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Abstract

This experiment was conducted to compare carcads nagat quality traits, and muscle fibre
characteristics in thi®ngissimus muscle of the Landrace [an European pig breedlfamdilantang [a Chinese
native pig breed] at the ages of 60, 90 and 158.dHye characteristics of muscle fibres were detexthby
real-time reverse transcription polymerase chaactien (RT-PCR) and histological methods (ATPasg an
succinodehydrogenase, SDH). A significant age wiffee was observed in loin eye area (LEA), backfat
thickness (BF), plt min PHoan drip loss, moisture, ash, number percentageRa@ndaW fibres, muscle fibre
cross-sectional area and mRNA expression of myleeséivy chain (MyHC)-slow and MyHC-IIb. The Lantang
showed a higher intramuscular fat (IMF) content Bikdthan the Landrace, while the Landrace exhibited
higher LEA and ash content than the Lantang. Bo#teds exhibited similar developments in muscleefibr
composition, and there were small differences isgtaufibre composition and muscle fibre cross-seeti
area. However, Landrace pigs showed a significdrigiier mRNA relative expression of MyHC-IIb. These
results suggested that age was an important fastéhe variation of carcass, meat quality traitgl an
characteristics of muscle fibres. The main diffeesnbetween the breeds at the same age wereREAMMF
and ash contents, and fast glycolytic MyHC-lIblie mRNA level.
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I ntroduction

Skeletal muscle comprised of muscle fibres, intrscolar fat, blood vessels and other tissues.
Traditionally, muscle fibres are classified as aidative type (1), a glycolytic type (lIb) or antermediate
type (lla) according to their ATPase stability tidaor alkali solutions (Brooke & Kaiser, 1970). btile fibres
could also be classified as slow-twitch r@&), fast-twitch red¢R) or fast-twitch white §W) (Ashmore &
Doerr, 1971) or also slow-twitch oxidative (SO)stiwitch oxidative glycolytic (FOG) or fast-twitch
glycolytic (FG) (Petert al., 1972) based on the activities of ATPase and dixiela&enzymes. Four major
sarcomeric myosin heavy chains (MyHC), i.e. slovitdivoxidative (slow/l), fast-twitch oxidative glgtytic
(lla), fast-twitch glycolytic (lIb) and intermedmaffast-twitch oxidative glycolytic (lIx) are expsed in pig
skeletal muscle during postnatal development (Letfauret al., 2002). The types MyHC-slow and MyHC-IIb
represent two extreme metabolic muscle fibres, lwkicert some level of significance in the studynafat
guality (Ryu & Kim, 2005; Parkt al., 2007).

Previous studies have indicated that muscle filbmaposition and muscle cross-sectional area had a
profound influence on meat quality traits. Musdhed size and capillary density in pigs seem tinfggortant
factors that influence the metabolic responsesatgbiter and thus meat quality (Essen-Gustawisan 1992).
Intramuscular lipids in théongissimus muscle of pigs are stored mainly in type | fibresl some type [IA
fibres (Essen-Gustavssan al., 1994). The percentage of type IlIb fibre in fleagissimus muscle from
crossbred pigs is negatively related tafkhand positively to R-value and drip loss (Ryu & Ki2®05). Thus,
the increase of type lIb fibre acceleratespbst mortem metabolic rate, and therefore the deterioratiomeét
guality. However, there are some differences inrtHationship between fibre type composition andchime
guality traits of halothane-negative and halothaamier pigs (Eggest al., 2002). Therefore, the influence of
genetic factors on characteristics of muscle fipppes should be taken into consideration when neality is
studied.

The Langtang pig is native to the southern pa@hiha. The breed has a lower growth performanae tha
other Chinese native breeds, and generally posggssire intramuscular fat and better meat qudigynimost
commercial European pigs such as the Landrace. vowéhere is only limited scientific information
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available on the meat quality of Lantang pigs. Thius current study was conducted to compare cgrozesat
guality traits and muscle fibre characteristicaT®NA and histological levels between pure Lantand a
Landrace pigs at different ages, to better undedstaeat quality characteristics of Lantang pigs.

Materialsand Methods

Fifty Lantang pigs (20 barrows and 30 intact gitiEsimilar liveweight (11.63 + 0.16 kg) as well 23
Landrace pigs (22 barrows and 48 intact gilts)imilar liveweights (15.19 £ 0.35 kg) at 60 daysagke were
selected and used in this study. They were dividéal five replicates based on their weights andesex
respectively. Each replicate of the Lantang growa HO pigs and each of the Landrace, 14 pigs.
Maize-soyabean meal-based diets in mash form (THbknd water were provideat libitum during the
experimental period.

