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1. WAL TR AW TR2=BE, I HEE 644005;
2. DU ERAL TR 2 W A= 9 4 R B U )1 4 TS SR IR %, U] B2 6440055
3. MR BT AR5 TR%R, WA 610065

WE: RANAHEANAYARBR RO XA L, AT ARAEAHWEZA RO RAL BT X AKXERE S
R E kR, KB R A R BB 8B (Saccharomyces cerevisiae) . P 4% 2 3% B, 22 7 8 #F (Pichia kudriavzevii) =
A JLA AT (Lacti plantibacillus plantarum) 5 AT K FFRIARBA LA L RA AT, FAdR P
AT AT Ao LR AT 54T, R B AR B = A0 okt R EAT S AT, ML TR A LB, MEME, A2 2
M ERBEE ST B RE R (SKP 2O BA A ERS, T RERERERIK, H 5.2610.26 g/L,
BERERAN 6.7940.20 g/L. MK FHL4bm, SKPARAKLERR, EH AT RERS, A 261.20+
2.61 mg/L, AW B FkERAIK, 4 36.96+10.74 ymol/mL, ZAWMAFRERS, 4 83.73%+0.84%. A&
EALBAABAERYFRAGRBAS AN TR AMNEE, B SKPALBM T RARS. £ E 30 AFERLK
e, AL BT K B, BRE BE S Ao AR T R R A R B AR A A B 40 (SK ) e Z T R BE 41 (SKP ) #R 3 e T
BAPHRABARERAE, BT HFFRISGRBIFT AL LN, REFRNAANSKPAE &, FAf & F
FEASHREG, Eo A 87.37H0.67 4, nREMEY, REER, AETHYFRIGRBAVAREALL
LB, AR, RAAHAMTRARTERASGRBEN SR,
x # W REALR; L6ARE LAMLKE; Rekd s
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Abstract: A large number of studies have shown that the microbial species are important factors affecting
the quality of fruit wines. The mixed microbial fermentation based on the complementary effect between
different species is an important method to improve the quality of the fruit wines. In this study, Saccharo-
myces cerevisiae, Pichia kudriavzevii and Lactiplantibacillus plantarum were used in the single and
mixed microbial fermentation of blended pineapple and apple wine. The physical and chemical indexes and
antioxidant activity in the fermentation process were detected, and the flavor substances produced in the
fermentation process were analyzed and compared. The results showed that the fermentations with mixed
S. cerevisiae, P. kudriavzevii and L. plantarum (SKP group) had the highest sugar utilization rate and
the obvious advantage of reducing the total acids, in which the reducing sugar content was 5.26 £
0.26 g/L, and the total acid was 6. 7940. 20 g/L. In addition, compared with other fermentation groups.
SKP group had the strongest antioxidant activity, in which the total phenol content was 261.20 =+
2.61 mg/L, the superoxide anion content was 36. 9630. 74 pmol/mL, and the scavenging rate of hydroxyl
radical was 83.73% £0. 84%. The results also showed that lactic acid and acetic acid were the main organ-
ic acids produced during the fermentation processing. In particularly, the relative content of lactic acid in
SKP group is the highest. What is more, a total of 30 volatile components were detected, particularly,
compared with the single bacteria fermentation group, the mixed microbial fermentation group of S. cere-
visiae and P. kudriavzevii (SK group) and SKP group had increased contents of esters, and higher alco-
hols, which increased the aroma complexity of blended pineapple and apple wine. Results of sensory evalu-
ation revealed that SKP group scored the highest in taste, aroma, and color, with a total score of 87. 37+
0.67. SKP group had moderate sweet and sour, and bright colors, which indicated that mixed microbial
fermentation was helpful to improve the taste and enrich the aroma complexity. So, mixed microbial fer-
mentation enhanced the quality of blended pineapple and apple wine, which provided a theoretical basis for
quality control and product development of blended pineapple and apple wine.
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R (Malus pumila Mill ) FUEF W H & A RSB Y B, B X AHETRMEZ AN EZ, [
B} 3 ELAT PR L 99 B0 LR B SR VR Y 9 ¥ CAnanas comosus (Linn. ) Merr. JB T & A K& /E
VITETEY T . REE LR 4E . RS, R AR . SRS RS ST R RN SE R | o K R
I A R N 0720, B H AT TR R A RO 2 R R KOR . RN R —, RBCREFEIRAL,
BARIPERIY . A5 AR H R T R B R R O i R A G A T DL &5 R P AR K R
TERA B IR B S 7 T Re A, JE TR I D R KU R i &2 5 SR, SR, H AT R WL 2 W FR S
e g 5 R A 5 SR Y 1 T
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MRS R RARE, TS 8 pH, B B S A0 XUBR o 45, XUk g o
5 W) R e SR W5t S5 4 O e DR 38 2 — T A Rl B i S XU ) 5 A () SC BE D E . Eseribano 4B 5Y
R B AR B B BE A R T e R b onT DA A SR RS T L B A RE T S 2 R ML AMEE . A BY T F SRS W
R R EE, PR O S R, R R 8 R (Saccharomyces cerevisiae) KR B EANE, W WA AREE B
Y SR W BE B (Pichia) . Vi e 4Ele Bk JE (Kluyveromyces) o 18 8 7 J& ( Torulaspora) 250 fap oy 215 % 1
WK B Bk 18R R B O e SR I B Bk P cephalocereana hsmt-1 FIE Bk M. sinensis hsmt-6 % J# 7K %k,
S8 5 S B3 R AR B PR R S R T R 1 K Bk SR 1 A A s A R K R SR T Y R

