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Supplementary Figure S1. Multivariate analysis of gastrocnemius muscle (aqueous fraction) 
metabolites concentration.  (A) PCA scores plot for all the experimental groups (NC = 5, PC1 
= 38.4 %, PC2 = 8.39 %); (B) PCA scores plot for the three restricted groups (NC = 4, PC1 = 
38.2 %, PC2 = 10.5 %); (C) PLS scores plot of Damara growth and restricted groups (NC = 2, 
R2 =0.346, Q2 =0.580, pCV-ANOVA = 0.0063); (D) Permutation test of the PLS obtained from the 
Damara growth and restricted groups (100 permutations; Intercepts: R2 =(0.0, 0.588); Q2 = 
(0.0, -0.244)); (E) PLS scores plot of Dorper growth and restricted groups (NC = 3, R2 =0.602, 
Q2 =0.232, pCV-ANOVA = 1); (F) Permutation test of the PLS obtained from the Dorper growth 
and restricted groups (100 permutations; Intercepts: R2 =(0.0, 0.743); Q2 = (0.0, -0.0635)). 



Supplementary Figure S2. Multivariate analysis of gastrocnemius liver (aqueous fraction) 
metabolites concentration. (A) PLS scores plot of Dorper growth and restricted groups (NC = 
3, R2 =0.697, Q2 =0.535, pCV-ANOVA = 0.022); (B) Permutation test of the PLS obtained from 
the Dorper growth and restricted groups (100 permutations; Intercepts: R2 =(0.0, 0.661); Q2 = 
(0.0, -0.0199)). 



Supplementary Table S1. Identified metabolites in gastrocnemius muscle of Merino, Dorper 
and Damara sheep breeds (growth and restricted groups). Average concentration (mmol/ g 
tissue) and standard deviation are shown for each experimental group. 

  

 Merino Dorper Damara 
 growth restricted growth restricted growth restricted 
3-Methylhistidine 
 

2.23E-05  
± 1.82E-05 

2.76E-05  
± 2.98E-05 

 

7.08E-06  
± 3.36E-06 

 

6.36E-06  
± 4.28E-06 

 

1.19E-05  
± 3.33E-06 

 

1.49E-05  
± 1.91E-05 

 
β-Alanine 
 

1.21E-04  
± 4.02E-05 

 

1.05E-04  
± 2.58E-05 

 

1.00E-04  
± 5.65E-05 

 

1.06E-04  
± 5.50E-05 

 

1.20E-04  
± 5.31E-05 

 

9.21E-05  
± 3.78E-05 

 
Acetate 
 

8.96E-05  
± 3.04E-05 

 

5.31E-05  
± 2.18E-05 

 

6.04E-05  
± 1.37E-05 

 

6.58E-05  
± 3.16E-05 

 

6.95E-05  
± 1.49E-05 

 

6.98E-05  
± 1.14E-05 

 
Acetyl-L-carnitinea 
 

2.57E-03  
± 1.23E-03 

4.58E-03*  
± 1.94E-03 

1.64E-03  
± 5.76E-04 

 

1.59E-03  
± 1.03E-03 

 

2.20E-03  
± 3.79E-04 

 

2.17E-03  
± 7.57E-04 

 
Adeninea 
 

8.29E-05  
± 7.53E-05 

 

7.22E-05  
± 4.99E-05 

 

2.08E-05  
± 1.07E-05 

 

5.26E-05*  
± 4.11E-05 

 

8.46E-05  
± 4.29E-05 

 

7.35E-05  
± 6.46E-05 

 
Adenosine 
 

7.30E-06  
± 4.27E-06 

 

7.68E-06  
± 1.75E-06 

 

7.27E-06  
± 2.35E-06 

 

5.84E-06  
± 3.65E-06 

 

6.96E-06  
± 1.33E-06 

 

6.63E-06  
± 2.54E-06 

 
ADP/ AMP/ ATP 
 

7.45E-04  
± 5.27E-04 

 

8.81E-04  
± 4.55E-04 

 

1.32E-03  
± 7.84E-04 

 

1.07E-03  
± 9.58E-04 

 

9.43E-04  
± 4.66E-04 

 

1.29E-03  
± 6.91E-04 

 
Alanine 
 

2.36E-03  
± 1.17E-03 

 

2.23E-03  
± 9.02E-04 

 

1.62E-03  
± 7.56E-04 

 

1.80E-03  
± 1.22E-03 

 

3.19E-03  
± 1.12E-03 

 

2.50E-03  
± 1.01E-03 

 
Anserine 
 

5.11E-03  
± 2.49E-03 

 

4.46E-03  
± 2.13E-03 

 

5.48E-03  
± 1.49E-03 

 

