
BLOOD PARAMETERS OF GOATS IN BOTSWanA ± 1.36 q/100 ml, urea 44.42 ± 17.32 mg/100 ml, RBC count 11.34 ± 

3
2.10 millions/mm3 and WBC count 13.28 ± 3.93 thousands/mm . 
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R. C. Gray' and B. A. Koch
 Supplemented goats showed signifIcantly higher le-.els cf Ca. P
 

3
Kansas State Unive-sity levels were unchanged. Mineral-mix supplemented goats showed
 

Manhattan, KS 66506 USA sjqnificatly lower levels of total protein, urea and white blood
 

c&!s and higher levels or RBC's than did the control animals.
 

W. Mahabile 
 rrc-ht relief cube supplemented goats showed significant.y lower
 
5
Department, of Agricuitural Researrh levels cf total protein and higher levels of WBC's. All
 

Ministry of Agriculture, Gaborone, Botswana observations fell within the normal ranges quoted in the literature
 

with the exception of total protein and urea which were high. It
 
6 7
R. Wir.sor , A. Holmes and C. Berga was concluded that suppiemental feeding of this kind was of minimal
 

Department of Veteri-ary Ser-ices value urdr- tee environmental conditions imposed upon them in this
 

Ministry of Agriculture, Gaborzne, Botswana study.
 

Blood levels of P, Ca, Mg, total protein, urea and red and Keywords: Goats, Blood paraseters, Minerals
 

white blood cell counts wcre examined monthly for two years in
 

Botswana goats in an attempt to establish normal values and to Little 
is khr-wn of normal blood parameters in goats in
 

evaluate the effect of supplementation with mineral-mix and drought 
 Botswana. This makes it difficult to interpret ficdings from 

relief cubes. Overall mean levels observed for the parameters cLinical rateri:A. At [esent fijires obtained from Ltrope, South 

were: Ca 8.91 ± 1.61 mg100 ml, P 5.15 t 1.52 mg/10C -',, Mg 2.59 Africa and the ,'nited States are used for normal valurs. The st).dy 

± .71 mg/100 ml, C 135.39 ± 80.08 Ag/lOo ml, t ,,al p-rotein 7.83 objectives were to dctermine (1) no =al values in goat blood for 

the levels of phosphorus, magnesium, calcium, copper, 
total
 
1Present address: P. 0. Bcc 33414, Raleigh, NC 27636 USA. protein, urea, red blood cells and white blood cells, 12) 
if these
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drought relief cubes, 


Study area 


Trial 1 was conducted from November 1984 to October 1986 in 

Mathanig,ane Village, TututM Agricultural District, in northeast 

Botswana and trial 2 was conaucted from July 1985 to June 19R7 in 

Artesia Village, Kgatleng Agricultural District, in east contral 

Botswana. 


Methods 


In trial 1, blood samples were taken mentnly from ear-tagged
 

animals in five 
goat herds receiving ad libitum supplemental 

mineral-mix (equal parts mixture of salL and dicalcium phosphate). 

Ear-taged animais in five goat herds not receiving npplemental 

mineral-nix served as -'ntrols. Ia trial 2, blo7d samples were 

taken monthly irm ear-tagged animals in five goat herds receiving 

supplementl feeching of 30 g/nead/day of drought relief cubes. 

Ear-tagged animals in seven goat hzids not receiving supplerental 

feed served as contra's. The chemical analysis of drought relief 

nubes is given i.itable 1. Goats were bled on the first Tuesday 

of the month. A total of 50 and 55 adult goats were included in 

the initial bleeding in trials 1 and 2, respectively, but numbers 

declined during the years due to eeaths, sale of animals and 

failure of farmers to present animeas on the designated bleeding 
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dates. A t.tal of 1,389 blood samples were included in the 

analyses, 971 ard 918 fiom trials 1 and 2, respectively. 

Whole blood and haparin blood samples were sent to the 

National Veterinary Laboratory, Gaborone for analyses. At the 

laboratory the serum was taken off and examined for phosphorus,
 

copper, urea and to'al protein by spectrophotometry and for calcium
 

and magnesium by at-mic absorption spectr photometry. Red and
 

white blood cell counts were carried out with the heparin blood
 

usinq a Coulter counter.
 

Tests for statistical differences were made using Student's
 

"T" test with the Daisy Professianal Program on the Apple
 

IIe Computer, unless otherwise noted.
 

