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Abstract: [Objective] This study aims to investigate the composition of anthocyanins and the effects of
physical and chemical factors on the stability of anthocyanins in Lycoris sprengeri. [Method] The
anthocyanins in the flower were determined by liquid chromatography-mass spectrometry (LC-MS). The effects
of temperature, light, pH value and metal ions on the color change of anthocyanins in L. sprengeri were studied
by ultraviolet spectrophotometry and HPLC-ADA. [Result] (1) Cyanidin, pelargonidin and delphindin were
the main components of anthocyanins in L. sprengeri. (2) The anthocyanin solution was stable when temperature
was lower than 30 °C, dark and pH value < 3.0. High temperature, strong light and high pH value could
degrade anthocyanins, and the degradation degree increased with time. AP’ Fe**, Cu** and Fe*" all changed the
color of anthocyanin solution, and Ca®*, Zn*", Mg** and K" had little effect on the color of anthocyanins, but the

metal ion concentration of 0—0.01 mol-L™" had a certain effect on the color of anthocyanins. Hyperchromic
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effect of Fe** was more obvious when Fe’* concentration increased. (3) High temperature, strong light and pH
value had some effects on the concentration of anthocyanins. The concentration of cyanidin 3-O-glucoside
decreased with the increase of time, light and temperature, while that of pelargonidin-3-O-glucoside showed the
opposite trend. Delphinidin-3-O-glucoside was stable under different light and temperature conditions. With the
increase of pH value, the mass concentration of cyanidin-3-O-glucoside decreased gradually, while delphinidin-
3-O-glucoside increased gradually. [Conclusion] The main components of anthocyanins in L. sprengeri are
cyanidin, pelargonidin and delphinidin. High temperature, strong light and high pH value can degrade
anthocyanins, which can lead to their structural transformation. [Ch, 7 fig. 1 tab. 29 ref.]
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BB AE Lycoris sprengeri N1 7 #t Amaryllidaceae £ 731 )&% Lycoris BRIRFY), Z 465 HEEEANE
o, HARGEMEE, & HERME ST MY E R an EZ s maary. 88 N
SERAMN, Kb R RELEN—MIEEEL S, EEH DL 2-28F ATk 8 BH &7 o,
WS BRI AR 3 RS, BIRAER (B ), RAEHR (LL6) Fl R R (EE6E), Hik
O 4 bl 3 RS RIAT AR TR AN RIS 5 K i 46 €5 7 240 B v )RR R S e A A A
PRI, TR (65 B sy, BRI i R, HA @ R RS A/ Y, R &
AT SR FH A A8 B 91 - 800 535 -r, S 55 2 1 B AT B[R] AR BB 22 95 3% (X (HPLC-DAD-ESI/IT-
TOF/MS"), W Bik HIAL (HPLC-MS) Fll = RO AH (5,154 (HPLC-DAD) 45 R % HERA I 22 AE W) 46 (08 110 22
Ay, IR G O XA A R RIS . #352ED FIH] (HPLC-DAD-ESVIT-TOF/MS™) )\ 6 FftA[A]
WEF Vaccinium SR E 13 MAETT RS . XTI HESE B A HPLC-MS #1 HPLC-DAD %7€ %
AR I-MEMAT . REER WA . REEER3-ZFWAT AR 2R 3-8 BRI Ao«
22" FAF Fragaria ananassa  ‘Falandi” FSCH ERAEET G, FFUCOMREE . JGIERT pH {E 34 2% Hidg
WL ORFAE —E B, HU U HCHHE 7 A BUR 5 R 75 26 B B 5 2 S vh R 2 (O 2%
AR -3-2FUHT . T RXTER A B Dendrobium officinale’™® , AU F Hyacinthus orientalis™ . £1{045
Cichorium intybus® | W& H B Rosa rugosa™ %5 W5 ol 25 AW RO 5 & B . AE 04 AT
PE, WERBIERE T2 NI AR MmN, FTRERZE06. . pH R4 8 &b A sz m 1,
b e F o, AR, (EEEAA X R A6 A6 (0 2 00 048 6 B2 AL (8738 A0 Y 52 i B3R 10 A5 41
1B, N T AR RIE AL O FEE R S AL OB R 2, A58 R 5053 OGRS VA i HPLC-
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RS PER FEE N 89520, B TE BT AL AL (78 Al L 45 B A6 AL €00 i b 28 3 B0 LAl

