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ABSTRACT
Background: The range of thermoneutral zone of chickens is narrow, and 
they become easily susceptible to environmental stress, a common and 
major concern for poultry causing a production loss. Objective: The present 
study was designed to comparatively evaluate anti‑stress activity 
of Phytocee™ and Vitamin C in chickens reared under heat stress. 
Materials and Methods: A total of 600‑day‑old chicks of Cobb 400 were 
randomly assigned to 4 groups with 6 replicates comprising 25 birds 
each (n = 150). G1 served as a normal control (NC) and supplemented with 
Vitamin C at 100 g/ton of feed. G2 served as a heat stress control (HSC), 
subjected to heat stress (34°C–36°C) without Vitamin C supplementation. 
G3 and G4 served as positive control and treatment group (TC), subjected 
to heat stress and supplemented with Vitamin C and Phytocee™ at 
100  g/ton of feed, respectively. The impact on zootechnical parameters 
and cloacal temperature was assessed at regular intervals, and blood was 
collected at the end of the experiment for evaluation of stress parameters, 
namely heterophil lymphocyte ratio (H:L ratio) and serum corticosterone. 
Results: Exposure of chickens to heat stress caused a significant decrease 
in body weight, worsening of feed conversion ratio, higher mortality, 
and poor production efficiency. Moreover, serum corticosterone level, 
H:L ratio, and cloacal temperature were significantly increased in HSC 
as compared to NC. However, supplementation of Phytocee™ in feed 
significantly ameliorated the negative impact of heat stress in broiler 
birds. Conclusion: The supplementation of Phytocee™ demonstrated an 
anti‑stress effect in chickens through restoration of serum corticosterone 
level, H:L ratio, and thermoregulatory mechanism.
Key words: Anti‑stress, corticosterone, heat stress, heterophil 
lymphocyte ratio, Phytocee™, poultry

SUMMARY
•  Combating heat stress remains a challenge for the broiler industry in the 

tropics and subtropics, which is even aggravated by the changing climatic 
conditions

•  The present study was designed to evaluate the anti‑stressor activity of 
Phytocee™, a polyherbal formulation containing Emblica officinalis, Ocimum 
sanctum, and Withania somnifera in broiler using heat stress model in 
comparison with Vitamin C

•  Phytocee™ demonstrated an anti‑stress effect in the current study by 
ameliorating the negative effects of heat stress on zootechnical parameters, 

serum corticosterone, heterophil lymphocyte ratio, and cloacal temperature 
of broilers through modulating the hypothalamic–pituitary–adrenal axis and 
thermoregulatory mechanism

•  Hence, Phytocee™ could be recommended in broilers and livestock animals 
for modulating and combating adverse effects of heat stress and thereby 
reducing the economic losses incurred by farmers.

Abbreviations Used: HPA axis: Hypothalamic pituitary adrenal axis.
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INTRODUCTION
In many parts of the world, poultry farming occupies a significant 
position among agricultural industries since it contributes major portion 
of the animal protein to human population. The foremost drawback 
of poultry production in tropical and subtropical countries is high 
environmental temperature and humidity as it induces a heat stress to the 
birds by altering its thermoregulatory mechanisms. Birds have a greater 
challenge in maintaining homoeothermic body temperature during 
heat stress because of the absence of the sweat glands and higher body 
temperature when compared to other domestic animals.[1] Earlier studies 
reported that an increase in temperature above 25°C significantly lowers 
the growth rate of broilers.[2,3] Typically, birds can tolerate and adapt to 

the temperature of about 20°C–25°C, and beyond this, it turns down the 
birds’ immunity, feed intake, weight gain, egg production, hatchability of 
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fertile eggs, number of eggs and carcass quality, mineral balance, semen 
quality, and fertility in male birds.[4]

