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Abstract
The	 current	 study	 was	 aimed	 to	 investigate	 the	 effects	 of	 different	 types	 and	
percentage	of	mechanically	deboned	chicken	meat	(MDC)	on	the	textural	and	sensory	
properties	of	sausages	 in	fried	and	nonfried	condition.	Cutting	behavior,	hardness,	
stringiness,	gumminess,	cohesiveness,	chewiness,	and	resilience	were	evaluated	on	
sausage	with	different	percentage	of	MDC,	using	chicken	fillet	as	a	control.	The	result	
of	the	textural	analysis	showed	that	with	a	high	percentage	of	MCD,	the	shear	force,	
hardness,	 and	 stringiness	 increased	 in	 sausages.	 The	 cohesiveness	 and	 resilience	
often	decreased	with	the	rising	of	MDC	percentage.	Evaluation	of	shear	force	in	fried	
products	 showed	 that	 the	 MDC	 percent	 was	 significantly	 higher	 after	 thermal	
processing;	 it	 means	 samples	 required	 more	 force	 for	 cutting.	 Sensory	 analysis	
showed	that	increased	percentages	of	MDC	decreased	the	overall	acceptability.

Practical application
Mechanically	 deboned	 meat	 (MDM)	 has	 an	 important	 emulsifying	 capacity,	 thus,	
promoting	 nutritional	 and	 functional	 value,	 emulsion	 stability,	 and	 water	 holding	
capacity,	which	can	be	used	in	comminuted	meat	products.	The	results	of	the	current	
study	provides	insights	into	the	evaluation	of	textural	and	sensory	properties	of	sau-
sages	by	the	inclusion	of	different	types	and	percentage	of	MDM.

www.wileyonlinelibrary.com/journal/jfpp
mailto:
https://orcid.org/0000-0001-8301-4229
https://orcid.org/0000-0002-7725-9294
https://orcid.org/0000-0002-5630-3989
mailto:
mailto:
https://orcid.org/0000-0001-5769-0004
mailto:hedayat@sbmu.ac.ir
mailto:mousavi.amin@gmail.com
mailto:amin.mousavi@asoiu.edu.az


2 of 8  |     FAMENIN Et Al.

1  | INTRODUC TION

It is well known that mechanically separated meat is as an emulsify-
ing	agent	with	nutritional	and	functional	values,	emulsion	stability,	
and water holding capacity which can be used in comminuted meat 
products	(Field,	1988).	The	increase	in		the	cost	of	meat	and	meat	
products	 has	 forced	 the	 industry	 to	 utilize	 all	 available	 protein	
sources,	 including	MDC	 from	 spent	 hens	 and	 carcass	 trimmings	
(Jayathilakan	 et	 al.,	 2012;	Babji,	 Chin,	 Sen	 Chempaka,	 &	 Alina,	
1998;	Field,	1988).	The	yield	of	MDC	ranges	from	55–80%	depend-
ing	on	 the	body	part	deboned	and	deboning	settings.	Therefore,	
one	way	 of	 producing	 low‐cost	 products	 consists	 of	 using	MDC	
in	the	formulation	of	comminuted	meat	products	(Daros,	Masson,	
&	Amico,	2005;	Mielnik,	Aaby,	Rolfsen,	Ellekjær,	&	Nilsson,	2002).	
The	mechanical	process	can	cause	some	impact	such	as	protein	de-
naturation,	cell	breakage,	and	an	increase	in	fat	and	heme	groups	
of	meat.	These	factors	can	lead	to	darker	color,	off‐flavor,	and	mi-
crobial	contamination	(Dawson	&	Gartner,	;	Froning,	1976,	1981).	
Moreover,	deboning	methods	could		affect	the	chemical	composi-
tion	of	beef	and	turkey	meat,	such	as	iron,	calcium,	and	cholesterol	
(Serdaroğlu,	Yildiz,	&	Bağdatlioğlu,	2005).	Back,	neck,	 and	 thighs	
are the most used raw material after removal of most parts of meat 
from	the	carcass.	The	most	suitable	products	of		MDC	which	can	
be	used	to	 improve	textural	and	sensorial	properties	are	sausage	
and	salami	(not	require	fibrous	texture)	(Daros	et	al.,	2005).

