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BRSO 65 (HPLO BAR , U4 WG F ke RBLIS ™ (Muscari Lati folium) g #4 %}, @ 57 73 % W5
FAEH ZA ML FSE T W S A B A DU W0 f B I = B ) A 3 A A 2 XU AR T AR T 2 AR 5
Wi, IR AR R AT T RIAT M 56 IE 5 SR A0 AR RS- I (HPLC-MS) AR 3 — 25 X 1o B 43 47 4544
YE, BRBR (DL 0. 1% FERKIEW-80 % LB R s, B B2 U JBE L 3% 0. 8 mL/min, Tosoh Cis 0,3 H 4 IR
35 CHRA&M . MRS R PTEBAR . (OFFRREWE RN 0.001~1 mg/mL i Bl N2t R4 HIE R 80,999 85K
FHAZ B AR 7 1 5 o i O 444 A B ARG PR A 0. 1 pg/mL, JnAE [BLCRAE 94, 496 ~99. 8% 2 [a] , M X b 7 f 22
1.42%, (OB RAE TR PILLE W 6 FE T £, 40 B0 e £ -3-O- M A W1 B 42 4 £-3-O- M A pE
YRR -3-O-F AME LR A28 E-3-O-MMEBE AR BE 4 -5-O-BT RLAABE T R 428 F LK 4245 F-3-O- % 7 51 7 2485 4 -
5-O-TH Bk AR

SR A XS T AL T R AT s OB s T ik
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Method Development for the Identification of

Anthocyanins in Muscari lati folium Flower
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(State Key Laboratory of Crop Stress Biology in Arid Areas, Ministry of Aagriculture Key Laboratory of Horticultural Plant

Biology and Germplasm Innovation in Northwest China,College of Forestry, Yangling, Shaanxi 712100, China)

Abstract: The method for profiling and identification of anthocyanins in flowers was established by using
high performance liquid chromatography (HPLC) technique with grape hyacinth (Muscari lati folium) as
the material. The influence of configuration of mobile phase, initial and maximum percentage of organic
phase, flow rate, on separation effect was studied and the feasibility of the method was verified. The
structure of the components was further identified by high pressure liquid chromatography-tandem mass
spectrometry (HPLC-MS) to study the flower color mechanism. The results showed that: (1) the extracts
were separated on a Tosoh Cis column (250 mmX4. 6 mm, 5 um) with 0. 1% methanoic acid-80% acetoni-
trile as mobile phases by gradient elution. The flow rates was 0. 8 mLL/min and the column temperature
was 35 ‘C. (2) Anthocyanins showed a good linear relationship at a range of 0. 001 —1 mg/mL with corre-
lation coefficient of 0. 999 8. The limit of detection was 0. 1 pg/mL. The recovery rate was between
94. 4% —99. 8% with the relative standard deviation 1. 42%. (3) The results showed that six anthocyanin
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components were detected in petals of M. lati folium, including delphinidin 3-O-glucoside, petunidin 3-O-

glucoside, malvidin 3-O-glucoside, pelargonidin-3-O-caffeoylsophoroside-5-O-arabinoside,cyanidin and cya-

nidin-3-O-(p-coumaroyl) glucoside-5-O-malonylglucoside.

