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Abstract 

Background: Nowadays, biodiesel has become more attractive in the quest for a novel fuel source due to its envi-
ronmental benefits and the biodegradable properties. Transesterification of Helianthus annuus (sunflower) seeds oil 
is one of methodsacci for producing biodiesel fuel. However, during this process, the impurities are frequently found 
in the synthesized biodiesel which degrades the quality of biodiesel. Therefore, a proper catalyst is required to obtain 
the high-quality biodiesel. In this study, a series of aminated polyethersulfone (PES-NH2) membranes was prepared as 
solid support for immobilized Mucor miehei lipase. Glutaraldehyde was used as a cross-linker agent in immobilization 
process to investigate the effect of spacer toward biodiesel production.

Results: Based on elemental analysis, lipase was successfully attached onto PES-NH2 membranes and formed physi-
cal interactions. Enzyme loading values of synthesized membrane were higher than that of commercial filtration 
membrane. LC-MS analysis with C18 as a column showed that butyl palmitate, butyl linoleate, and butyl oleate were 
produced from transesterification reaction of triglyceride from sunflower oil and butanol. Based on FTIR analysis, the 
imine group as a covalent bond was successfully obtained during the cross-linking reaction. After reaction with the 
spacer, the enzyme loading was increased significantly from 177.05 to 911.48 μg/cm2. The alkyl esters produced also 
showed high values after the cross-linking. According to biodiesel quality tests, the results were matched with the 
values specified by the ASTM.

Conclusion: Biodiesel from sunflower seeds oil was successfully synthesized through a transesterification reaction 
catalyzed by Mucor miehei lipase immobilized onto the synthesized aminated PES membrane. The addition of glutar-
aldehyde as a cross-linker showed an excellent enzyme loading value and led to significantly increased biodiesel con-
version efficiency. This method is good to be developed, since the immobilized enzyme stability could be increased, 
the separation process was easier, and a high yield with good quality of biodiesel could be obtained.
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Background
Biodiesel is an alternative fuel for diesel engines derived 
from vegetable oils or animal fats and composed of fatty 
acid alkyl esters (FAAE) (Moser 2009). Some attractive 
properties of biodiesel, such as low toxicity, derivation 

from a renewable resource, free of sulfur and aromatic 
compounds, flash point, and biodegradability are the 
reasons why research on biodiesel is still popular today 
(Ma and Hanna 1999). Transesterification is a process of 
converting the oils or fats into biodiesel fuel by removing 
the glycerin and creating an alcohol ester. In the end of 
reaction, glycerin is left on the bottom and alcohol ester 
is left on the top (Demirbas 2002). The major problem 
during this process is the impurities often found in the 
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synthesized biodiesel which contributes to the physical 
properties of biodiesel. Therefore, a proper catalyst is 
needed to obtain the high-quality biodiesel. A good bio-
diesel quality should at least meet the standard of Ameri-
can Society for Testing Materials (ASTM) as listed in 
Table 1.

Lipase is one of the biocatalysts widely used in the 
synthesis of biodiesel due to several advantages such as 
allowing for synthesis of specific alkyl esters, having a 
low toxicity and biodegradable property, and capable of 
working on mild condition (Nelson et al. 1996). In order 
to optimize the biodiesel production, some drawbacks of 
lipase in terms of product recovery, stability, and reus-
ability properties can be resolved by immobilization of 
enzyme (Hilal et al. 2006; Tan et al. 2010). However, the 
design of an efficient lipase immobilized system is still 
a complicated task. It does not only depend on the par-
ticular lipase type, but also the type of reaction system 
(organic solvent, aqueous condition, or organic-aqueous 
interface), the condition of process (temperature, pres-
sure, pH), and the time of reaction (Balcao et al. 1996).

The immobilization of enzymes onto macroporous 
beads was accomplished through physical interaction or 
chemical bonding between the enzymes and the active 
groups existing on the surface of solid support (Soares 
et  al. 2003; Miletic et  al. 2009). Some publications also 
reported that the enzymes were successfully attached 
onto a polymer or membrane (Arica and Hasirci 1987; 
Eldin et  al. 2000; Kobayashi et  al. 2006). Studies in the 
immobilization methods and the appropriate solid sup-
port will continue to grow due to the attractive properties 
of immobilized enzyme and their vast range of functions.

