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Abstract: This study was conducted to assess the effect of some growth enhancers as dietary onion & garlic

(Allium sativum) and vitamin E supplementation with water on the meat quality parameters of broiler chicken.

A total of 150 chicks were divided into 3 groups, 50 birds per treatment. The first group was fed control diet,

the second group fed control diet supplemented with onion 2% and garlic 2% and the third group fed on control

diet with vitamin E mixed with water. Birds were slaughtered at the end of the trial to evaluate pH , moisture

content, cooking loss, shear force, instrumental color and fatty acids composition of refrigerated (5±1ºC for 6

days) and frozen (3 and 6 months) samples. There was a significant decrease in the mean pH, shear force, a*-

and b*- values and cooking loss in samples from chicken dietary supplemented with onion & garlic, and also

in chicken (supplemented) with vitamin E mixed with water compared with the control. The mean moisture

contents of chicken samples were not significantly influenced by the used growth enhancers. There was a

numeric  decrease  in  total  saturated  fatty  acids  (TSF %)  and  an  increase in total unsaturated fatty acids

(TUS %) in chicken samples (supplemented) with vitamin E mixed with water than contro l and which

supplemented with onion &  garlic. Palmitic was the predominant saturated fatty acid, while oleic was the

predominant unsaturated fatty acid. It could be concluded that the supplementation of onion & garlic and

vitamin E improved chicken meat quality during refrigerated and frozen storage.
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INTRODUCTION

Poultry meat offers considerable potential for

bridging the gap between supply and demand for animal

protein, especially in Africa. In this continent and other

less developed nations, the low  level supply of animal

protein is due to the poor performance of livestock, which

has been attributed to factors such as inadequate nutrition,

high price and poor quality of feeds and inefficiency in

production  and  distribution  in  the  feed industry

(Aletor, 1986; Tewe, 1997). Apart from the inadequate

supply and consumption of animal protein, there has been

a resurgence of interest in improving the physicochemical

and sensory properties of meat, as well as its storage life.

In pursuit of improved chicken healthiness and in order to

fulfill consumer expectations in relation to food quality,

poultry producers more and more commonly apply natural

feeding   supplements,   mainly   herbs   (Gardzielewska

et al., 2003). The use of nutritional strategies to improve

the quality of meat is a relatively new approach that has

emerged at the interface of animal science and food

science. It often represents the only technology available

to alter the quality of intact muscle, where utilization of

exogenous compounds is d ifficult if not impossible.

Nutritional approaches are often more effective than

direct addition of the additive to meat since the compound

is  preferably  deposited  where  it  is  most needed

(Govaris et al., 2004).

Lipid  and  myoglobin  oxidation  are  major  causes

of   meat   quality   deterioration   during   storage  (Jensen

et al., 1998). In addition, different animal species may be

classified on the basis of meat sensibility to oxidation in

the following order fish, turkey, chicken, pork, beef and

lamb (Tichivangana and M orissey, 1985). To ensure

optimum quality, it is necessary to consider the entire

production chain from farm to fork. Many studies focused

on the impact of many dietary supplemental components

such   as   vitamin  E  on post-mortem meat quality

(Jensen et al., 1998; Govaris et al., 2007).

Supplementation of vitamin E significantly improved the

meat stability against oxidative deterioration in beef

(Mitsumoto et al., 1993), pork (Phillips et al., 2001) and

turkey meat (Guo et al., 2001). Vitamin E cannot be

synthesized by animals and therefore its presence in

animal tissue reflects the dietary availab ility. Due to its

lipophilic character, the vitamin E absorption is dependent
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on animal fat digestion and absorption (Wiss et al., 1962).

Vitamin E is a membrane-associated antioxidant and

dietary vitamin E supplementation highly suppresses lipid

oxidation (Morrissey et al., 1998; O'Neill et al., 1999;

Ruiz et al., 1999) and delays metmyoglobin formation

(Jensen et al., 1998; Faustman et al., 1998). It stabilizes

poly-unsaturated fatty acids and cholesterol in muscle

against oxidative deterioration . This effect is primarily

due to the incorporation of the vitamin E into the sub-

cellular membranes, where it maximizes the antioxidant

capacity (Monahan et al., 1994; Buckley et al., 1995). It

is also believed to suppress the development of Pale Soft

and Exudative (PSE) in chicken breast meat thus

improving meat functional properties (Olivo et al., 2001).