Results
 

Trial !
 

Results are presented in Table 1 for control and treated (Aft 

libit.m supplemensatljn with an equal parts mixture of salt and
 

dicalcium phosphate).
 

Condtign: Condition scores of control and treated 
animals
 

averaged 2.61 ± .52 and 2.68 ± .48, respectively, and differed 

significantly (P < .05). Overall, the animals were in good 

condition. 

calcium: Mean blood plasma calcium levels of control and treated 

goats were 8.49 ± 1.41 and 8.80 ± 1.39 mg/lO0 ml, respectively,
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and differed significantly (P < .01). The overall mean was 8.66 
 goats were 10.87 = 2.04 and 11.36 ± 2.32 millions/mmS,
 

± 1.40 mg/100 MI. 
 respectively, and differed significantly (P < .01). The overall 

Phosphorus: Mean blood plasma phosphorus levels 3.
 for control and mean was 11.14 ± 2.21 millions/mm
 

treated goats were 5.03 ± 1.54 and 4.91 ± 1.39 mg/100 ml, 
 White Blood Cells: The white blood cell counts of control and
 

respectively, and did not differ significantly. The overall mean treated goats 3,
 were 14.99 t 3.93 and 13.97 ± 4.42 thousands/mm

was 4.96 ± 1.16 mg/100 MI. respectively, and differed significantly (P < .01). The overall 

Magnesium: Mean blood plasma magnesium levels of control and mean value was 14.42 ± 4.24 thnusands/mm 
3 

treated goats were 2.56 ± .71 
 and 2.60 ± .70 mg/100 ml, 
 Reproductive Performance: An estimate of reproductive performance
 

respectively, and did not differ significantly. The 
 of the control and treated herds was madc. by analyzing the herd
 

overall mean was 2.59 ± .90 mg/100 ml. structure in Table 3. It was assumed that females in age
 
Copper: Mean blood plasma copper levels for control and treated 
 categories 1, 2, 3 and 4 had reached reproductive maturity. In
 
goats were 121.56 ± 66.21 and 120.41 t 65.37 og/100 
ml, November 1986, control herda consisted of 104 females of
 

respectively, and did not differ significantly. The o-,erall mean reproductive age and 108 kids (age category 0) 
or a 103.8 percent
 

value was 
120.91 ± 65.70 Ag/100 MI. reproductive rate. Treated herds consisted of 125 females of
 

Total nrotein: Mean blood serum total protein levels 
for control reproductive age and 136 kids (age category 0) 
or a 108.R percent
 

and treated goats were 8.42 ± 1.60 and 7.90 ± 1.37 g/100 ml 
 reproductive rate. Reproductive rate in control herds ranged from
 

respectively and differed significantly (P < .01). A seasonal 82.6-122.1- C-rcent while the reproducive rate in treated herd-.
 

trend was not apparent. The overall mean was 
8.13 ± 1.49 g!100 ranged from 71.4 to 121.1 percent. The reproductive rate of the
 

ml. ccntrol and treated herds was not significantly different.
 
Urea: Mean blood serum urea levels for control and treated goats 
 Herd Structure: Herd structure of control and treated herds was
 
were 
46.07 ± 18.01 and 43.08 ± 16.93 mg/100 ml, respectively, and given in Table 3. 
Control and treated herds were composed of 61.4
 
differed significantly 
(P < .01). A plot of the data showed a and 66.9 percent females, 24.7 and 22.1 percent males and 13.9 and 
clear seasonal trend with lower levels occurring as the dry season 11.0 percent castrates, i. November 1985. The percentage of goats
 
progressed as would be expected with decreased protein intake in 
 in each category of control and treated goats was tested with Chi
the diet. The overall mean was 44 39 ± 17.47 mg/100 ml. 
 square and was not significantly different, again indicating that
 

Red Blood Cells: Red blood cell counts 
of control and treated 
 there was no difference in Leproductive performance.
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respectively, and did not differ significantly. The overall mean
 

the end of the study in November 198 and are summarized in Table was 2.58 ± .71 mg/100 ml.
 

Goat Weights; Weights of control and trea~ed goats were taken at 


4. The differences between weights of control and treated goats Copper: Mean blood plasma copper levels for control 

in age by sex groups were non-significant. Goats in control herds and treated goats were 150.41 ± 67.66 and 149.38 ± 75.28 

were slightly heavier than goats in treated herds in all age by sox pg/100 ml, respectively, and did not. differ significantly. The 

groups except one. overall mean value vas 149.94 ± 71.10. 