The present work focuses on the investigation a biocat-
alytic membrane reactor that can improve the enzymes 
performance as well as a filter which is able to separate 
the biodiesel from its by-product (Giorno and Drioli 
2000). By some methods of characterization, the prop-
erties of biodiesel produced by the immobilized enzyme 
are also investigated. The support material used in this 
study is aminated polyethersulfone (PES-NH2) which 

had been previously synthesized and reported by the 
authors (Handayani et al. 2012). From the previous work, 
although the enzyme interacted with PES-NH2 mem-
branes through physical interaction, the enzyme activity 
was not decreased during the immobilization. On this 
research, optimizations of enzyme interaction are per-
formed using a cross-linker. Glutaraldehyde as a cross-
linker agent has a role in making such a bridge between 
the enzymes with the solid support by covalent linkage 
(Handayani et  al. 2011). Through a series of tests, this 
study investigates the effect of cross-linker addition 
toward the enzyme stability and the produced biodiesel.

Methods
Materials and tools
The synthesized PES-NH2 membranes were prepared as 
described in the previous study (Handayani et al. 2012). 
N-methyl pyrrolidone (NMP) was supplied by Across 
Organics. Dibutyl phthalate (DBP), polyethylene gly-
col (PEG), glutaraldehyde, n-hexane, and Mucor miehei 
lipase in the form of brownish powder were purchased 
from Sigma-Aldrich. Methanol was of analytical grade 
and purchased from Lab-Scan Analytical Sciences. All 
the chemicals were of analytical grade and used without 
further purification. Bicinchoninic acid (BCA) protein 
assay apparatus was supplied by Thermo Scientific. Sun-
flower seeds oil was obtained from the local market.

Fourier transform infrared (FTIR) and IR spectra of the 
polymers were obtained by JASCO FT/IR-5000 spectro-
photometer and Buck Scientific Model M-500 IR spec-
trophotometer, respectively. UV/VIS measurements 
were carried out on a PYE UNICAM SP8-200 UV/VIS 
and GENESYS 20 UV/VIS spectrophotometer. Surface 
area and porosity of the membranes were determined by 
QUANTACHROME autosorb iQ Model ASIQM0000-3. 
LC-MS Mariner Biospectrometry was used for the iden-
tification of transesterification products.

Membrane’s preparation
PES was synthesized by condensation polymerization 
which followed Keitoku’s procedure with several modifi-
cations as described in the previous work (Keitoku et al. 
1994; Handayani 2010; Handayani et al. 2012). Aminated 
PES (PES-NH2) was obtained by a nitration reaction of 
synthesized PES and followed by a reduction reaction 
using SnCl2 · 2H2O. PES and PES-NH2 membranes with 
certain composition of additives were obtained by inver-
sion phase technique. To the homogenous polymer solu-
tion in NMP, PEG as pore-size controller and DBP as 
plasticizer were added and mixed by stirring at 200 rpm 
and room temperature for 24 h. The casting solution was 
poured on a glass plate and immediately immersed into a 
distilled water coagulation bath at room temperature for 

Table 1 Standard of several biodiesel properties specified 
by ASTM

Characteristics Methods Limit Unit

Flash point ASTM D93 52.8 ± 2.3 to 
133.9 ± 5.9

°C

Cloud point ASTM D2500 18 (max) °C

Pour point ASTM D5949 −57 to +51 °C

Iodine value ASTM D1959 115 (max) % (g/100 g)

Kinematic viscosity 
(40 °C)

ASTM D445 1.9–6.0 mm2/s

Density (40 °C) ASTM D1298 850–890 kg/m3



Page 3 of 11Handayani et al. Bioresour. Bioprocess.  (2016) 3:22 

immersion precipitation. The obtained membrane was 
kept for 1 h until the residual solvent was totally removed. 
Finally, the membrane was dried for 24 h at room tem-
perature and characterized by SEM. The same procedure 
was performed on each casting solution which has been 
prepared with the composition as shown in Table 2.

