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b (150+9) kg (255+10)

7. 3 : ( low nutrient level
group LN ). ( appropriate nutri—
ent level group AN ) ( high nu-
trient level group HN )

o . 11 1 .
(1~30d) 0.75.
o 1.00 1.50 (M) (31~90d)
20% (91~112 d)
25%( 1) ° .
o ( DEm) : DEm( kJ/d) = 110 07
(BW) = +1/2
55 kg DEm( kJ/d) = 110x
1.1 ( +55/2) *7,
“ x 7(LY)
33 4 o
1
Table 1  Nutrient intake level of sows during pregnancy different stages
(1~30 d) (31~90 d) (91~112 d)
Groups Early pregnancy ( day 1 to 30) Middle pregnancy ( day 31 to 90) Late pregnancy ( day 91 to 112)
LN 0.75 M 0.90 M 1.125 M
AN 1.00 M 1.20 M 1.50 M
HN 1.50 M 1.80 M 225 M
M: maintenance requirement.
1.2 Johnston "' Dour-
1~90 d 91d  mad " NRC
Kim (1998) . 2.
10
2 ( )
Table 2 Composition and nutrient levels of experimental diets { air-dry basis) %
1~90d 91 d
ltems Pregnancy day Pregnancy day Lactation
1 to 90 91 to parturition
Ingredients
Corn 61.93 64.50 62.12
Soybean meal 13.75 18.05 22.74
Fish meal 1.50 2.00 3.00
Soybean oil 2.00 2.50
Wheat bran 19.00 9.56 5.50

L- L-dys (78.8%) 0.08 0.03 0.23
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2
1~90d 91d
Pregnancy day Pregnancy day )
Items Lactation
1 to 90 91 to parturition
L- L-Thr ( 98%) 0.03 0.03
L- L-Trp (98%) 0.01
CaCoOj, 1.26 1.28 1.10
CaHPO, 1.35 1.48 1.27
NaHCO, 0.40
Choline chloride ( 50%) 0.15 0.15 0.15
NaCl 0.40 0.40 0.40
Vitamin premix” 0.05 0.05 0.05
Mineral premix” 0.50 0.50 0.50
Total 100.00 100.00 100.00
Nutrient levels
DE/( MJ/kg) 12.55 13.39 13.81
Ccp 14.50 15.47 17.52
Ca 0.90 0.96 0.90
TP 0.72 0.85 0.68
AP 0.45 0.48 0.45
Total Lys 0.71 0.72 1.11
SID-.ys 0.60 0.64 1.00

g Vitamin premix provided the following per kilogram of diets: VA 17 500 IU VD,

5000 IU VE37.51U VK 5 mg VB, 5 mg VB, 12.5 mg VB, 7.5 mg VB,, 0.05 mg

pantothenic acid 25 mg folic acid 2.5 mg.

2)

nicotinic acid 50 mg D- D-

Mineral premix provided the following per kilogram of diets: Fe ( as ferrous sulfate)

165 mg Cu ( as copper sulfate) 16 mg Zn ( as zinc sulfate) 165 mg Mn ( as manganese sulfate) 30 mg Se ( as sodium selenite)

0.3 mg I ( as potassium iodide) 0.3 mg.

1.3

o

2 (08:00.16:00) .
4 (08:00.12: 00,
16: 00.24: 00)

o 110 d
2.0 mx3.0 m
2
1.2 2.5 kg 1 kg 5
o 3 N N N
7d 28 d o
1

1.4
1
(n=6)
8 h
1 (n=6).
-80 C o N
2 emX1 emX1 c¢m 4%
1:20.
1.5
1.5.1
12 h
28
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( / ) o ( Invitrogen Carlsbhad CA USA)
1.5.2 o RNA
28 1%
4% 24 h ( Beckman DU -800 Los Angeles CA USA) .
leme 0.5em. 0.3 em SYBR
5 pm - ( HE) ( Catalog No. DRRO86A TaKaRa Japan)
. N PCR ( RTqPCR) ( ABI
o 7900HT Applied Biosystems) o 3.
1.5.3 RT-PCR 10 nL 5.6 uL. RT-
28 qPCR ( ) N
0.4 pL 100 ng DNA o
( CaN) ( CK) 42 C 5 min 95 C 10 s
( BIO-RAD Model 680 95 C 55 60 C 34 s, PCR 40
) ; 95 C 15s 60 C 60s 95 C
o 15 so
1.54 o —AACL (2785 " B-
( B-actin)
RNA Trizol o 3,
3

