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This study was conducted to examine the effects of olive, milk thistle, and 
artichoke extracts on growth performance, biochemical and enzymatic changes 
in birds intoxicated with CCl4 (at 0.5, 0.75, and 1 mL/kg body weight in days 
14, 21, and 28 of age, respectively). Two hundred twenty-five 10-day-old Ross 
308 female broiler chicks were used in a completely randomized block design 
to evaluate the effects of five treatments consisting 1) a basal diet given to the 
birds injected intraperitoneally with 0.5 mL saline (control-), 2) The same 
basal diet given to birds injected intraperitoneally with CCl4 (control+), 3, 4, 
and 5) The basal diet supplemented with either 400 mg/kg milk thistle, olive 
extracts, or artichoke extract given to the birds injected with CCl4. Dietary 
Supplementation of each herbal extract increased feed intake compared with 
the control birds (P < 0.05). The broilers fed on the artichoke supplemented 
diet showed a greater serum concentration of HDL-c than other birds on day 28 
of age (P < 0.05). Feeding the control diet to the CCl4 injected birds and the 
olive extract-included diet with no injection resulted in a greater serum alanine 
aminotransferase concentration at day 42 of age (P < 0.05). Serum 
malondialdehyde concentration decreased in the birds given the control diets 
(P < 0.05). The supplementary olive extract increased serum concentrations of 
malondialdehyde and total anti-oxidant on day 42 of age (P < 0.05). Liver 
health score improved in the broilers grown on the herbal extract-added diets 
(P < 0.05). In conclusion, administration of olive, milk thistle, and artichoke 
extracts promoted feed intake and exerted a potentially positive role as an 
antioxidant in liver health as evidenced by certain promising changes in serum 
biochemistry and enzyme activity as well as liver health score. 
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Introduction 
The liver plays a key role in the detoxification of 
xenobiotics, environmental pollutants, and chemo- 
therapeutic agents in birds (Singh et al., 2011). 
However, the liver may undergo pathologic changes 
including swelling, degeneration, necrosis, and 
apoptosis of hepatic cells while challenging 
xenobiotics (Xue et al., 2009). The xenobiotic-
induced liver injuries may lead to liver dysfunction, 
suppressed performance, and even death, a 
phenomenon with great economic loss in the poultry 
industry. At present, due to the inadequate 
hepatoprotective pharmaceuticals in the clinic and 
risks concerning public health, research is intensified 
in the development of plant-derived hepatoprotective 
remedies to improve bird’s health (Wang et al., 

2013). Therefore, the establishment of a liver damage 
model concomitant with the abovementioned research 
should also receive a high priority because a reliable 
source of data for the efficacy assessment of any 
novel hepato-tonic preparation is a must. We 
reconsidered carbon tetrachloride (CCl4) to provide a 
model for quantifying the cure of liver injuries using 
different therapeutics.  

Carbon tetrachloride is a well know industrial 
solvent (Guven and Gumez, 2003) triggering liver 
damage in animal models. Many reports confirmed 
that CCl4 toxicity occurs with the bioactivation of 
CCl4 into trichloromethyl free radical through 
cytochrome P450 system activity in liver microsomes. 
Trichloromethyl rapidly reacts with molecular 
oxygen to form the trichloromethyl peroxyl radical, 
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which in turn, instigates lipid peroxidation and 
protein oxidation (Alalmalki, 2010). 

Currently, many researchers are exploring the 
plant kingdom in search of novel medicinal agents to 
alleviate and prevent liver diseases (Lopez et al., 
2017). Several investigators have postulated that 
herbal extracts and plant-derived active ingredients 
can protect the liver against oxidative stress generated 
by CCl4, a fact that may realize by modifying the 
antioxidant enzyme activities (Mylonaki et al., 2008; 
Tedesco et al., 2004). It was shown that milk thistle 
extract (MTE) could protect the hepatocellular 
damage induced by CCl4 due to its antioxidant 
activity (Lien et al., 2016). The hepatoprotective and 
antioxidant activity of silymarin is caused by its 
possibility to inhibit the free radicals production in 
the metabolism of toxic substances (Dietrich et al., 
2005). It has been shown that milk thistle seed 
protects birds against adverse effects of aflatoxin B1 
(Kalorey et al., 2005) and effectively stimulates the 
immune function and growth performance in the 
presence of immunosuppressant aflatoxin B1 in the 
feed (Chand et al. 2011). Silymarin stabilizes 
hepatocyte and other cell membranes and stimulates 
macromolecular and protein synthesis. 

It was reported that the hydroxyl groups in the 
structure of the well-known phenolic compounds 
such as oleuropein, hydroxytyrosol, and luteolin are 
responsible for the antioxidant feature of olive extract 
(OE; Al-Azzawie and Alhamdani, 2006). The 
antioxidant properties of caffeoylquinic acids present 
in artichoke extract (AE) are also verified to be 
mainly responsible for their hepatoprotective action 
(Speroni et al., 2003). Therefore, this study aimed at 
examining the potential protective effects of olive, 
milk thistle, and artichoke extracts in hepatic 
damages in broiler chickens subjected to the 
oxidative stress and toxicity induced by repeated CCl4 
injection. 
 
Materials and Methods
Animals and Diets
A total of 225 Ross 308 female broiler chicks (10-d-
old with an average weight of 300 ± 5 g) were 
distributed in 74 wire cages where they experienced a 
period of 3-day acclimatization in advance of the 
experimentation period. The birds were selected from 
a flock brooded in a force ventilated grow-out house 
during the first 10 days of age, following the 
protocols of the Animal Care Committee of the 
Lorestan University, Iran. During the same period, 
the ambient temperature and relative humidity were 
set to 32 ± 1°C and 60 ± 5%, respectively. The birds 
were also provided with an 18: 6 hours lighting to 
darkness lightening regimen, except for the first three

days when they offered with 24-h illumination. 
Throughout the same period, the birds had free access 
to feed (Table 1) and water and immunized against 
Newcastle and Infectious Bronchitis viruses on day 4 
of age. On day 10, the experimental birds were 
transferred to the battery cages (45 × 50 × 40 cm for 
length, width, and attitude, respectively) arranging in 
seven rows (blocks) perpendicular to the airflow 
direction. 