Immobilization of lipase
Membranes with certain composition of polymer, DBP, 
and PEG as shown in Table 2 with a thickness of 0.045–
0.05 mm and diameter of 4.7 cm were mixed with 5 mL 
of Mucor miehei lipase solution (2  mg/mL) in a PBS 
buffer (pH 7). The samples were incubated in a rotary 
shaker with velocity of 200 rpm at 30 °C for 24 h. Separa-
tion of the immobilized lipase and the supernatant was 
carried out by decantation. The membranes with immo-
bilized lipases were washed with PBS buffer and distilled 
water, until no enzymes were detected in the solution. 
The supernatants and washing solutions were used for 
enzyme loading determination. The tests were carried 
out by a Lowry method for determination of the amount 
of attached enzyme using UV/VIS spectrophotometer. 
The lipases immobilized onto the membranes were dried 
by liquid nitrogen and stored in a vacuum oven for 24 h 
at room temperature.

The synthesis of biodiesel using immobilized lipase as a 
catalyst
The synthesis of biodiesel was performed by transesteri-
fication reaction using a membrane bioreactor (MBR). 
A 250 mL membrane reactor system was constructed as 
shown in Fig.  1. PESNH2-10 D5 P8 membrane with the 
presence of immobilized lipase and diameter of 47  mm 
was inserted in the membrane cell of the reactor. To the 
25 g of sunflower oil, 150 mmol of n-butanol was added. 
The selection of the type of alcohol was carried out based 
on the simplicity to form biodiesel with liquid form in the 
room temperature (Ma and Hanna 1999; Moser 2009). 
The mixture called as feed phase was passed through the 
membrane bioreactor (MBR) continuously by a pump for 

24 h at 50 °C. MBR separated permeate phase and reten-
tate phase based on the physical and chemical proper-
ties of the membrane. All of the products were collected 
and tested by liquid chromatography–mass spectrometer 
(LC–MS) which is completed by a binary pump. The tools 
were connected with mass spectrometer Q-TOF including 
electrospray ionization (ESI). Full-scan modus from 100–
1200  Da (m/z) were performed at 140  °C. The Supelco 
column 5 µ C18, 250 × 2 mm id was used in the meas-
urement. Solvent A which contains the water with 0.3 % 
of acetic acid and solvent B which contains methanol and 
0.3 % of acetic acid were used in this analysis. The total of 
flow rate during the measurement was 0.5  mL/min. The 
sample was injected with 20 µL of volume and the flow 
rate 1 mL/min. The determination of biodiesel quality was 
investigated by freezing point, cloud point, iodine value, 
kinematic viscosity, density, and the flame test.

The synthesis of the cross‑linked membrane bioreactors 
using glutaraldehyde as cross‑linker
An aminated PES membrane with certain composition of 
DBP and PEG (PESNH2-10 D8 P5) in a circle shape with 
diameter of 2  cm and the thickness of 1.045–0.05  mm 
was mixed with 4  mL of glutaraldehyde solution 10  % 
(w/w) in a PBS buffer (pH 7). The selection was per-
formed based on the enzyme loading value in the pre-
vious investigation (the amount of lipase immobilized 
onto PESNH2-10 D8 P5 was the largest) (Handayani et al. 
2012). After incubation in a rotary shaker at room tem-
perature for 3 h, the membrane was dried and applied as 

Table 2 Composition of casting solutions

D DBP, P PEG. The number in the code sample represents concentration of the 
components in weight percent (w/w)

Sample code % Polymer  
(w/w)

% DBP  
(w/w)

% PEG 
(w/w)

PES-10 10 0 0

PESNH2-10 D2 P5 10 2 5

PESNH2-10 D5 P8 10 5 8

PESNH2-10 D8 P5 10 8 5

PESNH2-10 D5 P10 10 5 10

PESNH2-10 D10 P5 10 10 5
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7
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5

