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INTRODUCTION 

During the harsh and long dry season, important components of forages such as protein, energy and 
vitamins are, often, not available to the grazing livestock, which in turn reduces the intake of different 

minerals in the animals (McDowell, 2003). During those harsh and long dry season periods, diets of 

ruminant animals which are based on fibrous feeds, mainly matured pastures and crop residues for 
example, cowpea husk, groundnut hums, rice straw, maize and sorghum stovers are highly lignified 

and imbalanced as they are deficient in protein, minerals and vitamins, with low intake and 

digestibility. The principles of improving the use of these poor quality roughages by ruminants is 

through supplementation to satisfy the requirements of the rumen microorganisms to ensure efficient 
fermentation of fibre and increased production of microbial protein relative to volatile fatty acids 

(Preston, & Leng, 1984).All livestock need minerals especially sodium chloride, potassium, calcium 

etc. as shown in table 1 to survive since they form part of the blood, sweat and tears. The objective of 
the paper was to review the use of supplementary conventional mineral licks in improving the 

productivity of ruminant animals in tropical Africa. 

PRODUCTION OF MINERAL BLOCKS  

The goal of producing mineral blocks is to provide the small farmer with supplements for his 

ruminants which will improve the efficiency of use of the basal diet at an acceptable cost. The concept 

of using molasses-urea block to provide nutrients for livestock started 25 years ago in Australia and 

other countries (Beames, 1963). However, improvement in knowledge now indicates their strategic 
place in feeding strategies aimed at improving livestock production by the small farmer (Leng & 

Preston, 1983). 

The solidification of molasses is a way of solving the difficulties encountered in the distribution and 

feeding of molasses while allowing for the incorporation of various other ingredients. Attempts have 

been made in many countries to manufacture solid blocks with high molasses content, but their 

development has not been very successful. However, recent work in India has revived interest in such 
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blocks. Trials are now under way, with technical assistance from FAO, in several countries such as 

Burkina Faso, Bhutan, Egypt, India, Iran, Mali, Mauritius, Pakistan, the Philippines, Senegal and 

Sudan. More than 30 other countries have shown their interest in this technology. 

The blocks can be made from a variety of components depending on their availability locally, 

nutritive value, price, existing facilities for their use and their influence on the quality of blocks. 

Molasses provides fermentable substrate and various minerals and trace elements with low amounts of 

phosphorus. Because of its pleasant taste and smell, it makes the block very attractive and palatable to 

animals. Urea, which provides fermentable nitrogen, is the major component of the block. Campling 

et al. (1962) have shown that, its continuous supply to cattle may increase the intake of straw by about 

40 percent and its digestibility by 8 units or 20 percent. The intake of urea must be limited to avoid 

toxicity problems but sufficient to maintain ammonia levels in the rumen consistently above 200 mg 

N/1 for growth of microorganisms and high rates of degradation of fibre. Blocks are an excellent way 

of controlling intake and allow continual access. 

Rice bran has multiple purposes in the blocks. It provides some key nutrients including fat, protein 

and phosphorus; it acts as an absorbent for the moisture contained in molasses and gives structure to 

the block. It may be replaced by other fibrous materials such as dry and fine grasses or groundnut 

hulls which are finely ground, but some loss of nutritive value occurs. Minerals may be added where 

appropriate. Common salt is generally added because this is often deficient in the diet and it is 

inexpensive. Calcium is supplied by molasses and by the gelling agent, calcium oxide or cement. 

Although, phosphorus is deficient, there is no evidence that its addition is beneficial where animals 

are at below maintenance when grazing on dry mature pastures or fed low-quality forage (Cohen, 

1980; Van Niekerk & Jacobs, 1984). Mineral requirements are reduced at maintenance or survival 

levels. Deficiencies will generally become a problem only when production is increased, particularly 

when a by-pass protein supplement is given and in that case phosphorus should be included in the 

supplement. 

A gelling agent or binder is necessary in order to solidify the blocks. Although, the mechanism of 

gelling is unknown, various products have been tried successfully, for example magnesium oxide, 

bentonite, calcium oxide, calcium hydroxide and cement. The use of cement has raised some 

questions, from various nutritionists and extension workers, about possible negative effects on 

animals. In fact, research on the use of cement or its by-product, cement kiln dust, as a mineral 

supplement in Canada (Bush et al., 1985), Italy (Galvano et al., 1982), USSR (Karadzhyan & Evoyan, 

1984) and USA have not shown such adverse effects at levels of 1 to 3 percent of the total diet dry 

matter. Nevertheless, USDA has restricted the use of cement kiln dust since it could cause a deposit of 

heavy metals in animal tissue. 

Various chemicals or drugs for the control of parasites or for manipulation of rumen fermentation 

such as anti-protozoal agents and ionophores can be added to the molasses blocks which can be an 

excellent carrier for these products. Earlier work by Van Houtert, and Leng (1986) has shown that the 

addition of small amounts of rumen-insoluble calcium salts of long chain fatty acids could further 

increase the efficiency of the use of fibrous residues. 

PRODUCTION OF MOLASSES-UREA BLOCKS 

Hot Technique 

This technique was the first one recommended in Australia using molasses (60 percent) and urea (10 

percent) which were cooked with magnesium oxide (5 percent), calcium carbonate (4 percent) and 

bentonite (1 percent) at a temperature of 100–120°C for about 10 minutes. The content was brought to 

a temperature of about 70°C and then cottonseed meal (20 percent) was added while stirring. The 

mixture was left to cool slowly, which enhanced solidification (George, 1981). It was allowed to settle 

after some hours and the cooking was done in a double-jacketed rotating boiler with circulating water 

and steam. 

