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Effects of feed restriction on the occurrence of white striping and wooden breast myopathies,
performance, carcass characteristics and some blood parameters in broiler chickens
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Abstract: This study was planned to determine the effects of feed restriction applied at different times and levels on the occurrence of
white striping and wooden breast myopathies, performance, carcass characteristics and some blood parameters in broilers. In total,
600 male broilers were randomly placed to 5 groups with eight replicates. Control group was fed ad libitum throughout experimental
period. T1 and T2 groups received feed as 80% and 70% of control group from 11 to 24 days of age, respectively. T3 and T4 groups
received feed as 80% and 70% of control group from 25 to 39 days of age, respectively. T2, T3 and T4 groups had the lower mean values
for feed intake and body weight gain from 0 to 49 days of age, final body weight, carcass weight, serum alanine aminotransferase (ALT)
and lactate dehydrogenase (LDH) levels, compared to control group. T3 and T4 groups had lower dressing percentage, breast meat
yield, serum aspartate aminotransferase (AST) and creatine kinase (CK) levels than control. T2, T3 and T4 groups had lower incidence
for white striping and wooden breast myopathies than control. T3 and T4 groups had also the lower incidence for severe degree white
striping and wooden breast myopathies than control. In conclusion, feed restriction to 70% of ad libitum intake between 11 and 24
days of age and feed restriction to 80% and 70% of ad libitum intake between 25 and 39 days of age may reduce the incidence and
severeness of white striping and wooden breast myopathies, although there is some loss in performance traits. Feed restrictions to 80%
and 70% levels of ad libitum intake between 25 and 39 days of age may be more effective in reducing these myopathies on pectoralis
major muscle of broilers.
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1. Introduction
The growth performance of broiler chickens has
considerably increased in recent years because of
improvements in genetic, nutrition and management.
The fast growth rate of broilers and higher food supply,
however, has caused in some health issues, and increased
fat accumulation in the body [1,2]. The increasing of
growth rate and breast meat yield has also resulted in the
occurrence of breast muscle myopathies such as white
striping and wooden breast in broilers [3]. White striping
is the formation of the white striations seen parallel to
muscle fibers mainly in breast muscles [4,5]. Wooden
breast is characterized by palpably firmness in breast fillets
and causes to the occurrence of hard, rigid fillets. In case
of a wooden breast myopathy, pale, expansive areas of
considerable hardness, small hemorrhages, clear exudate,
swelling, as well as white striations are noticeable [6,7].
It is known that the increase in serum ALT, AST and
LDH levels may be related with liver or muscle damage.

On the other hand, CK is a skeletal muscle specific enzyme
and is used to distinguish whether the increase in ALT
and AST levels is related to liver or muscle damage. [8,9].
Previous studies reported that these enzymes are associated
with the presence of various myopathies [10–12].
White striations give a fatty appearance to the fillets,
which negatively affects acceptance of these fillets by
consumers [13,14]. Besides negatively affecting consumer
choice, these myopathies may change functional and
nutritional traits of meat [7,15,16]. Fillets affected by white
striping and wooden breast myopathies are sold at low
prices or used for further processed products and thus
cause to substantial economic losses for poultry industry
[5].
The exact reason and mechanism of white striping and
wooden breast myopathies remains unknown. However,
it has been reported that genotype, growth rate, sex and
slaughter weight significantly affect the occurrence of
these myopathies [14,17]. Previous studies showed that
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white striping and wooden breast myopathies are linked
with high growth rate and breast meat yield [6,15,18,19].
Heavier broilers have a higher incidence of severe white
striping and wooden breast [18–20]; males also have a
higher incidence of these myopathies than females [20,21].
There are a few studies related to the effect of feed
restriction on the occurrence of white striping and wooden
breast myopathies in broiler chickens [10,21,22]. Trocino
et al. [21] observed that feed restriction at the early period
may increase the formation of white stripping myopathy in
broiler breast muscles. However, Meloche et al. [10] stated
that feed restriction to 95% of ad libitum consumption
during entire production period led to a decrease in the
degree of white striping and wooden breast myopathies.
Livingston et al. [22] also showed that time-limited feeding
may decrease these myopathies. However, the information
about the effects of feed restriction at different times
and different levels on white striping and wooden breast
myopathies is limited.
For this reason, in this study it was investigated that
the effect of feed restriction at different times and levels
on the occurrence of white striping and wooden breast
myopathies, performance, carcass characteristics and
some serum biochemical parameters in broiler chickens.
2. Materials and methods
2.1. Animals and management
The study was carried out at the Poultry Unit of the
Faculty of Veterinary Medicine, Aydın Adnan Menderes
University, Turkey with approval of Ethics Committee
of Aydın Adnan Menderes University (Approval No:
64583101/2016/188).
In total, 600 male broilers (Ross 308) were used as
the material of the study. One-day old male broilers were
purchased from a local hatchery (Egetav Tavukçuluk San.
ve Tic. AŞ. İzmir, Turkey). Broilers were raised in floor pens
having wood shavings of 6 to 8 cm depth as litter material.
They were placed at stocking density of 10 birds per m2.
Each pen had 1 hanging feeder and 3 nipple drinkers.
Experimental diets used for all broilers consisted of starter
(3000 kcal/kg ME and 23% crude protein), grower (3100
kcal/kg ME and 21.5% crude protein), finisher (3200 kcal/
kg ME and 19.5% crude protein) and withdrawal diet
(3200 kcal/kg ME and 18.30% crude protein), which were
used in the periods from 1 to 10, from 11 to 24, from 25 to
39 and from 40 to 49 days of age, respectively. Nutritional
requirements were provided based on the standard
recommendations of the breeder company for Ross 308
hybrids [23]. Water was available as free for all groups
during entire experiment. Lighting period was continuous
for the first week and then it was 18L: 6D. The temperature
of the rooms was for 32 ℃ in the first 3 days; afterward, it
was decreased 3 ℃ weekly until 21 days.

