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Abstract: To provide a scientific basis for the follow-up resource utilization and food development of Jinzhai hybrid G.
elata, the ultra-high performance liquid chromatography coupled with mass spectrometry was utilized to accurately
determine the contents of amino acids and nucleosides in Jinzhai Hongwu hybrid Gastrodia elata Bl. and its parents
Yunnan G. elata Bl. f. glauca S. Chow and Jinzhai G. elata Bl. f. elata. Statistical methods were also applied to clarify and
comprehensively evaluate the composition and content differences in amino acids and nucleosides among the three varieties
of G. elata. C 4 column (2.1 mmx100 mm, 1.8 pm) was used with 0.2% formic acid water (A)-acetonitrile (B) as the mobile
phase at a flow rate of 0.2 mL/min. The column temperature was 30 “C with gradient elution. Moreover, electrospray ion
source was measured in multiple reaction monitoring (MRM) mode, which was set as spray voltage at 5500 V;
ionization temperature at 550 °C; ion source gas pressure (Gas) at 241.3 kPa, atomizing gas (GS1) at 379.2 kPa, and
auxiliary gas (GS2) at 379.2 kPa. The results revealed that there was a good linear relationship in the range of O~
144.58 ug/mL of the 31 components. The coefficient of determination R* was greater than 0.999, and the RSD of the
precision, stability, and repeatability of the peak area was not greater than 3.0%. The average recovery rate was between
92.69% and 99.5%, while recovery rate RSD ranged from 1.3% to 2.9%. Based on all above, G. elata was rich in amino
acids and nucleotides, of which glutamic acid and aspartic acid were the main components. The contents of total amino
acids and nucleosides in hybrid G. elata were higher than those of its parents G. elata. And there was a significant
difference in the amino acids contents of different varieties (P<0.05). In the evaluation results of PCA and TOPSIS
methods, the qualities of S1 and S2 hybrid G. elata were the best. This paper established a new method for evaluating the

quality of G. elata and provided a scientific basis for the development and exploitation of Jinzhai hybrid varieties.
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Table 1 Collection information of Gastrodia elata samples

B SR HLS A W (m)  ARE
S1 S & S I T ANESN 3 581.2 VNN
S2 E3Gre STE SINEARESNI 593.7 NN
S3 TREFEROE A RIR 554.9 Kl
S4 LR EHR T FAPN/7 348.7 Kl
S5 LR ERERFIE FAPN/ 366.0 Kl
S6 GRS PN/ 273.1 Kl
S7 2 i WA AE /NI LN 1934.2 Kl
S8 2 i WA E /NI LN 1883.7 K
S9 2 A WA AE /N R PN 1745.4 Kl

SCEGRTAOK SRSl iR T iR
T T ANF KRG T 2B = 2l A BR A
", ZHE P OGS, sl = 98%., X IR IR AR
(B21933) . XN & 2 (B21910) . 7 3% & MR (B2
1937) . 72 &R (B21925) | EE&IR(B21924) . P&z
(B21919) . IN& 8 (B21911) . &4 (B21916) . F
i 2 1% (B21913) | Il 22 (B21914) | ZH Z ik (B2
1938) | RAEIR(B21934) . RAMH(B21935) , 22
Z iR (B21932) . H &R (B21915) | 4 & & (B21
936) . ¥R (B21920) . FRMHZER (B21928) . (%
fiz ( B21930) . #fi & Bk ( B21923) | p-&= 3 T M2
(B21979) . FREELE(B20908) . RN (B21357) . Jifd
H(B20073) . ZEM(B20906) . HILH (B20582) . fifg
H(B30633) . 1 (B20905) . IR (B21356) . FR1F
(B20907) . YK BN (B20211) ., HrEIE(B20074)
WA TR ], Sl = 98%.
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1.2 KWHE

