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structure as the adrenal steroid hormones. This may 
explain its potential role in ameliorating the resistance 
of  body to stress factors. [ 1 ]  Davis and Morris [ 4 ]  reported 
that certain constituents found in licorice are expected to 
enhance the adrenal gland more smoothly in conditions 
of  stress and exhaustion. The adrenal gland is the source 
of  hormones that keep the body systems balanced. 
Naturopaths have used licorice in treating hypoglycemia, 
diabetes and Addison’s disease, which is a malfunction of  
the adrenal gland. 

 Each summer, broiler chickenproducers face the 
challenge of  avoiding heat stress in their birds. Acute heat 
waves often come unexpectedly and many birds are lost. 
Long periods of  hot weather cause poultry to perform 
below their expected targets. Prducers must pay close 
attention to feeding and management to maintain fl ock 
health, livability, uniformity, and get the best productive 
performance. [ 5 ]  Siegel [ 6 ]  demonstrated that heat stress 
caused adrenocortical insuffi ciency and a signifi cant 

*Correspondence
E- mail: hazimaldaraji@coagri.uobaghdad.edu.iq
DOI: 10.5530/pc.2012.4.6

ABSTRACT:     Background:   This study was conducted to examine the physiological mechanisms involved in alleviating 
the detrimental effects of heat stress on broiler chickens by supplementing drinking water with licorice extract (LE).  
   Methods:   A total of 600 one day old broiler chicks were used. Birds have been assigned to 4 treatment groups with 
3 replicates of 50 chicks each (150 chicks per treatment). Birds in the fi rst treatment (T1) were provided drinking 
water alone and considered as a control group. Birds in treatments 2 (T2), 3 (T3) and 4 (T4) were provided drinking water 
supplemented with 150, 300 or 450 mg LE/liter, respectively. Hematological traits included in this study were: 
Erythrocyte counts (RBC), hemoglobin concentration (Hb), thrombocyte counts (Thr), leucocyte counts (WBC), 
heterophil/lymphocyte ratio (H/L ratio), hematocrit (pcv) and plasma levels ofuric acid (Uri), glucose (Glu), cholesterol 
(Cho), Protein (Pro), aspartate aminotransaminase activity (AST), alkaline phosphatase activity (ALP), calcium (Cal) and 
phosphorus (Pho).     Results:   It was found that inclusion of LE in the drinking water of broiler chickens exposed to heat 
stress resulted in signifi cant (p < 0.05) increases in RBC, Hb, Thr, WBC, PCV, and plasma Uri, Glu, AST, ALP, Ca and 
Pho and signifi cant (p < 0.05) decreases in H/L ratio, and plasma Cho and Pro compared with T1. T4 recorded the best 
results with relation to all blood characteristics included in this experiment.     Conclusions:   It was concluded from this 
study that supplementation of LE (particularly at the level of 450 mg/liter) to the drinking water of broiler chickens can 
depress the adverse effects of heat stress on general physiological status. 

       INTRODUCTION 

 Licorice is a perennial herb native to Asia, the 
Mediterranean region and southern Europe. Licorice is 
one of  the most popular herbs world wide, used for both 
medicinal and culinary purposes. [ 1 ]  Historically it has been 
used as a sweetener, and medicinally as an antibacterial, 
anti-tumor, anti-viral, fungicidal, anti-infl ammatory, anti-
stress, anti-diabetic, antioxidant agent, and for adrenal 
insuffi ciency and stomach and intestine problems. [ 2 ]  
The active components are glycyrrhizin, glycyrrhetinic 
acid, fl avonoids, isofl avones and triterpenoid saponins. [ 3 ]  
One of  the active constituents, glycyrrhizin has a similar 
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decline in levels of  plasma corticosteroids. A change in 
levels of  blood glucose, protein, cholesterol, uric acid 
and some enzymes concluded to be related to these 
hormonal changes, was also recorded. Stormer et al. [ 7 ]  
reported that where stress is a major factor, supporting 
the nervous system with herbal nervines and adaptogens 
such as licorice may be the best approach. An attempt 
has therefore been made to determine the effect of  
heat stress alone, and its modifi cation by supplementing 
drinking water with LE on hematological traits of  broiler 
chickens. 

