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1 INTRODUCTION 

Ethyl phenylacetate is a colorless clear liquid with 
rose scent. It is widely used in food industry, cosmet-
ics industry and tobacco industry. Moreover, it can 
also be applied in the production of barbital hypnotic 
luminal [1, 2]. At present, the acquisition of ethyl phe-
nylacetate is mainly realized by chemical synthesis 
preparation. The chemical synthesis method is to mix 
phenylacetic acid and ethanol in concentrate sulfuric 
acid or rare earth compound for the esterification reac-
tion under catalyst effect. Although this esterification 
reaction is simple, phenylacetic acid which is the raw 
material in the reaction needs to be obtained through 
the hydrolysis of phenyl acetonitrile or phenyl acet-
amide. In the reaction, phenyl acetonitrile comes from 
the reaction of phenmethyl halide and sodium cyanide. 
Both the raw materials and the intermediates are vio-
lent in toxicity which will not only make it harder to 
separate, but will also affect the application range [3] of 
the product in security considerations. Natural ethyl 
phenylacetate can also be obtained by extracting natu-
ral essential oil or through biotransformation. The raw 
materials of natural essential oil are limited with high 
cost, and thus are unfit for industrial production and 
application. As the source of the reaction precursor in 
microorganism biotransformation is natural and 
abundant, the method of transforming microorganisms 
into natural ethyl phenylacetate has a broad applica-
tion prospect [4]. 

The microbial transformation used in ethyl phe-
nylacetate production is shown in Figure 1. Through 
the Ehrlich path inside the yeast cells, transform the 
L-phenylalanine into phenylacetaldehyde by transam-
ination and decarboxylation. And then, generate phe-
nylacetic acid by the function of NAD(P)+ aldehyde 

dehydrogenase. The exogenouos replenished ferment 
ethanol will transform phenylacetic acid and ethanol 
into ethyl phenylacetate[5, 6] through esterification and 
with the effect of cell esterifying enzyme. The key 
parts of the biotransformation approach are the oxida-
tion process from phenylacetaldehyde to phenylacetic 
acid and the esterification reaction of phenylacetic 
acid and ethanol. Therefore, the key of biotransfor-
mation is to find the microorganisms catalyzed by 
these two enzymes.  

This paper applies the hansenula anomala including 
esterifying enzyme and NAD(P)+aldehyde dehydro-
genase genes with its mutated high-yield phenylacetic 
acid bacterial strains to screen for the phenylacetic 
acid tolerance and the esterifying enzyme activity of 
these bacterial strains, so as to find the high-yield 
bacterial strains with an industrialization prospect. 
Moreover, this paper aims to further improve the ethyl 
phenylacetate production ability of the initial bacterial 
strains by optimizing the biotransformation conditions 
of phenylacetic acid and ethyl phenylacetate. 

2 MATERIALS AND METHODS 

2.1 Bacterial Strains 

The hansenula anomala (CICC 31006, HA) was 
bought from China Center of Industrial Culture Col-
lection (CICC). The mutagenic bacterial strains of 
HA03 HA07 HA11 HA14 and HA17can be obtained 
from the initial bacterial strain HA through the muta-
genic screening (nitrosoguanidine and γ-rays com-
pound mutation) conducted in the laboratory. These 
five mutagenic bacterial strains contain stronger phe-
nylacetic acid production ability of the initial bacterial 
strain.  
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2.2 Culture Media 

(1)Solid culture media: glucose 10 g/L, peptone 3 g/L, 
yeast extract 3 g/L, K2HPO4 5g/L, MgSO4 5g/L, NaCl 
1 g/L, agar 20 g/L, pH7.0 and sterilization with the 
temperature of 121°C lasting for 20 min. 

(2)Seed culture media: glucose20 g/L, peptone 3 
g/L, yeast extract 3 g/L, K2HPO4 5g/L, MgSO4 5g/L, 
NaCl 1 g/L, pH7.0, sterilization with the temperature 
of 121°C lasting for 20 min. 

(3)Biotransformation culture media: glucose 20 g/L, 
peptone 3 g/L, yeast extract 3 g/L, K2HPO4 5 g/L, 
MgSO4 5 g/L, NaCl 1 g/L, L-phenylalanine2 g/L, the 
packing volume of the culture media should be 50mL 
in each triangular bottle with volume of 250mL, and 
sterilization with the temperature of 121°C lasting for 
20 min(phenylalanine should have filter sterilization
alone). 

