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Abstract

To make the synthesis of cinnamyl acetate not only green but also low energy consumption, absorbent
cotton was taken as an immobilized material to prepare the immobilized Pseudomonas fluorescens
lipase in a column glass bottle and obtain a simple immobilized lipase bioreactor, and employed in
catalysis of vinyl acetate reacting to cinnamyl alcohol. It is interesting that, even at room temperature
and under static state, the bioreactor still behaves a good catalytic activity, and the proper addition of
acylation reagents or solvents in the bioreactor can increase the reaction conversion. The best reaction
system is composed of 3 mL vinyl acetate and 1.34 g cinnamyl alcohol. After 24 h, the molar
conversion can reach 80.0%, and after 48 h, it can reach 91%. Obviously, the immobilized lipase
bioreactor has an obviously catalytic effect of low energy consumption, and has potential value for
further development and application in industry.
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1. Introduction

Cinnamon acetate, as a flavor, is widely used in cosmetics M, pharmaceuticals [ and food
industry Bl etc. and its consumption in the world is about 100 tons annually ™. For the
preparation of this ester, a small part is extracted from natural raw materials and the majority
is synthesized by catalysis of chemical catalysts [ ©. However, the current chemical
synthesis process is usually difficult to abandon some unfavorable factors, such as low
conversion, long reaction time, much by-products, high downstream processing costs, and
high temperature and high pressure energy consumption conditions, etc. /. To avoid these
disadvantages, it is imagined that bio-enzymes were taken as catalysts to synthesize ester
flavors, because enzymes have catalytic selectivity and mild reaction conditions . Thus the
enzymatic synthesis of cinnamyl acetate is an alternative green way.

Lipases are commonly employed because most of them can catalyze synthesis of esters under
approximately anhydrous conditions °1, which is very conducive to the preparation of ester
compounds. They are usually prepared into immobilized lipases so as to improve the
catalytic activity and stability of them, and also facilitate the separation of the enzyme from
the reaction solutions 1'%, If they are further fabricated into immobilized enzyme bioreactors
(11 it is more convenient for the enzymatic synthesis of aromatic esters. Based on this idea, a
simple immobilized enzyme bioreactor was designed and prepared by immobilizing
Pseudomonas fluorescens lipase (PFL) on absorbent cotton fibers in a column glass bottle
and then carefully stretching fibers until fluffy, to form a simple immobilized enzyme
bioreactor together with the bottle. Interestingly, cinnamyl acetate could be availably
synthesized in the bioreactor even if at room temperature and under static condition.

2. Materials and methods

2.1 Materials and reagents

Lipase PFL is purchased from Hangzhou Chuang Ke Biological Technology Co., Ltd. (20
U/mg). Cinnamyl alcohol (p> 98%) is purchased from Shanghai Yuanye Biological
Technology Co., Ltd. Absorbent cotton, vinyl acetate and other chemical reagents all are
analytical pure and purchased from the market.

2.2 Main apparatus
Gas chromatograph (GC, Yimeng A90, Shanghai YiMeng Electronic Technology Co., Ltd.,
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Shanghai), equipped with hydrogen flame detector and
capillary column (SE-30 30 m x 0.32 mm x 0.33 um).
Constant temperature shaker (HZQ-Q, Harbin Donglian
Electronic Technology Development Co., Ltd., Harbin) and
constant temperature incubator (BSC-150 Hangzhou Connor
Technology Co., Ltd., Hangzhou) are used as apparatus for
enzyme immobilization and catalytic reaction.

2.3 Experimental Methods

2.3.1 Absorbent cotton treatment

10 g of absorbent cotton was put into a 250 mL beaker, and
subsequently anhydrous ethanol was added to the beaker to
cause cotton completely immersed. Then the beaker was
sealed and kept standing at room temperature for 24 h.
Thereafter the soaked absorbent cotton was taken out and
rinsed twice with anhydrous ethanol alcohol, and placed in a
clean beaker, which was sealed with gauze to dry cotton for
use in future. Before use, the dry absorbent cotton was
pulled into fluffy state by tweezers.

