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ABSTRACT: Objective To optimize the extraction conditions of anthocyanins from dried Acanthopanax
senticosus dried fruit, and analyze the composition of anthocyanins. Methods The effects of enzyme type,
liquid-to-material ratio, enzyme dosage, enzymolysis temperature and enzymolysis time on the content of
anthocyanins in the extract were discussed by single factor experiment. The extraction process of anthocyanins from
Acanthopanax senticosus dried fruit was optimized by response surface methodology, and the structure of
anthocyanins from Acanthopanax senticosus dried fruit was identified by ultra performance liquid chromatography-

tandem triple-time of flight mass spectrometry (UPLC-Triple-TOF/MS). Results The optimal extraction conditions
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of anthocyanin from Acanthopanax senticosus dried fruit were as follows: Liquid-material ratio 18:1 (mL/g),

pectinase addition 4.2%o, enzymolysis temperature 55 °C, and enzymolysis time 3.0 h. Under these conditions, the

anthocyanin content in Acanthopanax senticosus dried fruit reached 6.00 mg/g. The main anthocyanin was
procyanidin 3-O-(2-O-4-D-xylopyranosyl)-S-D-glucopyranoside by UPLC-Triple-TOF/MS. Conclusion It is

feasible to prepare anthocyanin from Acanthopanax senticosus dried fruit by pectinase method. The anthocyanin from

Acanthopanax senticosus dried fruit is cyanidin 3-O-(2-O-f-D-xylopyranosyl)-f-D-glucopyranoside.

KEY WORDS: Acanthopanax senticosus; pectinase; anthocyanin; extraction; response surface optimization;

composition analysis
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BTN (Acanthopanax senticosus) X 4 J 8 . IKPikE
T, NTMEHEY, A TR 500~2000 m BTE I RE AR,
EFNETRASHRER S, A i de A3t g St il
IIPEA AT 35S | IEARRS A . ANEF 2t nT B R
fR e fe g2y, BAT RIFI25 IO E . TR & A
W D R RN R SRR TR K
BHRMELEWT, HATR . AL JREG . 95
Haggg U B g | RS S R G, HATH
R BN

FEEAT B AR P R R 5AF T IE R, TR
RS A Y, HABUE, BRIRE . SR PURS LT
PRI A TR B 3 T2 B T B 2 L AT
AT AEETH FEAIRBU IS E AR BOR |
WA BHHRIERY | S R BOARY | mfk UL R
FUR AL ROL R P o, i SRR R i 4
RBE, RGO B2 ST th o IR AP T e il
Bl £ B2 S M R AR 6 B 2 A, AR A ik B
24.675 mg/g; BXBESFAFPINE L T AR B S A R
BALEAT I L2, A5 R R U A i AR A AR R
28.6 mg/100 g, HRBCICRAL FLALERM, AL T o
TE it 5 41 2 2 WAL A T A BRI, A9 3 EOKAE 6
HIBREBCR K 209.06 mg/g.

RITCIRE RS G, SHEEWEGAYT ., AU
TR L YER TG . ARG | AR K A R O TR
AE T &5 i B2, AT A 21 30 00 2R ) e A A 120
A TR, KR PR v S8R €033 - FR K = DU AR AT R AT
B} 8] 5 3% 5 (ultra performance liquid chromatography- tandem
triple-time of flight mass spectrometry, UPLC-Triple-TOF/MS)
X S AR EAAE NAF 3 A 00 TSR A8 (B 1Tk T 4 B 2liAk,
X T ANAE A I A AT A0 25 55, DA A ) o 2R
HYTF & 5 R RS R
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Pectinex XXL RIHF ., £F4E N . ARBEE . YK
ERERETE B 10000 U/mL, #54E(E (B AL R
A
1.2 RFISMEE

W bR . BERRGN . KCI(rHral, RKEm Kkib
KA, HEE. ZIE(EIGL, iR T A bR A
FRAFD.

