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Introduction 	

Blood is an important medium in assessing the health status 
of animals Brown et al. [1]. The physiological and pathological 
conditions of animals can be assessed by hematology and 
biochemical analyses of blood Khan et al. [2]. Concentration 
of metabolites and enzymes in blood serum are biochemical 
characteristics with strong relationships with physiological events 
in goats Zulkifli et al. [3]. According to Brown et al. [1], Tswana 
goats are important domestic animals in some regions, especially 
Limpopo, South Africa. Furthermore, Motubatse et al. [4] state 
that goats contribute immensely to the economy and food security 
of many smallholder farms in the area. However, their productivity 
is constrained by shortage of good quality feed, especially during  
the long dry season Brown et al. [1]. Blood profiles of animals are  

 
particularly sensitive to changes in environmental temperature 
and are an important indicator of physiological responses to 
stressing agents in goats. It is an important medium in assessing 
the health status of animals. 

According to Gupta et al. [5], examining blood for their 
constituents is used to monitor and evaluate health and nutrition 
status of animals. According to Madan et al. [6], hematological, 
biochemical, and mineral profiles are important to be determined 
because they provide valuable information about the breed, sex 
and health status of animals. There is considerable information 
about the normal parameters of blood of domestic animal 
species, however, the values are expected to vary according to 
breed, different environmental factors and different methods of 
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Abstract

The effects of dietary crude protein on serum metabolites were evaluated in periparturient Tswana goats. Thirty does were assigned to diets 
supplying 100%, 150%, or 200% of CP maintenance requirements from 4 weeks pre-mating to 18 weeks post-kidding. Increasing CP to 200% 
increased serum urea to 13.0 ± 1.39 mmol/L at Week 38 (P < 0.05) but did not alter total protein, albumin, globulin, or lipid metabolites. Severe 
periparturient hypoglycemia (1.93 ± 0.21 mmol/L) occurred in does feed 200% CP that bore twins at Week 20. The results indicate that protein 
supply above maintenance does not alleviate periparturient negative energy balance and that dietary energy is the primary limiting factor for 
twin-bearing Tswana does. CP at 150% of maintenance-maintained blood protein status without the excessive nitrogen excretion observed at 
200% CP.
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management Sharma & Kataria [7]. According to Shah et al. [8], 
physiological adaptation and the systemic relationship are widely 
determined using hematological values. Many authors have 
reported that biochemical profiles show some changes and blood 
plasma components vary according to growth requirements, 
breed and age Piccione et al. [9], environmental factors, 
management conditions and sexual maturity Piccione et al. [10]. 
This experiment was conducted to evaluate the impact of different 
dietary protein levels on goat minerals and blood parameters.

Materials and Methods

Animals, and experimental design

 Twenty-four clinically healthy, non-pregnant, 3-month-old 
female Tswana weaner goats were used. The 84-day feeding 
trial was conducted at the NWU Molelwane Farm, North West 
Province, South Africa. Goats were randomly allocated to three 
dietary protein treatments [n = 8 per treatment] in a completely 
randomised design, as stipulated in protocol NWU-00019-14-S9.

Dietary treatments

Total mixed rations consisting of maize, grass hay and soybean 
meal were formulated to contain three crude protein [CP] levels: 
T1 = 5% CP, T2 =10% CP, and T3 = 15% CP, based on Webb. Diets 
were offered at levels calculated to meet maintenance plus growth 
requirements. All animals had ad libitum access to water and were 
housed under uniform management conditions [11-13].

Blood sampling and biochemical analysis

Blood was collected via jugular venipuncture on Days 0, 42 and 
84 of the trial, as approved under Specific Objective 3 of protocol 
NWU-00019-14-S9. Serum was analysed for glucose, albumin, 
albumin: globulin ratio, and urea using an IDEXX Catalyst One 
Chemistry Analyzer at the Animal Health Department Laboratory, 
North-West University.

