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INTRODUCTION

"The need to increase the world's food supply is generally
acknowledged to improve the present position of semi-starvation
and malputrition from which many millions of the human population
gsuffer., There is a serious shortage of protein of animal origin,
the lack1of which is evident in the health of people in many
regiona"., This statement is applicable to Nigeria to-day with
a daily protein intake per capita of 5 to B g in contrast to the
recomnended minimum of 20 3.2'3 Nigeria is among the lowest 5
of 83 countries in the amount of protein in the national food
supply. The 1980 intake target is at least 10 g, a level still
too low but an improvement of approximately 50%. If this target
is to be met, animal production must be improved. Causes of
inadequate animal protein supply in Nigeria include low reproduc-
tive efficiency, poor and inadequate nutrition, and traditional
nomadic husbandry. Reproductive performance is the single most
important factor determining production efficiency of livestock
(Zemjanis, 197L).

Lowered reproductive efficiency is a major constraint
confronting the cattle industry in Nigeria. It results from

infections and non-infectious factors, or by their interactions.

1 Dalling, T. (1963). In Livestock Infertility, FAO Monograph
No.5, United Nations, Rome.

2 Anon. {1966). Agricultural development in Nigeria 1965-80.
FAO, United Nations, Rome.

3 FAO (1971). The state of food and agriculture. FAO, United
Nations, Rome.



Results of the little work done suggests that non-infectious
factors are more important, especially methods of husbandry
and nutrition. The 1979/80 target for the meat supply for
Nigeria in tons for beef, goat, and mutton is 300,000, 180,000,
and 70,000, rospeotively2 - an anticipated increase of 6%,
9% and 5%%6, respectively. An economist in the Nigerian Federal
Livestock Department stated that cattle production could be
raised by 300% by increasing the annual calf crop from the
present 30 to LO¥% to T75% without any increase in the national
herd (Zemjanis, 197L4). Unless the reproductive efficiency of
indigenous livestock is improved, it will be impossible to
meet the meat targets. Unfortunately, the ratio of animals to
man is falling and the average carcase weight of Nigerian
cattle, goats and sheep appears to be decreasing.LL
Livestock indigenous to West Africa have a low rate of
growth and reproduction compared to temperate zone breeds
(Lansbury, 1962)., In spite an early study in Northern Nigeria

incriminating malnutrition in low productivity, he commented

L, Oyenuga, V.A. (197L4). Proc. Ann, Mtg. Nig. Soc. Anim,
Prod. Lake Bagauda, Kano State, April, 197k.



that there is still a tendency to attribute low production to
inherent characteristics., He emphasized that the animal's
nutritional environment was more important in restricting
productivity than generally appreciated, and warned that attempts
to raise productivity by developing or selecting animals for more
rapid growth and development and faster reproduction are bound to
be disappointing unless the nutritional environment is
simultaneously raised. FEvidence for protein and phosphorus
deficiency is provided by analytic and supplementation results,
The immediate problem is to supply these nutrients in cheap
simple formej lLansbury recommended investigating urea and
phosphate supplements.

The long dry season in the savanna and Sahelian zones of
Nigeria predisposes to avitaminosis A in liveatock, which ia
likely to depress reproductive efficiency. This is important
as over 90% of Nigerian cattle are located in these grazing
zones.,

Goats deserve greater attention in the development of the
Nigerian livestock industry than they presently receive.

Because of anti-caprine literature and beliefs, goats have
received little attention during the past 50 years. GCoats, in

comparison with other domestic animals, are more adaptable for



survival in harsh environments.s This is due to a higher
digestive efficiency for cellulose, high fertility, and a
shorter generation interval. Goats are better adapted to the
climate and ecologieal environments of Nigeria than sheep.2
As goat meat is expected to contribute 20,6 of the meat supply
of Nigeria by 1979/80, the effect of nutrition and mineral
supplementation on caprine reproductive efficiency urgently
needs investigating. Regarding the nutritional requirements
of goats, Devendra and Burnss wrote: "In tropical regions
goats have, for the moat part, been neglected by scientists
and left to acquire their own nourishment as best they can.
However, since one of the best ways of achieving greater
productivity and restraining their destructive tendencies is to
have greater individual control, stall-feeding is now being
increasingly used, and knowledge of nutritional requirements
and feeding standards for goats has become an important
consideration,"

With the increasing demand for more animal protein in
Nigeria, this investigation was undertaken to determine the
effect of phosphorus and vitamin A supplementation on the

reproductive efficiency of Bunaji (White Fulani) cattle and

Kano Brown goats. The objectives were to study the:

5 Devendra, C, and Burns, M, (1970). Goat production in
the Tropics C.A.B., Farmham Royal, Bucks, England,
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2,

3.

Seasonal changes in plasma levels of phosphorus,
caleium and magnesium, and plasma and hepatic
values of wvitamin A in Bunaji cattle and Kano Brown
goats.

Effect of phosphorus supplementation in cattle

and goats.

Effect of vitamin A supplementation in Kano Brown

goata,



Introduction

Infertility is a major economic problem confronting the
livestock industry. An animal failing to produce and rear an
offspring to weaning within a time period characteristic for
the species is a source of economic loss in terms of feed,
labour and other aspects of production.

Infertility may result from infectious agents or non-
infectious factors, or by their interaction. It is manifested
by anoestrous, repeat breeding, abortions, stillbirths, or
neonatal deaths, Frank (1963) indicated that the exact figures
of the economic loss to the livestock industry due to infertility
were unobtainable but concluded that about 20 percent of the
economic loss from diseases of livestock was due to infertility.

Infectious infertility in cattle may be due to brucellosis,
leptospirosis, vibriosis, trichomoniasis, viruees and fungi.

In sheep and goats brucellosis, vibriosis, listeriosis and
toxoplasmosis are incriminated and are usually characterized by
abortion (Frank, 19633 Roberts, 1971). Mackenzie (1970),
however, concluded that goats are free from the highly infectious
diseases that afflict the genital tract of cattle. Occasionally

there is sporadic abortion among geoats as a result of contagious



abortion in associated cattle, but goats are relatively
registant,

Non-infectious infertility may result from heat stress,
hereditary factors, nutritional deficiencies, hormonal
imbelances, plants, partioularly phytoestrogenic, and ageing
of ¢ova and spermatozoa,

' Van Heerden (1963) suggested that the adverse influence
of ﬁigh ambient temperature on female repreoduction may be as
& result of:

1. suppression of oestrus, resulting in pariods

of ancestrusj

" 2. interference with ovulationj and

3. interruption of early pregnancy by embryonic

resorption and even occasional abortion of a
well~grown foetus.
Dutt et al. (1956) found that exposing ewes before breeding
to 90°F temperature (a reotal temperature of 105,0°F) reduced the
number of fertilized ova to 42.9% compared to 92,9% for the
oontrol ewes with reotal temperatures of 102.L4°F, Percentage
of abnormal ova rose from 7.1 for the controls to 57,1 for the
experimental ewes. In an identieal experiment with the ewes

being bred before exposure to high temperature, they found that

L



32-35 days after breeding 100% of the controls and 90K of the
experimental ewes were pregnant. They concluded that elevated
environnental temperature affected the fertility and normalcy
of ovine ova more severely than embryonic survival, Stott and
Williams (1962) concluded that low rate of fertilization and a
high rate of embryonic mortality were major factors causing the
low seasonal breeding efficiency associated with high ambient
temperature and humidity. Gangwar et al, (1965) found that in
cattle, under high ambient temperatures such as are found in the
tropics and subtropice, expression of ocestrus was depressed,
oestrus was shortened, and anoestrus became a more important
problem than under ccol climatic conditions. Ulberg and
Burfening (1967) demonstrated that stress of a slight increase
in temperature for a short period acted on either the ova or
apermatozoa before fertilization to cause the death of the
resulting embryo sometime later in its development. CGutierrez
et al. (1968) depressed ovarian activities in both Brahman and
Hereford heifers by exposing them to 32°C and 96% relative
humidity.