On day 14, the experiment was started by 
assigning 15 replicate cages of three birds each to any 
of the five experimental treatments consisting; 1) a 
basal pelleted diet given to the birds injected 
intraperitoneally (I.P.) with 0.5 mL saline (control -), 
2) the basal pelleted diet given to birds injected i.p. 
with CCl4, 3) The basal diet + 400 mg/kg milk thistle 
extract given to the birds injected with CCl4, 4) The 
basal diet + 400 mg/kg artichoke extract was given to 
the birds injected with CCl4, and 5) The basal diet + 
400 mg/kg olive extract given to the birds injected 
with CCl4. All CCl4 injections were applied at 0.5, 
0.75, and 1 mL/kg body weight (BW) in olive oil at a 
ratio of 1:1, v/v on days 14, 21, and 28 of age, 
respectively. The lightning schedule persevered 
identical to the pre-experimentation period. The 
environmental temperature during the first week of 
the experiment was set at 29°C and then slowly 
decreased by 2 to 3°C weekly to reach 24°C at the 
end of the fourth week when it was kept constant. 
 
Composition of herbal extracts 
Milk thistle extract provided from Zardband 
Pharmaceuticals Co, Tehran-Iran. The product was a 
commercially available extract which contained 
silybins A and, the isosilybins A and B, silychristin 
A, isosilychristin, silydianin, and silymarin. 
Artichoke extract was supplied by Soha Jissa Co, 
Mazandaran-Iran, and its analysis revealed that it 
comprises caffeoylquinic acids, luteolin-7-glucoside, 
luteolin, apigenin-7-glucoside, caffeic acid, 
chlorogenic acid, eugenol, and rosmarinic acid (trace 
amount). Olive extract (freeze-dried) provided from 
Dana Kasian Co, Khorammabad, Lorestan, Iran, and 
contained oleuropein as the major polyphenolic 
compound, followed by oleic acid, palmitic acid, 
linoleic acid, octadecadienoic acid, stearic acid, 
palmitoleic acid, and tridecanoic acid. 
 
Performance data 
Individual live body weight and cage-wise feed 
intake (FI) were recorded weekly and the collected 
data were used to generate daily weight gain (DWG), 
daily feed intake (DFI), and feed conversion ratio 
(FCR) data in days 28, 35 and 42 of age. No mortality 
was observed during the experimentation period.  
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Table 1. Ingredients and nutrients composition of the basal diet. 
Ingredients (%) Starter 

(1-10 day) 
Grower 

(11-25 day) 
Finisher 

(25-42 day) 
Yellow maize 57.56 60.96 63.96 
Soybean meal (44 % Protein) 36.28 33.80 30.40 
Soybean oil 1.50 1.00 1.50 
Dicalcium phosphate 1.24 1.30 1.10 
CaCo3 1.80 1.33 1.20 
DL-Methionine 0.20 0.27 0.20 
L-Lysine HCL 0.28 0.20 0.50 
Salt 0.14 0.14 0.14 
Mineral Premix1 0.50 0.50 0.50 
Vitamin Premix 2 0.50 0.50 0.50 
Nutrient composition  
ME (Kcal/kg) 3000 2942 3054 
Crude protein (%) 21.50 20.43 18.62 
Lysine (%) 1.44 1.09 0.97 
Methionine 0.56 0.60 0.50 
Methionine + Cystine (%) 1.08 0.59 0.54 
L-Threonine (%) 0.97 0.79 0.72 
Calcium (%) 0.96 0.85 0.75 
Available P (%) 0.48 0.42 0.37 
Na (%) 0.20 0.20 0.20 
Chlorine (%) 0.20 0.04 0.04 
1 Each kilogram contains Vitamin A, 12000 IU; vitamin D3; 5000 IU; vitamin E 80 IU; vitamin K3; 3.2 mg; vitamin B1; 3.2 mg; vitamin B2; 
8.6 mg; vitamin B3; 20 mg; vitamin B5; 65 mg; vitamin B6; 4.3 mg; vitamin B9; 2.2 mg; vitamin B12; 0.017 mg; vitamin H2; 0.30 mg; 
choline chloride; 1700 mg 
2 Each kilogram contains 1000 mg manganese; Zinc; 110000 mg; copper; 16,000 mg; selenium; 300 mg; iodine; 1250 mg; iron; 20,000 mg. 

 
Blood Parameters 
At days 28, 35, and 42 of age, blood samples were 
collected from one bird of each cage (15 birds per 
treatment) via jugular vein puncture in a 10-mL 
anticoagulant-free tube. After stewing for about 90 
minutes, blood samples were centrifuged at 2000 × g 
for 10 min. Sera samples were analyzed for 
concentration of triglycerides (TG), high-density 
lipoprotein-Cholesterol (HDL-c), total cholesterol 
(CHO), total protein (TP), urea, albumin (ALB), 
Creatinine (CRA), aspartate aminotransferase (AST) 
as well as alanine aminotransferase (ALT) and lactate 
dehydrogenase (LDH) enzymatic activities using an 
automated biochemical analyzer (Selects E 
Autoanalyzer, Sr. No. 8-7140, Vital Pharma BV, 
Maarheeze, TheNetherlands). The analyzer employed 
enzymatic procedures that have been described by 
Elliott (1984) using SEPPIM Diagnostic Kits, in two 
replicates at 25°C. 

Lipid oxidation was measured by the 
Thiobarbituric Acid Reactive Substances (TBARS) 
test. This method assesses oxidative stress by 
quantifying malondialdehyde (MDA), the main 
eventual product of lipid breakdown caused by 
oxidative stress. Plasma TAS in whole blood were 
assayed by an RX Daytona automatic clinical 
chemistry analyzer (Randox, Crumlin, UK) using a 
commercially available kit and following kit 
instructions (Miller et al., 1993). 
 
Liver and internal organs  
At 28, 35, and 42 days, 15 birds per  treatment  were  

weighted and killed. Immune organs (bursa, spleen, 
and thymus) and liver, abdominal fat (AF), neck fat 
(NF), and pericardial fat (HF) were dissected, 
weighed, and were expressed as a percentage of BW. 
Livers from the slaughtered birds (42 days) were 
weighed and then macroscopically appraised for color 
and apparent health. Liver scores were assigned as 
follows: the most severe lesion and color alteration 
was given score 4 on a 4-point scale where normal 
received score 0, as described by Trott et al. (2014) 
with slight modifications. Then, specimens of the 
livers were kept at -4 °C pending fat extraction 
according to the method of Folch et al. (1956). 
Briefly, about 1 g of liver tissue was weighed, added 
to chloroform/methanol (2/1) to a final volume 20 
times the volume of the tissue sample vortexed for 
one minute, allowed to stand with agitation for 2 h. 
The separated liquid was filtered through Whatman 
#1 filter paper into a 100-mL 54 graduated cylinder, 
and 5 mL of 7.3% Potassium chloride solution was 
included and mixed. After phase separation, the top 
layer was entirely drained off. Total lipids were 
measured gravimetrically after evaporating the 
solvent. The samples were then dried and weighed, 
and the total lipid weight was expressed as the 
percentage of liver fat against the total liver weight.  
 
