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Abstract 
The effects of protein and/or energy restrictions on the antioxidant capacity and development of liver, spleen and 
muscle were investigated in kids. Sixty Liuyang Black kids, weaned at 28-day old, were allocated to four 
treatments: control, either energy or protein restriction, and combined energy and protein restriction. The 
experimental period consisted of six weeks of nutritional restriction followed with nine weeks of nutritional 
recovery. On day 42, energy restriction decreased the activity of glutathione peroxidase (GSH-Px) in spleen, the 
superoxide dismutase (SOD) mRNA level in muscle and spleen, and the ratio of RNA to DNA in liver (P < 0.05); 
protein restriction decreased the activity of glutathione reductase (GR) in muscle and liver, the ratio of RNA to 
DNA in liver, and the N concentration and the ratio of N to DNA in spleen and muscle (P < 0.05); combined 
restriction of energy and protein decreased the activities of catalase and GR and the ratio of RNA to DNA in 
muscle, and the activities of SOD, GSH-Px and GR in spleen (P < 0.05). On day 105, there was no difference in 
the antioxidant parameters among four groups (P > 0.05); however, the weights of liver and spleen in groups of 
pre-protein restriction and pre-combined restriction of energy and protein were still less than those of kids in 
control. The results indicate that six weeks of nutritional restriction can reduce the antioxidant capacity of 
muscle, spleen and liver, retard the development of liver and spleen, and the retarded development partly 
continues even after nine weeks of nutritional recovery. 
Keywords: weaned goats, nutrient restriction, antioxidant capacity, development 
1. Introduction 
1.1 Introduce the Problem 
Intensive ruminant meat production systems are becoming more common worldwide. In this kind of 
production system, the young meat ruminant was usually early weaned. The meat ruminant, especially 
pregnancy and newborn (0-3 months after birth) are often in face of a lack of protein and energy, especially 
in the dry season and winter. 
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1.2 Explore Importance of the Problem 
Malnutrition during critical periods of animal development may have long-term programming effects on later 
growth and health, as being supported by evidence from epidemiological studies, clinical intervention trials and 
numerous animal models (Aguilera et al., 2003; Fukuda et al., 2002; Petry et al., 2001). 
1.3 Describe Relevant Scholarship 
Previous studies have proven that nutritional restriction such as energy and protein delay the development of 
tissues (Sainz & Bentley, 1997; McLeod & Baldwin, 2000; Shen et al., 2004) and compensatory growth, defined 
as a phase of accelerated growth when favorable conditions are restored after a period of growth depression 
(Fabian et al., 2007; Heyer & Lebret, 2007). Previous studies also found that the deficiency of dietary protein 
and energy can lead to change the antioxidation capacity of tissues, such as reducing the concentrations of 
glutathione (GSH) and activity of superoxide dismutase (SOD) (Ogasawara et al., 1989), and further arouse an 
oxidative stress (Marks et al., 1996; Li et al., 2002), which retarded the development of tissues or organs though 
changing digestion and absorption (Li et al., 2010), nutrient metabolism (Robertson et al., 2003) and immune 
function (Tohyama et al., 2004).  
1.4 State Hypotheses and Their Correspondence to Research Design 
Therefore, we suppose that nutritional deficiency may more easily result in the reduction of antioxidant capacity 
of the early weaned meat ruminants, and the reduced antioxidant capacity may be one of the main reasons for the 
retardation of tissue development. In order to prove our hypothesis, this study was carried out to investigate the 
effects of restriction of protein and/or energy for six weeks, followed with nutritional recovery for nine weeks on 
antioxidant of muscle, liver and spleen and the development of liver and spleen of 28-d weaned kids. 
2. Method 
2.1 Animal Use and Care 
The experiment was conducted according to the Animal Care and Use Guidelines of Institute of Subtropical 
Agriculture, the Chinese Academy of Sciences, Changsha.  
Sixty healthy kids were obtained from 50 female Liuyang Black goat (local breed) nannies, with all offsprings 
being born within two days of each other. After birth, the kids were maintained with their mothers for nursing 
naturally, and weaned after four weeks. The weaned kids were kept individually in stainless steel metabolic 
cages, which were located in an animal house with ambient temperature controlled constantly at 21°C. 
2.2 Experimental Diets 
The weaned kids were randomly stratified by body weight to four dietary treatments with eight male and seven 
female in per group and the twins were distributed into different groups. The four groups of the animals were 
then allocated respectively to four dietary treatments: control (dried ryegrass hay + starter ration), energy 
restriction (ER, dried ryegrass hay + 40% reduction of energy in starter feed), protein restriction (PR, dried 
ryegrass hay + 40% reduction of protein in starter feed), and combined protein and energy restriction (EPR, dried 
ryegrass hay + 40% reduction of both protein and energy in starter feed). The control ration (the forage plus the 
start diet) was offered to meet 1.4 times of the maintenance requirement for metabolic energy according to Lu et 
al. (1996). The ingredients and composition of the starter ration are given in Table 1. The crude protein (CP) 
content and calculated metabolizable energy (ME) of dried ryegrass hay were 14% and 8.04 MJ/kg respectively.  
The whole experiment lasted for sixteen weeks. After weaning, one week of the acclimatization period was 
allowed for the kids to adapt to the control ration and the environment. Then the nutritional restriction started 
(day 1) and lasted for six weeks (day 42), followed with a period of nine weeks for the nutritional recovery, so 
there was a total of 105 days for formal experiment. During the nutritional recovery period, the ration for all 
experimental animals was changed. Ryegrass was replaced with maize stover (CP: 5.50%; ME: 5.80 MJ/kg) and 
the starter feed was replaced with the concentrate, and to meet 1.3 times of the maintenance requirement for 
metabolic energy according to Lu et al. (1996). The ingredients and composition of the concentrate are also 
shown in Table 1. During both the periods of nutritional restriction and nutritional recovery, the same amounts of 
the rations (ryegrass plus the starter feed, and maize stover plus the concentrate) were offered to the kids among 
the four groups, and the ratios of starter feed to ryegrass hay and concentrate to maize stover were 40:60 and 
50:50 in dry weight respectively. The ration was divided into two equal portions and fed to the kids at 07:00 h 
and 19:00 h respectively. All kids had ad libitum access to fresh water. 
2.3 Measurements and Sampling 
For the entire experimental period, the amounts of feed offered and orts collected prior to the feeding were 
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recorded daily, and the daily feed intake was calculated. The kids were weighed on days 1, 42 and 105 prior to 
the morning feeding and the weights were used to calculate the averaged daily body weight gains (BWG) over 
the periods of nutritional restriction and nutritional recovery respectively.  
On d 42 (ie, the end of nutrient restriction) and d 105 (the end of nutrient recovery) of the experimental day, 
three kids with similar body weights from each group were anaesthetized with an intravenous injection of 
sodium pentobarbital (50 mg/kg BW) and bled for exsanguinations, respectively. Then the abdominal cavity of 
the kid was opened, and the viscera were removed. The liver and spleen were separated and weighted. Liver 
sample (about 4 g) at top right leaf, whole spleen and the longissimus dorsi between 8th and 12th ribs from right 
side were collected, immediately frozen in liquid N and stored at -80°C for later analysis. 
 