The	 quality	 of	 products	made	 from	 deboned	 poultry	meat	 de-
pends	on	the	raw	material,	a	hybrid	 line	of	chickens,	and	the	tech-
nological	 process	 of	 deboning	 (Nagy	 et	 al.,	 2007).	 Many	 studies	
evaluated	physicochemical	(fat,	moisture,	nitrogen,	ash,	collagen,	cal-
cium,	iron,	and	total	purines	content)	and	functional	properties	(water	
holding	capacity	and	emulsifying	properties)	of	MDM	and	other	final	
products	which	were	produced	using	MDM	(Abdullah	&	Al‐Najdawi,	
2005,	 Ang,	 1986,	 Babji	 et	 al.,	 1998,	 Crosland,	 Patterson,	 Higman,	
Stewart,	&	Hargin,	1995).	The	addition	of	MDM	increased	the	mois-
ture,	reduced	fat,	and	protein	content	and	increased	the	color	of	the	
processed	formulated	meat	products	(Pereira	et	al.,	2011).

Sensory	properties,	 such	 as	 color,	 flavor,	 and	 texture,	 are	 signif-
icant	 for	 consumer	acceptance	 in	choosing	 food	products	and,	 con-
sequently,	 for	 the	 manufacturer.	 For	 this	 reason,	 many	 studies	 to	
optimize	and	improve	these	characteristics	in	various	foods	are	being	
carried	out	(Yuste,	Mor‐Mur,	Capellas,	Guamis,	&	Pla,	1999).	Daros	et	
al.	(2005)	showed	a	reduction	in	tensile	and	compressive	strength	using	
over	60%	MDM	in	the	formulation.	Savadkoohi,	Shamsi,	Hoogenkamp,	
Javadi,	and	Farahnaky	(2013)	focused	their	study	on	the	physicochem-
ical	properties,	rheological	behaviors,	and	texture	of	raw	and	cooked	
emulsions	containing	different	MDC	produced	from	neck,	back,	and	
thighs	of	chickens.	 In	addition,	most	previous	studies	have	been	 fo-
cused	on	the	evaluation	of	the	textural	and	sensory	effects,	because	
these	factors	are	essential	for	consumer	acceptance	of	food	products,	
and	therefore	for	food	producers.	However,	at	this	stage	of	develop-
ment,	there	are	no	reports	in	the	literature	on	the	textural	attributes	of	
sausage	containing	different	content	of	MDC	extracted	from	various	
kinds of chicken carcasses.

The	present	 study	 aimed	 to	 examine	 the	 textural	 and	 sensory	
effect of sausage by the addition of different types and percentage 
of	MDC,	also,	the	effect	of	frying	was	investigated.

2  | MATERIAL S AND METHODS

In	this	study,	five	treatments	were	selected,	including	laying	hen	(a),	laying	
hen	skeleton	without	thigh	and	breast	(b),	broiler	hen	(c),	broiler	skeleton	
without	 thigh	 and	 breast	 (d),	 and	 chicken	 fillet	 (e).	 All	 tests	were	 per-
formed	under	standard	conditions.	Three	samples	were	prepared	from	
each	treatment	which	contained	40,	55,	and	70%	of	MDC	in	sausage.	
MDC	and	sausage	preparation	was	done	in	the	same	processing	plants.

2.1 | MDC preparation

MDM	samples	were	produced	in	a	commercial	processing	plant	using	
slaughtered chickens with an average body mass of 1.5 kg and sam-
ples	were	collected	on	May	2018.	The	breasts	and	thighs	were	manu-
ally	separated	from	carcasses	for	samples	B	and	D.	Viscera	of	chicken	
carcasses were removed by the suction system and then were pro-
cessed	through	a	Beehive	RSTC	separator	(Beehive	Machinery,	Inc.,	
Sandy,	UT	84091–5002,	USA)	adjusted	to	yield	about	60	(±5)	%	of	
MDC.	Produced	MDC	kept	under	4	°C	until	being	operation.

