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Abstract 

Composition (moisture, protein, fat, ash, fatty acids, collagen, cholesterol, calcium, iron and phosphorus 
contents) and rancidity related lipid changes in mechanically deboned chicken meats (MDCM) from back 
(MDBAM), breast frame (MDBFM) and neck (MDNM) were evaluated over 120 days of frozen storage at 
-18 oC. Type of MDCM was a significant factor affecting the composition, and hydrolytic and oxidative 
rancidity generation (P<0.05). Significant decreases (P<0.05) in linoleic acid of MDBAM and MDNM, and 
arachidonic acid of only MDBAM were observed over the 120 days of frozen storage. While MDBAM ap-
peared to be more sensitive to lipid oxidation, MDNM showed greater lipid hydrolysis. 
Keywords: Mechanically deboned chicken meats, composition, lipids, rancidity, frozen storage

MEKANİK AYRILMIŞ TAVUK ETLERİNDE DONMUŞ 
DEPOLAMANIN LİPİTLERDEKİ DEĞİŞİME ETKİSİ 

Özet

Çalışmada mekanik ayrılmış tavuk sırt (MDBAM), göğüs (MDBFM) ve boyun (MDBNM) etlerinin bileşimi 
(kuru madde, protein, yağ, kül, yağ asitleri, kollagen, kolesterol, kalsiyum, demir ve fosfor içeriği) ve lipitlerin-
deki değişiklikler -18 °C’de 120 günlük donmuş depolama boyunca değerlendirilmiştir. Mekanik ayrılmış 
tavuk eti çeşidinin, mekanik ayrılmış etin besin öğeleri bileşimi ile lipitlerindeki hidrolitik ve oksidatif 
değişimlere önemli düzeyde etkili olduğu belirlenmiştir (P<0.05). Donmuş depolama boyunca MDBAM ve 
MDBNM’nin linoleik asit içeriğinde ve MDBAM’nin araşidonik asit içeriğinde önemli düşüşler gözlenmiştir 
(P<0.05). Donmuş depolanan MDBAM’de, lipitlerdeki değişim lipit oksidasyonundan kaynaklanırken, 
MDBNM’nin lipitlerindeki değişime lipit hidrolizinin neden olduğu belirlenmiştir(P<0.05).
Anahtar kelimeler: Mekanik ayrılmış tavuk eti, bileşim, lipitler, ransidite, donmuş depolama
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INTRODUCTION
Poultry meat consumption continues to increase 
all over the world with a change in buying behav-
ior and consumption attitudes from whole car-
cass to cut-up parts and further processed poultry 
products. The growing demand for cut-up parts 
and further processed convenience products has 
provided poultry processors significant amounts 
of leftover parts on the carcass to be used for me-
chanical deboning (1-3). Mechanically deboning, 
an efficient method of salvaging meat from parts 
left on carcass after hand deboning and from poor 
quality poultry, is generally accomplished by grind-
ing meat and bone together and by forcing the mix 
through a fine screen or slotted surface in order to 
eliminate bone particles (1, 3-5).

This valuable co-product of poultry meat process-
ing has been usually utilized in comminuted meat 
products formulations such as frankfurters, fer-
mented sausages and restructured chicken prod-
ucts as substitution of the meat raw material due 
to its smooth consistency, good nutritional and 
functional characteristics, and low cost (1, 3, 5-8). 
Nevertheless, extreme mechanical stress and aera-
tion during processing, and its high bone marrow, 
heme pigment and lipid contents promote lipid 
oxidation and makes mechanically deboned meat 
(MDM) very prone to onset of oxidative rancidity, 
which could result in deterioration of quality dur-
ing storage and have significant influence on the 
stability of final product formulated with deboned 
material (1, 8-10). Polyunsaturated fatty acids (PU-
FAs), especially linoleic and arachidonic acids, of 
meat are subjected to lipid oxidation yielding sec-
ondary oxidation products responsible for off-fla-
vor and off-odor generation and potential toxicity 
(1, 11-13).

