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Abstract

The aim of this study was to detection the effects of slaughtering on some traits of different
slaughterhouses in chicken breast meat, different indicators were measured to determine some
traits of the local fresh chicken breast meat during different storage periods under refrigeration
and freezing temperature. All tests were made in the post-graduate laboratories of Animal
Production Department, College of Agricultural sciences, University of Sulaimani. The physical
evaluation of breast meat for each unlicensed and licensed slaughterhouses during 6 days at
refrigeration (4+1°C) storage showed a decrease in water holding capacity (WHC) with an
increase in drip loss. There were no significant differences (P<0.05) in WHC and thawing loss
between breast meat for both slaughterhouses. Results also showed a decrease in pH value with
storage period increasing, found no significant differences (P<0.05) between unlicensed and
licensed slaughter houses after 6 days at refrigeration temperature except after 2 days of storage.
Freezing experiment showed fluctuation during 90 days with significant difference (P<0.05) only
after 90 days of storage. Total volatile nitrogen (TVN) mean an increase during 6 days of storage
at refrigeration temperature. It ranged from 3.19 to 4.53 mg N/100 gm for unlicensed and from
2.94 to 3.69 mg N/100 gm for licensed with significant difference (P<0.05) only at last day of
storage and increased in freezing.
Key words: traits of broiler chicken , slaughtering.
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Introduction

Throughout the world, consumption of poultry meat continues to rise in both developed
and developing countries. Poultry is predicted to become the overall meat of choice (Bilgili,
2002). Production of poultry meat and products has increased in generally throughout the world
in the last decade. Chicken and poultry products have become popular because their specific
sensory attributes and consider white meat is considered healthier compared to red meat
(Balamatsia et al., 2006). In most countries, two kinds of poultry slaughtering are used, one is an
automated poultry slaughtering process established recently, whereby automated systems are
used for scalding, plucking, eviscerating, rinsing, and packaging carcasses. Carcasses are then
stored at 4°C or freezing before saling to supermarkets. The second is traditional slaughtering,
which is commonly practiced in shops under poor hygienic conditions. Most of poultry
slaughtering is done by traditional procedures (Ministry of Farming, 2005). Poultry meat
preserved from deterioration using by low temperature, it could be refrigerated for short period,
or it can be frozen for several months (FSIS, 1995). The frozen process is an important factor for
limiting the microbial growth and decreasing the enzymatic deterioration, it’s advised to keep the
poultry meat under -18 °C. Frequent cycling of the refrigeration system through this temperature
zone causes large ice crystal growth in muscle cells and excessive purge (water loss) when
thawed (Keeton and Osburn, 2001). Shelf life is a most important parameters affecting the
quality of chicken meat after its distribution to the market. It is the result of poultry management
conditions, distribution, processing and storage conditions both on the market and in consumers’
households (Kozacinski et al., 2012). Chicken meat is highly perishable and the time that leads
to deterioration varies from four to about twelve days after slaughter, even when maintained in a
cooling environment (Smolander et al., 2004). The aims of this study will be determining effect
of slaughtering in different slaughter houses on some traits of broiler chicken meat.

Material and methods

Seventy-two broiler chicken from one source, at same ages and convergent weights (3250-
3700 Kg), were divided into two groups. The first group was slaughtered in unlicensed
slaughterhouse and then carcasses were cut up and the breast meat were separated, also the
second group was slaughtered in licensed slaughterhouse and then carcasses were cut up and the
breast meat were separated. All samples were transferred inside a cork chilled box (ice box) to
the laboratory. The sensory evaluation was done immediately whenever the samples reached the
laboratory. Some tests were made in the post-graduate laboratories of Animal Production
Department, Faculty of Agriculture sciences, University of Sulaimani, Kurdistan region, Iraq.
The chicken breast meat stored at refrigeration (4°C) and freezing (-18°C) temperature.

Breast meat samples from unlicensed and licensed slaughterhouse were stored in two
types (refrigerator and freezer), each type had six replicates and each replicates composed from
three chicken breast meat as follows:

= Breast of chicken meat that slaughtered in unlicensed slaughterhouse and stored at
refrigeration temperature (4+£1°C) for 6 days.

= Breast of chicken meat that slaughtered in unlicensed slaughterhouse and stored at
freezing temperature (-18+1°C) for 90 days.

= Breast of chicken meat that slaughtered in licensed slaughterhouse and stored at
refrigeration temperature (4+£1°C) for 6 days.