1.2.1 PrfEfisuliles  REERREL 31 BRI B0
X RESE A, BT 15 mL BB R in A 4l K%
fitt, ARATBA— AR A AR UE S ST, FRANAS BAARIE T
W EY 1 mL £% 22 8.0 A8 v e i il VR B A v S S TR
PR v S A A FH AT, FH B 4l 7K 2 KR B 2B T e R
i 0.22 pm MTEFLIERS, BT 4 °C B IRATE
1.2.2 FEEIRTAREE  RERAER M RIBRAEE S s,
POKPRKZZE B, RISV BT 70 C FbE 4L
+, BJa T L 60 B H . K EmRE
AL S IR FREER IR 1.0 g, BT 50 mL &.0045
1, A 40 mL BB4EIK, B (25 °C, B2 200 W, il

2 40 kHz) 4t ¥ 50 min, i 38 5 & &, 18 W IE
11000 r/min FES.Cr 8 min, WH EiEHET 0.22 um 34
FLUBASE, e BE EALIIE o

1.2.3 Pl %44

1.23.1 %44 A% 4 5 ZORBAX RRHD
Eclipse Plus C;4(100 mmx2.1 mm, 1.8 pm); ¥4 &G
0.2% W ERIY/KVERI SR A, F ZIEVE iR shAH B,
6 B BE I (0~4 min, 85% B; 4~6 min, 85%~48% B;
6~8 min, 48% B; 8~9 min, 48%~85% B; 9~12 min,
85% B); FAFEAEN 1 pL, ik 0.2 mL/min, 47 30 °C .
1.2.3.2 gL 78 ESU(IEE T4 Bt fT
Z2 B W I (MRMD) #6230 5 18955 HL, . 5500 V5 5511k
IR B 550 °C; Gas & 241.3 kPa( 35 psi), Gasl
379.2 kPa(55 psi), Gas2 &y 379.2 kPa(55 psi)o J37h
XPREEE AE TR . R R L S A 2 XA A B, A
LIS RSO R 2.

F 2 31 R E P ORAL Y TS SR SR
Table 2 Optimized MS parameters for the determination of 31

components

oy I ey FELE RAULE
H2(i 5.83 76.04  30.00", 49.00 73 6
[N 6.36 90.06  44.02", 46.78 79 10
225 R 6.18 106.05  59.997, 74.30 67 8
KRITEAHER 651 134.05  87.96". 73.80 59 10
KRITARE 412 132.80 115.70", 73.90 46 13
SR 6.41 118.09  72.06", 55.06 67 8
HER 3.46 147.08  83.92",130.58 83 14
REER 298 132.00  86.00". 69.00 66 15
TR 7.0l 150.06  104.03", 133.00 91 10
Hi =R 6.88  175.12  70.20". 116.00 88 18
HER 352 156.08 110.03",93.17 95 16
IR 3.54 12030  76.80", 104.70 54 11
RNHER 355 166.10 120.057, 103.00 56 14
SEAR 6.92 132.10  86.057, 42.30 98 10
Jhe e 3.65  240.80 151.90". 120.00 71 18
RINER 443 133.80  71.80", 69.60 52 25
ik % 3.56 182.16 136.08", 165.10 46 17
R 531 20500 188.00°, 72.2 202 15
[HE=N A 7.01 116.07  70.02", 68.03 68 10
iR 429  147.00 84.00", 130.00 52 24
»EETR 568 103.70  86.90", 87.00 32 14
L g4 4.20 151.80 135.00". 135.00 62 24
RN 6.57  136.06 119.00", 92.00 51 24
JRIEIE 1.78 113.04  70.00". 95.00 111 21
KHEIES 696  137.05 110.00", 118.70 46 15
Mty 568 24310 127.07",99.00 61 13
LA 421 28430 152.00", 135.00 62 15
IRz 334 269.00 137.05".137.05 46 15
PRA 421 24490 113.00", 70.05 103 13
Jt 3.47 267.9 118.70", 135.00 86 23
Jizhss 154 24409 94.657, 111.80 61 10
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1.2.5 JriksFaEsg