Hereditary factors that may cause infertility include
ovarian hypoplasia, nymphomania, prolapse of the vagina, and

segmental aplasia of the Mullerian ducts (Lagerlof, 1963;
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Dawson, 1970). Treatment of any such cases is contraindicated

(Lagerlof, 1963).

Level of Feeding

Undernutrition prevents or retards maturation of
reproductive organs in immature animals. In mature female
adults it causes ovarian atrophy with decreased number of
vesicular follicles, which in turn leads to ancestrus (Leathem,
1966), He indicated gonadal hypofunction during acute and
chronic starvation was primarily due to diminished levels of
gonadotropins. Allen and Lamming (1961) suggested that the
effect of undernutrition on reproduction in ewes involved
reduced gonadotropin release by the hypophysis, Dawson (1970),
based on studies on the effect of low protein intake on
reproduction, pointed out that since follicle maturation and
hence cestrus depends on gonadotropins, which are protein in
nature, that ancestrus in animals on low energy diets was
unlikely to be a direct effect, but secondary to protein
deficiency.

Several studies have demonstrated the effect of under-

nutrition on reproductive efficiency in ruminants,
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McCiure (1965) improﬁe the fertility in a lactating daiyy herd
by supplementing pastures with daily intake of 12-1L 1b of oat,
olover and ryegrass hay from parturition until three weeks after
mating., The supplementation did not affect oestrus which
occurred about the same time in both supplemented and control
groups. Carroll and Hoerlein (1966) in Colorado noted that the
conception rate in beefl cattle fell to lesa than half under
drought conditions, The rate more than doubled the following
year due to above-average rainfall, They attributed the low
reproductive efficiency to reduced feed intake. Hill et al.
(1970} observed that reduced energy and protein intake from
day 5§ of cestrous cycle to day 18 after mating lengthened the
oeatrous cycle, decreased the number of medium-sized ovarian
follicles, reduced the weight of corpora lutea and plasma
level of progesterone, and decreased fertility. They found no
significant effect on the level of luteinizing hormone,
Little (1975) hastened post-partum oestrus in a pastured beef
herd by protein and phesphorus supplements and less 2o by
phoaphorus alcne.

Reid (1960) summarized the effect of overfeeding on
reproduction in cattle and sheep. In cattle, high energy intake

hastens sexual maturity but such cows have shorter reproductive
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life than those raised on low energy Iintake. In both cattle
and sheep once the oestrous cycle has started, its regularity
is not affected by level of energy intake although severe
restriction leads to cessation of oestrus. High energy intake
phortens the length of the cestrous cyecle. The bhirth weight of
calves varies directly with the level of energy intake of their
dams. High energy intake by heifers from time of birth to
first calving increased the number of services required for
the next pregnancy.

~ lamond gt al. (1973) found that ewes on high energy
intake had lower fertility than those on pasture which they
attributed to low fertilization ratea. Poor fertility was
alac noted in ewes on low energy intake but this was due to

low ovulation rate.

Vitamin Deficiency
Yitamin A .

Vitamin A is a compound that exerts a number of important
bioclogical effeots. Tt 1s necessary for vision and reproduction

and it is involved in maintenance of epithelial integrity.
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Mitchell (1967) regarded vitamin A as the most important vitamin
to be considered in feeding ruminants, especially cattle.

Marks (197h) summarized absorption of vitamin A from
the intestines. The vitamin is obtained in the diet either as
preformed vitamin A or as its precursor, carotene, which is then
converted inte vitamin A in the intestinal epithelium, The
most important and effective carotenoid is Pp-carotene which
is cleaved into twc molecules of retinal by p-carotene-15,
15'dioxygenase. The resulting retinal is reduced to retinol
by a non-specific aldehyde reductase, Dietary retinyl esters,
mainly retinyl palmitate, are hydrolyzed by both pancreatic
retinyl ester hydrolase and a hydrolase associated with the
outer surface of the brush border of the absorptive cells,
The free retinol {s then absorbed into the intestinal mucosal
cells, Peterson et al. (197h) stated that newly absorbed
vitamin A (retinol) is transported together with chylomicrons
from the intestines to the liver, the main storage site for
vitamin A, It is virtually all gtored in the hepatocytes.
From the liver, vitamin A in its alcoholic form is transported
in plasma to various target celle by a specific carrier protein,

retinol-binding protein. The dog, pig, rat, monkey, and man
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have similar retinol transport systems (Goodman, 1974). These
species have ratinol=binding protein with molacular weight

of about 20,000, same mobility on electrophoresis, and similar
wltraviclet absorption spectra.

The main active form of vitamin A in mammalisn tissues
is all-trans-retinol, and this is the form in which it ie
presented to target tissues, It is oxidized to aldehyde
_retinol and combined with opgin for scotopic wision in the
rods, There is further oxidation to retinoic acid for
maintenance of gpithelial integrity. For reproductive activity,
it appears the active form is retinol itself (Marks, 197L).
Retinol and retinal are interconvertible in vivo. The
reaction to retinoic acid is irreversible, the acid cannot
be stored in the bedy sc that it camnot provide total
rrotection against witamin A deficiency.

Roberts (1971) indicated that vitamin A deficieney
&adversely affects reproduction in meost species, 1In the goat,
deficiency doet not affect regularity of ocestrua, but causesn
changes in the lining of the endometrium which makes conception
diffieult and early abortion probable (Mackenzie, 1970), Roberts
{1971) stated that vitamin A-deficient cows cycle normally, ovulate,

oconiceive, and early fetal development is normal. Iater, however,
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tﬁere may be keratinization and degeneration of the placenta.
There oould be fostal death, abortion, dystocia, retained
placenta and septic metritis. In breeding cows, oestrus may
eontinue but fertility is impaired. Deficieney in pregnant
animalg, if sufficiently severe, could result in aboriion,
atillbirths, or birth of weak or blind calves. BRetained
placenta is commen (Anon., 1970). Branton (1970) included
ancestrus as a manifestation of vitamin A deficiency. Church
{1971) stated that cows depleted of vitamin A remain fertile
although breeding efficiency mey drop. These cows tend to
ecalve earlier than expected and there ia & greater incidence
of retained placenta, Abortions may occur several weseks to
two to three months before term. Byers gt al. (1956) found
that calves from vitamin A-depleted cows had degeneration of
the optic nerve and hydrocephalus, Such calves often are
ptillborn or weak at birth and die shortly after. Nicholson
and Cunningham (1965) produced abortion and placenta retention
in cows by feeding barley alone combined with inadequate daily
vitamin 4 supplementation. Bargai and Egyed (196L) observed
that 39% of calves in an Israeli beef herd were born dead
during a six~month periocd., Serum carotene and vitamin A

levels in the cows were found to be low. A severe vitamin 4
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deficiency in sheep can result in stillborn, weak or malformed
lambe (Anon. 1968).

