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Growth- and Breed-related Changes of Fetal Development in Cattle*
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ABSTRACT : Breed differences in adult animals are determined during fetal development. If interventions are to be developed that
influence growth of muscle and fat, it is important to know at which time during gestation breed differences appear and are fixed. The
objective of this study was to characterize fetal development in cattle of different breeds. Pregnant cows of 4 cattle breeds with different
growth impetus and muscularity were slaughtered under normal processing conditions and the fetuses were removed. German Angus, a
typical beet cattle, Galloway, a smaller, environmentally resistant beef type, Holstein Friesian, a dairy type, and Belgian Blue, an
extreme type for muscle growth were used. Fetuses of each breed were investigated at 3, 6, and 9 mo of gestation. Fetuses were weighed
and dissected into carcass, organs, and muscles. Body fat weight was obtained using the Soxhlet extraction method. Fetal weight
increased most rapidly in the third trimester of gestation mainly due to the accelerated muscle and fat deposition. The organ weight to
body weight (BW) ratios decreased and the muscle and fat weight to BW ratios increased. At 3 mo of gestation, Galloway fetuses had
the significantly smallest BW, half-carcass weight, leg weight, organ weight, muscle weight and shortest leg length. In contrast, Holstein
fetuses had the significantly greatest BW, liver, kidney, and lung weights and significantly longest leg length among the 4 breeds, but no
differences between Holstein Friesian and Belgian Blue were detected in half-carcass and leg weight. Indeed, Belgian Blue fetuses had
the significantly greatest half-carcass weight, leg weight, and muscle weight at 9 mo of gestation, and Galloway had a significantly
greater body fat to BW ratio than Holstein Friesian and Belgian Blue. These differences were not evident at 3 and 6 mo of gestation.
These data show that the profound increase of tissue and organ weights occurred in later gestation in cattle fetuses even though breed
differences were evident as early as 3 mo of gestation. Depending on the tissue of interest, impacting fetal growth likely needs to occur
early in gestation before the appearance of breed-specific differences. (Key Words : Breed, Body Composition, Caitle, Fetal Growth,
Gestation)

INTRODUCTION

Fetal growth and development is a complex process
related to interactions among gemetic  potential,
environmental factors. and nutrient supply. Fetal
development essentially provides the template for postnatal
growth characteristics of adult amimal. Previously, Berg et
al. (1978) smdied the influence of genotype on growth
patterns of muscle, fat, and bone in cattle fetuses, and found
a distinct pattern of growth under appropriate nuirient
supply and envirommental conditions. Ferrell (1991) and

* This study was supported by the Federal Ministry of Food,
Agriculture, and Consumer Protection of Germany and the
Agricultural Ministry of China (grant no. 26/2005-2(X)6
“Adipogenesis™). The authors wish to thank Karola Marquardt for
excellent technical assistance.

** Corresponding Author: J. Wegner. Tel: +49-3820868861,
Fax: +49-3820868852, E-mail: wegner(@tbn-dummerstorf.de

! Research Institute for the Biology of Farm Animals, D-18196
Dummerstorf, Germany.

Received May 22, 2007, Accepted November 11, 2007

Bellows et al. (1993) concluded that bovine fetal growth
was primarily determined by genetic constraints imposed
during fetal development but influenced by maternal factors.

Fetal body weight (BW) and its components, protein
and fat. increase exponentially with gestational age in cattle
(Prior and Laster, 1979; Robelin et al., 1991). Different
growth pattems for BW. organs. muscles, and body fat.
expressed relative to BW in catile. were reported by Ferrel
(1991) and Godfredson et al. (1991) and in sheep by
Osgerby et al. (2002).

Any study in cattle concerning the effects on the
embryvo or fetus, must rely on the normal patterm of
development as a basis for comparison. To understand the
growth of cattle, especially the postnatal muscle and fat
development, which influences the amount and quality of
meat, a characterization of normal prenatal development of
cattle is necessary. To date, extensive studies of fetal
development in different cattle breeds have not been
conducted. Differences in the development of organs and
muscles in the fetus were expected between dairy and meat
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Table 1. Number of samples per breed and age group
Month of gestation

Breed 3 3 5 Total
German Angus 5 5 6 16
Galloway 5 4 6 13
Holstein Friesian 5 6 6 17
Belgian Blue 6 5 7 18
lotal 21 20 25 66

cattle. Furthermore, the muscle development in double
muscled cattle compared with normal cattle is obvious at
birth (Wegner et al.. 2000). The exact time when these
differences manifest themselves in development are not
known. Therefore, the objective of the present study was to
characterize the fetal growth of 4 different cattle breeds in
the second and third trimester of gestation.

