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Abstract

An environmentally friendly biorefinery process for
producing biodiesel from chicken wastes was per-
formed for this study. Low acid value (0.13+0.01
mg KOH/g) chicken oil was obtained by preparing
chicken wastes with moderate heating and filtration
processes that minimized damage to the lipids and
thus facilitated subsequent reactions. Methanol-
lipids in a molar ratio of 6:1 and a methanol-
ethanol-lipids mixture in a molar ratio of 3:3:1 were
both reacted with 1% KOH catalyst for transesterfi-
cation. Furthermore, ethanol-lipids in a molar
ration of 6:1 were analogously transesterified with
1% sodium ethoxide. The amounts of biodiesel
were 771.54 mg/mL+15.28, 722.98 mg/mL+37.38,
and 714.86 mg/ mL=29.99 from methanol, eth-
anol, and a mixture of methanol/ethanol (3:3),
respectively, after transesterification. The total
amount of ethyl ester was comparable with the total
amount of methyl ester. In addition, ethanol is a
renewable resource and a biorefinery concept can
be contributed for biodiesel production. Further-
more, transesterification of chicken oil with a mix-
ture of methanol/ethanol (3:3) only needed a rela-
tively short reaction time of an hour. Densities, vis-
cosities, sulphur contents, acid values, and flash
points of all esters were within the specifications of
CNS 15072 and EN 14214. The transesterification
system for chicken oil in ethanol and mixed
methanol/ethanol (3:3) demonstrated in this study
is a potential candidate for biodiesel production.

Keywords: biodiesel, chicken oil, transesterification,
ethanol, methanol-ethanol mixture

1. Introduction

In recent years, the price of gasoline has remained
consistently high. It is almost a common consensus
that its price shows an ascending trend. Therefore,
an alternative fuel supply as a substitute for petrole-
um would be a welcomed resource to help alleviate
high cost expenditures. Biodiesel can be used as a
fuel or mixed with petroleum-based diesel. The
advantages of biodiesel are present in its nontoxic
nature, biodegradability, and minimal chemical
emissions characteristics. Biodiesel also benefits the
environment by aiding carbon dioxide recycling
over short periods (Jeong et al., 2009; Wang et al.,
2007, Bianchi et al., 2010). As shown in Figure 1,
biodiesel can be produced by the transesterification
process of triacylglycerides (from animal fats or veg-
etable oils) and alcohol with the assistance of a
proper catalyst (Hoque et al., 2011).

The raw materials employed in biodiesel pro-
duction are ordinarily categorized into animal fats,
vegetable oils, and waste oils (Kim et al., 2010;
Marulanda et al., 2010; Issariyakul et al., 2007).
Clean vegetable oils such as palm oil (Gutiérrez et
al., 2009), rapeseed oil (Warabi et al., 2004), soy-
bean oil (Kim et al., 2010), cottonseed oil (Joshi et
al., 2012), and sunflower oil (Ahmad et al., 2010),
are the most commonly used feedstocks for
biodiesel production. However, the utilization of
edible vegetable oil sources serves to not only
increase the production cost but also directly com-
petes with the human food supply. It is estimated
that the cost of raw materials represents approxi-
mately 85% of the cost of biodiesel production.
Therefore, the development of cheap, abundant,
and high-quality feedstock from waste by-products
is considered important for the biodiesel industry’s
progress (Bianchi et al., 2010).

Previous researchers have effectively utilized
mutton (Mutreja et al., 2011), chicken fat (Alptekin
and Canakci, 2010; Marulanda al., 2010; Boey et
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Figure 1: The transesterification process for biodiesel synthesis
Source: Hoque et al. (2011)

al., 2011; Gugule et al., 2011), lard (Jeong et al.,
2009), beef tallow (Hoque et al., 2011), and waste
cooking oil (Lam and Lee, 2011) as alternative
sources for transesterification processes. In this
research, the fat from chicken waste is suggested as
a raw material for biodiesel.

Mege et al., (2006) indicated that chicken can
have a 30% fat content of the total poultry meat.
According to Arnaud et al., (2004), Marulanda et
al., (2010) and Boey et al., (2011) chicken fat is
composed of 26.5%-30.3% saturated fatty acids
and 63.9%-73.5% unsaturated fatty acids; with
major components being palmitic, stearic, linoleic,
and oleic acids (Gugule et al., 2011). Large
amounts of chicken by-products such as fat, skins,
and tissues are discarded as wastes. The chicken fat
can be simply and economically separated from
wastes without chemical solvent treatment
(Kondamudi et al., 2009).

