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Abstract

Article history:

Excessive consumption of red meat is associated with various diseases including coronary
heart diseases and cancer. Lower health-related problems of chicken meat, consumption of
chicken meat, and mechanically deboned chicken meat (MDCM) have been increased due to
their cheaper prices. Thereby, chemical, microbial, and physical causes of chicken meat losses
and the safety aspects are needed to be fully considered to save food by improved application of
chicken meat and its by-product. This study investigated the effects of chicken classes, layer, and
broiler, and different carcass cuts, fillet, skeleton, and the whole carcass, on physicochemical,
protein, fat, ash, moisture, pH, and peroxide, and microbiological, total plate counts, Escherichia
coli, Staphylococcus aureus, Campylobacter, and Salmonella, characteristics as well as
introducing content changes of metal elements iron, calcium (Ca), lead, cadmium, and arsenic in
MDCM. The highest values of physicochemical characteristics, calcium, iron, and heavy metals
were observed in deboned layer chicken carcass and deboned broiler skeleton (p<0.05).
Although Escherichia coli was detected in all of the treatments, Salmonella, Staphylococcus
aureus, and Campylobacter contamination were found only in the deboned layer and broiler
skeleton. In conclusion, the application of MDCM by-products in meat products without thermal
processing is not recommended. The broiler and layer skeleton MDCMs are not suitable for
human consumption due to the high contents of heavy metals. However, the whole carcasses of
layer chickens are suitable to be mutually used in MDCM at the end of the egg laying period.
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Introduction
Red meat is composed of fatty acids, amino acids, and
vitamins that make the main food group in the diet. The
red meat is the best source of bioavailable iron with a high
content of macro-nutrients.1,2Production and consumption
of poultry meat have been increased,117 million tonnes in
2017.3 This preference could be related to nutritional
properties, competitive price of chicken meat compared to
red meat and increased prevalence of diseases associated
with consumption of red meat such as higher incidence of
cardiovascular disease (CVD), diabetes and some types of
cancers, colorectal and pancreatic.4 Using by-product is a

part of a comprehensive approach to reduce the loss and
to assist the chicken meat industry to comply with saving
food. A large share of waste such as skin, bones, and
tendons being produced in the chicken slaughterhouses.
To achieve a higher productivity, use of meat by-products
is necessary. Therefore, using new techniques such as
mechanical deboning the meat rather than hand deboning,
the industries are trying to get more meat from bones.5
These industries typically use MDCM with low commercial
value including the back and the neck. Mechanically
recovered meat (MRM), mechanically separated meat
(MSM), and mechanically deboned meat (MDM) are
synonyms for the product obtained using pressure to
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poultry carcasses or animal bones with higher quality than
hand-deboned meat (HDM). These machines separate the
muscular tissue from the bones by breaking, pulverizing,
and forcing them to pass through a strainer. Both broiler
and laying chickens are used in this technique. Broilers are
heavy birds, 3.00-4.00 kg, and have an acceptable amount
of meat in the thighs and breasts. Layer chickens are small
birds, 1.50 kg, and adding their meats to meat products
does not affect the sensory evaluation.6 However, the
MDCMs have several problems that must be considered for
inclusion in meat products. Since MDCM contains excessive
lipids due to the bone marrow and bone tissue, rapid
oxidation that lead to off-odors and off-flavors may
happen.7 On the other hand, deboned parts of meat exposed
to contamination with machines and the environment have
been one of the most important factors in food-borne
diseases.8 To improve the application of MDCMs according
to the parts and type of chicken meats, their physiochemical, microbiological, and safety properties should be
all monitored. This study was conducted to evaluate the
effect of chicken raw materials including different parts of
broiler and layer chicken carcasses on physicochemical and
microbiological characteristics and metal contents of MDCM.
Materials and Methods
Sample preparation. A total number of 50 whole
chicken samples, including layer and broiler, were
collected from farms in Tehran, Iran. Broiler chickens were
randomized into three groups and subjected to the
following treatments: Treatment 1) Whole carcasses,
Treatment 2) Fillet and Treatment 3) Skeleton. Layer
chickens were randomized into two groups: Treatment 1)
Whole carcasses and Treatment 2) Skeleton. All of the five
treatments were directed toward the separator (Beehive
Machinery Inc., Sandy, USA) one by one and after deboning,
three samples were collected in sterile conditions from the
beginning, middle and end of the produced batch.
Metal element determination. Concentrations of iron
(Fe), calcium (Ca), lead (Pb), cadmium (Cd), and arsenic
(As) were determined using flame atomic absorption
spectrometry (FAAS, Thermo-electron S series GE 711838;
Thermo Electron Corporation, Waltham, USA).The crushed
dried samples were kept in acid-washed nylon bags in the
desiccator. Two gram of each dried sample was added to
10.00 mL of the digestion mixture, 65.00% HNO3 and
70.00% HClO4 3:2 (v/v), and heated for 3 hr in a water
bath at 70.00 ˚C. Next, they were cooled and placed in a
clean flask, followed by adding 20.00 mL of deionized
water. Standard stock solutions of Fe, Ca, Pb, Cd, and As
(1000 ppm) were prepared and diluted 10-fold to the
corresponding expected mass fraction recovery of
elements in the samples. The wavelengths of λ = 283.30,
228.80, 324.80, 193.70, and 228.80 nm were used to
detect Pb, Ca, Fe, As, and Cd, respectively.9 It should be

