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ABSTRACT 

 
Characterization and physical observation of cattle horns from Kano Abattoir was carried out 
with a view to determining their possible applications. Elemental analysis tests, tensile and 

bending tests were carried on prepared samples. The elemental (chemical) analysis tests were 

conducted using MiniPal X-ray Spectrometer at the National Geosciences Laboratory of the 
National Geological Research Centre, Barnawa, Kaduna, Nigeria, where the different 

constituents were identified. The bending and tensile behaviour of the cattle horns were also 

tested using a Universal Testing Machine at the National Research Institute for Chemical 
Technology (NARICT), Zaria. The results showed that Kano cattle horns contain Sulphur 

(51.1% - 81.90%), Molybdenum (23.0% - 32.0%), Calcium (2.5% - 8.32%),  Zinc (1.20% - 
2.40%), Potassium (0.4% - 1.5%), Copper (0.24% - 0.34%), Rhenium (1.70% - 3.20%), Indium 

(0.30% - 1.00%), Selenium (0 - 2.70%), Silicon (0 - 0.33%), and Aluminium (0.40% - 0.78%) 

and could therefore be used in the manufacture of artificial teeth due to the high percentage of 
Calcium and Molybdenum which add to hardness and toughness. They can also be used in 

agriculture due to the high percentage of Molybdenum. The presence of copper and Zinc made it 

possible for use in deep drawing, spinning, and tube manufacture as the addition of zinc to 
copper brings about an increase in strength and high ductility.  

 

SIGNIFICANCE: The paper provides a basis 

for local utilization of cattle horns rather than 

exporting them in raw form to the developed 

countries. 

KEYWORDS: Characterization, Application, 

Cattle Horn and Utilization. 

 

1. INTRODUCTION 
 

Characterization of cattle horn is an important 

research that leads to the awareness of its 

potential applications and possible means of 

producing goods in Nigeria. True horn is a 

thermoplastic and can be heated, bent and shaped 

to create wonderful horn handles, buttons, horn 

belt buckles, horn drinking vessels as well as 

horn fashion accessories based on requirements. 

Horns are naturally grown items and as such will 

have considerable variation between individual 

pieces. Requirement of specific sizes or shapes 

can be handled by the manufacturers (Baggot, 

1988). The cattle horn is abundant in Nigeria, 

especially in the northern part, but the utilization 

is very low compared to what is obtained in 

other developed countries. The bulk of our horn 

was being exported to these developed countries, 

while a very little proportion is used in making 

things like chalk. The remaining is burnt in 

rubbish dumps and used as fertilizer.   Many 

countries are now imposing import restrictions 

on "Animal Products" (which includes 'raw 

horns') to prevent the spread of infectious 

diseases. This increased restriction leaves us 

with the problem of how to dispose off the horns, 

in addition to the serious loss of revenue. 

The aim of this work is to characterize the local 

cattle horns in Kano with the objective of finding 

the Chemical compositions of the selected cattle 

horns, observing its behavior in Bending and 

Tension and identifying the potential 

applications. 
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2. LITERATURE REVIEW 
 

A horn is a pointed projection of the skin on the 

head of various animals, consisting of a covering 

of horn (keratin and other proteins) surrounding 

a core of living bone. True horns are found 

mainly among the ruminant artiodactyls, in the 

families Antilocapridae (pronghorn) and Bovidae 

(cattle, goats, antelope, etc). One pair of horns is 

usual, but two pairs occur in a few wild species 

and domesticated breeds of sheep. Partial or 

deformed horns in livestock are often called 

scurs (Wikipedia, 2009). 

Horns usually have a curved or spiral shape, 

often with ridges or fluting (Plates 1 and 2 in the 

Appendix). In many species only males have 

horns. Horns start to grow soon after birth, and 

continue to grow throughout the life of the 

animal (except in pronghorns, which shed the 

outer layer annually, but retain the bony core). 

