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Lipase-catalyzed synthesis of phytosterol esters has the advantages of mild reaction conditions and
high product purity and yield. However, the activity and stability of enzymes in a non-aqueous
phase are generally lower than in an aqueous phase. In this study, a highly efficient synthesis of
phytosterol esters was established by using immobilized lipase on a macroporous resin as the cata-
lyst and adding the analogues of lactose during the enzyme catalyzed reaction. In order to facilitate
the application of the esterification of phytosterol, the lipases and solvents were screened and the
conditions were optimized. In addition, the quantity and type of carbohydrates were investigated,
which indicated that immobilized Candida rugosa lipase on NKA (NKA-CRL) was the best catalyst.
With a molar ratio of lauric acid to phytosterol of 2, 7.5% enzyme protein added and the reaction
carried out at 40 °C in n-hexane, the esterification rate reached 96.6% after 10 h, and the esterifica-
tion rate was still above 85.0% after six recycles.

© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.

Published by Elsevier B.V. All rights reserved.

1. Introduction

Phytosterol, which is a mixture of §-sitosterol, stigmasterol,
and campesterol, is a natural medically active substance ex-
tracted from plants. Due to a similar chemical structure to cho-
lesterols, phytosterols can effectively reduce the levels of total
cholesterols and low density cholesterols in blood [1,2], and
they are also anti-viral and can be used for anti-inflammatory
fever and preventing cancer. Consequently, there are broad
possible applications for phytosterols in the fields of pharma-
ceuticals, health products, and cosmetics [3]. However, poor
solubility in water and fat drastically limits these applications
of phytosterols [4]. Phytosterol esters, made by the esterifica-
tion of the C-3 hydroxy of phytosterol with fatty acids, have the
advantage of better lipid solubility than phytosterols. More
importantly, they can be hydrolyzed in the human body and
possess the same physiological activity as phytosterols [5].

Phytosterol esters are mainly synthesized by chemical and
enzymatic methods. The latter has the advantages of mild con-
ditions, high conversion rate, and no side reactions [6-8]. Li-
pase-catalyzed esterification and transesterification are gener-
ally carried out in a non-aqueous phase, mainly in an organic
solvent. In general, the catalytic activity and stability of en-
zymes are lower than those in an aqueous phase, leading to low
esterification rates, long reaction time, and high costs of the
enzymatic synthesis of phytostanol esters [9,10]. Immobiliza-
tion can increase resistance to the organic solvent as well as the
catalytic efficiency of an enzyme in the non-aqueous phase and
also decrease costs by the reuse of the catalyst [11,12]. Yao et
al. [13] employed an immobilized lipase, Novozyme 435, to
catalyze the esterification of phytostanols and lauric acid in
hexane, but the esterification rate was only 36.5%. Zheng et al.
[14] immobilized Candida rugosa lipase on the modified surface
of magnetic nanoparticles, and the yield of phytosterol ester
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was increased to 93.5%. More important, the esterification rate
was maintained at about 80% after 5 recycles. However, the
preparation of the immobilized enzyme was complicated, and
its stability can be further enhanced.

It is widely recognized that trace water is prerequisite to
provide the enzyme molecules with the flexibility for enzymatic
catalysis in a non-aqueous phase, so covalent modification of
the lipase surface by attaching amphiphilic macromolecules has
been performed by some researchers to improve enzymatic
activity and stability in non-aqueous phases [15,16]. Carbohy-
drates, which contain plentiful hydroxyls and have stronger
water-holding capacity as well as biocompatibility with en-
zymes, are often used to decorate the free enzyme [17]. How-
ever, the harsh reaction conditions needed and the changes in
the structure of the enzyme molecules caused irreversible loss
of enzymatic activity during the modifying processes. In this
study, common macroporous resins used in industrial applica-
tions were used for lipase adsorption, and the replenishment of
carbohydrates during the esterification of phytostanols cata-
lyzed by the immobilized lipase in a non-aqueous phase was
used to further improve the catalytic activity of lipase and es-
tablish a simple and efficient method for the synthesis of phy-
tosterol esters.

