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Abstract Abstract 
In this systematic review, 79 research articles focusing on the impact of Glycyrrhiza glabra L. (licorice) supplementation in 
broilers were meticulously examined, assessing growth performance, slaughter and carcass traits, and blood parameters. Out of 
these, 12 studies met the predefined criteria. Licorice supplementation, particularly in the absence of specific dietary constraints, 
signifi-cantly improved feed consumption, body weight gain, and feed conversion efficiency in broilers. The addition of licorice 
influ-enced slaughter and carcass traits, increasing the dressing percentage, although results varied based on dosage and form 
of supplementation. Effects on abdominal fat and spleen weights were inconsistent, while liver, heart, and gizzard weights 
gen-erally increased. Licorice supplementation affected blood biochemistry, showing varied impacts on markers like glucose, 
cho-lesterol, and triglycerides. Notably, licorice exhibited potential antioxidant properties by reducing malondialdehyde levels, 
in-dicating decreased oxidative stress. The review highlighted diverse outcomes across growth performance, slaughter traits, 
car-cass parameters, and blood biochemistry due to licorice supplementation. Variability in dosage, form, and administration 
methods underscored the need for standardized protocols. Future research should concentrate on uncovering underlying 
mechanisms, expanding geographical diversity, and exploring interactions with other feed additives, especially in antibiotic-
free diets. Despite its promise, further investigation is necessary to optimize licorice's role in poultry production.
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Introduction Introduction 
The poultry sector plays a crucial role in meeting the growing demand for animal protein, 
and various strategies have been implemented to increase profitability in poultry pro-
duction [1,2]. Among these strategies, dietary modifications stand out as a powerful tool 
significantly impacting productivity [3,4]. These modifications are vital for the develop-
ment, health, and overall well-being of broilers, making them of great importance to the 
poultry industry and consumers alike [5]. Consequently, research continues to focus on 
identifying safe and sustainable nutritional supplements to enhance broiler production 
efficiency and product quality. One supplement that has gained particular attention for 
its potential to improve broiler performance and health is Glycyrrhiza glabra L., more 
commonly known as licorice [6–8].

Glycyrrhiza glabra L., a herbaceous perennial plant from the Leguminosae family, is 
native to Europe and Asia and has a long history, spanning over 4000 years, of use in me-
dicinal and nutritional applications [9]. The active compounds present in licorice extract 
(LE), primarily triterpene saponins (including glycyrrhizin, glycyrrhetinic acid, and lico-
ric acid) and flavonoids (such as liquiritin, formononetin, and isoflavonoids), are recog-
nized for their numerous health benefits. These include anti-inflammatory, antioxidant, 
immunomodulatory, and antimicrobial properties [4,10]. Such characteristics have led 
researchers to explore its potential applications in the poultry industry.

Previous research has extensively detailed the chemical composition of licorice  [11,12], 
its structural properties [13], and its beneficial effects on poultry production [3,14]. This 
systematic review focuses on existing studies regarding Glycyrrhiza glabra L. supplemen-
tation in broilers, including an in-depth analysis of study designs, methodologies, and 
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potential biases. Specifically, the primary goal of this review is 
to thoroughly assess the effects of Glycyrrhiza glabra L. supple-
mentation on broilers, covering three main aspects:

i) To improve broiler management practices and gain an 
in-depth understanding of the effects of Glycyrrhiza glabra L. 
supplementation on growth performance, this review will me-
ticulously examine its impact on feed intake (FI), body weight 
gain (BWG), and feed conversion ratio (FCR), which are key 
performance indicators.

ii) To assess the influence of Glycyrrhiza glabra L. on broil-
er slaughter and carcass characteristics, providing insights into 
potential advancements in meat production.

iii) To evaluate the effects of Glycyrrhiza glabra L. supple-
mentation on broiler physiology and overall health by moni-
toring their blood biochemistry and hematological parameters.

These insights will be invaluable for poultry producers, vet-
erinarians, and researchers committed to the sustainable en-
hancement of broiler production while upholding animal wel-
fare standards and ensuring product quality.

Materials-MethodsMaterials-Methods
Using the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses methodology (PRISMA), we conducted a 
systematic literature review to gather the most up-to-date in-
formation about the effects of Licorice Extract (LE) on growth 
performance, slaughtering and carcass characteristics, as well 
as blood biochemistry and hematological parameters in broil-
ers [15]. To achieve our proposed objective, we followed a series 
of steps, including search, selection, eligibility, and inclusion of 
studies, along with the analysis and extraction of relevant in-
formation.

2.1. Systematic review of the literature
To identify relevant articles, we conducted a systematic search 
of the Web of Science, Scopus, and PubMed databases, which 
are among the most important global scientific literature da-
tabases. Given the specific focus of this study, we employed 
multiple search terms (Table 1) to retrieve as many relevant 
publications as possible. To ensure a comprehensive search, we 
utilized Boolean operators (AND, OR, and NOT) along with 
wildcard truncations (" ") to account for various word and 
phrase forms, ultimately returning papers that were pertinent 
to the study.

 2.2. Used systematic approach to selecting and organizing 
studies
This systematic review exclusively included studies that inves-
tigated the impact of licorice extract (LE) on broiler growth 
performance, slaughter and carcass characteristics, and blood 
biochemistry and hematology. We focused on peer-reviewed 
experimental articles published in English, up to July 2023, fol-
lowing predefined inclusion and exclusion criteria. The search 
across the Web of Science, Scopus, and PubMed databases re-
sulted in 35, 31, and 13 results, respectively. After importing 
the data into Mendeley® software, duplicates were identified 
and eliminated. The selection process, guided by the PRISMA 
methodology (see Figure 1), involved a four-step screening 
process [15]. Additionally, this study did not impose additional 
restrictions such as publication dates, sample sizes, or journal 
quality, aiming to provide a more comprehensive overview of 
the existing literature.

2.3. The process of extracting and manipulating information
Microsoft Excel® was employed for the extraction and 
organization of relevant data from the selected studies. The 
spreadsheet included details such as study identification, 
authorship, publication year and journal, country and region, 
strain, sex, management conditions (housing temperature 
and lighting cycle), basal diet, experimental design, treatment 
groups, and study objectives. This approach facilitated a 
comprehensive and structured analysis of the information 
obtained from the chosen studies.

Results and DiscussionResults and Discussion
3.1. Overview of included studies 
An overview of the selected studies in this systematic review 
is presented in Table 2, including authorship, publication year, 
country and region, strain, sex, housing conditions (including 
temperature and lighting cycle), basal diets, experimental de-
sign, treatment groups, and study objectives. The twelve select-
ed studies spanned the years from 2005 to 2023, reflecting the 
increasing interest in alternative feed additives. This period co-
incides with the emergence of Glycyrrhiza glabra L. as a novel 
addition, especially in light of the prohibition of antibiotics as 
growth promoters in poultry production [16,17]. 

Table 2 indicates that the research was predominantly car-
ried out in Asian nations, where Glycyrrhiza glabra L. is indige-
nous. Specifically, four studies were conducted in Iraq, another 
four in Iran, three in Egypt, and one in Pakistan. The Ross-308 

Table 1. Search terminology employed in this systematic review investigation.

Acronym Search string

Animals ("poultry" OR "broilers" OR "chicken")
Additives ("Glycyrrhiza glabra" OR "Liquorice" OR "Licorice")

Output
("performance" OR "growth performance" OR “biochemical parameters" OR "blood indices" OR "antioxidants 

capacity" OR "carcass" OR “meat” OR “meat quality”)
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strain was the primary choice in most studies, with Cobb used 
in two, Fawbro in one, and Arian in one. Eight studies did not 
specify the sex of the chicks, while two mentioned using male 
chicks, and the remaining two used mixed-sex chicks. Addi-
tionally, lighting cycle information was not provided in four 
studies, and five studies lacked details regarding housing tem-
perature conditions.

In these studies, it was reported that a basal diet primarily 
composed of maize and soybean meal was utilized. Two stud-
ies incorporated a basal diet consisting of wheat and soybean 
meal. Moreover, one study employed a commercial broiler 
ration, and another study lacked information about the basal 
diet. Glycyrrhiza glabra L. was added to the basal diet in nine 
studies, while three studies introduced it into drinking water. 
In two studies, Glycyrrhiza glabra L. was used in the form of es-
sential oil (LEO), either within the base diet or added to drink-
ing water. The remaining studies utilized it as an extract (LE). 
Additionally, in two studies, Glycyrrhiza glabra L. was incor-
porated into diets contaminated with aflatoxin as an alternative 
to antibiotics.