Table 3 The primer sequences of target and reference genes

Genes Primer sequences (5’ -3") Accession No.

CCTTCGGTGCCTTTCTTCCAT
MRF4 GAGTTATTTCTCCCCCACTTCC NM_001244672.1

GCGAAGATGAAAGTGATAAACTG
PGCH NM_213963.1
« AAAAGAAGAACAAGAAGGCGACA -

CATTGGAGATGGTTTGGTGA

mIOR ATGGGATGTGGCTTGTTTGA XM_003127584.4
CACAGACGGGCATCGTGGAT
ler ACTTGGCAGGCTTGAGGGGT FJ914498.1
GGCCCCTTCCAGCTTGA
MyHC | AB053226.1

TGGCTGCGCCTTGGTTT
TTAAAAAGCTCCAAGAACTGTTTCA

MyHC M a CCATTTCCTGGTCGGAACTC AB025260.1
AGCTTCAAGTTCTGCCCCACT
MyHC T GGCTGCGGGTTATTGATGG ABO25262.1
CACTTTAAGTAGTTGTCTGCCTTGAG
MyHC 1} AB025261.1
’ o GGCAGCAGGGCACTAGATGT
- AGCACGATGAAGATCAAGA
B : CCAGCACCATG CAAG AY550069.1
B-actin AATGCAACTAACAGTCCGCCTA
MRF4: 4 myogenic regulatory factor 4 PGC-a: vy - la peroxi-
some proliferators activated receptor y coactivator{dla mTOR: the mammalian target of rapamycin
IGFA: 1 insulindike growth factor MYHC | : [ myosin heavy chain I MYHC [l a:
Il a myosin heavy chain Ta MYHC 1l «: Il x myosin heavy chain I x MYHC 1l b: b

myosin heavy chain Il b.
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1.6 LN (P<0.01). LN
Excel 2010 AN (P<0.01)
SPSS 20.0 ( one-way HN ( P<0.05) .
ANOVA) Duncan 2.2
o + . P<0.05
P<0.01 o 5
(P>
2.1 . 0.05) .
/ 2.3
4
( P<0.01) 6
(P<0.01) AN
\ LN (P<0.01) HN (P<
. . (P<0.01) .  0.05) .
CaN.CK
( P<0.05) . AN ( P>0.05) .
4 . /
Table 4 Effects of nutrient levels of sows during pregnancy on body weight muscle weight and
muscle weight/body weight of newborn piglets
Groups P
Items LN AN HN P—~alue
Birth weight/kg 1.05+0.03* 1.3420.02"" 1.59+0.03% <0.01
W eanling weight/kg 5.94+0.12* 6.70+0.20"" 7.49+0.28" <0.01
Muscle weight/g
LD 7.12+0.72"" 12.70+0.92* 13.45+0.80* <0.01
PM 1.93+0.20" 2.70+0.31""" 3.70+0.22* <0.01
ST 1.65+0.10"" 2.75+0.15™ 3.27+0.25M <0.01
Soleus 0.43+0.10 0.68+0.05 0.68+0.12 0.13
Gastroc 1.97+0.11"" 2.70+0.09" 3.02+0.22" <0.01
/ Muscle weight/body weight/( g/kg)
LD 6.92+0.70"" 9.44+0.62* 7.90+0.30*%" 0.02
PM 1.87+0.17 2.01+0.22 2.19+0.13 0.48
ST 1.61+0.09"" 2.05+0.09* 1.92+0.12*" 0.03
Soleus 0.42+0.10 0.51+0.03 0.40+0.07 0.51
Gastroc 1.92+0.10 2.01£0.07 1.78+0.12 0.26
( P<0.05) ( P<0.01)
( P>0.05) . .