= Breast of chicken meat that slaughtered in licensed slaughterhouse and stored at freezing
temperature (-18+1°C) for 90 days.

Several tests were carried out on the breast meat samples during 4 months from
September to the end of December 2015. The physical tests on breast meat that stored by
refrigeration, the parameters were done at days 0, 2, 4 and 6, Meat stored by freezing the
parameters were obtained at 0, 15, 30, 60 and 90 days, represent the study outlines for breast
meat stored using the two types of storing. Water-holding capacity (WHC) was carried as
describe by (Wardlaw et al., 1973) modified, Drip loss as described by (Northcutt et al., 1994
and Dirinck et al., 1996), Thawing loss as described by (Nam et al., 2000), pH measurement as
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described by (Naveena and Mendiratta, 2001) and Total volatile nitrogen (TVN) as described by
(Malle and Poumeyrol, 1989) modified.

Statistical Analysis

The statistical analysis system XLSTAT (2004) program was used to analyse the data
obtained study. Factorial Complete Randomized Design (CRD), was used to analysis data, The
significance of differences between means of traits were determined using Duncan's multiple
range tests under the probability (P< 0.05) (Duncan, 1955). Data of all percentages were
transformed to arcsine before statistical analysis.

Results and Discussion
Water-holding capacity (WHC).
Water-holding capacity of fresh meat (ability to retain inherent water) is an important
property of fresh meat as it affects both the yield and the quality of the final product.
At refrigeration (4+1 °C) storage, the results in table (1) show highest percentage of
WHC in breast meat. It was 46.99 and 45.55 % for unlicensed and licensed slaughterhouses
respectively, at zero day (control).

Tablel WHC percentage of breast meat stored on different periods at refrigeration (4+1 °C).

Storage Periods (days)
Slaughterhouses 0 o nd 4t 6
. 46.99 + 6.83 44,77 £ 7.49 28.88 £ 4.44 2555+ 1.11
Unlicensed N
a Ab Bc c
Licensed 4555+ 1.11 34.44 +4.84 29.99 + 3.38 27.77 £ 2.94
ab Abc Abc bc

*Number in the table represent mean and standard error. Means with different letter significantly differ (P< 0.05).

Results of WHC percentage were decreased (P<0.05) significantly with increasing storage
periods under refrigeration condition, the results for unlicensed slaughterhouse from 0 to 6 days
of storage at refrigeration were 46.99 to 25.55%, and for licensed slaughterhouse were 45.55 to
27.77%, respectively. Ali and Zahran (2010) reported that the WHC in chicken carcasses kept
under chilled temperature, was decreased during six days of storage. There was a clear tendency
for WHC to increase with increasing meat pH values, pH values were increased away from the
isoelectric pH of proteins, and WHC increased as well (Honikel et al., 1981; Gorge, 2000). At
freezing storage (-18x1 °C), the highest percentage of WHC in breast meat for unlicensed and
licensed slaughterhouses were 47.32 and 44.86% at the initial period , and the lowest percentage
were 21.88 and 20.66% after 30 days of storage in the breast meat of unlicensed and licensed
slaughterhouses respectively (Table 2).

Table 2 WHC percentage of breast meat stored on different periods at freezing (-18+1 °C).

Storage Period (days)

Slaughterhouses 0 50 30" 60 90 @

. 47.32 +6.83 3441+1.11 21.88+1.30 25.55 +4.00 41.10+4.00
Unlicensed

*a bc d cd ab

. 4486 +1.11 35.23+4.00 20.66 + 1.38 27.77 £5.88 36.66 + 1.92
Licensed
ab bc d cd abc

*Number in the table represent mean and standard error. Means with different letter significantly differ (P<0.05).

The results WHC percentage were decreased during storage at freezing temperature until
30 days of storage and then the percentage of WHC was increased to the last days of storage for
both breast meat of unlicensed and licensed slaughterhouses. Significant differences (P<0.05)
recorded in WHC of breast meat of both slaughterhouses in day 15" with 30" and day 30" with
90" of storage. Significant differences (P<0.05) for unlicensed slaughterhouse at zero day with
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day 15" 30™ and 60" of both slaughterhouses were recorded, also significant differences
(P<0.05) recorded for licensed slaughterhouse in day O with day 30™ and 60" of both
slaughterhouses.

The water holding capacity depend on meat pH and the protein composition, if the pH
remains high, it leads to the highest water holding capacity of meat after slaughtering (Northcutt,
1999). Cornforth (1994) stated that broiler breast meat with a high pH has a higher water binding
capacity than meat with lower pH.

