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Abstract 

The stability of lamb meat burgers stored frozen for 8 months was studied using proximate 
composition, moisture loss, total acidity, pH value, TBA value, TVN value, WHC, Expressible water, 
total bacterial count, and sensory evaluation. The natural antioxidant (0.1% grape seeds extract) and 
packaging treatment (without and with vacuum) were both added. The data showed that as storage 
time increased, all samples' total acidity and TBA values increased while their moisture content and 
pH values decreased. In comparison to the treated samples, the change was greater in the control 
samples. The data demonstrated that, when compared to control samples or samples packaged 
without vacuum, samples treated with 0.1% grape seed extract (as natural antioxidant) and packaged 
under vacuum had the lowest values of TBA, total bacterial count. Additionally, compared to the 
control, it has higher assessment ratings for overall acceptance. 
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INTRODUCTION 
Since it is a large source of protein, 

minerals, vitamins, and trace elements, 
meat is acknowledged as being an important 
ingredient of a balanced diet. The creation 
of novel functional meat products was 
motivated by research into unfavorable 
issues involving meat consumption and its 
effects on human health [5]. Meat has been 
an important part of human nutrition for at 
than a million years [12]. There are many 
different methods to eat meat, which comes 
from many animal species. It's common 
practice to segregate fresh meat from 
processed beef. Processed meat has 
undergone more processing than fresh meat, 
including salting, smoking, marinating, and 
heat treatment [16]. Sheep make good 
livestock animals because they can 
transform forages and unfit for human 
consumption feeds into meat and milk, 
which are crucial sources of dietary protein 
for people. Sheep are a crucial part of 
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Egyptian agriculture, and the livestock 
sector in the country accounts for more than 
30% of total agricultural output.  Sheep are 
therefore essential to Egypt's strategy for 
guaranteeing its food security [6]. The most 
prevalent kind of chemical breakdown 
occurs when meat lipids are oxidized. The 
complex process of lipid oxidation is 
influenced by the chemical composition of 
the meat, exposure to light and oxygen, and 
storage temperature. While microbial 
multiplication has the potential to taint food 
and spread diseases, lipid oxidation 
produces unappealing organoleptic 
qualities. Therefore, delaying lipid 
oxidation and inhibiting bacterial 
development are two aspects that can 
significantly help in extending shelf life. 
Because of the low cost, high stability, and 
effectiveness of synthetic antioxidants like 
BHT and BHA, adding them to food has 
been beneficial in reducing the detrimental 
effects of lipid oxidation on food's color, 
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flavor, texture, and nutritional value. [13] 
claim that the use of these compounds has 
been associated with health risks, which has 
resulted in strict restrictions on their use in 
food products. The search for alternative 
antioxidant sources has been motivated by 
this. Factors including exposure to oxygen, 
light, heated temperatures, and 
microorganisms can all raise the risk of lipid 
oxidation in lamb meat. The shelf life of 
lamb meat products can be extended by 
using packing and storage techniques such 
vacuum packaging, low-temperature 
storage, and antioxidant treatment. Lamb 
flesh is easily exposed to lipid oxidation 
because of its complex physical structure 
and chemical makeup, both of which make 
it sensitive to oxidation [24 & 21]. A good 
way to delay rancidity, reduce the creation 
of harmful chemicals, maintain nutritional 
content, and prolong the shelf life of fatty 
food products is to add antioxidants in 
meals that contain fat. However, because of 
the health risks connected with their use, 
they are strictly prohibited from being used 
in food, which has sparked research into 
antioxidant alternatives [13]. Processors are 
looking for natural solutions to preserve 
their products as consumer concerns about 
the amount of chemicals added to their food 
grow. In order to balance out meals high in 
fat, there has recently been a lot of interest 
in employing natural additions rather than 
synthetic ones [19]. Due to their alleged 
safety and possible nutritional and 
therapeutic benefits, natural antioxidants 
found in foods and other biological 
materials have garnered a great deal of 
attention. Numerous research using 
commercially available naturally occurring 
antioxidants of plant origin have been 
conducted. Commercially available 
versions of some of these organic 
antioxidants are also available [21]. The 
determination of the antioxidant content of 
many plant species, including vegetables, 
fruits, spices, herbs, and grains, is driven by 
the increased interest in natural antioxidants 
[17]. As a result, using plant-derived 