5.42E-03  
± 3.08E-03 

 

6.14E-03  
± 1.09E-03 

 

6.66E-03  
± 1.58E-03 

 
Aspartate 
 

1.50E-04  
± 8.45E-05 

 

1.29E-04  
± 6.25E-05 

 

1.22E-04  
± 4.38E-05 

 

1.75E-04  
± 1.23E-04 

 

1.44E-04  
± 4.81E-05 

 

1.61E-04  
± 5.43E-05 

 
Betaine 
 

1.54E-03  
± 5.48E-04 

 

1.61E-03  
± 4.12E-04 

 

8.75E-04  
± 2.80E-04 

 

8.02E-04  
± 5.61E-04 

 

9.88E-04  
± 2.44E-04 

 

1.17E-03  
± 4.31E-04 

 
Carnitine 
 

8.66E-03  
± 4.13E-03 

 

9.19E-03  
± 3.04E-03 

 

4.59E-03  
± 1.82E-03 

 

5.48E-03  
± 3.46E-03 

 

5.98E-03  
± 8.71E-04 

 

6.42E-03  
± 1.16E-03 

 
Carnosine 
 

1.83E-04  
± 3.64E-04 

 

2.59E-04  
± 3.26E-04 

 

4.95E-05  
± 3.02E-05 

 

6.61E-05  
± 4.54E-05 

 

1.32E-04  
± 8.76E-05 

 

9.34E-05  
± 3.81E-05 

 
Choline/ 
Phosphocholine 
 

8.10E-04  
± 2.81E-04 

 

7.73E-04  
± 2.48E-04 

 

6.42E-04  
± 1.21E-04 

 

7.78E-04  
± 3.33E-04 

 

6.58E-04  
± 1.26E-04 

 

7.56E-04  
± 1.34E-04 

 
Citratea 
 

1.74E-04  
± 8.55E-05 

 

2.69E-04*  
± 1.07E-04 

 

1.46E-04  
± 7.50E-05 

 

1.53E-04  
± 1.20E-04 

 

1.88E-04  
± 7.87E-05 

 

2.23E-04  
± 6.82E-05 

 
Creatine/ Creatine 
phosphate 
 

2.80E-02  
± 1.03E-02 

 

2.80E-02  
± 6.15E-03 

 

2.46E-02  
± 5.06E-03 

 

2.53E-02  
± 1.36E-02 

 

2.59E-02  
± 4.08E-03 

 

2.55E-02  
± 5.13E-03 

 
Creatinine 
 

1.51E-04  
± 7.20E-05 

 

1.28E-04  
± 5.71E-05 

 

1.16E-04  
± 2.99E-05 

 

1.30E-04  
± 8.07E-05 

 

1.56E-04  
± 4.86E-05 

 

1.25E-04  
± 3.30E-05 

 
Formatea 
 

5.33E-05  
± 2.03E-05 

 

3.98E-05  
± 7.12E-06 

 

4.82E-05  
± 1.68E-05 

 

3.48E-05*  
± 8.20E-06 

 

4.67E-05  
± 1.38E-05 

 

5.58E-05  
± 1.11E-05 

 
Fumarate 
 

4.53E-05  
± 1.85E-05 

 

4.30E-05  
± 1.57E-05 

 

4.34E-05  
± 2.42E-05 

 

3.79E-05  
± 3.05E-05 

 

6.19E-05  
± 1.79E-05 

 

5.75E-05  
± 2.20E-05 

 
GTP 
 

3.53E-05  
± 1.77E-05 

 

3.29E-05  
± 1.05E-05 

 

3.37E-05  
± 1.16E-05 

 

3.57E-05  
± 1.87E-05 

 

3.58E-05  
± 9.98E-06 

 

3.49E-05  
± 9.17E-06 

 
Glucose 
 

1.52E-03  
± 5.24E-04 

 

1.45E-03  
± 4.53E-04 

 

1.22E-03  
± 2.77E-04 

 

1.37E-03  
± 7.61E-04 

 

1.78E-03  
± 3.04E-04 

 

1.67E-03  
± 6.04E-04 

 
Glucose-1-phosphatea 
 

6.29E-04  
± 2.65E-04 

 

5.22E-04  
± 2.01E-04 

 

4.97E-04  
± 1.45E-04 

 

4.61E-04  
± 3.15E-04 

 

7.00E-04  
± 2.14E-04 

 

4.80E-04*  
± 2.71E-04 

 



Glucose-6-phosphatea 
 

2.90E-03  
± 1.21E-03 

 

1.57E-03**  
± 7.25E-04 

 

2.69E-03  
± 6.31E-04 

 

1.89E-03  
± 1.20E-03 

 

3.13E-03  
± 1.05E-03 

 

