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Abstract

Zinc is an essential dietary mineral for growth amegnancy in livestock. However, its requirementifidigenous
livestock has not been given adequate attentidreréfore, zinc requirement for growth in West Afnicawarf (WAD)
kid was investigated. Five forage crops; Panicunximam, Andropogon gayanus, Pennisetum purpureuntdema
leucocephala and Gliricidia Sepium,and commercalians from four different feed mills, were analyzedgrovide
baseline zinc levels to which goats are exposedh. isAnitrogenous and isocaloric diets, varied byels of Zn
(mg/kgDM). 44.0 (basal), 104.0, 134.0, 164.0, 19224.0 and 254.0 were formulated. Twenty-one we&diad
female kids, aged 5-6 months and weighing 4.8-5vékg allotted to the treatment diets, using thregicates in a
completely randomized design. Animals were trarefieto individual metabolic cages for separate ection of
feaces and urine 14 and 15 weeks later. Parameieiermined were, dry matter intake, weight gain, fe@aversion
ratio nitrogen retention and haematological paraere. Panicum maximum, Andropogon gayanus, Peumise
purpureum, Leucaena leucocephala and Gliricidia iGep contained 31.245.0; 29.1+ 3.0;34.6+ 6.0; 45.840 and
47.1+4.0mg Zn/kg DM respectively. Growing WABskied 134.0 mg/kg DM haignificantly (p<0.05) higher DM1
(%) of 8.2 as compared with kids fed 44.0, 104&4.Q, 194.0, 224.0 and 254.0mg Zn/kg DM which rdedr7.7,
7.9,7.4,7.3,7.1 and 4.3 respectively. The sameltreas observed with WG (g/dagf 128.3 which was significantly
(p<0.05) higher than others which recorded 57.147%8.8, 92.9, 64.3 and 9.0 respectively Nitroggantion (% )
of 84.06 was significantly (p<0.05) higher than eth which recorded 79.88, 81.70, 83.17, 83.07,Band 65.97
respectively while the kids fed 134.0 and 164.0mggZBM recorded significantly (p<0.05) lower FCR af6 as
compared with others fed 44.0, 104.0, 194.0, 224 264.0mg Zn/kg DM, which recorded 11.93,10.00.6®267
and 13.6 respectively. Haematological parametegmificantly (p<0.05) reduced in values as zinc camication in
feed increased. Growing WAD kids required 134mgZiikg for efficient feed utilization and consequeptimal
growth.
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Introduction generally ideally, do not compete with man
The high demand for animalfor vital quality feed resources. It is easier
protein can be met most rapidly byto increase the population of small
increasing ruminant livestock populationruminants such as goats and sheep than
Ruminants have major role in balancethrge ruminants such as cattle and buffalos
agricultural system as converters of lowDevendra, 1980). This is because the
quality feeds to highly desired protein fooctapital investments for a small ruminant
of high biological value for the benefit ofenterprise is relatively lower, average land
man. Ruminants, because they have prbeldings are usually smaller, the
gastric fermentative digestion of feedyeproductive turnover of small ruminants is
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high and the species can be easily managed Copper and Zinc are the only
by family labour. Often small ruminantsmineral deficiencies in animals, which are
economically meet the requirement o€asily diagnosed by blood, feacal and urine
limited resources of producers better thaanalyses. It is important however, to verify
large ruminants, this is because they atikat there is no infection or inflammation,
small and attain maturity earlier, they canvhich can cause non-nutritional increases
produce milk and meat in morein plasma copper and decreases in plasma
manageable and readily utilized amoun#n (Lamand, 1987; NRC 1998). Since zinc
Small ruminants can therefore make & known to be necessary for the activities
good contribution to food, energy andof more than 100 enzymes associated with
income security of West Africa. carbohydrate and energy synthesis, nucleic
Appropriate research and developmerdcid synthesis, hemebiosynthesis, carbon
activities are therefore needed to increasBoxide transport, function and
small ruminant productivity. maintenance of skin, pancreas and male
There has been paucity ofreproductive organs (Salmon, 1988;
information on mineral requirements ofHambridgeetal 1986). — Exact level of Zn
goats under different production conditiongmg Zn/ kg DM) must be determined to
(Haelein, 1980). This assertion hagnhance a good number of advantages of
attracted serious attention by livestockjoat rearing and eradicate problems
production scientists to search for morassociated with WAD goat productivity,
information to enhance adequate feedingspecially those concerned with dairy,
and management of goat for bettesince sub-normal level result in appearance
production of meat, milk and fibre. Inof deficiency symptoms and low
animal and man, numerous factors have @oductivity (Solomon, 1988) and higher
marked effect on Zn absorption. Mosthan adequate levels are progressively
studies on Zn bioavailability are related tdgoxic and consequently lethal (Lamand,
zinc as Sulphate (Wedekind and Naked987). Ranking of criteria to assess
1990) and only a few studies address tH@oavailability of zinc from different
absolute apparent bioavailability. sources were described by Sandostal
Recently the absolute (1987) for broilers and by Swinkekt al
bioavaialbility was established to be aboutl994) for pigs. They showed that
22% for zinc acetate (Poulsen and Larsenpncentration of zinc in bones was closely
1995; Poulsen and Carlson, 2001). Theslated to the bioavailability followed by
knowledge of average level of zinc and itzinc content in liver and pancreas. The
common or major antagonists in theelative biological value of Zn sources
tropical forages, ingredient and water, asvaluated by tibia ash content, as observed
well as the establishment of theiby Jongbloed et al (2002), revealed
consistencies at these levels, therefor&DOmg/kg zinc sulphate, 58mg/kg zinc
become essential, for the determination afarbonate, 42mg/kg zinc  chloride,
optimal level of Zn required by the animal.95mg/kg zinc oxide and 102mg/kg zinc
amino acid chelate. Besides the chemical
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compound, numerous interactions betweddnderwood and Somers (1969) and more
zinc and other feed component exist-Hexaecently by the NRC (2001). Weigand and
and penta phosphate derivatives of inositédirchgessner (1982) calculated with a
(phytic acids) affect Zn absorption in nonuutilization for zinc between 0.40 and 0.25,
ruminants because insoluble zinc phytatehereas NRC (2001) calculated with an
complexes are formed. The absorbabilitgfficiency of absorption of 0.5 for pre-
of zinc depends not only on theruminant calves, 0.3 for growing ruminants
concentration of phytate, but also ofand 0.2 for adult ruminants.

