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ABSTRACT

This study was conducted to evaluate the effect of Glycyrrhiza glabra root (licorice) extract
(LE) administration through drinking water on the performance and some immunological
parameters of broiler chickens. A total of 320 onedayold broiler chicks (Cobb 500)
according to a completely randomized design were assigned into four treatment groups,
namely 0LE, 0.1LE, 0.2LE and 0.3LE because the experimental treatments comprised a
control (no inputs) and/or three levels of LE (0.1, 0.2 and 0.3 mg/L drinking water). There
was not a significant difference in body weight; feed intake and feed conversion ratio
among the birds given the control or the LE levels during the experiment (P > .05).
Similarly, LE supplementation through drinking water had no significant (P > .05) effect on
immunological parameters including antibody titers against Newcastle disease and
Influenza viruses, heterophil and lymphocyte percentages and heterophil to lymphocyte
(H/L) ratio as well as liver and lymphoid organ (bursa of Fabricius, thymus and spleen)
weights.
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1. INTRODUCTION

Glycyrrhiza (G.) glabra, family Leguminosae, is a plant which growth in Iran and other
countries of the world. Its root possesses some nutritive value and medicinal properties.
They are widely used as a cold beverage, in preparing some pharmaceutical preparations
such as hematinic pills and to disguise the bitter taste of other remedies [1,2].

Phytochemical analysis of LE showed that it contains saponin triterpenes (glycyrrhizin,
glycyrrhetinic acid and licorice acid), flavonoids (liquiritin, isoflavonoids and formononetin)
and other constituents such as coumarins, sugars, amino acids, tannins, starch, choline,
ascorbic acid, phytosterols and bitter principles [3-5].

Clinical animal studies on LE and the isolated active constituents revealed that both possess
numerous pharmacological effects. Thus the extract has been used for the treatment of
different diseases such as Addison’s disease [6], bronchitis, cough, arthritis, rheumatism,
hypoglycemia [3], inflammatory and allergic conditions [7], gastric ulcer [8, 9] and chronic
hepatitis B and C [10].

In a previous study, Sedghi et al. [11] found that supplementation of LE (0.5, 1, or 2 g/kg) in
broilers diets had no significant effect on body weights and feed efficiency of birds, whereas
the addition of LE to broiler diets reduced abdominal fat content and serum concentrations of
cholesterol and low density lipoprotein-cholesterol as compared to the control. Others
reported that G. glabra plant was used with other medicinal plants as aqueous extract of
plant mixture in broiler diets [12,13]. However, the effects of LE supplementation on the
immunological responses of broiler chickens have not been well documented. Therefore, the
present study was carried out to investigate the effect of LE administration through drinking
water on the performance and some immunological parameters of broiler chickens.

2. MATERIALS AND METHODS

2.1 Birds and Experimental Treatments

All experimental protocols adhered to the guidelines of, and were approved by, the Animal
Ethics Committee of Razi University (Kermanshah, Iran). From a commercial broiler chick
hatchery, located in Kermanshah Province, Iran, a total of 320 one-day-old broiler chicks
(Cobb 500) were purchased and were used for this study from February through March
2011. The broilers were housed in identical-sized floor pens (16 pens; 10 males and 10
females per pen; 0.21 m2 per bird) containing straw as a litter base. Environmental
temperature was set at 33 ± 2°C for the first week and 30 ± 2°C for the second week, which
was further decreased to 23 ± 2°C until the end of the experiment. Relative humidity was not
measured and uncontrolled throughout the study. During the first week, the light regimen
was continuous, which was reduced to 23 hours of light afterward.

The birds were randomly divided into 4 groups and kept to 42 days of age. Each group had 4
replicates. Birds were fed ad libitum and diets contained no antimicrobial growth promoters.
The basal diet with ingredient composition is shown in Table 1. Water was supplemented
with 0.1, 0.2 and 0.3 mg of LE/L of drinking water for those chickens in the treatment groups.
Control birds received tap water throughout the experiment. Water not treated with chlorine
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was premixed with LE in the water tank and was delivered through a water line to a nozzle.
The LE was obtained from Zagros Company (Kermanshah, Iran: http://www.zagros-
licorice.com). Water was provided ad libitum throughout the study.

2.2 Growth Performance

Data on feed intake and body weight were recorded on days 1, 21 and 42, whereas mortality
was recorded daily throughout the experimental period. Feed intake was corrected for
mortality.