Carotene is abundant in good pastures and well-cured hay.
It is also available in good silage, Animals having access to
these are not likely to suffer from vitamin A deficiency.
Deficiency can develop in range cattle during or following dry
seasons or during prolonged drought if the cattle are maintained
solely on sun~dried and bleached grasses (Franton, 1970; Dawson,
1970), For the northern grazing areas of ligeria this would be
an important factor since rainfall, sufficient 1o support green
grass, falls for four to six month of the year, Ruminants in
these areas are likely to be low in vitamin A during the latter
part of the dry season,

The long dry season also affects the protein content of
grasses 8o that grazing animals would also be low on protein.
Since transport of vitamin A is dependent on a specific binding
protein (Peterson et al., 1974), inadequate protein could
contribute towards vitamin A deficiency. Marks (1974) stated
that since protein is associated with vitamin A transport and
that protein deficiency commonly coexists with vitamin A
deficiency, retinol deficiency is accentuated. Such a situation
is likely to be prevalent in the Sahelian and Guinea savanna

zones of Nigeria,
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Vitamin C

Vitamin ¢ deficiency does not ocour in cattle (Roberts,
1971) and no deficiency has ever been reported in goats
(Mackenzie, 1970). Ruminants synthesize an abundance of

vitamin € in the rumen so that it is not a limiting factor

to reproduction (Anen., 1968, 1970).

Vitamin D

Some authorities indicate that vitamin D iz necessary
for normal health and yeproduction. 1In pregnant dairy cows,
vitamin D deficiency may result in birth of dead, weak or
deformed calves {Anon., 1970). Wallis {1938) found that
a deficiency of vitamin D resulted in rickets in calves,
deoline in health of clder cattle, and ancestrus in ocows.
Hignett and Hignett (1953), however, suggested that the effect
of vitamin D on reproduction was indireet, and that deficiency
affected reproductive efficiency only when the intake of
phosphorus and caleium was out of balance. Furthermore, as
. ~wvitamin D reserve becomes depleted, the effect of sub-optimal
3  intakes of phosphorus and calcium begin to show, This view

" was shared by Meites (1953) who stated that an uncomplicated



19

deficiency of vitamin D 4id not impair mammelian reproductive
efficiency.

Animale are able to synthesize enough vitamin I if
given free access to sunlight. Mackenzie {1970) stated that
for goats on & moderate diet with a moderate yield that we
need look no further than open air for vitamin D supply.

A deficiency of vitamin I is unlikely in the tropics because
of long hours of anmual sunshine., Sun~cured hay is also

good source of vitamin D.

Vitamin B

Roberts {1971) expressed the doubt that the herbivores!
need of vitamin B for reproduction exceeds the quantity
liberally available in the natural feed. He stated that
céwa reproduce on a vitamin E=deficient diet. Gullickson
et al, (19&9) alac demonstrated that this vitamin is not

necensary for normal reproduction in cattle,
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Mineral Deficiency

The problem of mineral deficiency and its limitation
on reproduction usually become apparent as other causes of
infertility - protein and energy shortages, infectious and
parasitic diseases - are brought under contrcl. As these
limitations are increasingly recognized and rectified, local
mineral deficiencies will inevitably be brought into sharper
focus (Underwood, 1966),.

Underwood (1966) pointed out that mineral malnutrition
problems arise as a result of interplay between soil, feed,
climate, and animal and as a result of some alterations imposed

by man on these factors.,

Phosphorus

Phosphorus deficiency occurs in natural pastures in many
parta of the world (Underwood, 1966; Dawson, 19703 Church, 1971).
It results from soils low in phosphorus. Animals grazing these
pastures become phosphorus-deficient if grazing constitutes
the only source of feed as it does for beef cattle in many parts
of the world and especially in the tropics. The situation is

aggravated by prolonged dry periods during the year. Since
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phosphorus is associated with the active vegetative growth
stage of plants, the phosphorus content of forage diminishes
with maturity. This leaves the animal, as ite only source

of phosphorus, forage which is mature, dormant and very low

in phosphorus, Fhosphorus deficiency can also occur in
animals, not as a result of low content in the diet, but due
to a superabundance of calcium in the diet, which prevents the
digestion of available phosphorus (Mackenzie, 1970).

The universality of phosphorus deficiency is illustrated
by related but independent studies conducted in various parts
of the world: South Afrieca (Theiler et al., 1928; Malan et al.,
1928)3 Scotland (Dunlop, 1947); Brazil (Sutmoller, 1961);
U.S.A. (Morrow, 1969); Botswana (Reed et al., 1974), and
Australia (Little, 1975). These studies demonstrated low levels
of phosphorus in animal or plant tissues, and elevated blood
phosphorus levels and improved reproductive performance of
farm animals by phosphate supplementation. With respect to
West Africa, limited studies in Chana and Nigeria of feeding
trials, chemical analyses of herbage, and soil fertilization
trials confirmed the existence of phosphorus deficiency.
Lansbury (1962) refers to unpublished work of Rose-Innes and

Lansbury on chemical composition of natural savannah herbage of
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Accra plains in Ghana. They obtained a mean digestible protein
content of 2 and mean phosphorus content of 0,06%, both
regarded as very low levels, Analyses of Shika (ABU farm,
Nigeria) roughages and bush grass revealed lower phosphorus
values than normal for similar roughages snd grass (Umch and
Koech, 1971}, Kapu (1975) found that, in general, the mean
values for phegphorus in grassges, browse and standing hays from
various parts of Northern Nigeria were inadequate to meet the
nutritional needs of cattle, He suggested phesphate suppie—
mentation. Goldsworthy and Heatheote (1966) by applying super—
phosphate to Boil in Samaru, Nigeria, noted a yield in sorghum
&rain that more than doubled the yield from untreated soil,
Hegger (1969} in Shika, observed that eech pound of super—

phosphate applied to sown Gamba grass (Andropogon gayanus)

gave a mean return of 37 1lb dry matter per acre, Hagger (1971},
again in Shika, obtained a significant inorease in dry matter

yield from Stylasanthes gracilis and Chloris gayane pasture when

phosphate was applied at rates up to 60 1lb superphosthate per
acre,

The first evidence of phosphorus deficiency in livestock
is.a fall in plasma level of inorgesnic phosphorus (Simesen,

1963; Underwood, 19663 Church, 1971). The reason for this is
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that bone phosphorus is less readily mobilized to maintain
gerun level of phosphorus than bone calcium, Plasma or serum
inorganic phosphorus determination is, therefore, the most
sensitive index and the most Batisfactory single diagnostic
tool for early detection of phosphorus deficiency in animals,
Phosphorue is intimately asscociated with the normal
function of all animal tissues by viritue of its role in energy
transfer. It is alsc invelved in various aspects of absorption
and it is an integral part of protein molecules that make up
goft tiesues of the bedy as well az being a constituent of
nucleic acid (Underwood, 19663 Church, 1971). The consequences
of phoaphorus deficiency are depressed feed intake, depraved

appetite, poor food utilizetion, slow growth rate, weak bones,

low nilk production, and poor reproductive performance (Underwood,

19663 Little, 1970). With relative or sub~clinical deficiency,
essential body functions continue. Severe and prolonged
deficiency leads to a call on skeletal reserves to meintain the
esgential functions and thie leads tc skeletal disorders if
depletion persists. Depraved appetite may lead to osteophagia
and possibly botulism (Blood and Henderson, 1968).