2.3 Experimental Methods 

2.3.1 Screening Experiment for the Tolerant Bacteri-

al Strains of Phenylacetic Acid 

Put the six hansenula anomala strains mentioned 
above into solid culture media with temperature of 
28°C and keep the cultivation for 48 hours. Select 
single colonies and inoculate them into the test tubes 
containing 5mL of seeds with temperature of 28°C. 
Manage shaking culture at speed of 220 r/ min for 12 
hours until the logarithmic period comes. Use blood 
counting chamber to accurately count the number of 
saccharomycetes. Take 1×107 cells/mL as the inocu-
lum size to respectively insert 2-phenylacetic acid 
with different quality concentrations (0 g/L, 0.5 g/L, 1 
g/L, 1.5 g/L and 2g/L) into the culture media. Remain 
the temperature at 28°C and maintain the shaking 
culture at speed of 220 r/min for 48 hours in order to 
measure OD600.

2.3.2 Screening of Hansenula Anomala with High 

Esterifying Enzyme Activity 

Put the seed culture media of the six hansenula 

anomala strains mentioned above in the biotransfor-
mation culture media by the same cell population for 
cultivation (28°C, 220 r/min). Take samples once in 
every 12 hours. Manage centrifugation in
low-temperature refrigerated centrifuge at speed of 
4000 r/min with temperature of 4°C. Maintain the 
centrifugation for 20 minutes to complete precipitation. 
The resultant supernate is crude enzyme fluid. Put the 

crude enzyme fluid in refrigerator and maintain the 
temperature at 4°C. The activity of the esterifying 
enzyme is to be tested.  

2.3.3 Optimization of Phenylacetic Acid Production 

Conditions 

Inoculate the screened phenylacetic acid with strong 
tolerance and the bacterial strains with high esterifying 
enzyme activity in the culture media. Maintain the 
temperature at 28°C and conduct the shaking culture 
at speed of 220 r/min for 12 hours until the logarith-
mic phase comes. Change over the resultant product in 
the biotransformation culture media. During the ex-
periment, FeCl3 should be added into the culture me-
dia (0 g/L, 0.05 g/L, 0.1 g/L, 0.3 g/L and 0.5g/L); the 
temperature should be adjusted (26°C, 28°C, 30°C, 
32°C and 34°C); the pH value should be varied (4, 5, 
6, 7, and 8); and the rotational speed should be 
changed (160rpm, 180rpm, 200rpm, 220rpm and 
240rpm). Study the impacts that the procedures men-
tioned above have on the production of phenylacetic 
acid.  

2.3.4 The Phenylacetic Acid and Ethanol were Cata-

lyzed by Esterifying Enzyme in the Ethyl Phe-

nylacetate Produced 

Cultivate the screened hansenula anomala in the seed 
culture media for 48 hours (28°C and 220r/min). Add 
1g/L phenylacetic acid and 0.5g/L ethanol in a direct 
exogenous way. Study the optimal esterification con-
dition of producing ethyl phenylacetate by hansenula 

anomala esterifying enzyme. Maintain the cultivation 
for 24 hours and takes samples to determine the con-
tent of ethyl phenylacetate.  

In the optimized generation conditions of phenyla-
cetic acid and ethyl phenylacetate mentioned above, 
compare the final ethyl phenylacetate production 
volumes and the precursor L-phenylalanine use ratios 
of the initial bacterial strains HA and the screened 
bacterial strains.  

2.4 Analytical Method 

2.4.1 Determination of Esterifying Enzyme Activity
 [7]

Take 10mL cyclohexane, 3.65 ml ethanol, 6.25 ml 
caproic acid (add 30g anhydrous sodium sulfate to 
every 500ml of all reagents) and 0.2 ml enzyme fluid. 
The esterification reation should be conducted in an 
airtight conical flask with volume of 100 ml. The re-
action temperature should be set as 36°C. After 24 

Figure 1. Ethyl Phenylacetate Production by Microbial Transformation
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hours, take 0.5ml supernate in a conical flask with 
volume of 50 ml. Add 5 ml water with 2 drops of 
phenolphthalein, and use NaOH with density of 0.05 
mol/L to accomplish the titration up to the terminal 
point. And then, determine the consumption of caproic 
acid. The definition of enzyme activity unit is given as 
follows: in the determination condition, the amount of 
enzyme needed in consuming l μmol caproic acid
every minute is 1 enzyme activity unit.  