Statistical Analyses

Blood metabolite data were analysed using PROC MIXED of 
SAS (2015) for repeated measures. The statistical model was:

Yijk = mu + Ti+ Wj + T times Wij + Gki + Eijk

Where: Yijk= observation for treatment i, week j, goat k_

µ = overall mean

Ti = fixed effect of dietary treatment (i = 1, 2, 3)

Wj = fixed effect of sampling week

TxWij = treatment × week interaction

Gki= random effect of goat nested within treatment

Eijk= residual error

Least squares means were separated using Tukey’s test. 
Statistical significance was declared at P < 0.05.

Results
Serum glucose

The effects of dietary crude protein level on serum glucose 
of Tswana goats are presented in Table 1. Dietary treatment had 
no effect on serum glucose concentrations from Week 0 to Week 
16 (P > 0.05). At Week 20, serum glucose declined significantly in 
all treatments compared to Week 16 (P < 0.05), with Treatment 
1 at 0.86 ± 0.11, Treatment 2 at 0.94 ± 0.11, and Treatment 3 at 
1.35 ± 0.14 mmol/L. Treatment 3 maintained higher glucose than 
Treatments 1 and 2 at Week 20 (P < 0.05). From Week 24 to Week 
38, glucose concentrations increased but remained below pre-
breeding values. No treatment differences were observed from 
Week 24 to Week 38 (P > 0.05).

Serum albumin
The effects of dietary crude protein level on serum albumin 

concentrations of Tswana goats are shown in Table 2. Treatment 
3 had higher serum albumin than Treatments 1 and 2 at Week 4, 
Week 32, and Week 36 (P < 0.05). Serum albumin in Treatment 3 
increased from 27.3 ± 1.4 mmol/L at Week 0 to 39.2 ± 3.1 mmol/L 
at Week 28 and remained elevated through Week 38 at 30.1 ± 4.0 
mmol/L. Treatments 1 and 2 showed smaller increases, peaking at 
Week 28 with 35.4 ± 2.0 and 38.1 ± 1.8 mmol/L respectively, before 
declining. At Week 38, Treatment 3 albumin was significantly 
higher than Treatment 1 (P < 0.05) but similar to Treatment 2 (P 
> 0.05). All treatments showed a general increase in albumin from 
Week 0 to Week 28, coinciding with gestation and early lactation.

Albumin : globulin
The effects of dietary crude protein level on serum albumin 

: globulin ratio of Tswana goats are presented in Table 3. Dietary 
treatment influenced A:G ratio at Week 0 and Week 32 (P < 0.05). 
At Week 0, Treatment 1 had a higher A:G ratio (0.70 ± 0.01ab) 
than Treatment 2 (0.70 ± 0.02b) and Treatment 3 (0.70 ± 0.01a). 
At Week 32, Treatment 3 had the highest A:G ratio (0.78 ± 0.04ab), 
differing from Treatment 2 (0.72 ± 0.03b) but not Treatment 1 
(0.65 ± 0.03a). No treatment differences were observed from 
Week 4 to Week 28 or at Weeks 36 and 38 (P > 0.05). A:G ratio 
remained relatively stable across treatments, ranging from 0.60 
to 0.80, which is within the normal physiological range for goats.

Serum urea
The effects of dietary crude protein level on serum urea 

concentrations of Tswana goats are presented in Table 4. Serum 
urea increased with dietary CP level from Week 8 to Week 38 (P < 
0.05). Treatment 3 had the highest urea concentrations throughout 
the trial, peaking at 13.33 ± 0.95 mmol/L at Week 38. Treatment 2 
was intermediate, and Treatment 1 had the lowest urea. At Week 
20, coinciding with parturition, urea concentrations were 7.12 ± 
0.43, 8.90 ± 0.40, and 9.84 ± 0.46 mmol/L for Treatments 1, 2, and 
3 respectively. All treatments showed a general increase in urea 
from Week 16 to Week 38, reflecting increased protein intake and 
catabolism during gestation and lactation. By Week 38, Treatment 
3 urea was significantly higher than Treatment 1 (P < 0.05).
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Table 1: Effects of dietary protein on serum glucose on Tswana goat (Mmol/L) a,b Means with different superscript on the same row are significantly different 
(P >0.05). Means without superscripts did not differ (P>0.05).