Table 1. Dietary ingredients and composition of starter feed in nutritional restriction period and concentrate in 
nutritional recovery period (dry matter basis) 

 Starter feed ConcentrateControl ER PR EPR
Ingredients (%) 

Corn 25.0 22.8 43.7 39.1 56.0
Soybean meal 15.0 10.0 8.00 5.00 15.1

Whey 8.00 5.00 6.00 5.00 -
Milk replacer 2 3.70 5.00 8.00 - -

Wheat - 10.0 - 15.0 -
Wheat middling 2.00 1.70 - - -

Wheat bran - - - - 12.0
Fishmeal 6.00 3.00 4.90 - 2.00

Fat powder 20.0 - 20.2 -
Yeast powder - - - - 10.5

Lactose - - 5.00 - -
Corn gluten meal 16.4 - - - -

Rapeseed cake - 8.00 - 3.70 -
Blood meal - 5.40 - - -
Alfalfa meal - 26.0 - 28.0 -
Limestone 0.70 0.10 0.70 0.40 1.50

Dicalcium phosphate 0.30 0.30 0.70 0.90 0.50
Sodium bicarbonate - - - - 0.40

Salt 0.80 0.70 0.90 0.80 1.00
Premix 3 2.00 2.00 2.00 2.00 1.00

Composition 
CP (%) 23.5 23.8 14.3 14.6 22.2

ME (MJ/kg) 17.9 11.2 17.9 11.2 13.4
Calcium (%) 0.90 0.90 0.90 0.90 0.90

Phosphorus (%) 0.60 0.60 0.60 0.60 0.60

ER = energy restriction; PR = protein restriction; EPR = combined energy and protein restriction； 

Contained per kg of milk replacer: 335 g milk, 350 g whey powder, 125 g lactose and 200 g fat powder； 
Contained the following per kg of premix: 119 g MgSO4·H2O, 2.5 g FeSO4·7H2O, 0.8 g CuSO4·5H2O, 3 g 
MnSO4·H2O, 5 g ZnSO4·H2O, 10 mg Na2SeO3, 40 mg KI, 30 mg CoCl2·6H2O, 95 000 IU vitamin A, 17 500 IU 
vitamin D, and 18 000 IU vitamin E； 
ME = metabolizable energy, calculated according to the data of Zhang & Zhang (1998). 
 
