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Effect of Glycosidase Activity of Oenococcus oeni on Terpene
Aroma Compounds of Dry White Wine

ZHU Xia'? ZHAO Dandan' LI June' MAO Yaling' HAN Shunyu'? YANG Xueshan'?
(1. College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China
2. Gansu Key Laboratory of Viticulture and Enology, Lanzhou 730070, China)

Abstract; Malolactic fermentation ( MLF) carried out by Oenococcus oeni ( 0. oeni) is the main method
to reduce the acidity of the wine. Meanwhile, the synthesis and release of a variety of glycosidase will
have a positive effect on the conversion of glycosylated precursor compounds originated from grapes. In
this experiment, two 0. oeni autochthonous strains ZX — 1 and GF — 2 isolated and identified from Hexi
Corridor Region and the commercial strain VP41 were used as test and control strains, respectively. To
analyze and discuss the effects of single fermentation conditions (initial pH value, ethanol concentration,
SO, addition and fermentation temperature) and the compound fermenting condition on the cumulative
B-D-glucosidase and diglycosidase activities of the tested O. oeni strains. The changes of terpene aroma
substances in the Chardonnay dry white wine fermented by the tested strains were analyzed by the
microvinification experiment. The results showed that the cumulative glycosidase activity of the all tested

strains was increased first and then decreased with the increase of ethanol concentration and SO, addition.
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Higher pH value was more conducive to the synthesis of glycosidase produced by 0. oeni strains, and
there were differences in the response regulation of B-D-glucosidase and diglycosidase activity to
fermentation temperature. Under the compound fermenting condition, diglycosidase activity of the O. oent
autochthonous strains were significantly higher than that of the commercial strain VP41 (P <0.05), but
B-D-glucosidase activity were slightly lower than that of strain VP41. The SO, addition had a very
significant impact on the glycosidase activity of the all tested strains (P <0.01), and the pH value and
ethanol concentration had a significant impact on the glycosidase activity of strains ZX —1, GF —2 and
VP41 (P <0.05). The fermentation temperature only had a significant effect on the B-D-glucosidase
activity of strain ZX — 1 and VP41 as well as the diglycosidase activity of VP41 (P <0.05). The
optimum conditions for glycosidase production of the tested strains were ethanol concentration of 12% ,
SO, addition of 30 mg/L, pH value of 3.6, and fermentation temperature of 22°C. Under the above
conditions, the highest cumulative diglycosidase activity produced by strain GF —2 was 46. 137 mU/mL,
followed by ZX — 1 of 45.932 mU/mL and VP41 of 37.011 mU/mL. Results of the microvinification
experiment showed that although the types of terpene compounds in the wine sample fermented by 0. oeni
autochthonous strain ZX — 1 were less than that in VP41 fermented wine, the total content of terpenes
were higher. The contents of a-terpineol, citronellol, damastone and linalool in the ZX — 1 fermented
wine were higher than the threshold, which effectively enhanced the varietal aroma characteristics of
Chardonnay dry white wine.

Key words: wine; Oenococcus oeni; B-D-glucosidase; a-L-rhamnosidase; a-L-arabinosidase; terpenes
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R P R A A S R P R AT E R R 2
— AN R TR T 2 S BUR W 9 A K, TR
AW R B 0. oeni 1Y B AR K IR BEE 2
25 ~28°C , 1M #2497 i) MLF 5 & h 18 ~22°C , &4
F 8 GEFETE 18 ~ 28°C N [m] (Y IR BE R, X I ik il T
PEAS A B0 R AT I 23 B o

P 4 A 7R AN A A BE IR BE R, A 42 0. oeni

bR 5 R T B Y B-D - A R TG ) R AN
[, TR Bk VP41 75 22°C I A e K B-D-7 45 4 1 il 1%
J1 2R (60. 637 mU/mL) |, i A + 0. oeni T bk 1Y
o K I PE R AE 20°C 77 A, H K Z2X — 1 fil GF -
2 W KEGTIE A 25 (P <0.05), BA
WFFEUEW] 28°C 2 0. oeni DR AE T AY AR IR H
28CHFA £ 0. oeni T8 Bk 5 b B Bk (19 B-D-#j %5 b
TR IE PERAR . B AR VP41 1 5 o S 1 il 0 1 78
28°C 7% 42 (29.695 mU/mL) . A 4 0. oeni W ¥k 1
22°C I BURE il G ) BB A B/, B KBS PR AR
18°C 1 j= A

