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Abstract— Investigation of the minerals, anti-nutrients as
well as compactness and hardness of mineral dadtlic
produced using cement, termite mound and clay nmsud a
binders were compared with a commercial lick in a
completely randomized design of four treatments tAnge
replicates each was conducted.

The sodium content of commercial salt lick (treatmg)
was significantly higher (p<0.05) at 15.53 mg 100'than

the sodium content of all other treatments. Theieglof
zinc, copper, chromium, magnesium, iron, manganese,
potassium, and cobalt were increased significafpis0.05)

in treatment 2 (termite mound, bone meal and comsadih

at 0.08, 0.25, 0.25, 0.65, 0.26, 0.23, 175.93, dg9100nil

! respectively. Significantly higher but increasifmx0.05)
values of calcium were obtained for treatment Ze8{ent,
bone meal and salt) and 4 (clay mud, bone meal sait)
while commercial lick's calcium content was 13.0 mg
100mr*.

The composition of tannin, phenol and phytate (In2#
100g", 0.75 mg 100§ and 4.43 g 100§ respectively) were
increased significantly (p<0.05) in treatment 2, ilgh
treatment 1 had lowest values of tannin and phytate
(0.33mg 1009 and 0. 18 g 100Y. The commercial salt
block was the most compact and hardest of the @ilirsaift
blocks while the salt block produced using cemtaminite
mound and clay mud as binders had good consistemwie
weeks after demoulding.

Mineral salt licks produced using different bindagents
possessed higher mineral contents except sodium tha
commercial salt licks and have considerable binding
property.

Keywords— Geophagy,
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l. INTRODUCTION
Grazing animals depend on range forages to medheil
nutritional requirements including macro and micro
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minerals such as calcium, potassium, sodium, ctgori
phosphorus, iodine, sulphur, selenium, manganese,
molybdenum etc. The forage resources usually coedum
by these animals in the tropics are characterizedoty
digestibility, energy, crude protein and poor aadaility of
minerals and vitamins [1, 2].Under circumstancegmmo
compound feed is offered, for example in breedingng
stock and lactating animals or in marginal graznegs, the
need for mineral supplementation becomes very itaptr
When forages or feed sources are deficient in ralser
ruminants seek alternative sources such as eatoadsy
nylon, paper, fence chewing, debarking trees, &idnl
each other etc. [3]. In order to prevent thesethadmd to
supply the needed minerals to cattle, sheep ant$,gibere

is need to supplement their diet with mineral jdaik.
Grazing livestock from tropical countries althoudépend
almost exclusively upon forage for their mineral
requirements, often do not receive mineral suppiegai®n
except for common salt [4]. This could be as altex low
economic power or belief of the farmers that rumtsa
require only common salt as a source of mineralse T
supposition that the use of salt licks is attribigato only
the need for sodium has been refuted by resultm fro
analyses of some natural lick soils showing low isaod
contents and the presence of other important elesnen
Ruminants require elements such as magnesium [5],
buffering compounds such as carbonates [6], andirgn
agents such as clays [7]. Studies from these authiso
suggest multiple reasons for mineral lick needs][4-

Salt licks can be naturally occurring in salty eval
deposits where animals especially those in the wvibd
long distances to access and they contain sodiatoium,
iron, phosphorous, zinc, and trace elements [6y&iiation

in natural salt lick composition presupposes tiek may
serve multiple functions for different species awkes at
different times of the year [6].
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Mineral Salt licks or blocks for domestic ruminawctn be
produced from readily available and cheap sourees t
provide the animals with minerals needed for proper
functioning of the body. They are produced usingemn
salt (sodium with chlorine often added iodine) asitier
mineral sources in the manufacturing process. ®suod
minerals for manufacture of mineral blocks incluaene,
egg shell, oyster shell and common salt. Termiteimdo
red mud, cement and other materials also contdoiuoa,
silica and other minerals and can serve as birtdegssure
hardness and compactness of the block. Termite chand

red mud are readily available in the rainforestaacd
Nigeria at no cost. However, cement seems to be an
effective binder and easily available especially the
process of multi-nutrient block manufacture [9, ,1B{it,
there are some concerns over its negative hedkhtefand

its high cost. Cattle farmers in Nigeria and esglecin the
southwest rely solely on commercial salt licks vbhimay

be expensive and may not contain other minerals in
appreciable amount other than common salt.

There is the need to estimate the physico-chemical
composition of mineral salt licks produced usingality
sourced ingredients as binders in South-westereriNigTo

the best of our knowledge, literature on such stisdyery
scanty in Nigeria. This study was undertaken to gama
the physicochemical characteristics of mineral siaks
produced using different binders with a commergalt
lick.