2.2 | Preparation of sausages

Chicken sausages were made with commercial formulation com-
monly	used	by	manufacturer	in	separate	batches,	including:	40,	55,	
and	70%	of	MDC	from	five	treatments	(a,	Laying	hen;	b,	Laying	hen	
skeleton;	c,	Broiler	hen;	d,	Broiler	hen	skeleton;	e,	Fillet	of	chicken),	
vegetable	 oil	 (5.82%),	 wheat	 flour	 (1.94%),	 sodium	 nitrite	 (0.01%),	
sodium	polyphosphate	(0.38%),	mixed	spices	(0.60%;	mixture	of	red	
pepper,	coriander,	ginger,	cardamom,	and	onion	powder),	garlic	pow-
der	 (1.20%),	 ice	slurry/water	 (17.5%),	ascorbic	acid	 (0.02%),	sodium	
chloride	(1.00%;	NaCl),	wheat	starch	(1.00%),	and	gluten	(1.20%).	The	
products were prepared in a pilot plant according to industrial proce-
dures. All ingredients were added to the cutter with 120 kg capacity.

The	homogenized	mixture	transferred	to	the	packaging	machine.	
In	this	stage,	the	mixture	was	poured	in	the	synthetic	casing	(diam-
eter	of	4	cm),	which	was	soaked	in	tepid	water	(40°C).	The	sausages	
were thermally processed without smoking for 1 hr to reach a core 
temperature	to	75°C.	After	achieving	the	temperature,	the	sausages	
were	immediately	chilled	with	cold	water	(15°C)	and	kept	in	a	con-
trolled	condition	(4°C)	until	analysis.

2.3 | Textural properties analysis

The	 texture	 profile	 analysis	was	 done	 using	 the	 Instron	 Texture	
Analyzer	 (Testometric,	M350‐10CT,	Rochdale,	England)	attached	
to	a	Warner	Bratzler	shearing	device	according	to	the	method	de-
scribed	by	(Bourne,	Kenny,	&	Barnard,	1978;	Pereira	et	al.,	2011).	
Each	sample	was	analyzed	in	two	conditions,	fried	and	not	fried,	
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for	three	replications.	For	fried	condition,	samples	fried	in	a	pan	at	
174°C	for	2	min	on	each	side	until	the	core	temperature	reached	
72–73°C	and	 left	at	 room	temperature	 (Bengtsson,	Montelius,	&	
Tornberg,	 2011).	 For	 two	 conditions,	 samples	 were	 cut	 in	 cube	
with	 dimension	 20	×	20	mm,	 and	 a	 crosshead	 speed	 of	 60	mm/
min	was	applied.	The	samples	were	compressed	twice	to	50%	of	
their	original	height,	at	room	temperature,	with	compression	flat	
cylindrical	aluminum	probe	(40	mm	diameter).	There	was	no	time	
to	rest	between	the	two	compression	cycles	(Pereira	et	al.,	2011).	
The	capacity	of	the	load	cell	used	was	500	N	(50	Kg).

Texture	profile	parameters	which	were	measured	in	force–time	
curves,	 included	Warner	 Bratzler	 shear	 force	 (N),	 hardness	 (N),	
peak	 force	 required	 for	 the	 first	 compression),	 stringiness	 (mm,	
distance	sample	recovers	after	the	first	compression),	chewiness	
(N	×	mm,	hardness	×	cohesiveness×stringiness),	 cohesiveness	 (di-
mensionless,	 ratio	 of	 the	 positive	 force	 area	 during	 the	 second	
compression	 to	 that	 during	 the	 first	 compression	 excluding	 the	
areas	under	the	decompression	portion	of	each	cycle),	gumminess	
(N),	 hardness	×	cohesiveness),	 and	 resilience	 (dimensionless,	 the	
calculation is the area during the withdrawal of the first compres-
sion,	divided	by	the	area	of	the	first	compression).

