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ABSTRACT 

Depleting fossil fuel resources, increasing cost and the effect of GHGs has signalled the exploration alternative 
fuels for diesel engines. This study focused on transesterification using tannery fleshing as a feedstock and sodium 
hydroxide as a homogenous catalyst.  The tannery fleshing was pre-treated via solid-state fermentation in order to reduce 
the free fatty acids present in it. The optimum conditions for the transesterification were: time 3 h; methanol to oil ratio 6:1 
and catalyst amount 1% with highest methyl ester content at 89 wt. %. 
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1. INTRODUCTION 

Recently, the increase of petroleum consumption 
in industrial, transportation and technology developments 
has been leading to scarcity of the limited fossil fuel 
resources in the world [1,2]. Because of this, researchers 
have been putting more attention finding alternative 
energy such as biodiesel which is believed can lower the 
dependency of fossil fuel and to support the environmental 
sustainability [3]. Biodiesel is renewable,non-toxic, 
biodegradable, environmental friendly and acts as a source 
domestic energy [4]. Starting from last quarter of this year, 
the Malaysian government decided to implement the B10 
biodiesel programme using crude palm oil (CPO) because 
of resources and also demand of energy [5].  Chemically, 
it is a mono alkyl ester of long chain fatty acids and can be 
produced from vegetable oils or animal fats. Biodiesel can 
be produced from various vegetable oils and animal fats. 
However, the feedstock types, availability and material 
cost are the obstacles to the commercialization of biodiesel 
production [6]. A wide range of low-cost feedstock such 
as waste frying oils [7] and new vegetable species [8] have 
been investigated. Presently, biodiesel from tannery waste 
has drawn interest for biodiesel production by the 
researchers. A typical representative of such wastes is 
abundant fat and fleshing’s which however, usually 
contains a significant amount of free fatty acids, proteins 
and other impurities. Pre-treatment was suggested as a 
means of processing this acidic feedstock, thus enabling 
the reduction of the free fatty acid content under the limit 
value of 0.5% w/w when the alkali catalyst is then 
appropriate for transesterification. The feedstock pre-
treatment process involved the refining of tannery wastes 
and subsequent extraction using a methanol or methanol 
solution with an equimolar amount of alkali [9-10]. 
Encinar et al. [10], studied the effects of homogeneous 
base and acid catalysts at different concentrations on the 
biodiesel yield from beef tallow and concluded that NaOH 
was a more efficient base catalyst than sodium methoxide 
for the transesterification of beef tallow. They obtained 
optimum yield of biodiesel at a 9% catalyst concentration. 

This research aimed to reveal the utilization of tannery 
fleshing as feedstock and sodium hydroxide as a catalyst. 
The pre-treatment of feedstock study using solid-state 
fermentation was also studied. The optimization of 
methanol to oil ratio, catalyst amount and time was 
investigated. 
 
2. METHODS 
 
a) Materials 

Tannery fleshing was collected from Long Lai 
Tannery Sdn. Bhd, Selangor, Malaysia. Sodium 
hydroxide, methyl heptadecanoate of chromatographic 
grade (internal standard) and methanol were purchased 
from obtained from Sigma–Aldrich (USA). 
 
b) Pre-treatment using solid-state fermentation 

In the 5 L reactor, 250 grams of sized 0.20 cm 
tannery fleshing (working height of 15 cm) were 
inoculated with 500 grams of sand silica immobilized with 
microbacterium species and incubated for 72 hours at 
37°C, pH 6.5 with 95% humidified air [28]. The small 
amount of trace elements  0.59 g/L magnesium sulphate 
(MgSO4), 0.065 g/L ferrous sulphate (FeSO4), 0.038 g/L 
cobalt chloride (CoCl2), 0.029 g/L manganese di chloride 
(MnCl2), 0.247 g/L calcium chloride (CaCl2) and 0.223 
g/L ammonium molybdate ((NH4)6Mo7O24 were also 
added. The fermentation was performed for 3-4 days at 
suitable time intervals, samples of substrates were 
randomly sampled and analysed in GC-MS instrument 
(Thermo scientific GCMS 51872, mobile phase- methanol 
2ml/ml flow rate) and separated compounds were 
determined using library match.  
 
c) Transesterification reaction 

Transesterification process was performed using 
1L reaction flask equipped with reflux condenser, 
magnetic stirrer and thermometer. The pre-treated tannery 
fleshing was introduced into the reaction flask. The 
process was experimented in three catalyst loadings such 
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as (0.5%, 1.0% and 1.5% sodium hydroxide) and three 
methanol-to-oil molar ratios (3:1, 6:1 and 9:1). The 
reaction temperature was maintained at 60 ± 1°C for 1 to 3 
hours. After completion of reaction time, the mixture was 
transferred to a separating funnel and allowed to stand for 
overnight separation. The lower layer was separated from 
an upper layer and using solvent evaporation using a 
rotary evaporator, the pure methyl ester was obtained. C13 
NMR analysis was conducted for the preliminary analysis 
to observe the resultant methyl ester according to 
Silverstein et al. [11]. 
 