MATERIALS AND METHODS

Animals

All animals were reared and slaughtered according to
German rules and regulations for amimal care. The
experiment was approved by the institutional authorities
and by the responsible office of the County of
Mecklenburg-Vorpommern, Germany. Sixty-six cows were
artificially inseminated. fed and managed to meet their
nutritional requirements. Fetuses of 4 cattle breeds with
different muscle growth potential were used. The breeds
represented German Angus, a typical beef cattle. Galloway.
a smaller, environmentally resistant producer of beef.
Holstein Friesian, a dairy type having significant beef
characteristics; and Belgian Blue, an extreme type for
muscle growth, Four to 7 fetuses of each breed were
collected and studied at 3, 6, and 9 mo of gestation (Table

1).

Fetus dissection

Pregnant cows were slaughtered under normal
processing conditions at 3 and 6 mo post-conception and
fetuses were removed. Newborn calves were used for the 9
mo group. Femses were weighed and dissected into carcass.
organs, muscles, and body fat. The fetal half-carcass was
consistent to the half-carcass in slaughter animals, without
head and tail. Body weight and the weights of half-carcass.
fetal leg, liver, kidney, lung, heart, semitendinosus muscle,
and biceps femoris muscle were recorded. Leg length was
measured from the femoral head to the tarsal joint of the
hind leg.

Body fat weight was defined as carcass fat, fat in organs,
and fat in internal depots, and was determined individually
after each respective tissue was ground and a sample of the
ground tissue was analyzed in triplicate using the Soxhlet
extraction method using petroleum ether as solvent and
determined gravimetrically after evaporating the extracting
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solvent (AQAC, 2000). All weights of organs, muscles, and
fat depots were related to BW (weight to BW ratio. %:
Wx100%/BW) to provide a weight independent comparison.

Statistics

Data were analyzed by ANOVA using the GLM
procedure of SAS Windows (Version 8, 1999). Factors
considered were gestational age and breed as well as
gestational agexbreed interaction. The test of significant
differences was based on a significance level of p = 0.05.
The used model was:

Yljk = p'+B|+A_]+BA|_|+eljk

where Y. = dependent variable; 1 = overall mean; B, =
effect of breed i (i = 1 to 4); A; = effect of gestational age j
(i =1 to 3); BA, = effect of interaction: e, = residual error.
The least squares means were compared by use of the
PDIFF statement. Differences between gestational age
groups were not significant. The same appeared with the
comparison between breeds for the small embrvos. We
assumed the vamance differing between gestatiomal age
groups. naturally increasing with age. For the purpose of
reducing this heteroscedasticity, we used single factor
analyses and applied the logarithmic transformation to the
independent variables for the comparison between
gestational age groups.

RESULTS AND DISCUSSION

Body development

The BW., half-carcass. and leg weight showed a similar,
continuous growth in all 4 breeds from 3 to 9 mo of
gestation (Tables 2 and 3). The increase of body weight
from 6 to 9 mo is about 3-fold greater than the increase
from 3 to 6 mo. Previously, Prior and Laster (1979) reported
that the growth of normally developing cattle fetus follows
an exponential equation with a BW gain of 235 g/d up to 4
mo of gestation, and the maximal rate of BW gain of 352
g/d by 7.6 mo. The profound increases in fetal size and
weight occur during the third trimester in cattle (Ferell,
1991; Orourke et al. 1991). McPherson et al. (2004)
demonstrated that the growth of porcine fetuses and fetal
tissues occurs at different rates during the gestation. Porcine
fetms growth accelerates during late gestation. A similar
result is also shown in ovine fetal growth by Osgerby et al.
(2002).