2.2. Treatments and experimental design
Six hundred 1-day-old broilers were wing-banded, weighed
and then they were randomly placed to 5 treatments each of
120 broilers. Treatments had 8 replicate pens (15 broilers/
pen). Broilers in control group had access to feed as free
throughout the study. Broilers in treatment 1 (T1) and
treatment 2 (T2) received feed as 80% and 70% of amount
consumed by control group fed ad libitum from 11 to 24
days of age, respectively. Broilers in treatment 3 (T3) and
treatment 4 (T4) received feed as 80% and 70% of amount
consumed by control group from 25 to 39 days of age,
respectively. Except for the duration of feed restrictions,
all broiler chickens were fed ad libitum.
2.2.1. Growth performance
Mortality was recorded daily. Broilers were weighted
individually at hatching, 10, 24, 39 and 49 days of age. A
balance sensitive to 0.1 g was used to weight the broilers at
the beginning of the experiment and on the 10th day, and
a balance sensitive to 1 g for subsequent weightings. Feed
intake was measured daily on a pen basis and amounts
of feed for T1, T2, T3 and T4 groups were determined as
the percentage of amount consumed by the control group
on the previous day. Feed consumption, weight gain, and
feed conversion ratio (FCR) were recorded on pen basis.
Cumulative mortality rate was calculated from 0 to 49 days
of age.
2.3. Slaughter and carcass characteristics
Five birds from each pen (40 broilers per treatment)
were selected at the age of 49 days. They were weighed
individually after 12 h of fasting and then slaughtered
to determine carcass characteristics, white striping and
wooden breast myopathies in breast fillets. Broilers
were processed by cutting the carotid artery and jugular
vein, and afterwards, they were scalded for 2 min at 62
°C, defeathered and eviscerated. Carcass weight and
abdominal fat weight was recorded. Breast, legs (thigh
and drumstick together), wings and remainder parts
were separated from each carcass. Subsequently, skinless
and boneless breast muscles were removed and weighed.
Abdominal fat pad was weighed by a balance sensitive to
0.1 g, carcass and carcass parts were weighed by a balance
sensitive to 1 g. Dressing percentage was determined
as percentage of preslaughter live weight, whereas the
percentages of carcass cuts were determined as percentage
of carcass weight.
2.4. Determination of white striping and wooden breast
myopathies in breast muscles
The pectoralis major muscles of each broiler were
examined macroscopically for white striping and wooden
breast myopathies after skinless and boneless breast
muscles were removed. The pectoralis major muscles were
evaluated for white striping occurrence based on 3-point
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scale according to Kuttappan et al. [13]. In detail, breast
fillets without visual white striations were considered
as normal (score 0). Fillets having white striations <
1-mm thick, parallel to muscle fibers were classified as
moderate degree (score 1). Fillets having > 1-mm thick
and very visible white striations on the fillet surface were
classified as severe (score 2). Breast fillets were palpated
and classified for wooden breast myopathy as following:
score 0 was given to fillets without any hardness, score 1
was given when the hardness was mainly in cranial region
and up to half of the total fillet surface are, and score 2 was
given when the fillets had hardness throughout the fillet
[10]. All fillets were scored by the same researcher.
2.4.1. Blood sampling and analysis
A total of 5 mL blood samples were collected from
jugular vein and carotid artery of slaughtered broilers (40
broilers from each group, 5 broilers from each pen) during
slaughter. Blood samples were taken in biochemical tubes
without anticoagulant. Blood samples were centrifuged at
2000 × g for 15 min at 4 ℃ and collected serum was stored
at –20 ℃ until further analyses. Serum glucose, cholesterol,
triglyceride, total protein, ALT, AST, LDH and CK levels
were determined by an autoanalyzer (Ray Chemray 120)
using commercial test kits.
2.5. Statistical analysis
Statistical analysis of data was done using SPSS software
package version 22.0 [24]. Mortality rate and the incidence
of different degrees of white striping and wooden breast
myopathies were analyzed by using chi-square test [25].
Kruskal–Wallis test was used to analyze data of white
striping and wooden breast myopathy scores, and Mann–

