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Introduction

Antibiotics, which have been used mainly as growth promoters in farm
animals, have been banned or limited in many countries (Herndndez et al., 2004;
Kyprianou, 2005). As a result, there is a growing interest in the feed industry in the
identification and evaluation of feed alternatives with less side effects (Hertrampf,
2001; Humphrey et al., 2002; Hume, 2011). It has been reported the possibility of
growth-promoting and antioxidative effects for some traditional medicinal plants
(Park and Yoo, 1999; Liu et al., 2006). Moreover, medical plants are being
demonstrated to remove not only consumers’ concerns regarding antibiotic side
effects but also to improve animal performance, quality and shelf life of meat
products (Simitzis et al., 2008; Vichi et al., 2001).

Artichoke (Cynara scolymus L.) is one of the famous traditional medicinal plants
that is widely grown in Mediterranean countries and is rich in natural antioxidants
(Mehmetcik et al., 2008; Wang et al., 2003; Joy and Haber, 2007). The popularity of
Artichoke is attributed to phytochemicals, including caffeoylquinic acid
derivatives (cynarin and chlorogenic acid) and flavonoids (luteolin, apigenin)
(Llorach et al., 2002; Wang et al., 2003; Joy and Haber, 2007). The Artichoke leaves
are higher in medical value than flowers, with antihepathotoxic, choleretic,
diuretic, hypocholesterolemic and antilipidemic properties that all are attributed to
the phenolic compositions (Sanchez-Rabaneda ef al., 2003). From a medical point of
view, polyphenolic compounds have a great importance as antioxidant, antitumor
(Gronbaek et al., 1995; Knekt ef al., 2002) and antimicrobial properties (Zhu et al.,
2004). The antioxidant and antitumor functions are assumed to result from the
radical-scavenging properties of polyphenolic compounds (Wang and Huang,
2004). Nonetheless, owing to the antioxidant capacity of polyphenols and their
possible implication in human health in the prevention of cancers, cardiovascular
diseases and other pathologies, Artichoke is being subjected to animal feeding. For
example, Artichoke extract resulted beneficial when administered to birds
challenged with mycotoxins in the diet (Stoev et al., 2004). In addition, Azcona et
al., (2005) demonstrated that a higher metabolizable energy was obtained from the
diet, when supplementing with Artichoke extract during the first 21 days of life.
These authors documented that this would be explained by a higher lipid
digestibility due to an increased bile secretion. Consistent with this explanation,
Mariani (1998) reported that the use of Artichoke extract during the first weeks of
life may increase the productive response of broilers, as chickens have greater
sensitivity to mycotoxins during their first 21 days of life. In addition to this,
Mahagna and Nir (1996) documented the fact that during the first days of life,
chickens have an immature digestive tract, consequently, bile secretion is
insufficient.

In the literature, there are many studies examine using Artichoke extract in rat
diets (Mehmetcik ef al., 2008, Jimenez-Escig et al., 2003). However, we could not
find in our studies a research regarding the use of Artichoke powder or even
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extract in Japanese quail feeding. Therefore, we aimed to investigate the effects of
using Artichoke leaf powder on growth performance and meat quality in Japanese
quail.

Materials and Methods
Plant powder preparation

Artichoke leaves were collected in summer, when the plant was in the
vegetative stage, from the research farm (37°00' - 37°30' north latitude and 54°00' -
54°30' east longitude; altitude: 155 m) of Gorgan University of Agricultural
Sciences and Natural Resources, Gorgan, Golestan, Iran. Collected leaves were
shadow dried and ground with a laboratory mill (Iran khodsaz gristmill, ELS 300C,
Iran). Nutrient composition of Artichoke leaves was measured (AOAC, 1999) and

also total values of phenolic compounds were determined by colorimeter, using
Folin- Ciocalteu method (Guo et al., 2000) (Table 1).

Table 1. Proximate composition and phenolic compounds of Artichoke leaf
powder (As-fed)

Item Percentage
Moisture 7.70
Protein 11.70
Crude fat 4.49
Crude fiber 23.90
Ash 9.60
NFE 42.61
Ca 0.45
Na 0.22
Total P 0.33
Total polyphenols 7.70
Flavonoids 1.61
Antioxidants 6.92
Gross energy (Kcal/Kg) 3713

Birds and experimental design

A total of 240 Japanese quail chicks (1 d old) were obtained from a local
commercial hatchery and raised over a 42-d experimental period. The quails were
housed in thermostatically controlled batteries with raised wire floors (60 cm
length x 50 cm width x 50 cm height) in an environmentally controlled building.
Ambient temperature on d 1 was set at 37+1°C and then gradually reduced to 24°C
by d 28 (Nazar et al., 2012). A continuous lighting program was provided during
the experimental period. The experiment was performed as a completely
randomized design with 4 replicates of 15 quails in each, using a 4 x 2 factorial
arrangement with diet and gender as the main effects. Four dietary treatments
were formulated by addition of 2 levels (1.5 and 3 percent) of Artichoke leaf
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powder and 300 mg/Kg vitamin E (Niu ef al., 2009) to the basal diet. Basal diet was
formulated to meet or exceed the nutrient recommendations for poultry (Table 2;
NRC, 1994). Quails had free access to feed and water throughout the experiment.
All experimental protocols were approved by the Animal Care and Use Committee
of the College of Animal Science of the Gorgan University of Agricultural Sciences
and Natural Resources (Golestan province, Gorgan, Iran).