   MATERIALS AND METHODS 

 A total of  600 one day old broiler chicks were reared on 
fl oor pens. Chicks were distributed at random among 
four treatment groups with three replicates per treatment, 
with 50 chicks per replicate. The  ad libitum  dietary regimen 
consisted of  starter diet containing 22.7% crude protein 
and 3067.4 K cal ME/kg of  diet (0 to 3 wk) and a fi nisher 
diet containing 20.6% crude protein and 2922 K cal 
ME/kg of  diet (4 to 8 wk). Birds in the fi rst group (T1) 
provided drinking water alone and considered as a control 
group, while birds in treatments 2 (T2), 3 (T3) and 4 (T4) 
received drinking water supplemented with 150, 300 or 
450 mg LE/liter, respectively. 

 At the third week of  age, birds in all treatments were 
exposed to heat stress (38 – 43ºC) for 6 hours daily (1200 h 
– 1800 h). The period of  heat exposure was continued 
until the end of  experiment (8 th  week of  age). Gas 
brooders were used as a source of  heat exposure in the 
experimental house. However, the supplementation of  
LE to the drinking water of  birds was also started at the 
third week of  age and continued until 56 day of  age. At the 
end of  experiment (8 weeks of  age), blood samples were 
collected into a tube (containing heparin) by brachial vein 
puncture of  30 birds in each treatment. The hematological 
characteristics evaluated in the present experiment and 
which have shown to indicate general physiological 
status of  birds consisted of  the following (method in 
parenthesis): Erythrocyte counts – RBC, [ 8 ]  hemoglobin 
concentration – Hb, [ 9 ]  thrombocyte counts – Thr, [ 10 ]  
leukocyte counts – WBC, [ 8 ]  heterophil to lymphocyte 
ratio – H/L ratio, [ 11 ] , hematocrit – PCV, [ 12 ]  and plasma 
uric acid – Uri, [ 13 ]  plasma glucose – Glu, [ 14 ]  cholesterol 
– Cho, [ 15 ]  protein – Pro, [ 16 ]  aspartate aminotransaminase 
activity – AST, [ 17 ]  alkaline phosphatase activity – ALP, [ 9 ]  
calcium – Cal, [ 18 ]  and phosphorus – Pho. [ 19 ]  

 Data were subjected to an ANOVA using the General 
Linear Models (GLM) procedure of  SAS. [ 20 ]  Signifi cant 

treatment means were separated by using the multiple 
range test of  Duncan. [ 21 ]  

   RESULTS AND DISCUSSION 

 Results revealed that birds exposed to heat stress and 
provided drinking water supplemented with LE had 
signifi cantly (p < 0.05) higher RBC, Hb, Thr, WBC, and 
PCV values than birds provided drinking water with no 
added LE ( Table 1 ). Signifi cant increases in these trait 
values were obtained with increasing LE level. T4 recorded 
the highest means in regards to these characteristics 
in comparison with all other treatments included in 
this experiment. These results may because licorice 
has properties similar to corticosteroids and ACTH 
hormones. Hence it may have a role in the reinforcement 
the resistance of  body to stress. [ 22 ]  Armanini et al. [ 23 ]  
reported that by acting as a blood purifi er and enhancer, 
licorice cleanses the blood as well as enhances its’ cells by 
increasing the nutrient value of  food material within the 
body. By enhancing corticosteroids activity, glycyrrhizin 
helps to increase energy, ease stress, and reduce the 
symptoms of  ailments sensitive to corticosteroid levels, 
such as chronic fatigue syndrome and fi bromylagia. 
In the 1800s, LE was a common remedy for a type of  
persistent fatigue known as neurasthenia, the condition 
now known as chronic fatigue syndrome. [ 24 ]  Modern 
research on LE has reported effects including: adrenal 
enhancement, anti allergic effects, blood cell enhancement 
(both red and white), bone marrow enhancement, anti-
infl ammatory effects, antioxidant activity, central nervous 
system depressant activity and immune potentiating 
effects. [ 25 ]  Oliff [ 26 ]  reported that licorice can help reduce 
infl ammation. It appears to prevent the breakdown of  
adrenal hormones such as cortisol (the body’s primary 
stress – fi ghting adrenal hormone), making these 
hormones more available to the body. Licorice also 
appears to enhance immunity by increasing WBC via 
stimulate their production in production sites in the body 
and by boosting levels of  interferon, a key immune system 
chemical that fi ghts of  attacking viruses. 

