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WE: KRR AR &3-S B R e ARG F AR AT T S8 E M AL B4 AR PT 7= &4 38 (Crocus sativus)
FERMERMFA LB £, B REAY, FR ZRELILT E2FRMR O EXKAR, (2L 548
ERRE. BEENF BB ER P B RE £ 5 0B, BUBR B, T
Bl 69 A KIRFAT B N ESLR A TRRGHH, t—F LI L T A5 AR I MAE
LB, FURBRAELAKRFEHNA, BRHEMT Ao NARARNGESE. AR ARFFLALRIE

B Ao B B Hn THORRAE s 4045 .

XA Faie, Rt s, £ T FF RN, S LGt oA

B A6 (Crocus sativus) XHRPULLAE . JHLLAE,
R F RN 2 AR A EY (R —
BAEE2013), Ji = T W e BB L i R X, fEAY
. PP AR B X — EA R P . ¥
HHE RO DR, IEVLTR . B, WL, RREE
Bl 2L TR 1) 2 1 gl Bk s . BRI E 2
Bt st R M, AN AR, 25 RS,
TR F N R R SR I 2 R

B (e NRILMEZG80) 108, HaARA
TEIMAGHS . VEIP IR BTSSR, H
BT 4555 Dy &%, W TR AE I I 7 A g ik
ER IR AR SR (E X A I
2010). B2 B 2= S50 UE B F 2L fE S IV RE 15 2
Z A0 ARG B 5 S A O TN R E
X, RBPUE. PUNECAIEUREER, 3 HERE
PR ST PO MU F AR M 4 R G S
I3 (KhorasanchiZ$2018; Z544~F45£2011).

H ik, @i o i 5 AE F e b S
ILIRAG T R L1500 45 A ML AN R4 A AR v 1
VIR, AR 50M 7 45 159 31 4 8 (FE % 552016) . H
o, RIFEINE) EEIE Y FONRHE R
M HRET RAT A, BAER L AL R (crocin), 7

2116 (safranal). & 2L {£ R (crocetin) Al & 4L 4E
(picrocrocin)&s . FKifH M REW R —FKEEK
KRR, [T IZAFET & FEY T, S
VIR K, BAPUEAM . AT . iKPUE
iE A AE 27 358 22 55 DAL (BT 5 552014) . T AL R
RIMKAE bREYIE TR &), Wil 2k
7 IS G USRS R, AR TG
SERGILFB-LCY. BCH. CCD FAH/NRNAF 5T
W AR A L BEAIT 9T — B 52 RTE (7 IR S5 2018;
Ahrazem%52015; Frusciante2$2014). 45X tbht
(R () 20k B ELFE 2 B LA H 2R b 2R
(R A6 B2 i, 3T 5 M0 3 20 A6 PR VA FE Bt o

A LLAE I i 0T AN 52 3] A FE 38 4% ERT 3R AR 428
W52 B 1 22 AN 3R (OS2, AR T . AR PR
IKE . LIRS T 5 (D’ ArchivioFIMaggi
2017). Ward 45 (2003 )% AN ] 4t s A AEL 400 P 77
(Arabidopsis thaliana) AT T AU 2H 2 LL AT 7T,
RIIAF )AL B T h s B2 R . WS
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JiT BB BORR BRA BOR 52 . A5 (2017)
XA (Camellia sinensis) KAHERAL ZETT . P73
FIN T 55 AN DR 28 55 28 A0 25 1 20 R o JBE D O R
AT T REMERZRIR, kLK L R 3R 35 2 A [A) 2
FE B et i AR A R B S B W AR KR
BEANTR], 7= Hi R 2 206 AE i 5 R XU Bt 2T
PR 2 b o DRI, AR B AR 4 R
RGHT T A A A X A = R A 4D A 32
PERD R B B 22 e, FEidE— D B T I ey PR
JRAEAE 22 360 T R AR A R 1

1 R 57HE

11wt

AT R ZL4E(Crocus sativus LYK H B
A 104 UL BRI A 256 1k dh, 5 o e e
PN 5 oA b RV 58 M KRR AT B 1AL R
WAL IS 35346 % 1 RSO I AR 2, I B B A U 2
(AL 22 (AR e ez e e 3k, R/ LALHIZH
ALY e — B3 A6 22 26 N TG B DR 48 v I v il B
TOK by [ 5258 2, AN B 1 22 S U 2 3k AT e 45
SEIG FIARACLLAE30 min LT, ME R T 122
SEERAH . A SIRH A [E AR 6 AR A
1.2 753
1.2.1 HESEHE