40+
—8— GF-2
—o—/X-1
—A— VP41

30

BTG 1 RFRAE/ (mU - mLT)

1 1 1 | 1 |
3 18 20 22 24 26 28

REEREIC

64

56

48 -

40+

32

B-D-H 4T H A 71 R/ (mU - mL)

1 1

1 1
18 20 2 24 26 28

24— :

Pl 4 Ok T i B X T ok W O 178 119 5 T
Fig.4 Effect of fermentation temperature on cumulative

glycosidase activity of O. oeni strains

2.3 ERABEGTEKREFEENIE

] 7 0 TR o A R D, 2 A I 2 s T [ B
0. oeni WK, 0. oeni i % %10 4E 45 10 Tt 5% GE 7 o
FEA MLF (kR I, =2 & KBTI
8 K T PR P T I M, T I R s XU E R MILF
W HA S %M. RN R R4 5L, pH
HEH 3.4.3.6.3.8 3£ 3 DIk, BARE =R Y
L TELANH] 0. oeni 1) A K, (B S 43 50 4 25 T8 11
WABBETE 10 ~ 15% vol Z 8], Jhy T 55 0l B 52 1) 45 %
WHIREE 45 4 5 DR R 06 45 5, 8 B 2 1 1R B 40 %K
10% 12% F1 14% 3£ 3 A KF AT 2880 . 458
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TR 2 R T ORI R SO, RN 30,
45 .60 mg/L #1782 G N F K% . 28°C /2 0. oeni
TR R A A R 5 A 0 3 UL B, Bk o 1 K T U R A E
PRI R R R, 4 A A A MLF
SBRAE O, 78 5 A K i 50 % 3 I 3 R R I T Oy
18 20 22C
2.3.1  B-D-7 A TS

MR 2 IR, S EEAR B B R 12% ), A
WA 5 K1 B-D-4 49 W8 1 Bl 1% 0 R, 70 0l ok
22.716 mU/mL(ZX — 1) ,23.990 mU/mL(GF —2) |
23.506 mU/mL ( VP41 ) ; 34 SO, ¥& Ml & 7 30 mg/L
W, ZX — 1 /) B-D-# 45 B H B 05 71 B B i A
25.507 mU/mL,GF —2 [y B-D-7j 2 B4 11 B 1% 1 2R

8 27.914 mU/mL, VP41 ) B-D-7i 45 W5 i 15 5
SRR 29. 529 mU/mL; 5 pH {f 3.4 .3.8 A 1L,
pH {H ) 3.6 B, {4 1 bk (9 B-D-% % B 7 B 15 )
SRR IR R K AE, HAE & B IR 22°C i, B Bk 1Y
il 195 L 5

MR 22 R TTLLFE W, A [l & B3R T Bk
ZX — 1 [ B-D-7 % % 1 B 15 M 5 i K ]/ R ik
SO i | & IR L pH (A L & BE AR B
XF AR GF — 2 1) B-D-H 2 B 1 B 16 1 52 g DA K 3
MU SO, B  pH B & B R B o B
T BE 5 %F VPAT T Bk B-D - 45 B 1 il S M R e AR
/MR K 7 SO, W I i & B TR E L 2 BE R R gy
. pH {H .

®2 BD-HEEEBEUENEERNEERSMENN

Tab.2 Visual analysis of orthogonal experiment for cumulative B-D-glucosidase activity

N LA SO, Wit/ oH fi R—— B-D-7 A5 B 4 3% 0 BB/ (mU-mL 1)

Fa B % (mg-L~") ZX -1 GF-2 VP41
1 10 30 3.4 18 24.087 26. 566 30.112
2 10 45 3.6 20 19. 566 23.412 18. 898
3 10 60 3.8 22 19. 420 19. 865 19. 067
4 12 30 3.6 22 30.112 31.947 32.983
5 12 45 3.8 18 19.712 20.242 18. 898
6 12 60 3.4 20 18.323 19. 781 18. 637
7 14 30 3.8 20 22.322 25.231 25.492
8 14 45 3.4 22 19.950 19. 873 19. 213
9 14 60 3.6 18 19. 175 19. 021 18. 438
ky 21.024 25.507 20. 787 20.991
ky 22.716 19.743 22.951 20.070
ks 20. 482 18.973 20. 485 23. 161

