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with Dietary Feed Additives: Physical and Physiological 
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IntroductIon
The term well-being or welfare it is as a state or condition of an animal, 
which mainly depends on if, and how the animal deals with different sit-
uations and is able to satisfy its needs. It is becoming well when all needs 
associated with the maintenance of good health and needs to show that 
certain behaviors are met.1 Nowadays, the search for better welfare con-
ditions is a global tendency in animal production.2

 Poultry welfare is associated with several indicators as behav-
ior, health, mortality, and physiology.3 In general, minimum mortality, 
low morbidity, little or no risk of injury, good body condition, lack of 
physiological signs of stress, including alterations of immune responses, 
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indicate better welfare and absence of welfare problems.4 While, the in-
crease in physiological indicators as blood corticosterone, total choles-
terol, blood glucose5,6 , and triglycerides are accompanied by poor wel-
fare.7,8 Beside that, Welfare assessment score was calculated according 
to the system of9,10 It included the so-called “five freedoms” guaranteeing 
poultry welfare, which are given a specific score: 3; 2; 1and 0, depend-
ing on the expression of a particular behavior, plasma corticosterone 
concentrations and some blood biochemical indices which depending 
mainly on 5 freedoms as Freedom from hunger or thirst; discomfort; 
pain, injury, or disease,  expresses normal behavior, and freedom from 
fear or distress.11,12 The freedom of pain, injury and disease (F3) consid-
ered the important part of welfare score assessment.

AbstrAct

background
Nowadays, the search for better welfare conditions is a global tendency in animal production.

objective
This study was done to evaluate the dietary feed additives supplementation for six weeks on physical and physiological welfare indicators.

subjects and Methods
One hundred and twenty month old male Fayoumi chickens were equally divided into 4 groups each of 3 replicates. Control group (G1) was 
fed a basal diet with no supplementation, treated groups (G2, G3, and G4) fed basal diet supplemented with 1% seeds powder of garden cress 
(Lepidium sativum L.), turmeric (curcuma longa), and fennel (Shamar or Foenicum vulgre) respectively. The average weekly body weight, 
weight gain, Feed intake and feed conversion rate (FCR) were calculated as performance or physical indicators at the end of experiment serum 
glucose, cholesterol, triglycerides, and corticosterone hormone as physiological parameters of welfare was recorded results. Data obtained in this 
experiment revealed that physical indicators were significantly improved by dietary feed additive treatments. While birds fed control diet had the 
highest overall mean of physiological parameters of welfare than the treated groups.

conclusion
An increase in treated groups (G2, G3, and G4) welfare score in a compartment with a control group (G1). Recommendation: used of treatment, 
a substance in broiler diet.

Keywords: Fayoumi Chickens; Fennel Garden Cress; Indicators; Turmeric; Welfare Score.
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 The final score was obtained as a sum of numerical expres-
sions of all freedoms and compared to the maximum possible score of 
15, expressed in percentage. Moreover, Physical welfare indicators as 
body weight, body gain, feed intake and feed conversion ratio were used.

 Local or native chicken represents an important genes source 
for research purposes and future breeding. They have more ability to 
adapt in a local environment; with a natural resistance to some diseases 
and stressful effects.13

 Fayoumi chicken breed was the most important Egyptian na-
tive type and spread to many countries worldwide. It was found mainly 
in Fayoumi city known as the first man-made agricultural oasis in an-
cient Egypt14 the origin of this breed is not definitely known. Concern-
ing this situation, different theories are attended; the first is that it was 
introduced to Egypt from a village called “Biga” in Turkey during the 
period of Mohamed Ali Pasha. The second one was it originates from 
the Silver Camping breed and was introduced at the time of Napoleon’s 
Occupation of Egypt15 it very good foragers, can live on a free-range 
basis but it is not meat producer due of small body size.16

 Over the last 20 years, there are improvements in genetics 
and nutrition leading to growth rates increasing which consume feed 
ad libitum which associated with a negative impact on broiler welfare as 
increased body fat deposition, high mortality and skeletal disorders.17 

So, there is a critical need to reduce some of these problems and also 
decreasing feed cost which ranged from 60-70% without compromising 
the final product.18 One possible nutritional strategy of reducing feed 
cost is using feed additives.

 The animal’s feed additives are used worldwide in animals’ 
diet to cover the needs of essential nutrients and others to improve the 
health of the animals, feed intake, growth performance and therefore 
optimize feed utilization.19

 One of the feed additives was herbs, spices and their extracts 
which have a long history of use, even prehistoric use, in preventing or 
treating human and animal diseases, because of their availability, easy 
usage, and non-side effects. its can regulate feed intake and stimulate 
digestive secretions, result in optimized digestion capacity and reduced 
risk of digestive disorders20 this effect is related to their secondary me-
tabolite content such as phenols, saponins, and essential oils.21 Such as, 
Garden cress seeds (Lepidium sativum ), Fennel (F. vulgare), and Tur-
meric (Curcuma longa L.) were popular herbs with a long history of use 
as a medicine containing a high concentration of antioxidant substance 
according to22-26 respectively, and its dietary supplementation for broiler 
chickens showed increased physical  indicators of welfare (body weight, 
body gain and feed conversion ratio) in line with the finding of 19,26,27 

respectively.

 The purpose of this paper was to evaluate the welfare of Fay-
oumi chickens feed, dietary supplementation of Garden Cress, turmeric, 
and fennel, on the base of the welfare assessment score, Physical (body 
weight, body gain, feed intake and feed conversion ratio) and physi-
ological (serum glucose, cholesterol, triglycerides, and corticosterone 
hormone) welfare indicators.

MAterIAl And Methods

birds and housing

This study was conducted at the research unit of animal behavior and 
management, at the hospital of Veterinary Medicine Faculty, Assiut Uni-

versity.