2.4 Measurements and Sampling 
For the entire experimental period, the amounts of feed offered and orts collected prior to the feeding were 
recorded daily, and the daily feed intake was calculated. The kids were weighed on days 1, 42 and 105 prior to 
the morning feeding and the weights were used to calculate the averaged daily body weight gains (BWG) over 
the periods of nutritional restriction and nutritional recovery respectively.  
On d 42 (ie, the end of nutrient restriction) and d 105 (the end of nutrient recovery) of the experimental day, 
three kids with similar body weights from each group were anaesthetized with an intravenous injection of 
sodium pentobarbital (50 mg/kg BW) and bled for exsanguinations, respectively. Then the abdominal cavity of 
the kid was opened, and the viscera were removed. The liver and spleen were separated and weighted. Liver 
sample (about 4 g) at top right leaf, whole spleen and the longissimus dorsi between 8th and 12th ribs from right 
side were collected, immediately frozen in liquid N and stored at -80°C for later analysis. 
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2.5 Analytical Procedures 
Samples of the feeds and orts were analyzed for dry matter (DM) and Kjeldahl N content (CP), calcium and 
phosphorus (AOAC, 1990). 
Diphenylamine and orcinol procedures were used, respectively, to analyze for DNA and RNA concentrations 
(Scheaffer et al., 2004; Swanson et al., 1999). Type I DNA from calf thymus and type IV RNA from calf liver 
(Sigma-Aldrich, Oakville, Ontario, Canada) were used as standards. True protein concentration was determined 
by using the procedure of Lowry et al. (1951) with bovine serum albumin (BSA) as the standard. Total DNA, 
RNA, and protein contents were calculated by multiplying their concentrations in tissue with the fresh tissue 
weight. The concentration and content of DNA were used as an index of tissue hyperplasia (change in cell 
number), and RNA: DNA and protein: DNA ratios were used as indexes of tissue hypertrophy (change in cell 
size) (Baserga, 1985; Swanson et al., 1999). 
The frozen tissues (about 1 g) of liver, spleen and longissimus dorsi were homogenized in 0.9% NaCl (9 mL) 
with a polytron (Brinkmann Instruments Inc., Westbury, NY), centrifuged at 3, 000×g for 20 min at 4°C , and the 
supernatant was collected and stored at -80°C for antioxidation capacity analysis. The supernatant and plasma 
were used for the determination of GSH and malondialdehyde (MDA), the activities of catalase (CAT), SOD, 
glutathione peroxidase (GSH-Px) and glutathione reductase (GR) using colorimetric methods with a 
spectrophotometer (Biomate 5, Thermo Electron Corporation, Rochester, NY). The assays were conducted using 
the assay kits purchased from Nanjin Jianchen Institute of Bioengineering (Nanjing, China). The GSH content 
was measured spectrophotometrically with the procedures described by Sedlak & Lindsay (1968). The MDA 
content was determined as an indicator of lipid peroxidation by recording formation of a spectrophotometrically 
detectable carbocyanine dye, which results from the reaction of MDA with N-methyl-2-phenylindole at 45°C 
(Gerard-Monnier et al., 1998). The CAT activity was determined spectrophotometrically according to the method 
of Goth (1991). The SOD activity was measured spectrophotometrically using the method of Flohe and Otting 
(1984). The GSH-Px activity was determined using the method described by Lawrence & Burk (1976). The GR 
activity was determined by a procedure reported by Benson et al. (1980) after a slight modification. 
The frozen liver, or spleen and longgissimus dorsi (0.5 g) were homogenized in 5 mL TRIzol reagent (Invitrogen) 
and total RNA were isolated according to the manufacturer’s recommendations. The RNA integrity and quantity 
were analyzed using the Agilent 2100 Bioanalyzer and RNA 6000 Nano-LabChip kit (Agilent catalog no. 
5065-4474). The peak area ratio of 28S ribosome to 18S ribosome was ≥ 1.80 for all samples, indicating little 
degradation of RNA. 
Real-time PCR technology was employed to determine the mRNA level of SOD. The total RNA in a sample was 
reversely transcribed into cDNA by AMV First Strand cDNA Synthesis Kit (Bio Basic Inc. Canada, lot number: 
BS252). The RT-PCR analysis was performed using the SYBR Green method and the ABI 7900 Sequence 
Detection System (Applied Biosystems). Each PCR mixture, with a final volume of 20 μl, was composed of 10μl 
of SYBR PrimeScriptTM Mix (TaKaRa, Dalian, China), 100 nM of each gene-specific primer as below, and 2μl 
cDNA in each reaction. The thermal cycling parameters were as follows: 94°C for 30 s, followed by 40 cycles of 
94°C for 5 s, 55°C for 20 s and 72°C for 20 s. The primers for SOD (target gene) and 
glyceraldehydes-3-phosphate (GAPDH, endogenous and stable reference gene, Murthi et al. 2008) were 
designed by Primer Premier 5.0 according to the SOD gene (459-bp, GenBank accession number: AB201469.1) 
and GAPDH gene (570-bp the endogenous control, GenBank accession number: AJ431207.1) searched from 
Genbank (http://www.ncbi.nlm.nih.gov). Primers for goat SOD gene (Forword 5’- GGAGAT AAAGT CGTCG 
TAAC -3’, reverse 5’ TATCC ACAAT GGCAA CAC -3’) and goat GAPDH gene (5’- GGGTC ATCAT CTCTG 
CACCT -3’, reverse 5’- GGTCA TAAGT CCCTC CACGA -3’) were synthesized by Shanghai Sangon 
Biological Engineering Technology & Service Co Ltd (Shanghai, China). The lengths of PCR products of SOD 
and GAPDH were 220-bp and 176-bp respectively. 
A melting curve analysis was conducted after amplification. Analyses were performed in triplicate, and the mean 
values were calculated. Data were collected and calculated using the fit point option of LightCycler software 
version 3.5. A calibration curve was generated by the amplification of serially diluted cDNA using the fit point 
option of the LightCycler software for the target genes and the GAPDH gene that was used as an internal control 
individually. The threshold fluorescence level was determined within the geometric region of the semilog view 
of the amplification plot. Relative expression of the target gene was calculated using the formula 2−ΔΔCt (Livak & 
Schmittgen 2001), where the internal control gene was GAPDH. 
2.6 Statistical Analysis 
Data were analyzed using the General Linear Models procedure of SAS (2002). The results were subjected to the 
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GLM procedure. The following model was used for the data analysis: 
Yijk = μ + Ti + ei 

