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Determination and comparison of hydrolyzed amino acids and

free amino acids in six kinds of grape seeds
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WE A FAR R KA A AN A KA, KA Thermo Ac-
claim™ 120 Cyg &34 (250 mm X 4.6 mm,5 pm) . % 35 48
A pHO65 9 LMMEFTHER, AHMBAITE  TH—
K CRA 20 060 1 20), £ i 1.0 mL/min, # E 2L B, 42
230 C. Mk K 254 nm 9 M T2 5 7 FH 2R E#
EMNEZHEAFFTRBEAARFBERALBRN S S, 21K
B, R X IR R EEE AL 17 AP A LB 49 R? 34 >>0.999 0; K
S A B mAEE K FE A 92.0% ~104.6% ,RSD 4 0.83% ~
4.07% 57 B R IR B 6 mAF w M E 95,206 ~102.4% , RSD
# 1.06%~3.98%, Fet.6 #HHF T KMALRY S Z
4 130.46 ~163.24 mg/g, B B R AR & T H 2.04 ~
513 mg/g; ATEMEGNHEN TS RELFTASLS
HHAFTHEAARSERG A TRELH H B Z R
HH AR RERIFAR G T RKBRERS
FERETE TR THAHFFKBALR A E A LRY
AR,

KR A AT KR ER KR
AR A AT A AR AUBR K B

THRG. %
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Abstract: High performance liquid chromatography (HPLC) was de-
veloped to detect the hydrolyzed amino acids and free amino acids in

grape seeds with phenyl isothiocyanate(PITC) as the derivative rea-
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gent. For chromatographic analysis, a Thermo Acclaim™ 120 Cys
column (250 mm X 4.6 mm, 5 pm) was used. The mobile phase
consisted of solvent A and B with the flow rate of 1.0 mL/min by
gradient elution. Solvent A was sodium acetate buffer solution (pH
6.5) and solvent B was methanol-acetonitrile-water (20 : 60 . 20, v/
v/v). The temperature of column was maintained at 30 °C. The
wavelength was set at 254 nm. The results showed that the R?of 17
kinds of amino acids were more than 0.999 0 in the range of experi-
mental concentration. The average recoveries of hydrolyzed amino
acids were 92.0% ~104.6% , and RSDs were 0.83% ~4.07%. The
average recoveries of free amino acids were 95.2% ~ 102.4% , and
RSDs were 1.06 % ~3.98%. The contents of hydrolyzed amino acids
in 6 kinds of grape seeds were 130.46~163.24 mg/g. The contents of
free amino acids were 2.04~5.13 mg/g. More free amino acids were
contained in the grape seeds from Leisiling, Saimeirong and Guirenx-
iang which three kinds of grape seeds were usually used to brew the
white wine. The contents of hydrolyzed amino acids were higher in
the grape seeds from Heipinuo, Shelongzhu and Chixiazhu which
were always used for the red wine brewing. The method was stable
and reliable, can be used for the determination of hydrolyzed amino
acids and free amino acids in grape seeds.

Keywords: grape seeds; hydrolyzed amino acid; free amino acid;

HPLC; precolumn derivatization; PITC
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904 2 A Kl B R B AT O R R SR Tz R,
AT A G 45 R Il A R AR T R AT I Oy w DL T R AT AR
F 5T 87 3R AR P 0 A (B T S AT AR R0 ek 2k 4l
B 5 HAE X 85 A 5 e = R Y SO A A A

SRR AR B A B TE R AN LA B S
MBS 2 MIBRAATE . b T RS AR MR R R
PEAR TG R K (o B P v O 40 S R I BL A IR e . H A
A T D 3k O S R A A AT R A A 3 ik
D ]
G ARy M A RE L R BUE R L HPLC P AAR 8 R
UL AT AR BN 2R R A AR SR IR B I . A
SCHRT Y 220k P FER 43 BT 30xE A 2 Fr B A 5 R K A A 3
TR 1 & s AT I L 1R ] HPLC [ B 43 87 3 285 0 7K i
ik 22 R S T A 1 B 53 A DL 4 T

WA TG b ) A 2 R R, S S 3 O ) A7 B T
FIF S AT LA 6 Fh i 0 1R 45 46 AT R J5ORE, R A A A 1k
120 RO R €0 i 1k o JHE AT B K AR R TR R i L TR L ) i
AT 50T R A R TF R R TR A — & AR 2 K0 .
L Mk STk
L1 M5 XE
L1 AR5