As the ratio of humidity and temperature overdoes the thermal comfort 
zone, the birds start to exhibit the signs of heat stress. The cardinal 
symptoms exhibited by birds during heat stress are gasping, panting, pale 
comb and wattle, dull and depressed, decreased appetite, and increased 
cannibalism resulting in production loss.[5] During the heat stress 
condition, birds would be panting excessively by keeping the mouth 
wide opened, spreading the wings, and squatting close to the ground 
and more blood flow gets diverted from internal organs to skin which 
leads to dark skin color.[6] Hence, during the period of heat stress, most of 
the production energy would be engaged toward the thermoregulatory 
adaptations which results in induction of oxidative stress in birds. Birds 
of all ages could be susceptible to heat stress but it is more common in 
meat‑type rather than egg‑type birds that is why raising broilers under 
increased environmental temperature had gained much attention.[7]

Combating heat stress remains a challenge for the broiler industry in the 
tropics and subtropics, which is even aggravated by the changing climatic 
conditions. Heat stress exhibits a negative response on body weight, 
plasma glucose, protein and cortisone level, heterophil lymphocyte 
ratio (H:L ratio), and sometimes even lead to increased mortality. 
The development of novel dietary measures such as supplementation 
of anti‑stress agents, vitamins, and minerals may be beneficial in 
ameliorating heat stress and enhancing optimum performance in 
broiler chickens.[8,9] Of several strategies, the dietary modification is one 
of the most preferred which could be accomplished using traditional 
antioxidants such as Vitamin C, Vitamin E, and acetylsalicylic acid 
to attenuate the effects of heat stress on performance of birds.[10] 
Moreover, supplementation with Vitamin C is the most beneficial 
among other vitamins throughout the heat stress period.[11] Vitamin C 
or L‑ascorbic acid is nonessential vitamin in poultry diet as the birds 
possess the enzyme gluconolactone oxidase required for its biosynthesis 
in kidneys;[12‑14] however, the ability to synthesize Vitamin C becomes 
inadequate during heat stress.[15]

Phytocee™  (M/s Natural Remedies Private Limited, Bengaluru, India) 
is a polyherbal supplement for poultry and other animal species, a 
combination of herbs, namely Emblica officinalis, Ocimum sanctum, and 
Withania somnifera. All these plants are reported for their antioxidant 
property.[16‑18] Phytocee™ was extensively studied for its efficacy and safety 
in in vitro and in vivo models; it demonstrated a significant antioxidant 
and protective effect against carbon tetrachloride‑induced oxidative 
stress in albino Wistar rats.[19] In addition, cellular antioxidant potential 
of Phytocee™ was demonstrated against AAPH‑induced oxidative stress 
using HepG2 cells and reported to be safe and free from causing toxic 
effects in in vitro systems.[20]

In the traditional system of Indian medicine, polyherbal formulations 
and combined extracts of plants are used as a drug of choice rather 
than individual plants and extracts.[21] This therapeutic approach is 
not considered to be an alternative to conventional medicine by 
others due to lack of scientific validation of efficacy and safety.[22] An 
editorial in Journal of American Medical Association emphasizes that 
the fundamental issue is not traditional medicine versus alternative 
medicine, but medical practice supported by clinical and scientific 
evidence.[23] Hence, there is an obvious need for establishing the 
proof of efficacy of these polyherbal formulations in target animal 
species. Although scientific evidence is available for antioxidant and 
anti‑stressor activity in in vitro and in vivo models, Phytocee™ is not 
scientifically validated for its efficacy as an anti‑stressor in broiler 
chickens exposed to heat stress. Therefore, this study was designed to 
evaluate the anti‑stressor activity of Phytocee™ in broiler using heat 
stress model in comparison with Vitamin C.

MATERIALS AND METHODS
Phytocee™
Phytocee™ is a proprietary polyherbal formulation developed by M/s. 
Natural Remedies Private Limited, Bengaluru, India, containing 
E. officinalis fruits (70% w/w), O. sanctum whole plant (20% w/w), and 
W. somnifera roots (10% w/w).