2.24E-03  
± 9.70E-04 

 
Glutamate 
 

4.10E-04  
± 2.26E-04 

 

5.19E-04  
± 1.73E-04 

 

4.80E-04  
± 1.69E-04 

 

6.11E-04  
± 3.28E-04 

 

3.83E-04  
± 9.56E-05 

 

4.83E-04  
± 2.42E-04 

 
Glutamine 
 

4.01E-03  
± 1.85E-03 

 

3.86E-03  
± 2.51E-03 

 

3.53E-03  
± 1.51E-03 

 

4.60E-03  
± 3.03E-03 

 

5.11E-03  
± 1.83E-03 

 

5.17E-03  
± 1.51E-03 

 
Glutathionea 
 

1.72E-04  
± 1.03E-04 

 

2.79E-04*  
± 1.26E-04 

 

2.20E-04  
± 6.60E-05 

 

2.52E-04  
± 1.29E-04 

 

2.30E-04  
± 9.64E-05 

 

3.13E-04  
± 1.59E-04 

 
Glycerophosphocholinea 
 

3.13E-04  
± 1.13E-04 

 

7.71E-05**  
± 2.43E-05 

 

3.81E-04  
± 1.89E-04 

 

5.67E-04  
± 2.97E-04 

 

3.98E-04  
± 1.65E-04 

 

5.45E-04  
± 1.82E-04 

 
Glycinea 
 

3.48E-03  
± 1.73E-03 

 

1.90E-03*  
± 5.35E-04 

 

2.84E-03  
± 7.71E-04 

 

1.87E-03*  
± 1.31E-03 

 

2.24E-03  
± 4.39E-04 

 

1.76E-03  
± 7.04E-04 

 
Histidine 
 

7.53E-06  
± 2.96E-06 

 

6.02E-06  
± 2.40E-06 

 

3.06E-06  
± 1.03E-06 

 

3.77E-06  
± 2.33E-06 

 

5.40E-06  
± 2.01E-06 

 

4.20E-06  
± 1.96E-06 

 
Homocysteine 
 

1.47E-03  
± 8.12E-04 

 

1.36E-03  
± 5.47E-04 

 

1.22E-03  
± 4.30E-04 

 

1.41E-03  
± 6.20E-04 

 

1.29E-03  
± 3.50E-04 

 

1.41E-03  
± 4.36E-04 

 
IMPa 
 

2.46E-03  
± 1.05E-03 

 

1.89E-03  
± 7.44E-04 

 

1.46E-03  
± 6.49E-04 

 

1.70E-03  
± 8.59E-04 

 

2.45E-03  
± 7.02E-04 

 

1.72E-03*  
± 7.69E-04 

 
Inosine 
 

1.78E-04  
± 8.73E-05 

 

1.27E-04  
± 5.61E-05 

9.23E-05  
± 4.47E-05 

 

9.90E-05  
± 7.30E-05 

 

1.59E-04  
± 6.48E-05 

 

1.39E-04  
± 8.86E-05 

 
Isoleucinea 
 

9.29E-05  
± 3.88E-05 

 

7.76E-05  
± 2.02E-05 

 

8.58E-05  
± 2.36E-05 

 

8.18E-05  
± 4.78E-05 

 

1.09E-04  
± 1.35E-05 

 

9.05E-05*  
± 2.47E-05 

 
Lactate 
 

4.50E-02  
± 1.83E-02 

 

4.12E-02  
± 1.11E-02 

 

3.87E-02  
± 3.96E-03 

 

4.12E-02  
± 1.55E-02 

 

4.92E-02  
± 7.93E-03 

 

4.43E-02  
± 1.02E-02 

 
Leucinea 
 

1.40E-04  
± 5.55E-05 

 

1.12E-04  
± 2.55E-05 

 

1.27E-04  
± 3.67E-05 

 

1.17E-04  
± 5.31E-05 

 

1.64E-04  
± 2.20E-05 

 

1.34E-04*  
± 3.11E-05 

 
Malonate 
 

5.48E-03  
± 2.14E-03 

 

5.72E-03  
± 2.33E-03 

 

2.93E-03  
± 1.14E-03 

 

3.75E-03  
± 1.71E-03 

 

5.11E-03  
± 1.68E-03 

 

5.85E-03  
± 1.90E-03 

 
Methylmalonate 
 

3.02E-04  
± 1.67E-04 

 

2.70E-04  
± 6.69E-05 

 

2.57E-04  
± 2.62E-05 

 

2.68E-04  
± 9.76E-05 

 

3.16E-04  
± 4.53E-05 

 

2.85E-04  
± 6.91E-05 

 
Myo-Inositol 
 

1.21E-03  
± 7.57E-04 

 