2.3.2 Preparation of absorbent cotton-PFL bioreactor

In a 10 mL column glass bottle, 10 mg PFL enzyme powder
and 200 L distilled water were added, and the enzyme was
completely dissolved in water by gently shaking. Then, 10
mg absorbent cotton was added to absorb enzyme solution.
Thereafter, the glass bottle was put into a constant
temperature shaker at 37°C and 160 rpm, and kept mouth
open for more than 7 h. Then the immobilized enzyme,
absorbent cotton-PFL, was obtained and also carefully
pulled into a fluffy state before use. This immobilized
enzyme, together with the column glass bottle, formed a
simple absorbent cotton-PFL bioreactor.

2.3.3 Enzymatic synthesis of cinnamy! acetate

2 mL vinyl acetate and 1.34 g cinnamyl alcohol (2.17:1,
mol:mol) were added to a 10 mL column glass bottle
containing absorbent cotton-PFL or PFL enzyme powder,
respectively. The lid was covered and sealed with a piece of
sealing film, and placed in a constant temperature shaker to
catalyze the reaction at 37°C and 160 rpm. The PFL in each
system was 10 mg. In addition, the same two reaction
systems were gotten ready for catalysis in a stationary
incubator at 37°C. Every one of above reaction systems was
sampled and analyzed every 2 h.

2.3.4 Effect of temperature on catalysis in bioreactor

In six absorbent cotton-PFL bioreactors, 2 mL vinyl acetate
and 1.34 g cinnamyl alcohol were added, and covered and
sealed with sealing film. They were placed in a constant
temperature incubator. Under the static condition, the
reaction was catalyzed for 24 h at different temperatures,
and sampled for GC analysis.

2.3.5. Repeated catalytic reaction in bioreactor

2 mL vinyl acetate and 1.34 g cinnamyl alcohol were added
to the absorbent cotton-PFL bioreactor, covered and sealed
with a piece of sealing film. The absorbent cotton-PFL
reactor was placed in a constant temperature incubator and
kept at 25°C for 24 h, and then sampled for GC analysis.
Thereafter, the reaction solution is poured out, and the
bioreactor was washed three times with a small amount of n-
hexane and kept with mouth open for 5 minutes to volatilize
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n-hexane. Again, 2 mL vinyl acetate and 2.34 g cinnamyl
alcohol were added to the bioreactor. The bioreactor was
covered and sealed with a piece of sealing film, and then
placed in a constant temperature incubator and kept at 25°C
for 24 h, and then sampled for GC analysis. So, the
operations were cycled for total 6 times.

2.3.6 Effect of substrate ratio on catalysis

In six absorbent cotton-PFL bioreactors, 1.34 g cinnamyl
alcohol and 2-7 mL vinyl acetate were added, respectively.
The bioreactor was sealed with sealing film and placed in a
static constant temperature incubator in which the reaction
was catalyzed for 24 h at room temperature and sampled for
GC analysis.

2.3.7 Effect of solvents on catalysis

In 6 absorbent cotton-PFL bioreactors, 2 mL vinyl acetate
and 1.34 g cinnamyl alcohol were added, respectively. In
addition, different volumes of n-hexane were added to the
six systems in order. The bioreactors were covered, sealed
with a piece of sealing film, and placed in a constant
temperature incubator to catalyze reaction at room
temperature for 24 hours, and sampled for GC analysis. In
addition, vinyl acetate in the reaction systems as above was
changed into 3 mL and were catalyzed to react with
cinnamy! alcohol at room temperature for 24 h, and sampled
for GC analysis.

2.3.8 Chromatographic analysis of samples

2 uL of reaction solution was taken, diluted with 1 mL n-
hexane and filtered with 0.25 um filter membrane for GC
analysis. The chromatographic conditions were set as
follow: nitrogen (0.4 MPa, split ratio 1:1), 130°C, retention
1 min, 20°C/min, 210°C, retention 5 min, 60°C /min, 280°C,
retention 2 min. The injection and detection temperatures
were 280°C and 300°C respectively. According to the peak
area of cinnamyl alcohol and cinnamyl acetate, the molar
conversions of substrates were calculated [*?. The retention
times of cinnamyl alcohol and cinnamyl acetate were 3.8
min and 4.7 min, respectively.