R, 2.234 6.534 2. 466 3. 091
ky 23.281 27.914 22.073 21.943
k, 23.990 21.175 24.793 22.808
ks 21.375 19. 556 21.779 23.895

Repn 2.615 8.358 3.014 1.952
ky 22.693 29.529 22.654 22.483
k, 23.506 19. 003 23. 440 21.009
ks 21.047 18.714 21.152 23.754

Rypyy 2.459 10. 815 2.288 2.745

2 3 Al 1, SO, s in e X {45 B Bk 19 B-D-4
2 WH T BTG A B 0 3 S (P <0.01) , pH fH &
PR BE | & AR FHL 23 BN TR PR ZX — 1 R VPAL Y
B-D-% 45 Ml 1 Wl TS A W E R (P < 0.05) ; pH
{8 L BEARFR B0 B bk GF —2 (1% B-D-# 2 i 15 i
WA B EE W (P <0.05),
2.3.2  OUUME T G

TER A R EARAET BB 1 OURE il 0 14 2 30
AR | BDAE SRR FR 50 B R 12% (SO, U8 4
30 mg/L . pH {H 3.6, KWEIRE 22CHIS&MU T, BA

e K SUBE Al 0 ) B, R 4 n g, il
R 1 ORE 1 Bl 6 B RUR A 2 5, AR B/ MRIK
GF —2(46.576 mU/mL) .ZX — 1 (46. 806 mU/mL) .
VP41(36.774 mU/mL) ,

M2 R W DL AN [R) A T2 3R % B Bk ZX —
1 SO it 305 4 52 i DA K 30 /AR Uk Sy = SO, %8 in &2
pH (B & BEAR R 73 850, T Ui BE 5 X B AR GF — 2 X
G P S g DA K B /MK YK Ol 2 SO, W i & pH
(B AR B $ % e 5 % TR AR V4L BUHE A
Tt I 4 5 ] DR B /NI IR Sy < SO, B in 4t | £ T R R
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Tab.3 Variance analysis of orthogonal experiment for

cumulative B-D-glucosidase activity determination

PR A% WZEFHA A HE F IR 2
BT R 8. 142 2 0.294 *
SO, ¥ I 76.518 2 2.767 s
ZX -1 pH{# 10. 858 2 0.393 *
R TR 15. 104 2 0. 346 s
12 110. 62 8
AR R 10,947 2 0.290 *
SO, T &t 117.911 2 3.119 o
GF-2 pH 16.569 2 0. 438 *
KW IR B 5. 740 2 0.152
R 151. 19 8
LERBU B 9.410 2 0. 147 #
SO, ¥ fin 227. 844 2 3.551 sk
VP41 pH {# 8. 104 2 0.126 *
R R 11.326 2 0.176 *
1% 256. 68 8

e wx TR (P <0.01), « FoRm 3%, T,

Oy R TR E pH {E .

i 2% 5 AT, SO, s i i At 7 ik 10 OB 7 1l
WHPERZ A 2% (P <0.01), pH {H . LB IAF 70 £
XK ZX — 1 F GF — 2 B XSURH B 35 1A B 2 5
W (P < 0.05); & fF i BE . & B ik R 43 250 %t T bk
VP41 [ X005 1T Bl 16 PE AT B 2520 (P <0.05)

2.4 WIERIE

HR A IF 22 I 45 R, i £ 2 i Al vh B-D -7 2 4
A R OORE il T e v R R R AR L B T
TRBUECH 12% pH {24 3.6.80, %N 30 mg/L,
KW R 22°C I E A 5T B K I TR AR 20 i) 2
P PR b AT IR RS , AT E A 3 IR, &
FeH ZX — 1, GF —2 1 VP41 [ B-D-4 45 b 11 i 1%
J1 BB & F ¥ 4 B A 30.020, 29.884
33.032 mU/mL, SO i 36 1 22 R - 35908 4 5
45.932 46.137 37.011 mU/mL, ¥ &5 F IE 58 it 46
b AL FRAL R LA FEIZ AR T TR 2 T PR

x4 WEEBEENEEXXABERERESHT

Tab.4 Visual analysis of orthogonal experiment for cumulative diglycosidase activity