Shear	force	was	determined	by	the	modified	method	of	Shackelford,	
Morgan,	Cross,	and	Savell	(1991)	for	two	conditions.	The	samples	were	
sheared	once	 through	 the	 center	 using	 an	 Instron	Texture	Analyzer	
(Testometric,	 M350‐10CT,	 Rochdale,	 England)	 equipped	 with	 a	
Warner‐Bratzler	 shearing	 device	 (300	mm/min	 crosshead	 speed).	
Results were recorded in Wintest analysis software.

2.4 | Sensory evaluation

The	sausages	were	analyzed	after	checking	safety	factors	by	the	
manufacturer.	The	hedonic	sensory	evaluation	was	performed	by	

a	 panel	 of	 10	 trained	 panels.	 The	 panelists	 were	 selected	 from	
graduate	 students	 from	 National	 Nutrition	 &	 Food	 Technology	
Research	Institute	of	Iran.	The	panelists	evaluated	each	treatment	
regarding	 the	 odor,	 color,	 softness/hardness,	 slice	 ability,	 flavor,	
juiciness,	and	chewiness	using	a	9‐point	hedonic	scale.	The	scales	
defined	as	“like	extremely”	 (point	1	on	the	scale)	and	“dislike	ex-
tremely”	(point	9).

Two	conditions	of	sausages	(fried	and	nonfried)	were	evaluated	
for	all	samples,	in	fried	condition	samples,	all	samples	were	fried	ac-
cording	to	the	procedure	defined	by	Bengtsson	et	al.	(2011).

2.5 | Statistical analysis

The	interaction	between	types	and	percent	of	MDC	on	textural	
properties	 of	 samples	 were	 analyzed	 by	 SPSS	 17.0	 software	
(SPSS	 Inc.,	 Chicago,	 IL,	 USA)	 and	 two‐way	 analysis	 of	 variance	
ANOVA	 using	 Duncan's	 test	 with	 a	 significant	 level	 (p	<	0.05).	
In cases with a significant interaction between types and per-
cent	of	MDC	on	textural	properties	one‐way	analysis	of	variance	
(ANOVA)	 by	 SPSS	 17.0	 was	 performed	 for	 the	 analysis	 of	 the	
data. Duncan test with a significant level (p	<	0.05)	was	accom-
plished for products.

Sensory	evaluation	was	analyzed	by	complete	random	block	de-
sign	 for	 treatments.	Therefore,	data	were	not	 affected	by	outside	
situations.

3  | RESULT AND DISCUSSION

3.1 | Texture profile analysis

The	 analysis	 was	 done	 both	 for	 fried	 and	 nonfried	 products.	
Figures	1‒3	show	the	changes	in	textural	parameters	of	sausages.

F I G U R E  1  Changes	in	Marginal	Means	of	Warner	Bratzler	(N)	results	in	fried	(a)	and	nonfried	(b)	products.	Laying	hen	(a),	laying	hen	
skeleton	without	thigh	and	breast	(b),	broiler(c),	broiler	skeleton	without	thigh	and	breast	(d),	and	chicken	fillet	(e)
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F I G U R E  2  Changes	in	Marginal	Means	of	fried	products,	a:	Hardness;	b:	Stringiness,	c:	Chewiness;	d:	Cohesiveness;	e:	Gumminess;	
f:	Resilience.	Laying	hen	(a),	laying	hen	skeleton	without	thigh	and	breast	(b),	broiler(c),	broiler	skeleton	without	thigh	and	breast	(d),	and	
chicken	fillet	(e)

F I G U R E  3  Changes	in	Marginal	Means	of	nonfried	products,	a:	Hardness;	b:	Stringiness,	c:	Chewiness;	d:	Cohesiveness;	e:	Gumminess;	
f:	Resilience.	Laying	hen	(a),	laying	hen	skeleton	without	thigh	and	breast	(b),	broiler(c),	broiler	skeleton	without	thigh	and	breast	(d),	and	
chicken	fillet	(e)
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3.2 | Textural analysis of nonfried products

