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Abstract

The domestication process of pigs was associated with substantial morphological and
physiological changes. The aim of this study was to comparatively investigate muscle
microstructure and biochemical properties of four different skeletal muscles (M. longissimus,
M. semitendinosus, M. psoas major, M. rhomboideus) in growing domestic pigs (n=5) and wild
boars (n=4). The superiority of domestic pigs in body and muscle growth at three months
of age was reflected by a 4-fold body weight and higher absolute weights of heart, liver
and muscles. Relative muscle weights of M. psoas major and M. rhomboideus were reduced,
whereas a 1.6-fold heavier M. semitendinosus was observed in domestic pigs compared
with wild boars. In addition, the muscle cross-sectional area was greater in all muscles of
domestic pigs resulting from about 3-fold fibre cross-sectional area, whereas total fibre
number remained unchanged. As a consequence of intensified fibre hypertrophy, the fibre
area per capillary is higher in all muscles of domestic pigs. Thus, the impaired supply with
oxygen and nutrients may be one reason for the shift to the glycolytic muscle metabolism as
indicated by a greater proportion of fast-twitch glycolytic fibres at the expense of fast-twitch
oxidative fibres. This is also reflected by a higher ratio of lactate dehydrogenase to isocitrate
dehydrogenase activity. Our data suggest that the intensified muscle growth was realized by
myofibre hypertrophy at unchanged myofibre number in growing domestic pigs. It seems
that domestication-induced changes were most pronounced in M. semitendinosus as the
exterior ham muscle which may be related to muscle specific selection for lean growth.
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Abbreviations: CK: creatine kinase, DP: domestic pig, FCSA: fibre cross-sectional area, FTG: fast-twitch glycolytic,
FTO: fast-twitch oxidative, ICDH: isocitrate dehydrogenase, MCSA: muscle cross-sectional area,
LD: M. longissimus, LDH: lactate dehydrogenase, PM: M. psoas major, RH: M. rhomboideus,
ST: M. semitendinosus, STO: slow-twitch oxidative, WB: wild boar

Introduction

Domestication of livestock began about 8000 to 10000 years before present and was
driven by the demand for human food sources (reviewed in Mignon-Grasteau et al. 2005).
The domestication of wild boars (WB; Sus scrofa L.) occurred about 9000 years ago (Giuffra
et al. 2000) and took place in multiple and independent centres of domestication (Larson
et al. 2005). This process was associated with substantial morphological, physiological and
psychological changes in the domestic pigs (DP; Sus scrofa domestica) compared with the
wild ancestors. For instance, WB have 19 vertebrae, whereas European DP have 21-23 (King &
Roberts 1960). The phenotypic differences between commercially-used pig breeds and their
wild counterparts are generated by the strong selection processes and the limited housing
conditions of DP. One main focus of selection was optimization of pigs for meat production
and therefore, DP were adapted to lean growth with high protein and low fat content.

Skeletal muscle forms the basis of the product meat and thus this tissue is of special
economic interest. There are some studies that have provided knowledge on morphological
and physiological properties of muscle fibres in domestic and wild pigs (e.g. Weiler et al.
1995, Fiedler et al. 1998, Miiller et al. 2002, Rehfeldt et al. 2008). This knowledge is important,
because for instance myofibre type composition or fibre size are related to economically
important traits like meat quality or lean accretion (Larzul et al. 1997, Bee 2004).

The aforementioned studies comparing skeletal muscles of DP and WB revealed strong
evidence for increased fibre sizes, a predominance of fast-twitch (Ilb) myofibres and a
general switch to more glycolytic metabolism in the modern pig breeds (Essén-Gustavsson
& Lindholm 1984, Weiler et al. 1995, Rehfeldt et al. 2008).

Theaim of the present study was to evaluate the effects of domestication on skeletal muscle
tissue of growing DP and WB. Therefore, as an initial step we pointed out the phenotypic
differences in terms of live weight, crown-rump length and weights of selected organs and
skeletal muscles of three months-old DP and WB. The main aim, however, was to investigate
the effects of domestication on muscle microstructure and biochemical properties of four
different skeletal muscles (m. longissimus [LD], m. semitendinosus [ST], m. rhomboideus [RH]
and m. psoas major [PM]).

