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WE: NTHAGE AT KNThae, FH S P Bh 3= U252 BURCH it = IZBH % (Dendrobium  phalaenopsis “Sanya
Sunny’)1EH %, F UPLC-QTOF-MS 2 ARX HALE RIRBGRIEAT B 40T, FX e im et AT 7oy, RA R %k
SRR 5 8 S 38 o SR I ) 22 A VEEAT TR 90 5 RE W], MAETE FARDU 3Lkt 15 MEF Ry, W oA K
TR REFHR, MR, B P RMATL R, RIWRIMU RS ERE, AHFEREE FIET R IRI¥ DPPH 5Bk Ak
JIAES AR DI 5R T HIRMER: 0.25~1.0 g/L ML 2SR BUIXT SK S RN B SB35 TR 3 150 AR < = 0BG KA iRt
WA ESS, TEBRZ . B S At S AR A ) R 1 S P 2% 1D

REE: BOOM: EE R brEbt: 2atksR
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Component Analysis of Dendrobium phalaenopsis Anthocyanin Extract and
Its Antioxidant Activity and Irritation in vitro

LU Xiao-fan, ZHOU Xin-hong, WANG Ying, WU Ya-ni"

(School of Design, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: In order to understand the function of anthocyanin from tropical orchid Dendrobium phalaenopsis, the
anthocyanin of D. phalaenopsis ‘Sanya Sunny’ was extracted by ultrasonic-assisted method, the constituents of
anthocyanin extract was analyzed by UPLC-QTOF-MS. The total antioxidant capacity (FRAP) and the
scavenging capacity of diphenyl picroacyl (DPPH J of the extract were determined, and ascorbic acid was used as
a positive control to evaluate its antioxidant capacity. Rabbit skin irritation and eye irritation experiments were
used to evaluate the irritation of extract. The results showed that a total of 15 anthocyanins were detected in the
extract, such as aglycones include delphinium pigment, cyanidin, mallow pigment, petunia pigment and peony
pigment. The extract has strong antioxidant activity in vitro. The scavenging ability of DPPH - and total
antioxidant ability are both stronger than ascorbic acid at the same concentration. There were not irritation on
rabbit eyes and skin treated with 0.25-1.0 g/L extract. Therefore, it was suggested that besides ornamental value,
Dendrobium phalaenopsis ‘Sanya Sunny’ also had broad application space in medicine, food and cosmetics fields.
Key words: Dendrobium phalaenopsis; Anthocyanins; Antioxidant; Safety experiment
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BAREL BN SR E S R, 20T
=W BE—wE H AT E A AT IR i i
F, FEHRZEFTRERA UL ERIS
FERFRIA T, ST HARE D DA R 22 4 1 ()
FLIARFL I

T6H Foe M LA RS AR
—, WILTAEM . REA LIRS FRLZ,
BT BRI TP 2. REMTENH, HEER
HAEBIFPUENL PR DU P25 Thal,
XTIV IR ST AT B AR Co LA B0 1R
TR WE PRI AN REJREE 1 TS5 45 7 T 1A AR AR R
R, FEEZTI . &7 LA AT I S
BRI R P 2 (] B

AW 5T B TR A = B 6 (D, phalae-
nopsis ‘Sanya Sunny’){EIEAE T 2 S BEAT 04
AIEEAr . i@ IE UPLC-QTOF-MS 73 #r H F R &
B4y, @ik DPPH H HHEA FRAP H H IR TFAT
SRS, 38 I SR G R IR R R R R
VPN Hoze e, DAHIDOHRCR it = W0 FH S (IR TE
FE RN FH B AL RS RS S

1 MR

1.1 AR

iy {3 B A it = 1 FH % (Dendrobium
phalaenopsis ‘Sanya Sunny’)f£ i, i oK % 4E
BHEA R AR R4