Table 2. Compositions and calculated analyses of the basal diet!

Ingredients (%)

Corn 48.96
Soybean meal 45.10
Soybean oil 2.89
Dicalcium phosphate 0.75
Calcium carbonate 1.30
Common salt 0.35
Mineral premix? 0.25
Vitamin premix3 0.25
DL- Methionine 0.15

Calculated analysis

Metabolize Energy (Kcal/Kg) 2900
Crude protein (%) 24.00
Calcium (%) 0.80
Available phosphorous (%) 0.30
Na (%) 0.15
Lysine (%) 1.39
Methionine (%) 0.50
Methionine + Cystine (%) 0.88

ICalculated composition was according to NRC (1994).

2Mineral premix (each kg contained): Mn, 50000 mg; Fe, 25000 mg; Zn, 50000 mg; Cu, 5000 mg; Iodine,
500 mg; Choline chloride 134000 mg.

3Vitamin Premix (each kg contained): Vitamin A, 3600000 IU; Vitamin Ds, 800000 IU; Vitamin E, 9000
IU; Vitamin Ks, 1600 mg; Vitamin Bi, 720 mg; Vitamin By; 3300 mg; Vitamin Bs; 4000 mg; Vitamin Bs;
15000 mg; Vitamin Be; 150 mg; Vitamin Bo; 500 mg; Vitamin Bi2; 600 mg; Biotin, 2000 mg.

Traits measured

Body weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR) were
calculated at the end of wk 3 and 6 for each cage. At the end of the experiment, two
birds (one male and one female) from each replicate (8 quails per treatment) were
selected and killed by cervical dislocation, and then samples of thigh and breast
meat were excised and stored in a freezer (-20°C) for further analyses after 30 days.
Meat quality parameters including crude fat percentage, 2-thiobarbituric acid-
reactive substance (TBARS), pH, water holding capacity (WHC), moisture and
meat color parameters were measured as follows:
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Crude fat and moisture
The moisture and crude fat of the meat samples were determined according to
the AOAC (1999) methods.

Thiobarbituric Acid-Reactive Substances (TBARS)

Lipid peroxidation was determined by the modified method of Buege and Aust
(1978) by Ahn et al., (1999), as TBARS value. Briefly, a 5-g meat sample was
homogenized in 15 mL of distilled water. Meat homogenate (5 mL) was transferred
to a test tube. Then 50 pL of butylated hydroxyaniose (7.2%) and 5 mL of TBA-
trichloroacetic acid solution (20 mM TBA in 15% trichloroacetic acid) were added
to the test tube. The mixture was vortexed and then incubated in a boiling water
bath for 15 mins to develop color. Samples were cooled in cold water for 10 min
and then centrifuged for 15 mins at 966 X g. The absorbance of the resulting
supernatant was determined at 532 nm, using a spectrophotometer (UV 1600 PC,
Shimadzu). The increase in absorbance at 532 nm was taken into consideration to
calculate the TBARS values. TBARS numbers were expressed as milligrams of
malondialdehyde (MDA) per Kg of meat.

pH

The pH of the meat samples was determined by homogenizing 10 g of meat
with 50mL of distilled water. The homogenates were filtered, and the pH of each
sample was measured with a pH meter at room temperature (Trout ef al., 1992).

Water holding capacity (WHC)

One gram of the sample (minced meat) was placed on a round plastic plate with
small holes. The plate with meat sample on it was then fitted into a 2 mL plastic
tube. This tube was centrifuged at 1500 x g for 4 mins. After centrifugation, the
remained water was measured by drying the samples in 70°C over night (Bouton et
al., 1971).

Color

The color of the samples was determined according to CIE system (L*, a*, b*),
where: L* = lightness; a* = redness and b* = yellowness (CIE, 1976). Briefly, breast
and thigh samples were removed from the freezer, allowed to partially thaw in
refrigerator at 2°C and then the skin of each sample was removed. Then, the color
parameters (L*, a* b*) were measured in breast and thigh meat using a colorimeter
(Lovibond CAM-system 500).

Statistical analysis

A completely randomized design was performed with 4 replicates of 15 quails
in each, using a 4x2 factorial arrangement with diet and gender as the main effects.
Data for growth performance was analyzed based on a completely randomized
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design, but other parameters were analyzed as a 4 x 2 factorial arrangement of
treatments with 4 diets (0, 1.5 and 3 percent Artichoke leaf powder, and 300
mg/Kg Vit. E) and two genders (male and female), using GLM procedure of SAS
software (SAS, 2003). The pen mean was an experimental unit for BWG, FI and
FCR. Main effect means and the interactions were reported. When significant
effects were found, comparisons among multiple means were made by Duncan’s
multiple range tests. Statistical significance was considered as P<0.05.

Results
Growth performance

The effects of different levels of Artichoke leaf powder and 300 mg vitamin E on
growth performance of quails are shown in Table 3. The addition of 1.5 percent
Artichoke leaf powder did not significantly affect BWG throughout the
experiment. Birds treated by 3 percent Artichoke leaf powder and vitamin E
treatments showed lower and higher BWG at 21 d of age, when compared with
birds fed the basal diet (Table 3). Supplementing basal diet with Artichoke leaf
powder and vitamin E did not affect FI at 42 d of age, but vitamin E significantly
increased FI at 21 d of age when compared with the birds fed basal and Artichoke
supplemented diets. FCR was increased by supplementing the basal diet with 3
percent Artichoke leaf powder at 21 d of age but the effect was not significant at 42
d of age.