Ethical approval
The study was conducted by authorized, qualified, and trained 
veterinarians, scientists, and technicians, in compliance with the 
guidelines of the Institutional Animal Ethics Committee approved by 
Committee for the Purpose of Control and Supervision of Experiments 
on Animals, India. All applicable international, national, and/or 
institutional guidelines for the care and use of animals were followed. All 
procedures performed in studies involving animals were in accordance 
with the ethical standards of the institution or practice at which the 
studies were conducted.[24]

Study design
A total of 600‑day‑old male Cobb 400 broiler chicks were used in this 
study. The experiment was carried out in poultry research station , 
recognized by Department of Scientific and Industrial Research, India; 
DSIR Reg No.: TU/IV‑RD/2000/2016, located in Anniyalam, Tamil Nadu 
for a period of 42 days. Chicks were individually weighed, tagged with a 
wing band bearing an identification number and randomly assigned to 
G1, G2, G3, and G4 with 6 replicates comprising of 25 birds.

Housing of birds
The design of this study was completely randomized block design. The 
chicks were housed in semi‑closed house being divided into pens with 
floor space of 25 square feet. The approximate size of the individual pen 
was 4.25” × 6” × 2” (Length × Width × Height). Each individual pen was 
provided with facilities for brooder, a bell drinker, chick feeder, and/or 
jumbo feeders. The size and floor space of the pen were modified according 
to number of chicks housed in it with the help of polyvinyl chloride sheet.

Environmental conditions
The optimum temperature was maintained with the use of brooding 
lamps and fiery charcoal fumes depending on the season and time of 
the day. The actual temperature and relative humidity at room and chick 
level was measured using a digital thermohygrometer [Tables 1 and 2].

Management of birds
The chicks were vaccinated against Marek’s disease immediately after 
hatching. On arrival at poultry research farm, chicks were provided 
with 4% sugar solution for first 4  h to replenish the depleted energy 
and stimulate the feed consumption. All chicks were vaccinated against 
Newcastle disease vaccine (LaSota strain) and infectious bursal disease 
as eye drops on day 5 and day 14, respectively. The chlorinated potable 
drinking water (Innoclean™, Natural Remedies Pvt. Ltd., 1 tablet/500 L 
of water) was provided ad libitum to chicks.

Feed
The chicks of different treatment groups were provided with respective 
poultry crumble feed ad libitum manufactured by Biogain Feeds Pvt. 
Ltd., Bangalore. Phytocee™ and coated Vitamin C were thoroughly mixed 
with feed at the rate of 100 g/ton and subjected to pelleting. The pellets 
were then crumbled to desired particle sizes for feeding the chicks. The 
feed ingredients and composition of starter and finisher feed are detailed 
in Table 3.
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Experimental design and feeding level
•	 G1:	Normal	control (NC;	no	heat	stress + Vitamin	C	at	100 g/ton	of	feed)

•	 G2:	Heat	stress	control (HSC;		 heat	stress – Vitamin	C)
•	 G3:	 Positive	 control  (PC;	 heat	 stress  + Vitamin	C	 coated	 at	

100 g/ton of feed)
•	 G4:	Treatment (TC;	heat	stress + Phytocee™	at	100 g/ton	of	feed).

Determination of heterophil lymphocyte ratio
Whole blood samples were collected from 12 birds per group 
(2 birds/replicate) on day 42 in the heparinized centrifuge tubes. The 
blood smears were prepared using wedge slide technique, air dried, 
fixed in methanol, and stained with May–Grunwald–Giemsa stain. 
One hundred leukocytes including granular  (heterophil, eosinophil, 
and basophil) and nongranular (lymphocyte and monocyte) cells were 
counted on duplicates slide per bird, and the H: L ratio was calculated 
using the average counts of these cell types.[25]