1.2.5.1 MRS A% W EBUR A X SR

1 pL, 7£ 1.2.3 WA T 1 d NEESRUERE 6 IR, it
BOH PSR, P 3d NEE R 6 Wk, A H
[ 2%

1.2.52 \EMHERE S PRIUEHLREERS (S, ##

R 1.2.3 I A8 vk il A5 K TR 6 1y, TE-LA
1.2.3 IS S A4 REMIE o

1.2.5.3 FRE ks R —AFE SIS, 53 A 0.
2. 4.8, 12, 24 h B8 1.2.3 AT S&A-EREIE o
1.2.5.4 JER Bl ERGEG K 25 PRELE] — HEAE 5

(S1), SEATASHY, A 5BILL 1:1 0 A4S H b5 p 4% i

A, F R 1.2.2 W7 i A A T S, PR 1.2.3
T AR SRR 2 , S ARE %A RSD,
1.3 HIEAIE

SR AEIZEFH Excel2019 ., SPSS25.0 #il SPSSAU
BAFIAT PCA 5 TOPSIS #4304, E A Origin
2021 Al
2 HBRESHh
2.1 ZMXFREERE. KNRMESR

K EE R 1.2.1 IO PC R B HE SR A TR A4S 1 pL, 3%
B 1.2.3 T NRARIS PS50, A 31 Fl B
JST I MRM @R WK 1, DAEmEARAUME Y N
YhAL A, HAHN % BE S 8 T e B X (ng/mL) ks
ARBR, VEH EUA SRR, FEHREeE R E(R?) FZRTETE
FEl, s EMR L (S/NDZh 3 1 10 B AAs:
MIPR(LOD) HEHR(LOQ) ., % 3 $¥E i R 31 Fh
H AR ST TE 0~144.58 pg/mL Y5 F NP6 R B4y,
H e 25 R? YT 0.999, J5 B HuR: BR 5 52
BRAFHIZE 0.15~6.87 ng/mL. 0.57~22.76 ng/mL JEFEI .

#3201 FEUERRA 10 PP IR IE S R B L

Table 3 Linear relationship of 21 amino acids and 10 nucleosides

k&Y ElEpx 23 Bl (ng/mL) R’ LOD(ng/mL) LOQ(ng/mL)

H&ER Y=3x10°X+147.2 0.034~5.68 0.9992 6.8 22.76
WER Y=5x10°X-10° 0.15~61.43 0.9994 3.03 11.04
2R Y=4x10°X-4250.3 0.11~10.28 0.9991 0.82 3.26
RITE R Y=2x10°X+12493 0.024~38.29 0.9991 2.74 9.63
RITA B Y=6x10°X-2x10° 0.13~89.45 0.9996 4.09 13.88
AR Y=4x10°X—48932 0.097~14.53 0.9993 1.68 5.47
BAR Y=3x10°X+28292 0.19~144.58 0.9991 0.15 0.65
SRR Y=2x10"X-192213 0.093~10.02 0.9992 42 13.74
AR Y=5x10"X-273.7 0.027~1.805 0.9997 3.25 10.75
UTEAN Y=3x10°X-1x10° 0.31~59.34 0.9998 3.47 12.31
HAR Y=82104X-29.7 0.40~6.86 0.9995 0.76 2.39
INER Y=8x10°X+10682.9 0.32~10.59 0.9996 2.11 7.03
RN Y=4x10°X-4564.6 0.068~2.83 0.9998 445 14.61
AR Y=1x10°X-614.9 0.51~34.30 0.9990 6.87 19.54
ez R Y=32921X-342.4 0.75~13.23 0.9992 0.16 0.57
2 gV Y=4x10"X-28312.4 0.29~7.41 0.9997 0.23 0.72
ik 2 R Y=6x10"X-72791 0.092~4.24 0.9994 2.49 8.63
{45418 Y=4x10"X—-1x10° 0.058~3.92 0.9999 5.68 16.82
2R Y=8x10"X—-34258.3 0.11~3.08 0.9992 2.6 8.97
TR Y=74453X-435.6 0.015~10.12 0.9991 3.64 12.06
P2 TR Y=2x10°X—-432350 0.062~3.66 0.9997 1.74 6.08
AR Y=4x10°X+2123.9 0.032~3.14 0.9998 3.91 12.97
JIREERS Y=5x108X-234321 0.026~2.98 0.9992 1.68 5.78
PRIZE Y=1x10"X-33241 0.067~4.02 0.9995 3.32 10.42
KIS Y=1x10°X-9283.7 0.031~3.29 0.9991 2.41 8.73
Jilokzg Y=7x10"X-3124.9 0.056~3.92 0.9991 5.75 18.14
55 Y=8x10"X-15467 0.23~5.82 0.9993 6.1 18.56
ilIN:§ Y=1x10"X-146520 0.14~4.12 0.9996 4.72 16.07
PRAF Y=4x10"X+129202 0.096~4.43 0.9992 4.14 15.83
BRE Y=5x10°X—146342 0.029~3.87 0.9998 3.31 10.75
J Y=4x10°X+547650 0.024~8.46 0.9996 4.52 14.84
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22 RBEE. EEM. REMEMAEFRILER