TP FLREAT B (Lacti plantibacillus plantarum) & —FP o WL 25 42 B, 78 5409 %% I 7 10 A5 5 K0 1o FH v
71, BRI I R I T S B v 0 7 SR O (. ORI 2 A S N BT G O AR A LR TR X K SR v b
WA 00 A 0 Ak DB SR A S R LR T A R R W P T DA AT SRR - LR R B
(malolactic fermentation, MLF) . BB 11 BRI ) 35 L 2 B4 A by B O S R LI o (8 SR8 305 1y 1 JR o 1520 ¥
PRI ST BT 7 A AT LR 3 i i 1o SR R W 3R B v Bl W O v, L A W T R R
T T 8 2 Al 255 WIS SR A B T I 0 5 SR T R L L A T 2 R R L e SR A R N (. R e
A0TSR R B . B RREE AR BE B (Pichia manshurica) FUAE Y LA FF 3 18 1 & B IR A 5490, R OB &
EE HRE I T TG A% R v O T ) o SR R R R N TR SR ) R A TR S T IR A SR Y R
H AT I A DA FH TR R L I R 1 R R LR TR 2 G A B S R A A SR I B 5

ARWEFE LA A S O JEORE, R R R PR LR 2% e OR B BE (Pichia kudriavzevii) FIAE
Yy FURE AT VAT A1 I 2 S R A B AU RAI UM Bl o 3 S R A R A BT, 4R o G A BRI, AR
ARG K.

1 #R57RZE
1.1 ##h RH 508

PEH A R BT R R BRI W IR R A A BR A ) 5 YPD(yeast extract-peptone-
dextrose) fl MRS(Man-Rogosa-Sharpe) 5 7 5k . Jbat BAH R A Y4 R AT BR T2 4F 24 v 5 BRI % B} SCFF227
J2F A1k B ) 2% ) 56 AR I B SCEF207 Al P ZLAR AT 7 SCFF19: POl 4k T K 2.