Warm Technique 

The procedure involves heating molasses (55 percent) to the temperature of about 40° – 50°C and 

urea without water (7.5 percent) dissolved in the molasses (Choo, 1985). The gelling agents are 
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usually calcium oxide (10 percent), common salt (5 percent) and bran (22.5 percent). The 

inconvenience of these processes, particularly the “hot” one, is the necessity for providing energy for 

heating. However, if it is possible to use the hot molasses as it leaves the sugar factory or if an excess 

of steam is available, the cost of energy may be acceptable. The advantages are the reduction of time 

for setting and the final product is not hygroscopic. 

Cold Technique 

It has been noted that, in tropical conditions, it was not necessary to heat the molasses in order to 

obtain a good block when 10 percent of calcium oxide is used as a gelling agent (Barker, 1984). This 

observation is of primary importance when blocks are manufactured in a unit separate from the sugar 

factory, as was the case in Senegal. The cold technique has been described in detail (Sansoucy, 1986). 

A horizontal paddle mixer with double axes is used to mix in the following order of introduction: 

molasses (50 percent), urea (10 percent), salt (5 percent), calcium oxide (10 percent) and bran (25 

percent). The mixture is then poured into moulds (plastic mason's pails or a frame made of four 

boards 2.5 m × 0.2 m). After about 15 hours, blocks may be removed from the mould and they may be 

transported by truck after 2 days. 

Calcium oxide may be replaced by cement, but when cement is used, it is important to mix it 

previously with about 40 percent of its weight in water, and common salt should be included in the 

block. This ensures its binding action, as the water in molasses does not seem to be available for the 

cement. The quality of the cement is of primary importance and should necessarily be ensured. 

Mixing the salt with cement, also, accelerates hardening. 

The disadvantage of the cold technique is that, it needs some time to set and the final product is 

somewhat hygroscopic. The advantages are the saving in energy and the simplicity and ease of 

production. Independent of the process, the hardness of the block is affected by the nature and 

proportion of the various ingredients. High levels of molasses and urea tend to decrease solidification. 

The concentration of gelling agents and bran is highly important in the hardness of the final product. 

For example, if the urea percentage is as high as 20 percent, molasses should be reduced to 40–45 

percent and the gelling agent needs to be increased. Quick lime produces harder blocks than cement. 

FEEDING MOLASSES-UREA BLOCKS TO RUMINANTS 

Factors Affecting the Intake of Blocks 

High levels of urea reduces intake of the block as well as of straw, urea being unpalatable, the 

hardness of the block affects its rate of intake. If it is soft, it may be rapidly consumed with the risk of 

toxicity. On the other hand if it is too hard its intake may be highly limited. The level of inanition or 

imbalance in minerals which lead to pica may result in excessive consumption in a short time, also, 

leading to urea poisoning. This has been noticed, in at least one case, in Senegal. Precautions should 

be taken to avoid this problem of over-consumption in drought prone countries, particularly towards 

the end of the dry season when feed is scarce. The block should be introduced progressively and it 

should be clear that, the block, as it is presently formulated, cannot constitute the only feed therefore, 

a minimum of roughage is necessary (George, 1986a & 1986b). 

Where there is a bulk of dry feed, the risk of toxicity from over-consumption is not apparent (Leng, & 

Preston, 1983). In India, several thousand buffaloes in village herds have been fed blocks containing 

15 percent urea without problems (George, 1986a & 1986b) and there is some indication that, 

buffaloes learn to regulate their intake. Finally, the intake of block obviously varies with the type of 

animals. 

Effects of Blocks on Intake of Basal Diets 

Feeding blocks usually results in a stimulation of intake of the basal diet. With a basal diet of straw 

without any supplementary concentrate, the increase of straw consumption due to molasses urea 

blocks is between 25 and 30 percent. When some high protein concentrate is, also, given with the 

basal diet, the increase of straw consumption is less and varies between 5 and 10 percent (Leng & 

Preston, 1983). 
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Effects of Intake of Blocks on Digestibility  

The digestibility of straw dry matter in dacron bags measured after 24 hours in the rumen of lambs 

(Sudana, & Leng, 1986) increased from 42.7 to 44.2 percent when 100 g of molasses urea block was 

consumed, and to 48.8 percent by an additional supply of 150 g cottonseed meal. Ammonia 

concentration in the rumen of lambs receiving molasses urea blocks increases to levels which are 

much higher than those generally recommended for optimal microbial development (60 to 100 mg 

NH3/1 of rumen fluid). This concentration increases with the urea content of the block when a by-

pass protein is added. Krebs and Leng (1984) showed that, the digestibility of straw in sheep 

increased even up to 250 mg NH3 - N/1. The total volatile fatty acids in rumen fluid are increased 

when lambs consume the blocks with or without additional by-pass protein. There is a small but 

significant shift towards a higher propionate and butyrate production and a lower acetate production. 

