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B OE: AR RARTAR S R ARIKEIE B (Natural deep eutectic solvents, NADES) #2 BBk % % By
(Cerasus humilis polyphenol, CHP) , ¥ H& %23 fe E X IR ALR IR A S, A AM/MBRE Y 7k KA
ﬂa, FRMBERAM S A . FBREFHRBRIKAKIET CHP 89 R M ALF, 35 CHP A MBI AN F T T 9
7. LR AW, FMILmAAT LR A I CHP ALEN], A&k 1:50 (g/mL) . A& h % 420 W, NADES 4K
4 35% (V/V) | A8 #4330 min, CHP ng:\ 491.25mg/100 ¢ TE . AB-8 BA R4 69K M/fE R ik /) F= iR

E (5 A4 80.20%. 57.81% F= 46. 36%) , RN REME. ARIEYES>TERK, HAKEA A TR
7o 81T LC-MS* AR I 4P L2 b 364 /? @x\ IWEEAEILEELEAY 1T S8 £LE4., I, CHP xf
DPPH. ABTS' A & & sc50 7‘~7 0.059 4= 0.032 mg/mL, &= H KRG ILANE N o AFFRTHKRE AR MEH
Wy 0 L G AR B A B A AR I BRI o
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Abstract: In this study, probe-type ultrasound assisted natural deep eutectic solvents (NADES) were used for the extraction
of Cerasus humilis polyphenols (CHP). The extraction parameters were optimised by single factor and orthogonal

experiments, and the optimal resin was selected based on adsorption/desorption capacity. The adsorption mechanism of the
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resin on CHP was investigated by resin adsorption kinetics and isothermal equilibrium experiments, and the composition

and antioxidant activity of CHP were analysed. The results showed that choline chloride and citric acid were the optimal

solvents for extracting CHP with a solid-liquid ratio of 1:50 (g/mL), ultrasonic power of 420 W, NADES moisture content
of 35% (V/V) and ultrasonic extraction for 30 min. The CHP extraction content reached 491.25 mg/100 g dry weight. AB-8
had favorable adsorption/desorption capacity and desorption rate (80.20%, 57.81% and 46.36%, respectively) and was

selected as the optimal resin. The adsorption process was monolayer adsorption, and low temperature was conducive to

adsorption. Seventeen polyphenolic compounds, including chlorogenic acid, catechins and epicatechins, were identified

from the purified extract by LC-MS” In addition, CHP exhibited strong antioxidant activity with SCs, values of

0.059 and 0.032 mg/mL for DPPH and ABTS" radical scavenging, respectively. This study may provide a theoretical basis

for the green extraction and application of functional agents in Cerasus humilis.

Key words: Cerasus humilis; polyphenol; natural deep eutectic solvents (NADES); probe-type ultrasound-assisted

extraction; macroporous resin adsorption mechanism; antioxidant activity
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A K AE R T e, X AR R AR,
XXZ= (Cerasus humilis (Bge.) Sok.) &3 [E4FG Z4F
AR /NEAR, PR SR, nlm TS W . i
o, EFRE L EAS 3000 SEFE T S22, BREEE A
ZPVEFERGT (2 AYLR . 95, X LE A5
FEPUAEAL IV T Mg TE i W TR R A X I B
PR T T AR T AR . A e UHAR S, it
BEFR R “ESEL”, BE vl e On] 25, AR E
FAEITERG . AKIPFITEALAN R P,

LIAAEY) Z 0 2 B B R AR . OB T
W 25 AL TR, 3K BRI X IR 80 M AARA — 2 52
i, TR KIZ R T — Lo PERR i B b= R ks
IR I FR RN, RARAIRIHIE ¥ 71 (Natural deep
eutectic solvents, NADES) J& FH W Fp 8 A Al DL [ >k
B KSR 1 A 7 9 1 &g A (hydrogen-bond
donors, HBD) FIE## 5Z {4 (hydrogen-bond acceptors,
HBA) 2H 5, IR & Wk S I F A B 4 4y, HAE
F R R LLRIATE R e, BA KRR A G
K AT SR, TR R S AR S SR BT, T
AF SR A i UK SR 7= oy A5 s A di 35 P R P 7, [E
NADES 11 151 i B 23 BH A5 1% 8 55 95 77 [9] 19 4% )53
ok R P BT R AR 0 AS AR AN AN HLAR R B 1T S i
NADES & AN 2, [RIBF SR RE ISk Sk 42z
e, A S YRR AR B RCRE, fkopE A S
NADES 456 12 W FHAE R AR =Py HE B ATk, — 7 1
] f# e NADES 5555 . AE$R BT R AL BT = AIK
SR 55— T NADES 1] 5 HARZ Wi S 8t
7E A E LA AR A, DT 3 R S 2 T B B B
{H NADES 4% & ik vh #8 75 % 4 Bh #2& B ( probe-type
ultrasonic assisted extraction, pr-UAE-NADES ) fxZ=
Z Wy (Cerasus humilis polyphenol, CHP) &< WLAH
KHRIE

AEYHH PR A 3 — A B AR A b LA B & Fh Lol
TR, RALWNEPA 2R b R AR . FLAR IR
P, A3 = IR RE O . BRAR TR TR e | (RS 45
Pt B4R, X BhR =28 HAea i £ Ee 12 hl

