventriculus, gizzard, pancreas, spleen, small intestine, large intestine and bursa of Fabricius were 
collected and weighed. Filled as well as empty relative weights (RW) were noted. The length of small and 
large intestine was measured with the help of measuring tape (Khan et al., 2017). 

For histological study the caecal tonsil and bursa of Fabricius were preserved in 10% neutral buffered 
formalin solution. The tissues were then processed through paraffin embedding technique and microscopic 
sections (5 µm) were prepared through rotary microtome (AMOS Scientific AEM-450, Australia). The 
microscopic sections were stained with haematoxylin and eosin stain (Bancroft et al., 2013). For 
morphometric analysis the tissue sections were observed with digital imaging analysis system (Prog 
Res®2.1.1 Capture Prog Camera Control Software). In caecal tonsils the height, width, number and area of 
lymphatic nodules were measured from three non-serial microscopic sections (three lymphatic nodules per 
section) and their average was considered. The number of lymphatic nodules was counted per microscopic 
field. The area of lymphatic nodule was calculated using formula (NL) x (NW), where NL is nodular height or 
length and NW is nodular width. In the bursa of Fabricius the height, width, total number and area of 
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lymphatic follicle were measured from three microscopic sections (three lymphatic nodules per section). The 
area of lymphatic follicle was calculated using following formula (FW) x (FL), where FW is follicular width and 
FL is follicular length (Khan et al., 2017). 

The results obtained were presented as mean ± SEM. To compare means one-way ANOVA was used 
through Statistical Package for Social Sciences, SPSS for Windows, version 20 (SPSS Inc., Chicago, IL, 
USA). The statistical differences among group means were determined through Tukey’s post hock test and  
P <0.05 was considered significant. 

 
Results 

The effect of ZnSO4•H2O and probiotic on BW is shown in Table 3. The BW was found similar  
(P >0.05) in all groups at day 1 and 7. At the end of week 3, improved (P <0.05) BW was observed in all 
supplemented groups compared to the control and HS groups. From day 22-42, the BW decreased  
(P <0.05) in the HS group compared to the control group while it increased (P <0.05) in all supplemented 
groups when compared with the HS group.  

 
 

Table 3 Effect of ZnSO4•H2O and probiotic supplementation on performance of broilers  
 

Parameters 
Groups* 

SEM P- Value 
Control HS HS-Zn30 HS-Zn60 HS-Pro 

HS-
Zn30-
Pro 

HS-
Zn60-
Pro 

          
Body weight (g) 
Day 1 36.04 34.35 39.33 41.00 37.34 38.63 34.47 0.83 0.25 
Day 7 161.6 167.6 172.8 172.4 176.9 176.6 164.7 2.35 0.53 
Day 21 805.7b 824.2b 923.0a 915.6a 910.4a 929.8a 922.8a 9.8 <0.01 
Day 42 2768.2a 1945.6c 2382.2b 2398.7b 2373.5b 2422.9b 2448.5b 44.93 <0.01 
Feed conversion ratio (FCR) 
Day 1-21 1.655a 1.625a 1.535a 1.538a 1.248b 1.520a 1.543a 0.03 <0.01 
Day 22-42 1.93c 2.64a 2.34b 2.33 b 2.33 b 2.34 b 2.28 b 0.04 <0.01 
Total FCR 1.80c 2.16a 1.99b 1.99b 1.93bc 1.98b 1.95b 0.02 <0.01 
          
abc means in a row with different superscripts are significantly different at P <0.05 
*Control (basal diet), HS (heat stress + basal diet), HS-Zn30 (HS + 30 mg ZnSO4•H2O /kg feed), HS-Zn60 (HS + 60 mg 
ZnSO4•H2O/kg feed), HS-Pro (HS + 0.1 g Protexin® /kg feed), HS-Zn30-Pro (HS + 30 mg ZnSO4•H2O/kg feed + 0.1 g 
Protexin® /kg feed) and HS-Zn60-Pro (HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin® /kg feed) 
 
 

The effect of ZnSO4•H2O and probiotic on FCR is presented in Table 3. The results revealed that 
among supplemented groups HS-Pro had better (P <0.05) FCR compared to HS group for starter period 
(days 1 - 21). Higher (P <0.05) FCR was observed in HS group when compared to control group while 
improved (P <0.05) FCR was observed in all supplemented groups when compared to HS group in last three 
weeks (days 22 - 42) of the experiment. However, the total FCR was found to be better (P <0.05) in HS-Pro 
group among all supplemented groups when compared to HS group. 