In the same row

ital letter superscripts mean significant difference ( P<0.01)

difference ( P>0.05) . The same as below.

values with different small letter superscripts mean significant difference ( P<0.05)

and with different cap—

while with the same or no letter superscripts mean no significant
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Table 5 Effects of nutrient levels of sows during pregnancy on myofiber characteristics of
longissimus dorsi of newborn piglets and weanling piglets
Groups P
ltems LN AN HN P—~alue
Newborn piglets
Myofiber size/pm 0.99+0.09 1.05+0.15 1.00+0.06 0.79
Myofiber density /( 1 646.9x£140.1 1 874.2+180.4 1 895.3£225.4 0.56
FCSA/pm’ 652.67+£106.45 759.94+92.64 751.24+125.41 0.73
Weanling piglets
Myofiber size/pum 8.20+0.52 8.28+0.33 8.76+0.56 0.60
Myofiber density /( 957.8+151.3 901.3+48.3 765.7+£90.4 0.44
FCSA /pum’ 3 560.40+86.08 3 300.40+654.47 3 519.63+639.27 0.95
6
Table 6 Effects of nutrient levels of sows during pregnancy on longissimus dorsi protein
concentration and relative enzyme activity of newborn piglets and weanling piglets
Groups P
ltems LN AN HN P—~alue
Intermuscular fat/%
Newborn piglets 24.28+1.90 25.07+2.80 23.05+0.71 0.77
Weanling piglets 31.55+2.35 34.27+3.15 34.12+2.27 0.72
Muscle protein/( mg/mL)
Newborn piglets 0.118+0.008"" 0.186+0.013*" 0.143+0.016*"" 0.01
Weanling piglets 0.431+0.031 0.436+0.040 0.514+0.026 0.17
CaN/( U/mg)
Newborn piglets 2.474+0.231 1.733+0.287 1.924+0.354 0.22
Weanling piglets 0.428+0.050 0.577+0.088 0.597+0.057 0.18
CK/( U/mg)
Newborn piglets 6.322+0.327 5.707+0.967 6.034+0.725 0.84
Weanling piglets 7.947+0.572 6.723+0.509 6.410+£0.917 0.28
2.4 4( MRF4) mRNA LN
HN ( P<0.05)
1 AN 1( IGF1) .mTOR
(MYHC) I x mRNA v -la( PGCHa) mRNA
LN (P<0.01), ( P>0.05) .
MYHC 1 -MYHC MRF4 mRNA
Ma MYHCT b AN MRF4 mRNA LN HN
MYHC 1T MYHC Nl a-MYHC 1l x MYHC I b IGF-1. mTOR
mRNA ( P>0.05) . PGC-a mRNA ( P>0.05) .
2.5
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é MYHC1 MYHCIlla MYHCIlx MYHCIIb é MYHC1 MYHCIlla MYHCIl x MYHCIl b
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MYHC | : [ myosin heavy chain [ MYHC 1l a: Il a myosin heavy chain [[a MYHC ] x:
Il x myosin heavy chain [[x MYHC 11 b: II'b myosin heavy chain [[ b,
( P<0.05) ( P<0.01)
(P>0.05) . o

Value columns with the same small letter superscripts mean significant difference ( P<0.05) and with different capital letter
superscripts mean significant difference ( P<0.01) while with the same or no letter superscripts mean no significant difference

( P>0.05) . The same as below.
1

Fig.1 Effects of nutrient levels of sows during pregnancy on longissimus dorsi myofiber type of piglets
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Fig.2 Effects of nutrient levels of sows during pregnancy on longissimus dorsi relative gene expression of piglets

