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ARTICLE INFO ABSTRACT

Keywords: Indices of the transcriptional and translational capacity of muscle cells are directly related to growth in various
Native goat breeds livestock species. The main aim of this study was, therefore, to determine cellular characteristics and their
Kids

relationship with metric measurements and muscle fibers number in longissimus-dorsi (LD) and semitendinosus
(ST) skeletal muscles from male kids born to Angora, Hair, Honamli and Kilis breeds. Kilis kids had significant
lower (except for Hair kids) muscle cross-sectional area (MSCA) in LD and ST muscles (p<0.05). Also depth and
length (except for Angora kids) of ST muscle were significantly lower (p<0.05) in Kilis kids. Honamli kids had a
significant higher (p<0.05) concentrations of DNA and RNA in both muscles, while Kilis kids had a significant
lower (p<0.05) total protein in ST muscle. Protein:DNA and protein:RNA ratios of Angora kids in both muscles
were significantly higher compared to other breeds (p<0.05). There were positive correlations between muscle
depth (MD) and protein, MSCA and DNA, MSCA and RNA, MSCA and protein (p<0.05) in LD muscle. Similarly,
positive correlations between MD and protein, muscle length (ML) and RNA, ML and protein, MSCA and protein
(p<0.05) were observed in ST muscle. In conclusion, Turkish indigenous goat breeds have different transcrip-
tional and translational capacity and these differences may be used to select more efficient breeds for fattening

Cellular response
Muscle fiber
Muscle measurement

practices.

1. Introduction

Goat population in Turkey is about 11 million, makndes almost the
half size of the EU’s total goat population (%46) and ranking 22nd in the
world (TurkStat, 2018; FAO, 2018). The most commonly raised goats in
Turkey belong to indigenous pure breeds like Angora, Hair, Honamli and
Kilis which constitute approximately 92 % of the total goat population in
the Turkey (Daskiran and Koluman, 2014; Akbas and Saatci, 2016). Kid
meat is one of the important sources of red meat in Turkey, however kid
rearing is mainly based on pasture without any additional feeding and
fattening is generally not practiced (Daskiran and Koluman, 2014; Akbas
and Saatci, 2016; Sen et al., 2019). As a result limited information is
available about the fattening potential of Turkish indigenous goat
breeds.

Growth of animals is related to cellular characteristics such as indices
of transcriptional and translational capacity of skeletal muscles
(Greenwood et al., 2006). The concentrations of DNA, RNA and protein,
and their ratio to each other reflect the transcriptional and translational
capacity of cells from various tissues (Marguerat and Bahler, 2012).
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Although the genome content remains generally constant, larger cells
produce and maintain higher concentrations of RNA and protein to
maintain biomass and functions (Marguerat and Bahler, 2012). Addi-
tionally, the RNA:DNA and the protein:DNA ratios differ as a function of
muscle cell size (Carpenter et al., 1996). Therefore, cellular character-
istics of muscle tissue such as transcriptional and translational capacity
have been used as an indicator of muscle fiber size, which is important
for growth and development (Greenwood et al., 2006).

The muscle fiber characteristics are influenced by various factors
including breed (Ryu et al., 2008; Sirin, 2018), maternal nutrition dur-
ing gestation (Sen et al., 2016), gender (Ozawa et al., 2000), growth
performance (Kim et al., 2013) and muscle location (Hwang et al.,
2010). Skeletal muscle cells are multinucleated and therefore, their DNA
concentration does not remain constant in relation to muscle fiber
numbers (Eversole et al., 1981). Moreover, nuclear numbers of muscle
fibers decrease postnatally with age. However, the ratio of protein:DNA
(the so-called DNA unit) is an index of regulation of growth and volume
of muscle (Cheek, 1985) and the variations in protein:DNA ratio reflect a
change in muscle fiber size (Lorenzen et al., 2000; Greenwood et al.,
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2000). Therefore, quantitative analysis of DNA, RNA and proteins and
their ratio to each other in the skeletal muscle tissue provide a means of
estimating growth and development of animals (Greenwood et al.,
2000). Additionally, Sirin (2018) reported that breed is an important
factor affecting skeletal muscle fiber characteristics in goat and differ-
ences in muscle fiber characteristics may influence meat production and
quality in kids.