3. Results and analysis

3.1 Enzymatic reaction under shaking and static
conditions

Absorbent cotton fibers have natural fluffy characteristic,
which are still fine after PFL immobilized on them by
physical absorption. Thus cotton fibers cause PFL dispersed
well, and result in that enzyme molecules easily contact with
reaction liquid so as to effectively catalyze reaction, even in
a static state. To verify the idea, PFL powder and absorbent
cotton-PFL were employed to catalyze transesterification of
vinyl acetate and cinnamyl alcohol under ether shaking or
static condition, at 37°C, which is a temperature commonly
suitable for common enzyme catalysis [*°l. The results are
that, in a static column glass bottle, absorbent cotton-PFL
can transform substrate about twice relative to native
enzyme powder (Fig. 1). Under shaking condition,
absorbent cotton-PFL transforms substrate slightly more
than native PFL. To explore low-energy enzymatic reaction,
it is necessary to further understand the catalytic
characteristics of absorbent cotton-PFL bioreactor.
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Fig 1: Conversions of native and immobilized PFL at 37°C

3.2 Effect of temperature on absorbent cotton-PFL
bioreactor

In order to study the catalytic activity of absorbent cotton-
PFL bioreactor at varous temperatures, six reaction systems
were set up to catalyze the above-mentioned trans
esterification reaction at different temperatures for 24 h. The
molar conversion of reaction system was shown in Fig. 2. It
can be seen that at lower temperature stage, with the
temperature rising, the conversion increased significantly.
After reaching 25°C, although the conversion continued to
increase with temperature rising, but the increase was not as
large as the increase in the range of 5-25°C. Obviously, it is
feasible to conduct catalytic reaction at room temperature
25°C. Although the conversion of reaction in the reactor was
not the highest at 25°C, it was only a small difference,
69.3% - 54.8% = 14.5%, relative to the conversion at 40°C.
This difference is expected to further reduce by improving
the ability of the reactor to produce aromatic esters by
changing the ratio of substrates, adding suitable solvents [*4]
and prolonging the reaction time, so as to achieve the green
low-energy synthesis of aromatic esters.
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Fig 2: Conversions of transiesterification reaction catalyzed by
cotton-PFL after 24 h

3.3 Stability of catalysis for bioreactor

The activity stability of the reactor is the basis to ensure the
effective conversion of substrates. For this reason, the
absorbent cotton-PFL reactor is used to catalyze
transesterification in a cyclic manner at 25 °C and in a static
state for 24 h at a time. The results are shown in Fig. 3.

If the conversion rate (51.7%), after the first time of
catalysis, is taken as the initial activity of enzyme under
non-aqueous condition [*°1, and the conversion rate (49.6%),
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after six times, is taken as the final enzyme activity. Then,
after five days of reuses, the activity of bioreactor-
transforming substrate decreased only 51.7% - 49.6% =
2.1%. The decay rate of enzyme activity can be calculated
as (2.1%)/ (24 h X 5) = 0.0175%-h"* = 0.02%-hL. It can be
seen that the activity of absorbent cotton-PFL in this reactor
is relatively stable, this stability is attributed to that cotton
fibers contain abundant hydroxyl groups that, similar to
water molecules, can stabilize enzyme protein !¢, Based on
this stability, the substrate conversion can be improved by
prolonging reaction time.
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Fig 3: Conversions of reaction catalyzed by cotton-PFL bioreactor for 6
times 24 h every time.

3.4 Effect of substrate ratios on bioreactor

To improve the ability of the bioreactor to transform
substrates at room temperature and in a static state, the ratio
of substrates can be changed by increasing the amount of
acylation reagents 1. If cinnamyl alcohol unchanged in
quantity, the dosage of vinyl acetate was gradually increased
from 2 mL to 7 mL to observe the optimal dosage of
acylation reagent. In different systems, the trans
esterification reaction was for 24 h at 25°C and under static
condition. The result was that, when the vinyl acetate was 2
mL, the conversion rate was 51.7%, and when the vinyl
acetate was 3 mL, the conversion rate significantly
increased to 80% (Fig. 4). However, as the amount of
acylation reagent continued to increase, the conversion of
cinnamyl alcohol did not increase largely. This should be
that excessive acylation reagent diluted cinnamyl alcohol
and reduced the probability of substrates contacted with
enzyme molecules and catalyzed by them. It can be seen
that in this reactor, when the mass of cinnamyl alcohol is
1.34 g, the best dosage of the vinyl acetate is 3 mL.
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Fig 4: Conversions of transesterification in the bioreactor for 24 h
at different substrate ratios
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3.5 Effect of n-hexane on reactor