WAl TR AR -3-O- M w T (o
MWANFRHA IR AR, 28NS SRR (L
WHRBAEMBHERAR), SHraifhig. o,
=R oK CRE(E 2B L =R A IR A D),
=g =1V B (tripyridyl-triazine, TPTZ; _LiFfEdEqL
THRAF]), 1-—ZKHE-2- =3 ZMF(1,1-diphenyl-
2-picrylhydrazyl, DPPH, M4 ¥k FH R 2
A]), DU MLER[4EE &K C, Blikiryb (hE LA
PR AT

XA UV-5500 40T WG (R
TEHTAXEE), AR224CN 43 #1 R T (BLIRAEAX 37), JY 92-
I1 N 7 75 U5 0 MM R L (7 e 8 2 AR RO
FRA W), H1850 &5 CoMLOMA S LA AT FR A W)
Acquity 1-class j# m 0B AH G, VION B -1 i
VU AR A 6 AT IS 8] 5T 15 B¢ FH AN (g R R R A PR

ALIDE

1.2 BRI B 747

e HL 0.5 g A b LRI A
WS, 25N 10 mL B0 H, 5 mL & 70%H
1) 0.1%ERBR/KIE I, TwiE 30's, TN 4 CUKFER
J 24 h J5 , SR RS R4 X 30 min (2 A A9% 75 Hz),
I3 ¥AE 13 200 g &0 10 min, HU_EiE# 1 mL
HERE, FIH UPLC-QTOF-MS A BT 2047 .

&M (il BEH Cis (100 mm>2.1 mm,
1.7 um), (BC#&TAE); AR : 45°C; i : 0.4 mL/min;
WmENAH A: 0.1%HR/K; JmzhtH B: 0.1%H R L fif
(1/1); PekH: H,O/ACN (10/90); HEFERFA: 1 ul.
IR 0~3 min, 95% A; 3~10 min, 80% A; 10~
12 min, 0% A; 12~15 min, 5% A %6 & ¥ i .

Fig&HF  REMA: MSE (IKEEE /SRt E
DIHE); S s IEE T /BT
i B HIE: 2KV (positive). 2 kV (negative);
HEFLHLE: 40V FALSIRE: 450C; SALSmE:
900 L/h; #EFL WS (Cone gas): 50 L/h; 1R
J& (Source temp): 115°C ; $##7tH: m/z 50~1 000;
HHE: 0.2s; RifERER: 6eV/20~45eV; FEZH
SE B (FE L IE Lockmass): 250 pg/pl 222 R ik
REFERSEERE, JE: 10 pl/min; R4 [R]BE(sample
time): 0.5s; X&NE]: 05s; fifEALE: 6eV,

1.3 BIEHRIEN

REFEEMZHIE 28 Hui F01 75
%, TES96 N RREURZE 58 2R IERE 28 50 mL 5 &l
W, 0.1%EEFR/KIARAN 95% L /KIFR(L & 1)
fifE 5 AR BN R B () R 23 2o R A, TE
KA 518 nm FIRGEE,  FFexilbrifEthZk.

HIEFRNRE  RAE A BRI,
OB eE Ak A eI, 60°CIt MM T EIEE, Ms
it 60 Hifii, #KHEL 0.05 g T3 2.5 mL FEHGHE
ATHEFEREL, #EA A 30 min, ThE 55 W, ZJ5
7£°9 000xg &0 10 min, B FiEW, ikt 10 1%
JEAE 518 nm ALIEROCIEEAE A, IRYEARAE R Z it

1.4 BHEAETKNE

23 Yang 25 FRAP 77 12 22 il bk vk il 28 £
o L 0.1 mL R VEE T 10 mL B0,
A 3mL FRAP TAEM, FMA LB T/KE 4mL, &
H Y151, KEHRN 5 min, LEBETFKASLH, lE
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593 nm AL IIROEEE , HARTEbRAE il 2 i HHTR
A TE, DLPTAR MR YR PEXS I, R 3 1.