Where Yijk is the dependent variable, μ is the overall mean, Ti is the fixed effect of treatment, and ei is the 
random residual error. 
3. Results 
3.1 Intakes and Growth 
The results of feed intake and BWG have been presented in other papers (not published at present). However, the 
data of feed intake and BWG are important for present study, the authors simply state the information of feed 
intake and BWG here. There were no differences in intakes of the starter feed and ryegrass hay during a period 
of nutritional restriction among four groups (P > 0.05). The actual intakes of CP in groups of control, PR, ER and 
EPR were 34.9, 26.7, 36.6 and 26.6 g/d respectively, and 35% less in PR and EPR groups compared to the 
control; the corresponding ME intakes were 2.36, 1.90, 2.31 and 1.73 MJ/d, and 20% less in ER and 36% less in 
EPR compared to the control. The same intakes of ryegrass among four groups reduced the magnitudes of 
protein and energy restriction, which was resulted from reduced concentrations of CP and ME of the starter feed 
for the nutritional restriction groups. During the period of nutrient recovery there were no differences in intakes 
of CP and ME among four groups (P > 0.05). The BWG of kids in groups of PR, ER and EPR during the periods 
of nutritional restriction and nutritional recovery were less than those of kids in control (P < 0.001). 
3.2 Antioxidant Capacity 
The antioxidant capacity of tissues was presented in Table 2, Table 3 and Table 4. On d 42, when compared with 
control, energy restriction decreased the activity of GSH-Px in spleen, and the mRNA level of SOD in muscle 
and spleen (P < 0.05); Protein restriction decreased the activity of GR in muscle and liver, the concentration of 
GSH in spleen, and the mRNA level of SOD in muscle and spleen (P < 0.05); combined restriction of energy and 
protein decreased the activities of CAT and GR in muscle, GR in liver, and SOD, GSH-Px and GR in spleen, the 
GSH content in spleen, and the mRNA level of SOD in muscle and spleen (P < 0.05). After nutrient recovery for 
nine weeks, there were no differences in antioxidant parameters determined in this study among four groups (P > 
0.05). 
 
