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BLOOD PARAMETERS OF GOATS IN BOTSWANA
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Blood levels of P, Ca, Mg, total protein, urea and red and
white bisod cell counts wcre examined menthly for two years in
Botswana gcats in an attempt to establish normal values and to
evaluate the effect of supplementation with mireral-mix and drought
relief cubes. Overall mean levels observed for the parameters
“ere: Ca 8.31 * 1.61 wg,100 ml, P 5.15 * 1.52 mg/10C =X, Mg 2.59

* .72 mg/100 ml, Ca 115.39 * 80.08 pg/100 ml, t:lal Lrctein 7.83
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+ 1.36 g/100 ml, urea 44.42 % 17.32 mg/100 ml, RBC count 11.34 *
2.10 millions/mm3 and WBC count 13.28 #* 3.91 thousands/mma
Supplemented goats showed significantly higher 1lrvels cf Ca. P
levels were unchanged. Mineral-cix supplemented goats showed
siqnificatly lower levels of t»tal protein, urea and white blood
ce'ls and higher levels ot RBC's than did the contrvl animals.
Crcoght relief cube supplemented goats showed significant.y lower
levels c¢f total protein and higher levels of WBC's. All
observations fell within the normal ranges quoted in the liiterature
with the exception of total protein and urea which were high. It
was concliuded that suppiemental feeding of this kind was of minimal
value urdr: the environmental conditions imposed upon tham in this

study.
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Little is xrown of nornal blond parameters in goats in
Botswarna. This makes it difficult to interpret findings from
ciinical rateriz!. 2t p~esent fiy.res obtained from turope, South
Africa and the 'nited States are used for normal valurs. The study
objectives were to deterrine (1) ro:mal values in goat blood for
the levels of phosphorus, magnesium, calciun, copper, total
protein, urea, red blood cells and white blood cells, {2) if these
parameters differ in animals receiving supplementary feeding of
mineral-mix or drought relief cu9es, and (3) effects on <=he

performance of the animal from feeling supplemn~tal mineral-mix or



drought relief cubes.

Stucdy area

Trial 1 was conducted from November 1984 to October 1986 in
Matha.gwane Village, Tutum+ agricultural District, in northeast
Botswana and trial 2 was conducted from July 1585 to June 1987 in

Artesia village, Kgatleng Agricultural District, in east cantral

Botswana.

Methods

In trial 1, blood samples were taken mcntnly from ear-tagged
arimals in ftive goat herds receiving ad libitum supplemental
nineral-mix (equal parts mixture of sali and dicalcium phosphate).
Ear-tagged animals in five goat herds not receiving <'pplemental
omineral-iix served as enntrols. 1Ia trial 2, blo-d samples were
taken monthly ircm ear-tagqged animals in five goat herds receiving
supplementSI feering of 30 g/nead/day of drought relief cubes.
Ear-tagged animals in seven goat h2:ds nct receiving supplerental
feed served as contre®s. The cherical analysis of drought relief
~ubes is given I. table 1. Goats were inled cn 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 ceaths, sale of animals and

failure of farmers to present arime1s on the des.gnated bieeding

dates. A total of 1,389 blood samples were included in the
analyses, 971 ard 918 from trials 1 and 2, respectively.

Whole blood and h2parin blood samples were sent to the
National Veterinary Laboratory, Gakorone for analyses. At the
laboratory the serum wav taken off and examine? for phosphorus,
copper, urea and to“al protein by spectrophotometry and for calciunm
and nagnesium by atomic absorption spectrcphotometry. Red and
white blood cell counts were carried out with the heparin blocd
using a Coulter ccunter,

Tests for statistical lifferences were made using Student's
"I" test with the Daisy Professional Program on the Apple

IIe Computer, urnless otherwise noted.

Resulta

Trial 2

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

1ibitum supplementat.sn with an equal parts mixture of salt and
dicalcium phosphate).

Condit.ion: Condition scores of control ard treated animals
averaged 2.61 * .52 and 2.68 * .48, respectively, and differed
significantly (P < .05}). Overall, the animals were in gooa
condition.