Statistical analysis 
A complete randomized block design was used to 
evaluate the response of broiler chickens to five 
experimental treatments. The blocks were 7 rows of 
cages perpendicular to the airflow direction in the 
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experimental house. All data were analyzed using the 
GLM procedures of SAS 9.1 (SAS Institute, 2003). 
The Tukey test was used for multiple treatment 
comparisons (Kramer, 1956). The data collected as 
liver health scores were subjected to frequency 
analysis using PROC FERQ in the same statistical 
analysis software (SAS Institute, 2003). For all tests, 
significance was set at P < 0.05. 
 
Results 
Administration of CCl4 irrespective of the 
supplementary OE, MTE, and AE had no significant 
effect on the DWG of the birds on days 14 to 42 of 

age (Table 2). Mean DFI was greater in the birds 
receiving the plant extract-added diets than those fed 
with the un-supplemented diet with and without CCl4 
injection on days 14 to 42 of age (P < 0.05). Birds 
who received the un-supplemented diet with CCl4 
injection showed an improved FCR (1.31) compared 
with the birds fed on the diet supplemented with AE 
(1.58) on days 14 to 28 of age (P < 0.05). Mean FCR 
decreased in the broilers fed with the un-
supplemented diet along with and without CCl4 
injection compared with those receiving other diets on 
day 14 to 35 of age (P < 0.05; Table 2). 

 
Table 2. Weight gain (BWG, g), average feed intake (DFI, g) and feed conversion ratio (FCR) in broiler 
chickens fed on the experimental diets1 during Days 28, 35, and 42 of age. 

 Con+ Con- Olive Artichoke Silymarin SEM2 P-value 
 ____________________________ Day 28 ___________________________ 
BWG 889.00 851.47 910.00 883.20 863.07 30.065 0.6799 
DFI 1164.62b 1187.42b 1322.42a 1397.89a 1300.89a 34.314 0.0001 
FCR 1.31d 1.40dc 1.46bc 1.58a 1.53ab 0.034 0.0001 
        
 

____________________________ Day 35 ___________________________ 

BWG 1290.53 1326.67 1275.73 1335.87 1330.60 39.993 0.7688 
DFI 1935.46b 2020.25b 2257.09a 2281.52a 2234.72a 48.057 0.0001 
FCR 1.52b 1.52b 1.80a 1.72a 1.68a 0.042 0.0001 
 ____________________________ Day 42 ___________________________ 
BWG 1566.1 1687.1 1679.7 1659.6 1745.7 75.093 0.5608 
DFI 2661.2b 2829.9b 3139.1a 3108.2a 3143.0a 81.030 0.0001 
FCR 1.73 1.69 1.89 1.89 1.86 0.071 0.1393 
a,b Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimental diets; a pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin extract. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 mL/kg body weight dosages in olive oil 
at a ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 
2Standard error of the mean.  

 
Mean abdominal fat, neck fat, and para-cardiac fat 

reduced in the birds receiving the MTE -added diet 
compared to the other birds on day 28 of age (P < 
0.05; Table 3). The birds fed with the un-
supplemented pelleted diet with CCl4 injection 
showed a greater liver fat percentage than those who 
received the same diet and CCl4 injection on day 28 
of age (P < 0.05). The birds maintained on the diet 
supplemented with OE had a greater proportional 
thymus and heart weight than those fed control diets 
on day 35 of age (P < 0.05). At the end of the 
experimentation period, no significant difference was 
found in internal organs and fat percentage among 
birds subjected to the different treatments (P > 0.05).  

The serum concentration of HDL-c was greater in 
the birds fed on the diet supplemented with AE 
compared with those receiving the olive extract-
added diet on day 28 of age (P < 0.05, Table 4). 
Mean serum concentration of CHO, TG, HDL-c, 
Urea, ALB, TP, and CRA was not affected by the 
experimental treatments at day 35 of age (Table 4, P 
> 0.05). Serum activity of CHO decreased in the birds 
receiving the AE-supplemented diet than those fed 

with the positive control and the MTE supplemented 
diets at the end of the experiment (P < 0.05). The 
mean concentration of HDL-c was lesser in the birds 
grown on the AE supplemented- diet compared to 
other birds except for negative control birds (P < 
0.05). The broilers in the positive control group 
showed a greater serum TG level compared with the 
negative control birds (P < 0.05). 

Feeding the AE-supplemented diet increased 
serum activity of AST compared with those receiving 
the diet containing MTE on day 28 of age (P < 0.05, 
Table 5). In the birds grown on the diet supplemented 
with AE and the negative control diet, serum activity 
of ALT was lesser than the birds fed with the diet 
supplemented with OE on day 28 of age (P < 0.05). 
Serum ALT activity decreased in the birds 
maintained on the OE supplemented diet than those 
fed with diets supplemented with AE on day 35 of 
age (P < 0.05). At the end of the experimentation 
period, the broilers fed with a non-supplemented diet 
along without CCl4 injection, and those fed on the 
diet containing OE showed a greater ALT activity 
than other treatments (P.<.0.05). Serum LDH activity 
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was lesser in the control negative birds on day 42 of 
age (P < 0.05), however, no difference was observed 

among the birds on days 28 and 35 of age (P > 0.05).  

 
Table 3. Mean liver, thymus, bursa of Fabricius (BF), Abdominal Fat (AF), Neck Fat (NF), Heart Fat (HF), and 
Liver Fat (LF) percentage (as % of BW) in broiler chickens fed on the experimental diets1 during in Day 28, 35 
and 42 of age. 

