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Abstract

Leather processing not only serves social needs by putting into use 
the meat industry’s by-products (hides and skins) but also makes a 
significant contribution to global economic growth through trade 
and job creation. In the wake of globalization, however, leather 
manufacturers are facing new challenges in meeting environmental 
imperatives and improving the utilization of wastes generated during 
leather processing. This study describes the recovery of hair and fat 
from fleshings obtained after enzymatic unhairing of goatskins using 
a protease from an isolate of Bacillus cereus Strain 1-p. The recovered 
hair and fats were further characterized to facilitate recommendations 
for different industrial applications. The following hair properties 
were visually examined and evaluated by hand; straight length, 
density and uniformity, hair strength and overall quality. The fats 
were analyzed by characterizing the fatty acid composition using the 
Gas Chromatography-Mass Spectrometry (GC-MS analysis). The 
recovered hair was intact and rated to be of average to good quality. 
The fat characterization indicated that methyl 9Z-octadecenoate 
(9Z-heptadecenoic acid; oleic acid) was the most abundant fatty 
acid with an abundance of 31.65%. The sulfide-free fats and intact 
hair, therefore, were recommended for use in various industrial 
applications such as manufacturing of poultry feedstuff, organic 
fertilizers, biodiesel and biofuels, fatliquoring agents, soaps and 
cosmetics after further purification where necessary. The hair and fats 
recovered from this study are particularly advantageous over those 
recovered from sulfide unhairing systems as they are free from any 
sulfides or lime contamination thus easier to purify and use. The study 
concluded that the use of the enzyme extract from Bacillus cereus 
Strain 1-p to unhair goatskins facilitated the recovery of valuable hair 
and fats that can be used for other industrial applications.

Introduction

In the wake of climate change and the increasing need to protect and 
restore nature, it is paramount that there is also a switch towards 
cleaner and low-carbon natural products. There is no practicable 
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pathway geared towards net zero emissions that does not start with 
responsible and knowledgeable choices of products, production 
systems or even the choice of energy to be used. Choosing natural 
fibers such as leather, wool, cotton, mohair, silk and mycelium 
is a good starting point towards achieving the net-zero targets, 
protecting lives and livelihoods as well as saving the planet. These 
natural and readily available materials are made up of natural carbon 
that has been in the atmosphere for ages and thus are already part 
of the biogenic carbon cycle.1 When these natural raw materials are 
produced and processed ethically, they are long-serving, recyclable, 
repairable and at the end of life, biodegradable, thus mitigating their 
impact and emissions. 

Leather is not only an ethical and sustainable choice material 
for the global footwear, furniture, fashion and automotive and 
industries but also plays an important economic role globally. The 
leather industry utilizes by-products of the meat industry (hides 
and skins) as raw materials, which would otherwise be deemed as 
waste.2 These unavoidable wastes (as long as people consume meat), 
if unused, will end up in the landfills and create another problem 
from the emissions thereafter. The leather industry, however, terms 
this “waste” as the meat industry’s “by-product” which is now used 
as raw material for leather processing. The leather material is also 
a preferred choice for its unique properties which include strength, 
resistance to abrasion, durability and longevity, elasticity and 
water vapor permeability. A study conducted to compare leather’s 
technical performance to that of artificial leather and other biogenic 
and synthetic alternatives showed that none of the alternatives 
perform as well as leather.3 The findings further highlighted that 
the structure of leather could not be achieved by any bio-based or 
synthetic product. 

Leather processing entails a series of stages that are aimed at 
converting the rawhide/skin to a stable product, leather. The initial 
stages involve cleansing steps that remove unwanted parts through 
chemical (soaking, unhairing, liming) and mechanical processes 
such as trimming, fleshing and shaving.4 There is an estimated 
conversion rate of 20% whereby the processing of one tonne of 
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hides produces approximately 200kg of quality leather while 
approximately 250 kg is yielded as tanned waste, 350 kg produced 
as untanned wastes and about 100 kg as effluent wastewater.5 It is 
evident that this process generates large volumes of by-products, 
herein referred to as waste, from different stages as only the collagen 
section of the hide or skin is converted to leather. These include huge 
amounts of solid wastes such as raw trimmings, keratins (hair and 
wool), fleshings, wet-blue shavings and buffing dust, which pose 
disposal challenges.6 Most of the tannery wastes are generated in 
the beamhouse, especially at the fleshing stage. Approximately 55% 
of the solid wastes from pre-tanning processes are fleshings while 
about 25% are hair and wool debris.4,6 Fleshings and hair have caused 
major environmental concerns in the leather industry over the 
years characterized by troublesome and costly disposal techniques. 
Despite the significant fat content present in the fleshing waste, they 
have not found important use.4