2. Experimental
2.1. Preparation of immobilized lipase

Macroporous resins, NKA and AB-8, provided by Nankai
University Chemical Plant, and LX-1000HA, produced by Lan-
xiao Science and Technology Ltd., were pretreated according to
the instructions provided by the suppliers. An amount of lipase,
either Candida rugosa lipase (CRL, Sigma-Aldrich), porcine
pancreas lipase (PPL, Sigma-Aldrich) or Candida sp. 99-125
lipase (CSL, Beijing CTA New Century Biotechnology Co., Ltd.)
was dissolved in a phosphate buffer of pH 5.0 by stirring at 4 °C
for 30 min to obtain an enzyme solution with the concentration
of 4 mg/ml. Then, the solution was centrifuged at 4 °C and 1000
r/min for 5 min. The supernatant was mixed with 0.1 g of the
pretreated macroporous resin. After adsorption at 30 °C for 2 h,
the immobilized lipase was collected by suction filtration and
washed using 5 ml of the phosphate buffer of pH 5.0. After that,
the immobilized lipase was immersed in a small amount of the
phosphate buffer of pH 7.5 for 1 min, followed by suction filtra-
tion again. Finally, the immobilized lipase was dried by vacuum
drying at 30 °C for 48 h, and the conformation of the lipase was
adjusted to its optimum using the “pH memorability” of the
enzyme. The immobilized lipases were abbreviated according
to the type of lipase and support, namely, NKA-CRL, NKA-PPL,
NKA-CSL, AB-8-CRL, AB-8-PPL, AB-8-CSL, HA-CRL, HA-PPL, and
HA-CSL, respectively.

2.2. Synthesis of phytosterol esters
The acyl donor, 0.2-0.8 mmol of lauric acid (AR, Sinopharm

Chemical Reagent Co., Ltd.), was mixed with 0.2 mmol of phy-
tosterol (Total content of 92.1%, consisted of 44.7%

p-sitosterol, 23.4% stigmasterol, and 24.0% campesterol,
Zhejiang Davi Biochemistry Co., Ltd.), 2 ml of reaction solvent,
and 0.1 g of NKA-CRL or another kind of lipase in a flask.
Deionized water (4 pl) or a sugar solution was added, and the
whole system was placed in a shaker controlled at different
temperatures for 2 h. Then, 0.5 g of 4 A molecular sieve was
added to absorb excessive water. After the reaction, the immo-
bilized lipase was collected by filtration, and the filtrate was
further treated through a filter membrane of 0.22 um before
analysis by a gas chromatograph (Agilent 6890) using a
DB-5HT capillary column (15 m x 0.32 mm x 0.10 um) and N2
as the carrier gas. The column temperature was held at 180 °C
for 1 min, heated to 350 °C at 10 °C/min, and maintained for 3
min. The FID detector and injector temperatures were both set
to 350 °C. The phytosterol content was obtained by the peak
area normalization method. The esterification rate was calcu-
lated by esterification rate = (1-(W2/W1)) x 100%, where W1
and W2 were the contents of phytosterol before and after the
esterification reaction, respectively.

3. Results and discussion
3.1. Effect of reaction solvent

The reactions were carried out with 0.1 g of NKA-CRL and 4
ul of deionized water at 40 °C for 16 h, with the molar ratio of
lauric acid to phytosterol as 2, in 2 ml of different organic sol-
vents. The esterification rates are shown in Fig. 1.

It was found in our previous work that phytosterol is com-
pletely dissolved in dichloromethane and its solubility in
weakly polar solvents, such as 2-methyl-2-butanol (2M2B) and
methyl tert-butyl ether (MTBE), was higher than in toluene and
n-hexane, which are both non-polar solvents. In addition, the
immobilized lipase on the macroporous resin floated on the
surface of dichloromethane, which reduced enzyme contact
with the substrate. Moreover, the hydrated layer and the es-
sential water of the lipase may both be lost in dichloromethane
due to its low hydrophobic constant (logP = 1.25). For the same
reason, the catalytic activity of immobilized lipases in 2M2B
(logP = 1.00) and MTBE (logP = 1.19) was not ideal as well.
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Fig. 1. Effect of solvent on the esterification of phytosterols acetate. (1)
Dichloromethane; (2) Toluene; (3) 2-Methyl-2-butanol; (4) Methyl tert-
butyl ether; (5) n-Hexane.
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Table 1
Immobilization of CRL on different macroporous resins.

