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ABSTRACT: Objective To optimize ultrasonic-assisted deep eutectic solvents (DESs) extraction process for
preparing sweet cherry pigment, and investigate the inhibitory properties of sweet cherry pigments on a-amylase and
sucrase, as well as their impact on antioxidant capacity in vivo. Methods Select the best DESs, investigate the
effects of DESs water content, solid-liquid ratio, ultrasonic power and extraction time on the extraction effect of
sweet cherry pigment, and determine the inhibition rate of sweet cherry pigment on a-amylase and sucrase, as well as
the effects of aging of Caenorhabditis elegans. Results The results showed that, the DESs prepared at a molar ratio
of choline chloride to 1,4-butanediol of 1:3 was the best solvent, the optimum technological parameters of
ultrasonic-assisted DESs extraction of sweet cherry pigment were as follows: The water content of DESs was 20%,
solid-liquid ratio 1:40 (g/mL), ultrasound power was 316 W, extraction time was 41 min, and the average amount of
pigment extracted from the optimized extraction was (465.10+1.46) mg C3G/100 g, significantly better than 70%
ethanol extraction yield. The inhibition rate of the pigments to a-amylase and sucrase was 80.20%+0.65% and
73.50%=*1.26%, respectively, at the concentration of 100 pg/mL sweet cherry pigment. Sweet cherry pigment could
significantly prolong the survival rate of Caenorhabditis elegans under hydrogen peroxide stress (P<0.05), and the
mean lifespans of Caenorhabditis elegans reached (8.41+£0.31) h, which was significantly higher than that of the
negative control [(2.67+0.20) h] and the positive control group [(5.23+£0.17) h]. Sweet cherry pigment also
significantly enhanced the activities of total superoxide dismutase (>60.71%) and catalase (>43.10%) and reduced the
level of malondialdehyde (P<0.05). Conclusion The results indicate that ultrasound-assisted DESs extraction of
sweet cherry pigment is feasible, the sweet cherry pigment can inhibit the activity of glucosidase and reduce oxidative
stress damage in vivo, which has great development and utilization value.

KEY WORDS: deep eutectic solvent; sweet cherry pigments; response surface methodology; a-glucosidase activity
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FeWEEL, T ARTOL BB T R S, ) = 14 B TBRIORI LU B T 2, SRICRSY
WA R, UG M2 B B, K BO% B 80% LR 448.13% . 126.36% Fil
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HYP, BAMAA . K3 . TR R S T & e
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FALNRAGH (LI =98%) . FLER (LI =90%) . SEA R (4l
B =98%) . FEERR(LIE =99.5%) . A (LlE =99%).
LA = 99%) . 1 4k A (hydrogen peroxide, H,0,).
RV PEVERT N . R L S BREN  SEALE ERER(1 U/mL) .
3,5-ZHSEK MR . a-TER (1 U/mL)( EHJR AR
HRRAF); 1,4 T 78 H 1,2-18 2 44 & C (vitamin
C, VO)(KHi B 25 B Ak 4 X R 4 BR 2 |l M9 22 vhilk
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W 1 PIEER L, # HBACGEALARER)F HBD(FR
MR . ZouREs AL &) FE 75~85°C T Hr TR T 2
W, 45345 8 B DESs, 7EEIR Tkt 1 AJE i
1.3.2 #LMLE Z a9 IR

RS HTEAE 1 g, ¥ F 25 mL DESs /1, 7EMS
eI Ve b DL — 7 R S A P b I, BT
DESs. [, #A R . SRE R T A 3R, K
ZHIZYLE 8000 r/min B0 10 min, WA FISIRAE 4°CH
P45, 15 70% 2 BEAE N ORI A T AR (L 28 A 7
g
133 #EMEZ A0 T

WAL SCHR PR AR R pH 223k UEA T 1), IR I FAE

FH K -3-# % P (anthocyanin-3-glucoside, C3G)HEATIHE,
10.5 mLARFIA TS pH 1.0 FIZZ i (AL, 0.1 mol/L)IRA,
FK53 0.5 mL BESLS pH 4.5 BUZE (2R, 0.5 mol/L)iR
Gro RSN WA 510 nm AbIE RSB . $2IL
WA I & B R A (DI 5.