There are conflicting views on the effects of phosphorus

on reproduction and on the possible mechanisms involved,



Eckles et al. (1935) found no evidence that phosphorus
deficiency caused abnormal oestrus although it admittedly
reduced breeding efficiency. They concluded that oestrous
disturbance and low calf crop in phosphorus-—deficient areas
under natural conditions should not be attributed to phosphorus
deficiency alone, They suggested that the lowered fertility
was probably due to complicated nuiritive deficiencies which
exist under such conditions. Underwood (1966), however, is
unequivocal about the reproductive disturbance that accompanies
phosphorus deficiency. He emphasized that poor lamb and calf
crops are a regular feature of flooks and herds confined to
phosphorus-deficient grazing. FHe attributed the lowered
fertility to inhibition, depression or irregularity of ocestrus
which prevented or delayed conception. He maintained that

this was a gpecific effect of phosphorus deficiency.

Hignett and Hignett (1952) found that a minimum daily
intake of about 50 g P20§ by housed heifers was necessary for
satisfactory fertility. High phosphorus intake of LS g P205
was neceasary to reduce the incidence of ancestrus and irregular
oestrus and to establish pregnancy at first insemination. They
concluded that with constant carbohydrate and protein intakes,

ovarian activity is influenced markedly by the amount of
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phosphorus consumed. In an earlier study, Hignett and Hignett
(1951) observed 70% conception rate at first service in cows
receiving 50 g P205 daily for maintenance compared with S¥6
conception rate in cows receiving only 23 g, The improvement
in fertility became more striking when the daily maintenance
intake was increased to 60 g and the production intake increased
from 19 to 31 g. Dunlop (1947) obtained higher calf birth
weights and improved general fertility rate when he fed steamed
bone meal to cattle on hill grazing. Theiler et al. (1928)
obtained 80% calf crop by giving bone meal ration to cows,
compared to 51% calf crop in the non-supplemented control herd.
Little (1970) cited Bisschop's study with 67% mean calving

in phosphorus-supplemented cows compared with LB¥ for the
controls., Morrow (1969) reduced the number of services per
conception from 3.7 to 1.3 and increased conception rate from
2T% to 76k by feeding dicalcium phosphate ad 1lib. to dairy
heifers grazing on phosphorus-deficient pastures., Little (1975)
by supplying sodium dihydrogen phosphate (NaHzPOh) to cows
during pregnancy reduced the interval between calving and the
first post-partum oestrus. This treatment also increased the
percentage of cows in oestrus by 8 weeks post-partum. Frotein
in addition to phosphorus, however, gave better results than

phosphorus alone,
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In Nigeria, Adegbola (1971) referred to infertility in a
Bunaji (White Fulani) herd at Moore Plantation, Ibadan, which
was corrected by calcium and phosphate mineral supplements.
This trsafﬁwnt also reduced annual mortality rate from 60% to
25% and 109 in two succeeding years, respectively. Lansbury
(1962) referred to two unpublished studies by Miller and by
Lansbury and Montsma in Nigeria and Ghana, respectively, in
which cattle gave substantial responses to phosphate supple-
mentation. The nature of "response" obtained in these studies
was not indicated. Lansbury (1962) pointed out that the low
rates of reproduction, short heat periods, and slow growth
observed in West African cattle have never been attributed
officially to phosphorus deficiency, but that few serious
attempts have been made to ascertain the importance of phosphorus
deficiency. He warned that more acute phosphorus deficiency
may arise as efforts are made to improve the size, growth rate,
and reproduction of cattle of West Africa by improving breeding
and management.

In goats, phosphorus deficiency is chronic and the signs
are mild and temporary with lowered productivity being the main

feature (Mackenzie, 1970).
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Caleium

Calcium deficiency does not cause reproductive failure
in cattle (Roberts, 1971). However, the (asP ratio influences
fortility. Hignett and Hignett (1951) found that low phosphorus
and high calcium intakes resulted in a low fertility rate, the
same was true of high phosphorus and low calcium intakes. When
phosphorus intake was high, a rising calcium intake improved
fertility rate within a certain range ¢f calcium increase,
Littlejohn and Lewis (196C), however, found fertility in dairy

heifers was nct affected by calcium and phosphorus imbalance,

Magnesium

Magnesium haa no direct bearing on fertility. Magnesium
metabolism, however, is closely related to that of calcium and
rhosphorus (Anon., 19683 Mackenzie, 19703 Irving, 1973).
Hypomagnesaemic tetany in cows and ewes is sometimes accompanied
by hypocalcemia and by low, normal or high serum inorganic

phosphorus (Underwood, 19663 Anon,, 1968),

Sy e
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Todine

Todine deficiency affects foetal and neonatal survival
in farm animals. Underwood (1966) stated that with iodine
deficiency, foetal development may cease at any stage of
pregnancy leading to early foetal death and resorption,
aborticn, stillbirth or the birth of weak, hairless or dead
young,. HNewborn lambs freguently have enlarged thyroid glands
or are born dead, weak or woelless (Anon., 1968). In ecattle,
deficiency is manifested by hirth of weak goitrous, or dead
¢alves (Anon., 1970). 1In goats, there is a sex difference
in foetal response to iodine deficiency; female kids, are
either stillborn or weak with early neonatal death while the
males are born normal (Mackenzie, 1970}. He attributed the
difference to bigger thyroid glands and a greater need for
iodine in the female. Underwood (1966) stated that iodine
deficiency aleo leads to infertility or sterility in cattle
as g regult of irregular or suppressed oestrus. This view
was shared by Mackenzie (1970). He suggested that iodine
deficiency leads to some aspecte of infertility as a consequence
to vitamin A deficiency which may follow icdine deficiency since
thyroid activity affects the animal's ability to sssimilate

vitamin A or carotene.



Manganese

Reproduetive disordera in adult cows are among the
early signe of mangenese deficiency; these include delayed
cestrug and conception, abortionsa and birth of deformed calves
(Underwood, 1966} Anon., 1970). Wilson {1966) observed a
marked impraovement in conception rate in several herds
following manganese sulphate supplementation. Analynis of
s0il on which these herds grazed revealed low available
manganede. Signa of mangsnese deficiency also develop, as a
result of environmental factors, such as high Ca0 intake, =
when cows are unable to absorb or utilize manganese available ;l

in the feed (Underwood, 19663 Wilson, 1966).

Copper

In cattle, gross deficiency of copper leads to inanition
and anoestrus is common, although some herds with low blood
copper levels have maintained high conception rates (Hignett,
1963). Copper deficiency does not affect the size of the lamb
crop although it can lead to marked reduction in the mumber of
viable lambs due to swayback (Hignett, 1963). Lamba may be born

weak and subsequently die due to their inability te nurse



(Anon., 1968). In goats copper deficiency is characterized
by irregular lengths of oestraus sycle and return 4o service
at irregular intervals (Mackenzie, 1970).

Pickering (1975) reported that copper deficiency lengthens
the oestrous cycle and depresses fertility. Three weeks
following eopper administration, the oegtrous cycle in a herd
of ahout 100 Ayrshire copper-deficient cows was reduced from
2}, days to 21 days. The same treatmgnt increaged the conception

rate from less than g% to 60% within four monthsa.