1.69E-03  
± 6.59E-04 

 

1.25E-03  
± 7.87E-04 

 

1.58E-03  
± 9.12E-04 

 

1.15E-03  
± 7.34E-04 

 

1.29E-03  
± 8.69E-04 

 
NAD+/ NADP+ 
 

1.16E-04  
± 6.46E-05 

 

8.57E-05  
± 2.90E-05 

 

1.27E-04  
± 5.27E-05 

 

1.00E-04  
± 5.21E-05 

 

1.19E-04  
± 3.17E-05 

 

1.14E-04  
± 5.84E-05 

 
Nicotinurate 
 

1.44E-04  
± 5.72E-05 

 

1.26E-04  
± 2.96E-05 

 

1.00E-04  
± 3.06E-05 

 

1.16E-04  
± 4.09E-05 

 

1.42E-04  
± 3.98E-05 

 

1.19E-04  
± 3.22E-05 

 
Phenylalaninea 
 

4.90E-05  
± 1.62E-05 

 

3.86E-05  
± 1.07E-05 

 

4.39E-05  
± 9.47E-06 

 

3.46E-05  
± 1.34E-05 

 

5.34E-05  
± 8.22E-06 

 

3.97E-05**  
± 8.62E-06 

 
Proline 
 

2.42E-04  
± 1.08E-04 

 

2.73E-04  
± 9.73E-05 

 

2.62E-04  
± 8.01E-05 

 

3.32E-04  
± 1.78E-04 

 

2.52E-04  
± 5.58E-05 

 

3.24E-04  
± 1.68E-04 

 
Pyruvate 
 

2.04E-04  
± 1.13E-04 

 

2.10E-04  
± 1.43E-04 

 

1.65E-04  
± 5.75E-05 

 

1.97E-04  
± 9.99E-05 

 

2.70E-04  
± 7.93E-05 

 

2.37E-04  
± 1.08E-04 

 
Riboflavin 
 

1.42E-05  
± 4.41E-06 

 

1.28E-05  
± 5.83E-06 

 

1.71E-05  
± 5.87E-06 

 

1.93E-05  
± 9.60E-06 

 

1.59E-05  
± 3.76E-06 

 

1.60E-05  
± 6.08E-06 

 
Succinate 
 

1.01E-03  
± 3.87E-04 

 

1.01E-03  
± 3.72E-04 

 

6.67E-04  
± 3.30E-04 

 

6.43E-04  
± 3.80E-04 

 

1.19E-03  
± 4.14E-04 

 

1.08E-03  
± 3.87E-04 

 
Taurinea 
 

5.35E-03  
± 3.30E-03 

 

2.96E-03*  
± 1.13E-03 

 

6.32E-03  
± 2.82E-03 

 

3.88E-03*  
± 2.35E-03 

 

1.44E-02  
± 4.40E-03 

 

8.77E-03**  
± 2.02E-03 

 
Tyrosinea 
 

5.50E-05  
± 2.65E-05 

 

3.52E-05*  
± 1.34E-05 

 

5.04E-05  
± 1.68E-05 

 

3.83E-05  
± 1.55E-05 

 

6.26E-05  
± 1.60E-05 

 

4.59E-05*  
± 1.17E-05 

 



UDP-glucose 
 

3.22E-05  
± 2.13E-05 

 

3.14E-05  
± 1.11E-05 

 

4.02E-05  
± 1.20E-05 

 

3.47E-05  
± 2.26E-05 

 

3.66E-05  
± 1.10E-05 

 

3.59E-05  
± 2.15E-05 

 
Uridine 
 

1.94E-05  
± 6.83E-06 

 

1.54E-05  
± 8.41E-06 

 

1.53E-05  
± 5.28E-06 

 

1.15E-05  
± 6.99E-06 

 

1.89E-05  
± 4.49E-06 

 

1.48E-05  
± 5.91E-06 

 
Valinea 
 

2.13E-04  
± 9.95E-05 

 

1.48E-04  
± 3.51E-05 

 

1.95E-04  
± 5.68E-05 

 

1.86E-04  
± 1.07E-04 

 

2.25E-04  
± 3.97E-05 

 

1.87E-04*  
± 3.74E-05 

 
Xanthine 
 

5.83E-05  
± 5.44E-05 

 

2.63E-05  
± 2.33E-05 

 

1.85E-05  
± 6.97E-06 

 

2.59E-05  
± 3.26E-05 

 

1.56E-05  
± 5.50E-06 

 

3.66E-05  
± 5.63E-05 

 
Key: (a) metabolites with significant differences between growth and restricted groups in at least one breed; (*) p < 0.05 when 
compared with growth groups of the same breed; (**) p < 0.01 when compared with growth groups of the same breed.	  