Hydrolytic rancidity is another type of rancidity 
which could cause quality loss in MDM (12, 14) as 
it generally has high moisture content and micro-
bial load (15). Lipolytic enzymes of microbial and 
muscle origin initiate hydrolytic changes involving 
hydrolysis of triacylglycerol molecules to first dia-
cylglycerols, then monoacylglycerols and free fatty 
acids in meat fats (12,16). Free fatty acids gener-
ated as a result of hydrolysis could have direct ef-
fects on aroma of the product and could combine 
with sodium ions to form soaps and impart soapy 
aroma (16).

Deteriorative changes due to rancidity generation 
during storage of meat and meat products are of 
great economic importance to both consumers 
and processors (17). Therefore, the purpose of the 
current study was to evaluate rancidity related al-
terations in lipids of mechanically deboned chick-
en meats (MDCMs) of different origin during fro-
zen storage.

MATERIALS AND METHODS 
Three different types of MDCMs produced after 
removal of usable parts separated from freshly 
slaughtered chicken carcasses were kindly do-
nated by a commercial chicken meat processing 
plant, BEYPİLİÇ, located in Bolu, Turkey. These 
three MDCMs originated from back (dorsal part 
of the carcass), bone neck and breast frame meat. 
A POSS PDX-5 deboning machine (Canada) was 
used in processing of MDCMs with an adjustment 
to about 75%±5% yield. Three different batches of 
MDCM that were mechanically deboned breast 
frame meat (MDBFM), mechanically deboned 
back meat (MDBAM) and mechanically deboned 
neck meat (MDNM) were separately weighed into 
1000 g portions, and vacuum-packed in polyeth-
lene pouches having an oxygen permeability of 
45 cm3/m2/24 h/690 mmHg (at 25 oC and 0% RH) 
followed by freezing at -30 °C. MDCM batches 
were then stored at -18 °C for 120 days for further 
analysis. Samples were analyzed at 0, 30, 60, 90 and 
120th days of frozen storage at -18 °C. MDCM were 
thawed at 4 °C for 24 hours before use for analysis. 

Compositional analyses

Initial moisture, protein (Nx6.25), fat, ash, calcium, 
iron and phosphorus contents were determined in 
duplicate for each sample following AOAC meth-
ods (18). Collagen protein (hydroxyprolin) was es-
timated following the methods reported by Aktan 
(19) and Yang and Froning (20) with slight modifi-
cations.

Initial cholesterol content was determined us-
ing the method reported by Rudel and Morris 
(21). Total lipids of MDCM were extracted with 
chloroform:methanol (2:1) using a sample:solvent 
ratio of 1:2 (22). For cholesterol analysis, after sa-
ponification of lipids, cholesterol in the unsaponifi-
able fraction was detected spectrophotometrically. 
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Thiobarbituric acid value 

Thiobarbituric acid (TBA) value was determined 
spectrophotometrically as mg malondialdehyde 
(MA) per kg sample using the procedure of Tarlad-
gis et al. (23) at each period of frozen storage.

Free fatty acid

Free fatty acid (FFA) was determined by titrating 
10 mL of the lipid extract dissolved in 20 mL of 
ethanol/diethyl-ether (1/1) with an ethanolic solu-
tion of 0.1 M KOH, using phenolphthalein as indi-
cator. FFA was expressed as g of oleic acid/100 g of 
MDCM (18).

Fatty acid composition

For analysis of fatty acids at stages of frozen stor-
age, triglycerides in the extracted lipid fraction 
extracted as described above were converted 
into the fatty acid methyl esters according to 
the AOCS Official Method Ce 2-66 (24). A Shi-
madzu 17A Gas Chromatography equipped with 
a flame ionization detector and SP2560 column 
(100mx0.25mmIDx0.20µm film thickness) (Supel-
co, Bellefonte PA) was used for determination of 
fatty acid composition. The initial temperature of 
140 °C was maintained for 5 minutes, then raised 
to 240 °C at a rate of 4 °C/min and kept at 240 °C 
for 10 minutes. The split ratio was 1:100 and the 
carrier gas was helium. The injector and detector 
temperatures were 230 and 240 °C, respectively.