Material and methods
Animals

All procedures were in accordance with the German Law of Animal Protection. For this study
we used five subadult DP (German Landrace; one male, four females) and four European
WB (one male, three females). All animals were about three months old (DP 95+3d; WB
9243 d; P=0.475). The DP were kept in group housing in the experimental pig unit of the
Leibniz Institute for Farm Animal Biology (FBN, Dummerstorf, Germany) and were fed ad
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libitum with typical commercial diets (Trede & von Pein, Dammfleth, Germany) according to
recommendations for growing pigs (GfE 2006). The WB were obtained from the zoological
garden Schwerin (Germany) where they lived within their family groups and had free access
to feed and sows’ milk. All WB were littermates, whereas among the DP two animals were
littermates and three originated from different sows mated with the same boar. All pigs were
killed at the slaughterhouse of the FBN after electrostunning (DP) or anaesthesia (WB) with
an intramuscular injection of ketamine hydrochloride (Ursotamin 10 %, Serumwerk Bernburg
AG, Bernburg, Germany) and azaperone (Stresnil, Janssen-Cilag GmbH, Neuss, Germany).
Body weight, crown-rump length and the weights of heart and liver were recorded. The right
ST, RH, PM were removed as a whole, weighed and the circumference at the muscle mid-belly
was recorded. Samples from LD at the level of the 13th/14th rib, from the mid-belly of RH
and PM and from the dark (deep), bright (superficial) and central portion of ST were taken for
histological and biochemical analyses. Samples were collected within 10 min post mortem,
snap-frozen in liquid nitrogen and stored at —80°C.

Histochemistry and microscopy

Muscle cross-sectional area (MCSA) was calculated from the circumference of the muscle
mid-belly. Serial transverse sections of 10 um were cut at —20°Cin a cryostat (Leica, Nussloch,
Germany). One section was stained for cytoplasm with eosin and for alkaline phosphatase
to visualize capillaries. Another section was exposed to the combined reaction for NADH-
tetrazolium reductase (Novikoff et al. 1961) and acid pre-incubated ATPase at pH 4.2 (Guth
& Samaha 1970) which enables classification into slow-twitch oxidative (STO), fast-twitch
oxidative (FTO) and fast-twitch glycolytic (FTG) fibres. Fibre type distribution, fibre cross-
sectional area (FCSA) and capillary distribution were determined on 900 muscle fibres in
the ST (300 each in the dark, central and bright region) and on 300 muscle fibres each in
LD, PM and RH by image analysis (AMBA, IBSB, Berlin, Germany). The estimated total fibre
number was obtained by multiplying the fibre number per unit area by the MCSA. In LD,
the estimation of total fibre number would be inaccurate because muscle fibres do not run
parallel to the longitudinal muscle axis. Therefore, no value for LD total fibre number is given.

Biochemical analyses

A sample of 100 mg muscle tissue was homogenized on ice in 2ml potassium phosphate
buffer (pH=6.9) using a Potter Elvehjem Tissue Grinder (Wheaton, Milleville, NJ, USA) and
analyzed for DNA, RNA and protein concentrations and the activities of creatine kinase
(CK), lactate dehydrogenase (LDH) and isocitrate dehydrogenase (ICDH). Deoxyribonucleic
acid was measured fluorometrically against a standard of calf thymus DNA (Sigma-Aldrich
Chemie GmbH, Steinheim, Germany) after using Hoechst 33 258 (Sigma-Aldrich) according
to Rehfeldt & Walther (1997). Ribonucleic acid was quantified fluorometrically with SYBR
Green Il (Molecular Probes, Eugene, OR, USA) against RNA from calf liver (Sigma-Aldrich) as a
standard according to Oksbjerg et al. (2000). In both assays, fluorescence was measured using
an FIx-800-I microplate reader (Bio-Tek Instruments Inc., Bad Reichenhall, Germany). Protein
concentration was determined according to Peterson (1977) against a bovine serum albumin
(Serva, Heidelberg, Germany) standard and CK activity was measured in supernatants of
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diluted (1:10) muscle homogenates at 37 °C using a commercial kit (Biomed, Oberschleissheim,
Germany). The activities of LDH and ICDH were measured using modified assay protocols
according to SIGMA (http://www.sigmaaldrich.com/life-science/metabolomics/enzyme-
explorer/learning-center/assay-library.html). All assays were adapted to microplates and the
optical density was measured using a Spectramax Plus384 plate reader (Molecular Devices
Corporation, Sunnyvale, CA, USA).