noted that all of the reagents were of analytical grade
(Merck Millipore, Darmstadt, Germany) and deionized
water was supplied by a Millipore Direct-Q 3 UV water
purification system (Merck Millipore).
Chemical analysis. Moisture, fat, protein, and ash
amount were determined according to available
methods.10 In this regard, 10.00 g of each sample was
blended with 100 mL of distilled water and the pH value
measured with a pH meter (R Metrohm 691; Q Metrohm,
Herisau, Switzerland).11 Oil extraction was performed by
n-hexane12 and peroxide value (PV) was determined
according to the titration method.13
Microbiological properties. The microbiological
examinations including total plate counts (using Plate
count agar medium (Merck Millipore) and incubation at
37.00 ˚C for 48 hr),14 Escherichia coli (using enrichment
medium and incubation at 37.00 ˚C for 24 hr, Escherichia
coli broth (Merck Millipore) and incubation at 44.00 ˚C for
48 hr, peptone water and incubation at 44.00 ˚C for 48
hr),15 Staphylococcus aureus [using modified Giolitti and
Cantoni broth (Merck Millipore) and incubation at 44.00˚C
for 48 hr in anaerobic condition, rabbit plasma fibrinogen
agar and incubation at 44.00 ˚C],16 Campylobacter [using
Bolton broth medium (Merck Millipore) and incubation in
a micro-aerobic atmosphere at 37.00 ˚C for 6 hr and then
at 41.50 ˚C for 44 hr, modified charcoal cefoperozone
deoxycholate agar (Merck Millipore) and incubation at
41.50 ˚C in a micro-aerobic atmosphere for 44 hr]17 and
Salmonella [using buffered peptone water medium (Merck
Millipore) and incubation at 37.00 ˚C for 18 hr, RappaportVassiliadis medium (Merck Millipore) with soya broth
(Merck Millipore) and Muller-Kauffmanntetrathionate/
novobiocin broth (Merck Millipore) and incubation at
41.50 ˚C for 24 hr and at 37.00 ˚C for 24 hr, respectively,
xylose lysine deoxycholate agar (Merck Millipore) and
brilliant green agar (Merck Millipore)18 were conducted
base on available methods].
Statistical analysis. The results were expressed as a
mean ± standard error and were analyzed using a one-way
analysis of variance (ANOVA) followed by Duncan’s posthoc test using SPSS (version 16.0; SPSS Inc., Chicago, USA).
A level of p < 0.05 was used to determine the statistical
significance. All experiments were done in triplicates.
Results
The results of physicochemical properties (Protein, Fat,
Ash, Moisture, Calcium, Fe, (mg 100g-1), Peroxide (meq O2
kg-1), and pH are shown in Table 1. The protein content of
MDCM, ranging from the highest to the lowest, is as follows
(20.00 to 12.00%): broiler chicken fillets, broiler whole
carcasses, layer whole carcasses, broiler skeleton, and
layer skeleton chickens. The calcium content in the tested
samples is in the range of 69 to 140 (mg 100g-1) in broiler
fillet and broiler skeleton, respectively.
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Table 1. Physicochemical composition, peroxide, and pH values of different kinds of chicken mechanically deboned meat. Data are
presented as mean ± SD.
Mechanically deboned chicken meat (Treatments)
Physicochemical composition
A
B
C
D
E
Protein (%)
15.65 ± 0.81c
12.45 ± 0.55d
17.7 ± 0.86b
14.15 ± 0.73dc
20.48 ± 2.30a
Ash (%)
1.22 ± 0.22c
2.15 ± 0.15b
1.05 ± 0.18c
2.92 ± 0.35a
0.62 ± 0.07d
Ca (mg100g-1)
108.10 ± 5.30c
127.00 ± 7.00b
90.70 ± 4.00d
140.00 ± 5.00a
69.70 ± 4.00e
Fe (mg100g-1)
9.42 ± 0.80c
14.65 ± 1.00a
11.42 ± 0.96b
16.11 ± 1.10a
2.11 ± 0.50d
ab
b
ab
ab
Moisture (%)
71.15 ± 6.63
60.43 ± 8.36
73.35 ± 6.20
65.82 ± 7.35
76.21 ± 5.74a
Fat (%)
12.48 ± 2.06b
18.4 ± 1.85a
10.05 ± 1.47b
16.83 ± 1.87a
4.1 ± 0.32c
Peroxide (mEq O2kg-1)
3.93 ± 0.51c
8.15 ± 0.64a
3.46 ± 0.30c
6.74 ± 0.51b
2.54 ± 0.17d
pH
6.46 ± 0.37b
7.74 ± 0.42a
6.79 ± 0.54b
7.73 ± 0.61a
6.64 ± 0.44b
A: Layer whole carcasses. B: Layer skeleton. C: Broiler whole carcasses. D: Broiler skeleton. E: Broiler fillet.
Values with different superscripts in each column are significantly different (p < 0.05).