Statistical analysis

Data from two replications for each attribute were 
analyzed by analysis of variance with General Lin-
ear Models (GLM) procedure of SAS (25). Means 
were separated (P<0.05) using Least Significant 
Difference (LSD) procedure (25).

RESULTS AND DISCUSSION
Composition of MDCM

Composition of MDCM obtained from different 
parts of chicken carcasses is presented in Table 1. 
Type of MDCM was a significant factor affecting 
composition (P<0.05). It was reported that incor-
poration of skin tissues resulted in differences in 
lipid and protein contents of MDCM depending on 

the origin of raw material (26). The highest mois-
ture content was determined in MDNM (74.95%) 
followed by MDBFM (68.82%) and MDBAM 
(59.05%), respectively. Parallel to the moisture con-
tent, MDNM had the lowest protein, fat and ash 
contents and the highest moisture to protein ratio 
(P<0.05). While MDBFM yielded the highest pro-
tein content (16.90%) within the MDCM tested, 
MDBAM possessed the highest fat (26.95%) and 
the lowest collagen (8.36% in total protein) con-
tents (P<0.05). This higher fat content of MDBAM 
was likely due to high fat content of the tissue un-
der the skin and more skin and bone marrow in-
corporation during processing. Negrao et al. (27) 
noted that MDCM possessed a relatively higher 
lipid and lower protein contents as compared with 
chemical composition of typical chicken muscle. 
Results obtained for the composition of MDCM in 
the current study were in agreement with the find-
ings of previous studies (3, 17, 27-30).

Cholesterol contents of MDBFM, MDNM and 
MDBAM were 82.74 mg/100g, 82.34 mg/100g and 
168.89 mg/100g, respectively (Table 1). This sig-
nificantly higher (P<0.05) cholesterol content of 
MDBAM, which also had the highest fat content, 
could be attributed to more bone marrow, skin and 
residual offal incorporation into the product dur-
ing processing. Al-Najdawi and Abdullah (4) noted 
that bone marrow, body fat and skin were major 
factors affecting cholesterol level in MDM. 

It was previously reported that mechanical debon-
ing generally resulted in increases in the minerals, 
calcium, iron and phosphorus in MDMs and addi-
tional calcium and iron in MDM is easily absorbed 
in human body (7, 31). Findings on minerals ob-
tained in the present study supported this informa-
tion. When the MDCM types were compared, MD-
BFM with the highest ash content had the greatest 
(P<0.05) calcium, iron and phosphorus contents as 
compared to MDNM and MDBAM (Table 1).

Fatty acid composition

Predominant unsaturated fatty acids in MDCM 
that might cause oxidation of lipids were oleic 
(C18:1), linoleic (C18:2), linolenic (C18:3) and ara-
chidonic (C20:4) acids. Composition of fatty acids 
in MDMs differs depending on several factors such 
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as source of meat and the amount of meat and skin 
incorporated into the product during separation 
process (1-3, 13). These factors determine final fat-
ty acid distribution of the final product (concentra-
tion of saturated and unsaturated fatty acids) and 
thus, affect degree of lipid oxidation, one of the 
measures of storage stability.

Among the total fatty acids determined in MD-
CMs, 21.52, 22.67, and 25.33% for MDBAM, MD-
BFM, and MDNM, respectively, corresponded 

to saturated fatty acids (SFAs). Initial total SFA 
concentration of MDNM was significantly higher 
than the other types of MDCMs (P<0.05), which 
showed increases (P<0.05) over the 120-days of 
frozen storage (Figure 1). Palmitic acid (C16:0) was 
predominant fatty acid within the SFAs. MDNM 

contained higher palmitic and stearic acids (C18:0) 
as compared to MDBFM and MDBAM all over the 
storage periods (P<0.05). 