The influence of maternal nutrition during gestation (Sen et al.,
2016), birth weight and postnatal nutrition (Greenwood et al., 2000),
and genetics (Carpenter et al., 1996; Greenwood et al., 2006) on cellular
characteristics of muscles have been studied in various animal species
and genotypes. Moreover, muscle fiber characteristics and their effects
on meat quality of Turkish indigenous goat breeds (in Angora, Hair,
Honamli and Kilis) have already been reported (Sirin, 2018). However,
to our knowledge, there are no reports on the cellular characteristics of
muscle cells which affect traits such as muscling, growth, and fatness in
indigenous goat breeds of Turkey. Moreover, the relationship between
muscle cellular characteristics, metric measurement and total fibers
number of skeletal muscle mass remain to be determined in these breeds.
The main objective of the present study was, therefore, to determine
cellular characteristics like concentrations of DNA, RNA and protein and
their relationship with metric measurement and total fibers number in
longissimus-dorsi (LD) and semitendinosus (ST) skeletal muscles of male
kids born to Angora, Hair, Honamli and Kilis breeds.

2. Material and Methods

A total of 24 male kids of Angora (n = 6), Hair (n = 6), Honamli (n =
6) and Kilis (n = 6) breeds were used as experimental animals. Kids were
obtained from the National Sheep and Goat Breeding Project carried out
in Ankara (Angora), Tokat (Hair), Antalya (Homanli) and Kilis (Kilis)
provinces of Turkey. The experimental animals belonged to different
regions of Turkey, and were raised under similar feeding and manage-
ment and practices until weaning. The management system is semi-
extensive and all kids were born at the same breeding season. After
birth all the kids were kept with their dams until weaning (90 days).
Starting from day 15 of kidding, all does were allowed to graze during
day time and to suckle their kids over the nights in the house until
weaning. The grazing areas are a natural grassland dominant with
Anndropogon ischoemum, Festuca arundinacea, Medicago sativa, Trifolium
pratense, Bromus cappadocicus, Cynodon dactylon, Astragalus sp., Capsella
bursa, Hordeum murinum, Amaranthus sp, and Circium sp. species.
Moreover, kids were also fed to their appetite meadow grass hay starting
from 15 days of age until weaning.

At the age of 90 days all the kids were transported to a slaughter-
house in their region. None of the kids were fed overnight (approxi-
mately 16 h) before slaughtering for determination of fasting live weight
the next morning. Slaughter weight (SW) was measured before standard
commercial slaughter procedure was carried out. Following slaughter, a
cross-section from the mid-belly of the LD and ST muscles from the right
side of the carcasses were taken on a drawing paper. Muscle cross-
sectional area (MCSA) of all muscles was determined by a direct grid
reading (Sen et al., 2011), and muscle depth (MD) and length (ML) were
determined by a digital caliper. Immediately after slaughter, approxi-
mately 50—75 g muscle samples from the central part of the mid-section
of the whole LD and ST muscles were excised from the right side of the
carcasses. Muscle samples were quickly trimmed off subcutaneous fat
and fascia. After that muscle samples were wrapped in aluminum foil,
frozen in liquid nitrogen and stored at —80 °C until DNA, RNA and total
protein analysis.

DNA and RNA of muscle samples were isolated by a commercial DNA
(PureLink™, DNA Mini Kit Invitrogen™, K182001) and RNA (Pure-
Link™, RNA Mini Kit, Invitrogen™, 12183018A) purification kit as
suggested by the manufacturer. The purity and quantity of isolated DNA
and RNA were measured by using NanoDrop™ 2000/2000c spectro-
photometers (Thermo Fisher Scientific), and 1 % w/v agarose gel was
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used to check the DNA (Fig. 1) and RNA (Fig. 2) quality. Total protein of
muscle samples was isolated by radioimmunoprecipitation assay (RIPA)
with some modifications (Valkova et al., 2005). Total protein in the
extracts was determined in triplicate in suitable dilutions of both frac-
tions by the method of Bradford (1976) using bovine serum albumin as a
standard. The quality of proteins was checked in 12 % w/v SDS-PAGE
gel electrophoresis (Fig. 3).

Total muscle fibers composition in LD and ST muscles was deter-
mined using ATPase staining at pH 4.2 as defined by Broke and Keiser
(1970) and Sen et al. (2016). The total muscle fibers number (TMFN) per
mm? were counted according to Sirin (2018), using a microscope at x
200 magnification with a digital camera linked to image analysis soft-
ware (Laica Q Win V3.4 Processing-Analysis Software). Average muscle
fibers diameter (MFD) per mm? was determined according to Sirin
(2018).