B 22 B PN AR 22 (BX) U= M B T
TE22(BG) WiTL 3% 248 BETE 22 (JX) FIHT VT 32 D% il
a8 22 (JG) FL 44N 5206 20 (5 T4 5, BT BB ol
Ko AEEFRELS0 mghE fob R, JIA800 pL 4°CTii
IR BT 0% 1) H BV, TR 60 s; 48 )5 1
25°Ci A 240 min, A [H]5EFH20 mink H iR E60
s; HEHE A CEATT12 000xg 550215 min, B FiE
TR NN AR .
1.2.2 @iEsH

BT A €35 43 75 350 4 8 s RC AR 15 (UPLC)
Z 40 (JESCIEX)#47 . #FHACQUITY UPLC
BEH Amideffi#1:(100 mmx2.1 mm, 1.7 pm, Z[H
REF I AT A B . AR IR RFTE35°C, it
#N0.4 mL-min”, JEIAHHIAEFIA (25 mmol- L' 2
4% +25 mmol- L& AK)FIAFIB (R F 4 H ok
89.9% 1) 7 A T + A AR 3 H oh 10% 1R TR 445 fijg + 44 AR

TR0 1% HER) A A 16 B P AR 7 W A
0~0.5 min, &FR 53 %H95%11IB; 0.5~9.5 min, #4F1
DHCN65%~95%1IB; 9.5~10.5 min, AR5 HN
40%~65%MIB; 10.5~12 min, A5 HN40%1B;
12~12.2 min, &R £ 7940%~95%HIB; 12.2~15
min, A HCNIS% B, BEANFE SRR RN
4 ul.
1.2.3 FgEo#h

{5 FH 11 3 256 5 BRI B {X Triple TOF 5600 plus
(3% B SCIEX ) i 0 M\ € 435 A 3 Mot iRp AR . DO 2
FF-"€AT B [A] (quadrupole-time of flight, Q-TOF) & Jk
Joa vl DA OE & 7 A A 7 s AT . AUATICE N30
Ibfin” (A FRPSI; £)45206.8 kPa), & TV 11% &
60 Ibfin” (Z4)4413.7 kPa), BT U544 B H60
Ibfin”, G ANFARHELE 650°C. i i Hidhs LA Ko
& 45 7 41 4 (information dependent acquisition, IDA)
FEAFRI . TOFJ5i & i [ J960~1 200 Da. & fEH
N 5] [ 52 290.56 s @i i 405 A DY SH AR/ 1 sl
1140 GHzZ 1@ & i 8] 5 7 4% #45: X(time to digital
convert, TDC)G &S, LA1T kHz ] ik 5 4
R4 I RS A AN . B HEBR 1 B 94 s.
FERSE R, B0 AR HE— IR A L .
1.2.4 JEERENIHT DT

i FHXCMS7E 2k T H (https://xcmsonline.scripps.
edu) X AR (1) 5T 35 B 08 2R AT TAL 3, A0 4RIsL ¢
WS40 . A5 BE Bt ] (retention time, RT)FZ I 2529k
U532 DA K [ AN A VD R o S5 & RTHIG
fij bt (mass to charge ratio, m/z) B % € HANE
TESR BRI B8 715 53R (4 s ™, counts per sec-
ond, CPS), JFAE R —A = 4R FE, A& FE 4
PRy RT S m/z2H R AE AT RS 715 SR 5. Ab
PR S B8 5 5 A XCMSTE 28 T 23047 o 47
Mr(principal components analysis, PCA), F 5 A
OmicShare z V- & 47 1E A2 f B /) 30632 31 53] 43
HT(orthogonal partial least squares-discrimination
analysis, OPLS-DA), J£{ FHOPLS-DAf] & 4 5 55
(permutation test) e[ ALY (R AT SEPEFEATIGHIE . AR 7>
Pres 3, #R 0 2 AR, 285 15 BiMetaboAna-
lystI_ E.(http://www.metaboanalyst.ca)i# 17 % F4L
WY& B M A T . B S 12 H Origin A (ki
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8.0, 2 [ ) AN R S50 21 b A LLAEAE i (0 AR W0
VEPD AR & BT SE T T