There was no effect of ZnSO4•H2O and probiotic individually or in combination on filled and empty 
relative weights of the proventriculus, gizzard, ceca and length of small and large intestine (Table 4). The 
RW of pancreas and bursa of Fabricius decreased (P <0.05) in the HS group compared to the control group 
but was higher (P <0.05) in all supplemented groups when compared to the HS group. The RW of spleen 
was higher (P <0.05) in HS-Zn60, HS-Pro, HS-Zn30-Pro and HS-Zn60-Pro than the HS group. The empty 
RW of small intestine decreased (P <0.05) in the HS group when compared to the control group; however, it 
increased (P <0.05) in the HS-Zn60, HS-Pro, HS-Zn30-Pro and HS-Zn60-Pro groups compared to the HS 
group. 

In caecal tonsils, the area of lymphatic nodules (ALN) was greater (P <0.05) in HS-Pro, HS-Zn30-Pro 
and HS-Zn60-Pro groups than the HS group (Table 5). In the bursa of Fabricius, the length (LLF) and area 
(ALF) of lymphoid follicles was higher (P <0.05) in the HS-Zn60, HS-Zn30-Pro and HS-Zn60-Pro than in the 
HS group (Table 6). The number of lymphoid follicle (NLF) decreased (P <0.05) in the HS-Zn60-Pro group 
when compared to the HS group, HS-Zn60-Pro. 
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Table 4 Effect of ZnSO4•H2O and probiotic on visceral organs of broiler  

Organ 
Groups 

SEM P-value 
Control HS HS-Zn30 HS-Zn60 HS-

Pro. 
HS-Zn30-

Pro 
HS-Zn60-

Pro 
          
Prov F (%) 0.34 0.35 0.38 0.42 0.41 0.38 0.40 0.01 0.14 
Prov E (%) 0.32 0.34 0.35 0.37 0.39 0.36 0.38 0.01 0.27 
Giz F (%) 2.19 2.41 2.20 2.39 2.21 2.14 2.50 0.04 0.13 
Giz E (%) 1.78 1.75 1.68 1.79 1.77 1.69 1.97 0.03 0.07 
Pancreas (%) 0.221a 0.139b 0.202a 0.210a 0.205a 0.200a 0.209a 0.01 <0.01 
Spleen (%) 0.108a 0.041b 0.085b 0.099a 0.092a 0.101a 0.111a 0.01 <0.01 
BF (%) 0.15a 0.06b 0.12a 0.13a 0.14a 0.14a 0.15a 0.01 <0.01 
SI F (%) 2.80ab 2.49ab 2.59ab 3.04a 2.34b 2.32b 2.39b 0.07 <0.01 
Sl E (%) 2.29a 1.78b 1.96ab 2.25a 2.12a 2.21a 2.26a 0.04 <0.01 
Ceca F (%) 0.47 0.35 0.36 0.42 0.42 0.44 0.45 0.01 0.08 
Ceca E (%) 0.32 0.25 0.27 0.28 0.29 0.30 0.32 0.01 0.09 
LSI (cm) 159.0 140.7 143.9 147.1 146.1 149.7 151.8 1.81 0.16 
LLI (cm) 41.40 35.44 36.60 38.80 36.70 38.70 39.20 0.58 0.11 
          

The foot note is same as for Table 3 
Prov, Proventriculus; Giz, Gizzard; BF, bursa of Fabricius; SI, small intestine; LSI, length of small intestine; LLI, length of 
large intestine; F, filled; E, empty. Control (basal diet), HS (heat stress + basal diet), HS-Zn30 (HS + 30 mg ZnSO4•H2O 
/kg feed), HS-Zn60 (HS + 60 mg ZnSO4•H2O/kg feed), HS-Pro (HS + 0.1 g Protexin® /kg feed), HS-Zn30-Pro (HS + 30 
mg ZnSO4•H2O/kg feed + 0.1 g Protexin® /kg feed) and HS-Zn60-Pro (HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin® 
/kg feed) 
 
 
Table 5 Effect of ZnSO4•H2O and probiotic on caecal tonsils histomorphology of broiler  
 

Parameters 
Groups 

SEM P-
value Control HS HS-

Zn30 
HS-

Zn60 HS-Pro HS-Zn30-
Pro 

HS-Zn60-
Pro 

          
LLN (µm) 121.14a 92.15d 97.46cd 98.26bcd 113.86abc 119.7a 119.34ab 2.25 <0.01 
WLN (µm) 81.90a 42.85c 47.73bc 49.49bc 52.73bc 54.89bc 60.56b 1.86 <0.01 
ALN (µm2) 9894.5a 3903.7d 4754.6cd 4814.3cd 5976.1bc 6543.2bc 7213.1b 271.45 <0.01 
NLN 2.90b 5.00ab 4.20ab 5.30ab 4.90ab 7.20a 6.40ab 0.38 0.04 
          