Pre-tanning wastes mainly consist of natural fats, blood and 
proteins. The majority of these wastes have a great potential for 
reutilization. Disposal of these wastes through landfills has widely 
been practiced as a way of waste management which is quite costly 
and environmentally undesirable. Furthermore, the landfill sites 
continue to decrease making disposal costs higher coupled with costs 
incurred for transportation.5 It is therefore prudent to find alternative 
uses for these materials to protect the environment and prevent loss 
of resources. Fleshing wastes have successfully been explored for 
use in the production of biodiesels through a transesterification 
process which can be used to replace fossil fuels and manufacture of 
fatliquors and oil tanning agents while hair has been explored for the 
production of animal feeds and fertilizers.4,7–9

While the use of sulfides for unhairing has been dependable over 
the years, it continues to raise concerns over their environmental 
impact. The unhairing process is known to be the dirtiest following 
the sulfide odor, broken down protein and hair, and the effluent 
load generated.10,11 This unhairing technique is therefore associated 
with large wastewater volumes, huge levels of Biochemical Oxygen 
Demand (BOD), Chemical Oxygen Demand (COD), Total Dissolved 
Solids (TDS) and Suspended Solids (SS).12–14 The fleshings recovered 
after sulfide unhairing have very high sulfide content that limits their 
reutilization. The sulfide equally breaks down the hair structure into 
a pulped form reducing the chances of the utilization of this hair. The 
incorporation of proteolytic enzymes to replace the use of sulfides has 
been embraced as a viable alternative. The use of enzyme unhairing 
is a greener eco-friendly alternative that cuts approximately 50% 
of COD and 40% of BOD in leather processing.10,15 Enzymatic 
unhairing eliminates sulfide contamination of the fleshings and 
does not solubilize the hair, thus good quality hair is recovered.10,13

Despite the extensive research studies carried out previously on 
the unhairing of hides and skins using protease extracts from 
various bacterial strains, little work is published on the use of the 

enzyme extract from the novel Bacillus cereus strain 1-p, obtained 
from a soda lake in the Rift Valley region of Kenya. Furthermore, 
no comprehensive work was dedicated to the analysis of the 
recovered by-products from the process. This study focuses on 
the characterization of hair and fat recovered from fleshings, all 
recovered from enzymatically unhaired goatskins using a crude 
protease extract from Bacillus cereus strain 1-p10 to obtain more 
specific information on the characteristics of the wastes to determine 
their suitability for reutilization in other industrial applications.

Materials and Methods

Materials
The unhairing enzyme used for this work was extracted from the 
Bacillus cereus strain 1-p bacteria which was isolated and cultured at 
the University of Nairobi’s Biochemistry laboratory. Fresh goatskins 
(often referred to as “green”), obtained from a local goat abattoir in 
Nairobi, Kenya, were used for this study. All the chemicals used were 
both of analytical and commercial grade. 

Methods
Enzyme Preparation
An isolate of the Bacillus cereus strain 1-p bacteria was obtained 
and used to prepare more plates for enzyme production. To make 
the bacterial culture, the following ingredients were measured and 
a mixture prepared; agar, casein and distilled water. Sterile tips 
were used to transfer bacteria from the parent cultured plate onto 
the new plates which were incubated at 37°C for 72 hours. These 
plates were used for enzyme production. The enzyme was extracted 
at optimum parameters as described by Nyakundi et al. 2021.10 A 
three-liter culture medium was prepared with sufficient proportions 
of yeast, casein and glucose to favor bacterial growth. This medium 
was thereafter set up in a Bioengineering RALF bioreactor and its 
pH adjusted to 11.5. The bacterial culture was then inoculated into 
the medium and was incubated for 72 hours at 150 rpm and 45˚C. 
The overnight bacterial culture was centrifuged at 12,000 rpm for 15 
minutes and the supernatant was used as the crude enzyme that was 
applied to goatskins to facilitate unhairing.