 Addition of  LE to the drinking water of  broiler chickens 
caused a signifi cant (p < 0.05) decrease in H/L ratio 
compared with control group ( Table 1 ). Furthermore, T4 
recorded the lowest value for this trait in comparison with 
the other LE doses. Gross and Siegel [ 11 ]  reported that the 
H/L ratio measures physiological changes, whereas the 
concentration of  corticosteroids in the blood is affected 
by many factors before physiological changes occur. 
Therefore the H/L ratio should be a better measure 
of  long – term changes in the environment, and the 
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 Table 1:    Effect of supplementing drinking water with LE on hematological traits of broiler chickens exposed to heat 
stress.  

Treatments TI T2 T3 T4

Traits

RBC (X 106/μL) 2.12 ± 0.11d 2.28 ± 0.08c 2.33 ± 0.08b 2.45 ± 0.10a

Hb (g/dL) 7.17 ± 0.40d 8.20 ± 0.37c 8.28 ± 0.39b 8.35 ± 0.39a

Thr (X 103/μL) 20.17 ± 0.87d 20.55 ± 0.96c 20.89 ± 1.01b 21.51 ± 0.88a

WBC (X 103/μL) 20.69 ± 0.74c 21.03 ± 0.67b 21.37 ± 1.82b 22.18 ± 2.77a

H/L Ratio 0.28 ± 0.009a 0.25 ± 0.008b 0.23 ± 0.010b 0.20 ± 0.009c

PCV (%) 18.18 ± 1.97d 20.69 ± 1.00c 21.05 ± 0.88b 22.27 ± 0.85a

        T1: Control group, T2, T3 and T4: Birds received drinking water supplemented with 150, 350 or 450 mg LE / liter, respectively.  

  a-d – Values within a row the raw with diff erent letters diff er signifi cantly (p < 0.05).  

concentration of  corticosteroids in the blood should be 
a better measure of  short–term changes. Therefore, the 
H/L ratio is a good measure of  the chicken’s perception 
in its environment, and increasing H/L ratio indicated 
that the birds were under acute stress. [ 27 ] 

      Plasma Uri, Glu, Pro, and AST exhibited differences 
among treatment groups ( Table 2 ). Plasma Uri, Glu, 
and AST were higher while plasma Pro was lower in LE 
treatments (T2, T3 and T4) than control group (T1). 
Siegel [ 6 ]  reported that of  the many effects attributed 
to corticosteroids, the most fundamental are those on 
metabolic processes. Corticosteroids increase plasma 
Glu and enhance glycogenolysis. The gluconeogenesis is 
presumably from labile Pro as is indicated by an increase 
in non-protein nitrogen, a decrease in the incorporation 
of  Glu carbon into Pro, a decrease in plasma Pro and an 
increase in Uri excretion . The higher corticosteroid level 
increases the transaminase activitie. [ 28 ]  The increase in AST 
activity in chicken during stress may be due to the infl uence 
of  higher corticosteroid level. The α–keto acids produced 
by transamination of  amino acids provides an important 
source of  substrate for gluconeogenesis. [ 29 ]  However, 
Baker [ 30 ]  reported that glycyrrhetenic acid, the steroid 
like constituent of  glycyrrhizic acid, inhibits an enzyme 
responsible for inactivating corticosteroid in the kidney. 
Treatment with licorice essentially extends the lifetime of  
corticosteroids and hence enhances the resistance of  body 
to stress. Siegel [ 6 ]  reported that if  the stressor continues to 
be strong and persistent and no escape is possible, the 
bird will enter the stage of  exhaustion when its adrenals 
lose their ability to sustain glucocorticoid production and 
the result may be physical disability and death. Our results 
also revealed that the addition of  LE to the drinking 
water of  broiler chickens resulted in signifi cant (p < 0.05) 
decreases in plasma Cho compared with control group 
( Table 2 ). Furthermore, T4 recorded the lowest value 
for this trait in comparison with other treatments used 