Ay B E I 1 T S, XA RS . B
P RS M LA R RN T RN, 455 BN
31 Fiplis H W5 H PRS2 B2 RSD #£ 0.28%~1.40%,
P AT B R AT EEE M RSD 7F 0.98%~2.60%,
FHHE S TE R4 FaEtE RSD 7E 0.93%~2.9%, #&HH
AL WAE 24 h NEREME B AT P38 BIKCRAE
92.69%~99.50%, [BI 3 RSD 7E 1.3%~2.9%. £
AR R 4,

4 KR 31 FhINE T ORGSR RE L A RRE TE R
BRI AR (n=6, %)
Table 4 Precision, repeatability, stability and sample recovery
of 31 components in Gastrodia elata (n=6, %)

o W#ERSD  mgpt  Fasietk ——
Him  Hpy  RSD RSD RSD
HER 125 034 1.6 1.7 98.47 1.8
AR 0.86  0.52 2.1 1.8 97.25 1.7
225 R 076 0.73 13 1.6 96.38 2.0
KITEAHER 095 1.0 1.8 2.1 98.12 2.6
KRITATRE 076 0.82 23 1.9 97.75 1.9
BN 035  0.29 1.6 2.1 96.51 2.4
AN 0.71  0.67 1.5 2.4 98.68 2.1
FAEER 093 1.1 1.9 1.7 97.37 2.0
Pzl 138 14 2.4 2.9 95.54 1.8
it 0.87  0.72 2.6 2.5 98.38 2.3
MR 092 091 2.0 1.1 95.69 22
IR 047 035 1.9 2.1 97.43 24
KNRER 1.0 092 1.7 1.9 96.89 2.8
SLRM 0.77  0.74 1.4 1.6 95.01 1.6
RN 048  0.39 2.3 12 99.50 2.7
EER 072 0.62 2.1 1.6 94.86 2.1
it =R 0.57  0.69 1.7 1.1 95.33 1.9
R 0.46  0.44 22 1.9 97.37 2.9
itz 038 041 15 1.7 98.13 2.4
=R 031 028 1.4 2.1 95.34 1.3
AT 064 076 15 2.4 96.08 2.1
% 086 12 12 0.93 97.21 26
JiRIEERS 112 091 1.9 12 98.48 29
PRI WE 092 087 2.3 2.0 92.69 2.8
WHEIEE 064 0.79 1.9 12 98.23 26
iz 067 071 1.8 1.8 99.02 23
B 093 082 2.0 1.4 9331 1.4
WU 069 057 1.7 2.1 95.47 15
JRAF 041 032 098 29 96.81 27
i3z 037 048 1.8 1.7 96.42 25
JiiUNcR 0.64  0.56 1.4 2.4 97.40 2.6

23 HmNZE

2 I8 1.2.2 T 0 RIBRAE it il B B i A TR
Fi2 I8 1.2.3 TGS IERE D A2 , B OYRE G AT I 5
3 WK, A5 B AEEFPHE AR S TR AR, TR IR O 2l T i
FrRUERRZR, THE R R SRR RRR R 31 Rl BRSS9
T,