Effects of Blocks on Ruminant Growth 

Dry mature pasture or straw given alone are unbalanced in nutrients to provide for an active and 

efficient rumen and efficient utilization of the nutrients absorbed. Feed intake and the nutrients 

absorbed from such diets are insufficient to ensure even maintenance requirements and therefore, 

animals lose weight if they do not receive any nitrogen and mineral supplement. Molasses-urea blocks 

added to such an unbalanced diet allow for maintenance requirements because they ensure an efficient 

fermentative digestion. When some by-pass protein is added, for example cottonseed meal and 

groundnut cake, there is a synergistic effect which further improves considerably the average daily 

gain of ruminants and they become much more efficient in using the available nutrients. In addition, 

total nutrients are often increased because feed intake is increased (Preston, & Leng, 1986). Compared 

to urea supplied by spraying on straw, urea from blocks gives superior results. It is assumed that, part 

of the response may be due to the small amount of supplementary energy supplied by the molasses 

but, also, by a stimulatory effect of other ingredients in the blocks on the rumen ecosystem (Preston, 

& Leng, 1986). 

Effects of Blocks on Milk Production 

The use of multi-nutrient blocks has allowed for a substantial reduction in concentrate in the diet of 

buffalo cows fed on rice straw. The fat-corrected milk yield was not diminished by replacing part of 

the concentrate with block. But the amount of straw in the diet and thus the profit per animal per day 

were greatly increased. Considerable commercial experience has now been acquired in the use of 

blocks for supplementing dairy buffaloes fed rice straw under village conditions in India (George, 

1986b). Reducing the amount of concentrate given to buffalo cows from 5 to 3.5 or 4 to 2.5 kg/day, 

and distributing blocks, did not reduce milk production but increased fat percentage by about 10 

percent and reduced the cost of feeding. In other observations, the addition of blocks to the diet 

increased milk production by about 10 to 25 percent and fat content of milk by 13 to 40 percent. In 

one village where the initial production level was lower the increase was even greater. 

SALT LICKS  

Salt licks (or mineral licks) are often found as natural occurrences in the wild, where mineral deposits 

form in clay, that livestock and wild animals can lick to obtain mineral nutrients. Whilst sodium (Na) 

is the mineral most commonly required to supplement animals’ nutritional intakes, natural mineral 

lick sites often contain calcium (Ca), iron (Fe), magnesium (Mg), phosphorus (P), potassium (K) and 

zinc (Zn) among others (Kreulen, 1985). It is possible to produce artificial mineral licks for livestock 

using locally available materials (red mud, egg shells and salt) to improve their nutritional intake. The 

production of salt licks include: 1 kilogram of red mud taken at the back of the homestead; Dry under 

the sun for a couple of days and pound into a powder; Roast 10 egg shells, pound into a powder and 

add it to the red mud; Mix with around 1 kilogram of regular salt; Add ½ a kilogram of flour to bind 

the mixture; Finally pour some water as required until the mixture holds together and can be shaped 

into blocks. Shape them into donut shapes (making sure a hole is formed in the middle of the block); 

Leave to dry for a week in the shade, then another week in the sun until hard; Use the hole in the 

middle to string up the block in animal-shed. The mineral licks are produced in different shapes, 

colours and packages as can be seen in Figures Ia, b, c, d, e, f, g, h, i and j. 



Supplementary Conventional Mineral Licks and the Productivity of Ruminant Animals in Tropical 

Africa: A Review

 

International Journal of Research Studies in Agricultural Sciences (IJRSAS)                      Page | 49 

 

FigureIa. Cow Licking Conventional Mineral Block Hanged in a Shade 

 

FigureIb. Calves Licking Conventional Mineral Block on the Pasture. 

 

FigureIc. Horse Licking a Conventional Mineral Block Hanged in the Shade 
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FigureId. A Heifer Licking a Conventional Mineral Block Placed on the Stubble 

Livestock will naturally lick the mineral blocks when inclined, taking in iron from the red earth, 
calcium and phosphorus from egg shells, and iodine, sodium and chlorine from the salt. These are all 

essential minerals necessary for the good health of cows and should result in the production of a good 

quantity of milk that is high in fat. Ensure that animal can reach the block at a stretch, as shown in 
Figures Ia, b, c, d, e, f, g, h, i and j. 

 

FigureIe. Brown Conventional Mineral Blocks 

 

FigureIf. White Conventional Mineral Blocks 
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FigureIg. Well Packaged Milk Coloured Conventional Mineral Blocks 

 

FigureIh. Well Packaged Brown Conventional Mineral Blocks 

 

FigureIi. Mineral Licks Packaged in Different Bags 

 

FigureIj. Mineral Licks in Different Bags and Sizes 
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Table1. Mineral Requirements and Maximum Tolerant Concentrations in % or ppm of Diet Dry Matter of 

Cattle 

   Requirement  

                Cows  

Mineral Unit Growing and 

Finishing Cattle 

Gestating Early Lactation Maximum Tolerable 

Concentration 

Chlorine % - - - - 

Chromium Ppm - - - 1,000 

Cobalt Ppm 0.10 0.10 0.10 10 

Copper Ppm 10.00 10.00 10.00 100 

Iodine Ppm 0.50 0.50 0.50 50 

Iron Ppm 50.00 50.00 50.00 1,000 

Magnesium % 0.10 0.12 0.20 0.40 

Manganese Ppm 20.00 40.00 40.00 1,000 

Molybdenum Ppm - - - 5 

Nickel Ppm - - - 50 

Potassium % 0.60 0.60 0.70 3 

Selenium Ppm 0.10 0.10 0.10 2 

Sodium % 0.60-0.80 0.60-0.80 0.10 - 

Sulfur % 0.15 0.15 0.15 0.40 

Zink Ppm 30.00 30.00 30.00 500 

Aluminum Ppm - - - 1,000 

Arsenic Ppm - - - 50 -100  

Bromine Ppm - - - 200 

Cadmium Ppm - - - 0.5 

Fluorine Ppm - - - 40 – 100 

Lead Ppm - - - 30 

Mercury Ppm - - - 2 

Strontium Ppm - - - 2,000  

Sources: Adopted from Tables1- 5 in Nutrient Requirements of Beef Cattle, National Research Council, 

1996.Also, in Table 1 in National Research Council, 1980. Mineral Tolerant Limit of Domestic Animals, 

Washington, D.C.: National Academy of Sciences. 