Table 3: Drip loss percentage per day of breast meat stored on different periods at refrigeration (4+1 °C).

slaughterhouses 5 Storage ZE:JOdS (days) —
Unlicensed 1.87 £0.08 Unlicensed 1.87 £0.08 Unlicensed 1.87 £0.08
*a *a *a
. 2.24 +0.17 . 2.24 +0.17 . 2.24 +0.17
licensed a licensed 3 licensed 3

Drip loss

Results in table (3) shows that drip loss percentage at refrigeration storage (41 °C).
Differences (P<0.05) between breast meat of both slaughterhouses were no significant
differences within periods. Wojtysiak and Poltowicz (2006), found that drip loss percentage per
day in chicken breast meat was increased with decreased in pH value during refrigeration
storage. Suwattitanun and Wattanachant (2014) found the drip loss percentage for breast meat
stored at refrigeration temperature during 96 hr was 2.46 %. During storage, degradation of
protein due to proteolysis would certainly allow water that is expelled from intramyofibrillar
spaces to drip production (Huff-Lonergan and Lonergan, 2005). Lesiak et al. (1996) who found
that longer storage time was induced greater drip loss. Allen et al. (1998) showed that the acidic
pH (5.8) fillets had a 2.5% increase in drip loss. Drip loss is influenced by decrease pH decline
causing the changes within the muscle postmortem on water movement from the interfilamental
space into the interfibrillar fluid and from there into the extracellular space (Berri et al., 2001).

Thawing loss
Thawing loss is a test used to determinate the quality of frozen meat; the increase in
thawing loss leads to increase in loosing of juice which leads to meat dry and pale (Berry, 1998).

Table 4: Thawing loss percentage of breast meat stored on different periods at freezing (-18+1°C).

Storage Periods (days
Slaughterhouses 150 307 g ( yﬁ())m 90"
Unlicensed 1.84+0.35 458 +1.46 5.15+1.83 499+1.20
*b ab ab ab
. 2.46 +0.49 5.42 +1.25 7.92 +047 2.56 +£0.40
Licensed
B ab a b

*Number in the table represent mean and standard error. Means with different letter significantly differ (P <0.05).

The results of thawing loss percentage were fluctuated during storage at freezing condition
from 15 to 90 days. There were not significant differences (P<0.05) between breast meat of
slaughterhouses during storage periods.

Moran and Todd (1994) have mentioned that the increase in storage period of freezing
leads to increase in thawing loss. In any case, breast meat from unlicensed and licensed poultry
slaughterhouse were unacceptable after 30 and 60 days of freezing storage, by the Iragi Central
Organization for Standardization and quality control, 1QS 1179 when identified the frozen
chicken thawing loss should not be more than 5% (ICOSQC /IQS 1179, 1987), and that may be
affected nutrient value of meat and lead to low moisture and protein content recorded in this
mark.
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pH Value

pH considered as one of the important quality tests for evaluating meat quality (Fletcher,
1999). The pH of chicken breast meat is determined by how much glycogen is in the breast
muscle prior to slaughter. Additionally, the remaining glycogen in the meat is converted to lactic
acid after slaughter might consider a significant parameter of changing in pH values of the meat
(Debut et al., 2003).

Breast meat samples of unlicensed and licensed slaughterhouses stored at refrigeration
temperature (4£1 °C) had higher pH values after slaughtered (day zero) (Fig 1).
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6

5.9

5.8

pH value

5.7 H unlicensed
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5.5

5.4

53

0 2 4 6
Storage periods (days)

Figure 1: pH values of breast meat under different storage periods (0, 2, 4 and 6 days) at
refrigeration (4+1 °C). Ten grams of meat were added to 50 ml dH,O in a beaker then the mixture was

homogenized and the pH values have measured.
*Represent mean and standard error. Means with different letter significantly differ (P<0.05).

The pH values in breast samples were insignificantly decreased for unlicensed and
licensed slaughterhouses during 6 days of storage at refrigeration temperature and that ranged
from 6.03 to 5.86 for unlicensed and from 5.87 to 5.69 for licensed. Significant difference
(P<0.05) was noted between unlicensed and licensed only after 2 days of storage. Breast meat of
unlicensed slaughterhouse at day 0 and 2" day were significantly differ with day 2", 4™ and 6™
of licensed, also at day 4™ of unlicensed was significantly compared to day 6" of licensed. The
present results were consistent with Wojtysiak and Pottowicz (2006) since they found that pH
values in breast meat were decreased during refrigeration storage and those results were 6.54,
6.29, 6.10 and 6.06 during 6 days of storage respectively. Surmei and Usturoi (2012), have found
the pH value of chicken breast meat during the 6 days of refrigerated storage immediately after
slaughter, the pH value was increased from 6.05 to 6.38, the last day of storage (sixth day).
These results in the research was not consistent with results obtained at the present study.