In contrast to the other measured traits, the leg length
increased linearly from 3 to 9 mo in all breeds stdied
(Table 3). Evans and Sack (1973) reported a linear increase
of crown-mmp length from 3 to 9 mo. Long bone and
crown-anus length were considered the most predictable
parameters for a given gestational age (Richardson et al.,
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Table 2. Fetal body traits (LSM%SD) in cattle of different breeds during various stages of gestation

Breed 3 month 6 month 9 month Total mean

Body weight (kg) at gestation stage of
German Angus 0.22°B40.04 8.70%1.41 34.17%4B44 34 14.36*B
Galloway 0.11%440.07 6.75"2.15 29.60°446.92 12.15%
Holstein Friesian 0.32%¢40.03 8.317+1.05 41.00%E°+6.84 16.71%¢
Belgian Blue 0.24°E40.05 $.39%+1.55 46.34°°46.28 18.33¢
Total mean 0.22° 8.16" 37.78¢

Half-carcass weight (kg) at gestation stage of
German Angus 0.06"2+0.01 2.77%8+0.45 8.51%%+1.06 37848
Galloway 0.03%%40.02 1.98%440.73 8.38%442 21 3.46"
Holstein Friesian 0.08“+0.01 2.57%4840 36 11.17%B42 27 4.61°
Belgian Blue 0.07"5¢+0.01 2.66"48+0.57 14.01°“+2 64 5.58¢
Total mean 0.06° 2.49° 10.52°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

Table 3. Fetal leg traits (LSMSD) in cattle of different breeds during various stages of gestation

Breed 3 month 6 month 9 month Total mean

Leg weight (g) at gestation stage of
German Angus 12443 874284141 3,0995%4459 1,328%
Galloway 7oA45 644744211 3,001%44713 12174
Holstein Friesian 19%B+4 851484123 4,214°P+840 1,695%
Belgian Blue 18%E+4 89524166 5,367°°+1,083 2,093%
Total mean 14° 816" 3,920°

Leg length (cm) at gestation stage of
German Angus 4.3*B+0.7 19.7°EC+] 4 32.7%%41.9 18.9"8
Galloway 32408 17.1541.6 33.3%0B42 7 17.9%
Holstein Friesian 3.6%°40.7 21.3%¢41.7 38.5%°43 .3 21.8°
Belgian Blue 4.6*810.6 19.2%B411 36.4%BC43 3 20.18
Total mean 4.4 19.3° 352°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

1991). Both leg and crown-rump lengths are measurements
of bone growth, which is linear in cattle fetus. Different
patterns between leg length and leg weight development
implied that fetal weight and size are not coordinated during
the gestation. A linear increase in fetal size suggests that the
skeletal system and associated frame score of the animal is
established early with development of bone.

Breed differences were noted for most body traits as
early as 3 mo of gestation, yet more robustly at 9 mo
(Tables 2 and 3). Galloway had the least BW, half carcass
and leg weights and the significant shortest leg length at all
gestational ages. At 3 mo, fetuses from Holstein Friesian
had a significantly greater BW, half-carcass weight, leg
weight, and leg length compared with German Angus and
Galloway. respectively. Belgian Blue fetuses had
significantly greater BW at 9 mo of gestation compared
with German Angus and Galloway, respectively. but no
significant difference was observed between Holstein
Friesian and Belgian Blue. Before 6 mo of gestation. there
were no significant differences in halfcarcass weight and
leg weight between Holstein Friesian and Belgian Blue, but
fetuses from Belgian Blue had the significantly greatest
half-carcass weight and leg weight among all investigated
breeds at 9 mo of gestation. This result suggests that muscle

tissue grew more rapidly in Belgian Blue than in the other
breeds after 6 mo of gestation.

Our results support the findings of Reynolds et al.
(1990), who reported that calves from large framed sire
breeds had heavier BW at 6.5 mo of gestation and at birth
than calves from medium-sized sire breeds. Also Ferrel
(1991) showed that fetal weight of Brahman cattle at 7.7 mo
was significantly smaller than Charolais. In contrast. Gore
et al. (1994) reported that the BW of Angus and Chianina
were not significantly different at 3.3 and 6.7 mo of
gestation, and 1 mo after birth. In our study, cattle breeds
with different postnatal growth impetus and muscularity
had significant differences in body traits as early as 3 mo of
gestation, and these differences were maintained at birth.