calcium magnesium and phosphorus. The Zinc requirement seems to be
zinc bioavailability is also influenced byhigher if there is a high phytate
high amounts of copper and iron in the&oncentration in the total diet or if there is
diet. In similar way a nickel oversupplya high calcium or copper content (Meyer
leads to signs of zinc deficiency (Ank¢ and Coenen, 2002).

al 1995; 2002). It seems that an Most of the recommended
oversupply of divalent cations influencegequirements were based on limited
the metabolism of zinc. Consequently theesearch works on goats and to a large
reported recommendations for zinc magxtent extrapolated data from sheep and
vary among studies owing to thecattle (Kearl, 1982), hence, the main
differences in the absorption ofobjective of this work is to determine the
supplemental zinc sources and the use qtiantity of zinc (mg/kg DM) required for
ingredients that interfere with absorptioroptimal performance of the growing West
and/or utilization of zinc under study. InAfrican dwarf kids.

previous experiments, a dietary zinc

concentration of 8 to 9mg/kg feed DM forMaterials and Methods

growth of suckling calves and 10-14 mg/kd.ocation

IS necessary to maintain normal plasma The experiment was conducted at
zinc levels (Hambridge, 1986). In fieldthe goat unit of Lagos State Polytechnic,
observations, the zinc requirement igkorodu. Ikorodu is situated in the
higher. Zinc supplementation of a barleysouthern part of Nigeria at an elevation of
ration containing 29-33 mg/kg DM 200m above sea level and lies between
increased the growth rate of heifers an@®26’N and 3.54’E (Google Earth, 2006).
steers (Hambridge, 1986). Weigand antkorodu is a tropical region with high
Kirchgessner (1982) calculated the dietargmount of rainfall and a dry season of
zinc requirement for a 600kg dairy cowthree to five months duration (November —
producing 30kg milk per day would be 40-March), under normal circumstances.
50 mg/kg DM. In most attempts zincBeing a tropical region with a very little
requirement was estimated using dosemperature variation, it supports the
response relationship. Weigand androwth of various microorganisms and
Kirchgessner (1982) estimated zinwegetation, which is highly enhanced
requirements for dairy cows by a factoriatluring raining season. The soil is loamy
method. This was earlier done by
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and the common grass is_Panicurmto 7 treatments and labeled based on

maximum gradation in the level of zinc, each
replicated thrice in a completely
The Experimental Animals randomized design. The animals were