Total Protein: Mean blood serum total protein levels for cortrnl 

Trial 2 and treated goats were 7.64 ± 1.15 and 7.31 ± 1.06 g/100 ml 

respectively and differed significantly (P < .01). Tve overall 

Results of Trial 2 are presented in Table 1 for control and mean was 7.49 ± 1.12 g/100 ml.
 

treated (supplementation with 30 g/head/day of drought relief Urea: Mean blood serum urea levels for control aid
 

cubes) goats by years and overall, treated goats were 45.03 t 16.79 and 43.77 ± 17.36 mg/100
 

Condition: Condition scores of control and treated ml, respectively, and did not differ sig.ificantly. A plot
 

animals averaged 2.82 ± .40 and 2.77 t .46, respectively, of the data showed a clear seasonal trend with lower levels
 

and did not differ significantly. Overall, the occurring as the dry season progressed as would be expected
 

animals were in good condition, with decreased protein intake in the diet. The o:erall mean was
 

Calcium: Mean blood plasma calcium levels of control 44.44 ± 17.15 mg/100 ml.
 

and treated goats were 9.01 ± 1.58 and 9.40 ± mg/lao ml, Red Blood Cells: Rei blood cell counts of control and treated
 

,
 
respectively, and differeu significantly (P < o01). The overall goats were 11.65 1 1.98 and 11.42 ± 1.88 m;llions/mm3


mean was 9.19 ± 1.77 mg/100 ml. respectively, and did not differ significantly. The overall mean
 

.
 
Phosphorus: Mean blood plasma phosphorus levels for was 11.54 - 1.94 millions/mm3


control and treated goats were 5.35 ± 1.52 and 5.36 ± 1.60 White Blood Celln: The white blood cell counts of control and
 

,

mg/100 ml, respectively, and did not differ significantly. The treated goats were 11.77 ± 3.02 and 12.44 ± 3.25 thousands/mm 

overall mean was 5.35 t 1.55 mg/100 ml. respectively, and differed significantly (P < .01). The overall 

3 .
 
Magnesium: Mean blood plasma magnesium levels of control and mean value was 12.07 ± 3.15 thousands/mm
 

treated goats were 2.58 ± .71 and 2.57 ± .71 mg/100 ml,
 

8
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Discussion 


The data from trials 1 and 2 were pooled to arrive at 


estimates for comparison with values reported in the literatuze. 


Calcium: The pooled mean value for blood plasma calcium level was 


8.91 ± 1.61 which is above the critical level of 8 mg/100 m. for 


adult ruminants (McDowell et al, 1983). Rushton (1981) quotes a 


range of 8.02-12.02 mg/100 ml while Merck (1986) gives a range of 


9.0-11.6 mg/100 ml. 


Phosphorus: Mean blood plasma phosphorus level for the pooled data 


was 5.15 ± 1.52 and falls within the mean of normal values which 


are stated to be between 4-6 mg/la0 m. for adult ruminant animals 


(Cunrad, 197A). Rushton (1981) quotes a range of 4.66-7.90 mg/100 


m! and Merck (1986) gives a range of 3.7-9.7 mg/la0 ml. 


Magnesium: Mean blood plasma magnesium level was 2.59 ± .71 and 


was well .bove the critical level of 1-2 mg/100 ml (McDowell et 


al. 1983). Rushtor (1981) gives a normal range of 1.7-2.92 mg/100
 

ml and Merck (1966) gives a normal range of 2.10-2.90 mg/100 ml. 


Cocer: Mean blood plasma copper level was 135.39 
± 80.08 sg/100 


ml and was well above the level of 65 g/1lOO ml which is considered 


critical (McDowell et al, 1983). Rushton (1981) lists normal 


values of 59.69-120.65 gg/100 ml. 


Total Protein: Mean blood serum total protein level was 7.83 ± 


1.36 mc/100 ml. 	 The value appears to be on the high side ol the 


expected range. Rushton (1981) lists normal values of 6.6-7.5 


g/100 ml ard Merck (1986) reports 6.0-7.5 g/100 ml. 
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Urea: Mean blood serum urea value was 44.42 ± 17.32 mg/100 ml and
 

is higher than expected. A plot of the monthly data in both trials
 

showed a clear seasonal trend 4ith lower levels occurring as the
 

dry s-ason progressed as would be expected with decreased protein
 

intake in the diet. Rushton (1981) lists values of 27.04-55.29
 

mg/100 ml while Merck 1986) lists values of 12.6-25.r mg/100 ml.
 

