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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 °C. 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.
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MEKANIK AYRILMIS TAVUK ETLERINDE DONMUS
DEPOLAMANIN LiPITLERDEKI DEGISIME ETKISI

Ozet

Calismada mekanik ayrilmig tavuk sirt (MDBAM), gogiis (MDBFM) ve boyun (MDBNM) etlerinin bilesimi
(kuru madde, protein, yag, kiil, yag asitleri, kollagen, kolesterol, kalsiyum, demir ve fosfor igerigi) ve lipitlerin-
deki degisiklikler -18 °C’de 120 giinliik donmus depolama boyunca degerlendirilmistir. Mekanik ayrilmis
tavuk eti ¢esidinin, mekanik ayrilmis etin besin 6geleri bilesimi ile lipitlerindeki hidrolitik ve oksidatif
degisimlere 6nemli diizeyde etkili oldugu belirlenmistir (P<0.05). Donmus depolama boyunca MDBAM ve
MDBNM'nin linoleik asit iceriginde ve MDBA M'nin arasidonik asit iceriginde 6nemli diisiisler gozlenmistir
(P<0.05). Donmus depolanan MDBAM/de, lipitlerdeki degisim lipit oksidasyonundan kaynaklanirken,
MDBNM'nin lipitlerindeki degisime lipit hidrolizinin neden oldugu belirlenmistir(2<0.05).

Anahtar kelimeler: Mekanik ayrilmis tavuk eti, bilesim, lipitler, ransidite, donmus 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, BEYPILiC, 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 cm®/m?*/24 h/690 mmHg (at 25 °C 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
120™ 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
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
(100mx0.25mmIDx0.20um 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.

above were converted

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 MDBEM (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 vyielded 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

‘—O—MDBAM —a— MDBFM —— MDNM ‘

= 27 -

nN w
© =
» -

Total SFA (%
NN
w o
.

(@)

N
e
>

19 4
17 A
15 T T T 1
0 30 60 90 120
Days of Storage
| ~—MDBAM —#— MDBFM —&—MDNM |
37
;\? 35 F’
< 33 A
5o (b)
=
T 29
o
= 27 A
25 T T T 1
0 30 60 90 120
Days of Storage
—e— MDBAM —0— MDBFM —&— MDNM
44
< 42
=
o
@ 36 (©
EE:
a2
30 + T T T !
0 30 60 90 120

Days of Storage

Figure 1. Changes in total SFA (a), MUFA (b) and PUFA (c)
concentrations of MDCM during frozen storage

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 MDBEM (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 MDBEM 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)
Piissa 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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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, MDBEM 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 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

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, Ozkegeci et
al. (43) reported that FFA value showed increases
with time in MDCMs stored at -20°C.

Table 1. Composition of mechanically deboned chicken
meats (MDCM)

Attributes Type of MDCM

Back Breast Neck
Moisture (%) 59.05° 68.82% 74.95°
Protein (%) 12.77° 16.90° 12.27°
Fat (%) 26.95° 12.34° 11.59°
Ash (%) 0.92° 1.452 0.88°
Collagen in total 12.632 8.36° 12,142
protein (%)
Cholesterol 168.892 82.74° 82.34°
(mg/100g)
Ca (mg/kg) 520.70° 1795.202 568.00°
Fe (mg/kg) 16.10° 33.70° 20.60%
P (mg/kg) 2187.00° 2959.42 2067.9°

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 Storage periods (day)
MDCM Fatty acids 0 30 60 90 120
C 14:0 0.70 0.65 0.6448 0.6748 0.65%°
C 16:0 5.710¢ 5.16°¢ 15.2506¢ 15.47¢ 16.566
C 16:1 4.94248 4.58° 4.27°8 4.10c® 4.19%A
C 18:0 5.11°8 5.94° 6.467 6.11%8 5.88°C
Back C 18:1 30.10°* 30.292°A 30.86 29.88% 29.06°*
C18:2 35.64 35.75% 35.75% 35.08%4 34.58®
C 18:3 472 4.5438 4.63%A 4.45° 4.42048
C20:4 0.99%® 0.992 0.93%8 0.90%8 0.85%8
Others 2.09% 2.10% 1.22¢ 3.34pA 4.01%
C14:0 0.62 0.51 0.578 0.588 0.56°
C 16:0 16.73%® 16.17°8 16.08%8 16.25%8 16.62%
C16:1 4.83%® 4.11° 4.01%8 4.07°8 4,150
C 18:0 5.32d"8 5.95¢ 6.07°° 6.38%8 6.58%
Breast C18:1 29.53® 30.1404 30.80* 30.4104 29.39%4
C18:2 35.4120A 35.4920A 35.18%8 35.37A 35.74
C18:3 4.7407 5.21%A 4.710A 4.11¢ 4.51bcA
C 20:4 1.324 1.31 1.45% 1.40% 1.234
Others 1.508 1.118 1.13 1.438 1.22¢
C14:0 0.79% 0.62° 0.85% 0.80% 0.7230A
C16:0 18.874 18.624 18.894 18.744 19.044
C 16:1 5.14z0A 4.24¢° 5.20% 4.71b” 3.64%
C18:0 5.67% 6.15° 6.17¢ 7.48b* 10.1124
Neck C 18:1 29.6438 28.72v8 28.94v8 28.65%8 27.81<8
C18:2 34.27%® 34.41%8 32.86° 32.78%8 31.54°°
C18:3 42208 4.68¥8 4,178 4.15° 4.058
C20:4 1.10%8 1.36 1.437 1.33% 1.154
Others 1.20°8 1.2108 1.49° 1.368 1.84%

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.
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