Supplementary Table S2. PCA loadings values of principal component 1 (p[1]) and principal 
component 2 (p[2]) of muscle from Merino growth and restricted groups (see scores in Figure 
2B). Highlighted values are the more representatives for the group clustering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S3. Identified metabolites in liver of Merino, Dorper and Damara 
sheep breeds (growth and restricted groups). Average concentration (mmol/ g tissue) and 
standard deviation are shown for each experimental group.  

 Merino Dorper Damara 
 growth restricted growth restricted growth restricted 
3-Hydroxybutyratea 
 

3.30E-04  
± 1.00E-04 

 

4.67E-04*  
± 1.40E-04 

 

2.35E-04  
± 9.97E-05 

 

3.18E-04  
± 1.40E-04 

 

2.91E-04  
± 7.93E-05 

 

2.67E-04  
± 1.38E-04 

 
Methylhistidine 
 

1.30E-04  
± 1.39E-04 

 

1.05E-04  
± 1.01E-04 

 

1.85E-04  
± 1.88E-04 

 

1.01E-04  
± 1.03E-04 

 

5.79E-05  
± 6.53E-05 

 

6.70E-05  
± 7.89E-05 

 
ADP AMP ATP 
 

8.00E-04  
± 3.30E-04 

 

9.49E-04  
± 3.27E-04 

 

7.20E-04  
± 3.51E-04 

 

7.56E-04  
± 2.87E-04 

 

9.19E-04  
± 1.74E-04 

 

6.90E-04  
± 3.80E-04 

 
Acetatea 
 

5.89E-04  
± 1.26E-04 

 

8.29E-04**  
± 1.72E-04 

 

4.94E-04  
± 2.32E-04 

 

5.77E-04  
± 2.47E-04 

 

6.08E-04  
± 1.31E-04 

 

4.32E-04*  
± 2.31E-04 

 
Adeninea 
 

3.30E-04  
± 1.46E-04 

 

3.03E-04  
± 1.63E-04 

 

1.64E-04  
± 9.73E-05 

 

1.87E-04  
± 1.02E-04 

 

3.03E-04  
± 4.54E-05 

 

1.63E-04**  
± 1.19E-04 

 
Adenosylhomocysteine 
 

4.41E-05  
± 2.52E-05 

 

5.45E-05 
 ± 2.36E-05 

 

2.67E-05  
± 2.02E-05 

 

4.36E-05  
± 2.24E-05 

 

4.75E-05  
± 1.94E-05 

 

4.17E-05  
± 2.20E-05 

 
Alaninea 
 

1.97E-03  
± 4.86E-04 

 

1.38E-03**  
± 4.18E-04 

 

1.78E-03  
± 8.76E-04 

 

1.37E-03  
± 4.57E-04 

 

2.38E-03  
± 2.77E-04 

 

1.53E-03**  
± 7.19E-04 

 
Ascorbatea 
 

1.24E-03  
± 3.70E-04 

 

7.67E-04**  
± 3.53E-04 

 

9.23E-04  
± 4.95E-04 

 

7.21E-04  
± 3.23E-04 

 

1.15E-03  
± 2.52E-04 

 

8.22E-04*  
± 4.12E-04 

 
Aspartate 
 

8.23E-04  
± 1.34E-04 

 

9.19E-04  
± 3.37E-04 

 

7.53E-04  
± 3.23E-04 

 

9.52E-04  
± 3.94E-04 

 

1.17E-03  
± 2.95E-04 

 

9.09E-04  
± 4.43E-04 

 
Benzoate 
 

2.37E-05  
± 1.65E-05 

 

2.30E-05  
± 1.53E-05 

 

1.35E-05  
± 1.59E-05 

 

1.21E-05  
± 9.44E-06 

 

2.67E-05  
± 1.46E-05 

 

1.93E-05  
± 8.36E-06 

 
Betaine 
 

4.22E-04  
± 8.76E-05 

 

4.73E-04  
± 8.99E-05 

 

3.07E-04  
± 2.03E-04 

 

4.22E-04  
± 1.97E-04 

 

3.55E-04  
± 1.54E-04 

 

3.18E-04  
± 1.84E-04 

 
Carnitinea 
 

5.68E-04  
± 3.16E-04 

 

5.77E-04  
± 3.47E-04 

 

6.40E-04  
± 3.45E-04 

 

9.74E-04*  
± 4.27E-04 

 

7.03E-04  
± 2.61E-04 

 

7.08E-04  
± 3.79E-04 

 
Carnosine 
 

3.24E-05  
± 2.48E-05 

 

4.80E-05  
± 1.72E-05 

 