Y/(mg C3G/100 g)=(ODyy 1 -ODyy 45)xFxnxMx100/
(exm) (D

o VIRBUR SRR (mL); n NFBAEEG M N C3G
B 93F 1 (449); ¢ i C3G MITEBREL, HAE N 29600; m A
SR 5 (g)
134 2REFEE

FREUCER G EHAERE 1 g, $2MERIR DESs, BitL ., #8
PN RIS R R BCEAE k(% . DESs-6 Sk E 51N
0%. 10%. 20%. 30%. 40%, L5010 1:10, 1:20,
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400, 500 W, $2ERMSE]S;58 25, 30, 35, 40, 45 min,
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MMk 2, IR 3 ik, FEARTENRE TFom AR AL AT,
BT 37°CHB HRAE 30 min 5, A 3 mL 3,5- 4K
WalR, TEW K ORAF 10 min, RIS, ¥4 0.5 mL S VIER
JA 4.5 mL B F/KH, 7 520 nm AW REEE, o-fE
Wy B R AT A A X (2):
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%1 DESs#l&
Table 1 Preparation of DESs
S R (HBA) A LA HBD) JEEIR =2 fRIFR

BN 1:2 DESs-1 ChCI/LA

SRR 1:2 DESs-2 ChCI/MA

iR 122 DESs-3 ChCl/CA

ikt 1:2 DESs-4 ChCl/Glu

SALNETR N

Z 1:2 DESs-5 ChCI/EG

1,4 T F 1:2 DESs-6 ChCI/BD

Hi 1:2 DESs-7 ChCl/GL

1,2- 1:2 DESs-8 ChCl/PD
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Table 2 Factors and levels in the optimal scheme
K A
AT IKEY% B [ H (g/mL) C A IIH/W D R HU E] /min
-1 10 1:30 200 35
0 20 1:40 300 40
1 30 1:50 400 45
R3 o EHERHIFIZRNE
Table 3 Determination of a-amylase inhibition rate
% FEEL XJHRAE 1 Xf R 2
EMEER (1 g/L)/mL 0.4 0.4 0.4
o-VEH (1 U/mL)/mL 0.2 0.2 0
HE A A /mL 0.2 0 0.2
FRRERRZE 01 (0.7 mol/L)/mL 0.2 0.4 0.4

FHAEBG €0 2 0T AR A0 910 ) 2R 2 B Sk kA 71
TR EE (10, 15, 25, 50, 100 pg/mL)AIFiHpE a2,
IR 4 A E IR Y AE, A 5MA 1.5 mL
3,5-AHE KRR, BT KE AR 5 min, WHIENE
B FIKE 25 mL. ££ 520 nm Ab IR RE(E, RER A ]
R AR 3):

Ay —(Lg— A
1/%=—[ 1= (4o 2)]><100% 3)
A4y
o, IO BEREBEN G R, Y%, A7), A2, J X IR 1 X I8
2 7E Aspo I AT WA ; 470 S TE A spo 0T AF AAE T A4S TR
W fE .

R IR BT dL 48 ho $EFOR, K5 IR U L 5
A H0, (200 pL, 3 mmol/L)H 96 fLAR 1, 1E 20°C F 1%
F%o B 40 min 0 SR— IR RUBTEEOL, BRI Ira 28 dgkT
(bR R0 AT il P i) STl B AR, 28 s ) Sk 3
B URBAT OB, R B 45ET).

G AL T P F1 MDA 5 REAI 2

L4 11 ) 4 75 T B AT 26 s H 1B 1.5.2 B 7 878 20°C BT
REFR LRG3 24 ho K TR] Sk v B 1 ARG € A
(0.075.0.150.0.300.0.600 F1 0.900 mg/mL).VC (0.6 mg/mL)
5 M9 ZZRIA NGM b, #E— 8557 48 ho SR K 75 Tl
FadT2k dusE R 3 & H,0, (200 pL, 3 mmol/L) 96 FLAR H,
FE 20°C FEEFE 2.5 he F MO 2 MR IR IR 3 ¥k, MIE
B E W B AL (superoxide dismutase, SOD)Flid &1k A it
(catalase, CAT)FJTE P, J-4% 18 MDA K57 & i) R i

i SEs A 3 YK, SR Excel 2010 F1 SPSS 27.0 %k
PR AT BRSO RITJT 2200, SR Origin 2018 #AAF1ER]