Table 3. Influence of supplementation of Artichoke leaf powder and vitamin E
in diet on growth performance! of Japanese quail from 1-21 and 1- 42 d of age.

Treatments Tto21d Tto42d

BWGI(g) FI2(g) FCR® BWGI(g) FI2(g)  FCR>
Control 99.3 244> 2450 2320 913 3.93
1.5% Artichoke 96.2 241b  251b 225b 899 4.00
3% Artichoke 87.4¢ 238b 273 224 925 412
300 mg vitaminE ~ 111.0a 2772 2.50 242a 976 404
SEM 1.96 2.54 0.20 3.46 2.54 0.04
P-value 0.01 0.04 0.01 0.02 0.34 0.45

1Body weight gain; 2Feed Intake; *Feed conversion ratio.
a<Means within a column without a common superscript differ significantly (P<0.05).

Meat quality parameters

The main effect means of diets and sex and their interactions with crude fat,
TBA reactive substances (TBARS), pH, WHC and moisture of thigh and breast
meat of quails fed a diet supplemented with 1.5 and 3 percent Artichoke leaf
powder and 300 mg/Kg vitamin E are shown in Table 4. Significant interactions
between diet and sex on nominated parameters were not observed (P>0.05). Diet
significantly affected TBARS and WHC of breast meat. Dietary levels of Artichoke
leaf powder did not affect breast meat TBARS, whereas vitamin E treatment
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reduced its value compared to 3 percent Artichoke leaf powder (P<0.05). Quails
receiving 1.5 percent Artichoke leaf powder and 300 mg/Kg vitamin E had
significantly lower breast meat WHC than those receiving the basal diet. Breast
meat crude fat and WHC were affected by gender (P<0.05). The female quails had
higher breast meat crude fat than the males (P<0.05), whereas male quails had
higher breast meat WHC than females (P<0.05).

Table 4. Influence of Artichoke leaf powder and vitamin E on meat quality of
thigh and breast meat of Japanese quail

Crude fat TBARS! pH WHC2 Moisture

Treatment (%) (mg/Kg) (%) (%)

Thigh Breast Thigh Breast Thigh Breast Thigh Breast Thigh Breast
Diet:
Control 16.3 155 217 2530 678 6.16 605 5792 770 734
1.5 % Artichoke 17.2 124 145 239 674 6.19 604 556 775 742
3% Artichoke 13.7 13.6 165 3100 676 6.16 602 562 765 739
300mg VitaminE  17.0 15.8 167  111* 670 6.13 58.7  554v 773 753
SEM 0542 0417 0145 0205 0017 0015 0313 0258 0128 0215
Gender:
Male 157 126> 200 1.84 6.74 6.14 601  571a 773 73.6
Female 164 1612 147 2.73 6.70 6.11 59.8 5550 768 74.8
SEM 0271 0208 0072 0168 0.008 0.008 0157 0129 0.064 0.108
Significance:
Diet 0366 0159 0652 0128 0302 0643 0460 0.087 0266 0.185
Gender 0676 0008 0213 0138 0366 0879 0734 0.033 0222 0.0503
Diet x Gender 0938 0249 0056 0505 0403 0712 0148 0.713  0.767  0.700

IThiobarbituric acid reactive substances; 2Water holding capacity.
abMeans within a column without a common superscript differ significantly (P<0.05).

The effect of diets, sex and their interactions with color change of thigh and
breast meat of quails fed a diet supplemented with 1.5 and 3 percent Artichoke leaf
powder and 300 mg/Kg vitamin E are shown in Table 5. No effect of diet and sex
interactions with color change was observed. The main effect of diet was
statistically significant only for b* index of thigh meat. In this regard, dietary 3
percent Artichoke leaf powder resulted in higher b* values of thigh meat compared
with the control. The lightness of thigh and breast meat and also redness of thigh
meat were affected by gender (P<0.05). However, a lower L* values was observed
in thigh and breast meat of male quails than females (P<0.05), whereas thigh meat
of male quails showed a higher a* values than female quails (P<0.05).
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Table 5. Influence of Artichoke leaf powder and vitamin E on color change of
thigh and breast meat of Japanese quail
L* (lightness) a* (redness) b* (yellowness)

Treatment Thigh Breast Thigh Breast Thigh Breast
Diet:

Control 49.5 40.3 13.5 15.1 3.03v 2.82

1.5 % Artichoke 49.0 43.0 14.1 15.6 3.17ab 3.51

3% Artichoke 49.4 423 14.0 15.4 3.63a 3.51

300mg Vitamin E 49.8 43.5 13.8 14.3 3.37ab 3.17

SEM 0.655 0.478 0.209 0.173 0.061 0.134
Gender:

Male 46.50 40.2v 15.0a 15.2 3.23 297

Female 52.3a 44 4a 12.7v 15.0 3.36 3.54

SEM 0.328 0.239 0.105 0.087 0.031 0.067
Significance:

Diet 0.991 0.372 0.900 0.283 0.109 0.527
Gender 0.005 0.005 0.0007 0.677 0.449 0.150
DietxGender 0.416 0.975 0.360 0.410 0.409 0.807

abMeans within a column without a common superscript differ significantly (P<0.05).