Whitney U test was used for the significance control of
differences between groups. The growth performance,
carcass characteristics and blood parameters were
analyzed by one-way analysis of variance. Duncan’s
multiple range test was used to find significant differences
among treatment means [26].
3. Results
In the study, the mortality rate was found as 1.67%, 5%,
4.17%, 2.5% and 3.33% for control, T1, T2, T3 and T4
groups, respectively. Feed restriction did not significantly
affect mortality rate.
Body weights of broilers at different growth periods are
presented in Table 1. Body weight of broilers in T1 and
T2 groups which received feed as 80% and 70% of control
group, respectively from 11 to 24 days of age was lower
(p < 0.001) compared with the other groups at 24 days of
age. Body weight of broilers in T2 group also was lower
(p < 0.001) than those in T1 group. At 39 days of age,
broilers in T4 group had the lowest body weight, whereas
those in control group had the highest (p < 0.001) body
weight. Final body weight of T2, T3 and T4 groups were
significantly lower (p < 0.001) than control group, whereas
no statistically significant difference occurred between T1
and control groups.
Feed restriction significantly affected growth
performance of broilers. Broilers in T1 and T2 groups had
lower weight gain and feed consumption from 11 to 24
days of age, compared to those in the other groups. Broilers
in T2 group had lower mean values than those in T1 group
in terms of these traits (p < 0.001). Broilers in T3 and T4
groups had lower weight gain and feed consumption from

Table 1. Body weights of broilers at different growth periods.1
Treatment2

n

Hatching
weight

n

10 days of
age

n

24 days of
age

n

39 days of
age

n

49 days of
age

Control

120

41.69

120

265.72

119

1234.76a

119

2836.46a

116

3819.93a

T1

120

41.56

119

263.82

118

1012.50

118

b

2739.77

118

3736.13ab

T2

120

41.82

120

259.08

119

895.15c

T3

120

42.01

120

266.06

120

41.41

120

266.28

T4
SEM
P

3

b

117

2640.91c

114

3678.68b

119

a

1235.54

118

d

2464.36

115

3582.26c

119

1225.51a

117

2249.16e

117

3527.09c

0.14

1.51

7.69

13.24

15.13

0.683

0.528

< 0.001

< 0.001

< 0.001

Values represents individual means of broilers for body weight at different growth periods.
Control: Broilers in this group fed as ad libitum during entire experimental period. T1: Broilers in this group received feed 80% of amount
consumed by control group fed ad libitum from 11 to 24 days of age. T2: Broilers in this group received feed 70% of amount consumed
by control group fed ad libitum from 11 to 24 days of age. T3: Broilers in this group received feed 80% of amount consumed by control
group fed ad libitum from 25 to 39 days of age. T4: Broilers in this group received feed 70% of amount consumed by control group fed ad
libitum from 25 to 39 days of age. a, b,c,d,e: Means having different superscript letter in the same column are significantly different (p < 0.001).
3
SEM: pooled standard error of the mean.
1
2
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25 to 39 days of age, compared to the other groups (p <
0.001). The mean values of these traits were lower in T4
group than T3 group. However, broilers in T4 group have
a higher feed consumption and weight gain than the other
groups from 40 to 49 days of age (p < 0.05). From 0 to 49
days of age, no significant differences were observed for
weight gain and feed consumption between T1 and control
groups. However, the lower mean values were obtained for
T2, T3 and T4 groups in terms of these traits. The lowest
mean values for feed intake and weight gain was observed
in T3 and T4 groups (p < 0.001). There was no statistically
significant difference between groups in terms of FCR
from 0 to 49 days of age (Table 2).
Carcass characteristics of broilers in different groups
are shown in Table 3. Dressing percentage and breast meat
yield of broilers in T3 and T4 groups were significantly
lower than those in control group. The percentage of
abdominal fat pad was lower for T2, T3 and T4 groups,
compared to control group (p < 0.001).

Some biochemical blood parameters of broilers in
different groups are presented in Table 4. Serum glucose,
cholesterol, triglyceride and total protein levels were not
statistically different between the groups. However, the
lower (p < 0.05) serum AST and CK levels were obtained
for T3 and T4 groups, compared to control group. Serum
ALT (p < 0.01) and LDH (p < 0.05) levels also were lower
for T2, T3 and T4 groups than control group.
The incidence of white striping for broilers in different
groups are shown in Table 5. The incidence of moderate
degree white striping was not statistically different between
the groups. However, the lower incidence of severe degree
white striping was determined for T3 and T4 groups than
control group (p < 0.001). Total white striping incidence
for control group fed ad libitum was 97.5%, whereas, total
white striping incidence for T1, T2, T3 and T4 groups were
85%, 80%, 60% and 52.5%, respectively.
Regarding the incidence of wooden breast myopathy, it
was determined that feed restriction did not significantly

Table 2. Body weight gain, feed intake and feed conversion ratio of broilers at different growth periods.1