Biodiesel production is frequently performed by
alkali-catalysis transesterification. Typically meth-
anol reacts with triglycerides to form fatty alkyl
methyl esters (FAMEs) and glycerol. Currently,
methanol is considered to be a cheap and conven-
ient source for biodiesel production. However, there
is rising interest in exploiting the use of ethanol as a
replacement for methanol, since bio-ethanol is an
environmentally friendly renewable resource that
may relieve the dependency on petroleum-based
synthetic methanol, which may become subject to
shortages (Issariyakul et al., 2007). Methyl and
ethyl esters are the most common esters used as
biodiesel. However, the preparation processes show
both advantages and disadvantages. Methanol
shows poor oil solubility compared with ethanol,
which limits reaction rates due to the slow mass
transfer rate (Kulkarni et al., 2007). However,
ethanol is presently more expensive than methanol,
hence restricting its use for commercial biodiesel
production (Joshi et al., 2012). Furthermore, trans-
esterification of ethanol results in serious emulsion
problems, which obstruct further processes
(Issariyakul et al., 2007).

Previous reports in the literature have stated that
using mixtures of methanol and ethanol for transes-
terification greatly improves the solvent properties
and thus provides balanced biodiesel conversion

(Issariyakul et al., 2007; Kulkarni et al., 2007). The
objective of this research is to provide a less com-
plicated method for producing biodiesel from chick-
en wastes. A gentle oil extraction is adopted to min-
imize deterioration, and thus, facilitate the subse-
quent processes. Methanol and ethanol as well as
methanol/ethanol mixtures were used as the sub-
strates with proper catalysts for transesterification.
The compositions of major methyl and ethyl esters
were analysed to study the reactions during the
processes. In addition, the fuel characteristics of the
fatty alkyl esters were analysed and compared to
the standards.

2. Experimental section

2.1 Chicken fat extraction and separation
Figure 2 shows the biorefinery flowchart for synthe-
sizing biodiesel from chicken wastes. Fresh chicken
wastes obtained from the local market were the pro-
cessing by-products, which mainly composed of
chicken skin, fat, and a few other tissues. The chick-
en wastes were frozen, stored and then thawed at
room temperature just before use. Thawed chicken
wastes were filtered to separate the aqueous liquid
and solid. The semi-solid chicken wastes were then
placed in a container with a 100 °C water bath for
one hour to melt the chicken fat. The melted mix-
tures were centrifuged at 3500 X g for 20 minutes to
separate the liquid chicken oil and solid remains.
Freshly extracted chicken oil was directly used for
the characterization experiments. Large-scale pre-
pared chicken oil was temporary stored in a freezer
until it was processed.

2.2 Characterization of chicken oil

Characterization of the chicken oil was achieved by
measuring the saponification number, acid value
(Chinese National Standards 13568, 1995), and
fatty acid composition (Association of Official
Analytical Chemists official method 996.06, 1996).

2.2.1 Acid value
The acid value (Av) was evaluated according to
CNS 13568 (1995). The acid value was calculated
by the following equation:

Av (mg KOH/g) = 5.611 x ax F)/S (1)

The constant 5.611 represents 5.611 mg potas-
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sium hydroxide in 1 mL solution (0.1 N); the vari-
able ‘a’ is the consumption volume (mL) of N/10
KOH; ‘F’ is the potency of N/10 KOH; and ‘S’ is the
weight (g) of the chicken oil sample.