. Loading amount Protein Specific Enzyme
Immobilized . o
lipase of protein  recovery  enzyme activity

(mg/g) (%)  activity (U/g) recovery (%)
NKA-CRL 4.8 84.0 83.0 81.5
AB-8-CRL 4.5 80.0 75.5 74.0
HA-CRL 1.3 22.6 281 21.2

Indeed, phytosterol is neither completely dissolved in toluene
(logP = 2.39) nor n-hexane (logP = 3.87), but it continues to be
dissolved into the solvent as previously dissolved phytosterol is
esterified and catalyzed by lipase. As a result, there was no
solid substrate in the later stage of the enzymatic reaction. Be-
cause logP of n-hexane is closer to 4, which is the optimum
value for lipase catalysis [9], it rather than toluene or n-hexane
was chosen as the solvent.

3.2.  Effect of support and lipase

With CRL as the catalyst, under the same conditions, the re-
sults of lipase immobilization on different macroporous resins
are shown in Table 1. Because the lipase and support were both
varied, different immobilized lipases with equal enzyme pro-
tein content were employed as catalyst to synthesize phy-
tosterol esters. The results are shown in Table 2.

The enzyme activity recovery and protein recovery are re-
ported as the percentages of enzyme activity and protein con-
tent of the immobilized enzyme of that of the free enzyme. The
enzyme activity recovery and the protein recovery of HA-CRL
were both obviously less than those of NKA-CRL and AB-8-CRL.
This was mainly because the specific surface area of
LX-1000HA was only 170 m2/g, while those of NKA and AB-8
were 590 and 520 m2/g, respectively. According to another
literature report, a hydrophobic support can further improve
the activity and stability of immobilized lipase [18]. AB-8 and
LX-1000HA were both weakly polar, but NKA was a typical
nonpolar support. As shown in Table 1, if only the immobilized
results were considered, NKA would be the best choice.

As shown in Table 2, among the three lipases used, the es-
terification rates of phytosterol catalyzed by CRL were better
than PPL and CSL in both the free and immobilized forms, and
were even better than Novozyme 435, which was already an
immobilized lipase. Thus, CRL is more suitable for the catalytic
synthesis of phytosterol ester. After immobilization, the activity
of CRL to catalyze the syntheses of phytosterol esters was all
improved by different degrees. Among them, the esterification

Table 2

Activity of immobilized lipases in the esterification of phytosterol.
Lipase Esterification (%) | Lipase Esterification (%)
NKA-CRL 96.6 HA-PPL 28.9
NKA-PPL 32.6 HA-CSL 21.2
NKA-CSL 26.8 Novozyme 435 324
AB-8-CRL 85.3 CRL 42.7
AB-8-PPL 30.2 PPL 29.3
AB-8-CSL 23.4 CSL 15.6
HA-CRL 73.5

rate of phytosterol catalyzed by NKA-CRL reached 96.6% in the
organic media. Therefore, NKA-CRL was chosen as the catalyst
in the following experiments.

3.3.  Effect of reaction temperature and substrate ratio

On the basis of research above, the reactions were carried
out using the molar ratio of lauric acid to phytosterol from 1 to
4 and at 30-50 °C. The results are shown in Fig. 2.

The reaction temperature has a large influence. Raising the
temperature reduces the viscosity of the reaction liquid and
decreases mass transfer resistance, but the high temperature
can deactivate the enzyme. As shown in Fig. 2, the optimal
temperature was 40 °C for this reaction system. In principle,
there is already complete esterification when the mole ratio of
lauric acid to phytosterol is 1. However, increasing the acyl
donor would promote the enzyme-catalyzed reaction into the
direction of ester synthesis, and the residual acid can be reused
after separation from the reaction system. As shown in Fig. 2,
when the mole ratio of lauric acid to phytosterol was increased
form 1 to 2, the esterification rate showed significant im-
provement. However, the esterification rate decreased when
the ratio was more than 3. Too much acid inhibits the lipase
and makes the separation and purification of products difficult.
Therefore, the mole ratio of lauric acid to phytosterol was 2 in
the following experiments.

