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Abstract: The aim of this study was to evaluate the interactions between different dietary fatty acids' (FAs)
patterns, zinc sources and levels on carcass and meat quality traits of Cobb 500 broiler chicks. Broilers were
fed diets contained two different oil sources (soybean oil mainly composed of unsaturated fatty acids, SO;
or palm oil mainly composed of saturated fatty acids, PO) and within each studied FAs source, three sources
of zinc (zinc sulphate, ZS; zinc methionine, ZM; or nano-zinc oxide, NZO), each at two levels, Recommended
(R) equals to 100 mg Zn/kg diet for both ZS and ZM and 40 mg/kg diet for NZO or high (H) equals to 200 mg
Zn/kg diet for both ZS and ZM and 80 mg/kg diet for NZO) in a factorial arrangement of 2 x 3 x 2. Results
reveal that chicks fed diets contained SO had significantly lower percentage of thigh skin, while, it had higher
drip loss and ultimate pH (pH.) of breast and thigh muscles and significantly improved all sensory values
of cooked meat compared to those fed diets containing PO. While, those fed dietary PO significantly recorded
lower MDA in meat compared to the others fed diets contained SO. Birds fed NZO diets significantly recorded
the lowest carcass, breast and thigh skin percentages. Also, it significantly reduced breast drip loss and
significantly enriched their meat with zinc by 41.4 and 10.6%, respectively relative to other two zinc sources.
Concerning zinc levels, there were no significant differences between the two levels in all parameters studied
except in muscles Zn content which was significantly increased by increasing dietary Zn level while, high
dietary Zn level significantly reduced total lipids in muscles. It could be concluded that among the examined
factors using palm oil, nano zinc oxide at level of 80 mg/kg diet improved carcass traits and meat quality of
broiler reared under summer season conditions. While more researches concerning using nano-elements

in broiler diets and its safety to human consumption are needed.
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INTRODUCTION

High air temperature in broiler houses is recognized as
one of the main factors negatively influencing avian
productivity {(Lu ef al., 2007) and meat quality (Aksit ef al,
2006; Wang ef al, 2009). In McKee and Sams (1997)
reported that heat-stressed birds are prone to
disturbances in muscle energy metabolism, with poultry
breast muscles that are the site of glycolytic metabolism
being particularly susceptible. Sandercock et a/. (2001)
reported that heat stress leads to acid-base changes in
blood, affects postmortem glycogen levels in muscle
and decreases pH of meat The initial muscle pH
determines physicochemical traits of meat such as
water holding capacity, color, thermal drip and
tenderness of heat-treated meat (Young et af, 2004;
Aksit ef al, 2006, Wang et al, 2009). One of the goals of
food scientists is to increase the nutritional value of
foods without compromising sensory quality. In this
regard, polyunsaturated fatty acids (PUFA), have
beneficial effects on human health (Food and Nutrition
Board, 2002). Many studies have explored enrichment of
chicken meat with PUFA through addition of dietary
soybean oil (contains 84.5% of PUFA from total fatty

acids); (Smulikowska and Rutkowski, 2005). However,
these fatty acids are prone to oxidation and,
consequently, their inclusion in diet may produce
off-tastes and off-odors, thereby reducing consumer
acceptability of meat (Pekel ef af., 2012). On the other
side, palm cil is rich in saturated fatty acid (46.2% of total
fatty acids). Concerning about oxidation of meat lipids,
using palm oil in broiler diets is attractive because its
content of saturated fatty acids may be associated with
a positive influence on meat firmness (Renner and Hill,
1991). In addition according to Egyptian prices, palm oil
is relatively cheaper compared to other oilsffats and it
possesses many good qualities including more vitamin
E content (antioxidant, 143 mg Vit. E/kg palm oil), which
makes it more stable (Pesti ef af., 2002).