1.5 DPPH-H KB RR A8 710 2

Z: [ Cheng B 7575, HL2 mL 0.5 mmol/L
(") DPPH ¥ 5 1 mL &R EFEMIEIUR. 70%Z
BEKRTOR A, A0 10 min, I E9% K 517 nm
AR TR G FE A Ave APTIR IRV R BH XTI, 2.0 mL
DPPH &R +2.0 mL 70% £ % 7K i RV A Ao,
1.0 mL #f FA R +3.0 mL 70% 2B /K R RO
8 Ao. DPPH:iERFR# Ki=[1-(A1~A2)/Ag] x100%.

1.6 65 RIREVBUR B E S B

B BRSO TE 2% Qian S5 011 7 1A
s, MR RN a4, 3 N, R
BT 24 h, 7EZ G F P MRS BT H T 2.5 cmx
2.5 cm IRZIK, VRSB, AP A 0 T A i T
PE<H IR  FH SRR 2B v WM B 5 5 1.0..0.5,
0.25 g/L IR HET =IO, BERIGR 0.2 mL, iR
TR T B R AR AR B R A% 1 B IR e b A R i
A TE ) e A [ 52 o 24 24 1 Jg FRR /KIS Ye s 32

R 1 MRAE PR b of

Table 1 Scores of stimulus response on eyes

Y, 49T 1. 24, 48, 72 h JEEEFR—HRLE T
A AIC 3% FH 265 3B A7 H BT BEAK i i s o R
LRGSRy 5 S, BICZ B, fhsmnl WL, P
AR I AR AW b S ANCR AR s =V 1DI A5 A |
XY 0~4 435 HIUKMIE BRI 8 5 4, RITE/K
P SRR AT L R B R RS (10 e L R T B2 JER) L K
B Z 2 1 mm AR FER KT 1L mm BRSO,
3 IR T 0~4 F3 o AR B JR AU BV 7 bR 1EAT
P HHER S, BUME = (20 ane + T aom) | SIS,
0~0.5 73 RN 0.6~2.0 4 M5 B il it 2.1~
6.0 7> Jyrh BEHIE s 6.1~8.0 20 R Bk . AR
R TR 85 P AN SR E AT B JER P S
RIS S8 Zhang SO 7 VAR
BM. ZRon4H, F4H3 1, WERELEER
FEHUH A 0.1 mL, AR R — ARG 25 g b, b
THRIGH S A Ls; 7 MRS AR, 24 h JHA
MYk, ERXTIR. WANSZRY 1. 24, 48, 72h DL
47 d JER A RIREE, 25 72 h R IR N AT
Zbsss . A R IR AR,
H 7 dWAWE, WIFEEEKY L [A] DL 2 %40
P& 75 mT I o IR BR A% (1 V23 bR (R 1) 10 SR

fEiIga eSSy 25y
Part Status Score
bicl Tl K EE M No ulcerated or cloudy cornea 0
Cornea HICCE BRI v h, WLRSEEMT AT L Cornea scattered or diffusely cloudy, iris clearly visible 1
B HIX 5o, MBI AT Corneal translucent area easy to distinguish, iris blurred 2
IR EPIBIX, SREANTTANR, AL T i o N 3
Cornea appears gray-white translucent area, iris details unclear, pupil size barely visible
FE IR, UTAETCVEEA Cornea cloudy, iris unrecognizable
AT JE 1E% Normal
Iris VAW IR, A, SR, A A R R AL, WL R 1
Iris folds obviously deepened, hyperemia, swelling, moderate hyperemia around the cornea, pupils still respond to light
Fe i / PR AT B /36 o [ R: Hyperemia/ Visible damage to the naked eye/No response to light 2
L1 A 7l 1% IE# Normal blood vessels 0
Conjunctiva 4 781 441 5 Blood vessel congestion, bright red 1
& 7e M SR, MR 55 # Blood vessel congestion, dark red, difficult to distinguish 2
R LTS I 2 28414 Diffuse congestion, purple-red 3
B. /i Tk No edma 0
oK Mild edma 1
WS K M, FEAT R4 HR /M Obvious edema with partial eyelid ectropion 2
K 2 ER G2 114 Edema to half-closed eyelids 3
K ZE IR I A 2 P4 Edema to most-closed eyelids 4
C. 7 TSl No secretion 0
/Dy Small secretions 1
Sy UM ER A AR B VR Bk % Secretions make eyelids and eyelashes moist or sticky 2
ST ILYMEFEAN IR X YR Secretions make entire eye area moist 3
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JUF S N R 43, A = (21 s + X2 som + 23 e +
S ook + X5 i) | BP0 O, 0~ 3 43 N TC I
4~8 Sy NI EERIBNE: 9~12 Sy b R E; 13~
16 73y = s o