One barrow per replicate with a liveweight clos¢h® mean was slaughtered at 60, 90 and 150 days of
age. Within 45 mirpost mortem, muscle samples for histological analysis weraioled from théongissimus
muscle at the last rib from the left side of thecaas. The samples were cut into 0.5x0.5x1.0 ces sind
quickly preserved in liquid nitrogen until requirba analysis. Samples for mMRNA expression analysise
also collected from theongissmus muscle at the last rib from the left side of thecaas and preserved in
liquid nitrogen. The left half of a carcass wastako evaluate carcass traits andldmgissimus muscle from
the left half was taken to determine meat quality.

Muscle pH was measured at 45 min and D&d1 mortem in thelongissimus muscle (between the 13
and 14 rib) using a DELTA-320 portable pH-meter. Muscl#our measurements (Opto-star value) were
taken at 2 Ipost mortem on the exposed cut surface of thiegissimus muscle (at the last-rib level). Drip loss
was determined by suspending the muscle samplesvéta standardized for surface area and weighhin
inflated plastic bag for 24 h and 48 h &Cl(Honikelet al., 1986).

Intramuscular fat (IMF) percentage was determimethé&longissimus muscle by ether extraction in a
Soxhlet apparatus after acid hydrolysis (ISO 14938). Moisture percentage was obtained by dryi2$ {C)
to a constant weight (AOAC 950.46) and ash pergenteas determined by incineration (550 +°25 until
the ash reached a white colour (ISO 936-1978).

Carcasses were chilled for 6 h, where-after thdingidackfat thickness was measured with a ruler at
the first and last ribs, and the last lumbar vedelbhe mean of those three measurements was sisedtlefat
thickness (BF). The loin eye area (LEA) was traoei acetate paper at the last rib level and catiedlon the
basis of loin eye height and loin eye width witi s the coefficient (Zharegal., 2007).

Table 1 The ingredient and composition of the basal dieting different stages of the study

Ingredient 61-90 days 91-120 days 121-150 days
LT LR LT LR LT LR

Maize 65 66 63 65 64 68
Soyabean meal 23 26 15 24 10 20
Fish meal 2

Bran 8 18 6 22 8
o]] 2

Premix 4 4 4 4 4 4

Nutrient composition
Digestible energy (MJ/kg) 13.18 13.60 12.56 13.18 12.13 13.00

Crude protein (g/kg) 165 180 140 165 125 150
Lysine (g/kg) 9.0 10.5 7.5 9.5 6.5 8.5
Meth+cyst (g/kg) 5.8 6.1 5.3 6.0 5.0 5.7
Threonine (g/kg) 6.1 6.9 5.1 6.2 4.4 5.7
Calcium (g/kg) 7.0 7.0 6.5 6.5 6.2 6.2
Available phosphorus (%) 3.2 3.3 3.0 3.0 2.8 2.8

! Supplied per kg of diet: 20000 IU vitamin A; 2000 Vitamin D; 60 IU vitamin E; 2 mg vitamin K; 2 mgtamin By;
10 mg riboflavin; 20 mg pantothenic acid; 40 mgcma5 mg vitamin B; 40 ug vitamin By,; 1.5 mg folic acid; 200 mg
vitamin C; 600 mg choline chloride; 75 mg mangan&2® mg zinc; 140 mg iron; 8 mg copper; 0.4 mgried0.3 mg
selenium.

Meth+cys - Methionine+cysteine.
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Serial transverse muscle sections (12 um) werermatarom each frozen muscle sample using a
cryostat microtome (Leica, Germany) at -Z56 and mounted on glass slides. Myosin ATPase and SD
activities were detected after acid (pH 4.3) pbation (Solomon & Dunn, 1988). To avoid castitig
unfixed sections were kept at room temperature3@min before pre-incubation. The muscle fibresener
divided into type$R, aR andaW according to the nomenclature of Ashmore & D¢ge71).

All samples were examined by an image processisgesy (Motic China Group Co. Ltd). The
operational system consisted of an optical micrps@nd a standard workstation computer that cdetrthe
image analysis. Approximately 500 to 600 fibresevevaluated per sample. The fibre number percemage
obtained from the ratio of the number of each fitypee to the total number of fibres counted, abdefiarea
was the average area of at least 50 fibres of #aehtype.