Table 2. Effects of energy and/or protein restriction for six weeks on antioxidant capacity of muscle, liver and 
spleen of weaned kids (d 42) 

 Treatments 1

S.E.M. 2 P-value 
 Control ER PR EPR

Muscle
CAT (IU/mg protein) 14.3a 14.0a 12.2ab 10.6b 0.69 0.015 

MDA (nmol/mg protein) 1.31 1.31 1.52 1.40 0.07 0.237 
SOD (IU/mg protein) 120 122 121 105 7.0 0.323 

GSH-Px (IU/mg protein) 45.7 43.2 45.9 42.5 2.76 0.769 
GSH (mg/g protein) 8.93 8.65 8.64 9.06 0.65 0.956 
GR (IU/g protein) 7.74a 7.50a 5.60b 5.31b 0.51 0.019 

Liver
CAT (IU/mg protein) 1.63 1.64 1.63 1.52 0.06 0.529 

MDA (nmol/mg protein) 1.38 1.55 1.41 1.54 0.13 0.202 
SOD (IU/mg protein) 47.4 49.1 49.7 46.1 2.2 0.640 

GSH-Px (IU/mg protein) 14.3 13.0 14.3 13.1 0.96 0.302 
GSH (mg/g protein) 6.31 6.05 6.48 6.39 0.40 0.886 
GR (IU/g protein) 2.91a 2.49ab 1.90b 1.23c 0.18 0.001 

Spleen
CAT (IU/mg protein) 1.99 1.82 1.71 1.55 0.09 0.079 

MDA (nmol/mg protein) 1.74 1.78 1.72 1.80 0.10 0.830 
SOD (IU/mg protein) 36.2a 32.7ab 34.2ab 30.4b 1.2 0.043 

GSH-Px (IU/mg protein) 15.7a 13.4b 14.6ab 13.0b 0.52 0.040 
GSH (mg/g protein) 3.66a 3.23ab 2.62b 2.36b 0.16 0.001 
GR (IU/g protein) 3.40a 3.10ab 3.21ab 2.59b 0.17 0.047 

a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05); 
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction; 
S.E.M. = standard error of means； 
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Table 3. Effects of energy and/or protein restriction for six weeks on antioxidant capacity of muscle, liver and 
spleen of weaned kids (d 105) 

 Treatments 1

S.E.M. 2 P-value 
 Control ER PR LEP

Muscle
CAT (IU/mg protein) 13.2 13.7 12.5 12.5 0.88 0.327 

MDA (nmol/mg protein) 2.05 1.99 1.85 2.10 0.11 0.461 
SOD (IU/mg protein) 139 140 129 121 6.8 0.235 

GSH-Px (IU/mg protein) 46.7 47.0 49.0 41.1 3.15 0.386 
GSH (mg/g protein) 9.20 8.83 8.31 8.27 0.65 0.715 
GR (IU/g protein) 6.66 7.49 6.82 6.93 0.50 0.361 

Liver
CAT (IU/mg protein) 1.94 1.86 1.85 1.83 0.10 0.895 

MDA (nmol/mg protein) 0.88 0.98 1.01 1.08 0.06 0.243 
SOD (IU/mg protein) 55.3 58.3 56.3 55.7 4.2 0.959 

GSH-Px (IU/mg protein) 16.8 15.9 14.8 15.2 0.82 0.385 
GSH (mg/g protein) 7.14 7.13 7.40 7.35 0.37 0.934 
GR (IU/g protein) 3.26 3.62 3.46 2.60 0.35 0.573 

Spleen
CAT (IU/mg protein) 2.37 2.08 2.10 2.36 0.14 0.150 

MDA (nmol/mg protein) 1.71 1.88 1.93 2.25 0.15 0.156 
SOD (IU/mg protein) 40.9 39.1 41.7 37.6 2.1 0.203 

GSH-Px (IU/mg protein) 18.7 16.8 18.5 17.0 1.0 0.191 
GSH (mg/g protein) 3.14 3.05 3.40 2.70 0.44 0.332 
GR (IU/g protein) 3.82 3.73 3.85 3.36 0.32 0.442 

a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05); 
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction; 
S.E.M. = standard error of means. 
 
Table 4. Effects of energy and/or protein restriction for six weeks on SOD gene expression of muscle, liver and 
spleen of kids (calculated using 2-ΔΔCt method) 

 Treatments 1
S.E.M. 2 P-value

 Control ER PR EPR
D 42

Muscle 2.68a 1.52b 1.51b 1.38b 0.29 0.047
Liver 2.03 1.69 1.98 1.63 0.42 0.611

Spleen 2.89a 1.11b 1.46b 1.50b 0.33 0.024
D 105

Muscle 1.08 1.03 0.92 1.02 0.07 0.337
Liver 1.02 0.83 0.98 1.15 0.10 0.239

Spleen 1.16 0.85 0.95 1.08 0.10 0.237
a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05); 
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction; 
S.E.M. = standard error of means. 
 