HIAGFE BB VA W B R B A R A R A
A CGRBD S I e Bk FE 5 25 W 8 H R AR 74 4 45 T A BR IR A
A CEMD L AREE R VTN B H R AT A R A R GE g
SR e PR R v e e R AR B TR Dy 0 A T TR S b (4L
LN TR < o | B N o NS iR TN G G E
KO R JS 1 60 H i 45 1 5

17 P HEBRIR A X IRV W R R A EH R VA &R L 24
IR H AR AR SR = AR IR %
BRI H AR e AR AR RN AR AR
JoE 2R, Mk BE 32 2.5 pmol/mL, H 28 FIOG 46 25 Tl A B
NI

17 Fof S HE TR 1) B (A 0T B - o 1 24 R T 5

SRR R -l B =98 %0, BT BL T i A BR A F 5

I VR A5 2l R T 2 B R A AL TSR T

ek Al
1.1.2 REAURBA

TR RO AH BT A« Agilent 1260 A, 36 [F 2 HER A A 5

e 7 U T R - KQ250B B, B 1L v B A A A A PR 7 5

A R AUWI20D B, H AR B HE A w5

e #E R AL RE-2000A B, | 1 58 A AL AL 2% T

#B 4l AKX . Nex Power 1000 #1, %5 [E HUMAN 28],
1.2 REAHZE
1.2.1 VWA

(1) KA B BE TR R o 1 T« JBUAS [R) 30 280 FF B 0.1 g 8
HHRE B TKBE P INA 6.0 mol/mL $HlR 15 mL, % &
JG T 110 CoKAR 24 b fliok  BRUUK WL T 18 i 28 R A3 vk 4 ¥
KL FH 0.02 mol/L R4 F 100 mL, LA IIAR &
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(2) e g 2 B TR AT o V8 WL« U [) 46 8 FF AE 1.0 g 0
BRRAE I 20 mL 7K 129 2 h,60 °C 250 W S 281 h,
FluE  BCUE VRV R TR . K E AR 10 mL &£ M. PR
JIVRE il RV W s xR

(3) TR A X FRA IR K W B 2.5 pmol/mL () L R R
Ak BT 0.02 mol/ L Hh TR MK TR 7 B L 1 45 B0 4% 2 B R vk
1% 1.250 0,0.625 0,0.125 0,0.062 5,0.012 5 ymol/mL [
FRINFR AW
1.2.2 WiAEATT ML TBOR G X BRI i A i 7 T
£& 200 pl. 23 B A 0.1 mol/mL S5 5 BR % g 2 I 7 i
100 xL.1.0 mol/mL =& ik Z ¥ 100 pL B 5), BRI
N — 5 B 8] €0.5,1.0, 1.5 h), 43 A ACTE 2 %6 400 plL,
FUPREE LLBR 5 2 X 017 A2 0 B w4, R B R (1, 2,3
VO EIEFEWEW T 0.45 pm LB IR o, &5 . %%
AT A B IR 18] 7 T 2 A UK 800 2 5 1R 00 5 45 2R 1Y B2 i
1.2.3 BB ETE LM Thermo Acclaim™ 120
Cis B34 (250 mm X 4.6 mm,5 pm) s WA A FREL 15.2 ¢
TeK R, MoK 1 850 mL, % fi# J5 FI vk i BR i pH (5.5,
6.0,6.5,7.0) , N Z N 140 mL,¥84) . 0.45 pm ffL 98
b U8 A A B BB 27K (R FREL 20 ¢ 60 & 200, 6 B Uk
B8 (0~5 min,100% A~98% A;5~6 min,98% A~95%
A3;6~14 min,95% A~91% A;14~18 min,91% A~79%
A;18~32 min,79% A~55% A;32~34 min,55% A~45%
A;34~38 min,45% A~0% A;38~42 min.0% A~0% A;
42~45 min,0% A~100% A;45~50 min,100% A~100%
A) R 1.0 mL/min; #3330 C AP K& 254 nm; i FE
10 pl, OGN AHE MR pH 2 28R 152 m
1.2.4  J5k Ik

(1 TR 4 A" 1237 AL U 1 335 55 1 F 3 M
T 7K fifp 5 TR Ol B A R R v W (B DU W 4 S D) &
FV VBRI 17 P 2R R 09 TR 6 X R S e VR B A 2R A 7= )