3.2. Effect of Glycyrrhiza glabra L. supplementation on 
growth performance

Out of the twelve selected studies, ten focused on growth per-
formance characteristics, with only six of them implementing 
a separate diet for chicks during the starter period. As depicted 
in Table 3, the incorporation of Licorice Extract (LE) in the diet 
of broiler chicks during the starter period led to improvements 
in Feed Intake (FI) and Body Weight Gain (BWG), except in 
one study [28]. Additionally, it resulted in a reduction in Feed 
Conversion Ratio (FCR) by 0.01-0.10%. The optimal dosage for 
these effects was found to be two grams of LE per kilogram 
of diet. Conversely, when LEO was introduced into the diet at 
equivalent levels to LE, it did not elicit the same positive re-
sponse from the chicks.

In two distinct studies (Beski et al.[20]; Iqbal et al.[17]), the 
favorable outcomes were observed when LE was added to the 
drinking water of broiler chicks, as opposed to directly incor-
porating LE and LEO into their diet. Particularly noteworthy 
was a study where licorice root powder was infused into the 
drinking water through a three-hour boiling process at 80 °C 
[17], yielding superior outcomes compared to another study 
where licorice root powder was simply added to the water and 
subsequently filtered [20]. However, it has been established 
that this extraction method has minimal impact on reducing 
FCR. On the contrary, a reduction in FCR is observed when 

Figure 1. An overview of selecting and searching for relevant articles within the PRISMA guideline
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R
eference

Place
Strain

Sex
H

ousing tem
pera-

ture
Lighting cycle

Basal diet 
Experim

ental design
Treatm

ents
Purpose

A
l-D

araji 
et al. [18] 

IQ
Faw

bro
N

S
N

S
N

S

1 C
om

m
ercial broiler ration containing 

22.7%
 C

P and 2867.4 kcal/kg M
E w

ere 
used in the starter phase (1-21 d) and 
com

m
ercial broiler ration containing 

20.6%
 C

P and 2867.4 kcal/kg M
E w

ere 
used in the finisher phase (22-49 d).

A
 C

R design w
as used to allo-

cate 900 three-w
eek-old chicks 

into 6 experim
ental groups in 3 

replications, w
ith 50 chicks in 

each group.

2, 3 D
iets w

ere treated as follow
s: C

O
N

 diets 
w

ith zero supplem
ents, diets contam

inated 
w

ith 2 m
g A

F/kg diet, diets contam
inated 

w
ith 2 m

g A
F/kg diet+m

old killer, diets 
contam

inated w
ith 2 m

g A
F/kg diet + 0.15, 

0.30 or 0.45 g LE/kg diet.

To suppress the effect of A
F on the 

production perform
ance of broiler 

chickens.

Sedghi et 
al. [19] 

M
ash-

had, IR
Ross-308

M
ale

Started out at 30-
32°C

, decreased by 
2.5°C

/w
 to 20-22°C

, 
and rem

ained 
constant betw

een 
the d 28 and 49.

24 h for 1-3 d, 23:1 h for 
4-49 d

M
aize-soybean m

eal-based diets 
w

ith 2 different RD
A

A
 ratios (95 and 

100%
) w

ere used in 3 different phases 
(starter 1-14 d, grow

er 15-35 d, and 
finisher 36-49 d)

A
 C

R design w
as used to allocate 

600 day-old birds into 10 exper-
im

ental groups in 5 replications, 
w

ith 12 birds in each group.

4 D
iets w

ere subdivided into 5 categories: 
C

O
N

 diets w
ith zero supplem

ents, and diets 
supplem

ented w
ith 2.0 g prebiotic/kg and 

0.5, 1.0 or 2.0 g LE/kg diet.

To evaluate dietary supplem
entation 

of LE and prebiotic on PER, BM
, 

FD
 and D

O
S of broiler chickens fed 

diets containing different levels of 
digestible am

ino acids.

Beski et al. 
[20] 

D
uhok, 
IQ

Ross-308
N

S

Started out at 33 
°C

 fort he first 5 d, 
gradually decreased 
by 0.5°C

/d to 23°C
, 

and rem
ained 

constant betw
een 

the d 25 and 35.

24 h for 1 d, 23:1 h for 
2-35 d

5 W
heat-soybean m

eal-based diets 
w

ere used in 3 different phases (starter 
1-10 d, grow

er 11-24 d, and finisher 
25-35 d)

A
 C

R design w
as used to allocate 

160 day-old birds into 4 experi-
m

ental groups in 4 replications, 
w

ith 10 birds in each group.

 6 Th
e aqueous form

 of LE w
as used as 

drinking w
ater throughout the experim

ent. 
Treatm

ents used in the experim
ent w

ere: 
C

O
N

 drinking w
ater w

ith zero LE, drinking 
w

ater supplem
ented w

ith 0.50, 0.70 or 0.90 
g LE/L.

To elucidate the im
pact of adm

inis-
tering aqueous LE through drinking 
w

ater on the PER, C
C

, and intestinal 
histom

orphology of broiler chickens.

 R
ashidi et 

al.  [21] 
A

hvaz, 
IR

Ross-308
M

ixed

Started out at 30-
33°C

, decreased by 
2.5°C

/w
 to 22-24°C

, 
and rem

ained 
constant betw

een 
the d 28 and 42.

24 h for 1-3 d, 23:1 h for 
4-42 d

7 M
aize-soybean m

eal-based diets 
w

ere used in 2 different phases (starter 
1-21 d, grow

er 22-42 d)

A
 C

R design w
as used to allocate 

336 day-old birds into 5 experi-
m

ental groups in 4 replications. 

8 A
 SD

-based experim
ental group w

as creat-
ed. Treatm

ents w
ere as follow

s: PC
 (12 birds/

m
2, or 0.08 m

2 FS for each bird), N
C

 (18 
birds/m

2, or 0.05 m
2 FS for each bird), N

C
 + 

0.5 g/LE kg; N
C

 + 0.2 g/probiotic kg; N
C

 + 
0.5 g/LE kg + 0.2 g/probiotic kg diet.

To investigate the effects of LE and 
probiotic, alone and in com

bination, 
on PER, BP, C

C
, droppings and 

w
elfare‐related param

eters of broiler 
chickens at high SD

Ibrahim
 et 

al.  [22] 
Zaga-

zig, EG
Ross-308

M
ale

Started out at 32-34 
°C

 for the first 3 d, 
decreased by 3.0 

°C
/w

 to 24°C
, and 

rem
ained constant 

at the end of the 
experim

ent.

24 h for 1-3 d, 23:1 h for 
4-35 d

9 W
heat-soybean m

eal-based diets 
w

ere used in 2 different phases (starter 
1-20 d, grow

er to finisher 21-35 d)

A
 C

R design w
as used to allocate 

500 day-old birds into 5 experi-
m

ental groups in 10 replications, 
w

ith 10 birds in each group.
D

iets w
ere treated as follow

s: C
O

N
 diets 

w
ith zero supplem

ents, diets supplem
ented 

w
ith 0.25, 0.50, 1.0 or 2.0 g LE/kg diet.

To evaluate the effi
cacy of LE on 

PER, gene expression (occludin, 
JA

M
-2, FA

BP-6, G
LP-2, TLR-4, and 

M
U

C
-2 genes), and resistance to 

Cam
pylobacter jejuni infection in 

broiler chickens.

Ibrahim
 et 

al. [23] 
K

irkuk, 
IQ

Ross-308
N

S
N

S
N

S
7 M

aize-soybean m
eal-based diets 

w
ere used in 2 different phases (starter 

1-21 d, grow
er 22-35 d)

A
 C

R design w
as used to allocate 

120 day-old birds into 5 experi-
m

ental groups in 3 replications, 
w

ith 8 birds in each group.

D
iets w

ere treated as follow
s: C

O
N

 diets 
w

ith zero supplem
ents, diets supplem

ented 
w

ith 0.50, 1.0, 1.5 or 2.0 g LE/kg diet.

To investigate the effects of LE on BP 
and istestinal m

icroflora of broiler 
chickens 

Iqbal et al.  
[17] 

Faisal-
abad, 
PK

C
obb

N
S

N
S

N
S

Th
e com

position of the basal diet 
w

as not provided; how
ever, the study 

em
ployed tw

o distinct diets for the 
starter phase (1-21 d) and the grow

er 
phase (22-35 d).