Quality of poultry meat and meat products can be
influenced by various production and processing factors.
Extending the shelf life of poultry meat and products is a
major goal for the poultry industry. Because fresh poultry
meat is highly perishable, it is essential to maintain the
shelf life of the product as long as possible Salim ef af.
(2012). The changes that occur in poultry meat during
storage are generally chemical and microbiological in
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nature and are primarily influenced by storage factors
such as time, temperature, oxygen availability and light
(Huis in't Veld, 1996). Little information is available
regarding the effects of dietary micronutrient sources
and supplementation levels, on broiler chicken carcass,
meat quality and shelf life. The limited studies regarding
the effect of Zn on carcass traits of poultry measured
only skin traits and part of carcass traits. Hess ef al.
(2001) found that organic Zn supplementation (40
mg/kg, as forms of Zn-methionine or Zn-lysine) could
reduce skin tearing of the carcass in broilers. Rossi
et al. (2007) also reported that organic Zn {45 mg of
Znfkg, with addition of 60 mg of Zn/kg (ZnSO4) in the
basal diets) could minimize skin tearing and improve
carcass appearance of broilers. In another report, Sahin
et al. (2005) found that Zn supplementation (as forms of
ZnS04 or Zn picolinate) could improve carcass weight of
Japanese quail. Tronina et af. (2007) concluded in their
study that organic Zn (Zn-glycine) could increase
proportion of breast and leg muscles, dressing
percentage and fat content in the breast and leg
muscles of broilers. Recently Ebrahimnezhad et al
(2013) confirmed the same effect of Zn when used nano
Zn0. They reported that feeding broiler chicks on diet
contains 80 or 90 ppm nano-ZO significantly increased
breast and thigh weight of Ross 308 broiler chicks
compared with birds of control group. The objective of
this study was to assess the effects of dietary
supplemental Zn sources and levels on carcass traits
and meat quality of broilers when inclusion oils
containing different PUFA content in broiler diet.

MATERIALS AND METHODS

Sources of supplemental zinc: Three sources of
supplemental Zn to broiler diets were used in this study
which were: zinc sulphate 98% (ZS; contains 35.5% Zn)
as inorganic form of Zn, zinc-methionine 62.8% (ZM;
contains 12% Zn) as organic form of Zn or nanoparticles
of zinc oxide 90% (NZO; contains 72% Zn) as hano form
of Zn. NZO prepared as described by Refaie and Eisa
(2014).

Experimental diets and birds: This experiment was
conducted in Middle-Egypt Zone during summer season
months. Four hundred eighty day-old unsexed Cobb 500
broiler chicks were distributed into 12 treatments each
one contained 40 chicks with 10 chicks/replicate and
housed in open house. Chicks fed corn-soybean diet
according to the experimental design in 3 phases
feeding system. All diets were formulated to save all
strain nutritional requirements (Table 1). This study
was conducted to investigate the efficiency of three
different zinc forms: inorganic (ZS), organic (ZM), or
nanoparticles (NZO); with two levels of supplementation:
recommended (R) or high level (H) on utilization of two
different vegetable cils: soybean oil (SO) or palm oil (PO)
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at the same metabolizable energy contribution for each
source, using 3 x 2 x 2 factorial arrangement (Table 2).
The vitamin-mineral premixes were free of zinc adjusted
for the studied Zn forms and levels, feed and water were
provided ad fibitum and all birds were subjected to the
same managerial procedures during the experiment.
Daily ambient temperature and relative humidity in
broiler house during the experimental period were
recorded and ranged between 29.7 and 34°C and
55-59%, respectively. Comparing with  strain
management recommendations, these values mean
that broilers were induced to high environmental
temperature during the experimental pericd.

Slaughtering and carcass characteristics: Four birds
around the average live body weight of each treatment
were slaughtered at the end of experiment (35 days of
age), then carcass characteristics including carcass,
abdominal fat, giblets (liver, gizzard and heart), as
percentages of live body weight were recorded. Weights
of breast muscles, drumstick and thighs of samples
were recorded as percentage of carcass weight and
skin weight of every part were recorded as percentage
of its part. After that all breast and thigh samples
(96 samples) were weighed and kept for 24 h at 4°C to
complete the physical and chemical analysis of broiler
meat.

