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Table 1 Live weight, body condition score and organ weight/measurements of rams (3 years of age) born to dams 

fed sub-maintenance, maintenance or ad libitum nutrition in early pregnancy (day 21 to 50 of gestation). 

Maternal nutrition treatment in early pregnancy 

Ad libitum Maintenance Sub-maintenance 

Ram offspring: 

Live weight (kg) 90.0 ± 2.64 94.0 ± 1.97 93.6 ± 2.10 

Body condition score (1-5) 3.8 ± 0.13 3.8 ± 0.25 3.7 ± 0.18 

Heart (g) 375.5 ± 18.82
 *

414.0 ± 14.78
 †

391.3 ± 12.11
 *†

Spleen (g) 114.4 ± 7.95 129.9 ± 9.62 133.1 ± 8.71 

Liver (g) 1279.8 ± 45.62 1386.8 ± 59.00 1358.4 ± 43.96 

Thyroid (g) 7.5 ± 0.65 7.7 ± 0.42 8.3 ± 0.71 

Adrenal gland (g) 

Left 
Right 

2.3 ± 0.17 
1.9 ± 0.18 

2.4 ± 0.08 
2.4 ± 0.13 

2.6 ± 0.17 
2.6 ± 0.17 

Kidney (g) 
Left 
Right 

104.5 ± 5.41 
102.8 ± 5.04

 *
112.7 ± 3.90 
114.2 ± 4.49

 †
106.5 ± 3.71 

108.0 ± 4.09
 *†

Pancreas (g) 108.4 ± 8.37 113.7 ± 4.26 111.6 ± 5.82 

Omental fat (g) 2094.2 ± 237.94 2080.7 ± 299.08 1978.5 ± 198.08 

Semitendinosus muscle
 1

Weight (g) 
Length (mm) 

239.9 ± 5.36 
153.1 ± 3.89 

255.1 ± 9.01 
152.5 ± 4.10 

252.4 ± 7.17 
150.0 ± 3.87 

Testis 
Left weight (g) 

Right weight (g) 

244.2 ± 14.07 

249.8 ± 15.50 

241.3 ± 8.04 

241.7 ± 7.68 

226.4 ± 11.27 

226.7 ± 11.33 
Left circumference (mm) 
Right circumference (mm) 

192.9 ± 5.21 
192.6 ± 4.66 

185.4 ± 1.86 
186.9 ± 2.41 

182.8 ± 3.63 
182.0 ± 2.82 

*†
 indicate values in rows that tended to differ, P<0.10 

1
 semitendinosus muscle was taken from the left hind leg 
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Introduction 

Manipulation of fetal development processes via 
maternal nutritional intervention can affect the 

physiology and cellular function of adult offspring 
through a process known as fetal programming 
(Harding & Johnson 1995). Nutritional status of the 

dam in the first trimester of pregnancy is crucial to 
fetal development because, although fetal energy 
requirements in early pregnancy are relatively small, 

and thus, total nutrient demand is typically low, fetal 
metabolic activity is very high and organogenesis is 
occurring (Harding & Johnson 1995). 

Evidence from a variety of animal species 
indicates that maternal nutritional status during 

pregnancy can influence fetal weight, fetal metabolism 
and endocrine axis function, birth weight and 

subsequent postnatal metabolic and endocrine 
function, growth and reproductive performance, and 

carcass quality (Whorwood et al. 2001; Da Silva et al. 
2001; Bielli et al. 2002; Bloomfield et al. 2003; Kind 
et al. 2003; Daniel et al. 2007; Kenyon 2008; 

Kotsampasi et al. 2009; Fermin 2013; Asmad 2014) 
The study reported here examines the effects of 

early pregnancy maternal nutrition on the gross 

physiology of twin-born male offspring in adulthood. 

Materials and methods 

All animals were maintained under commercial 
farming conditions at Massey University’s Keeble 

Sheep and Beef farm, five kilometres south of 
Palmerston North. This study was conducted with 

approval from the Massey University Animal Ethics 
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Committee. 

The ram offspring used in the present study were 
taken from a larger study described by Kenyon et al 

(2011). Romney ewes (n = 879, three- to five-year-old 
multiparous ewes) from a commercial flock, conceived 
to artificial insemination using fresh semen from one 

of five Romney rams, were randomly allocated to one 
of three nutritional treatments from day 21 of 
pregnancy (P21) until day 50 (P50) of pregnancy: sub-

maintenance (S: total ewe liveweight change achieved 
P21-P50, –0.15 ± 0.02 kg/day), maintenance (M: total 

ewe liveweight change achieved P21-P50, 0.02 ± 0.02 
kg/day) or ad libitum (A: total ewe liveweight change 
achieved P21-P50, 0.15 ± 0.02 kg/day) (Kenyon et al. 

2011).  
The study reported here examines the effects of 

early pregnancy (P21-P50) nutrition (S vs M vs A) of 

the dam on the gross physiology of twin-born-and-
reared male offspring at three years of age (S-rams 

(n=11), M-rams (n= 10), A-rams (n=8)). Rams were 
body condition scored (Jefferies 1961, scale 0-5 
including half units) weighed and then euthanased by a 

commercial slaughterman, and organs (heart, spleen, 
liver, thyroid, adrenal glands, kidneys, pancreas, 
visceral (omental) fat, testes and the semitendinosus 

muscle of the left hind quarter) were immediately 
collected onto ice and weighed/measured.  

All data was analysed using the PROC MIXED 

procedure in SAS (Statistical Analysis Software, SAS
®
 

9.4, SAS Institute, North Carolina, USA) with dam 

nutrition fitted as a fixed effect. Organ 
weights/measurements were analysed with and without 
ram live weight as a covariate. 

Results and discussion 

Live weight and body condition score of the rams 
did not differ (P>0.10) at slaughter (Table 1). The 
heart and right kidney of M-rams tended (P<0.10) to 

be heavier compared to those from A-rams (Table 1), 
however when live weight was included in the 

statisical analysis as a covariate these effects were no 
longer apparent. There were no differences (P>0.10) in 
any of the other organs measured. 

These results indicate that maternal nutrition, at 
the levels applied in this study, had little impact on the 
post-natal growth and development of male offspring 

at a gross physiological level. It’s likely that more 
extreme under or over nutrition of the dam during 

pregnancy would elicit more extreme responses in the 
offspring.  

The larger co-hort of rams (from which the 

smaller sample of rams used in the present study were 
taken) were monitored closely from birth to 27 months 
of age and showed no evidence of growth or 

reproductive performance differences (Fermin 2013; 
Asmad 2014). This supports the lack of gross 
physiological differences observed in the present 

study. This is likely because the maternal nutritional 
treatments were not sufficiently extreme to 

significantly affect fetal growth (Martín et al. 2012) 

and were unlikely to affect dam lactational 

performance, and thus, had little impact on postnatal 
lamb growth. 

The study reported here demonstrates that 
maternal nutrition during early pregnancy does not 
appear to result in large alterations to the physical 

phenotype of adult male offspring; however, the tissue 
collected from this study will be investigated for 
histological and gene expression differences that may 

influence physiological function. 
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