The rate of decrease in pH of the chicken meat was shown to be influenced by behavior
at slaughtering and hastening by struggle activity of the birds on the shackle line, especially wing
flapping (Berri et al., 2005). At freezing temperature (-18+1 °C), the results indicated that the
higher pH value (6.24) was obtained in breast meat of unlicensed slaughterhouse after 90 days of
storage and the lowest pH value was (5.64) after 30 days of storage in breast of licensed
slaughterhouse (Fig 2).
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pH values
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Figure 2: pH values of breast meat under different storage periods (0, 15, 30, 60 and 90 days) at
freezing (-18+1 °C). Ten grams of meat were added to 50 ml dH,O in a beaker then the mixture was

homogenized and the pH values have measured.
*Represent mean and standard error. Means with different letter significantly differ (P< 0.05).

The pH values in breast meat for unlicensed and licensed slaughterhouse were fluctuated
during 90 days of storage at freezing temperature. Significant difference (P<0.05) between breast
meat of unlicensed and licensed slaughterhouses at the last day (after 90 days of storage) . After
90 days' storage for unlicensed showed significantly differ with all storage days of licensed
slaughterhouse, also at day 0 of unlicensed was significantly differ with day 15" and 30" of
licensed. The pH of muscle breast remains high after post mortem (Church, 1998). pH data of
our results were coincide with another study that showed fluctuation of pH mean value in
chicken breast meat during ninety days of freezing (Kumar et al. ,2014). Similar results were
reported by Rao and Kowale (1988) with meat during frozen storage for 90 days.

Total volatile nitrogen (TVN)

The TVN is considered as an indicator for any change in meat protein and other nitrogen
compounds. Total volatile Nitrogen is related to protein breakdown and its quantity in meat is
deemed as an index of the meat spoilage (Ruiz-Capillas and Jimenez-Colmenero, 2005). In the
refrigeration storage (41 °C), the results indicated that the TVN value was increased for both
unlicensed and licensed slaughterhouses during storage periods (Fig 3). The higher values
obtained for unlicensed and licensed slaughterhouse after 6 days of storage were 4.53 and 3.69
mg N/ 100 gm meat, respectively.

The TVN values in breast meat of unlicensed and licensed slaughterhouses were increased
during 6 day of storage at refrigeration temperature. These results showed significant difference
between slaughterhouses (P<0.05) only after 6 days of storage. TVN values in day 6" of
unlicensed was differ significantly compared to other storage days (not with day 4™ of
unlicensed), and day 4™ of unlicensed differ significantly with day 0 of both slaughterhouses and
also with day 2" of unlicensed.
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Figure 3: TVN mean values of breast meat under different storage periods (0, 2, 4 and 6 days) at
refrigeration (41 °C). Fifty grams of meat was added to 100 ml TCA (7.5%) in a beaker then the mixture

was homogenized and then using kjeldahl for detection of T.V.N.
*Represent mean and standard error. Means with different letter significantly differ (P<0.05).

There are many studies have done on different frozen meat in which the TVN had been
followed as an indicator for the storage meat sample type. These studies referred to increase in
TVN during storage period, depend on different factors such as temperature, storage period and
meat type (Rukchon et al., 2011). Edris et al. (2012) recorded that TVN values in breast meat
during refrigeration storage have increased from slaughtering to 8 days' storage, their results
were agreed with our results for TVN being as an indicator in breast meat. In the freezing storage
(-18+1 °C), the higher value of TVN in breast meat of unlicensed and licensed slaughterhouse
were 5.04 and 4.20 mg N/ 100 gm meat respectively, after 90 days of storage (Fig 4).

The TVN values in samples taken from both unlicensed and licensed slaughterhouse and
stored by refrigeration or freezing are acceptable according to Iraqi standardization. The Iraqi
Central Organization for Standardization and quality control, 1QS 1179, specified the frozen
chicken TVN. value not to exceed 20 mg N/ 100g meat (ICOSQC, 1987).
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Figure 4: TVN mean values of breast meat under different storage periods (0, 15, 30, 60 and 90 days) at
freezing (-18+1 °C). Fifty grams of meat was added to 100 ml TCA (7.5%) in a beaker then the mixture was

homogenized and then using kjeldahl for detection of TVN.
*Represent mean and standard error. Means with different letter significantly differ (P<0.05).