Nonfried	samples	showed	for	all	products	interaction	both	between	
type	and	percent	of	MDC	(p	<	0.001).	Accordingly,	the	one‐way	anal-
ysis	of	variance	was	used	to	examine	differences	between	products	
groups.	Figure	3	presents	a	textural	evaluation	of	nonfried	products.	
The	results	of	the	textural	analysis	showed	that	C70	and	E55	had	a	
higher	amount	of	hardness	and	D55	had	 the	maximum	amount	of	
stringiness.	Warner	Bratzler	Evaluation	of	shear	force	for	nonfried	
product	showed	that	C55	and	B55	showed	the	highest	values	while	
C40	had	the	lowest	ones	(Figure	1).	The	minimum	amount	of	hard-
ness	was	 found	 for	B40	 sample.	Moreover,	 samples	B40	and	E70	
had the highest value of cohesiveness and C55 had a higher level of 
resilience and lower level of gumminess.

Warner	Bratzler	results	showed	in	all	products	a	particular	be-
havior	in	different	MDC	concentrations	with	different	forces.	These	
procedures	were	observed	in	hardness,	gumminess,	and	chewiness	
samples	B	and	D	and	stringiness	of	sample	D.	 (Daros	et	al.,	2005)	
noticed that tensile and compressive strength decreased when 
mechanically	deboned	poultry	meat	content	 increased	up	 to	60%,	
above	whom	 the	 integrity	of	 product	 could	be	 lost.	 This	behavior	
could	be	related	to	moisture,	protein,	and	fat	content.

Samples	A	and	C	reported	a	different	behavior	of	textural	param-
eters	like	gumminess	and	hardness.	For	these	two	samples,	hardness	
and	gumminess	values	decreased	and	subsequently	increased.	The	
same behavior was found for sample E regarding cohesiveness and 
stringiness.	This	is	consistent	with	the	fact	that	increased	amounts	
of	added	MDC	in	sausages	increased	its	cohesiveness	(Daros	et	al.,	
2005;	Pereira	et	al.,	2011).

3.3 | Textural analysis of fried products

Figure	2	shows	the	textural	parameters	of	fried	products.	Two‐way	
analysis	of	variance	ANOVA	indicated	that	differences	 in	 the	type	
and	 percentage	 of	MDC	were	 significant	 regarding	 cohesiveness,	
chewiness,	resilience,	hardness,	and	gumminess	(p	<	0.001).

Evaluation	of	shear	 force	showed	that	 the	percentage	of	MDC	
had a significant (p	<	0.001)	effect,	being	higher	in	fried	products	and	
observing	the	maximum	value	for	samples	A70	and	E55.	During	the	
frying	process,	the	moisture	content	of	the	product	 is	evaporated,	
and	the	surface	will	be	hard,	thus	promoting	moisture	replacement	
by	oil	(Fellows,	2009).	According	to	Sosa‐Morales,	Orzuna‐Espíritu,	
and	Vélez‐Ruiz	(2006),	pork	meat	frying	leads	to	an	increase	of	pen-
etration	force	and	hard	texture.

Hardness	decreased	in	all	samples	except	D55	and	C70.	This	ef-
fect can be related to the temperature of the frying process which 
promotes protein denaturation and cellular damage on the surface 
(Min	&	Ahn,	2005;	Tornberg,	2005).