Garlic (Allium sativum), a herbal supplement have

been widely used to maintain and improve health of

humans (Freeman and Kodera, 1995), in broiler chicken

have been recognized for its strong stimulating effect on

the immune system and the very rich aromatic oils

enhance digestion of birds (Gardzielewska et al., 2003).

The key active ingredient in garlic is a powerful plant

chemical called a llicin which rapidly decompose to

several volatile organo-sulphur compounds with

bioactivities (Chang and Cheong, 2008). Garlic is used

both as condiment and medicament, anticoagulant,

antioxidant, hypo-lipidaemic, antihypertensive, anti-

ageing,  anti-platelet  and heavy metal detoxifier

(Agarwal, 1996; Marilynn, 2001). Therefore, trials have

evaluated garlic as an alternative of grow th promoters in

livestock  and  measured its effects on growth

digestability and carcass traits (Bampidis et al., 2005;

Tatara et al., 2005). The anti-oxidative influence of garlic

in meat becomes more imperative in less developed

nations, considering storage problems and increasing use

of alternative feed resources without due consideration for

meat quality (Onibi et al., 2007). Supplementary garlic for

broilers could mediate in getting the bioactive compounds

in garlic, through broiler meat into the human food chain,

while avoiding the resentment due to its direct

consumption. 

Therefore, the current study was designed to evaluate

the effect of onion & garlic and vitamin E as

supplementations on quality parameters of chicken meat.

MATERIALS AND METHODS

Experimental design: A total of 150 Cobb chicks of one

day old were bought from a poultry company at El

Mansoura Governorate. Chicks were divided into 3

groups (50 each) in separate pens (3.5 m x 1.5 m) in the

experimental poultry house at faculty of veterinary

Medicine Beni-Suef University. There were 50 birds /pen

for a final density of 8 birds/ m 2. Chicks were reared

under good hygienic conditions. The diets were

formulated to meet or exceed the nutrient requirements.

Diets and water were freely eaten and lighting was on for

24 h. First group fed on formulated diet and kept as

control. The diet of the second group was supplemented

with garlic 2% and onion 2% (commercial dried powder,

EL-shrouk Company, Egypt) during the whole rearing

period (20 g/ Kg diet).The third group fed the control diet

but water was supplemented with vitamin E (AGRI - Vet,

Egypt). Each liter of supplement contains 2x105 mg

vitamin E. At the end of the experiment; all groups of

chickens were separately slaughtered in poultry slaughter

plant at Beni-Suef City. 

Experimental techniques: Chicken carcasses were

transferred to the National Center for Radiation Research

and Technology (NCRRT) in ice boxes. The thighs and

the breasts were separately dissected from each carcass,

placed in sealable polyethylene bags relative to each

dietary treatment (control, garlic and onion and vitamin E)

and stored either in the refrigerator (5±1ºC) and examined

at regular intervals under chilling conditions until spoilage

of control (every 3 days) or in the freezer and examined

after 3 and 6 months. All skin, subcutaneous fat and

visible connective tissue were removed before evaluation

for different quality parameters. All evaluations were

determined in triplicates. 

PH measurem ent: The pH was measured by directly

inserting the electrodes in the breast muscle using a pH

meter (Mettler Toledo/ MB 220, UK) in each sample

group (Olivo et al., 2001). Analyses were performed in

triplicate on refrigerated and frozen samples. The pH

meter was daily calibrated with standard buffers of pH 4.0

and 7.0 at 25ºC.

Moisture content: Moisture content of chicken thighs

were determined according to the Association Official

Analytical  Chemists  (AOAC,  1990),  by drying about

10 g of the sample at 105ºC until a constant weight was

recorded.

Cooking loss and shear force: The breast samples of

each treated group were oven cooked at 180ºC for 20 min

to attain an internal temperature of 70ºC. Samples were

left to cool at room temperature then used for the

determination of cooking loss and tenderness. Cooking

loss of the examined samples were determined, each

sample was weighed prior to cooking. Upon completion

of cooking, a final weight was obtained and cooking loss

% was determined as the differences between the fresh

and cooked weight divided by the fresh weight % . 