JHF KR = ali e 45300, Li 28U R X-5 &
SRR AR P B ST AR R IR 1Y 22 1y, L R i R
F1 B ZR 43 513K 99.62% . 44.80% Fil 44.29%, 18 B
B R i 4% A — FE DU AT TR RS S 5 Y 21 Ff
ZMEY o KA HE T B2 o i B AL AT 38
T W BB g2 A A, TR A B S5TE e A BT R
701 S5 W B B = TRl A BEAEH, Dbt RES B e
RS . Liu 45202 0 LSA-21 5 X H & Uik
PRI SR — 2R sh 1A R R R, H ARt AN
A R IEAT IS )IZ W o AR SR AL
P& 4 CHP MY il RFL NG i £ 1 o 4 ol
R A R AL G AN B A o

=i, ASBH 9T >R FH Nk e 8 75 5 B NADES 542
U CHP, 3o 5P 2 5256 2 IE 2SR gt Ab R B sk A2k,
i 2 CHP S AE$2 T 205 HE R FH RFLA NG & 4
CHP, il Bt 8) 2% F A5 U 2R P 78 i) BH i B
B, e RMREE$REF CHP 428U . “RFH DPPH. ABTS”
[ B RSV R S5 FIT FRAP i 5 7 5288 564iF CHP 114
BUEALRE T, SRS B AN 2A S AT o & e
FIFHR AR S Y
1 #MR5RE%
1.1 #RISEE

BRZE W [ VLVE A 5 AR AR AR R R A FR A 7
WE TR (LI =99%) . LRI . SALIAmH. A1
PRAAF gk T A LR YA R 75 g

W8 1 VY 22 0 ISR BT A AR B 0 A BR AN =] L b ve

M = B AT RN B A o = oA 4l

CR22E B Sl AR S0 HL H A H S22 A
TU-1901 RO ERAMNAT W4T dbatEriE
JHAX 254 BR B2 AE 2N 7l 5 SpectraMax 190 BgFR{Y 58
FEl MD A Fl; 6545 LC/Q-TOF = 28 AR (33 - ot i
I LR RS F] o
1.2 KWHE
1.2.1 2RJH pr-UAE-NADES #&£H¢ CHP
1.2.1.1 RZEHmEENE SZ28 %8R Folin-
Ciocalteu Lkl az, LL4fve T 5 (dry weight, DW)
PEETIR 2442 (gallic acid equivalents, GAE) /R,
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] 0.5 mL AS[E]H B & & T IR PR alRs s v
ANA 2.25 mL. 10%(v/v)Folin-Ciocalteu 54X, 1R25) .
ZRBEOGHE 3 min 5, PRI 2.25 mL 15% Na,CO,
W, SIERDCERE 1 h J5T 765 nm MG .
LI By x Bl WOGEEE S y Bl A3 2IAndEd £ y=
0.000 9x+0.0099 (HL1E R EL R>=0.9980), il 1L I prifE
HHERIT SRR L B 2 R B

£ WU (mg/100 g DW) = ‘%x 100 & (D

K ey v m 4350 CHP 2B MR (mg/L) .
BT RS IAER (L) AT FH R FE () o
1.2.1.2 Pr-UAE-NADES $£BUARI10EE NADES
il £ = BEOCHR [2,13] FEAEAS 2. B 358 5 1 SURE {1
e SR AR FNK $— 2 BRI A, 80 °C KA +F:
B EIE RS IC B AR (ER 1),

FREX 1.00 g ¢S B LT, A 40 mL AS[F]42
Bz (5 B NADES. 60% HEE, 60% 2%, Bk
A CTAE R B Ta] 24 2 s ) $RER T 300 W, 50 C
FEHL 20 min, A5 BUK 8000 r/min Z5.0> 10 min J&
M BRZE 22 By

Fo 1 ROMRIAE I L BE IR L 5 7R

Table 1 Molar ratios and water contents of prepared NADES
NADES /. pyze P ey, NADEST
e SR UL A IR K (%)
CC-UR R (Urea, UR) 1:2 25
CC-MA AL SEHAZ (Malonic acid, MA)  1:1 25
CC-GLY  (Choline ‘Ht (Glycerol, GLY) 1:2 25
cocrr MM €O s (Citric acid, CIT) 131 25
CC-GLU %W (Glucose, GLU) 1:1 25

1.2.1.3 PANZESCE LA CC-CIT Mk f7 8 A
LS, LURHE HE 1:40. $RIBUEE 50 °C . $2H
FFE] 20 min, #HFFIHER 300 W, NADES % 7/K3R 25%
A1 UE 4514, GHP $2 B S Fe b, AR IR X R L
(1:30, 1:40, 1:50, 1:60, 1:70) . A 3 (300,
420, 540, 660, 780 W) . NADES & 7K % ( 15%.
25%. 35%. 45%. 55%) FIHFBFHIE (10, 15, 20, 25,
30 min) AT k.