A
 C

R design w
as used to allocate 

180 day-old birds into 6 experi-
m

ental groups in 3 replications, 
w

ith 10 birds in each group.

10,11 Treatm
ents w

ere as follow
s: PC

 (diet + 
antibiotic), N

C
 (diet w

ithout antibiotic), diet 
supplem

ented w
ith 10, 15, 20 or 25 m

L/L LE.
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R
ashidi et 
al. [24] 

Ilam
, IR

Ross-308
N

S
N

S
N

S

12 M
aize-soybean m

eal-based diets 
w

ere used in 3 different phases (starter 
1-11 d, grow

er 12-24 d, and finisher 
25-42 d)

A
 C

R design w
as used to allocate 

504 day-old birds into 7 experi-
m

ental groups in 6 replications, 
w

ith 12 birds in each group.

13,14 D
iets w

ere treated as follow
s: C

O
N

 
diets w

ith zero supplem
ents or A

F B
1 , diets 

contam
inated w

ith 0.5 m
g A

F B
1 /kg diet, 

diets contam
inated w

ith 0.5 m
g A

F B
1 /kg 

diet + 3 or 6 g LE/kg, diets contam
inated 

w
ith 0.5 m

g A
F B

1 /kg diet + 0.5 g probiotic/
kg diet, diets contam

inated w
ith 0.5 m

g A
F 

B
1 /kg diet + 1.0 g toxin binder/kg diet, diets 

contam
inated w

ith 0.5 m
g A

F B
1 /kg diet + 5 

g PLB/kg diet.

To assess the protective effect of 
the probiotic, toxin binder, PLB, 
and LE on broilers against A

F B
1 , 

and to contrast the effi
cacy of PBL, 

probiotic, and toxin binder w
ith LE 

by evaluating PER, C
C

, AT, serum
 

biochem
ical attributes, liver enzym

e 
activities, hepatocyte pathology, and 

antioxidant status.

G
eravand 

et al. [16] 
Tehran, 

IR
A

rian
N

S
Started out at 32-

34°C
, decreased by 

3.5°C
/w

 to 22-24°C
23:1 h for 1-42 d

M
aize-soybean m

eal-based diets w
ere 

used in 3 different phases (starter 
1-14 d, grow

er 15-28 d, and finisher 
29-42 d)

A
 C

R design w
as used to allocate 

625 day-old birds into 5 experi-
m

ental groups in 5 replications, 
w

ith 25 birds in each group.

15,16, 17 D
iets w

ere treated as follow
s: C

O
N

 
diets w

ith zero supplem
ents, diets supple-

m
ented w

ith 0.15 g antibiotic/kg diet, diets 
supplem

ented w
ith 0.10 g probiotic/kg diet 

diets supplem
ented w

ith 0.20 or 0.40 g LEO
/

kg diet, 

To investigate the effects of LE, 
as a substitute for antibiotics, on 

PER, BP, ascites sensitivity and ileal 
m

icrobiota of broiler chickens.

A
bo-Sa-

m
aha et  

al. [6] 

A
lex-

andria, 
EG

C
obb500 

N
S

Started out at 
32°C

, decreased by 
3.5°C

/w
 to 24°C

23:1 h for 1-42 d

7 M
aize-soybean m

eal-based diets 
w

ere used in 3 different phases (starter 
1-14 d, grow

er 15-28 d, and finisher 
29-42 d)

A
 C

R design w
as used to allo-

cate 180 one-w
eek-old chicks 

into 3 experim
ental groups in 

3 replications, w
ith 20 birds in 

each group.

6 Th
e aqueous form

 of LE w
as used as drink-

ing w
ater throughout the experim

ent. Treat-
m

ents used in the experim
ent w

ere: C
O

N
 

drinking w
ater w

ith zero LE, drinking w
ater 

supplem
ented w

ith 0.40 or 0.80 g LE/L.

To characterize the im
pact of ad-

m
inistering aqueous LE through 

drinking w
ater on the PER, C

C
, BP, 

and intestinal histopathology and 
gene expression of broiler chickens.

D
heyaul-
deen 

Salahdin et 
al. [7] 

A
nbar- 

R
am

a-
di, IQ

Ross-308
N

S

Started out at 
33°C

, decreased by 
2.5°C

/w
 to 24°C

, 
and rem

ained 
constant betw

een 
the d 28 and 42.

23:1 h for 1-42 d

7 M
aize-soybean m

eal-based diets 
w

ere used in 3 different phases (starter 
1-10 d, grow

er 11-28 d, and finisher 
29-42 d)

A
 C

R design w
as used to allocate 

160 day-old birds into 4 experi-
m

ental groups in 4 replications, 
w

ith 10 birds in each group.

18 D
iets w

ere treated as follow
s: C

O
N

 diets 
w

ith zero supplem
ents, diets supplem

ented 
w

ith 1.0, 2.0 or 3.0 g LEO
/kg diet.

To investigate the effectiveness of 
LEO

 as a potential substitute for 
chem

ical antibiotics on PER, C
C

, BP 
of broiler chickens.

Toson et 
al.  [8]

El-M
in-

ia, EG
Ross-308

M
ixed

N
S

23:1 h for 1-35 d
10 M

aize-soybean m
eal-based diets 

w
ere used in 2 different phases (starter 

1-21 d, grow
er 22-35 d)

A
 C

R design w
as used to allocate 

320 day-old birds into 4 experi-
m

ental groups in 8 replications, 
w

ith 10 birds in each group.
D

iets w
ere treated as follow

s: C
O

N
 diets 

w
ith zero supplem

ents, diets supplem
ented 

w
ith 1.0, 2.0 or 3.0 g LE/kg diet.

To investigate the effects of LE on 
PER, BP, C

C
 and antioxidative 

capacity of broiler chickens 

1 Th
e periods given as w

eeks are converted to days for the purpose of standardization. 2 Th
e unit given as m

g/kg has been converted to g/kg for the purpose of standardization. 3 Th
e production of aflatoxin w

as achieved 
by grow

ing A
spergillus flavus on rice. 4 Th

e Ferm
acto w

as utilized as a prebiotic. 5 A
 com

prehensive table of the experim
ental diet com

position is not included. 6 A
n aqueous LE w

as produced by m
ixing licorice root 

pow
der w

ith w
ater. 7 Th

e diets w
ere prepared based on N

RC
 [25] recom

m
endations. 8 Bacillus subtilis D

SM
 17299 w

as used as a probiotic at a rate of 4 × 10
9 cfu/g per gram

. 9 Th
e diets w

ere prepared based on Ross 
catalog recom

m
endations [26]. 10 Th

ere w
as no m

ention of the specific antibiotic used or its dosage. 11 A
n LE w

as prepared by boiling 50 g of licorice root pow
der for 3 h at 80 °C

 w
ith one liter of w

ater. 12 Th
e diets w

ere 
prepared based on Ross catalog recom

m
endations [27] . 13 A

F w
as generated through the ferm

entation of rice grains using an A
spergillus parasiticus PTC

C
-5286 culture, w

ith subsequent quantification of its A
F B1 

content. 14 Protexin, utilized as a probiotic, consists of 9 bacterial strains and contains a bacterial count of 2 × 10
9 cfu per gram

. 15 Protexin, utilized as a probiotic, consists of 7 bacterial and 2 yeast strains 16 A
 prem

ix 
m

ixture of 10%
 avilam

ycin w
as used as an antibiotic. 17 A

 com
m

ercially available LEO
 w

as used (Zard Band Pharm
aceutical C

o., Tehran, Iran). 18 A
n essential oil extracted from

 licorice root w
as used. C

O
N

: control, C
P: 

crude protein, M
E: m

etabolizable energy, LE: licorice extract, PER: perform
ance, BM

: blood m
etabolites, BP: blood param

eters, FD
: fat digestibility, D

O
S: digestive organ size, RD

A
A

: recom
m

ended digestible am
ino 

acid, N
S: not specified, A

F: aflatoxins, PLB: poultry litter biochar, PC
: positive control, N

C
: negative control, FS: floor space, SD

: stocking density, LEO
: licorice essential oil.
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Table 3. Effect of licorice (Glycyrrhiza glabra L.) extract on growth performance parameters in broilers1,2

Reference Dosage Period FI (g) BWG (g) FCR (g/g)

3,4 Sedghi 
et al. [19]