Physical measurements

Drip loss: A total of 96 samples (48 breast and 48 thigh
samples) were used for drip loss analysis. Breast fillets
and thigh were individually weighed, placed in Ziploc
bags, stored at 4°C for 24 h. Samples were lightly
blotted using filter paper before reweighing. Drip loss%
was calculated as the percentage of the difference
between weights before and after chilling for 24 h. and
divided by the first weight as described by Saenmahayak
etal. (2012).

Ultimate pH {pHu.): After 24 h of chilling samples of
breast meat and thigh on 4°C, ultimate pH (pH.) was
measured using pH meter, provided by a temperature
control system, by probe method. The minimum depth to
adopt was 1 cm after incision of the muscles as
described by Selim et a/. (2013).

Chemical measurements: Mixture (of equal weight) of
breast and thigh meat of each bird were stored on -20°C
for 60 days before chemical measurements, then total
lipids, zinc {Zn) and malondialdehyde (MDA) contents
were determined by colorimetric methods using
analytical kits produced by Biodiagnostic Company,
Egypt.

Sensory evaluation of cooked meat: Samples of thigh
of each bird were packed before keeping at -20°C for 60
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Table 1: Feed ingredients and calculated analysis of the experimental diets

-—- Starter 1-10 days -—--—- --—-- Grower 11-22 days -— -—- Finisher 23-35 days -
Ingredients S0 PO S0 PO S0 PO
Yellow corn 56.35 55.72 64.36 63.54 67.52 66.97
Soybean meal (44%) 30.59 29.24 23.27 21.78 20.32 18.6
Com gluten (60%) 6.20 7.30 573 6.91 5.73 6.91
Soybean oil (SO) 2.50 - 25 - 25 -
Palm il (PO) - 3.62 - 362 - 3.62
Mono-calcium phosphate 1.69 1.71 1.58 1.49 1.58 1.49
Limestone 1.45 1.42 1.39 1.43 1.18 1.22
NaCl 0.45 0.42 0.42 0.42 0.42 0.42
Vit. Min. pre-mix* 0.30 0.30 0.3 0.3 0.3 0.3
DL Methionine 0.12 0.1 0.15 013 0.15 0.13
L-Lysine HCI 0.35 0.16 0.3 0.38 0.3 0.34
Total 100 100 100 100 100 100
Calculated analysis**
Crude protein (%) 22.04 21.89 10.11 19.19 18.06 18.02
ME (kcalkg diet) 3024 3008 31N 3097 3152 3140
Crude fiber (%) 3.65 3.56 3.29 318 3.15 3.04
Ether extract (%) 5.23 6.33 542 6.51 5.49 6.59
Calcium (%) 0.91 0.90 0.85 0.85 0.77 0.76
Available P (%) 0.50 0.51 0.47 0.45 0.46 0.44
Lysine (%) 1.3 1.2 1.1 1.2 1.1 1.1
Methionine (%) 0.53 0.53 0.52 0.51 0.51 0.5
Methionine+Cystene (%) 0.90 0.90 0.84 083 0.81 0.8
Sodium (%) 0.19 0.18 0.18 0.18 0.18 0.18

*Each 3 kg vit. and min. premix contained: Vit. A 12000000 U, Vit. D3 4000000 IU, Vit. E 30000 1U, Vit. K3 4000 mg, Vit. B1 4000 mg,
Vit Bz 9000 mg, Vit. Biz 20 mg, Vit Bs 4000 mg, Niacin 60000 mg, Pantothenic acid 15000 mg, Folic acid 1500 mg, Biotin 150 mg,
Choline Chloride 400000 mg, Copper 20000 mg, lodine 1000 mg, Iron 40000 mg, Manganese 120000 mg, Selenium 300 mg and

Cobalt 100 mg. *According to NRC (1994)

Table 2: Experimental feeding treatments

Treatment 1 2 3

10 1

Qil sources
S0
PO

* * *

Zinc sources
Zs

ZM

NZQ

Zinc levels
R
H

100 ppm 40 ppm

200 ppm

100 ppm
200 ppm

80 ppm

100 ppm 100 ppm 40 ppm

200 ppm 200 ppm 80 ppm

S0: Soybean oil; PO: Palm oil; ZS: Zinc sulphate; ZM: Zinc methionine; NZO: Nano-zinc oxide; R: Recommend and H: High

days. The panel test was carried out to evaluate the
main characteristics of chicken meat properties as taste,
aroma, texture and overall acceptability. Samples were
boiled {at 100°C for 20 min.) individually in water without
addition of any flavor enhancers. In this test, 10
participants were served diced chicken samples with
water in between to remove the remaining flavor. The
panelists were requested to evaluate the cooked
samples with 3 digit code for taste, aroma, texture
and overall acceptability on a 9 point hedonic scale
(1 = dislike extremely; 5 = neither like nor dislike; 9 = like
extremely) as described by Lopez-Ferrer et af. (1999).