3.4. Effect of different additives

On the basis of the above research, the effect of adding dif-
ferent carbohydrates, such as lactose, trehalose, maltose, and
sucrose (all at 5% of the quantity of enzyme protein), during
the catalytic process on the esterification of phytosterol was
investigated. The results are shown in Fig. 3.

The CRL purchased from Sigma contained 38% of lactose,
and the removal of the lactose always led to decreased catalytic
activity and stability of CRL [17]. It was found in our previous
work that lactose, which is a micromolecular disaccharide,
cannot be adsorbed by macroporous resins. This means that
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Fig. 2. Effects of temperature and molar ratio of lauric acid to phy-
tosterol on the esterification of phytosterol. (1) 1; (2) 1.5; (3) 2; (4) 3;
(5) 4.
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Fig. 3. Effect of additive on the esterification of phytosterol. (1) Treha-
lose; (2) Maltose; (3) Lactose; (4) Without additive; (5) Sucrose.

CRL would lose the protection of the carbohydrate when the
lipase was immobilized. In the reaction system of this study, the
aqueous solution of lactose or its analogue was attached to a
site-directed area of the lipase surface, which was generally
hydrophilic and far from the active site due to the expulsion
from the hydrophobic solvent (with a high LogP value). As a
result, the immobilized lipase was protected by the additive.
Figure 3 indicates that although sucrose gave a negative effect,
the other additives all promoted the esterification of phy-
tosterol. The highest promotion effect was produced by treha-
lose. The carbohydrates chosen as additives in this study were
all the analogues of lactose, which possessed almost the same
chemical structure and water binding capacity, but have no
homogeneous effects. Trehalose, however, can form a glassy
state in and around the enzyme molecules, especially near the
active sites of the enzymes [19], so that the higher activity and
stability of the lipase were preserved in the non-aqueous
phase.

3.5.  Effect of additive dosage

On the basis of the research above, the reactions were car-
ried out with the dosage of trehalose varying from 2.5% to 10%
of the quantity of the enzyme protein. The results are shown in
Fig. 4.

The enzyme has to combine with a small amount of water in
order to meet the requirement for conformational changes
during the catalytic process in a non-aqueous phase. The water
binding capacity of the native lipase is normally deficient, but it
can be modified by adding an aqueous solution of carbohydrate
with different concentrations. If the amount of carbohydrate
was insufficient, the catalytic ability of the lipase would be lim-
ited to be low because of a shortage of combined water. In con-
trast, the esterification rate can be decreased by the hydrolysis
of phytosterol esters when too much water was combined onto
the lipase molecule. In addition, excess carbohydrates can oc-
cupy the limited inner space of the porous support and increase
the resistance to mass and energy transfer during the catalytic
process of the immobilized lipase. As shown in Fig. 4, the addi-
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Fig. 4. Effect of the amount of trehalose on the esterification of phy-
tosterol. (1) 2.5%; (2) 5%; (3) 7.5%; (4) 10%.

tion of trehalose in only 7.5% of the total quantity of enzyme
protein reduced the time to reach 96% esterification from 16 h
to 10 h.

3.6. Stability of the immobilized lipase

Under the optimum conditions, NKA-CRL was employed to
catalyze the esterification of phytosterol. The results with and
without the addition of trehalose are both shown in Fig. 5.

