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ABSTRACT
This study was conducted to determine muscle fiber characteristics and their effect on some meat quality parameters in
Longissimus dorsi (LD) and Semitendinosus (ST) muscles from kids of some Turkish native goat breeds. Male kids of Hair
(n=6), Angora (n=6), Kilis (n=6) and Honamli (n=6) (pure breeds) were used as experimental animals. All kids were
slaughtered at 3 months of weaning age and muscles samples were collected for determination of type I, IIA and IIB muscle
fibers and some meat quality parameters. It was found that type IIA fiber number of Hair and Honamli kids were higher
than those of other breeds in LD muscle. Similarly, Hair kids had higher number of (P<0.05) type IIA in ST muscle
compared to other breeds. Generally, there were negative correlations between tenderness, pH and number of muscle fiber
types in LD and ST muscles of all breeds (P<0.05). Also, there were positive correlations between intra muscular fat and
number of muscle fiber types in LD muscles of all breeds (P<0.05). Conclusively, kids of Turkish native goat breeds had
different muscle fiber characteristics which can affect meat quality.
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INTRODUCTION
Meat quality has always been very important to the

consumer, and it is a critical for the meat parameter industry
today. Consumer demand for quality meat is increasing day
by day all over the world. In order to produce high quality
meat, meat quality characteristics and factors affecting them
must be known (Joo et al. 2013).

Fresh meat quality can be directly influenced by
muscle fiber characteristics such as muscle fiber composition,
cross-sectional area (CSA) and metabolic activity properties
due to the muscle fibers constitute the majority of the skeletal
muscle mass structure (Kim et al. 2013). The skeletal muscle
mass has different composition of myosin heavy chain
isoforms such as type I, IIA and IIB in muscle fibers, which
have shown different contractile or metabolic characteristics
(Lee et al., 2010).

Differences in muscle fiber characteristics are
influence by various factors including breed (Ryu et al.,
2008), selection (Larzul et al., 1999), gender (Ozawa et al.
2000), hormone (Rehfeldt et al., 2004), growth performance
(Kim, et al., 2013), diet (Jeong et al. 2012) and muscle
location (Hwang et al. 2010).

The muscle fiber characteristics affect pH, color,
water holding capacity, texture and intra-muscular fat ratio
of consumable meat (Joo et. al. 2013). Differences in the
muscle fibers composition and number, and myoglobin
content of the muscle mass can change the preferable color

stability of the fresh meat in pork (Kim et al. 2013) and beef
(Renerre, 1990). The composition of muscle fibers is
associated with water holding capacity in meat of different
species (pig, Kim et al. 2013; sheep, Sirin et al. 2017). Meat
tenderness is affected by heterogeneity of muscle fiber
composition in different muscle (Maltin et al. 2003). Increa-
sing muscle fiber diameter or CSA can cause tougher meat
in pig (Karlsson et al. 1993) and cattle (Renand, 2001). The
muscle fiber properties are associated with the muscle pH,
which is regarded as an indication meat quality of pig (Choi
et al. 2007; Joo et. al. 2013) and sheep (Sirin et al., 2017).

Goats were originally domesticated in southwest
Asia (Ngambi et al., 2013). The goats are now reared all
over the world. Goat breeding is widespread in Turkey due
to the geographic-economic conditions of the country, the
historical accumulation of agricultural experience, and the
traditions and customs of the Turkish people (Bolacali et
al., 2017). Turkey has about 10 million goats and 9 different
breeds (Turkstat, 2016). Therefore, the goats are an important
source for meat production. Turkey has local goat breeds,
which have a variety of geographic and climatic conditions.
The most commonly raised native goat breeds in Turkey are
Hair, Kilis, Angora and Honamli. Hair goat constitutes
approximately 92% of the goat population in the country
(Atay and Gokdal, 2016). Numerous studies have examined
the muscle fiber characteristics and meat quality of sheep,
cattle and pig. However, no comparative study on the
determination of meat quality and muscle fiber characteristics
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Fig 1: Pictures of myosin ATPase staining (pH 4.2) of (a) semitendinosus and (b) longissimus dorsi muscles. The darkest muscle fiber
          is type I, intermediate muscle fiber is type IIB and the lightest muscle fiber is type IIA.