Cobalt

Cobalt deficiency in cattle leads to loss of appetite,
jnanition, gecondary failure of ocestrus, and deleyed onset of
puberty {Roberts, 1971). In sheep it is accompanied by reduced

fortility (Anomn., 1968).

Selenium

Selenium is an esgential nutrient but its exact metabolie
function is uncertain. Studies on wgelenium-responsive
diseases have revealed that selenium has a much wider and less

gpecific effect on animal health than previocusly thought
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(Blood and Henderson, 1968}, These diseases include white
muscle diseage, neonatal mortality, unthriftiness in weaner
ruminants, and foetal resorption in ewes, The ovine infertility
gyrdrome can be prevented by pre-mating and pre-lambing treat-
ment with selenium {Hertley, 1963). The effect of selenium on

cattle reproduction is unknown.

Nutrition—Infeotious Disease Interaction

Well-fed animals are more resistant to infection than
those inadequately nourished (Whitehair, 1969), A notable
exception to this is viral infections.

Nutrition aids protection ageinst bacterial diseases
by maintaining tissue integrity, enhancing antibody production
_ sincé immuane subgtances are proteins, sustaining the liver's
ability to detoxify toxic substances from bacterial metaholism
and maintaining reticulo-endothelial activity, Bacterial
infections such as brucelloris, vibriosis, trichomoniasis and
leptospirosis may cause infertility and reproductive failure
because of direct effects on the genital tract, Cther
infections may affect fertility indirectly through their effects

on the general health of the host.
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Paragitic infestation may be a complicating factor to
successful reproduction. Branton (1970) stated that there is
no evidence that internal and external parasites have much
direct effect on reproduction, but that reproduction is
affected indirectly as a result of an adverse effect on the
host's health. TInternal parasites utilize the host's food
and blood. Liver fluke and coccidia infestations may lead
to vitamin A deficiency (Usui et al., 1960; Mackenzie, 1970).
The former causes cirrhosis with a resultant reduced ability
to store vitamin A while the latter may block carotene
absorption. In this way, these organisms may induce
infertility signs characteristic of vitamin A deficiency.

In many African crountries tsetse flies (Glossina spp.)
continue to be a major constraint to the development of
cattle and other livestock industries (Shaw, 1962). The
blood parasites transmitted by the flies cause trypanoscmiasis
which is characterized by anaemia and general unthriftiness
leading indirectly to reduced reproductive efficiency. The
reproductive conditions considered to be associated with
bovine trypanosomiasis include anoestrus, infertility, abortion,

premature births, stillbirths, and non-viable calves (Nuru, 197L).
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Reproductive Efficiency of Indigenous Ruminants

Reproductive efficiency of cattle indigenous to Nigeria
is low (Wheat and Rroadburst, 1968, 19724 Lamorde and Weinman,
1972; Zemjanis, 1974k; Nuru, 1974). This is considersd to be due
to nutritional, managerial, and disecase factors, or by their
interactions. Approximately 90 per cent ¢f the national herd
of approximately nine million cattle grazing in the savanns zone
of Nigeris are ownied by nomadic Fulanig. Because their traditional
husbandry methods are non-production-oriented, the reproductive
efficiency of Pulani cattle is low (Osori, 1976). The little
that is known of the reproductive performance of Fulani cattle
has resulted from a few surveys (Wheat and Broadhurst, 1968,
19723 lamorde and Weinman, 19723 Nuru, 1974). Except for govern~
ment livestock improvement breeding centres (LIBC), reproductive
records are vwirtually non-existent.

The following information concerning Bunaji (White Fulani)
cowe came from analysis of LIDC records: average age at first
calving L2 months, average calving interval of 436 days, annual
calf crop of 60 per cent, total of four calves produced per cow,

and a generation interval of 72 to 7S months (Wheat and Brosdhurst,
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1968; 1972). The age of nomadic Bunaji cows at first calving,
hawever, ranged from four and half to seven years (Lamorde and
Weinman, 1972), MNuru (4974) reported an average age at conception
in the LIBC's of two and half years in contrast to three and halfl
yeare in nomadic herds. The available survey information on the
reproductive perfarmance of cattle indigenoua to Nigeria was

summarized by Zemjanie (197L):

Nomadie Cattle LIBC'S

Age at Firet Calving (mths) 60 | 10
Calving Interval {mths) 17243 16-18
Annual Cslf Crop (%) Lo 60
Totel No, Calves Produced 2% L

The percentage of Pulani herds with regular conception by
Fulani oriterion (mature cow having a calf every other year)
varied from 60 to 97.% and the percentage reporting repeat
breeding varied from 16.6 to S8.8 (Muru, 1974).

| Information obtsined by survey and analysis of LIBC
records suggested a geasonal breeding pattern in ocattle (Wheat
and Broadhurst, 1968, 19723 Lamorde and Weinman, 19723 Nuru,

1974). Studies by Osori (1976) indicated that cows indigenous
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to Nigeria are seasonal breeders with peak activity during the
rainy and pre-dry seasons (June to December). For maximum
reproductive efficiency under prevailing conditions of husbandry,
he reocommended that cowe be bred during July and August,

Although sporadic abortions in cattle have been reported
since 1930, the causes were usually unknown. Brucellosis and
trypanosomiasis were considered to be the main causes (MNuru,
1974). The prevalence of bovine abortion and infertility from
these and other causes have not been documented in Nigeria,
Nomadie Fulanis consider trypanosomiasis to be an important
cause of bovine abortion after nuiritional deficiencies
(MacGregor, 19623 Nuru, 197L).

Prom their survey, Lamorde and Weinman (1972) reported
12,4% abortions in Fulani herds and 3.9% in government herds
but no information as to the possible causes. In a survey
involving six Northern States of Nigeria, Nuru (1974) found
that bovine abortion was more widespread in the savanna grazing
areas than previcusly thought. The survey, however, gave no

information as to causes or financial lose involved.



With exception of sporadic serologic surveys for
brucellosis, there is little information on the causes of
bovine abortion in Nigeria, The overall infection rate for
bovine brucellosis in six Northern States was found to be
6.00637.1% in Fulani herds and 3.6% in government herds (Nuru
and Dennis, 1975).

Information on the reproductive efficiency of sheep

and goats indigenous to Nigeria ie lacking.
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PART I1I

SEASONAL CHANGES IN PLASMA PHOSPHORUS, CALCIUM AND MAGNESIUM,
AND PLASMA AND EEPATIC VITAMIN A VALUES IN BUNAJI CATTLE AND

GOATS
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INTRCDUCTION

Phosphorus and vitamin A deficiencies reduce reprcductive
efficiency in most species {Hignett and Hignett, 1951, 1952;
Underwood, 19663 Anon,, 19683 Mackenzie, 19703 Roberts, 1971).
Phosphorus deficiency in livestock occurs in many countries and
primarily results from phosphorus-deficient soils giving rise
to phosphorus-deficient pastures (Underwood, 1966). The
universality of phosphorus deficiency is illustrated by several
documented studies in various parts of the world (Theiler, 1928;
Dunlop, 1947; Sutmoller, 1961; Morrow, 1969; Reed et al., 1974;
Little, 1975). The low phosphorus content of pastures diminishes
further as plants attain maturity. |

Feed and herbage analyses as well as soil fertilization
trials, revealed that plants and soils in Nigeria are phosphorus-—
deficient (Goldeworthy and Heathcote, 1966; Hagger, 1969, 19713
Umch and Koch, 1971; Kapu, 1975). The northern grazing sreas
of Nigeria are characterized by a long dry season which further
reduces the phosphorus content of grasses and plants., Ruminants
in these grazing areas are not only likely to be low in phosphorus

but also subjected to seasonal fluctuations in the phosphorus
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content of the pastures which constitutes the sole source of
feed., The vitamin A status of ruminants in the northern grazing
areas of Nigeria is also affected by seasonal variations since
these animale are compelled to survive during the dry season on
dry and bleached grasses which are low in carotene, the vitamin
A precursor.