Using completely randomized design for different traits statistical
analyses were performed using SPSS 17.0 (2008) package program
(SPSS Inc., 2008, 17.0.1, Wacker Drive, Chicago, Illinois 60606, USA).
The optimum sample size was determined by a simple randomized
sampling method, and results showed that six repeats in each group
were enough for the trait, which had the maximum variance. The
observed power of the test was obtained as 92.07 %, which shows that
the used sample size was adequate to get reliable results. Significant
differences between means were tested by Duncan’s multiple compari-
son tests. To estimate the optimum models curve estimation procedure
was used and the results of the best models were interpreted. Multiple
Cubic and Logarithmic regression analysis were used to determine the
effect of muscles metric and cellular characteristics on the numbers of
muscle fibers per mm?. Relationships between variable traits for data
were determined with the Pearson correlation analysis at the 95 %
confidence interval. Results were computed as mean + SE and statistical
significance was determined at the level of p < 0.05.

3. Results

Metric measurements in LD and ST muscles are presented in Table 1.
There were no significant differences among breeds in terms of the MD
and ML measurements of LD muscle, but Kilis kids had significant (p <
0.05) lower MCSA compared to Hair and Honamli kids. Similarly, the
MD, ML and MCSA of ST muscle in Kilis kids were significantly lower
than those of Hair and Honamli indigenous Turkish breeds (p < 0.05).

The concentrations of DNA, RNA and protein, and ratios to each
other in LD and ST muscles are presented in Tables 2 and 3, respectively.
Honamli kids had significantly higher (p < 0.05) DNA concentration in
LD and ST muscles than Angora, Hair and Kilis kids (Table 2). Similarly,
the RNA concentration in both muscles of Honamli kids were signifi-
cantly higher than those of other breeds (p < 0.05). There were no
significant differences among breeds in terms of total protein in LD
muscle, but Kilis kids had significantly lower total protein in ST muscle
than those of other breeds (p < 0.05). There were no significant dif-
ferences among breeds in terms of RNA:DNA ratio, but protein:DNA and
protein:RNA ratios of Agora kids in LD and ST muscles were significantly
higher (p < 0.05) than those of Hair, Honamli and Kilis indigenous
Turkish breeds (Table 3).

The analysis of Pearson correlation coefficients on the pooled data
for all the breeds showed that there were positive correlations (p < 0.05)
between MD and protein, MSCA and DNA, MSCA and RNA, MSCA and
protein in LD muscle (Table 4). Similarly, positive correlations (p <
0.05) between MD and protein, ML and RNA, ML and protein, MSCA and
protein were observed in ST muscle. A negative correlation (p < 0.05)
was calculated between ML and RNA:DNA in LD muscle (Table 4).

Regression coefficients of SW, muscle fiber characteristics and
muscle metric measurements on the concentrations of DNA, RNA and
protein, and their ratios to each other in LD and ST muscles are pre-
sented in Tables 5 and 6, respectively. The TMFN was positively (p <
0.05) associated with the concentrations of DNA and RNA in both
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Fig. 1. DNA image in 1 % w/v agarose gel.

Fig. 2. RNA image in 1 % w/v agarose gel.
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Fig. 3. Proteins image in 12 % w/v SDS-PAGE gel.

muscles, but it was inversely (p < 0.05) associated with total protein in
LD muscle. There was a positive association of MSCA with total protein
in both muscles, and also a positive relationship was observed between
MFD and RNA concentration in LD muscle (p < 0.05). Additionally, MD
and ML were related positively (p < 0.05) to total protein in ST muscle.
Weaning SW was positively (p < 0.05) related to protein: RNA ratio, but
a negative (p < 0.05) relation was observed between MFD and protein:
RNA ratio in both muscles. Similarly, SW was positively (p < 0.05)
related to protein: DNA ratio, but a negative (p < 0.05) relation was
observed between MFD and protein:DNA ratio in LD muscle. TMFN and
ML were inversely (p < 0.05) associated with RNA:DNA ratio in LD
muscle, but a positive (p < 0.05) relation was observed between MD and
RNA:DNA ratio.