o ZEAR SO, Wt/ oH i —— RO RS 7 %%ﬂé/(mU-mL”}
A/ % (mg-L™") 7ZX -1 GF-2 VP41

1 10 30 3.4 18 44.388 40. 397 31.486
2 10 45 3.6 20 32.184 35.362 24.517
3 10 60 3.8 22 30. 757 32. 660 22.360
4 12 30 3.6 22 46. 806 46.576 36.774
5 12 45 3.8 18 31.778 33.436 21. 800
6 12 60 3.4 20 31.095 32.208 22.414
7 14 30 3.8 20 38.970 37.266 29. 820
8 14 45 3.4 22 31.900 32.637 22.322
9 14 60 3.6 18 30. 711 31.893 19. 842
ky 35.777 43.388 35.794 35. 626
k, 36. 559 31.954 36. 567 34.083
ks 33.860 30. 854 33.835 36. 488

R, 2.699 12.534 2.732 2. 405
k,y 36. 140 41.413 35. 081 35.242
k, 37.406 33.812 37.944 34.945
ks 33.932 32.254 34.454 37.291

Rip, 3.474 9. 159 3.490 2.346
ky 26. 121 32. 694 25.407 24.376
ky 26.996 22.879 27.045 25.584
ks 23.995 21.539 24. 660 27.152

Rypy 3.001 11.155 2.385 2.776

10 MLF - 3647 il 45 28 90 o A6 ) 43 47 o
2.5 fERIKIE
2.5.1 MLF J5 ] %) 1 B AL 38 b
AR L kN N e g TN P
F6 AL, AW KR LS IR T R B N T

0.2 g/L, % B MLF B3 5¢ . pH {H 7+ #0. 11 ~
0. 16, SR 5t vk B A AIG 2. 48 ~2.62 ¢/L, KM
o AR T R B R R A KA 0.42 g/L
(<1.2 g/L), ¥4 4 GB/T 15037—2006 f)%isk .
HE 3 A + 0. oeni B R 7E 55 12 X 58 S MLF, 5 ok 14
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x5 WEFHETEMNEEZRBAFENHT ¥k VP41 M 755 14 K52 i MLF,
Tab.5 Variance analysis of orthogonal experiment 2.5.2 WERRLES Y GC— MS &
for cumulative diglycosidase activity NG E Xy , Bl T 4 o S AL A o
AW MR WRVR AME T WER R sl A T, ZX - AR S A 2
CERBUNE 1LSTL 2 0 2 e B TR W B S 515. 897 e/, i VP4
SO, ¥ I i 289. 038 2 3.579 sk
X1 pH fi 11900 s oas AR SIS S A R 2 (11 A, 2.3
pmmE 5005 2 on HOBFFE WY, AR TE R ) 4 6 0F T, T B VP4L g
2 321. 41 8 Xlﬁﬁﬁ@@{ﬁjjgﬁii’ﬁﬁﬂﬁzﬁi() oeni (P <
CEIBUE 1852 2 034 0. 05> {3 B-D- A5 40 15 G 76 B A6 5 & 6 15 T 2
SO 1002 208 e BT AL 0. ooni 19T 1 R (P <0 05) .

S ﬁﬁ‘k%zfé%bﬁ:ﬁﬁj%%%*{%LMM%HE’\JJBEW?
e 7 AT B4 B O P2 9 9 4
i s 2 o Pl B -D - 2 BHEF 30— A K AR, 2 R S Y
SO, VR I i 222.533 2 3459 s WRYT . AL 0. oend J e 5 BT AE B AR W M
VP41 pH 8.923 2 0.139 W SRR F VPAT 4b BS99 T8 AF , {HE RE
KRR 1. 624 2 0. 181 - M) T A, o-A I EE P R S 5
B RN R 26 0 S 2 0 R R BE S T LB, LA

®6 ¥RBRIMEAEANETEAGEFELIER

Tab.6 Physical and chemical indexes of dry white wine samples before and after MLF