EX324 AUHF RV [ RS HRA R
HWS24 7 i $[E IR K 76 8 (B — B R A IR ADD;
DGG-9030A R XU T 1A (11 2R 15 230545 FRA 7)),
5804R T A B OHL(TE E Eppendorf 23 ); UV-1100 %
AT IR i S -3 2 G SRS 3 '/ BV | G 7 D S
UPLC-Triple-TOF/MS Z%t. AcquityTM ultra 7 = 547 AH
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5600+ % AT A BT . BOA WIS B TR (EE AB
SCIEX /A 7); Christ ALPHA 1-2 LD plus ¥ T L1
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1.3 REFE
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132 #HEX

TR AR — 2 A SE 4T A 00 T 4R, 4 50 °CHit
FEP T8 4~5 h, (KSR H] 5%, 14 B2 Ok
N ZERK, % B0 I 50 40 oK )k, TRk o)
TN SR FEA BB B o e BRI R B RS N, ) o i
AR IR R Fh S, e B E 45 1 E AT T At Ak B2
K95 °C, 10 min))5 ¥ BV E T 10000 r/min 5.0 HLH
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Table 1 Factors and levels of response surface experiment

Kop A FgsinE BWORHE C Wf#iE D BEfRET
/%o (mL/g) /°C /h
-1 3 16 1 45 2.5
0 4 181 50 3.0
1 5 201 55 35

1.6 HEHEEMNE

20824 P TY pH R 22350 o B 2 13 [l — IS
BRI TR S 2 mL, 43 3A pH 1.0 A9 KCl ¥ A pH 4.5
AR BA VAR 8 mL, JRAJIFERE 15 min J5, 43 5D E A i
7 520 nm 1 700 nm 4- B SERE

O mAE e E A A (1)

Y=[AAXN<MWx V/(exLx W)]x100 (1)

Kb, A4 ;E/%(Aszo-flmo) pH, 0-(A520-A700) pHas, mg/L; N
RoRTBEATEL MW 3R % B4 -3 -0 A BT 09 88 R oA
449.2 g/mol; V Fn FIT I, mL; ¢ IR T 45-3-1 %
BEH B BE ZR IO R EL 269005 L o HE A OEHE, em; w2y
FE ST, go

1.7 RAEMEEERSNE

H I RAL @A IR BOR R T, FREUEES 20 mg,
2 mL /9 50% FF REK R, B0 BT, R,
1.7.1 RABME S

T Ar 1%F BROKIRIR, B: 28, #i#E: 0.4 mL/min;
K K. 520 nm; A% E: BEH-Cjg A4 (2.1 mmx
100 mm, 1.7 pm); #EAEE: 3 pL; FEIRAR: 40°C; BHREVEBLRER
J¥: 0~15 min, 95%~80% A, 5%~20% B; 15~17 min, 80%~5%
A, 20%~95% B,
1.7.2 F#m e 44

Ji 4514 UPLC-Triple-TOF 5600+ K47 B[] i BT 16¢
FIAL: Ef AR AR 100~1500 m/z; Ak
K 1:50 psi, ZFAK2:50 psi; AT 35 psi; BT IRIRE:
550 °C(ff1)/600 °C(1E); B FIEH E: -4500 V(f1)/5500
V(E); —%&3THH: EE0E: 100 V; BERE: 10V; %
AR T W B A TR OR AR TR B, Rl AR O
SR B RER 20, -40 F1-60 V, HERERT IR HEIL M RS
MR AE, (R AR 2N T 2 mg/ke.

1.8 IIEAIE

PR I R Excel 2013 VR i 137 17 3R 5%
H Design Expert 8.0.6 3 {4t A T35 A b 2R

2 HERE5HH

2.1 FRHERREE R

2,11 FERPZESTI FON R AE AR

K e B T — S w1 R, A
AN TN B s G A R, A R e ) 5 2 1Y)
R T SR AT SR O e, DREE, o T R AR A
18 4.84 mg/g. LFUERMFRIPR I, %M R A ) ) T
AL EAF IR N 472 mg/g, REWH LR E %S
(P>0.05), {HJ&RICHgAL L 046 B IR BUR 2 T4 4
R PR, . P, AR SR S 20 SR R AR 4 7 0 o 2R
it 7t 1) S AR G
2.1.2 RO R I SRR B i AR

AN T R B0} o X A G B B A A AR R I 5 . 7E
HA SR G LT, BBk i m, AR
H R A A WHE B BA B TR HL, r LUIE 6 A 3R HL
BRI BTN, MRy 18:1 (mL/g)it, EET
REGE R E R KME 5.72 mg/g, $R)G M2 BB L B A B
PR, O SR SR R B R, R R A
Z W FIESE Z 2B BT, S T e AT i

P8 IF B T SR MR AR R, DR AR A g e A

FEMERLEE A 18:1 (mL/g).
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Fig.1 Effects of enzyme types on the content of anthocyanin from
Acanthopanax senticosus (n=3)