The foot note is same as for Table 3 
LLN: length of lymphatic nodule; WLN: width of lymphatic nodule; ALN: area of lymphatic nodule; NLN: number of 
lymphatic nodules 
*Control (basal diet), HS (heat stress + basal diet), HS-Zn30 (HS + 30 mg ZnSO4•H2O /kg feed), HS-Zn60 (HS + 60 mg 
ZnSO4•H2O/kg feed), HS-Pro (HS + 0.1g Protexin® /kg feed), HS-Zn30-Pro (HS + 30 mg ZnSO4•H2O/kg feed + 0.1 g 
Protexin® /kg feed) and HS-Zn60-Pro (HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin® /kg feed) 
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Table 6 Effect of ZnSO4•H2O and probiotic on bursa of Fabricius histomorphology of broiler  
 

Parameters 
Groups 

SEM P-value 
Control HS HS-

Zn30 
HS-

Zn60 HS-Pro 
HS-

Zn30-
Pro 

HS-
Zn60-
Pro 

          
LLF (mm) 0.46a 0.25d 0.26d 0.36bc 0.28cd 0.39ab 0.40ab 0.01 <0.01 
WLF (mm) 0.23a 0.14d 0.15cd 0.18bc 0.18bc 0.19b 0.22ab 0.00 <0.01 
ALF (mm2) 0.10a 0.04d 0.04d 0.07bc 0.05cd 0.08b 0.09ab 0.00 <0.01 
NLF 12.0b 19.3a 17.1ab 15.5ab 15.6ab 14.3ab 12.2b 0.57 <0.01 
          

The foot note is same as for Table 3 
LLF: length of lymphatic follicle; WLF: width of lymphatic follicle; ALF: area of lymphatic follicle; NLF: number of lymphatic 
follicle 
Control (basal diet), HS (heat stress + basal diet), HS-Zn30 (HS + 30 mg ZnSO4•H2O/kg feed), HS-Zn60 (HS + 60 mg 
ZnSO4•H2O/kg feed), HS-Pro (HS + 0.1 g Protexin®/kg feed), HS-Zn30-Pro (HS + 30 mg ZnSO4•H2O/kg feed + 0.1 g 
Protexin®/kg feed) and HS-Zn60-Pro (HS + 60 mg ZnSO4•H2O/kg feed + 0.1 g Protexin®/kg feed) 
 
 
Discussion 

Heat stress is known to adversely affect broiler performance. Zinc and probiotic supplementation play 
an important role in ameliorating the harmful effects of heat stress in broilers. The results of current study 
revealed that no improvement in BW of all supplemented groups was observed in first week of the 
experiment when compared to control and HS groups. The results regarding BW in current study were 
similar to that of Yang et al. (2011) and Swain (2012). They reported no improvement in BW with dietary 
supplementation of zinc and probiotic in broilers in the first week. This may be due to late establishment of 
gut microflora to show any favourable effects in probiotic supplemented groups including HS-Pro, HS-Zn30-
Pro and HS-Zn60-Pro groups (Swain, 2012). Higher BW was found in all supplemented groups compared to 
the control and HS groups on day 21.The improved BW in the HS-Zn30 and HS-Zn60 groups may be linked 
to ZnSO4•H2O supplementation that plays an important role in enhancing activity of trypsin in pancreas and 
digestive enzymes including lipase, amylase, trypsin and chymotrypsin at intestinal level, as reported in 
earlier study (Hu et al., 2013). The higher BW in HS-Pro group can be attributed to supplementation of the 
probiotic. The probiotics help in the establishment of beneficial gut microflora resulting in lower levels of 
pathogenic bacteria and better nutrients absorption due to modulation of intestinal surface area (Brzoska  
et al., 1999; Ashraf et al., 2013). The final BW decreased in HS group when compared with control group. 
However, it increased in all supplemented groups when compared with the HS group. The decreased BW in 
the HS group may be linked to decreased digestibility of nutrients due to lack of digestive enzymes including 
amylase, chymotrypsin and trypsin due to heat stress. The increased BW in HS-Zn30 and HS-Zn60 groups 
can be attributed to ZnSO4•H2O through reversal of the negative effects of oxidative damage in the pancreas 
(Onderci et al., 2003). The increased BW in the HS- Pro, HS-Zn30-Pro and HS-Zn60-Pro treatments may be 
attributed to the supplementation of the probiotic. Probiotics have been documented to increase villus height, 
villus height to the crypt depth ratio that results in increased surface area for absorption in the intestine 
(Ashraf et al., 2013).  