The shear force was then  determined using Instron

1195 (England) with a blade (68 mm wide,  72 mm long

and 3 mm thick) (Yoon, 2003). The blade advanced 10

mm/min and the pick up strength of the measuring head

was   50    Kg    with  the  muscle  fibers  parallel  to  the



Adv. J. Food Sci. Technol., 2(4): 219-226, 2010

221

Tab le 1: Statistical analysis of PH and moisture content (%) of chicken samples as affected by different growth enhancers during refrigerated and

frozen storage

Storage

-------------------------------------------------------------------------------------------------------

Treatment 0 t ime 3 days 6 days 3 m onth 6 m onth Mean

pH

Control 5.82 6.14 6.36 7.0 7.52 6.57±0.16A

O & G 5.72 5.91 6.24 5.96 6.63 6.09±0.09C

Vitamin E 5.8 5.87 6.24 6.42 6.67 6.20±0.09B

Mean 5.78±0.02 e 5.97±0.05d 6.28±0.03 c

6.46±0.16b 6.94±0.15 a

LSD of treatment: 0.09 LSD of storage: 0.12

F-value of, treatment: 63.36, storage: 126.11, treatment* storage: 12.24

M o is tu re  co nte nt (% )

Control 75.81 72.93 71.79 72.58 73.45 73.31±0.48A

O & G 73.99 73.47 72.01 70 .5 72.12 72.73±0.68A

Vitamin E 74.74 73.99 71.43 70.93 72.56 72 .42±0 .6A

Mean 74.84±0.57 ab 73.46±0.63 ab 71.74±0.91 c 71 .34±0 .6 c 72.71±0.53 cb

LSD of treatment: 1.61 LSD of storage: 2.08

F-value of, treatment = 0.78, storage = 4.47 and treatment* storage = 0.30

O &  G: o nion  & g arlic

Mean values with different capital letters within column are significantly different (p<0.05)

Mean values with different small letters within row are significantly different (p<0.05)

direction of the blade. The results were expressed as

kilogram force (Kg f) to shear. 

Instrumental color measurements: Instrumental color

determinations were made on the surfaces of skinless

breast samples using a micro color unit attached to a data

station (Brano Lange -Germany) using the standard CIE

LAB  color  system as follows: a-value (redness/green),

b-value (yellowness/blue) and L-value (lightness/

darkness,). Color measurements were determined in

triplicate on each treatment group. All samples were

measured in polyethylene bags. Six readings were taken

at various points on each breast in an area free of obvious

color defects (over scald, bruises and blood accumulation)

(CIE, 1978). 

Fatty acids profile: Fat extraction was done as described

by Folch et al. (1957) using chloroform and methanol

(2:1. vol./vol.). For preparing the fatty acids, the total

lipids were saponified by boiling under reflux with an

excess of dilute aqueous ethanolic alkali. The ether

containing the water-soluble hydrolysis products (mainly

soap solution and glycerol) was acidified by sulphuric

acid to liberate the free fatty acids. The free fatty acids

were then extracted with diethylether, recovered, dried

over anhydrous sodium sulphate and transformed to their

methyl esters for GC-M S analysis (Varso, 1972). Each

fatty acid was identified  in the form of a methyl ester by

comparing the retention times with the standard acquired

from Sigma. Fatty acids profile was determined

quantitatively using a Gas chromatograph-Mass selective

detector Instrument  C-MS type HP 6890 Series equipped

with innowax - Cross-linked polyethylene glycol column

30 m length; 0.32 :m internal diameter; 0.5 um film

thickness. Oven temperature was programmed at 150ºC

for 1 min., then elevated to 235ºC with a rate of 17ºC/

min., then raised to 245 with a rate of 1ºC/ min., and hold

at 245ºC for 5 min. The carrier gas was Nitrogen (1.5

mL/min), the detector was FID, 270ºC and injector

temperature was 260ºC. The identification of fatty acids

was based on authentic standards (Sigma). The final

results were expressed as relative percentages of the fatty

acids identified

Statistical analysis: The samples were collected from

chicken dietary supplemented with onion & garlic,

vitamin E and control diets and analyzed 5 successive

times (3 during chilling and 2 during freezing). The values

given in each treatment category are the mean values from

three individual samples. Mean ± Standard Errors (SE)

were calculated. Two ways analysis of variance (F-test)

was done for chicken samples stored in the refrigerator at

4ºC and freezer. Least significant difference (LSD) test

(p<0.05) was performed on the tested parameters (SAS,

1990).  

