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Abstract

In claim of developing ecologically-friendly and low cost polymeric materials,
some polymer scientists and engineers have focused on improving the proper-
ties of polymer composites with natural fibers. One typical example of these
natural fibers currently used as reinforcements in low load-bearing polymer
composites is bovine fiber which is traditionally a waste from slaughterhouse.
However, nature has designed natural fibers with anisotropic properties which
may not augur well for the development of polymer composites with guaran-
teed field-proven reliability. Nonetheless, unlike vegetal fibers, most animal
fibers can be alternatively exploited for keratinous applications. In the present
study, the tensile properties, crude protein contents and variations in elemen-
tal distribution of hair fibers obtained from three breeds of bovine found in
Nigeria were investigated. The hair fibers were characterized by ultimate test-
ing machine, proximate analysis and scanning electron microscopy with
energy dispersive X-ray spectroscopy. Superlative Young’s modulus and ten-
sile strength among the fibers were found to be 0.98989 GPa and 0.56158
MPa, respectively. The determined crude protein contents of the fibers ranged
between 35% and 40%. Also, single hair fibers from each bovine breed showed
significant variations in elemental distribution along their longitudinal sec-
tions which translates to anisotropic chemical and mechanical properties.
However, the mean spectral values of the principal elements that constitute
amino acids in the fibers are in the same range with that of human hair fibers
with a successful record of keratinous applications.
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1. Introduction

Critical reviews on the idea of radically replacing synthetic fibers (SFs) with
Natural Fibers (NFs) in Polymer Composites (PCs) have revealed that this ap-
proach is defective and equally impracticable [1] [2]. Although, there are strong
claims that NF reinforced PCs (NFRPCs) have the unprecedented advantages of
improving ecological welfare by dwindling the effects of carbon footprints in our
environment, their second-rate performance cannot be overlooked [3] [4] [5]
[6].

This intellectual dispute subsequently resulted in a complicated confusion that
prominent materials scientists have painstakingly tried to clarify since the inva-
sion of NFs in PCs development [7] [8]. These scientists clearly pointed out that
the development of a reliable engineering material goes beyond its cheapness
and whether it is environmentally-friendly or not. It is basically dependent on its
ability to withstand the test of time under the harshest service conditions for
which it was designed; hence an optimum combination of properties is indis-
pensable in materials development [9].

The foregoing clarification eventually culminated in a lot of researchers with
keen interest in NFs trying assiduously to strike a balance between NFRPCs and
SFRPCs. The consequent approaches to upgrade the properties of NFRPCs in-
clude fiber surface modification by chemical treatments, polymer matrix mod-
ification and the deployment of coupling agents [10] [11] [12] [13].

Nonetheless, these approaches still failed to be NFRPCs’ saving grace despite
reducing the economic viability of developing them. According to some re-
searchers, the economic viability of developing NFRPCs is another major claim
that led to the express switch from SFRPCs to NFRPCs [14].

During the advent of NFRPCs, the vegetal fibers (VFs) were the most ex-
ploited NFs. However, due to their associated drawbacks such as hydrophilic
nature, dimensional instability at high temperatures and poor adhesive strength
(wettability) [15] [16], some researchers substantially began to consider animal
fibers (AFs) free of these deficiencies as suitable alternatives [17] [18] [19] [20]
[21].

At first, the diversion into AFRPCs showed some great prospects; however,
the problem of great anisotropy in their properties makes it difficult to develop
AFRPCs with desired engineering properties [22] [23].

However, unlike VFs, most AFs are biological wastes such as avian feathers
and mammalian hairs which are generated across the globe by agro-industrial
industries in billions tons per year [24]. Most of these wastes with no interested
end-users are usually getting rid of in very unsanitary manners such as burning,
singeing and scrapheap deposition. These methods pose serious threats to our
ecological welfare and therefore require exigent control measures [25].

On the bright side, most of these AFs are keratinous materials; that is, they are
potential bio-resources for keratin extraction [26] [27].

Keratins and their derivatives are extensively used for biomedical, cosmetic,

industrial and agricultural applications. Keratin films and keratin-based films
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are used in ocular surface reconstruction, drug delivery systems and treatment of
acute myocardial infarction. Keratin hydrogels are used in peripheral nerve re-
pair and as homeostatic agents. Keratin powders are used in wound healing and
bone regeneration [28] [29]. Keratin hydrolysates are used as anti-ageing cream,
hair rebuilding shampoo, hair conditioner, hair cream, organic fertilizers, filler
for biodegradable polymers and tanning agent (replacement for chromium sul-
fate) in leather processing industries [30] [31] [32].