Unhairing of Goatskins
Nine goatskins were washed thoroughly in a tannery experimental 
drum to remove the blood, dung and any dirt from the slaughterhouse. 
The skins were then treated with the enzyme to facilitate hair 
removal. Optimum unhairing conditions of pH, temperature and 
enzyme concentration were maintained as illustrated and described 
by Nyakundi et al. 2021 in their work comparing the quality of leather 
produced from enzyme unhairing to that of sulfide unhairing.10 
After 12 hours of exposure to the crude enzyme, the hair was gently 
scraped off the grain surface of the goatskins using a blunt blade. The 
hair was washed and rinsed using clean water to prevent any further 
enzyme activity, dried and weighed. More hair was recovered by 
filtration of the process liquor. The unhaired pelts were subsequently 
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The fatty acid (FA) compositions of the goat fat sample (3.5g, split 
into three, 1.67g), were analyzed as fatty acid methyl esters (FAMEs) 
following previous methods.16,17 A solution of sodium methoxide 
(15 mg/ml) was prepared in dry methanol and added (500 µl) to 
samples thawed at 50 °C for 30 min. The samples were vortexed for 
1 min, sonicated for 5 min and incubated at 70 °C for 1 h, thereafter 
quenched by adding 100 μl deionized water followed by vortexing 
for another 1 min. The resulting methyl esters were extracted using 
GC-grade hexane (1000 µl) (Sigma–Aldrich, St. Louis, MO, USA) and 
centrifuged at 14,000 rpm for 5 min. The supernatant was dried over 
anhydrous Na2SO4 and analyzed (1.0 µl) by GC-MS on a 7890A gas 
chromatograph linked to a 5975 C mass selective detector (Agilent 
Technologies, Inc., Santa Clara, CA, USA). The GC was equipped 
with a HP-5 MS low bleed capillary column with a length of 30 m, a 
film thickness of 0.25 μm and an i.d. of 0.25 mm (J&W, Folsom, CA, 
USA). The GC oven temperature was programmed to increase from 
35°C (5 min.) to 280°C at 10°C/min (24.5 min) then to 285°C at 50°C/
min (20.5 min) and a run time of 50min. The split mode injector was 
used with an injection volume of 1µl. The flow rate was a constant 
flow mode of 1.25 ml/min, using Helium (He) as the carrier gas. 

Results and Discussion

Recovered hair analysis 
Figure 1 shows the hair recovered from the enzyme system (a) 
alongside hair from a sulfide unhairing system (b) for comparison. 
Approximately 543.6 g of dried hair was recovered from the 9 
enzymatically unhaired goatskins. When examined visually, the 
hair structure was distinctive and intact as displayed in Figure 1. 

The dried hair from the enzyme system was inspected for its quality 
by a hair and wool expert. The hair was assessed on the overall 
quality through rating from 0 to 10 points for each parameter with 

fleshed using a goat fleshing machine for the recovery of flesh and 
fats (fleshings).

Characterization of the recovered products
Analysis of recovered hair 
The recovered hair was assessed on the overall quality. The following 
hair properties were visually examined and evaluated by hand; 
straight length, density and uniformity, hair strength and overall 
quality. The hair was rated from 0 to 10 points for each parameter by 
an experienced hair and wool expert with the highest rating points 
denoting superior quality. 

Analysis of recovered fat 
The recovered fleshings were thoroughly washed with water to 
remove any enzyme and thus prevent chances of further enzyme 
activity. The fat was characterized using the Gas Chromatography-
Mass Spectrometry (GCMS) method.17 In order to identify the fatty 
acid composition of the sample using the GCMS, the sample had to 
be converted to fatty acid methyl esters through a transesterification 
process. This was done by taking 200g of the fleshings which were 
weighed and put in a conical flask. Hexane was then added to 
cover the fleshings in the flask and left overnight over a water bath 
maintained at 550C. The solution was then poured into a beaker and 
allowed to evaporate, leaving approximately 30g of fat. 

A Thin Layer Chromatography (TLC) analysis of the sample was 
carried out to confirm the esterification process by spotting the 
sample on a silica gel plate. This was allowed to dry for approximately 
3 minutes before being put in the mobile phase for development. 
The mobile phase contained hexane, diethyl ether and acetic acid in 
the ratio of 80:20:1. The visualization was subsequently done in an 
iodine chamber. A negative control test was also set up (without the 
lipase and Sodium Hydroxide catalysts) for comparison. 

