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Abstract 

his study investigated the use of 

lemongrass (LG) to ameliorate the effect 

of chronic heat stress on the rectal 

temperature, mortality, villi height, crypt depth 

and haematological profile of broiler chickens. 

The experiment was conducted according to 

procedures approved by the Ethics Committee for 

Basic and Applied Sciences, University of Ghana. 

Two hundred COBB500 breed of day-old broilers 

were used for the research. The experimental 

animals were randomly allotted into five dietary 

treatment groups with five replicates in for each 

group, using ten birds for 

each replicated. Corn-

soya bean meal was used 

for the formulation as 

the basal diet (BD) with 

LG inclusion at 0, 1, 2, 3, 

and 4 percent levels. 

These were designated as 

dietary treatments T1, T2, 

T3, T4, and T5 

respectively. The birds 

were fed the 

experimental diets from 

age 7 until age 49 days.  

Heat stress was applied 

to the birds through 

exposure to temperature 

range of 35-37o C daily 

from 11:00-15:00 GMT 

from 4th to 7th weeks. 
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Daily rectal temperature of birds in each replicate 

was taken. At the end of the feeding trial, a total 

of 50 birds (10 birds per treatment and two birds 

per replicate) were randomly selected for 

haematological and histo-morphological 

examination. Results revealed that the rectal 

temperature increased significantly (p < 0.05) due 

to imposition of the heat stress. However, 

mortality was low and within level acceptable in 

broiler production. Also, haematological 

parameters were similar (p > 0.05) among 

treatments. Histo-morphological analysis of the 

ileum showed that significant differences (p < 

0.05) occurred for the villi height, crypt depth, 

and villi height/crypt depth ratio among the 

treatments. Villi height (VH) and crypt depth (CD) 

of treatments T4 and T5 were significantly higher 

(p < 0.05) than those of T1, T2, and T3. Also, the 

VH/CD ratio of dietary treatments T1, T2 and T3 

were similar (p > 0.05) but higher (p < 0.05) than 

those of treatments T4 and T5.  It was concluded 

that the dietary inclusion of LG improved the villi 

height, crypt depth, and villi height/crypt depth 

ratio for broilers under chronic heat stress.  

However, LG inclusion did not cause any 

significant difference in mortality and 

haematological profile of broiler chickens reared 

under chronic heat stress. This perhaps may be 

because the antioxidant 

phytochemicals in the 

lemongrass were not 

sufficiently bioavailable 

to the birds at a level that 

could have brought 

about significant effect in 

the rectal temperature 

and the blood profile of 

the birds during this 

stressful period. It is 

therefore recommended 

that essential oil extract 

of lemongrass be 

considered in future 

studies. Also, the short 

duration in which broilers 

were fed the test diets 

might not have allowed 

the broilers to fully 

benefit from the LG 

supplementation to 

show. Hence, the herb 

can be tested in the diets 

of other poultry species 

such as layers, breeders, 

and cockerel which feed 

for longer period.  

INTRODUCTION AND LITERATURE REVIEW 

nder normal physiological condition, a living organism generates 

heat arising from the biochemical activities occurring in the body. 

On the general note, according to and Pawar et al. (2016) stress is 

a nonspecific reaction of the body to any demand, and a stressor is an agent 
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that brings about stress at a specific time. Therefore, stress is as a result of 

the response of the animal to any stimulus that disrupts normal 

physiological homeostasis. Lara and Rostagno, (2013) pointed out that heat 

stress takes place in a broiler chicken when the output heat generated by 

the broiler surpasses level which the bird can dissipate into its external 

environment. The excess heat may be due to factors such as break down of 

thermos-regulatory mechanism, heat irradiation, atmospheric temperature 

or high humidity. 

According to Altan et al. (2003), rectal temperature in broiler is an indication 

of the whole-body temperature, thus the temperature of the rectum is 

among the indices that reveals the impact of heat stress in birds. Oluyemi 

and Roberts, 2007 reported that rectal temperature increases beyond the 

normal value of 41.5oC in adult bird under heat stress condition and that 

broilers at the age beyond 4 weeks are more sensitive to increasing 

atmospheric temperature. This usually lead to increase in rate of mortality 

as the temperature goes beyond thermoneutral zone. This is largely due to 

depressed immunity as well as increase the growth of pathogenic microbes. 