0.5 g LE/kg diet

G

R95: -40
R100: +115

R95: -9
R100: +79

R95: -0.02
R100: -0.03

1.0 g LE/kg diet R95: -23
R100: +79

R95: -12
R100: +60

R95: 0
R100: -0.03

2.0 g LE/kg diet R95: -76
R100: +90

R95: -16
R100:+47

R95: -0.04
R100: 0

0.5 g LE/kg diet

F

R95: +33
R100: +32

R95: +19
R100:+4

R95: -0.01
R100: +0.02

1.0 g LE/kg diet R95: -36
R100: -110

R95: -11
R100: -44

R95: -0.01
R100: -0.01

2.0 g LE/kg diet R95: +36
R100: +151

R95: +11
R100: +67

R95: +0.01
R100: 0

0.5 g LE/kg diet

T

R95: +103
R100: +305

R95: +0.03
R100: +0.06

1.0 g LE/kg diet R95: +62
R100: -165

R95: +0.04
R100: -0.08

2.0 g LE/kg diet R95: +110
R100: +279

R95: +0.06
R100: +0.02

Beski et al. 
[20] 

0.5 g LE/L DW
S

-5 +9 -0.07
0.7 g LE/L DW -9 +10 -0.06
0.9 g LE/L DW +1 +10 -0.03
0.5 g LE/L DW

G
+40 +16 -0.02

0.7 g LE/L DW +42 +7 0
0.9 g LE/L DW +5 -17 +0.01
0.5 g LE/L DW

F
+125 +83 +0.01

0.7 g LE/L DW +162 +139 0
0.9 g LE/L DW +128 +108 -0.03
0.5 g LE/L DW

T
+169 +120 0

0.7 g LE/L DW +188 +156 +0.01
0.9 g LE/L DW +133 +114 0

5 Rashidi 
et al. [24] 0.5 g/LE kg diet

S
PC: +54

NC: +63

PC: +62

NC: +40

PC: -0.09

NC: -0.01 

G
PC: +35

NC: +100

PC: +89

NC: +186

PC: -0.10

NC:- 0.18

T
PC: +78

NC: +154

PC: +151

NC: +228

PC: -0.10

NC: -0.13

Ibrahim et 
al.  [22]

0.25 g LE/kg diet

S

-14 +33 -0.09
0.50 g LE/kg diet -74 +23 -0.14
1.0 g LE/kg diet -158 +66 -0.32
2.0 g LE/kg diet -136 +37 -0.25

0.25 g LE/kg diet

G-F

-200 +33 -0.19
0.50 g LE/kg diet -168 +191 -0.36
1.0 g LE/kg diet +114 +451 -0.44
2.0 g LE/kg diet +51 +169 -0.19

0.25 g LE/kg diet

T

-214 +66 -0.15
0.50 g LE/kg diet -241 +214 -0.27
1.0 g LE/kg diet -43 +517 -0.38
2.0 g LE/kg diet -84 +209 -0.20
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6 Iqbal et al.  
[17]

10 mL LE/L DW

S

PC: +18
NC: +45

PC: +18
NC: +22

PC: -0.01
NC: +0.02

15 mL LE/L DW
PC: +43
NC: +70

PC: +29
NC: +33

PC: 0
NC: +0.03

20 mL LE/L DW
PC: +56
NC: +83

PC: +40
NC: +43

PC: -0.01
NC:+0.02

25 mL LE/L DW
PC: +71
NC: +98

PC: +52
NC: +55

PC: -0.01
NC: +0.02

10 mL LE/L DW

F

PC: +25
NC:+60

PC: +16
NC: +87

PC: -0.01
NC:-0.13

15 mL LE/L DW
PC: +73

NC: +108
PC: +76
NC:+147

PC: -0.08
NC: -0.20

20 mL LE/L DW
PC: +104
NC: +139

PC: +118
NC: +189

PC: -0.12
NC: -0.24

25 mL LE/L DW
PC: +112
NC: +147

PC: +154
NC: +225

PC: -0.18
NC: -0.30

10 mL LE/L DW

T

PC: +43
NC: +104

PC: +33
NC:+108

PC: -0.01
NC: -0.05

15 mL LE/L DW
PC: +116
NC: +178

PC: +105
NC:+180

PC: -0.04
NC: -0.08

20 mL LE/L DW
PC: +160
NC: +222

PC: +157
NC: +232

PC: -0.06
NC: -0.10

25 mL LE/L DW
PC: +3

NC: +65
PC: +206
NC: +280

PC: -0.09
NC: -0.13

7 Rashidi et 
al. [24]  

3 g LE/kg diet
S

0 +16 -0.09

6 g LE/kg diet +2 +6 -0.01

3 g LE/kg diet
G

+2 -15 +0.03

6 g LE/kg diet -14 -66 +0.12

3 g LE/kg diet
F

-68 -116 +0.10

6 g LE/kg diet -130 -126 -0.03

3 g LE/kg diet
T

-66 -115 +0.06

6 g LE/kg diet -142 -186 +0.07
8 Geravand 
et al. [16]  

0.2 g LEO/kg diet T +168 +59 -0.06

0.4 g LEO/kg diet T -168 -300 +0.16

9 Abo-Sa-
maha et  al. 

[6]

0.4 g/L DW
G

+126 +53 +0.04

0.8 g/L DW +70 -13 +0.08

0.4 g/L DW
F

+155 +216 -0.27

0.8 g/L DW +205 +66 +0.05

0.4 g/L DW
T

+277 +306 -0.11

0.8 g/L DW +283 +78 +0.05

10 Dheyaul-
deen 
Salahdin et 
al. [7]  

1.0 g LEO/kg diet

S

+2 +1 0

2.0 g LEO/kg diet +1 +3 -0.01

3.0 g LEO/kg diet 0 +1 0

1.0 g LEO/kg diet

G

+1 +3 0

2.0 g LEO/kg diet +1 +1 0

3.0 g LEO/kg diet -2 +2 -0.01

1.0 g LEO/kg diet

F

+2 -3 +0.01

2.0 g LEO/kg diet +1 -4 +0.01

3.0 g LEO/kg diet +3 -2 +0.01

1.0 g LEO/kg diet

T

+5 +1 0

2.0 g LEO/kg diet +2 0 0

3.0 g LEO/kg diet +1 +1 0

Toson et 
al. [8] 

1.0 g LE/kg diet

S

+18 +47 -0.06

2.0 g LE/kg diet +6 +63 -0.10

3.0 g LE/kg diet +24 +77 -0.10

1.0 g LE/kg diet

F

+112 +26 +0.05

2.0 g LE/kg diet -36 +141 -0.19

3.0 g LE/kg diet +102 +185 -0.23

1.0 g LE/kg diet

T

+131 +73 0

2.0 g LE/kg diet +108 +204 -0.13

3.0 g LE/kg diet +168 +261 -0.15
1The growth performance data from Al-Daraji et al. [18]'s study were excluded from the table since they were presented graphically. 2 Due to the lack of data on growth perfor-
mance, the study conducted by Ibrahim et al. [23] was excluded from the table. 3 Calculations for data over the entire trial period couldn't be performed due to the unspecified 
hatching weight of the birds. 4 Each of the performance parameters was assessed against its own control group at RDAA concentration. 5 Positive (PC) and negative (NC) control 
groups were created based on stocking density. PC consisted of 12 birds/m², equating to 0.08 m² of floor space per bird, while NC comprised 18 birds/m², corresponding to 0.05 
m² of floor space per bird. 6 As a positive control, antibiotics were used, but neither their specific name nor dosage were specified. 7 The diet contained 0.5 mg/kg of aflatoxin B1. 8 
A commercially available LEO was used (Zard Band Pharmaceutical Co., Tehran, Iran). 9 A commercially available licorice was used to prepare licorice solutions (Sekem Group, 
Cairo, Egypt).10 An essential oil extracted from licorice root was used.
S: starter period, G: grower period, F: finisher period, T: total period, PC: positive control, NC: negative control, FI: feed intake, BWG: body weight gain, FCR: feed conversion 
ratio, LE: licorice extract, LEO: licorice essential oil, DW: drinking water.
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Table 4. Effect of licorice (G
lycyrrhiza glabra L.) extract on slaughter and carcass trait in broilers 1

R
eference

D
osage

D
P

A
F

Liver
H

eart
Spleen

G
izzard

Pancreas
Fem

ur
Breast

G
IT

Th
ighs

D
rum

-
sticks

Bursa
Pro-

ventric-
ulous

Th
ym

us
Legs

G
allblad-

der

2 A
l-D

araji et 
al. [18]