 30 days old male Fayoumi chicks were purchased from a local 
hatchery. A finisher diet (21% CP and 3200 kcal/kg Metabolized En-
ergy) was fed for 6 weeks (Table 1).

 The experimental birds were kept on floor litter system, in-
cluding separate symmetrical pens each of (1 x 1m); pens were thor-
oughly cleaned, washed and disinfected before chicks’ arrival. All pens 
floor were covered by a uniform and chopped wheat straw. Water and 
feed were available at all time. All birds were reared at the same man-
agement conditions as temperature, relative humidity, ventilation, and 
light.

experimental design

One hundred and twenty-day Fayoumi chicks were equally divided into 
4 groups each of 3 replicates. The control group (G1) were fed a basal 
diet with no supplementation, treated groups (G2, G3, G3) was fed basal 
diet supplemented with 1% seeds powder of Garden Cress, turmeric, 
and fennel respectively from 30 to 72 days old. This study was conducted 
to evaluate the effect of this feed additives supplementation on the score, 
physical, and physiological welfare indicators of Fayoumi chicks.

Welfare Indicators

Physical indicators: Body weight, weight gain, Feed intake and feed 

Misoprostol Control Garden 
Cress Turmeric Fennel

Yellow corn 57.7 56.4 56.7 56.1
Soybean meal 31 31 31 31
Corn gluten meal 3 3 3 3
Soybean oil 5 5.3 5 5.6
Garden cress 0 1 0 0
Turmeric 0 0 1 0
Fennel 0 0 0 1
Limestone 1.85 1.85 1.85 1.85
Sodium phosphate mono-
basic 0.85 0.85 0.85 0.85

Common salt 0.3 0.3 0.3 0.3
Premix* 0.3 0.3 0.3 0.3
Calculated analysis (%)
Crude protein 21.23 21.11 21.18 21.03
Lysine 1.01 1.01 1.01 1.01
Methionine 0.38 0.38 0.38 0.38
Calcium 0.8 0.8 0.8 0.8
Phosphorus, available 0.3 0.3 0.3 0.3
Crude fiber 3.29 3.26 3.29 3.24
Metabolized Energy (kcal/kg) 3218 3203 3202 3206
Per 2.5 kg including Vit. A, 1200000 IU; Vit. D3, 300000 IU; Vit. E, 
700 mg; Vit. k3, 500 mg; Vit. B1, 500 mg; Vit. B2, 200 mg; Vit. B6, 
600 mg; Vit. B12, 3 mg; Vit. C, 450 mg; Niacin, 3000 mg; Methionine, 
3000 mg; Pantothenic acid, 670 mg ; Folic acid 300 mg; Biotin, 6 mg; 
Choline chloride, 10000 mg; Magnesium sulphate, 3000 mg; Copper 
sulphate, 3000 mg; Iron sulphate, 10000 mg; Zinc sulphate, 1800 mg; 
Cobalt sulphate, 300 mg

Table 1.  Ingredient and chemical composition of the experimental diets
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conversion rate of each pen which act as replicate was taken weekly ac-
cording to28

Welfare assessment score: The welfare assessment score was calcu-
lated according to the system of 9,10 the integrated assessment of poul-
try welfare % (PW) was calculated according to the formula: PW% = {a 
(F1+F2+F3+F4+F5) x 100} 15as showed in (Table 2) 

 As F1, F2, F3, F4, and F5 score for each of five freedoms in 
birds. They can take values of 0, 1, 2 or 3 according to the manifestation 
of the specific freedom in a specific situation so that totally degree = 5X3 

degree = 15 which by divided on it a=1, when (F3≠0) while, a=0 if F3=0 
its difficult because welfare is not possible if the organism of the bird 
could not adapt to the production system and this entails a progressive 
disease.29

Physiological indicators: Blood samples were collected at the end of 
the experiment at 72 days ago and at the daytime between 1:00 and 2:00 
PM for determination of serum glucose, cholesterol, triglycerides, and 
corticosterone hormone levels. This especially daytime to avoid the in-
fluence of the circadian rhythm of corticosterone.1

 A total of 3 randomly selected chickens from each replicate 
were gently removed from their pen and blood samples (0.5 ml) were 
taken into 2 tubes from each bird without anticoagulant let it for 1 hour 
at room  temperature, then centrifuged at 3000  RPM for 10 min and 
serum was obtained and frozen at – 20°C until the chemical analysis.

 Serum glucose, cholesterol, and triglycerides analysis were 
conducted on an automated spectrophotometer using a standard di-
agnostic kit. While corticosterone hormone analysis according to30 by 
ELIZA kit.

statistical Analysis

Statistical analysis of the obtained results was conducted by using SPSS 
program version 16 for windows. Duncan test was used to determine 
the significant difference between groups. The data were expressed as 
mean±SE. A level of significance as the minimally acceptable level was 
assessed at (p< 0.05).

results

Table 3 showed that there are significant increases in physical indica-
tors (body weight, body gain, feed intake, and feed conversion ratio) 
between control and feed additive groups. Besides that, the welfare as-
sessment score was 33.33, 60, 67, and 60 % for control, garden cress, 
turmeric, and fennel respectively as shown in Table 4. On the other side, 
feed additives group has lower levels of physiological indices than con-
trol one Table 5

Poultry welfare assessment score
Freedom Degree

Freedom from thirst and 
hunger – F1

0 – excessive thirst and hunger
1 – limited thirst and hunger
2 – lack of thirst and hunger

3 – excessive feeding and drinking

Freedom from discomfort 
– F2

0 – excessive discomfort
1 – limited discomfort

2 – limited comfort
3 – full comfort

Freedom from pain, injury, 
disease –F3

0– exhausting disease
1 – limited disease

2 – occasional pain and injury
3 – lack of pain and injury

Freedom to express normal 
behavior –F4

0 – behavior disturbance
1 – limited behavior expression

2 – moderate expression
3 – full expression

Freedom from fear and 
distress – F5

0 – fear and distress
1 – limited fear and distress

2 – partial freedom
3 – full freedom

Total score of Poultry welfare (PW) % = { a (F1+F2+F3+F4+F5)\15 
} x 100

Table 2.  Poultry welfare assessment score

Physical indices of welfare

Basal diet + 1% of Feed additives
Groups

Weeks
Groups

Control (G1) Garden Cress (G2)     
(Lepidium sativum L.)