antioxidants as natural antioxidants is 
becoming more and more common. 
Numerous studies have examined the 
effects of natural antioxidants and 
packaging changes on the stability of lamb 
meat products during frozen storage. For 
instance, the oxidative stability of lamb 
meat products while they were frozen was 
studied in the [25] study using three distinct 
natural antioxidants (rosemary extract, 
grape seed extract, and tea polyphenols). 
The results showed that all three 
antioxidants were effective in reducing lipid 
oxidation and maintaining the sensory 
quality of the beef products throughout 
storage. In a separate study, [8] evaluated 
the effect of MAP on the integrity of lamb 
flesh while it was frozen. The results 
showed that MAP significantly reduced 
lipid oxidation in comparison to control 
samples and improved the sensory quality 
of the meat. The oxidation process that 
results in rancidity in fats is greatly slowed 
down by vacuum packaging and 
antioxidants, limiting fat degeneration. 
Contrarily, hoover packing lowers the 
oxygen level and prevents air from entering 
the product, successfully preserving lipids. 
By limiting the availability of oxygen, 
which is a crucial factor in promoting lipid 
oxidation, vacuum packaging reduces the 
rate of oxidation [10]. The current study was 
set out to investigate the combined effects 
of a natural antioxidant (grape seeds 
extract), and packaging treatment (without 
and with vacuum), on the chemical 
composition, some physical and 
microbiological characteristics, and sensory 
evaluation of the lamb meat burger stored 
frozen for 8 months.   

 
MATERIALS AND METHODS 

Lamb meat: Fifteen kg of lamb meat 
(flank) were purchased from the local 
market of Minia city, Egypt, and 
transported under refrigeration to the 
laboratory within 30 min. The meat were 
washed, deboned, then were minced by 
meat mincer (Nr-963009, Scharfen, Witten, 
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Germany) through an 8mm grinder plate. 
Samples were directly analyzed at zero 
time, while others were prepared for 
formulation into burger. 
Grape Seeds: Grape (Vitis vinifera L.) 
(Roumy ahmer) was purchased from local 
market at Minia city, Egypt. The seeds were 
taken out, cleaned, and dried at room 
temperature. 
Packaging materials: In this study, two 
types of packaging materials were used. The 
one is low-density polyethylene (LDPE) 
bags was purchased from a local market in 
Minia City, Egypt. The second one was 
laminated PE/Nylon bags from Cryovac Co. 
in the United States. 
Ingredients: The spice mixture (onion 
powder, salt, and black pepper), dry bread 
crumb, fresh egg, and starch were purchased 
from the local market at Minia city, Egypt. 
Chemicals and reagents: The chemicals 
were utilized in this study were obtained 
from Al-Gomhoria Company, Egypt. 
Preparation of seeds extract: Grape seeds 
extract was prepared according to the 
method described by [15]. 
Formulation of lamb meat burger: The 
recipe from [11], which is listed in table (1), 
was used to make lamb meat burgers. 
 
Table 1 lamb meat burger formula 

Ingredients % 
Minced lamb meat 
Bread crumb  
Fresh egg 
Starch  
Onion powder  
Salt  
Black pepper  
Ice 