FREHF (30 000 U/mL, B &% MICKAFEERR . H RS RIGIEAE A RA A SImRAH (&M% .
RIFFEEYRE A RAF ; ByBEOr T2t . REET B0 fh 20 g BRA Al WA (o Bt . KT o
ARRIERASA G5 AP = He i S 8 e bral) . = 2548 B4k 7 G0 A IR A W s DNS U (G
Brat) . I TEFRRHE A BRA A s 2T Orbral . dbst R R RHEA IR AL

MITR-80ATC WAE 1T M1 MITR-50ATC B . K UPORBAL R 2 A BRA F ;. UV-19001 %€ 4h Al WL 43
LT TN SIS FRA A) ;s PhS-10 BREE T B 42 07 SF R A BR A |l 5 TSQ 8000 AR (% i
BEIE R . FEBR KA JRBHE A H] (Thermo Fisher Scientific) ; LC1100 /5 %0 W AH (R4 . ZHEBRHE (Agi-
lent Technologies) £ FR/A Al ;3 WIE-F6 M HL: T IR E A BRA A s PTX-JA510 4047 KF. & (R
#) i FRHE A R AL
1.2 EWHE
1.2.1 RFFRELSAREBEHELL

WG G RIN RE T 2 AR 1 FrR. Pk B ff gl 2 Fsg B0 B AT IE VR . & HOF B BT
R TS 95 25 2R, A 0 B SRR S SRR LA 3 2 2 OARRRLLIR & IR AP B2 9835 % 20 °Brix, JEMIA 60 mg/L
FIEHE, 80 mg/L £F4E &K, 40 CKIBHEM 20 min, FFHER TR 0. 02 % M AW ELIREH . I &2 Hiid
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DB VR A . WK B BRI AE YPD B g5k B IR A B R 24 h, BJS 7E E IR AR K (180 r/min) o ) A B
FREEFEIR 24 by 28 2 UG AL A ) B BE A T3 Ve LA L RIS SR AR R 7 I R FLRAT I 4R AP T MRS
B IR BTG AL 2 Y AR 50 . ORISR S A B RS AR TR G R R IR AE 20 "CNBEAT A WE . KRN IR 45
B 48 h BUREAG I 9% 2 30 R A 5 R A B R L o ISR S B R b, DL JEORE ARG B O B4 b, 4 i
e SE 3 R BA WAL O R A . A A RS R R i B 2 W R R R B, T 4 C &AM
TEOLERER 3 4 H.

FratEE [ ERER [ wEEH ES 7K 4 = b

st dm || lE |m| |&[ |®
N N . =l i A Gl % % i
HEER — FRE% [ WEEt & i & B =

Bl REFREARBABIZRE

1.2.2 k&t

i P9 R B 5 A 0 LA AT BT A o L 0 S 22 R TS S A R Ry 2 ¢ 1, TR I R A R I B AR L
L1, WAL M AR A R R R 6 %03 A 1 L Z AR, (HEFHE N 107 CFU/mL. AQ 41k
Tz BHLTRTS % B BRTE % 5 SC 2H SR BRI B2 £} SCFF227 BATH Kk W ; KB 2H 5% H % i B B 2% gl B¢ ok 1% 1)
SCFF207 BATH % B SK 41 % AR iF £F SCFF227 1% £ HL ] 2% jal Y R B 1 SCFF207 414 & B ; SKP 41
K BRI % £} SCFF227 , J 48 HL BT 2% J 56 AR [ £ SCFF207 FAd#) LA AT 18 SCFF19 416 & %.
1.3 HEXREAUREENIERNUE
1.3.1  FAIZALIEATM Z

S BRGS0 5E AR BT 7 B ) (GB/T 15038—2006) HEAT ST B B . 9RS B . BATR  3 JEME (i 5
pH {E R pH 1HINE , 5046 r 2 & 3 K.
1.3.2 E®BREBRENMNZ

Z: M Mohd 5§ 1 75 75 6 A S v Y B I O o v B BE AT I 2, 4 0 W 0,0.1,0.2,0.3,0.4,0.5,
0.6,0.7,0.8 mL BTk 0.1 mg/mL W E FRRARMERE . A 2.0 mL fRARBELH, BEEMA
8.0 mL YR Hy 60 g/L BRIRANIAW . RS, EAZE 25 mL, 25 C/KI 1.5 h, 7E 760 nm 20 & H WO AE.
DA S TR T o B B AR bR, OB A Ak AR, AR E g, SR B R K HEME R y=
12.699240. 082(R*=0. 999 2) . %58 5 i & ue .
1.4 HEXREARRERAUEENTE
.41 AWAFTRE