High temperature adversely affects the functions as well as of the structure 

intestinal epithelial cells of broilers (Abdelqader et al., 2017).  According to 

Abdelqader et al. (2017) the villi height and crypt depth usually reduce when 

broilers are exposed to a high temperature. Intestinal integrity is vital to 

broilers due to its roles in nutrient digestion and absorption. Hematological 

profile (such as red blood cell, hemoglobin concentration, hematocrit, mean 

cell volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin 

concentration, leukocyte count, percentage of heterophils, lymphocytes, 

monocytes, eosinophils, and basophils) is one of the clinical diagnostic tools 

being used to assess disease conditions in broilers and other animals (Huff 

et al., 2010). 

Heat stress has a negative impact on haematological profiles of a broiler. Xu 

et al. (2018) reported that the level of mean corpuscular hemoglobin 

concentration, haematocrit, haemoglobin and mean corpuscular volume 

usually decrease when broilers are under heat stress. According to Xu et al. 
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(2018) heterophils increases while lymphocytes reduces whenever broilers 

are exposed to heat stress, leading to an increase in 

heterophils/lymphocytes ratio. Therefore, heterophils and lymphocytes can 

be measured to determine the effect of heat stress in broilers  

 Many investigations have been carried out with the aim of finding ways to 

ameliorate the adverse impact of heat stress particularly in broilers and 

poultry in general.  Although some strategies being adopted (such as 

reduction in stocking density, roof painting, installation of cooling devices) 

are effective against heat stress in broilers. They are however, have some 

disadvantages.  Inclusion of broiler diets with ingredients that are capable 

of relieving the adverse effects of heat stress could be a cheaper and better 

option (Sahin et al 2013). Currently attention globally is on herbs. This can 

take the form of extract or powdery preparations of certain parts of the 

plant. This perhaps may be due to the fact that most plant products are 

generally regarded as safe for both human and animal consumption. 

 Aljuobori et al. (2016) stated that the whole plant or the essential oil 

extracts of many herbs, have been investigated for antimicrobial and 

growth-promoting activities in broilers and other poultry. But only a few of 

these herbs were investigated under heat stress conditions in poultry. 

Incorporation of these herbs into broiler diets have improved the weight 

gain, feed conversion ratio, and carcass quality in broiler chicken. This is in 

addition to their antimicrobial effects and lowering of feed cost (Alagbe and 

Olufemi, 2019).  

Lemongrass, according to Asaolu et al. (2009) has been generally used as 

medicinal herbs in traditional alternative medicine for the treatment of 

some sicknesses in humans. Furthermore, the acyclic monoterpene 

aldehydes known as citral is the main bioactive compounds isolated from 

lemongrass and citral is the main bioactive content that is responsible for 

the bio efficacy in lemongrass (Oliveira et al 2009).  

During exposure to heat stress, oxidative stress occurs in broiler (Akbarian 

et al., 2015). According to Haliiwell and Whiteman (2004) oxidative stress is 

the presence of reactive species (free radicals) above the antioxidant 
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capacity of the animal cells. Akbarian et al. (2015) stated that the increase in 

production of superoxide when broiler is under heat stress was as a result 

of heat-induced increments in rectal and muscle temperatures. The 

presence of these unwanted radicals can lead to metabolic problems such 

as oxidative stress and oxidative damage (Halliwell and Whiteman,2004). 

Oxidative stress can result in reduced glutathione (GSH) and glutathione 

disulfide, changes in the expression of important enzymes that are involved 

in detoxification, antioxidant defense, inflammatory responses (Sahin et al., 

2013). The free radical scavenging and antioxidation ability of the 

lemongrass (Balakrishnan et al., 2015; Tran and Nguyen, 2018) makes it herb 

to be considered for solving the problem of heat stress in broiler chickens.  