WOOD ASHES 

A lye is a liquid metal hydroxide obtained by leaching wood ashes (containing largely potassium 

carbonate or potash), or a strong alkali which is highly soluble in water producing caustic basic 
solutions (Puto, 2015). Though the term lye refers to any member of a broad range of metal 

hydroxides, it is also commonly an alternative name for sodium hydroxide (NaOH) or, historically, 

potassium hydroxide (KOH). 

Today, lye is commercially manufactured using a membrane cell chloralkali process. It is one of the 

highest-volume industrial chemicals with worldwide annual production of 45 million tons. It is 
supplied in various forms such as flakes, pellets, microbeads, coarse powder or solution. 

Lye is used to cure many types of food including the traditional Nordic lutefisk, olives (making them 
less bitter), canned mandarin oranges, hominy, lye rolls, century eggs, and pretzels. It is, also, used as 

a tenderizer in the crust of baked Cantonese moon cakes, in "zongzi" (glutinous rice dumplings 

wrapped in bamboo leaves), in chewy Southern Chinese noodles popular in Hong Kong and Southern 
China, and in Japanese ramen noodles. It is, also, used in kutsinta, a type of rice cake from the 

Philippines (Puto, 2015). 

In the United States, food-grade lye must meet the requirements outlined in the Food Chemicals 

Codex (FCC) (Ayres, 2010), as prescribed by the U.S. Food and Drug Administration (FDA). Lower 

grades of lye which are unsuitable for use in food preparation are commonly used as drain de-cloggers 
and oven cleaners (Thacker & Kastner, 2004). 

Soap Making 

Lye in the form of both sodium hydroxide and potassium hydroxide is used in making soap. Sodium 
hydroxide is often used to make solid soap, while potassium hydroxide is used to make liquid soap 

(Saqib et al., 2009). Potassium hydroxide soaps are softer and more easily dissolved in water than 
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sodium hydroxide soaps. Sodium hydroxide and potassium hydroxide are not interchangeable in 
either the proportions required or the properties produced in making soaps. There are two methods of 

making soaps using lye which are:  

The cold process method- This is often involves mixing of the lye with water, and then base oils, 

butters and fragrances added. The gradual chemical reaction between the lye and the fats eventually 

produces a solid soap (Wilson, 2014). 

Lye is added to water, cooled for a few minutes and then oils and butters are added. The lye is then 

cooked over a period of time (1-2 hours), typically in a slow cooker, and then placed into a mold. This 
method is called hot process method and is much quicker than the cold process, as it takes several 

weeks to complete (Ayres, 2010). 

Household Uses 

Lye is, also, valued for its cleaning effects. Sodium hydroxide is commonly the major constituent in 

commercial and industrial oven cleaners and clogged drain openers, due to its grease-dissolving 

abilities. Lye decomposes greases via alkaline ester hydrolysis, yielding water-soluble residues that 

are easily removed by rinsing. 

Sodium or potassium hydroxide can be used to digest tissues of animal carcasses or dead human 
bodies. Often referred to as alkaline hydrolysis, the process involves placing the carcass or body into a 

sealed chamber, adding a mixture of lye and water and the application of heat to accelerate the 

process. After several hours the chamber will contain a liquid with coffee-like appearance (Roach, 

2004; Booth, 2009; McDaniel, 1997) and the only solid that remains are very fragile bone hulls of 
mostly calcium phosphate, which can be mechanically crushed to a fine powder with very little force. 

Sodium hydroxide is frequently used in the process of decomposing road kill dumped in landfills by 

animal disposal contractors (Booth, 2009). Due to its low cost and availability, it has been used to 
dispose of corpses by criminals. Italian serial killer Leonarda Cianciulli used this chemical to turn 

dead bodies into soap. In Mexico, a man who worked for drug cartels admitted to having disposed of 

more than 300 bodies with it. 

A 3–10% solution of potassium hydroxide (KOH) gives a color change in some species of 

mushrooms.   In Agaricus, some species such as A. xanthodermus turn yellow with KOH, many have 
no reaction, and A. subrutilescens turns green (Roach, 2004). 

When handling lye, there should be personal protective equipment including safety glasses, chemical-
resistant gloves, and adequate ventilation are required for the safe handling of lye. When in proximity 

to lye that is dissolving in an open container of water, the use of a vapor-resistant face mask is 

recommended. Adding lye to water too quickly can cause the solution to boil (McDaniel, 1997). 

Solid lye is deliquescent and has a strong affinity for air moisture. Solid lye will deliquesce or 

dissolve when exposed to open air, absorbing a relatively large amount of water vapour. Accordingly, 
lye is stored in air-tight plastic containers. Glass is not a good material to be used for storage as lye is 

mildly corrosive to it. Similar to the case of other corrosives, the containers should be labeled to 

indicate the potential danger of the contents and stored away from children, pets, heat, and moisture 
(Roach, 2004; Booth, 2009; McDaniel, 1997). 