2.2.2 Saponification number
The saponification number (Sn) was evaluated
according to CNS 13568 (1995). The saponifica-
tion number was calculated by the following
equation:

Sn (mg KOH/g) = 28.05 x (a—-b) x F/S (2)
The constant 28.05 represents 28.05 mg potassium
hydroxide in 1 mL solution (0.5 N); the variable ‘a’
is the titer (mL) of 0.5 N HCI for the blank and ‘b’
is the titer (mL) of 0.5 N HCI for the lipid sample;
‘F’ is the potency of 0.5 N HCI; and ‘S’ is the weight
(g) of the chicken oil sample.
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roduction from chicken wastes

2.2.3 Fatty acid composition

Fatty acid composition of extracted chicken oil was
analysed according to the official method of AOAC
996.06 (1996) by gas chromatography equipped
with a capillary column (SP2560) (100 m x 0.25
mm X 0.20 pm) and a flame ionization detector.
Helium was used as the carrier gas with a flow rate
of 0.75 mL/min. Injection was accomplished with a
split ratio of 200:1. The temperature of the injector
and detector were 225 °C and 285 °C, respectively.
The column temperature was preheated at 100 °C
for 4 minutes then gradually raised to 240 °C at a
slope of 3 °C/min then maintained for 15 minutes.
The percentage of saturated lipid was calculated by
the following equation:

Saturated lipid (%)

(X saturated W; /Wiest portion) X 100% (3)
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The variable ‘T saturated W;" represents the total
weight of saturated lipid and ‘Wiest portion’ represents
the weight of the test sample.

The percentage of monounsaturated lipid was
calculated by the following equation:

Monounsaturated lipid (%) =
(X monounsaturated W;/ Wiggt portion) X 100%
(4)

The variable ‘T monounsaturated Wy’ represents the
total weight of monounsaturated lipid (cis form)
and ‘Wi portion represents the weight of the test
sample.

The percentage of polyunsaturated lipid was cal-
culated by the following equation:

Polyunsaturated lipid (%) =
(X polyunsaturated W;/ Wi portion) X 100%
(5)

The variable ‘T polyunsaturated W; represents the
total weight of polyunsaturated lipid and ‘Wieg por-
ton Tepresents the weight of the test sample.

2.3 Transesterification of chicken oil

2.3.1 Fatty acid methyl esters

The preparation of fatty acid methyl esters was
modified from the methods of Garcia et al., (2011)
and Kulkarni et al., (2007). The temporarily frozen
chicken oil was pre-thawed at room temperature
and homogenized at 50 °C. Fatty acid methyl esters
were synthesized from the substrates of methanol
and oil in a molar ratio of 6:1 with 1% (w/w) potas-
sium hydroxide as catalyst. 40 g of chicken oil was
loaded into the 60 °C thermostatic reactor with gen-
tle stirring. Afterward 7.69 g methanol with 0.4 g
dissolved potassium hydroxide was added to the
reactor and allowed to reflux for 2 hours.

Reacted products were separated by separation
funnel. The lower layer mainly consisted of glycerol
and the upper layer consisted of fatty acid methyl
esters (biodiesel) and unreacted remains. The upper
layer of biodiesel was carefully washed with hot
water (70 °C) to remove the residues of catalyst,
glycerol, and alcohol. The washed biodiesel was
further dried by a rotary vacuum evaporator to
remove the fine residual water and methanol. The
evaporation was continued until the weight of
biodiesel remained constant. Residual water can be
further removed by adding anhydrous sodium sul-
phate.

2.3.2. Fatty acid ethyl esters

The preparation of fatty acid ethyl esters was simi-
lar to the processes for fatty acid methyl esters that
slightly modified the method of Garcia et al.,
(2011). The temporarily frozen chicken oil was pre-
thawed and homogenized as the previous section

described. Fatty acid ethyl esters were synthesized
from the substrates of ethanol and oil in a molar
ratio of 6:1 with 1% (w/w) sodium ethoxide as cat-
alyst. 40 g of chicken oil was loaded into the 78 °C
thermostatic reactor with gentle stirring. Afterward
11.06 g ethanol with 0.4 g dissolved sodium ethox-
ide was added to the reactor and allowed to reflux
for 3 hours.

Reacted products were separated by separation
funnel. The lower layer mainly consisted of glycerol
and the upper layer consisted of fatty acid ethyl
esters (biodiesel) and unreacted remains. The upper
layer of biodiesel was washed with hot water (70
°C) to remove the residues of catalyst, glycerol, and
alcohol. The organic layer was further washed with
acidified water (pH 2, sulfuric acid, room tempera-
ture). The washed biodiesel was further dried as
described in the previous section.