In the reaction system consisted of vinyl acetate and
cinnamyl alcohol, cinnamyl alcohol has some viscosity 1€,
which may effect the transesterification ability of the
bioreactor. Therefore, it is assumed that the viscosity of the
system can be reduced by adding small molecular solvents
and then the conversion of enzymatic reaction can be
increased. In the absorbent cotton-PFL bioreactor, 2 mL (3
mL) vinyl acetate and 1.34 g cinnamyl alcohol were added,
and various volumes of n-hexane were added, respectively.
The conversions of reactions after 24 h at 25°C and under
static state, were shown in Fig. 5. When vinyl acetate was 2
mL and n-hexane was 3 mL, the conversion reached a
maximum of 64.5%. When the amount of vinyl acetate was
3 mL and the amount of n-hexane was 2 mL, the conversion
rate reached 74.7%. However, the addition of n-hexane to
the reaction system did not further increase the conversion
of the reaction, as compared with the effect achieved by
directly increasing the amount of vinyl acetate (Fig. 4). It is
obvious that the increase of vinyl acetate also played a role
in reducing the viscosity of the reaction system.

75 Vinyl acetate:cinnamyl alcohol
/ —=— ( 2mL:1.349)
n0r / e ( 3mL:1.34Q)
65 |
S
'S
55|
50 |
45 1 1 1 1 1 1
1 2 3 4 5 6
n-Hexane volume ( mL)
Fig 5: Conversions of transesterification in the bioreactor with

quantity-different n-hexane for 24 h

3.6. Increasing conversion by prolonging reaction time

It was found that the optimum reaction system catalyzed by
absorbent cotton-PFL was consisted of cinnamyl alcohol
1.34 g and vinyl acetate 3 mL. The reaction system was
catalyzed by absorbent cotton-PFL for 24 h at 25 C and
under static state, and the conversion reached 80.0%.
Because of the stability of absorbent cotton-PFL, the
conversion of reaction can be further improved by
prolonging the time of reaction. When reaction time was
prolonged to 48 h, the conversion of the reaction reached
91.0%, as shown in Fig. 6. According to the ability of
substrate transformed in the bioreactor in the first 24 hours,
the conversion of reaction after 48 h should be higher than
91.0%. The reason might be that, at a high conversion, more
by-product acetaldehyde is produced, from acylation reagent
vinyl acetate after it takes part in the transesterification.
Enough of acetaldehyde usually has a competitive inhibitory
effect on lipase activity 1%, which hinders the further
increase of conversion. In the future, a new reaction system
might be designed to eliminate the effect of acetaldehyde on
the enzymatic reaction, and further improve the conversion
in a reaction cycle as short as possible, for practical
application.
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Fig 6: Gas chromatography of reaction system in the bioreactor
after 48 h

4. Conclusion

The green low-energy consumption of reaction process is an
ideal goal pursued by synthetic chemists. The greening of
reaction process is gradually realized by enzymatic catalysis
method because of the selectivity of enzymes, high catalytic
efficiency and mild reaction conditions. If the method of
enzymatic catalysis is improved by reasonable design, and
the high efficiency of enzymatic reaction can be achieved,
even at room temperature and under static condition. That is
to say that the efficiently enzymatic reaction process can
almost be carried out under the condition with almost no
energy consumption. In this paper, taking the synthesizing
edible flavor of cinnamyl acetate as an example, the
absorbent cotton-PFL  bioreactor was prepared by
immobilizing PFL on absorbent cotton fibers in a column
glass bottle, based on the lipase interfacial activity, in which
absorbent cotton was instead of water molecules for the
activation and stabilization of enzyme protein. When the
bioreactor was used to catalyze transesterification reaction
between vinyl acetate and cinnamyl alcohol. It was found
that the absorbent cotton-PFL bioreactor exhibited good
catalytic activity and stability at room temperature and
under static state. The catalytic efficiency of the bioreactor
could be improved by increasing the amount of acylation
reagent or solvent. This is an important exploration on the
low-energy route of enzymatic synthesis of important
organic compounds. The conversion of transesterification in
the absorbent cotton-PFL bioreactor, can reach 80.0% after
24 h and 91.0% after 48 h, respectively, at room temperature
and under static state. Although acetaldehyde, a byproduct
existed in the reaction system, has some effect on the further
improvement of reaction conversion, it can be overcome in
the future research, so as to really realize the green and low
carbonization of the enzymatic synthesis process.
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