The majority of safety concerns with lye are, also, common with most corrosives, such as their 
potentially destructive effects on living tissues; for example skin, flesh, and the cornea. Solutions 

containing lye can cause chemical burns, permanent injuries, scarring and blindness immediately 

upon contact. Lye may be harmful or even fatal if swallowed; ingestion can cause esophageal 

stricture. Moreover, the solution of dry solid lye is highly exothermic; the resulting heat may cause 
additional burns or ignite flammables (Booth, 2009; McDaniel, 1997). The reaction between sodium 

hydroxide and a few metals is, also, hazardous. Aluminum reacts with lye to produce hydrogen gas. 

Since hydrogen is flammable, mixing a large quantity of a lye such as sodium hydroxide with 
aluminum in a closed container is dangerous, especially, when the system is at high temperature, 

which speeds up the reaction. In addition to aluminum, lye may also react with magnesium, zinc, tin, 

chromium, brass or bronze producing hydrogen gas (Roach, 2004). 

CONCLUSION AND RECOMMENDATIONS 

High producing animals such as lactating cows need minerals to make milk which contains good 

sodium and chloride. Lack of enough sodium chloride in ruminant diets would result in loss of 
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appetite and weight. Livestock craving for sodium chloride would start eating odd materials like dirt, 
rocks, urine, polythene bags and wood to satisfy their instinctive taste for salt. Lack of minerals can 

initiate a number of debilitating diseases and even death. For lactating dams and nursing calves, 

calcium from salt is critical for building strong bones and teeth, milk production, a regular heartbeat, 

blood clotting, muscle movement and nervous system function. Lactating cows without enough 
calcium are disposed to milk fever, and calves without proper calcium are susceptible to rickets. With 

milk fever, a milk-producing cow may first show signs of not being able to stand. Rather than a fever, 

a cow with “milk fever” has a lowered body temperature. For a lactating cow, it usually begins 
because her body uses more calcium to make milk than the body has. Prevention is the best cure, and 

many vets routinely prescribe a calcium salt in gel form for newly lactating cows. Rickets is a bone 

disease indicated by softened bones in the earlier stages and abnormal growth and impaired 
movement in later stages. It’s totally preventable with proper nutrition for the calves and the dam.  

Magnesium deficiency may cause grass tetany, an often fatal disease for dairy cows which can strike 

without any warning signs. This disease is preventable if cows have access to salt containing vital 

traces of magnesium. Cows lacking selenium have an increased number of calves dying at birth, or 
shortly thereafter, of white muscle disease. Symptoms are lameness, a failure to stand or simply heart 

failure. It’s called “white muscle” disease because the muscles look white rather than red. While many 

humans have to carefully limit salt intake, farmers need to carefully supply minerals daily to their 
livestock for optimum productivity. Farmers are therefore encouraged to adopt the used of 

conventional mineral licks to improve livestock productivity in tropical Africa. 

REFERENCES 

[1] ADADP (1986).Adamawa Agricultural Development Programme. Method of Vegetable Gardening, pp. 3- 
4. 

[2] Adebayo, A. A. (1999). Climate, Sunshine, Temperature, Relative Humidity and Rainfall. Journal of 

Applied Sciences and Management, 1, 69 -72.  

[3] Adebayo, A. A., & Tukur, A. L. (1991).Adamawa State in Maps, pp. 35 - 40. 

[4] Adebayo, A. A., & Tukur, A. L. (1997).Adamawa State in Maps, pp. 8 - 45. 

[5] Areola, O. O. (1983).Soil and Vegetational Resources. In J. S. Ogunn, O. O. Areola and M. Filani (Ed). 

Geography of Nigerian Development. Heinemann Ibadan, p. 342. 

[6] ASMLS (2010a).Map of Nigeria Showing all States. Adamawa State Ministry of Land and Survey, Yola, 

Nigeria. 

[7] ASMLS (2010b).Map of Adamawa State of Nigeria Showing all Local Government Areas. Adamawa 

State Ministry of Land and Survey, Yola, Nigeria. 

[8] Atwood, T. C., & Weeks, H. P. (2003). "Sex-specific Patterns of Mineral Lick Preference in White-Tailed 

Deer". Northeastern Naturalist, 10 (4), 409–414.  

[9] Ayotte, J. B., Parker, K. L., & Gillingham, M. P. (2008)."Use of Natural Licks by Four Species of 

Ungulates in Northern British Columbia". Journal of Mammalogy, 89 (4), 1041–1050.  

[10] Ayotte, J. B., Parker, K. L., Arocena, J. M., & Gillingham, M. P. (2006). "Chemical Composition of Lick 

Soils: Functions of Soil Ingestion by Four Ungulate Species". Journal of Mammalogy, 87 (5), 878–888.  

[11] Beames, R.M. (1963). Provision of Urea to Cattle in a Salt/Urea/Molasses Block. Queensland Journal of 

Agricultural Sciences, 20, 213–230. 

[12] Black, J. G., Mosquera, D., Guerra, J., Loiselle, B. A., Romo, D., & Swing, K. (2011)."Mineral Licks as 

Diversity Hotspots in Lowland Forest of Eastern Ecuador". Diversity, 3 (2), 217–234.  