3.3 Growth of Liver and Spleen 
As Table 5 shows, six weeks of energy restriction, protein restriction, and combined restriction of protein and 
energy decreased the weight of liver and spleen of kids (P < 0.05). After nutrient recovery for nine weeks, the 
weights of liver and spleen of kids in pre-protein restriction and pre-combined restriction of energy and protein 
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restriction were still less than those of kids in control (P < 0.05).  
 
Table 5. Effects of energy and/or protein restriction for six weeks on the growth of liver and spleen of weaned 
kids 

 Treatments 1 s.e.m. P-value  Control ER PR EPR
Weight of liver and spleen

Day 42 
Spleen weight (g) 7.43a 5.73b 5.73b 5.53b 0.13 < 0.001 
Liver weight (g) 123a 101b 101b 97.0b 2.19 < 0.001 

Day 105 
Spleen weight (g) 10.9a 10.2ab 9.96b 9.52b 0.26 0.028 
Liver weight (g) 147a 137ab 132b 130b 4.2 0.027 

a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05).  
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction. 
S.E.M. = standard error of means. 
 
3.4 The Concentrations of DNA, RNA and Protein 
The effects of protein and/or energy restriction for six weeks on concentrations of N, DNA and RNA of the 
muscle, liver and spleen of kids are presented in Table 6. Energy restriction decreased the ratio of RNA to DNA 
in liver (P < 0.05), protein restriction decreased the ratio of RNA to DNA in liver, and the concentration of N and 
the ratio of N to DNA in spleen and muscle (P < 0.05), and combined restriction of energy and protein decreased 
the ratio of RNA to DNA in liver, and the concentration of N and the ratio of N to DNA in spleen and muscle (P 
< 0.05). After nutritional recovery for nine weeks, the N content in liver of kids in PR and EPR, and the ratio of 
N to DNA in liver and spleen of kids in EPR were greater than those of kids in control (P < 0.05), however the 
ratio of N to DNA of kids in EPR was still less than that of kids in control. 
 
Table 6. Effects of energy and/or protein restriction for six weeks the concentrations of N, DNA and RNA, and 
the ratios of N to DNA and RNA to DNA of liver and spleen of weaned kids (d 42) 

 Treatments 1

s.e.m. 2 P-value 
Items Control ER PR EPR

Liver
N, mg/g tissue 132 122 119 119 4.15 0.169

DNA, mg/g tissue 21.6 21.5 20.7 21.2 0.54 0.738
RNA, mg/g tissue 25.2 22.6 24.3 22.1 0.64 0.067

N: DNA 6.13 5.70 5.75 5.62 0.29 0.612
RNA: DNA 1.17a 1.05b 1.07b 1.04b 0.03 0.045

Spleen
N, mg/g tissue 122a 116ab 117bc 103c 3.54 0.020

DNA, mg/g tissue 30.3 30.0 29.7 29.9 0.38 0.739
RNA, mg/g tissue 25.6 25.7 24.7 24.5 1.18 0.829

N: DNA 4.04a 3.86ab 3.47b 3.58b 0.11 0.029
RNA: DNA 0.85 0.86 0.83 0.82 0.04 0.866

Muscle
N, mg/g tissue 149a 142ab 126c 131bc 4.3 0.020

DNA, mg/g tissue 46.6 45.5 46.5 45.3 0.53 0.284
RNA, mg/g tissue 36.1 33.7 31.9 31.7 1.74 0.309

N: DNA 3.20a 3.12ab 2.71c 2.89bc 0.09 0.016
RNA: DNA 0.77 0.74 0.69 0.70 0.04 0.378

a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05); 
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction; 
S.E.M. = standard error of means. 
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Table 7. Effects of energy and/or protein restriction for six weeks the concentrations of N, DNA and RNA, and 
the ratios of N to DNA and RNA to DNA of liver and spleen of weaned kids (d 105) 

 Treatments 1
s.e.m. 2 P-value 

 Control ER PR EPR
Liver

N, mg/g tissue 122c 128bc 131ab 139a 2.4 0.008
DNA, mg/g tissue 17.7 17.4 17.4 18.1 0.59 0.831
RNA, mg/g tissue 15.8 16.5 16.4 17.3 0.39 0.068

N: DNA 6.95b 7.33ab 7.53a 7.66a 0.14 0.048
RNA: DNA 0.90 0.95 0.94 0.95 0.04 0.744