Determination of serum corticosterone level
On day 42, the blood samples  (approximately 2  ml) were collected 
from 12 birds per group  (2 birds/replicate) in plain centrifuge tubes 
(BD Vacutainer tube, India). The blood was collected from brachial vein 
of chicks and serum was separated by centrifugation and stored at −80°C 
until analysis. The serum corticosterone level was measured using a 
commercially available competitive enzyme‑linked immunosorbent 
assay kit  (Cayman Chemical Co., Ann Arbor, MI, USA) as per the 
manufacturer’s instructions. Briefly, this assay is based on the competition 
between corticosterone and a corticosterone‑acetylcholinesterase 
conjugate  (conjugate tracer) for a limited amount of corticosterone 
antiserum. Because the concentration of the corticosterone varies, the 
amount of corticosterone tracer that binds to the corticosterone antiserum 
is inversely proportional to the concentration of corticosterone in the 
well. This antiserum‑corticosterone (either free or tracer) complex binds 
to the mouse anti‑rabbit IgG that has been previously attached to the well. 
The plate is washed to remove any unbound reagents and then Ellman’s 
reagent is added to the well. The product of this enzymatic reaction has 
a distinct yellow color and absorbs strongly at 412 nm. The intensity of 
this color, determined spectrophotometrically, is proportional to the 
amount of corticosterone tracer bound to the well, which is inversely 
proportional to the amount of free corticosterone present in the well 
during the incubation. The assay has a range of 8.2–5000  pg/ml and 
a sensitivity of approximately 30  pg/ml. NC, HSC, PC, and TC birds 
were alternated for blood collection, and their blood was taken at the 
same time of the day (i.e., between 0800 and 1000 h) to decrease data 
variability of serum corticosterone levels.

Assessment of zootechnical parameters
The chicks in the individual pen were observed for mortality, three times 
a day throughout the experimental period. The body weight of individual 
chicks was recorded on day 1 and thereafter on day 7, 21, and 42. Feed 
intake was calculated by subtracting the amount of left‑over feed from the 
total amount of feed offered per replicate, and it was measured on day 21 
and 42. Feed conversion ratio (FCR) was calculated as feed intake divided 
by body weight. The European Production Efficiency Factor (EPEF) was 
calculated according to the equation: Body weight (kg) × livability (%) × 
100/FCR × age (days).

Assessment of cloacal temperature
On day 21, 28, 35, and 42, the cloacal temperature was recorded from 
5 birds per replicate  (n  =  30 per group) during peak temperature 
of the day  (between 1100 and 1500  h) using digital thermometer 
(Medigold™; ±0.1°C accuracy) inserted into the cloaca of the birds. 
Briefly, birds were selected randomly from each replicate of groups 
and were gently held by an assistant with back of bird facing toward 

Table 3: Feed ingredients and composition of diets

Ingredients Starter feed (g) Finisher feed (g)
Maize 658.00 645.20
Soybean meal 228.10 255.00
Mustard oil cake 40.00 30.00
Meat and bone meal 10.00 32.89
Oil 36.20 16.31
Limestone powder 9.52 3.40
Salt 2.23 1.95
Sodium bicarbonate 0.75 0.75
Methionine hydroxy analog 2.91 3.34
Lysine 3.21 3.38
L‑threonine 1.00 1.05
Vitamin premix 0.50 0.5
Trace minerals 1.00 1.00
Curatox‑FS® 1.00 1.00
Choline chloride 1.50 1.50
Biotronic® 1.00 1.00
Zigbir® 0.50 0.50
Coxistac® 12% 0.60 0.60
R Sone® 20% 0.25 0.25
Ronozyme® WX 0.10 0.10
Ronozyme® NP 0.10 0.10
Lincomix® 20 0.08 0.08
Oxifin® 0.10 0.10
Dicalcium phosphate 1.35 ‑
Total 1000 1000

Starter feed  (day 1–21); ME: 3000 Kcal/kg feed; CP: 20%; Finisher feed (day 
22–42) – ME: 3150 Kcal/kg feed; CP: 18%. 500 g of vitamin premix contains: 
Vitamin A: 12.5 MIU; Vitamin D3: 2.5 MIU; Vitamin E: 12 g; Vitamin K: 1.5 g; 
Vitamin B1: 1.5 g; Vitamin B2: 5 g; Vitamin B6: 2 g; Vitamin B12: 0.015 g; Niacin: 
15 g; Calcium D Pantothenate : 10 g; Folic Acid: 0.5 g; Organic Nutritive 
Carrier: 0.5

Table 2: Heat stress control

Week Temperature 
at chick 

level (°C)

RH (%) 8‑h heat 
stress/

day (°C)

Photoperiod

1 32‑34 40‑70 Nil First 3 days: 24‑h lighting; 
day 4, 5, 6, and 7: 23‑h 
light and 1‑h darkness