3.3.1 | Sensory evaluations

Sensory	evaluation	was	done	for	fried	and	nonfried	products,	and	the	
results	are	reported	in	Tables	1‒4.	Significant	differences	(p	<	0.05)	 TA
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were	detected	except	for	the	two	factors	(flavor	and	odor)	in	fried	
products (p	<	0.05).	The	result	of	nonfried	products	showed	signifi-
cant	differences	except	for	color.	A70	had	a	lower	score	of	hardness,	
sliceability,	flavor,	juiciness,	chewiness	and,	while	the	lower	score	in	
texture,	odor,	and	color	was	assigned	to	E70.	Moreover,	D40	pre-
sented	a	higher	score	in	all	sensorial	factors	except	color	and	odor	
and	a	significant	relationship	between	softness	and	hardness,	other	
than	 overall	 acceptability	 previously	 documented	 by	 Grigelmo‐
Miguel,	 Abadıás‐Serós,	 and	Martıń‐Belloso	 (1999)	who	 reported	 a	
similar acceptability for high-fiber frankfurters and softer products. 
This	 study	showed	 that	 increased	percentages	of	MDC	decreased	
the	 overall	 acceptability.	 Trindade,	 Eduardo,	 and	 de	 Felício,	 and	
Carmen	Josefina	Contreras	Castillo.	(2004)	noticed	that	the	amount	
of	20%	of	mechanically	separated	meat	as	 the	quantity	suggested	
making	the	samples	acceptable	in	flavor,	softness,	and	juiciness.

In	addition,	the	type	of	meat	used	in	meat	products	can	affect	
color	(Froning	&	Johnson,	1973).	It	is	supposed	that	heme	pigments	
are	the	main	factors	affecting	the	color	of	meat	products,	which	can	
be three times higher in mechanically deboned compared to hand 
deboning.	In	nonfried	samples,	C40	had	a	higher	score	in	color	and	
samples	with	a	lower	content	of	MDC	were	lighter	and	showed	the	
low	rating,	such	as	sample	E70.	In	the	case	of	fried	samples,	D55	had	
a	higher	score	in	flavor,	odor,	color,	and	texture.	The	comparison	of	
nonfried and fried products showed that samples with high sliceabil-
ity were more acceptable.

The	present	research	aimed	to	evaluate	the	effects	of	different	
types	and	percentage	of	mechanically	deboned	chicken	on	textural	
and	 sensory	properties	 on	 sausage.	Moreover,	 the	 effect	 of	 frying	
was	 investigated.	With	 shortages	 of	 food	 in	 the	world,	 the	 use	 of	
these	products	like	MDC	in	the	industry	will	increase	and	studies	like	
this can help to the meat industry in order to produce new meat prod-
uct	with	better	textural	and	sensory	properties	with	a	lower	price.

4  | CONCLUSION

The	present	research	evaluates	the	effects	of	different	types	and	
percentage	 of	mechanically	 deboned	 chicken	 (MCD)	 on	 textural	
and	sensory	properties	on	sausage.	In	addition,	the	effect	of	fry-
ing	was	 investigated.	 The	 result	 of	 the	 textural	 analysis	 showed	
that	sausages	of	 laying	hen	skeleton	with	40%	of	MCD	reported	
the	 highest	 cohesiveness	 and	 gumminess,	 instead	 of	 those	with	
70%	of	broiler	hen	that	reported	the	lowest.	The	lowest	and	high-
est	 shear	 force	 was	 found	 for	 the	 55%	 of	 laying	 hen	 skeleton	
and	broiler	hen,	 respectively.	About	55%	of	broiler	hen	skeleton	
showed the higher stringiness and the higher hardness was found 
for	the	sausages	produced	with	the	70%	of	broiler	hen.	In	general,	
it is possible to affirm that the sausages produced with 55 and 
70%	of	MDC	had	more	compact	texture.	The	evaluation	of	shear	
force	 in	 fried	products	showed	that	 the	percentage	of	MDC	use	
had	a	significant	influence,	being	higher	after	this	thermal	process-
ing method. Sensory analysis showed that increased percentages 
of	MDC	decreased	the	overall	acceptability.	Moreover,	after	com-
paring nonfried and fried products it was found that samples with 
higher sliceability were more acceptable.

In	conclusion,	the	current	study	provided	insights	into	the	eval-
uation	of	textural	and	sensory	properties	of	sausages	by	the	inclu-
sion	of	different	types	and	percentage	of	MDC	in	fried	and	nonfried	
condition,	and	it	can	help	for	producing	a	new	product	with	better	
properties.
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