1.2.1.4 EZRES b0 R 2, SRECR
R ZR 25 R 2R P e K Al 35 A~ 7K S SR K S i
FTPUHEZER =K (L (3*))IEAZIIE (3R 2) .

K2 IESIE Ly (3Y) R KUK
Table 2 Factors and levels of the orthogonal design L, (3%)

7K
AT
1 2 3
A BRI (g/mL) 1:30 1:40 1:50
B A IIR(W) 420 540 660
C NADES%7KH (%) 15 25 35
D &7 B[] (min) 10 20 30

1.2.2 KRELMBEXT CHP &R0 ML
1.2.2.1 WIRTHHE  HEE 6 FPARIF ST R
FLAAE, B HER A Hou 81 i - RfEIETA, HF
AT AT DA 555 25 SCFLAR AN BAAAR: 95% ZUIEEIR i 24 h,
3% HCI =il 4 h, FHZER/KBEZE ;5 T3 3% NaOH
B 4 h, KPESS VT pH bk, $2 BEOSLA s T
i, 30 A A R SR R S, 25 P TR R/ T R
T3 /i 2 SRt w2 W CHP s iR s o
KL A T A EC CHP, JH B CiGfeir i)
2 g¢(DW)HMNES 100 mL £ HEWR (H)E 37.17 mg/L)
IRATE 250 mL #EJER P B T/RKIBHE R LA 130 r/min
T R A W BT 12 h, W2 B 58 B0 0 A TR e S BE
{Ho DFIRWEMEHR AR AR 200 mL F2 ALK /K BE,
SRJE R A 100 mL 80% Z. B IR 4 7K BE & ma A g 78
250 mL #EEIR A B TR FE PR LA 130 r/min S
W 12 h, fif W Es o S I e S5 AR R W G B (EL, 10
B i frEmiae: . ARG, 3k S R A A o

q. = (C,—C)/mxV, X @
qd=CdVd/m :—Et (3)
D =C,V,/(C,—C.)V,x 100 X @

e qe. qq 43 B Ry SV 1T W S ORI i g HE

(mg/g); Vo BV 53 53122 75497 s W2 565 1725 0 R it W 75
WHIATL(L); Cy. C, FIl Cy 5359278 22 1 19300 i e
BE | ST BE R R (mg/L) s m JEAAE T (2);
D RERARIE (%) -
1222 WBrshJi2% ¥ 3 g(DW) AB-8 #t I FlI
150 mLAEE S IE W (M EE 7.20 mg/L) {E 500 mL 47
R 25 C KB R PR % (% #0130 r/min) W Bft
12 h, I (0. 10, 20, 30, 40, 50, 60, 80, 100,
120, 150, 180, 210, 240, 270, 300, 360, 480. 600,
720 min) WHRER S AT L RR h CHP B

—R 1% In(q.—q) =Ing. — kit = (5
TR/EN TSI tq = 1/kqE +t/q. X (6
BRI #: q =tk +C XD

b q A1 q J2 AT ] tCmin) Bs 4 S5 % B2
(mg/g) FTK Bt 3 (mg/g) ; kg k, AT ks 53 Jill & — 2%
(min™) . — 2% [g/(mg-min) ]| FISCRIP Hsh F1 24 R
[mg/(g-min'?)] AW RFHHEEH % C 20k NP L sh
TIFARE TN H L
1.2.2.3 W B 25 7R £ Ko e B S 2% ¢ Liu 4802
RO RIS AR AT . B 1 g(DW) AB-8 B I F1
100 mL FF 5 %5 W (5 22 T Wk BE RS AR IR Dl 5.21,
10.42, 15.63, 20.84, 26.05 mg/L) 4351 & F 250 mL
HETEI A . 7E 25, 35, 45 °C JKIEHFEPR (130 r/min) H7
Ye¥7 . HAS 8 h, W RA&s 3R 5 I Bk b CHP /Y
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Langmuir f&8: == _—+ = = (8
4 Kign Qa
Freundlich #%: Inq, = Hlnce+anF W)
Temkin #7: q. = B;InK;+B;Inc, A (10)
AH AS
aneq——ﬁ+f ﬁ(ll)
AG = -RTInK, A (12)

. q,, T I RIK B (mg/g) ;s K. K F
Ky 47552 Langmuir 2% (L/mg) . Freundlich 5%
[(mg/g) (L/min)"™] F Temkin A& (L/min) {41y
HEG 1m BT R BK S T I By S S R A
ARG 2 (J/mol) s K J& P 50 E R 5 T 2l
(K); R A MHE % 8.314(J mol'K™), AG(kJ/mol) .
AH(kJ/mol) Fil AS(J mol 'K ™) 2 S 2280,
1.2.3 R LC-MS? XFERZEZ Wy /3455 LC-MS?
HRG ARG 5r BnT H BN R AR R 5, 35T
BITAES F e 3 011, (S it Ads e s
SCHRXT L, R 4558 2 2 i, AE Wu S50 [
i EmsEER, SR LC-Q-TOF/MS %5 CHP(C, 4
A%, 100 mmx3.0 mm, ¥4 2.7 um), 7 BRI, 7R
AR A 0.1% R ZHE (v/iv) il B 0.1% FRIK, Hit
i# 0.4 mL/min. VEMFRIF U : 0~5 min, 5%~20%
Aj; 5~10 min, 20%~25% A; SMIEEE 350 C, THRA
R E 8 L/min, 5528 35 bar, #5< i 11 L/min,
BB HE 3.5 kV, 375 m/z 100~1500, ffH#ERER
wH 15eV fll 35eV,
1.2.4 PrEEfeiEEmE SR Li 50 97 ke
B, M 1,1- 2R R 2- =AY EE LB (DPPH) | 2,2'-
GG - AN -3- 2, 3L 2 - 19 ek ok -6 2 ( ABTS') H HH
BT B I P AR A JE BT 4801k BE 7 (Ferric reducing
antioxidant power, FRAP)
1.2.4.1 DPPH H H3LiEMRR  BAE MW (40 pl)
(Ve FERBEMEXTRE, R E]) A1 160 uL DPPH IR S
JF AESEIFEE 30 min J5 TE 517 nm &b I = A 9E L
SEEENe,
1.2.42 ABTS'H th 3 % % ABTSHE W
(7 mmol/L) 5 2R iR 4T (2.4 mmol/L)IR A,
EBEEIFE 12 h LAy24 ABTS &, 2R5 Fkeds
B TAER W (L 734 nm ARG : 0.70+£0.02) 5 Kf
IRAY (50 uL FESLIEW A 150 uL ABTS TAFEER)
TEZE IR T 10 min, 78 734 nm AR I OGRE
kA (13) MEXT DPPH Il ABTS™ [ i1 5L 54
W