Similar growths on other parts of the body are 

not usually called horns, but spurs, claws or 

hoofs (Roberts, 1996) 

Animals have a variety of uses for horns and 

antlers, including defending themselves from 

predators and fighting members of their own 

species for territory, dominance or mating 

priority. Horns may also be used by the animal to 

root in the soil or strip bark from trees. In animal 

courtship many use horns in displays. Some 

animals with true horns use them for cooling. 

The blood vessels in the bony core allow the 

horns to function as a radiator (Wikipedia, 

2009).  

The use of animal horns by humans is 

controversial, especially if the animal was 

hunted specifically for the horn. This is because 

some animals are threatened or endangered to 

reduce populations partially from pressures of 

such hunting. Some people use bovid horns as 

musical instruments. Bovid horns removed from 

the bone core, cleaned and polished are also used 

as drinking vessels. Powder horns were 

originally bovid horns fitted with lids and 

carrying straps, used to carry gunpowder. 

Antelope horns are used in traditional Chinese 

medicine. Horn may also be used as a material in 

tools, furniture and decorations, among other 

uses. A horn is valued for its hardness. A horn is 

somewhat thermoplastic and was formally used 

for many purposes where plastic would now be 

used. A horn may be used to make glue 

(Lundrigan, 1996). 

Although no work on characterization of true 

horns has been reported, an experimental 

approach for evaluating the mechanical 

behaviour of hoof horn was developed by 

Dongsheng et al. (2007). The process is 

comprised of obtaining incremental slices of 

hoof horn, stamping samples from selected zones 

of the sectioned tissue, performing uniaxial 

tensile tests and evaluating the mechanical 

response using digital image correlation (DIC). 

From a combination of unique methods of 

extraction and evaluation, the process enables 

hoof horn tissue to be characterized as a function 

of distance from the dermal-epidermal junction, 

within specific regions of the claw and as a 

function of hydration. 

 

 

3. MATERIALS AND METHODS 
 

3.1 Material and Method of Characterization 

Cattle horns were randomly selected and 

purchased from the Kano Abattoir. Five samples 

were selected and numbered A to E. The method 

used depends on the type of experiment to be 

carried out. The Elemental Analysis test was 

conducted at the National Geoscience Research 

Laboratories Centre, Kaduna, Nigeria, while the 

Bending and Tensile tests were conducted at the 

National Research Institute for Chemical 

Technology (NARICT), Zaria, Nigeria.  

 

3.2 Elemental (Chemical) Analysis 
The machine used for this experiment, called a 

MiniPal (PW4030 X-Ray Spectrometer), is a 

compact energy dispersive x-ray spectrometer 

designed for the elemental analysis of a wide 

range of samples (solids, powders and liquids), 

from Sodium to Uranium and provides detection 

limits at the sub part per million (ppm) level. It 

can also measure concentrations of up to 100% 

easily and simultaneously. The system is 

controlled by a PC running the dedicated 

MiniPal analytical software. The spectrometer 

has a removable 12-position sample tray plus 

removable sample holders, which are round. The 

samples were accordingly cut to round shapes to 

a diameter of 25.0 mm to suit the mounting 

position and smoothened for easy passage of the 

rays. The thickness of specimen is 2.0 mm. A 

suitable portion of the sample to be analysed was 

cut; ground carefully to obtain a smooth, flat and 

round surface; and the measurement was done in 

the direction of the smooth flat surface. The 
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spectrometer was switched on and the HT key 

switch turned to the ON position. The sample to 

be analysed was then placed in a sample cup and 

the cup placed in the correct position, inside the 

spectrometer, to be analysed. The lid was closed; 

the type of measurement selected and the 

“measure” button was clicked. The equipment 

automatically measures all elements present in 

the sample, calculates the concentrations from 

intensities, based on fundamental parameters 

(Plate 3 in Appendix).  