78 
6 
3 
4 
1 
1 
1 
6 

 
The process for manufacturing a lamb meat 

burger utilizing lamb flesh (flank), with or 
without 0.1% grape seeds extract (GSE) as 
the control, is shown in Figure 1. The 
ingredients were mixed together for 5 
minutes in a Classic Chef KM 353 Kenwood 
meat mixer (Kenwood Ltd., Havant, UK), 
and then the mixture was formed into burgers 
(50 g weight, 10 cm diameter, and 0.5 cm 

thickness) using hand presses (Italman, 
Italy). The product was then placed in one of 
two types of bags: laminated poly 
ester/Nylon bags with a vacuum, and low 
density poly ethylene bags without a 
vacuum. The entire batch of samples was 
kept frozen at -18 C for eight months. 
Analytical techniques: 
Lamb meat burger's chemical 
composition: Official Methods [2] were 
used to calculate the approximate chemical 
composition of moisture, crude protein, 
ether extract, pH, total acidity, and ash. 
Determination of moisture loss: The 
moisture content loss for the lamb meat 
burger (packaged without or with vacuum) 
was measured along with the frozen storage 
period in accordance with the [3] technique. 
Determine the total acidity: Titration was 
used to determine the total acidity of frozen 
lamb meat burgers that were packaged 
using two different procedures, in 
accordance with the method outlined by [9]. 
Determine the pH: The pH of the lamb 
meat burger slurry was tested using the 
glass-electrode method, according to [20]. 
Thiobarbituric acid (TBA) value: The 
levels of TBA were separately determined 
for frozen lamb meat products packaged 
with and without vacuum. Compounds that 
react with TBA were measured using the [7] 
method. The data were translated from mg 
TBA/1000g lamb meat product to mg 
malonaldehyde/1000g product and 
recorded as TBA values. 
Determination of (TVN) value of lamb 
meat product: The total volatile nitrogen 
(TVN) was estimated according to the 
method described by [23]. 
Measurements of expressible water (EW) 
and water holding capacity (WHC): 
According to [1], the water holding capacity 
(WHC) was measured. To calculate 
expressible water, apply the formula below: 
EW = 100 x (PW - AW)/PW  
AW stands for "after-pressed weight," and 
PW stands for "pre-pressed weight." 
Following are the steps for calculating 
water holding capacity: 
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WHC % = % Content of moisture ‒ EW 
Total plate count: The procedures described 
in the accepted practices of [4 & 22] were 

used to calculate the total plate count for the 
lamb meat products packaged with and 
without vacuum as (CFU/g). 

 

 
Fig. 1 Flow diagram of lamb meat burger 

 
Sensory evaluation: Using the criteria 
outlined by [14], the cooked lamb meat 
patties (control and treated by 0.1% grape 
seeds extract) that were packaged with or 
without vacuum and maintained frozen for 8 
months received sensory evaluation for 

general acceptability. This test was 
administered by ten judges. The evaluation 
was conducted using a numerical hedonic 
scale, with 1 denoting severely poor and 10 
denoting superb. 
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RESULTS AND DISCUSSIONS 
Meats have been consumed primarily due 

to their high concentration of essential amino 
acids and iron, both of which are essential for 
general health, children's bone development, 
and lactating mothers, as well as the fact that 
they are an excellent source of the proteins 
required for muscle growth and human body 
development. Iron also protects against 
anemia in children and nursing mothers [18]. 
To enhance the population's daily protein 
consumption, sheep farming is promoted in 
Egypt. In order to ensure food security, 
Egypt's plan heavily relies on sheep [6]. 
Table (2) lists the chemical makeup of 
treated and untreated lamb meat burgers 
under various packaging processes (wet 
weight). Data showed that for all samples at 
zero time of storage under frozen conditions, 
there were no appreciable differences in 
moisture content, protein content, total ash 
content, or water holding capacity between 
the various treatments. The findings, 
however, revealed some variations in the 
extract, pH, total acidity, TVN, and TBA 

values between the treatments. The addition 
of 0.1% grape seed extract, which contains 
certain phenolic antioxidant bioactive 
compounds with antioxidant, antibacterial, 
and anti-immune characteristics, may have 
had an impact on these modifications. 