Howard (1986) gives a range of 13-28 mg/100 ml.
 

Red Blood Cells: Mean red blood cell count was 11.34 ± 2.10
 

millions/mm 3 
which was in the normal range of values. Rushton
 

3
(1981) lists normal values from 5-10 millions/cu while Merck
 

3.
(198r) lists values from 8-18 millions/mm


White Blood Cells: The pooled mean white blood cell count was
 
3
13.28 ± 3.93 thousands/mm and was on the high side of values
 

reported 	in the literature. Rushton (1981) quotes values of 4.0
3
10.0 	thousands/mm and Merck (1986) quotes values of 4.0-13.0
 

3
thousands/mm in normal goats.
 

Conclusions
 

The ulood parameters of goats in this study were in the
 

normal range of values reported in the literature. Values
 

for phosphorus calcium well above levels
and were considered
 

critical. These results present workers with a set of "normal
 

blocd values" for goats in Botswana.
 

Blood levels of calcium, phosphorus, total protein ard urea
 

were significantly affected by feeding mineral mix in trail 
1.
 

Blood levels of 	calcium and total protein were significantly
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affected by supplemental feeding drought relief cubes in trial 2. 


Red blood cell counts were increased and white blood cells counts 


were decreased with mineral-mix feeding in trial 1. Red blood cell 


counts were not changed and white blood cell counts were increased
 

with supplemental feeding of drought reliuf cubes in trial 2. The 


supplemental feeding did not enhance the condition or performance
 

of the treated goats. This finding is not surprising since 


previous work with ,oats in Botswana had shown that the diet of 


goats under normal range conditions had a moan calcium content of 


.87 percent (range of monthly values from .48-1.20 percent) and a 


mean phosphorus content of .75 percent (range of monthly values
 

from .63-1.10 percent (Animal Production Research Unit, 1983-84). 


Dietary calcium and phosphorus values above .36 percent are 


adequate for nutrition of ruminants, thus the goats in that study
 

consumed approximately twice their requirements. 


The high urea value is interesting with regard to the disease 

"pizzle or sheath rot" which is not uncommon in smallhtock in 

Botswana. High protein diet and consequent high urea content of 

the urine is considered to be of etiological significance (Blood 

et al, 1983). The crude protein in the diet of goats in the 

previous study ranged from 11.2-13.8 percent. These values ari far 

above the 7 percent level which is the critical level for adequate 

utilization of dietary energy (Animal Production Research Unit 


1983-84). The high blood serum total protein and urea vilues found 


in this study are consistent with the dietary intake findings of 


that study. 
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Thus, it is concluded that supplementation with mineral-mix
 

and drought relief cubes was of minimal value uider the
 

environmental conditions imposed upon them in this study.
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Compound 
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 Protein 
 100 Min.
 

EH21 TUB. 
 Fat 
 25 Min.
 

Calcium 
 15 Max.
 

The Merck Veterinary Manual. 6th Ed. 1986. pp. 906-908. Phosphorus 
 4 Min.
 

Merck and Co., Inc. Rahway, New Jersey. 
 Fibre 
 120 Max.
 

13 
 14
 



a - 0 
H t0HoH UCL CqI~J0 H H 1 nH.-HO0va-HH -0H3

0,-0 .' O " W.* N- U 3 0 1-' N 'U q," 
. 0 a 0. 0 -, M U0 >I0 o- O . 1- -.v,a,.- M- J r -


I - 1 -0 0 P - : 0 

0 i 041M ' 01M- 0 M 3U1 
- - 0II 

-. '1 0 
01 1. 4A a 4 I a.4 . -1a0 4 4 1,1 .o1 0 

S A0 0 01 0. 1 0 10 1 40 5 Vi.6 . 0 w : 154 1. 4 to 
430 ~ o -. vi3 

t16 6.3l 2 .81000 i0 7 328 35 13.9 

o1 0 
6 2. 3X X3 .. .. 66 221 0 

oD - -1 o 

0L) 1 105 00 a, 0.4 8 0.6 049 1010 

0 D0C1ft C3 inci tet4; (brht i i year oprmaen -- 14 ag 

-t 410 -.1 w~ 1.1 1 0 .0a,41 .310 

M 4 01 084 1014 10- 10- -0 01 0 131 101047set w ' H 00 p arm I 1od 00 011 

r 0 

IIM 4 0 3 1 4 - f 0 .10 0n 41 a,4. . 10 4w4 1010 0 
4041 103 013- 4131 01M 10410 1-0, 0 0'3 4. 