Initial concentrations of total monounsaturated 
fatty acids (MUFAs) in MDBAM, MDBFM and 
MDNM were 35.04, 34.36 and 34.78%, respective-
ly (Figure 1), of which oleic acid (C18:1) was the 
most abundant one. MDNM had lower oleic acid 
than the other two MDCM types (P<0.05). The 
highest initial palmitoleic acid (C16:1) was deter-
mined in MDNM (5.14%). While concentration of 
palmitoleic acid in all types of MDCMs showed 
significant decreases over the frozen storage, the 
most noticeable reduction in C16:1 was observed 
in MDNM (P<0.05).

Concentration of total PUFAs was higher than that 
of MUFA in all types of MDCM. Significant reduc-
tions in PUFAs during frozen storage over 120 days 
(P<0.05) were observed in MDCM with the excep-
tion of MDBFM (Figure 1). Predominant PUFA in 
MDCM was linoleic acid (C18:2) followed by lino-
lenic (C18:3) and arachidonic (C20:4) acids (Table 
2). MDNM had generally lower linoleic and lino-
lenic acids than MDBFM and MDBAM (P<0.05) 
while MDNM and MDBFM contained higher ara-
chidonic acid than MDBAM. 

Lipid fractions of frozen foods undergo oxidative 
reactions (32) which are initiated in membrane 
bound lipids, and particularly unsaturated fatty 
acids such as those present in chicken, turkey and 
fish play significant role in this process (14, 33, 34) 
Püssa et al. (13) reported that PUFAs are highly 
susceptible to lipid peroxidation due to active bis-
allylic methylene groups in their molecules, and 
both linoleic and arachidonic acids containing 
two and four double bonds, respectively, mostly 
contribute to peroxidation process of PUFAs in 
MDMs. In the present study, significant decreases 
(P<0.05) in linoleic acid of MDBAM and MDNM, 
and arachidonic acid of only MDBAM were ob-
served over the 120-day frozen storage (Table 2), 
which was in agreement with the findings of afore-
mentioned study (13).

TBA value

TBA values determined to monitor lipid oxida-
tion in MDCM over 120 day frozen storage are 
presented in Figure 2. Initial TBA values for MD-
BAM, MDBFM and MDNM were 0.23, 0.13 and 
0.12 mgMA/kg, respectively. MDBAM possessing 
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Figure 1. Changes in total SFA (a), MUFA (b) and PUFA (c) concentrations of MDCM 

during frozen storage  
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or modified atmosphere packaged mechanically 
deboned turkey meat samples had lower TBA val-
ues than air-packaged samples. Smith (38), Pikul 
and Niewiarowics (39), Abdel-Kader (40), Tuboly-
et al. (41) and Pettersen et al. (2) also reported that 
frozen storage resulted in increases in TBA value 
of MDMs.

Free fatty acid

Initial FFA values for MDBAM, MDBFM and 
MDNM were 1.04%, 1.93% and 1.22% (% O.A.), 
respectively (Figure 3). Lipid deterioration in fatty 
foods is the main cause of reduced shelf-life due 
to progressive oxidation and enzymatic hydrolysis 
of unsaturated fatty acids (16,42). FFA value is the 
measure of hydrolytic rancidity resulting from ac-
cumulation of FFA due to lipolytic enzyme activity 
of microbial and muscle origin, which might im-
part undesirable flavor in foods (12, 16). The ini-
tial FFA values of MDBAM, MDBFM and MDNM 
(1.04, 1.93 and 1.22%, respectively) showed in-
creases over time (P<0.05) reaching to 1.56, 2.82 
and 4.89%, respectively, at the end of the frozen 
storage. In contrast to TBA value, MDNM with the 
highest total SFA and moisture contents, and the 
lowest PUFA/SFA ratio had the highest FFA values 
during 120 days of frozen storage. Similar to re-
sults obtained from the current study, Özkeçeci et 
al. (43) reported that FFA value showed increases 
with time in MDCMs stored at -20oC.