Statistical analysis: Data collected were subjected to
analysis of variance using the general liner model (GLM)
procedure of SAS User's guide (SAS, 2001) to detect the
effect of main factors (cil sources, zinc sources and
levels). Duncan's Multiple Range test (Duncan's, 1955)
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was used to separate means when separation was
relevant. Statistical significance was accepted at
probability level of (p<0.05).

RESULTS AND DISCUSSION

Carcass traits: The carcass traits reported in this study
were not affected (p=0.05) by oil source (Table 3).
Incorporation of oil did not affect (p>0.05) carcass
percentage, percentage of breast or thigh muscles, or
percentage of abdominal fat, but affected (p<0.05)
percentage of thigh skin (Table 3). Birds fed diets
contained soybean oil had lower (p<0.03) percentage of
thigh skin than those fed diets contained palm cil and no
significant differences (p>0.10) were found in these
parameters between the two zinc level treatments. |n this
respect Ferrini ef af. (2008) declared that broiler carcass
percentages were not affected by dietary unsaturated
fatty acids treatment.
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Table 3: Effect of main factors and their interactions on carcass characteristics

Breast Thigh

Main effects Carcass +AF Giblets Meat Skin Drum Thigh Skin

(%) (%) (%) (%) (%) stick (%) (%) (%)
Qil sources
S0 69.3 1.6 4.4 15.6 7.0 48 7.3 7.8
PO 69.3 1.5 4.4 15.6 6.8 4.5 7.6 84
MSE 0.50 0.09 0.09 017 0.16 0.14 0.30 0.20
p-value 0.90 0.29 0.26 0.71 0.360 040 0.22 0.0045
Zinc sources
Z5 70.1° 1.5 4.4 16.4 7.1° 4.4 74 8.7
ZM 69 4" 1.6 4.6 15.0 7.7 48 75 7.8
NZO 68.3" 1.6 4.3 15.4 5.9 4.4 75 7.7
MSE 0.60 0.1 0.11 0.20 0.20 017 0.37 0.24
p-value 0.05 0.93 0.03 0.06 0.0001 0.09 0.93 0.005
Zinc levels***
R 69.5 1.6 4.4 15.6 7.1 4.4 7.7 8.1
H 69.1 14 4.4 15.6 6.7 48 7.3 7.9
MSE 0.50 0.09 0.09 0.18 0.16 0.14 0.30 0.20
p-value 0.55 0.09 0.64 0.68 0.074 0.23 0.19 0.2609
Interaction effects
Oil source* Zinc source 0.21 0.28 0.14 0.12 0.406 0.068 047 0.2849
Qil source* Zinc level 0.44 0.01 0.10 042 0.953 012 0.18 0.0355
Zinc source® Zinc level 0.09 0.13 0.002 0.20 0.009 0.26 0.08 0412
Qil source* Zinc source® Zinc level 0.003 0.36 0.13 0.10 0.007 0.60 0.02 0.2755

S0: Soybean oil; PO: Palm oil; ZS: Zinc sulphate; ZM: Zinc methionine; NZO: Nano-zinc oxide; R: Recommended and H: High
a,b,c: Means in each column, within each item, bearing the same superscripts are not significantly different. *skin%: breast skin weight/breast
weightx100, **skin% = thigh skin weightithigh weight x 100. ***R = 100 mg Zn of ZS, ZM or 40 mg Zn of NZO, H = 200 mg Zn of ZS, ZM or 80 mg Zn

of NZO, + AF = Abdominal fat

Table 4: Effect of main factors and their interactions on physical
measurements of breast and thigh