Discussion

To our best knowledge, this is the first study that evaluates the effects of
Artichoke leaf powder in Japanese quail feeding. The results indicated that
Artichoke leaf powder did not improve growth performance (BWG, Fl, FCR),
which is consistent with the findings of Melo and Harkes (2007) who revealed no
significant differences among broilers diets supplemented with two levels of
Artichoke extract (300 and 600 g/ton) for BWG and FI at the end of studying
period. However, our results are in contrast with Melo and Harkes (2007) and
Azcona et al.,, (2005) regarding FCR. Supplementing basal diet with Artichoke
extract (600 g/ton) from 1-21 days of age improved feed efficiency of 21 and 42
day-old broilers (Melo and Harkes, 2007). These authors concluded that improved
feed conversion may be attributed to the lower feed intake reflected in those birds
receiving 600 grams per ton of Artichoke extract. In addition, a better conversion in
broilers treated with Artichoke extract was attributed to an improvement in both
lipid digestibility and an increase in the metabolizable energy of birds during their
first weeks of life (Azcona et al., 2005). These authors explained the better lipid
digestibility by an increased bile secretion. Moreover, positive results of Artichoke
protection were reported by Stoev et al., (2004) and Mariani (1998). Differences
between our results and others may be attributed to the variation of the
experimental condition, differences in the type of challenge used (powder vs.
extract) and probably the environmental stresses including handling, vaccination,
and various other instances that lead to a stimulation in bird's immune system and
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might have negative effects on growth performance (Hevener et al, 1999;
Takahashi et al., 2000).

The quality of meat depends on the genetic structure, sex and age of the animal, as
well as the environmental temperature at which the animal is reared and the nutrient
content of the ration fed which affect post-mortem metabolism (Duclos et al., 2007;
Owens et al., 2009; Wang et al., 2009; Imik et al., 2010). The result of crude fat
percentage in this study is in agreement with the findings of Onibi et al., (2009),
and Sarker et al., (2010). In general, the amount of crude fat in thigh meat is higher
than that of breast meat and therefore, and this is the reason why thigh meat is
softer and tastier than breast meat. In addition, studies have shown that females of
Japanese quails have more fat compared to males (Caron et al., 1990).

The malondialdehyde is an end product of the oxidative degradation of lipids
(Del Rio et al., 2005). The results indicated that Artichoke leaf powder did not
improve lipid oxidative stability, but vitamin E decreased oxidative degradation of
breast lipids as shown by the lower TBARS concentration. Our results are
confirmed by the findings of the Bartov and Frigg (1992) and Goni et al., (2007) who
reported that vitamin E increases meat oxidative stability. Antioxidants can act by
different mechanisms protecting the lipids from the onset of oxidation (Mariutti
and Bragagnolo, 2009). In contrast to our findings, Jang et al., (2008) found that
using medicinal plants in broiler chickens diet leads to a delay in lipid oxidation.
Moreover, there were slight, but not significant, differences between males and
females in lipid oxidative indicator with a higher TBARS concentration in male thigh
and female breast. A higher TBARS concentration in female breast meat can be
attributed to the significantly higher percentage of crude fat in female breast, but a
higher concentration of TBARS in male thigh is unknown and needs to be investigated.

The pH value of meat depends on both glycogen content of muscle tissue and
the mechanism that converts glycogen into lactic acid (Duclos et al., 2007; Wang et
al., 2009; Mikulski et al., 2009). In the present study, the pH value was not
statistically significant between experimental treatments, but the lower pH value of
the breast meat is an indicator of a better acidification. This could be explained by a
higher white fiber in breast muscle. These fibers have a greater glycogen quantity
and a higher glycolytic potential which results in lower pH value (Barbut et al.,
2008). In the current study, pH values of breast and thigh meat are in a good
agreement with the findings of Mikulski ef al., (2011) who reported a higher pH
value for thigh than breast meat.

The WHC is the capacity of muscle to keep the water bound under specific
processing conditions (Almeida et al., 2002). The reduction in the WHC results in
poor meat quality such as losses in cooking yield, less tender, less juicy and less
tasty (Owens et al., 2000). The WHC is affected by the extent and rate of pH fall
post mortem which leads protein denaturation and reduced WHC (Allen et al.,
1997). The results indicated that Artichoke leaf powder did not affect WHC of
thigh meat, but there was a significant difference between dietary treatments
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regarding WHC of breast meat. In addition, WHC of breast meat was higher in
males than females. Our results coincide with Jang et al., (2008) who observed a
reduction in WHC in breast meat of broilers treated with a combination of multiple
medicinal plants. This reduction is in agreement with the lower breast meat pH
which results from glycolytic reaction (Barbut et al., 2008). Higher meat pH is more
effective for retaining moisture absorption properties (Husak et al., 2008; Raach-
Moujahed et al., 2011). Moreover, a higher intramuscular fat content may also lead
to an increase in WHC, which is consistent with our findings.