SR A TAE W TR C ) e A3 BR S B A8 1 F RS U700 & (L i) AT 000 . e RRL U0 ) 5 b 31 9

WAERE SRR, L H,O X IR, BRI RAE 536 nm A EWSEEME. £ HEBERRITE
NN
p=2:"A 100 (1
7Ao 7Al

A D RREAMBEERFO; A, (EERINEEBOCE; A, KR BEROLE; A, RS HETOLE.
.42 BEMBFAGKRALRE
SR AR AR AR i) IRy A B2 il 1 4 ) 8 e 8 6 DN 3R] & (L 68 20 AT %€ . 7E 530 nm
T A AN [6) e E AR VR S R WOG AR, LARR I WO B R AR AR . DB VA VR WO BE (L AR AR 2 A
e TR
Y =6.2615X —0.0101 R?*=0.999 7
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i 8 LG (0 vk A B 3 SR AT A SR AR S, 7E DK 530 nm Ab I E OB EEELCN A FESh. DIARHEE R
FEAAERPRMER , AR BOCEEE N A PRUES ; DURIBORE R UHE M 28 S, DI IOCEEE A = . ¥
AA FEAHE ARRUE RIS 3] X . A B FIRIE R A R .

A A B B T (pmol/mL) =2X (2)
1.5 HEXEREADRIBERKYRUE
1.5.1 A 2

FHHLRZ % Ye 1% 19 25 20 AH £8 3% 3 (High Performance Liquid Chromatography, HPLC) 3 17
FE. WHL 1 mL g @R R A RIEEER . 200,22 pm A HLUE BT U8 S & . HPLC & /4. Agilent ZORB-
AX SB-Aq(4. 6 mmX 250 mm, 5 pm) A% M, VWD K&, &K . 210 nm, FshM A. iR S48
(pH=2.4)95%, ish#H B. HEE 5%, #HH . 15 pL, Wk 0. 4 mL/min, #iR: 25 C.

1.5.2 FZERk FnZ

FE Ve R ) 5 5 2% 18 2 WU B AORA (8033 — 5035 6 FH 9% (Gas Chromatography-Mass Spectrometer .,
GC-MS) 4TI 3E . GC 4% >R DB-5MS B 404 3% 4 (30 m X 0. 25 mm, 0.25 pm), RN HE,
HEFEFRLEE 250 °C, &AW E A HA A 1.5 mL/min, THEFEFRIGERE 35 °C, SREFHE] 5 min J5, M
4 °C/min B BT BEAREE 250 'C. MS &0F: RA2AMER, B EL K Hi: 10 pA, BF
fE: 70 eV, O 280 C. B FIHIRE . 200 C. WULATIRE . 150 C. FEFAMIEE . 40~600 amu.
1.6 REETEM

S G RSN TR RE PR 2 PRk 10 &1 Bl i [ 2 O R AT AR G B IS AT B AR
524 R T

*1 EEEREADNREREITHIRAE

JRE R P53 1 85y
3% (10 49 BB, DAL B =>9~10
REW . EW >8~9

ST AN GRE (D0 >6~8

Bl AT >0~6
(30 41) AW, WEMRELS =>28~30
A R SR A ST IR =>25~28
ABAWE ., FRIESZFEIAR >21~25
FAANR >0~21
M (40 4) A6 . W) B O >36~40
FR A A3 . ZE P, [l bR 45 4k =>31~36
T A5 S B 3 =>26~31
R AP IR >0~26
LRI (20 4 B g A0 e s v, KU R >18~20
B R R >15~18
WA, RN >11~15

A ELAT 23 R A i R ¢ >0~11
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1.7 #HIESH
BdE MR IBM SPSS Statistics 26. 0 84, #8475 T 8 % 5 2 081 1 Duncan £ & 4 2% 5 40 #7.