 Con+ Con- Olive Artichoke Silymarin SEM2 P-value 
 ____________________________ Day 28 __________________________ 
Liver 2.62 2.65 2.33 2.52 2.37 0.110 0.1591 
Thymus 0.15 0.14 0.17 10.11 0.11 0.017 0.0903 
Spleen 0.08 0.09 0.08 0.08 0.08 0.006 0.0903 
BF 0.15 0.14 0.14 0.14 0.13 0.011 0.9404 
AF 1.22a 1.25a 1.28a 1.25a 0.98b 0.079 0.0695 
NF 0.35ab 0.46a 0.44a 0.33ab 0.25b 0.055 0.0728 
HF 0.05a 0.06a 0.05a 0.05a 0.04b 0.005 0.0287 
LF 5.63a 3.54b 4.61ab 4.52ab 5.25ab 0.681 0.0196 
 ____________________________ Day 35 __________________________ 
Liver 2.18 2.26 2.27 2.13 2.12 0.106 0.7883 
Thymus 0.17b 0.16b 0.27a 0.20ab 0.20ab 0.023 0.0238 
Spleen 0.10 0.09 0.11 0.10 0.09 0.007 0.5084 
BF 0.11 0.13 0.14 0.13 0.13 0.009 0.4024 
Heart 0.32b 0.32b 0.36a 0.35ab 0.32b 0.012 0.0454 
AF 1.39 1.35 1.36 1.32 0.36 0.084 0.9841 
NF 0.46 0.42 0.51 0.47 0.48 0.082 0.9673 
HF 0.06 0.06 0.07 0.05 0.06 0.010 0.4700 
LF 7.09 6.88 6.18 6.99 6.86 0.867 0.9526 
 ____________________________ Day 42 ___________________________ 
Liver 2.21 2.10 1.95 2.05 1.94 0.103 0.3296 
Thymus 0.15 0.18 0.17 0.18 0.18 0.024 0.8696 
Spleen 0.09 0.09 0.09 0.10 0.09 0.010 0.9460 
BF 0.08 0.10 0.07 0.09 0.09 0.011 0.5856 
Heart 0.31 0.31 0.30 0.32 0.32 0.0173 0.9695 
AF 1.24 1.26 1.27 1.32 0.30 0.107 0.9860 
NF 0.21 0.30 0.29 0.31 0.28 0.050 0.6644 
HF 0.04 0.06 0.04 0.05 0.06 0.007 0.2917 
LF 5.73 4.70 4.63 6.17 5.16 0.554 0.2541 
a,b Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimental diets; a pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin extract. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 ml/kg body weight dosages in olive oil 
at a ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 
2Standard error of the mean.  

 
Serum malondialdehyde concentration increased 

in the positive control birds and those fed with the 
olive supplemented diet on day 28 of age (P < 0.05, 
Table 6). The broilers grown on the diet 
supplemented with OE had a greater serum MDA 
level than those fed with the negative control diet on 
day 42 of age (P < 0.05). No difference was found in 
serum total anti-oxidant (TA) and MDL concentration 
at day 35 of age (P.>.0.05). The broiler fed with the 
diet supplemented with AE had a greater serum TA 
concentration compared with those receiving the 
olive supplemented diet (P < 0.05), while the reverse 

results were observed in the same birds at 42 days of 
age (P.<.0.05).  

Liver health score was appraised based on a 4-
grade scale, influenced by the experimental 
treatments (P < 0.05; Table 7). The frequency of 
scores 1 and 3, was greater (66.67% and 24.39) in 
birds receiving the positive control diet. The birds 
receiving the AE-supplemented diet showed higher 
frequency for score 2 compared with the birds 
receiving other treatment combinations on days 35 
and 42 of age (P < 0.05).  
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Table 4. Mean Total Cholesterol (TC), Triglycerides (TG), High-density lipoprotein-cholesterol (HDL-c), Urea, 
Albumin (ALB), Total protein (TP), and Creatinine (CRA) concentrations (mg/dL) in broiler chickens fed on the 
experimental diets1 during Days 28, 35 and 42 of age. 

 Con+ Con- Olive Artichoke Silymarin SEM2 P-value 
 ____________________________ Day 28 ___________________________ 
CHO 117.70 120.00 116.60 125.30 119.90 5.717 0.4064 
TG 83.90 75.40 77.40 73.90 92.10 7.119 0.4811 
HDL-c 63.80ab 63.40ab 60.20b 71.60a 66.20ab 3.514 0.0341 
Urea 3.85 3.57 3.21 4.40 3.49 0.433 0.3005 
ALB 1.02 1.11 0.96 1.05 1.04 0.054 0.2112 
TP 2.89 3.06 2.78 2.97 2.87 0.099 0.3147 
CRA 0.26 0.16 0.21 0.16 0.20 0.057 0.9351 
 ____________________________ Day 35 ___________________________ 
CHO 142.00 121.80 118.80 122.40 124.50 9.815 0.6010 
TG 65.50 59.90 57.90 55.40 60.70 5.514 0.1850 
HDL-c 79.20 67.20 66.40 71.00 73.00 5.159 0.5375 
Urea 2.48 2.37 1.87 1.56 1.69 0.359 0.2283 
ALB 1.31 1.11 1.21 1.22 1.13 0.121 0.5765 
TP 3.73 3.07 3.31 3.61 3.33 0.267 0.4531 
CRA 0.16 0.13 0.14 0.13 0.09 0.028 0.1759 
 ____________________________ Day 42 ___________________________ 
CHO 126.70a 105.80ab 116.50ab 87.30b 127.80a 13.620 0.3121 
TG 101.90a 65.90b 79.70ab 70.40ab 78.80ab 11.820 0.0207 
HDL-c 69.20a 58.20ab 69.60a 51.40b 69.00a 5.846 0.0562 
Urea 3.50 2.89 2.71 2.61 3.53 0.585 0.6500 
ALB 1.25 0.95 1.30 0.90 1.34 0.170 0.3132 
TP 3.49 2.82 3.47 2.94 3.81 0.401 0.5200 
CRA 0.22 0.15 0.21 0.23 0.22 0.043 0.2561 
a,b Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimental diets; a pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin extract. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 ml/kg body weight dosages in olive oil 
at a ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 
2Standard error of the mean. 

 
 
Table 5. Means Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), and Lactate dehydrogenase 
(LDH) concentrations (U/liter) in broiler chickens fed on the experimental diets1 during Days 28, 35, and 42 of 
age. 