Because of the insolubility of lipase in the organic solvent,
leakage of physically adsorbed lipase is unlikely in this reaction
system, which resulted in 81.5% esterification rate after five
recycles. However, there is inevitable diminution in the catalyt-
ic activity of lipase if it was incubated in an organic medium for
a long time. As described above, the aqueous solution of treha-
lose can be attached to the site-directed area of the hydrophilic
surface, leaving the active site of the lipase to the hydrophobic
solvent and substrates in this hydrophobic system. Conse-
quently, building a large hydrated layer around the hydrophilic
surface of lipase can segregate the enzyme molecule from the
organic solvent and make the catalytic activity and stability of
the immobilized lipase outstanding. With the addition of treha-
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Fig. 5. Stability of NKA-CRL with trehalose(1) and without additive(2).
The maximum reaction time with trehalose and without additive was
10 hand 16 h, respectively.
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The high-efficiency esterification of phytosterols was catalyzed by
immobilized lipase in organic media and supplemented by the
aqueous solution of trehalose during the enzymatic process.

Hydrophobic solvent

lose, the esterification rate was still 85.1% after five recycles.
Moreover, it could return to 96.5% when the reaction time was
prolonged to 14 h. The probable reason for the slightly lower
activity of the enzyme with recycling was the unavoidable de-
crease in the amount of immobilized lipase in the continuous
operation. It is noted that because only 4 pl of the sugar solu-
tion was added to 2 ml of the reaction system, this method al-
most does not have any increase in production cost. In princi-
ple, this method can also be used in other enzymatic processes
in a non-aqueous phase.

4. Conclusions

The method of adding an aqueous solution of carbohydrate
during an enzymatic process in an organic medium was used to
improve the activity and stability of the enzyme. On the basis of
this strategy, phytosterol esters were successfully synthesized
in n-hexane when catalyzed by immobilized CRL on the
macroporous resin NKA. The many advantages of the process,
such as high esterification rate, high enzyme stability, and no
toxic byproduct, give it good potential for industrial applica-
tions.
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NKA-CRL, NKA-PPL, NKA-CSL, AB-8-CRL,AB-8-PPL,
AB-8-CSL, HA-CRL, HA-PPLHIHA-CSL.
22. HEYEBEEEINE K

1200.2-0.8 mmol J H:f2 (43 #r ki, [ 2438 711)) 4y 1k L A1t
4, 550.2 mmol #i 4 £ i (&l 2 5£92.1%, Ho -4 5
44.7%, {117 23.4%, > S 19 24%, Wil Kok Zib A7 IR
AT, 2 mlR N FIFI0.1 g NKA-CRLER 5 22 il 25 117
e A ) PR EL e I U o A B 1 = AR TR AT JE A I
pul 25 B K BN [V FE (PR o, T AN IR RSN A 1E
FEIRH N2 i, IINO.5 g4 A%y 19 LL 25 B s B A=
FSIRI L B K. S 485 RS, ek RS [ e 1 AR s g,
£60.22 um AT HLAH B8 Skl 38 5, HEA0H (4 3% 4% (Agilent
6890) I & FE W) S BEM F AR, Bl T &
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No; #6925 4 FID, 350 °C; {4k %350 °C; {5 it A1 4
DB-5HT (15 m x 0.32 mm x 0.10 pum); £ = i, /£ 180 °C
#E£F1 min, LL10 °C/minJt i %2 350 °C - 4 £ 3 min. 18
Tk U TR A — AT SR A B R B, e A g A e
b = (1 - (Wo/W1))x100% 1+ 55, =X W A s A4 s 3 i
A ZR PR (5 B 1, Wk IR SR Jis A 3R R AL ) £ 1

Pt
3. HR5WH

31 REZETIEIRN

A2 milAS [R5 (0 A L 750 8 S N A I, 44 H R
1% 55 R4 55 RE PR SR LU R 2, LLO.1 gfFINKA-CRL A fiE AL 5],
PL4 pl 228 1K AR N, 40 °C e %16 hJ, Bisth % 40 el
7.