Key words: Muscari lati folium ; anthocyanin; HPLC; analysis method

A €0 2 10 00 B R o B LR 22— B R fk
PRI A /0 ) 5 R R 1) K T — A 2Rl AU
BATAEF Y OCTE . A% WU 72— LUK (57K
AR ZE LB BRARAE ST, © HAY 40 224> Fh ARG B o
Pl JUT-#B A A TR B 3 1 S 5 8 (A8 (O L3
PEAE T BAR AR R R . A A XUAE T R R AR
(Muscari lati folium) ¥ O] Kk M 5 F HoAl 5 A,
BRAEIN b F A6 A VO 8, T AR ) 2 A X
TR E O E NG T2 OIEAAES%
Bl . 67 2 AW A6 68 iy B2 ) i Al
TR ] A7 250 BIF 5 R0 R 3k S R S £ 5T B UL A
RS HAE A TE 1) o BE Al 2R AT IR ABE 5T . SR, 5C
T ARG F R OT B Th AR A U R R
FAE AR D5 TS L K (41 B I A T A R,
SR PR AEAE T Z A7 285, Mori 261 22 13 Fh R [H]
SR Rl AR R R T R W A Sl = (R R 1 S B
#6212 (delphinidin) , Yoshida £ % 3 % 25 XU= +
TE RIS IR T R, QI F T e il R o
MG T BR T ARAE KR R FI R 46 R (cyani-
din) .38 £7 16 i €0 3 L 1L 2% B (kaempferol) | 1 1§
Z (myricetin) fl — & #§ 2 (dihydromyricetin) £,
Xof B Ao A 2 UL 7 W (0 AR T 3R A2 A AR O AR A 0 4%
G R IN B S UANE R IRORC KD AR VA S A
AR MG BB IEIEA R,

AT LA 2 AT PR SR HL A S ML,
T AN [ R 0 R B e A O 58 L ST T ) o AR
AR 35 CHPLC) £ A G 4 45 WS 74675 2 H 12
B 5 s ik — 25 SR HT R AW AR A 35 i 5k
(HPLC-MS) 4 AR, 2y ] B 46 75 R 1 45 14 26 AL it
WA SR TR AT FE A 2 A 7 €0 3% 28 LA AL 2
R .

L MRS ik

1.1 M5 NEE

1.1 # B S2IT 2015 4E7E PG L AR KA K
R AR R A Y E R E SR = ST, AR
Skt 100 5 26 A 7 < R R A U FPER L I T T
WA T A R A A . 2015 4F 3 3 LS8 & FF i 4k
WP WATESGE T —80 Cukaih &M .

1.1.2 X8 &AM 6L Waters HPLC
600E,0-2000Psi 2487 X il 4% 41 46 I #% , Rheod-
yne 77251 F 3l ¥ F£ £5. Azbil SDC15 ¥ 4, Em-
power Build 1154-C T AEuk . ik R Cis TSK gel
ODS-80Ts QA (250 mm X 4. 6 mm i. d. s 5 pm,
Tosoh), Acquity UPLC™ #5208 A (1%L (Wa-
ters) ; Xevo G2-XS QTOF JEFEAY, A% 5 Acqu-
ity UPLC BEH Cys f43%4#: (100 mmX2. 1 mm, 1.7
pm) . FWEIRAT UV2600 B S8 A] WA G RETT
L1.3 X # RS S ALK F % R (cyanidin
chloride) Iy T 3¢ [E Sigma A F] . A HLE FIELHE 5 4
i O T £ E Tedia AH, AEHH R,
ISR W T R R 2 WAk 2 3 R A BR A ) 5 4l
KR Milli-Q #8 4li7K & G il £ .

1.2 A i

1.2.1 TEBFRFHRW R4 4 G 78 i 1L
W L ERAE RN FBAE 43 0 FH SR S S A 4 H
WEHIEE = K = R + =3 LBR(T70 : 27 = 2+ 1),
12h &% 1K ET 4 CURFE D ROBIRM 24 h, &
O J5 B W BB 4O IE I . 28 0. 22 pm fCFL 8 B
U IR ARG E T — 20 CUKAE P IRTE.

1.2.2 FREBBROEE RAZIFHBENITE, U
HHEE = K s HR + =L FR(70 + 27 = 2+ DR
TR TE A [ e o 32 ) S A O 2 4 3R s o o VA AR
4351 1.0, 5,0, 1,0. 05,0. 025,0. 005,0. 001 mg/
mL, # FiR A e T I, DA AR () X T
VR EE (2o mg/mL) 2 il A5 o #h £, 153 [l )3 Oy /2
FAROC 2R %K.