Statistical analysis

For statistical analyses, data were subjected to one-factor ANOVA (factor genotype: domestic
pig vs. wild boar) and least squares means (LSM*SE) were estimated and tested by t-Test
(Proc MIXED, SAS v9.2, SAS Inst. Inc., Cary, NC, USA).

Results and discussion
Body, organ and muscle weights

At similar age DP exhibited a nearly 4-fold body weight (DP 47.3+3.3kg; WB 12.7+3.7 kg;
P<0.001) and a 1.5-fold crown-rump length (DP 88.6+2.4 cm; WB 58.0+2.7 cm; P<0.001). This
observation is in agreement with the study of Rehfeldt et al. (2008), who also showed 4-fold
higher body weights in 20 weeks-old DP compared with their wild counterparts. In addition,
several studies demonstrated the predominant live weight of DP at different ages (e.g. Bader
1983, Weiler et al. 1998). Consequently, the absolute weights of liver (4-fold; P<0.001), heart
(2.7-fold; P<0.001), PM (3.5-fold; P<0.001), RH (2.5-fold; P=0.002) and ST (5.8-fold; P<0.001)
were greater in DP than in WB (Table 1).

Table 1
Absolute and relative weights of muscles and organs in wild boar and domestic pig (LSM+SE)
Wild boar Domestic pig P

M. semitendinosus, g 35.8+14.5 209+13 <0.001
M. semitendinosus, % 0.28+0.02 0.44+0.01 <0.001
M. psoas major, g 55+18 190£16 <0.001
M. psoas major, % 0.43%0.01 0.40+0.01 0.054
M. rhomboideus, g 22.56+4.94 55.86+4.42 0.002
M. rhomboideus, % 0.18+0.02 0.12+0.02 0.028
Heart, g 73.7£12.8 198.4£11.4 <0.001
Heart, % 0.58+0.02 0.42+0.01 <0.001
Liver, g 285+82 1136+74 <0.001
Liver, % 2.24+0.08 2.41+0.07 0.166

In accordance with our results, Miiller et al. (2000) found greater absolute weights of liver and
hearts in Pietrain pigs compared with WB. However, the relative organ and muscle weights
(percentage of live body weight) gave an entirely different picture (Table 1). The relative heart
weight was 27 % lower in DP than in WB (P<0.001), whereas the relative liver weight did not
differ between genotypes (P=0.166). Lower relative heart weights in DP but no differences
in relative liver weights between WB and DP were also reported by Schurmann (1984). In
addition, relative heart weights of WB (0.64 %) and DP (0.29%) are reviewed in Wegner
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(1971). The author concluded that domestication results in a heart reduction in many species,
which might be associated with the reduced physical activity. Our relative liver weights of WB
are in agreement with Miiller et al. (2000), but much higher than values reported by Wolkers
et al. (1994). In contrast to Wolkers et al. (1994), in our study the relative liver weights did
not differ between WB and DP. The value 2.41 % relative liver weight for DP is quite high (vs.
1.32% in 210 d-old Pietrain pigs reported by Miiller et al. (2000)). One possible explanation
could be that at the age of three months liver growth is in a good accordance with body
growth, while at slaughter age the body growth is much more accelerated due to selection.
This fits to our former study, in which the relative liver weight in 83 d-old pigs comprised
2.28% (unpublished data) and in 188 d-old Landrace pigs exhibited 1.60% (Rehfeldt et al.
2012). The relative PM weight tended to be lower in DP (P=0.054) and the relative RH weight
was 33% lower in DP than in WB (P=0.028). In contrast, a 1.6-fold relative muscle weight
was observed for ST (P<0.001). Rehfeldt et al. (2008) suggested that the PM muscle seems
to be proportionally, whereas the ST muscle seems to be disproportionally enlarged in DP.
This may be related to muscle specific selection for lean growth. Regardless of the economic
relevance of both muscles, the exterior ham muscle (ST) exhibits more growth capacity than
the interior tenderloin muscle (PM).