The West African Dwarf kids were allowed six weeks to acclimatize to the
sourced from Iwo in Osun State andarm conditions and were dewormed with
transported to Ikorodu before mid-daylevamisol and ivomec super to prevent
The kids were purchased from variougctoparasitic infection.
homes and the choice was based on size, The animals in treatments A-G
age and physical condition. On arrival atvere fed_adibitum with the experimental
the experimental site, they werebasal diet (Table 1), varied by gradations
administered with PPR vaccine andmg/kg dm) 44.0, 60.0, 90.0, 120.0, 150.0,

penstreps for 5 days. 180.0 and 250.0, in the level of dietary

zinc inclusion and daily, at sun-set were
Experimental Animals and their allowed into a well-secured pasture (solely
Management panicum maximum), for grazing and

Twenty-one growing West African exercise. Wood shavings as beddings
Dwarf (WAD) kids, 5-6 months of age,were changed in pens weekly.
weighing 4.8-5.6kg were randomly allotted

Table 1:  Gross Composition (%) of Basal dietsral Chemical Composition of
Concentrate and Guinea Grass (g/100g dm)

INGREDIENTS: BASAL DIET
Soybean meal 13.50
Wheat Offal 20.00
Palm Kernel Cake 36.00
Brewers’ Dried Grain 25.00
Bone meal 1.50
Oyster Shell 3.50
Premix 0.50
Salt 0.50
Total 100.00
Zinc (ppm) 44.00
Fe (ppm) 73.18

Cu (ppm) 12.72
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CONCENTRATE GUINEA GRASS
Dry matter 90.20
Crude Protein 15.28 4.40
Crude Fibre 38.90 41.80
Ether Extract 4.83 2.70
Ash 4.07 16.10
Nitrogen Free Extract 26.92 35.00
Metabolizable Energy
(Kcal/kg) 2,533.75
DIET A: Basal Level of Zn in the experimental diet 44.0ppm
DIET B: Experimental diet with additional 60.0ppm Zn
DIET C: Experimental diet with additional 90.0ppm Zn
DIET D: Experimental diet with additional 120.0ppm Zn
DIET E: Experimental diet with additional 150.0ppm Zn
DIET F: Experimental diet with additional 180.0ppm Zn
DIET G: Experimental diet with additional 250.0ppm Zn
Collections of Feaces and Urine plastic bottles kept in a deep freezer till

At weeks 14 and 15, each animatequired for chemical analyses. Nitrogen
was placed in individual metabolic cageontent of samples were determined using
modified for separate collection of feaceXjeldahl procedure (AOAC, 1990). The
and urine (Akinsoyinu, 1974). A weeksamples were ashed by charring in muffle
was allowed for adjustment to the cagefurnace at 50 for about 3 hours
before collection of feaces and urine dailfAOAC, 1990). The ether extract and
for the next 7 days. Aliquot (10%) of thecrude fibre of the samples were analysed
total feaces collected each day waas described by AOAC (1990).
retained, samples were dried in an oven at
65°C to constant weight and then bulkedData Analysis
for each animal and stored in a bottle with Data obtained were subjected to
an air-tight cover at room temperature untinalysis of variance in a completely
required for chemical analyses. Totatandomized design, using the SAS (1999)
urinary output was weighed and saved witpbackage and the means were separated
3ml of 10% HSO, to curtail microbial using Duncan multiple range test of the
activities. Daily collection of urine was same software.
also bulked for 7 days for each animal in
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Results and Discussion

Table 2: Performance of Animals Fed Varying Diedry Levels of Zinc

PARAMETERS A(44) B(104) C(134) D(164) E()94(224) G(294) SEM

Mean DM1(g/day) 682.50 714.08 765.08 465.00 575.00 685.00 195.00 3.94
Mean Live

Weight (kg) 890 916 9660° 630 790 9.76 4.60 0.24
Mean DM1

(% of liveweight) 770 796 820 746 730 7.07 4.30 0.25
Mean Body

Weightgain 5710 71.4 128.38 78.80 92.90 64.36 14.3 0.87
(g/day)

DMI/BWG Ratio 11.93 1008 6.00 6060 626 1067 13.6 0.07.
abec......... Means in the same row with different sup@pss differ significantly
(p<0.05).

DM | Dry Matter Intake

SEM Standard Error of Means
WAD = West African Dwarf
Values in parenthesis represent analysed contedit of diet