(a) Hair from enzyme unhairing (b) Hair from sulphide unhairing

Figure 1. Hair from an enzyme and a sulfide unhairing system
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higher points indicating a superior quality and the results displayed 
in Table I. The quality of enzyme recovered hair differed distinctly 
from that of the hair recovered from the conventional sulfide 
unhairing technique, which is usually broken down into a sludge-
like mass ( i.e pulped form) with no distinctive structure.18

The recovered hair was rated to be slightly above average on the overall 
quality (6.5), confirmed to be intact and without signs of fragileness 
when pulled apart. Its superior properties were straight length (9.0) and 
strength (8.5) while the density and uniformity were average (5.0). Out 
of 20 kg (raw weight) of goatskins processed, 0.5436 kg of dry intact 
hair was recovered. It can, therefore, be translated that the enzymatic 
unhairing system showed a hair recovery rate of approximately 2.72% 
of the total raw weight. Thus, processing one tonne of goatskins would 
yield approximately 27.2 kg of intact hair depending on the hair 
density on the skins. It was concluded that the recovery rate was quite 
significant and promising. This good quality hair is saleable and could 
be value-added to make other products. Previous research studies on 
enzyme unhairing have reported closely similar observations whereby 
the hair was recovered intact and undamaged.9,19,20

The recovered hair can be processed further or used as is depending 
on the intended end-use. The hair can find application in the 
processing of poultry feedstuff, felt and some organic fertilizers. 
Hair with closely similar properties recovered from the unhairing 
of hides and skins using a bacterial alkaline protease has previously 
been recommended for the manufacture of fertilizers as well as 
poultry feeds.9 Sivasubramanian et al. (2008) went further to report 
that after subjection to chemical, biological and thermal hydrolysis, 
the recovered hair can be used in various ways including melanin 
recovery for suntan lotions preparation and cosmetic manufacturing, 
biogas generation, regeneration of keratins, manufacture of hair 
conditioners, pharmaceutics, synthetic products like nylon, 
retanning and chrome exhaustion agents to be used in leather 
processing.9 Other studies have reported that hair and fleshings have 
been found to be protein and fat sources used in the manufacture of 
biological fertilizers for agricultural applications.21

This hair can also be used to make brushes or other textile products. 
Similar end uses have previously been recommended by other 
researchers.20,22 Most of the hair cells are composed of the keratin 
protein.23 The recovered hair is, therefore, a potential source of 
keratin that can be used in biomaterials for biomedical applications, 
polyvinyl alcohol fibers, manufacture of absorbents for toxic 
substances such as heavy metals ions and formaldehyde gases.24,25 

Recovered fat analysis
Approximately 3.8 kg of wet fleshings (fat and flesh) were recovered 
after fleshing of the unhaired pelts (Figure 2). The fleshings were 
clean and free of any strong smell. Out of the 20 kg (raw weight) of 
goatskins processed, 3.8 kg of wet fleshings were recovered. This is 
an average recovery rate of 19%. This would translate to the recovery 
of approximately 190 kg of fleshings from every tonne of goatskins 
processed. This is a significant amount of a nutrient-rich by-product 
(as shall be indicated by the results below) that would otherwise be 
disposed of as waste.

The fat was extracted from the fleshings by dissolving in hexane 
and thereafter analyzed for the fatty acid composition after 
transesterification. The TLC analysis of the sample showed that 
transesterification took place due to the presence of the extra spot 
on the plate (labeled G with five spots) which is not present on the 
negative control run (labeled G- with four) as shown in Figure 3. 
This guided the decision to proceed with the GCMS analysis of the 
sample to determine the fatty acid composition. 

Transesterification converts fatty acid esters to volatile fatty acid 
methyl esters (FAMEs).26 These FAMEs were separated using gas 
chromatography (GC). The electron ionization mass spectrometry 
(MS) was used to detect the FAMES while a mass spectral library was 
used for identification. Figure 4 and Figure 5 (without retention time) 
display the total ion chromatogram for a single sample while Figure 6 
shows an overlay total ion chromatogram for the three samples.