Calcium: Mean blood plasma calcium levels of control and treated

goats were 8.49 * 1.41 and 8.80 * 1.39 mg/100 ml, respectively,



and differed significantly (P < .0l1). The overall mcan was 8.66
* 1.40 ng/1C0 nl.

osphorus: Mean blocd plasma phosphorus levels for control and
treated goats were 5.03 * 1.54 and 4.91 * 1.39 mng/100 ml,
respectively, and did not differ significantly. The overall mean
was 4.96 * 1.46 mg/100 nl.
Magnnsium: Mean blood plasma rmagnesium levels of control and
treated goats were 2.56 * .71 and 2.60 * .70 ng/100 ml,
respectively, and dic not differ significantly. The
overall mean was 2.59 * .90 mg/100 ml.
Copper: Mean blood plasma copper levels for control and treated
goats were 121.56 + 66.21 and 120.41 + 65.37 $49/100 ml,
respectively, and did not differ significantly. The overall mean
value was 120.91 * 65.70 ug/100 ml.
Tota) protein: Mean blood serun total protein levels for control
and treated goats were 8.42 * 1.50 and 7.90 * 1.37 g/100 ml
respectively and differed significantly (P < .01). A seasonal
trend was not apparent. The overall mean was 8.13 * 1.49 g/100
=l.
Urea: Mean blood serum urea levels for <ontrol and treated goats
were 46.07 * 18.01 a2nd 43.08 * 16.53 mg/100 ml, respectively, and
differed significantly (P < .01). A plot of the data showed a
clear seasonal trend with lower levels occurring as the dry season
progressed as would be expected with decreased protein intake in
the diet. The overall mean was 44 39 *+ 17.47 ng/100 ml.

Red_Blood Cells: Red blood cell counts of control and treated

goats were 10.87 = 2.04 and 11.36 * 2.32 millions/mn®,
respectively, and differed significantly (P < .0i). The overall
mean was 11.14 * 2.21 millions/mm{

¥hite Blood Cells: The white blood cell counts of control and

treated goats were 14.99 *+ 3.93 and 13.97 * 4.42 thousands/mmﬂ
respectivelv, and differed significantly (P < .01). The overall
mean value was 14.42 * 4.24 thnusands/nm*

Reproductive Performance: An estimate of reproductive performance

of the control and treated herds was madc by analyzing the herd
structure in Table 3. It was eéssumed that females in age
categories 1, 2, 3 and 4 had reached reproductive maturity. In
November 1986, control herds consisted of 104 females of
reproductive age and 108 kids (age category 0) or a 103.8 percent
reproductive rate. Treated herds consisted of 125 females of
reproductive age and 136 kids (age category 0) or a 108.8 percent
reproductive rate. Reproductive rate in control herds ranged from
82.6-122." r-~rcent while the reproduc.ive rate in treated herds
rarnged from 71.4 to 121.1 percent. The reproductive rate cf the
ccntrol and treated herds was not significantly different.

Herd Structure: Herd structure of control and treated herds was
given in Table 3. Control and treated herds were composed of 61.4
and 66.9 percent females, 24.7 and 22.1 percent males and 13.9 and
11.2 percent castrates, ir November 1985. The percentage of goats
in each category of control and treated goats was tested with Chi-
square and was not significantly different, again indicating that

there was no difference in reproductive performarce.



Goat Wejghts; Weights of control and treated goats were taken at
the end of the study in November 1983 and are summarizecd in Table
4. The differences between weights of control and treated goats
in age by sex groups were non-significant. Goats in control herds
were slightly heavier than goats in treated herds in all age by sox

groups except one.

Trial 2

Results of Trial 2 are presented in Table 1 for control and
treated (supplementation with 30 g/head/day of drought relief
cubes) goats by years and overall.

Condition: Condition scores of control and treated

animals averaged 2.82 * .40 and 2.77 * .46, respectively,

and did not differ significantly. Overall, the

animals were in good condition.

Calcium: Mean blood plasma calcium levels of control

and treated goats were 9.01 * 1.58 and 9.4¢ + ng/100 ml,
respectively, and differeu significantly (P < .01). The overall
mean was 9.19 * 1.77 rng/100 ml.

Phosphorus: Mean blood plasma phosphorus levels for

control and treated goats were 5.35 * 1.52 and 5.36 * 1.60

ng/100 nl, respectively, and did not differ significantly. The
overall nean was 5.35 * 1.55 mg/100 ml.

Magnesium: Mean blood plasma magnesium levels of control and

treated goats were 2.58 * .71 and 2.57 * .71 ng/100 ml,

respectively, and did not differ significantly. The overall mean
was 2.58 * .71 mg/100 ml.

Copper: Mean blood plasma copper levels for control

and treated goats were 150.41 * 67.5€ and 149.38 * 75.28

4g/100 ml, respectively, and did not differ significantly. The
overall mean value tas 149.94 * 71.10.

Total Protein: Mean blood serum total protein levels for cortrol
and treated goats were 7.64 * 1.15 and 7.31 % 1.06 ¢g/100 ml
respectively and differed significantly (P < .Gl). Tie overall
mean was 7.49 * 1.1z g/100 ml.