This study was carried out to determine seasonal variations
in plasma phosphorus, calcium and magnesium and plasma and
hepatic vitamin A levels of cattle and goats in the savanna area

of Nigeria.

MATERIALS AND METHODS
Survey Area

The survey was carried out in Kano and Kaduna States
from August 1375 to April 1976. Samples were collected from
Kano and Kaduna abattoirs and from the Kano Government ranch
at Bunkure, 32 km from Kano (Appendix 1). A preliminary
study in July to September, 197L, involved a local cattle

herd at Yakase, 13 km from Zaria, Kaduna State,
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Kano and Bunkure are located in the Budan savanna zone and
Kaduna and Zaria in the Northern Guinea savanna zone. These
arear are characterized by a rainy season of variable lengthj
Kaduna 6 to 7 months, Zaria 5 to 6 months, and Kano l to 5 months.
The first rains usually occur in March or April, April and May,

respectively (Appendix 2, Table 1).

Animals

The animals were female Bunaji (White Fulani) cattle and
Kano Brown goats slaughtered at Kano and Kaduna abattoirs, and
Bunaji cows from the Bunkure ranch in Kano State and from a
local herd at Yakase, Kaduna State. By dental examination,
the cattle were estimated to be five years of age or over and
the goats, one-and-half years or more. The cattle slaughtered
at Kano and Kaduna were purchased from surrounding cattle
markets and at Kano, some also came from Niger and Chad., Goats

were purchased from markets in the vicinity of Kano and Kaduna.
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Collection of Samples

Yamples were collected in August/September 1975 (rainy
geason), January/February 1976 (early dry season), and April
1976 (late dry season). As animale were slaughtered 20 ml of
blood was collected in sterile test tubes containing heparin
as an anticoagulant and then gently mixed. Approximately 5 g
from the ventral tip of the caudate lobe of the liver was
removed, placed in a sterilized 30 g screw-capped bottle,
Plasma from the blood samples was decanted into sterile test
tubes following centrifugation in a small portable centrifuge,
The plasme and liver samples were transported to the laboratory
in an insmlated, cool box containing ice, and then kept frozen
at -20°¢ until used for biochemical analyses.

At Bunkure and Yakase, 20 ml of blood waé collected
from the cows with & sterile syringe via the jugular vein.

The blood was transferred to a sterile test tube containing
heparin, gently mixed, and placed in an insulated, cool box
containing ice. The samples were taken to the laboratory,

centrifuged at 3000 rpm for 10 minutes, the plasma decanted
into sterile tubes, and then frogzen at -~20C until analyzed,

411 sampling began at 0800 hours.
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Al) glassware was thoroughly washed and rinsed thrice

in distilled water,

Blochemical Procedures

Inorganic Phosphorus: Samples were analyzed by the modified

method described by Fiske and Subbarow (1925). The
concentration of etandards used was 0, 2, L, 6, and 8 mg/100 ml.
Bach sample or standard was run in dupliéate and the mean
absorbvance for each determined, Utilizing the abaorbance for
the standarda, the slope of the regreasion line was calculated

from the following formulas

i(xi - §) (yi - §)
s (x, - 9°

sesmvRsevRay mla 1

whaere:

b = slope of the regression line

x, = value of phosphorus cocncentration in

different standard (mg/100 ml)

Hi
H

mean value cf phosphorus concentration of
all standards (mg/100 ml)

y, = absorbance for different standards (nm)

41
i

mean absorhance for all atandards (nm) .;f
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The mean phosphorus concentration for each sample was

calculated from the regression equation:

Yi—y = b(Xi—i) R R A A B Ekl.?

Where:

mean absorbance for the sample (nm)

<
I

Yy = mean absorbance for all standards (nm)
b = glope of the regression line

X, = phosphorus concentration for the sample
(mg/100 ml)

X = mean phosphorus for all standards (mg/100 ml)

Equation 2 was solved for Xi as follows:

Yi -y + bx
1 R I I I R mn 3
b

Calcium and Magmesium: Plasma calcium and magnesium were

determined with an atomic absorption spectrophotometer as
described by Willis (1960a, b, 1961). The samples were
diluted 1:50 with 0.1% (w/v) strontium chloride to eliminate

possible phosphate interference with calcium determination.
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Plasma Vitamin A: Plasma vitamin A was determined spectro-

photometrically> by the method of Sobel and Snow (1947)
Colorimetric reaction was obtained by uging 1, 3=-dichloro-2-

I

propanols. Concentration of vitamin A standards™ was 1, 2, 3,
and Lug/ml. Concentration of carotene standa.rd:5 was 2, L4, 8,
and 10ug/ml. The colorimetric readings of the carotene
standards were used to calculate the carotene levels in the
plasma and the interference of plasma carctene concentration

on the colorimetric reaction between plasma vitamin A and 1,
3-dichloro=-2=-propanol. Concentrations of vitamin A and carotene
in the plasma samples were calculated from the colorimetric
readings of their respective standards by the same equations
used for determining phosphorus. Absorbance interference by

the presence of plasma carotene was calculated by the following

equationy

Yi = bxi-bi+§

Model 306, Perkin Elmer Corp., Norwalk, Conn,, USA
Spectronic 20, Bausch and Lomb, Rochester, N.Y., USA
Fagtman Kodak Company, Rochester, N.Y., USA

U.5.P. Reference Standards Rockville, Md., USA

Roche Products Itd,, Welwyn Garden City, Herts, England

nfHwmn -
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where:

Y, = sample absorbance at 550 nm
b = slope of carotene standard curve at 550 nm

X, = ocarotene concentration in sample (ug/ml)

i
X = mean carotene concentration for all standards
(ng/ml)
¥ = mean abaorbance for all carotene standards

at 550 nm

Hepatic Vitamin A: Liver vitamin A concentration was determined

by the method of Ames et al. (1954) but modified by using 1,
3-dichloro-2-propancl instead of antimony trichloride.
Concentration of vitamin A standards was L, 8, 12, and 16pg/ml.
Concentration of vitamin A in the liver samples was calculated
by the regression equation used for determining inorganic

phosphorus,
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RESULTS

Seasonal mean values for plasma phosphorus, calcium and
magnesium, and plasma and hepatic vitamin &, together with the
mean monthly rainfall, are presented in Tables 1-6 and Fige.

1-11, and the individual values in Appendix 2 (Tables 2-12),

Cattle

A distinct seasonal variation was observed in the plasma
phosphorus values from Bunkure and Kanoj; the peak occurred with
pasture growth during the rainy season (August-September).