RESULTS AND DISCUSSION

Table 1 showed the effect of the growth enhancers,

onion & garlic and vitamin E on pH and moisture content

of chicken meat samples during refrigerated and frozen

storage. The results revealed that the muscle pH value

ranged from 5.72 (treated samples) to 5.82 (in control

sample) at 0-time so that all pH values were within the

range expected for normal chicken. However, there was

a significant (p<0.05) decrease in the mean pH values of

samples supplemented with onion & garlic (6.09±0.09)

and  vitamin  E  (6.20±0.09) compared with the control

(6.57±0.16). Kim et al. (2009) reported a linear decrease

in pH with increasing levels of dietary garlic. On the

contrary, Holden et al. (1998) reported an increase in the

pH value of meat with garlic supplementation in diets for
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Tab le 2: Statistical analysis of Shear force (Kg f) and cooking loss (%) of chicken samples a s affe cted  by d ifferen t grow th enhancers during

refrigerated and frozen storage

Storage

------------------------------------------------------------------------------------------------------

Treatment 0 t ime 3 days 6 days 3 m onth 6 m onth Mean

Shear force (Kg  f)

Control 9.9 8.87 5.7             7.58 8.65 8.54±0.30A

O & G 9.36 8.63 7.69 6.05 6.37 7.22±0.45B

Vitamin E 9.06 6.83 4.83 6.61 5.26 6.52±0.45B

Mean 9.44±0.21 a 8.11±0.42  b 6.08±0.50  c 6.75±0.40  c 6.76±0.60  c

LSD of treatment: 0.73 LSD of storage: 0.94

F-value of, treatment1 = 6.66: , storage = 17.25:, treatment* storage = 1.51

C oo kin g lo ss  (% )

Control 17.28 20.92 25.72 19.94 20.71 20.91±0.96A

O & G 20.09 20.61 20 .8 19.53 19.03 20.09±0.38A

Vitamin E 16.31 18.36 18.58 15.62 17.01 17.18±0.47B

Mean 17.89 0.92 c

19.96 0.46 ab 21.7 1.34 a 18.36 0.83 cb 19.05 0.72 cb

LSD of treatment: 1.51 LSD of storage: 1.95

F-value of, treatment= 14.17, storage= 5.0 and treatment* storage =1.67 

O &  G: o nion  & g arlic

Mean values with different capital letters within column are significantly different (p<0.05)

Mean values with different small letters within row are significantly different (p<0.05)

finishing pigs. Sallam et al. (2004) found high pH values

in various types of garlic treated chicken sausages

compared to the control. By refrigerated and frozen

storage there was a significant (p<0.05) increase in the

mean pH values of all samples. The interaction between

treatment and storage was highly significant (p<0.05).

This finding corresponds to Allen et al. (1997).

Although, the mean moisture contents of chicken

samples were not significantly (p>0.05) influenced by the

used dietary supplementations, it significantly decreased

(p<0.05) by storage. The value of moisture content of the

meat did not follow any trend in relation to treatment

groups or storage. The interaction between treatment and

storage   was   non   significant   (p>0.05).  Similarly,

Onibi et al. (2009) reported that the moisture content was

not significantly (p>0.05) influenced by garlic

supplementation, muscle type and interaction of the 2

factors. 

Table 2 represented the shear force (Kg f) and

cooking loss (%) of chicken samples as influenced by

different growth enhancers during refrigerated and frozen

storage. It was cleared that at zero time, there were minor

differences in shear force values of breast meat from the

control, onion & garlic and vitamin E fed chicken.