The findings of this study are confirmed by the results of Onibi ef al., (2009)
who reported that there were no significant differences in moisture percentage
values of meat in chickens fed with supplementary raw garlic compared to the
control group. Nevertheless, Lahucky et al., (2005) reported that adding
antioxidants to the diet reduces moisture loss in meat. Moreover, since the higher
WHC leads to higher moisture, thigh meat moisture is higher than breast meat
moisture in this study.

The natural color of meat depends mainly upon the presence of the myoglobin
(muscle pigment) and hemoglobin (blood pigment) pigments. Myoglobin is pink
colored and is converted into the red-colored oxymyoglobin as a result of the effect
of oxygen. This compound is gradually oxidized into the dull brown-colored
metmyoglobin. So, these three compounds define meat color (Barbut, 2002;
Mancini and Hunt, 2005). Moreover, poultry meat color is affected by some other
factors such as age, sex, strain, diet, intramuscular fat, meat moisture content,
preslaughter conditions and processing variables (Santiago ef al., 2005; Young et al.,
2001). It has been documented that the older birds have redder meat due to a
higher content of myoglobin (Gordon and Charles, 2002). In terms of nutrition,
studies showed that the effect of nutrition on meat color is variable. The results of
the present study did not demonstrate dietary treatment effect on the color
parameters, excluding the b* value of quail thigh meat. In this regards, findings of
Leusink et al., (2010) indicated that cranberry extract did not have any effect on the
color parameters of meat, whereas Karaog™lu et al., (2006) reported that probiotics
added to the ration influenced the color quality of the carcass. Simitzis et al., (2008)
explained that dietary oregano essential oil supplementation modifies the meat
color, probably by modifying pigment distribution in animal tissues. Moreover, it
has been reported that lipid oxidation can stimulate myoglobin oxidation (Erener
et al., 2011), thereby influencing meat color (Barbut, 1993). An interesting finding
here was the lower value of the lightness in breast than thigh meat, which is
consistent with the findings of Imik et al., (2012) that reported chicken breast meat
contains a lower concentration of myoglobin, so its color is lighter than that of
chicken thigh. Conley et al., (2000) and Obi et al., (2010) documented that
myoglobin stores oxygen in muscles with higher storage in skeletal and dynamic
muscles. The L* value is also under the influence of meat pH. Higher values of L*
indicate lighter color, indicating that meat have low pH, whereas lower values
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indicate that meat are darker and have high pH (Barbut, 1997). When the meat pH
is above the isoelectric point of myofibrillar proteins, water molecules are tightly
bound, causing more light to be absorbed by the muscle, and meat appears darker
in color (Saldkova et al., 2009). The pH values of meat is reflected by glycogen
reserves of meat (Simitzis et al., 2008), and nutrition is one of the most important
factors influencing muscle glycogen levels (Tudor et al., 1996). Therefore, at the
present study lower L* values of thigh and breast meat in male quails are partly
attributed to higher pH values of thigh and breast meat compared with the female
quails. Furthermore, a gender effect on the color parameters (excluding the a*
value of breast and the b* value of thigh and breast quail meats) was found in the
present study. These findings are in agreement with a previous report (Froning et
al., 1968) showing that thigh and breast muscles in male birds are higher in
myoglobin content than the females of the same age. Therefore, the redness index
in the male quails is higher than the female ones. In terms of b* value, a significant
diet effect was observed and also female thigh and breast meat was numerically
more yellow than males. The sex effect is likely related to the fat content, as
females have more fat content than males (Havenstein et al., 2003; Fanatico et al.,
2005).

Conclusion

The data indicate that inclusion of Artichoke leaf powder did not improve
growth performance in Japanese quails, but may have the potential to improve
oxidative stability and thereby meat quality.

References

Ahn DU, Olson DG, Jo C, Love ] & Jin SK. 1999. Volatiles production and lipid
oxidation on irradiated cooked sausage as related to packaging and storage.
Food Science, 64: 226-229.

Allen CD, Russell SM & Fletcher DL. 1997. The relationship of broiler breast meat
color and pH to shelf-life and odor development. Poultry Science, 76: 1042-1046.

Almeida ICL, Mendes AA, Oliveira EG, Garcia RG & Garcia EA. 2002. Efeito de
dois niveis de lisina e do sexo sobre o rendimento e qualidade da carne de peito
de frangos de corte. Revista Brasileira de Zootecnia, 31: 1744-1752.

AOAC (Association of Official Analytical Chemists). 1999. Official Methods of
Analysis. 15t Ed. Washington, DC.

Azcona J, Schang M & Mallo G. 2005.Efecto de la inclusion en la dieta de extracto
de alcachofa (cynara scolymus L.) sobre la respuesta zootécnica de pollos
parrilleros [Effect on the zootechnical response of broilers of the inclusion of
artichoke extract (Cynara scolymus L.) in the diet]. Reports of the XIXt Latin
American Congress on Poultry Farming, Panama.

Barbut S. 1993. Color measurements for evaluating the pale soft exudative (PSE)
occurrence in turkey meat. Food Research International , 26: 39-43.



106 Poultry Science Journal 2014, 2 (2): 95-111

Barbut S. 1997. Problem of pale soft exudative meat in broiler chickens. British
Poultry Science, 38: 355-358.

Barbut S. 2002. Poultry Products Processing: An Industry Guide (Boca Raton, FL,
CRC Press).