M p<<0.05 B, ZRAG¥E . RH OriginPro 2021 2%

2 ERE55MH

2.2 HEERSERBEANENLIER
2.2.1 pHAEA E 8

pH AR AU F 1 B AE AR AR 1 ELX & B2 A v % B i AR R B A — s 1Y B R AR
FHYS L 5 A R AL B A pH E RN 2 Bios, 1ERT 2 d, KB4 pH R FRHS., SR EE
TR AR RS P i R A G, 3 T R 5 W B U K A A T TR Y N R A
KU REES A, 4 pH (HMI B AR, FLS A AL pH (H e — & T N, T R R PR
) %A T A S, DI A RSN RS 6 . 45 A T4 B0 A R 0T B vk B 0 A — e R A A, T
55 Ak S 40 A AR S S WLRR B B e A e SEgE, AQ 41 RN R I VR B B
gwio%gﬂ,EﬂME@ﬁmwf%P@ﬁ%ﬁﬁmﬁmﬁ ﬁ67wwzoyh pH Hi. A 4. 044
0.02, XA BEJE ALY ZLAEAT AR R Bk B v 2 5 7 80 20 A HLIR 1 A 810 40 9 SRR L e A R A 46
Mﬁ@%@%%ﬁ%ﬁm.

&F

42k
4.1
40H

39kt

pH{E

3.8

BEE/(g-LY

3.7F W

361 !

35
1 23 456 7 8 910111213 141516 T2 354 5 6 7 8 9101112131415 16 17
A f8l/d A f8l/d
a. KBS RpHEMEL b, KENEHSRRERENTL

B2 ZEdED pHEMSRNETWL

2.2.2 ¥ TR¥EAEME

4 R ) 3R B T R B VR BE O TR AR AR 2 — . W RE R AR R P AR T, AL
W2 R At R G AR = L R 3 AT, S T R A BBl A T IR A & e AR b, R U RE B R OE
W PR T A W R R TR R, RN R A S S iR R A 22 5, T ORI R R
JEAREES. EREETEW . ML R A, KB X R SR R AR, T BE R R R 2%
B R B A R W st R R 0 ) P B T R R T R W ORS R I ORI, X i I R R R 2
R S B0 A S T R U 1 30 D S5 v R A . M 49. 130, 21 g/L. WA T A R EELL, =
PR G & B SKP 41HE B (B A0 38 D o i v B Je IR, PR MR JE 5. 2640. 26 g/L, R SKPHA K&
Fi A R FH 23 R % e AR
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26
-=- AQ 160

140F
120

100 -

EE/
TEHERERE/(g LY
5 3 3

[\
<
T

<

A jE)/d RyiE)/d
a. KBEIEPEENTL b, REUEPTRERERENEL

B3 LZEIERREEMERENEL

P 3 ] A LT B 3 E R I 4E o ag
05 B2 0 B AR IE te. R 4 R . IR K R SKP ol &% _—
S A A A R . U OR E R . Ok TR gt e
12.40% 40. 49 % 5 KB 411F % B 3 7 ohouh 8 ) 1 or / ’”jj """"" L
PRI REAT . Bk e iR 0 0 FF, M= £ s v
TR B 7 WHIA B o SRR AR, 6. 002 & T B/ oaetE §ond
0. 28, k1A AL R AL A R b B 5 /fy
G5 RIS TR & B SK 411 SKP 4171 T /ﬂ/
PR FE 7 1L 26 1 % W AQ 4L, SC 41 KB 41 ok N
. W RE ) E R, N
2.3 HEFRESRERENESH 24 6 8 10 12 14 16
PP P AT Y SR Ak A TE fl SRS 0 IR it e/
N, H IS B R . A 5 TR, B4 ZBUREREREOZL