Although there were non significant (p>0.05) decrease in

the mean shear force values of samples from chicken

supplemented    with    vitamin   E  mixed  with water

(6.52±0.45 Kg f) compared with those dietary

supplemented with onion & garlic (7.22±0.45 Kg f), but

this decrease was  significant  (p<0.05)  compared with

the control (8.54±0.30 Kg f). This significant decrease in

shear force values could be attributed to the tenderizing

effects of onion & garlic and vitamin E when

supplemented to chicken. This held the view of several

investigators  (Harris  et  al.,  2001;  Kim  et  al.,  2009;

Li et al., 2009), Also by storage, the mean shear force

values significantly decreased (p<0.05), thus improving

tenderness. The interaction between treatment and storage

was highly significant.

Shear force values can be used to determine if meat

products vary in texture by measuring the variability in

total cutting force. It was highly correlated with overall

tenderness of muscle. This value  has a highly variable

characteristic depending  on many intrinsic and extrinsic

factors of the meat and on their interactions (Miller, 1994;

Destefanis et al., 2008). However, Fletcher (1999)

reported no significant effects of color components on

breast meat texture, a strong positive relationship between

shear force and water holding capacity existed in meat

(Joo et al., 1999; Alvarado and Sams, 2000). 

Concerning  cooking  loss,  there  were  significant

(p<0.05) decrease in the mean cooking loss of samples

supplemented   with   vitamin   E  mixed  with water

(17.18±0.47) compared with those dietary supplemented

with onion & garlic (20.09±0.38) and control

(20.91±0.96). This held with view of Kim et al. (2009). 

Table 3 tabulated the instrumental color (a*, b* and

L* values) of chicken meat as affected by different

growth enhancers during refrigerated and frozen storage.

In general meat color is perceived by consumers as

indicative of freshness in that they discriminate against

meat that has turned brown in color. The rate of

discoloration in fresh meat is related to the rate of

pigment oxidation, oxygen consumption and to the

effectiveness of the metmyoglobin reducing system. In

fact, discoloration and lipid oxidation are known to be

related (O'Keefe and Hood, 1982; Ledward, 1991 and

Greene et al., 1971). The mean a* values decreased over

time and were significantly (p<0.05) different after 6

months of frozen storage (3.23±0.29) compared with the

zero-time (4.13±0.11). Although the a* values of breast

meat  from  the  control  and onion & garlic fed chicken
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Tab le 3: Statistical analysis of Color components (L*, a* and b*) of chick en sam ples as af fected b y differen t grow th enh ancers  during refrigerated

and frozen storage.

Storage

----------------------------------------------------------------------------------------------------

Treatment 0 t ime 6 days 3 m onth 6 m onth Mean

A*

Control 4.13 3.87 3.48 2.13 3.41±0.25  B

O & G 4.08 3.56 3.56 3.51 3.68±0.13  B

Vitamin E 4.18 4.08 4.8 4.05 4.28±0.13  A

Mean 4.13±0.11  a 3.84±0.16  a 3.95±0.26  a 3.23±0.29  b

LSD of treatment: 0.36 LSD of storage: 0.41

F value of, treatment= 13.33, storage= 7.70 and treatment* storage= 4.44

b*

Control 2.75 3.71 1.6 -1.15 1.71±0.66C

O & G 3.83 3.09 2.13 2.25 2.83±0.31B

Vitamin E 2.66 3.89 4.43 4.5 3.87±0.24A

Mean 3.08±0.28  a 3.56±0.28 a 2.72±0.62 ab 1.84±0.85  b

LSD of treatment: 0.85 LSD of storage: 0.98

F-value of, treatment = 13.83, storage = 4.7 and treatment* storage = 6.42

L*

Control 61.12 62.02 54.02 47.47 56.03±2.29  A

O & G 65.49 60.03 48.27 54.50 57.07±2.01A

Vitamin E 62.65 63.07 50.37 55.25 57.83±1.71A

Mean 63.09±1.09 a 61.70±1.26 a 52.24±1.69b 50.88±1.45b

LSD of treatment: 3.15 LSD of storage: 3.64

F-value of, treatment = 0.70, storage = 25.55 and treatment* storage =2.39

O &  G: o nion  & g arlic

Mean values with different capital letters within column are significantly different (p<0.05)