(2) ZRAME R TR 4L 43 NG 26 W AT A= AL SR 10 A [ i 4
IRFRIEM 10 pL 4% 12,37 AL 4 1 8 3% 4 0 00 2 AN [ e
T A G TR W TR R L DA R VR BE (XD g 8 AR A L 08 TR (YD
AR BEAT LA I

(3) FEEMHE M L2, 17/ “1.2.275 FHh4L)5 09
Bl 5 03 E A K AR SRR R A 5 e B A AR R 1 0 A
W #1237 WU N LAk S5 R 45 00 I 2 3 ) T S8 TR R
rh 54 B R 4 T FR A RSD,

(4) B8 175 5%« 43 ) U 2% 47 1) [R) — 13 7 ) 2 7K i
TR RN 25 A TR A s T R 1. 2.3V IR AL ) i Sk
PF. 43 BIHE 0,2,4,8,12,24 h #ATIE , T8 A 5] I (A1 5 2
FEFR TR Y RSD,

(5) s BB - B 5 43 T 5 Y ] — 6 B R A AR

fh 0.1 g NEEFRE A I AWEE N 2.5 pmol/mL Y 5 B R
TR AN B AR 1.0 mLs LS 3 T & 1 1y [l — 1 i w2 K
i L0 g RS EARE L BB 2.5 pmol/mL 1) 2 3 R
TR A X R A 0.5 mL 9 IEC1.2.17 v 1.2.27 11 F {4k
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TBH TR 6 Tl A A P K A TR AT R R A I e LR
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T A6 B B 2,570 F (AR €3 2% 30 £
R

Hr AR DI A5 B 5 A B 55 KA Ak R A S
] R J2 RSD,
2 55
2.1 TEURBIESERRL

A 2 R IR 1 A AT A R 0 R 0 A A ik ) 6 4R R
— H % (O-Phthaldiadehyde, OPA) . 7 5 & /2 7K fig (Phenyl
isothiocyanate, PITC) , 7} i ft 5 (1-Dimethylaminonaphtha-
lene-5-sulphonylchloride, Dansyl-CD) %, H tp PITC fg#% 5 —
GRN G G BE TR [R) I S 0 AR R AR T AT AR B A AT
PR SN R BE R AR R A AR T — R S
WA W5 R ] PITC ARy B MR AL A A A2 10 . el 1.2
B s 240 4R ORI [ A 1.0 b, HPLC 6 2 3 i 06 [l
LA VE R R | I T SRS AN = %2 | B 4 G N A i e e i
A= i R A 08 DR DL Rk /L o G e 0 A AT A Ak B IO I ]
LOh IECKEMAWRE S 2 k. ZERESFREF LT
FETRAT A Ak S i E] R AR S e W A

WE 3 Fros . 45 0k Bz R 1Y 2 2 pH ¥ 3K,
PREFHAB S A A . A 2 pH oy 6.5 WA AT S2 30 17 Fh g 4k
BRI 38 . pH 2 B3R W 2k IR ATT A= W B0 £ B I 1] e
BT B B A I T AR pH SRR IE R 5 PITC
SN AE I AR R BT A AR A R S a2
IF) RH HLAE A K

W 155
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Figure 1 Effect of the reaction time on the determination of

derivatives of amino acids by HPLC
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Figure 2 Effect of n-hexane addition times on the determi-

nation of derivatives of amino acids by HPLC
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Figure 3 Effect of pH on the determination of derivatives

of amino acids by HPLC

22 FEMEBMEMEEXREER

Bl 4 WTL 17 R LB AR 37 min NIE B 5E 440 B . Y
PEPE D) A AR AR AN T A SR I o . ek 2% 43 &%
HULFE 1 ME RSB R 0.999 0~0.999 8, Z4s L 5#zE
ZEDM LR 4 B S IR & AT . R Waters
Symmetry Cj3 (250 mm X 4.6 mm,5 ,m)@i%ffi,LJZH%ﬂk
CRFR L 4 0 DARSIAE A,30 mmol/L ZERHH-ZE (R L
355 1 15) N B AH B i €8 1% A5 R B 09 r AR IE L, £
JEJE %19 3k F} Waters ACQUITY UPLC H-Class-PDA # &
A RE R G L T AceQ-Tag™ Ultra(100 mm X 2.1 mm,
L7 pm) 635 K8, 76407 A2 AR 00 A )18 00, 4 € 3% 43 A7 1 i)
HiAE 10 min, 3855 T 4 BT AR AE LUR 1B 5 A5 2 .
2.3 ESH EEMEFmMRE KK