 

3.3 Tensile and Bending Tests 

A 50 kN Ragrau Instrument Universal Testing 

Machine number 10507002 was used for the 

tensile and bending tests. A tension test is a 

destructive test in the sense that the specimen is 

finally broken or fractured into two pieces. To 

perform the tensile test, the universal testing 

machine should be capable of applying that load 

which is required to break or fracture the 

material. The test piece or specimen of the 

material is generally a straight piece, uniform in 

cross-section over the test length and often with 

enlarged ends, which can be held in the machine 

holders. However, the machine can hold the 

specimen without enlarged ends also. Two fine 

marks are often made near the end of the 

uniform test section of the specimen, and the 

distance between these points is termed "gauge 

length". The gauge length is that length which is 

under study or observation when the experiment 

on the specimen is performed. The gauge length 

of a specimen bears a constant standardized ratio 

to the cross-sectional dimension for certain 

reasons. The specimen is placed in the machine 

between the holders and any measuring device to 

record the change in length is fitted on to the 

specimen between the gauge points. If such a 

device, generally extensometer, is not fitted, the 

machine itself can record the displacement 

between its cross heads on which the specimen is 

held. Once the machine is started it begins to 

apply a slowly increasing load on the specimen. 

At preset intervals, the reading of the load and 

elongation of specimen are recorded. Finally, the 

specimen breaks in the form of cup and cone 

shape at the fracture point (for ductile 

metals).Prior to breaking, the area of cross 

section becomes very small, resulting in large 

stress. The maximum stress which the specimen 

can bear is the "ultimate stress". We can also 

find the modulus of elasticity for the specimen. 

The samples were cut to a rectangular shape for 

both the tensile and bending tests, as shown in 

Figures 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sample size for (A1-A4), (B1-B4), (C1-C4) and (D1-D4) all at the same length and breadth 

but different thickness 
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For tensile tests samples (A1-A4), (B1-B4), (C1-

C4), and (D1-D4) were cut to a length of 40 mm 

and breadth of 10 mm each. Samples (E1-E4) 

were cut to a length of 36 mm to 53.5 mm and 

the breadth of 19 mm to 2 0mm. For the bending 

tests, samples (A1-A4) ranges between the 

breadth of 40 mm to 43 mm, (B1-B4) breadth of 

43 mm to 48 mm, (C1-C4) breadth of 40 mm to 

46 mm, (D1-D4) breadth of 35 mm to 46 mm 

and length of 41.5 mm all through. For sample 

(E1-E4) a breadth of 20 mm with 100 mm length 

was used all through.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sample size for E1-E4 at varying length, varying breadth and different thickness 
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4.0 RESULTS AND DISCUSSIONS 
 

4.1  Results 
The results of the tests carried out on the samples 

prepared are presented in Tables 1 to 11. The 

chemical analysis test results for all the five 

samples (A - E) are presented in Table 1 while 

those of tensile and bending tests are presented 

separately for each sample in Tables 2 to 11. 

 

 

Table 1: Chemical Analysis Test Results 

 

Sample S 

(%) 

Mo 

(%) 

Ca 

(%) 

Zn 

(%) 

K 

(%) 

Cu 

(%) 

In 

(%) 

Re 

(%) 

Al 

(%) 

Se 

(%) 

Si 

(%) 

A 65.80 26.00 2.57 2.00 0.41 0.24 1.00 1.80 0.60 0.00 0.00 

B 81.90 7.70 4.39 2.20 0.87 0.34 0.30 1.70 0.00 0.00 0.00 

C 64.90 23.00 3.44 1.70 0.52 0.24 0.90 1.80 0.40 2.70 0.00 

D 65.70 24.00 3.60 2.40 0.61 0.25 1.00 1.80 0.40 - 0.33 

E 51.10 32.00 8.32 1.20 1.50 0.00 0.30 3.20 0.78 - 0.00 

 

 

Table 2: Tensile test results for samples A1-A4 at the same sample length and same machine speed 

 

 Sample A1 Sample A2 Sample A3 Sample A4 

Length (mm) 40 40 40 40 

Breadth (mm) 10 10 10 10 

Break Load (kN) 0.6 1.41 2.98 1.89 

Elongation (mm) 1.4 3.3 4.79 6.49 

Tensile Strength (MPa) 34 72 149 177 

% Elongation 3.4 8.25 11.98 16.22 

Speed 50 50 50 50 

 