of goat breed has been reported. Hence, it is important to
determine the differences in skeletal muscle fiber type and
their effect on meat quality among Turkish native goat breeds.
Since, muscle fiber characteritics can be used to improve
meat quality of goats with breeding strategies (Büngera et
al. 2009). The purpose of the current study was to determine
muscle fiber characteristics and their correlation with some
meat quality traits (cooking loss, intra muscular fat,
tenderness, water holding capacity, pH and color) in
Longissimus dorsi (LD) and Semitendinosus (ST) muscles
from kids of Hair, Kilis, Angora and Honamli Turkish native
goat breeds.
MATERIALS AND METHODS

A total of 24 kids of Hair (n=6), Kilis (n=6), Angora
(n=6) and Honamli (n=6) breeds were used as experimental.
All animals were sourced from the national sheep and goat
breeding project in Tokat (Hair), Kilis (Kilis), Ankara
(Angora) and Antalya (Homanlı) provinces of Turkey. All
kids were slaughtered at 90 days of weaning age.

Following slaughter, approximate 50–75 g LD and
ST muscles samples were taken from mid-sections of whole
muscles from the right side of carcass within 30 min for
histochemical analysis of muscle fibers. Subcutaneous fat
and fascia were removed from these muscle samples and
immediately frozen in liquid nitrogen and stored at -80 °C
until ATPase staining of muscle fibers. All carcasses were
chilled for 24 h at 4 °C. Following chilling, approximate
150 g of LD and ST muscle samples from the left side of
carcass were taken from the central parts of the mid-section
of the whole muscles and subcutaneous fat and fascia were
removed from these muscle samples. These muscle samples
were stored at 4 °C for determination of meat quality
parameters.

Cooking loss (CL), intra muscular fat (IMF),
tenderness, water holding capacity (WHC), pH and color
values (L; lightness, a; redness and b; yellowness) of LD
and ST muscles samples were measured as defined by Sen
et al (2011).  Type I, IIA and IIB muscle fibers composition
in LD and ST muscles were determined using ATPase

staining at pH 4.2 as defined by Broke and Keiser (1970)
and Sen et al. (2016). Muscle fibers were scanned using a
microscope at × 200 magnification with a digital camera
linked to image analysis software (Laica Q Win V3.4
Processing-Analysis Software). Four areas were selected
randomly from the three sections to determine composition
of myofibre types and CSA of myofibre. CSA of myofibre
was measured from ~20 fibers of each fiber type from each
area counted. Images of muscle fibers from LD and ST
muscles stained for ATPase (pH 4.2) are presented in Fig 1.

The effect of breed on muscle fiber characteristics
analyzed as a complete randomized design using the general
linear  model procedure of Minitab Version 12.11.
Relationships between the muscle fiber characteristics and
meat quality parameters were determined with a Pearson
correlation analysis at the 95% confidence interval. The
differences in the mean values were compared by the Tukey’s
multiple comparison tests and results were computed as mean
± SEM. Statistical significance was considered at P<0.05.

RESULTS AND DISCUSSION
The numbers and CSA of myofibre types: The numbers
and CSA of type I, IIA, IIB muscle fibers in LD muscle
from Hair, Kilis, Angora and Honamli male kids are
presented Table 1. There was no significant difference
between kids born to Kilis, Homanli, Hair and Angora goat
breeds in terms of type I muscle fiber number in LD muscle.
However, type IIA and total muscle fiber number of Honamli
and Hair kids were higher (P<0.05) than those of Kilis and
Angora kids. Also, Angora kids had lower (P<0.05) type
IIB muscle fiber number than those of Kilis, Honamli and
Hair kids. Kilis, Homanli, Hair and Angora kids had similar
type I, type IIB and average muscle fiber CSA in LD muscle,
but Angora kids had higher (P<0.05) type IIA muscle fiber
CSA than those of Kilis, Honamli and Hair kids.

The numbers and CSA of type I, IIA, IIB muscle
fibers in ST muscle from Kilis, Homanli, Hair and Angora
male kids are presented Table 2. Hair kids had higher (P <
0.05) type IIA and total muscle fiber number in ST muscle
compare to except for Honamli kids. However, there were
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Table 1: Numbers and cross-sectional areas of type I, IIA and IIB muscle fibers in Longissimus dorsi muscle.