Figure (2) shows how packaging 
methods, 8 months of freezer storage, 
and.01% grape seed extract affect the 
amount of moisture that lamb meat patties 
retain. It is evident that the moisture content 
of all samples reduced as storage times grew 
longer. In comparison to samples that 
included 0.1% grape seeds extract, the 
reduction in moisture content was a little bit 
more in the control samples. Vacuum 
packaging also preserved a little bit more 
moisture in the samples than non-vacuum 
packaging. This demonstrates that the 
addition of grape seeds extract may have a 
much higher capacity to pound water when 
compared to the control samples. Vacuum 
packaging is used to prevent shrinkage, 
maintain color and delay spoilage when 
fresh meat is sold at wholesale pricing. 

 
Table 2 Chemical composition of treated and untreated lamb meat burger in different packaging 
treatments (wet weight) 

Constituents (%) Control W/O 
Vac. 

Control with 
Vac. 

Grape seed extract 
W/O Vac. 

Grape seed 
extract with Vac. 

Moisture 
Protein (NX6.25) 
Ether extract 
Total ash 
pH 
Total acidity 
WHC 
TVN 
TBA 

60.49 
15.83 
19.21 
1.77 
5.75 
0.26 

43.26 
9.36 

0.218 

60.57 
15.91 
19.73 
1.69 
5.64 
0.30 

43.25 
7.79 

0.168 

60.89 
15.61 
18.91 
1.71 
5.66 
0.27 
43.49 
7.49 
0.148 

60.76 
15.92 
18.63 
1.75 
5.65 
0.28 

43.11 
7.36 

0.137 
*Mean of 3 replicates  
Control W/O Vac. = Control samples packaged without vacuum. 
Control with Vac. = Control samples packaged under vacuum. 
Grape seed extract W/O Vac. = Grape seeds extract treated samples packaged without vacuum. 
Grape seed extract with Vac. = Grape seeds extract treated samples packaged under vacuum. 
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Fig. 2 Effect of packaging treatment, grape seeds extract, and time of frozen storage on moisture 

retention % of lamb meat burger 
 

Due to the packaging materials utilized 
and the vacuum technique, which eliminates 
the head space between the food ingredients 
and the packaging side, the packaging under 
vacuum treatment also reduced moisture 
content loss. 

The total acidity of the control and 
0.1% grape seeds extract treated lamb meat 
burgers was shown in fig. (3) as a function 
of storage time (8 months) under freezing 
conditions, packaging treatments (without 
vacuum in LDPE, and with vacuum in 
laminated PE/Nylon bags), and treatment 
by grape seed extracts as a natural 
antioxidant. The data showed that the 
overall acidity levels rose during the course 
of all sample storage durations. The control 
samples exhibited the highest overall 

acidity in contrast to samples treated with 
0.1% grape seeds extract. The length of 
storage period and the rise in the total 
acidity levels were both reduced by vacuum 
packaging. This result was in line with the 
pH ranges for the investigated medicines. 

Figure (4) shows the variations in pH 
values for lamb meat product samples that 
were frozen with or without vacuum storage 
for 8 months (control and lamb meat burger 
treated with 0.1% grape seeds extract). Data 
showed that all treatments' pH values 
considerably decreased during the storage 
period. The decline was greater in samples 
not vacuum-packed compared to samples 
that were. This demonstrates how the 
packaging process significantly affects the 
pH level of the stored goods. 
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Fig. 3 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the total 

acidity values of lamb meat burger 
 

 
Fig. 4 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the pH values 

of lamb meat burger 
 

Due to its intricate chemical and 
physical composition, meat is an extremely 
perishable food that easily oxidizes. 
Because it depletes them of vitamins, 
necessary amino acids, and essential fatty 
acids, oxidation of lipids, proteins, or 
pigments is one of the most common 
reasons why the nutritional value, flavor, 
and texture of meat and meat products 
diminish. Figure (5) illustrates the effects of 
storage (8 months under cold 
circumstances), packaging (without 

vacuum in LDPE, and with vacuum in 
laminated PE/Nylon bags), and natural 
antioxidant treatment on the TBA value. 
According to the findings, TBA values 
increased over time for all treatments. The 
fact that the TBA values for the control 
samples were greater than those for the ones 
treated with grape seeds extract 
demonstrates how effective natural 
antioxidants are at preventing the formation 
of oxidative chemicals.
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Fig. 5 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the TBA  

(mg malonaldehyde/kg sample) values of lamb meat burger 
 

Additionally, samples vacuum-packed 
had lower TBA levels than samples 
packaged without vacuum, it was found 
throughout the test. This might be because 
LDPE materials are more oxygen permeable 
than laminated PE/Nylon composites, which 
sped up the oxidation of lipids. 