2 30‑32 40‑70 34‑36 20‑h light and 4‑h 
darkness3 28‑30 40‑70 34‑36

4 26‑28 40‑70 34‑36
5 26‑28 40‑70 34‑36
6 26‑28 40‑70 34‑36

RH: Relative humidity

Table 1: Normal control

Week Temperature 
at chick 

level (°C)

RH (%) Photoperiod

1 32‑34 40‑70 First 3 days: 24‑h lighting; 
day 4, 5, 6, and 7: 23‑h light 
and 1‑h darkness

2 30‑32 40‑70 20‑h light and 4‑h darkness
3 28‑30 40‑70
4 26‑28 40‑70
5 26‑28 40‑70
6 26‑28 40‑70

RH: Relative humidity
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the veterinarian. The probe of the digital thermometer was gently 
inserted 3 cm into the cloaca and maintained in steady position until the 
thermometer beeps and shows the stable temperature reading.

Statistical analysis
On completion of the trial, the raw data were compiled, processed, and 
expressed as mean ± standard error of the mean. Because a randomized 
complete block experimental design was applied, the data thus generated 
were analyzed by one‑way analysis of variance according to Latham 
et al.,[26] using replicate as a blocking factor to determine if blocking was 
effective at reducing the random error. In case of significant differences 
among treatments (P < 0.05), means were subjected to Dunnett’s multiple 
comparison test (IBM SPSS Statistics Version. 21.0; SPSS Inc., Chicago, IL, 
USA) and differences were considered statistically significant at P < 0.05.

RESULTS
Effect of Phytocee™ on zootechnical parameters of 
chickens under heat stress
There were no differences in initial live weight among the dietary 
treatment groups indicating the homogeneity in the weight of animals 
used in the study. The birds exposed to heat stress  (HSC) displayed a 
drastic reduction (P < 0.01) in growth performance. The HSC group had 
the lower body weight, body weight gain, feed intake, and the higher and 
poorer FCR as well as the higher mortality rate compared with NC group. 
However, on days 21 and 42, Phytocee™ and Vitamin C supplemented 
birds showed significant and nonsignificant increase of body weight and 
body weight gain, respectively [Table 4].
The feed intake of birds kept under heat stress was significantly (P < 0.05) 
decreased [Figure 1].  FCR of HSC birds fed basal diet without Vitamin C, 
gained significantly lesser body weight with reduced feed consumption. 
Improved FCR was observed in PC and TC where birds gained more 
body weight with less amount of feed consumption (30 g and 50 g per 
kg body weight respectively; P < 0.05) as compared to HSC. In addition, 
FCR of TC was at par with NC, but the FCR of PC was relatively better 

than NC  [Table  5]. The EPEF of HSC was worsened when compared 
to NC  (286.61  vs. 324.89), whereas supplementation with Vitamin C 
and Phytocee™ improved the EPEF and production efficiency of TC is 
found to be marginally better than PC  (311.72 vs 310.87)  [Figure  2]. 
Similarly, high mortality rate was observed in HSC as compared to NC 
group, whereas reduced mortality rate was observed in Vitamin C and 
Phytocee™ supplemented birds subjected to heat stress.

Effect of Phytocee™ on blood heterophil 
lymphocyte ratio and serum corticosterone level of 
chickens under heat stress
H:L ratio and corticosterone are indicators of stress. Heat stress 
caused a significant increase in H:L ratio and corticosterone level in 
birds subjected to high temperature when compared to NC group. 
However, supplementation of Vitamin C and Phytocee™ modulated 
the serum corticosterone level and H:L ratio to normal, but significant 
reduction (P < 0.05) was observed in Phytocee™ supplemented group as 
compared to HSC group [Figures 3 and 4].

Effect of Phytocee™ on cloacal temperature of 
chickens under heat stress
Cloacal temperature was significantly increased in HSC group on all 
days as compared to NC group. However, cloacal temperature of birds 
supplemented with Vitamin C was significantly decreased on day 28, 
whereas supplementation of Phytocee™ showed a significant improvement 
on day 28 and day 42 when compared to HSC birds [Figure 5].