2.3.3 Mixture of fatty acid methyl/ethyl esters
The preparation of fatty acid methyl/ethyl esters
was slightly modified from the methods of
Issariyakul et al., (2007) and Kulkarni et al., (2007).
The temporarily stored chicken oil was pre-thawed
and homogenized as the previous section
described. Fatty acid methyl/ethyl esters were syn-
thesized from the substrates of methanol, ethanol,
and oil in molar ratios of 5:1:1, 4:2:1, 3:3:1 and
2:4:1, respectively. An additional 1% (w/w) potassi-
um hydroxide was utilized as a catalyst. Chicken oil
was loaded into the 50 °C thermostatic reactor with
gentle stirring. Afterwards, methanol and ethanol
with dissolved potassium hydroxide were added to
the reactor and allowed to reflux for 1 hour.
Reacted products were separated by separation
funnel. The lower layer mainly consisted of glycerol
and the upper layer consisted of fatty acid
methyl/ethyl esters (biodiesel) and unreacted
remains. The upper layer of biodiesel was washed
with hot 0.1% (w/w) tannic acid solution (70 °C) to
remove the unfavourable residues. The washed
biodiesel was further dried as described in the pre-
vious section.

2.4 Characterization of biodiesel

Fatty acid methyl esters, ethyl esters, and mixtures
of methyl/ethyl esters were analysed according to
the modified AOAC method 996.06 (1996). The
fatty acid profiles were established by a gas chro-
matograph (GC 9800) equipped with a DB-WAX
(125-7032, Agilent) column (30 mXx0.54
mmx1.00 um).

The temperatures of the injector and detector
were both set at 250 °C. 1 uL of sample was inject-
ed and the carrier gas used was helium. The col-
umn temperature program was held at 140 °C and
subsequently ramped to 180 °C at 15 °C/min, then
ramped to 200 °C at 5 °C/min and held for 20 min.
Fatty alkyl esters such as methyl palmitate, methyl
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stearate, methyl oleate, methyl linoleate, ethyl
stearate, ethyl palmitate, ethyl oleate, and ethyl
linoleate were chosen as references. The contents
(mg/mL) of fatty alkyl esters in the prepared
biodiesel were calculated by the standard curves.

The qualities of the prepared biodiesel were
evaluated by a certificated organization according
to the following methods: density at 15 °C (CNS
14474, 2000), viscosity at 40 °C (CNS 3390, 1972),
flash point (CNS 3574, 1973), sulphur content
(CNS 14505, 2001), water content (CNS 4446,
1978), and acid value (CNS 14906, 2005).

2.5 Statistical analysis

Experimental data was analysed by the SYSTAT
Statistical Software (Version 11.0) using the t-test
mode.

3. Results and discussion

3.1 Characterization of chicken oil

The experimental results and previous reports of
acid values, saponification numbers, and molecular
weights of extracted chicken oil are summarized in
Table 1 (Marulanda et al., 2010; Boey et al., 2011;
Gugule et al., 2011; Baidao and Lara, 2005). The
measured acid value of our chicken oil was
0.13+0.01 mg KOH/g, which is significantly lower
than the values of 0.8976 and 4.1 mg KOH/g in
previous reports (Gugule et al., 2011; Boey et al.,
2011). A lower acid value is a desirable indicator for
lipid extraction processes since it implies minimal
damage to the lipids and thus will facilitate the fur-
ther transesterification reactions (Alptekin and
Canakci, 2010). It is important to estimate the
molecular weight of the fatty acids for setting the