P 2 56 A AT 0, A% HHE U KRR 24 A TR I RE Y

31 Pkl sy S AL AT 9 HLIRPR IR i
TE 7549.43~9816.83 pg-g !, & i g BRAK K N
S1>S2>83>89>S4>S7>S8>S5>S6, A [n] i Flt K FR 1Y)
IR B 2Z R (P<0.05) . Hih B &E iR . K171
AR P AP B R IR 5 Bt i, 0] o SRR R R 1Y
13.5%~16.5% Fll 12.0%~14.5%, X 5 4 25 3 558 ff
FERAL, SRR B AR ST HEIL R EER
(P>0.05), (HR T4 &R &t b S1(&FELL3ERMK)
5 SA4~S6(4FELTRIR) . S8~S9 (= B /INELI L FFR)
i EER(P<0.05),

BEAL, 9 HEIRFRAE &H B0 HY 8 Pl A4 075 42 3
12, B R B 9 AL R RR v T SRR 11 AH X 75 i
oA 25.3%~28.8%, Ho PSS AR S B LTS A AL
fi2, 5 R 30.8%~39.7%., DLLFEEILENR BN
PEMERR, e ERAK A S1>82>83>85>S4>S9>
S8>S6>S7, 4xFEAAE RIRIHEAERTH, H -5 H T
RIR R i 2 25 57 (P<0.05), Hodp ST 28R4 Il &
X F) 2533.93+£95.46 ng-g ' ey, S2 /G HIL
Bt 2436.25+73.39 pg-g ' IRZ, S3 4 ZE X4 &
2386.66+83.03 pg-g ' HAK, [FIHL X [F AP R FRO TR 2
TR SR UL i 2 22 5 (P>0.05) 5

A B4y P 9 HE R R AZ B = 7 376.49~
746.67 pg-g ', A BVE H E EMIRIR IR O S1>82>
S8>S9>S85>S87>S3>S4>S6, A~ [F] i it K R (9 42 8
TEZE IR (P<0.05) . HPRTY . SRS
T, o AT B Y 17.7%~35.1% Fl1 9.3%~
25.9%, iX 5 B il D IR A RAHMRL . 9 HERIpR
R AR T 325 5(P>0.05), (B &k ER[E]G,
FhICFREE 25 7 (P<0.05) . PRALS IR ILEE 5.

K Excel2019 FAN53 FIXTAS [F) 5 Fh IR RR 22 5
PR ST BT T 7 22531 S LR 1, 4155 KRR
LT R B2 F(P<0.01), 55 KARE B2
5(P<0.05) (FEILE 2); 1 M, 4L SRR SL0KR
PR W 35 25 ¢ (P<0.05) , 5 5 KRR UL I 25 225 &=
(P>0.05) (FEULIE] 3) . PNEFERR . % & i = (kDT
MASF RN RIR, T84T SRR T 2R KRR
LT R FRBY B i, 33X AT BE 5 AN [R] i b KRR B9 b B 5541
(mm 5428, ERIAEE ORI SCiE L FRRESE) LU
T35 ORISR AR OB AR B SR EHEA
Ko EH I, X F 4 FEARE RIR BT i 75 2 248
i ZHEEBELEGHTIT, MNEE— ST I ANRER WP R
FRER RIS o
24 EFRPPRREETEN
2.4.1 HAFMIEF S5 HT  SRAH SPSS25.0 #f4
FeXt AR EAE A TS E AR E LS, TR T S5
50T LARFIE(E>1, 722 DTHkFE>5% RifiiktnifE, &
SdEELT 5 1 PCs. | 5 ~F 45 F1., F2, F3, F4,
F5 $-E{ES 910 9.850. 3.481. 2.875. 2.120. 1.088,
FF2ETWIRFH 46.905% . 16.574%. 13.690% . 10.094% .
5.180%. ARHE 5 LM Lo Ty 2ETTRRRA AR 4%
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10000 - a F=0.46727F,+0.13676F,, WL.3% 7, &5 Ui, MAZH T

2000 ' b b TP RR A BT, S2>S1>83>S5>S7>S9>S4>S6>S8,
2 : f S2 LA FALL S RIFRITAN s, S8 25 ma il
& 6000t IINEEIDLE, TR S BT PP B TG, AT a8 SR TR
= ZERARUAK, SLLRIRVE SR i T E i
4000 -
® S
i