Urea: Mean blood serur urea levels for control aad

treated goats were 45.03 = 16.79 and 43.77 # 17.36 mng/100

ml, respectively, and did not differ sigaificantly. A plot

of the data showed a clear seasonal trend with lower levels
occurring as the dry season progressed as would be expected

with decreased protein intake in the diet. The ovrerall mean was
44.44 * 17.15 ng/109 nl.

ed Blood Cells: Rel blood cell counts of control and treated

goats were 11.65 * 1.98 and 11.32 +* 1.88 mfllions/nm{
respectively, and did not differ significantly. The overall mean
was 11.54 = 1.94 millions/nm{

White Blood Cells: The white blood cell counts of control and

treated goats were il.77 + 3.02 and 12.44 * 3.25 thousands/mma
respectively, and differed significantly (P < .0l1). The overall

mean value was 12.07 * 3.15 rhousands/nm’.



Discussion

The data from trials 1 and 2 were pooled to arrive at
estimates for comparison with values reported in the literatuxe.
Calcium: The pooled mean value for blood plasma calzium level vas
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 ng/100 nl 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/100 m. for adult ruminant animals
(Conrad, 1978). Rushton (1981) quotes 2 range ol 4.66-7.90 mg/100
n! and Merck (1986) gives a range of 3.7-9.7 ng/100 ml.
Magnesium: Mean blood plasma magnesium level was 2.59 * .71 and
was well ubove 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
nl and Merck (19566} gives a normal range of 2.10-2.%0 mng/100 ml.
Copper: Mean blood plasma copper level was 135.39 * 80.08 pg/100
nl and was well above the level of 65 §g/100 ml which is considered
critical (McDowell et al, 1983). Rushton (1981) lists normal
values of 59.69-120.65 ug/100 ml.

Total Protein: Mezn hlood serum total protein level was 7.83 #
1.36 m¢i/100 ml. The value appears to be on the high side of the
expected range. Rushton (1981) 1lists normal values of 6.6-7.5

g/100 nl ard Merck (1936) reports 6.0-7.5 g/100 ml.

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 ~ith lower levels occurring as the
dry scason 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.f mg/100 ml.
Howard (1986) gives a range of 13-28 ng/100 ml.

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

millions/mmS which was in the normal range of values. Rushton
(1981) lists normal values from 5-10 millions/cu3 while Merck
(1986) lists values from 8-18 millions/mm’.

White Blood Cells: The pooled mean white blood cell count was
13.28 + 3.93 thousands/mm3 and was on the high side of values
reported in the literature. Rushton (1981) quotes values of 4.0-
10.0 thousands/mmS and Merck (1986) quotes values of 4.0-13.0

thousands/mmS in normal goats.

Conclusions

The blood parameters of goats in this study were in the
normal range of values reported in the literature. Values
for phosphorus and calcium were well above levels 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 nineral 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 biood cell counts were increased
with supplemental feeding of drought relief cubes in crial 2. The
supplenmental 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 mcan calcium content of
.87 percentw(range of monthly values from .48-1.20 percent) and a
nean phLosphorus content of .75 percent (range of monthly values
from .63~1.10 percent (Animal Producticn Research Unit, 1983-84).
Dietary calcium and phosphorus values above .36 percent are
adequate for nutrition of ruminants, thus the goats in that study
consuned approximately twice their requirements.

The high urea value is interesting with regard to the disease
"pizzle or sheath rot" waich is not uncommon in smallstock in
Botswana. High protein diet and consequent high urea content of
the urine is ccnsidered 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 are far
above the 7 percent level which is the critical level for adequate
utilization of dietury energy (Animal Prcduction Research Unit
1983~84). The high blood serum total protein and urea values found
in this study are consistent with the dietary intake findings of

that study.

11

Thus, it is concluded that supplementation with mineral-mix
and drought relief cubes was of mninimal value uider the

environmental conditions imposed upon them in this study.
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TABLE 1: CHEMICAL ANALYSIS OF DROUGHT RELIEF CUBES
Compound g9/kg

Protein 100 Min.
Fat 25 Min.
Calcium 15 Max.
Phosphorus 4 Min.
Fibre 120 Max.
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TABLE 2: BLOOD PARAMCTERS OF BOTSWANA GOATS