2 SLIRLER

2.1 KiEHES

i FIXCMSTE 2k T B0 22 s S e A 22
CRUZ MBS T2 WiTLFE 6B L 22 ROV T
F 2% B A 22 3L A S AH 240 B o 1) BT AR
(3 i O3 T U N i B 1 < o g
5 2H 1 g Jo FCRT JL-F- 72 AH [R] (1, 17 2 A2 f1 g 1 0
W THT AR R0 SR 3B 2 e, WS SRR LR
T VR B R S AEARL, HE] — P B B
K(E1) . S5EMetlinZ s PE LEXE, X iR AH (1% - 5
BTG A (liquid chromatography-mass spectrometry,
LC-MS)3R1FIIRT . m/zF B T15 5 9 & 1 = 4%
FEREAT AU DI RE, IRAFT91 Befs 9t 2 ds e v/
AR . XRS5 B BIERERRER. &
H 5 A ORI IR W7 R A 55200 2 26 AR i 42
N7 SRR H L R 2SR, R Z
TG Tk AL 38 (1) 45 REATPCA, 13 2128 —
FE o FNES B AR T 2 TR BT o R B 43l
N35%FI20% (K2). 2 REAN SO RL— 1 B b,
(7] — JLART TR AR 1) i s AR [R] () SRS 4H, 45 SRR
B 2H N R SR AR B LA, 1T A (] S B 4[] e B
TEA TS, AN SIS A ) 25 S B
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Fig.1 Total ion chromatogram from LC-MS analysis of the
four experimental groups in C. sativus
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Fig.2 PCA analysis of the four experimental groups in C. sativus
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2.2 AtEELEREEIRNES
2.2.1 ETLC-MSS At #i#tib e =R E1
T L2 55 P 5 A6 22 R T 58 0 B B 48 22 3k
ATPCA, 133888 — E R FE ST Z P I S L
N43%, REfE R PR B R IX 73 (13-A). PCA
se — MG o i 7k, Heah R IRI st 74
WA ZE R . N T HERA N 2R, R =
S, SR T AN [ S B R AR
Z, AWt — 2R 1A B B OPLS-DAXY
BE AT o0 0, JF oL 7Rl th AR S B
FEMZAN AR R, anEI3-BIR, Ak AR
R IEAAE S H IR AR v £ R 43 08, TN
ARFR R IR IESE UM S B . T, 222 N i fE
LE TN 57 X Fr AL 22 PR il 2 1R) 22 R WY O, {H
FHNZERBN . BHRK LR E/ROPLS-DAKY
B IRR S B NR=0.719. R;=0.996f10°=
0.975, L IZA R & HOR BT (E13-C). Ed 24
PR AR VR UE 78 70 U W 22 18022 N i e A6 22 AN T
PO AL 22 AR KRR PR T A H A R )RR
TEAE Y i e/ — 3 4 1) 73 #r (partial least
squares-discrimination analysis, PLS-DA), % & S
VIP (variable importance on projection)>1. P<0.05,
TR ZE AR 25 DA BB, R N
A8 22 ML 5% PO A6 2247 T1ORMA S 1 25
BAAAMEREZR . ZREEMFEEE 2 & BT
EREARE A 398, WITL R e 2 h H 71
Fr(E3-D). Dhfg s bir & B I o e 25 02 A )
TS HhE A R PR AR E A
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Fig.3 Analysis of metabolite compositions in the experimental groups BX and JX
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Fig.4 Comparison of the contents of three main active substances in C. sativus produced from Bozhou, Anhui and Jiaxing, Zhejiang
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Fig.5 Multivariate statistical analysis of metabolite compositions in the fresh and dry stigmas of C. sativus
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Fig.6 Comparison of the contents of three main active substances in fresh and dry stigmas of C. sativus
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Fig.7 Comparison of the contents of major amino acids in fresh and dry stigmas of C. sativus
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MY EA S 8. a2 ugit otk FEAERE R R QRS KR, A B3R5
I, WA B LA AR B BRI BUORME RO el 3L KA, | /LF/EU\I

—8, BREEERBR. K, LB
225 R RS . B R AR ER, T
FENHEEAL L PR AR PR AR R ) & &
B Bt BRI, TR e 2238 2 AR
i TAELL, CRIBM P /AT ELANLR . T
TERE A3 2L AR AR R v T 58 % AR 4L
e, R W2 HE I 7 LA AT R R A B e i 25