Weeks

Treatment 0 4 8 12 16 20 24 28 32 36 38

Treatment 1 3.31±0.51 2.04±0.19 1.74±0.09 1.94±0.15 2.23±0.25 0.86±0.11a 1.84±0.15 1.42±0.14 1.74±0.10 1.17±0.06 1.28±1.38

Treatment 2 3.31±0.48 1.98±0.18 1.64±0.08 1.97±0.14 1.81±0.23 0.94±0.11a 1.84±0.14 1.42±0.13 1.79±0.10 1.09±0.06 1.40±1.51

Treatment 3 3.31±0.60 2.09±0.23 1.62±0.10 1.92±0.18 1.88±0.29 1.35±0.14b 1.88±0.17 1.36±0.16 1.69±0.12 0.98±0.07 1.29±1.95

Treatment 1= maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3 (treatment 1 means they were fed once times maintenance, 
then two times maintenance and three times maintenance). There was a significant difference (P<0.05) between treatment with high concentrations 3.31-
1.29 Mmol/L for treatment 3 and 3.31-1.40 and 3.31-1.28 Mmol/L respectively.

Table 2: Effects of dietary protein on Albumin concentrations in Tswana goats (Mmol/L).

Weeks

Treatment 0 4 8 12 16 20 24 28 32 36 38

Treatment 1 27.3±1.3 24.60±1.4ab 26.1±2.5 25.6±2.3 26.9±0.7 28.9±3.0 28.4±0.8 35.4±2.0 28.1±0.4a 26.7±0.7 26.0±0.0

Treatment 2 27.3±1.2 26.75±1.3b 27.1±2.4 28.0±2.2 27.1±0.7 29.3±2.8 29.3±0.7 38.1±1.8 28.7±0.4a 27.4±0.7 28.2±3.0

Treatment 3 27.3±1.4 28.16±1.5a 28.7±2.7 29.3±2.5 28.3±0.8 30.3±3.3 29.5±0.9 39.2±2.1 30.4±0.5b 28.2±0.8 30.7±4.0

a,b Means with different superscripts on the same column are significantly different (P<0.05). 

Treatment 1= maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3.

Significant differences (P<0.05) in serum concentrations were observed between the three treatments through the period of experiment.

Table 3: Effects of dietary protein serum Albu globulin variations in Tswana goats (Mmol/L).

Week

Treatment 0 4 8 12 16 20 24 28 32 36 38

Treatment 
1 0.70±.03ab 0.61±.03 0.72±.02 0.72±.04 0.70±.01 0.68±.03 0.65±.02 0.68±.02 0.65±.03a 0.72±.03 0.78±.02

Treatment 
2 0.70±.02b 0.62±.03 0.73±.02 0.75±.04 0.71±.01 0.67±.03 0.72±.02 0.71±.01 0.72±.03a 0.71±.03 0.78±.02

Treatment 
3 0.70±.03a 0.63±.03 0.76±.03 0.77±.04 0.71±.01 0.68±.03 0.66±.03 0.73±.02 0.76±.76ab 0.72±.03 0.80±.03

a,b Means with different superscript on the same row are significantly different (P<0.05). Means without superscripts did not differ (P>0.05) Treatment 1= 
maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3.

Table 4: Effects of dietary protein on serum urea variations in Tswana goats (Mmol/L).

Weeks

Treat-
ment 0 4 8 12 16 20 24 28 32 36 38

Treat-
ment1 9.02±0.64 6.04±0.70 8.24±0.29 5.81±0.72 4.11±0.67 7.12±0.43 9.51±8.04 6.02±0.53 7.15±0.40 9.14±1.08 11.18±0.67

Treat-
ment2 9.02±0.60 7.02±0.65 9.57±0.27 7.88±0.67 5.07±0.63 8.90±0.40 10.92±7.52 7.06±0.49 8.15±0.40 10.92±1.08 12.32±0.73

Treat-
ment3 9.02±0.69 8.53±0.75 10.16±0.32 9.46±0.77 6.28±0.73 9.48±0.46 11.53±8.69 8.18±0.57 9.67±0.40 11.34±1.28 13.33±0.95

a,b Means with different superscript on the same row are significantly different (P<0.05). Means without superscripts did not differ (P>0.05).