. MATERIALSAND METHODS
2.1.Experimental Site
The experiment was conducted at the Small Rumiranits
of the Teaching and Research Farm, Ekiti State érgity,
Ado-Ekiti, South Western Nigeria. Ado-Ekiti liegtween
latitude 07 37’ 15” N and longitude 0513’ 17" E with an
average relative humidity of 72%. It experiencesoaical
climate with a temperature range of 20 -°@8and a
bimodal rainfall distribution between April and ©ber
with peaks in June and September and a break ingug
Dry season is between November and March. The geera
precipitation in this area is 1367mm.
2.2.Ingredients
Clay mud and termite mound were sourced from tlieirso
the Teaching and Research Farm while cement and
common salt were purchased from the market. Bone wa
obtained from the abattoir at the Cattle Slaughtelinit of
the Teaching and Research Farm, and burned until it
becomes white and then crushed in a mortar. Theher
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bone meal was milled in a hammer mill to obtairiresly
ground product.
2.3. Experimental Design

The experimental design was a completely
randomized design with 4 treatments and 3 repkcate

Treatment 1 — Commercial salt lick (control)

Treatment 2 — Mineral salt lick made from termite
mound, bone meal and common salt.

Treatment 3 — Mineral salt lick made from cement,
bone meal and common salt.

Treatment 4 — Mineral salt lick made from clay
mud, bone meal and common salt.
2.4. Mineral Salt Lick Preparation
The binders (cement, termite mound and clay mudewe
separately dissolved in water to form a paste.
In treatments 2, 3 and 4, the proportion of eachthef
ingredients were- bone meal: salt: termite mouad/mud/
cement (4:2:1). The ingredients were mixed andrestir
together according to each treatment to obtain a
homogeneous mixture.
The mixture was poured into 5kg capacity aluminum
container mould, then pressed manually using harfidrim
blocks. The surface of the mould was covered with
polythene sheets to facilitate de-moulding and ralgaof
the surface. The blocks were removed carefully dred
for one week under shade, and another week inuteistil
they were hard.
2.5. Physical Properties of the Salt Licks
Hardness and compactness of the blocks were teted
de-moulding, at one week and two weeks by 3 persons
independently assessing hardness on the scalensaftum
and good, Hardness was determined by pressinghaitid
while compactness by the easiness of break by hand
depicted by the scale: loose, slightly loose and fi
2.6. Chemical Analysis of the Salt Licks
Triplicate samples were obtained from moulded n@hsalt
licks and a commercial salt lick and analysed fonaerals
and anti-nutritional factors. Mineral compositionasv
determined by dry- ashing 1g each of the sampl&&@C
in a furnace, and dissolving the ash in 10% HCI fiteted
[11]. Sodium (Na) and potassium (K) were determibgd
flame photometer while atomic absorption spectremet
(AAS) was used to determine the other minerals.tiRhy
was extracted and precipitated using the methdtfloéeler
and Ferrel[12], Tannin content by the method of kéak
and Goodchild[13], Oxalate content was determingsidgu
the procedure of Yan et al.[14]. Saponin was askhyehe
method described by Obadoni and Ochuko[15] while
Alkaloid was obtained by Harbone[16] method. A pH
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meter with combined glass electrode was used trmate
the pH of the mineral salt licks.

2.7. Data Analysis

All data obtained were analysed using one way ANOVA
with Minitab 8.1 version package. Significant diffaces
were separated using the DMRT.

. RESULTS

Minerals and pH composition of commercial salt l&kd
mineral licks produced using different binders sinewn in
TABLE 1. From the Table, there were significant
differences in all the parameters measured. Théusod
content of commercial salt lick (treatment 1) was
significantly higher (p<0.05) at 15.53 mg 100 nthan the
sodium content of all other treatments. Sodium eatst of
bone meal, termite mound and salt (treatment 2)eboeal,
cement and salt (treatment 3) or bone meal, clag end
salt (treatment 4) were significantly different (pe5) at
6.49, 4.85 and 5.22 mg ml1®0espectively with treatment
2 recording highest value. The values of zinc, eopp

chromium, magnesium, iron, manganese, potassiubaltco
and lead were increased significantly (p<0.05)r@atment

2 (termite mound and bone meal) at 0.08, 0.25,, %5,
0.26, 0.23, 175.93, 0.19, 0.06 mg 100mespectively. The
composition of calcium, magnesium, potassium,
phosphorus, and cobalt were reduced significaptyQ.05)

in treatment 1(commercial salt lick) with values 18.0,
0.29, 1.55, 2.35, 0.12 mg 100htkespectively. Significantly
higher (p<0.05) value of calcium (108.2 mg 108mere
obtained for treatment 3 while treatment 1 hadItiveest
calcium content of 13.0 mg 100ml Phosphorus was
increased significantly (p<0.05) in treatment 235.93 mg
100mi*. There were no significant differences(p>0.05)
among the means of zinc, copper, chromium, iron and
manganese in treatments 1, 3, and 4 with valuaging
from 0.01 mg 100mi in zinc to 0.13 mg 100l in
chromium. The pH composition of the mineral lickas
raised significantly (p<0.05) at 10.83 in treatm&nivhile
the lowest value of 7.84 was obtained from treatrden