Organ development

Comparable to the body weights. the organ weights
showed a similar, continuous growth pattern from 3 to 9 mo
of gestation (Table 4). Increase of liver, lung, and heart
weights from 6 to 9 mo was 2- to 3-fold greater than the
increase from 3 to 6 mo. The kidney weight increased, in
contrast to the other orgams, linearly throughout the
gestation from 3 to 9 mo. This is the first report of such data
in cattle. Richardson et al. (1991) reported Jersey fetuses
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Table 4. Fetal organ weights (LSM=£SD) in cattle of different breeds during various stages of gestation
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Breed 3 month 6 month 9 month Total mean

Liver weight (g) at gestation stage of
German Angus 8.5%B42 40 231.0°8435.0 642.2°B£75 5 300,68
Galloway 41426 176.0%"+45.9 481.0%+86.1 22044
Holstein Friesian 11.6"°40.8 256.8"2+43.3 832.7°°+155.0 367.0¢
Belgian Blue 8.6F42.0 251.4°B4482 831.3°°£132.6 363.7°%¢
Total mean g.2° 233.8° 696.8°

Kidney weiglt (g) at gestation stage of
German Angus 2.4"P40.4 61.6+12.8 118.3%%+13.6 60.82
Galloway 1.0%%40.7 35.0°4412.7 113.7%%413.8 56.6%
Holstein Friesian 3.2%4) 8 84.5°5414.9 161 8°5125 3 83.2¢
Belgian Blue 24"P40.6 73.8%B422 4 154.1%B+16.9 76.85¢
Total mean 2.3 68.7° 137.0°

Lung weight (g) at gestation stage of
German Angus 7.0%E£2 6 217.4%8444 0 950.5%E487.2 391.6°
Galloway 3744420 166.8%"+34.9 545.7%*+184.5 238.7%
Holstein Friesian 115420 235.3%8+292 706.2%"494.8 317.78
Belgian Blue 7.9%B+1.9 21064433 1 98.6%24178.7 375.75¢
Total mean 7.5 207.5° 777.7°

Heart weight (g) at gestation stage of
German Angus 1.748+0.6 61.4%4B+5 7 216.8%433.2 93348
Galloway 1.0%%40.8 32.0°%+14.1 204.7%%+44 3 83 9"
Holstein Friesian 2.8%°H).5 712284133 2745°B425 8 116.1¢
Belgian Blue 2240 3 5044848 5 264.0%P+38.8 108.55¢
Total mean 1.9 61.0° 240.0°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

had accelerated kidney growth after 4.7 mo, which is in
conflict with our findings. Although the exact reason for
this discrepancy is not known. the fact that we observed the
same result in 4 different cattle breeds gives credence to our
resnlts.

For liver and heart growth. Godfredson et al. (1991)
showed an accelerated growth in cattle fetus in the third
stage of gestation, which agrees with our results. These
findings for cattle were also similar to other livestock
animals such as pig and sheep. In pig, McPherson et al.
(2004) showed fetal liver, lung, heart, and kidney weights
increased cubically with gestation. Similar results were
reported by Osgerby et al. (2002) in ovine fetus.

Breed differences were found for liver. kidney. lung.
and heart weights in all gestation stages (Table 4). Galloway
had the significant smallest organ weights, and Holstein
Friesian had the significant greatest organ weights at 3 mo
of gestation. Galloway maintained small organ weights at
all gestation stages. At 9 mo of gestation, Holstein Friesian
and Belgian Blue had nearly double liver weights compared
to Galloway. German Angus liver weights were
significantly smaller than Holstein Friesian and Belgian
Blue, but significantly greater than Galloway at 9 mo of
gestation. Kidney and heart weights were significantly
smaller in German Angus and Galloway than in Holstein
Friesian and Belgian Blue at 9 mo of gestation.

Ferell (1991) observed significant differences in liver,

lung, heart, and kidney weights between Brahman and
Charolais fetuses at 7.6 and 9 mo of gestation. Gore et al.
(1994) reported that most fetal organs weights were not
different between Angus and Chianina at 3.3, 6.7 mo of
gestation, and 1 mo after birth,

Generally. organ weight to BW ratios for all organs in
this study significantly decreased with gestation (Table 3).
Whereas the liver to BW ratios for all cattle breeds
decreased continuonsly from 3 to 9 mo of gestation, the
kidney weight to BW ratio remained constant in Galloway,
Holstein Friesian, and Belgian Blue from 3 to 6 mo of
gestation. This demonstrates a rapid growth of kidney
during this period. Furthermore, the kidney weight to BW
ratio significantly decreased in German Angus from 3 to 9
mo and in the other breeds from 6 to 9 mo of gestation.
Heart weight to BW ratio in Belgian Blue decreased more
rapidly than in the other 3 breeds from 3 to 6 mo, indicating
that relative to fetal growth, heart development was
different between breeds in early gestation. The lung weight
to BW ratios significantly decreased in all breeds from 3 to
6 mo of gestation, except in Belgian Blue. In Galloway and
Holstein, the lung weight to BW ratios significantly
decreased also from 6 to 9 mo. but did not in German
Angus. A continuous decrease of organ weight to BW ratios
was also reported in different cattle breeds by Ferell (1991)
and Gore et al. (1994). In pigs. McPherson et al. (2004) and
Town et al. (2005) reported that fetal liver growth occurs
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Table 3. Fetal organ weights to BW ratios (LSMESD) in cattle of different breeds during various stages of gestation