5 LT I 2 (%) = (1 _AA

2

)xlOO 7 (13)

o Ay A BT A, S0 IFIRES L AR S FITXT IR
LW .

1.2.4.3 FRAP # T Epra kel 737 C F
PEVRE W (BE SR : FRAP TAEVAW=1:10, v/v)
A 10 min Ji5, £ 593 nm &b M 5 AE W e 6 B AE .
FRAP T AEW #4513 F2: ¥ 10 mmol/L TPTZ (37 5]
A1 40 mmol/L 24t HC1). 12 mmol/L FeCls . 0.3 mol/
L BEFR 4N (pH3.6) DIMARFRLEL R: 1:1: 10 1R & . R¥E
b 7 i £ 5 5F FRAP 1 ( y=9.6203x—0.4318, R>=
0.9999) ., ZEIRLL mmol Fe*'/g Frn.
1.3 HELE

BRI IG I =R E A, Bl DI B R 22
78 S Origin 1 SPSS 25.0 X SZ 5t #4758
TR, dE T Tukey K50, ASA]FREAEL R W oR H
FIER, GEHEE R, P<0.05 (U B EFE R
2 FERESH
2.1 X F pr-UAE-NADES #{ R X%} CHP {2l T &
e
2.1.1 NADES fifitt LA CC N EEEHEZIAK, 454
SR ZE T g S LR & 5 PRI & IF 7 NADES
454 UAE SR EHREL CHP M5, I 515458
%5 60% LB 60% HEE LA (L, CHP $2HUE A
Fehr) . W 1 fras, CC-CIT $EBUR i, BEF e T
HAh NADES MAZGEH1(P<0.05), HAMKI T 60%
Z. B =60% W B ~CC-MA>CC-GLY>CC-UR>CC-
GL. CC-CIT $2Hi = 19 R H 7] fEJ& NADES [H]JE
BT VR, I T AT 77T, Rashid 5P 4l
13 CC-CIT feidi 5 F O AL i vh AR S ) B 1
451, CC MIFEER O 8 2 TR STk ig A
YIiEPEY BT, CIT J2 E ShnER e 9B S asm s eot,
K, ¥ CC-CIT fbBRA=Z MR E T. 22,

500 - _é_ s

400 A —]§— _]é_ _I_
300 A
200 A

100 D g

G T

&@g /[/@( Q& 9?* Q\)4 C;\g% 0\9
° @\e O CQ C/CI (@) CCJ/

WZEZ W13 (mg/100 g DW)

o

S

Bl 1 OR[EEFIXS CHP S22
Fig.1 Effect of different solvents on the extraction
of polyphenols from Cerasus humilis

TE: AR RS P RoR 4 4L 22 5 i3, P<0.05, 181 2 [+l

2.1.2 FAPIZRELG

2.1.2.1 BHAELXT CHP $2HUE Y2 BApE 2 S0Ee
S5 R BB S S B (& 2) o st —
R, G PR D), AR R BE B R TE S IR M e
VER 1A Ref s o it BEE VSRS R, CHP 42
HCELZ TGN, 322t TR S Rl ki He R
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B S
(=3 [V
S S
L 1

350 A
300 A
250 A

200 A

[FR2= Z By PR BUE (mg/100 g DW)

[=]
A\
\y

1:30 1:40 1:50 1:60 1:70
FHR L (g/mL)

440 - AB

AB %
400 BV/F\{\(‘:
360

320 1

IS
=]
Y

R Z W HGE (mg/100 g DW)

[=]

300 420 540 660 780
I (W)

450 A
400
350 1
300 A
250 1
200 1

[ Z R HUE: (mg/100 g DW)

[=]

s 25 35 45 55
NADES 7K % (%)

460

440 A B A

420 C

400 D

380 -

360 -

(o3}

FRZE Z W HUE (mg/100 g DW)

[=]

II() 1I5 2.0 2l5 3I0
B HE] (min)
2 BHE L (a) ., #F#(b) . NADES 7K & (c) FIEE = I
] (d) X5 CHP SR 520
Fig.2 Effects of solid to solvent ratio (A), ultrasonic power (B),
ultrasonic time (C), and water content of NADES (D)
on the yields of CHP