2.4.2 Determination of the Content of Phenylacetic 

Acid and Ethyl Phenylacetate
 [8]

Take 5mL culture solution and add it into the 5mL 
dichloromethane. Repeat the shaking step for several 
times. Place the fluid still until the oil phase is sepa-
rated. Repeat the above extraction process for three 
times. Combine the extract liquor and filter it through 
0.45um Millipore filter for further test.  

The chromatographic condition for the determina-
tion of phenylacetic acid content by high performance 
liquid chromatography: the model of the chromato-
graphic column is XDB-C18(250 mm×4.5 mm, Ag-
ilent); the mobile phase is methyl alcohol: water =7:3; 
the flow rate is 1mL/min; and the sample size is 10uL. 
Apply the external standard method for standard phe-
nylacetic acid to determine the standard curve of phe-
nylacetic acid content. Measure the ethyl phe-
nylacetate by the gas chromatographic method. The 
determination condition is that the model of the chro-
matographic column should be HP-5 (30 m × 0.32 mm 
× 0.25 μm, Agilent) and the temperature at the sample 
injection port should be 250°C. The initial temperature 
of the temperature programming should be 30°C. The 
temperature should be maintained for 5 minutes. And 

then, the temperature will rise to 130°C with a rate of 
4°C /min. At last, the temperature will rise to 250°C 
with a rate of 10°C /min. The flow rate of carrier gas 
(nitrogen) is 1.0mL/min. Take the external standard 
method quantity of standard ethyl phenylacetate as the 
standard curve.  

3 RESULTS AND DISCUSSION

3.1 Screening of the Bacterial Strains with Phenyla-

cetic Acid Tolerance and High Esterifying En-

zyme Activity 

Put six hansenula anomala strains into the culture 
media with different phenylacetic acid concentrations. 
Maintain the cultivation for 48 hours and see the re-
lated OD600 in Figure 2. The results show that the 
increasing of phenylacetic acid addition can lead to 
enhanced growth inhibition effect on yeast. 1.0g/L 
phenylacetic acid can inhibit the growth of more than 
half of the hansenula anomala. After adding 1.5g/L 
phenylacetic acid, the growth of yeast can be almost 
completely inhibited. According to the results shown 
in the figure, it can be seen that HA07 mutagenic bac-
terial strain and HA14 mutagenic bacterial strain can 
present better phenylacetic acid tolerance. The selec-
tion of the bacterial strains with strong tolerance will 
not only improve the content of phenylacetic acid 
which is the intermediate product of the ethyl phe-
nylacetate production process; but will also further 
improve the conversion of ethyl phenylacetate. 
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Figure 2. The 48-hour Cultivation of the six Hansenula Anomala Strains in the Culture Media with different Phenylacetic
Acid Concentrations for the Determination of OD600
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Apply the six hansenula anomala strains in the bio-
transformation culture media to determine the curve of 
esterifying enzyme activity. See the results in Figure 3. 
According to the results shown in the figure, it can be 
seen that the esterifying enzyme activity can reach its 
highest value when the six hansenula anomala strains 
have been cultivated in the biotransformation culture 
media for 48 hours. The highest esterifying enzyme 
activity of the initial bacterial strain HA is 7.5U/mL. 
The mutagenic strain HA 14 and HA17 of the initial 
bacterial strain HA can have much enhanced esterify-
ing enzyme activity. Compared with the esterifying 
enzyme activity of the initial bacterial strain, the es-
terifying enzyme activity of HA14 and that of HA17 
can be greatly improved by 49% and 42% respectively. 
However, the esterifying enzyme activity of the HA07 
bacterial strain that has phenylacetic acid tolerance 
can decline by 9% compared with that of HA. The 
production of ethyl phenylacetate through biotrans-
formation mainly includes the generation process off 
phenylacetic acid and the esterification of ethyl phe-
nylacetate. It takes the tolerance of bacterial strain and 
the activity of its esterifying enzyme into comprehen-
sive consideration. Select HA14 bacterial strain as the 
study bacterial strain of ethyl phenylacetate produc-
tion and start the optimization of the production con-
dition.  

3.2 Phenylacetic Acid Production through Biotrans-

formation 

Inoculate the HA14 bacterial strains with strong phe-
nylacetic acid tolerance and high esterifying enzyme 
by the same inoculum size in the biotransformation 
culture media. Study the optimization accomplished 
by the changes in pH, rotating speed, FeCl3 concentra-

tion and biotransformation temperature of the bio-
transformation culture media. See the results in Figure 
4 (A-D). The neutral meta-acid pH in the initial bio-
transformation culture media is the optimum condition 
for phenylacetic acid production. The improvement in 
the cultivation rotating speed of the biotransformation 
culture media can improve the activity of NAD(P)+ 

aldehyde dehydrogenase, so as to further improve the 
production of phenylacetic acid. Temperature varia-
tion has little influence on the phenylacetic acid pro-
duction through biotransformation. The addition of 
FeCl3 can change the oxidizing condition of the cul-
ture media. The production of phenylacetic acid with 
0.1g/L FeCl3 can be improved by 62% compared with 
that of the phenylacetic acid without FeCl3. 