Turmeric (G3)  Fennel (G4)

Weeks (Curcuma longa) (Foenicum vulgre)
Body weight of one bird (gram)
1st  week 326.7±7.3 324.3±3.3 329.3±5.3 330±1.3
2nd  week 405.3±4.4 c 441.3±15.3 a 446.3±2.3 a 439.3±6.9 b
3rd  week 493±2.1 c 538±9.3 b 562±3.6 a 533±5.2 b
4th week 595±4.4 c 673.3±6.6 b 695±2.3 a 664±9.7b
5th  week 720.4±4.1 b 843±13.3 a 858±5.5 a 860.3±18.3 a
6th  week 881.6±6.7 b 1020.2±11.5 a 1073.6±8.3 a 1046.6±7.2 a
Over all 570.3±6.7 c 640±6.3 b 660.7±6.5 a 645.3±5.6 b

Table 3.  Physical indices of welfare
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Body gain of one bird (gram)
1st  week 78.7±9.5 c 117±0.9 a 117±2.9 a 109.3±1.6 b
2nd  week 87.7±3.2 b 96.7±1.2 115.7±3.8 a 93.7±4.2
3rd  week 102±5.6 b 135.8±2.1a 133±1.4 a 131±2.5 a
4th week 146.4±4.2 c 169.7±2.7 b 163±2.9 b,c 196.3±4.1a
5th  week 161.2±4.2 c 177.2±1.4 b,c 215.6±4.9 a 186.3±1.6 a
Over all 115.2±4.1 c 139.3±1.5 b 148.9±2.9 a 143.3±3.2 b
Feed intake of one bird (gram)
1st  week 270.6±2.2 b 274.6±4.4b 324±3.6 a 292.8±6.1 a
2nd  week 294±2.8 c 318±7.6 b 360.8±1.7 a 332±3.9 a
3rd  week 305±2.4 c 354.6±1.9 a 334±2.9 b,c 343±7.4 b
4th week 387.3±3.7 c 478±2.9 a 432.4±1.4 b 435±1.6 b
5th  week 447.3±1.9 c 498±1.4 b 596.8±1.1a 495±2.2 b
Over all 340.8±1.5 c 384.6±3.4 b 409.6±2.4 a 379.6±6.5 b
Feed Conversion Ratio of one bird
1st  week 3.43±0.6 a 2.35±0.2 c 2.77±0.7 b 2.67±0.4 a
2nd  week 3.35±0.3 a,b 2.29±0.3 c 3.11±0.3 b 3.54±0.8 a
3rd  week 2.99±0.2 a 2.61±0.9 b 2.51±0.1 b,c 2.62±0.4b
4th week 2.65±0.9 b,c 2.82±0.4 a 2.65±0.1 b,c 2.22±0.6 c
5th  week 2.77±0.5 b 2.81±0.1 a 2.76±0.4 b 2.66±0.9 c
Over all 3.04±0.4 a 2.6±0.3 b 2.8±0.4 b 2.7±1.8 b

Poultry welfare assessment score
Basal diet Basal diet + 1% of Feed additives

Control (G1) Garden cress (G2) Turmeric (G3) Fennel (G4)
Freedom from thirst and hunger (F1)
0 – excessive thirst and hunger     
1 – limited thirst and hunger 1    
2 – lack of thirst and hunger  2  2
3 – excessive feeding and drinking   3  
Freedom from discomfort (F2)
0 – excessive discomfort     
1 – limited discomfort 1    
2 – limited comfort  2 2 2
3 – full comfort     
Freedom from pain, injury, disease (F3)
0 – exhausting disease     

1 – limited disease     
2 – occasional pain and injury 2 2 2 2
3 – lack of pain and injury     
Freedom to express normal behavior (F4)
0 – behavior disturbance     
1 – limited behavior expression 1    
2 – moderate expression  2 2 2
3 – full expression     
Freedom from fear and distress (F5)
0 – fear and distress 0    
1 – limited fear and distress  1 1 1
2 – partial freedom     
3 – full freedom     
Total score obtained (a) 5 9 10 9
Total score of freedom (b) 15 15 15 15
Poultry welfare, %= (a \ b) x 100 33.33 60 67 60

Table 4.  Welfare assessment scores of Fayoumi hens supplemented with feed additives
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dIscussIon

The integrated assessment of Fayoumi chicken welfare % reared on basal 
diet was 33.33 %. It was based upon statistically significant changes in 
different physical (lower) and physiological (higher) traits compared to 
birds fed diet contain seed powder of garden cress, turmeric, and fennel 
which data were 60; 67; 60 % respectively. Where F1 data come from 
feed intake data, F2 and F4 data come from comfort data, F5 data come 
from corticosterone level.

 Treatment groups G2, G3, G4 were significantly more feed 
intake, body weight, body gain, and FCR compared to control group 
(G1). This confirmed the higher welfare of the birds fed feed additives. 
In poultry, improved welfare is manifested with lowered blood corticos-
terone, glucose, total cholesterol, and triglycerides, made us score the 
freedoms: F2, F3, F4 and F5 with 2 points. The Freedom from thirst and 
hunger (F1) was scored with a 1 point (Table. 4). The overall welfare as-
sessment in treated groups was 60; 67; 60 % higher than that in control 
(33.33).

 In relation to Physical indices of welfare, in the present study, 
body weights (BW), body weight gain (BWG) and feed conversion ratio 
(FCR) was significantly increased by the addition of garden Cress, tur-
meric, and fennel to the diet (Table 3).