0.15 g 
LE/kg 
diet

V: -0.38
noV: -0.57

+1.15
+4.98

+17.65
+60.00

+7.31

0.30 g 
LE/kg 
diet

V: -0.10
noV: -0.26

+3.85
+4.65

+13.73
+50.00

+8.08

0.45 g 
LE/kg 
diet

V: +2.73
noV: -0.60

+1.15
+1.33

+5.88
+20.00

+2.31

 Sedghi et al. 
[19] 

0.5 g 
LE/kg 
diet

R95: 
-34.10

R100: 
-33.04

R95: 
+0.58

R100: 
+7.02

R95: -3.68

R100: 
+10.44

R95: 
+11.90

R100:-
17.16 

R95: 
+1.01

R100: 
+5.61

R95: 
+9.47

R100: 
+5.38 

R95: -4.56

R100: 
-6.49 

1.0 g 
LE/kg 
diet

R95: 
-31.34

R100: 
-37.39

R95: 
+6.36

R100: 
+5.26

R95: -9.01 

R100: 
+13.05 

R95: 
+3.42

R100: 
-21.64

R95: 
+1.11

R100: 
+4.59 

R95: 
+3.68

R100: 
+2.69

R95: -0.48

R100: 
+5.21 

2.0 g 
LE/kg 
diet

R95: 
-29.03

R100: 
-34.78

R95: 
+4.05

R100: 
+4.09

R95: 
-12.68

R100: 
+1.20 

R95: 
+9.40

R100: 
-17.16 

R95: 
+3.03

R100: 
+2.55

R95: 
+0.53

R100: 
+3.23 

R95: -0.36

R100: 
-1.39

3 Beski et al. 
[20]

0.5 g 
LE/L 
D

W
+0.82

-1.10
-2,.15

-28.26
+8.62

+6.03
-3.23

0
+19.73

0.7 g 
LE/L 
D

W
+1.37

+6.89
-4.30

-41.30
-1.29

+6.03
-5.81

+5.47
+21.77

0.9 g 
LE/L 
D

W
+2.60

+4.96
-6.45

-40.76
-9.48

+5.48
-0.65

+3.13
+4.08

4 R
ashidi et 

al. [24]
0.5 g/LE 
kg diet

PC
: +5.00

N
C

: +1.61

PC
: 

+33.33

N
C

: 
+25.00

PC
: +3.85

N
C

: -3.57

PC
: +7.41

N
C

: 
+11.54

PC
: -4.54

N
C

: +5.00  

PC
: 0

N
C

: -5.26
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5,6 Iqbal et al.  
[17]

10 m
L 

LE/L 
D

W

PC
: +0.27 

N
C

: +1.35 

PC
: +2.12

N
C

: +7.64

PC
: +2.10

N
C

: +7.60

PC
: +2.16

N
C

: +7.56

PC
: +2.10

N
C

: +7.57

PC
: +2.36

N
C

: +7.59

PC
: +2.10 

N
C

: 
+7.59

15 m
L 

LE/L 
D

W

PC
: +1.39

N
C

: +2.49 

PC
: +7.18

N
C

: 
+12.98

PC
: +7,21

N
C

: 
+12.98

PC
: +7.18

N
C

: 
+12.86

PC
: +7.22

N
C

: 
+12.96

PC
: +7.20

N
C

: 
+12.97

PC
: +7.20 
N

C
: 

+12.97

20 m
L 

LE/L 
D

W

PC
: +1.48

N
C

: +2.58

PC
: 

+10.19

N
C

: 
+16.15

PC
: 

+10.19

N
C

: 
+16.12

PC
: 

+10.20

N
C

: 
+16.04

PC
: 

+10.20 

N
C

: 
+16.10

PC
: 

+10.18

N
C

: 
+16.10

PC
: 

+10.18 
N

C
: 

+16.10

25 m
L 

LE/L 
D

W

PC
: +3.78

N
C

: +4.91

PC
: 

+15.39

N
C

: 
+21.63

PC
: 

+15.45

N
C

: 
+21.66

PC
: 

+15.37 

N
C

: 
+21.48

PC
: 

+15.45 

N
C

: 
+21.63

PC
: 

+15.42

N
C

: 
+21.63

PC
: 

+15.43

N
C

: 
+21.63

7 R
ashidi et 

al. [24]  

3 g LE/
kg diet

-1.48
0

-0.43
-7.69

-1.70
+7.12

+9.52
-26.32

6 g LE/
kg diet

-1.28
-39.13

-10.78
+7.69

-2.09
+0.22

+23.81
-5.26

3 A
bo-Sam

a-
ha et  al. [6]

0.4 g/L 
D

W
-23.08

+0.43
+9.76

-23.08
+7.37

-1.73
+127.8

-9.38
-29.41

0.8 g/L 
D

W
-40.00

+4.74
0

+7.69
+4.21

-9.38
-27.78

0
-14.71

8 D
heyaul-

deen 
D

heyauldeen 
Salahdin et 
al. [7]  

1.0 g 
LEO

/kg 
diet

+2.35
-16.16

0
+23.08

+7.45
+15.38

+8.33
-35.29

2.0 g 
LEO

/kg 
diet

+0.78
-18.78

-1.14
+15.38

+2.13
+7.69

+2.13
-17.65

3.0 g 
LEO

/kg 
diet

+3.14
-23.58

-0.57
+7.69

+8.51
+7.69

+8.51
-29.41

Toson et al. 
[8]  

1.0 g 
LE/kg 
diet

+0.10
-3.30

+1.89
+2.50

+1.60

2.0 g 
LE/kg 
diet

+1.67
-10.99

+1.51
+3.75

+4.79

3.0 g 
LE/kg 
diet 

+2.07
-12.09

+1.13
+3.75

+3.72

1 D
ue to the lack of data on slaughter and carcass trait of broilers, the study conducted by Ibrahim

 et al. [28], Ibrahim
 et al. [23] and G

eravand et al. [16] w
ere excluded from

 the table. 2 D
iets contam

i-
nated w

ith 2 m
g aflatoxin/kg. 3 A

n aqueous licorice extract, produced by m
ixing licorice root pow

der w
ith w

ater, w
as used. 4 Positive and negative controls w

ere created using a stocking density-based 
trial schem

e. 5 In the trial groups, the extract w
as prepared by boiling one liter of w

ater w
ith fifty gram

s of licorice root pow
der for three hours at 80°C

. 6 A
 positive and negative control diet w

as cre-
ated depending on w

hether antibiotics w
ere used in the diet. 7 Th

e control group is free from
 aflatoxin B1, though both trial groups contain 0.5 m

g/kg aflatoxin B1. 8 A
n essential oil extracted from

 
licorice root w

as used.

V: w
ith viscera, noV: w

ithout viscera, D
P: dressing percentage, A

F: abdom
inal fat, G

IT: gastro-intestinal tract, R95: diet containing 95%
 of the recom

m
ended digestible am

ino acid concentrations, 
R100: diet containing 100%

 of the recom
m

ended digestible am
ino acid concentrations, D

W
: drinking w

ater, PC
: positive control, N

C
: negative control, LE: licorice extract, LEO

: Licorice essential oil. 
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licorice root powder is mixed with drinking water, filtered, and 
administered to broiler chicks during the starter period. This 
phenomenon is primarily attributable to the absence of a sec-
ondary dilution effect resulting from the extraction process. 
Similarly, six studies provide growth performance data specif-
ically related to the grower periods. In this dataset, four stud-
ies examine the effects of LE, one assesses the consequences 
of incorporating LEO into the diet, and the remaining study 
explores the effects of introducing LE into drinking water. 
Notable results emerge from studies involving amino acid re-
striction [19], stocking density [21], and those administering 
LE supplementation in drinking water [20]. In the absence of 
amino acid restriction, the inclusion of 0.5 g LE/kg in the diet 
significantly enhances FI by 115 g and BWG by 79 g for broiler 
chickens throughout the grower period, simultaneously lead-
ing to a notable reduction in FCR by 0.03 units [19]. Similarly, 
adding 0.5 g LE/kg to the diet demonstrates stress-reducing 
properties, increasing FI by 65 g and BWG by 97 g even with 
a 50% increase in stocking density (12 chicks/m² vs 18 chicks/
m²). Additionally, the FCR exhibits an additional reduction of 
0.08 units in the negative control (18 chicks/m²) compared to 
the positive control (12 chicks/m²) [21]. n contrast, when an 
equal quantity of LE is administered in the form of drinking 
water, the improvements in FI by 40 g, BWG by 16 g, along 
with the reduction in FCR by 0.02 units, are not as prominent 
as observed when LE is integrated into the diet [20].