2.3 Humoral Immune Response and Blood Cell Counts

All chicks were intramuscularly immunized with killed vaccine of Newcastle and Avian
Influenza (H9 N2) viruses at age of 8 days. Live Newcastle disease vaccine (Nobilis ND
Lasota) was administered orally (drinking water) at day 22. On days 21 and 42, eight chicks
were selected randomly from each treatment (two chicks per replicate) and blood samples
were collected from the wing vein into a 5-ml syringe. Part of the blood was placed in tubes
with heparin as anticoagulant in order to heterophil and lymphocyte enumeration based on
the procedures of Gross and Siegel [14]. Briefly, two drops of blood were placed on a slide,
spin prepared, and stained with May-Grünwald-Giemsa stain. All slides were coded, and
heterophils and lymphocytes were counted to a total of 100 cells per slide by the same
individual, and the heterophil to lymphocyte (H/L) ratio was calculated. The other part of the
blood was allowed to coagulate at room temperature for 1–2 hours. The serum was
separated by centrifugation at 1,500 g for 5 minutes, and stored at −20°C until used for
analysis. The serum antibody titers against Newcastle and Influenza viruses were
determined by hemagglutination inhibition (HI) test [15]. All titers were expressed as the log2
of the reciprocal of the highest dilution giving visible hemagglutination.

2.4 Organ Collection

Eight chicks per treatment (4 male and 4 female) were weighed and killed at the end of
experiment. Thymus, spleen, bursa of Fabricius, and liver were collected and individually
weighed. Relative lymphoid organ and liver weights were calculated as a proportion of live
body weight.

2.5 Statistical Analysis

The data were analyzed using the general linear model procedure of SAS software [16] as a
complete randomized design. Differences among treatment means were determined using
the Duncan’s multiple-range test. Before analysis, antibody titers were transformed to log2
and mortality percentage to arc sine square roots. The experimental unit differed according
to the parameter measured. For performance characteristics, the experimental unit was pen,
whereas individual chick data were used for immunological parameters.
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Table 1. Ingredients and nutrient level of basal diets

Ingredients (%) Starter (1-21) Grower and Finisher (21-42)
Corn Seed 58.91 69.94
Soybean meal, CP 48 % 35.82 24.19
Soybean oil 1.59 0.50
Oyster shell 1.32
Dicalcium phosphate 1.47 1.57
Salt 0.29 0.40
Mineral-vitamin premix1 0.50 0.50
DL-methionine 0.10 0.15
Nutrients composition
Metabolizable energy (kcal/kg) 2,919 3,000
Crude protein 21.00 18.75
Calcium 0.91 0.84
Available phosphorus 0.41 0.33
Methionine + cysteine 0.82 0.67
Lysine 1.28 1.09

1Mineral-vitamin premix provided the following per kilogram of diet: vitamin A, 9,000 IU; vitamin D3, 2,100 IU; vitamin E, 30 mg; nicotinic acid, 30 mg;
vitamin B12, 0.12 mg; calcium pantothenate, 10 mg; vitamin K3, 5 mg; thiamin, 1.1 mg; riboflavin, 4.5 mg; vitamin B6, 2.0 mg; folic acid, 0.5 mg; biotin, 0.5

mg; Fe, 50 mg; Cu, 10 mg; Mn, 70 mg; Zn, 50 mg; Co, 0.2 mg; I, 1.0 mg; Se, 0.3 mg; butylated hydroxytoluene (BHT),150 mg.
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3. RESULTS AND DISCUSSION

3.1 Growth Performance

As shown in Table 2, the addition of LE did not significantly influence broilers body weight
and weight gain during both the starter (1-21 days) and grower (21-42) periods of the study
(P > .05). This is not unexpected as LE supplementation has been shown numerous times to
not influence body weight of chickens [11, 17]. The LE addition through drinking water also
had no effect on feed intake (P > .05). Similarly, the broilers receiving the different levels of
supplemental LE were identical in feed conversion ratio (P > .05). These results are
comparable with those reported recently by other researchers [11, 17], who studied the
effect of dietary supplementation of LE on broiler chickens (0.5, 1.0 and 2.0 g/kg) and
Japanese quails (0.2 g/kg). However, previous studies with other animal species have
shown that licorice flavonoids (0.5-2.0% of diet for 8-12 weeks) suppress body weight by
reducing body fat content [18-20]. They suggested the enhancement of fatty acid oxidation
and reduction in biosynthesis of fatty acids as the possible mechanisms for the reduction of
abdominal fat and lower body weight gains. Recently published kinetic data [21] have
confirmed this proposition and have indicated that LFO is more effective in obese animals
and overweight subjects rather than normal healthy subjects.