2000 TR N

KT FERI T R EEE N
. . . Table 7 Principal component analysis and comprehensive
ARES NN LESNI PN/ evaluation of nucleosides

K2 IR AR R S 2 R L
Fig.2 Comparison of total amino acids of different Gastrodia
elata varieties
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Fig.3 Comparison of total nucleosides in different Gastrodia
elata varieties

Hb X KRR ZE S VP53 F {H, F=0.46905F | +0.16574F ,+
0.1369F;+0.10094F ,+0.0518F 5, VL3 6, 45518 HH M
ZA KL TR J7 T VP A A B B R RR BT, S1>S2>83>
S9>S8>87>S4>S5>S6, S1 LA FEPFAT FEl 2115 KRR
PFr s, S6 A ZEUNI] £ LT RIBRPF A, AT
GEIR L I 2T RR> 5 RPR>LLIRRR AN 22 S 3

® 6 HIIR T T RER ST
Table 6 Principal component analysis and comprehensive
evaluation of amino acids
R F 4
F1 F2 F3 F4 F5

S1 6.68 —0.38 -1.65 —0.48 0.09 2.80 1
S2 2.90 0.78 -0.44 0.94 -0.39 1.50 2
S3 1.35 -1.07 3.63 —-1.06 0.29 0.86 3
S4 -1.53 -140 —0.64 -0.82 1.72 —1.03 7
S5 -2.74 -141 -1.67 1.82 0.04 —-1.56 8
S6 -2.88 -133 —-070 -136 —-0.17 —1.81 9
S7 -1.26  —0.77 0.41 -0.18 226 —0.80 6
S8 -1.99 4.22 -0.59 -145 0.08 —0.46 5

4

S9 —0.53 1.36 1.64 2.60 0.59 0.49

2.4.2 BEEHIREMrHT IR 2.4.1 WU EE
SF BT Tk, SPSS R MR EL T 2 4~ PCs, 51
F1 5 F2 WU4RAE(E 5N 4.673 . 1.368; J7 22 STk
SRR 46.727% . 13.676% . g 2 DTHRGFMATT2E
BT R RA TR T A5 M XK R B 25 S 4> FE,

ES %y
Fedh F He#
F1 F2
S1 2.53 —0.41 1.13 2
S2 3.38 0.77 1.68 1
S3 —0.42 0.83 —0.08 3
S4 —0.68 -1.16 —0.48 7
S5 0.35 -1.92 —-0.10 4
S6 —0.95 —0.54 —0.52 8
S7 -1.29 1.08 —0.46 5
S8 —1.44 —0.36 —0.72 9
S9 -1.48 1.69 —0.46 6

2.4.3 FLF TOPSIS IRZA AT DI T Fia SR
ik R ¥E AR, SR TOPSIS %1 3 /4~ K R & Fl 19
31T AT SR A PR B M, A5 LR AR HE Y 4

SR OBE S1~S9 RESE T 21 A ILRR K 10 R E4E
SRSy B R AR AL D SR A R A TS — kAR B,

STARRRERE, T154 Z {8

n

2
2%

b X RN L DIRIT R RIS j - fa b
AOINERARL; Zy; 2285 i PP XS GAERS j 6 hs EIH
—ABAb PR PR HUEL

R e U TT S 5 T7 58, el 58 23R 3F
Praa b 00 F AR Be 95 T7 58 2 3R PRI FR AR i e /)
i FALITE. eI SR IE A (D D)
I A v ] AR AR . AR T Z1 20 ST S AR X I 3T R
(C), 13N C; BT LIVE A KIBRZE & i J5T 9
FEbR.

& (D

Zy=xy

D: = \iwj(z;—zﬂ)z ®
D; = \Zm:wj(zj-—zﬂ)2 D)
C =D;/(D; +D;) WD)

o D SRR PN R S By SRR
D; RNV X R 5 e 45 U7 SR AIEE S wy AR
j DB PRI R (R .