 

Table 3: Tensile test results for samples B1-B4 at the same sample length and same machine speed 

 

 

 

Sample B1 Sample B2 Sample B3 Sample B4 

Length (mm) 40 40 40 40 

Breadth (mm) 10 10 10 10 

Break Load (kN) 2.87 2.88 2.52 2.42 

Elongation (mm) 6.78 5.42 3.61 3.21 

Tensile Strength (MPa) 150 146 127 124 

% Elongation 16.95 13.55 9.02 8.02 

Speed 50 50 50 50 

 

 

Table 4: Tensile test results for samples C1-C4 at the same sample length and same machine speed 

 

 Sample C1 Sample C2 Sample C3 Sample C4 

Length (mm) 40 40 40 40 

Breadth (mm) 10 10 10 10 

Break Load (kN) 2.4 2.87 3.46 2.01 

Elongation (mm) 2.94 5.92 6.78 6.55 

Tensile Strength (MPa) 120 144 176 164 

% Elongation 7.35 14.8 16.95 16.38 

Speed 50 50 50 50 
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Table 5: Tensile test results for samples D1-D4 at the same sample length and same machine speed 

 
 Sample D1 Sample D2 Sample D3 Sample D4 

Length (mm) 40 40 40 40 

Breadth (mm) 10 10 10 10 

Break Load (kN) 2.38 3.8 3.79 2.61 

Elongation (mm) 3.25 3.71 5.33 5.47 

Tensile Strength (MPa) 120 134 190 194 

% Elongation 8.12 9.28 13.32 13.68 

Speed 50 50 50 50 

 

Table 6: Tensile test results for samples E1-E4 at different sample length and same machine speed 

 
 Sample E1 Sample E2 Sample E3 Sample E4 

Length (mm) 36.5 43.8 47.5 53.5 

Breadth (mm) 19 19 19 20 

Break Load (kN) 3.84 1.24 3.79 2.07 

Elongation (mm) 4.43 1.9 4.7 1.67 

Tensile Strength (MPa) 64.3 23.87 119.83 33.42 

% Elongation 12.137 4.34 9.89 3.12 

Speed 50 50 50 50 

 

Table 7: Results for samples A1-A4 for Bending test at the same sample length and same machine 

speed 

 

 Sample A1 Sample A2 Sample A3 Sample A4 

Length (mm) 41.5 41.5 41.5 41.5 

Breadth (mm) 40.1 43.1 41.3 41.5 

Break Load (kN) 0.22 0.65 2.83 1.73 

Deflection (mm) 26.3 7.82 9.45 20.92 

Bending  Strength (MPa) 65.18 556.27 114.54 125.36 

% Deflection 63.37 18.84 50.41 22.77 

Speed 50 50 50 50 

 

Table 8: Results for samples B1-B4 for Bending test at the same sample length and same machine 

speed 

 
 Sample B1 Sample B2 Sample B3 Sample B4 

Length (mm) 41.5 41.5 41.5 41.5 

Breadth (mm) 43 46 48.0 45.4 

Break Load (kN) 1.27 1.56 1.59 1.16 

Deflection (mm) 4.84 8.22 8.36 9.72 

Bending Strength (MPa) 204.44 2036.1 2160.32 1591.97 

% Deflection 11.66 20.14 19.81 23.42 

Speed 50 50 50 50 

 

Table 9: Results for samples C1-C4 for Bending test at the same sample length and same machine 

speed 

 

 Sample C1 Sample C2 Sample C3 Sample C4 

Length (mm) 41.5 41.5 41.5 41.5 

Breadth (mm) 41 46.9 42.3 43.1 

Break Load (kN) 0.89 1.27 0.65 0.67 

Deflection (mm) 18.53 7.89 13.69 9.22 

Bending Strength (MPa) 111.23 1941.17 869.18 1044.52 

% Deflection  44.65 22.22 18.94 32.99 

Speed 50 50 50 50 
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Table 10: Results for samples D1-D4 for Bending test at the same sample length and same machine 

speed 

 