Hitherto, chicken feathers, animal wools and human hairs have been the ma-
jor bio-resources exploited for keratin extraction with little attention on bovine
hair, hooves and horns [33] [34] [35] [36] [37].

Of interest to the present study is whether Bovine Hair Fiber (BHF) should
remain an emerging engineering material for AFRPCs development or should be
considered a keratinous bio-resource.

The present study investigated the tensile properties, proximate compositions
and variations in elemental distribution (along longitudinal sections) of BHFs

obtained from three different breeds of bovines found in Nigeria.

2. Materials and Methods
2.1. Materials

The materials used in this research were basically White Bovine Hair Fiber
(WHBHEF), Black Bovine Hair Fiber (BLBHF) and Brown Bovine Hair Fiber
(BRBHF) obtained from healthy White Fulani, Forest Muturu and Ankole-Wa-
tusi bovine breeds, respectively. The BHFs were obtained from the tail sections
of each bovine breed. In order to have full knowledge of the BHFs, they were
collected from a cattle ranch in the Federal University of Technology, Akure
(FUTA), Ondo State, Nigeria. Ages of the bovines were 5 years + 6 months at the
time of collection; the diameters of the collected BHFs ranged between 65 and 67
pm and their lengths ranged between 50 and 60 mm. The bovines are allowed to
graze under free-range system. The average temperature across the year in this
part of Nigeria varies between 23.55°C + 0.423°C and 37.54°C + 0.23°C in the

wet and dry seasons, respectively.

2.2. Methods

2.2.1. Fiber Preparation

The as-obtained BHFs from FUTA cattle ranch were thoroughly washed and
rinsed with detergent and warm distilled water to render them free from impuri-
ties such as dust, oil and grease. Thereafter, the cleaned BHFs were dried for 21
days at 25°C + 2°C to prepare them for tensile test, proximate analysis and
Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy
(SEM-EDS).

2.2.2. Tensile Test
Till date, perfect methods of evaluating the actual tensile properties of a single

NF are still non-existent. Most researchers invariably use the longitudinal tensile
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modulus (which is always higher than the transverse modulus) of NFs to predict
the mechanical behavior of NFRPCs. However, some researchers who consi-
dered this approach defective resorted to using the Young’s modulus from a
bundle of NFs for predicting the performance of NFRPCs [38] [39]. Both ap-
proaches still have their associated drawbacks owing to the anisotropic proper-
ties of NFs [40]. Of interest to the present study is the modulus of a single fiber,
hence, the first approach was adopted.

The tensile properties of the BHFs were evaluated in compliance with ASTM
D3822-07 standard [41] with the aid of an INSTRON 5965 universal testing
machine. Uniaxial tensile tests were conducted on single fibers with close aspect
ratios form each bovine breed. 250 N capacity pneumatic side acting grips were
used along with 25 x 25 mm rubber coated jaw faces to hold the BHFs. Pieces of
masking tape 50 mm long were folded and adhered to each end of the BHFs to
serve as tabs. The BHFs were tested at 25 mm/min and the data capture rate was
100 Hz. The accuracy and reliability of test results were achieved by replicating

the experiment 6 times for each bovine breed.

2.2.3. Proximate Analysis

The proximate compositions of the BHFs were manually determined by prox-
imate analysis in accordance with AOAC 2003 standard [42]. Only the Crude
Protein Content (CPC)% of the BHFs is of relevance to the present study, hence
it was determined along with the Moisture Content (MC) and Ash Content (AC)

for all bovine breeds.

2.2.4. SEM-EDS

A single BHF was placed within the vacuum chamber located at the bottom of
the scanning electron microscope column (German brand AURIGA, Carl Zeiss
2010 model). An electron source, located at the top of the column, produced
electrons that passed through the column and were incident upon the BHF. The
electron beam was directed and focused by magnets and lens inside of the scan-
ning electron microscope column as it approached the BHF. The beam swung
across the sample causing some of the electrons to be reflected by the BHF and
some to be absorbed. Specialized X-ray detectors received these electrons and
processed the signal into a usable format. The SEM-EDS was carried out on
eight different spectra on a single BHF from each bovine breed, however, the

closest four spectral details were selected for discussion in the present study.