Barbut S, Sosnicki AA, Lonergan SM, Knapp T, Ciobanu DC, Gatcliffe L],
Hufflonergan E & Wilson EW. 2008. Progress in reducing the pale, soft and
exudative (PSE) problem in pork and poultry meat. Meat Science, 79: 46-63.

Bartov I & Frigg M. 1992. Effect of high concentration of dietary vitamin E during
various age periods on performance plasma vitamin E and meat stability of
broiler chickens at 7 week of age. British Poultry Science, 33: 393-402.

Bouton PE, Harris PV & Shorthose WR. 1971. Effect of ultimate pH upon the water
holding capacity and tenderness of mutton. Food Science, 36: 435-439.

Buege JA & Aust SD. 1978. Microsomal lipid peroxidation. In Methods in
Enzymology. 52: 302. AP, New York.

Caron N, Minvelle F, Desmarais M & Poste LM. 1990. Mass selection for 45-day
body weight in Japanese quail: selection response, carcass composition, cooking
properties and sensory characteristics. Poultry Science, 69: 212-217.

CIE. 1976. Recommendations on uniform color spaces, color differences, equations.
Psychometric color terms. Supplement No. 2 to CIE Publications n.15.
Commission Intenationale de 1Z£Eclairage, Colorimetry, Paris.

Conley KE, Ordway GA & Richardson RS. 2000. Deciphering the mysteries of
myoglobin in striated muscle. Acta Physiologica Scandinavica, 168: 623-634.

Del Rio D, Stewart A] & Pellegrini N. 2005. A review of recent studies on
malondialdehyde as toxic molecule and biological marker of oxidative stress.
Nutrition Metabolism and Cardiovascular Diseases, 15: 316-328.

Duclos MJ, Berri C & Le Bihan-Duval E. 2007. Muscle growth and meat quality.
Journal of Applied Poultry Research, 16: 107-112.

Erener G, Ocak N, Altop A, Cankaya S, Murat Aksoy H & Ozturk E. 2011. Growth
performance, meat quality and caecal coliform bacteria count of broiler chicks
fed diet with green tea extract. Asian-Australasian Journal of Animal Science,
24:1128-1135.

Fanatico AC, Cavitt LC, Pillai PB, Emmert JL & Owens CM. 2005. Evaluation of
slower-growing broiler genotypes grown with and without outdoor access:
meat quality. Poultry Science, 84: 1785-1790.

Froning GW, Daddario ] & Hartung TE. 1968. Color and myoglobin concentration
in turkey meat as affected by age, sex, and strain. Poultry Science, 48: 668-674.
Goni I, Brenes A, Centeno C, Viveros A, Saura-Calixto F, Rebole A, Arija I &
Estevez R. 2007. Effect of dietary grape pomace and vitamin E on growth
performance, nutrient digestibility ,and susceptibility to meat lipid oxidation in

chickens. Poultry Science, 86: 508-516.

Gordon SH & Charles DR. 2002. Niche and Organic Chicken Products. Nottingham

University Press, Nottingham, UK. 320 Pages.



Abbasi & Samadi, 2014 107

Gronbaek M, Deis A, Sorensen TIA, Becker U, Schnohr P & Jensen G. 1995.
Mortality associated with moderate intakes of wine, beer, or spirits. BM]J,
310: 1165- 1169.

Guo FC, Savelkoul HFJ, Kwakkel RP, Williams BA & Verstegen MWA. 2000.
Immunoactive, medicinal properties of mushroom and herb polysaccharides
and their potential use in chicken diets. World's Poultry Science Journal, 59:
427- 440.

Havenstein GB, Ferket PR & Qureshi MA. 2003. Carcass composition and yield of
1957 versus 2001 broilers when fed representative 1957 and 2001 broiler diets.
Poultry Science, 82: 1509-1518.

Herndndez F, Madrid ], Garcia V, Orengo ] & Megias MD. 2004. Influence of two
plant extracts on broilers performance, digestibility, and digestive organ size.
Poultry Science, 83: 169-174.

Hertrampf JW. 2001. Alternative antibacterial performance promoters. Poultry
International, 40: 50- 52.

Hevener W, Routh PA & Almond GW. 1999. Effects of immune challenge on
concentrations of serum insulin like growth factor-1 and growth performance in
pigs. Canadian Veterinary Journal, 40: 782-786.

Hume ME. 2011. Food safety symposium: potential impact of reduced antibiotic
use and the roles of prebiotics, probiotics, and other alternatives in antibiotic-
free broiler production. Poultry Science, 90: 2663-2669.

Humphrey BD, Huang N & Klasing KC. 2002. Rice expressing lactoferrin and
lysozyme has antibiotic-like properties when fed to chicks. Journal of Nutrition,
132:1214-1218.

Husak RL, Sebranek JG & Bregendahl K. 2008. A survey of commercially available
broilers marketed as organic, free-range and conventional broilers for cooked
meat yields, meat composition and relative value. Poultry Science, 87: 2367-
2376.

Imik H, Aydemir Atasever M, Koc M, Atasever M & Ozturan K. 2010. Effect of
dietary supplementation of some antioxidants on growth performance, carcass
composition and breast meat characteristics in quails reared under heat stress.
Czech Journal of Animal Science, 55: 209-220.