 Sample D1 Sample D2 Sample D3 Sample D4 

Length (mm) 41.5 41.5 41.5 41.5 

Breadth (mm) 40 46.5 43.5 41.1 

Break Load (kN) 0.27 0.88 0.65 0.64 

Deflection (mm) 17.99 5.92 20.38 12.7 

Bending Strength (MPa) 77.11 624.58 207.51 94.57 

% Deflection  46.35 14.27 30.60 43.50 

Speed 50 50 50 50 

 

Table 11: Result for samples E1-E4 for Bending test at the same sample length and same machine 

speed 

 

 Sample E1 Sample E2 Sample E3 Sample E4 

Length (mm) 100 100 100 100 

Breadth (mm) 20 20 20 20 

Break Load (kN) 0 0.06 0.01 0 

Deflection (mm) 63.17 63.27 54.59 41.25 

Bending Strength (MPa) 321.61 2209.52 1220.24 1781.44 

% Deflection 63.17 63.27 54.59 41.25 

Speed 50 50 50 50 

. 

 

4.2 Discussion of Results and Analysis 
4.2.1 Elemental Analysis: The results obtained 

for the elemental analysis, tensile and bending 

tests for the five samples prepared were 

analysed. For Elemental (chemical) analysis 

tests, different elemental constituents have been 

identified. The cattle horn is found to be a 

Sulphur based alloy (51.1%- 81.90% Sulphur). 

The next highest alloying element is 

Molybdenum which was found in high amount 

in all the samples (23.0% - 32.0%) and Calcium 

Ca (2.5% - 8.32%), Zinc Zn (1.20% - 2.40%), 

Potassium K (0.4% - 1.5%), Copper Cu (0.24% - 

0.34%). Rhenium Re is one of the three rare 

elements found during the tests and it appears in 

all the five samples (1.70%-3.20%), Indium In is 

a rare element and a trace of it was found in all 

the samples (0.30% - 1.00%), Selenium Se is 

also a rare element and a trace of it was found in 

sample C only (2.70%). Silicon Si was found 

only in sample D in a very small quantity 

(0.33%). Aluminium Al is also found in all the 

samples (0.40% - 0.78%).  

Based on the observations, the variations in 

elemental composition is probably dependent on 

age of the cattle, because the composition varies 

along the length of the horn, so at each segment 

the composition varies and some disappear 

completely above certain age. The elemental 

compositions also seem to be dependent on the 
segment of the whole length of the horn, the 

animal’s breed as well as the general habitat and 

feeding pattern. Three rare elements Rhenium, 

Indium and Selenium were found, which can be 

an area for further research on horns. 

Considering the results at hand cattle horn can be 

used in galvanization of rubber, furniture work, 

tools making and decorative materials in many 

of engineering works. It may also be used to 

replace plastics in many engineering 

applications. Cattle horns can also be used in 

agriculture to enrich the molybdenum content of 

the soil. 

 
4.2.2 Tensile and Bending Tests: Samples A1-

A4 have the same length and breadth but the 

thickness varies and is responsible for the 

difference in tensile strength variation along the 

whole length of the same horn. Sample A4 is 

thicker than the other three samples (A3, A2 and 

A1) and that is why sample A4 has the highest 

tensile strength, 177 MPa and percentage 

elongation of 16.22%, followed by sample A3 

with 149 MPa and 11.98% elongation and A2 

with 72 MPa and 8.25% elongation. The least is 

A1 with tensile strength of 34 MPa and 

percentage elongation of 3.4%. Analyzing Table 

3, it can be observed that sample B1 has the 

highest tensile strength of 150 MPa and 

percentage elongation of 16.95%, next is B2 

with 146 MPa and percentage elongation of 

13.55% followed by B3 and B4 with 127 MPa, 
9.02% and 124 MPa, 8.02% as tensile strength 

and percentage elongation respectively. 
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The same analysis is applied to the remaining 

tables. This showed that the thickness of the 

sample contributed a lot in the variation of the 

tensile strength of that same material, because 

the thicker the material the higher the tensile 

strength of that material. Age of the horn also 

contributed in the variation of all the parameters 

found during the test, because the same cattle 

horn is older and thicker at the tip than at the 

skull end of the horn. The thickness increases 

from the skull to the tip end of the whole length 

of the horn. 