4.11E-05  
± 2.34E-05 

 

3.57E-05  
± 3.56E-05 

 

5.20E-05  
± 6.45E-05 

 

2.74E-05  
± 1.92E-05 

 
Choline/ Acetylcholine/ 
Phosphocholinea 
 

5.97E-04  
± 3.04E-04 

 

8.77E-04  
± 6.55E-04 

 

4.55E-04  
± 3.61E-04 

 

5.39E-04  
± 2.70E-04 

 

6.21E-04  
± 2.58E-04 

 

3.43E-04*  
± 2.27E-04 

 
Citratea 
 

3.64E-04  
± 1.22E-04 

 

2.57E-04  
± 1.34E-04 

 

3.23E-04  
± 1.36E-04 

 

2.49E-04  
± 1.08E-04 

 

4.87E-04  
± 1.21E-04 

 

2.92E-04**  
± 1.83E-04 

 
Creatine/  
Creatine phosphatea 
 

1.66E-03  
± 5.20E-04 

 

2.60E-03**  
± 7.24E-04 

 

1.47E-03  
± 6.77E-04 

 

1.76E-03  
± 8.34E-04 

 

1.59E-03  
± 3.28E-04 

 

1.68E-03  
± 1.04E-03 

 
Creatinine 
 

2.62E-04  
± 2.11E-04 

 

2.59E-04  
± 5.52E-05 

 

2.33E-04  
± 1.61E-04 

 

2.33E-04  
± 1.35E-04 

 

2.24E-04  
± 6.99E-05 

 

2.12E-04  
± 1.23E-04 

 
Formatea 
 

1.21E-04  
± 7.59E-05 

 

1.34E-04  
± 5.55E-05 

 

3.89E-05  
± 3.40E-05 

 

4.99E-05  
± 5.04E-05 

 

1.21E-04  
± 5.60E-05 

 

4.80E-05**  
± 2.52E-05 

 
Fumarate 
 

1.07E-04  
± 4.85E-05 

 

1.26E-04  
± 6.44E-05 

 

8.43E-05  
± 3.99E-05 

 

1.20E-04  
± 5.73E-05 

 

1.06E-04  
± 3.06E-05 

 

1.11E-04  
± 7.94E-05 

 
Glucose 
 

8.68E-02  
± 1.81E-02 

 

7.76E-02  
± 1.53E-02 

 

8.03E-02  
± 3.70E-02 

7.12E-02 ± 
 2.63E-02 

 

9.10E-02  
± 1.51E-02 

7.71E-02  
± 3.11E-02 

 
Glutamate 
 

3.98E-03  
± 9.35E-04 

 

3.38E-03  
± 1.20E-03 

 

4.16E-03  
± 1.94E-03 

 

3.90E-03  
± 1.73E-03 

3.87E-03  
± 8.97E-04 

 

3.74E-03  
± 1.77E-03 

 
Glutathionea 
 

2.53E-03  
± 7.38E-04 

 

1.20E-03**  
± 4.27E-04 

 

2.24E-03  
± 1.36E-03 

 

1.51E-03  
± 6.41E-04 

 

2.54E-03  
± 4.75E-04 

 

1.93E-03  
± 1.26E-03 

 
       



Glycerophosphocholine 
 

1.15E-02 
± 1.48E-03 

 

1.15E-02 
± 2.13E-03 

 

7.36E-03 
± 2.92E-03 

 

8.79E-03 
± 3.12E-03 

 

9.40E-03 
± 1.00E-03 

 

8.40E-03 
± 2.85E-03 

 
Glycine 
 

2.98E-03  
± 2.28E-03 

 

5.04E-03  
± 3.07E-03 

 

2.95E-03  
± 2.62E-03 

 

3.52E-03  
± 2.60E-03 

 

2.51E-03  
± 2.20E-03 

 

3.23E-03  
± 2.13E-03 

 
Histamine 
 

7.22E-05  
± 4.98E-05 

 

7.17E-05  
± 5.11E-05 

 

8.66E-05  
± 1.28E-04 

 

5.94E-05  
± 6.40E-05 

 

7.67E-05  
 1.05E-04 

 

4.48E-05  
± 6.62E-05 

 
Histidine 
 

1.76E-05  
± 1.77E-05 

 

3.90E-05  
± 6.67E-05 

 

4.60E-05  
± 6.54E-05 

 

6.57E-05  
± 8.10E-05 

 

4.27E-05  
± 4.42E-05 

 

2.96E-05  
± 2.65E-05 

 
Inosine 
 

1.38E-03  
± 3.39E-04 

 

1.15E-03  
± 5.63E-04 

 

1.04E-03  
± 5.13E-04 

 

1.16E-03  
± 4.13E-04 

 