the highest total lipid content had the highest TBA 
values than the other groups (P<0.05) during fro-
zen storage. TBA values in all MDCMs showed in-
creases over time and reached to 0.87, 0.76 and 0.69 
mgMA/kg for MDBAM, MDBFM and MDNM, 
respectively, at the end of storage (Day 120). It 
was noted that disruption of muscle membranes 
integrity favors oxidation of unsaturated fatty ac-
ids resulting in free radical formation and propa-
gation of oxidative reactions (35, 36). Final TBA 
values obtained for MDCM samples in the present 
study did not exceeded the threshold value (>1.0 
mgMA/kg) for perceived undesirable rancid flavor 
and odor reported in the literature in meat prod-
ucts (23, 37), likely due to vacuum packaging of 
the samples which might have partially prevented 
oxygen transmission inside the package. Dawson 
and Gartner (28) suggested vacuum packaging for 
mechanically deboned poultry meat to minimize 
development of rancid flavor and accompanying 
TBA values. Pettersen et al. (2) noted that vacuum 
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Figure 3. Changes in FFA values of MDCM during frozen storage 
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Figure 2. Changes in TBA values of MDCM during frozen storage 
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Figure 2. Changes in FFA values of MDCM during frozen 
storage

Table 1. Composition of mechanically deboned chicken 

meats (MDCM)

Attributes Type of MDCM

Back Breast Neck

Moisture (%) 59.05b  68.82ab 74.95a

Protein (%) 12.77b 16.90a 12.27b

Fat (%) 26.95a 12.34b 11.59b

Ash (%) 0.92b 1.45a 0.88b

Collagen in total
protein (%)

12.63a 8.36b 12.14a

C h o l e s t e r o l 
(mg/100g)

168.89a 82.74b 82.34b

Ca (mg/kg) 520.70b 1795.20a 568.00b

Fe (mg/kg) 16.10b 33.70a 20.60ab

P (mg/kg) 2187.00b 2959.4a 2067.9b

LS means in a row not having a common letter are different 

(P<0.05).
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CONCLUSIONS
Composition of MDCMs, a valuable co-product 
of chicken meat processing, is influenced by sev-
eral factors such as source (origin) of carcass part 
and processing with or without skin (skin incorpo-
ration). Our results confirmed that MDCMs are 
extremely susceptible to lipid deterioration dur-
ing frozen storage due to high PUFA and heme 
pigment contents, finer particle size and elevated 

temperatures during processing. According to the 
results obtained from the present study, type of 
MDCM was a significant factor affecting rancidity 
generation in the product. MDBAM with the high-
est lipid content showed the greater lipid oxidation 
while MDNM appeared to be more sensitive to 
lipid hydrolyses. 

Rancidity due to lipid deteriorations is one of the 
main factors limiting utilization of MDCMs in fur-

Table 2. Fatty acid composition of mechanically deboned chicken meats (%, in total lipid)

Type of 
MDCM        

 Storage periods (day)