Traits

Treatment2
T2

T3

T4

SEM3

p

Control

T1

0 to 10 days of age

224.03

222.42

217.27

224.05

224.87

4.27

0.984

11 to 24 days of age

970.29

748.75

635.66

966.98

958.41

23.50

< 0.001

25 to 39 days of age

1601.87b

1727.13a

1741.71a

1225.99c

1022.67d

47.06

< 0.001

40 to 49 days of age

980.14d

996.36cd

1038.46c

1118.75b

1277.92a

8.99

< 0.001

0 to 49 daysof age

3778.26

3694.63

3636.91

3540.22

3485.68

15.11

< 0.001

0 to 10 days of age

297.29

307.35

290.79

288.88

297.06

5.49

0.861

11 to 24 days of age

1304.10a

1051.50b

919.87c

1302.40a

1294.69a

28.55

< 0.001

25 to 39 days of age

2716.94

2785.33

2714.81

2198.46

c

1924.68

56.74

< 0.001

40 to 49 days of age

1947.36b

1917.96b

1898.28b

1938.70b

2125.80a

24.92

0.020

0 to 49 daysof age

6265.69a

6062.15ab

5823.76bc

5728.45c

5642.23c

53.21

< 0.001

0 to 10 days of age

1.33

1.40

1.33

1.30

1.32

0.02

0.444

11 to 24 days of age

1.35

1.41

1.45

1.34

c

1.35

0.01

< 0.001

25 to 39 days of age

1.70c

1.61d

1.56d

1.80b

1.88a

0.02

< 0.001

40 to 49 days of age

1.99a

1.93ab

1.83bc

1.74cd

1.67d

0.03

< 0.001

0 to 49 days of age

1.66

1.64

1.60

1.62

1.62

0.01

0.274

Body weight gain (g/bird)
a

b

a

c

ab

a

b

a

c

c

Feed intake (g/bird)

a

a

a

b

FCR (g feed/g weight gain)
4

c

b

a

c

Values represent means of 8 replicate pens per treatment (15 broilers per pen). 2Control: Broilers in this group fed as ad libitum during
entire experimental period. T1: Broilers in this group received feed 80% of amount consumed by control group fed ad libitum from
11 to 24 days of age. T2: Broilers in this group received feed 70% of amount consumed by control group fed ad libitum from 11 to 24
days of age. T3: Broilers in this group received feed 80% of amount consumed by control group fed ad libitum from 25 to 39 days
of age. T4: Broilers in this group received feed 70% of amount consumed by control group fed ad libitum from 25 to 39 days of age.
a, b, c, d
: Means having different superscript letter in the same row are significantly different (p < 0.05). 3SEM: pooled standard error of the
mean. 4FCR: feed conversion ratio.
1
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Table 3. Carcass characteristics of broiler chickens in different groups.
Treatment1
Traits

Control
(n = 40)

T1
(n = 40)

T2
(n = 40)

T3
(n = 40)

T4
(n = 40)

SEM4

p

2933.73a

2864.70ab

2785.03b

2621.40c

2584.38c

16.47

< 0.001

76.58

76.25

75.52

73.22

b

73.52

0.21

< 0.001

Breast meat

33.60a

33.11ab

32.76ab

32.15b

31.94b

0.19

0.028

Leg

34.03

34.25

34.73

34.92

35.00

0.14

0.114

Wing

9.77

9.87

9.98

10.14

10.02

0.06

0.415

Abdominal fat pad

2.04

1.97

1.82

1.71

1.66

0.03

< 0.001

Remaining carcass cuts

20.57

20.78

20.67

21.04

21.32

0.17

0.674

Carcass weight (g)
Dressing percentage (%)
2

a

a

a

b

The percentages of carcass cuts3

a

ab

bc

c

c

Control: Broilers in this group fed as ad libitum during entire experimental period. T1: Broilers in this group received feed 80% of amount
consumed by control group fed ad libitum from 11 to 24 days of age. T2: Broilers in this group received feed 70% of amount consumed by control
group fed ad libitum from 11 to 24 days of age. T3: Broilers in this group received feed 80% of amount consumed by control group fed ad libitum
from 25 to 39 days of age. T4: Broilers in this group received feed 70% of amount consumed by control group fed ad libitum from 25 to 39 days of age.
2
Dressing percentage = Carcass weight/preslaughter live weight × 100
3
The percentages of carcass cuts = Weight of carcass cuts/carcass weight × 100
a, b,c
: Means having different superscript letter in the same row are significantly different (p < 0.05). 4SEM: pooled standard error of the
mean.
1

Table 4. Some biochemical blood parameters of broilers in different groups.
Treatment1
Traits

Control
(n = 40)

T1
(n = 40)

T2
(n = 40)

T3
(n = 40)

T4
(n = 40)

SEM2

p

Glucose (mg/dL)

228.73

231.65

226.25

230.68

232.95

1.33

0.534

Cholesterol (mg/dL)

105.74

153.57

111.08

105.56

101.88

8.54

0.290

Trigliserit (mg/dL)

33.04

42.04

36.21

37.13

39.13

1.19

0.175

Total protein (mg/dL)

2.46

2.53

2.55

2.52

2.41

0.04

0.862

AST (U/L)

620.23 a

512.00 ab

566.04 ab

473.95 b

480.48 b

17.12

0.031

ALT (U/L)

6.30

5.58

4.52

4.43

3.96

0.23

0.008

CK (U/mL)

51.39 a

44.51 ab

44.42 ab

31.06 b

33.21 b

2.25

0.019

LDH (U/mL)