 Con+ Con- Olive Artichoke Silymarin SEM2 P-value 
 ___________________________ Day 28 _________________________ 
AST 247.80ab 265.20ab 243.00ab 284.60a 238.80b 15.863 0.2992 
ALT 8.30ab 6.60b 9.40a 6.70b 7.80ab 0.863 0.1007 
LDH 5.83 6.18 6.56 5.66 6.52 0.627 0.6721 
 ____________________________ Day 35 ___________________________ 
AST 351.90 312.20 294.10 291.20 299.60 24.234 0.7276 
ALT 5.40bc 9.10ab 4.00c 10.40a 8.70ab 1.470 0.0187 
LDH 4.70 5.26 6.80 5.33 5.57 0.753 0.5640 
 ____________________________ Day 42 ___________________________ 
AST 301.20 313.40 32.20 262.10 305.60 27.640 0.8307 
ALT 7.70b 21.30a 25.70a 6.70b 7.60b 1.750 0.0001 
LDH 8.98a 6.52b 8.73a 9.64a 8.60a 0.694 0.0124 
a,b,c Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimental diets; a pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin extract. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 ml/kg body weight dosages in olive oil 
at a ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 
2Standard error of the mean.  
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Table 6. Means MDA and Total anti-oxidant concentrations (µmol/L) in broiler chickens fed on the 
experimental diets1 during Days 28, 35, and 42 of age. 

 Con+ Con- Olive Artichoke Silymarin SEM2 P-value 
 ____________________________ Day 28 ___________________________ 
MDA 1.61a 1.22b 1.49a 1.47b 1.22b 0.088 0.0224 
TA 1.57ab 1.52ab 1.34b 1.72a 1.54ab 0.109 0.0456 
 ____________________________ Day 35 ___________________________ 
MDA 1.49 1.37 1.50 1.89 1.48 0.187 0.6725 
TA 1.18 1.12 1.07 1.02 1.02 0.118 0.7360 
 ____________________________ Day 42 ___________________________ 
MDA 1.60ab 1.26b 1.85a 1.37ab 1.39ab 0.175 0.0139 
TA 1.13ab 1.20ab 1.29a 0.88b 1.26ab 0.0294 0.0325 
a,b Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimental diets; a pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin extract. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 ml/kg body weight dosages in olive oil 
at a ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 
2Standard error of the mean.  

 
Table 7. Percent of Liver color in broiler chickens fed on the experimental diets1 during Days 28, 35, and 42 of 
age. 

 Con+ Con- Olive Artichoke Silymarin Chi-square P-value 
 ____________________________ Day 28 ___________________________ 
Score 0 50.00 50.00 00.00 00.00 00.00 2.00 0.158 
Score 1 9.09 13.64 22.73 22.73 31.82 88.00 0.0001 
Score 2 24.44 17.78 20.00 20.00 17.78 180 0.0001 
Score 3 11.11 33.33 11.11 44.44 00.00 27.00 0.0014 
 ____________________________ Day 35 ___________________________ 
Score 0 00.00 00.00 00.00 00.00 00.00 00.00 00.00 
Score 1 66.67 00.00 00.00 00.00 33.33 3.00 0.0833 
Score 2 15.63 21.88 18.75 28.13 15.63 128.00 0.0001 
Score 3 22.50 20.00 22.50 12.50 22.50 160.00 0.0001 
 ____________________________ Day 42 ___________________________ 
Score 0 00.00 00.00 00.00 00.00 00.00 00.00 00.00 
Score 1 66.67 00.00 00.00 00.00 33.33 3.00 0.0833 
Score 2 12.90 22.58 19.35 29.03 16.13 124.00 0.0001 
Score 3 24.39 19.51 21.95 12.20 21.95 164.00 0.0001 
a,b Means in the same column without the same superscript differ significantly (P < 0.05). 
1Experimnatal diets; A pelletized diet with no intoxication or medication (Control negative; Con-) or grown on the same 
pelletized diet with CCl4 injection (Control positive; Con+) and CCl4 injection with the administration of olive, artichoke, 
or silymarin. Con+: CCl4 were intraperitoneally injected at 0.5, 0.75, and 1 ml/kg body weight dosages in olive oil at a 
ratio of 1: 1, v/v in Days 14, 21, and 28 of age. 

 
Discussion 
Carbon tetrachloride is among the agents potentially 
able to damage the liver by inducing the production 
of free radicals. In the current study, intraperitoneal 
administration of CCl4 demonstrated no or minimal 
effects on most of the evaluated parameters. We 
anticipated deteriorating effects of CCl4 injection on 
liver function evidenced by suppressed performance 
and prominent elevation in liver enzymes activity in 
serum as well as obvious liver lesions as previously 
reported by Sonkusale et al. (2011), Khodadust et al. 
(2015), Wang et al. (2013), Vahed et al., (2016) and 
Baradaran et al. (2019) in broiler chickens as well as 
Behboodi et al. (2017) and Khorramshahi et al. 
(2014) in Japanese quail. We chose the administrated 
dose and routes for CCl4 based on the Sonkusale et al. 
(2011) and Gad et al. (2011) studies; however, the 
lack of  an  obvious  response  in  the  birds  could  be  

 
attributed to the bird’s health and immune system 
function. Our results disagree findings of Sonkusale 
et al. (2011) and Gad et al. (2011) who reported 
intraperitoneal injection of CCl4 to broilers 
significantly increased serum concentrations of total 
cholesterol and decreased serum concentrations of 
albumin, total protein, and HDL. Although, the 
outcome of the current study is not in line with Vahed 
et al. (2016) results who described that liver weight 
was lesser than that of the birds received CCl4 (1.581 
vs 1.451) and marigold oil extracts (MOE) alleviated 
the negative effect of CCl4 on this trait. In this study, 
the relative weight of the thymus was greater in the 
birds who received 300 mg/kg of MOE + CCl4. These 
researchers also observed that serum activity of 
SGOT and SGPT were increased when CCl4 was 
added to the diets and MOE was able to reduce the 
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negative effects of CCl4 on blood metabolites of 
bilirubin, cholesterol, and triglyceride.  

Irrespective of CCl4 administration, 
supplementary plant extracts did not improve the 
growth performance of the birds in terms of BWG 
and FCR at day 42 of age, the results which confirm 
Behboodi et al. (2017) and Khodadust et al. (2015) 
findings. Our results also are inconsistent with the El 
Iraqi et al. (2013), Akbari and Torki (2014), and 
Khodadust et al. (2015) findings, who reported that 
the alcoholic extract of many herbs improved growth 
performance in broiler chicken. In the current study, 
FI increased in the positive control birds but the mean 
values of FI decreased in the olive oil-treated birds 
than that of the negative control birds in the 3rd week 
of the experimentation period. This outcome 
disagrees Al-Seeni et al. (2019) findings, who 
reported no change in FI as a result of CCl4 induced 
liver hepatotoxicity. 