Fatty acids 0 30 60 90 120

Back

   C 14:0 0.70 0.65 0.64AB 0.67AB 0.65AB

   C 16:0 5.71bC 5.16bC 15.25bC 15.47bC 16.56aB

   C 16:1 4.94aAB 4.58b 4.27cB 4.10cB 4.19cA

   C 18:0 5.11cB 5.94b 6.46a 6.11bB 5.88bC

   C 18:1  30.10bA 30.29abA 30.86aA 29.88bA 29.06cA

   C 18:2 35.64aA 35.75aA 35.75aA 35.08bA 34.58cB

   C 18:3   4.72aA 4.54abB 4.63abA 4.45b 4.42bAB

   C 20:4 0.99aB 0.99a 0.93abB 0.90abB 0.85bB

Others 2.09cA 2.10cA 1.22d 3.34bA 4.01aA

Breast

   C 14:0 0.62 0.51 0.57B  0.58B 0.56B

   C 16:0 16.73aB 16.17bB 16.08bB 16.25bB 16.62aB

   C 16:1 4.83aB 4.11b 4.01bB 4.07bB 4.15bA

   C 18:0 5.32dAB 5.95c 6.07bc 6.38abB 6.58aB

   C 18:1 29.53cB 30.14bA 30.80aA 30.41bA 29.39cA

   C 18:2 35.41abA 35.49abA 35.18bB 35.37abA 35.74aA

   C 18:3   4.74bA 5.21aA 4.71bA 4.11c 4.51bcA

   C 20:4 1.32A 1.31 1.45A 1.40A 1.23A

Others 1.50B 1.11B 1.13 1.43B 1.22C

Neck

   C 14:0 0.79ab 0.62b 0.85aA 0.80abA 0.72abA

   C 16:0 18.87A 18.62A 18.89A 18.74A 19.04A

   C 16:1 5.14abA 4.24c 5.20aA 4.71bA 3.64dB

   C 18:0 5.67dA 6.15c 6.17c 7.48bA 10.11aA

   C 18:1 29.64aB 28.72bB 28.94bB 28.65bB 27.81cB

   C 18:2 34.27aB 34.41aB 32.86bC 32.78bB 31.54cC

   C 18:3   4.22bB 4.68aAB 4.17bB 4.15b 4.05bB

   C 20:4 1.10AB 1.36 1.43A 1.33A 1.15A

Others 1.20bB 1.21bB 1.49b 1.36bB 1.84aB

a,b,c,d: Within a MDCM type, for an individual fatty acid (between storage days), LS means in a column not having 
a common letter are different (P<0.05).
A, B, C: Within a storage period, for an individual fatty acid (between MDCM types), LS means in a column not 
having a common letter are different (P<0.05).
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ther processed meat products. Therefore, attempts 
to minimize rancidity generation with improved 
production and storage conditions would be help-
ful. Vacuum or modified atmosphere packaging 
and antioxidant addition might contribute higher 
quality product.

REFERENCES
1. Mielnik BM, Aaby K, Rolfsen K, Ellekjaer MR, Nilsson 
A. 2002. Quality of comminuted sausages formulated 
from mechanically deboned poultry meat. Meat Sci. 61: 
73-84.

2. Pettersen MK, Mielnik MB, Eie T, Skrede G, Nils-
son A. 2004. Lipid oxidation in frozen, mechanically 
deboned turkey meat as affected by packaging param-
eters and storage conditions. Poultry Sci. 83: 1240-1248.

3. Perlo F, Bonato P, Teira G, Fabre R, Kueider S. 2006. 
Physicochemical and sensory properties of chicken nug-
gets with washed mechanically deboned chicken meat: 
Research note. Meat Sci. 72: 785-788.

4. Najdawi RA, Abdullah, B. 2002. Proximate compo-
sition, selected minerals, cholesterol content and lipid 
oxidation of mechanically and hand-deboned chickens 
from the Jordanian market. Meat Sci. 61: 243-247.

5. Serdaroğlu M, Yıldız Turp G. 2005. Effects of deboning 
methods on chemical composition and some properties 
of beef and turkey meat. Turk. J. of Veterinary and Ani-
mal Sci. 29: 797-802.

6. Froning GW. 1981. Mechanical deboning of poultry 
and fish. In C.O. Chichester, EM Mrak, & GF Stewart 
(Eds), Advances in Food Research Academic Press 27: 
109-147.

7. Ockerman HW, Hansen CL. 1988. Edible tissue from 
bone. In Animal By-Product Processing Ed. Ockerman 
HW and Hansen CL Ellis Harwoord Ltd, England 158-
175.