SW of Angora, Hair, Honamli and Kilis male kids at 90 days of
weaning age are presented in Fig. 4. Hair (18.24 + 1.68 kg) and Honamli

(20.40 + 1.03 kg) kids had significantly higher (p < 0.05) SW than those
of Angora (13.03 + 0.26 kg) and Kilis (14.20 + 0.21 kg) kids.
Regression graphs of DNA concentration on the total muscle fiber
number in LD and ST muscles and the MCSA measurement on TMFN in
LD muscle are presented in Figs. 5 and 6, respectively. Regression of the
DNA concentration on TMFN was performed by cubic and logarithmic
(base 10) regressions for LD and ST muscles, respectively. In the
regression analysis, significant relationships were observed between the
DNA concentration and numbers of total muscle fibers in both the
muscles. In these models statistically significant coefficients of (R?) were
found as .598 (p < 0.01) and .278 (p < 0.05) for LD and ST muscles,
respectively. The resulting regression models were TMFN = 679.077 +
19334.544*DNA — 37042.048* DNA? + 50150.911* DNA® for LD
muscle and TMFN = 2626.064 + 340.349*(DNA) for ST muscle (Fig. 4).
Regression of MCSA on TMFN was performed by cubic regression. In the
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Table 1
Metric measurements in longissimus-dorsi (LD) and semitendinosus (ST)
muscles.
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Table 3
Ratios of DNA, RNA and total protein in longissimus-dorsi (LD) and semite-
ndinosus (ST) muscles.

Breeds Breeds
Variable Muscles Variable Muscles
Angora Hair Honamli Kilis Angora Hair Honamli Kilis
D 19.70 + 21.20 + 22.50 + 19.20 + RNA:DNA LD 3.8+ 0.4 3.4+ 0.7 2.8+ 0.6 3.8+ 0.9
MD (mm) 0.66 1.63 1.19 1.02 ST 45+ 0.9 3.5+0.9 2.1+0.6 43+1.2
ST 36.90 + 30.30 £ 33.700 + 25.64 + LD 420.9 + 205.8 + 166.2 + 268.7 +
1.722 2.21° 0.70% 1.52° Protein: 52.12 45.4° 46.1° 91.1°
LD 38.90 + 38.70 + 40.10 + 34.60 + DNA ST 500.1 + 217.;1 + 121.]? + 299.5 +
ML (mm) 1.08 2.23 0.93 2.74 119.0% 64.3 38.9 63.7
ST 65.00 + 73.50 £ 82.40 + 52.20 + D 111.0 + 62.90 + 60.1 + 7.3° 74.4 £
6.17% 3.90° 3.28% 4.07° Protein: 8.1° 4.9° 4.4°
LD 65.20 £ 74.39 £ 83.44 + 57.43 £ RNA ST 108.1 + 59.6 £ 58.8 £ 77.3 £
MCSA 4.05% 2.05° 5.19° 5.14° 8.9 3.5° 4.42° 9.4°
(mm?) ST 217.6 + 167.6 + 237.7 + 95.89 + o — — — —
11.90° 29,60 14.50° 879> "’Mean values with different superscripts in the same row indicate a significant

abMean values with different superscripts in the same row indicate a significant
difference (p < 0.05).
MCSA = muscle cross-sectional area, MD = muscle depth, ML = muscle length.

Table 2
The concentrations of DNA, RNA and protein in longissimus-dorsi (LD) and
semitendinosus (ST) muscles.

Breeds
Variable Muscles
Angora Hair Honamli Kilis
. 4409 + 943.6 + 2259.6 + 1251.8 +
DNA (pg/ 76.1° 229.3° 949.5% 262.7°
2 - 413.4 + 1080.1 + 1799.8 + 587.3 +
90.2¢ 349.5" 299.6% 129.7°
b 1560.4 + 2568.8 + 2910.3 + 2020.4 +
RNA (ug/ 110.4° 230.3° 389.6% 140.1°
2) ST 1600.3 + 2729.6 + 3060.1 + 1980.2 +
209.8¢ 160.4° 220.2% 249.5%
164.6 + 157.3 + 149.1 +
Protein LD 9.3 4.1 169.4 + 4.1 5.0
(mg/g) ST 166.6 + 161.9 + 173.3 + 143.9 +
9.3 5.0° 3.9% 3.5"

ab.Mean values with different superscripts in the same row indicate a significant
difference (p < 0.05).

regression analysis, a significant relation was observed, and this model
was found as statistically significant with coefficient determination of
determination (R?) as .350 (p < 0.05). The obtained regression model
for LD muscle was TMFN = -2880.414 + 87.393* MCSA~- 0.003* MCSA®
(Fig. 5).