FATH R E AQ 4. SC 211 KB 418 By ot i ik B2 B AR TR 7 Rk e 41 SK 41 H1 SKP 41, TR &K BE SKP 41 &
M Jo BV B fe R, R 261,202, 61 mg/L, X AT RERE M FRUE WS =4 T — R G =Y, SIRAR
TR /NG B 2 W R TR AT 5 A 5 A0 i BT . AT S B30 e U0 A T R A R R T A AR [
B, 5 & WA 8 0B B Tk B R A P R TE BRAE ) A AR 22 5, — Pl ibd vk 2 SRV b (A BL R RN I 2R
JoT AL A8 A 0 AT DA A A SR B . g — Bk R AT 0 VR T AT LR A3 i B 1 L R
Y R e, SKP ZH H A AL RE T 3SR T SK 4 (p<<0.05), SKP 2H 198 2 51 B 7 vk B Je (k. K
36.9640. 74 pmol/mL, ¥ H A FEWE B R RS, N 83.73% +£0.84%, AIAERMYWIAMITHS S T —W 0t
SR T ) AR I B, DA X SRV ) B AR A B T A — e R A B
2.4 HREEXERESGRBEARNEBEARXKY RS
2.4.1 AIBREK

A LR RE R W AL G IR B L B0 | fheE R M A AR T A AR, BT DL, A PLRR 5 R Y B R TR
MR SC . AR 25 1A PLRR AR AR, KR Bt 23 A4 B i A8 4k, Bt 26 s 25 (FLIR 4 g
BEFR IR S5 ) o 45 K VRS IR . BE2R A2 45, hE 6 v, UMM M2 YR E A RBE LR EN
FEATOLIR. WA R TE A K T 4 b bR G o e R B A /N, R RE 2 B TR A R A TOTE . X T B B
SR pH (H & AR
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260 ) ~
~ 250 % ? 1%
11% 240 % % Evﬂ | %
ﬁﬁ 230 %ﬁg % ;ﬁj % ﬁ
5 B R |
8 22 % % r;: 1

210 % % 11%;;

200 %k %}; i 470

) REEA
ARG T B R A — S8 AR AN 7] & W 2 22 ) 22 5 A Ge it 22 28 L (p<<0. 05) . T ).

BEs5s AEAABRESHRERE. EEHESRENESRNEFEHERET
FrIE R ¢ I\ N J& = 8 R 1 25 ( Tricarboxylic 1.8r e 78
Acid Cycle) S (i th ] . #5 B ORI X R Ve 16p S BER
. » N Ttz vk T iy Y A e I
i 125 FT R 2 ph T B2 0 7 2 1 ek R o e A 14 MMAR. .

BRI R T 20, SRS R, SKP 4K T 1o] 7 :
PR B TR 9 1,06 0,03 mg/mL. = 1o : ¥
KB 4R e FE R AT 249 0.4340.01 mg/mL. BF X 5] i ) Z é
SR LALLM R S § oolg oo g d %
AN R Sh . LT FLRR B AR R R 0_4_ § % § g a
I 6 T SK ALR SKP AL Z AR o[ gs gg . [
JRE W E R R B 1.29+0. 04 mg/mL il 1. 62 é;& ?E\ @\ I 2

0

0. 05 meg/mlL. FLANA P HL BT 2% i b6 o J 5 1 AQ 5¢ kB Sk

R ORI R E B &N, X5 Wei 255
TS5 AR L, (H AE PR B L ™ 2R i L A
FRIRAMESY.

e W R, FLERE WM 0 B =, DR B EL SRR MR i M. & 6 AT, B KB 4R AQ
20, LAY R T 2H L 0 AR R o e Tk B A L A . T SKP ZH B9 FL R T R B A s, M 1. 5740, 05 mg/mlL,
UEIATEAR R S5 1T . ESE S R E & R M A Y FURAT &, K4 TR — IR AR, i@y R_RE
B SR A B R R ARG . T JERE I 2R, X 5 R SRR R v R M A R — B

i b, AR OSSR G A R B AW R A NUER . B AKE Y FUAEAT i 5 A TR
BN SRR, feA ST B R G A R H .
2.4.2 AFE M RRM

R T TR P 2 5 e SRS 4 K M RVBR ) O BGRR BCE RRAE I I R 2 . A A B R o A
30 PR R PERL Sy, FEh EESE 12 B, BRIS 6 A, EERR S 6 A, Al fb & G IR X BRI IR 25) 6 Fh. SC 4l
BERYFE R Z R 24 F, SKAM SKP ARz, #Hh 23 F. Hrh SKPAHELY R EkE RS, N
80.35+1. 23 mg/mlL.