Imik H, Ozlu H, Gumus R, Aydemir Atasever M, Urcar S & Atasever M. 2012.
Effects of ascorbic acid and a-lipoic acid on performance and meat quality of
broilers subjected to heat stress. British Poultry Science, 53: 800 — 808.

Jang A, Liu X, Shin M, Lee B, Lee J & Jot C. 2008. Antioxidative potential of raw
breast meat from broiler chickens fed a dietary medicinal herb extract mix.
Poultry Science, 87: 2382-2389.

Jimenez-Escrig A, Dragsted LO, Daneshvar B, Pulido R & Saura-Calixto F. 2003. In
vitro antioxidant activities of edible artichoke (Cynara scolymus L.) and effect on
biomarkers of antioxidants in rats. Journal of Agricultural and Food Chemistry,
51: 5540-5545.



108 Poultry Science Journal 2014, 2 (2): 95-111

Joy JF & Haber SL. 2007. Clinical uses of artichoke leaf extract. American Journal of
Health-System Pharmacy, 64: 1906-1909.

Karaoglu M, Aksu MI, Esenbuga I, Macit N, & Durdag H. 2006. pH and colour
characteristics of carcasses of broilers fed with dietary probiotics and
slaughtered at different ages. Asian-Australasian Journal of Animal Sciences,
19: 605-610.

Knekt P, Kumpulainen ], Jarvinen R, Rissanen H, Heliovaara M, Reunanen A,
Hakulinen T & Aromaa A. 2002. Flavonoid intake and risk of chronic diseases.
American Journal of Clinical Nutrition, 76: 560-568.

Kyprianou M. 2005. European Commission. http://europa.eu/rapid/press-release_IP-05-
1687 en.htm. Accessed on december 22. 2005.

Lahucky R, Bahelka I, Novotna K & Vasickova K. 2005. Effects of dietary vitamin E
and vitamin C supplementation on the level of a-tocopherol and L-ascorbic acid
in muscle and on the antioxidative status and meat quality of pigs. Czech
Journal of Animal Science, 50: 175-184.

Leusink G, Rempel H, Skura B, Berkyto M, White W, Yang Y, Rhee JY, Xuan SY,
Chiu S, Silversides F, Fitzpatik S & Diarra MS. 2010. Growth performance, meat
quality, and gut microflora of broiler chickens fed with cranberry extract.
Poultry Science, 89: 1514-1523.

Liu B, Li W, Chang Y, Dong W & Ni L. 2006. Extraction of berberine from rhizome
of Coptis chinensis Franch using supercritical fluid extraction. Journal of
Pharmaceutical and Biomedical Analysis, 41: 1056-1060.

Llorach R, Espin JC, Tomas-Barberan FA & Ferreres F. 2002. Artichoke (Cynara
scolymus L.) byproducts as a potential source of health-promoting antioxidant
phenolics. Journal of Agricultural and Food Chemistry, 50: 3458-3464.

Mahagna M & Nir I. 1996. Comparative development of digestive organs,
intestinal disaccharidases and some blood metabolites in broiler and layer-type
chicks after hatching. British Poultry Science, 37: 359-371.

Mancini RA & Hunt MC. 2005. Current research in meat color. Meat Science, 71:
100-121.

Mariani GVC. 1998. Efeito de aflatoxinas sobre o desempenho produtivo de
frangos de corte em diferentes periodos de desenvolvimento corporal.
Universidade Federal de Santa Maria.

Mariutti LRB & Bragagnolo N. 2009. Lipid Oxidation in Chicken Meat and the
Impact of the Addition of Sage (Salvia officinalis L.) and Garlic (Allium sativum
L.) as Natural Antioxidants. Journal of the Adolfo Lutz Insti- tute, 68: 1-11.

Mehmetcik G, Ozdemirler G, Kocak-Toker N, Cevikbas 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-
480.



Abbasi & Samadi, 2014 109

Melo JE & Harkes R. 2007. Productive evaluation of broiler chickens consuming
Artichoke extract (Cynara Scolymus L.) during the first three weeks of life. XX
Congreso Latinoamericano de aviculture, Brasil.

Mikulski D, Celej J, Jankowski J, Majewska T & Mikulska M. 2011. Growth
performance, carcass traits and meat quality of slower-growing and fast-
growing chickens raised with and without outdoor access. Asian-Australasian
Journal of Animal Sciences, 24: 1407- 1416.

Mikulski D, Jankowski J, Zdunczyk Z, Wroblewska M, Sartowska K & Majewska T.
2009. The effect of selenium source on performance, carcass traits, oxidative
status of the organism and meat quality of turkeys. Journal of Animal and Feed
Science, 18: 518-530.

Nazar FN, Magnoli AP, Dalcero AM & Marin RH. 2012. Effect of feed
contamination with aflatoxin Bl and administration of exogenous
corticosterone on Japanese quail biochemical and immunological parameters.
Poultry Science, 91: 47-54

Niu ZY, Liu FZ, Yan QL & Li WC. 2009. Effects of different levels of vitamin E on
growth performance and immune responses of broilers under heat stress.
Poultry Science, 88: 2101-2107.

NRC (National Research Council). 1994. Nutrient Requirement of Poultry. 9t Rev.
Ed. National Academy Press, Washington, DC. 176 Pages.