4. Discussion

The results of this study show that the characteristics of muscle cells
differ between kids from indigenous Turkish breeds. Such differences in
the characteristics of muscle cells could be explained on the basis of
different growth patterns of kids until weaning age. As all the kids were
raised under similar feeding and management regimens, these differ-
ences in the characteristics of muscle cells may reflect breed differences.

The concentrations of protein, DNA and RNA and their relationships
between themselves are considered as good indicators of cellular ac-
tivity in any tissue (Marguerat and Bahler, 2012; Moretti et al., 2014).
Our findings about the concentrations of DNA and RNA in LD and ST in
pure breed kids’ muscles show similarities to the findings of Moretti
et al. (2014), who reported that the concentrations of total protein, DNA
and RNA and the ratios of these variables showed differences in the
muscle of goat kids. On the other hand, there is a limited number of
studies regarding differences of indices of muscle cellularity in different
skeletal muscles conducted on different species such as sheep (Green-
wood et al., 2006), cattle (Eversole et al., 1981) and pigs (Losel et al.,
2009).

difference (p < 0.05).

Growth may be defined as either increase in the size of cells (hy-
pertrophy) or increase in the number of cells (hyperplasia) and is a part
of an ongoing process throughout the life of the organism (Falkner and
Tanner, 1986). There is a strong relationship between weight of muscle
and DNA concentration (Tulloh et al., 1986) and that reflects the growth
capacity of the muscle. Koohmaraie et al. (1995) reported that
callipyge-induced muscle hypertrophy is related to a greater the con-
centration of DNA in LD and ST muscles. In the present study, using
pooled data of kids, positive correlations were noted between MD and
total protein (in LD and ST muscles), MSCA and DNA (in LD muscle),
MSCA and RNA (in LD muscle), MSCA and total protein (in LD and ST
muscles). These results indicated that as the muscle depth and
cross-sectional area increases, the cellular translation capacity also in-
creases in kids from Turkish indigenous goat breeds. These observations
are consistent with the findings of previous studies (Ezekwe and Martin,
1975; Harbison et al., 1976), which have found an increased trans-
lational capacity in muscle of breeds of animals selected for increased
muscling. Additionally, the study of Greenwood et al. (2006) demon-
strates that increasing skeletal muscle mass in lambs based on muscle
metric measurement (such as muscle depth) has effect on muscle cell
characteristics.

Previous studies have indicated that increase in the concentration of
muscle DNA along with rise in the concentration of RNA and increased
myonuclei number results in greater cellular transcriptional and trans-
lational efficiency and/or capacity (Koohmaraie et al., 1995; Green-
wood et al., 2006). Additionally Koohmaraie et al. (1995) reported that
Callipyge lambs with hypertrophied muscles had higher concentration
of RNA, resulting in an increased RNA:DNA ratio and a decreased pro-
tein:RNA ratio compared to non-Callipyge lambs at similar carcass
weights. It has been suggested that the number of myonuclei in a muscle

Table 4
Pearson correlation coefficients between cellular characteristics and muscle
metric measurements for the pooled data.

Variable = DNA RNA Protein  RNA: Protein: Protein:
DNA DNA RNA
LD
MD —.020 324 414~ .206 .025 —.227
ML .255 .062 225 —.406" —.249 .073
MSCA  .454* .485 .507* —-.162 —.267 —.305
ST
MD .025 .108 .656* .060 .169 133
ML .387 .518 .541* -.197 —.154 —.310
MSCA  .298 271 .513% —.081 .046 —-.011

LD = longissimus-dorsi muscle, ST = semitendinosus muscle, MD = muscle
depth, ML = muscle length MCSA = muscle cross-sectional area.
" p<0.05.
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Regression coefficients + s.e. of SW, muscle fiber characteristics (TMFN and MFD) and muscle metric measurements (MD, ML and MCSA) on concentration of DNA,

RNA, and protein in LD and ST muscles.