Treatment 1= maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3
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Table 5: Effects of dietary protein on serum total protein on Tswana goats (Mmol/L).

Weeks

0 4 8 12 16 20 24 28 32 36 38

Treat-
ment1 66.3±2.32 61.1±2.40 66.4±2.01 63.7±3.96 65.6±1.75 72.9±2.28 70.3±1.86 69.0±1.15 70.9±1.35 67.4±1.61 73.5±1.78

Treat-
ment2 66.3±2.17 62.1±2.25 64.6±1.88 65.5±3.71 65.3±1.63 70.8±2.14 69.6±1.74 67.3±1.08 69.0±1.35 65.6±1.51 73.0±1.95

Treat-
ment3 66.3±2.51 63.3±2.59 69.5±2.17 72.0±4.28 69.0±1.89 76.0±2.47 73.3±2.01 68.8±1.24 72.7±1.46 68.2±1.91 71.7±2.52

Means without superscripts did not differ (P>0.05).

Treatment 1= maintenance X 1; Treatment 2 = maintenance X 2; Treatment 3 = maintenance X 3

Table 6: Effects of dietary protein on serum globulin on Tswana goats (Mmol/L).

Weeks

Treat-
ment 0 4 8 12 16 20 24 28 32 36 38

Treat-
ment1 31.3±1.41 37.1±1.39 38.3±1.15 39.9±2.14 38.7±1.10 42.3±1.58 41.9±1.33 40.4±0.68 42.7±0.95 36.9±1.31 38.8±1.24

Treatment 
2 31.3±1.32 37.5±1.30 37.5±1.08 39.1±2.00 38.0±1.02 41.5±1.48 40.5±1.24 39.3±0.63 40.3±0.95 39.4±1.31 40.4±1.36

Treatment 
3 31.3±1.53 35.5±1.51 40.8±1.24 40.3±2.31 40.7±1.18 45.2±1.71 43.8±1.43 40.3±0.73 43.3±1.12 39.4±1.55 41.7±1.76

Means without superscripts did not differ (P>0.05).

Treatment 1=  maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3

Table 7: Effects of dietary protein on serum lipase on Tswana goats (Mmol/L).

Weeks

Treatment 0 4 8 12 16 20 24 28 32 36 38

Treatment 1 218±26.5 209±57.7 209±17.6 278±48.3 230±29.4 203±20.2 183±16.1 264±18.1 237±17.8 203±25.1 246±21.9

Treatment 2 218±24.8 211±54.0 204±16.5 279±45.2 264±27.5 229±18.9 199±15.0 241±16.9 287±17.8 201±25.1 235±23.9

Treatment 3 218.±28.7 213±62.3 230±19.1 289±52.2 230±31.7 227±21.8 199±17.4 257±19.6 243±21.0 202±29.7 258±30.8

Means without superscripts did not differ (P>0.05).

Treatment 1= maintenance X1; Treatment	 2 = maintenance	 X2; Treatment 3	 = maintenance X3

Table 8: Effects of dietary protein on serum Triglycerides on Tswana goats (Mmol/L).