2 HRAI AT

2.1 BB REDUEHIRS 7T
TEH R RBENAY, KH 15-0.1% F F /K%
TRAE VIR Zh A, B TOF/MS 2335, 1E5

2 KAMRITES RI>

Table 2 Anthocyanins in Dendrobium phalaenopsis

TR, UNIFL ST o b i 2 54 1 1
WA Y S 1 SRR, R LA SR SCHR AT 4 il 21T 4L
EYEE . ARMCO T ZAEE R RO S
H 15 MEF R, HIoA CHER. REHR,
R B P RNATLRER 2, B1).

2.2 fsMLE A TE R
2.2.1 ByrELRE

ARAT 10 B R R A v 2R LA T RE N
y=0.0053x+0.0948, tHX FH R?=0.999, KL

P! P4 SHFR RE I 1) S PR ZEI M) 7 {E
No. Component I\Qolecular Retenngn time Molf_ecule Mass Error Response
ormula (min) weight (ppm) value

1 HRZE(0 % -3-0- i A HEH Malvidin-3-O-glucoside C23H25012 6.59 493.134 2 0.2 1493598
2 *RI33-3-0O- M & BEE Cyanidin-3-O-glucoside C21H2101 5.49 449.108 0 0.2 1337315
3 *RERF-3-0- - FLBET Cyanidin-3-O-galactoside C21H21011 5.23 449.107 9 0.1 1314 097
4 N2t g-3-L FLBET Peonidin-3-galactoside CooH23011 6.33 463.1237 0.2 1032327
5 A R-3-0-H B M Petunidin-3-O-glucoside C22H23012 5.83 479.118 6 0.2 993 110
6 *RZERGF-3 PR BET Cyanidin-3-arabinoside CaoH19010 5.70 419.097 5 0.2 961 035
7 * KR 4 2K -3-O-Hi 47 PEFF Delphinidin-3-O-glucoside C21H21012 5.03 465.102 7 -0.1 755 334
8 * KM FK-3-L AL Delphinidin-3-galactoside C21H2101, 4.80 465.102 8 0.0 735918
9 250 R-3-0-2L 3L Malvidin-3-O-galactoside Ca3H2501, 6.34 493.134 3 0.2 606 213
10 *KAEFOE-3-FIHAPEE Delphinidin-3-arabinoside CaoH19011 5.26 435,092 4 0.2 535 879
11 EFEAOER-3-FFLHF Petunidin-3-galactoside C22H23012 5.60 479.118 6 0.2 465 870
12 AjZytaZE-3-O-H %&b+ Peonidin-3-O-glucoside C2oH23011 6.82 4631237 0.3 445561
13 *&#EE A FE Delphinidin CisH1107 9.15 303.050 1 0.2 134 320
14 AjZ5EE-3-BIHAAIHEE Peonidin-3-arabinoside CaH21010 6.54 433.1130 0.0 122 363
15 4B E 3-FTRAAIMET Petunidin-3-arabinoside Ca1H21010 5.96 4331131 0.2 8998

* ShRUES L S E .