1.2.3 BEFERSWAMAEEL KRHEH
Al W43 6% B E 200 ~700 nm % B gE AT Ak K
FAH AR AL T 2 A AT 0L X e R W I K Ak
R AE WSO o A S 0 A T D . B R T R R
O30 BRI A T B A BC EL A AL 0 1R K
w LB R A . RIS AR IR 35 C AT %R
BSEF T LA F RS 5 MR AR (R D LR
[7] Acb 3149 4 80 % 5 e A L A5 B A 4 U
FET Z AT 30T 16 S A TR o 45 1

1.2.4 #BEHEMSH K UPLC-Q-TOF-MS ¥ & &
B SR B o RO 3 - DU AR FE AT ] S S 6
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Table 1 The analysis of anthocyanins in M. [latifolium by different HPLC elutions

- > M Wi o
IS i A BB Flow e ]
Treatment Mobile phase configuration Program e Time/min
/(mL/min)

1 A:0. 1Y W R ;B 4l 2% 5%B,0 min; 100%B,40 min; 0.6 30
A.0.1%Formic acid; B: Acetonitrile 100 % B, 60 min;5%B.70~80 min .

) A0, 1Y R B 4G 2 i o 0 min.0%B;50 min.100%B; 0.6 70
A.0.1%Formic acid; B: Acetonitrile 60~70 min,0% B .

3 A0, 1Y R B. 4l 2,1 0 min,15%B;32 min,38% B; 0.6 50
A.0.1%Formic acid; B: Acetonitrile 40 min,38% B;45~50 min,15%B .

A A.0. 1% iR ;B. 4l 2% 0 min,12%B;15 min,25%B;32 min,38 % B; 0.6 50
A:0.1%Formic acid;B: Acetonitrile 40 min,38%B;45~50 min,12%B .

5 A0, 1% W55 B:80% £ I 0 min,12%B;15 min,25%B;32 min, 38 % B; 0.8 50
A:0.1%Formic acid;B:80% Acetonitrile 40 min,38% B;45~50 min,12%B .

X (UPLC-Q-TOF-MS, Waters) , Acquity UPLC™
R AR 3 AL (Waters) ; Xevo G2-XS QTOF
B AL, (3% HE R Acquity UPLC BEH Cy, (4,35 11
(100 mmX 2.1 mm,1. 7 pm), XL T R AT 4544
HEAT 34T o B U 72 )5 4 LU B 46 0l 20 min, PRI
FBIFE R 12%B.0 min; 25%B.6 min;38% B, 13 min;
38%B,16 min;12%B,18 min;12%B,20 min, #F
A 0.3 mL/min, i 35 C, &M% K 530 nm, J&
V0 T A R N R R ST S Rl = W S E 1
T 100~1 000 m/z; BAIE HLES 000 V, HEAL
ML 45 VL3R IUHEHL T 4 Vs BV 1) /Ui i 40 L/
hs B IR EE 100 C, TR EE 350 C, ffi @ik
TAEu Masslynx V4. 1 3175008 754 .

1.2.5 BREFRSWEENH  DibrifEd &1k
KRB FANE MR X AEE R & # A7 2F E B
S3MT A3 U BN Sy g R B AR TP S AT A X
FTREHZHRN G &, FHRAEST R T & 4010
X E 4> &, R AR A 2 R,

2 AR5

2.1 BEESWMAENEL

2.1.1 EKEEE RS OEEE L X
] S T € 3 28 B AT ) A0 S 5 A K A
R R, A A WU AE 530 nm A4 LAY (1) K5 AF I
Wb, SCHRIC R 16 T R 1A W0 18 B F R A T U
Hr RS K S 500~550 nm ), ]S #4530 nm
SRS A AT AR T R A .