3. Results and Discussion
3.1. SEM-EDS Observations

Figures 1-6 show the SEM-EDS results for the BHFs. Form the results, it was
observed that for each bovine breed, elemental distributions differ significantly
per spectrum in a single fiber. This is a general phenomenon observed with most
NFs, and hitherto, there are no conclusive explanations for this incongruity.
Many great attempts by researchers to explain this occurrence were implicit and

tainted by many pitfalls. However, some researchers claimed that this occur-
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Figure 1. (a) Spectrum selected as spectrum 1 for the WHBHF; (b) Spectrum selected as spectrum 2 for the
WHBHE; (c) Spectrum selected as spectrum 3 for the WHBHEF; (d) Spectrum selected as spectrum 4 for the
WHBHEF.
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Figure 3. (a) Spectrum selected as spectrum 1 for the BLBHF; (b) Spectrum selected as spectrum 2 for the
BLBHF; (c) Spectrum selected as spectrum 3 for the BLBHF; (d) Spectrum selected as spectrum 4 for the
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Figure 4. Quantitative SEM-EDS result for the BLBHF.
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Figure 6. Quantitative SEM-EDS result for the BRBHF.

rence might be as a result of diametric inconsistency in a single NF, which in
turn allows an inconsistent distribution of elements across the fiber’s longitu-
dinal and transverse sections [43].

Likewise, the elemental distributions of the BHFs vary with respect to bovine
breeds. 13 elements were found in the BRBHF, 9 elements were found in the
WHBHEF and 7 elements were found in the BLBHF. However, 7 elements present
in all the BHFs with different wt% are Carbon, (C), Oxygen (O), Nitrogen (N),
Sulfur (S), Silicon (S), Calcium (Ca) and Aluminum (Al).

For the WHBHF and the BLBHF, C, N, O and S are present in significant
amounts. Mean spectra values (MSVs) for C, N, O and S for the WHBHF are
45.56, 20.88, 25.22 and 4.85 wt%, respectively. For the BLBHF, the MSVs for C,
N, O and S are 50.28, 20.84, 22.92 and 5.47 wt%, respectively. However, for the
BRBHF, a different trend in the amount of significant elements present was ob-
served. This fiber has very low N and S contents but has C, O, Fe, Si and Phos-
phorus (P) present in significant amounts. The MSVs for the C, O, Fe, Si and P
present in this fiber are, 17.89, 36.20, 27.43, 7.21 and 3.59 wt%, respectively.

The occurrence of variations in elemental distributions of hair fibers from
different breeds of the same animal has explained by some trichologists is de-
pendent on some specific factors. These factors include geographical location,
environmental conditions, type of nutrition, health status, age and gender of the
animal [44] [45].
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From these observations, it can be said that BHF is not excluded from the
blacklist of critical reviewers who have associated the limitations of NFs in
NFRPCs development with their anisotropic properties. These researchers be-
lieve that glass fibers would still continue to dominate the fiber market as far as

the development of FRPCs for load-bearing applications is concerned [46].

3.2. Tensile Properties

In Figure 7 the result of the uniaxial tensile tests of all the BHFs is presented.
The Young’s Modulus (Ymod), Ultimate Tensile Strength (UTS), Yield Strength
(YS), Maximum Tensile Strain (Strain Max), Tensile Strain at Yield (Strain
Yield) and Energy at Break (EBreak) for all the BHFs are presented. From the
result, it was observed that the tensile properties of all the BHFs are relatively
low in comparison with that of other NFs used as reinforcements in PCs.

The superlative tensile modulus exhibited by the BLBHF is 0.98089 GPa which
is considerably lower that of wool fiber (presumably the least stiff animal fiber
known so far) with a tensile modulus of 3.4 + 0.1 GPa [47]. The WHBHF and
BRBHEF have tensile moduli of 0.96092 and 0.78531 GPa, respectively.

In addition to the poor tensile properties, other shortcomings of BHFs are
their short fiber length and high susceptibility to mechanical degradation if they
are chemically modified. For most of the BHFs, the maximum fiber length at-
tainable is 60 mm which in turn would limit the choices of fiber orientation in
developing BHFRPCs. In terms of chemical modification of BHFs, the hydro-
phobic epithelial cuticle may be disrupted and expose the hydrophilic cortex of

1.6
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Tensile Properties

Figure 7. Tensile test result for the BHFs.

10

K2
e
o2

0% Scientific Research Publishing



I. 0. Oladele et al.

the BHFs and this is likely to result in a swollen fiber [48]. Swollen fibers impede
mechanical properties improvement in NFRPCs [49]. Furthermore, the possibil-
ity of getting sufficient BHFs with negligible deviations in properties from the
same source of bovine breed(s) for BHFRPCs development is practically next to
none.

Despite these exposed shortcomings of BHFs as an engineering material, the
general claim used to support their emergent applications in AFRPCs develop-
ment is their hydrophobic epithelial cuticle containing a lipid layer that includes
18-methyl eicosanoic acid (18 MEA) [50] which readily binds strongly with the
hydrophobic polymer matrix in the absence of coupling agent and chemical
modification of fiber surface.