3. RESULTS AND DISCUSSION 
 
a) Tannery fleshing characterisation 
 From the composition, the moisture and ash 
content of the tannery fleshing was found to be 78.5 ± 
5.5% and 51.9 ± 2.5% respectively. The C: H: N ratio was 
15: 1: 1. Among the various elements studied by the 
atomic sorption spectrophotometer, no elements were 
found higher than other elements with the absence of 
chromium and manganese. The acid and saponification 
values were 13 and 202 mg KOH/g respectively (Table-1).  
All the experiments were performed on the basis of dry 
weight and the standard deviations are based on triplicate 
readings. 
 

Table-1.  Properties of raw tannery fleshing. 
 

 
 
b) Solid-state fermentation 

The free fatty acid content in tannery fleshing 
residues under investigation was reduced using solid-state 
fermentation from 1.65–6.55% to less than 0.5% to avoid 
an unfavourable condition. Table-2 shows properties of 
pre-treated tannery fleshing used as feedstock after solid-
state fermentation. 

  
Table-2.  Fatty acids composition of tannery fleshing after 

solid-state fermentation. 
 

 

      During the pre-treatment, microbial loading capacity 
on sand silica matrix was 1 mg/g of microbacterium with 
5.5 mg/g silica support. The silica matrix provided the 
uniform mat for the microbacterium to adhere and 
hydrolyse tannery fleshing effectively. The scanning 
electron microscopy investigation of the hydrolyzed 
tannery fleshing samples allowed the visualization of 
hydrolysis of the solid fat  and protein present in it    
(Figure-1 a and b). After fermentation, the micro structural 
arrangements of fleshing fibres has been completely 
altered and damaged.  Similarly, Ferrarezi et al. [12] 
immobilized microbe Thermomucor indicae on loofah 
sponges for transesterification reactions in their studies. 
The main fatty acids in the tannery fleshing were around 
48.5% oleic acid, 5.5% linoleic acid and 22.5% palmitic 
acid, totalizing 40-45% saturated, 55–60% unsaturated 
fatty acids. From this amount, 40–43% was 
monounsaturated that are much more stable than 
polyunsaturated fatty acids [3]. The lipid profile was 
similar with the results Shahidi et al. [13]. They 
investigated the optimum conditions for methyl ester 
production using waste lards. 
 
c) Transesterification   
 The conversion of pre-treated tannery wastes to 
methyl esters, under the conditions described in Section 
2.3, was found to be 89 wt.%. The mass ratio of reactants 
such as methanol to oil ratio and catalyst loading and 
reaction time are the most significant variables to affect 
the conversion rate. It was confirmed from the experiment 
that fatty acids esters conversion increased from 50% to 
89% with an increase catalyst loading percentage from 0.5 
% to 1 wt. % (Figure-2b). In total, homogenous sodium 
hydroxide amount of 1.0 wt% was selected an optimal 
concentration for the transesterification because it was 
able to provide enough active sites between catalyst and 
the reactants hence drive the reaction kinetics. Further 
increase in catalyst ratio 1.5% shows the no improvement 
in conversion rate.  The similar results were described by 
canoira et al., [14].  In the case of methanol/ oil mass ratio 
6:1 was optimal as shown in Figure-2b. The excess 
methanol would shift the substrate- catalyst equilibrium 
towards the direction of methyl ester production and 
increase in methanol could dilute the oil resulting in slow 
reaction kinetics. The relationship between reaction time 
and the conversion rate showed that the reaction time had 
markedly significant effect on the transesterification 
process. The Triglycerides conversion increased from 
71.2% to 97.9% with the increase of reaction time from 1 
to 3 hours at 65°C (Figure-2c). However, further 
increasing reaction time, the conversion rate almost kept 
stable. A reaction time longer than 3 hours did not change 
the triglycerides conversion any more. It was possibly due 
to close equilibrium conversion achieved in the 
transesterification [15]. C13 NMR analysis was conducted 
for the preliminary analysis to observe the formation of 
functional group desired. C13NMR spectrum shows the 
characteristic peaks of methylene carbons of the long 
carbon chain in fatty acid methyl esters at 22.2817-
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31.9727 ppm. The carbonyl carbon of the ester molecules 
of methyl ester signals at 70.374 - 77.3942 ppm. The peak 
around the 42.3790 ppm indicated the methoxy carbon of 
esters. The terminal carbon of methyl groups and 
methylene and methyl carbons of fatty acid moiety are at 
14.1932 and 20.851 ppm found respectively. 
 

 
 

 
 

Figure-1. The Scanning electron microscopy images of 
tannery fleshing before and after solid-state fermentation. 

(a) Raw un-hydrolysed fleshing and (b) Hydrolyzed 
fleshing. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure-2.  Transesterification reaction: a) – Effect of 
catalyst b) Effect of methanol to oil ratio and c) Effect of 

reaction time on conversion rate. 
 
4. CONCLUSIONS 

In this work, pre-treated tannery fleshing was 
successfully utilized as a low-cost feedstock to produce 
methyl ester (biodiesel) via transesterification. The highest 
Methyl ester content of 89 wt. % was obtainable in 3 hour 
reaction time at 65 °C. Optimization of reaction 
parameters revealed that methanol to oil, 6:1 molar ratio; 
catalyst, 1 wt. % and reaction time of 3 hours as the 
optimal reaction conditions. Materials used in this work 
were derived from leather waste sources and it should be 
given a priority for sustainable production of biodiesel. 
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