MLF J5
FRALFE AR MLF i -
CK GF-2 ZX -1 VP41
pH i (3.54+0.014)""  (3.59£0.028)°"  (3.70£0.007)"  (3.67 £0.014)*"  (3.65 +0.014) "¢
FRME R R/ (g L) (1.25£0.212)%  (1.15£0.212) ¢ (1.10 £0. 141)**? (0.75 £0.354) P (1.15 +£0.212) "8
RS BE /% vol (11.20 £0.014)*  (11.18 £0.035)*®  (11.10 £0.042) "¢ (11.09 £0.035)" (11.09 =0.035) “’*
Jmf'ii&r#/(g-r‘) (7.62 £0.014)* (7.57 £0.148)*®  (5.07 £0.014)"  (5.00 £0.156)“"*  (5.14 +0.148)¢
ﬁz{ﬁﬁ R/ (g- L) (0.30 £0.001)Y  (0.29 £0.028)""  (0.42 £0.014)*  (0.40 £0.001)**  (0.34 £0.028)°
b
8 bOZE'i‘EZZUE/(mg L") (41.75£0.043)"  (40.84 £0.039)*"  (42.20+0.015)¢  (45.04 +0.028)" (39.13 +0.011) "
L3 SRR e e/ (g L°") (3.55 +0.022)" (3.4120.011)%  (0.10£0.007)“>  (0.08 +0.001)"*  (0.13 £0.011)°

T - [ AT B0 AN [ 5% b 3RoR 22 53 .35 (P < 0.05) , R IF].
RT BEREEHFEREWRIENTR

Tab.7 Changes of terpenes in wine samples with different treatments g/ L
o i e B )
w5 HFERYR =g ) AR
CK GF-2 7ZX - 1 VP41
1 400 (81.993 £1.903)* (20.735 +0.256)" (17.306 +1.046) " (18.169 £0.257)"%¢ HH 245 Lok
2 AT 250 (68.215 £1.310) " (179.218 £1.431)¢ (263.398 +1.061)" (245.689 £0.497)°" KT HK
3 FEE 40 (25.162 £1.411)% (22.759 £0.243)" (61.425 +1.090)* (41.190 +0.472)" el G
4 K- 0.05 (1.126 £1.014)°  (29.323 £0.026)* (28.093 +0.067)*% (21.505 £0.060)¢ (& BFHE LETH
5 FHMEENER 60 (85.154 £0.671)"  (7.117 £0.022)"  (3.173 £0.029)"  (3.241 +0.125)°¢ H R R
6 RN / (78.824 £1.783)" (87.157 £0.108)¢ (92.357 +0.140)*% (92.407 +0.061)* /
7 ZRF MR / (8.408 £0.428) " - (8.561 £0.001)"  (5.060 +0.130)°¢ wEH RE
8 iR / - - (1.473 £0.001)*  (1.226 £0.041)" fed AT A
FrigE A
9 B-£Y / (7.817 £0.002)* - - - e
10 RA-BAAMEE 700 - - - (10.034 £0.104) " B SFA Ik
11 Fkams 15 (5.752 £0.402)"  (27.328 £0.182)* (23.799 +0.198)" (20.628 +0.120)° HHALF MK KF
12 W 05 A / - (1.457 £0.001)" - (4.369 £0.059)* /
13 W @H ¥R / - (18.397 +0.100)* (16.312 £0.142)" - /
Mt 362.451 +6.702 393.491 £2.908 515.897 +1.893 463.518 2. 165

i = T FRIRAE R RGN B T R R A BN S B A R
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3 itig