B, SV B, A R T2 it R
Lbohy 1:40 B ECE A B, FEE IS AR, IR
R, SRR AT BRI R AR AN, H ARk
— 2 RN R A 0T, SRR R . Rashid
SEE AR ARSI . P, 2555 A, depek)
WL 1:40 VE R W B A4

2.1.2.2 Bk TS CHP 2B 1IN
AR A A S A B B B S B0 o B v AR Y 2s AN 2%

FEAE SR, IO T (R R S A . HAR
G RY, DRI S 540 W B, £
M PR B IR e B AR P DRI R, ZHhie
B T Raadt, R AT e B gm 2 fhasko s r A B
Z 0085 U] ) S EVR I, LUK B AR TR
TR A = R AR BRI, BB 540 W AE
PRI E ARy e S L

2.1.2.3 NADES & /KRX CHP $2BUE 52 %
oG e s BH A BT S 50 ()% BT, 57Kk
S 25% (w/w) B, FREBEIA B R . OB R —E
PR T TR IR B, AR U BT S5 AR B AR
FH, $05 T $EHGE; ARG 7K 533 e ik, Sl 5
BeAaEE, KARIKAIFETIRRRE, ST SZRH, 2318
SR AR B FRART, R BLAET WS AR A e
e, KPS IR 2230 i, BERE S KERR 25% (w/w)TE
SHEREL CHP AR

2.1.2.4 FkrbiEA R A% CHP #2HBGE 5  BEE
R P B TE] B30, PR H e S N, R R R S
ZEARBSUN A G O, TS I 10 2 AU HE 5 T AR ZH
UL AIRTAK . AKAE . RS S EFLBRUIE A, A FITF
FEWYEE >, gk e KAt a] CHP $2HUE 2 T R
B, SRR S BT A iR RIS = R X NS e AR
AR R, [RIEs 2 LAS M AR ) T 25 H o
Rashid ™ WATFHFI S50 . B, BE4E 75 $R BT
(8] 20 min {EMHEH CHP f I A

2.1.3 IEACIREELEE IECREEL R (R 3) KN
BH HE 1:50, 540 W, NADES & 7K 35% FlI#8 7
10 min F, CHP $#2HiRA] ik 456.58+15.61 mg/100 g
DW.

#3 IECIRARATR
Table 3 Results of the orthogonal experimental
H= K1) EAES
SRS A BRI BHASY) CNADES #7k DEfH  CHP #HUE

(gimL)  R(W)  F(%,w/w) [@(min) (mg/100 gDW)
1 1:30(1) 420(1) 15(1) 10(1) 374.58+1.74
2 1:30(1)  540(2) 25(2) 30(3) 405.87+4.12
3 1:30(1)  660(3) 35(3) 20(2) 420.26+7.03
4 1:40(2)  420(1) 35(3) 30(3) 450.68+3.06
5 1:40(2)  540(2) 15(1) 20(2) 289.05+1.11
6 1:40(2)  660(3) 25(2) 10(1) 426.23+12.54
7 1:50(3)  420(1) 25(2) 20(2)  412.48+16.29
8 1:50(3)  540(2) 35(3) 10(1) 456.58+15.61
9 1:50(3)  660(3) 15(1) 30(3) 372.70+17.50

e 2253 M8 T BT, AS[R] S 3R X 5 6 2%
SRGFE ) AT AR PR AR 22 14 I/ INIBUT 10 7 , R (EER,
XTEE SRR iR 3R 4 AT48, 520 CHP #2
BRI ZEMR I C>D>B>A,, {H2{UARHE R (HA
HE X3 B0 B3 B2 FhR ik 28 K 28 M HORSEAY AR 1S |
AL IR S IR 25 . IR T Oy 255 T 45 A
FIEE X FE A R .

FARITG P>0.05, FRBHSCE B wEILHEP . 2
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Table 4 Results of the range analysis

x5 ITEIHE
Table 5 Results of the analysis of variance (ANOVA)

K]j 3602.15 3713.23 3108.99 3772.19
sz 3497.90 3454.50 3733.75 3365.35
ng 3725.26 3657.57 3982.57 3687.76
k]j 400.24 412.58 345.44 419.13
k2j 388.66 383.83 414.86 373.93
k3j 413.92 406.40 442.51 409.75
R 25.26 28.75 97.06 45.20
Tk A, B, C, D,
wIF C>D>B>A

IIATEE AR AU N R B W 2258, W2 E L
B2 PIEWIAS N SRR A BB (5L 5).

mH SS df MS Fli PlE M
B 69236 2 346.178 2311 0.131 ARF
A 2878.17 2 1439.080 9.608  P<0.005 F

B 412089 2 2060.450 13.756  P<0.001 B
C 45017.90 2 22508.950 150277 P<0.001 PR
D 10243.74 2 5121.870  34.195  P<0.001 B3
W 239653 16 149.783
Bt 6534958 26
R*=0.963

R 6 ml A, G HAE B, By A 3,
D,. Dy N3 . FEi, SR RBURT A AB,C3D, .
A,B,C,D;. A;B,C,D, 5% A;B;C;D;0

#* o6 HENFRVFHEMZHEILE

Table 6 Multiple comparisons of the average values of important factors

[H# A B C D
7K 1 2 3 1 3 1 2 3 1 2 3
CHP%W% Bb bB aA aA bB aA cC bB aA aA bB aA
(mg/100 g DW) 40024% 388.66™ 41258 412,58 383.83"™  406.40 34544 414.86" 44251 419.13**  373.93"  409.75

T AR NG PR B BT B35 225, P<0.05; AFRE TR 2n Bl BA B .2 225, P<0.01; 7M.