Although some investigations involving the use of lemongrass leaves and 
extracts to improve the performance of broiler, might have shown 
contradiction of results (Thayalini et al., 2011; Mukhtar et al., 2012; Alzawqari 
et al., 2016), other studies (Mmereole, 2010; Sah et al., 2012; Balakrishnan et 
al., 2015; Tran and Nguyen, 2018) have shown positive results in the use of 
lemongrass, though not under heat stress condition. Furthermore, some 
investigations have demonstrated the antioxidant and free radical 
scavenging potential of lemongrass in vitro experiments (Cheel et al., 2005; 
Jumepaeng et al., 2013; Godwin et al., 2014; Karpagam et al., 2016). Hence, 
there was a need for an investigation to ascertain the effect of 
incorporating lemongrass into broilers’ diet under heat stress since broilers 
are adversely affected by the free radicals being produced when broiler is 
exposed to heat stress. 
Given the above, this study examined the effects of varying levels of 

lemongrass on the the rectal temperature, mortality, villi height, crypt 

depth and haematological profile of broiler chickens exposed to chronic 

heat stress. 

 

MATERIALS AND METHODS 

The lemongrass herb used for the experiment was purchased from Accra. 

Ghana, West Africa. The broiler starter, grower and finisher diets were 

formulated to meet the nutritional requirements of broilers in line with 
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National Research Council (2006) specifications. There were five dietary 

treatments designated as T1, T2, T3, T4, and T5 containing 0, 1, 2, 3, and 4% 

lemongrass inclusions respectively. Diet T1 served as the control. Nutrient 

compositions of the starter, grower, and finisher diets are shown in Tables 

1, 2 and 3 respectively. Heat stress was imposed through thermostatically 

controlled electric bulbs and fan. Thermometers were installed at different 

locations in the poultry house to monitor the temperature. At the end of the 

trial, fifty birds (ten birds per treatment and two birds per replicate) were 

selected at random for blood samples collection and ileal histo-

morphological investigation. Further data that were obtained include 

haematological (haemoglobin concentration, packed cell volume, 

heterophils, lymphocytes, monocytes, eosinophils, and basophils) and 

histo-morphological parameters (villi height, and crypt depth). Derived data 

include dressing percentage and heterophils/lymphocytes ratio. Analysis of 

Variance (ANOVA) was done using Genstat statistical software to determine 

any significant difference among treatment means. But data for the rectal 

temperatures were analysed using Paired sample t-test. Where significant 

differences existed served, the Student Newman-Keuls procedure was used 

to separate means.  

Table 1: Compositions (%) of experimental broiler starter diets 

 DIETARY TREATMENTS 

INGREDIENTS D1  D2  D3  D4  D5  

Maize 59.53 59.33 59.23 59.23 59.53 

Soybean Meal 33.00 33.20 33.30 33.30 33.00 

Wheat bran 4.00 3.00 2.00 1.00 0.00 

Lemongrass 0.00 1.00 2.00 3.00 4.00 

Dicalcium Phosphate 1.20 1.20 1.20 1.20 1.20 

Shell 1.30 1.30 1.30 1.30 1.30 

Salt 0.25 0.25 0.25 0.25 0.25 

Lysine 0.18 0.18 0.18 0.18 0.18 

Methionine 0.29 0.29 0.29 0.29 0.29 

Broiler premix 0.25 0.25 0.25 0.25 0.25 

TOTAL 100 100 100 100 100 
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       Calculated Analysis      

ME (MJ/Kg) 11.22 11.24 11.27 11.28 11.27 

Crude Protein(%) 21.27 21.24 21.22 21.22 21.18 

Crude Fat (%)  2.83 2.85 2.88 2.90 2.97 

Fibre (%) 2.81 2.85 2.90 3.70 4.02 

 

Table 2: Compositions (%) of experimental broiler grower diets 

 DIETARY TREATMENTS 

INGREDIENTS D1  D2  D3  D4  D5  

Maize 64.51 64.63 64.71 64.73 64.79 

Soybean Meal 27.00 27.30 27.40 27.50 27.40 

Wheat bran 5.00 3.60 2.42 1.30 0.34 

Lemongrass 0.00 1.00 2.00 3.00 4.00 

Dicalcium Phosphate 1.20 1.20 1.20 1.20 1.20 

Shell 1.30 1.30 1.30 1.30 1.30 

Salt 0.25 0.25 0.25 0.25 0.25 

Lysine 0.20 0.18 0.18 0.18 0.18 

Methionine 0.29 0.29 0.29 0.29 0.29 

Broiler premix 0.25 0.25 0.25 0.25 0.25 

TOTAL 100 100 100 100 100 

       Calculated Analysis      

ME (MJ/Kg) 11.38 11.39 11.40 11.41 11.45 

Crude Protein(%) 19.07 19.09 19.11 19.11 19.12 

Crude Fat (%)  2.97 2.98 2.99 3.07 3.10 

Fibre (%) 2.82 2.89 3.02 3.87 4.03 

 