[ = I

1.1 ##
BB AL FIAL T W VAR 22 A 2B A B A R B PR M, T 2018 4F 8 H H T /) SR A e i A6 %
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12,1 #EBRALEFRICRHE WG BEAER TECRT 7405, HERRA, THRSHEGIRFS
FHo KPR ERERAEAEIR TR 0.0400 g, JINA 2 mL AT 40K 1% W E-EhRARBOREE S, %2E, 20 C
A AR 30 min, 12 000 r-min ' B5.0 15 min, YR FISWR, 0.45 pm GALIEREEUE, BRI T 20 °C UK
AN, B3R,

122 #4%iei & a5 454 HPLC /M. i Agilentl 200 = 80 i AH (35 R 48, (i 4 Agilent
Eclipse-plus C18 #£ (150 mmx3.0 mm, 1.8 um), A& 40 C. WM &0 h A0.1% W R K %
) A1 B(100% 2 NE) R, FshAPEMiASEE . 0 min, 98.0% A; 1.0 min, 98% A; 5.0 min, 60% A;
12.0 min, 30% A; 15.0 min, 5% A; 20.0 min, 5% A. WA E K 0.40 mL-min™', FE 5 LFEE K



55 38 B4 3 4] RBRAP-2 - iR AE AL O o SRR 2 589
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LN, e e T i i R K . SR pH 7 22 7% I 3 e B AL SR ORI AE e 5 000 430001
FH pH 1.0 AR R- A AN S PIRCRT pH 4.5 1 LR £ FRANZE Mgl R B B AL B BURCRR 8 2 7%, #E 510 1 700 nm
Ab W 5 W S B [D(510) Fl D(700)], R 45 A K D=[D(510)-D(700)],51 1 0~ [D(510)-D(700) )51 45, C=(AxMx
DpxV)/(ex0.576 793) FIAL A H F2 B 53 i it 73 5L (mg- g " )=CxV xnxMl(exm) 73 mI3HEWOGE D, #2 UK
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(cm); m MM BT (2)o
124 & Fmms HPLC 247 K Eclipse-plus-C18 column (4.6 mmx250.0 mm, 5 pm), WahAH
FEE (A)-1% HER/K (B), BREEVEME: 0~20 min(A: 5%~60%), 20~25 min(A: 60%~100%), 25~30 min(A:
100%~100%), Jii# 1 mL-min', 3K 280 nm, il 30 °C, #EFEE 10 uL. PAIFTERIRE N 0.1 g- L
MR 2R 45 2 -3-O- A MR AT . RAEE R -3-O-F A M 11 R e R R -3-O- i A M A VR AR AR it
1.2.5 BEAMHMILILEFAR TN H B AL O PR IR T B Y LU s v, ik 2R Aot
DT 15 4 o G DN s 82 AR FORT 46 5 4 A (0 VS VAR e MR 52 e o N0 7 TEC P 450 A6 A €0 SR IO FE 4% B
R T MO, VR RIRIIR WO EE Dy TEIRIGFRARE 30, 40, 50, 60, 70 C it 5 4R EERG L
YRR ZR AR TR . AR S R O T RGP RAE S IR BE A5 TS L h DUE 13k, #2200 6 h, HUH S Pes
WA Z N, W il kO (D) B2k oL, HE 3 k.
12.6 KExF#40 050 EFAA T IR AL O SR BORAE A R I R IWOEEE, 1R h#
WIS Dyo BWEHE 3G : OAKRE [ EW I HE G EE (29.5£0.5) C]; @ HYGATEIRE (3 680+
81) Ix, IRFE (24.5£0.5) C; Q@WOLALTH, IRF (24.5£0.5) °C; B 1 h BURE 1 ¥k, LW 6 h, &l 5%
WO (D) MAEARIE AL, EE 3 K.
12.7 pH #4600 & F A2 e % B 1.8 mL e 46 46 (0 15 $2 BUR 2 BN A U Ak Al sl 3 R 1%
W, WAL R IE pH B . pH M 1.0~13.0, BEEFMEIFG N 1. WEHE @17 S ORI @ 1Y 25 4k
WSRO, A 3R,
128 A& T %ML EFBZ MG Hoa B 1.8 mL 88 166 A RIBR /3 S AR R e 4R 2
T ZE 2.0 mL, AT, WE RNV IRE AR LS #E 6T 2 he 7E 400~600 nm P, RAE[]FE 2 nm £
LB A e KM WS D KOG N RO . T & s B T4 i oA FettL Fert. Ca’t. AT, Znt, Mg¥,
Cu™, K', SWEWMEFRLWE N 0, 0.001 0, 0.0050, 0.0100, 0.0500, 0.100 0 mol-L™", HE
3,
129 #ARFLAEZTREFARLTA,>H AEARMEIER GRE. LI, pH. &85 FWHE) 4
PR MV R IR 1.3.4 M55 E1T HPLC 430, HAE 31K,
1.3 HiEAE