TVN is a reliable food quality indicator, 
especially for meat and meat products. 
Because of the potential for protein 
degradation brought on by microbial 
development and its proteolysis enzymes 
(ammonia), TVN in meat products may 
normally rise over the course of storage. The 
total volatile nitrogen (TVN) on the lamb 

meat burger was treated with grape seed 
extract as a natural antioxidant, and the 
results were shown in fig. (6). The storage 
period (8 months) under freezing 
circumstances, packing treatments (without 
vacuum in LDPE, and with vacuum in 
laminated PE/Nylon bags), and treatment 
were all exhibited. The results showed that 
(TVN) levels increased with storage time in 
every sample. In comparison to the control, 
the values of the (TVN) were somewhat 
lowered by the addition of grape seed extract. 
Vacuum packaging proved very helpful in 
preventing the growth of total volatile basic 
nitrogen (TVN) during frozen storage. 

 

 
 

Fig. 6 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the TVN 
values of lamb meat burger 
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On the water holding capacity (WHC) 
values of lamb meat patties frozen for 8 
months is shown in fig. (7), along with the 
effects of packing methods and the 
inclusion of grape seeds extract (0.1%) as a 
natural antioxidant. The findings 
demonstrated that as storage time rose, the 

levels of (WHC) reduced for all samples. 
For samples packaged without and with 
vacuum, respectively, the rate of reduction 
in the control samples was much higher than 
it was in the samples treated with grape 
seeds extract after 8 months of frozen 
storage.

 

 
Fig. 7 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the water 

holding capacity (WHC) of lamb meat burger. 
 

Expressible water (EW) is the volume 
of water that was extracted from the protein 
matrix during a research. When a given 
amount of pressure is applied to the protein 
matrix, the amount of water evacuated is 
determined. Figure (8) depicts the effects of 
packing treatment and the use of grape 
seeds extract as a natural antioxidant for 
eight-month-stored lamb meat product. The 
statistics show that the expressible water 

contents of all samples rose after storage. 
The increment was noticeably higher for the 
control samples when compared to samples 
treated with 1% grape seed extract for 
samples packaged without and with 
vacuum, respectively. All of this points to 
the fact that the quality of frozen lamb meat 
burgers was improved by the use of vacuum 
packaging. 
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Fig. 8 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the 

expressible water (EW) of lamb meat burger 
 

The amount of aerobic bacteria found in 
meat and its products is frequently used as a 
sign of unsanitary handling and storage 
procedures that may encourage the spread 
of diseases. In the lamb meat product 
treated with grape seeds extract and the 
control (packaged in LDPE without vacuum 
and in laminated PE/Nylon bags under 
vacuum), Figure (9) shows the association 
between packing treatment and frozen 
storage period on the total bacterial count 
(log CFU/g). Following each treatment and 
throughout storage, there was a decrease in 
the overall bacterial count. Aerobic bacteria 
cannot thrive in vacuum settings, as seen by 
the significantly reduced total bacterial 
population in the vacuum-packed samples. 
Furthermore, it was shown that samples 
containing 0.1% grape seed extract had 
lower bacterial counts than control samples 
(which did not contain 0.1% grape seed 
extract). 