During the finisher period, the inclusion of 1-3 g LEO/kg in 
the diet shows minimal discernible impacts, whether positive 
or negative, on FI, BWG, and FCR [7]. Adding LE to drink-
ing water enhances FI and BWG during this period, similar to 
the results found in the starter and grower periods. Specifically, 
adding 0.4 g of powdered form (with a reduction of 0.27) or 
25 ml of water-extracted form (with a reduction of 0.3) to the 
water significantly decreases the FCR. Nevertheless, it is im-
portant to emphasize that when LE was administered in drink-
ing water along with antibiotic-supplemented feed, it reduced 
FI and BWG compared to those receiving antibiotic-free feed. 
Consequently, it is evident that the simultaneous use of LE and 
antibiotics results in an adverse synergistic effect.

For a comprehensive assessment spanning all periods, it 
has been established that incorporating 0.5-1.0 g of LE/kg into 
diets without amino acid restrictions may result in a reduc-
tion of 43-241 g in FI, an increase of 214-517 g in BWG, and 
a reduction in FCR by 0.08 to 0.38 units [19,28]. On the other 
hand, adding LE at 3 g or higher to the diet caused adverse 
effects on FI and BWG while simultaneously increasing FCR 
[21]. Elevated FI and BWG were observed when powdered LE 
was added to drinking water at concentrations of 0.5 g/L and 
higher. However, the FCR was not successfully reduced. It was 
discovered that lowering the LE dosage to 0.4 g/L caused a de-
cline of around 0.11 units in FCR [6]. LEO has, however, shown 
conflicting effects on diets, highlighting the need for further 
research in this field. According to Geravand et al. [16], dding 
LEO to the diet at doses of 0.4 g/kg and higher decreased FI and 
BWG and increased FCR. However, Dheyauldeen Salahdin et 

al. [7] found that adding up to 1-3 g/kg of LEO to the diet had 
minimal effects on FI, BWG, and FCR.

Prior research has documented the advantageous impact 
of flavonoids on intestinal functions, potentially explaining 
the observed enhancement in growth performance in broiler 
chickens when including flavonoid-rich plant extracts in their 
diet [29,30]. The results of current systematic review show that, 
supplementing broiler chicks' diets with LE may improve their 
growth characteristics, as this ingredient has been shown to im-
prove digestibility, stimulate the secretion of digestive enzymes, 
prevent tissue oxidation, and modulate the gut microbial bal-
ance, all of which contribute to the chicks' increased BWG [31]. 
Furthermore, numerous studies suggest that the increase in FI 
is due to LE's favorable impact on feed palatability, stimulating 
appetite due to its antioxidant-rich nature, while simultaneous-
ly reducing oxidative stress and reactive oxygen species (ROS) 
production [32,33]. Similarly, the increase in FCR observed 
with LE supplementation in either diet or drinking water can 
be attributed to its ability to improve digestibility, fortify in-
testinal microflora, and increase endogenous digestive enzyme 
secretion [8,34]. It additionally enhances blood circulation in 
the mucous membranes of the gut, thereby improving the ef-
ficiency of nutrient utilization [20]. Furthermore, studies have 
shown that LE's active constituents—including glycyrrhizin, 
glycyrrhizic acid, glabridin, apigenin, and licochalcone—have 
a positive effect on broiler growth performance due to their 
antimicrobial, antioxidant, and anti-inflammatory properties 
[16,35]. These active constituents, mainly flavonoids, may in-
crease levels of insulin-like growth factor-1 and stimulate ani-
mal growth by influencing the regulation of growth hormone 
and hepatic growth hormone receptors [36].

3.3. Effect of Glycyrrhiza glabra L. supplementation on 
slaughter and carcass traits 
Nine of the twelve studies that were reviewed focused on char-
acteristics related to slaughter and carcasses (Table 4). In five 
of these studies, dietary supplementation included LE, and in 
one study, LEO was incorporated into the diet. Meanwhile, 
the remaining three studies involved adding LE to the drink-
ing water. Except for the one study, the incorporation of 0.45 
g or higher of LE in the dietary intake led to a rise in dressing 
percentage ranging from 0.10% to 5.0% in comparison to the 
control groups in all the conducted investigations. Neverthe-
less, the investigation carried out by Rashidi et al. [21] revealed 
a decrease in dressing percentage ranging from 1.28% to 1.48% 
after incorporating 3-6 g of LE into the diet. The observed 
dressing percentage enhancement showed a range of between 
0.82% and 2.60% in the trial where powdered LE was supplied 
by drinking water at a concentration of 0.5-0.9 g/L [20]. On the 
other hand, in the study carried out employing the water-ex-
tracted LE form at a concentration of 10-25 ml/L combined 
with an antibiotic-supplemented diet, the observed range of 
increase in dressing percentage ranged from 0.27% to 3.78% 
[17]. Notably, when an antibiotic-free diet was integrated, the 
observed improvement in dressing percentage ranged from 
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1.35% to 4.91% [17]. Likewise, the inclusion of 1-3 g/kg of LEO 
in the diet resulted in a dressing percentage increment ranging 
from 0.78% to 3.14% [7].

Prior research has shown that the flavonoids present in LE 
can reduce abdominal fat in broiler chickens [8] and other 
species [35,37], possibly through mechanisms such as energy 
intake suppression, reduced lipid absorption, increased fatty 
acid oxidation, or decreased fatty acid biosynthesis [8]. How-
ever, conflicting findings exist regarding LE's effect on abdom-
inal fat. For instance, studies by Sedghi et al. [19], Rashidi et al. 
[21], and Toson et al. [8] indicate that dietary LE supplemen-
tation leads to reduced abdominal fat, whereas Al-Daraji et al. 
[18] and Rashidi et al. [21] report an increase in abdominal fat 
with LE supplementation. Similarly, Beski et al. [20] and Iqbal 
et al. [17] find that adding LE to drinking water increases ab-
dominal fat, while Abo-Samaha et al. [6] suggest a decrease in 
abdominal fat when LE is added to drinking water. Notably, the 
addition of LEO to the diet results in a decrease in abdominal 
fat [7]. Variations in study designs, methods of obtaining LE, 
dosages, and environmental factors could contribute to con-
flicting results.

The study findings revealed that the addition of LE in pow-
dered form to the diet resulted in an increase in liver weight 
among four studies. However, one study noticed a decrease in 
liver weight [21]. The increase in stocking density is accom-
panied by a decrease in liver weight [38]. Furthermore, it has 
been established that the addition of powdered LE to the diet 
increases the weight of the heart and gizzard, but decreases the 
weight of the heart when additional amino acid restriction is 
present in the diet. However, different findings were observed 
in two studies that specifically examined the spleen weight. The 
study conducted by Al-Daraji et al. [18] showed that the incor-
poration of LE into the diet led to an increase in the weight of 
the spleen. Conversely, Sedghi et al. [19] observed a decrease in 
spleen weight without amino acid restriction.

When LE powder is mixed into drinking water, it results in 
a reduction in heart and spleen weight. However, Beski et al. 
[20] establish that liver weight increases and pancreas weight 
decreases when the concentration of LE in drinking water ex-
ceeds 0.7 g/L. In the study employing an aqueous extract form 
[17], it was observed that liver, heart, and gizzard weights in-
creased. The increase became more apparent as the stocking 
density increased. While adding LEO to the diet reduced liver 
weight slightly, it was discovered that it increased spleen weight 
in inverse proportion to the increasing dose [7].

Furthermore, it has been ascertained that introducing LE 
into the diet typically results in an augmentation of femur, 
breast, and bursa weights, while concomitantly reducing the 
weights of the gastrointestinal tract and thymus [19,21,38]. 
Similarly, the addition of LE to drinking water yields compara-
ble effects by increasing femur, breast, and bursa weights, while 
concurrently decreasing thymus weight [6,17,20]. Conversely, 
the inclusion of LEO into the diet tends to elevate breast, bursa, 
and leg weights, while typically causing a decrease in gallblad-
der weight [7].

Prior research has suggested that incorporating LE into broiler 
diets enhances growth performance by facilitating organ devel-
opment [39]. The potent anti-inflammatory characteristics of 
licorice root may explain the observed increase in organ weight 
by helping detoxify and nurture the liver, lymphoid organs, and 
other visceral tissues [40]. Furthermore, dietary supplementa-
tion of LE has been linked to its role in enhancing metabolism 
and immune responses, especially under stressful conditions 
[6]. According to Sohail et al. [33] (2018) findings, adding anti-
oxidants to the diet of stressed avians increased feed consump-
tion and decreased oxidative damage caused by ROS.