The mean phosphorus values for Aungust-September, January-
February, and April for Bunkure were 5.7 + 1.25, L.88 + 1,25,
and .72 + 0.92 and for Kano, 7.45 + 1.93, 5.72 # 1.51, and
5.07 + 1.69, respectively., The higher rainy season values over
those for the dry season in Bunkure and Kano were significant
(P< 0.01), The Kaduna samples had a different pattern with a
alight peak during February which was not sisnificant,

Calcium levels increased significantly from the rainy to

the dry season in the samples from Bunkure (P< 0.01) but not
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from Kano and Kaduna.

Plasma magnesium levels increased significantly from the
rainy to the dry season for Sunkure (P< 0.01) and ¥ano
{(P<0.05) but not for Kaduna,

Fxcept for Punkure, the highest plasma values for vitamin
A were obtained in the rainy season, The decrease from
September to January for Kano and from August te February for
Kaduna was significant (P<0.05). Dry season changes were
variable; it decreased significantly from January to April for
Tunkure (P<0,05), and rose between February and April for
Kaduna. There was little difference between August and April
values for Kaduna.

The hepatic vitamin A level fell significantly from
hugust to February for Kaduna (P< 0,01), and less so from
February to April. For Kano, the fall occurred only within

the dry season from January to April (PL0.05).

Goats

There was no significant season variation in the plasma
phosphorus and calcium levels for both Kaduna and Kano

(Tables 5-6).
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There was a slight but non-significant inerease in the
plasma magnesium levels from the rainy to the dry season, For
Kaduna, the increase was from August to February and for Kano,
it was from September to April.

The plasme vitamin A levels varied slightly between seasons,
For Keduna, it dropped 8% from August to February and remained at
this level. The level for Kano rose %% from January to April.

The hepatic vitemin A levels for both Kaduna and Kanc decreased

significantly from the rainy to the dry season (P« 0.001).

Preliminary Yakase Study

The plasma phosphorus levels were below the normal minimum
of 4 mgh for cattle (Table ). The August level was significantly
higher than thaet for both July and September {P< J,05).

Flasma calcium and magnesium levels were similar to but
a littie higher than thoge obtained in Kaduna, Kano, and Bunkure,

The CaiP ratio was imbalanced and ranged from 3,36-5.30 (Fig.11).
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DISCUSSION

The reproductive performance of nomadic cattle in the
northern grazing areas of Nigeria with its long dry season
suggests phosphorus deficiency; calf every other year,
failure of oestrus, and heifers not exhibiting oestrus until
over two years of age (Roberts, 1971). The results of this
survey did not confirm this from the three areas sampled, but
results in the local nomadic herd, however, indicate that sub-
clinical to clinical phosphorus deficiency is a factor in the
low reproductive performance of indigenous cattle., This is
gsupported by deficiency of phosphorus in all types of forage
in the savanna grazing areas (Kapu, 197%).

The plasma phosphorus levels varied seasonally with
significantly higher values during the rainy season. The
levels generally fell progressively as the plants matured with
the approaching dry season (Underwood, 1966)., Similar seasonal
variations in plasma phosphorus levels were found in Northern
Nigeria (Osori, 19763 Akerejola, 1976) and in Botswana
(Reed et al., 1974). Seasonal results obtained were similar

to but slightly lower than the values in healthy male and
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female Bunaji cattle at the Shika !‘esearch Station, 16 km,
north-west of Samaru (Akerejola, 1976). Results of Osori's
study indicated that ovarian activity of indigenous cattle
peaked during 2nd immediately after the rainy season and this
may be a result of the seasonal variation in the plasma
phosphorus levels.

Phosphorus levels in the local nomadic herd used for the
preliminary study were very low even though the study was
carried out during the rainy season, the pericd for higher
plasma levels, The difference between these levels and the
other three sampling sites was striking, 3 mg)f and less
compared to 4.5 to 6.5 mg which is within the normal range
of L to 8 mg¥% for cattle (Rapoport and Guest, 1941) and for the
Bunaji breed (Oduye and Fasanmi, 1971 Akerejola, 1976).
Plasma phosphorus levels below L mgt usually indicate
deficiency and are deleterious to satisfactory reproductive
efficiency (Roberts, 1971).

Wagner (1962) found lowered conception rate in several
dairy herds with plasma phosphorus levels in the low normal
range. Schultz et al., (1971) carried out chemical analyses
on the plasma and uterine fluid collected from 88 normal

adult Friesian cows during the various days of the cestrous
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cycle and found that inorganic phosphorus levele in the plasma
were 5.9 mg% or above for everyday except day 2 =2nd in uterine
fluid, it ranged from 10.9 to 32.8 mg¥. These two studies
suggest that a plasma phosphorus level in the high normal
range is necessary for satisfactory reproductive efficiency in
Bos taurus breeds. Morrow (1969) found that 2,1 and 2,8
services per conception were required when plasma phospherus
levels were 3.9 and 4.0 mgd., respectivelys thie declined to
1.3 services when the plasma level was increased to 6.5 mgk.

The absence of seasonal chan e in cows at Kaduna
abattoir is difficult to explain. Kaduna is further south
than Zaria and Kano and has a slightly longer rainy season,
Similar findings were found for goats at both Keduna and Fano
abattoirs, The plasma phosphorua levels for goats was lower
than the 6.8 to B.4 mgf in whole blood reported in two goats
by Rapoport and Guest (1941).

Flasma calcium and magnesium levels were similar to but
the peaks were lower than the values reported for male and
female Bunaji cattle (Akerejola, 1976).

Vitamin A deficiency does not cause bovine infertility
but adversely affects pregnancy during the second half by

abortion or birth of weak or dead calves (Roberts, 1971).
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Plasma vitamin A levels in cattle, except for Bunkure in
August 1975, were all within the normal range of 20 to LO pgf
(Vorrow, 1969). GSeveral individual values, however, were in
the low range. A plasma level of 20 to 25‘pg% is borderline
to deficient (Church, 1971). This means that the plasma
vitamin A levels found in Kanco and ¥Kaduna during the dry
geason are borderline for maintaining bovine pregnancy during
the second half of gestation. Due to periodic power failures,
vitamin A content of many plasma samples collected during the
rainy season and held over six months were or tended to be
labile (Appendix 23 Tables 3, 5 and 7).

Hepatic vitamin A levels for Kaduna fell progressively
during the dry season but not to depletion. For Kano, there
was no inter=geagonal variation but only within the dry season.
The mean hepa ic levels of vitamin A did not fall below 69.20
pe/e liver, a finding similar to that for cattle in Ghana
(Wharton, 1966)., From November to April there are no green
pas‘ures in Northern Nigeria, the only source of carotene,
vitamin A percurseor, being leaves frcm shrubs and trees,

Vitamin A changes were more consistent in goats, There
was little or no seasonal variation in the plasma levels of
vitamin 4 but the hepatic levels fell slowly and then sharply

until the erd of the dry season,
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Fepatic stores of vitamin A of catile indigenous to West
Africa tend to be higher than that of Bos taurus breeds in
temperate zones (Wharton, 1966). Teported levels for
lactating Jersey cows are 134.1 to 201 ng/g (Byers et al,,
1955) and for rense Hereford cows, 75 to 117 ug/g (Wheeler
et al., 1957). The highest and lowest individual values of
vitamin A in fresh liver in cows in Ghana was 61,7 and
L75.8 ng/g, respectively., Vith the longer dry season in the
savanna zone of Northern Nigeria, the hepatic values tend to
be lower,