3.1 ERIEETFI 0. oeni HEHEHE MM

— LR 2P By, WORE AN £ 1 SRR o AR P
YRR pH (4 N R B E . A
T 00 R T IS R R B 2 BRAR £ 0. oeni
(GF —2.ZX — 1) Mgl it VPAL, 53 H1#] 1 pH
{H L EEAR R B0, SO, 38 i | & B R % 45 % T bk
AR AT BT R PR AT 20 BT o 5 R R AN [ B 3 PR 7
Xt [vi] — A R 1) R G T 1 R R ), ELAE AR
25t (P <0.05), SCHR[2 ] A5 R BT, pH (B2 41
0. oeni TR BRI TG M (1) B B2 7, 5 B 0K Wl 1 &2 IE
FHOG 3 5 A 350 o 3 A Ak 7F pH fE Dl 3.6 ~ 3.8
BF, BT RR A TS ) 3R R o A e 1 45 A — B [l
FEATR I T 2 Z AR Bl 6% ~ 8% B, T bk b
TR G M K S REAR B RO 10% ~ 14% B, b
HHGE PR 2212 T R, 5 OCHR (29 ] b 52 e 0. oeni
AR 1) A S 80, A0S 52 i it R 1 BF 9 45 R A T
225t RTBEJE IR N £ BE RS T 40 M A 3 35 P, A
T 6 i P G R JEG 0 2 o) 7 4 IR I G T
PR B AR AT DL R R B AR MR 25 R,
Bk 16 ] B BF ST 58 1 48 SO, ml fig A B T8 4% MLF
W] 0. oeni 1) WE 17 g 16 M, A< BF 3¢ & B0 0 Ak 76
30 mg/L B AT S KRB IG 76, 15 8 TR R, &
Tl R A R S R P R TR R — |
Pk VPAL ££ 22°C B A5 Jie K B-D -4 25 B 17 Bl 0% 14, i
A+ 0. oeni R I fic R I8 M AE 20°C )7 /E | B
A WFFEUE 28°C 2 0. oeni TR R EGE B9 A KR E
B+ 0. oeni Tk 55 15 M TR BE 119 B-D-7 445 B 17 il
TR s TR R VPAL (1) Fz K OBURE 1 il 1% P 76 28°C
FRHE AR 0. oeni TR R S R OSURE T Il 16 MEAE 18°C
A AR S A A 2 T S PR A 7 v g AR B % T A R R
3 PR A Y e TR
3.2 0. oeni WEEHBEHFEEYWRHZ I

i 4 250 A R B (EAIG L KU SR B R R
fEB S, RIS W NAF7E T A R
0. oeni TEMLF 3o 78 v [ A 4 25 174 1R B 1) [] ) £ B
& — F A I AC S 3, b R Y A A A
A W HE R VAR A W ik P s R e L, SO0l A A

WA SRABEE G N o AKX IS 2 Fh AN 0. oeni T B
S35 8 2 T A AT MLF, 25 LR R
TR R A B RE BRSO  2S R 2R AR T
VP41 b B 9 A HIE R B A R R,
o-FATHIEE A o B K I | D5 R A A 2R
JoT B kv T LA, X A AR B R T TR
PRI G, SCHR[30 ] & B, MLF J5 i A B-
R Ty - i ) v 3 B SR 0, 3R B AR B W 1B B
A RE S 2 50 R R OK TR A G, STk (15 ] &k
IR 0. oeni MSA6 1) 1 %5 0 MLF J5 /910 #F B
BT B P I (MEAE & UK ), AT RE 2 & T Bk MS46
V18 X RGBS R SR OE T T
MLF J& i 45 25 1k & W Bt &t v B8 B | 38 g, 5
SCHRL L] f&s SR A — 5.

4 it

(D TR R ST, il 7 bk 1 i 0 1 A8
bk S LA TR R AR AL | 76 AS [R) 6 B 2% 00 T 7 g 0
PEA —ENEKZE S, 2 pH{EN 3.6 If A+
0. oeni AR MBETT B 15 Pk 1 B AT Fe KBS M, HOA
PR ZX =1 GF — 2 1 75 F il 0 14 5 T Rl i Ak VP41
(R Tl 5 P 5 S RE AR RS0 B0 AE 6% ~ 8% I, H i TR Bk
1) W5 L Tl #0 AT Fe K I P 5 SO, WS i & 24 30 mg/L
B, A B AR 9 B-D - 4G I R OSURE i 0 1 0
PRI BN WAL ; A 4 0. oeni 1Y B-D-7 %5 4 15 Wiy 76
20°C B 7= A= A il 05 M B L B PR VPAL AE 22°C T g
TR R, A ERE g 45 L KW, 78 pH
5 3.6 LB ECH 12% SO, Uit~ 30 mg/L
KU FE ]y 22°C W R e 25 1T, A T AR 2 R kR
Wit 3% 1 B HAS 1 0. oeni B BE B TS ) 2
s TR E P VP41,

(2) #2210 1 1 7 2 08 fl a3 45 SR R 0T, it
A F bR EA R LS MR RE 1. w2
& GC — MS 43 Hr 45 R R, A £ 0. oeni ZX — 1
T o P A v R AR Tl S 28 ) B R 2K R T VP4l
A0 3P RO R AET A Y R e A AR R (T A
JE 515.897 ng/L) , a-FATHEE T 5 BE RS-l Y
R T2 5 T 0 S 0 IO ) o ok R v T, AT
TER AL AR, X 5 At 3 T Bk 00 UK i3 1 3R AR A8
AL A — B,

& % x Wt
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