DISCUSSION
Stress plays a major role in broilers’ welfare as birds are exposed 
continuously to various stressors such as environmental temperature, 
humidity, cold, vaccination, beak trimming, and holding. Stress due 
to high ambient temperature is especially of major concern in tropical 
and subtropical countries influencing the performance of broiler 
chickens negatively.[27,28] Heat stress results from a negative balance 

Table 4: Effect of Phytocee™ on body weight, body weight gain, and cumulative mortality

NC HSC PC TC
Body weight (g)

Day 1 43.02±0.42 43.00±0.36 43.46±0.40 43.04±0.40
Day 7 134.81±1.15 133.85±1.24 135.92±1.23 137.63±1.21
Day 21 677.29±7.86*** 633.36±6.19 642.92±5.97 681.12±7.33***
Day 42 2183.51±29.93*** 1954.10±25.99 2078.71±23.07** 2088.95±24.11**

Body weight gain (g)
Day 7 91.79±0.95 90.81±1.09 92.45±1.07 94.59±1.02
Day 21 634.26±7.73*** 590.31±6.11 599.46±5.87 638.09±7.23***
Day 42 2140.48±29.92*** 1921.06±25.93 2035.25±22.98** 2045.92±24.03**

Cumulative mortality % 0.67 2.67 2.00 1.33
Values are expressed as Mean ± S.E.M, n=150, ***P < 0.001 and **P < 0.01 as compared to HSC based on one‑way ANOVA followed by Dunnett’s Multiple 
Comparison Test using SPSS. HSC: Heat stress control; PC: positive control; TC: treatment group; NC: Normal control

Table 5: Effect of Phytocee™ on feed intake and feed conversion ratio

NC HSC PC TC
Feed intake (g)

Day 7 105.87±2.42 101.20±2.14 103.73±1.64 107.07±2.35
Day 21 850.00±14.91* 800.27±7.88 815.87±4.99 864.93±12.41*
Day 42 3464.27±28.71* 3170.80±47.96 3268.27±19.88 3320.27±61.79

FCR
Day 7 0.79±0.01 0.76±0.02 0.76±0.01 0.78±0.02
Day 21 1.25±0.01 1.26±0.01 1.27±0.01 1.27±0.01
Day 42 1.59±0.01 1.62±0.01 1.57±0.01* 1.59±0.01

Values are expressed as Mean ± S.E.M, n=6, *P < 0.05 as compared to HSC based on one‑way ANOVA followed by Dunnett’s Multiple Comparison Test using SPSS 
FCR: Feed conversion ratio; HSC: Heat stress control; PC: positive control; TC: treatment group; NC: Normal control
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between the net amount of energy flowing from the animal’s body to 
its surrounding environment and the amount of heat energy produced 
by the animal. It has been suggested that modern poultry genotypes 
produce more body heat, due to their greater metabolic activity.[5,6] 
Hence, alleviation of stress is essential for maintaining the health, 
productivity, and reproductive performance in birds. Several methods 
are available to alleviate the negative effects of high environmental 
temperature on performance of poultry. However, of the high cost 
and impracticality of cooling animal buildings, interest on dietary 
manipulations has increased in recent times.[29] The propensity 
for natural anti‑stressors is growing because of the global trend of 
restricting the use of synthetic substances in feed. In pursuit of the 
above, the present study investigated the anti‑stress potential of 
Phytocee™, a novel polyherbal formulation using a heat stress model 
as it is one of the well‑recognized and widely used models to study 
the stress in broilers. In addition, the study also aimed at evaluation of 
efficacy of Phytocee™ in comparison with Vitamin C and at elucidation 
of the possible mechanism for anti‑stress activity of Phytocee™ on 
alleviation of heat stress.