Breed 3 month 6 month 9 month Total mean

Liver ratios (%) at gestation stage of
German Angus 3.89%640.34 2.90%4810 14 1.88%4B40 10 2,898
Galloway 3.64™484021 2.64%440.25 1.68°%+0.38 2.65%
Holstein Friesian 3.60™4840.23 2.90"48+0.18 2.05°B40.35 2888
Belgian Blue 34944008 2.99%E+0 17 1.79%440.10 2.76"E
Total mean 3.68" 2.85" 1.85°

Kidney ratios (%) at gestation stage of
German Angus 1.12840.20 0.71%%40.08 0.35%40.06 0.72
Galloway 0.88>440.28 0.84>2840.17 0.40°0.08 0.70
Holstein Friesian 1.04*48+0 26 0.96~8+0.11 0.40°0.05 0.80
Belgian Blue 0.98"840.12 0.87"840.11 0.34"40.04 0.73
Total mean 1O 0.84° 0.37°

Lung ratios (%) at gestation stage of
German Angus 3.18°40.65 2.49%)23 2.80°84) 30 2.82
Galloway 3.32°+0.52 2.53"0.23 1.84440.37 2.56
Holstein Friesian 3.65"+0.51 2.68"0.20 1.75%%40.29 2.69
Belgian Blue 3.25°0.49 2.534*40.40 2.00%4+) 49 239
Total mean 3.35° 2.56" 2.10°

Heart ratios (%) at gestation stage of
German Angus 0.77"440.13 0.72°°+0.07 0.64™8+0.06 0.714
Galloway 0.79%+0.16 0.78+0.08 0.705+0.10 0.76"8
Holstein Friesian 0.87~4840.11 0.80°40.63 0.68%510.08 0.78®
Belgian Blue 0.91"8+0.14 0.72"40.09 0.57°440.05 0.73%8
Total mean 0.83° 0.75° 0.65°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

rapidly in the early stages of gestation and slows as fetal
growth progresses. Rapid liver growth is most likely related
to erythropoietic function within the liver during early
gestation (Reece, 1997). In sheep. Osgerby et al. (2002)
showed a different increase from 45 to 135 days in the liver.
heart, lung, and kidney weight to BW ratios. Because
comparison among different organs involves several
different tissue types. coordinated organ growth cannot be
expected. as observed for the other parts of body, such as
muscle and bone (Gore et al., 1994).

Breed differences for the organ weight to BW ratios
were rather small and not consistent during gestation. Liver
weight to BW ratio in German Holstein at 9 mo of gestation
was significantly greater than in Belgian Blue and Galloway.
and similar in German Angus. No significant differences
among the breeds were found for kidney at 9 mo, for lung at
3 and 6 mo. and for heart at 6 mo of gestation.

In the current study, different organ weights, occurred
among certain breeds at 3 mo of gestation and maintained to
birth. Regarding organ weight to BW ratios, the
relationships among breeds show a large variation during
gestation, indicating different growth patterns. These resulis
were also found by Gore et al. (1994), who demonstrated
that no clear relationship to breeds was observed for organ
weight to BW ratios. Organ growth is influenced by breed.
but interestingly not by the type of cattle (dairy or beef).
The heavier liver in Holstein Friesian and Belgian Blue and

the greater liver weight to BW ratio in Holstein Friesian
indicate the higher metabolism of these high productivity
breeds. According to that, Pfuhl et al. (2007) reported a
greater weight of liver in adult Holstein Friesian compared
to Charolais.