Table 3: Compositions (%) of experimental broiler finisher diets 

 DIETARY TREATMENTS 

INGREDIENTS D1  D2  D3  D4  D5  

Maize 66.43 66.58 66.90 66.93 66.98 

Soybean Meal 25.03 25.30 25.40 25.50 25.03 

Wheat bran 5.00 3.60 2.18 1.05 0.40 

Lemongrass 0.00 1.00 2.00 3.00 4.00 

Dicalcium Phosphate 1.20 1.20 1.20 1.20 1.20 

Shell 1.30 1.30 1.30 1.30 1.30 
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Salt 0.25 0.25 0.25 0.25 0.25 

Lysine 0.25 0.23 0.23 0.23 0.30 

Methionine 0.29 0.29 0.29 0.29 0.29 

Broiler premix 0.25 0.25 0.25 0.25 0.25 

TOTAL 100 100 100 100 100 

       Calculated Analysis      

ME (MJ/Kg) 11.46 11.47 11.48 11.49 11.52 

Crude Protein(%) 18.34 18.35 18.36 18.37 18.39 

Crude Fat (%)  3.02 3.04 3.06 3.08 3.15 

Fibre (%) 2.79 2.99 3.20 3.40 4.01 

 

EXPERIMENTAL DESIGN 

The Completely Randomized Design (CRD) was employed for this study. 

Two hundred and fifty Cobb500 broiler day-old chicks were used in the 

experiment. Each of the five treatments had five replicates. A replicate pen 

housed 10 birds.   

 

MANAGEMENT OF EXPERIMENTAL BIRDS 

The broiler day-old chicks were first reared for one week. This was to ensure 

that healthy birds were selected since they were to be exposed to heat 

stress during the course of the trial. The selected 250 experimental birds 

were randomly allotted to the treatment groups as stated earlier. The birds 

were fed the experimental diets and water ad libitum. The initial weight of 

the birds, as well as the feed allocated, were recorded. The procedures for 

the rearing of broilers as reported by Abeke (2002) and Sahin et al. (2002) 

were adopted for the trial. 

The litter used was wood shaving of about 2.5 cm in thickness. At the onset, 

the brooding temperature was 34o C. However, this was gradually reduced 

to 21o C at 28 days old, by adjusting the source of heat. All the birds were 

initially fed with commercial starter diets up to the end of the first week of 

age for reason earlier stated. Since the birds were a week old at the 

beginning of the trial, they were fed for one week with the experimental 

starter diets, two weeks with grower diets, and three weeks with the 
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finisher diets. Heat stress was imposed on the birds from the fourth week 

for four hours daily (11:00-14:00 GMT). On daily basis rectal temperature of 

six birds per treatment was taken. The trial ended when the birds were 

seven weeks old.  

 

RESULTS AND DISCUSSION 

Behavioural pattern observed among the birds during the period of heat 

imposition were indications of elevated rectal temperature in broilers (Wan 

et al., 2017). These include clustering around the watering trough, squatting, 

and panting. These were observed among the birds in the current study 

during the period during heat imposition. The mortality rates were low in all 

the treatment groups and were within the normal acceptable level in broiler 

production. This may be because the period of heat imposition was not long 

enough to cause fatality. More so favourable condition was restored after 

the heat imposition.  

The imposition of heat stress significantly raised the rectal temperatures of 

the broilers (P ˂ 0.05) in all the treatment groups as shown in the result of 

the Paired Sample t-test (Table 4).  