In the present study, the chronic heat stress model was employed for 
comparative evaluation of Phytocee™ and Vitamin C; the stress was 
induced in chicks by exposing them to high temperature (34°C–36°C) 
for 8 h per day from day 8 to day 42. The chicks were subjected to heat 
stress from day 8 because the broiler chick seems anatomically complete 
after hatching, but thermoregulatory systems need further development 
and maturation and become fully homeotherm about 7  days after 
hatching.[30] Moreover, the heat stress during the 1st  week may lead to 
greater adaptability to high temperatures due to high metabolic rate of 
broiler chickens[31] and may not cause changes in markers of stress such 
as corticosterone, H:L ratio, and cloacal temperature.
The heat stress or any kind of homeostatic disturbances alter the activity 
of the neuroendocrine system of poultry, resulting in activation of the 
hypothalamic–pituitary–adrenal axis; it is an important system for 
integration of body functions and activation of which causes release 
of   Adrenocorticotropic hormone (ACTH) from anterior pituitary and 
subsequent elevation in plasma corticosterone levels and deterioration 
of the health status of animals.[32,33] Broilers with elevated corticosterone 
levels have demonstrated a depressed lymphocyte numbers culminating 
in a higher H:L ratio.[28] The concentration of blood corticosterone and 
H:L ratio are the most sensitive indicators of stress in broilers[34] and 

Figure  3: Effect of Phytocee™ on serum corticosterone level values 
is expressed as mean ± standard error of the mean; n = 12 *P < 0.05 as 
compared to heat stress control based on one-way analysis of variance 
followed by Dunnett’s multiple comparison test using SPSS

Figure  4: Effect of Phytocee™ on heterophil lymphocyte ratio values 
is expressed as mean ± standard error of the mean; n = 12 *P < 0.05 as 
compared to heat stress control based on one-way analysis of variance 
followed by Dunnett’s multiple comparison test using SPSS

Figure  1: Effect of Phytocee™ on average daily feed intake values is 
expressed as mean ± standard error of the mean; n = 6 ***P < 0.001 as 
compared to heat stress control based on one-way analysis of variance 
followed by Dunnett’s multiple comparison test using SPSS

Figure 2: Effect of Phytocee™ on European Production Efficiency Factor
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are commonly used as tools to measure the physiological stress. Gross 
and Siegel[35] reported that H:L ratio only measures the physiological 
change but the concentration of blood corticosteroids alters before 
physiological change occurs and concluded that the H:L ratio and the 
concentration of glucocorticoids are the better measure of long‑term 
changes and short‑term changes, respectively, in the environment. The 
results of the present study indicate that exposure of broilers to high 
temperature induced a long‑term heat stress; as a consequence, there 
was activation of HPA axis followed by a significant elevation in both 
serum corticosterone level and H:L ratio, whereas supplementation of 
Phytocee™ and Vitamin C in the diet was shown to restore the serum 
corticosterone level and H:L ratio toward normal. However, inhibitory 
effect of Phytocee™ on serum corticosterone level and H:L ratio was 
statistically significant as compared to HSC, superior to Vitamin C 
and comparable to NC. Hence, the present study clearly indicates that 
Phytocee™ could modulate HPA‑induced stimulation of corticosterone 
release and subsequent elevation in blood H:L ratio. In contrary to 
earlier report, our study findings suggest that both serum corticosterone 
level and H:L ratio were significantly increased in heat stress and could 
be used as reliable measures of chronic stress in broiler chickens.
The corticosterone is the principal glucocorticoid involved in the 
regulation of feed intake, body weight gain, relative immune organ weight, 
and innate immunity in poultry.[36,37] The chronic heat stress is reported 
to cause a significant reduction in feed intake, body weight, higher 
FCR,[38] and a higher mortality rates in broilers.[39] The supplementation 
of Vitamin C aids in attenuation of elevated corticosterone level and 
H:L ratio[40] and improves the body weight in broilers exposed to heat 
stress.[41‑43] In the present study, the elevated serum corticosterone level 
and H:L ratio observed in HSC displayed a significant negative impact on 
body weight, body weight gain, feed intake, and mortality rate, whereas 
the supplementation of Phytocee™ or Vitamin C was able to reverse the 
heat stress‑induced serum corticosterone level and H:L ratio, thereby 
restoring the body weight and FCR. This result also corroborates with 
Attia et  al.[44] who reported the feeding of Vitamin C to heat‑stressed 
birds, relieves the undesirable effect, and improves the feed intake, protein 
digestibility, dressing percentage, and FCR. In addition, Phytocee™ group 