WEFUR L, FEP S A — 0T e T R i B 3ROK
M 7E2- F -2 T T (2M2B) Fl S B0 T 2L lif(MTBE) 45 54
AR A 5 7] T P R P AR v T R RN E b S AR M
BURE . AR SEEG rh A 6 5 10 D FLARY R [ e A4 g 0 il
T T AR E PR, AR M R T I e AL S TR
Pty JLA. tbAh, ZSUTEE K H # (logP = 1.25)%%
IS, TR IR B I i R 7K A 2, 380 <5 il A A Ak i 1 6 5
K. TEEE, [ 2 AR A (E2M2B (logP = 1.00) FIMTBE
(logP = 1.19) " P ME AR I F A BRAR. Frim A B4
B I AR AN B SC A I AR T K (logP = 2.39) AT IE bt
(logP = 3.87), {H B i fift 55 [ W 1 B 2514, R0 5 I
AN T 00 A R 1D e A, I ST S b 26
JERAIEAATAE.  1E CUGEAH L FF R S B0 R s it 5
VR KPR BB K (f i logP =~ 4)1, PRIk e LA R 5T A
TEFRIE ek I N ).

32. FIASEEREERIEIG

PACRL A, AH [ 45 4T AN [) LA I xt g 107 e F
] 52 AR W R LT A, FR T 0 S R R R R B8 AN
SRR, 43 500l LA £k £ 5 B AH 45 0 AN )0 28 1 i e e
T AR ) £ I, &5 R an=R 2 41,

P 175 7 B S 23 Rl 1 RS 4 Ay 1 8 1 ]
ATt %) 055 g R o e 3 1) gk 11 R g [ A IR T BN
JiFE P2 T () ) AN B R 2 b HA-CRLIFI
W0 g A B R 3 W) /N T NKA-CRL A
AB-8-CRL, iX = 2L Ky LX-1000HATH) Ll 2 4 170
me/g, T NKAFITAB-8 ) L 3 i B ] 43 5] 55 1A 590 1520
me/g. i SCHR[A84RIE, Bk Pk (3 A mT 3k — 048 w2
05 7 8 1 e £ 9% 1 R AR 2 7. AB-8FILX-1000HA )

59 PEBAA, NKANA AR PR SR, 1R, anik
AL 5 A0 A, Ny o i B P ] 5 A 234

W21 51, 51U 125 0[] 5 1 70 =X 1) =l g 7 g,
¥ 02 CRLAE AL A SO ) 5 B 16 R0 280 SR 4 1 TR o X
PPLAICSL. Novozyme 43524 U [ifl 52 14 1) 7 i A 10 T,
Ui 125 CRL T 14 1) J IV 1) 16 4k 26 L 28 1 T Novozyme
435, 1t B CRLE A & & FH T A6 A5 SR 40§55 B i, 1 48
[ 52 X J5 , CRLAEAL A U ) 15 I 16 1) 68 14T AN [l R
FERIERETE. o, NKA-CRLAT HUAR AL AE A 55 B 1 TR AL
L $96.6%. B RIS /R I 2 (1 & ARG A AF T,
AR A LANKA A B4 1 [ 7 A A HUAH A S ok )
S P I AR R e p. BRI, B R T S IE FENKA-CRL Y
L.
33. KL 5RE RIS

76 PR B FT I BEAL b, 70 R N R IR LU ok 1-4 (1 Y [
W, 7 BITE30-55 *CA& AT N HEAT NV, &5 R a2, kW
T FEE T T A T LA IR ORI S, T il B ] ARG
SNV N A B g, L Rk v T g S B
AR . An B2 s, RO A R 1 5 0 I B D 40 °C.
PG b, FJ AR R ) 55 1 B 2K B DR LI BIVRT L 56 4 e
. AR 0T S A A% 1) FH S T HE ST e A S 1) I -
T AT, I LRI IR RR 4853 & e A7 vl gl R
F 20T 1, BRI EE J1K LL b 138 In 2112, lE Ak 24T B B4 .
T3 — D W IR i BE /R UL, WAL AT BT T B, X
S I 22 1) T BE S 0 AR T A 1 O ELRE 0 A3
PR IR . R, DUNBFUSS LR BRI R /K LU A 21 4 1
NREHT
34. FEMEBEELESMHIRMBR