Muscle structural properties

No differences in the proportion of STO fibres could be detected between WB and DP in any
of the muscles examined (Figure 1). All muscles showed a lower percentage of FTO fibres
in DP. The greatest reduction in the percentage of FTO fibres was found in LD with a 54 %
lower proportion (P<0.001), whereas in ST, PM and RH FTO proportion was reduced by 35 %
(P<0.001), 30 % (P=0.002) and 30 % (P=0.094), respectively.
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Figure 1
Proportions of fibre types in cross sections of LD, ST, PM and RH of WB and DP. LSM and SE are presented as
columns and error bars, respectively. +P=0.09; *P<0.05; **P<0.01; ***P<0.001

The greatest relative changes occurred in the proportion of FTG fibres which was 1.7-fold
higher in LD (P=0.002), 1.4-fold in ST (P<0.001), 1.9-fold in PM (P=0.014) and 2.9-fold in RH
(P=0.001) of DP. Thus, the muscle which displayed the smallest proportion of FTG fibres in
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WB showed the greatest increase in this fibre type as a result of domestication. Consistent
results were reported by Bader (1983) for LD and PM, by Essén-Gustavsson & Lindholm (1984)
for LD, ST and M. gluteus, by Rehfeldt et al. (2008) for LD, ST and PM, by Weiler et al. (1995) for
M. gracilis and by Ruusunen & Puolanne (2004) for LD, M. semimembranosus and M. gluteus
superficialis.

The MCSA more than doubled in LD, RH and PM (P<0.007; Table 2), whereas it was 3.8-
fold in ST (P<0.001). Muscle cross-sectional area is the result of both total fibre number and
mean fibre size. However, no differences between WB and DP could be observed in total
fibre number in any of the muscles examined. Total fibre numbers in WB and DP amounted
762+42 vs. 847+38x10% (P=0.177) in ST, 943457 vs. 816+51x10% (P=0.142) in PM and 364+48
vs. 257+41x10° (P=0.124) in RH. This is in contrast to the results of Rehfeldt et al. (2008) where
the total fibre number in DP was greater in ST and smaller in PM compared with WB at both
7 and 20 weeks of age. Therefore, the greater MCSA in DP in our study can only be accounted
for muscle fibre hypertrophy. Domestic pigs exhibited greater FCSA in all fibre types and
in all muscles examined (P<0.003). The extent of increase ranged from 2- to 4-fold and was
similar both among fibre types and among muscles. Irrespective of fibre type, the average
FCSA was 3-fold in LD (P<0.001), 3.4-fold in ST (P<0.001), 2.9-fold in PM (P=0.002) and 3.2-fold
in RH (P=0.002; data not shown). A substantial increase in FCSA in DP compared with WB has
also been reported by Bader (1983), Weiler et al. (1995) and Rehfeldt et al. (2008). In addition,
the number of fibres per unit area, which is an inverse expression of FCSA, was only 30-36 %
in DP compared with WB in all muscles (P<0.001). In LD, the number of capillaries associated
with one fibre tended to be smaller in DP compared with WB (P=0.087), but no differences
between wild and domestic pigs could be detected in the other muscles. Similarly, the
number of capillaries per myofibre only tended to be smaller in ST muscle of DP at 7 weeks
of age, but was not different in LD or PM muscles or at 20 weeks of age (Rehfeldt et al. 2008).
However, because of the highly hypertrophied fibres in DP, remarkable differences were
found in the fibre area supplied by one capillary. In DP, the average fibre area supplied by
one capillary was 415% in LD, 560 % in ST, 230 % in PM and 360 % in RH compared with WB
(P<0.032). These differences were significant or tended to be significant for all fibre types in
all muscles. The greatest increase was found in ST which is in accordance with the greatest
increase of FCSA. This is consistent with the study of Rehfeldt et al. (2008) who observed
greater fibre areas per capillary in LD, ST and PM at 7 and 20 weeks of age. Similarly, the
smaller number of capillaries per unit area reported by Ruusunen & Puolanne (2004) for DP
muscles is also the result of fibre hypertrophy.