2.66

2.32

2.21

2.01

2.25

0.67

0.022

a

a

ab

ab

bc

b

bc

b

c

b

Control: Broilers in this group fed as ad libitum during entire experimental period. T1: Broilers in this group received
feed 80% of amount consumed by control group fed ad libitum from 11 to 24 days of age. T2: Broilers in this group
received feed 70% of amount consumed by control group fed ad libitum from 11 to 24 days of age. T3: Broilers in this
group received feed 80% of amount consumed by control group fed ad libitum from 25 to 39 days of age. T4: Broilers
in this group received feed 70% of amount consumed by control group fed ad libitum from 25 to 39 days of age.
a, b,c
: Means having different superscript letter in the same row are significantly different (p < 0.05). 2SEM: pooled standard
error of the mean.
1

affect the incidence of moderate degree wooden breast.
However, incidence of severe degree wooden breast was
lower in T3 and T4 groups, than the other groups (p <
0.001). The differences among T1, T2 and control groups
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were not statistically significant in terms of this trait. Total
wooden breast incidence was found as 90% for broilers in
control group, whereas it was 75%, 65%, 42.5% and 35%,
for T1, T2, T3 and T4 groups, respectively (Table 6).
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Table 5. The incidence of white striping for broilers in different groups.
Scores of white striping
Treatment1

0
n

1
%

2

n

%

n

%

Control

1

2.5d

16

40.0

23

57.5a

T1

6

cd

15.0

17

42.5

17

42.5a

T2

8

20.0bc

18

45.0

14

35.0ab

T3

16

40.0ab

18

45.0

6

15.0bc

T4

19

47.5a

16

40.0

5

12.5c

X2

29.067

0.409

26.211

P

< 0.001

0.982

< 0.001

Control: Broilers in this group fed as ad libitum during entire experimental period. T1:
Broilers in this group received feed 80% of amount consumed by control group fed ad
libitum from 11 to 24 days of age. T2: Broilers in this group received feed 70% of amount
consumed by control group from 11 to 24 days of age. T3: Broilers in this group received feed
80% of amount consumed by control group from 25 to 39 days of age. T4: Broilers in this
group received feed 70% of amount consumed by control group from 25 to 39 days of age.
a, b, c, d
: Values having different superscript letter in the same column are significantly
different (p < 0.001).
Score 0: normal (no white striping), score 1: moderate degree of white striping, score 2:
severe degree of white striping.
1

Table 6. The incidence of wooden breast for broilers in different groups.
Scores of wooden breast
Treatment1

0

1

n

%

Kontrol

4

T1

2

n

%

n

%

10.0c

16

40.0

20

50.0a

10

25.0

16

40.0

14

35.0a

T2

14

35.0b

14

35.0

12

30.0a

T3

23

57.5a

14

35.0

3

7.5b

T4

26

65.0a

11

27.5

3

7.5b

bc

X2

34.970

5.625

28.222

P

< 0.001

0.229

< 0.001

Control: Broilers in this group fed as ad libitum during the entire experimental period.
T1: Broilers in this group received feed 80% of amount consumed by control group fed
ad libitum from 11 to 24 days of age. T2: Broilers in this group received feed 70% of
amount consumed by control group from 11 to 24 days of age. T3: Broilers in this group
received feed 80% of consumed by control group from 25 to 39 days of age. T4: Broilers
in this group received feed 70% of consumed by control group from 25 to 39 days of age.
a, b, c
: Values having different superscript letter in the same column are significantly
different (p < 0.001).
Score 0: normal (no wooden breast), score 1: moderate degree of wooden breast, score
2: severe degree of wooden breast.
1
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In the study, the lower (p < 0.001) mean scores of white
striping and wooden breast myopathies were obtained for
T2, T3 and T4 groups than control group. The lowest mean
scores of these myopathies were determined for T4 group in
which broilers received feed as 70% of control group fed ad
libitum from 25 to 39 days of age. No significant difference
was observed between T3 and T4 groups (Table 7).
4. Discussion
In our study, body weight gain, feed intake and FCR
from 0 to 10 days of age were not significantly different
among treatments. However, from 11 to 24 days of age,
body weight gain and feed intake were lower (p < 0.001),
whereas FCR was higher (p < 0.001) for T1 and T2 groups.
T2 group had also lower (p < 0.001) body weight gain and
feed intake but has higher (p < 0.001) FCR than T1 group
in this period. T4 group had the lowest (p < 0.001) body
weight gain and feed intake, but the highest (p < 0.001)
FCR from 25 to 39 days of age.. This finding is in line with
previous studies reported that feed restriction negatively
affected growth performance of broilers in restriction
period [27–30].
In the study, broilers in T1 group had live weight similar
to those in control group at 49 days of age. This result could
be due to the fact that the broilers in T1 group showed a
higher level body weight gain than those in control group,
after restriction period. Similar to this study, Novel et al.
[29] determined that broilers in group restricted to 75% of
control group from 14 to 21 days of age have similar body

weight with control group at the age of 42 days. However,
Trocino at al. [21] reported that broilers received feed as
80% of control group fed ad libitum at 13 to 21 days of
age have lower body weight at 46 days of age than those in
control group. The differences between the studies could be
due to differences in feed restriction time, feed restriction
levels, slaughter age and also management conditions. It is
known that the broilers exposed to early feed restriction
show the fast body weight gain during ad libitum feeding
period after restriction to compensate slow growth in
restriction period. However, in this study, broilers in T2
group had lower (p < 0.001) body weight than those in
control group at 49 days of age. This finding shows that
feed restriction level applied to this group is too severe to
compensate for the growth. In this study, the broilers in
T3 and T4 groups had lower final live weight at 49 days of
age than control group. These findings indicate that feed
restriction time is important for the compensatory growth.
Similar results were obtained by Boostani et al. [31].
In the study, feed restriction significantly affected
carcass characteristics of broilers. Dressing percentage (p <
0.001) and breast meat yield (p < 0.05) in T3 and T4 groups
were significantly lower than control group. This result
may be due to the lower carcass and breast meat weights of
broilers in T3 and T4 groups than those in control group.
Similarly, Livingston et al. [22] determined that broilers in
the group deprived of feed for 8 h daily between 8 to 42 days
of age had lower breast meat yield and dressing percentage,
compared to those in the group fed ad libitum throughout