CONTROL TREATED OVERALL
Nmewmﬁm x NO. MEAN® S.D. NO. MEAN S.D. NO. MEAN S.D.
o

Trial 1 352 2.61s .52 451 2.68¢ .48 803 2.65 .49

T—ial 2 375 2.82 .50 306 2.77 .46 681 2.80 .43

Pooled 1484 2.72 .47
Calciunm

Trial 1 415 8.49x 1.41 530 8.80y 1.39 945 8.66 1.40

Trial 2 452 9.01x 1.58 379 9.40y 1.95 831 9.19 1.77

Pooled 1776 8.91 1.61
Phosphorus {m G0 m

Trial 1 jss 5.03 1.54 500 4.91 1.39 888 4.96 1.46

Trial 2 490 5.35 1.52 397 5.36 1.60 887 5.35 1.55

Pooled 1775 5.15 1.52
Magnesium (v 7

Trial 1 415 2.56 .71 531 2.60 .70 946 2.59 .71

Trial 2 455 2.58 .71 378 2.57 .71 833 2.58 .71

Pooled 1779 2.59 .71
Copper (pq/100_ml)

Trial 1 372 121.56 66.21 435 120.41 65.37 857 120.91 65.70

Trial 2 470 150.41 67.66 383 149.38 75.28 853 149.94 71.14

Pooled 1710 135.39 80.08
Total Protein (g/100 ml)

Trial 1 418 8.42x 1.60 541 7.90y 1.37 959 8.13 1.49

Trial 2 469 7.64x 1.15 386 7.30y 1.06 855 7.49 .12

Pooled 1814 7.83 1.36
Urea (ng/100 ml)

Trial 1 420 46.07x 18.01 541 43.08y 16.93 961 44.39 17.47

Trial 2 438 45.03 16.97 377 43.77 17.36 815 44.45 17.15

Pooled 1776 44.42 17.32
Red Blood Cells (millions/mm’}

Trial 1 416 1G.87x 2.04 5310 11.36y 2.32 956 11.14 2.21

Trial 2 480 11.65 1.98 388 11.42 1.88 868 11.55 1.94

2ooled 1824 11.34 2.10
dhite Blood Cells (thousands/nm’)

Trial 1 416 14.99x 3.93 526 13.97y 4.42 942 14.42 4.24

Trial 2 485 11.77x 3.02 397 12.44y 3.25 882 12.07 3.15

Pooled

1824 13.28 3.93

' Means in the same row followed b different letters (x and y) differ
significantly (P < .01) while those followed by other different letters
(s end t) differ significantly (P < .05).

® 1 = Poor 2 = Fair 3 = Good
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TOTAL

HNO.

154 61.4
62 24.7
15 13.9

251 100.0

200 66.
33 11.0

299 100.0

23.9
2.8

27.1
26.0
2.4
28.6

TRIAL 1
NO.
60
68
78
86

HO,
1€

GOAT HERD STRUCTURE,
AGE?

HO .
15

24
;or teeth (approximately 2 to 3 years of age}.

castrated male

%
1,.~isor teeth (approximately 3 to 4 years of age).

incisor end 1 sct permanent canine teeth

(approximately 4 years to Yroken mouthed).

TABLE 3
14.3
10.5
incy

C

HO.
17
16
36
31

male

‘mancnt incisor teeth (approximately 1 to 2 years ot aqe).

anent incisor teeth (birtn to approximately 1 year of age).
M

%
19.9
23.1
43.0
20.1
45.5
et per
sets permanaent

8

NO.
]
60

1 sets permanent
= 3 sets permanent

no perm

108

136

1

2
female

1
4

0
F

TREAT- N

MENT SEX

CONTROL
TOTAL
TOTAL

TREATED
® sex
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TABLE 4: GOAT WEIGHTS (KG), TRIAL 1

S
F
M
C

Xm

(el

0
EX® NO. MEAN S.D.
50 12.¢ 5.7
58 13.2 5.0
75  10.5 5.4
c0  11.7 5.8
1 29,0 =--

: AGE?
1 2 3

MO. MEAN _S.D. HO. MEAN_S.D, NO. MEAN S.D.
17 23.4 3.6 13 30.9 4.0 14 32.0

3 29.7 .6 - ———— - - ————

16 32.2 3.5 2 38.0 2.8 10 43.6

19 25.1 4.2 17 28.8 4.0 11 28.7

2 30.5 6.4 3 34.3 .6 B

10 30, 6 3.4 4 J4.8 1.0 11, 40.4

Hwn =G

F

[

permanent incisor tceth (birth to approximately 1 year of age}.
set permancent incisor teeth {approximately 1 to 2 years of age).

sets permanent
sets permanent
sets permanent
pproximately 4

female M = male

incisor teeth {approximately 2 to 3 years of age}.
incisor tecth (approximavely 3 to 4 years of age).
incisor and 1 set permanent canine teeth

years to broken mouthed).

C = castrated male
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