The qualities that appeal to consumers, 
such as those that are both aesthetically 
beautiful and sensuous, as well as those that 
are healthful, secure, and other more 

ethereal features, are what determine the 
quality of meat. Meat and meat products' 
overall eating quality is influenced by traits 
like flavor, texture, juiciness, appearance, 
and odor. The effects of packing (in LDPE 
without vacuum and in laminated PE/Nylon 
bags under vacuum), adding 0.1% grape 
seed extract as a natural antioxidant, and 
preserving lamb meat patties frozen for 8 
months are shown in Figure (10).  The data 
showed that the values for overall 
acceptability declined as storage times for 
all samples increased. The evaluation 
results for overall acceptability were greater 
in samples treated with 0.1% grape seeds 
extract than in untreated samples. This 
means that during frozen storage, treatment 
with 0.1% grape seed extract will safeguard 
and improve the quality of the lamb meat 
product. According to the panelists’ 
assessments, lamb meat burgers packaged 
under vacuum had a positive impact on the 
product's quality throughout storage for 8 
months under storage conditions as opposed 
to those packaged without vacuum. 
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Fig. 9 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the total 

bacterial count ((Log CFU/g) of lamb meat burger 
 

 
Fig. 10 Effect of packaging treatment, grape seeds extract, and time of frozen storage on the sensory 

evaluation (overall acceptability) of lamb meat burger 
 

REFERENCES 
1. Alvarez, C., Couso, I., Solas, M.T., and 

Tejada, M. (1992). Influence of manufacturing 
process conditions on gels made from sardine 
surimi. In”Food Proteins Structure and 
Functionality”, Eds. Schwenke K. D. and 
Amothes R., VCH. Verlagesellschaft, 
Germany. 347-353. 

2. AOAC. (2000). Official methods of analysis, 
17th ed. of A.OA.C. Published by A.O.A.C.  
International.  Maryland, USA.  

3. AOAC, (1995). Official Methods of Analysis, 
16th ed .Association of Official Analytical 

Chemists International, Arlington, Virginia, 
USA. 

4. APHA, (1985). American Public Health 
Association (15th ed.), USA. 1985, 97-98. 

5. Arihara K., (2006). Strategies for designing 
novel functional meat products. Meat Sci. 
74(1):219-29. doi: 
10.1016/j.meatsci.2006.04.028. Epub 2006 
May 12. PMID: 22062731. 

6. Elshazly, A. G., and Youngs, C. R. (2019). 
Feasibility of utilizing advanced reproductive 
technologies for sheep breeding in Egypt. Part 
1. Genetic and nutritional resources. Egyptian 



Iasi University of Life Sciences 
 

 
- 150 - 

 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

Journal of Sheep & Goat Sciences, 14(1), 39–
52. https://ejsgs.journals.ekb.eg 

7. Harold, E., Ronald, S.K., and Ronald, S., 
(1981). Pearson’s Chemical Analysis of Food. 
Churchill Livingstone, Edinburgh, UK, 1981. 

8. Hussain, Z., Ijaz, M., Zhang, Y., Bai, Y., Hou, 
C., Li, X., and Zhang, D. (2023). Combined 
Effect of Cinnamon Bark Oil and Packaging 
Methods on Quality of Fresh Lamb Meat 
Patties during Storage at 4° C. Foods, 12(15), 
2916. 

9. Keeton A.J.T. and Melton E.C., (1978). 
Factors associated with microbial growth in 
ground beef extended with varying levels of 
textured soy protein, J. Food Sci., 43:1125-29. 

10. Kenawi, M. A. and Mohamed, R. A.A., 
(2017). Effect of natural antioxidant and 
packaging on stability of beef product stored 
under refrigerated condition. Lucrari 
Stiintifice Seria Zootehnie: Vol. 70. 244-251. 

11. Kenawi, M.A., Zaghlul, M.M., and 
Abdelsalam, R.R., (2011). Effect of two 
natural antioxidants in combination with 
edible packaging on stability of low fat beef 
product stored under frozen condition. 
Biotechnology in Animal Husbandry, 27: 345-
356. 