Fig. 1 Schematic diagram of MBR. 1 Entry of retentate phase; 2 Mix-
ture of triglyceride and alcohol as feed phase; 3 Hot plate included 
magnetic stirrer; 4 Pump; 5 Valve; 6 Entry of feed phase; 7 Membrane 
cell; 8 Membrane reactor; 9 Permeate phase; 10 Retentate phase will 
go back to the container
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solid support for lipase. For the next step, the obtained 
membrane was called as cross-linked membrane. Lipase 
solution (2  mg/mL) in a PBS buffer (pH 7) was mixed 
with the cross-linked membrane in a rotary shaker at 
30 °C (200 rpm) for 24 h. Separation of the immobilized 
lipase and the supernatant was performed by decanta-
tion. The cross-linked membrane bioreactor was washed 
by a PBS buffer solution (pH 7) and distilled water until 
no further protein was detected on the solution. Super-
natant and the washing solution were kept for determi-
nation of the enzyme loading, while the cross-linked 
membrane bioreactor was dried on a vacuum oven at 
room temperature for 24  h. The enzyme loading was 
obtained by Lowry method (Lowry et al. 1951).

The determination of iodine value
An amount of 0.05 g of biodiesel was heated and mixed 
with 1.5  mL of n-hexane. 2.5  mL of Wijs reagent was 
added to the mixture and then kept in a closed container 
at room temperature for 30 min. The mixture was added 
by 15 % (w/w) of KI and dissolved by 10 mL of distilled 
water. The solution was then titrated by sodium thiosul-
fate (Na2S2O3) 0.02 N with amylum as an indicator until 
the blue color disappeared. The blank solution (without 
biodiesel) was also titrated by Na2S2O3 with the same 
procedure. The iodine value was calculated as follows:

where B was the volume of  Na2S2O3 in a blank titration, 
C was the volume of  Na2S2O3 in a biodiesel titration, N 
represented the normality of  Na2S2O3, and W was the 
weight of biodiesel used in the reaction.

The density test of biodiesel
The density test was carried out according to the stand-
ardized procedure from ASTM D1298. Pycnometer was 
washed by ethanol and dried in the oven. The weight of 
empty pycnometer was measured and filled with distilled 
water (40  °C) until the capillary hole in the stopper was 
filled with water. The pycnometer was then kept at 40 °C 
for 30 min and the weight was measured. Biodiesel was 
poured into the dried pycnometer and incubated at 40 °C 
for 30  min and balanced. The density of biodiesel was 
determined by the equation below:

where F represented the density of distilled water in the 
vacuum condition, m0 was the weight of empty pyc-
nometer, m1 was the weight of pycnometer that filled by 

(1)Iodine value (%) =
12.69 (B− C)N

W

(2)Density (kg/m3) =
F (m2 −m0)

m1 −m0

distilled water, and m2 was the weight of pycnometer that 
filled by biodiesel.

The kinematic viscosity measurement of biodiesel
The kinematic viscosity test was carried out by following 
the ASTM D445 procedure. An amount of 10 mL of dis-
tilled water was incubated at 40 °C for 30 min and poured 
into an Ostwald viscometer. The flow time of water as a 
blank was investigated. Meanwhile, the flow time of bio-
diesel was measured after incubation at 40 °C for 30 min. 
The viscosity of biodiesel was determined from the calcu-
lation using this equation:

where d1 was the density of distilled water, d2 was the 
density of biodiesel, t1 was the flow time of distilled water 
as blank, and t2 was the flow time of biodiesel.

Result and discussions
PES‑NH2 membrane as a solid support for enzymes
The membrane was prepared by an inversion phase tech-
nique using distilled water as the coagulation bath. Dibu-
tyl phthalate (DBP) and polyethylene glycol (PEG) were 
presented in the casting solution as a plasticizer and a 
pore-size controller, respectively. The trapped gas in the 
casting solution was removed by an ultrasonic bath to 
gain the homogeneous solution. With a proper immer-
sion process, an effective exchange between a solvent and 
non-solvent phase will be produced, hence a good per-
formance membrane will be released from the glass. One 
of the important things in the membrane production was 
the choice of solvent for polymer. It should have a high 
dissolving strength and a great volatility to produce an 
optimum interaction between polymer and the solvent 
(Guan et al. 2006).