Total RNA was isolated from skeletal muscle tisssgng TRIZOL reagent (Invitrogen) and purified
with DNase | (Invitrogen) according to the manutget's instructions. In brief, skeletal muscleuess were
homogenised in TRIZOL reagent (50 to 100 mg ofueés mL TRIZOL). The homogenised samples were
incubated at room temperature for 5 min. After lwettion, 0.2 mL chloroform was added per 1 mL of ZBL
and the tubes were shaken vigorously for 10 sedranudbated at room temperature for 5 min. The saspl
were subsequently centrifuged at 12 000 g for Ib5ahid°C. The upper agueous phase (containing the RNA)
was transferred to a fresh RNase-free tube anBMN#ewas precipitated by mixing with an equal voluofe
isopropyl alcohol. The samples were incubated@tCfor 1 h and centrifuged at 12 000 g for 10 mid &t.

The supernatant was removed and the pellet wasadagith 1 mL of 75% ethanol. Samples were centatlg

at 12 000 g for 2 min at 4C. The RNA pellets were briefly dried and dissolwedlO uL RNase-free water.
Then the RNA solutions were immediately precipdaby adding 10QL of 100% ethanol and pL 3 M
Na-Acetate (pH 5.2). These solutions were store@CGfiC for at least 1 h before centrifugation at 12 §@6r

20 min at £°C. The RNA pellets were washed twice in 75% ethashakd at room temperature and dissolved
in 40uL RNase-free water. Then the contaminating DNA saaple of §g RNA was removed by adding 0.4
uL of 5 U/uL DNase I (Invitrogen) and incubated at87for 20 min. The reaction was stopped by inculgatin
at 55°C for 5 min. The RNA quality was checked using 1.88arose gel electrophoresis and stained with 0.5
ug/mL ethidium bromide. The RNA had an OD260 nm : 28D nm ratio between 1.8 and 2.0. Synthesis of the
first strand of cDNA was performed with oligo(dt)a@d Superscript Il reverse transcriptase (Invergg

Real-time PCR was performed using one-step SYBReiGieCR Mix (Takara, Dalian, China),
containing MgCJ, dNTP, and Hotstar Taq polymerase. Primers wesegded specifically for each gene by
using Primers 5.0 software. Amplification and nredtcurve analysis were performed in ABI 7500 (Aegli
BioSystems). Melting curve analysis was conduabezbhfirm the specificity of each product and tizes of
the products verified on ethidium bromide-staine@%d agarose gels in a Tris acetate—EDTA buffer. The
relative mRNA expression was calculated BY'ZACt =ACt of the target geneACt of the housekeeping gene)
(Livak Kenneth & Schmittgen Thomas, 2001). RealetiRCR efficiency was acquired by the amplificatbén
serial dilution of the plasmid containing targetgment according to the equation¥8°*®and was consistent
between target gene and 18S. Negative controls perfermed in which water was substituting theugss
cDNA sample. The relative expression of target gam&s normalized according to 18S (housekeeping)gen
Details of primer design and runs of real-time FOIRPwere presented in Table 2.

All the results were processed with SAS V8 (The 3sditute, Cary, N.C., USA). A general linear mbde
was used to evaluate the difference (P <0.05) lmivages (60, 90 and 150 days) and between bretdsid
LR pigs). The model included the effects of ageebrand age x breed interaction. The results asepted as
meanst standard error of the mean (s.e.m.).

Table 2 Primers and runs of the real-time RT-PCR assays

Gene Primer sequence Amplification product (bp) Slope

MyHC-slow Forward: 5-GAGAAGGGCAAAGGCAAGG-3’ 116 -3.19
Reverse: 5'-ACGAAGTGGGGATGTGTGG-3’

MyHC-lIb Forward: 5-GTCACCGTCAACCCCTACAAGT-3' 232 -3.37
Reverse: 5-CGGCGATTGTGGCAAAGTA-3’

18S Forward: 5-AATTCCGATAACGAACGAGACT-3’ 140 -3.39
Reverse: 5-GGACATCTAAGGGCATCACAG-3
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Resultsand Discussion

Many intrinsic and extrinsic factors are known &a@tmine meat quality traits. The present expertimen
illustrated that age was a key factor in affecprggcarcass and meat quality traits. Age differsnod.EA, BF,
pH.4, moisture and ash percentages were significart0(B1) (Table 3). The plhin and drip loss in the
longissimus muscle also differed (P <0.05) at different ages.