Table 1: Properties of chicken oil

Properties Chicken fat ~ Baido and Lara  Gugule et al., Marulanda et al., Boey et al.,
(2005) (2011) (2010) (2011)
Acid value (mg KOH/g) 0.13+0.01 0.8976 4.1
Saponification no.(mg KOH/g)  148.62+6.18 190-196 55.8756
Molecular weight (g/mol) 1131.86+47.38 867
Data is presented in means standard deviations that were calculated from triple determinations.
Table 2: Fatty acid composition of chicken oil
Fatty acid Present work ~ Marulanda Arnaud Boey et al.  Lee and Foglia Arnaud
(%) etal (2010) et al (2004) (2011) (2000) et al. (2006)
(%) (%) (%) (%) (%)
Saturated 31.75
Caprylic acid (C8:0) 0.02
Lauric acid (C12:0) 0.03
Muyristic acid (C14:0) 0.96 0.6 0.7 0.5
Pentadecanoic acid (C15:0) 0.10
Palmitic acid (C16:0) 24.57 210 240 24.7 252 240
Margaric acid (C17:0) 0.15
Stearic acid (C18:0) 5.80 55 5.8 4.5 59 5.8
Arachidic acid (C20:0) 0.07
Behenic acid (C22:0) 0.05
Unsaturated 68.25
Muyristoleic acid (C14:1) 0.18 0.2 0.3
Palmitoleic acid (C16:1) 4.83 7.7 5.8 6.3 7.8 5.8
Oleic acid (C18:1) 39.81 48.5 38.2 441 40.5 38.2
Linoleic acid (C18:2) 20.52 17.3 23.8 18.4 184 23.8
Linolenic acid (C18:3) 2.10 traces 0.2 0.7 1.9
Octadecatetraenoic acid (C18:4) 0.05
Gadoleic acid (C20:1) 0.10 1.0 0.5
Eicosadienoic acid (C20:2) 0.15
Eicosatrienoic acid (C20:3) 0.33
Eicosapentaenoic acid (C20:5) 0.08
Docosapentaenoic acid (C22:5)  0.04
Docosahexaenoic acid (C22:6) 0.06
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appropriate molar ratio during biodiesel produc-
tion. The average molecular weight of the total of
three fatty acids on a triacylglyceride molecule from
our partially purified chicken oil was
1131.86+47.38 g/mol, which was calculated by the
experimental saponification number of
148.62+6.18 mg KOH/g.

In Table 2 we summarize the fatty acid composi-
tions of the chicken lipids used in this research and
previous research. The compositions of saturated
fatty acids and unsaturated fatty acids present in the
chicken oil were 31.75% and 68.25%, respectively.
Monounsaturated oleic acid was the major compo-
nent of the chicken lipids (39.81%). Our results
showed that oleic acid (C18:1), palmitic acid
(C16:0), linoleic acid (C18:2), and stearic acid
(C18:0) altogether share 91% of the total fatty
acids, which were comparable with values in the
previous literature (Marulanda et al., 2010; Boey et
al., 2011; Arnaud et al., 2004; Lee and Foglia,
2000; Lee and Foglia, 2000; Arnaud et al., 2006).

3.2 Molar ratios of alcohol to oil

The 6:1 molar ratio of alcohol to oil was chosen to
prepare fatty acyl esters in accordance with the pre-
vious literature (Issariyakul et al., 2007; Kulkarni et
al., 2007; Garcia et al., 2011) and our practical
experience. The major fatty acyl esters produced by
the transesterification of alcohol and oil mixtures
were analysed by gas chromatography. Figure 3 (A)
and (B) present typical chromatograms of the clas-
sic fatty acyl esters produced by alcohols and chick-
en oil in a molar ratio of 6:1. The three obvious
peaks in the chromatogram indicate the three major
fatty acyl esters (16:0; 18:1; 18:2) which corre-
spond to the fatty acid profiles of the original chick-
en oil. Assorted peaks in the chromatogram of
Figure 3 (C) confirm the diversified fatty acyl esters
produced by mixed alcohol to oil in a molar ratio of
3:3:1 (methanol: ethanol: oil).

Quite a few reports in the literature describe bio-
diesel produced from methanol with various lipid
sources (Hoque et al., 2011; Boey et al., 2011).
Methanol is commonly selected for the reasons of
cost and efficiency. However, bioethanol is prospec-
tively expected to be a preferable substrate for
biodiesel when the price of petroleum-based
methanol is boosted. The ratios of methanol to
ethanol in the alcohol mixture were varied for
studying the formation of methyl esters or ethyl
esters.

As shown in Table 3, the transesterification of
various alcohol combinations with chicken oil
resulted in different methyl and ethyl ester profiles.
The ratio of methyl/ethyl esters products does not
perfectly correspond with the ratio of the
methyl/ethyl alcohol substrate. Chicken oil that
transesterified with alcohols having a molar ratio of
3:3 (methanol: ethanol) produced approximately

double the methyl esters compared to ethyl esters.
The profile of fatty acyl esters is consistent with a
previous report that used canola oil as the lipid
source (Kulkarni et al., 2007). The extensive pro-
duction of methyl esters rather than ethyl esters