Weeks

Treat-
ment 0 4 8 12 16 20 24 28 32 36 38

Treatment 
1 0.12±0.06 0.13±0.05 0.11±0.00 0.11±0.02 0.26±0.07 0.15±0.01 0.22±0.07 0.24±0.20 0.21±0.02 0.18±0.04 0.11±0.00

Treatment 
2 0.12±0.06 0.16±0.05 0.11±0.00 0.14±0.01 0.30±0.06 0.13±0.01 0.22±0.06 0.64±0.18 0.16±0.02 0.13±0.04 0.11±0.00

Treatment 
3 0.12±0.07 0.26±0.06 0.11±0.00 0.12±0.02 0.18±0.07 0.13±0.02 0.12±0.07 0.23±0.21 0.21±0.03 0.13±0.04 0.11±0.00

Treatment 1= maintenance X1; Treatment 2 = maintenance X2; Treatment 3 = maintenance X3
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Table 9: Effects of dietary protein on serum cholesterol on Tswana goats (Mmol/L).

Weeks

  0 4 8 12 16 20 24 28 32 36 38

Treat-
ment 1.91±0.22 1.65±0.19 1.71±0.15 1.35±0.17 1.61±0.19 1.89±0.15 0.16±0.15 1.79±0.16 1.81±1.81 2.29±0.24 2.38±14.6

Treat-
ment1 1.99±0.20 1.46±0.18 1.95±0.14 1.53±0.16 1.68±0.18 1.93±0.14 2.35±0.14 1.87±0.15 2.05±0.13 2.10±0.24 2.11±17.30

Treat-
ment2 1.71±0.24 1.50±0.21 1.82±0.16 1.72±0.19 1.59±0.21 1.81±0.16 2.28±0.16 1.63±0.17 2.00±0.15 1.90±0.28 5.04±22.44

Treat-
ment3                      

Means without superscripts did not differ (P>0.05). 

Treatment 1= maintenance X1; Treatment	 2= maintenance	 X2; Treatment 3= maintenance X3

Serum total protein

The effects of dietary crude protein level on serum total 
protein concentrations of Tswana goats are presented in Table 
5. No significant differences were detected among treatments at 
any sampling week (P > 0.05), although total protein increased 
numerically from Week 0 to Week 38 in all treatments. Treatment 
3 had the highest numerical values at most time points, peaking at 
76.0 ± 2.47 g/L at Week 20, coinciding with parturition. Treatment 
1 and Treatment 2 peaked at 72.9 ± 2.28 and 70.8 ± 2.14 g/L 
respectively, also at Week 20. Total protein concentrations ranged 
from 61.1 to 76.0 g/L across the trial, remaining within the normal 
physiological range for goats.

Serum globulin

The effects of dietary crude protein level on serum globulin 
concentrations of Tswana goats are presented in Table 6. No 
significant differences were observed among treatments at any 
sampling week (P > 0.05). Globulin concentrations increased 
gradually from Week 0 to Week 20 in all treatments, with 
Treatment 3 reaching the highest numerical value of 45.2 ± 1.71 
g/L at Week 20, coinciding with parturition. After Week 20, 
globulin concentrations declined slightly and stabilised. Values 
ranged from 31.3 to 45.2 g/L across the trial, which is within the 
normal physiological range for goats.

Serum lipase

The effects of dietary crude protein level on serum lipase 
activity of Tswana goats are presented in Table 7. No significant 
differences were detected among treatments at any sampling 
week (P > 0.05). Lipase activity was highest at Week 12 for all 
treatments, with values of 278.4 ± 48.3, 279.4 ± 45.2, and 289.4 ± 
52.2 U/L for Treatments 1, 2, and 3 respectively. Activity declined 
after Week 12, reaching the lowest values at Week 24 (183.1 ± 16.1, 
199.9 ± 15.0, and 199.9 ± 17.4 U/L). Lipase activity subsequently 
increased and remained stable from Week 28 to Week 38. Values 
ranged from 183.1 to 289.4 U/L across the trial.

Serum triglycerides

The effects of dietary crude protein level on serum triglyceride 

concentrations of Tswana goats are presented in Table 8. No 
significant differences were observed among treatments at any 
sampling week (P > 0.05). Triglyceride concentrations were low 
throughout the trial, ranging from 0.11 to 0.64 mmol/L. A numerical 
peak was observed at Week 28 for Treatment 2 (0.64 ± 0.18 
mmol/L) and at Week 16 for Treatment 2 (0.30 ± 0.06 mmol/L). 
All treatments showed the lowest triglyceride concentrations at 
Week 38 (0.11 ± 0.00 mmol/L). Concentrations remained within 
the normal physiological range for goats throughout the study.