The successful attachment of the enzyme to the mem-
brane depends on the active groups existing on the 
membrane and the pore-size parameter. If the pores 
of the membrane have a small size, it would cause the 
limitation in the diffusion capability and rearrange-
ment of enzymes structure which resulted in the reduc-
tion of enzyme activity. On the contrary, the very large 
pore sizes would minimize the interaction between the 
enzymes and their solid support which resulted in an 
enzyme leaching out phenomenon. The surface area 
and the membrane’s porosity parameter were deter-
mined by Brunauer, Emmet, and Teller (BET) method. 
The detected BET surface areas for each membrane 
(PES-10, PESNH2-10 D2 P5 before immobilization, and 
PESNH2-10 D2 P5 after immobilization) were as 3, 12, 

(3)Kinematic viscosity (mm2/s) =
d2xt2

d1xt2
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and 43 m2/g, respectively. The membranes were selected 
to check the effect of additives and amination process 
toward the membrane’s properties. Moreover, accord-
ing to the previous report, PESNH2-10 D2 P5 has a high 
enzyme loading value (Handayani et al. 2012). Based on 
the results, it can be inferred that the amount of mon-
olayer adsorbed gas onto PESNH2-10 D2 P5 membrane 
after immobilization was the largest. Therefore, by 
immobilization of enzyme, the ability of adsorbent to 
capture the adsorbate and form a chemical interaction 
becomes greater. Porosity parameter of PES and PESNH2

-10 D2 P5 membranes before immobilization was diffi-
cult to be detected due to the small value of BET surface 
area. The total pore volume of PESNH2-10 D2 P5 after 
immobilization was 0.12 cm3/g and the diameter was in 
a range of 3–20  nm. The range of pores diameter indi-
cates that the membrane was categorized as mesoporous 
membrane.

The immobilization of M. miehei lipase onto a mem-
brane was performed in a PBS buffer (pH 7) at 30 °C for 
24 h. The type of enzyme interaction with its solid sup-
port could be investigated by SEM characterization. 
SEM image of immobilized lipase onto PESNH2-10 D2 
P5 membrane is shown in Fig.  2. Based on the image, 
the lipase seen in Fig.  2b is not present in Fig.  2a. The 
lipase detected on the image seems to be not covalently 
attached, but only physically interacted with the solid 
support.

Elemental analysis by SEM-EDX was carried out to 
investigate the percentage of elements that are present 
on the membranes. As can be seen from Table 3, percent-
age of nitrogen (N) and oxygen (O) in PESNH2-10 D2 P5 
membrane after immobilization was greater than that of 
the membrane before immobilization. According to the 

result, it can be shown that Mucor miehei lipase was suc-
cessfully interacted with the membrane and contributed 
to a percentage of N and O. The increasing amount of 
N and O was obtained from amide (-CO2-NH-) bonds 
and primary amine (-NH2) or carboxyl groups (-COOH) 
located on the repeating unit and the terminal groups of 
protein.

The interaction of lipase by physical adsorption onto 
the solid support is the most widely used method in 
enzymes immobilization. This adsorption type offers 
several advantages such as simplest operational pro-
cedure, specificity of the substrate and maintainability 
of the enzymes activity, low cost operation, and ease of 
solid support regeneration. However, immobilization of 
enzyme by physical adsorption is also known to have a 
main limitation which is the enzyme immobilized onto 
the support surfaces will leach out for several cases (Bal-
cao et al. 1996). Therefore, an optimization of functional 
groups was greatly needed in the system to produce a 
high performance of membrane reactor.

Immobilized lipase as bioreactor
The immobilization of enzyme was carried out for 24 h to 
produce the enzyme that is successfully attached onto the 
membrane surface or pores in a proper condition. The 
enzyme loading is described in Table 4.

Table 3 The percentage of  elements contained in  the 
membrane before and after immobilization

Sample code Amount  
of C (%)

Amount  
of O (%)

Amount 
of N (%)

PESNH2-10 D2 P5 43.46 15.85 17.35

PESNH2-10 D2 P5 (immobilized) 42.93 18.10 23.11

Fig. 2 The SEM images of PESNH2-10 D2 P5 at 20,000 times magnification. a Without immobilized lipase; and b with the presence of immobilized 
lipase. The yellow circle indicates a DBP particle, while the orange circle indicated as the lipase immobilized onto the membrane
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As shown in Table 4, enzyme loading values of synthe-
sized membrane were greater than that of commercial 
filtration membrane. This fact indicates that the synthe-
sized PES with a lower molecular weight will generate 
a difference of morphology and distribution of pores in 
the membranes. A greater molecular weight of polymer 
will produce a membrane with a more dense structure. 
It leads the interaction chance between the enzyme and 
PES obtained by the synthesis was greater than interac-
tion of the enzyme and commercial PES.