LR T AR AL 5 R T O [ KR A IR 0 TH
FUH RSD Ry 0.67 % ~3.15 % , A [ i 5 24 35 R W 187 B RSD
7 0.93% ~4.43% KX LM E LR, W — 18 &
A TR) B T 0 R Y KA G R W TG R ) RSD S 0,549 ~
2.44 % W BS G2 LR W 1H PR RSD Sy 0.76 % ~3.45 % , % BH
% b TR A5 AR A MAE 24 hA AR R RS SE L R [ i i

o TEERAL

=
b
iz e
o
[=W
0 10 20 30 40 50
15 B4 5 i)
Retention time/min
1 REHEM® 2. AEMR 3. #4M 4. HEm 5 4| 6. K
AW 7. HAR 8 AR 9. MEAm 10, BEmR 11 HAmR
12. WHiER: 13, HAmR 14. FREMR 15 AR 16. KA
B 17. AR AL E AW AR B H AL KMAKER
B C. 25Xt D. 17 ML RIR & X IR

B4 BHREER
HPLC chromatograms of different samples
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Table 1 Linear regression, LODs and LOQs of different references
ey LT MRRBR? RIETEE/ (pmol » mL— ) KPHR/ (pmol + mL—1) &R/ (pmol «+ mL~1)
RAHEMR Y=164.1X+0.955  0.999 4 0.062 5~2.500 0 0.025 0 0.062 5
BEm® Y=172.0X—5.667  0.999 3 0.062 5~2.500 0 0.025 0 0.062 5
VA Y=127.4X—5.255 0.999 1 0.062 5~2.500 0 0.050 0 0.062 5
Ham Y=413.2X—17.13  0.999 3 0.062 5~2.500 0 0.025 0 0.050 0
AR Y=517.8X—26.77  0.999 4 0.062 5~2.500 0 0.025 0 0.062 5
K &R Y=421.2X+95.07  0.999 2 0.062 5~2.500 0 0.006 5 0.025 0
AR Y=811.6X+477.9  0.999 0 0.012 5~2.500 0 0.002 5 0.005 0
WA Y=469.9X—23.03  0.999 2 0.062 5~2.500 0 0.006 5 0.025 0
I R Y=484.2X—22.44  0.999 5 0.062 5~2.500 0 0.006 5 0.025 0
ik A R Y=474.1X—36.41  0.999 0 0.062 5~2.500 0 0.006 5 0.025 0
AR Y=519.8X—46.76  0.999 1 0.062 5~2.500 0 0.025 0 0.062 5
HRiElE Y=565.7X—25.35  0.999 8 0.062 5~2.500 0 0.006 5 0.025 0
b & 2 Y=165.4X—2.143  0.999 2 0.062 5~2.500 0 0.025 0 0.062 5
REAR Y=412.2X+7.573  0.999 8 0.012 5~2.500 0 0.002 5 0.005 0
ZRAR Y=202.9X—12.98  0.999 5 0.062 5~2.500 0 0.025 0 0.062 5
KA Y=485.1X—39.52  0.999 2 0.062 5~2.500 0 0.002 5 0.005 0

Y=1067X+96.20

0.999 3 0.012 5~2.

500 0 0.002 5 0.005 0

B 25 L% 2., KR A LR 1 X Ll 92,006 ~104.6 %,
RSD 2y 0.83% ~ 4.07%, iif B & 3 f2 A9 F 3 [l dfc R
95.2% ~102.4% ,RSD J 1.06 % ~3.98% . /K& LR 1 F

R2 MAREYIRBER

Table 2 Results of recovery tests (n=5) %
K i R R iR e

s FHEYCE  RSD  FHEMCE  RSD
KA B 97.8 2.69 95.2 3.98
B 95 3.82 97.5 3.81
2% 58 100.2 3.04 95.5 3.92
Ham 99.6 1.07 102.3 2.46
2H AR 101.3 2.54 100.0 1.71
K AR 96.0 2.93 99.3 2.55
BN, 99.7 0.97 98.9 3.42
R 103.6 3.75 96.4 3.22
il 2 R 100.5 3.21 100.1 2.27
ik AR 104.6 3.76 97.4 2.45
HA 98.4 0.83 97.6 1.94
T % 95.1 2.45 102.4 1.06
ok 5 2 97.1 3.31 97.6 3.88
LYY 97.6 3.80 95.7 3.52
SRR 92.0 2.07 95.3 3.19
EHN AR 99.6 1.79 97.9 1.73
PUE=Niv 94.1 2.58 97.3 2.18