[13] Bush, R.S., Nicholson, J.W.G., & Calder, F.W. (1985).Growth and Modification of Digestion in Lambs 

Fed Diets Containing Cement Kiln Dust. Canadian Journal of Animal Sciences, 65 (2), 419–427. 

[14] Campling, R.C., Freer, M., & Balch, C.C. (1962). Factors Affecting the Voluntary Intake of Food by Dairy 

Cows: The Effect of Urea on Voluntary Intake of Straw. British Journal of Nutrition, 16, 115–124. 

[15] Choo, B.S. (1985). Establishment of Laboratories and Other Related Activities. Terminal Report. 

UNDP/FAO Project PAK/80/019, Islamabad, Pakistan. 

[16] Cohen, R.D.H. (1980). Phosphorus in Rangelands Ruminant Nutrition: A Review. Livestock Production 
Science, 7, 25–37. 

[17] FAO. (1990). Production Year Book. Rome, Italy, 46, 153.  

[18] FAO (1996). World Development Report Paper No. 2. Food and Agricultural Organization, Rome, Italy. 

[19] Puto (2015).Rice Recipes. Philippine Rice Research Institute. Retrieved 15 January 2015. 



Supplementary Conventional Mineral Licks and the Productivity of Ruminant Animals in Tropical 

Africa: A Review

 

International Journal of Research Studies in Agricultural Sciences (IJRSAS)                      Page | 55 

[20] Ayres, C. (2010). Clean Green Finish That Sends A Loved One Down The Drain. Times Online, Retrieved 

on 20th February, 2013. 

[21] Thacker, H. L., & Kastner, J. (2004). Carcass Disposal: A Comprehensive Review.  National Agricultural 

Biosecurity Center, Kansas State University. 

[22] Saqib, M., Frederick, O. B., Yanhong, H. J., Won-Bo, S., Tom, A. V., & Cody, L. W. (2009). Managing 

Contaminated Animal and Plant Materials Field Guide on Best Practices. Texas A&M Agrilife Extension 

Service, pp. 233–259. 

[23] Wilson, J. H. (2014). The History of Alkaline Hydrolysis. Joseph H. Wilson. Retrieved 2 November 2014. 

[24] Roach, M. (2004). Stiff: The Curious Lives of Human Cadavers. New York: W.W. Norton & Company.  

[25] Booth, W. (2009). Stewmaker Stirs Horror in Mexico". Washington Post. 

[26] McDaniel, R. (1997). The Elegant Art of Handmade Soap: Making, Scenting, Coloring, and Shaping.  

[27] Galvano, G., Lanza, A., Chiofalo, L., & Mal'an, M. (1982). Cement Kiln Dust as a Mineral Source in 

Feeding Ruminants: The Use of CKD in Hay and Straw Based Diets for Lambs. World Review of Animal 

Production, 18 (4), 63–71. 

[28] George, K. P.J. (1986a). Cattle Feed Utilization in Milk Cooperatives in India. In Proceedings of the FAO 
Expert Consultation on the Substitution of Imported Concentrate Feeds in Animal Production Systems in 

Developing Countries, Held in Bangkok, Thailand, 9–13 September 1985. FAO, Rome, pp. 189–197. 

[29] George, K. P.J. (1986b) Urea Molasses Block Lick, A Feed Supplement for Ruminants. Paper Presented at 

the International Workshop on Rice Straw and Related Feeds in Ruminant Rations, Kandy, Sri Lanka, 24 

to 28 March, pp. 27. 

[30] Hogan, M. C. (2010). Calcium. In A. Jorgensen, C. Cleveland. Encyclopedia of Earth. National Council 

for Science and the Environment. 

[31] INEC (1996). Independent National Electoral Commission of Federal Republic of Nigeria   

[32] Karadzhyan, A.M., & Evoyan, A.A. (1980).Use of Cement and Cement Kiln Dust in Fattening of Young 

Bulls. (Abstracts) In Nutrition Abstracts and Review/Series B. 54(6), 280. 

[33] Khan, Z.I., Hussain, A., A shraf, M., Ahmad, K., Danish, M., & Mc DDowell, L.R. (2008).Effect of 

Seasonal Variation on the Copper Status in a Soil–Plant–Animal System. Acta Agron. Hung, 56(1), 55-67. 

[34] Khan, Z.I., Ahmad, K., Ashraf, M., Valeem, E.E., & McDowell, L.R. (2009). Mineral status of Forage and 

its Relationship with that of Plasma of Farm Animals in Southern Punjab, Pakistan. Pak. J. Bot., 41(1), 67-

72. 

[35] Klassen, N. A., & Rea, R. V. (2008). "What Do We Know About Nocturnal Activity of Moose?". Alces, 

44, 101–109. 

[36] Krebs, G., & Leng, R.A. (1984). The Effect of Supplementation with Molasses/Urea Blocks on Ruminant 

Digestion. In Animal production in Australia, 15, 704. 

[37] Kreulen, D.A. (1985). “Lick Use By Large Herbivores: A Review of Benefits and Banes of Soil 

Consumption”, Mammal Rev., 15 (3), 107–123. 

[38] Leng, R.A., & Preston, T.R. (1983).Nutritional Strategies for the Utilization of Agro-Industrial By-

Products by Ruminants and Extension of the Principles and Technologies to the Small Farmers in Asia. In 
Proceedings of the Fifth World Conference on Animal Production, 1, 310–318. 

[39] Mamoon, R. (2008). Goats and their Nutrition. Manitoba Agriculture, Food and Rural Initiatives, pp. 1-4. 