In the current study, supplementary milk thistle 
extract reduced the proportional weight of abdominal 
fat, neck fat as well as the fat accumulated around the 
heart. Samudram et al. (2008) reported lower total 
protein levels in blood serum following the 
destructive effects of CCl4 on the function of the rat 
liver. Fani Makki et al. (2014) reported that milk 
thistle extract had no effects on serum concentration 
of total protein and albumin which disagrees with our 
findings. Behboodi et al. (2017) observed that 
injection of CCl4 to broilers decreased serum 
concentration of total protein and albumin by 28 and 
18 percent, respectively. In the current study, milk 
thistle extract + CCl4 treated birds showed lower 
serum levels of triglyceride and LDL, signifying the 
stimulatory effects of milk thistle extract in lipid 
metabolism as previously reported by Tollba et al. 
(2010) who demonstrated that using milk thistle 
extract can reduce blood lipids in broilers, hens and 
quails.  

It was already shown that hepatic necrosis 
irrespective of pathogenesis, causes elevated serum 
enzyme activity and decreases the activity of 
antioxidant enzymes such as SOD and catalase (Eidi, 
2011). Our results revealed that artichoke and olive 
extracts reduced ALT activity. Al-Seeni et al. (2016) 
reported that CCl4 -induced hepatotoxicity increased 
ALT, AST, and ALP activity and decreased serum 
total protein, albumin, and total bilirubin 
concentration in the rat. They observed that 
superoxide dismutase (SOD) and glutathione 
reductase (GSST) activity decreased and lipid 
peroxide in serum and liver tissue increased as a 
result of the liver damage. In this study treating the 
CCl4- intoxicated rats with olive oil significantly 
improved liver integrity and function. Nateghi et al. 
(2013) showed that artichoke leaf extract reduced 
ALT level in CCl4-intoxicated broilers. Mehmetçik et 
al. (2008) and Fallah et al. (2013) also reported that 

feeding artichoke leaf extract to rats decreased liver 
enzyme activity compared with the birds poisoned 
with CCl4. On the contrary, Abdo et al. (2007) 
observed no effect of dietary levels of artichoke 
leaves in broiler diets on liver enzymes. 

Malondialdehyde is widely used to assess the 
magnitude of oxidative deterioration of lipids due to 
oxidative stress (Baradarana et al., 2019). On day 42, 
supplementary artichoke extracts decreased MDA in 
the birds feeding the diet containing milk thistle 
extract. The protective and antioxidant activities of 
milk thistle extract on cellular mitochondrial stability 
and integrity have frequently been reported (Pradeep 
et al., 2007). A previous study indicated that milk 
thistle extract can inhibit CCl4 activation through 
inhibition of the cytochrome P450 system (Mikstacka 
et al., 2002). On the contrary to our results, Baradaran 
et al. (2019) showed that serum MDA content was 
greater in CCl4-challenged birds. The greater 
concentration of MDA in the birds receiving the OE-
supplemented diet in the present study disagree with 
the observations of Oke et al. (2017), who reported 
olive leaf extract reduced MAD in broiler chickens 
and attributed this finding to the ability of the olive 
extract to confer adequate antioxidant protection 
against lipid peroxidation. These results confirm the 
outcome of Gorinstein et al. (2002) report who 
demonstrated that olive oil ingredients (virgin, and to 
less degree lampante), possess hypolipidemic and 
antioxidant properties, in particular, when these oils 
are added to the diets of rats fed cholesterol. They 
attributed the positive properties of the olive oils 
mostly to their phenolic compounds. 

In this study, we apprised liver color and apparent 
health based on the method described by Choi et al. 
(2012) on a 5-point scale, with 1 being a normal deep 
red color, and 5 being a yellow or putty-like colored 
liver. The birds receiving AE supplemented diet, 
showed higher frequency for score 2 compared with 
the birds receiving other treatment combinations on 
days 35 and 42 of age. Based on the scores assigned 
to each liver, no evidence was found for either 
increased visible liver damage by CCl4-intoxication 
or improved external liver health as well as color by 
dietary supplementation of herbal extracts. 

 
Conclusion 
 It was concluded that exposure to CCl4 (at the doses 
of 0.5, 0.75, and 1 mL/kg body weight) through an 
intraperitoneal route did not disrupt liver function in 
broiler chicken indicated by no leakage of the liver 
enzymes into the bloodstream and no depreciated 
liver external appraisal scores, but it is very likely 
CCl4 are highly toxic to birds at high doses. 
Administration of olive, milk thistle and artichoke 
extracts showed a potentially positive role as an 
antioxidant in liver health as evidenced by certain 
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promising changes in serum biochemistry and 
enzyme activity as well as liver health score. 
 
ORCID 

Razzagh Karimirad   
http://orcid.org/0000-0001-9096-6682 

Heshmatollah Khosravinia   
http://orcid.org/0000-0001-6752-4237 

Bahman Parizadian Kavan  
http://orcid.org/0000-0002-6776-7885 

 
Reference 
Abdo ZMA, Radwan N & Selim N. 2007. The Effect 

of artichoke leaves meal on the utilization of 
dietary energy for broiler chicks. International 
Journal of Poultry Science, 6: 973-982. DOI: 
10.3923/ijps.2007.973.982  

Akbari M & Torki M. 2014. Effects of dietary 
chromium picolinate and peppermint essential oil 
on growth performance and blood biochemical 
parameters of broiler chicks reared under heat 
stress conditions. International Journal of 
Biometeorology, 58: 1383-1391. DOI: 10.1007/ 
s00484-013-0740-1 

Alalmalki LA. 2010. Antioxidant properties of 
thymol and butylated hydroxytoluene in carbo 
tetrachloride – induced mice liver injury. Journal 
of King Abdulaziz University-Science, 22: 239-
248. DOI: 10.4197/Sci.22-1.16 

AL-Azzawie HF & Alhamdani MSS. 2006. 
Hypoglycemic and antioxidant effect of 
oleuropein in alloxan-diabetic rabbits. Life 
Science, 78: 1371-1377. DOI: 10.1016/j.lfs. 
2005.07.029 