2.1.3 EERmES R BT RIEEFEENT R

WA R BoR, BEE ARSI i3y, BG4
WU PSR INS F RER S MEGE/INT 4%, I
WK T BRI, DRI B N i R s i, 73
W ARG I, TSGR T 4%, R L 5 IR
KBV, BOTAE AT RRBCR N RN, A MRS,
WFITEE I KR A PR 45 5 — 3 SR IRy 4%
B, 0 FOI0TARAAE AT SR U R B i K fH 5.57 mg/g.
2.1.4 BREREA R AT RILEF LSS HHH

LB R 5 I it 1) B ek S HLT M . SR 4 R AT A
SN TSR A8 € 4R I B TR ) T T T R . B IR
BERITH R, A3 S BRI, A6 G I RS RO R
IR 3 FLRGE R A EAE R, R R
VA, TS T AS DRI o T 5k 3 A P ) i
FERTR) A3 R AL A SR BRI TR IR AR L 7E 50 °C
mF, FEEOTFRECRJ 4.30 mg/g, AHELT 45 °CHY 3.131 mg/g

EFT 37.34%, i 55 °CRIIAEGTFIREUREH 4.42 mg/g,
350 °CHT A AL (B PR B RIS T 2.79% o Pl IR B F 4k 2L
T, MR TS, H IR BEM A EE R 50 °C, BEv LA
PRUEAE B AR 2, 80T LD A 7=l A e AR
2.1.5 BRI TR BAeF R EHF S ENHA
it 5 T A T 0 (%) 385, R0 o T SR A T SR I 2
SN TR SRR RIAE] 3.0 h B, fE TR
TR AT R, S 5.51 mg/g, RS T TS 25y 5k
AMrH, YA 3.5 h B @R BUE ST R,
JER R T RS WA ) A 4, SEE AT . FUL, B
A )2 6% 3.0 h REL,
22 MNERCRESERSHR
221 rREEIKIEER
TE SRR AR IR 25 LA T, 0 0 SR s i R
fig, VABGUS IR (4) | WORHEL(B) « A L (C) FI A I 18] (D)
S E AR, RO TR A T B (Y g R, W R
RIS LSRR 2. XEE 2 Mg TZo0mE, e
S FINAE AT F 0 R I A R A(2), X
FHCH 09997,
Y=5.72+0.0274+0.29B8+0.40C-0.11.D+0.814B+0.244C-
0.754D-0.42BC-0.16BD-0.29CD-1.384%-1.008%-
0.16C*1.36D* )
222 VARG ESHE L EN
BT T 22 40 L3 3. Fe 3 AT, AR AY
FAER 3119.74, P < 0.01, FEAHM T RAL AT B A
RN 8% BRI — K A, B, C. D. ZIKIi 4%, B,
C*. D*¥mii B3 (P<0.01), AB. AC. AD. BC. BD. CD
3 H AR FIRR 2.3 (P<0.01), AT 3 (P>0.05). it )7
ZO0T, SiA 4 NHEER FAER LS 4 B EX R
TR AT S A RT N A BRI <D Wit Al <B
TR <C IR .

®2 MEEREERSSH

Table 2 Results and analysis of response surface experiment

RS A BEAS N/ %o B R (mL/g) C Hf# i BE/°C D [t E] /b AT 5/(mg/g)
1 3 20:1 50 3.0 2.77
2 4 20:1 45 3.0 4.86
3 3 18:1 50 2.5 232
4 5 20:1 50 3.0 4.41
5 4 16:1 55 3.0 5.09
6 4 18:1 50 3.0 5.71
7 4 20:1 50 3.5 3.40
8 4 16:1 50 2.5 3.00
9 5 18:1 45 3.0 3.58
10 4 20:1 50 2.5 3.92
11 4 18:1 50 3.0 5.72
12 4 18:1 50 3.0 5.67
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RIS A TR N E/ %o B R (mL/g) C i /°C D [t i [l /b BT & = /(mg/g)
13 4 18:1 50 3.0 5.73
14 4 20:1 55 3.0 4.84
15 4 18:1 45 3.5 3.98
16 4 18:1 55 3.5 4.17
17 3 16:1 50 3.0 3.85
18 5 18:1 50 3.5 2.14
19 5 18:1 55 3.0 4.85
20 5 16:1 50 3.0 227
21 4 16:1 45 3.0 3.44
22 4 18:1 55 2.5 4,97
23 4 18:1 45 2.5 3.61
24 3 18:1 45 3.0 3.98
25 4 16:1 50 3.5 3.11
26 3 18:1 55 3.0 4.29
27 4 18:1 50 3.0 5.76
28 3 18:1 50 3.5 3.58
29 5 18:1 50 2.5 3.86
F=3 EAEARBENHZESH
Table 3 Variance analysis of regression model
Ty 22K 5 A A ¥y F1{H PH
15T 32.85 14 2.35 3119.74 <0.0001
A 8.53E-03 1 8.53E-03 11.35 0.0046
B 0.99 1 0.99 1311.10 <0.0001
c 1.89 1 1.89 2510.34 <0.0001
D 0.14 1 0.14 187.24 <0.0001
AB 2.59 1 2.59 3446.29 <0.0001
AC 0.23 1 0.23 306.32 <0.0001
AD 2.22 1 2.22 2951.70 <0.0001
BC 0.7 1 0.7 926.98 <0.0001
BD 0.099 1 0.099 131.92 <0.0001
CcD 0.34 1 0.34 455.00 <0.0001
A2 12.42 1 12.42 16508.96 <0.0001
B’ 6.5 1 6.5 8642.70 <0.0001
c 0.17 1 0.17 230.77 <0.0001
D? 12.06 1 12.06 16035.13 <0.0001
B 2% 0.011 14 7.52E-04
RAT 6.25E-03 10 6.25E-04 0.58 0.7766
HriR2E 4.28E-03 4 1.07E-03