2.1.4 BUEsESe  fhER 7 0048, 5 AB,C;D, M H,
AB,C;D,. A;B,C,D, 8% A,B,C,D, ¥ # B 3 (P<
0.01), 4 75 AT a] A 36, 328 HUdm o 42 BSR4
A;B,C;D;.

RT RIESRSS

Table 7 Verification of the experimental results

HeE AB,C,D,  A;B,C;D; A;B;C;D; A,B;C;D;
AENIVE=X
( mcg%)}(ffl%m 43237°"  491.25"  477.89"  480.64"

2.2 RBEXT CHP =R E KR HMHLH

2.2.1 PARTHERLE IR AL REXT B hrr=9y a4 bt/
W BE 1 32 B IR NR RO S5 . Atk . FLAR . FuRim
P B ARSI 50T R/ N A 2 PP R 2R 1
FEmtol, fEe 8 TI T, 6 P IEXT CHP W Bt/ Mk iE
JiwgAg 225, Hodh, 55 PR AB-8. LX-12 Fil LX-68
A58 v W B RE 11 (P<0.05), AB-8 W [ fiE 1 B,
ik 1.49 mg/g, A7 5 = WL 5 fif I 3 A R A5

5T AB-8 RIIE IR E 5 B AR =2 AR HEAEL, 756
AHARZE I 534k, AB-8 P A AR AR IFLAR,
{FHXTCHP A msU g RE ST . LX-12 fiiHE 158
AR iy R R FLAR /DN, BRI T B AR 9 0T s H 27,
HouZ5 s AR 4 NKA- I IS AT 5643 14 W B /fi % BE
Tl e HA W (R BT 2 W i B AR R o 25 LTI,
AB-8 X CHP 43 %% 4f- %) W [ /fi W BE 7 I fife I 3%,
TEFHAB-8/FE &4 CHP 1ALHE, 2058 H
JELAAR IR [off st A R Wz B RIL R o

2.2.2 WMBhSi2E WeBftsh J12E T TP CHP 7E
AB-8 B g L 0 B AN TR] 2 (R Y e FR, R
Hg BRALERNY, f & 3a 25, CHP 7E AB-8 YK
M FESRATY 60 min HGEHIE N, SRIGZZM I N, H K
24 480 min T FE AN, X T HESE S AB-8 i
BT 5 B 2 s 1) A HERS 8 il o P T it At L, SR
JHh—sh 124 . P 2 sh F12E ek NP B 75
LG T sh 24 i 2 s Bl CHP 7 AB-8 #ifig
AR AT R, ARG SR 9 s, i He, 9%

8 KA AR B KR AR T 122
Table 8 Physical properties of the MAR used and results of resin screen

BEFIZE  RifR (mm) R (mYg)  FHALE (nm)  HedE R (mg/g)  WHER(%) R (mglg)  FEUCE (%) BICE (%)
DM-21 0.2~0.6 1000~1100 80~90 e 1.38° 74.11° 0.78" 56.41° 41.80"®
AB-8 0.3~1.25 480~530 13.0~14.0 st 1.49% 80.20* 0.86" 57.814 46.36"
XDA-7 0.4~1.25 800~1100 12.0~14.0 AR 1.38° 74.48° 0.79" 56.89° 42.36"
X-5 0.3~1.25 500~600 21.0~23.0 el 27360 1.32% 70.92° 0.72¢ 54.35¢ 38.54°
LX-68 0.3~1.25 450 6.3 st 1.41¢ 76.01¢ 0.82* 58.00" 44.09*
LX-12  0.315~1.25 500-600 8.0-10.0 st 1.448 77.55" 0.71° 49.05P 38.02°¢

T SN RIS PR FRom Ml 22 ¢ i, P<0.05.
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iHIE] (min)
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oo
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K3 25°C T CHP 1 AB-8 Wl b Ml 12 th 2 (a) 1

FET—2(b) . Z 2 (c) FIBURL L (d) BT A LR MAE
Fig.3 Adsorption kinetic curves (a) and linear correlations
based on the pseudo-first-order (b), pseudo-second-order (c),

and intra-particle diffusion (d) models for CHP
on AB-8 resin at 25 C

Bl 1 2RI R? R (0.9999) 15 T— 2 Bl 7 25 gy
(0.9028), X FH] — 25l 125 03 G iR e R 72
HR, — gk sh 12 S q, 1H.(1.9272 mg/g) 5
SE5 q, 1H(1.885 mg/g) B M4, Ho ik B JHC Bl 72
FEAEZABREI R Y, AEZ AT b s 2] 1
SEUBILEIRIT, eAb, TR PP U A T LA R H bR
Y IEAER R _ A R RR . anEl 3d TR, kNP