(0]
(]

47 [0 i e 90 B s R i 2 R 1Y T R K A R R 1 TR
IK A A5 BRAR G
24 HRNELERSHH

TEUATT A 0 0 A [ 3 2680 KPR i T H BR 1. 2.3V R AL S
TR AT I E L S A AR 3 Bl 5. S5 SRR R IR AN
AT POK R AR Y DA JRR AR Y £ g B AR
REHER HARMZEAR. %?%’E&%Eﬁuﬁﬁﬁ&\ﬁmﬂﬁﬁu
BHAW R F . 6 Fh A K bk fl 2 IR 0 B & Dl 130,46~
163.24 mg/g, WiF RS AL A B & &N 2.04~5.13 mg/g, A
T PP iR B R SRR Bk T LR T LT KT K i R R
O T .

A ) B FF K S AR B AR TP b R IR Y b R
FERR BN 22.37% ~25.16% , 577 B ILBR /AL T B HER
h 33.09 %0 ~38.41 %0 LLFF R KF 25 A Ko i i S A B R
ML FAERTE S BAERSEMN 9.28% ~
39.95% , T A TER/AE LT A B Ml 15.31%~92.12%, [
HF T 5 U 1 S 1% b 0 T S SR IR LL ) B B T AR

F/\()/WH()ﬁ%mﬂ’afi*ﬁﬁny‘iﬂ’ﬂfr‘/ﬂ&ﬁ-}\ﬁku&%ﬁ

B ik /R R A REAE 4000 8 A NIR L T R
PR b 5 LR & HEAE 6000 AL AT Mﬁ#ﬁlﬁﬁ*ﬁ,%%

AP O R —E M A R RE
25 BHEHPAGLAIEHRILEGE FAO/WHO EEES
EBRMEEXWLLR
ML 4 PR AR AP AR AR RN ER +
T AR H AL 4 FAO/WHO HUAR 51 B R 4 R LL 1