Table 2. Effect of licorice extract supplementation via drinking water on body weight
(g), weight gain (g/chick/day), feed intake (g/chick/day), feed conversion ratio (g/g)

and mortality rate (%) of broiler chicks1

Licorice extract (mg/L)
Item Control 0.1 0.2 0.3 P values
Body weight
Day 1 42.6 ± 0.26 41.6 ± 1.52 43.1 ± 0.19 41.1 ± 0.69 .39
Day 21 850.5 ± 9.83 857.7 ± 16.04 862.9 ± 8.22 845.3 ± 17.26 .80
Day 42 2667.8 ± 47.31 2604.5 ± 77.11 2629.6 ±

45.83
2611.6 ±
52.82

.86

Weight gain
Days 1-21 38.5 ± 0.47 38.9 ± 0.70 39.0 ± 0.39 38.3 ± 0.85 .83
Days 21-42 86.5 ± 1.78 83.2 ± 3.07 84.1 ± 1.87 84.1 ± 2.07 .75
Days 1-42 62.5 ± 1.13 61.0 ± 1.80 61.6 ± 1.09 61.2 ± 1.26 .87
Feed intake
Days 1-21 70.9 ± 0.38 72.0 ± 0.60 71.7 ± 0.47 70.3 ± 0.66 .16
Days 21-42 160.3 ± 1.01 160.6 ± 0.58 160.4 ± 1.78 163.2 ± 0.62 .24
Days 1-42 115.6 ± 0.69 116.3 ± 0.26 116.1 ± 0.67 116.8 ± 0.27 .47
Feed conversion
Days 1-21 1.84 ± 0.026 1.86 ± 0.045 1.84 ± 0.028 1.84 ± 0.025 .97
Days 21-42 1.86 ± 0.039 1.94 ± 0.066 1.91 ± 0.021 1.95 ± 0.045 .50
Days 1-42 1.85 ± 0.035 1.91 ± 0.054 1.89 ± 0.023 1.91 ± 0.037 .70
1 Values are treatment means (±SE). Data from 80 birds per treatment.



Annual Research &Review in Biology, 4(4): 675-683, 2014

680

3.2 Antibody Responses against Newcastle Disease and Influenza Viruses

Hemagglutination inhibition antibody titers against Newcastle disease and Influenza viruses
are shown in Table 3. The level of LE in the drinking water did not influence antibody titers
(P > .05). These results did not consistent with the previous report by Khaligh et al. [13],
which found higher antibody titers against Newcastle disease virus in broilers fed combined
dietary supplementation of alfalfa leaves meal, cinnamon, burdock root and licorice root (10
g/kg of diet at equal ratios). The same opinion was expressed by Yu-ying et al. [12] when
chicks fed diet containing different supplementary levels of four Chinese herbal extract. Our
results (Table 3) did also not match the findings of an increased survival rate after
intraperitoneal administration of Glycyrrhizin (0.2 ml of a saline solution/mouse 1 day before
infection and 1 and 4 days postinfection) in mice infected with 20 and 10 LD50s of influenza
virus (H2 N2) [22]. At present, the exact mechanism of these differences is still not clear.
Nevertheless, factors such as the route and the level of administration, differences in
background of the targeted populations, age and sex of the animal, overall farm hygiene,
stressor severity and level of stress response may influence the efficacy of herbal extracts
application.