Muscle and fat development

Muscle weight increased between 214-fold in
semitendinosns muscle of German Angus and 483-fold in
biceps femoris muscle of Galloway from 3 to 9 mo of
gestation (Table 6). Semitendinosus and biceps femoris
muscle weights increased in the same manner as body traits
and organs in this study. Fetal muscle growth was
influenced by breed, gestational age, and their interaction
during the fetus development. Galloway had the
significantly smallest semitendinosus weight at 3 mo of
gestation, and remained small at all gestation stages.
Fetuses from Belgian Blue had the significantly greatest
semitendinosns and biceps femoris muscle weights at 9 mo
of gestation. Between Galloway and Belgian Blue
differences remain significant from 3 to 9 mo of gestation.
Deveaux et al. (2001) showed differences in semitendinosus
muscle weight in Holstein Friesian and Belgian Blue
fetuses on 3.3 mo of gestation. In our study no significant
differences were found between the 2 breeds in
semitendinosns muscle weight at 3 and 6 mo of gestation.
Godfredson et al. (1991) reported similar weights for biceps
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Table 6. Muscle weights (LSMSD) in cattle of different breeds during various stages of gestation
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Breed 3 month 6 month 9 month ‘Total mean

Semitendinosus muscle weight (g) at gestation stage of
German Angus 0.5%E40.1 31224845 5 107248124 4 46.3*
Galloway 0.3%440.1 22894482 07.5%4426.8 40.2%
Holstein Friesian 0.7"P40.1 29794845 9 150.7%B+41.6 60.3*
Belgian Blue 0.6%E+02 34.4°B46.7 22444652 86.58
‘Jotal mean 0.5" 29.5Y 144.9°

Biceps femoris muscle weight (g) at gestation stage of
German Angus 1.3%4840 2 91.4%*B+17.7 324.8%456.3 13924
Galloway 0.7-%40.6 70854427 6 337.8%4498.0 136.4%
Holstein Friesian 1.9%B+0 4 87.8%48110.2 421.5%+107.1 170.4%
Belgian Blue 1.8"P4+0.7 106.4%8+22 | 669.15P+203.1 259.18
‘Total mean 14 89.1° 438.3°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

Table 7. Muscle weight to BW ratios (LSMESD) in cattle of different breeds during various stages of gestation

Breed 3 month 6 month 9 month ‘Total mean

Semitendinosus muscle ratios (%) at gestation stage of
German Angus 0.23"+0.01 0.36%4840.02 0.31°40.04 0.30*
Galloway 0.23*4).05 0.34"440.02 0.33%440.02 0.30%
Holstein Friesian 0.21%40.01 0.33"440.03 0.36"40.05 0.312
Belgian Blue .26°+0.03 0.41%B+0.02 0.48>E+0.11 0.38"
‘lotal mean 0.23* 0.36" 0.37°

Biceps temoris muscle ratios (%) at gestation stage of
German Angus 0.59*40.02 1.05"440.11 0.95>440.08 0.86%
Galloway 1.59°40.16 1.04%440.06 1.13%B+0.22 0.92%
Holstein Friesian 0.60"+).09 1.00%440.03 1022484013 0.87%
Belgian Blue 0.73°:0.13 1.27"810.06 143594035 1.14%
‘Total mean 0.63° 1.09° 1.14°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

femoris muscle in Hereford fetuses. Muscle development is
related to the differentiation of muscle fibers in the fetus.
Gerrard and Judge (1993) found greater muscle fiber
number in the semitendinosus muscle of double muscled
compared to normal muscled fetuses. In our former study
(Wegner et al.. 2000), the greater muscle fiber number was
confirmed for newborn Belgian Blue in comparison to
German Angus. Galloway. and Holstein Friesian. Fahey et
al. (2005) reported that the majority of muscle fiber
formation takes place after mid pregnancy in sheep. Results
of this study indicate that muscle development in bovine
fetuses is later than organs. and the increase in the muscle
weight made a considerable contribution to the increase of
BW in later gestation.

Muscle weight to BW ratios (Table 7) significantly
imncreased from 3 to 6 mo, and remained constant from 6 to
9 mo of gestation. Muscle weight to BW ratios exhibited
growth patterns different to those of organs. The
semitendinosus and biceps femoris muscle weight to BW
ratios were significantly greater in Belgian Blue at 6 and 9
mo compared to the other three breeds. At 3 mo of gestation
no significant differences appeared among breeds in both
muscles. Gore et al. (1994) reported greater muscle weight
to BW ratios for late maturing type of cattle (Chianina) than

for those early maturing tvpes (Angus) at 3.3 and 6.7 mo of
gestation and suggested that muscle growth patterns differ
by genotype as early as 3.3 mo of gestation. In our study
breed differences appeared from 6 mo of gestation omwards.