Per calcium content, the ash content was the lowest
(0.62%) and the highest (2.92%) in broiler fillet and
broiler skeleton, respectively. The pH results were
observed in the range of 6.46-7.74, with the highest values
attributed to the broiler (7.73) and layer (7.74) skeleton.
The highest and the lowest moisture contents with a
significant difference were observed in the fillets and
skeleton of the layer, respectively. The highest level of
peroxide values was found in the MDCM of layer skeleton
(8.15 mEq O2 kg-1), followed by broiler skeleton (6.74 mEq
O2 kg-1) while the lowest peroxide value was derived from
the fillet treatment (2.54 mEq O2 kg-1) with a significant
difference between layer and broiler skeleton. The
Microbiological properties results are shown in Table 2.
The total plate count of MDCM from the skeleton of the
layer and broiler was higher than other treatments. The E.
coli was found in all samples. S. aureus, Salmonella, and
Campylobacter were positive in the skeleton of the layer
and broiler. The highest values of iron were observed from
the skeleton of broiler and layer and the fillet treatment
showed significantly lower content. The mean
concentrations of Cd, Pb, and As are given in Figure 1. The
highest contents of Pb (88.00 μg kg-1), As (47.00 μg kg-1),
and Cd (82.00 μg kg-1) were detected in the layer skeleton.
Discussion
The high contents of protein in broiler chicken fillets
and broiler whole carcasses are associated with higher
contents of meat in their fillets and thighs.6 The lower
contents of protein in layer chicken meats compared to
broiler chicken meats are related to the spent energy for
egg-laying of layer types which is not required in broiler
types. The previous studies have reported findings on the

Fig.1. Mean concentration of heavy metal of different kinds of
MDCM (mg kg-1). A: Layer whole carcasses. B: Layer skeleton. C:
Broiler whole carcasses. D: Broiler skeleton E: Broiler fillet.
Values with different letters in each column are significantly
different (p < 0.05).