3.4. Effect of Glycyrrhiza glabra L. supplementation on 
blood biochemistry and hematological parameters
Blood indices are dependable markers of overall well-being, 
reflecting responses to internal and external stimuli, includ-
ing stress [41]. The health and immune systems of chickens 
are closely linked to their oxidative status, which arises from 
an imbalance in ROS production and elimination [42]. The 
elimination of excess ROS relies on the functioning of sever-
al enzymes, including superoxide dismutase and catalase [4]. 
Among the twelve studies examined, nine particularly empha-
sized characteristics linked to blood biochemical parameters in 
broiler chickens as shown in Table 5. Five of the trials under 
consideration included LE supplementation, whereas two in-
corporated LEO supplementation into the dietary regimen and 
two gave LE through drinking water. Glucose, total cholesterol, 
triglycerides, high-density lipoprotein (HDL), low-density li-
poprotein (LDL), globulin, and total protein levels were all low-
ered by dietary LEO at 0.4 g/kg or higher, while albumin and 
alanine aminotransferase (ALP) were slightly affected [7,16]. 
Likewise, in investigations where LE was introduced into the 
drinking water, divergent outcomes were observed in relation 
to triglyceride levels, even though there was a consistent de-
crease in glucose, total cholesterol, HDL, and LDL [6,17]. Fur-
thermore, according to Abo-Samaha et al. [6] study, the inclu-
sion of LE in the drinking water led to a decrease in alanine 
transaminase (ALT), aspartate transaminase (AST), albumin, 
and malondialdehyde (MDA) levels. It can be inferred that 
doses of 0.8 g/L and higher resulted in an elevation of catalase 
and glutathione (GSH) levels.

In contrast, the results of other trials in which LE was in-
cluded in the diet showed considerable discrepancies. For 
example, Sedghi et al. [19] noted a reduction in glucose lev-
els when incorporating 0.5-2.0 g/kg LE into the diet, whereas 
Rashidi et al. [24] observed an initial elevation in blood glucose 
levels with the addition of 0.5 g/kg LE to the diet, which later 
decreased as stocking density increased. Employing compa-
rable doses to those used by Sedghi et al. [19], Ibrahim et al. 
[23] obtained contrasting findings. Unlike Sedghi et al. [19], 
Ibrahim et al. [23] determined that the inclusion of 1.5 g/kg 
or more of LE in the diet resulted in an elevation of total cho-
lesterol. Furthermore, when 2.0 g/kg of LE was added to the 
diet, the glucose-increasing effect disappeared, but LDL levels 
increased. It is noteworthy that the data pertaining to HDL in 
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Table 5. Effect of licorice (G
lycyrrhiza glabra L.) extract on blood biochem

ical param
eters in broilers 1

R
eference

D
osage

G
LU

TC
TG

H
D

L
LD

L
V

LD
L

A
LT

A
ST

A
LP

G
lobulin

A
lbum

in
TP

G
SH

M
D

A
C

AT

2 Sedghi et al. [19] 

0.5 g LE/kg 
diet

R100:-
10.00

R100: 
-22.71

R100: 
-20.59

R100: +17.48
R100: -28.80

R100: 
-22.06

1.0 g LE/kg 
diet

R100: 
-10.34

R100: 
-22.22

R100: 
-11.76

R100: +17.91
R100: -30.74

R100: 
-14.71

2.0 g LE/kg 
diet

R100: -5.17
R100: 
-32.85

R100: 
-20.15

R100: +17.48
R100: -38.52

R100: 
-22.06

3 R
ashidi et al. [24]

0.5 g/LE kg 
diet

PC
: +2.58

N
C

: -14.22

PC
: +15.84

N
C

: 0

PC
: +20.51

N
C

: +1.08

Ibrahim
 et al.  [22]

0.50 g LE/kg 
diet

+2.73
-9.19

-14.50
-9.13

-28.56
+2.05

-6.13
+5.81

-3.27
+10.51

-9.58

1.00 g LE/kg 
diet

+13.28
-1.12

-6.51
-2.90

-17.15
-4.10

-1.83
+7.55

0
+10.87

-15.75

1.50 g LE/kg 
diet

+20.70
+3.06

-23.01
-8.98

-14.24
-3.69

+9.14
+1.47

+4.58
+11.23

-19,38

2.00 g LE/kg 
diet

-0.78
+9.19

-9.00
+24.43

-11.41
-1.64

-22.26
+5.81

-13.07
+12.68

-20.48

4,5 Iqbal et al.  [17] 

10 m
L/L LE

PC
: -52.86

N
C

: -3.92
PC

: -55.16
N

C
: -68.59

PC
: +4.93

N
C

: -3.65
PC

: +11.58
N

C
: -3.68 

15 m
L/L LE

PC
: -20.77

N
C

:+61.48
PC

: +182.6
N

C
: +97.95

PC
: +4.93

N
C

: -9.11
PC

: -2.45
N

C
: -15.79

20 m
L/L LE

PC
: +9.39

N
C

: +123.0
PC

: +107.8
N

C
: +45.55

PC
: -5.94

N
C

: -13.64
PC

: +2.43
N

C
: -11.57 

25 m
L/L LE

PC
: -18.90

N
C

: +65.28
PC

: +5.79
N

C
: -25.90

PC
: +8.91

N
C

:0
PC

: +2.43
N

C
: -11.57

6 R
ashidi et al. [24] 

3 g LE/kg 
diet

+11.38
+9.29

-24.92
+12.55

6 g LE/kg 
diet

-3.39
0

-24.92
+2.66

7 G
eravand et al. 

[16]

0.2 g LEO
/

kg diet
-12.17

-24.49
-8.82

-15.21
0

-9.52
-11.11

-10.26

0.4 g LEO
/

kg diet
-7.83

+8.16
-7.35

-6.52
+1.28

-33.33
0

-15,38
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8 A
bo-Sam

aha et  
al. [6]

0.4 g/L D
W

-23.65
-26.73

-40.16
+50.26

-34.12
-26.55

-28.68
-6.76

-11.86
-10.65

+20.68
-30.19

+18.87

0.8 g/L D
W

-21.96
-27.06

-34.84
+55.54

-35.69
-41.60

-27.27
+35.14

-9.75
+0.97

+25.64
-33.33

+20.78

9 D
heyauldeen 

Salahdin et al. [7] 

1.0 g LEO
/

kg diet
-17.01

+0.58
+6.27

+5.90
-26.06

2.0 g LEO
/

kg diet
-25.40

-8.75
+4.58

+11.17
-40.85

3.0 g LEO
/

kg diet
-29.51

-13.80
+3.79

10 IV
-62.64

Toson et al. [8]  

1.0 g LE/kg 
diet

-0.41
+4.74

-1.19
-6.83

-4.28
+8.70

+4.00
+7.78

+3.71

2.0 g LE/kg 
diet

-3.72
+7.87

-0.28
-8.40

+18.55
+23.19

+11.64
+17.18

-0.71

3.0 g LE/kg 
diet 

-5.86
-9.38

-1.67
-10.54

+4.62
+35.14

+13.82
+24.23

-1.83

1 D
ue to the lack of data on blood biochem

ical param
eters of broilers, the study conducted by A

l-D
araji et al. [18], Beski et al.[20] and Ibrahim

 et al. [28] w
ere excluded from

 the table. 2 Th
e blood biochem

istry analysis w
as perform

ed only on trial 
groups that contained 100%

 of the recom
m

ended digestible am
ino acids. 3 Positive and negative controls w

ere created using a stocking density-based trial schem
e. 4 In the trial groups, the extract w

as prepared by boiling one liter of w
ater w

ith fifty 
gram

s of licorice root pow
der for three hours at 80°C

. 5 A
 positive and negative control diet w

as created depending on w
hether antibiotics w

ere used in the diet. 6 Th
e control group is free from

 aflatoxin B1, though both trial groups contain 0.5 
m

g/kg aflatoxin B1. 7 A
 com

m
ercially available licorice essential oil w

as used (Zard Band Pharm
aceutical C

o., Tehran, Iran). 8 A
 com

m
ercially available licorice w

as used to prepare licorice solutions (Sekem
 G

roup, C
airo, Egypt). 9 A

n essential oil 
extracted from

 licorice root w
as used. 10 Th

e value given w
as incorrect, so it could not be calculated.