[40] Mansir, M. (2006).Livestock Marketing and Transportation in Nigeria. 

[41] McDowell, L.R. (2003). Minerals in Animals and Human Nutrition. Second edition, Elsevier Science 

Amsterdam, The Netherlands, pp. 144. 

[42] McDowell, L.R., & Arthington, D. (2005). Minerals for Grazing Ruminants in Tropical Regions. 

Extension Bulletin, Animal Science Department University of Florida, USA 

[43] McDowell, L.R., Conrad, J.H., Ellis, G.L., & Loosli, J.K. (1983).Minerals for Grazing Ruminants in 

Tropical Regions. Extension Bulletin, Animal Science Department for Centre for Tropical, Agricultural 

University of Florida. 

[44] Mills, A., & Milewski, A. (2007)." Geophagy and Nutrient Supplementation in the Ngorongoro 
Conservation Area, Tanzania, with Particular Reference to Selenium, Cobalt and Molybdenum". Journal 

of Zoology, 271 (1), 110–118.  

[45] Mohammed, K. (1999). Historical background. In A. A. Adebayo and A. L. Tukur (Ed) Adamawa State in 

Maps. 

[46] NPC (1990).National Population Commission Exercise of Federal Republic of Nigeria. 

[47] NRC (1980).Mineral Tolerance of Domestic Animals. National Research Council, Washington, D.C., 
National Academy of Sciences. 



Supplementary Conventional Mineral Licks and the Productivity of Ruminant Animals in Tropical 

Africa: A Review

 

International Journal of Research Studies in Agricultural Sciences (IJRSAS)                      Page | 56 

[48] NRC (1981).Nutrient Requirements of Sheep and Goats. National Research Council. Number 15. 

[49] NRC (1985).Nutrient Requirements of Sheep and Goats. National Research Council. Sixth Revised 

Edition. Issued in Furtherance of Cooperative Extension Work in Agriculture and Home Economics, Acts 

of May 8 and June 30, 1914, and other Related Acts, in Cooperation with the U.S. Department of 

Agriculture. The Alabama Cooperative Extension System (Alabama A&M University and Auburn 

University) Offers Educational Programs, Materials, and Equal Opportunity Employment to All People 

without Regard to Race, Color, National Origin, Religion, Sex, Age, Veteran Status, or Disability.  

[50] NRC (1996).Nutrient Requirements of Beef Cattle. National Research Council, Washington, D.C., 

National Academy of Sciences. 

[51] Preston, T.R., & Leng, R.A. (1984). Supplementation of Diets Based on Fibrous Residues and By-

Products. In F. Sundstol and E. Owens. Straw and Other Fibrous By-Products As Feed. Elsevier, 

Amsterdam, pp. 373–413. 

[52] Preston, T.R., & Leng, R.A. (1986).Matching Livestock Production Systems to Available Resources. 

International Livestock Centre for Africa (ILCA) Publishing Unit, pp. 331. 

[53] RFOF (2017). Certified Organic Livestock Feed, George and Cherry Teague. Reedy Fork Organic Farm, 

7092 Sockwell Rd, Elon, NC 27244, (336), 449-4888. 

[54] Sansoucy, R. (1986). Manufacture of Molasses-Urea Blocks in the Sahelian Region. World Animal 

Review, 57, 40–48. 

[55] Sudana, I.B., & Leng, R.A. (1986). Effects of Supplementing a Wheat Straw Diet With Urea Or Urea-

Molasses Blocks and/or Cottonseed Meal on Intake and Liveweight Change of Lambs. Animal Feed 
Science Technology, 16, 25–35. 

[56] Van Houtert, M., & Leng, R.A. (1986) Strategic Supplementation to Increase the Efficiency of Utilization 

of Rice Straw by Ruminants. University of New England, Armidale, Australia. Mimeograph, p. 4. 

[57] Van Niekerk, B.D.H., & Jacobs, G.A. (1984).Protein, Energy and Phosphorus Supplementation of Cattle 

Fed Low-Quality Forage. South African Journal of Animal Sciences, 15, 133–136. 

[58] Odoemene, A. C. (2003). African Women and Economic Development. The Nigerian Experience, Paper 
Presented at South African Sociological Association (SASA) Annual Congress. 

[59] Williams, D. R. (2004).Effects of Child-Care Activities on the Duration of Self-Employment in Europe. 

Entrepreneurship Theory and Practice, 28(5), 467 – 485.  

[60] Marlow, S. (2002). Women and Self-Employment: A Part of or Apart from Theoretical Construct? 

Entrepreneurship and Innovation, 3(2), 83-91.  

[61] Jennings, J., & McDougald, E. (2007). Work-Family Interface Experiences and Coping Strategies: 
Implications for Entrepreneurship Research and Practice. Academy of Management Review, 32 (3), 747-

760. 

[62] Mafimisebi, T. E., Bobola, O. M., & Mafimisebi, O. E. (2013).Fundamentals of Cattle Marketing in 

Southwest, Nigeria: Analyzing Market Intermediaries, Price Formation and Yield Performance. Paper 

presented at the 4th International Conference of the African Association of Agricultural Economists, held 

in Hammamet, Tunisia from September 22-25, 2013. 

[63] Adebayo, P. O. (2015). Impact of Socio-Cultural Values and Individual Attributes On Women 

Entrepreneurship. International Journal of Management Sciences and Business Research, 4(12), 1 - 12. 