Al-Seeni, MN, El Rabey HA, Zamzami MA & 
Alnefayee AM. 2016. The hepatoprotective 
activity of olive oil and Nigella sativa oil against 
CCl4 induced hepatotoxicity in male rats. BMC 
Complementary and Alternative Medicine, 16: 
438. DOI: 10.1186/s12906-016-1422-4 

Baradaran A, Samadi F, Ramezanpour SS & 
Yousefdoust S. 2019. Hepatoprotective effects of 
silymarin on CCl4-induced hepatic damage in 
broiler chicken model. Toxicology Reports, 6: 
788–794. DOI: 10.1016/j.toxrep.2019.07.011 

Behboodi HR, Samadi F, Shams Shargh M, Ganji F 
& Samadi S. 2017. Effects of silymarin on growth 
performance, internal organs and some blood 
parameters in japanese quail subjected to 
oxidative stress induced by carbon tetrachloride. 
Poultry Science Journal, 5: 31-40. DOI: 10.22069/ 
PSJ.2017.11578.1201 

Chand N, Muhammad D, Durrani FR, Qureshi MS & 
Sahibzada S. 2011. Protective effects of milk 
thistle (Silybum marianum) against aflatoxin b1 in 
broiler chicks. Asian Australasian Journal of 
Animal Sciences, 24: 1011-1018. DOI: 10.5713/ 
ajas.2011.10418 

Choi YI, Ahn HJ, Lee BK, Oh ST, An BK & Kang 
CW. 2012. Nutritional and hormonal induction of 
fatty liver syndrome and effects of dietary 

lipotropic factors in egg-type male chicks. Asian-
Australasian Journal of Animal Science, 25: 
1145–52. DOI: 10.5713/ajas.2011.11418 

Dietrich DR, Heussner AH & O’Brien E. 2005. 
Ochratoxin A: Comparative pharmacokinetics and 
toxicological implications (experimental and 
domestic animals and humans). Food Additives 
and Contaminants, 22: 45–52. DOI: 10.1080/ 
02652030500309327 

Eidi A, Eidi M, Al-Ebrahim M, Haeri Rohani A & 
Mortazavi P. 2010. Protective effects of sodium 
molybdate on carbon tetrachloride induced 
hepatotoxicity in rats. Journal of Trace Elements 
in Medicine and Biology, 14: 67-71. DOI: 10. 
1016/j.jtemb.2010.12.003  

El Iraqi KG, Abdelgawad EM, Ibrahim HM & El 
Sawe AE. 2013. Effect of Gingko biloba, dry 
peppermint and vitamin C as anti-stress on broiler 
welfare during summer heat stress. Global 
Veterinaria, 10: 770-778. DOI: 10.5829/idosi.gv. 
2013.10.7.73207 

Elliott RJ. 1984. Ektachem DT-60 Analyzer. 
Physician’s Leading Computation. 2: 6.  

Fallah RA, Kiani A & Azarfar A. 2013. Effect of 
Artichoke leaves meal and Mentha extract 
(Mentha piperita) on immune cells and blood 
biochemical parameters of broilers. Global 
Veterinaria, 10: 99-102. DOI: 10.5829/idosi.gv. 
2013.10.1.71206 

Fani Makki O, Omidi A, Afzali N, Sarir H, 
Frouzanmehr M & Shibak A. 2014. Efficacy of 
Silybum marianum seeds in ameliorating the toxic 
effects of aflatoxin B1 in Broilers. Iranian Journal 
of Toxicology, 8: 977-982. 

Folch J, Lees MG & Stanley HS. 1956. A simple 
method for the isolation and purification of total 
lipids from animal tissues. Journal of Biological 
Chemistry, 226: 497-509. 

Gad AS, Khadrawy YA, El-Nekeety AA, Mohamed 
SR, Hassan NS & Abdel-Wahhab MA. 2011. 
Antioxidant activity and hepatoprotective effects 
of whey protein and spirulina in rats. Nutrition, 
27: 582-589. DOI: 10.1016/j.nut.2010.04.002 

Gorinstein S, Leontowicz H, Lojek A, Leontowicz M, 
Ciz M, Krzeminski R, Gralak M, Czerwinski J, 
Jastrzebski Z, Trakhtenberg S, Grigelmo-Miguel 
N, Soliva-Fortuny R & Martin-Belloso O. 2002. 
Olive oils improve lipid metabolism and increase 
antioxidant potential in rats fed diets containing 
cholesterol. Journal of Agriculture and Food 



94                                                                                                                           Herbal Extracts in CCL4-Intoxicated Broilers 
 

Poultry Science Journal 2021, 9(1): 85-95 

Chemistry, 50: 6102-6108. DOI: 10.1021/ 
jf020306k

Guven A & Gumez M. 2003. The effect of kefir on 
the activities of GSH-Px, GST, CAT, GSH and 
LPO levels in carbon tetrachloride-induced mice 
tissues. Journal of veterinary medicine.B, 
Infectious diseases and veterinary public health 
Vet. Public Health, 50: 412-416. DOI: 10.1046/ 
j.1439-0450.2003.00693

Kalorey DR, Kurkure NV, Ramgaonkar IS, Sakhare 
PS, Warke S & Nigot NK. 2005. Effect of 
polyherbal feed supplement “Growell” during 
induced aflatoxicosis, ochratoxicosis and 
combined mycotoxicoses in broilers. Asian-
Australian Journal Animal Science, 18: 375-383. 
DOI: 10.5713/AJAS.2005.375

Khodadust MR, Samadi F, Ganji F, Jafari Ahangar Y 
& Asadi GH. 2015. Effects of peppermint 
(Mentha piperita L.) alcoholic extract on carbon 
tetrachloride-induced hepatotoxicity in broiler 
chickens under heat stress condition. Poultry 
Science Journal, 3: 1- 16. DOI: 10.22069/PSJ. 
2015.2323

Khorramshahi M, Samadi F & Ganj F. 2014. The 
effects of Cynara scolymus L. on carbon 
tetrachloride induced liver toxicity in Japanese 
quail. International Journal of Agriculture 
Science, 4: 362–369.

Kramer CY. 1956. Extension of multiple range tests 
to group means with unequal number of 
replications. Biomet, 12: 307-310. DOI: 10.2307/ 
3001469

Lien DTP, Hoang CTK, Thi Hanh N, Chu DX, Tram 
PTB & Toan HT. 2016. Hepatoprotective effect of 
silymarin on chronic hepatotoxicity in mice 
induced by carbon tetrachloride. Journal of 
Pharmacognosy and Phytochemistry, 5: 262-266.