*: Compared with the standard identification.

10.17

150000 ¢

125000 ¢

100000 ¢

75000 ¢

I )7 f Response value

50000

25000

11.91

{5 £ i} ) Retention time (min)

B 1 A RETETS RIS 3 TR A

Fig. 1 Total ion flow diagram of anthocyanin extract of Dendrobium phalaenopsis
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KRR, LGN 0~160 umol/L. MK 2 7] i,
PALPCIR IR (Ve) A BH X R, 75— e Ik VL I W,
Ve S5FCA BHEE ZPRIUR M B PUA L RE 11 (FRAP)
BIBE E Ebmsgan, HEIH— @KLk,
{HAET %=1 FRAP B = T [RIVR BE I Ve

£ 250}
g
Eg 200}
5
52 1s0f
FI==
£ € 1o}
A =
g 50 —=— PE4 Sample
——VC
0 1 Il 1 Il L 1 J
0.02 004 006 008 010 012 014

#el% Concentration (mg/mL)
Bl 2 AR 22 A0 T AR A AL RE
Fig. 2 Total antioxidant capacity of anthocyanin extract of Dendrobium

phalaenopsis

2.2.2 DPPH fJi& At 1

M3 AL, fE— R EJEEN, PR S
KA e Z= X% DPPH 5 bR 2 38 bl ik FE (1) T i
K, 7F 0.02~0.06 g/L By — 3 28 81— 2 2k 1k
R, TR IR TR, A LR BRI B 3
o X T PR R R R B o IR FE KT 0.12 g/L I, —
&% DPPH {1735 B %3515 2 96%. KA e 2= F1
PR MLER AT DPPH 1% 5 K5 B FE (1Cs0) 73 51
J& 0.027 1 0.034 g/L, Ui B FKA fsHE S 26 DPPH H
HH A R TS PR BE T

2.3 WEREIB ZEEsHr
2.3.1 J e
M 3 AT, /NTF 1.0 g/l 6T R ERBURG 5

% 3 PKATR 2 AETE SR AR B RS

Table 3 Skin irritation of anthocyanin extract of Dendrobium phalaenopsis

e -
=] [=)
-1
T

SRAE S
<
~]
(=]
T

DPPH: [
DPPH: scavenging ability
=
wn
L
T

—=— FEhl Sample
—e— VC

0]0 1 1 1 1 1 1 |
0 002 004 006 008 010 012 0.14

¥ Concentration (mg/mL)

E 3 At 216 R IR DPPH A5 FRAE

Fig. 3 DPPH - scavenging ability of anthocyanin extract of Dendrobium

phalaenopsis

G PR 1E 5 R JH R 450 S IR VA e . e R IR
BOBRAR L h J5, 3850 5K G B Jbk i I S s o] Ly 21
PE, IEW AR REZHAE 1 h Ja R I BEFIK A, (2
15 24 h J5 HBLALBE, mTRE2 R RAMAZE T SBU
BB IEIR o 48 h J5 T 5 B 3 KR IEH
2.3.2 BRI

MF 4 AT 0L, KT 1.0 g/l (AE T RIERBURN X
G HR S IO, 10 1.0 g/ L $R BV TR B A K
72h 5, AT R RIRIE SRR .

3 LT ie

AHBEFERE I Z N T UIAE S F R A B A
ZMCA A IR R, SRR T A
RIS, I HARSURANEATRI G AEREAT T 0
7o HETAACA LS RARAIE TR 20 el
80 “E4X, Kanchit I v R0 €l 75 0 78 1 Ak
A et 28 R L 2k A2 Ja A ISR B R H T 41K,
T G HREFHRMATAAER . REFERM, &