 Garden Cress supplementation to the broiler diet has a ben-
eficial effect on body weight, weight gain and feed intake these results 
are in agreement with that previously reported by 19,31,32 this result may 
be due to its favorable effect on diet palatability and nutrient assimila-
tion33 leading to improve nutrient digestibility34 and its high content of 
essential fatty acids (Oleic, 30.6% and linoleic, 29.3%) and high fat per-
cent8-24 large concentration of tocopherols, good amount of lignans and 
antioxidants and traditionally used to control many clinical problems 
such as anti-asthmatic, galactagogue, stimulant and control of blood 
pressure.35 Besides that, their content of essential nutrients and some 
unidentified growth factors and enhancing their effect on digestive en-
zymes.36 On the other hand, results obtained in fennel group was in line 
with those of (27), who found an increase in body weight , which back to 
that some essential oils components of it stimulate secretion of digestive 
and gastric juices, while reducing stomach and intestinal inflammation, 
and facilitating nutrient absorption.37 Also might be due to the active 
principles in the fennel such as anethole, limonene struggle, which are 
known to have antioxidant, carminative, anti-flatulent and digestive 
stimulating and appetizing effect’s.38 Moreover, its laxative, appetite 
stimulant, antispasmodic and carminative, revels abdominal pain and 
promote gastrointestinal, liver and kidney health.39

 Our result in case of turmeric was agreed with data of.40-43 The 
improvement in body weight gain may be due to the phytobiotic stimu-
lant property of turmeric. Turmeric has the ability to stimulate digestive 
enzymes and depress pathogenic microbial flora in the small intestine 
which competes the host for nutrients44 it increased the secretion of di-
gestive juices, improved the gastro-intestinal condition45 and increased 
the villi length and decreased the intestinal pH which could contribute 
to the increased nutrient utilization.46

 Fayoumi welfare in relation to physiological indices, in the 
control group (G1) the freedoms F1, F2, F4 was scored with 1 point 
instead of the maximum 3 (table 4). The (F3) score was 2 (i.e. freedoms 
from pain, injury, and disease). and, The freedom from fear and distress 
(F5) score was zero, due to high blood corticosterone, glucose, choles-
terol, and triglycerides as compared to feed additives groups. That is why 
the integrated poultry welfare assessment in control birds was 33.33%.

 In this experiment where (G2-G4) which subjected to feed 
additives supplementation had the lowest mean of blood glucose, tri-
glycerides, total cholesterol, and corticosterone level and a higher score 
for the freedoms: F1, F2, F3, and F4 with 2 points. The freedom from 
thirst and hunger (F1) was 2 in (G2 and G3) and 3 (G3) as their enhanc-
ing effect of feed intake. The freedom from fear and distress (F5) was 
scored with 1 because of lower blood levels of corticosterone, glucose, 
total cholesterol (P<0.01) and triglycerides (P<0.05) compared to con-
trols.

 Glucose is a serum biochemical marker that is widely ana-
lyzed. Its reduced plasma level indicates its adequate utilization by tis-
sues, possibly due to a stimulation of glucose transporters, which in-
dicate a better use of energy. Further, glucose is utilized by birds for 
a variety of functions, mainly for energy production through cellular 
oxidation, glycogen synthesis in liver and glycolytic muscles, fatty acid 
synthesis as well as the synthesis of nonessential amino acids, vitamin C 
and other metabolites.47

 Lower values of triglycerides and cholesterol in group con-
sumed diet containing garden cress, turmeric and fennel as compared to 
control one could be an indication of its hypocholesterolemic properties 
was agreed on with43,48,49 and 24,50,51 respectively.

 Hypocholesterolemic properties of garden cress could be due 
to the high copper content52 as it was known to have a blood cholester-
ol-lowering effect beside ALA content which reduce triglycerides, total 
cholesterol and improve the lipid profile of rats.53 While, Hypoglycemic 

Groups
Degree
Physiological indices of welfare

Groups Basal diet Basal diet + 1% of Feed additives
Degree Control (G1) Garden cress (G2) Turmeric (G3) Fennel (G4)

Corticosterone levels (nmo\L) 29 ± 3.2 a 20 ± 2.1 b 19 ± 4.1 b 17 ± 1.8 b
Glucose level (mmo\L) 162.6 ± 3.5 a 149 ± 1.5 b 139 ± 6.5 b 142.3 ± 2.2 b
Cholesterol level (mmo\L) 149 ± 5.1 a 133 ±3.6 b 112 ± 2.5 b 122 ± 4.2 b
Triglycerides level (mmo\L) 52 ± 1.2 a 33 ± 1.3 b 37 ± 2.2 b 41 ± 0.9 b
Poultry welfare, %= (a \ b) x 100 33.33 60 67 60

Table 5.  Physiological indices of welfare
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properties are due to the beneficial effects of flavonoids content which 
possess insulin-like properties and thereby are able to reduce blood 
glucose levels54 also a potent inhibition of renal glucose reabsorption 
which in turn reduced blood sugar55 and the presence of oleic (30.6%) 
and linolenic acids (29.3%).56 beside that, Hypocholesterolemic proper-
ties of Fennel could be due to the main active component in fennel (an-
ethole) is a phytosterol which alters the metabolic pathway in the body 
of chicks leading to cholesterol and triglyceride reduction57,58, also, is a 
great source of fiber, in powder form it acts as a laxative, it also helps to 
maintain healthy levels of cholesterol in the bloodstream.59 Moreover, 
in turmeric group hypocholesterolemic related to the activity of two ef-
fective enzymes HMG-CoA reductase and cholesterol 7a-hydroxylase.60 
May be mediated by the stimulation of hepatic cholesterol-7- hydrox-
ylase activity because the digestibility of TG was not affected by cur-
cuminoid supplementation.61 While, depressed the plasma triglyceride 
concentration may be due to the lowering hepatic lipogenesis effect.62 
And α-curcumene which one of the active principles exerting triglyc-
eride-lowering activity63 on the other hand, the hypoglycemic effect of 
turmeric may be due to it appeared to improve the function of the beta 
cells that make insulin in the pancreas.64