Improved FCR was observed in the HS-Pro group compared to all other groups in the starter phase 
(days 1 - 21). This improvement in the HS-Pro group may be associated with dietary supplementation of 
probiotic that increased beneficial intestinal microflora and resulted in better feed utilization (Edens, 2003). A 
higher FCR was observed in the HS group compared to the control group in finisher phase (days 22 - 42). 
The higher FCR in the HS group may be associated with a reduced feed digestibility of feed that lead to an 
increased FCR. The improved (lower) FCR was found in all supplemented groups compared to the HS 
group. The decreased FCR in HS-Zn30, HS-Zn60 and HS-Zn60-Pro groups may be linked to ZnSO4•H2O 
which might have ameliorated the negative effects of heat stress, and effectuated a better FCR. The 
improved FCR in HS-Pro group might be attributed to multiple factors such as improvement in digestion, 
metabolism of nutrients and minerals, decrease in intestinal pH through production of organic and volatile 
fatty acids and increase in amylase enzymes activity (Jin et al., 2000; Dhama & Singh, 2010). All these 
factors help in better utilization of feed within the small intestine. In the present study decreased RW of the 
pancreas was observed in the HS group compared to the control group. These results are comparable to an 
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earlier study (Kerr et al., 2003), which reported decreased weight of the pancreas with environmental 
temperature of 33 °C in pigs. The decreased weight is proposed to have resulted from pancreatic tissue 
damage through oxidative stress. The relative weight of the pancreas improved in all supplemented groups 
(HS-Zn30, HS-Zn60, HS-Pro, HS-Zn30-Pro and HS-Zn60-Pro) compared to the HS group. The increased 
relative weight of pancreas in zinc-supplemented groups may be related to lowered oxidative stress in 
pancreatic tissue because of the antioxidant role of zinc (Sahin & Kucuk, 2003). The results about increase 
in RW of the pancreas with probiotic supplementation endorse the results of Samli et al. (2007). The 
mechanism behind increased relative weight of the pancreas in combined zinc and probiotics supplemented 
groups (HS-Zn30-Pro and HS-Zn60-Pro) is unclear and needs further investigation. The RW of the spleen 
and bursa of Fabricius were lower in the HS group compared to the control group, but increased in the HS-
Zn60, HS-Pro, HS-Zn30-Pro and HS-Zn60-Pro groups. The decreased relative weight of immune organs in 
the HS group may be associated with heat stress-induced zinc deficiency that results in atrophy of lymphoid 
tissue. The results about increased relative weights of the immune organs in supplemented groups can be 
linked with increased area of lymphoid follicles due to increased lymphocytic concentration to these organs 
(Akbari et al., 2008) The relative empty weight of the small intestine was lower in the HS group compared to 
control group, but increased in the HS-Zn60, HS-Pro, HS-Zn30-Proand HS-Zn60-Pro groups when 
compared with HS group. The decreased intestinal weight in the HS group may be related to decreased 
villus surface area in the small intestine and reduced level of thyroxin. Thyroxine level is reduced due to 
increased level of cortisol during heat stress (Ganong, 2005) that has an enterotropic effect (Ashraf et al., 
2013). The increased intestinal weight in supplemented groups (HS-Zn60, HS-Pro, HS-Zn30-Pro, and HS-
Zn60-Pro) may be related to zinc through reversal of unfavourable effects of heat stress and enhancement of 
enterocytes proliferation (MacDonald, 2000). 

In the caecal tonsils, the length, width and area of lymphatic nodules decreased in HS group. These 
findings about caecal tonsils were similar to findings of previous study (Liu et al., 2012) which revealed 
decreased caecal tonsil weight with dietary flourine-induced oxidative stress. In the present study, the 
lowered LLN, WLN and ALN may be due to reduced concentration of lymphocytes resulting from heat stress 
as the heat stress is reported to decrease circulating lymphocyte percentage (Altan et al., 2003). Dietary 
supplementation of probiotic or its combination with ZnSO4•H2O increased the LLN and ALN in caecal 
tonsils. The increased LLN and ALN may be due to increased number of lymphocytes as probiotics and zinc 
both have been reported to increase lymphocyte concentration (Rahimi & Khaksefidi, 2006; Rouhalamini et 
al., 2014).  

In bursa of Fabricius the LLF, ALF and NLF decreased in HS group. The decreased LLF and ALF 
may be the result of reduction in lymphocytic concentration as reported in an earlier study (Aengwanich, 
2008). The enhanced adrenal activity due to heat stress results in release of corticosteroids that 
consequently cause suppression of cell proliferation factor (Siegel, 1995).The LLF and ALF increased with 
dietary supplementation of ZnSO4•H2O and probiotic either alone or in combination. It is known that zinc has 
a role in lymphocyte proliferation or lymphokines secretion (Naz et al., 2016), but further studies are needed 
to suggest possible mechanisms behind observations made in groups supplemented with combined 
ZnSO4•H2O and probiotic. However, both ZnSO4•H2O and probiotic alone are known to increase lymphocytic 
concentration.  

 
Conclusion 

Heat stress negatively impacted the performance parameters as well as relative weights and 
histomorphology of immune organs, while, supplementation of ZnSO4•H2O and a probiotic either alone or in 
combination, partially ameliorated the negative effects of heat stress and improved the afore-mentioned 
parameters. 
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