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ABSTRACT

The effectiveness of enzymatic transesterification of animal tallow using the enzyme Candida antarctica Novozyme 435 was
studied. The effects of oil : alcohol molar ratio (1:1, 1:2, 1:3, 1:4 and 1:5), reaction temperature (35, 40, 45 and 50°C) and
reaction time (4, 8, 12 and 16 h) on the biodiesel conversion yield were evaluated in a solvent system using n-hexane. The
highest conversion yield of biodiesel was obtained at the 1:4 oil : alcohol molar ratio, 16 h reaction time and 45°C reaction
temperature. Increasing the oil : alcohol molar ratio from 1:1 to 1:4 increased the conversion yield of biodiesel by 21.24-
82.11%, depending on the reaction temperature and time. The rate of conversion of fatty acid esters to biodiesel increased with
increases in reaction time. The reaction proceeds slowly at the beginning and then rapidly due to the initial mixing and
dispersion of alcohol into the oil substrate and the activation of enzyme. Increasing the reaction time from 4 to 16 h increased
the conversion yield of biodiesel by 13.51-34.07%, depending on the oil : alcohol molar ratio and reaction temperature. The
interactions between enzyme polymer surface and substrate appears to be dependent on reaction temperature due to hydrogen
bonding and ionic interactions which play important roles in maintaining the thermostability of lipase in the system. The high
temperature of 50°C denatured the specific structure of enzymes and resulted in a decrease in methyl esters formation.
Increasing the reaction temperature from 40 to 45°C increased the biodiesel conversion yield by 8.48-33.95%. Using n-hexane
in the reaction helped to stabilize the enzyme and minimize the toxicity of alcohol. The activity of the enzyme catalyst Candida
antarctica Novozyme 435 in the presence of 2-butanol and n-hexane remained relatively stable for 10 cycles and then decreased
rapidly reaching 11% after 50 cycles.

Keywords: Biodiesel, Enzyme Transesterification, Novozyme 435, Solvent, Qil : Alcohol Molar Ratios, Reaction Time,
Reaction Temperature.

INTRODUCTION

The high demand for fossil fuels, their limited and
unsecure supply and high cost have prompted the search for
alternative energy sources such as biofuels, solar, wind, wave,
hydro, geothermal and nuclear. However, renewable biofuels
such as biodiesel, bioethanol and biogas from biomass
materials are more economical, and environmentally friendly
[1-3]. Biodiesel has several qualities over diesel including:
being sulfur free, non-toxic, biodegradable and non-
carcinogenic [4]. These characteristics make it greener and
more eco-friendly than diesel [5-9]. In addition, biodiesel can
be used in compression-ignition engines instead of petroleum
diesel [10-11].

Biodiesel can be produced from many raw materials
including: plant oils, animal fats, microbial mass and waste
materials ([6]. Popular plants used as a feedstock are jatropha,
canola, coconut, cottonseed, groundnut, karanj, olive, palm,
peanut, rapeseed, safflower, soybean and sunflower [6,9-10].

The most popular animal sources used as a feedstock are beef
tallow, chicken fat, lamb fat, lard, yellow grease and hemp oil
[10.12-14]. The waste materials include: waste cooking oil,
greasy by-product from omega-3 fatty acid production and
fish waste [6,9].
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and cut into small pieces
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Animal tallow is melted at 105-110°C for
removing waste materials with constant stirring
at 50 rpm
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Vacuum filtration with Whatman No.40 filter
paper was used to remove impurities from
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Filtered homogenized oil is
flushed with nitrogen to avoid
oxidation and stored at -20°C
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In a 50ml conical flask, 2.3 ml (corresponding
to 2 g of fat) of homogenized oil was added

+ N
[ 25% enzyme concentration (based on oil

weight) of the Candida antarctica Novozyme
435 was added to the mixture

v

J
[ 8 ml of hexane solvent was added to the mixture ]
v >

(a) Alcohol was also added to the mixture in the
desired oil :alcohol molar ratios based on
stoichiometric level (1:1, 1:2, 1:3, 1:4 or 1:5)

(b) Reaction temperature was kept at 35, 40, 45 or
50°C

(c) Constant stirring of the mixture at 200 rpm

v
[ Samples were taken at 4,8,12 and 16 h intervals ]

Transesterification

Fatty acids methyl esters conversion yield was
evaluated using gas chromatography

Figure 1. Purification and enzymatic transesterification steps
for the animal tallow.