0,991" Methyl Oleste

p——
3.633 Melhy! Linoleat

& & 2 -
e
T ———————1 12470 Mahyl Palmilate

{
/
L
ﬁ:_
5 0 bt

(A) Biodiesel produced by methanol and chicken oil in a
molar ratio of 6:1

3476 Ethyl Palmitate

033 Ethyl Oleate

4 26,125 Ethyl Linoleate

21,774 Ethyl Stearate

|

\

, —J M A \_ff o

—

-

10 12 14 16 15 20 ) 24 2% 2% 30 32 min

(B) Biodiesel produced by ethanol and chicken oil in a
molar ratio of 6:1

12895 Methy

422,121 Mathyl Ol

Ethyl Palmit;
——

=6 25.018 Mdhyl Linolcatc

0 Ethyl Linolste

=5 24045 iyl Oleste

>3 20816 Melhy] Stearts

[

C

[*-—‘ e
<

{

‘/‘,

(C) Biodiesel produced by methanol, ethanol and chicken oil
in @ molar ratio of 3:3:1

Peaks in the chromatograms indicate (a) methyl palmitate, (b)
methyl stearate, (c) methyl oleate, (d) methyl linoleate (e) ethyl
palmitate, (f) ethyl stearate, (g) ethyl oleate, (h) ethyl linoleate

Figure 3: Gas chromatograms of fatty acyl esters
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Table 3: The relative composition (%) of fatty acyl esters transesterified from chicken oil

Substrate ratio of methanol to ethanol to oil

Fatty acyl esters 5:1:1 4:2:1 3:3:1 2:4:1
C16:0 (Methyl) 16.86 16.63 14.96 9.83
C16:0 (Ethyl) 7.97 9.72 12.53 14.56
C18:0 (Methyl) 6.19 5.57 3.97 3.18
C18:0 (Ethyl) N.D. N.D. N.D. N.D.
C18:1 (Methyl) 36.21 32.89 30.49 2148
C18:1 (Ethyl) 10.46 11.87 13.78 26.29
C18:2 (Methyl) 16.11 16.48 15.63 11.18
C18:2 (Ethyl) 6.19 6.84 8.64 13.48

N.D. = not detected.

The relative composition (%) of fatty acyl esters is calculated as the concentration of the individual fatty acyl ester divided

by the sum of the 8major fatty acyl esters

may be attributed to the higher nucleophilicity of
methoxide ions (Sridharan and Mathai, 1974). The
intrinsic lower reaction rate of ethanol and the avail-
ability of alcohol molecules may explain the differ-
ences between the expected composition of the
fatty acyl esters and their formulated substrates
(Issariyakul et al., 2007; Kulkarni et al., 2007).
However, increasing the ethanol in the substrate
formula did increase the ethyl esters in the products.
On the balanced consideration of the versatile sub-
strate availability and reaction efficiency, we chose
the 3:3:1 (methanol: ethanol: chicken oil) ratio for
further discussion.

3.3 Fatty acyl esters preparation

The major fatty acyl esters produced by simple alco-
hol with chicken oil and mixed alcohol with chicken
oil are presented in Table 4. The major components
in the produced biodiesel roughly corresponded to
the fatty acid composition in the original chicken
oil. The dominant fatty acyl ester in the biodiesel
was oleyl ester (316.50-375.94 mg/mL, 44.27-
48.74%), which is consistent with previous research
(oleyl ester 40.9-45.83%), (Wyatt et al., 2005;
Gugule et al., 2011). The sum of the unsaturated
fatty acyl esters (489.99-510.50 mg/ mL,
66.17-68.55%) is significantly higher than that of
the saturated fatty acyl esters (224.88-261.04 mg/
mL, 31.45-33.83%).

The literature indicates that saturated esters
show higher calorific values and cetane numbers
than unsaturated esters (Canoira et al., 2008;
Lebedevas and Vaicekauskas, 2006). However, ani-
mal fat derived saturated biodiesel has been repeat-
edly challenged on its application in cold environ-
ments (Lebedevas and Vaicekauskas, 2006; Foglia
et al., 1997). On the other hand, the intrinsic unsat-
urated double bonds are more susceptible to chem-
ical deterioration, such as autoxidation and poly-
merization. A previous research revealed that soy
oil based biodiesel with a high level of unsaturated
fatty esters may lead to the formation of engine

deposits and the deterioration of engine lubricating
oil (Mittelbach, 1996).