Table.1: Mineral and pH analysis of mineral sattds produced using different binders (mg 109ml

TREATMENT
Parameters 1 2 3 4
Zinc 0.0+ 0.00 0.08+0.00 0.01°+0.00 0.01°+0.00
Copper 0.12+0.01 0.25+0.01 0.11°+0.01 0.11°+0.01
Chromium 0.13+0.00 0.254+0.00 0.15+0.01 0.13+0.01
Calcium 13.0'+0.10 79.47+0.58 108.02+0.01 94.36+0.57
Magnesium 0.29+0.11 0.65+0.01 0.38+0.01 0.34+0.01
Iron 0.16+0.01 0.264+0.01 0.15+0.01 0.15+0.01
Manganese 0.12+0.01 0.23+0.0 0.13+0.01 0.13+0.01
Sodium 15.53+0.06 6.49+0.01 4.85'+0.06 5.22+0.10
Potassium 1.55'+0.04 1.79+0.01 1.68+0.01 1.79+0.01
Phosphorus 2.35'+0.05 175.9340.12 148.33+0.58 129.37+0.06
selenium 0.003 +0.0 0.003+0.0 0.003+0.0 0.003+0.0
cobalt 0.12+0.01 0.19%0.0 0.13+0.01 0.13+0.01
lead 0.04+0.01 0.06+0.00 0.03+0.01 0.03+0.00
pH 8.48+0.07 8.84+0.01 10.83+0.01 7.84+0.01

All superscripts (a, b, ¢, and d) with differenplebet within the same row are significantly (P.€5) different. Each sample

was analysed in triplicate
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Table.2: Anti-nutritional factors of mineral saltks produced using different binding agents.

Treatment
Parameters 1 2 3 4
Tannin 0.33+0.02 1.24+0.02 0.59+0.02 0.37+0.52
Phenol 0.22+0.02 0.75+0.2 0.38+0.02 0.22+0.02
Oxalate 3.57+0.03 2.90+0.03 2.26+0.10 2.22+0.03
Phytate 0.18'+0.02 4.43+0.02 1.96+0.04 0.47+0.03
Flavonoid 10.93+0.32 6.97+0.12 4.58+0.12 2.60+0.02
Saponin 8.33+0.34 3.04+0.12 3.77+0.22 3.73+0.02
Alkaloid 12.13+0.58 8.30°+0.42 4.96+0.02 4.24+0.02

All superscripts (a, b, c, d) with different alpleglvithin the same row are significantly (P < 0.@8Jerent.

TABLE 2 shows the anti-nutritional factors present
commercial salt lick and mineral salt licks proddiaesing
different binders. The composition of tannin, pheand
phytate (1.24 mg 100y 0.75 mg 1009 and 4.43 g 1004
respectively) were increased significantly (p<0.0m®)
treatment 2 ( termite mound, bone meal and sahjle
commercial salt lick (treatment 1) had lowest value
tannin and phytate (0.33mg 100@nd 0. 18 g 100Y.

Flavonoids, saponin and alkaloid were significartigher
(p<0.05) in treatment 1 at 10.93, 8.33 and 12.180¢g"
while treatment 4 recorded the lowest values 602nd
4.24 g 100g in flavonoids and alkaloids respectively.
There were significant differences (p<0.05) amohg t
mean values of oxalate ( 3.57, 2.90, 2.26 and 22904

in treatments 1, 2, 3 and 4, respectively.

Table. 3: Hardness of mineral salt licks producsthg different binding agents.

Treatment
Drying time 1 2 3 4
De-moulding Good Soft Soft Soft
One week Good Soft Good Soft
2 weeks Good Medium Good Medium

TABLE 3 depicts the degree of hardness of mineedtl s

blocks produced using different binders at the aetaing
stage, at one week and two weeks after producfitie.
hardness of the control block was good all througthde-
moulding, all the blocks in treatment 2 to 4 weo#t svhen

pressed with the hand. At one week, treatments 2 4an

(blocks with termite mound and clay mud as bindiggnts,
respectively) were soft, while treatment 3 (cenaamd bone
meal) was good. At 2 weeks after moulding, treatng&n
showed good hardness while treatments 2 and 4 wofere
medium hardness.

Table.4: Compactness of mineral salt licks produgsidg different binding agents.