Lopez CP, Sumalapao DEP & Villarante NR. 2017. 
Hepatoprotective activity of aqueous and 
ethanolic Bixa orellana L. leaf extracts against 
carbon tetrachloride-induced hepatotoxicity. 
National Journal of Physiology, Pharmacy and 
Pharmacology, 7: 972-976. DOI: 10.5455/njppp. 
2017.7.0412011052017

Mehmetçik G, Ozdemirler G, Koçak-Toke N, 
Cevikbaş U & Uysal M. 2008. Effect of 
pretreatment with artichoke extract on carbon 
tetrachloride-induced liver injury and oxidative 
stress. Experimental and Toxicologic Pathology, 
60: 475-80. DOI: 10.1016/j.etp.2008.04.014

Miller NJ, Rice-Evans C, Davies MJ, Gopinathan & 
Milner A. 1993. A Novel Method for Measuring 
Antioxidant Capacity and its Application to 
Monitoring the Antioxidant Status in Premature 
Neonates. Clinical Science, 84: 407-412. DOI: 10. 
1042/cs0840407

Mikstacka R, Gnojkowski J & Baer-Dubowska W. 
2002. Effect of natural phenols on the catalytic

activity of cytochrome P450 2E1. Acta 
Biochimica Polonica, 49: 917–925. DOI: 
024904917 

Mylonaki S, Kiassos E, Makris DP & Kefalas P. 
2008. Optimization of the extraction of olive 
(Oleaeuropaea) leaf phenolics using 
water/ethanol-based solvent systems and response 
surface methodology. Analytical and Bio 
analytical Chemistry, 392: 977–985. DOI: 10. 
1007/s00216-008-2353-9 

Nateghi R, Samadi F, Ganji F & Zerehdaran S. 2013. 
Hepatoprotective effects of Cynara scolymus L. 
extract on CCl4 induced liver injury in broiler 
chickens. International Journal of Agricultural 
Science, 3: 678-688. 

Oke OE, Emeshili UK, Iyasere OS, Abioja MO, 
Daramola JO, Ladokun AO, Abiona JA, Williams 
TJ, Rahman SA, Rotimi SO, Balogun SI & 
Adejuyigbe AE. 2017. Physiological responses 
and performance of broiler chickens offered olive 
leaf extract under a hot humid tropical climate. 
The Journal of Applied Poultry Research, 3: 376–
382. DOI: 10.3382/japr/pfx005 

Pradeep K, Mohan CVR, Gobianand K & 
Karthikeyan S. 2007. Silymarin modulates the 
oxidant–antioxidant imbalance during 
diethylnitrosamine induced oxidative stress in 
rats. European Journal of Pharmacology, 560: 
110–116. DOI: 10.1016/j.ejphar.2006.12.023 

Samudram P, Rajeshwari H, Vasuki R, Geetha A & 
Sathiya Moorthi P. 2008. Hepatoprotective 
activity of Bi-herbal ethanolic extract on CCl4 
induced hepatic damage in rats. Asian. Journal of 
Biochemistry, 3: 308-314. DOI: 10.3923/ajb. 
2008.308.314 

SAS. 2003. User’ s Guide: Statistics, Version 9.1 
Edition. Inst., Inc., Cary, NC. 

Singh S, Mehta A & Mehta P. 2011. 
Hepatoprotective activity of Cajanus cajan 
against carbon tetrachloride induced liver damage. 
International Journal of Pharmacy and 
Pharmaceutical Sciences, 3:146-147. 

Sonkusale P, Bhandarke AG, Kurkare NV, Ravikanth 
K, Maini S & Sood D. 2011. Hepatoprotective 
activity of Superliv liquid and Repchol in CCl4 
induced FLKS syndrome in broilers. International 
Journal of Poultry Science, 10: 49-55. DOI: 10. 
3923/ijps.2011.49.55 

Speroni E, Cervellati R, Govoni P, Guizzardi S, 
Renzulli C & Guerra MC. 2003. Efficiency of 
different Cynara scolymus preparations liver 
complaints. Journal of Ethnopharmacology, 86: 
203–211. DOI: 10.1016/s0378-8741(03)00076-x 

Tedesco D, Steidler S, Galletti S, Tameni M, 
Sonzogni O & Ravarotto L. 2004. Efficacy of 
silymarin-phospholipid complex in reducing the 
toxicity of aflatoxin B1 in broiler chicks. Poultry 



 Karimirad et al., 2021                                                                                                                                                                95 

Poultry Science Journal 2021, 9(1): 85-95 

Science, 83: 1839–1843. DOI: 10.1093/ps/83. 
11.1839 

Tollba AAH, Shabaan SAM & Abdel-Mageed MAA. 
2010. Effects of using aromatic herbal extracts 
and blended with organic acids on productive and 
physiological performance of poultry. 2- The 
growth during cold winter stress. Egyptian Poultry 
Science Journal, 30: 229-248.  

Trott KA, Giannitti F, Rimoldi G, Hill A, Woods L, 
Barr B, Anderson M & Mete A. 2014. Fatty liver 
hemorrhagic syndrome in the backyard chicken. A 
Retrospective Histopathologic Case Series. 
Veterinary Pathology, 51: 787-795. DOI: 10. 
1177/0300985813503569 

Vahed R, Kermanshahi H, Nasiri Moghadam H, 
Hasan Abadi A & Beheshti Moghadam S. 2016. 

Effect of different levels of marigold (Calendula 
officinails) oil extract on performance, blood 
parameters and immune response of broiler 
chickens challenged with CCl4. Iranian Journal of 
Animal Science Research, 7: 447.  

Wang C, Zhang T, Cui X, Li S, Zhao X & Zhong X. 
2013. Hepatoprotective effects of a Chinese 
herbal formula, longyin decoction, on carbon-
tetrachloride-induced liver injury in chickens. 
Evidence-Based Complementary and Alternative 
Medicine, 9. DOI: 10.1155/2013/392743 

Xue CS, Yang QH & Liu SJ. 2009. Protective effect 
of Jiangzhi Ninggan capsule on acute hepatic 
injury induced by dgalactosamine in mice. 
Lishizhen Medicine and Materia Medica 
Research, 20: 295–296. 