1.15E-03  
± 1.61E-04 

 

1.00E-03  
± 4.30E-04 

 
Isoleucine 
 

2.16E-04  
± 3.05E-05 

 

2.35E-04  
± 4.58E-05 

 

1.97E-04  
± 9.67E-05 

 

2.05E-04  
± 7.34E-05 

 

2.17E-04  
± 3.94E-05 

 

2.01E-04  
± 9.25E-05 

 
Lactatea 
 

2.33E-02  
± 4.36E-03 

 

1.97E-02*  
± 2.99E-03 

 

1.65E-02  
± 7.78E-03 

 

1.50E-02  
± 5.30E-03 

 

2.10E-02  
± 2.70E-03 

 

1.48E-02**  
± 5.34E-03 

 
Leucine 
 

5.15E-04  
± 1.33E-04 

 

5.56E-04  
± 1.40E-04 

 

3.98E-04  
± 1.92E-04 

 

4.63E-04  
± 1.47E-04 

 

5.15E-04  
± 7.97E-05 

 

4.53E-04  
± 1.86E-04 

 
Lysine 
 

1.84E-04  
± 8.02E-05 

 

2.01E-04  
± 8.48E-05 

 

2.27E-04  
± 9.18E-05 

 

2.33E-04  
± 1.03E-04 

 

2.77E-04  
± 7.91E-05 

 

2.30E-04  
± 1.05E-04 

 
myo-Inositol 
 

1.79E-03  
± 8.03E-04 

 

2.39E-03  
± 6.31E-04 

 

1.50E-03  
± 6.14E-04 

 

1.57E-03  
± 5.63E-04 

 

1.61E-03  
± 6.65E-04 

 

1.34E-03  
± 6.57E-04 

 
NAD+/ NADP+/ NADPH 
 

3.39E-04  
± 7.57E-05 

 

3.27E-04  
± 8.69E-05 

 

2.22E-04  
± 1.10E-04 

 

2.43E-04  
± 9.46E-05 

 

3.08E-04  
± 3.12E-05 

 

2.58E-04  
± 1.28E-04 

 
Nicotinurate 
 

4.05E-04  
± 1.20E-04 

 

3.85E-04  
± 2.04E-04 

 

3.64E-04  
± 2.19E-04 

 

3.14E-04  
± 1.42E-04 

 

3.37E-04  
± 6.96E-05 

 

2.70E-04  
± 1.15E-04 

 
Phenylalanine 
 

9.77E-05  
± 2.70E-05 

 

9.26E-05  
± 1.97E-05 

 

7.96E-05  
± 3.84E-05 

 

8.75E-05  
± 3.51E-05 

 

8.81E-05  
± 2.65E-05 

 

8.19E-05  
± 3.41E-05 

 
Pyruvate 
 

1.01E-04  
± 5.32E-05 

 

1.22E-04  
± 6.77E-05 

 

8.44E-05  
± 7.04E-05 

 

1.09E-04  
± 7.39E-05 

 

1.02E-04  
± 7.93E-05 

 

6.27E-05  
± 5.67E-05 

 
Sarcosinea 
 

2.50E-05  
± 1.06E-05 

 

6.57E-05*  
± 4.68E-05 

 

1.91E-05  
± 9.89E-06 

 

4.99E-05**  
± 3.33E-05 

 

2.54E-05  
± 9.92E-06 

 

2.84E-05  
± 1.94E-05 

 
Succinatea 

 
1.94E-03  
± 7.03E-04 

 

1.10E-03*  
± 7.40E-04 

 

1.40E-03  
± 9.42E-04 

 

1.01E-03  
± 5.22E-04 

 

1.58E-03  
± 6.35E-04 

 

1.35E-03  
± 6.22E-04 

 
Taurine 
 

3.14E-03  
± 1.43E-03 

 

2.90E-04  
± 5.48E-04 

 

2.11E-03  
± 6.67E-04 

 

2.05E-03  
± 1.33E-03 

 

2.25E-03  
± 1.36E-03 

 

2.46E-03  
± 1.13E-03 

 
Tyrosine 
 

1.06E-04  
± 2.14E-05 

 

1.13E-04  
± 1.97E-05 

 

9.53E-05  
± 4.17E-05 

 

1.07E-04  
± 3.94E-05 

 

1.18E-04  
± 1.97E-05 

 

9.84E-05  
± 4.55E-05 

 
UDP-glucose/  
UDP-glucoronatea 
 

2.37E-04  
± 6.03E-05 

 

1.69E-04*  
± 6.06E-05 

 

1.79E-04  
± 8.35E-05 

 

1.99E-04  
± 8.58E-05 

 

1.82E-04  
± 4.43E-05 

 