Table 7. The mean scores of white striping and wooden breast myopathies in breast meats of broilers in
different groups.
Treatments1

n

WS myopathy score

WB myopathy score

x̄

Sx̄

x̄

Sx̄

Control

40

1.55a

0.09

1.40a

0.10

T1

40

1.28

0.11

1.10

0.12

T2

40

b

1.15

0.12

b

0.95

0.13

T3

40

0.75c

0.11

0.50c

0.10

T4

40

0.65

0.11

0.43

0.10

P

ab

c

< 0.001

ab

c

< 0.001

Control: Broilers in this group fed as ad libitum during the entire experimental period. T1: Broilers in this
group received feed 80% of amount consumed by
control group fed ad libitum from 11 to 24 days of age. T2: Broilers in this group received feed 70% of amount
consumed by control group fed ad libitum from 11 to 24 days of age.
T3: Broilers in this group received feed 80% of amount consumed by control group fed ad libitum from 25 to
39 days of age. T4: Broilers in this group received feed
70% of amount consumed by control group fed ad libitum from 25 to 39 days of age. WS: white striping, WB:
wooden breast.
a, b, c
: Means having different superscript letter in the same column are significantly different (p < 0.001).
1
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experiment. However, Poltowicz et al. [32] determined
that feed restriction for 6 h daily from 3 to 4 weeks and
from 4 to 5 had no significant effect on dressing percentage
and breast meat yield, compared to control group. Some
studies reported that feed restriction at an earlier stage of
life in broilers give rise to fat deposition in the body in
later growth periods [28,32,33]. However, in this study,
it was determined that feed restriction to 80% of control
group at 11 to 24 days of age did not significantly affect
the percentage of abdominal fat pad; but feed restriction
to 70% of control group from 11 to 24 days of age reduced
the amount of abdominal fat (p < 0.001). The differences
between the studies could be explained by differences in
feed restriction level, duration, as well as feed restriction
time. Zhan et al. [28] also stated that the first week of life in
broilers is the critic stage for feed restriction and from the
first day low level of feed restriction for a long time may
stimulate metabolism programming, causing excessive fat
accumulation in the body of broilers.
In this study, it was determined that broilers in T2,
T3 and T4 groups had significantly lower serum ALT and
LDH levels than broilers in control group. Serum AST and
CK levels also were determined as lower for T3 and T4
groups than control. These results may explain that the
incidence and degree of white striping and wooden breast
myopathies were lower in these groups than control group.
Similar to this study, Kuttappan et al. [9] also reported a
rise in serum ALT, LDH AST and CK levels in broilers
having breast meats with severe degree white striping.
In this study, feed restriction significantly affected the
formation of white striping and wooden breast myopathies.
T2, T3 and T4 groups had a higher (p < 0.001) rate of normal
breast scored as 0 for both of these myopathies, compared
with the control group. T3 and T4 groups had also lower
(p < 0.001) incidence for severe degree white striping and
wooden breast myopathies than control group. This result
may be due to the fact that final live weight and breast
meat yield of broilers in T3 and T4 groups were lower than
those in control group. It has been reported that increasing
of hypertrophy in breast muscles of fast growing broilers
and decreasing of capillarization negatively affects muscle
fiber metabolism and thus cause to white striping and
wooden breast myopathies [4,6,34]. Similar to this study,
some studies determined that the rate of severe degree
white striping and wooden breast myopathies was higher
in broilers having higher body weight [9,18,19]. On the
other hand, Trocino et al. [21] reported that the incidence
of white striping was higher in broilers received feed as
80% of control group fed ad libitum from 13 to 21 days of
age than those in control group, but the difference between
groups formed according to feeding program was not
statistically significant. The authors explained that broilers

in the group applied restriction had the faster growth rate
during ad libitum feeding period after restriction and
thus increased growth rate of breast muscle and damage
in breast muscle, compared with broilers in control group.
Unlike Trocino et al. [21], in this study, it was determined
that broilers in T1 group had similar incidence of these
myopathies to control group. Velleman et al. [35] stated
that feed restriction applied during the first two weeks of
life has adverse effects on pectoralis major muscle, and
causes to increased necrose and fat deposition. The authors
reported that earliest period after hatching is critical for
growth and structure of breast muscles. However, in this
study feed restriction was applied at a later time than their
study.
In the study, white striping and wooden breast scores
were determined as lower for T2, T3 and T4 groups,
compared with control group. The lowest mean value
in terms of this trait was obtained for T4 group. The
difference between T3 and T4 groups was not statistically
significant. This result indicates that the severity of these
myopathies was lower in T3 and T4 groups than the
other groups. Similar to this study, Meloche et al. [10]
determined that white striping and wooden breast scores
reduced with reduce in feed intake at 33, 43 and 50 days of
age. In another study, Livingston et al. [22] also reported
that the mean scores of these myopathies have lower in
group feed restricted 8 h daily at 8 to 42 days of age than
control group.
As a result, the high incidences of white striping and
wooden breast myopathies were observed in this study. The
broilers were slaughtered at 49 days of age and slaughter
weights of broilers in groups were higher than 3500 g,
which may have resulted in the occurrence of the high
incidence of these myopathies. The feed restriction to 70%
of ad libitum intake between 11 and 24 days of age, and
feed restriction to 80% and 70% levels of ad libitum intake
between 25 and 39 days of age significantly decreased the
occurence and degree of white striping and wooden breast
myopathies at 49 days of age, although there was some
decrease in performance traits. Feed restriction to 80%
and 70% levels of ad libitum intake between 25 and 39 days
of had a greater effect on reduction of these myopathies
in pectoralis major muscle of broilers. On the other hand,
increasing of the feed restriction level from 80% to 70%
of ad libitum in this period could not provide significant
additional benefits for reducing the incidence and degree
of these myopathies.
Acknowledgments
The present study was supported by Research Fund of
Aydın Adnan Menderes University (Project no. VTF17027).