                                             Number of muscle fibers (per mm2)

Breeds Type I Type IIA Type IIB Total
Kilis 214.3 ± 33.4 713.1 ± 87.3b 754.1 ± 78.5a 1681.5 ± 97.8b

Honamli 178.3 ± 28.1 1449.0 ± 269.1a 825.2 ± 43.0a 2453.0 ± 300.2a

Hair 305.6 ± 50.7 1637.0 ± 367.0a 720.0 ± 75.8a 2663.0 ± 414.2a

Angora 219.4 ± 24.6 391.4 ± 67.2b 581.9 ± 49.2b 1193.0 ± 144.0b

                                              Cross-sectional area (µm2/per fiber)
Breeds Type I Type IIA Type IIB Average
Kilis 59.38 ± 7.98 14.1 ± 3.3b 14.6 ± 1.42 29.36 ± 2.72
Honamli 69.21 ± 7.69 8.9 ± 1.31b 12.4 ± 1.7 30.19 ± 2.40
Hair 60.0 ± 12.50 9.5 ± 1.86b 16.2 ± 2.48 28.56 ± 4.01
Angora 50.95 ± 5.73 38.3 ± 8.02a 18.3 ± 1.47 35.84 ± 4.28
a,b Different letters in the same column indicate significant difference (P<0.05).

Table 2: Numbers and cross-sectional areas of type I, IIA and IIB muscle fibers in Semitendinosus muscle.

                                                                 Number of muscle fibers (per mm2)
Breeds Type I Type IIA Type IIB Total
Kilis 270.2 ± 50.4 634.8 ± 50.1c 676.0 ± 36.3 1311.0 ± 31.3b

Honamli 232.2 ± 41.6 865.0 ± 144b 780.0 ± 53.0 1878.2 ± 160.0a

Hair 271.1 ± 20.2 1464.0 ± 140.0a 652.1 ± 38.1 2388.2 ± 293.0a

Angora 206.3 ± 14.3 523.1 ± 87.1c 671.6 ± 40.7 1401.0 ± 59.4b

                                                                                                Cross-sectional area (µm2/per fiber)
Breeds Type I Type IIA Type IIB Average
Kilis 47.7 ± 6.7ab 16.9 ± 1.6a 15.2 ± 0.8 26.6 ± 2.5ab

Honamli 68.8 ± 10.8a 15.9 ± 3.4a 26.3 ± 10.2 36.0 ± 7.5a

Hair 38.9 ± 3.07b 7.9 ± 0.5b 15.8 ± 0.9 19.9 ± 0.8b

Angora 51.0 ± 4.1ab 25.8 ± 8.0a 15.3 ± 0.8 31.4 ± 2.4a

a,b,c Differences between the meanings indicated by different letters in the same column were found significant difference (P<0.05).

Table 3: Significant Pearson correlation coefficients between muscle fiber and meat quality traits for the pooled data of LD and ST
              muscles of all kids#.
LD pH L b WHC CL Tenderness

Type I number .496* .468*
Type IIA number .438* -.457*
Type IIB number -.424* .454* .411* -.579*
Total fiber number .515* .455* -.484*
Type I CSA .525*
Type IIA CSA .639* -.626* -.647 -.497* -.482* .655*
ST pH L WHC CL Tenderness IMF
Type I number -.511
Type IIA number .424*
Type IIB number -.481* -.433*
Total fiber number -.501*
Type IIA CSA -.534* -.464* 428*
Type IIB CSA .510* -.565* -.472*
# Nonsignificant Pearson correlation coefficients between muscle fiber and meat quality traits have not been shown in the table.
P<0.05*
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no significant difference between kids born to Hair, Kilis,
Angora and Homanli goat breeds in terms of type I and IIB
muscle fiber number in ST muscle. Hair kids had lower
(P<0.05) type I and IIA muscle fiber CSA than those of
Honamli kids. Similarly, Hair kids had lower (P<0.05) average
muscle fiber CSA than those of Honamli and Angora kids.

Compositions of muscle fiber type, size and total
number of fibers in skeletal muscle tissue are affected by
factor of breed in different species (Renand et al. 2001; Kim
et al. 2013; Sirin et al. 2017). Studies related to muscle fiber
characteristics carried out in sheep (Sirinet et al. 2017) and
pig breeds (Ryu et al. 2008). However, there has been no
comparative information about muscle fiber characteristics
and meat quality in goat. Previous studies showed that
Berkshire pig breed has more type I fiber than that of
Yorkshire and Landrace pig breeds in LD muscle (Ryu et al.
2008).  Wimmers et al. (2008) reported that high muscularity
in different pig breeds was highly correlated with high ratio
in myosin heavy chain transcripts of type IIB muscle fiber.
Consequently, with regard to breeds within a species, there
is a strong relationship between muscle fiber composition
and growth performance.