3
Quigley 1
. 0.75 1.00
1.50 Cerisuelo
Dwyer
Zhu 14 o Cerisuelo 7 o
18 o

15

Quigley



4 : 1057

MRF4
P 2. MRF4
Myf5 MyoD
/ AN ® o MRF4
LN HN . MyoD  Myf5 MyoG
o Zhu o MRF4
3 o MRFs

24

o

mTOR MRF4 mRNA AN

MRF4 mRNA

J. 2004 21(8):
N MyHC 37-39.
MyHC 2 WIGMORE P M STICKLAND N C.Muscle develop—

AN MYHC T x mRNA ment in large and small pig fetuses ] .Journal of A-
LN HN natomy 1983 137( Pt 2) : 235-245.

3 ZHU M FORD S P MEANS W .M 1

MYHC [ —>MYHC T a—>MYHC T b->MYHC TI x ! I et al. Materna
B AN

MYHC Il x MYHC Tl x

nutrient restriction affects properties of skeletal muscle
in offspring J .The Journal of Physiology 2006 575
(1):241-250.

4 DWYER C M STICKLAND N C FLETCHER J M.

° The influence of maternal nutrition on muscle fiber

number development in the porcine fetus and on sub—

CaN sequent postnatal growth J .Journal of Animal Sci—
20 ence 1994 72(4):911-917.

CaN 5 HARRISON A P ROWLERSON A M DAUNCEY

M J.Selective regulation of myofiber differentiation by

energy status during postnatal development J .Ameri—

AN

can Journal of Physiology: Regulatory Integrative and
MRF4 mRNA LN HN yoiolosy: Tegtialoly fnie

Comparative Physiology 1996 270( 3 Pt 2) : R667 -
R674.

( MRFs) MRFs 5 6 GATFORD K L. EKERT J E BLACKMORE K et al.

( Myf5) | ( MyoD) .MRF4

( MyoG) 2 MyoD Myf5 ment in the second quarter of pregnancy in pigs alter

Variable maternal nutrition and growth hormone treat—

MyoG semitendinosus muscle in adolescent progeny ]



1058

28

10

11

12

13

14

15

British Journal of Nutrition 2003 90( 2) : 283-293.
CERISUELO A BAUCELLS M D GASA J et al.In-
creased sow nutrition during midgestation affects mus—
cle fiber development and meat quality with no conse—
quences on growth performance J .Journal of Animal
Science 2009 87( 2) : 729-739.

POWELL S E ABERLE E D.Skeletal muscle and ad—
ipose tissue cellularity in runt and normal birth weight
swine J .Journal of Animal Science 1981 52( 4):
748-1756.

2003.
KIM S W WU G Y.Regulatory role for amino acids
in mammary gland growth and milk synthesis J .A-
mino Acids 2009 37( 1) : 89-95.
JOHNSTON L.Gestating swine nutrient recommenda—
tions and feeding management Z //National Swine
Nutrition Guide.Des Moines lowa Pork Center of Ex—
cellence 2010.
VAN MILGEN J VALANCOGNE A DUBOIS S et
al.InraPorc: a model and decision support tool for the
nutrition of growing pigs J . Animal Feed Science
and Technology 2008 143( 1/2/3/4) : 387-405.
LIVAK K J SCHMITTGEN T D.Analysis of relative
gene expression data using realHime quantitative PCR
and the 27T method J .Methods 2001 25( 4):
402-408.
ZHU M J FORD S P NATHANIELSZ P W et al.
Effect of maternal nutrient restriction in sheep on the
development of fetal skeletal muscle J .Biology of
Reproduction 2004 71( 6) : 1968-1973.
QUIGLEY S P KLEEMANN D O KAKAR M A et
al.Myogenesis in sheep is altered by maternal feed in—

take during the peri-conception period J .Animal Re—

16

17

18

19

20

21

22

23

24

production Science 2005 87( 3/4) :241-251.
COSTELLO P M ROWLERSON A ASTAMAN N
A et al.Periimplantation and late gestation maternal
undernutrition differentially affect fetal sheep skeletal
muscle development J .The Journal of Physiology
2008 586(9) :2371-2379.