1.35E-04*  
± 5.16E-05 

 
UMP 
 

2.16E-04  
± 6.39E-05 

 

1.99E-04  
± 9.61E-05 

 

1.73E-04  
± 1.20E-04 

 

2.06E-04  
± 1.06E-04 

 

2.37E-04  
± 6.70E-05 

 

1.91E-04  
± 1.19E-04 

 
Uridine 
 

2.00E-04  
± 8.53E-05 

 

1.89E-04  
± 7.52E-05 

 

1.73E-04  
± 9.29E-05 

 

2.16E-04  
± 9.06E-05 

 

2.52E-04  
± 4.53E-05 

 

1.79E-04  
± 1.47E-04 

 
Valine 
 

2.85E-04  
± 4.72E-05 

 

2.68E-04  
± 5.60E-05 

 

2.89E-04  
± 1.49E-04 

 

3.24E-04  
± 1.10E-04 

 

2.84E-04  
± 7.18E-05 

 

2.92E-04  
± 1.45E-04 

 
Xanthine 
 

9.03E-05  
± 1.28E-04 

 

5.88E-05  
± 6.43E-05 

 

1.07E-04  
± 2.08E-04 

 

1.94E-04  
± 2.51E-04 

 

1.51E-04  
± 1.73E-04 

 

1.10E-04  
± 2.10E-04 

 
Xanthosine 
 

5.53E-05  
± 1.95E-05 

 

6.54E-05  
± 1.56E-05 

 

3.13E-05  
± 1.46E-05 

 

4.47E-05  
± 1.85E-05 

 

3.99E-05  
± 9.11E-06 

 

3.73E-05  
± 1.57E-05 

 
Key: (a) metabolites with significant differences between growth and restricted groups in at least one breed; (*) p < 0.05 when 
compared with growth groups of the same breed; (**) p < 0.01 when compared with growth groups of the same breed.	  



Supplementary Table S4. PCA loadings values of principal component 1 (p[1]) and principal 
component 2 (p[2]) of liver from all experimental groups (see scores in Figure 4A). 
Highlighted values are the more representatives for the group clustering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S5. PCA loadings values of principal component 1 (p[1]) and principal 
component 2 (p[2]) of liver from the three restricted groups (see scores in Figure 4B). 
Highlighted values are the more representatives for the group clustering. 

 

 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



Supplementary Table S6. PCA loadings values of principal component 1 (p[1]) and principal 
component 2 (p[2]) of liver from Merino control and restricted groups (see scores in Figure 
4C). Highlighted values are the more representatives for the group clustering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S7. PCA loadings values of principal component 1 (p[1]) and principal 
component 2 (p[2]) of liver from Damara growth and restricted groups (see scores in Figure 
4D). Highlighted values are the more representatives for the group clustering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



Supplementary Table S8. Summary of previous results of the same animals.  

Live weight variation (%) between day 0 and day 42: (-) decrease, (+) increase, significant 
differences (p<0.05) were found for all experimental groups in a comparison of day 42 and 
day 0, and between the two groups of the same breed at day 42. 

Carcass weights (kg) and yields (%): Data shown as mean ± standard deviation. Different 
letters (a,b) in each row for each nutritional treatment indicate significant differences (p<0.05) 
between breeds. Different letters (A, B, C) indicate significant differences (p<0.05) between 
nutritional treatments for the same breed: A – Merino, B – Damara, C – Dorper. 

Liver weight (g): Data shown as mean ± standard deviation. No significant differences 
(p<0.05) were observed between breeds. Star (*) indicates significant differences between 
nutritional treatments (p<0.05). 

Meat characteristics (colour, pH, eye muscle/longissimus dorsi muscle dimensions): Data 
shown as mean ± standard deviation. Different letters (a, b, c) in each row indicate significant 
differences (p<0.05) between breeds, for each parameter (colour and dimensions). Star (*) 
indicates significant differences between nutritional treatments (p<0.05). Colour (redness, 
yellowness and lightness), higher values means redder/yellower/lighter.  

Plasma concentrations of leptin and insulin (µU/ml): Data shown as means ± standard error. 
No interaction effect of breed and feed restriction was observed. Different letters (a, b) in 
each row indicate significant differences. Asterisks: (*) indicates significant differences 
(p<0.05), (**) indicates significant differences (p<0.001). Leptin: significant differences 
(p<0.001) were observed between feed restriction and growth groups between day 0 and day 
42 in all groups.  

Adapted from: Almeida et al. (2013) Trop Anim Health Prod. 45:1305-1311 (Reference No. 7) 
and Almeida et al. (2016) PlosOne. DOI:10.1371 (Reference No. 13). Shown here for 
contextual reasons only. 
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