The saturation degree of biodiesel derived from
chicken oil is between that derived from tallow
(52.6% unsaturated fatty acyl esters and 38.2% sat-
urated fatty acyl esters) and soy oil (82.8% unsatu-
rated fatty acyl esters), thus chicken oil derived
biodiesel becomes an interesting alternative (Wyatt
et al., 2005).

The results in Table 4 demonstrate that the con-
ventional methyl transesterification, the alternative
ethyl transesterification, and the compromising
mixed methyl/ethyl transesterification all obtained
similar sums of acyl esters. It is worth mentioning
that the sum of the methyl esters (771.54
mg/mL+15.28) prepared from the simple methanol
formula (6:1) shows no significant difference with
the sum of ethyl esters (722.98 mg/mL+37.38)
from the simple ethanol formula (6:1) on a statisti-
cal basis (P > 0.05). Several previous papers have
reported that transesterification of ethanol with
lipids is not as good as using methanol (Issariyakul
et al., 2007; Lam and Lee, 2011). However, as the
data shows, similar amounts of ethyl esters (in three
hours) and methyl esters (in two hours) can be
achieved via our modified processes. We consider
these results to be an encouragement for the utiliza-
tion of bioethanol in the future.

Comparable results for mixed methyl/ethyl
esters (714.86 mg/mL+29.99) can be achieved in a
relatively short period (one hour). In previous work,
before a one hour transesterification process,
Issarivakul et al., (2007) used an esterification
process which took five hours to decrease the acid
value of waste fryer grease and Lam and Lee
(2011) spent a total of eight hours manufacturing a
complex catalyst. However, we are able to offer a
simplified process to produce a mixture of fatty acid
methyl/ethyl esters that only takes one hour.

Consequently, ethanol and a mixture of
methanol/ethanol (3:3) transesterification are meth-
ods that have enormous potential for biodiesel pro-
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Table 4: Fatty acyl esters (mg/mL) transesterified by simple alcohol or mixed alcohol with chicken oil

Fatty acyl esters

Substrate formula for producing biodiesel

methanol to oil (6:1)

ethanol to oil (6:1)

Methanol to ethanol to oil (3:3:1)

Palmityl Methyl ester 202.88 mg/mL+5.82 106.97 mg/ mL+10.64
(C16:0) Ethyl ester 168.16 mg/ mL+10.58 89.55 mg/ mL+4.12
Sum of palmityl esters 202.88 mg/ mL+5.82 2 168.16 mg/ mL+10.58 ® 196.52 mg/ mL+12.622
Stearyl Methyl ester 58.16 mg/ mL+0.81 28.36 mg/ mL+1.46
(C18:0) Ethyl ester 64.50 mg/ mL+8.03 N.D.

Sum of stearyl esters 58.16 mg/ mL+0.812 64.50 mg/ mL+8.032 28.36 mg/ mL+1.46"
Oleyl Methyl ester 375.94 mg/ mL+0.91 217.96 mg/ mL+8.77
(C18:1) Ethyl ester 322.43 mg/ mL+23.34 98.54mg/ mL+6.94
Sum of oleyl esters 375.94 mg/ mL+0.912 322.43 mg/ mL+23.34° 316.50 mg/ mL+13.88"
Linoleyl Methyl ester 134.56 mg/ mL+8.13 111.71mg/ mL+1.43
(C18:2) Ethyl ester 167.89 mg/ mL+4.49 61.79 mg/ mL+3.98

Sum of linoleyl esters

134.56 mg/ mL£8.13 2

167.89 mg/ mL+4.49°

173.49 mg/ mL+5.37°

Sum of the methyl esters

771.54 mg/ mL +15.28

464.99 mg/ mL +20.53

Sum of the ethyl esters

722.98 mg/ mL +37.38

249.87 mg/ mL+14.84

Sum of the esters

771.54 mg/ mL £15.282

722.98 mg/ mL +37.38%

714.86 mg/ mL +29.99°

Means+SDs were calculated from triple determinations.

a-b The different letters in the same column indicate significant differences (P < 0.05) by t-tests.

duction due to the considerable amount of acyl
esters delivered and the reaction time.