Table 3 Carcass and meat quality traits in the Lantang édod Landrace (LR) pigs

60 days 90 days 150 days Significant level

LT LR LT LR LT LR s.e.m. Age Breed AgexBreed
LEA cm? 9.12 13.33 1243 21.86 27.16 49.63 2.66 i * i
BF mm 6.61 4.21 13.94 8.04 22.24 21.73 1.44 * * NS
PHasmin 6.32 6.56 6.18 6.42 6.61 6.40 0.05 * NS NS
PH:4n 5.39 5.38 5.47 5.44 5.54 5.49 0.02 o NS NS
Drip lossan % 1.94 1.88 2.78 2.60 1.12 1.33 0.21 * NS NS
Drip lossgn % 4.11 2.45 5.64 5.37 291 3.71 0.38 * NS NS
Opto-star value 86.65 84.32 87.68 8574 87.84 86.78.45 NS NS NS
IMF % 1.44 1.02 2.26 1.02 2.35 1.72 0.17 NS % NS
Moisture % 76.99 7695 7561 77.88 73.77 73.79 0.40* NS NS
Ash % 1.26 1.29 1.14 1.24 1.17 1.23 0.01 * ** NS

NS - Non-significant; P >0.05; ** P <0.01 and * B.€5.
LEA - Loin eye area; BF - Backfat thickness; IMmtramuscular fat.

Numerous researchers have investigated the diffessin meat quality traits among different pig bisee
For example, Iberian pigs had a significantly higbackfat depth and intramuscular fat percentaga the
Landrace at a slaughter weight of 100 kg (Setred., 1998). Korean native pigs exhibited a higher cteutat
content and backfat thickness than European meadbr(Kimet al., 2008). As expected, the LEA of the
Landrace was higher (P <0.01) than that of the aramtand BF was higher (P <0.05) in the Lantang Th
Lantang also had a higher intramuscular fat confen0.05) and lower ash percentage (P <0.01). The
difference in LEA between Lantang and Landracereudly showed that Landrace might have a higher lea
percentage and thus better carcass traits.

To measure the development of fibre type compasiticthe two pig breeds, myosin ATPase and SDH
activities were used to differentiate fibre ty&5 aR andaW. The result of staining was similar to a previous
study (Solomon & Dunn, 1988) where tpR fibres stained the darkesR fibres stained at a intermediate
intensity and theaW fibres deposited negligible amounts of stain. ldac difference in histological
characteristics of muscle fibres was observed batvdifferent ages (Table 4). The number percerntdg®
and oW, and muscle fibre cross-sectional area diffef@a@.01) between different ages. Previous studies
suggested that age was a key factor for developwientuscle fibres. After the age of eight weeks the
percentage of type | (slow-twitch oxidative typepigs gradually decreases, and type Il (fast-twiigcolytic
type) increases (Suzuki & Cassens, 1980). In &dsy the age of 21 days, the population of FGebwith
high glycolytic activity increased at the expens&0G fibres, suggesting FOG fibres are transfortoeeG
(Punktet al., 2004). The increase in the number percentagasbfgiycolytic fibres and cross-sectional area
might lead to lean growth because fast glycolyiticels had a higher cross-sectional area, while tiroate,
carcass leanness and loin eye area were positelalgd to fibre cross-sectional area (Laetwdl., 1997).
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Figure 1/2/3 Histological image of Landrace at the ages ofd@0and 150 days.
Figure4/5/6 Histological image of Lantang at the ages of @afAd 150 days.

Table 4 Muscle fibre characteristics of thangissimus muscle in the Lantang (LT) and Landrace (LR) pigs

60 days 90 days 150 days Significant level
LT LR LT LR LT LR s.e.m. Age Breed AgexBreed

Number percentage (%)
BR 13.06 14.71 12.47 12.59 10.58 10.54 0.68 NS NS NS
aR 25.48 28.37 19.92 13.91 19.74 15.13 1.11 o NS i
aW 61.45 56.93 67.62 73.50 69.67 74.34 1.52 i NS NS
Cross-sectional areart?’)
BR 791 717 1294 1252 2527 3523 267 o NS NS
aR 1157 1104 1618 1675 2868 4469 303 * NS NS
awW 1833 1737 2564 2414 4327 6055 414 i NS NS

NS - Non-significant, P >0.05 and ** P <0.01.
BR - Slow twitch redpR - Fast twitch redgW - Fast twitch white.