 Worsening of poultry welfare can detect by plasma corticos-
terone level.65 The decreasing effect on corticosterone concentrations 
in case of fennel treated groups could be attributed to the antioxidant 
and anti-stress effect of it51 its phenolic compounds as caffeoylquinic, 
Rosmarinicacid, showed antioxidant activities66 finally, fennel act as ex-
cellent nature antioxidants sources.67 While, in case of turmeric group 
may due to it’s a strong an antioxidant25,61 it active constituents as cur-
cumin, demethoxycurcumin, beside methoxycurcumin and tetrahy-
drocurcuminoids68 and turmeric which acting as antioxidant. Besides 
that, turmeric enhanced the antioxidant status, improving glutathione 
peroxidase and superoxide dismutase activity,69 lipid peroxidation inhi-
bition70 and malondialdehyde (MDA) concentrations reduction, which 
indicates an improved antioxidant and detoxifying status of birds.71

conclusIon

The practice of feeding male Fayoumi chickens on a diet containing 1% 
seeds powder of garden cress, turmeric, and fennel could be a desirable 
feeding strategy that might offer a welfare score improvement method

AcknoWledgMent

The staff member’s responsible for research unit of animal behavior and 
management, hospital of Veterinary Medicine Faculty, Assiut Univer-
sity.

FundIng

No.

conFlIcts oF Interest

No potential conflicts of interest.

reFerences

1. Jensen P, Toates FM. Who needs behavioral needs – motivational as-

pects of the needs of animals? Appl Anim  Behav  Sci. 1993;  37: 161-181. 
doi: 10.1016/0168-1591(93)90108-2

2. Moura J, Moreira J, Naas IA. Variables impacting poultry meat quality 
from production to pre-slaughter: A review. Rev Bras Cienc Avic. 2006; 
4: 201–212. doi: 10.1590/S1516-635X2006000400001

3. Sossidou EN, Elson HA. Hens’ welfare to egg quality: An European 
perspective. World’s Poultry Science Journal. 2009; 65: 709–718. doi: 
10.1017/S0043933909000488

4. SCAHAW. The Welfare of Chickens Kept for Meat Production (Broil-
ers); Report of the Scientific Committee in Animal Health and Animal 
Welfare; European Commission, Health and Consumer Protection Di-
rectorate General: Brussels, Belgium. 2000.

5. Yanchev I, Gudev D, Popfva-Ralcheva S, Moneva P. Effect of Cr pico-
linate and Zn supplementation on plasma cortisol and some metabolite 
levels in Charolaise hoggets during acclimatization. Archiva Zootech-
nica. 2007; 10: 78-84.

6. Sahin K, Sahin N, Kucuk O, Hayirli A, Prasad AS. Role of dietary zinc 
in heat-stressed poultry: A review. Poultry Science. 2009; 88: 2176-2183. 
doi: 10.3382/ps.2008-00560

7. Puvadolpirod S, Thaxton JP. Model of physiological stress in chick-
ens. Response parameters. Poult Sci. 2000; 79: 363-369. doi: 10.3382/
ps.2008-00560

8. Popova-Ralcheva S, Hadjiiliev V, Gudev D, Alexandrov A, Sredkova 
V. Ethological and Physiological Indices for Well- being in Broilers un-
der Different Systems of Management. Bulgarian Journal of Agricultural 
Science. 2002; 8: 635-639.

9. Bozakova N, Popova-Ralcheva S, Sredkova V, Gerzilov V, Atanasova 
S, et al. Mathematical Welfare Assessment Model of Chicken Breeder 
Flocks. Bulgarian Journal of Agricultural Science. 2012; 18 (2): 278-287

10. Bozakova NA, Sotirov LK, Sasakova N, Lakticova VK. Welfare im-
provement in laying hens during the hot period under a semi-open rear-
ing system through dietary arginine and vitamin C supplementation. 
Bulg J Vet Med. 2015; 18(3): 216–226.

11. Brambell R. Report of the Technical Committee to Enquire Into the 
Welfare of Animals Kept Under Intensive Livestock Husbandry Sys-
tems. Her Majesty’s Stationery Office, London, UK. 1965.

12. FAWC (2009) Farm Animal Welfare Council: Five Freedoms. Avail-
able at: Accessed February 12, 2012.

13. Kolstad N, Abdou FH. NORFA: The Norwegian-Egyptian project for 
improving local breeds of laying hens in Egypt. Workshop on Develop-
ing Breeding Strategies for Lower Input Production Environment, Bella, 
Italy, In: Proceedings of the ICAR Technical Series, 3, 301-306. 2000.

14. El-Tanany MA. Genetic Diversity Studies on Egyptian Chickens Us-
ing Advanced Techniques. Phd thesis, Faculty of Veterinary Medicine, 
Benha University, Egypt. 2011.

https://doi.org/10.1016/0168-1591%2893%2990108-2
https://doi.org/10.1017/S0043933909000488
https://doi.org/10.3382/ps.2008-00560
https://doi.org/10.3382/ps.2008-00560
https://doi.org/10.3382/ps.2008-00560


11

Veterinary Open Access Open Journal

Research | Volume I | Number 1|

15. Hossari MA. Productive and breed characteristics of Fayoumi chick-
en. Min. of Agric. Tech. Bull. 292, Cairo. 1958.

16. Akhtar N, Mahmood S, Hassan M, Yasmeen F. Comparative study 
of production potential and egg characteristics of Lyallpur Silver Black, 
Fayoumi and Rhode Island Red breeds of poultry. Pakistan Veterinary 
Journal. 2007; 27: 184-188.