7



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. of Kirkuk Univ. for Agri. Sci. Vol.(9) No. (4) 2018

References

Ali, F. H. and Zahran, D. A. (2010). Effect of growth enhancers on quality of chicken meat
during cold storage. Advance Journal of Food Sciences and Technology, 2(4), 219-226.

Allen, C. D., Fletcher, D. L., Northcutt, J. K. and Russell, S. M. (1998). The relationship of
broiler breast color to meat quality and shelf-life. Poultry Sciences, 77(2), 361-366.
Balamatsia, C. C., Paleologos, E. K., Kontominas, M. G. and Savvaidis, I. N. (2006).
Correlation between microbial flora, sensory changes and biogenic amines formation in fresh
chicken meat stored aerobically or under modified atmosphere packaging at 4 C: possible role
of biogenic amines as spoilage indicators. Antonie van Leeuwenhoek, 89(1), 9-17.

Berri, C., Debut, M., Santé-Lhoutellier, V., Arnould, C., Boutten, B., Sellier, N. and Le
Bihan-Duval, E. (2005). Variations in chicken breast meat quality: implications of struggle
and muscle glycogen content at death. British Poultry Sciences, 46(5), 572-579.

Berri, C., Wacrenier, N., Millet, N. and Le Bihan-Duval, E. (2001). Effect of selection for
improved body composition on muscle and meat characteristics of broilers from experimental
and commercial lines. Poultry Sciences, 80 (7), 833-838.

Berry, B.W. (1998). Cooked colour in high pH beef patties as related to fat content and
cooking from the frozen or thawed state. Journal of Food Sciences, 63 (5): 797-8009.

Bilgili, S. F. (2002). Poultry meat processing and marketing what does the future hold? This
month, we celebrate poultry international's 40th anniversary with a look ahead at the future of
primary processing. Poultry International, 41(10), 12-23.

Church, N. (1998). MAP fish and crustacean's sensory enhancement. Food Sciences and
Technology Today, 12(2), 73-83.

Cornforth, D. (1994). Color its basis and importance. In: Pearson, A. M. (Ed), Quality
attributes and their measurement in meat, poultry and fish products (pp. 34-78). Springer US.
Debut, M., Berri, C., Baéza, E., Sellier, N., Arnould, C., Guemené, D., Jehl, N., Boutten, B.,
Jego, Y., Beaumont, C. and Le Bihan-Duval, E. (2003). Variation of chicken technological
meat quality in relation to genotype and preslaughter stress conditions. Poultry Sciences,
82(12), 1829-1838.

Dirinck, P., De Winne, A., Casteels, M. and Frigg, M. (1996). Studies on vitamin E and
meat quality. 1. Effect of feeding high vitamin E levels on time-related pork quality.
Journal Agricultural Food Chemistry, 44, 65-680

Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics, 11(1), 1-42.

Edris A. M. A, Hemmat M. I., Shaltout F. A., Elshater M. A. and Eman F. M. I. (2012). Study
on incipient spoilage of chilled chicken cuts-up. BVMJ, 23(1):81-86.

Fletcher, D. L. (1999). Broiler breast meat color variation, pH, and texture. Poultry Sciences,
78(9), 1323-1327.

FSIS; Food safety and inspection service, office of public health science (1995). Meat
preparation, water in meat and poultry. Fact sheet.

Gorge, A. (2000). Food industries. Home economics Dep., College of Women Education.
University of Baghdad.1* Ed.,

Honikel, K. O., Fischer, C., Hamid, A. and Hamm, R. (1981). Influence of post mortem
changes in bovine muscle on the water-holding capacity of beef, Post-mortem storage of
muscle at 20°C. Journal of Food Sciences, 46,1-6.

Huff-Lonergan, E. and Lonergan, S. M. (2005). Mechanisms of water-holding capacity of
meat: The role of postmortem biochemical and structural changes. Meat science, 71(1), 194-
204.

ICOSQC; Iragi Central Organization for Standardization and quality control (1987). 1QS
1179/4. Frozen chicken and chicken products/ part 4. Irag. (In Arabic).

ICOSQC; Iragi Central Organization for Standardization and quality control (2006). 1QS
2270/4. Microbiological limits in foods/ part 4. Microbiological limits of meat and meat
products. Irag. (In Arabic).