Obi T, Matsumoto M, Miyazaki K, Kitsutaka K, Tamaki M, Takase K, Miyamoto A,
Oka T, Kawamoto Y & Nakada T. 2010. Skeletal ryanodine receptor 1-
heterozygous PSE (Pale, Soft and Exudative) meat contains a higher
concentration of myoglobin than genetically normal PSE meat in pigs. Asian-
Australasian Journal of Animal Sciences, 23: 1244-1249.

Onibi GE, Adebisi OE, Fajemisin AN & Adetunji AV. 2009. Response of broiler
chickens in terms of performance and meat quality to garlic (Allum sativum)
supplementatio. African Journal of Agricultural Research, 4: 511-517.

Owens CM, Hirschler EM, McKee SR, Martinnez-Dawson R & Sams AR. 2000. The
characterization and incidence of pale, soft, exudative turkey meat in a
commercial plant. Poultry Science, 79: 553-558.

Owens CM, Alvarado CZ & Sams AR. 2009. Research developments in pale, soft,
and exudative turkey meat in North America. Poultry Science, 88: 1513-1517.
Park SJ & Yoo SO. 1999. Effects of supplementation of Chinese medicine refuse on
performance and physiology in broiler chicks. Korean Journal of Poultry

Science, 26: 195-201.

Raach-Moujahed A, Haddad B, Moujahed N & Bouallegue M. 2011. Evaluation of
growth performances and meat quality of Tunisian local poultry raised in
outdoor access. International Journal of Poultry Science, 10: 552-559.

Saldkova A, Strakova E, Véalkova V, Buchtova H & Steinhauserova 1. 2009. Quality
indicators of chicken broiler raw and cooked meat depending on their sex. Acta
Veterinaria Brno, 78: 497-504



110 Poultry Science Journal 2014, 2 (2): 95-111

Sanchez-Rabaneda F, Jauregui O, Lamuela-Raventos RM, Bastida J, Viladomat F &
Codina C. 2003. Identification of phenolic compounds in artichoke waste by
high performance liquid chromatography-tandem mass spectrometry. Journal
of Chromatography, 1008 : 57-72.

Santiago HL, Denbow DM, Emmerson DA, Denbow C, Graham P & Hohenboken
W. 2005. Effects of strain, plane of nutrition, and age at slaughter on
performance and meat quality traits of broilers. Poultry Science, 84 (Suppl. 1),
128.

Sarker MSK, Kim GM & Yang CJ. 2010. Effect of green tea and biotite on
performance meat quality and organ development in Ross broiler. Poultry
Science, 30: 77-88.

SAS (Statistical Analysis System). 2003. SAS/STAT®9. User’s Guide. SAS Institute
Inc. Cary. North Carolina.

Simitzis PE, Deligeorgis SG, Bizelis JA, Dardamani A, Theodosiou I & Fegeros K.
2008. Effect of dietary oregano oil supplementation on lamb meat
characteristics. Meat Science, 79: 217-223.

Stoev SD, Stefanov M, Denev St, Radic B, Domijan AM & Peraica M. 2004.
Experimental mycotoxicosis in chickens induced by ochratoxin A and penicillic
acid and intervention with natural plant extract. Veterinary Research
Communications, 28: 727-746.

Takahashi K, Mashiko T & Akiba Y. 2000. Effect of dietary concentration of xylitol
on growth in male broiler chicks during immunological stress. Poultry Science,
79: 743-747.

Trout ES, Hunt MC, Johnson DE, Clans JR, Castmer CL & Krope DH. 1992.
Characteristics of low-fat ground beef containing texture-modifying
ingredients. Food Science, 57: 19-24.

Tudor GD, Couper FJ & Pethick DW. 1996. Effect of silage diet on glycogen
concentration in the muscle of yearling cattle. Proceedings Australian Society of
Animal Production, 21: 451.

Vichi S, Zitterl-Eglseer K, Jugl M & Franz CH. 2001. Determination of the presence
of antioxidants deriving from sage and oregano extracts added to animal fat by
means of assessment of the radical scavenging capacity by
photochemiluminescence analysis. Molecular Nutrition and Food Research, 45:
101-104.

Wang RR, Pan X]J & Peng ZQ. 2009. Effects of heat exposure on muscle oxidation
and protein functionalities of pectoralis majors in broilers. Poultry Science, 88:
1078-1084.

Wang SP & Huang K]J. 2004. Determination of flavonoids by high performance
liquid chromatography and capillary electrophoresis. Journal of
Chromatography A, 1032: 273-279.



Abbasi & Samadi, 2014 111

Wang M, Simon JE, Aviles IF, He K, Zheng QY & Tadmor Y. 2003. Analysis of
antioxidative phenolic compounds in artichoke (Cynara scolymus L.). Journal of
Agricultural and Food Chemistry, 51: 601-608.

Young LL, Northcutt JK, Buhr R], Lyon CE & Ware GO. 2001. Effects of age, sex,
and duration of postmortem aging on percentage yield of parts from broiler
chicken carcasses. Poultry Science, 80: 376-379.

Zhu X, Zhang H & Lo R. 2004. Phenolic compounds from the leaf extract of
artichoke (Cynara scolymus L.) and their antimicrobial activities. Journal of
Agricultural and Food Chemistry, 52: 7272-7278.