Table 5: Effect of main factors and their interactions on muscles zinc,
MDA and total lipids

—— Breast—-— R Zn MDA Total lipid

Drip Drip Main effects {mg/100 g) {mmol/100 g) {mg/100 g)
Main effects loss (%) pH loss (%) pH Qil sources
Qil sources S0 142.8 1.95° 522.8°
SO 1.17° 5.9 0.70 58 PO 137.8 0.87° 549.3°
PO 0.78° 5.5 0.74 558 MSE 0.65 0.07 4.85
MSE 0.05 0.05 0.04 0.06 p-value 0.06 0.0001 0.0001
p-value 0.0001 0.0001 0.1350 0.0003 2Zinc sources
Zinc sources Zs 135.6" 2.04° 558.9°
z3 1.11° 59 0.89° 59 ZM 135.5° 1.22 565.2
ZM 1.11° 5.6 0.67° 55 NZO 150.0° 0.96° 483.1°
NZO 0.65° 5.6° 0.5¢ 5.5° MSE 0.80 0.09 5.94
MSE 0.06 0.06 0.05 0.07 p-value 0.0001 0.0001 0.0001
p-value 0.001 0.0001 0.0001 0.0013 2inc levels®
Zinc levels R 134.9° 1.49 545.8°
R 0.98 5.7 0.71 5.7 H 145.8° 1.32 526.3
H 0.97 57 0.73 5.6° MSE 065 0.07 4.85
MSE 0.05 0.05 0.04 0.06 p-value 0.0001 0.13 0.001
p-value 0.9447 0.3290 0.3656 0.0402 Interaction effect
Interaction effects Qil source* Zinc source 0.0001 0.0001 0.0005
Qil source* Zinc source 0.0028 0.0007 0.1110 0.1426 Qil source’ Zinc level 0.0005 0.5700 0.0900
Oil source* Zinc level 0.5293 0.027 0.0034 04498 Zinc source® Zinc level 0.0001 0.6000 0.0005
Zinc source* Zinc level 0.0909 0.0111 0.0008 0.0103 Qil source” Zinc source® 0.0005 0.7900 0.0010
Oil source* Zinc source* 0.2338 0.0052 0.0001 0.1344 Zinc level

Zinc level

S0O: Soybean oil, PO: Palm oil, ZS: Zinc sulphate, ZM: Zinc methionine,
NZOQ: Nano-zinc oxide, R: recommended and H: High

a,b,c: Means in each column, within each item, bearing the same
superscripts are not significantly different

Regarding the diets containing Zinc sulphate, the chicks
fed diets containing NZO recorded the lowest carcass,
edible parts, breast skin and thigh skin percentage. Skin
represented approximately 60% of total body fat of
broilers, while abdominal fat represented 12% only
(Ferrini et al, 2008). According to Abd El-Hakim et al
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S0: Soybean oil, PO: Palm oil, Z3: Zinc sulphate, ZM: Zinc methionine,
NZO: Nano-zinc oxide, R: Recommended and H: High

a,b,c: Means in each column, within each item, bearing the same
superscripts are not significantly different. ‘R = 100 mg Zn of ZS, ZM
or 40 mg Zn of NZO, H = 200 mg Zn of ZS, ZM or B0 mg Zn of NZO

(2014) and Refaie and Eisa (2014) incorporating NZO to
broiler diet at level of 80 mg/kg diet can improve lipid
metabolism. Thus, percentage of fat in skin is reduced.
These results are in contrast with those reported by
Ebrahimnezhad ef afl (2013) who indicated that in
comparison to the control group 60 and 90 ppm nano-
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Table 6: Effect of main factors and their interactions on sensory score of cooked broiler meat

Main effects Taste Color Aroma Texture Overall acceptability
Qil sources

S0 8.12 8.1% 8.07 712 7.00
PO 7.1° 6.1° 6.1° 6.1° 6.1°
MSE 0.07 0.07 0.06 0.06 0.06
p-value 0.0001 0.0001 0.0001 0.0001 0.0001
Zinc sources

zZSs 76 7.1 7.0 6.6 6.6
ZM 7.5 7.1 71 6.6 6.6
NZO 76 7.1 7.0 6.6 6.5
MSE 0.09 0.09 0.07 0.08 0.08
p-value 0.8059 0.8824 0.8992 0.8745 0.6991
Zinc levels*