SEMESEDAM] HPLC-MS $oR 700 1 6 AN fig ==

Wl Skin W% Concentration ¥t f3r Score HAE Intensity
(o/L) Number 1h 24h 48h 72h 1h 24h 48h 72h
TEH Rk 1.0 3 1 0 0 0 0.3 0 0 0
Normal skin 05 3 1 0 0 0 03 0 0 0
0.25 3 0 0 0 0 0 0 0 0
0 3 0 1 0 0 0 0.3 0 0
T4 R e 1.0 3 1 0 0 0 0.3 0 0 0
Broken skin 05 3 0 0 0 0 0 0 0 0
0.25 3 0 0 0 0 0 0 0 0
0 3 0 0 0 0 0 0 0 0
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Table 4 Stimulus response on eyes
4341 o 34y Score ¥ Intensity
Group Number 1h 24h 48h 72h 1h 24h 48h 72h
1.0g/L 3 9 2 3 1 3 0.7 1 0.3
0.5¢g/L 3 2 2 0 0 0.7 0.7 0 0
0.25 g/L 3 3 0 1 0 1 0 0.3 0
i it Control 3 2 3 3 1 0.7 1 1 0.3
MM IEE R, DRFEFHRETCNE. Akl g, A, Rl e E w5 Bk

I 4 AN DUREERL ZON AR T R, UL
) A LE A iR 22 PR X T R R R R 0
ARAN A B, UPLC R B A4y B e 13 m T
HPLC.,

AL K, fEIEE Z Rkt 15
MEF RS, HoN R R, REFR. N
R B REEER, T RS LR (Rosa
damascene). W %%(Vaccinium corymbosum). AtA%7E
(Rhododendron simsii) %5 (17 # & $2 B A+
DL MR 2O T o T B R 1S 18], (HFF R
FRbHR H T RE A IR ) 22 e DA RS I AR R
FEBRISANF F BN . AR A —FhRIRII P
AR, HEAWEIT RIEFRMIERIE 0611, 1
A FT AR B R B A 2 AT D B 2K 24 U BRORE A5 1Y
KRS X e R BRI, A 4 BIvG 7 R
IR ZE G BRORE S A RN ARG 13 el

ANFEUEA A IR - HLRIAN R, (HIE
5 H HEETERR . 9z s e B SE RS20, Kt
AL RE JT LA LN DPPH 35 FR 8 71 T PR A
VB AP A 1 21 A T 2 B AR fiRk = BH
HEHE R IR A RIFIPUEE R, fEHFRE
BV E 9 0.13 g/L IFF, FRAP R3] T 285 umol/L,
M R B2 AU A I R U /2 136 wmol/L. 1E75 R HEHL
YRR MRS B DPPH 41 1Cso {85331 2 0.027 1
0.034 g/L, EHZRIEIIH) DPPH- H HI B 15 kR e
J15E T R EE BRI o

ARV SR AU RE T AT S ST R R H
(P EE PP IR AE, 1T R A e A P () B R bR 2
o U LA X R SRR IR R AR
SERRH, KT 1.0 g/l MAETT AR HGHN 5K B ik
R HRL B 22 A O o FESE[E] CIR A 32 XA
LATVF IR, FCA ft— o T UIe
16, W 2 NHTRERELT, Hi, T HERR
MIBIRAEEAE 7235, DU X H AT 2 v i B

A 1.0 g/L, DL AT 0T HR AN B Jk T0 U ML )
B e A5 P )

R ik« = DG D —Ff 2 B T 2R AN
DITERIIAAE 2 i, FERR2G . bl A0t b S8 0K
WH AR E . 2R R AR E
2, BN FREZN 20, BARSEIEAE, &
K, @ ARER 2 H AT T2 /K, FrboAA
firk Je PR AELAD v S 0 B 2 1) 245 P o A R R R
AR BRUR R R 0 T 1 — 123280 AKHIE S A A TR
REETF AR AL T BRI AN Bt S, DUSIRKC i
R PO RENSAE T AU SIS K B

7% 3R
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