17. Zubair AK, Leeson S. Compensatory growth in the broiler chicken: 
A review. World’s Poult Sci J. 1996; 52: 189-201

18. Sarvestani TS, Dabiri N, Agah MJ, Norollahi H. Effect of Pellet and 
Mash Diets Associated with Biozyme Enzyme on Broilers Performance. 
International Journal of Poultry Science. 2006; 5(5): 485-490.

19. Shawle K, Urge M, Animut G. Effect of different levels of Lepidium 
sativum L. on growth performance, carcass characteristics, hematology 
and serum biochemical parameters of broilers. Springerplus. 2016; 5(1): 
1441. doi: 10.1186/s40064-016-3118-0

20. Bunyapraphatsara N. Utilization of medicinal plants in animal pro-
duction. 11th International congress on phytopharmcology, Leiden. 
2007.

21. Tipu MA, Akhtar MS, Anjum MI, Raja ML New dimension of me-
dicinal plants as animal feed. Pakistan Vet J. 2006; 26(3): 144-148.

22. Moser BR, Shah SN, Winkler-Moser JK, Vaughn SF, Evangelista RL  
Composition and physical properties of cress (Lepidiumsativum L.) and 
field pennycress (Thlaspiarvense L) oils. Ind Crop Prod. 2009;  30: 199–
205. doi: 10.1016/j.indcrop.2009.03.007

23. Diwakar BT, Dutta PK, Lokesh BR, Naidu KA. Physicochemical 
properties of garden cress (Lepidiumsativum L.) seed oil. J Am Oil Chem 
Soc. 2010; 87: 539–548

24. El-Soud NA, El-Laithy N, El-Saeed G, et al. Antidiabetic activities of 
Foeniculum vulgare mill. Essential oil in streptozotocin-induced diabet-
ic rats,” Macedonian. Journal of Medical Sciences. 2011; 4(2): 139–146. 
doi: 10.3889/MJMS.1857-5773.2011.0173

25. Amalraj A, Pius A, Gopi S, Gopi S. Biological activities of cur-
cuminoids, other biomolecules from turmeric and their derivatives. 
a review. J Tradit Complement Med. 2016; 7: 205–233. doi: 10.1016/j.
jtcme.2016.05.005

26. Samarasinghe K, Wenk C, Silva KFST, Gunasekera JMDM. Turmeric 
(Curcuma longa) root powder and mannanoligo-saccharides as alter-
natives to antiobiotics in broiler chicken diets. Asian-Aust J Anim Sci. 
2003; 6(10): 1495-1500. doi: 10.5713/ajas.2003.1495

27. Abdullah AM,  Rabia JA. (2009) The effect of using fennel seeds 
(Foeniculum vulgare) on productive performance of broiler chick-
ens.International Journal of Poultry Science. 2009; 8(7): 642-644. doi: 
10.3923/ijps.2009.642.644

28. Dagaas CT, Claveria JN (2008) on farm performance of broilers sub-
jected to 40% level of feed restriction on the third week of age. Philippine 

J Vet Anim Sci. 2008; 34(2): 177-186.

29. Broom DM. Assessing the welfare of hens and broilers. Proc Aust 
Poult Sci Sym. 2001; 13: 61-70.

30. Schaaf MJ, De Kloet ER, Vreugdenhil E. Corticosterone effects on 
BDNF expression in the hippocampus. Implications for memory forma-
tion. 2000; Stress 3: 201-208.

31. Rasha IM Hassan, Ramadan D El Shoukary. Impact of Dietary Sup-
plementation with Cress Seeds (Lepidium Sativum L.) on Growth  per-
formance, Carcass Characteristics and Behavior of Broilers. AJVS. 2019; 
61(2): 38-44. doi: 10.5455/ajvs.40336

32. Diwakar BT, Dutta PK, Lokesh  BR, Naidu KA. Bioavailability and 
metabolism of n-3 fatty acid rich garden cress (Lepidium sativum) seed 
oil in albino rats. Prostaglandins Leukot Essent Fatty Acids. 2008; 78(2): 
123-130. doi: 10.1016/j.plefa.2007.12.001

33. Frankic T, Voljg M, Salobir J, Rezar V. Use of herbs and spices and 
their extracts in animal nutrition. Acta Argic Slov. 2009; 94(2): 95–102.

34. Mellor S. Antibiotics are not the only growth promoters. World 
Poultry, 16(1), 14-15.

35. Maghrani M, Zeggwagh NA, Michel JB, Eddouks M. Antihyperten-
sive effect of Lepidium sativum in spontaeneously hypertensive rats. J 
Ethnophamacol. 2005; 100: 193-197. doi: 10.1016/j.jep.2005.02.024

36. Jang IS, Ko YH, Kang SY, Lee CY. Effect of a commercial essential oil 
on growth performance, digestive enzyme activity and intestinal micro-
flora population in broiler chickens. Animal Feed Science and Technol-
ogy. 2007; 134(3-4): 304-315. doi: 10.1016/j.anifeedsci.2006.06.009

37. Abdul-Azez NH. Treatment by Herbs Al-Shaffa Library Egypt, pp: 
27. 2000.

38. Cabuk M, Alicicox A, Bozhutr M, Lmre N. Antibacterial aromatic 
plants and using possibility as alternative feed additive, 11- National 
Animal Nutrition Congress 18-20, September, 2003; 184-187.

39. Simon JE, Chadwick AF, Craker LE. Herbs: An Indexed Bibliogra-
phy.1971-1980. The Scientific Literature on Selected Herbs, and Aromatic 
and Medicinal Plants of the Temperate Zone. CT, USA: Archon Books. 
1984. 