Mean voluntary DM1 value (g/day) of theenzymes, including digestive enzymes
kids varied from 195 to 765. Treatmen{Solomon, 1988), as well as activation of
effects were significant (p<0.05). Animalsmetabolism (Miller, 1979, Evangt al,

on dietary Zn of 134.0ppm recorded thd975), thereby, enhancing rapid digestion
highest DM1 value of 765g/day. All theof feed and creating desire for more feed
kids consumed 4.6-9.6% of their bodyntake — resulting in the exceptionally high
weight as dry matter. Although thedry matter intake, recorded in Table 2.
variations were appreciable (p<0.05) the Weight gains (g/d) of 14.3 to 128.0
values were greater than 3.0% (NROwere observed in the study. The
1982) and 3.0 to 5.3% (Perera, et al, 199&priations were highly significant (p<0.01).
as the minimum recommended fofThere was also a declining trend in gains
maintenance and growth respectively. Thieyond dietary Zn content of 134.0ppm,
trends however depicted a decline in DMtesulting from progressive decline in iron
beyond 134.0ppm of dietary Zn inclusionabsorption with subsequent decline in
This expressed that a dietary Zn content @farbohydrate metabolism ( Evaes a)
134.0ppm would be adequate for growthHeading to subsequent and progressive
this could be attributed to the fact that Zmetardation in the body physiologic
is instrumental to the activation ofactiviies as zinc absorption was
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approaching toxicity, as also observed byrend however depicted a decline in feed
Hambidgeet al (1986). efficiency beyond 134.0 and 164.0ppm of
Mean feed conversion ratio of thedietary Zn inclusion.

kids varied from 6.00 and above (table 3, From the previous parameters,
treatment G with 14.30 g/day body weightlietary Zn content of 134.0ppm has been
gain). Treatment effect was significantonsistent in  supporting  optimal

(p<0.05). Animals on dietary Zn contenfperformance, making it the optimal dietary
of 134.0ppm and 164.0ppm recorded th&n intake level between the two that
lowest feed conversion ratio of 6.00. Theffered the lowest feed conversion ratio.

Table 3: Haematological Data on Wad Kids Fed Varying Dietarylevels of Zinc

PARAMETERS A B C D E F G SEM
(44) (104) (134) (164) (194) (224) (294)

RBC x 10/mm°  27.42 24.05 21.38 17.33 16.93° 16.39 9.51 0.59

WBC x1¢/mm* 17.39  18.13° 1767 19448 16.80 17.03 20.76 0.51

Hb (g/dl) 15.82 15.87 14.0f 12.2% 1089 95F 657 0.43
PCV (%) 4300 3430 3767 3567 346F 30.00 2267 0.67
ab.c......... Means within the same row with any ideadtBuperscripts are not

significant(P<0.05).

Haematology of WAD kids fed varyingvalue (g/dl), (Table 3) of the kids varied
levels of Zn during growth is depicted byfrom 6.57 to 15.87. Treatment effect were
Table 3. Mean red blood cell count (xsignificant (p<0.05). Animals on dietary
10°/mm®) of the kids varied from 9.51 to Zn content of 134.0ppm recorded a value
27.42. Treatment effects were significanof 14.01g/dl which fell in line with the
(p<0.05). Animals on dietary Zn contentvalue 13.50g/dl to 15.00g/dl recommended
of 134.0ppm recorded a value of 21.38 for goat (Mitruka and Rawnsley, 1977).
10°/mm® which is in agreement with theEvanset al (1975); and later Wedekind
range of red blood cell count of 14 to 22 >and Baker (1990) observed a negative
10°/mm® recommended for goat (Mitrukacorrelation between the absorptions of
and Rawnsley, 1977). Mean white bloodgron-Copper pair and zinc at the intestinal
cell count (1&mm?®) (Table 3) of the kids lumen, creating an optimal level for
varied from 16.80 to 20.76. The variationtiaemoglobin when the absorption of iron-
were not significant.  The lowest value otopper pair balances with zinc absorption.
16.80 x 1&/mm® (Table 3) was higher At this optimal level of haemoglobin
than the value 3 — 14 x ¥mm® formation, carbohydrate metabolism and
recommended by Mitruka and Rawnsleyhence energy generation becomes optimal,
1977. These higher value could have beeamhancing the animals physiological and
indication of infection. Mean haemoglobinmetabolic activities. Mean packed cell
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volume (%) (Table 3) of the kids variedthat the exact level of Zn (mg Zn/kg DM)
from 22.67 to 43.00. must be determined to enhance a good

Treatment effect was significantnumber of advantage s of goat rearing and
(p<0.05) only between animals on dietargradicate problems associated with WAD
zinc contents of (44.0ppm and 104.0ppmyoat  productivity  especially  those
(224.0ppm and 294.0ppm). There wereoncerned with dairy, since sub-normal
insignificant variations among the PCV oflevels result in appearances of deficiencies
animals on dietary Zn contents ofsymptoms and low productivity ad higher
134.0ppm, 164.0ppm and 194.0ppmthan adequate levels are progressively
Nevertheless, animals on dietary Zroxic and consequently lethal (Table 2 &
content of 134.0ppm recorded a PCV valua).
of 37.67% which is the highest within the
range 23-38% recommended for goaReferences
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