8. Hassan O, Fan LS. 2005. The anti-oxidation potentiel 
of polyphenol extract from cocoa leaves on mechanical-
ly deboned chicken meat (MDCM). LWT-Food Sci. and 
Technology 38 (4): 315-321.

9. Moerck KE, Ball Jr HR. 1974. Lipid autoxidation in 
mechanically deboned chicken meat. J. of Food Sci. 39: 
876-879.

10. Kolsarıcı N, Candoğan K. 2002. Mekanik ayrılmış 
etin kalite özellikleri ve kullanım alanları. GIDA 27: 277-
283.

11. Ladikos D, Lougovois V. 1990. Lipid oxidation in 
muscle foods: a review. Food Chem. 35 (4): 295-314.

12. Ranken MD. 1994. Rancidity in meats. In Rancidity 
in Foods 3rd edition. Ed. Allen JC and Hamilton RJ As-
pen Publishers Inc pp 191-202. 

13. Püssa T, Pallin R, Raudsepp P, Soidla R, Rei M. 2008. 
Inhibition of lipid oxidation and dynamics of polyphenol 
content in mechanically deboned meat supplemented 

with sea buckthorn (Hippaphae rhamnoides) berry resi-
dues. Food Chem. 107: 714-721.

14. Baker RC, Bruce CA. 1995. Further Processing 
of Poultry. In Processing of Poultry Ed By Mead GC 
Chapman&Hall, London 251-282.

15. Candoğan K, Kolsarıcı N, Akoğlu İ, Üzümcüoğlu Ü, 
Tekin A. 2001. Some chemical, physical and microbio-
logical characteristics of mechanically deboned chicken 
meats produced from breast, frame, neck or back. XV. 
European Symposium on the Quality of Poultry Meat. 
Kuşadası, Türkiye 367-372.

16. Pegg RB, Shahidi F. 2006. Off flavors and rancidity in 
foods. In Handbook of Meat Poultry and Seafood and 
Quality Ed By Nollet LML Blackwell Publishing 217-242.

17. Mielnik MB, Aaby K, Skrede G. 2003. Commercial 
antioxidants control lipid oxidation in mechanically 
deboned turkey meat. Meat Sci. 65: 1147-1155.

 18. AOAC. 1996. Official methods of analysis. Associa-
tion of official analytical chemists. IAC, Arlington, VA. 

19. Aktan HT. 1976. Piyasada yüksek fiyatla satılan yerli 
sucukların hidroksiprolin yardımı ile kalite durumlarının 
tespiti. Ph. D. Dissertation. Ankara Univ. Veterinary Fac-
ulty, Turkey.

20. Yang TS, Froning GW. 1992. Changes in myofibriller 
proteinand collagen content of mechanically deboned 
chicken meat due to washing and screening. Poultry Sci. 
71:1221-1227.

21. Rudel LL, Morris MD. 1973. Determination of cho-
lestrol using o-phytalaldehyde. J. ipid Res. 14: 364-366.

22. Bligh EG, Dyer WJ. 1959. A rapid method of total 
lipid extraction and purification. Can. J. Biochem Physiol 
37: 911-913.

23. Tarladgis BG, Watts BM; Younathan MT, Dugan L. 
1960. A distillation method for the quantitative determi-
nation of malonaldehyde in rancid foods. J Am Oil Chem 
Soc 37: 44-48.

24. AOCS. 1989. Official methods and recommended 
practices of the American Oil Chemists’ Society. Cham-
paign, Method Ce 2-66.

25. SAS. 1996. SAS/STAT User’s guide. Release 6. 12. 
Statistical Analysis System Institute, Inc Cary, NC.

26. Satterle LD, Froning GW, Janky DM. 1971. Influence of skin 
content on composition of mechanially deboned poultry meat. 
J. Food Sci. 36, 979-981.

27. Negrao CC; Mizubuti IY, Morita MC, Colli C, Ida EI, 
Shimokomaki M. 2005. Bioogical evaluation of mechani-
cally deboned chicken meat protein quality. Food Chem. 
90: 579-583.