exhibited a lower mortality rate than Vitamin C group (1.33% vs. 2.00%) 
suggesting a possible immunomodulatory effect attributable to the 
bioactive compounds present in the Phytocee™.
Beside serum corticosterone and H:L ratio, the cloacal temperature 
is also one of the indices used to evaluate the degree of heat stress in 
broilers, reflecting the core body temperature;[45,46] it will be altered 
when the thermoregulatory mechanisms of birds are compromised. 
The supplementation of Vitamin C was reported to decrease the cloacal 
temperature and ameliorate the ability of the birds to discern higher heat 
loads in broiler chickens during the heat stress.[47] Moreover, the optimum 
recommended dose of Vitamin C was found to be 100–200  ppm for 
broilers under stress conditions such as beak trimming, disease, and 
heat stress.[48] In the present study, HSC group presented a statistically 
significant increase in cloacal temperature on days 21, 28, 35, and 
42 indicating that the thermoregulatory mechanism of the birds was 
adversely challenged, apparently due to heat stress and concomitant 
increase in metabolic rate. Furthermore, supplementation of Phytocee™ 
caused a reduction in cloacal temperature on all time points, but statistical 
significant (P < 0.05) was observed on days 28 and 42.   Although Vitamin 
C supplementation reduced the cloacal temperature on all time points, 
statistical significant (P < 0.001) was noticed only on day 28. It signifies 
that Phytocee™ supplementation is comparable or relatively superior to 
Vitamin C in alleviation of body temperature toward normal in broilers 
during heat stress. These findings are in line with previous reports wherein 
supplementation of Vitamin C was reported to reduce the rectal and skin 
temperatures as well as oxygen consumption in heat‑stressed birds.[49,50]

Phytocee™ is an unique polyherbal formulation containing W. somnifera, 
O. sanctum, and E. officinalis. O. sanctum was reported to improve body 
weight in immunosuppressed birds through enhancing the immune 
status[51] and displayed an anti‑stress effect by directly inhibiting 
cortisol secretions and indirectly having an antagonist effect on CRHR1 
receptor.[52] Similarly, E. officinalis and W. somnifera were also known to 
improve the body weight and FCR in broilers attributable to anabolic 
effect[53,54] and possess an anti‑stress effect and antioxidant activities.[19,55] 
These findings strongly indicate that improvement in body weight 
and FCR of Phytocee™ supplemented group could be attributed to its 
anti‑stress effect.
The results of the present study also indicates, for the first time, that the 
polyherbal formulation Phytocee™ has tendency to decrease the cloacal 
temperature of the broiler chickens possibly through modulating the 
thermoregulatory mechanisms. Phytocee™ was shown to decrease the 
serum corticosterone level and H:L ratio probably by modulating the 
HPA axis and having an antagonist effect on CRHR1 receptor that could 
have contributed to its anti‑stress effect and further improvement in 
zootechnical parameters in broilers exposed to heat stress.

CONCLUSION
Phytocee™ demonstrated an anti‑stress effect in the current study 
by ameliorating the negative effects of heat stress on zootechnical 
parameters, serum corticosterone, H:L ratio, and cloacal temperature 
of broilers through modulating the HPA axis and thermoregulatory 
mechanism. Hence, Phytocee™ could be recommended in broilers and 
livestock animals for modulating and combating adverse effects and 
thereby reducing the economic losses incurred by farmers due to heat 
stress. However, the phytoactives of Phytocee™ are yet to be explored, 
and further investigations are required at molecular level to elucidate the 
concrete mechanism of action of Phytocee™ on alleviation of heat stress 
in broiler chickens.
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Figure 5: Effect of Phytocee™ on cloacal temperature values is expressed 
as mean ± standard error of the mean; n = 30 ***P < 0.001 and *P < 0.05 
as compared to heat stress control based on one-way analysis of variance 
followed by Dunnett’s multiple comparison test using SPSS
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