N, mg/g tissue 125 131 132 137 3.6 0.218
Spleen

N, mg/g tissue 124 131 132 136 3.6 0.217
DNA, mg/g tissue 27.8 28.0 28.5 26.7 0.60 0.297
RNA, mg/g tissue 28.8 30.0 29.8 32.4 2.0 0.650

N: DNA 4.47b 4.67b 4.63b 5.10a 0.08 0.004
RNA: DNA 0.97 0.94 0.96 0.84 0.07 0.326

Muscle
N, mg/g tissue 142 136 137 129 3.8 0.217

DNA, mg/g tissue 36.8 38.5 39.2 38.3 0.82 0.296
RNA, mg/g tissue 47.8 44.2 43.8 42.3 2.9 0.650

N: DNA 3.85a 3.73ab 3.74ab 3.48b 0.16 0.033
RNA: DNA 0.78 0.88 0.90 0.91 0.07 0.307

a,b,c Means in the same row not bearing a common superscript letter differ significantly (P < 0.05); 
ER = energy restriction; PR = protein restriction; EPR = combination energy and protein restriction; 
S.E.M. = standard error of means. 
 
4. Discussion 
4.1 Growth of Tissues 
We found in this study that protein and/or energy restriction for six weeks substantially reduced the weights of 
the liver and spleen of weaned kids. Previous studies have demonstrated similar results (Yeh, 1983; Johnson et 
al., 1990; Sainz & Bentley, 1997; McLeod & Baldwin, 2000; D'Inca et al., 2010; Wang et al., 2005).  
We also found the retardation of liver and spleen, which was resulted from the protein and/or energy restriction 
for six weeks, continued during the period of nutritional recovery for nine weeks. However, the ratios of spleen 
weight of kids in ER, PR and EPR to spleen weight of kids in control, which were 77.1%, 77.1% and 74.4% by d 
42, were increased to 93.5%, 91.3% and 87.3 by d 105 respectively. Also, the ratios of spleen weight of kids in 
ER, PR and EPR to spleen weight of kids in control, which were 82.1%, 82.1% and 78.8% by d 42, were 
increased to 93.2%, 89.8% and 88.4% by d 105 respectively. The muscle weighs of kids on d 42 and d 105 were 
not determined in this study. Therefore, the ratios of muscle weight of kids in ER, PR and EPR to the muscle 
weight of kids in control cannot be gained. The results indicate that when the kids in poor nutritional status got 
the adequate nutrient supplies, the liver and spleen grew faster than the kids under good nutritional status. The 
ratios of BWG of kids in ER, PR and EPR to the BWG of kids in control, were 80.8%, 75.5% and 60.1% by d 42, 
and decreased to 77.7%, 72.2% and 58.1% by d 105. The results also suggest that during the compensatory 
growth period, there is a differentiation in the growth between liver and spleen organs and the rest of the body. 
4.2 The Concentrations of DNA, RNA and Protein in Tissues 
The current experiment demonstrated that six weeks of energy and/or protein restriction did not affect the 
concentrations of DNA and RNA in the muscle, liver and spleen. However, the substantial changes in the protein 
concentrations in response to nutritional restriction and nutritional recovery were observed. The concentration of 
DNA is usually used as an index for tissue hyperplasia (increase in cell number), and the ratios of RNA to DNA 
and protein to DNA are used as an index for tissue hypertrophy (increase in cell size) (Baserga, 1985; Swanson 
et al., 1999). Therefore, the changes in ratios of N to DNA or RNA to DNA could indicate that the effects of 
energy and protein or combined energy and protein restriction on the development of muscle, liver and spleen of 
weaned kids were largely accompanied by changes in cellular enlargement (hypertrophy) or protein synthetic 
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capacity. After nutritional recovery for nine weeks, the ratio of N to DNA ratio in liver of kids in PR and EPR 
and the ratio of N to DNA ratio in spleen of kids in EPR were greater than those of kids in control, and the 
indicate that ratio of N to DNA in muscle was still less than that of kids in control. The results indicate that liver 
and spleen showed faster differential growth in relevance to muscle during the compensatory growth period, 
mainly attributed to cellular enlargement (hypertrophy).  
4.3 The Antioxidant Capacity in Tissues 
Although meat ruminant extensive systems can increase the reproductive and productive performance of the 
head, abrupt weaning is a source of stress for the animals (Lynch et al., 2010; Ungerfeld et al., 2011; Enríquez et 
al., 2010). Generally, weaning causes a wide range of physiological and behavioural responses (Hickey et al., 
2003; Loberg et al., 2008; Carroll et al., 2009). After weaning, the concentrations of glutamine, vitamin E and 
vitamin A in blood were declined (Lauridsen & Jensen, 2005; Dobrowolski & Śliwa, 2008; Petrovič et al., 2009). 
Therefore, the antioxidant capacity of animals after weaning is generally decreased. Nieto et al. (2000) and 
Burke et al. (2009) also observed that weaning decreased the antioxidant capacity and increased free radicals. 
The nutritionally imbalanced diet provided to early weaned animals more easily lead to decrease of the 