4 FEVEESHIFIENE
Table 4 Determination of sucrase inhibition rate
s i HEAE 1 Xif A 2 —
Z&E%f}l R o B o S = MDA &1t
25 Ml
0.5 0.8 0.7 "

(0.2 mol/L)/mL 1.4 IR
MERRA W (5%)/mL 0.5 0.5 0.5

KB FK/mL 0.5 0.5 0.5
HEMER(1 U/mL)/mL 0.2 0.2 0

FE P T /mL 0.3 0 0.3 2 ZERESR

1.3.7 AR AHAMHRRM T

()F5 TR f Ak R 3555 5 Rl 26

PARIGH B E R OPso W EWIRIR, 78 20°CHIZ /R
KK 77 H(nematode growth medium, NGM) | 1% 3% 75 Tl BaAT
LI E R SR BEM M9 Zrpilvkik, RIEHEHT
NGM Lk

(2Pt HyO, it

BEREHT Ho0, L4 WF AL T B4k i, FEAE F Al e
FIE 20°CT 53R 1 do AN [R5 o e B AR Ak £ R F

(0.075.0.150.0.300.0.600 #1 0.900 mg/mL).VC (0.6 mg/mL,

BHH: X IR ) B MO 22 vhik (FA X BRI A NGM H, FEE—2

2.1 &£ DESs HiFiE

ANTRIFNZE () DESs J2 5 10 1 P 490 o B BOOCR () 3 2 1A
RZ— B 1R, SEACIHGHAE S DESs () HBA B,
/N[F) HBD 41 i 1) DESs X EH B €0 28 1 B SR S& A [ 17,
DESs 2B B B0 T 1% IR (1 $2 B . 76 8 I DESs
1, DESs-6 RU$ZHU 1, DESs-2 HIIRBUE K2 .
DESs-6 2 HURTRAk (2 2R LB T 70% 2 BEFR B 1)
2.13 A%, XA[REE T DESs HA T IZ e, RV
56T Ak A WA EAE TR B4 F TR A B DGR RR R
SEMEUP) M RO R R A . 2 A 1,2-
N, PR R ET 350 mg C3G /100 g, X Al fE X 8k
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SRV DESs-6 HEA TR (0 RARHC T Z AL

500
T
=0 400 |
S
= —=— a
Q
& 300 -
80 —E
g
IE 200
=
5{@
100
R N R
ARV R N AR AR & &
6)5)&)6)&)§)§)éﬂ§%ﬂy
NGz eSS

BT AEFRZEDESs Al ARG X (R ARBUSCR A5
Fig.1 Effects of different DESs and conventional solvents on
pigment extraction
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FEICRIST SR, 5 K A A A P A AR R
iy, M PR DESs 5 H AR 4 oM 7 UL Pk, k4%
DESs-6 H' 20%1) & /K & F T /e 225055
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1:40 (g/mL)A, €53 3RO AW . YK R 0 B L
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I (0 28 A B U R B e K AH . B %7 0~300 W i
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Fig.2 Effects of water content of DESs (a), solid-liquid ratio (b), ultrasonic power (c), and extraction time (d) on yields of
pigment from sweet cherry (n=3)
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8 2R AE AN RE I A . Bl R TSR A 4k S K
R RICRE R T RS, AR th AL 27 A & i
IR T I R B EE R, Jiob, S DAl i il s
FOAE R TR, 7= A JC R, B ek, BRIk A
TR B, PRI TR, R, RIS S R e
T2 300 W,

M 2D EIRTE H, EPERE 0 2R A 4 B Bl 2 8 7 5 )
AR I B BT R AR, AN 40 min B, @
RO R, MR [ 40 min B, FPEBEEZE D
PRI L N kA, X 0T RB A phy B R ] ARG,
AR AE T REMAE, SUERBURMEE S, W
REMITHR A (A R W IR S F i SRR, S 8T BRI T
o DRI, SRR E 40 min 2E4T R SE5006