 Adult broilers are usually reared at a temperature range of 21-25o C at the 

finisher phase (Oluyemi and Roberts, 2007). But the birds in this trial were 

heat stressed at controlled temperature of 35-37 oC for four hours daily 

which was responsible for increase in their rectal temperature. It was 

observed that dietary inclusion of lemongrass did not lower the rectal 

temperature in any of the treatment groups (Table 4). This indicated that 

lemongrass did not improve the thermoregulation in the birds, though the 

herbs had been reported after in vitro (Sah et al., 2012; Jamuna et al., 2017) 

and in vivo (Ojo et al., 2006; Al-Sagheer et al., 2017) experiments to contain 

phytochemicals (phenol and flavonoids) that have the potential to 

scavenge free radicals. Free radical such as reactive oxygen and nitrogen 

species result in oxidative stress when broilers are heat-stressed (Akbarian 

et al., 2016). Perhaps the phytochemicals were not available in sufficient 

amounts to the birds during the challenge of heat stress.  This finding 



 
 
 
 

 

 
 

 

 190 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – OMDR  
VOL. 18 NO.3 JUN-2022 ISSN: 2099-6651  

 

EDITOR-IN-CHIEF 
Prof. A.S. Hossein [Saskatchewan] 

agreed with Wan et al. (2017) and Oke et al. (2017). Wan et al. (2017) had 

reported no significant difference (p > 0.05) in the rectal temperature of 

broilers fed diets supplemented with enzyme-treated Artemisia herb and 

those fed normal diets under heat stress. Furthermore, Oke et al. (2017) 

reported that the inclusion of extract of olive leaves had no effect (p > 0.05) 

on the rectal temperature of broilers under heat stress. The phytochemicals 

in Artemisia herb and olive leaves extract (such as ketone, 1-camphor, 

sesquiterpenoids, phenolics, flavonoids, and steroids,) are also present in 

lemongrass. Besides, Artemisia has demonstrated antihypertensive, 

antibacterial, anti-inflammatory, and antioxidant activities like lemongrass 

(Vanisha and Hema 2012). 

There were significant differences in all the histo-mophological parameters 

(villi height, crypt depth, and villi height/crypt depth ratio) of broilers’ ileum 

as shown in Table 5. The villi height and crypt depth of T4 and T5 were found 

to be similar (p > 0.05) but significantly higher (p < 0.05) than those of T1, 

T2, and T3. The reverse was the case for the villi height /crypt depth ratio, 

where T4 and T5 were found to be lower (p < 0.05) than those of the 

remaining treatments. It was observed that the villi height and crypt depth 

increased as the lemongrass inclusion rate increased. But reverse in the case 

for the villi height/crypt depth ratio was expected since it was a ratio. Crypt-

villus units play vital roles during nutrients digestion and absorption, thus 

this units are crucial to broiler’s health and performance.  Hashemi et al 

(2014) reported the importance of villi height and crypt depth in broilers that 

broiler with large intestinal villi experiences better growth rate and increase 

in the digestive and absorptive function of the gut due to improved 

absorptive surface area coupled with transportation of nutrients.  

Heat stress usually have negative impact on the intestinal epithelium of 

broilers causing reduction in crypt depth and villi height (Quinterio-Fiho et 

al., 2012).  Hashemi et al. (2014) reported that chemical compounds such as 

phenolic compounds and flavonoids, tannins, saponin, and alkaloids in feed 

could improve villi and crypt, but there are no consistent reports from 

literature to support this claim. Some phytonutrients improved (Namkung 
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et al., 2004), others did not affect (Nofrarias et al., 2006), while some caused 

reduction (Garcial et al., 2007) of villi height and crypt depth in broilers 

exposed to heat stress. Therefore, considering the result of this 

investigation it seemed that lemongrass belongs to the group of herbs that 

contain phytochemicals which can improve villi height and crypt depth in 

heat stressed broilers. This disagrees with the reports of Thayalini et al. 

(2011) who found no difference (p > 0.05) in the villi height and crypt depth 

of broilers fed lemongrass diet compared to the control. But Thayalini et al. 

(2011) used only 2% inclusion level of lemongrass and they did not carry out 

their experiment under heat stress. 

The results of the haematological profile of broilers fed diets containing 

varying levels of lemongrass under heat stress is shown in Table 6. There 

was no significant difference among the parameters (P > 0.05).   

Lemongrass contains high concentration of iron (Asaolu et al., 2009). Iron 

which is a component of the red blood cell, is very vital in erythropoiesis 

(Rahimian et al., 2018). Hence, it was expected that haemoglobin 

concentration of the birds fed diets containing higher inclusion level of 

lemongrass would have been significantly higher compared to birds in other 

treatment groups.  But that was not the case. Nevertheless, the 

haemoglobin concentration in the blood of birds fed diets containing 

lemongrass numerically increased as the lemongrass inclusion level 

increased. Therefore, perhaps the iron in the supplemented diets was not 

sufficiently bioavailable to cause significantly difference in the haemoglobin 

concentration of the affected birds. Furthermore, the PCV levels of the birds 

in the trial were expected to also show significant difference. But that was 

not so. May be the concentration of other cells in the blood, aside the 

haemoglobin in the blood altered the pattern of the PCV. 