R100: diet containing 100%
 of the recom

m
ended digestible am

ino acid concentrations, PC
: positive control, N

C
: negative control, D

W
: drinking w

ater, IV: incorrect value, G
LU

: glucose, TC
: total cholesterol, TG

: triglyceride, H
D

L: high den-
sity lipoprotein, LD

L: low
 density lipoprotein, V

LD
L: very low

 density lipoprotein, A
LT: alanine transam

inase, A
ST: aspartate transam

inase, A
LP: alkaline phosphatase, TP: Total protein, G

SH
: glutathione, M

D
A

: m
alondialdehyde, C

AT: cata-
lase.	
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these two studies exhibited complete opposition: Sedghi et al. 
[19] reported an increase in HDL when adding 0.5-2.0 g/kg LE
to the diet, whereas Ibrahim et al. [23] reported a decrease in
HDL. Similarly, lowering ALT and AST levels were seen when
LE was added to the diet at dosages of 1.0 g/kg or higher. How-
ever, the effects of LE supplementation on albumin, globulin,
and total protein levels were inconsistent across studies [23,43].
Consistent with our findings, prior studies have demonstrat-
ed that LE exhibits antioxidant properties by increasing serum
superoxide dismutase and catalase levels while significant-
ly decreasing MDA levels, attributed to its flavonoid content

[44]. Furthermore, muscle damage due to lipid peroxidation 
induced by cell membrane disruption is usually associated 
with elevated serum AST and ALP levels, which is indicative 
of cellular damage that may lead to necrosis or changes in cell 
membrane permeability [45,46]. Further, glycyrrhizic acid, 
one of active main constituents of LE, prevents alterations in 
the permeability of cell membranes and increases hepatocyte 
survival rates [6]. Nevertheless, the outcomes of this systematic 
review indicate that LE supplementation led to a decrease in 
serum AST and ALP concentrations, aligning with the findings 
of Rashidi et al. [21] and Toson et al. [43].

Table 6. Effect of licorice (Glycyrrhiza glabra L.) extract on blood hematological parameters in broilers1

Reference Dosage WBC RBC Hemoglobin Hematocrit Monocyte Heterophil Lymphocyte H/L

2 Sedghi et 
al. [19]

0.5 g LE/
kg diet

R100: 
+0.32

R100: 
+0.69 R100: 0 R100: +7.35 R100: -1.52 R100: 

+12.5

1.0 g LE/
kg diet

R100: 
+3.49

R100: 
+1.34 R100: 0 R100: +86.03 R100: -9.73 R100: 

+125.0

2.0 g LE/
kg diet

R100: 
-0.32

R100: 
-90.12

R100: 
-100.0 R100: +14.71 R100: -1.17 R100: 

+16.88

3,4 Iqbal et 
al.  [17] 

10 mL/L 
LE DW

PC: +5.83
NC: -8.63

PC: +8.91
NC: -3.83

15 mL/L 
LE DW

PC: +24.42
NC:+7.41

PC: +19.59
NC: 

+5.61

20 mL/L 
LE DW

PC: +8.58
NC: -6.26

PC: +9.39
NC: -3.41

25 mL/L 
LE DW

PC: -0.83
NC: -14.39

PC: +0.14
NC: -11.58

5 Rashidi et 
al. [24]

3 g LE/kg 
diet +2.91 -1.25 +3.70

6 g LE/kg 
diet -0.58 0 0

6 Geravand 
et al. [16]  

0.2 g LEO/
kg diet -2.90 -0.42 +11.15 -17.86 0 +0.29 0

0.4 g LEO/
kg diet -2.27 +2.54 +10.41 -35.71 0 +0.73 0

Toson et al. 
[8]

1.0 g LE/
kg diet +5.38 +4.74 +2.24 +4.88 +6.91 -2.01 +8.70

2.0 g LE/
kg diet +1.97 +11.46 +8.14 -13.07 -1.71 +1.48 -4.35

3.0 g LE/
kg diet +10.24 +7.11 +6.71 -14.62 +13.77 +4.46 -17.39

1 Due to the lack of data on blood hematological parameters of broilers, the study conducted by Al-Daraji et al. [18], Rashidi et al. [24], Beski 
et al. [20], Ibrahim et al. [28], Ibrahim et al. [23], Abo-Samaha et al. [6], and Dheyauldeen Salahdin et al. [7] were excluded from the table. 
2 The blood hematological analysis was performed only on trial groups that contained 100% of the recommended digestible amino acids. 
3 In the trial groups, the extract was prepared by boiling one liter of water with fifty grams of licorice root powder for three hours at 80 °C. 
4 A positive and negative control diet was created depending on whether antibiotics were used in the diet. 5 The control group is free from 
aflatoxin B1, though both trial groups contain 0.5 mg/kg aflatoxin B1. 6 A commercially available licorice essential oil was used (Zard Band 
Pharmaceutical Co., Tehran, Iran).

R100: diet containing 100% of the recommended digestible amino acid concentrations, PC: positive control, NC: negative control, WBC: 
white blood cell, RBC: red blood cell, H/L: heterophil/lymphocyte ratio, LE: licorice extract, LEO: licorice essential oil, DW: drinking water
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Natural active compounds in licorice extract include five fla-
vonoids (glabridin, liquiritigenin, isoliquiritigenin, liquiritin, 
and licochalcone E) and three triterpenoids [47]. A variety 
of mechanisms have been implicated in the beneficial effects 
of these compounds in combating diabetes and its associated 
complications [48]. As a consequence, the hypoglycemic attri-
butes of LE, whether integrated into the diet or administered 
via drinking water, assume a pivotal role in modulating glucose 
levels through their influence on glucose and lipid metabolism. 
It has also been shown that LE acts as a hypolipidemic agent, 
reducing levels of cholesterol, LDL, and triglycerides [49].

The observable increase in white blood cells (WBC) and the 
phagocytic capacity of granulocytes, mononuclear cells, and 
granulocytes in broiler chicks may be attributed to the utiliza-
tion of natural feed supplements known for their immunomod-
ulatory effects [50]. Specifically, Kauffman et al. [51] demon-
strated that licorice extract enhances immunity by stimulating 
the production of WBC within the body and increasing inter-
feron levels, an important immune system chemical that fights 
viruses. In this systematic review, five out of the twelve studies 
examined were specifically dedicated to evaluating biochemi-
cal and hematological parameters in broiler chickens, as out-
lined in Table 6. Within this subset, three studies employed LE 
supplementation, one incorporated LEO supplementation into 
the dietary regimen, and the remaining one administered LE 
through the drinking water. In these studies, Sedghi et al. [19] 
reported that the inclusion of 0.5-1.0 g/kg LE in the diet led to 
an increase in both WBC and red blood cell (RBC) counts. In 
contrast, when 2.0 g/kg LE was added to the diet, it resulted in 
a decrease in the counts of WBC and RBC.

However, Toson et al. [43] noted an increase in WBC and 
RBC counts, even when a dose as high as 3.0 g/kg LE was add-
ed to the diet. In both studies, 2.0 g/kg LE reduced monocyte 
counts. In both studies, 2.0 g/kg LE reduced monocyte counts, 
but heterophils and lymphocytes yielded conflicting results 
[19,43]. In contrast, the inclusion of LEO in the diet has been 
observed to decrease the counts of WBC and monocytes while 
increasing the numbers of hematocrit and lymphocytes [16]. 
Moreover, in antibiotic-free diets, hemoglobin and hematocrit 
levels dropped when LE was added to drinking water, but in-
creased in antibiotic-rich diets [17].

Conclusions and Future ProspectsConclusions and Future Prospects 
In conclusion, this systematic review of the impact of 
Glycyrrhiza glabra L. supplementation on broiler chicken 
diets revealed diverse outcomes across growth performance, 
slaughter traits, carcass parameters, and blood biochemistry 
and hematological parameters. The variation in dosages, 
forms, and methods of administration highlights the need 
for standardized protocols. Therefore, researchers in this field 
should consider several factors in the future. For instance, to 
expand the geographical reach of research outcomes, there is a 
necessity for conducting more studies beyond the Asian region. 
There is a need for further investigation into the mechanisms 

underlying the observed effects on growth performance, 
slaughter weight, carcass traits, and blood parameters. By 
understanding how Glycyrrhiza glabra L. works physiologically 
and biochemically, poultry diets can be optimized. It would 
also be helpful for poultry producers to look for sustainable 
and effective alternatives to traditional growth-promoting 
additives to explore the synergistic or antagonistic effects of 
licorice when used in conjunction with other feed additives, 
especially in antibiotics-free diets.
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