For bending, sample A2 is wider and thicker 

than the other three samples (A1, A3 and A4), 

has a bending strength of 556.27 MPa and is less 

deflected, followed by sample A4, A3 and A1 

with tensile strength and percentage elongation 

of 125.36 MPa, 22.77%, 114.54 MPa, 50.41% 

and 65.18 MPa, 63.37% respectively. 

Although there was no reported work on true 

horns some works on bovine claw and hoof 

horns showed similar results (Vermunt and 

Greenough, 1995; Budras et al., 1997; Mulling et 
al., 2003; Dongsheng et al., 2007). 

Based on the above discussion of Young 

modulus, a linear relation cannot be obtained 

from the results since there is no detailed 

experiment carried out based on the segment of 

the whole length of each of the cattle horns, but 

all the graphs obtained obeyed Hooke’s Law. 

The same applies to the bending tests, but for 

bending, it was observed that the cattle horn has 

a high resistance to bending because all the five 

samples have high bending stresses. The results 

therefore showed that cattle horns can be used in 

artificial teeth making due to the high percentage 

of calcium. It can also be used in agriculture due 

to the high percentage of molybdenum, and the 

presence of copper and Zinc make it possible for 

use in deep drawing, spinning, and tube 

manufacture because addition of zinc to copper 

brings about an increase in strength and that 

causes them to have high ductilities. Also, pure 

zinc having a melting point only slightly above 

400
o
C, and having 4% of aluminium makes an 

excellent material for die casting purposes (Jim, 

2003; IKD Auto Products, 2011; International 

Zinc Association, 2011; Kurfis, 2011).  

 

 

5.0 CONCLUSION AND RECOMMENDATIONS 
 

5.1 Conclusion   

The experimental results at hand showed that a 

lot of engineering products could be produced in 

Kano from the local cattle horns, by seeing its 

chemical composition and observing its 

behaviour towards tension and bending. The 

results showed that Kano cattle horns contain 

Sulphur (51.1% - 81.90%), Molybdenum (23.0% 

- 32.0%), Calcium (2.5% - 8.32%),  Zinc (1.20% 

- 2.40%), Potassium (0.4% - 1.5%), Copper 

(0.24% - 0.34%), Rhenium (1.70% - 3.20%), 

Indium (0.30% - 1.00%), Selenium (0 - 2.70%), 

Silicon (0 - 0.33%), and Aluminium (0.40% - 

0.78%). The tensile and bending strengths were 

observed to depend on the thickness of the horn, 

which also depends on age. After further 

studying its properties in greater detail a lot of 

other engineering materials can be produced 

using the Kano cattle horns.  

5.2 Recommendations 

It is recommended that cattle horn can be used in 

agriculture due to the high percentage of 

molybdenum because many soils tested for 

molybdenum were found to have very low 

percentages (not up to 1.0%) but up to 32.0% 

Molybdenum was present in cattle horn. The 

presence of copper and Zinc make it possible for 

use in deep drawing, spinning, and tube 

manufacture because addition of zinc to copper 

brings about an increase in strength and that 

causes them to have high ductility. Cattle horn 

can be used for die casting purposes due to the 

presence of Zinc and Aluminium. Cattle horn 

can be used in making small tables because of its 

strength, and it can be used as a material in tools, 

furniture and decorations, among other uses. It 

can also be used in making electric kettles due to 

the higher resistance to heat of molybdenum and 

Aluminium. It is recommended that further 

research and additional tests should be carried 

out to segment the samples into age, breed, 

habitat, mode of feeding the animals, etc, to get 

additional details.  
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