[64] Ogunsiji, A. S. (2013). A Comparative Evaluation of Demographic Factors’ and Entrepreneurial Traits 

Influence of Small Scale Enterprises Performance in Nigeria. International Review of Management and 

Business Research, 2(2), 450 - 456. 

[65] Salman, A. (2009). How to start a business: A guide for women. Pakistan: Centre for International Private 

Enterprise, Institute of National Endowment for Democracy, affiliate of the USA Chamber of Commerce. 

[66] Ajiya, K. (1998). Student Final Year Project. Department of Agricultural Economics and Extension. 

Federal University of Technology Yola. Unpublished. 

[67] Mafimisebi, T. E., Bobola, O.M., & Mafimisebi, O.E. (2013).Fundamentals of Cattle Marketing in 

Southwest, Nigeria: Analyzing Market Intermediaries, Price Formation and Yield Performance. Paper 

presented at the 4th International Conference of the African Association of Agricultural Economists, held 

in Hammamet, Tunisia from September 22-25, 2013. 

[68] Beneria, L. (2001). Changing Employment Patterns and Informalization of Jobs: Gender Trends and 

Gender Dimensions. International Labor Office (ILO), Geneva. 

[69] Carter, S., & Shaw, E. (2006).Women's Business Ownership: Recent Research and Policy Developments. 

UK: Small Business Service. 

[70] Voigt, C. C., Capps, K. A., Dechmann, D. K. N., Michner, R. H., & Kunz, T. H. (2008). "Nutrition or 

Detoxification: Why Bats Visit Mineral Licks of the Amazonian Rainforest".  PLoS ONE, 3 (4), e2011. 



Supplementary Conventional Mineral Licks and the Productivity of Ruminant Animals in Tropical 

Africa: A Review

 

International Journal of Research Studies in Agricultural Sciences (IJRSAS)                      Page | 57 

[71] Babalola, S. S. (1998). Psychosocial Determinants of Self-Employment Behaviour and Perceived Business 

Success. An Unpublished Ph.D Thesis in Department of Psychology, University of Ibadan, Ibadan. 

[72] Babalola, S. S. (2006). Managing Innovation, Product Development and Entrepreneurship. In S. Balogun, 

B. Ehigie, & A. Sunmola (Eds.), Managerial Psychology: An Overview. Nigeria: University of Ibadan, 

Department of Psychology Publication, pp. 352–387. 

[73] Berger, M., & Byvinie, M. (1989).Women’s Ventures. West Hartford, CT: Kumarian Press. 

[74] de Jong, J., & den Hartog, D. (2003). Leadership as a Determinant of Innovative Behaviour: A Conceptual 

framework. Report Published Under the SCIENTIFIC Analyses of Entrepreneurship SMEs (SCALES) 

Initiative, Research Report H200303, Zoetermeer, EIM. 

[75] Ehigie, B. O., & Idemudia, V.O. (2000).Working Women and Exclusive Breastfeeding in Oyo State, 

Nigeria. African Journal of Business and Economic Research, 1(1), 49-57. 

[76] Ehigie, B. O., & Umoren, U. E. (2003). Psychological Factors Influencing Perceived Entrepreneurial 

Success Among Nigerian Women in Small-Scale Businesses. Journal of International Women’s Studies, 

5(1), 78-95. 

[77] Ehigie, B. O. (2000). Gender Differences in Career Orientation and Influence on Marital Satisfaction, 
Ilorin. Journal of Business and social Sciences, 6(2), 1 – 13. 

[78] Erdil.S., Erdil, O., & Keskin, H. (2004).The Relationship between Market Orientation, Firm 

Innovativeness and Innovation Performance. Journal of Global Business and Technology, 1(1), 1-11. 

[79] Kanter, R. (1988). When a Thousand Flowers Bloom: Structural, Collective, and Social Conditions for 

Innovation in Organizations. In B. M. Staw, & L. L. Cummings (Eds.), Research in Organizational 

Behaviour. Greenwich, CT: JAI Press, 10, 169-211. 

[80] Kitching, B., & Woldie, A. (2004). Female Entrepreneurs in Transitional Economies: A Comparative 

Study of Business Women in Nigeria and China. In Proceedings Hawaii International Conference on 

Business, Honolulu, Hawaii. Scott, S. G., & Bruce, R. A. (1994). Determinants of Innovative Behaviour: A 

Path Model of Individual Innovation in the Workplace. The Academy of Management Journal, 37 (3), 580 

- 607. 

[81] Van de Ven, A. (1986). Central Problems in the Management of Innovation. Management Science, 32, 

590-607. 

[82] West, M., & Farr, J. (1989). Innovation at Work: Psychological Perspectives. Social Behaviour, 4, 15-30. 

[83] World Bank. (1995). Enhancing Women’s Participation in Economic Development. Washington, DC. 

[84] Yusuff, O. S. (2014). Gender Differentials in Factors Affecting Performance of Small- Scale Enterprises in 

Lagos State, Nigeria. Journal of Culture, Society and Development, 3, 20 -29. 

  

 

Citation: Kubkomawa. H. I, "Supplementary Conventional Mineral Licks and the Productivity of Ruminant 
Animals in Tropical Africa: A Review", International Journal of Research Studies in Agricultural Sciences 

(IJRSAS), vol. 3, no. 9, p. 13, 2017. http://dx.doi.or g/10.20431/ 2454-6224.0309007 

Copyright: © 2017 Authors. This is an open-access article distributed under the terms of the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 