Body fat weight increased from 3 to 9 mo of gestation
in the same manner observed for body traits, organs, and
muscles in this study (Table 8). Fetal body fat weight at 3
mo of gestation was greatest in Holstein Friesian, but
significant differences were not found at 6 or 9 mo in any
cattle breed. In contrast to muscle weight to BW ratios, fat
weight to BW ratios (Table 9) significantly increased
thronghout gestation. The continuous increase indicates that
fat accretion in the fetus accelerates later in gestation. Until
6 mo of gestation, the body fat to BW ratios were not
significantly different across breeds. At 9 mo of gestation,
Galloway had significantly higher body fat to BW ratio than
Holstein Friesian and Belgian Blue. respectively. and
Belgian Blue also had significantly lower fat to BW ratio
than German Angus. Previously, Prior and Laster (1979)
reported that body fat weight increased exponentially with
day of gestation, and fat accretion did not reach a maximal
rate during the gestation period in cattle. In pigs,
McPherson et al. (2004) reported fetal body fat gain was
0.06 g/d before 69 d of gestation and increased to 1.09 g/d



646

Mao et al. (2008) Asian-Aust. J. Anim. Sci. 21(5):640-647

Table 8. Body fat weights (LSM+SD) in cattle of different breeds during various stages of gestation

Breed 3 month 6 month 9 month Total mean
Body fat weight (g) at gestation stage of
German Angus 045402 722%234 426.7°£115.0 166.4
Galloway 0.2"440.2 56.3"34.1 406.7°4192.5 154.4
Holstein Friesian 0.7"840.2 63.7"+19.9 436.7°4173.6 167.0
Belgian Blue .3%440.1 354%13.8 437.1°481.2 164.3
Total mean 0.4 61.9" 426.8°

Values with different superscripts within a row (a-¢) or column (A-C) differ significantly (p<0.05).

Table 9. Body fat weight to BW ratios (LSM+SD) in cattle of ditferent breeds during various stages of gestation

Breed 3 month 6 month 9 month Total mean
Body fat ratios (%) at gestation stage of
German Angus 0.19740.08 0.84"+0.24 1.26%B%40.37 0.76"
Galloway 0.15°40.09 0.79°+0.21 1.33%40.41 0.76®
Holstein Friesian 0.21°40.07 0.71°40.15 1.05%484) 34 0.66%8
Belgian Blue 0.13'10.03 0.66"£0.10 0.95440.18 0.58%
Total mean 0.17° 0.735° 1.15°

Values with different superscripts within a row (a-c) or column (A-C) differ significantly (p<0.05).

after 69 d of gestation. In present study, differences of fat
weight to BW ratios at 9 mo indicate that during gestation
the basis is established for the lower fat accretion in Belgian
Blue, and the greater fat accretion in Galloway. No
additional information exists in the literature regarding
breed-related differences in fetal fat.

IMPLICATIONS

The results of the present study show breed differences
in body weight, organ, muscle. and body fat weight in the
second and third trimester of gestating cattle. Obviously, the
greatest increase in all tissues and organs occurred in the
third trimester. The weight to body weight ratios for organs
decreased. while these of body fat increased continuously
from 3 to 9 mo of gestation. Muscle weight to body weight
ratios increased in the second trimester and remained
constant during the third trimester. Cattle breeds with
postnatal different growth impetus and muscularity show
differences in fetal development. especially in muscle tissue
deposition and development. Fetuses from large framed
breeds had greater birth weights, which originated from
greater muscle development already at 3 mo of gestation.

REFERENCES

AOAC. 2000. Official methods of analysis. 17th ed. Association of
Official Agricultural Chemists, Washington, DC.

Bellows, R. A., R. B. Staigmiller, L. E. Orme, R. E. Short and B.
W. Knapp. 1993. Effects of sire and dam on late-pregnancy
conceptus and hormone traits in beef cattle. J. Anim. Sci.
71:714-723.

Berg. R. T, B. B. Andersen and T. Liboriussen. 1978. Growth of
bovine tissues. 2. Genetic influences on muscle growth and
distribution in young bulls. Anim. Prod. 27:51-61.