Cattle indigenous to West Africa can survive for
extended periods without dietary carotene (Miller, 1961), He
maintained Zebu x N'Dama steers for 2B weeks during the dry
season in Nygeria on supplemented pasture plus 0, 1, and 20
mg carotene/100 1b, body weight/day. Cattle slaughtered at
the beginning of the trial had hepatic vitamin A and carotene
levels ranging from 104 to 267 and 24 to 43 pg/100 g dry
matter, respectively. At the conclusion of the trial, the
steers receiving no supplemented carotene had L.7 ung carotene
and 0.1 ng vitamin A per 100 g dry liver, Despite this

depletion, clinical avitaminosis A was not observed and the

manannl amantad etcare oadinad ae wall ae thaea rarmaivrine 20 me
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carotene daily, an average of approximately 0.3 1b/nead/day.
Bvidence from Miller's and Vharton's studies sugirests that
cattle indigenous to VWest ‘fries do not require supplemental
vitanin A during the dry scason for minimal growth gains,
Vitamin A deficiency has been deseribed in cattle grazing
dry bleached pasiures whers proteir, phosphorus, and carbo-
hydrate intake were also poesibly deficient - these conditions
sre typical of the savanna grazing arveas of Nigeria during the
long dry season. A4S liver can store considerable amounts of
vitamin A for some time, avitaminosis 4 takes months to
develop. lesults of this study and that of Miller (1961) and
Vharton (1966) indic-te that clinical avitaminosis 4 ie not
as common ag would be expected from factors such as the dry

geason ana traditional nomadic methods of husbandry.

SUMMARY

A survey was carricd out in ¥aduna and Kano States of
Nigeria to determine t'e plasma levels of phosphorus, calcium

and megnesium, ana placma and hepatic vitamin 4 levels of



Bunaji (White Pulani) cows and Kano Brown does. A distinect
seasonal variation was observed in the bovine plasma
phosphorus values from Kano but not Kaduna Statej the peak
occurred with pasture growth during the rainy season (P< 0,01).
The mean phosphorus values for August-September, January-
Pebruary, and April for Punkure and Kano, Keno State, were
5.7 + 1.25, 4.88 + 1.25, and 4,72 + 0,92 and 7,45 + 1.93,
5.72 + 1.51, and 5.07 + 1.69, respectively. Caleium levels
increased significantly from the rainy to the dry season in
Punkure (P< 0,01) but not Kano and Kaduna., Plasma magnesium
levels increased significantly in cows from the rainy to dry
season for Bunkure (P¢ 0.01) and Kano (P<0,05) but not for
Kaduna, There was no significant seasonal variation in the
caprine phosphorus calcium and magnesium levels,

Ixcept for Bunkure, the highest plasme values for vitamin
A in the cows occurred durings the rainy season., The decrease
from September to January for Kane and from August to February
for Xaduna was significant (P<0.05). Dry season changes were
variable; it decreased significantly from January to April for
Bunkure (P¢ 0,05), and rose between February and April for
Kaduna., There was little difference between Aurust and April

values for Kaduna, The caprine plasma vitamin 4 level varied
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glightly between seasons, The bovine hepatic vitamin A levels
fell sigmificently from August to February for Kaduna (P< 0.01),
and less so from Pebruary to Lpril. For Kano, the fall occurred
only within the dry season from January to April (P< 0.058). The
hepatie vitamin A levels in goats decreased significantly from

the rainy to the dry season (P<0.001).
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Fig. 1. Mean plasma levels of phosphorus, calcium and
magnesium (mg/100ml) in cows from Bunkure,

Kano State.
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Fig. 2. Mean plasma vitamin A levels in cows from Bunkure,

Kano State,
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Pig. 3. Mean plasma levels of phosphorus, calcium, and

magnesium in cows from Fano abattoir.
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Pig. 4. Mean plasma and liver vitamin A values in cows

from Kano abattoeir,
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Pig. 5., Mean plasma levels of phosphorus, calecium and

magnesium in cows from Kaduna abatteir.
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Fig. 6. Mean plasma and liver vitamin A values in cows

from Kaduna abattoir.
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Fig. 7. Mean plasma levels of phosphorus, calcium and

magmesium in does from Kaduna abattoir.
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Fig. 8. Mean plasma and liver vitamin A values in does

from Kaduna abattoir,
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Fig. 9. Mean plasma levels cf phosphorus, calcium and

magnesium in does from Kano abattoir.
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Fig. 10, Mean plasma and liver vitamin A in does from

Kano abattoir,
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Fig. 11. Mean plasma levels of phosphorue, calcium, and
magnesium in the local nomadic herd in Yakase,

Kaduna State.
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INTRODUGCTION

Cattle in West Africa and Nigeria have a low reproductive
efficiency compared with temperate zone breeds (Lronsbury, 19623
Wheat and Broadhurst, 1968, 1972; Lamorde and Weinman, 1972
Zemjanis, 197k4; Nuru, 1974). Lansbury (1962) emphesized the
importance of the animal's nutritional environment in restricting
productivity. Protein and phosphorus deficiencies in Vest
Lfrican grasses have been confirmed by analytic and supplementa=-
tion results. Lansbury (1962) recommended investigating urea
and phosphates as economical means of supplying these nutrients.

Phosphorus has been found to be deficient in all types of
forage investigated in the savanna grazing areas of Njgeria
(Kapu, 1975). Phosphorus supplementation in one form or
another has improved the reproductive efficiency of c¢linical or
sub-clinical deficient cows snd heifers (Theiler et al., 1928;
Dunlop, 1947; Fignett and H;ignett, 1951, 19523 Morrow, 1969;
Little, 1975).

This study was carried out to determine the effect of bone-
meal supplementation on pregnancy in Bunaji (White Mulani)

cattle.



MATERTALS AND METHODS

Animals

Thirty-two Bunaji cows, aged 2 to 8 years, were selected
from a herd of 72 at the University Parm, 5 km, north-west of
Samaru (Appendix 1), The cows were carefully divided into two
groups of 16 based on age aud reproductive status,

The cows were maintained on grazing alone, C(razing

consisted mainly of native grasses with indropogon gayanus

(Gamba grass), Pennisetum pedicellatum, Brachiaria jubata, and

Hyperthelia dissoluta predominating. The cows had occasional

access to a paddock containing cultivated Stylosanthes humilis,

The herd from which the cows originated had access to a

mineral lick containing 7.9 phosphorue in the night paddock.

Experimental Design

The cows were phosphorus-supplemented from February 1975
to April 1976, The experimental and control cows were

identified by ear-tags and grazed together with the rest of the
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herd of 72 during the day. At night, the two groups were placed
in separate night paddocks., The experimental group was given
bonemeal at the rate of 84 g/cow/day (equivalent to 12.6 g of
phosphorus), The bonemeal was mixed with scdium chloride at a
ratio of h.2:1 and placed in half-drums,

Two mature bulls ran with the entire herd during the day
and on alternate nights, one bull was placed in with the
experimental or control group. Pregnancy status of each cow
was determined monthly by rectal examination for the period Sf
the study and for two months after.

Blood samples were taken monthly for analysis of plasma
inorganic pheosphorus, calcium and magnesium and handled as
deseribed in Part II. Tlood samples were also taken for
naematology in July and November 1975, and March 1976, FKeparin

was used as the anticoagulant.

Biochemical Procedures

Plasma inorganic phogphorus, calcium and magnesium were

analyzed as described in Part 11, and the Ca:P ratio caleculated.