28. Dawson LE, Gartner R. 1983. Lipid oxidation in me-
chanically deboned poultry. Food Tech. 37 (2): 112-116.

29. Ham D, Young LL. 1983. Further studies on the 
composition of commercially prepared mechanically 
deboned poultry meat. Poultry Sci. 62: 1810-1815.



N. Kolsarıcı, K. Candoğan, İ.T. Akoğlu

410

30. Crosland AR, Patterson, RLS, Higman RC. 1995. In-
vestigation of methods to detect mechanically recovered 
meat n meat products-I: Chemical composition. Meat 
Sci. 40: 289-302.

31. Stadelman WEJ, Olson VM, Shenwell GA, Pasch S. 
1998. Edible tissue from bone. In Egg and Poultry Pro-
cessing Ed By Stadelman, WEJ, Olson, VM, Shenwell, 
GA Pasch, S Ellis Horwood Ltd Sistr Chichester, Eng-
land. 

32. Conchillo A, Ansorena D, Astiasa´ran I. 2005. Inten-
sity of lipid oxidation and formation of cholesterol oxi-
dation products during frozen storage of raw and cooked 
chicken. J. Sci. of Food Agriculture 85: 141–146.

33. Brewer MS, Wu SY. 1993. Display, packaging and 
meat block location effects on colour and lipid oxidation 
of frozen lean ground beef. J. Food Sci. 58: 1219–1223.

34. Farouk MM, Swan JE. 1998. Effect of muscle con-
dition before freezing and simulated chemical changes 
during frozen storage on the pH and colour of beef. Meat 
Sci. 50: 245–256.

35. Gray JI, Gomaa EA, Buckley DJ. 1996. Oxidative 
quality and shelf life of meats. Meat Sci. 43: 111-123.

36. Limbo S, Torri L, Sinelli N, Franzetti L, Casiraghi E. 
2010. Evaluation and predictive modeling of shelf life of 
minced beef stored in high-oxygen modified atmosphere 
packaging at different temperatures. Meat Sci. 84: 129–
136.

37. Jayasingh P, Cornforth DP, Brennand CP, Carpenter 
CE, Whittier DR. 2002. Sensory evaluation of ground 

beef stored in high-oxygen modified atmosphere pack-
aging. J. Food Sci. 67 (9): 3493-3496.

38. Smith DM. 1987. Functional and biochemical chang-
es in deboned turkey due to frozen storage and lipid oxi-
dation. J. Food Sci. 52 (1): 22-27.

39. Pikul J, Niewiarowicz A. 1988. Composition and sta-
bility of mechanically deboned chicken meat. Archiv für 
Geflügelkunde 52 (5): 18-192.

40. Abdel-Kader ZM. 1996. Lipid oxidation in chicken 
as affected by cooking and frozen Storage. Nahrung 40 
(1): 21-24.

41. Tuboly E, Lebovics VK, Gaal Ö, Meszaros L, Farkas J. 
2003. Microbiological and lipi oxidation studies on me-
chanically deboned turkey meat treated by high hydro-
static pressure. J. Food Engineering 56: 241-244.

42. Nazemroaya S, Sahari MA, Rezaei M. 2009 Effect of 
frozen storage on fatty acid composition and changes in 
lipid content of Scomberomorus commersoni and Car-
charhinus dussumieri. J. Applied Ichth. 25: 91-95.

43. Özkeçeci RB, Karakaya M, Yılmaz MT, Sarıçoban 
C, Ockerman HW. 2008. The effect of carcass part and 
packaging method on the storage stability of mechani-
cally deboned chicken meat. J. Muscle Foods 19: 288-301.

44. Püssa T, Raudsepp P, Toomik P, Pallin R, Maeorg U, 
Kuusik S, Soidla R, Rei M. 2009. A study of oxidation 
products of free polyunsaturated fatty acids in mechani-
cally deboned meat. J. Food Compos. Anal. 22: 307-314.