Table I

Assessment of recovered hair quality

Hair property Straight length
Density and 
uniformity Strength Overall quality

Rating 9.0 5.0 8.5 6.5

Figure 2. Recovered fleshings (fat and flesh)



	 Recovery of Industrially Useful Hair and Fat from Enzymatic Unhairing	 245

JALCA, VOL. 117, 2022

G

G-

Figure 3. TLC Plate showing the movement of the sample (G) against a control (G-)

Figure 4. Total ion chromatogram with retention time 

Figure 5. Total ion chromatogram without retention time
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The X-axis of the chromatograms shows the retention time in 
minutes while the Y-axis (area of the peak) indicates the abundance 
of a compound. The retention indicates how much time a compound 
present in the sample was retained in the GC column between 
the sample injection time to when the sample finally elutes from 
the column.27 This parameter can be used to differentiate between 
the different compounds in the sample or even for identification. 
However, the identification process might not be conclusive using 
the retention time alone as different compounds might have similar 
retention times. 

The area of the peak, on the other hand, indicates the type of 
compounds in the sample as well as their concentration.27 A higher 
concentration of a particular compound in the sample is displayed 
by a greater peak area than one with a lower concentration. The 
peak area is measured as the area under the curve. The identification 
process is facilitated by comparison to a standard mass spectral 
library. Table II outlines all the fatty acids whose peaks are displayed 
in the chromatogram, ranked from the one with the highest 
abundance in the analyzed samples. Alongside each fatty acid 
methyl ester, is the fatty acid observed, the mean concentration in 
mg/kg, the percentage abundance as well as the retention time in 
minutes. 

The  fatty acid composition indicates the methyl esters that make 
up the fat and determines the properties and uses of the fat.28 The 
GCMS analysis report indicated that fifty-one (51) fatty acids were 
present in the sample goatskin fat that was recovered. Methyl 

9Z-octadecenoate (9Z-heptadecenoic acid; oleic acid) was the most 
abundant fatty acid in the fat sample with an abundance of 31.65%. 
Other prominent fatty acids were Hexadecenoic acid (Palmitic acid) 
(20.04%), Octadecanoic acid (Stearic acid) (11.84%), 9-hexadecenoic 
acid (Palmitoleic acid) (6.23%), Tetradecanoic acid (Myristic acid) 
(4.19%), 8-heptadecenoic acid (3.97%) and Heptadecenoic acid 
(3.38%) as outlined in Table II. These results were used to suggest 
possible industrial applications of the recovered fat while comparing 
to and citing various previous studies.

The fatty acid composition recorded from the fat sample was 
closely similar to that reported from previous biodiesel studies on 
tallow and fat from fleshings.4,29–32 Following the GCMS analysis 
of fat obtained from sheepskin fleshings, the following fatty acid 
composition was observed; Myristic acid (3.05%), Palmitic acid 
(20.59%), Palmitoleic acid (4.60%), Stearic acid (8.36%) and Oleic 
acid (41.08%).4 These results, which had met the requirements of 
the international standards for biodiesels, are in agreement with the 
findings of this work making the obtained fat suitable for making 
biofuels and biodiesel. Various studies have reported the successful 
use of fat from fleshings in the production of environmentally 
friendly biodiesels and biogas to replace fossil fuels thus being 
rendered profitable.4,33–41 The recovered fats, therefore, can be used 
in the production of biofuels, biodiesels and biogas thus increasing 
profitability and reducing disposal costs. The fats recovered from 
this study are particularly advantageous over those recovered from 
sulfide unhairing systems as it is free from any sulfide or lime 
contamination thus easier to purify and use. 

Figure 6. Overlay total ion chromatogram for the three samples
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Table II
Fatty acids test results

Retention time 
(minutes) Fatty acid methyl ester Fatty acid

Mean conc  
(mg/kg) Abundance (%)