639

ORAL TOPLU et al. / Turk J Vet Anim Sci
References
1.

Tumova E, Teimouri A. Fat deposition in the broiler chicken: a
review. Scientia Agriculturae Bohemica 2010; 41 (2): 121-128.

2.

Rahimi S, Seidavi A, Sahraei M, Blanco FP, Schiavone A et
al. Effects of feed restriction and diet nutrient density during
re-alimentation on growth performance, carcass traits, organ
weight, blood parameters and the immune response of
broilers. Italian Journal of Animal Science 2015; 14: 583-590.
doi: 10.40.81/ijas.2015.4037

14.

Maiorano G. Meat defects and emergent muscle myopathies in
broiler chickens: implications for the modern poultry industry.
Scientific Annals of Polish Society of Animal Production 2017;
13 (3): 43-51. doi: 10.5604/01.3001.0010.5454

15.

Mudalal S, Babini E, Cavani C, Petracci M. Quantity and
functionality of protein fractions in chickens breast fillets
affected by white stripping. Poultry Science 2014; 93 (8): 21082116. doi: 10.3382/ps.2014-03911

16.

Mazzoni M, Petracci M, Meluzzi A, Cavani C, Clavenzani P
et al. Relationship between pectoralis major muscle histology
and quality traits of chicken meat. Poultry Science 2015; 94 (1):
123-130. doi: 10.3382/ps/peu043

17.

Petracci M, Mudalal S, Soglia F, Cavani C. Meat quality in
fast growing broiler chickens. World’s Poultry Science Journal
2015; 71 (2): 363-374. doi: 10.1017/s0043933915000367

3.

Baldi G, Soglia F, Mazzoni M, Sirri F, Canonico L et al.
Implications of white striping and spaghetti meat abnormalities
on meat quality and histological features in broilers. Animal
2018; 12 (1): 164-173. doi: 10.1017/S1751731117001069

4.

Kuttappan VA, Shivaprasad HL, Shaw DP, Valentine BA,
Hargis BM et al. Pathological changes associated with stripping
in broiler breast muscles. Poultry Science 2013; 92 (2): 331-338.
doi: 10.3382/ps.2012-02646

5.

Kuttappan VA, Hargis BM, Owens CM. White striping and
wooden breast myopathies in modern poultry industry: a
review. Poultry Science 2016; 95 (11): 2724-2733. doi: 10.3382/
ps/pew216

18.

Kuttappan VA, Brewer VB, Apple JK, Waldroup PW, Owens
CM. Influence of growth rate on occurrence of white striping
in broiler breast fillets. Poultry Science 2012; 91 (10): 26772685. doi: 10.3382/ps.2012-02259

6.

Sihvo HK, Immonen K, Puolanne E. Myodegeneration with
fibrosis and regeneration in the pectoralis major muscle of
broilers. Veterinary Pathology 2014; 51 (3): 619-623. doi:
10.1177/0300985813497488

19.

Lorenzi M, Mudalal S, Cavani C, Petracci M. Incidence of white
striping under commercial conditions in medium and heavy
broiler chickens in Italy. Journal of Applied Poultry Research
2014; 23 (4): 754-758. doi: 10.3382/japr.2014-00968

7.

Mudalal S, Lorenzi M, Soglia F, Cavani C, Petracci M.
Implications of white striping and wooden breast abnormalities
on quality traits of raw and marinated chicken meat. Animal
2015; 9 (4): 728-734. doi: 10.1017/s175173111400295X

20.

8.

Hoffman WE, Solter PF. Diagnostic enzymology of domestic
animals. In: Kaneko JJ, Harvey JW, Bruss ML (editors). Clinical
Biochemistry of Domestic Animals. 6th ed. Burlington, MA,
USA: Academic Press; 2008. pp. 351-378.

Kuttappan VA, Brewer VB, Mauromoustakos A, Mckee SR,
Emmert JL et al. Estimation of factors associated with the
occurrence of white striping in broiler breast fillets. Poultry
Sciences 2013; 92 (3): 811-819. doi: 10.3382/ps.2012-02506.

21.

9.