E3MEFEIH

TLBATRAF - 6 R AR R OK R R

HRA

IR

B E R AR

®3 TREANPABIEESRERNSE

Table 3 The contents of hydrolyzed and free amino acids in different grape seeds (n=3) mg/g
e A B FEEA It e B N BRIk
K fi# i K i) K fi% =) K i i K fi# i K fi% i)
RERAR 10.438 0.201 9.256 R 9.784 0.069 10.142 R 10.392 0.103 10.379 —_—
B R R 28.575 0.449  30.316 0.363  31.533 0.521 31.260 0.391 32.213 0.524 36.251 0.532
22 3 R 5.904 0.214 6.512 — 6.447 — 6.344 — 6.442 0.168 7.343 —
H&E R 11.956 0.143 11.355 0.026 12.542 0.187 11.484 0.031 12.597 0.136 14.316 0.026
HER 3.589 0.112 3.643 0.123 3.451 0.121 3.575 0.227 3.828 0.065 3.791 0.209
KRR 9.236 0.597 9.387 0.301 10.647 0.735 9.493 0.415 10.401 0.515 12.056 0.490
TEMR 4.320 0.303 5.522 0.160 5.028 0.540 4.632 — 4.929 0.335 6.178 —
N R 6.601 0.396 7.294 0.089 7.372 0.459 6.762 0.128 7.194 0.307 8.383 0.129
i =R 21.285  0.608  23.319  0.604 17.207  0.699  22.907  0.631  23.461  0.665  27.371  0.648
% & ik 1.904 0.198 1.937 0.121 2.128 0.234 1.705 0.111 2.162 0.205 2.948 0.111
25 A R 4.100 0.267 5.190 0.061 4.622 0.308 4.503 0.015 4.369 0.242 5.332 0.073
B 24 R~ 1.259 0.040 1.577 — 0.935 0.078 1.693 — 1.189 0.037 1.122 —
= R 1.514 0.061 1.640 — 1.612 0.058 1.737 — 1.542 — 1.995 —
SRR 3.081 0.134 4.067 — 3.521 0.169 3.354 — 3.322 0.102 3.952 —
R 7.638 0.235 8.767 0.016 8.553 0.340 8.063 — 8.337 0.226 10.003 0.022
FHNAMR 4.369 0.271 4.458 0.136 4.916 0.350 1.175 0.143 4.740 0.272 5.751 0.143
= R 4.690 0.221 5.613 0.042 5.391 0.266 4.611 0.040 4.879 0.207 6.068 0.046
EAEmGAR 130459 4449 139.850  2.041 135.688  5.133 136.440 2130 141.997  4.108 163.238  2.429
INNAEE 8 Y 29.456 1.471 35.192 0.416 32.964 2.051 31.030 0.198 31.766 1.420 38.407 0.284
JE T & LR 88.177 2.270  91.628 1.201 88.625 2.226 92.342 1.291 96.003 2.108 108.984 1.446
}Lgﬁﬁ{ﬁ%\'ﬁ%ﬁ%ﬂg{ 12.825 0.708 13.030 0.424 14.098 0.856 13.068 0.642 14.228 0.580 15.847 0.698
T IR/ IR A 22.58% 33.06% 25.16% 20.39% 24.29% 39.95% 22.74% 9.28% 22.37)% 34.58% 23.53% 11.71%
DRI g;/jpz\ﬂ'u%gm 33.41% 64.80% 38.41% 34.64% 37.20% 92.12% 33.60% 15.31% 33.09% 67.38% 35.24% 19.67%
Toox AR IERR s x x Ry L E AR AR IR .
x4 FAEAEEHFPLRAIEREXEGILERE
Table 4 The comparative table of pattern scales of hydrolyzed amino acids in different grape seeds %
& WHO/FAO #5120 WA B PR s e B AT IR
I R 4.00 3.31 3.95 3.71 3.39 3.78 3.47
7 5 TR 5.00 3.14 3.71 3.41 3.30 3.27 3.08
F B 2 R + e R 3.50 2.13 2.30 1.88 2.51 1.91 1.92
S A R 4.00 2.36 2.91 2.59 2.46 2.42 2.34
AR 7.00 5.85 6.27 6.30 5.91 6.13 5.87
5 S R 5.50 3.60 4,01 3.97 3.38 3.72 3.44
N & R+ i = R 6.00 4.81 4.57 5.19 4.31 5.33 4.86
407 1.2r
35 1.0
30 i
* s 0.8
1 £ 20 = £ 06
<m§ 15 @E 0.4
5 10 § 0.2
5
ok 0.0
Asp_ Ser_ His Thr Pro_ Val Cys Leu Lys Asp_ Ser_ His_ Thr Pro_ Val Cys Len Lys
Glu Gly Arg Ala Tyr Met 1Ile Phe Glu Gly Arg Ala Tyr Met  1Ile Phe
Hydrolyzed amino acids Free amino acids
(a) KM% IR (b) e &I
AS ARA#MAFFERLRSELHE
Figure 5 The content distribution of amino ac1ds in different grape seeds
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A GE R TR BT A 55 A 1 A5 € 3 0 2 4 0 R
M7 K R R R SRR R I 7 B L T T RAE
TSR 45 AT, AR R R R R A R L6 R A
KRR R 1 B A ik 130,46~ 163.24 mg/g. UiF B
SEWRH KA 2.04~5.13 meg/g. 7N [F) 4 K AR LR
RE SR R O i SRR TR 22.37 % ~25.16 % .
BT IR /AR T EIERR N 33.00% ~38.41% , S 5%
FAMRMAEN AR+ AR IEAFF S FAO/WHO B AR 5 L iR
H 0 H ) 22 O AR R L — OB R TR
S o R A 3 1 T ALK T LD RF o A A
P o 7t 3 T 1 RF 9 DU B R A I oK R
71 FT 8 B VT 96 6 2K T 00 92 60 7K K T B 4
FRF 72 . AR T FU PR T 17 AR SRR AE MBSO 4
L 52 I 0 7 0 v K 1 B 2 B R A0 A R L R BRI
5 — e Il 0 %R R A 4Y K A F R L RS 4 AT
HPLC-MS % 7 55 4 (b o i o A R 5 15 DAGIE 52

5% ik

L1 R4k, 224, skinae, 5. WAkl & TR Y
REWITR GC-MS J3 AT, w41 %G 5 #4535 . 2017, 41(1) . 27-30.

(2] BB, EFE, KT WA IR A RSO kL]
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