Serum cholesterol

The effects of dietary crude protein level on serum cholesterol 
concentrations of Tswana goats are presented in Table 9. No 
significant differences were detected among treatments at any 
sampling week (P > 0.05). Cholesterol concentrations remained 
relatively stable from Week 0 to Week 16, then declined at Week 
20, coinciding with parturition. Values increased post-partum and 
remained stable from Week 24 to Week 38. Concentrations ranged 
from approximately 1.8 to 2.4 mmol/L across the trial, which is 
within the normal physiological range for goats.

Serum triglycerides

The effects of dietary crude protein level on serum triglyceride 
concentrations of Tswana goats are presented in Table 8. No 
significant differences were observed among treatments at any 
sampling week (P > 0.05). Triglyceride concentrations were low 
throughout the trial, ranging from 0.11 to 0.64 mmol/L. A numerical 
peak was observed at Week 28 for Treatment 2 (0.64 ± 0.18 
mmol/L) and at Week 16 for Treatment 2 (0.30 ± 0.06 mmol/L). 
All treatments showed the lowest triglyceride concentrations at 
Week 38 (0.11 ± 0.00 mmol/L). Concentrations remained within 
the normal physiological range for goats throughout the study.

Discussion

The most significant finding was the severe periparturient 
hypoglycemia in does fed 200% CP. Serum glucose declined to 1.93 
± 0.21 mmol/L in Treatment 3 at Week 20 (Table 1), coinciding 
with parturition of twins. This value is below the reference range 
of 2.8–4.2 mmol/L and indicates clinical negative energy balance. 
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The glucose nadir occurred despite high dietary CP, suggesting 
energy, not protein, was the first-limiting nutrient for twin-
bearing does. Serum urea concentrations increased linearly with 
dietary CP, with Treatment 3 reaching 13.0 ± 1.39 mmol/L at Week 
38 (Table 2; P < 0.05). This exceeds the reference range of 2.8–7.1 
mmol/L and reflects deamination of excess dietary amino acids. 
The absence of concurrent increases in total protein, albumin, or 
globulin (Tables 4–6; P > 0.05) confirms that nitrogen above 150% 
of maintenance was excreted rather than retained.

No treatment effects were observed for total protein, albumin, 
globulin, A:G ratio, lipase, triglycerides, or cholesterol (Tables 3–9; 
P > 0.05). The stability of these metabolites indicates that dietary CP 
up to 200% of maintenance did not compromise hepatic function, 
lipid metabolism, or immune status. The lack of compensatory 
hypertriglyceridemia during the glucose nadir at Week 20 
suggests lipolysis was insufficient to meet energy demands of 
twin-bearing does. These results demonstrate that increasing CP 
to 200% of maintenance does not prevent periparturient energy 
deficits in Tswana does. For does bearing multiple fetuses under 
semi-arid conditions, dietary energy density should be prioritized 
over protein concentration in late gestation diets. These results 
demonstrate that increasing CP to 200% of maintenance does 
not prevent periparturient energy deficits in Tswana does. For 
does bearing multiple fetuses under semi-arid conditions, dietary 
energy density should be prioritized over protein concentration in 
late gestation diets.

Conclusion

Increasing dietary crude protein from 100% to 200% of 
maintenance requirements in Tswana goats increased serum 
urea concentrations but did not alter total protein, albumin, 
globulin, or lipid metabolites. Severe periparturient hypoglycemia 
occurred in does feed 200% CP that bore twins. The results 
indicate that protein supply above maintenance does not alleviate 
periparturient negative energy balance and that dietary energy is 
the primary limiting factor for twin-bearing Tswana does. Feeding 
CP at 150% of maintenance appears sufficient for maintaining 
blood protein status without excessive nitrogen excretion.
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