PER RN ERINEEANZ —, MR 2 iR, LB, RO, W BMT S LSEEEREHR

Blo ARELBAAHBREREILL
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WAy BB R, Hop SKP 4109 O BRI £ 5B vk B 5 vy, o S ) Jo K 7 9 2 S0 R A 5 SRUT R A 0 BB AE
AR A, X R AR I — 7 STk A, T T A A I TR e v AR A, — BN R S
() IR AT B STk, X F AR BER . 78 KB 4l R 95 SRR Rk R, S EE A B
A N A 0 Y BB R e A 3 e AR TR TR ) I R A s i S A R R A T S I R T R Y 5
W ARSI T T R R VR A A A SR AR X AR T R o A R i S
7 A BRAR .

BRSSO R 1 B R AT, F2 B AR IR TR T3 o e S 5 0 M7 R 1 R AR A T i ke 2
Ny LTROTE . IELTRCERANT MR LWt 3 3 R A 5 R 0 2 mR 28 . BRRAE S I Tl S R R 5 Rl
B AL A R E. MR CTERM T IR CFR7E TR B & W% SK ZHF1 SKP 4 v Jo o vie B ey o R T AR A1 3 25 59 2R
S R ELAT HATR 00 i 7 AR A

x2 AEAABETEELZHYRANRERE /(mg+ mL™")
5 Wy 5 %4 B AQ SC KB SK SKP
%S
1 I 26.7241.29a 20.2140.1b  10.9340.42d 16.4940.43c 25.86+0. 89a
2 5 TR 2.60+£0.13a  1.3340.06b  2.6040.13a  1.60=£0.07b  1.6540.08b
3 g - il 0.0140.00c  0.4140.01ab — 0.3240.01b  0.5240.07a
4 M 3.0740.05d  3.3540.0lcd 3.6340.40c  4.36+0.07b  5.05+0. 04a
5 =B 22.7940.60a 16.1941.04b 22.442.10a 12.9640.48c 15.03740. 24be
6 5B EE 2.3440.04a  2.4940.07a  2.1440.07a  0.70£0.03b  1.3440.07b
7 TR 4.4940.03a  2.3240.06c 1.4740.04d 1.68+0.01d  3.7140.05b
8 [ 0.5940.01a — 0.6540.0la  0.547+0.0la —
9 Tl 0.5340.01a — — — —
10 3-HH i 35 TN B 0.1940.01ab — 0.2540.09a  0.42=0.06a
11 SR 6.594-0.05b  4.7940.16c  7.09740.1la  4.23740.05d  4.7640.03c
12 FH 2.154+0.04a  1.9740.05b  1.63%0.03c  1.98+0.25b  1.06=0.27d
LS
12 LR TR 0.4240.05¢c  1.494+0.01b  1.4640.03b  2.784+0.0la  2.9240.01a
13 1E Z 1R & Mg 0.01£0.00d  2.2540.09b  1.5240.02¢ 1. 840. 04c 2.7240.03a
14 TR Mg 0.1140.00c  0.4340.01b  0.19£0.00c  0.34£0.01b  1.2440.01a
15 A 28 2P - 0.1840.01b  0.1740.07b  1.3140. 1a
16 PiiiR £ g — 0.06+0. 00a — — 0. 04+0. 00ab
17 1E 2. PR Z T — 2.6540.05a — 1.340.05b —
i 2
18 3-FRHE-2-T 0.13£0.00a  0.21£0.00a  0.3640.19a  0.3240.03a  0.26+0.02a
19 TN — 2.3440.12b — 1. 05+0. 07c 2.840.03a
20 F2HE VT R 2.2240.03b  1.2040.01d  2.4440.05a  1.5240.06c  0.76=+0.07e
21 N - HH 1k 1% v - 5.6940. 02a — 3.3640.02c  4.8740.08b
22 1,3- 3 SN — 4k - — - 0.56+0.05a —
HeE
23 7.1 5.3740.02a  2.70£0.02c  4.5140.02b — 2.7340.05¢