antioxidant capacity, and further lead to oxidative stress generation. Because the antioxidation defense network 
of animals against oxygen free radicals is composed of endogenous (e.g., SOD, GSH, GSH-Px, GR and CAT) 
and dietary factors (e.g., vitamin E and selenium) that act in a dynamic interrelationship, including complex 
sparing and recycling reactions that allow for quenching a variety of reactive species and also conserving 
elements of the network itself (Fang et al., 2002). In this study, protein restriction or combined energy and 
protein restriction to kids for six weeks caused the decreases in activity or content of the endogenous 
antioxidants in muscle, liver and muscle. Previous studies have observed similar results in muscle, liver, muscle 
or other tissues and organs (Nozik et al., 2005; Akinola et al., 2010). It is well known that the principal defense 
systems against oxygen free radicals are SOD, GSH, GSH-Px, GR, CAT and antioxidant nutrients, e.g., vitamin 
E and selenium, which can catalyze the decomposition of oxidants and free radicals (Fang et al., 2002). The 
results in present study indicate that the antioxidant capacity of muscle, liver and spleen of weaned kids was 
reduced by energy and/or protein restrictions. The decrease in the antioxidant capacity caused by the nutrient 
deficiency was likely to result in the accumulation of free radicals in muscle, liver and spleen. As containing an 
iron-sulfur center, the accumulation of free radicals in muscle, liver and spleen would cause the oxidation of 
bio-molecules (e.g., protein, amino acids, lipid and DNA), which further lead to cell injury and death (Adams & 
Odunze, 1991; Bachowski et al., 1997). This may be one of the main reasons for the growth retardation of liver, 
spleen and muscle of kids in energy and/or protein restriction groups. 
What could be the reasons for the decrease of endogenous antioxidation factors in activity or content caused by 
protein deficiency? It is well known that protein (amino acids) has major importance as a source of amino acids 
and essential nutrients, being the precursor of neurotransmitters, structural proteins, enzymes and other vital 
proteins (Siegel, 1999). Methionine deficiency affects the biosynthesis of proteins not merely due to the lack of 
this amino acid in protein chains, but it is also fundamental for the initiation of protein synthesis in ribosomes. 
Methionine is also necessary for the synthesis of GSH, which has an important function being as a substrate for 
detoxification enzymes (Griffith, 1999; Li et al., 2002). Glutamine (Gln) is the most abundant free amino acid in 
the circulation. Gln is the precursor for the synthesis of GSH. There is a significant correlation between Gln 
supply and intracellular GSH content (Roth et al., 2002). There is increasing evidence that Gln supplementation 
enhances antioxidant capacity (Alves et al., 2010; Das et al., 2007; Tsai et al., 2012). Other amino acids (e.g., 
arginine，citrulline, glycine, taurine and histidine), small peptides (e.g., GSH and carnosine), and nitrogenous 
metabolites (e.g., creatine and uric acid) directly scavenge oxygen free radicals (Fang et al., 2002). Thus, dietary 
deficiency of protein not only impairs the synthesis of antioxidant enzymes but also reduces tissue 
concentrations of antioxidants (Sies, 1999).  
The previous studies have proven that energy restriction can increase longevity though reduction in production 
of reactive oxygen species (ROS) and subsequent oxidative damage to cells (Sohal & Weindruch, 1996; Lass et 
al., 1998; Sreekumur et al., 2002; Heilbronn et al., 2006). The results in the present study seemed to be not 
consistent with the previous findings about effects of energy restriction on antioxidant capacity. However, the 
animal or human in above studies are all adults, the experimental animal in the present study was weaned kids. 
Thereby, it may be concluded that energy deficiency during the critical period of development would reduce 
antioxidant capacity of muscle, liver and spleen. However, the hypothesis needs further validation. 
In the whole, the results of this study indicate that six weeks of energy and/or protein restriction reduced the 
antioxidant capacity of liver, spleen and muscle of weaned kids, and inhibited the development of liver, spleen 
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and muscle though changing cellular enlargement (hypertrophy). After a period of 9 weeks of nutritional 
recovery, the reduction of antioxidation capacity in the muscle, liver and spleen were fully retrieved, and 
compensatory growth, which was mainly hypertrophic, was exhibited in the development of liver and spleen of 
kids. 
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