25.26 Methyl 9Z-octadecenoate 9Z-octadecenoic acid 143.06 31.65
23.49 Methyl hexadecanoate Hexadecenoic acid 90.61 20.04
25.41 Methyl octadecanoate Octadecanoic acid 53.50 11.84
23.24 Methyl 9-hexadecenoate 9-hexadecenoic acid 28.14 6.23
21.29 Methyl tetradecanoate Tetradecanoic acid 18.94 4.19
24.16 Methyl 8-heptadecenoate 8-heptadecenoic acid 17.94 3.97
24.38 Methyl heptadecanoate Heptadecenoic acid 15.26 3.38
22.34 Methyl pentadecanoate Pentadecanoic acid 10.71 2.37
24.02 Methyl 15-methylhexadecanoate 15-methylhexadecanoic acid 6.84 1.51
25.50 Methyl (10E,12Z)-octadecadienoate (10E,12Z)-octadecadienoic acid 6.74 1.49
25.95 Methyl 10-nonadecenoate 10-nonadecenoic acid 5.23 1.16
23.89 Methyl 5-methylhexadecanoate 5-methylhexadecanoic acid 4.66 1.03
21.16 Methyl 9Z-tetradecenoate 9Z-tetradecenoic acid 3.77 0.83
21.96 Methyl 13-methyltetradecanoate 13-methyltetradecanoic acid 3.41 0.75
23.80 Methyl 14-methylhexadecanoate 14-methylhexadecanoic acid 3.28 0.72
23.71 Methyl 2-methylhexadecanoate 2-methylhexadecanoic acid 3.16 0.70
26.82 Methyl 11Z-Eicosenoate 11Z-Eicosenoic acid 3.02 0.67
27.02 Methyl Eicosanoate Eicosanoic acid 2.51 0.56
28.19 Methyl (7Z,10Z,13Z,16Z,19Z)-docosapentaenoate (7Z,10Z,13Z,16Z,19Z)-docosapentaenoic acid 2.45 0.54
26.17 Methyl nonadecanoate Nonadecanoic acid 2.21 0.49
22.52 Methyl 2,6,10-trimethyltridecanoate 2,6,10-trimethyltridecanoic acid 2.02 0.45
18.94 Methyl dodecanoate Dodecanoic acid 2.02 0.45
22.05 Methyl 12-methyltetradecanoate 12-methyltetradecanoic acid 1.88 0.42
29.40 Methyl tricosanoate Tricosanoic acid 1.85 0.41
30.18 Methyl tetracosanoate Tetracosanoic acid 1.74 0.38
25.75 Methyl 11-methyloctadecanoate 11-methyloctadecanoic acid 1.73 0.38
32.11 Methyl hexacosanoate Hexacosanoic acid 1.69 0.37
28.64 Methyl docosanoate Docosanoic acid 1.63 0.36
26.49 Methyl (5Z,8Z,11Z,14Z)-Eicosatetraenoate (5Z,8Z,11Z,14Z)-Eicosatetraenoic acid 1.37 0.30
25.84 Methyl (9E,12E)-octadecadienoate (9E,12E)-octadecadienoic acid 1.29 0.29
20.75 Methyl 4,8,12-trimethyltridecanoate 4,8,12-trimethyltridecanoic acid 1.27 0.28
19.57 Methyl 8-methyldodecanoate 8-methyldodecanoic acid 1.15 0.26
27.83 Methyl heneicosanoate Heneicosanoic acid 1.12 0.25
19.10 Methyl 2,4-dimethydodecanoate 2,4-dimethydodecanoic acid 1.01 0.22
26.64 Methyl 8,11,14-Eicosatrienoate 8,11,14-Eicosatrienoic acid 0.99 0.22
33.03 Methyl 24-methylhexacosanoate 24-methylhexacosanoic acid 0.98 0.22
20.87 Methyl 12-methyltridecanoate 12-methyltridecanoic acid 0.93 0.21
16.34 Methyl decanoate Decanoic acid 0.67 0.15
26.31 Methyl 3-methoxyoctadecanoate 3-methoxyoctadecanoic acid 0.60 0.13
19.70 Methyl 11-methyldodecanoate 11-methyldodecanoic acid 0.26 0.06
17.53 Methyl 4,8-dimethylnonanoate 4,8-dimethylnonanoic acid 0.07 0.02
18.72 Methyl 4-methyldodecanoate 4-methyldodecanoic acid 0.05 0.01
13.36 Methyl octanoate Octanoic acid 0.04 0.01
18.42 Methyl tridecanoate Tridecanoic acid 0.04 0.01
14.91 Methyl Nonanoate Nonanoic acid 0.03 0.01
17.21 Methyl undecanoate Undecanoic acid 0.03 0.01
18.49 Methyl 10-methylundecanoate 10-methylundecanoic acid 0.03 0.01
14.30 Methyl 4-methylpentanoate 4-methylpentanoic acid 0.02 0.01
11.66 Methyl heptanoate Heptanoic acid 0.02 0.01
9.69 Methyl hexanoate Hexanoic acid 0.02 0.00
6.08 Methyl 2-methylbutanoate Butanoic acid 0.01 0.00