40. Al-Sultan SI. The effect of curcuma longa (tumeric) on overall per-
formance of broiler chickens. International Journal of Poultry Science 
.2003; 2: 351-353. doi: 10.3923/ijps.2003.351.353

41. Naderi M, Akbari MR, Asadi-Khoshoei E, Khaksar K, Khajali F. 
Effects of Dietary Inclusion of Turmeric (Curcuma longa) and Cinna-
mon (Cinnamomum verum) Powders on Performance, Organs Rela-
tive Weight and Some Immune System Parameters in Broiler Chickens. 
Poult Sci J. 2014; 2(2): 153-163. doi: 10.22069/psj.2014.1963

42. Mondal M A, Yeasmin T, Karim R, Siddiqui M N, Raihanun-Nabi S 
M, et al. Effect of dietary supplementation of turmeric (Curcumalonga) 

https://doi.org/10.1186/s40064-016-3118-0
https://doi.org/10.1016/j.indcrop.2009.03.007
https://doi.org/10.3889/MJMS.1857-5773.2011.0173
https://doi.org/10.1016/j.jtcme.2016.05.005
https://doi.org/10.1016/j.jtcme.2016.05.005
https://doi.org/10.5713/ajas.2003.1495
http://dx.doi.org/10.3923/ijps.2009.642.644
https://www.doi.org/10.5455/ajvs.40336
https://doi.org/10.1016/j.plefa.2007.12.001
https://doi.org/10.1016/j.jep.2005.02.024
https://doi.org/10.1016/j.anifeedsci.2006.06.009
http://dx.doi.org/10.3923/ijps.2003.351.353
http://dx.doi.org/10.22069/psj.2014.1963


12

Veterinary Open Access Open Journal

Research | Volume I | Number 1|

powder on the growth performance and carcass traits of broiler chicks. 
SAARCJ Agri.13: 188-199. doi: 10.3329/sja.v13i1.24191

43. Arslan M, Ahsan ul H, Muhammad A, Jumshaid I, Muhammad D. 
Effect of Turmeric (Curcuma longa) Supplementation on Growth Per-
formance, Immune Response, Carcass Characteristics and Cholesterol 
Profile in Broilers. Veterinaria. 2017; 66(1).

44. Dieumou FE, Teguia A, Kuiate JR, Tamokou NB, Dongmo MC. Ef-
fects of ginger (Zingiber officinale) and garlic (Allium sativum) essen-
tial oilson growth performance and gut microbial population of broiler 
chickens. Livest Res Rural Dev. 21 (8): 210-217.

45. Ammon HP, Wahl MA. Pharmacology of Curcuma longa. Planta 
Med. 1991; 57(1): 1-7. doi: 10.1055/s-2006-960004

46. Sieo CC, Abdullah N, Tan WS, HoY W. Influence of beta-glucanas-
eproducing Lactobacillus strains on intestinal characteristics and feed 
passage rate of broiler chickens. Poult Sci. 2005; 84(5): 734-741. doi: 
10.1093/ps/84.5.734

47. Braun EJ, Sweazea KL Glucose regulation in birds. Comp. Bio-
chem. Physiol. B Biochem. Mol. Biol. 2008; 151: 1–9. doi: 10.1016/j.
cbpb.2008.05.007

48. Amawi K, Aljamal AL Effect of Lepidium sativum on lipid profiles 
and blood glucose in rats. J Phys Pharm Adv. 2012; 2(8): 277–281

49. Rajput N, Muhamma N, Yan R, Zhong X, Wang T. Effect of Dietary 
Supplementation of Curcumin on Growth Performance, Intestinal Mor-
phology and Nutrients Utilization of Broiler Chicks. J Poult Sci. 2013; 
50: 44-52. doi: 10.2141/jpsa.0120065

50. Oulmouden F, R Sa¨ıle, N El Gnaoui, H Benomar, M Lkhider. Hypo-
lipidemic and anti-atherogenic effect of aqueous extract of fennel (Foe-
niculum vulgare) extract in an experimental model of atherosclerosis 
induced by Triton WR- 1339. European Journal of Scientific Research.  
2011; 52(1): 91–99.

51. Amr A Rezq. Beneficial Health Effects of Fennel Seeds (Shamar) on 
Male Rats Feeding High Fat-Diet. Med J Cairo Univ. 2012; 80(2): 101-
113.

52. Zia-Ul-Haq M, Ahmad S, Calani L, Mazzeo T, Rio DD, et al. Com-
positional study and antioxidant potential of Ipomoea hederacea Jacq. 
And Lepidium sativum L. seeds. Molecules. 2012; 17(9): 10306-10321. 
doi: 10.3390/molecules170910306

53. Simopoulos AP. ω-3 fatty acids in health and disease and in growth 
and development. Am J Clin Nutr. 1991; 54(3): 438-463. doi: 10.1093/
ajcn/54.3.438

54. Brahmachari G. Bio-flavonoids with promising antidiabetic po-
tentials: A critical survey. Opportunity, challenge and scope of natural 
products in medicinal chemistry. Kerala, India, pp 187–212. ISBN: 978-
81-308- 0448-4

55. Eddouks M, Maghrani M. Effect of Lepidium sativum L on renal 

glucose reabsorption and urinary TGF-beta 1 levels in diabetic rats. 
Phytother Res. 2008; 22(1): 1-5. doi: 10.1002/ptr.2101

56. Bryan RM, Shailesh NS, Jill KW, Steven FV, Roque LE. Composition 
and physical properties of cress (Lepidium sativum L.) and field pen-
nycress (Thlaspi arvense L.) oils. Ind Crops Prod. 2009; 30(2): 199–205. 
doi: 10.1016/j.indcrop.2009.03.007

57. Piccaglia R, Marotti M. Characterization of some Italian types of 
wild fennel (Foeniculum vulgare Mill). Journal of Agricultural and Food 
Chemistry. 2001; 49: 239-244.