These results may indicate that the muscle
development of kids may be affected by breed. Perhaps, these
differences among kids from Turkish goat breeds may also
be due to maternal nutrition level during gestation, because
the number of skeletal muscle fibers especially type II muscle
fibers are affected from environmental factors, especially
maternal mal-nutrition during gestation (Dwyer et al. 1994;
Fahey et al. 2005; Sen et al. 2016). Moreover, decreasing in
the number of secondary muscle fibers (IIA and IIB) is caused
by the low level of maternal nutrition (Wigmore and
Stickland, 1983).
Correlations between muscle fiber characteristics and
meat quality traits: Significant Pearson correlation
coefficients between muscle fiber and meat quality traits of
LD and ST muscles of all kids were observed and are
presented in Table 3. It can be seen that there were positive
and negative correlations between type I, IIA and IIB muscle
fiber characteristics (muscle fibers number and CSA) and
meat quality parameters (CL, IMF, tenderness, WHC, pH,
Lab color values) at different levels (P<0.05 and P<0.01).

The analysis of Pearson correlation coefficients on
the pooled data of LD muscle for all breeds showed that
there were positive correlations between type I muscle fiber
number and CL and b color value (P<0.05), type IIA muscle
fiber number and WHC and tenderness (P < 0.05), type IIB
muscle fiber number and l and b color values and tenderness
(P<0.05), total muscle fiber number and b color value, WHC
and tenderness (P<0.05). There was negative correlation
between type IIB muscle fiber number and pH (P<0.05).
There were positive correlations between type I muscle fiber

CSA and tenderness (P<0.05), type IIA muscle fiber CSA
and pH (P<0.05) type IIA muscle fiber CSA and tenderness
(P<0.05). There were negative correlations between type IIA
muscle fiber CSA and l and b color values, WHC, CL
(P<0.05).

Joo et al. (2013) reported that muscle fiber
characteristics were related with fresh meat quality. Maltin
et al. (2003) reported that the meat tenderness affected by
the composition of muscle fiber types in different muscles.
Previous studies showed that increasing muscle fiber
diameter, especially type IIB muscle fiber, exhibit tougher
meat in pig (Karlsson et al. 1993) and cattle (Renand, 2001).
Similarly, Hwang et al. (2010) reported that meat tenderness
can be improved by increasing the ratio of type I muscle
fibers and decreasing the ratio of type IIB muscle fibers in
muscle composition in cattle. Moreover, Sirin et al. (2017)
reported positive correlations between type I and type IIA
muscle fiber diameter and tenderness in LD and ST muscles
in sheep. Kovanen et al. (1984) also reported that type I
(slow-twitch) muscle fibers have more collagen, which leads
to a decrease in tenderness of meat. In the present study
also, it has been found that the tenderness decreased as the
number of muscle fibers increased and also tenderness
increased as the CSA of muscle fibers increased in all kid
breeds. These observations were in agreement with the
argument of previous studies.

Muscle fiber characteristics as fiber composition
and area may influence pH, meat color and WHC in meat
(Joo et al. 2013; Sirin et al. 2017). Previous studies reported
that composition and size of muscle fiber were strongly
related to meat quality parameters in meat producing species
(Renerre, 1990; Choi et al. 2007; Kim et al. 2013; Sirin et
al. 2017). This study indicated that muscle fiber characte-
ristics have a significant effect on meat quality traits in
different levels. The understanding of the impact of muscle
fiber characteristics on meat quality traits can provide useful
information for improving muscle growth and meat quality
in goat breeds. Consequently, the results observed in the
present study suggested that muscle fiber characteristics of
Turkish native goat breeds might be used as an important
indicator of the fresh meat quality.
CONCLUSION

Muscle fiber characteristics and its effects on some
meat quality parameters were first determined in Kilis,
Honamli, Hair and Angora Turkish native goat breeds. In
conclusion, the results of the present study suggest that breed
is an important factor affecting skeletal muscle fiber
characteristics in goat. Differences in muscle fiber
characteristics may influence kid meat production and
quality. Determination of skeletal muscle fiber characteristics
in different goat breeds will help improve meat quality of
Turkish goat breeds with breeding strategies.
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