Judging by these limitations, the present study considered it commendable for
researchers with keen interest in exploiting BHFs for significantly useful pur-
poses to seek alternative applications for this presently under-utilized bio-re-

source.

3.3. Proximate Composition

Of interest to the present study is the CPC% of the BHFs, therefore their MC%
and AC% would not be discussed. Prior exploiting AFs for keratin extraction, it
is paramount to know the CPC% present in the fibers as this gives an insight as
to whether the exploitation would be worthwhile or not. Figure 8 shows the re-
sult of the proximate analysis for the BHFs. From the result, it was revealed that

BHFs could be potential keratinous bio-resource based on their notable CPC%.

45 1 " 1 L |

40 - T

30 -

25 — L

(%)

20 - -

15 4 -

10 + -

CPC MC AC

Proximate Composition

Figure 8. Proximate analysis result for the BHFs.
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This result is expected as some key elements such as C, N, O and S which are the
building blocks of amino acids were detected in significant amounts by the spec-
troscopic analysis of the BHFs. The WHBHF and BRBHF have very close CPC%
which are 39.66% and 39.51%, respectively. A slight drop in CPC% was observed
with the BLBHF having 35.77 CPC%. A similar finding was reported by Oladele
et al. when they investigated the effect of chemical treatments on CPC% of Zebu
breed bovine fiber [51].

According to Moore et al, the proximate composition may not give the exact
protein content in a fiber [52]. However, the presence of elements such as C, N,
O and S (key elements in amino acids) in significant amounts in the BHFs indi-
cates that, with appropriate methods of extraction, substantial amount of useful
keratins can be tapped from these fibers. The MSVs of the principal elements
that constitutes amino acids in the fibers are in the same range with that of hu-
man hair fibers [53]. Human hair fibers have been successfully exploited for ke-
ratinous applications [37].

Presently, there exist many methods to extract keratin from BHF and other
mammalian hair fibers. In a study conducted by Souza et al on the feasibility of
extracting keratin from BHF through hydrolysis, they were able to extract kera-
tins with molecular weight of 20 kDa [54]. Nakamura et a/. used a novel method
to extract hard a-keratin with molecular masses of 40 - 60 kDa from human hair
waste [55]. Similarly, Fujii et al developed a new procedure for extracting kera-
tin from human hair waste without a surfactant agent, this approach resulted in
a protein extraction yield greater than 70% [56]. Recently, Burnett and Boyd re-
ceived a US patent for inventing novel methods for extracting purified keratin-
based biomaterials from different mammalian hair and avian feather wastes
[57].

Any of the abovementioned methods can be adopted by researchers interested
in the exploitation of BHFs for keratinous applications. A flowchart of possible
extraction routes of keratins from BHFs and their potential areas of applications

is presented in Figure 9.

4. Conclusions

The present study concluded from the observations from its experimental re-
sults, supporting research findings and theoretical facts that the exploitation of
BHFs as reinforcements in PCs is an under-utilization of this bio-resource. This
is dependent on the fact that their application is invariably limited to low load-
bearing PCs. Furthermore, the field-proven reliability of BHFRPCs is still deeply
rooted in the experimental phase.

Based on the foregoing revelations, a proper utilization of BHFs would be
their exploitation for keratinous applications. This is basically because BHFs
from different sources can be exploited simultaneously for keratin extraction,
which may not be suitable for developing BHFRPCs due to the anisotropic

properties of these fibers.

12

K2
e
o2

0% Scientific Research Publishing



I. 0. Oladele et al.

Wash in Non- X -
Bovine Tail > ionic det ¢ Rinse with
. » ionic detergen o
Hair Waste g Distilled Water
and X-salt
Evaporation of Pretreatment Drv at Room
Oven Solvent from with Petroleum |« Y <
Drying Temperature
Pretreatment Ether
Solution
Cool at Chop Fibers
Room » into Pieces
Temperature
A4
Enzymatic - -
Hydrothermal Acid Hydrolysis Alkaline Hybrid
Extraction Extraction Extraction Extraction || Extraction
Keratin and Keratin
Derivatives
I L I
Biomedical Cosmetic Industrial Agricultural
Applications || Applications || Applications || Applications

Figure 9. Flowchart of possible extraction routes of keratins from BHFs and their poten-
tial areas of applications.

However, in the absence of limited research facilities to exploit BHFs for kera-
tinous application, the fibers still remain as good candidates for reinforcing low

load-bearing polymer composites.
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