protein content of deboned meats which varies widely
from 8.50 to 23.41%.6,19 These variations could be due to
the differences in mechanical deboners, raw materials, the
poultry race, and the feed type.20 Mechanical deboning of
skeletons results in higher contents of Ca in MDCM.
Calcium content is an indicator of bone in chicken
samples.21 According to the FAO/WHO, the permissible
calcium intake is 400 - 500 mg per day, about 200 g of
MDCM contains 0.25% Ca.6 Accordingly, the Ca content in
all of the tested samples were in the permissible range.
The results of ash content indicated higher mineral and
bone particles content in layer and broiler mechanically
deboned skeleton than carcasses and fillet samples. In
these cases, the bone content could be controlled by

Table 2. Microbial properties of different kinds of mechanically deboned chicken meat. Data are presented as mean ± SD.
Mechanically deboned chicken meat (Treatments)
Microbial factor
A
B
C
D
E
Total plate counts
6.00×105 ± 3.00×104 8.00 ×107 ± 2.00×106 2.00×05 ± 7.00×103 4.00×107 ± 3.00×105 2.00×106 ± 9.00×104
Escherichia coli
Positive
Positive
Positive
Positive
Positive
Staphylococcus aureus
Negative
Positive
Negative
Positive
Negative
Campylobacter
Negative
Positive
Negative
Positive
Negative
Salmonella
Negative
Positive
Negative
Positive
Negative
A: Layer whole carcasses B: Layer skeleton C: Broiler whole carcasses. D: Broiler skeleton. E: Broiler fillet.
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setting limits for Ca content as the major component of
bone ash. The bone content could be estimated from Ca
content using conversion factor while considering changes
in ash content by age, tissue type, and bone hydration.22
However, ash content seems to be a better variable to
estimate the bone content due to less content and
variability of Ca in lean meat samples. It should be noted
that mechanical pressure forces the meat through small
apertures of deboner, resulting in higher residual
components than the hand trimming method.
Due to bone marrow incorporation to skeleton
samples, the pH rises. Among MDM samples, layer whole
carcasses and broiler fillet contain the lowest pH values,
resulting in better quality and longer shelf life. With an
increase in pH, water holding capacity is improved,
however, it predisposes the conditions for bacterial
growth.23 The highest moisture content (approximately
76.00%) attributed to fillet, might be due to the
elimination of skin in these samples.19 Contreras-Castillo et
al. reported that the moisture-protein ratio was 3.60 and
3.80 for mechanically deboned broiler and layer,
respectively.24 Likewise, a higher ratio in layer compared
to broiler treatment was observed in our study (4.70 and
4.17). In the same way, the fat content was decreased in
the samples with higher moisture. Importantly, the
amount of fat storage will increase in the animal tissues
with an increase in age. The fat content of MDCM was
higher compared to the fresh chicken. This amount of fat
can penetrate through skin or bone marrow to the
MDCM.25 In the present study, there was a significant
difference between the amount of fat from the skeleton
and whole carcasses treatments, which was due to the
meat to bone ratio and the entry of fat from bone marrow
to the MDCM.
The MDCM is subject to more oxidation due to the
exposure to the stress caused by pressure, heat, aerating
during the production process, and the content of bone
marrow and fat. The higher amounts of iron, as a catalyst
for initiation of lipid peroxidation, and the presence of
unsaturated fatty acids originating from bone marrow in
the MDCM of skeleton samples are the principal causes of
the increased oxidation in layer and broiler skeleton. The
MDCM of layer chickens contained more unsaturated fatty
acids compared to that of broilers which could increase
the rate of oxidation as evident in our study.7
The deboned meat can be a source of pathogenic
bacteria such as S. aureus, Listeria monocytogenes,
Pseudomonas spp., Bacillus cereus, Salmonella spp., Enterobacteriaceae, and E. coli due to exposure of the meat to
equipment, increase in temperatures during the
processing and plant environment.26 Meanwhile, poultry
meat is the most worrying problem for mechanical
deboning compared to other meat products. Therefore, the
microbial quality of chicken meat is important.27
According to the microbial contamination results of MDCM