Dependent variables Independent variables LD ST
Intercept 0.033 + 0.086 —0.023 +0.138
SW —2.45E-6 + 0.000 8.96E-7 + 0.000
TMFN 4.46E-5 + 0.000* 6.89E-5 + 0.000*
DNA (pg/g) MFD 0.001 + 0.001 0.003 + 0.002
MD —0.006 + 0.004 —0.006 + 0.004
ML 0.002 + 0.002 4.95E-5 + 0.002
MCSA 0.001 + 0.001 0.4E-3 £ 0.000
Intercept —0.016 + 0.138 —0.057 + 0.124
SW 1.16E-6 + 0.000 4.43E-6 + 0.000
TMFN 5.08E-5 £ 0.000* 7.47E-5 + 0.000*
RNA (ug/g) MFD 0.003 + 0.001* 0.002 + 0.001
MD 0.006 + 0.006 0.4E-3 £ 0.004
ML —0.004 + 0.004 0.5E-3 + 0.001
MCSA 0.001 + 0.002 —4.09E-5 + 0.000
Intercept 11.927 + 2.776* 4.844 + 2.354*
SW 0.1E-4 £ 0.000 0.1E-3 £ 0.000
TMFN —0.001 + 0.000* 0.001 + 0.001
Protein (mg/g) MFD 0.022 + 0.026 0.04 + 0.028
MD 0.018 + 0.118 0.248 + 0.076*
ML —0.049 + 0.07 0.075 + 0.028*
MCSA 0.116 + 0.033* —0.013 + 0.007*

LD = longissimus-dorsi, ST = semitendinosus, SW = slaughter weight, TMFN = total muscle fibers number, MFD = muscle fiber diameter, MD = muscle depth, ML =

muscle length, MCSA = muscle cross-sectional area.
" p <0.05.

Table 6

Regression coefficients + s.e. of SW, muscle fiber characteristics (TMFN and MFD) and muscle metric measurements (MD, ML and MCSA) on ratios of DNA, RNA, and

protein in LD and ST muscles.

Dependent variables Independent variables LD ST
Intercept 9.071 + 3.749* 6.196 + 4.667
SwW —4.66E-5 + 0.000 —4.07E-5 + 0.000
TMFN —0.001 + 0.001* —0.002 £+ 0.001
RNA:DNA MFD —0.039 + 0.036 —0.056 + 0.056
MD 0.34 £+ 0.159* 0.081 + 0.150
ML —0.273 + 0.095* 0.008 + 0.055
MCSA 0.027 + 0.045 —0.003 + 0.013
Intercept 9.071 + 3.749* 6.196 + 4.667
SwW 782.908 + 294.086* 638.928 + 399.682
TMFN —0.011 + 0.009 —0.022 + 0.016
Protein:DNA MFD —0.141 + 0.04* —0.191 + 0.107
MD —4.049 + 2.793 —4.567 + 4.791
ML 10.101 + 12.452 5.102 + 12.832
MCSA —11.723 + 7.448 4.228 + 4.728
Intercept 4.548 + 3.534 0.099 + 1.155
SwW 111.419 + 48.958* 139.753 + 45.53*
TMFN —0.002 + 0.002 —0.003 + 0.002
Protein:RNA MFD —0.019 + 0.007* —0.022 + 0.012*
MD —0.287 + 0.465 —0.431 + 0.546
ML —2.553 + 2.073 0.348 + 1.462
MCSA 1.664 + 1.24 0.179 + 0.539

LD = longissimus-dorsi, ST = semitendinosus, SW = slaughter weight, TMFN = total muscle fiber number, MFD = muscle fiber diameter, MD = muscle depth, ML =

muscle length, MCSA = muscle cross-sectional area.
" p <0.05.

fiber changes in proportion to the change in fiber size and number
(Greenwood et al., 2000; Van der Meer et al., 2011; Sen et al., 2016).
Moreover, the quantity of muscle fiber nuclei is extremely important for
determination of DNA content (Greenwood et al., 2000; Shenkman
etal., 2010). In the present study the concentrations of DNA and RNA in
LD and ST muscles of Honamli kids were higher than those of other
breeds. This suggests that the Honamli kids may have more myonuclei
due to more the concentrations of DNA and RNA, which may result in
greater transcriptional and translational capacity or efficiency for syn-
thesis of muscle protein in Honamli kids. These observations are
consistent with the findings of Sirin (2018), who reported that Honamli
kids have higher total muscle fiber numbers compared to kids from

Angora and Kilis breed. Therefore, Honamli kids may have more muscle
growth capacity than kids born to other breeds. This view is also sup-
ported by the observation in the present study that Honamli kids had a
relatively high the total protein in ST muscle.