2.1.2 BRRBEIEEREST HHFEHSEWE
T JE I ZZRE FLMR R 22 5 /IN o BT LA 28 R FHLh B2 R L
J7 sRHEAT AR B o AR S0 SR FHAS R 6 1k M O X 2
I S TR IR A 2 B h e E 4, bt 1
B VR AR S g Rk A B R T AR &

TR LAY, b3 2 Sy 2 M B B R A8 () s /2 7
GEWRBRAE T AN s (8 1,B), kb 3 i
A HUAH 90 G L 49 B v Le ) I B T 2 7 min,
fHIERI 22 (B 1,C) . AbBE 4 FXFab B 3 #E 17 2L
HE BRI 9 A (035 W B AR B il
P&y A st TR R (B 1,D), b5
FEHTIA LA b P OO0 AR BB R AL AE L AT
RRE A AR L 0 R JR) 4R T A3 B RO R AR [ B T
R AL ST R ] R A B A WS TR R
FAEVEL 4 F (B 1. E) . il ot H 48 0 U 3h A I L
A LA i B i s LB L K B e R R AR R
M s 08 6 110 280 2% %+ U v [, 3 5 A SOk i B
ARAFUS, GREGE W b PR 5 R 0 B A A KA T AL
FAT M SRRV 5% 1, SR FH % 7 12 43 50l ok 8 2 KU A
T ERAE RN B AL (4 A AT W T BEAT R I, 25 2R
T RO T A A UK T 4 B 9 Ak g (]
LLE) 5 BB BOR 4y B 1 3 AN (B 1,E),
XF L 2 A A IO (3% B R BRaX 3 A4S i Y £ B A (]
FEAW G WL E FIAEZEBOR T 4y 85 iy 3 Fh
Yy ok — S AT R AT

2.1.3 &MXZE5RER 20 ARG EI A
R E BT 24, 3 min, BEEREH XK
P o R s e B A vk B Rl O 0. 001 ~ 1 mg/
mL, DA T FR Cy) X 0t i 6 2 (o mg/ mL) 2 il A
M2, A5 3 [ 9 )7 #2 y =59 669 478x — 194 683 (+*
=0.999 &) KM X RRL. LU 3 fEEM K (S/N=
TR PR AR 525 e A A R BR 0,000 1
mg/mL, 77 ¥ & TR 0. 000 33 mg/mL,iE W 4%
S 5 1T AR A AT R

2.1.4 RBEESEWER 76 % w1 ois s
PR 5 — 5 W 3 A 1 W B DU E 10 YK, AH K A 1
22 (RSD) A 1. 42 % (55 2) , UE WIAS % L4,
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A~F. /5 5 HPLC B4k (IR 2 1 b3 1~5) i &l ;
A~E. FIAERBUR ; F. T 346 4 BUR
1 HE KNG TP E RS2 HPLC ik

A—F show chromatogram maps of 5 HPLC elutions (same as

1034 TS A N7/ S 1 37 %
R S T e A5 B 5 v 9 1 8 T S AT R 0
i S B W . LERE R 4 A R 0
gg 600 ¥ 80 %6100 % 120 % . 4ic IR 8 4E 25 PR 47 , 5 A Uk
T i FEIETT 3 UK A FIIRE MO (F 3) ., BE SN
I T R 0 ARI R AE 94. 4% ~99. 8% 2 1] RSD {48 11 %
gso . 1.07%.0.97 % ,0. 90 % , $6 B I% 4 BT 7 2 o 1 i 4%
$5 5, “ B AR ISR TR
= 2.2 BEEERSWEHET
Z 0 , A . . 2.2.1 HBEEHAHHH 7 UPLC-Q- TOF-MS
L v 20 080 N ER T E R RS T 6T AR A O
L5 YBSHL T ML R A A 1 ST
2250 T m/z 4650 M " FLELR = A 4F 0B T m/2 303
2E [Y,]" (&3 2 45 55 . delphinidin) F1 1 4~ & B 43
& 00 - o = - 2 Fm/z 162, M THAKRESHEAET ZIH MR H
50 P55 e PR B ) 1 ke
R('g 3-O-7 %j B 1 (Delphinidin-3-O-glucoside)™™ , 4
HZ10 52 T E TN m/z 479 ML KB 1A m/z
=g 3 \(\ 1620 B EVHA 4 B CH T8 m/z 3170Y, ] 4
z 0 5 5 36 35 ) 0 FE NI A A #E-3-O-%5 A B (Petunidin-3-O-gluco-
5 b side), HU4F 3 4T B TUE R m/z 493[M ] Bk
2E o 14 m/z 162 158 3| # 28 2 (malvidin) 7 90 5 7 1%
el 3310Y, 1" 4 48 25 23 O 25 B 45 (malvidin-
E:% 0 N /\M 3-O-glucoside)™ |, #H 4y 5 45 F 5 F W5 H m/z 889
“ 0 10 20 30 20 50 [MJTE% 14 m/z 1320%845F) A5 i A B T
g5 F W m/z 757[ M-1321° . BNV T RHRE 6 75 1F &
2% BRI 0 F 3-R00 50 IR 1A m/2 162, 3
Ee2i U 4 W 43 75 BT MBS T 0 m/2 595 M-(132
2o N ST R ER 2 m/s 162 K % K
0 10 20 30 40 50