e BRI ITEE(2017) X AN [ 7= Hh 3 40T T
JRAT: S A SRR 7T, B R — AR
B R &, AR BT EORRL 2 Dy, b B

R ML 3E B, A 350 TR A R YACI T A 75 5K
SEE K, R DLEAT U
PRI A2 MR R G AR, TR

(R 5 O RIFENT . LA =154, A1
W, RAEARRZEBEAT TE M S, @A 15 BN ILAR
€. FE E 201 ZZ60F AT A LAE KR, Bt
T AME G AR E A AR T 3, PRI E, A
W ER 2R, TR T AR A R AN P AR 7 oA 4
(IR T AR IR 5820145 X347 562005) . oA,
RS A R AR R AR T, B EE N T T b
X, MAE &R ERKERZ MR X . STk, M
5 M DX R T 2076 e = N R, A KR
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FURIA % o ASHIEFTIT e 7 214 2 56 1) 22 (R0 ) A
iR FHBR AR AR AR, T L 52 O vk = R
B, BOVE 2 3 B0 M 2L AR A 2 e ) E B A
o SRR 7 R VLA O 1 PR AR AT R A
ALK ERE TEENEN. thEE%
(2014) i FT R WY, 398 78 77 5 o m] DA AR
PR A B A A AR, AT A 45 7 20 A6 A Bk 1Y) 0
REE AP AAACH 2 IEAHG, AR 1 &
LLACACLZ I 5T

[FI, AHEFLIE R IARLLAERE . T LLACIR AN
T AL B =P Y ot & g A b U0 i A v 1]
V3-SR BEIR AT AR I (1) & BEAE P P P B 4048 b A
AW EERE R, BT 2R ML, Wil
PRI 22 T 3-SR BT IR 1) B R LR 2
B AREIR). MEAPHFRY], I8 SNV
B 2RSS N 252 XUIN4E B (carotenoid cleavage
dioxygenase, CCD), MCCDTERIHE b &R & & RE
W B 0 OGR4 FH (Baba%2015) . [k, AN [F]
AR RT RERZ MR [ G B L I CCD I e e 3R A,
BRI | e AR P D A

e LLACAE 22 AE KA J5 200 S I i3 AT Ab 3, 5 )
W oS R E, BRI . A, &K
T3 1872 R T N FAHE - BR0R K% TSR SR U 1 e
22 o ARSI RS B 2L A6 HT 0 A6 22 5 AE30 min A
HATA5°CIN#MET-20 mintl] & 9B 1622 . XF
BB A 22 R0 R A8 22 AR AH 27 2 T R, e
W LML S WL 57 D 4L, Hrh i
AN AR A Y I E AR ATV L e o SRR e/ )i
FEAMT I AN S5 8% T, fraleka
e & B ECHT L 22 el /DI — A5 . FROSCE AR
FHZL2015) WA AL Y, 2KHE b &R BA A FEN,
Ty KA A B ' SR AR B A RD A R PR
fif. RIE, FALLLPX =Y REIHRES
InFAcBt =G B o R A B AR B AR G . (BRI
FUIRN N R ILAE B FAE 22, RARAR . A
M. HAEAWKR. FERFAERN S EZEN.
XU E RAER IR, KA BT 3 248 i+
1622 T8 FMURE B B AR AU o 25 S 38 B 14 2 1 il
(¥ 3 I B2 9 40~60°C, IR HARTTRE 2 5 T 3R 4L
FEAE 22 0 Pt 0 R rb B N S SR (s I A

2014), HUEATI, T T T EMEFEML AL
W2 B BRI T LA AL 22 10 5T

T ACAE N E E UL R M 4 5 b 254
an i, AR A, B A, AR R AN [F) AR
K IREE 0T L ZEE PR AR SR (s e B E B
Pt TR o A TR IR A A A g s 75 5
(1) 22 BB M 7= 2 LA IR F = k3 7 Ui
FNTERARB IR RE ST ENFALR. &
IR FE A AR YR . (B BRI,
PHEFE AL A TR LB & MR, =
WAk R e . A TR IS S HE &8 2
RFs, KT BLAARARIF AR . [N, A0 588
RIUAE G T 07 Ak 5 1 R AL AR . &
CLAEIE AN L AR B PR AR, W LN 5 B 44k
INTHEARM B AL RIS
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Metabolomics study of active substances in saffron (Crocus sativus)
from different production areas
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Abstract: Metabolomics analysis using liquid chromatography-mass spectrometry (LC-MS) was employed to
detect a wide spectrum of active substances in saffron (Crocus sativus) harvested from Bozhou, Anhui and Jiax-
ing, Zhejiang. The quantity difference between the main active substances in saffron from these two areas was
also identified. Our results show that although the chemical compositions were similar, the quantities of active
substances varied greatly. Saffron produced from Bozhou contained higher quantities of safranal, crocetin and
picrocrocin than that from Jiaxing, which strongly indicates that the growing environment has a great influence
on the inner quality of saffron. Furthermore, traditional processing methods of heating and drying clearly re-
duced the amounts of safranal, crocetin and picrocrocin, but enhanced the content of some flavor amino acids.
This study provides basic information for determining optimal cultivation conditions and improving processing
techniques by saffron growers.
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