12. Klurfeld, D.M., (2015). Research gaps in 
evaluating the relationship of meat and health. 
Meat Science 109, 86-95. 

13. Lacroix, M., Ouattara, B., Saucier, L., 
Giroux, M., and Smorgiewicz, W., (2004). 
Effect of gamma irradiation in presence of 
ascorbic acid on microbial composition and 
TBARS concentration of ground beef coated 
with an edible active coating. Radiation 
Physics and Chemistry, 2004, 71:71-75. 

14. Larmond, E., (1977). Laboratory methods for 
sensory evaluation of food. Canadian 
Government Publishing Center, Ottawa, 
Canada. 

15. Libera, J., Latoch, A., and Wojciak, K.M. 
(2020). Utilization of Grape Seed Extract as a 
Natural Antioxidant in the Technology of Meat 
Products Inoculated with a Probiotic Strain of 
LAB. Foods (9), 103. 

16. Linseisen, J., Kesse,  E.,  Slimani,  M.,  
Bueno-Mesquita,  H.B.,  Ocke,  M.C.,  Skeie,  
G., Kumle, M., Dorronsoro Iraeta, M., Morote 
Gomez, P., Janzon, L., Stattin, P., Welch, 
A.A., Spencer, E.A., Overvad, K., Tjonneland, 
A., Clavel-Chapelon, F., Miller, A.B., 
Klipstein- Grobusch, K.,  Lagiou,  P.,  
Kalapothaki,  V.,  Masala,  G.,  Giurdanella,  

M.C., Norat,  T., and Riboli, E., (2002). Meat 
consumption in the European Prospective 
Investigation into Cancer and Nutrition (EPIC) 
cohorts: results from 24-hour dietary recalls. 
Public Health Nutrition. 5, 1243e1258. 

17. Liyana-Pathirana, C. M., and Shahidi, F. 
(2005). Antioxidant activity of commercial 
soft and hard wheat (Triticum aestivum L.) as 
affected by gastric pH conditions. Journal of 
agricultural and food chemistry, 53(7), 2433-
2440. 

18. Neumann, C., Harris, D.M., and Rogers, 
L.M. (2002). Contribution of animal source 
foods in improving diet quality and function in 
children in the developing world. Nutrition 
Research, 22, 193–220. 

19. Park, Y.S., Kim, Y.S., and Shin, D.H. (2002). 
Antioxidative effects of ethanol extracts from 
Rhus verniciflua stoke on yukwa (oil popped 
rice snack) base during storage. J. Food Sci., 
67: 98-102. 

20. Ramadhan, K., Huda, N., and Ahmad, R., 
(2011). Physicochemical characteristics and 
sensory properties of selected Malaysian 
commercial chicken burgers. International 
Food Research Journal, 18, 4. 

21. Rather, S.A., Masoodi, F.A., Akhter, R., 
Gani, A., Wani, S.M.,and Malik, A.H.,(2016). 
Effects of guar gum as fat replacer on some 
quality parameters of mutton goshtaba, a 
traditional Indian meat product. Small 
Ruminant Research, 2016, 137: 169–176. 

22. Vanderzant, C, and Splittstoesser, D.F., 
(1992). Compendium of Methods for the 
Microbiological examination of foods. (3rd 
ed.). American Public Health Association. 
Washington, DC. 

23. Winton, A. L. and Winton, R. B. (1958). 
Oxide distillation volumetric method for the 
determination of volatile nitrogen. The 
analysis of food, P. 848. John Wikysons, New 
York. Chapman and Hull.  London. 

24. Wood, J.D., Enser, M., Fisher, A.V., Nute, 
G.R., Sheard, P.R., Richardson, R.I., Hughes, 
S.I., and Whittington, F.M., (2008). Fat 
deposition, fatty acid composition and meat 
quality: A review. Meat Sci., 78: 343–358. 

25. Zhang, W., Li, X., and Jiang, W. (2020). 
Development of antioxidant chitosan film with 
banana peels extract and its application as 
coating in maintaining the storage quality of 
apple. International journal of biological 
macromolecules, 154, 1205-1214. 

 