2.3 MR @AM
23.1 RBPGTAREA

N T A B DESs $RBCHIEBk (L = i 41, &
3L T Box-Behnken M5 [ SE 3 11, Ffic sk T 4RS00 5%
PR AIRBUE R 5). & 6 825 T i A A i £
TR B () )5 28 BB B Y F ol 15,1336, P<0.0001,
TR HAT T B A, B 1 MR eE R BR) MK
BEARLPR L T A5 LA LA, SBARIMAR S R Bl
5.34%, FEBISE TR TS FIMER 0 . — R IW C. D FIAZ HIH
BD 0 g 2% (P<0.05), 28 HIT AB. AC. BC LIRS
A%, BE. C*. DR 3 (P<0.01), H13E 6 FAHATA,
4 Ffr B xR Ak (0 2R B I 0 5 i RN R O

%5 Box-Behnken N HiR I IT4ER
Table 5 Design and results of Box-Behnken response surface experiment

e A TR Y% B [ H (g/mL) C R YR /W D $2HUT A /min I/
(mg C3G/100 g)
1 -1 -1 0 0 302
2 1 -1 0 0 387
3 -1 1 0 0 398
4 1 1 0 0 296
5 0 0 -1 -1 326
6 0 0 1 -1 375
7 0 0 -1 1 335
8 0 0 1 1 365
9 -1 0 0 -1 308
10 1 0 0 -1 340
11 -1 0 0 1 367
12 1 0 0 1 326
13 0 -1 -1 0 288
14 0 1 -1 0 402
15 0 -1 1 0 376
16 0 1 1 0 348
17 -1 0 -1 0 405
18 1 0 -1 0 324
19 -1 0 1 0 368
20 1 0 1 0 405
21 0 -1 0 -1 290
22 0 1 0 -1 324
23 0 -1 0 1 400
24 0 1 0 1 329
25 0 0 0 0 455
26 0 0 0 0 440
27 0 0 0 0 475
28 0 0 0 0 470
29 0 0 0 0 468
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Table 6 Response surface analysis of variance table
J5 22k U5 A B ¥y F P Pk
LAY 82275.59 14 5876.828 15.1336 <0.0001 ¥
AR 408.3333 1 408.3333 1.051512 0.3226
B-[E# L 243 1 0.625757 0.4421
C-HiH I 2 2054.083 1 2054.083 5.289534 0.0374 *
D~ ] 2106.75 1 2106.75 5.425157 0.0353 *
AB 8742.25 1 8742.25 22.51244 0.0003 *x
AC 3481 1 3481 8.964031 0.0097 o
AD 1332.25 1 1332.25 3.430718 0.0852
BC 5041 1 5041 12.98124 0.0029 *x
BD 2756.25 1 2756.25 7.097705 0.0185 *
CD 90.25 1 90.25 0.232406 0.6372
A2 17460.85 1 17460.85 44.96396 <0.0001 o
B? 25446.06 1 25446.06 65.52694 <0.0001 o
c 10643.84 1 10643.84 27.40928 0.0001 o
D? 31338.87 1 31338.87 80.70168 <0.0001 o
LiE= 5436.617 14 388.3298
ESe 4635.417 10 463.5417 2.314237 0.2174
4R 2z 801.2 4
ps¥il 87712.21 28

T F*FE R B 25 5 (P<0.01); *287R M 2% 5#(P<0.05),

DR [])>COHR T B U1)>A(F K E)>B(M ). %5k
SR, AR AIRE R A HERT R o KRR S5 A AR 5
PP

HRPE LR R 245 W e A 2 T o

Y=461.60-5.834+4.508+13.08C+13.25D-46.754B8+29.
504C-18.254D-35.50BC-26.25BD-4.75CD-51.884-62.63
B>-40.51C*-69.51D*
232 ABREEFHEZFENYR