24 T — 0.58+0.02a 0.8440.09a - 0.740.01a
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25 B S — — — — 0.61£0.02a

26 7Y 1 — 0.5640.03a — 0.2440.07b  0.57240.02a

27 1,3,6- =R LA F L - - - — 0.5940. 04a

28 ZHEW-D6 - 1.3140.03a — 0.68+0.02¢c  1.07+0.02b
29 W = p — 0.1640.01a  0.04730.00b — —

30 1 0.9240.0la  0.5540.12b  0.50%0.01b  0.6140.01b  0.55240.01b

s 79.1041.10a 73.43%2.21b 63.1941.0lc 54.6742.38d 80.35%1.23a

T = 7FoR R ARVNG FRER IR R A R AL 2 18] 22 52 A G4 1 L (p<C0. 05).

BeAh, B SR A R R R PR R AR T AR SR B A A STk S . 3R 2T
M . DR RIENER . SREMOTRAE, WH, KRR, XORY) BR B e A B 2R L,
T T R 22 ol XU ) DO S SR AR R R AR P R AR T R AR R, R BT XU o ) S o 3 R
AR,
2.5 REFREGREFARALEBAREITH

WA SRR S S A B DRERE AR K. E N A B, R KR SKP 4
RO A PSR AE R A 0] B2 VAR (R 3). SK AL SKP 41 3% 85 39 2R 52 5 SR i (L I AN A
AR B AT RESE TS R ) ELAME T 98 TSRS SR Y A G, SRR e T R A S
WP, JFR N T S e | AR AR, SKP AIBA R BE ik, W . A6 A R R vk . 5 AT SC
SR A BLIR T A R — B, M A B Aok B nl RS S RS e | MR R ot e 3-8 E-2- T WA
K. KB e @ RSB R 7 T A5 20 B Bl 75, 4322, 89 41, W RE SR Ay J2E 7 LT 2% Ja B2 s 1
B R EERE R . SRR MR . BRYRBUR R Z . LRE AR . I EERE | A0 L 2% L B R R
AR W) FUABAT 1 TR T K I 1 9 0 S R R RN B e e, A R, Ry, B2 UG,

x3 AERBABREITFNG

E RHIE AQ SC KB SK SKP
ERES 7.44+0. 26¢ 7.2740.06c 7.7740.67bc 8.340. lab 8.4740. 06a
X 22.57%£0. 9c 23.32£0. 26bc 21.5%£0. 5d 24.33£0.72b 25.77£0. 15a
gk 31. 140. 7he 30. 9740. 55bc 29.8741. 63¢ 32.8340. 81b 34.7741.02a

780 18.234+0. 15ab 17. 640. 2ab 16. 340. 44¢ 17.4340. 45b 18.370. 68a
A 79.34+1.51c 79.1340. 35¢ 75.4342.89d 82.940. 35b 87.3740.67a

T W —A7 A /NG TR ) K e 2 18] 22 5 A7 Ge it 2 B L (p<20. 05).

3 it

A5 B O P IR 3 B L P LT 2% o B IR I R AL FLARL AT TR R B R A S R, W T A
() B o 2 T 2 B BRAR R L DU AR TR 5 R B B 25 5. AR LG T PG R T, RIS RS L AT LI 2%
BE R RE S R FLREAT TR & R BE Y SKP 4B 1 &2 4 SR 00 BAL RR P AN SR, DR RIE R B, O R
FFLRR I B B R A R R B R AR, HAMRABE, IESRC BT IR L IR SR BR 2R Y B+
B XA TR SR S R A A A, PRI SKP ik A FRE A OEE, T R
S5 I 45 o O B TTRE T 0 S R A R LA A L T A AR A S BUCRRAE. R IT Y 2R SKP 41
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