'1TREAT b 0 34OA 0 
Do.N O 14044~aJ;14. Ao -- t1310, % 4. 141 ,D 004Go " h.-1. 4 1 w 0400 0 0010 

S F 0
 
03 L3 1.2 .. 4 4.
M 5B 2 3. f t 33z . . .. '1 ftwf w 10 ww I ' w w0%,co 

TOA 108O 43. 0 )3 014. 0 3 0 1334.6 6 27.0 051 00.0 

14104 0 * .00 10w1 104 IDtf w 0410, 1 ID a, '4141 

C11149! -3.4 431 1.3 ii % 3.'t7 2. 3 i. 

UI OOI 4n(n ;o (ap4 t.4 20 years103pr 034. teet o03t41 o 011e) 

TABLE 3: GOAT HERB STRUCTURE, TRIAL I 

TREAT- -- 0 3TOTIAL. 4 
0 


lIE'ITSE IO /. t (0 J. % NO, I NO, 

C04RLF 50 19.9 17 6.0 13 5.2 14 5.6 60 23.9 154 61.4 
M 58 23.'1 3 1.2-------------- -- ----- 1 .4 62 24.7 

0 - --- 16 6.3 2 .8 10 4.0 7 2.8 35 13.9
 
TOTAL 108 43.0 36 14.3 15 6.0 24 9.6 68 27.1 
 251 100.0
 

TETDF 75 25.1 19 6.4 
 17 5.7 11 3.7 78 26.0 200 66.9 

M 60 20.1 2 .7 3 1.0 -- -- 1 *.3 66 22.1 

C 1 *.3 i0 3.1 4 1.3 11 3.7 7 2. 33 11.0
 

TOTAL 136 45.5 31 10.5 24 8.0 22 7.4 86 28.6 299 100 .0
 

Ap~n: 0 no permanent incio.ui teeth (birth to approximately 1 year of age). 
I 1 set permanent inci!;or teeth (approximately I t" 2 years ot aqe). 

2 2 rocts perman,!nt igiclusor teeth (approximaitely 2 to 3 years of age). 

3 3 seltL permoanent ,.-iu;or teeth (approximately 3 to 4 years of age). 
4 3 sets permanent incisor and 1 set permanent canine teeth 

(approximately 4 years to b3roken mouthed).
 

bSex: F =female M male C = castrated male 

1(
 

http:incio.ui


TABLE 4: GOAT WEIGHTS (KG), TRIAL 1 

AGE' 

TREAT- 0 2 3 

MEiT SEX, 1o. MEAN S.D. NTO. MEAN S.D. NO. MEAN S.D. NO, MEAN 

CONTROL F 50 12.1 5.7 17 23.4 3.6 13 30.9 4.0 14 32.0 

M 58 13.2 5.0 3 29.7 .6 -------------------

C -- ------- 16 32.2 3.5 2 38.0 2.8 10 43.6 

TREATED F 75 10.5 5.4 19 25.1 4.2 17 28.8 4.0 11 28.7 

M 60 11.7 5.8 2 30.5 6.4 3 34.3 .6 .. .... 

C 1 29.0 --- 10 30.6 3.4 4 34.B 3.0 11 40.4 

Ago: U no permanent incisor teeth (birth to approximately 1 year of age). 

I = 1 set pormanent incit;or teeth (approximately 1 to 2 years of age). 

2 = 2 sets permanent inclsor teeth (approximately 2 to 3 years of age). 

3 3 sets permanent inciicor teeth (approximately 3 to 4 years of age). 

4 3 sets permanent incisor and I set permanent canine teeth 

(approximately 4 years to broken mouthed). 

b Sex: F = female M = male C = castrated male 

S.D. 
3.5 

6.3 

3.4 
... 
2.8 

NO. 
60 
1 
7 

78 
- 1 

7 

4 
MEAN 
35.2 
56.0 
47.3 

34.2 
35.0 
45.9 

S.D. 
3.6 
--
8.9 

4.1 
--
8.9 
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