3.4 Biodiesel characterization

The methyl esters, ethyl esters, and mixed
methyl/ethyl esters that were produced from chick-
en oil and various alcohol combinations were sub-
jected to a regular biodiesel evaluation. Fuel char-
acteristics, Chinese National Standards (CNS)
15072 and EN 14214, are summarized in Table 5.
The fuel characteristics of all the esters except water
content were within the ranges of CNS 15072 and
EN 14214.

The densities of the fatty acyl esters prepared
from chicken oil and various alcohols were close to
those reported in the previous literature, with values
of 879.6 kg/m? (methyl esters); 874.7 kg/m? (ethyl
esters), and 879.6 kg/m3 (methyl/ethyl esters) (Boey
et al., 2011; Lam and Lee, 2011).

The viscosities of methyl esters, ethyl esters, and
mixed methyl/ethyl esters were 4.469, 4.594, and
4.822 mm?/s respectively, which are all within the

Table 5: Fuel characteristics of methyl esters, ethyl

range of CNS 15072 and EN 14214.

Sulphur contents of all the esters were much
lower than the limit of maximum sulphur content of
CNS 15072 and EN 14214. The low sulphur con-
tents represent the positive impact on exhaust emis-
sions and less engine corrosion (Joshi et al., 2012).

The water contents of all the esters exceeded the
specifications of CNS 15072 and EN 14214 and we
presume the reason to be that the final vacuum
evaporation processes were not optimized. This
problem may be addressed through further investi-
gation.

The oxidation stability of biodiesel is related to
its free fatty acid content, which is measured by the
acid value (Kulkarni et al., 2007). Therefore, exper-
imental results reveal ester’s low acid value which
help long term operation of the engine and make it
an ideal candidate for biodiesel production. Flash
point, a characteristic that must be considered when
estimating the flammability risks of all esters, was
used to ensure that esters will remain in a stable
state during transportation. The resulting flash

esters, and mixed methyl/ethyl esters produced

from chicken oil and various alcohol combinations

Characteristics Methyl esters from Ethyl esters Mixed methyl/ethyl CNS 15072/

methanol and oil ~ from ethanol and  esters from methanol, EN 14214
(6:1) oil (6:1) ethanol and oil (3:3:1)

Density at 15 °C (kg/m?) 879.6 874.7 879.6 860-900

Viscosity at 40 °C (mm?/s) 4.469 4.594 4.822 3.5-5.0

Sulphur content (ppm) 1.3 1.5 1.210.0 max

Water content (ppm) 1390 1707 1852 500 max

Acid value (mg KOH/qg) 0.144 0.183 0.301 0.5 max

Flash point (°C) 170 186 174 101 min

All measurements were achieved by a certificated organization with corresponding CNS methods
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points of methyl esters, ethyl esters, and a mixture
of methyl/ethyl esters (3:3) were 170, 186, and 174
°C, respectively. Furthermore, the experimental
results for flash points were higher than for the flash
point reported in previous research (150 °C, chick-
en fat methyl esters) (Wyatt et al., 2005).

In summary, fuel characteristics of methyl esters,
ethyl esters, and a mixture of methyl/ethyl esters
(3:3) principally met the specifications of CNS
15072 and EN 14214. Moreover, the fuel charac-
teristics were principally consistent with previous lit-
erature on methyl esters from chicken fat (Boey et
al., 2011).

4. Conclusions

The present work has successfully developed a
potential process for producing biodiesel from
chicken oil. Chicken oil with a lower acid value was
obtained by a moderate extracting method that
would later benefit the transesterification reaction.

The slightly modified methods for fatty acid
ethyl ester and methyl/ethyl ester preparation can
obtain similar amounts of ethyl esters and methyl
esters and comparable amounts of a mixture of fatty
acid methyl/ethyl esters in one hour, which is a rel-
atively short reaction time. Thus, our results suggest
that using ethanol or a methanol/ethanol mixture
(8:3) to transesterificate chicken oil can be good
alternative methods for biodiesel production. Fuel
characteristics of methyl esters, ethyl esters, and a
mixture of methyl/ethyl esters (3:3) such as density,
viscosity, sulphur content, acid value, and flash
point were all within the specifications of CNS
15072 and EN 14214.

Currently, our group is working on integrating
the two biodiesel production processes along with
our previous work on collagen extraction (Lin et al.,
2013) into a chicken waste biorefinery chain to
replace its traditional use as feed and further
enhance its added value.
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