M C(0<C, < DMZIT 1 i), RIPFEMAZEES
AR TGRS, KPR X S C BRI T HET . RE A
21 FPa(EERR . 10 P A% 1T S TOPSIS 43 AT 45 5 I
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2 8. GEARERH, LLEUNIT N AT Fa AR, S1>82>S8>
S3>89>S4>S5>S7>S6, H.tfr S1 2134 2E PEAT [ 41
I RIREE A PEW e, S6 ALV £ 21 KRRESE
BN Bk TR G RS R A R —
B, SLLRMHT SR SR . 456 50
1 TOPSIS 1L HTe REFEGE, S 2ELERIRE TR
MAEBHEA RS R &, IS S S g Itk
—ETFEFIH

#* 8 FEAhP 31 FlJr TOPSIS ZpHirgfi i
Table 8 TOPSIS analysis results of 31 components in the

samples
58wy
W — - HeFp4h
IFHAEARIE DT MEAMEEE D AR EEC,
S1 0.916 1.789 0.661 1
S2 1.305 1.433 0.523 2
S3 1.634 0.897 0.355 4
S4 1.690 0.700 0.293 6
S5 1.784 0.693 0.28 7
S6 1.923 0.366 0.16 9
S7 1.864 0.499 0.211 8
S8 1.731 1.049 0.377 3
S9 1.703 0.894 0.344 5

3 g

A S5 B UG 3o v AR A % - — DU/
LR T BT B AR 2238 KRR 5 2R AR S A AT
LR RRH 31 Fh A iE PE R0 A i, A FE 21 FREL
PR 10 FpAZT, BT A AR N T &
22T I T T IR E AR, UE B ARG FH T R
SR L) K AZ IR BT PR, S e IR & 2
KRR RS DL AR ARYR . SIS IR W, KRR
TR AR ST ST, 9 HER AR 2 FE
iR B 7549.43~9816.83 ng-g ', Zir B 376.49~
746.67 ng-g ', BILL S1 A= FEPEATIEI 2R3 RIR & i
51, S6 & ZEVHI £ LT KRS 5l 3 PP RBP4
AR P it e, RITARIR O iRz, 8 a5 R
BT 13.5%~16.5% Fll 12.0%~14.5%; A% 25105
IR e, SR, A A BRI 17.7 %~
35.1% 1 9.3%~25.9%. ZAZ AP 5 2R A e
IR M A B2 W (P<0.05) o ASHEIR KR
FESRIIAFAE 8 PTG 2 EmR, Horh S1 28 PEAT Pl 2
TR B s F] 2533.93+495.46 pugg ', S7 =
JINBL I KRR eI 1963.67+62.15 pg-g ', 3
FHZE 570.26 pgrg ' AR RER T FEALTTE
FEWR, Sk ®) 776.03~794.57 ng-g ', T EIENR
BRI 30.8%~39.7%.. AT AIHTIE AT N SR
ST FIAZA RS P F REXT 3 Fh RBRAUBEA TP
My, TEM a5 —3, LA S1. S2. S3 £ FEZAT KRN
s TOPSIS ¥k LAZ LR . 4 & 08 hs, 28 60TF
M 3 FhORRR, S5 5 RS AR L, ST, S2 42580k
SERIRHESAERT, D0 T HSEA L F

AT SRR A ) BT 25 AT 2B I S R 2B

G | ARSI SN AR B AT G, AR ARESE R B
DT IRMNAR IS TR, o R KRR T e G TR A R
Ko B8 BB AR FEWTFEAS R PP R RRATT B A e
R 1957 B 28 S5 v 4 HY RORRX S VR HAT A1
T WL, AR Y v TRATR I 2 52 i SRR A9 A= 1
1Y, ZRBZHIARRT G HE KR B PR TR W3, Je 2]
XA JE AR A A B2 LIAS BRSO AL AR, 3 T4
I BRI RCHAE R R IRIEAR, WA
BEHRBRIE IS, RIS KIR R 2 n] sl KRR
At B R L T T R R o AH LB AN HEIR LA
NAZNTIEE IR ERR R ST b 28 535 h T, S
W 2 07 LR G VEHT 2458 KRS HEEAR I 5T

S 3k
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