Deveaux, V., [. Cassar-Malek and B. Picard. 2001. Comparison of

contractile characteristics of muscle from Holstein and double-
muscled Belgian Blue foetuses. Comp. Biochem. Physiol. Part
A. Mol Integr. Physiol. 131:21-29.

Evans. H. E. and W. O. Sack. 1973. Prenatal development of
domestic and laboratory mammals: Growth curves, extemal
features and selected references. Anat. Histol. Embryol. 2:11-
45,

Fahey, A. 1., J. M. Brameld, T. Parr and P. J. Buttery. 2005. The
effect of matemal undemutrition betore muscle ditferentiation
on the muscle fiber development of the newborn lamb. J. Anim.
Sci. 83:2564-2571.

Ferrell, C. L. 1991. Maternal and fetal influences on uterine and
conceptus development in the cow. 1. Growth of tissues of the
gravid uterus. J. Anim. Sci. 69:1945-1953.

Gerrard, D. E. and M. D. Judge. 1993. Induction of myoblast
proliferation in L6 myoblast cultures by fetal serum of double-
muscled and normal cattle. J. Anim. Sci. 71:1464-1470.

Godfredson, J. A., M. D. Holland, K. G. Odde and K. L. Hossner.
1991. Hypertrophy and hyperplasia of bovine fetal tissues
during development: fetal liver insulin-like growth factor I
mRNA expression. J. Anim. Sci. 69:1074-1081.

Gore, M. T., R. B. Young, M. C. Claeys, J. A. Chromiak, C. H.
Rahe, D. N. Marple, J. D. Hough, J. L. Griftin and D. R.
Mulvaney. 1994. Growth and development of bovine fetuses
and neonates representing 3 genotypes. J. Anim. Sci. 72:2307-
2318.

McPherson, R. L., F. Ji, G Wu, J. R. Blanton, Jr. and S. W. Kim.
2004. Growth and compositional changes of fetal tissues in
pigs. J. Anim. Sci. 82:2534-2540.

Orourke, P. K., K. W. Entwistle, C. Arman, C. R. Esdale and B. M.
Burns. 1991. Fetal development and gestational changes in
bos-taurus and bos-indicus genotypes in the tropics.
Theriogenol. 36:839-853.

Osgerby, J. C., D. C. Wathes, D. Howard and T. S. Gadd. 2002.
The effect of maternal undernutrition on ovine fetal growth. J.
Endocrinol. 173:131-141.

Pfuhl, R., O. Bellmann, C. Kiihn, F. Teuscher, K. Ender and J.
Wegner. 2007, Beef versus dairy cattle: a comparison of feed
conversation, carcass composition and meat quality. Arch.



Mao et al. (2008) Asian-Aust. J. Anim. Sci. 21(5):640-647 647

Anim. Breed. 50:59-70.

Prior, R. L. and D. B. Laster. 1979. Development of the bovine
fetus. J. Anim. Sci. 48:1546-1553.

Reece, W. O. 1997. Physiology of Domestic Animals. Williams
and Wilkins, Baltimore, Maryland. pp. 270-271.

Reynolds, W. L., J. J. Urick and B. W. Knapp. 1990. Biological
type effects on gestation length, calving traits and calf growth
rate. J. Anim. Sci. 68:630-639.

Richardsen, C., V. Bamard, P. C. Jones and C. N. Hebert. 1991.
Growth rates and pattemns of organs and tissues in the bovine
fetus. Br. Vet. J. 147:197-206.

Robelin, J., B. Picard, A. Listrat, C. Jurie, C. Barboiron, F. Pons
and Y. Geay. 1993. Myosin expression in semitendinosus
muscle  during  fetal  development  of  catile:
immunocytochemical and electrophoretic analyses. Reprod.
Nutr. Dev. 33:25-41.

SAS Institute Inc. 1999. Online SAS users guide: Statistics.
Version 8.2, ed. SAS Institute, Inc., Cary, North Carolina.
Town, S. C., 1. L. Patterson, C. Z. Pereira, G Gourley and G. R.

Foxcroft. 2005. Embryonic and fetal development in a
commercial dam-line genotype. Anim. Reprod. Sci. 85:301-
316.

Wegner, J., E. Albrecht, 1. Fiedler, F. Teuscher, H. J. Papstein and

K. Ender. 2000. Growth- and breed-related changes of muscle
fiber characteristics in cattle. J. Anim. Sci. 78:14835-1496.