The addition of DBP as plasticizer will increase the 
mechanical strength of the membranes and contribute to 
the interaction strength between enzyme and the mem-
brane. However, the more DBP added to the mixture will 
produce denser membrane pores and allow for reducing 
the formation of interaction between the enzyme and its 
solid support. To deal with this problem, PEG was added 
to enlarge the pore size and enable the interaction with 
the enzyme. Based on the result, the immobilized lipase 
onto synthesized PES and PES-NH2 membrane is poten-
tial to be applied as MBR.

The investigation of enzymes activity was performed 
by applying the immobilized lipase as a biocatalyst in 
the biodiesel synthesis. The source of triglyceride used 
in this transesterification reaction was sunflower oil. 
The oil was selected on this study based on several fac-
tors, such as the plant can be easily grown and har-
vested in Indonesia, the triglyceride is a good substrate 
in the biodiesel synthesis due to a high stability of alkyl 
ester (Akoh et  al. 2007), and high level of unsaturated 
fatty acid leading to an ease of handling (Enferadi et al. 
2006).

PESNH2-10 D5 P8 membrane containing immobi-
lized lipase was inserted in the membrane bioreactor 
(MBR) as shown in Fig. 1. The reactants (triglyceride and 
butanol) were mixed in the container and then flowed 
into the MBR. In this case, butanol and fatty acid alkyl 

ester (FAAE) were miscible at reaction temperature 
(50 °C). The immiscibility of sunflower oil and butanol is 
the major problem in the mass transfer for biodiesel syn-
thesis. However, the formation of emulsion during reac-
tion is necessary in biodiesel synthesis using membrane 
reactor. Therefore, the conversion of triglyceride to form 
FAAE by esterification reaction is ideally suited to be 
operated in a membrane reactor.

The process of biodiesel synthesis was continuously 
performed using a pump to form FAME with a high 
yield in the permeate phase. After 24 h, the phase was 
then collected and measured by LC–MS. As shown in 
Fig.  3, the permeate phase produced from transesteri-
fication between sunflower oil and butanol resulted in 
eight peaks of retention time. C18 was used as a column 
in the measurement. The type of this stationary phase 
is a non-polar column that leads to retain a non-polar 
compound longer than a polar compound in the matrix 
of C18. A peak was identified as butyl palmitate with 
a molecular weight of 312  Da (m/z) that was present 
at a retention time of 1.88 min and relative abundance 
of 4  %. The peak appeared with a molecular weight of 
351.85 Da (m/z) because during the measurement, butyl 
palmitate joined with K+ to form a cation. A mixture of 
methanol and water (90:10) was used in the measure-
ment as a solvent. In this case, K+ acted as pseudomo-
lecular ion.

The next butyl ester identified in the chromatogram 
was butyl linoleate with a molecular weight of 336.98 Da 
and relative abundance of 6 %. This peak appeared in the 
retention time of 3.17 min. The molecular weight of butyl 
linoleate is 336  Da (m/z). Therefore, the FAAE joined 
with H+ as pseudomolecular ion to form the detected 
cation.

The last peak appeared on the retention time of 
4.33  min with molecular weight of 337.06  Da (m/z). 
The peak was detected as butyl oleate with molecular 
weight of 338  Da (m/z) and K+ as pseudomolecular 
ion. Butyl oleate can be identified in the chromatogram 
with a very large relative abundance, which is equal to 
100 %.

The investigation results of components on the perme-
ate phase by LC–MS were in accordance with the com-
positions of fatty acids residue on the triglyceride. The 
greatest component in the triglyceride of sunflower oil 
is residue of oleic acid and followed by residue of lin-
oleic acid. The residue of palmitic acid was lower than 
two fatty acids that have been mentioned previously. 
The content of stearic acid residue in the oil is the least 
resulting in no detection of butyl stearic peak in the 
chromatogram.