R 76 7.1 71 6.6 6.5

H 76 7.1 7.0 6.6 6.6
MSE 0.07 0.07 0.06 0.06 0.06
p-value 0.7913 0.8306 0.6638 0.4731 0.1467
Interaction effects

Oil source* Zinc source 0.7285 0.8979 0.9961 0.5077 0.6532
Oil source™ Zinc level 0.7112 1.000 0.8520 0.8101 0.3902
Zinc source® Zinc level 0.8624 0.6162 0.9961 0.8118 0.9215
Oil source™ Zinc source™ Zinc level 0.6582 0.8927 0.7816 0.3987 0.5623

SO: Soybean oil, PO: Palm qil, ZS: Zinc sulphate, ZM: Zinc methionine, NZO: Nano-zinc oxide, R: Recommended and H: High
a,b,c: Means in each column, within each item, bearing the same superscripts are not significantly different. *R: 100 mg Zn of Z5, ZM

or 40 mg Zn of NZO, H: 200 mg Zn of ZS, ZM or 80 mg Zn of NZO

Z0/kg fed birds were resulted in significantly increased
breast and thigh weight. On the other hand, Sharma
et al. (2012) reported that no obvious difference was
observed in the organ weights (liver, kidney and brain) of
control mice and ZnO nanoparticles treated mice. Salim
et al. (2012) found that zinc protenate supplementation
increased the total thickness of broiler chicks skin in
both sexes and males had thicker skin than females.
Organic Zn supplementation had higher breast fillet and
total breast (fillet+tender) yields as compared to the
inorganic treatment (Saenmahavyak et a/., 2010).

Physical measurements: Results in Table 4 show that
chicks fed diets contained SO recorded higher drip loss
and pHu of breast and thigh muscles comparing to those
fed dietary PO.

Among Zn sources, samples of NZO group recorded
significant reduction of breast drip loss being 41.4%
comparing to both ZS and ZM, also it reduced drip loss
of thigh sampls by 33.7 and 11.9% comparing to the
determined values in samples of both inorganic zinc and
organic zinc, respectively. Zn is necessary for the
structure and function of Cu-Zn superoxide dismutase,
which is widely distributed and composes 90% of the
total superoxide dismutase, protecting the brain, lungs
and other tissues from oxidation (Noor ef af., 2002). We
could speculate that dietary Zn might increase
antioxidant function of the muscle then decrease the drip
loss of muscle, in this connection, Liu et af. {(2011) found
that supplemental Zn decreased drip loss in broiler
breast and thigh muscle. On the other hand,
Saenmahayak et al. (2012) reported that drip loss was
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significantly (p<0.05) increased in fillets from birds fed
diets supplemented with Zn at 24 h post-deboning.
Ultimate pH was significantly affected by dietary zinc
sources (Table 4) where the group of chicks fed diets
contained either ZM or NZO recorded a reduction in
pHu of breast and thigh muscles by 5.1 and 6.8%,
respectively comparing to those fed diets contained ZS.
Muscles pH plays an important role in rate of microbial
spoilage (Rey et al., 1978). High muscle pH produced
conditions that make dark-colored fillets more
susceptible to bacterial spoilage than light-colored fillets
(found in low muscle pH) when held at the same
refrigerated storage conditions (Allen et af., 1997). Meat
with low pH has also bheen reported to decrease
tenderness (Barbut, 1993) which is due to a
combination of the degradation of large protein by
p-calpain and smaller proteins by cathepsins at latter
ageing periods. Also, low muscle pH increase shelf-life
of broiler meat (Allen et al, 1997).

All of the physical parameters studied was not affected
by zinc levels (Table 4) except pHu of thigh muscles
which was significantly reduced in high zinc level
While Liu et a/. (2011) reported that supplemental Zn
significantly increased pH values in broiler thigh muscle.