Fraser and Nurse (1979) reported that small cells produce less RNA
than large cells; suggesting that size of any cell is related to the tran-
scription activity and that genome expression can be regulated by
genetically triggered changes in cell size. In the present study, a high
transcriptional and translational capacity was observed in relation to
DNA, RNA and total protein in LD and ST muscles of Honamli kids.
These results may indicate a greater increase in cellular activity in hy-
pertrophied muscles and suggest that an increased capacity to synthesize
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a
T
b
Honamli Kilis

Fig. 4. Slaughter weights (kg) of Angora, Hair, Honamli and Kilis male kids at 90 days of weaning age. The error bars represent the standard error of the mean and

bars with different letters are significantly different at p < 0.05.

and maintain protein may be associated with hypertrophy of skeletal
muscle mass in Honamli kids.

During a period of nearly last 50 years the relationship between
differentiated post-mitotic cells of varying size and their molecular
properties have been examined (Marguerat and Bahler, 2012). Obser-
vations of Schmidt and Schibler (1995) indicated that the total RNA
concentration produced by a given genome can differ greatly in cells of
different sizes. Especially, the differences in RNA:DNA ratio for a few
genes analysed are caused by differences in mRNA synthesis (tran-
scriptional efficiency) rather than by differences in mRNA turnover
(Schmidt and Schibler, 1995). These findings indicate that cells of a
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Fig. 5. Regression graphs of DNA concentration on the total muscle fiber
number (TMFN) in longissimus-dorsi (a) and semitendinosus (b) muscles.

given type can increase their RNA and protein production together with
cell size while conserving their genome content. Accordingly, the RNA:
DNA and the protein:DNA ratios differ as a function of cell size,
revealing cellular tuning of gene expression at a global scale. In the
present study, Angora kids had higher indices of muscle cells charac-
teristics (protein:DNA and protein:RNA ratios) in skeletal muscles
compared to other breeds. These results may indicate that Angora kids
have higher potential for growth capacity compared to other breeds.
Greenwood et al. (2006) reported that protein:DNA ratio, which is an
index of cell size in syncytial tissues such as muscle, increase with
increasing post-weaning muscle depth in the ST muscle of lamb. Addi-
tionally, protein:DNA ratio in the LD muscle was influenced positively,
but RNA:DNA ratio negatively, and protein:RNA ratio were not affected
by increasing post-weaning muscle depth (Greenwood et al., 2006).
Considering the cellular muscle properties of kids, there were no re-
lationships between RNA:DNA, protein:DNA and protein:RNA ratios and
MD measurement in LD muscle, but negative relationships were
observed between RNA:DNA ratio and MD and MSCA measurements in
ST muscle in the present study.

5. Conclusions

This study has shown that the cellular characteristics and metric
measurements of skeletal muscle mass exhibited differences across the
indigenous Turkish goat breeds. The results of present study indicated
that Honamli and Angora breeds have a far better capacity for protein
synthesis and muscle growth due to their cellular characteristics and
more active metabolic rate. In other words, Honamli and Angora breeds
are highly suggested for a more efficient fattening practice. Especially,

4000 °

3000

TMEFN (pm?)

2000

1000

MCSA (mm?)

Fig. 6. Regression graph of the muscle cross-sectional area (MCSA) on the total
muscle fiber number (TMFN) in longissimus-dorsi muscle.
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Angora breed could be more suitable for short term fattening practices
due to their higher muscle cellularity ratio which is responsible for faster
growth rate while Honamli breed for long term fattening due to the
higher concentration of DNA, RNA and protein in the muscle which
provides more muscle mass volume.

The results of present study may help to determine the relationship
between characteristics of muscle cells (such as transcriptional and
translational capacity) and meat yield in Turkish indigenous goat
breeds. Thus, potential fattening performances of native goat breeds at
the molecular level have been revealed, and even important information
has been obtained about which breeds can be used as fattening material
for more meat production. Moreover, characteristics of muscle mass
may use as molecular markers in future breeding studies on meat pro-
duction characteristics of native breeds.
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