There are a few studies on the comparison of mdikcke characteristics between different pig breeds
The longissmus muscle of Hampshire and Finnish Landrace breeddaimed a significantly higher
percentage of typiibres and a lower percentage of type |IB fibtetthe Yorkshire (Ruusunen & Puolanne,
1997). The proportion of type | fibres was highed #heir diameter was larger in Iberian pigs thmbdndrace
pigs, while the opposite occurred for the proporéémd diameter in type 2B fibres (Seetal., 1998). In the
present study the differences in the number peagentf fibre types and cross-sectional area betwsen
Lantang and Landrace were small (Table 4). Suchi siffarence might be due to the large differentéheir
slaughter weight. Increasing weight together wigk &d to an enlargement @R andaW muscle fibres in
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Table5 The relative expression of MyHC-slow and MyHCHiitld ongissimus muscle of the Lantang (LT) and
Landrace (LR) pigs

60 days 90 days 150 days Significant level
LT LR LT LR LT LR s.eem Age Breed AgexBreed

MyHC-slow/18S 2.28 2.25 5.65 4.39 7.05 6.54 0.58 ** NS NS
MyHC-11b/18S 9.68 9.70 11.65 17.25 8.15 13.13 1.17 * NS

NS - Non-significant, P >0.05; ** P <0.01 and * B.€5.

crossbred Duroc x (Large White x Landrace) barraithout changing the muscle histochemical profile
(Candek-Potokaet al., 1999).

Table 5 is an analysis of the relative expressibrMgHC-slow and MyHC-IIb mRNA of the
longissimus muscle from the two breeds. Strong age effectevadaserved in the relative expression of
MyHC-slow and MyHC-IIb (P <0.05). There are onlyeav reports on the development of MyHC in pigs on
the mRNA level. Abrupt increases in proportionta# tatio of MyHC-1lb mRNA were found in Erhualianda
Large White pigs during postnatal growth from thteel5 days of age (Zhaa al., 2004). The effects of
postnatal development on four major sarcomeric MyHiz., slow, lla, lIx and lIb) in pig skeletal sule
were very similar at the mRNA and protein levelgygesting a transcriptional regulation (Lefauchetial.,
2004). In this study, the increase of the relagixpression of MyHC-slow and MyHC-IIb mRNA suggetiat
the protein of MyHC-slow and MyHC-llb might alsacirease to exhibit their muscle growth.

Interestingly, there was a breed effect in thetiredaexpression of MyHC-11b mRNA (P <0.05) (Table 5
The Landrace showed a higher (P <0.05) expressitdyblC-11b than the Lantang. Similarly, pigs camgi
the halothane gene exhibited more MyHC-lIb and Mg$iC-slow than pigs without the halothane gene
(Depreuxet al., 2002). Meishan pigs exhibited a decrease in deive fibre type specific expression of
MyHC-IIb in the longissmus muscle (-25%) compared with Large White pigs (Lefseuret al., 2004).
Above data showed that there are differences imesgmpn of MyHC-Ilb in théongissimus muscle between
different breeds and that the growth rate mighbte of the major reasons for this phenomenon. Groate
influences muscle fibre properties only in light soles such asongissimus, gluteus superficialis and
semimembranosus, and not in dark muscles suchiafsa spinam andmasseter (Ruusunen & Puolanne, 2004).
Muscle fibre characteristics have a profound infkee on meat quality and carcass quality. The larger
occurrence of the fast glycolytic MyHC-2b fibrestielongissimus muscle of pigs could account for the less
favourable quality traits noted (Chadgal., 2003). Similarly, the percentage of type llbréitwas negatively
related to plk min but positively to R-value and drip loss (Ryu &nii2005). These studies showed that
increasing the percentage of type llb fibre lethtodeterioration of meat quality. In this studg thfference in
relative expression of MyHC-Ilb between Lantang daddrace pigs might be one of the major reasons fo
differences in their meat quality and carcassdrait

Conclusions

The Lantang had a significantly higher BF and INdRtent in théongissimus muscle than the Landrace,
while the LEA and ash content in Landrace muscleewsenificantly higher than in the Lantang. Tharmnges
in the development of LEA coincided with the changethe development of the muscle fibre crossisect
area. The real time RT-PCR experiment indicatetittfeal andrace had a significantly higher exprestwel
of MyHC-IIb mRNA than the Lantang. The relative eagsion of MyHC-slow and MyHC-IIb in the
longissimus muscle increased significantly between 60 and @ df age. The developmental differences in
muscle fibre characteristics between the Lantarthlaamdrace might be one of reasons for the diflegen
between breeds in carcass and meat quality traits.
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