452.030
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This fat from the fleshings can also be used in the manufacturing 
of fatliquoring agents for leather processing. Its fatty-acid 
composition is comparable to the fats used for the processing of 
fatliquors.2,7,42 Fatty acid analysis carried out on the fats extracted 
from fleshings by Rahmawati and Priatni42 showed appreciable 
amounts of Tetradecanoic acid (2.87%), Pentadecanoic acid (18%) 
and Octadecenoic acid (9.48%). The fat was successfully used to make 
a quality fatliquoring agent. Another study on the application of fat 
obtained from seal skins indicated that the most abundant fatty esters 
were Oleic (27.34%) and palmitoleic (19.34%).7 The fat displayed good 
characteristics when used to make a fat liquor. Fat samples recovered 
from goatskins in this study recorded closely similar fatty acid 
compositions coupled with low amounts of the stearic ester which 
is associated with the formation of fat spue on leather.7 Oleic acid is 
suitable for the manufacturing of fatliquors due to its unsaturated 
nature and ability to react with sulfuric acid.43 Successful trials have 
also been documented from the use of oils from goatskins to tan 
chamois leather.8 The recovered fat, therefore, may be recommended 
for use in making fatliquors and oil tanning agents.

The recovered fat can also be used in the manufacture of cosmetics 
and lubricating agents. Previous studies on the analysis of raw fleshing 
oil indicated a composition of Oleic Acid (43.83%), Palmitic Acid 
(28.4%), Palmitoleic Acid (8.1%), Stearic Acid (10.67%) and Myristic 
Acid (4.2%).44 The reported findings are in coherence with the results 
obtained in this study, with an added advantage of being sulfide-
free as well as not having an acrid smell. İşler et al.44 recommended 
the use of raw fleshing oil as a feedstock in the cosmetic industry 
and the production of lubricants. Goatskins equally yield substantial 
amounts of fat that can be processed into soaps.45 Having recorded a 
significant amount of Stearic acid (11.84%), the fats recovered from 
goatskins in this study, hence, have a great potential for application 
in soap making.43,45 Further analysis of the fat’s iodine and acid 
values is however recommended to ascertain its suitability. 

Industrial applications of fleshings have been studied widely and 
shown to have a high economic value. The significant amount of 
oleic acid present in the fat sample suggests that the fat can be used 
in the pharmaceutical industry. Oleic acid has the ability to soften 
and moisturize the skin to enhance the absorption of drugs applied 
as skin creams.46,47 Palmitoleic acid, also present in the recovered fat, 
is used in pharmaceutical products.48 The presence of Stearic acid 
(octadecanoic acid ), a common saturated fatty acid used widely in 
the production of  soaps, shampoos, detergents, pharmaceuticals, 
cosmetics and in the food industry gives another possible industrial 
application of the recovered fat.49,50 Stearic acid is also used as an 
additive for papermaking where high whiteness is required.51 An 
appreciable amount(4.19%) of myristic acid (tetradecanoic acid) was 
also present in the fat sample. This fatty acid has been reported to find 
wide usage in cosmetic pastes, creams and personal care products 
such as skin conditioning agents.52 Albeit in smaller proportions, 
many other fatty acids were present in the recovered fat and can be 
explored for various applications. 

Conclusion

The use of the enzyme extract from Bacillus cereus Strain 1-p to 
unhair goatskins demonstrated successful recovery of hair and 
fats. This novel technique facilitated the recovery of intact quality 
hair as well as sulfide-free fat that can not only find wide industrial 
applications but also greatly reduces the sludge concentration in the 
effluent stream and ultimately the pollution load and waste treatment 
costs when compared to the conventional unhairing technique. 
This study demonstrated that the recovered hair can find great 
application in the production of poultry feedstuff, organic fertilizers, 
cosmetics, pharmaceuticals, brushes, synthetic products and 
regeneration of keratins while the fat can be used for the production 
of  soaps, shampoos, detergents, pharmaceuticals, cosmetics, 
environmentally friendly biodiesels and biogas, fatliquoring and 
oil tanning agents. This approach, therefore, is a viable option to 
make leather manufacturing cleaner and more sustainable as well 
as avail raw materials for various industries, applications to produce 
valuable end products. 
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