JEy-F = 32.86 28
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i1 Design Expert 8.0.6 #-ALALs#r, A5 30 H] A
I SRAL AT NS B ARG T 2280 RICHR &
4.15%o, WORIEE 18.02:1 (mL/g), REfARIEE 55 °C, B} E]
2.91 h, M6ATHE B HO TR R AT R IR E
6.01 mg/g. HIELPREAEERIME, & FiRmALlH T2
SRR RIEEERAE 4.2%, BRIl 18:1 (mL/g),
TR 55 °C, MHANTE] 3.0 ho TEMCSAET HEAT 3 R
APIRE, $RBOH o TR AP ATT T HMER 6.00 mg/g,
SERRE S SRR E AT, U B N AR R S SR A
ShE LT, R AR, AT DU O i SR AR B A R
TZMikfk.
23 FIAMFREGEHRBETEEEHRWIL
¥

AC T G5 52 LB 2R, AE H W SRS g A B 5
RYE, EIADR R A IESEFRW, FAMEF
[M-2H] . [M-2H+H,0] FI1E B F [M]" 1) — 2 5T 7% B St )
RS AELOHAAE . F TR a9 1E
17 Ak A Wy s ] 4.18 min, [M]™ m/z 581.1492,
R A 155 50 BT i 25 R B A 1 0 F 3N CogHpeOy50 HRHE —

R, ZAEWNEE N 287, NAR G H K (cyaniding),
HGER P AEAE — AN ORME A — A LRSS, XS %
SCHREY, MR Scifinder 1 Reaxy S0 P 2%, e iZ Ak &
¥4 cyanidin 3-0-(2-O-f-D-xylopyranosyl) -B-D-glucopy
ranoside, EHREH R 3-0-(2-O-f-D-MH Mg AKE HE)-p-D-tk
et 880 250 W A — TS 1 . R I (I £ R e RE S5 A
KIWE 2. 3,

3 &

ARG B R0 A S hib |, M4 Box-Benhnken
M7 IR BT, #7170 SR AR A S A IRl
A&, DLSEAR A Fon T 2R AR 0 I SR IR SR I L2 A
WA B v, AR B 25 (P<0.01) . Zad BIE IR B85S
) O AR AR AT SR B I B O WOk
18:1 (mL/g). FIEEFAS IR 4.2%0 . BHFRIRE 55 °C. B
AFE] 3.0 h, FEIZSE T IR AT & 820 6.00 mg/g. 4
TR TR A5 R T - R B — L DU AT A T T R A R,
HMTRPEOAT N REHR 3-0-(2-0-4-D- Mk M A b
HE)-B-D- e 4 A R, 33 Ry i 0 SR AR A A Tl AR
FEPRAL T B IR

922.0095

923.0147

) L ] | 1 | |

R ™79.1126  |453.7852
1500 - 376.1596 \581.1492
1
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OM o |
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Fig.2 Primary mass spectrum (A) and secondary mass spectrum (B) of anthocyanin from Acanthopanax senticosus dried fruit
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Fig.3 Possible structure of anthocyanin in that extract of
Acanthopanax senticosus dried fruit
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