fE EIRWT TR b, %5 T ARG R s AN A
PR MOBERAC A (FUME . G EaRE. 222000, REHE, S
O il 2 115 (1) 59%) 0] BE AL R K 5. 45 R I3
JIi7x. SigmaZs wl (R CRLH 75 47 38% (1) FLH, SCHR[17]E
W, 2 253 840 LB IS, CRLI AL 3% 1 AN Ao v
LA P AR, BRI I, LA 38 AN 25 W8 Bt L
XN Gy 0, BICRLAE [ e A )5 SEbr U2k 2 T 4R
(R ERA. AS SCHT L SORE AR 38 v, gt 7K P PR A L 77 P B
A5 A B 14D LB AL 11 7 5 T T 45 5 1) i i Tl 2 T
T IS AL AR S K DX 3k, 5 ) g D AT LR
1 I3 7, S BN TR A 20 )4 T8O Bk 53, R
72 TR 5 LR B AT A B R, iR A i
AT 5@ AR . AF 7R BT 3% TR B 34 0 LR 1)
KA, 5 BRI ZE S HAS K A2 s i T 466 7K R
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JIAALL, FCAE AR A AR AN R]. SCHR[L9]0F B, ¥ 58 0%
AT DU A B ARG o 1 8 [, L2 nT DUR S (R R B 1
T (R G A P, FET R R B e I B A T (1)
IR RIS A B T B v K AT A A 1R R AR
EVE.
35, FERINE N RN AN

TE FORTIFFE 0 A L, 4 S S 1 s n o 4 T 2
0t 5 1 2.5%-10%, % 4% 1 I e 0 25 S Bl 4 s
TEAEACH A AL IS 0 20 45 G ik PRI 7K, DA A2 A b i 7
PSR 2K T R W 1 B &5 S K IR e T AR A
B, TN I3 P58 PR H sy mT AR 1 g iy Bl 5 5 /K 11
SRR IR I, R W 45 S K AN, BRI AR
REJI I 78 53 . A IR, IRl &l & i 22 ik el se 5
ROKFEY N, FEBRA R PEAL. IF H, 2 s
VU] RES o P AR AL P A BRI 2 ), B K e b i R
YA RE AL BAIIPA . FH AR, b b 1A n &=
h SN AR ZR P AR 1R TR PR 7 5% ], )Rk $196% A7
A AL 2 BT 75 (14 B N N A) 16 h4 %5 %510 h,
36. EEBEREERIIRIEIZEM

e RN 45T, 3% SR 40K INKA-CRLE L &
FSCRE A £55 BE T, F5 RS OB 2490 Jo I F ek A R R AT
ok, &5 S an 5. TR IR i i AN T i K P ML
T, R B (R AR 1 LT AS o A AR A I AR R AR R,

JIT LA LTRT B PR IR 2 ) % 1 [ 0 Tl 5 4826 IR AL )
SN PB4k 2R 4T3k 81.5%.  AHAK I () 76 A5 LA v 3% Sl A
A, AT T ] Pl I P KRR B . iy TR, 1
KA 2 I A4S 28 PP Ak e Y W K R T S ) 45
J0G 7 Tt 2 10 538 7 AP DX 3, 46 R 07 A A A2k 095 P 7 1 B
S5 I NV A E A 1R [V I, A A I il e ik M R 2 i
TR — AT K BI7KAGE, O I 7 ik 70 A2 00 75 7K 1)
[ ST, TR 0 107 T 5 A ML 00 B 8, X REAT 3 — 2P 1
R, BRI, 7R I SERE I 4 1, 6000 28 e N )5 (1)
P A 2 W] 3k 21185.1%, JF HKE 560 B (1) I [A] 4E 4K 43 14
h, B AT YK 52 %5 96.5% (1 a4k 6. BRI, 3% 82 22 I A fh 3
AR T R v 7 A il AN T 1) ik 2D T il W
T T AR P 32 LD DR R BT o (v ) A AR A
N W TTVE LA I AR P A, IF BB e En] R T
e AR A A R,

4. ZHie

LAIE e 2 S B i), BATK FLAR IR NKARE B i 52 £k
¥l W M CRL A AL, I B3 T A BUAR i AL i 7
S IR 215 0 (1 70 I A B o il A 3 PR AT AR
Ik, IR T AR R B AL 5 FCRL ) £ I IR ) T
SR R RAT IR AR R A R E A A
SRR, BAT i ie R AR,
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