Mean values with different small letters within row are significantly different (p<0.05)

decreased, these values were nearly unchanged in vitamin

E water supplemented chicken during the refrigerated and

freezing period The mean a* value was improved

significantly  (p<0.05) by vitamin E supplementation

(4.28±0.13) compared with the control and Onion &

Garlic (3.41±0.25 and 3.68±0.13, respectively). The

interaction   between   treatment   and   storage  was

highly    significantly   (p<0.05).   On   the  contrary,

Zouari et al. (2010)  and  Phillips  et  al.  (2001) reported

that vitamin E supplementation did not improve the color

stability of thigh meat and pork, respectively, the effect of

endogenous vitamin E on color quality was more evident

in species having higher levels of myoglobin and positive

relationship between dietary vitamin E and improved

color stability has been clearly demonstrated in beef

(Chan et al., 1996) and lamb (Guidera et al., 1997). In this

respect, Zouari et al. (2010) found that dietary vitamin E

supplementation increases the endogenous vitamin E level

in post-mortem muscles. 

Concerning b*-values (yellowness), there was

significant (p<0.05) differences in the mean values of

vitamin E water supplemented (3.87±0.24), onion &

garlic (2.83±0.31) fed chicken and control (1.71±0.66).

There was a significant (p<0.05) decrease in the mean

yellowness value from 3.08±0.28 (0-time) to 1.84±0.85

(after 6 months). The interaction between treatment and

storage was highly significant.

Although there was no differences (p>0.05) in the

mean L*-values (lightness) related to different grow th

enhancers    used,    but   there   was a highly significant

(p<0.05) decrease in the mean values by freezing storage.
The interaction between treatment and storage was
significant.

In the present study, the relative percentage of the
main fatty acids composition obtained by GS-MS analysis
to highlight the effect of different growth enhancers on
lipids of chicken meat at 0-time and at the end of chilling
and freezing (Fig. 1, 2, 3). The ratio of total saturated fatty
acids (TSF) to Total Unsaturated Fatty acids (TUF) was
calculated to precisely indicate the changes in fatty acids
due to the additives. It was cleared from Fig. 1 and 2 that
the major fatty acids found were M yristic (14:0), Palmitic
(16:0), Stearic (18:0), oleic (18:1) and Linoleic (18:2).
Palmitic acid was the predominant saturated fatty acid,
while oleic acid was the predominant unsaturated fatty
acid. This finding was in agreement with other
investigators (Valsta et al., 2005). Fat composition is
affected by animal feeding , a fact that is exploited for
modification of the meat fatty acid composition, with the
best results in poultry (Wood et al., 1999). There was a
numeric decrease in Total Saturated Fatty acids (TSF; %)
and an increase in Total Unsaturated Fatty acids (TUF; %)
in samples with vitamin E mixed w ith water relative to
onion & garlic dietary supplemented and control (Fig. 1
and 2). Approximately 60% of the SFA in US and
European diet are obtained from meat (Dupont et al.,
1991). Also, USFA are thought to have beneficial effects
on health (Belury, 2002). Methods of supplementation
have been applied for this purpose in meat products.
Therefore, it is conceivable that dietary supplementation
with  vitamin  E to  increase  concentrations  of TUF can
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Fig. 1: Relative percentages of saturated fatty acids in chicken samples as affected by different growth enhancers during refrigerated
and frozen storage

Fig. 2:  Relative percentages of unsaturated fatty acids in chicken samples as affected by different growth enhancers during
refrigerated and frozen storage

Fig. 3:  Relative percentages of total saturated fatty acids: total unsaturated fatty acids in chicken samples as affected by different
growth enhancers during refrigerated and frozen storage

have beneficial effects on health because the fa tty acids  in
treated  samples  are  relatively  unsaturated. In this
respect,  Li et al.  (2009)  reported  that dietary vitamin E
supplementation significantly altered fatty acids

composition of breast muscle leading to lower TSF and
greater TUF, thus improving meat quality and fatty acid
composition, probably by its influence on the expression
of genes related to lipid metabolism. 
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CONCLUSION

It could be concluded that dietary supplementation

with onion & garlic and mixing of vitamin E with water

during poultry rearing improve quality parameters of

chicken meat during chilling and freezing. 
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