58. Damianova S, Stoyanova A, Konakchiev A, Djurdjev I. Supercritical 
carbon dioxide extracts of spices. 2. Fennel (Foeniculumvulgare Mill. 
Var.Dulce Mill.). Journal of Essential Oil Bearing Plants. 2004; 7: 247-
249. doi: 10.1080/0972-060X.2004.10643401

59. Ostad N, Soodi M, Sariffzadeh M. The effect of fennel essential oil on 
uterine contraction as a model for dysmenorrhoeal: Pharmacology and 
toxicology study. J Ethnopharmacol. 76: 299-304, 2001.

60. Daneshyar M, M Alizadeh Ghandkanlo, F Sabzi Bayeghra, Farhang-
pajhoh F, Aghaei M. Effects of dietary turmeric supplementation on 
plasma lipoproteins, meat quality and fatty acid composition in broilers. 
South African Journal of Animal Science. 2011; 41(4). doi: 10.4314/sajas.
v41i4.13

61. Asai HP, Nakagawa K, Miyazawa T. Antioxidative effects of turmeric 
rosemary and capsicum extracts on membrane phospholipids peroxida-
tion and liver lipid metabolism in mice. Biosci Biotechnol Biochem. 1999; 
63(12): 2118-21122. doi: 10.1271/bbb.63.2118

62. Herzberg GR, Rogerson M. Hepatic fatty acid synthesis and tri-
glyceride secretion in rats fed fructose- or glucose-based diets contain-
ing corn oil, tallow or marine oil. J Nutr. 1988; 118(9): 1061-1067. doi: 
10.1093/jn/118.9.1061

63. Yasni S, Imaizumi K, Sin K, Sugano M, Nonaka G, Sidik. Identifica-
tion of active principle inessential oils and hexane-soluble fractions of 
Curcuma xanthorrhiza Roxb. showing triglyceride lowering action in 
rats. Food Chem Toxicol. 1994; 32(3): 273-278

64. Somlak C, Rattanamongkolgul S, Luechapudiporn R, Phisalaphong 
C, Jirawatnotai S. Curcumin extract for prevention of type-2 diabetes. 
Diabetes Care. 2012; 35(11): 2121-2127. doi: 10.2337/dc12-0116

65. Fraser D. Emerging animal welfare standards and their implications 
for animal hygiene, Proceedings of the 10th International Congress in 
Animal hygiene, Mexico, Volume1: 61-66. 2003.

66. Parejo O, Jauregui F, S´anchez-Rabaneda F, Viladomat, J.Bastida, 
C Codina. Separation and characterization of phenolic compounds in 
fennel (Foeniculum vulgare) using liquid chromatography-negative 
electrospray ionization tandem mass spectrometry. J Agric Food Chem. 
2004; 52(12): 3679-3687. doi: 10.1021/jf030813h

67. Shahat AA, Ibrahim AY, Hendawy S, et al. Chemical composition, 
antimicrobial and antioxidant activities of essential oils from organi-

https://www.doi.org/10.3329/sja.v13i1.24191
https://doi.org/10.1055/s-2006-960004
https://doi.org/10.1093/ps/84.5.734
https://doi.org/10.1016/j.cbpb.2008.05.007
https://doi.org/10.1016/j.cbpb.2008.05.007
https://doi.org/10.2141/jpsa.0120065
https://doi.org/10.3390/molecules170910306
https://doi.org/10.1093/ajcn/54.3.438
https://doi.org/10.1093/ajcn/54.3.438
https://doi.org/10.1002/ptr.2101
https://doi.org/10.1016/j.indcrop.2009.03.007
https://doi.org/10.1080/0972-060X.2004.10643401
http://dx.doi.org/10.4314/sajas.v41i4.13
http://dx.doi.org/10.4314/sajas.v41i4.13
https://doi.org/10.1271/bbb.63.2118
https://doi.org/10.1093/jn/118.9.1061
https://doi.org/10.2337/dc12-0116
https://doi.org/10.1021/jf030813h


13

Veterinary Open Access Open Journal

Research | Volume I | Number 1|

cally cultivated fennel cultivars. Molecules. 2011; 16(2): 1366-1377. doi: 
10.3390/molecules16021366

68. Kiuchi F, Goto Y, Sugimoto N, Akao N, Kondo K, et al. Nematocidal  
activity of turmeric: synergistic action of curcuminoids. Chem Pharm 
Bull (Tokyo). 1993; 41(9): 1640-1643. doi: 10.1248/cpb.41.1640

69. Zeinali A, Kermanshahi H, Riasi A, Farhangfar H, Sarir H, et al. 
Effects of sodium selenite and turmeric powder on thyroid hormones 
and plasma lipids of broiler chickens reared under heat stress condition. 
Global Veterinaria. 2011; 6(3): 237-240.

70. Daneshyar M, Kermanshahi H, Golian A. The effects of turmeric 
supplementation on antioxidant status, blood gas indices and mortality 
in broiler chickens with T3-induced ascites. Br Poult Sci. 2012; 53(3): 
379-385. doi: 10.1080/00071668.2012.702340

71. Wang D, Huang H, Zhou L, Li W, Zhou H., Hou G, et al. Effects of 
dietary supplementation with turmeric rhizome extract on growth per-
formance, carcass characteristics, antioxidant capability, and meat qual-
ity of Wenchang broiler chickens. Ital J Anim Sci. 2015; 14: 344–349. doi: 
10.4081/ijas.2015.3870

https://doi.org/10.3390/molecules16021366
https://doi.org/10.1248/cpb.41.1640
https://doi.org/10.1080/00071668.2012.702340
https://doi.org/10.4081/ijas.2015.3870

	Abstract
	Background
	Objective
	Subjects and Methods
	Conclusion
	Keywords

	Introduction
	Material and Methods
	Birds and Housing
	Experimental Design
	Welfare Indicators
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgment
	Funding
	CONFLICTS OF INTEREST
	REFERENCES