PARDI G MARCONI A M CETIN I. Placentalfetal
interrelationship in IUGR fetuses—a review ] .Pla-
centa 2002 23( Suppl) : S136-S141.

PETTE D STARON R S.Myosin isoforms muscle fi—
ber types and transitions
and Technique 2000 50( 6) : 500-509.

LEES H JOO ST RYU Y C.Skeletal muscle fiber

J . Microscopy Research

type and myofibrillar proteins in relation to meat quali—
ty J .Meat Science 2010 86( 1) : 166—170.

TALMADGE R J OTIS J S RITTLER M R et al.
Calcineurin activation influences muscle phenotype in

J .BMC Cell Biology

a muscle-specific fashion

2004 5:28.
OLSON E N.MyoD family: a paradigm for develop-
menf? ] . Genes & Development 1990 4 (9):

1454-1461.

DU M TONG J ZHAO ] et al.Fetal programming of
skeletal muscle development in ruminant animals J .
Journal of Animal Science 2010 88 ( Suppl. 13):
E51-E60.

KASSAR-DUCHOSSOY L. GAYRAUD-MOREL B

GOMES D et al. Mrf4 determines skeletal muscle i-
dentity in My/5: MyoD double-mutant mice J .Na-
ture 2004 431( 7007) : 466-471.

TAPSCOTT S J. The circuitry of a master switch:
myod and the regulation of skeletal muscle gene tran—
seription J . Development 2005 132( 12): 2685 -
2695.



4 : 1059

Effects of Nutrient Levels of Sows During Pregnancy on Muscle
Growth and Development of Offspring Piglets

SU Guoqi WANG Jun CAO Meng CHE Liangiang FANG Zhengfeng
LIN Yan XU Shengyu WU De’
( Institute of Animal Nutrition of Sichuan Agricultural University Chengdu 611103  China)

Abstract: This experiment was conducted to investigate the effects of nutrient levels of sows during pregnancy
on muscle growth and development of offspring piglets. Thirty-three crossbred LandracexYorkshine ( LY) gilts
with similar age (255+10) days of age and body weight ( 150+9) kg were randomly assigned to three
groups: low nutrient level ( LN) group appropriate nutrient level ( AN) group and high nutrient level ( HN)

group. Each group contained 6 replicates and 1 sow per replicate. During early pregnancy (1 to 30 d) 0.75

1.00 and 1.50 maintenance requirements of nutrient was provided to LN AN and HN groups respectively.
During middle pregnancy ( 31 to 90 d) and late pregnancy (91 to 112 d) dietary nutrient levels were in—
creased by 20% and 25% compared with early pregnancy respectively. The results showed as follows: 1)

compared with LN group the birth weight weanling weight and muscle weight ( except soleus) of piglets of
AN and HN groups were significantly increased ( P<0.05 or P<0.01) the semitendinosus/body weight and
longissimus dorsi/body weight of piglets of AN group were significantly higher than those of LN group ( P<
0.01) the muscle protein concentration of newborn piglets of AN group was significantly higher than that of
LN and HN groups ( P<0.05 or P<0.01) . 2) The longissimus dorsi myosin heavy chain Il x mRNA expres—
sion of newborn piglets of AN group was significantly lower than that of LN group ( P<0.01) . 3) The longis—
stmus dorsi myogenic regulatory factor 4 mRNA expression of newborn piglets of AN group was significantly
higher than that of LN and HN groups ( P<0.05) . In conclusion birth weight weanling weight and muscle
weight of piglets is remarkably influenced by nutrient levels of sows during pregnancy. However the relative
muscles weight and protein concentration of offspring is damaged impaired by maternal over and under nutri—

tion which may be associated with the expression of myogenic regulatory factor 4. Chinese Journal of Ani—
mal Nutrition 2016 28(4):10504059

Key words: sows; nuitrient levels; piglets; muscle
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