The initial culture media pH obtained from the 
phenylacetic acid production through biotransfor-
mation is 6. Add 0.1g/L FeCl3, and control the bio-
transformation conditions: temperature should be 
28°C; the shake cultivation at speed of 220rpm should 
be lasted for 48 hours; the accumulated concentration 
of phenylacetic acid can reach 754mg/L; and the mo-
lar conversion of L-phenylalanine can reach 0.92. 

3.3 Natural Ethyl Phenylacetate Production via Bio-

transformation  

After cultivating the HA14 yeast in the seed culture 
media for 48 hours, add 1g/L phenylacetic acid and 
0.5g/L ethanol. Study the optimum temperature and 
the optimum pH value in the ethyl phenylacetate gen-
eration accomplished by the esterifying enzyme of the 
hansenula anomala. See Figure 5 for the results. The 
acidic condition when pH is 5 is the optimal condition 
to generate ethyl phenylacetate via the esterifying 
enzyme of the hansenula anomala. When ethyl phe-
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Figure 3. The Esterifying Enzyme Activity Curve of six Hansenula Anomala Strains
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nylacetate production is realized by biotransformation, 
adjust the temperature from 28°C to 31°C after the 
phenylacetic acid production is completed, so as to 
improve the production of ethyl phenylacetate.  

The method to produce ethyl phenylacetate via bio-
transformation is as follows: add 0.1g/L FeCl3 in the 
biotransformation culture media. Keep the initial pH 
value as 6.0; maintain the temperature at 28 ; and
retain the rate at 220rpm. After 48 hours of cultivation, 
add 0.5g/L ethanol and adjust the pH value to 5. Im-
prove the biotransformation temperature until it 
reaches 31 . Continue the cultivation for 24 hours. 

Under the biotransformation condition, compare the 
generation situations of ethyl phenylacetate in HA 
bacterial strain and HA14 bacterial strain. See Table 1 
for the related results. The results show that when the 
cultivation lasts for 48 hours, the concentration of the 
mutagenic HA14 strain is improved by 63% compared 
with that of the initial bacterial phenylacetic acid. 
When the cultivation lasts for 72 hours, the ethyl phe-
nylacetate concentration of the HA14 bacterial strain 
is improved by 71% compared with that of HA bacte-
rial strain. 

Figure 4. Conditions of Optimizing the Biotransformation for Phenylacetic Acid Production by Four Factors

Note: A, pH (3, 4, 5, 6 and 7); B, rotating speed (160rpm, 180rpm, 200rpm, 220rpm and 240rpm); C, FeCl3
(0, 0.05g/L, 0.1g/L, 0.15g/L and 0.2g/L); D, temperature (26°C, 28°C, 30°C, 32°C and 34°C).

Table 1. Production of Ethyl Phenylacetate via the Biotransformation of HA and HA14 Bacterial Strains

Bacterial strain Concentration of Phenylacetic 

Acid(48h, mg/L)

L-Phe Molar 

Conversion(mol/mol)

Concentration of Ethyl 

Phenylacetate(72h, mg/L)

HA 464±12 0.91 505±13

HA14 754±16 0.92 864±14
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4 CONCLUSIONS 

The study of this paper takes natural L-phenylalanine 
as the precursor. It studies the phenylacetic acid pro-
duction through the transminase, decarboxylase and 
aldehyde dehydrogenase functions. By exogenously 
adding ferment ethanol in the culture media, the pro-
duction of natural ethyl phenylacetate can be accom-
plished by the biotransformation under esterifying 
enzyme function. The whole biotransformation pro-
cess selects the Hansenula Anomala containing the 
expression of these enzymes as the microorganisms of 
the biotransformation. By optimizing the generation 
condition of phenylacetic acid and the esterification 
condition of esterifying enzyme, the final mutagenic 
bacterial strain HA14 can generate ethyl phenylacetate 
with volume of 840mg/L within 72 hours of cultiva-
tion. The conversion rate of L-phenylalanine and the 
use ratio of phenylacetic acid can reach 92% and 95% 
respectively.  
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