Treatment
Drying time 1 2 3 4
De-moulding Firm Loose Loose Loose
One week Firm Loose Firm Loose
2 weeks Firm Slightly loose Firm Slightly loose

The compactness of mineral salt blocks producedgusi

different binders are shown in TABLE 4. The cohbimck
was firm in compactness. At de-moulding, all thenenal
salts produced in treatment 2 to 4 were loose. Atekk

after production, treatments 2 and 4 were looseilewh
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treatment 3 was firm. However, at 2 weeks after de-
moulding, treatment 3 with cement as binding ageas
firm in compactness while treatments 2 and 4 (weattmite
mound and clay mud as binders, respectively) wightky
loose in compactness.
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V. DISCUSSION

The mineral salt licks produced using differentdairs had
higher quality than commercial salt lick in term$ o
presence of mineral elements such as calcium, ploosg,
magnesium, zinc, iodine, chromium, copper, cobaitd
manganese. The variations in chemical compositidrie
mineral licks were similar to the mineral conteotshatural
salt licks of the tropical rain forests [8,17]. $himply that
locally manufactured mineral licks like naturalKisites
may serve multiple functions as additional nutrisapply
medium for different species and sexes of ruminauits
different times of the year. This can supply #uglitional
mineral sources that animals require such asural(Ca),
magnesium (Mg), phosphorus (P), potassium (K), sadi
(Na), sulphur (S), and chloride (Cl) for the proper
functioning of the animal body [4,17]. The commatdalt
lick contains abundant sodium compared with thellgc
produced mineral salt lick. This is in line withetfindings
of Lameed andJenyo-Oni [17] that salt licks regula
visited by animals composed of primarily commont.sal
Results from analyses of some lick soils showing lo

sodium contents and the presence of other important

elements such as magnesium [5], buffering composads

as carbonates [6], and binding agents such as ¢@ys
suggest multiple uses of mineral licks. Studies alsggest
that ruminants will naturally lick the mineral bloavhen
inclined, taking in iron from the red earth, cahoiuand
phosphorus from termite mound, and iodine, sodand
chlorine from the salt [6, 18] . These are all afisé
minerals necessary for the good health of ruminants
especially cows and should result in the productibra
good quantity of milk that is high in fat.

The proportion of the binding agents (14.3%)hiis study
were similar to that of Sansoucy[19] who recommeinithe
inclusion of 15% for a binding agent but higherrt##6 of
locust bean pulp used by Dzidstaal. [20], while the level
of common salt used (28.6%) was higher than 20%rteg@
for multi-mineral block formulation [21]. Common Isa
serves as flavour and palatability enhancer anclmgp
sodium chloride which assist in consolidating theck and
control the rate of ingestion. The high contentaium in
treatment 3 may be due to the use of cement aadinbi
agent in its production because cement containseajgble
amount of calcium [19].

The hardness of mineral blocks in which cement used

as the binder was good at 2 weeks. This is in Witk the
findings of Mubet al. [22] who obtained good hardness at 2
weeks when Hassoun technique [23] was employed in
multi-nutrient production using cement as bindd@locks
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that set well ensure safe transportation withowakage
[24]. However, according to Sancoety al [9]
andHadjipanayiotou[25], some formulations result in
extremely hard blocks that could reduce block ietak
Similar research result also revealed that hardmeag
reduce intake per visit and intake per lick in tiela to
solubility [26].

The pH obtained in this study fell within the rengf 6.86
and 9.95 obtained by Matsubayasthal [8] and Onesmust
al.[27] on geophagic soil consumed by ruminants ipitral
rain forests. The anti-nutritional factors of tamnphytate
and phenols in all the treatments were low and iwith
tolerable levels. Anti-nutrititional factors evehough are
compounds which act to reduce nutrient utilizataomd/or
food intake [28], have however found wide applicas in
nutrition as pharmacologically active agents. Faaneple,
saponins and flavonoids act as antioxidants, pvatees
and flavouring agents in food and feed [29].

V.  CONCLUSION
This study showed that it is possible to produceeral salt
blocks using locally available ingredients as higdagents.
Termite mound and clay mud are of medium hardneds a
compactness containing appreciable amounts of newio
micro minerals. Termite mound as binder containsdant
minerals that can be useful to ruminants. Anti-ieatss in
local ingredients used in this study were withiftetable
limits.

VI. RECOMMENDATIONS
From the results obtained in this study, locallyursed
ingredients can serve as binders with medium haslaad
compactness in mineral block formulations contajnin
appreciable mineral contents. Termite mound ang rtiad
as binders are available in abundance and at nbtcos
resource poor ruminant farmers in Nigeria. Ruminant
farmers are therefore advised to take initiativgrafducing
mineral salt blocks locally. Further experimemswhich
mineral salt licks produced using local ingredierds
binding agents as done in this present work shbelted to
ruminants to ascertain their performance in conspariwvith
commercial mineral salt licks.
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