(pelargonidin) B H TC B F 1% m/z 271[ Y, |7, K1tk
g 253 5 S RA5E 3R -3-O-MNMEBER S 1-5-O-Ff hir
X3 HEREFREREFENRME L ZE
Table 3 Recoveries for Cyanidin in M. lati folium (n=23)

R BG R IR [ % Recoveriey/ %

Cyanidin adding level RSD/%
the treatments in Table 1); A—E. Upper flowers extraction; /(mg/mlL) 1 2 3
F. Lower flowers extraction 0.004 8 95.3 98. 9 94, 4 1.07
Fig.1 HPLC chromatograms of anthocyanins 0.006 0 98. 9 98. 8 97.2 0.97
from M. latifolium 0.007 2 99.8 97.3 94.4 0.90
K2 AENBEE
Table 2 Analysis precision test of the method
S e B Concentration/(mg/mL) RSD
~ N /0
Component 1 2 3 4 5 6 7 8 9 10 /%
RAEKHH 0.009 1 0.009 2 0.009 1 0.009 3 0.009 2 0.009 3 0.009 5 0.009 2 0.009 4 0.009 4 1.42

Cyanidin
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Table 4 The UPLC-MS properties and tentative identification of M. lati folium
B ot [ A% H- B
Retention Molecular and HE Y
Peak . ; L Tentative identification Reference
time/min fragment ion/(m/z)
) LRE 20 TR HE K -3-O- 4 A B -
1 1.93 165,303 Delphinidin-3-O-glucoside [15]
J%: 28 4 R -3-O-F g BT =
2 8.11 479,317 Petunidin-3-O-glucoside [15]
HER-3-O- M A -
3 412 493,331 Malvidin-3-O-glucoside [15]
4 5.01
. cr mos KA HEZ-3-O- Wil ME BE AR -5-O- B hr A
2 6. 40 889,757,595,271 Pelargonidin-3-O-caffeoylsophoroside-5-O-arabinoside [16]
6 8.54 287 K %3y % Cyanidin [15]
. R T4 3 -3-O- X 4 I A 46 M -5-O- T80 — I ) 20 Wl T
7 8.90 843,757,287 Cyanidin-3-O-(p-coumaroyl) glucoside-5-O-malonylglucoside (18]
. AR B R
Note:—. Data were not available
*k5 HEREFHUESEHELRE
Table 5 Anthocyanin contents of M. lati folium
W m 7 &1 & Anthocyanin/(mg/g)
Type of flower Dp3G Pt3G Mv3G Uknown  Pg3CaSop5Ara Cy Cy3pCGEMaG
L 7E — — — — 0.82+0.06 1.7640.01 0.26+0.01
Upper flowers
Tk AE 0.31%0.01 3.50+£0.12 1.53£0.08 0.324+0.01 0.16%+0.01 0.34%+0.01 0.13%0.00