Table 4 The enzyme loading of  lipase immobilized 
onto membranes with various concentrations of additives

A commercial PES filtration membrane was used with a pore size of 0.65 µm and 
a diameter of 47 mm

Sample code Enzyme loading (µg/cm2)

Commercial PES filtration membrane 185.56

PES 10 195.21

PESNH2-10 D5 P8 199.96

PESNH2-10 D8 P5 187.60

PESNH2-10 D5 P10 194.25

PESNH2-10 D10 P5 192.89
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Fig. 3 LC–MS chromatogram of FAAE produced by transesterification using membrane reactor. a Retention time of 1.88 min; b retention time of 
3.17 min; and c retention time of 4.33 min



Page 8 of 11Handayani et al. Bioresour. Bioprocess.  (2016) 3:22 

Glycerol is the side product in the transesterification 
reaction. Based on the chromatogram, there was no peak 
identified as glycerol. This result was obtained because 
glycerol was retained on the filter membrane. The hydro-
philic interactions between glycerol and the membrane 
reactor were formed leading to the undetected glycerol 
on the permeate phase.

The quality determination of the synthesized biodiesel
Iodine value of synthesized biodiesel was investigated by 
Wijs method. This value was expressed in grams of iodine 
for the amount of halogens bonded with 100 g of biodiesel 
sample. The iodine value of synthesized biodiesel was cal-
culated from titration volume of sodium thiosulfate solu-
tion. Maximum value of iodine value according to the 
standard is 115 % (g I2/100 g of sample), while the iodine 
value of FAAE resulted from the transesterification was 
35.28 % (g I2/100 g of sample) (ASTM International 2002). 
This result indicates that the amount of double bonds in 
the FAAE was matched with the standard.

The flame test was carried out to distinguish the flam-
mable materials from the combustion materials. Liquids 
with a lower flash point than 37.8 or 60.5 °C are called as 
flammable materials, whereas diesel fuel has a varying 
flash point in a range of 52–96 °C. According to the flame 
test, the FAAE was successfully burned in the temperature 
of 68 °C. Therefore, the flash point of synthesized biodiesel 
was in the range of the diesel fuels flash point specified by 
ASTM D93 (ASTM International 1997). With a high flash 
point, the biodiesel is expected to be safe when it is stored.

The cloud point and pour point are the indicators used 
to measure the performance of biodiesel in a low tem-
perature. According to the result, biowax on the FAAE 
formed a cloudy appearance in the temperature of −5 °C 
and it was in a range of the cloud point specified by 
ASTM D2500 (ASTM International 2011). The same ten-
dency was obtained in the pour point test. By the pour 
point test, the lowest temperature of the materials move-
ment can be identified under the condition of the test. 
The FAAE synthesized by transesterification reaction had 
a pour point of −11 °C and it was in the range of ASTM 
D5949 (ASTM International 2014). Based on the den-
sity test, the FAAE had a density of 870.32  kg/m3. This 
value was matched with the biodiesel specified by ASTM 
D1298 (ASTM International 1999). Viscosity of bio-
diesel is an important thing in the fuel engine application 
because it determines the resistance of a FAAE to shear 
forces and give an impact toward the operation of fuel 
injection apparatus. The synthesized FAAE had a kin-
ematic viscosity value of 3.39 Mm2/s and it was in a range 

of ASTM D445 (ASTM International 2015). Therefore, it 
can be concluded that the viscosity and density of synthe-
sized biodiesel met the standard specified by ASTM.

Flame test toward the synthesized biodiesel and the tri-
glyceride was carried out to compare the flame intensity 
between the product and the reactant. Based on the test, 
the flame intensity of sunflower oil is the lowest com-
pared to the biodiesel synthesized by free enzyme and an 
immobilized enzyme as a catalyst. This result indicates 
that the synthesized biodiesel has a high potential to be 
applied as biofuel.

The effects of a spacer toward the immobilized enzymes 
performance
The use of glutaraldehyde as a cross-linker agent is 
expected to generate the positive influence toward the 
immobilized enzymes performance (Migneault et  al. 
2004). A glutaraldehyde has two aldehyde groups in 
the structure leading to form a bridge connected the 
enzyme and the solid support. In a PBS buffer pH 7, 
one active site of glutaraldehyde reacted with an active 
group located in the solid support, while another site 
reacted with primary amine group in the enzyme to form 
an imine group (-N=C-) (Miletic and Loos 2009). The 
mechanism of imine formation is illustrated in Fig. 4.