The outcome of this study is against the findings of Alagbe and Oluwafemi 

(2019) and Santos et al. (2019). Alagbe and Oluwafemi (2019) reported that 

the inclusion of lemongrass and garlic extracts to broilers diet led to a 

significant increase (p < 0.05) in the haematological profile of the birds 

above those fed the control diet. The variation may be because Alagbe and 
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Oluwafemi (2019) used a liquid mixture of lemongrass and garlic extracts 

and their experiment was not conducted under heat stress. Also, Santos et 

al. (2019) reported significant increase (p < 0.05) in the haematological 

parameter of broilers fed diet containing essential oil of lemongrass above 

those fed the control diet. This may be because the experiment conducted 

by Santos et al. (2019) used essential oil of the lemongrass and also the study 

was not done under heat stress as in the present study.  

 

Table 4 Means of the rectal temperatures before and after heat stress 

 Mean Rectal Temperatures  

 Before Heat Stress  After Heat Stress  

Treatment Mean SE  Mean SE p-value 

All treatments 41.54a 0.03  42.23b 0.04 <0.001 

Treatment 1 41.60a 0.07  42.37b 0.07 <0.001 

Treatment 2 41.11a 0.08  42.25b 0.06 <0.001 

Treatment 3 41.69a 0.07  42.22b 0.07 <0.001 

Treatment 4 41.45a 0.07  42.19b 0.07 <0.001 

Treatment 5 41.50a 0.07  42.11b 0.11 <0.001 

 

Means with different superscripts on the same row are significantly 

different (P ˂ 0.05) 

 

Table 5: Villi height and crypt depth of broilers fed diets containing 

lemongrass under heat stress 

 Dietary Treatment Means   

Parameters T1 T2 T3 T4 T5 SEM p-

values 

Villi height (µm)  1150a 1135a 1157a 1316b 1356b 85.90 0.02 

Crypt depth 

(µm) 

137.10a 140a 139.4a 210.3b 198.4 

b 

21.76 0.01 

VH/CD ratio 8.38a 8.11a 8.3a 6.26b 6.8b 1.17 0.01 
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Means with different superscripts on the same row are significantly 

different (P ˂ 0.05) 

VH/CD = Villi height/Crypt depth ratio 

 

Table 6: Haematological profile of broilers fed diets containing lemongrass 

under heat stress 

 Dietary Treatment Means   

Parameters T1 T2 T3 T4 T5 SEM p-

values 

Heterophils (H)% 49.10 56.3 48.80 47.7 49.40 4.49 0.35 

Lymphocytes (L)% 32.5 26.00 27.70 26.5 29.20 4.00 0.50 

H/L Ratio 1.62 2.42 1.97 2.18 2.03 0.49 0.57 

Haemoglobin 

(g/dl) 

8.66 8.69 8.70 8.69 8.72 0.20 0.06 

Pack c Cell Volume 

(%) 

26.30 26.22 26.16 25.99 25.98 0.81 0.09 

Monocytes (%) 19.12 19.06 19.20 18.97 18.99 1.55 0.07 

Eosinophils (%) 7.2 7.72 10.10 12.03 11.00 2.77 0.36 

Basophils (%) 0.29 0.48 0.20 0.048 0.30 0.17 0.18 

Ph 8.09 8.21 8.24 8.33 8.35 0.41 0.68 

           H/L  ratio = Heterophils/Lymphocytes ratio 

 
CONCLUSION 
In view of the above, it was concluded that incorporation of lemongrass into 

the diet of broiler chickens up to 4% level under chronic heat stress improved 

the intestinal morphology particularly villi height, crypt depth, villi 

height/crypt depth ratio but did not affect the mortality, rectal temperature 

and haematological profile. But the numerical values of these parameters 

pointed toward significant level. It is therefore recommended that 

lemongrass can also be experimented on other species of poultry such as 

layer, cockerel and turkey that are also affected by heat stress.   
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