Lower flowers

1 :Dp3G. K E-3-O- 4 Wi Pt3G. R4 4 F-3-O-F A HH 4 s Mv3G. 83 25 & -3-O-79) 4 Bl 1 ; Pg3CaSop5Ara. KA 3% K -3-O-Wi ik it #f
BEH-5-O-F Hi A B Cy. K442 ; Cy3pCG5MaG. K 424§ % -3-O-%F F 5 Ik 4 2 W 1 -5-O-79 - BE 75 % B 1 ; Uknown. & H14H 45
Note: Dp3G. Delphinidin 3-O-glucoside; Pt3G. Petunidin 3-O-glucoside; Mv3G. Malvidin 3-O-glucoside; Pg3CaSop5Ara. Pelargonidin-3-O-

caffeoylsophoroside-5-O-arabinoside; Cy. Cyanidin; Cy3pCG5MaG. Cyanidin-3-O-(p-coumaroyl) glucoside-5-O-malonylglucoside; Uknown. Un-

known compound

1A ¥# 1 (pelargonidin-3-O-caffeoylsophoroside-5-O-
arabinoside)™"™ . 414} 6 & 2 £ 5 B WK 445
% (cyanidin) B fE 4 FI& m/z 287[M 7, @4 7 W
ST E TR m/2 887[M]", R 14 m/z 86 (N
TR T S BIRE R B T m/z T57[M-86]T L ik
KA IUE 0% m/z 2870, 1" AR R 6 A0 5 . AR
RLIEEAE B T, 22 3 )RR XS R RL ) B A
MAE T R B HEWTH N K 445 2 -3-O-X & T
P 7 28 4 -5-O-1A0 I8t 7 %5 1% 1 (cyanidin-3-O-(p-
coumaroyl) glucoside-5-O-malonylglucoside) , R ¥
0 b AR AL A IO b BT X B ) B Ly 5.6.7. A
O3 4 RAE S W BT A I b A3 B Ok L T RE R Y T A
HREREBATE . A 2 FdH o165
A 0,3 SO I 2% A T Y8 R R A I L I H
PRI AR E 2 AN PR S pH O B R B T VR
S T A A

2.2.2 BEFESESH AR E KNG T
IETA S SE A 1 AV O (7 S I B 1 D W 0

HEATESETERSNCGED ., BEFEK-3-0-%
2R R B 25 R -3-O- 8 4 5 1 o T SR AR P i =
TR A, o ) 4R R AT R ) 55, 6% Al
24.3% . HoAth 5 Fh R Lo, N REF R & &
1 20. 1%, bHAEALTEE D& 3 AL E 1T, T 4
NREHRMRLEERAOCR, 5L EE R T L&
) 71. 1% 28. 9%,

3w

AT GE N T A R B R S AR T
) HPLC Jrik. a4 A S 0. 1% H R K. B N
80 LM, WEMERRF AT 122 B,0 min;25% B, 15
min;38%B, 32 min; 38% B, 40 min; 12% B, 45~50
min, K% UPLC-Q-TOF-MS # — 4 ¥ ik & &
HAEH B E 6 R BT L B R R R -3-O- ) &
BT o 0 % A 22-3-O-70 % B B0 25 3R -3-O- 7 4 W
L KA 38 R -3-O- Wi M 158 1R 4% 1 -5-O-Ba] 137471 0 1
K E KT FE-3-O-% F O B A hETE-5-O- "
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TR . AT R A A S T AR R
S T O 2 DX T BE WO 5 2 3t 17 90 JE Al o O
SEAEA HPLC 6 4 RS 5 i ) 46 75 3% 4 o $ 1E
TZEIk,

R PO S EH RIS R UIMNC. 1k
AW TR Th EEE R T S R T LA
WA ANLAY . R AR B TR S . B
FEM R B (0 OF HR H 4w R 2R/
SEAEET A BFEES . X WA P RIS
GURMRMEY . REEZRBHEABAOREHER
M H PR € CGRER I SE E  A BE
b Bt L AL S5 B M o — 2 AR B LS e A8 A2 Al .
EIVAISIREES SR 8 R N LS N L Nl
e, b RRAEE T OF AR I B e R R S A AR L (H
JE U B TR (A AT RS B (R VWO pH E
A 5% U A Bl 3R R — B A AE 2 B
L 22 FRIEAR B AE T H P9 B8 3 23 1 3 AU B 7

S % Uk -
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