The immobilization of enzymes in the presence and 
absence of spacer was performed to investigate the effect 
of glutaraldehyde toward the amount of enzyme that 
interacted or immobilized onto the solid support. Table 5 
shows the enzyme loading value of enzyme immobilized 
in the presence of spacer compared to the enzyme immo-
bilized without glutaraldehyde.

Based on the enzyme loading tests, after reaction with 
the spacer, the enzyme loading increased significantly. 
This result was caused by the increasing of interactions 
opportunity of the enzyme with the spacer or solid sup-
port. An analysis by FTIR spectroscopy was carried out 
to predict the interaction or bond type produced after 
the cross-linking reaction. Based on Fig.  5, intensity of 
primary amine (-NH2) peaks (3520; 1128; and 622 cm−1) 
was decreased after the cross-linker addition. Amide 
(-CO-NH-) peaks (1230 and 1719 cm−1) were present 
in FTIR spectra of PES-NH2 after immobilization, both 
before and after cross-linking. However, the intensity of 
amide peaks was decreased after the cross-linker addi-
tion. Acrylic acid and acrylamide functional groups 
(3350, 1685, and 1115.1 cm−1) as characteristic peaks of 
enzyme immobilized onto the membrane appeared in the 
absorption bands of PES-NH2 after immobilization and 
immobilized PES-NH2 after cross-linking. The imines 
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were identified in spectra of PES-NH2 after immobili-
zation and cross-linking reaction in the wave number 
of 1644 cm−1 which indicates the presence of -C=N- 
stretching. -CH2- rocking in methylene chain of glutar-
aldehyde (735.5 cm−1) was also identified in the spectra 
of immobilized enzyme after cross-linking. From the 
result, it can be concluded that enzyme was successfully 

attached to PES-NH2. Moreover, imine group as a cova-
lent bond that resulted from cross-linking was success-
fully obtained during the reaction.

The transesterification reaction of sunflower oil as 
triglyceride and methanol was performed to investi-
gate the effects of spacer addition toward an enzyme 
activity. The characterization of biodiesel produced by 
transesterification reaction using immobilized enzyme 
in the presence and absence of spacer is represented in 
Table 6.

According to the chromatogram, for each of reten-
tion time of detected methyl ester, the peak area showed 
a high value. Therefore, it indicates that the degree 
of purify of the biodiesel was pretty high. Based on 
the molecular weight of compound detected in every 

Table 5 The enzyme loading of  lipase immobilized 
onto PES-NH2 in the presence and absence of spacer

Sample code Enzyme loading (µg/cm2)

PESNH2-10 D8 P5 177.05

PESNH2-10 D8 P5 Glut 911.48

O O
PES

NH2

+
H+

PES

N

OHO
H

H

PES

N

OH2O

H
PES

N

O

+

H+

NH2

PES

N

HO

+

HN

M.miehei lipase

M.miehei lipase

H
PES

N

H2O

+

HN

M.miehei lipase

PES

N

+

M.miehei lipase

N

Fig. 4 Mechanism of imine formation
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retention time, all of FAAE formed a cation together with 
K+ as a pseudomolecular ion.

The main point of this research was that a synthesis of 
biodiesel can be performed by using immobilized lipase 
onto PESNH2-10 D8 P5. The activity of lipase was not 
decreased significantly compared to the free enzyme as 
catalysts. The product of transesterification reaction 
between stearate and methanol by immobilized enzyme 
as a catalyst produced a higher value of methyl ester 
abundance than that of the free enzyme. Besides of that, 
the relative abundance of methyl palmitate obtained 
from biodiesel conversion using PESNH2-10 D8 P5 with 
the presence of glutaraldehyde reached 100 %. Based on 
the result, the addition of glutaraldehyde can improve 
the efficiency of biodiesel conversion. This result was 
obtained due to the increasing of immobilized enzyme 
ability to attach the substrate. This method is good to 
be developed since the immobilized enzyme stability 
could be increased, the separation process was easier, 
and a high yield with good quality of biodiesel could be 
obtained.
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