& H] Origin 8.0 FRAF#AT B RE FE AL (8], SR HIvh 24 (o345 S B3 Bk 4T HPLC $ai B 3 A 4347 .
2 HER54
2.1 SEREBEEHD TN

X B AEAE IR 2 A AT PR B AR AR I T AL B ST Lo M RN S R LR o i (R 1), Hirp 3%

FRHAGE (cyanidin), KHEEL 2K (delphinidin) FIKAZA3EEK (pelargonidin) — K&, A A& FZ AL
BT, BIERER 5 R -3-O- AT . REEZER-3-O-H) ZME 1 Al R R 2 -3-O- 1 2 0 1 0 b v
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Table 1 Anthocyans composition of L. sprengeri petals

ETRE G WHTR I TR eyl

1 RIZFE3-O-HH T cyanidin-3-O-glucoside 64.32

2 REZHFWHHIET cyanidin3, 5-diglucoside 22.92

3 REFHE-3-ZEFHEF cyanidin-3-rutinoside 16.50

4 RIHER-3-ZA B cyanidin-3-sambubioside 14.05

5 KA -3-RZEBE cyanidin-3-rhamnoside 1174  REHFcyanidin

6 RIFZE-3-PIRAAET cyanidin-3-arabinoside 6.62

7 KA R -3-7H-5- AT cyanidin-3-sophroside-5-rhamnoside 4.07

0 IR -3-0-[(4-F2HE-E- N HilE)-(6)-D- ML I A5 M 1] cyanidin-3-O- |34
[(4-hydroxy-E-cinnamoyl)-(6)-D-glucopyranoside]

9 RIREFHE K -3-O-H W11 delphinidin-3-O-glucoside 33.17

0 TRHE L FR -3-0-(6"-O- - FRZEH IR Bl - B- N IR 75 %6 Bl delphinidin-3-O- 1o
(6"-O-alpha-rhamnopyranosyl-beta-glucopyranoside)

11 KB 2 -3- AT AUH T delphinidin-3-sambubioside 9.35 R R delphinidin

12 KEEFZEUCHAMHF delphinidin-3, 5-diglucoside 3.66

13 TKHERL R 3-O-E M -5-0O-Hi 4B delphinidin-3-O-rutinoside-5-O-glucoside 0.12

14 RAFER pelargonidin 15.55 KA3% Fpelargonidin

15 MIZHERIGHEBET peonidin-3, 5-diglucoside 11.08  AiZ5#6Z peonidin

16 SR R -3-0-H 4 MY petunidin-3-O-glucoside 329  HE4E etunidin

fir, A HPLC Kb A6 A6 (L AR AR TR AL IR 2R 3 B sl o0 B o R P8 () A8 AL B

22 BUEERNGREEZEEAENN

221 BMBEIZRLEFRESHALRKRBMOL K RIE pH X2 MR B AL A im0 50k 3.56
mg- g ' ZFEBERAEAE O BRI K 400~600 nm, e KW IIA A 530 nm, AL, BEFH 530 nm
R ACAL AT A e RIS (Ais max) o

222 BEMNBREFREMG Y EARRRET, B AL O PR IOR O B Rl I ] i A8 £k 2 30 5
ETHE TR (E 1A). 76 30~70 C FF/KE L h s, e IOCES B B, HIRE N 30 C
BF, BEE AR RN A IE, FE A OGB4k SE FF2] S h DU IRFEAR, LR AL T 3 i oG B 32 5t
22.17%, T 40~70 °C W22 T3 i TH s LA R Rt (] i 24, A0 60,15 1) AR A sl S e, 3 BBOAR 14
WG RE [D(530)] FLALBE 1 h B EIWOGEE 3 BIFER T 6.02% . 4.75% . 5.80%. 9.91%. I, AS[H] Ao i 2 %
B AL O RS R i R I — AR, (KR T BTHRE RS, A Edf R e, BAR STk
O TR S, TR O I IR A TR, HXMEa A — el arEH . ME R
BT AP ] A B, OGRS B2 PR, RRLT R IRE AR, Al E IR A H B
T R i I R U