Chemical measurements: Effect of oil sources, zinc
sources and levels on chicken muscles chemical
analysis are presented in Table 5. Chicks fed diets
incorporated with PO recorded significantly lower MDA
while, increased total lipid in muscles comparing to
those fed dietary SO. These results in agreement with
(Smulikowska and Rutkowski, 2005; Pekel et af.,, 2012),
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who reported high content of PUFA in SO which led to
more lipid oxidation of poultry meat and producing more
of MDA. Also reports of Renner and Hill (1991) and Pesti
et al. (2002) showed that the richness of saturated fatty
acids in PO reducing the oxidation of lipids in broiler
meats and make it more stable.

Chicks fed dietary NZO recorded significantly higher
muscles content of zinc by 10.6% comparing to either
dietary ZS or ZM. By increasing NZO cellular uptake Yu
et al. (2011) zinc retention in meat is increased, which
indicate that these chicken muscles enriched with an
important element such as Zn. Meat products are one of
the main sources of Zn (Subar et al, 1998) with a high
bioavailability (Fairweather-Tait, 1992). Although, this
element is involved in a wide range of biochemical
functions while, several communities do not achieve the
recommended daily intakes of some elements, even in
developed countries (Bou et al., 2004). So, by enriching
broiler muscles with Zn, it could be one solution for this
problem. In this respect Salim et af. (2012) reported that
zinc proteinate supplementation increased the zinc
contents of broilers thigh meat.

Chicks fed dietary ZM and NZO significantly reduced
MDA level in muscles by 40.2% and more than twice
folds, respectively comparing to chicks fed dietary ZS.
Altan ef al (2003) reported that heat stress caused
collision balance in blood antioxidant, increased
oxidation lipids in broiler meat. While, increasing dietary
antioxidants decreased TBARS values of broiler thigh
muscle Vakili and Rashidi (2011).

Chicks fed diets contained NZO recorded significantly
lower muscles total lipids by 13.7 and 14.5% comparing
to those fed diets contained ZS and ZM, respectively.
Comparing to recommended zinc level, chicks fed high
zinc level recorded significantly higher muscle Zn while,
it reduced total lipids. These results are in contrary
with Salim ef al. (2012) who concluded that zinc
concentration in broiler meat was not significantly
influenced by supplementation with organic zinc
(Zinc proteinate).

Sensory evaluation of cooked meat: Results detected
in Table 6 show that there were a significant difference
between oil sources, where the group of chicks fed diets
contained SO achieved higher degrees of taste, color,
aroma, texture and overall acceptability. These results
are in contrary with Bou ef af (2005) who found that
consumer acceptability scores of cooked dark chicken
meat after 74 day or after 18 month of frozen storage
were not affected by fat source.

Neither zinc source nor zinc level affect any of the cooked
meat parameters. This effect may be due to the ability of
Zn to bind myoglobin and increase its oxygenation. Zinc
also inhibits mitochondrial respiration and decreases
the production of free radicals by acting as an
antioxidant, thus facilitating the maintenance of meat
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color (Powell, 2000). These results are in agreement
with Bou et al (2005) who found that consumer
acceptability scores of cooked dark chicken meat after
74 day or after 18 month of frozen storage were not
affected by dietary zinc sources or levels. Also, these
results are inversely correlated with sensory scores
(Mielche, 1995; Bou et al, 2001). Liu et al. (2011)
concluded that Supplemental Zn to broiler diets
significantly increased the redness value in breast
muscle.

The overall results of this study showed heneficial
effects of using palm oil and nano zinc oxide in broiler
diets at level 80 mg/kg diet, where they could enhance
the physical and chemical measurements of broiler
meat and could reduce lipid oxidation.

Although, using NZO resulted in decreasing drip loss,
pH, MDA and lipids contents of broiler meat samples
and increasing their Zn content. There is lack of studies
concerning safety of using nano-elements in broiler
diets. Also there are no international guide lines to it yet.

Conclusion: Using nano zinc oxide at 80 mg/kg diet in
broiler diets with palm oil during summer season has
positive effects on carcass traits and meat quality.
Further researches concerning using nano-elements in
broiler diets and its safety to human consumption are
needed.
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