Kuttappan VA, Huff GR, Huff WE, Hargis BM, Apple JK et al.
Comparison of hematologic and serologic profiles of broiler
birds with normal and severe degrees of white striping in breast
fillets. Poultry Science 2013; 92 (2): 339-345. doi: 10.3382/
ps.2012-02647

Trocino A, Piccirillo A, Birolo M, Radaelli G, Bertotto D et al.
Effect of genotype, gender and feed restriction on growth, meat
quality and the occurrence of white striping and wooden breast
in broiler chickens. Poultry Science 2015; 94 (12): 2996-3004.
doi: 10.3382/ps/pev296

22.

Meloche KJ, Fancher BI, Emmerson DA, Bilgili SF, Dozier III
WA. Effects of quantitative nutrient allocation on myopathies
of the pectoralis major muscles in broiler chickens at 32, 43 and
50 days of age. Poultry Science 2018; 97 (5): 1786-1793. doi:
10.3382/ps/pex453

Livingston ML, Landon C, Barnes HJ, Brake J. White striping
and wooden breast myopathies of broiler breast muscle is
affected by time-limited feeding, genetic bacground, and egg
storage. Poultry Science 2019; 98 (1): 217-226. doi: 10.3382/ps/
pey333

23.

Aviagen Group. Ross 308 Broiler Nutrition Specifications.
Huntsville, AL, USA: Aviagen Group; 2019.

24.

SPSS Statistical Packages for the Social Sciences. SPSS base
22.0 user’s guide, IBM United States Software Announcement.
Armonk, NY, USA: IBM; 2013.

25.

Steel RGD, Torrie JH. Principles and Procedures of Statistics. A
Biometrical Approach. 2nd ed. New York, NY, USA: McGrawHill Book Company; 1980.

26.

Duncan DB. Multiple range and multiple F tests. Biometrics
1955; 11: 1-42. doi: 10.2307/3001478

27.

Urdaneta-Rincon M, Leeson S. Quantitative and qualitative
feed restriction on growth characteristics of male broiler
chickens. Poultry Science 2002; 81 (5): 679-688. doi: 10.1093/
ps/81.5.679

10.

11.

Sandercock, DA, Mitchell MA. The role of sodium ions in the
pathogenesis of skeletal muscle damage in broiler chickens.
Poulty Science 2004; 83 (4): 701-706. doi: 10.1093/ps/83.4.701

12.

Sandercock DA, Hunter RR, Mitchell MA, Hocking PM.
Thermoregulatory capacity and muscle membrane integrity
are compromised in broilers compared with layers at the same
age or body weight. British Poultry Science 2006; 47 (3): 322329. doi: 10.1080/00071660600732346

13.

640

Kuttappan VA, Lee YS, Erf GF, Meullenet JFC, Mckee SR et
al. Consumer acceptance of visual appearance of broiler breast
meat with varying degrees of WS. Poultry Science 2012; 91 (5):
1240-1247. doi: 10.3382/ps.2011-01947

ORAL TOPLU et al. / Turk J Vet Anim Sci
28.

Zhan XA, Wang M, Ren H, Zhao RQ, Li JX et al. Effect of early
feed restriction on metabolic programming and compensatory
growth in broiler chickens. Poultry Science 2007; 86 (4): 654660. doi: 10.1093/ps/86.4.654

32.

Poltowicz K, Nowak J, Wojtysiak D. Effect of feed restriction
on performance, carcass composition and physicochemical
properties of the M. Pectoralis superficialis of broiler chickens.
Annals of Animal Science 2015; 15 (4): 1019-1029.

29.

Novel DJ, Ng’ambi JW, Norris D, Mbajiorgu CA. Effect of
different feed restriction regimes during the starter stage on
productivity and carcass characteristics of male and female
Ross 308 broiler chickens. International Journal of Poultry
Science 2009; 8 (1): 35-39. doi: 10.3923/ijps.2009.35.39

33.

Velleman SG, Coy CS, Emmerson DA. Effect of the timing
of posthatch feed restrictions on the deposition of fat during
broiler breast muscle development. Poultry Science 2014; 93
(10): 2622-2627. doi: 10.3382/ps.2014-04206

34.

30.

Butzen FM, Ribeiro AML, Vieira MM, Kessler AM, Dadalt JC
et al. Early feed restriction in broilers. I-Performance, body
fraction weights, and meat quality. Journal of Applied Poultry
Research 2013; 22 (2): 251-259. doi: 10.3382/japr.2012-00639

Petracci M, Mudalal S, Babini E, Cavani C. Effect of white
striping on chemical composition and nutritional value of
chicken breast meat. Italian Journal of Animal Science 2014; 13
(1): 179-182. doi: 10.4081/ijas.2014.3138

35.

31.

Boostani A, Ashayerizadeh A, Mahmoodian Fard HR,
Kamalzadeh A. Comparison of the effects of several feed
restrictin periods to control ascites on performance, carcass
characteristics and haematological indices of broiler chickens.
Brazilian Journal of Poultry Science 2010; 12 (3): 170-177. doi:
10.1590/S1516-635X2010000300006

Velleman SG, Nestor KE, Coy CS, Harford I, Anthony NB.
Effect of posthatch feed restriction on broiler breast muscle
development and muscle transcriptional regulatory factor gene
and heparan sulfete proteoglycan expression. International
Journal of Poultry Science 2010; 9 (5): 417-425. doi: 10.3923/
ijps.2010.417.425

641