223 RExEREFBE MmOy ORGSR X s A B R e MR — e, R
[Fi] Y B Ak L 18 480 83 A6 A €00 (R WY B I 2 16 B s (i) () i 35 52 TRk 34 (81 1B),  H BT RES R e 46 4L
EAFRBOR WG NS, A IRBOREEARTR . HYCAT R A SROEIRA L, BB AL ATt R BOR
PIMOCEE AN B 2. . ARG HOBAT S R AL (51T (WO B LU AR IO W Y B 43 1) T B
3.57%. 6.85%. 11.25%. #HiAb b @I SR AE 3 Pt BT rofese e N 2 Sk v s . AsoE. H
FKT, FFA A AT IS0 RN G HUR RS E MR 22 R RRIED

224 pH M EiLEFA e Hrn MITLERFRI Bod L4 o S IO/ 0 B RO B 372 pH. B 52 )
K. pH<3.0 B, #ER L OTTIEBOR L0, WIROGEER R o A6 32 DL IR 2R I 0l ipg FH =5
FILEHIAETE . 2 pH LR, RO EEE o, 6O IR BOR A WOERE BRI, Xaf G
B A R B SE MIAEAE . TERIESIE T (pH=7.0), 6 @OF FEBOREI (0 5 #i A8 BUiE (0, e A8 N8
@, FEBUR A WO RIS pH B R IMZ W . 4 pH=11.0 5, $RBURWOLE G R (& 2A fl
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Figure 1 Effects of temperature and light on the stability of anthocyanin in L. sprengeri
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225 £EBIANEREFRTHGH a  AREJEE RO TR e MR (5 3). K&
W 4 @B Tl R AL A IS5 H) . Fe*'. Ca®'. AP, Zn®". Mg*. Cu®'. K' % 7 Fh& )R T x e o
g I A —3, MRS <<0.001 mol- L™ B, A6 40 11 W B i 4 e 2 vk B A 15 KI5
MU >0.001 mol- L™ J&, HMROGEEZ W T ke Hag ke s (H AP, Fe¥'. Cu¥yn] 5 R Es L AL 1
WA OIS Wi APVREERDIN, (EEFE RO R BLL AR IR0, WE FUWRERM, LaT
BT R B A, R e M BEE Cu™ VREERIIN, 16O ARSI R 21 608 Wi R
W, Ca™. Zn™ . Mgl KL O 4R BUR B R e AN AE , (HREE 4@ B PR R &, AL i

QITTTTT NI
JLTTTTIRTITITI
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025 r
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N o B
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Figure 2 Effects of pH value on color and absorbance value of Q 3 {?_,\/é, ,% %XT%%@%%Z‘E @%‘iﬁ;ﬂi& f;‘ﬁ @ﬁn‘ﬂ
anthocyanins in L. sprengeri 3 E{é’] %} 6]

Figure 3 Effect of metal ions on color and absorbance value of

anthocyanins in L. sprengeri
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AR B AR AR (AT OG B W B 2 Fe™ Ve BE B IR i, BLAE AR B BE % Fe Wk B 1 m
A6 T T TR A28 A S

8 4 J& B3 7E 0~0.01 mol- L™" Ve J3 ¥ [l P X J B3 AL A6 o 11 1 U RON B S, B RS S Bh AR AE (B 1)
FRURON & 3 R AR AR ) Fe® B AL (U SRR M e e R, X A €8 3G VR FH B B8 vk
FERE I naE, PTRESE B AL A B AR I LA, ARSI AR B IR B A, HXFMEAY
e tEm T at, —HARAS N, Niisgmba iy iioett, HAab U &8 B 7 BE v 1
i, XHREAEE AT R A —E MR ER . L, —ERE SR BT A A Em A, A0
SR AR 0 S v A S T
23 ARLETHBUELBEIERSRESBWETL

BT g R, R G R -3-0-F A . RZAFER-3-0-H A H 1 A1 CAHERT 2 -3-O-Hi 4
BEA AARAE R, B AR T X 3 B 1Y BT A B0 R 295, 0.41 Fi1 0.42 mg- g™ 1] 4A Shid
AL AT PEBORAE 280 nm 40 HPLC %[5l , 135K HE4 K -3-0- A M . RZEZEER-3-O- M4 W11 M
TWHE 2R -3-O- 8 2 0 0 g AR S L EL AR HE 06 R] . R Formula Predictor 4.2 FFXT 3 R[] i 46 €6
ST R, MBEIR R R -3-O-M AN . KA -3-O- M A M A Gl 3 -3-O- A A M 4 11 oo 4
¥ (¥ 4B).