Biochemical properties of skeletal muscle

Itis not surprising that the total amounts of DNA, RNA and protein were remarkably greater
in DP than in WB in ST, PM and RH (Table 3) due to the higher absolute muscle weights
(weight of LD not determined). However, in each muscle, lower DNA concentrations were
found in DP than in WB with =16 % in LD (P=0.001), —20% in ST (P<0.001), —25% in PM
(P=0.001) and =17 % in RH (P=0.025). This is in agreement with the finding of Rehfeldt et
al. (2008) and most likely due to a lower density of nuclei per fibre area in DP muscles. On
the one hand, this results from the smaller number of fibres per unit area in DP muscle.
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Table 2
Microstructural characteristics LD, ST, PM and RH in wild boar and domestic pig (LSM+SE)
Wild boar Domestic pig P
MCSA, cm?
LD 11.4+29 29.0+2.6 0.003
ST 5.8+14 21.7+1.3 <0.001
PM 5.0+0.9 12.2+0.8 <0.001
RH 2.3+0.5 5.1+0.5 0.007
FCSA STO, um?
LD 491+51 1039+46 <0.001
ST 718+268 2610239 0.001
PM 530+61 1276+55 <0.001
RH 679+220 2010197 0.003
FCSA FTO, um?
LD 536+103 1396+92 <0.001
ST 663+228 26251204 <0.001
PM 480+82 1288+73 <0.001
RH 566+38 1980+213 0.003
FCSAFTG, ym?
LD 753+123 2160110 <0.001
ST 861+172 2550154 <0.001
PM 658+202 1838+181 0.003
RH 623208 2100+186 0.001
Fibres/mm?
LD 1640+44 553+39 <0.001
ST 133057 400+£51 <0.001
PM 1894+94 687184 <0.001
RH 1570£73 525+65 <0.001
No. of capillaries/fibre
LD 0.19+0.02 0.13+£0.02 0.087
ST 0.53+0.09 0.41+0.08 0.337
PM 0.32+0.05 0.37+0.04 0.566
RH 0.39+0.08 0.39+0.07 0.981
STO fibre area/capillary, pm?
LD 28831722 5092+645 0.057
ST 1068+947 4729+847 0.024
PM 14794282 22284252 0.088
RH 1579+1223 5432+1094 0.051
FTO fibre area/capillary, um?
LD 2358+1060 9186+948 0.002
ST 12561117 6962+999 0.007
PM 2022+509 3360+455 0.091
RH 1823+£999 7078+893 0.006
FTG fibre area/capillary, um?
LD 7892+2632 23320+2354 0.003
ST 3370+2003 15303+1792 0.003
PM 2538+2310 11084+2066 0.028
RH 2864+1775 85161587 0.049
Mean fibre area/capillary, um?
LD 3513+£900 14560+805 0.001
ST 16651346 92811204 0.004
PM 1915701 44301627 0.032