(Table 2), total plate count of MDCM from the skeleton of
the layer and broiler was higher than those recommended
by the microbiological guidelines (5.00 × 105 - 5.00 × 106
CFU g-1).26 Other treatments were within the range of
maximum standard
permitted level. Microbial
contamination of meat depends on the initial microbial
load and condition of storage like temperature and time.28
The E. coli was found in all samples probably due to the
environmental contamination, poor hygiene of processing,
contamination in the raw materials, their storage
condition, large surface area, and small particle size.29,30
Surface contaminations of poultry carcasses are
considerable opportunities for the spread of bacteria that
originated from different parts of animals such as skin,
feet, fleece, hide, and the gastrointestinal tract.
Salmonella and S. aureus in chicken meat are generated
in different stages of slaughter including bleeding, stirring,
removal of internal organs, and immersion in water.31
Staphylococcus aureus, Salmonella, and Campylobacter
were positive in the skeleton of the layer and broiler. The
positive results in skeletons might be due to the higher pH
in these treatments. The lower pH value in chicken
samples leads to the destruction of the bacterial cell
membrane, loss of integrity, enzyme hydrolysis, and lower
microbial growth in adverse conditions.27,29.
There is no pathological-anatomical or clinical sign for
some food borne-pathogens in animals and they cannot be
detected in conventional meat inspections. Therefore,
additional control measures are required to prevent the
threats posed by Campylobacter jejuni and Salmonella spp
as the main cause of zoonotic enteric human infections and
commonly caused by cross-contamination with internal
organs during evisceration.32,33 Other than crosscontamination from the evisceration process, picking and
scalding cause air contamination with environmental
microbiota.30,34,35 During the deboning stages, removing
feet and breast, for skeletons, S. aureus contamination
might be originated from the workers. Pathogens can be
originated from knives and hands of workers with poor
personal hygiene, equipment, aerosols, walls, and floors if
clean and dirty areas are not separated.36 Air chilling, cold
water and preventing cross-contamination during
slaughtering can be effective in reducing poultry carcass
contamination with S. aureus, Salmonella, and Campylobacter (particularly C. jejuni).32,37,38
The higher content of iron in skeleton MDCM could be
justified because a higher amount of hemoglobin and
myoglobin exist in the wings and legs.39 The higher
contents of heavy metals in the layer skeleton might be
associated with the presence of bone. Due to the toxicity of
Pb and Cd, the maximum permissible level of damage to
the kidney skeletal reproductive system and brain for an
adult is 3.00 and 0.50 mg per week, respectively. However,
one-fifth of these values is recommended.40 The main
source of poultry meat contamination is food and water as
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they are fed by fish by-products and contaminated water.
Due to water contamination, fishes transfer heavy metals
to poultry feed.41 The range of Cd concentration in MDCM
in our study (25.00 - 82.00 μg kg-1) was higher than the
study was performed in Spain (4.15 μg kg-1).42 The range of
Pb concentration in MDCM in our study (18.00 - 88.00 μg
kg-1) was higher than that in the studies conducted in
Spain (3.16 μg kg-1),42 and lower than that in southern
Nigeria (100 - 4,600 μg kg-1).43 In the present study, the
concentration of arsenic ( 0.01 - 0.04 mg kg-1 ) was higher
than that in Turkey (0.07 μg kg-1),44 however, lower than
other measured heavy metals in all the treatments. Heavy
metals are transferred to humans and animals through
feedstuffs. In this regard, metals such as Cd and Pb are
serious threats due to their bio-accumulation and toxicity.
The Cd accumulates in body for a long time (10-40 years).
The increased level of Pb and Cd in MDCM is due to the
existence of bone and kidney in final product.45 However,
the concentrations of toxic heavy metals measured in this
study were all within the permissible limits. The low
values of measured metal are justified regarding the
separation of the offal from chicken in this study.
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