A 7121 ¢

56.95
i 280 nm
%4%5—
o
13 2835

14.06 | kl AJ

2
—0.24 b J‘LPU JI"L b a ﬂm’* 1 :i’l J‘-{ ,Jl “"‘—’JL"I

0 4.35 870 13.04 1739 21.74 26.09 30.43

t/min

1. R -3-O- RN 2. RAEAYER-3-O-FAMT; 3. R K- 3-0-MA Mt
A4 4RI EFIIE HPLC &8 B R ko %M

Figure 4 HPLC chromatogram and specific compositions structure of anthocyanin extract in L. sprengeri
231 BEMBGILEF I T BRSO Hoh  PERAE 3 FhAE T Bl 5 1R A0 T A 18] (1) 48
KEIARA RS (B 5), KRAEHER-3-O-H B0 B - BOR ISR . RAEZER-3-0- % 2 1 o it
YEGAYT LT R R -3-O- M AT BT A BV AN B, SO A B, BRI
W 30~70 CALFR 6 hJ5, 2K 455 % -3-O- ) % Wi 1 1 & 43 8000 I BRI T 20.11% . 43.99% . 41.65% .
56.57%. 71.85%. A Z&1F T, 30~60 °C Bf K4 3% 2 -3-O-4 4 B 1 7 2 0 B oy i 4 7
150.42% . 352.80%. 502.74%. 393.02%. ALATTHEHORE 0 f i L1 OB W AR RS L1 65, PIRER i TE
FhiE S BUR B35 2K -3-O- M A M1 25 25 1 AR LN % A8 o 1 A FR 3 L AT ) SR A5 28 R -3-O-Fi A 1T
TE 70 °C 2 h 5 RZEFE R -3-0O- M A b i - BUa R T R, Al BRI M iR IR T R A8 R -3-O- ) ) M 1 45
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Figure 5 Effect of temperature on the stability of specific components of anthocyanins in L. sprengeri
HY 5 TREMERI R -3-O- M A MY Bt r BUR AL A B, PTRE T KGR R -3-O- I A T A 2540 oA AR E
f 3 IR RE A
232 RBASMLLET 3 LR RS THGHra BB RIIE 6 BT 7 85 E 6 RO (]
AT AL (K 6), fE#G . AU HIEAT R, KA R-3-O- M A i o 2 T s,
5 AR BB A LA R T 26.75% . 28.58% . 31.02%; K33 -3-O- % A i o i 43 00 43 5 7 e 1
232.63% . 225.75%. 330.90%. {EMEICHTARICIRAME T CHER K -3-O- M a2 b #-r2, HiEH
ST 1 h JEREBUT S, 5h 5 R R -3-0- M A BUi - U BT RE, 2 6 h IO R
RT3 Y 4.35%.  H OGKT T B 9% 42 2 21 -3-O- ) % W 1 F e T 22 -3-O- 0 2 Wl 1 o 20 Bl e b
RAFER-3-O-H AT BTt o B et . TWAE 3 MORIRDGIR T, HOGAT X8 1 BAR o3 2 ma AR
Ko X—EERFARIRLE AT T L OH B BUL 83—, B 6 IR 5R BRI B B3, R 4246
R-3-O- A B H BT . RAATER-3-O- A M H i LT KR R -3-0- A B H BR 1 HOBAT T i
I E] BRI A SR T B, SR B W AR A . TRBJE TR R R 3-O- i A T B SRAS A R
3 ANEUNRRE FRAESEA ) I (] E RGN 1 R RE R -3-O- M 4 Wi 11 B FRAS RS ILIL I, 2
[ RPN T

50 - 0.35
L A & ®/ 030 | c
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Figure 6 Effect of light on the stability of specific components of anthocyanins in L. sprengeri
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