Table 3. Effect of licorice extract supplementation via drinking water on antibody titer
against Newcastle (log2 HI titer) and Influenza virus (log2 HI titer) at different ages1

Licorice extract (mg/L)
Item Control 0.1 0.2 0.3 P values
Newcastle
Day 21 4.00 ± 0.408 4.00 ± 0.707 2.75 ± 0.629 3.25 ± 0.629 .41
Day 42 6.25 ± 0.629 5.00 ± 0.913 6.75 ± 0.479 6.50 ± 1.041 .44
Influenza virus
Day 21 1.00 ± 0.408 1.75 ± 0.479 0.75 ± 0.250 1.75 ± 0.250 .16
Day 42 2.75 ± 0.854 2.25 ± 0.250 3.75 ± 1.250 3.50 ± 0.646 .57
Mortality 1.00 0.90 1.02 0.97 .53

1 Values are treatment means (±SE). Data from 8 birds per treatment.

3.3 Heterophils, Lymphocytes, and H/L Ratio

The H/L ratios obtained in the present study are shown in Table 4. Percentages of
heterophils and lymphocytes and the H/L ratio at days 21 and 42 were unaffected by LE
treatments (P > .05). These results are in accordance with the findings of Sedghi et al. [11]
who found no significant effects on heterophil, monocyte and lymphocyte percentages as
well as H/L ratio or red blood cell proliferation as a result of dietary LE (0.5, 1.0 and 2.0 g/kg)
supplementation. However, Al-Daraji [23] reported a significant decrease in H/L ratio due to
drinking water supplementation of LE (0.15, 0.30 or 0.45 mg/L) in heat-stressed broiler
chickens. An increased H/L ratio is a reliable indicator of stress in the chicken [14], and it has
been demonstrated that heat stress is one of the most important stressors resulting in
increased percentage of heterophils and H/L ratio [24-26]. This may explain different results
that we have obtained in the present study.

3.4 Lymphoid Organ Weights

Bown [27] reported that licorice root is a very sweet herb that detoxifies and protects the
liver, lymphoid organs and other visceral tissues, and is also powerfully antiinflammatory
agent. However, in the present study none of these organs (thymus, bursa, spleen, or liver)
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were affected significantly (P > .05) by the level of LE in drinking water (Table 5). These
results were consistent with those of the study by Sedghi et al. [11], which showed no
significant differences in liver, spleen, bursa or heart weights of the broilers fed the control or
diets containing the LE. Similar results were reported in Japanese quails [17] and type 2
diabetic mice [28].

Table 4. Effect of licorice extract supplementation via drinking water on heterophil
and lymphocyte numbers and heterophil to lymphocyte (H/L) ratio at different ages1

Item Control Licorice extract (mg/L) P values
0.1 0.2 0.3

Heterophils
Day 21 32.00 ± 2.483 37.00 ± 4.123 34.00 ± 3.227 29.75 ± 2.462 .43
Day 42 53.75 ± 2.898 53.00 ± 3.342 49.25 ± 5.677 44.00 ± 3.764 .34
Lymphocytes
Day 21 68.00 ± 2.483 63.00 ± 4.123 65.50 ± 3.227 70.25 ± 2.462 .43
Day 42 46.25 ± 2.898 47.00 ± 3.342 50.75 ± 5.677 56.00 ± 3.764 .34
H/L ratio
Day 21 0.47 ± 0.053 0.61 ± 0.107 0.53 ± 0.076 0.43 ± 0.050 .40
Day 42 1.18 ± 0.133 1.16 ± 0.166 1.04 ± 0.229 0.81 ± 0.124 .41

1 Values are treatment means (±SE). Data from 8 birds per treatment.

Table 5. Effect of licorice extract supplementation via drinking water on the relative
weight of lymphoid organs and liver of 42-day-old broiler chicks1

Item Control Licorice extract (mg/L) P values
0.1 0.2 0.3

Bursa of Fabricius 0.12 ± 0.017 0.15 ± 0.031 0.16 ± 0.027 0.13 ± 0.016 .60
Spleen 0.12 ± 0.020 0.18 ± 0.017 0.15 ± 0.021 0.14 ± 0.025 .27
Thymus 0.29 ± 0.045 0.33 ± 0.044 0.30 ± 0.036 0.31 ± 0.053 .94
Liver 1.79 ± 0.023 1.77 ± 0.025 1.83 ± 0.329 1.85 ± 0.052 .98

1 Values are treatment means (±SE). Data from 8 birds per treatment.

4. CONCLUSION

The results of the present study showed that the LE supplementation through drinking of
broilers had no considerable effect on their growth performance throughout the study.
Similarly, LE supplementation through drinking water had no considerable effect on their
immunological parameters. Based on these observations we cannot offer supplementation of
LE extract for broiler chickens and further studies must be done, especially with large
numbers of animals, such as those found in actual production.
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