RH 1685+1169 6150+1046 0.025
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Table 3
Biochemical characteristics of LD, ST, PM and RH in wild boar and domestic pig (LSM+SE)
Wild boar Domestic pig P
Total DNA, mg
ST 51.11+15.75 248.1£14.08 <0.001
PM 86.06+18.76 224.6+16.78 <0.001
RH 34.58+5.55 69.86+4.97 0.002
Total RNA, mg
ST 29.37+12.17 138.5£10.9 <0.001
PM 41.66+8.74 107.2+7.8 <0.001
RH 17.96+2.07 36.15+1.85 <0.001
Total protein, g
ST 6.72+2.83 35.22+2.54 <0.001
PM 10.81+3.29 34.83+£2.94 <0.001
RH 4.07+0.79 9.22+0.71 0.002
DNA, pg/g
LD 1286+29 1083+26 0.001
ST 1502+34 1199430 <0.001
PM 1565+54 1190448 0.001
RH 152567 1270+60 0.025
RNA, ug/g
LD 650+59 540+53 0.206
ST 864+56 670+50 0.038
PM 758+29 568+26 0.002
RH 794+58 672+52 0.160
Protein, mg/g
LD 198.9+5.2 187.6+4.7 0.152
ST 197.0£5.0 169.2+4.5 0.004
PM 195.9+7.9 184.2+7.0 0.301
RH 180.4+2.8 165.5+£2.5 0.006
CK, IU/mg protein
LD 22.24+1.06 24.14+0.95 0.223
ST 20.85+0.83 25.58+0.75 0.004
PM 19.91+1.16 23.67+1.04 0.047
RH 17.92+0.71 22.21+0.63 0.003
LDH, IU/mg protein
LD 3.09+0.17 3.41£0.15 0.21
ST 2.31+0.09 2.69+0.08 0.016
PM 2.17+0.16 2.78+0.14 0.026
RH 1.28+0.24 1.92+0.22 0.086
ICDH, 1U/g protein
LD 25.64+1.82 6.83+1.62 <0.001
ST 35.50+1.53 15.11£1.37 <0.001
PM 45.07+3.19 17.84+2.85 <0.001
RH 54.78+4.82 29.27+4.31 0.006
LDH : ICDH
LD 123453 526+47 <0.001
ST 66.0+13.2 180.6+11.8 <0.001
PM 50.7+11.8 159.6+10.6 <0.001

RH 24.5%17.6 75.7£15.8 0.067




774 Losel et al.: Skeletal muscle of domestic and wild pigs

In addition, the lower proportion of oxidative fibres in DP may contribute to the lower
DNA concentration because it has been shown previously in rat and pig skeletal muscle
that slow oxidative fibres exhibited a higher nucleus : fibre area ratio compared with fast
glycolytic fibres (Tseng et al. 1994, Quiroz-Rothe & Rivero 2004). The RNA concentrations
were lower in ST (P=0.038) and PM (P=0.002) of DP, but no difference between wild and
domestic pigs could be observed in LD and RH. Because DNA and RNA concentrations were
reduced to a similar extent, RNA : DNA ratio was not different between WB and DP (data
not shown). In DP, the DNA : protein ratio was smaller in PM (WB 7.99+0.28, DP 6.50+0.25;
P=0.006) and tended to be smaller in LD (WB 6.49+0.27, DP 5.78+0.24; P=0.087) which can
be attributed to the reduced DNA concentration and unchanged protein concentration
in these muscles. In contrast, no differences were found in ST and RH which exhibited
proportionally reduced DNA and protein concentrations (data not shown). During growth
of the muscle (i.e. increasing FCSA), DNA : protein ratio decreases (Hogberg & Zimmerman
1979, Rehfeldt et al. 2008). Therefore, the lower DNA concentrations and DNA : protein
ratios in DP muscles seem to reflect the faster growth of muscle fibres in DP. In addition, no
effect of domestication could be observed for RNA : protein ratio (data not shown) with the
exception of PM which had a smaller ratio in DP (WB 3.86+0.19, DP 3.12+0.17; P=0.02) that
resulted from a lower RNA concentration and unchanged protein concentration. Protein
concentration of LD and PM was similar in WB and DP whereas protein concentration was
14 % and 8 % lower in ST (P=0.004) and RH (P=0.006), respectively, for DP. The determination
of protein in this study was based on wet tissue and included myofibrillar and sarcoplasmic
protein but also proteins from connective tissue. Therefore, the slightly lower protein
concentration in DP muscles could be attributed to higher proportions of water or lipid
or glycogen. Slow-twitch oxidative fibres contain a greater lipid concentration compared
with fast-twitch fibres (Handel & Stickland 1987, Essén-Gustavsson et al. 1994, Malenfant
et al. 2001). On the other hand, intrafascicular adipocytes are the main determinants for
intramuscular fat content (Gondret et al. 1998, Gondret & Lebret 2002). In fact, RH — which
displays the greatest proportion of STO fibres among the muscles examined in the present
study - seems to exhibit the lowest protein concentration. In contrast, each DP muscle
displayed both lower proportions of oxidative fibres and lower protein concentrations.
Moreover, no clear relationship between intramuscular fat content and fibre type
composition within a muscle has been demonstrated so far (Lefaucheur 2010). On the
other hand, Essén-Gustavsson & Lindholm (1984) reported greater glycogen contents in M.
gluteus, LD and ST muscles of DP compared with WB which is associated with the higher
glycogen content of glycolytic fibres (Swatland 1975). However, it is questionable whether
the low amounts of glycogen could account for differences in protein concentration.