FII FH Design-expert 13.0 343545 37 81 [, - o )7 1 ]
B ST S R AR e 2 )Xo o Ry PR ELVE L, BE U Y e
O TRT S I T S 2 AR A PR T v S
W AF A5 8 B A i e T, U T N 3 = A A
DESs-6 FK iR . W LG . AT . SRIBCAT R ey 1 1 48
BB (o R an i 3 s, &K E R E R HL(4B) |
TR B AAC) . [EIW LA H)Z(BC) . R LA
PRI A1 (BD) I AE BAF RN (6 28 SR IR 1) S 2 Mk R ) — 350
5, 856772251 I A J5 R At 17 T, A5 HE (0 3 IR f
JRIZEEN: DESs-6 Sk 19.83% ., [ EL 1:39.76 (g/mL).
B TIR 316.05 W, $2BURTEY 40.49 min,
233 RN THIRIEEE

ST IE A TR (4 ] AR 4R A B AT G (response
surface method, RSM)&5 54T T 3 WEH R S50, FHRTERE
i, B KR 20% ., [EK LG 1:40 (g/mL) ., AR 316 W,

PEHUTE] R 41 min, BCE€AFE IR EUR A (465.10+1.46)
mg C3G/100 g, 5 463.3 mg C3G/100 g HIFMNEHEY) 45 R
U o FRSAE S S50 B0 2 8] A A R 25N T 2.5%, [l
TR AR b TN €, 38 0 7 ko TR, L T A ik T,
PFASEPRIE DL, RERSIRIE Bl 5 R A A 55k o

K CBEWUR DESs, 7EHAh & —BUE T, HoF
¥Ire ol 245.1 mg C3G/100 g, B4 T DESs-6 B3R EUEE,
A RESE BT DESs Xif Utk 2 B (7 file PR AR B R PRtk
K FH A 75 48 By DESs MRk vh SR B 28 1 1 20 ik & vl
(e
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Fig.3 Response surface plots for interactions between 4 independent variables and pigment
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Fig.4 Inhibitions of a-amylase and sucrase by different concentrations
of sweet cherry pigments.
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Table 7 Effects of sweet cherry pigment on oxidative stress in

nematodes
215 S H AT B ) /h
S 1 Xt BB 20 (M9 £01) 2.67+0.20"
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0.150 6.94+0.27°
0.300 8.41+0.31°
0.600 3.67+0.19°
0.900 4.25+0.22¢

T FFIAR/NG B A 3 22 53 (P<0.05)
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Fig.5 Effects of sweet cherry pigments on the activities of SOD in
Caenorhabditis elegans
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Fig.6 Effects of sweet cherry pigments on the activities of CAT in
Caenorhabditis elegans

2,53 #HEMEESRALEEH T EWEAHFLE MDA
K6 m

MDA &R it Ak ™ A i — Rl 78 BRI w1 A
Y, S BRI . O MR . BRUBHOCTT R I
P EEE LA A BRAS W A S AR S0 I 7 R,
5 M9 A, ASIRIST R (0.075~0.900 mg/mL) ) FH
Bk €, 35 35 B B 25 PR 75 T BRUFF 48 Uik N MDA 7K, MDA
KA THET 38.71% . 54.03%. 63.70% . 55.64%F
47.58% (P<0.05), 5 B£(0.300 mg/mL)FHEBk (2 A 1L,
RV (0.075 mg/mL)F1=5 ¥ & (0.900 mg/mL)Ab BEXT 55 i
PP Bt MDA 7K -5 1 22 57 18 35 (P<0.05), 1fii VC X} 75



122 B 2 4 R A I 2

15

BT 5L MDA 7K [ 5210 22 52 A8 235 (P>0.05) o = vk
X 75 M BEATLR I MDA 7K B RGN e B, X ]
AEJE H T A0S ME 3 T = S BU M DD e T A MDA 1
EYE G

0.45 - a
0.40 |
035}
030

025F be

cd
0.20 de ~_—
0.15F \%/ : e

0.10 -

MDA % #it/(nmol/mg prot)
o
&

0.05

0.075 0.150 0.300 0.600 0.900 VC BT HE(M9)
S TR B /(mg/mL)

7 TR 20 5 IR ERAT 2 UMD A KB S0
Fig.7 Effects of sweet cherry pigments on the levels of MDA in
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