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

J. of Kirkuk Univ. for Agri. Sci. Vol.(9) No. (4) 2018

Keeton, J. T., and Osburn, W. N. (2001). Formed and emulsion products. CRC Press, Boca
Raton, FL, 195-226.

Kozacinski, L., Cvrtila Fleck, Z., Kozacinski, Z., Filipovic, I., Mitak, M., Bratulic, M. and
Mikus, T. (2012). Evaluation of shelf life of pre-packed cut poultry meat. Veterinarski arhiv,
82(1), 47-58.

Kumar, H. T. S,, Pal, U. K., Mandal, P. K. and Das, C. (2014). Changes in the quality of
dressed chicken obtained from different sources during frozen storage. Exploratory Animal
and Medical Research, 4(1), 95-100.

Lesiak, M. T., Olson, D. G., Lesiak, C. A. and Ahn, D. U. (1996). Effects of post-mortem
temperature and time in the water-holding capacity of hot-boned turkey breast and thigh
muscle. Meat Sciences,43(1), 51-60.

Malle, P. and Poumeyrol, M. (1989). A new chemical criterion for the quality control of fish:
Trimethylamine /Total Volatile Basic Nitrogen (%). Journal of Food Protection, 52, 419-423.
Ministry of Farming (2005). National animal production of Department of Animal
Production. Ministry of Farming, Rabat, Morocco.

Moran, E. T. and Todd, M. C. (1994). Continuous submarginal phosphorus with broilers and
the effect of preslaughter transportation: Carcass defects, further-processing yields, and tibia-
femur integrity. Poultry Sciences, 73(9), 1448-1457.

Nam, J. H., Park, C. K., Song, H. I., Kim, D. S., Moon, Y. H. and Jung, I. C. (2000). Effects
of freezing and refreezing treatments on chicken meat quality. Korean Journal of Food
Sciences Animal Resources, 20, 222-229.

Naveena, B. M. and Mendiratta, S. K. (2001). Tenderization of spent hen meat using ginger
extract. British Poultry Science, 42, 344-350.

Northcutt, J. K. (1999). Marination and water holding capacity of broiler meat. Poultry Tips,
November.

Northcutt, J.K., Foegeding, E.A. and Edens, F.W. (1994). Walter-holding properties of
thermally preconditioned chicken breast and leg meat. Poultry Sciences, 73, 308-316.

Rao, V. K., and Kowale, B. N. (1988). Effect of processing and storage on lipid oxidation in
buffalo meat. Indian Journal of Meat Sciences Technology, 1, 145-153.

Ruiz-Capillas, C., and Jimenez-Colmenero, F. (2005). Biogenic amines in meat and meat
products. Critical Reviews in food Sciences and Nutrition, 44(7-8), 489-599.

Rukchon, C., Trevanich, S., Jinkarn, T. and Suppaku, P. (2011). Volatile compounds as
quality indicators of fresh chicken and possible application in intelligent packaging. In 12th
Asian Food Conference, Bangkok, Thailand, pp, 287-294.

Surmei, E. and Usturoi, M. G. (2012). Considerations Regarding Quality of Poultry Meat
Stored in Refrigeration Conditions. Lucrari Stiintifice-Universitatea de Stiinte Agricole si
Medicina Veterinara, Seria Zootehnie, 58, 199-202.

Smolander, M., Alakomi, H. L., Ritvanen, T., Vainionpa4, J., and Ahvenainen, R. (2004).
Monitoring of the quality of modified atmosphere packaged broiler chicken cuts stored in
different temperature conditions. A. Time—temperature indicators as quality-indicating tools.
Food Control, 15(3), 217-229.

Suwattitanun, W. and Wattanachant, S. (2014). Effect of various temperature and storage time
during process on physical quality and water-holding capacity of broiler breast meat.
Research Journal, 19(5), 628-635

Wardlaw, F.B., McCaskill, L. H. and Acton, J. C. (1973). Effect of postmortem muscle
changes on poultry meat loaf properties. Journal of Food Sciences, 38, 421-423.

Wojtysiak, D. and Pottowicz, K. (2006). Effect of storage on desmin degradation and
physico-chemical properties of poultry breast meat. In Proceedings of the World Poultry
Science Association, XII European Poultry Conference.

XLSTAT. (2004). Addinsoft. Pro version 7.5.3 http: //WWW. Xlstat.com/en/ho.