B o Y Z MR, 4353~ CHP 78 AB-
8 4 g L W B9 = B BE 7. B) CHP FEM HE 41 %
THT B9 W% B (t2=0~11) . CHP 7E # 15 7L 7 59 P~ #%
(1"°=11~20.5) F1 CHP £ A5 PN B I (£2>20.5) o
C A IEAE B JUORE Y P HOAS S — 1A R R ) 20 R,
T2 CHP W [ 3= R BRI 2R, A bR
B R W) 2 B AR P Liu 2802 A5 H AR LSS 16
LSA-21 BRI H Bk i sz Z2 R P 225200
%9 BRZEZETE AB-8 WG b 8 71 ) BRI S 4L

Table 9 Adsorption kinetic equations and parameters of CHP
adsorption onto AB-8 resin

EipA L] FASEN

k,=—0.0101 min!,
q,=0.8017 mg/g, R*=0.9028

k,=0.0337 g/(mg-min),

—%3hJ1%¢ In(q,—q)=-0.0101t-0.221

— U4 5 A —
ZHEh i t/q=0.5189t+7.9394 4:=1.9272 mg/e, R=0.9999
q,=0.0805t"*+0.8529 k;=0.0805 mg/(g-min"?),
(t=0~11) C=0.8529 mg/g, R*=0.9299
R B q=0.0143t"*+1.5732 k;=0.0143 mg/(g-min'?)

(1"2=11~20.5)
q=0.0017t">+1.8409
(1220.5)

C=1.5732 mg/g, R*=0.9814
k;=0.0017mg/(g-min'?),
C=1.8409 mg/g, R*=0.6466

2.2.3 WEBMAFIRELR IR AEIRAR B R IESY H AR

FEIERI AR E W B RE ) SR O R, ST 3l

S T I BGAE W EPY . PUE T —FhAS[EIERE

(25, 35 Fi1 45 °C) F CHP 7E AB-8 4 5 |- iy SE1lif fe
MIEHR 2 (E 4a), 7R A Langmuir([¥] 4b), Friedrich
(& 4c)F1 Temkin(El 4d) FLBSRPFN AT 8 . H

Pl mT 260, Wz BRE R B i P4 I v T AT, D EH 7R

FIF CHP 7E AB-8 Wiig AWM. TR4SERE T,
Wi [ RE 1 I 25 A0 e A B () B n i TG o, e R >

9.10 mg/L J5 & Hka T2, R AR 0E

P, WSS A T B B A

W B S5 TR ZR O AH DC S 8 n 2= 10 i . ZEANH]

TR, AP R A G, Langmuir
ALY R? {H 7875 T Friedrich 15 8 F1 Temkin 15 78,
W] CHP 7 AB-8 i I W By BA 55— )2 W2 [ -
A Ky A K BEHREE T S8R Rk, RUMIKE
AR F W B a4 T, PEmiBd CHP 78 AB-8 )i I
AW B ARG R . BRIEZAb, 0<1/n<0.5, B RR

5 THEAT, 1/n BEIRRE FHEs S R 5, RIS RAS

F)F 0 B 24722, Hou U4 W58 Hy T AH L4536
NKA- 1T 5 W B B2 22 1y Sk B 53— 2% W SR P s 4

2.2.4 WEMHERI IR RIS 0] LIAFSE AB-8

IREREWZ BRI S A FR O R ELAR A, JTm TR T 24 AH

SN SRR A AT A [ & 700, ange 11

7R, AG < 0 KT 3 &H47, HAE 25 C FF
755 B, AR Y A & PRI ok, IR

TR TR AT, R R A IR LR 2 R — 2 (K] 4)

AH < 0, H|AH| < 43 kJ/mol, &AW [ = B2 A oy B
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Fig.4 Adsorption isotherms (a), and linear correlations based on the Langmuir (b), Freundlich (c), and Temkin (d) models for CHP on
AB-8 resin at different temperatures

%10 7E25,35,45°C T, CHP 7£ AB-8 Rfi5_E b
AR B 45 TRk 7 RN S 5L
Table 10 Adsorption isotherms equations and parameters of
CHP adsorption onto AB-8 resin at 25, 35, and 45 °C

vH i %%ﬁ
pog WX AR

(c) K, (L/mg) q, (mg/g) R
25 €/q.=0.7714c +1.0347 0.7455 1.2964  0.9995
Langmuir 35 c/q.=0.7866c.+12675 06206 12713 0.9990
45 ©/9707966c 14135 5635 1554 0.9989

K; [(mg/g)- 2

(L/mg)'™| I/n R
25 Ing,=0.33891Inc,—0.6826 0.5053 0.3389  0.991
Freundlich 35 Inq.=0.3760lnc.—0.7386  0.4730 0.3760  0.9797
45 1nq=03895Inc~0.8103 4447 3805 09842

K; (L/mg) By (J/mol) R?
25 q.=0.2551Inc +0.5364 8.1883 0.2551  0.9957
Temkin 35 q.=02709Inc.+0.4845 508 02709  0.9951
45 AT027HIne 04517 59916 02711 0.9946

BiF, VEFH 0 Raqlise gy, AS>0 F A fi 2 — sk
BTSN o

# 11 CHP 7£ AB-8 i lI5 LM 22240
Table 11 Thermodynamic parameters of CHP adsorption

on AB-8 resin

T(C) K, (L/g) AG (kl/mol)  AH (kJ/mol)  AS (J/mol'K)
25 745.5% -16.36"
35 620.6° -16.53* -11.06 17.77
45 563.5¢ -16.71*