in the present study. This result may be explained by the 
hypocholesterolemia property of  licorice. [ 31 ]  Bensky and 
Gamble [ 32 ]  reported that in China, LE was traditionally 
used as anti-asthmatic, anti-infl ammatory, aldosterone–
like and cortisone enhancing, anti-ulcer and blood 
cholesterol lowering actions. Licorice has been shown to 
reduce low density lipoprotein and cholesterol. The active 
components of  licorice inhibit the formation of  lipid 
peroxides and protect low density lipoprotein associated 
carotenoids. [ 33 ]  Compared to control group, plasma ALP, 
Cha, and Pho were signifi cantly (p < 0.05) increased by LE 
treatments (T2, T3 and T4;  Table 2 ). The improvement in 
these traits in our study in birds treated with LE may be a 
result of  LE suppressing or limiting the damaging effects 
of  stress, [ 4 ]  Al – Daraji et al. [ 34 ]  found that treated broiler 
chickens exposed to heat stress with probiotic or LE 
resulted in signifi cant improvement in mean body weight, 
feed conversion ratio, cumulative weight gain, livability, 
Productive Index (PI), Economic Figure (EF) and 
dressing percentage as compared with control group and 
potassium chloride and sodium bicarbonate treatments. 
Moreover, LE treatment surpasses probiotic treatment 
with respect to mean body weight, weight gain, cumulative 
feed consumption, livability and dressing percentage. 
Hoffman reported that licorice is one of  a group plants 
that have a marked effect upon the endocrine system. [ 35 ]  
The glycosides present have a structure that is similar to 
the natural steroids of  the body. This study hypothesizes 
that this similarity results in the benefi cial actions of  
licorice in counteracting the deleterious effects of  stress 
and in the treatment of  adrenal gland problems. Both 
licorice extract and glycyrrhetinic acid are shown to have 
desoxycorticosterone and ACTH–like effects, although 
with less toxicity than cortisone, encouraging its use as an 
anti–stress agent. [ 36 ]  Studies have shown that glycyrrhizin 
stimulates the excretion of  hormones by the adrenal 
cortex. Previous research has suggested it as possible 
drug to prolong the action of  cortisone. Glycyrrhizin has 
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 Table 2:    Effect of supplementing drinking water with LE on blood plasma traits of broiler chickens exposed to heat 
stress  

Treatments TI T2 T3 T4

Traits

Uric acid (mg / dL) 7.52 ± 0.40c 7.71 ± 0.43b 7.89 ± 0.51ab 8.02 ± 0.45a

Glucose (mg / dL) 160.12 ± 22.18d 163.23 ± 19.47c 166.03 ± 20.11b 169.45 ± 20.37a

Cholesterol (mg / dL) 136.46 ± 15.72a 134.67 ± 16.33b 133.05 ± 14.87c 130.28 ± 15.25d

Protein (g / dL) 5.15 ± 0.27a 5.03 ± 0.29b 4.97 ± 0.31b 4.86 ± 0.33c

AST (IU / liter) 96.03 ± 9.88d 96.96 ± 10.9c 97.20 ± 11.3b 97.56 ± 10.4a

ALP (King Armstrong unit) 36.47 ± 4.50c 37.00 ± 4.63b 38.61 ± 5.17a 38.69 ± 5.22a

Calcium (mg / dL) 6.15 ± 0.75c 7.25 ± 0.38b 7.97 ± 0.55a 8.01 ± 0.91a

Phosphorus (mg / dL) 3.01 ± 0.10d 3.35 ± 0.28c 3.75 ± 0.18b 3.91 ± 0.22a

        T1: Control group, T2, T3 and T4: Birds received drinking water supplemented with 150, 350 or 450 mg LE / liter, respectively.  

  a-d – Values within a row the raw with diff erent letters diff er signifi cantly (p < 0.05).  

a similar chemical structure to corticosteroids released 
by the adrenals and further studies have suggested that it 
may prove useful in improving the function of  hormone 
drugs, or be used as an aid in helping to reduce withdrawal 
symptoms from dependency on some corticosteroid 
hormones. [ 37 ] 

        CONCLUSIONS 

 In conclusion, hematological traits were signifi cantly 
affected by heat stress exposure. The addition of  LE to 
the drinking water signifi cantly recovered the adverse 
effects of  heat stress on hematological parameters of  
broiler chickens. The protective effect of  450 mg LE/liter 
(T4) used in this experiment against the noxious effects 
of  heat stress was greater than that of  150 (T2) and 
300 mg LE / liter (T3). These improvements in blood 
characteristics could contribute to a solution of  heat 
stress problem in broiler chickens. 
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