aliquot was taken from the transesterification process and
flushed with nitrogen in a microprocessor-controlled water
bath (280 series, Fisher Scientific, Toronto, Ontario, Canada)
at 45°C in order to evaporate the hexane. A 10 mg portion of
the residue was dissolved in 100 pL of tertrahydrofuran and
200 pL of BSTFA. Then, the mixture was heated in the water
bath at 90-95°C for 15 minutes. The sample was then cooled
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[ 100 pl of sample was taken at regular intervals ]

v
The sample was flushed with nitrogen at 45°C to
remove the solvent from the sample

v
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10mg of residue was taken
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The residue was dissolved in 100 pl of tetrahydrofuran
and 200 ul of BSTFA

& J
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The mixture was heated at 90-95°C for 15 min in water
bath

& J
v

[ The mixture was cooled to room temperature (20°C) ]

[ : ]
v

10 pl of sample was taken and analyzed with gas
chromatography
Figure 2. Sample  preparation  procedure  for gas

chromatography.

to room temperature (20°C) for few minutes after which 5 mL
of hexane was added. An aliquot of 1.5 ml mixture was
transferred to the GC crimp vials and capped tightly for
further analysis using Gas Chromatography.

A gas chromatograph, equipped with an AT-FAME
capillary column that is 30 m in length and of 0.32 mm
internal diameter and 0.25 um film thicknesses (Alltech
Associates Inc., Deerfield, Illinois, USA), was used for the
analyses. The column was a highly polar and stable bonded
polyethylene glycol phase, coupled with flame ionization
detector (FID) (HP5890 Series Il, Agilent Technologies,
Mississauga, Ontario, Canada). An aliquot of 10ul of the
mixture was injected directly into the column with the initial
oven temperature of 60°C, followed by a flow rate of
20°C/min. A final temperature of 280°C was held for 10
minutes. The detection system was equipped with a flame
ionization detector (FID) operating at 275°C with helium as a
carrier gas at a flow rate of 0.6 mL/min. The total run time
was 40 minutes. The yield was calculated as follows:

C_o:l(;/erfsion K = Peak area A x 100 )
Z:ga /_(\)(VT,(;;)) "~ Y(Peak area A + Peak area B + -+ + Peak area N) (2)
Where:

Peak area A = Methyl Oleate
Peak area B = Methyl Palmitate
Peak area N = no. of unknown peaks

SciTech Central Inc.
Int. J. Biopro. Biotechnol. Advance (IJBBA)

47





















International Journal of Bioprocess and Biotechnological Advancements, 1(1):45-56

Thermomyces  lanuginosus,  immobilized  Lipozyme
Rhizomucor miehei, immobilized Rhizopus oryzae and
experimental enzyme NS88001, respectively.

Several researchers [45,50,52] stated that repeated use of
enzyme in the reaction without removing glycerol from the
system might inhibit the interaction between the substrate and
lipase. Xu et al. [46] reported that while using methyl acetate
as acyl acceptor, no glycerol was produced in the reaction
with no loss of enzyme activity for 10 cycles in the reaction.
The byproduct from the reaction was triacetylglycerol instead
of glycerol which did not affect the product quality.

CONCLUSIONS

The effectiveness of enzymatic transesterification of
animal tallow using the Candida antarctica Novozyme 435
was studied. The effects of oil: alcohol molar ratio (1:1, 1:2,
1:3, 1:4 and 1:5), reaction temperature (35, 40, 45 and 50°C)
and reaction time (4, 8, 12 and 16 h) on the biodiesel
conversion yield were evaluated using n-hexane as a solvent.
The highest conversion yield of biodiesel was obtained at the
1:4 oil:alcohol molar ratio, 16 h reaction time and 45°C
reaction temperature. Increasing the oil : alcohol molar ratio
from 1:1 to 1:4 increased the conversion yield of biodiesel by
21.24%. The rate of conversion of fatty acid esters increased
with increases in reaction time. The reaction proceeds slowly
at the beginning and then rapidly due to the initial mixing and
dispersion of alcohol into the oil substrate and activation of
enzyme. Increasing the reaction time from 4 to 16 h increased
the conversion yield of biodiesel by 13.51%. The interactions
between enzyme and substrate appears to be dependent on
reaction temperature due to hydrogen bonding and ionic
interactions which play important roles in maintaining the
thermostability of lipase in the system. The higher
temperature denatured the specific structure of enzymes and
resulted in a decrease in methyl esters formation. Increasing
the reaction temperature from 40 to 45°C increased the
biodiesel conversion yield by 8.48%. Using n-hexane in the
reaction helped to stabilize the enzyme and minimize the
toxicity of alcohol. The activity of experimental enzyme
catalyst in the presence n-hexane was slightly reduced after
10 cycles, it then decreased rapidly and stopped after 50
cycles.
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