Specific CK activity (expressed as IU per mg protein) was about 1.2-fold higher in DP than
in WB for ST, PM and RH (P<0.047). Creatine kinase provides ATP rapidly from the cleavage of
phosphocreatine and is the prerequisite for short-time maximum muscle activity. Thus, CK
activity was shown to be highest in FTG, lower in FTO and lowest in STO fibres (Yamashita &
Yoshioka 1991). Therefore, the shift in fibre type composition, which was most pronounced
for FTG fibres, likely explains the increase in specific CK activity. Although in LD, fibre type
composition was changed in a similar way as in the other muscles, specific CK activity was
not different between WB and DP (P=0.223).
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Specific LDH activity (a marker for the anaerobic glycolytic energy production) tended to be
higher in RH of DP (P=0.086) and was about 1.2-fold greater in ST and PM of DP (P<0.026).
Fast glycolytic fibres show higher LDH activities than STO fibres (Takehura & Yoshioka 1987)
and an increased proportion of FTG fibres is often associated with increased LDH activity in
pig muscle (Lefaucher & Vigneron 1986, Lebret et al. 1999). For LD, no effect of domestication
on specific LDH activity could be detected (P=0.211).

In each muscle, the specific ICDH activity (@ marker for the oxidative capacity of
metabolism) was markedly lower in DP compared with WB (—47 % to —73 %; P<0.006) which
is in agreement with the lower percentage of oxidative fibres (the sum of STO and FTO fibres,
data not shown). A positive relationship between the proportion of oxidative fibres and ICDH
activity has been shown for pigs (Huber et al. 2007, Losel et al. 2011). Interestingly, in the
present study, the differences between wild and domestic pigs were larger for specific ICDH
activity than for specific LDH activity. As a result, the LDH : ICDH ratio was 4-fold higher in LD,
2.7-fold in ST, 3.1-fold in PM (each P<0.001) but only tended to be 3-fold in RH (P=0.067). The
fact that LD exhibited no differences for CK and LDH activity between WB and DP although
fibre type composition was changed similarly to the other muscles examined, suggests that
fibre type composition alone cannot explain the extent of oxidative or glycolytic metabolism
in a muscle.

In conclusion, the comparison of growing DP with their wild ancestors of the same age
showed the superiority of DP in body and muscle growth. However, relative weights of the
interior tenderloin muscle (PM) or the economically non-relevant RH muscle were lowered
in DP, whereas the exterior ham muscle (ST) was disproportionally enlarged probably due to
the selection of lean growth. Our data suggest that the greater absolute muscle mass in DP
can be attributed to intensified fibre hypertrophy without affecting total fibre number. This
was reflected by reduced DNA concentrations and smaller DNA : protein ratios in muscle.
Moreover, the capillary density was remarkably reduced in muscles of DP as a result of
hypertrophic processes. In consequence, the impaired supply with oxygen and nutrients
may be one reason for the shift to the glycolytic muscle metabolism as indicated by a greater
proportion of FTG fibres at the expense of FTO fibres, higher specific CK and LDH activity
and lower ICDH activity. The extent of the domestication-induced changes differed among
muscles with the greatest changes occurring in the exterior ham muscle (ST). However, the
LD muscle seems to be of the same economic interest and exhibited comparable changes
in myofibre type distribution without domestication-typically changes in muscle enzyme
activities.
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