1 FFIAR R RS P 3R 88 24 573 3%, P<0.05,

2.3 ETF LC-Q-TOF/MS? M ERZE=SEME D HILE
MR 22 w120 W 4L )5, R LC-Q-TOF/MS?
XA T e S T . LC-MS? #li A (g%
SR T RIEZ WA AR T H, nl LIZET
BB 7 R B B T ARV 2D S Z 2K )
JERBPTRL gk 12 PR, AR R e Y 17 Fh
ZIAA, 535 TR e SRS BT
AT [M-H] 1 [M+COOH] &M T &7, 5t
HIRZHE N 0.0005%7, 53T BT m/z 289 W]

# 12 MREZHATEE
Table 12 Compounds identified in polyphenols of Cerasus humilis by LC-Q-TOF/MS?
i PREEHE] (min)  FIAEF m/z P Ji iR % (ppm) nE®F A& Fm/z SR 7]

1 1.283 336.0992 C,oH,705 -3.33 [M-H] 232‘91.8;51’ 6-FE R AR AR R
191.0552,

2 131 191.0566 C,H,,04 2.54 [M-H] 127.0394, TR
111.0086

3 1.377 353.0726 C,H504, 0.14 [M-H] 173.0089 3-O-JR LA A bk

4 1.405 191.02 CH{0, 1.43 [M-H] oL e

5 2.561 289.0663 C,sH,,04 -1.31 [M-H] 245.0467 FRILFE




B 478 % 4l WRIRIE | 45 Wk P A B R SRAR LA T SIS RN 22 i S CHL & AR Lk A S s i i 5 - 321 -
gEk12
H5  PAEEE (min)  BIEEFmz TR FEiR2E (ppm) mEET WA B Fm/z Tk A
6 2617 367.0822 C,oH,40; -0.34 [M-H] 316773'90801878’ 4-O-FERmEZE TR
7 2.633 379.089 C H,0,, 2.11 [M-H] 191.0553 A2 A BB R
8 3.813 173.0093 CeHeOf 0.8 [M-H] 111.0088 trans- 1% 3L iR
9 4.647 477.161 CyoH30045 -0.76 [M-H] 43})'91.?83’ SRR A
10 4.675 431.1541 CoH50, -4.13 [M-H] 269.1021 YRR B -O-H A 8 S A4 42
11 4775 447.0928 C,Hy0040 -1.08 [M-H]” 284.0319 1175 -3-O- A 11
12 5.013 289.0725 CsH,,04 -1.25 [M-H] 191.0569 LR
. 125.0234, "y S
13 5.217 287.0613 C5H,,0, -0.37 [M-H] 137.0315 EETILAE
14 6.146 353.0864 C,6H;50 -1.48 [M-H] 191.0567 SRR
_ 4252018,
15 6.966 471.2081 CgH3,0,, -0.5 [M+COOH] 263.1492 unknown
_ 677.4955,
16 8.212 723.502 C4oH700g —4.82 [M-H] 338.2435 unknown
790.5799,
17 9.013 836.5869 C,Hgs04, 1.01 [M-H] 451.3305, unknown
225.1594

W iz G JLAS RIS, W B 1435k 245 Fi
191, RIS W53 RILESEFMILEE . =k
B FEX A o AR Z= s 1 T LN L RIL
24 RREZEMAEILEE

Z TS T AT AR A T P R B A TS R A
FLIRE TRV, A R EAA RAEATRE, FHarm
REE, M Ty & A A Ak S Ry 8 T T PR 4 A AR AR AR,
[HER 411 T o e o S LT - e /R S S i B U et 1L
PEEUFN B T RS 28 A AR IR P AR RIUR P,
Ve A BHEEXT BEZH . CHP Ay T b it (DPPH .,

a 100 4

x
(=]
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Fig.5 Antioxidant capacity of CHP
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ABTS" H HHEIHERBE 10T DPPH.
3 iR

A5 30 L Uk PR S 4 B NADES $2 B 2 B
CHP, 4G Fp R 2 5296 Al IE 2SI i 72 1T pr-UAE-
NADES X CHP fx{E$2HU T-Z: CC-CIT b i fE4:
W CHP %57, B HE 1:50(g/mL) | HFEIIER 420 W,
NADES & 7K % 35%(V/V) . Jik w4 75 B a] $2 B
30 min, ML 451 T CHP $#2 B & 491.25 mg/
100 g DW, fE FALGe 4 077 (P<0.05), 2 CHP 1
RE T — PP A o S PR BT 1 . AB-8 B i %
S 4 CHP Wy e A g, 2 o) J) 24 5 Al (RP=
0.9997) F¢ 3 A i A LI BFF ok i 5 4 ek 28 52 56 3= BH
CHP 7£ AB-8 I W7 = B4 )2 R, Ho 3%
AR IR IR S B G R . 48 LC-MS® 2
FEEGEFIR . LR MEBILE RN 17 Fhi2m2ift
EW . PrEALRE SR, CHP X} DPPH. ABTS"
H 3 BA BT A7 BRI T A 3SR B R EE T o
AT R CHP A4 &3 (0 I i S0 B3 P AL T S g 3L,
SRR T HAE B S AN 254 45 ) v FH o
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