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Abstract: The extraction process of polyphenols from apple peels by ultrasound-assisted natural deep eutectic solvent
(NADES) was established, and the mechanism of NADES was analyzed. After evaluating the polyphenol content of apple
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peel and antioxidant activity extracted with six NADES and 80% methanol, choline chloride-ethylene glycol (ChCI-EG, 1:4) was
identified as the optimal extraction solvent. The process was optimized using single factor and orthogonal experiments, resulting in
a solid-liquid ratio of 1:50, a water content of 30%, an extraction duration of 50 min, and an extraction temperature of 60 °C. The
extract exhibited significantly higher levels of total phenolic content (TPC), DPPH, ABTS" free radical scavenging activity, and the
ferric ion reducing antioxidant power at 33.16 = 0.43 mg GAE/g DW and 52.60, 38.30, and 30.76 mg TE/g, respectively, compared
to the 80% methanol extracts. These values experienced significant increases of 160.69%, 122.41%, 138.04%, and 102.37%,
respectively, following the optimization process. These results indicate that ChCI-EG can extract polyphenols efficiently from apple
peels. A total of 17 phenolic compounds were identified from ChCI-EG and methanol extracts using UPLC-MS/MS, with the primary
components being consistent. NMR hydrogen spectrum revealed the formation of hydrogen bonds between ChCl and EG molecules.
FT-IR analysis indicated that the hydrogen bonding interactions between ChCI-EG and extract molecules was stronger compared to
that of the methanol extracts. The analysis of the conductor-like screening model for real solvents (COSMO-RS) revealed that ChCl—
EG exhibited superior binding properties with apple polyphenols, with the solubility and interaction energy being 1.39 and 1.12 times
those of methanol, respectively. This elucidates the efficient mechanism of ChCI-EG at the molecular level. The results of this study
provide a scientific basis for the green extraction technology of polyphenols from apple peel and the efficient mechanism of NADES.
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MR E IR, SR E N 2 By P B A 52 m 3 R
BRAR EE > SEEUR FE > 5 7K 3 > SEHUN [A]

*® 3 EXMRALKEER

Table 3 Experimental results of orthogonal optimization

A&

3 cme s
REGEE AC AKEBM R C/min At D(gmL) /(g GAE/g DW)

1 1(50) 1(30) 1(40) 1 (1:30) 2520+ 0.36
2 1(50) 2 (40) 3 (60) 2 (1:40) 26.17 % 0.81
3 1(50) 3(50) 2 (50) 3 (1:50) 2542021
4 2 (60) 1(30) 3 (60) 3 (1:50) 33.00 £ 0.34
5 2 (60) 2 (40) 2 (50) 1 (1:30) 27.75+0.87
6 2 (60) 3(50) 1 (40) 2 (1:40) 25.67%0.35
7 3(70) 1(30) 2 (50) 2 (1:40) 27.52+0.43
8 3(70) 2 (40) 1 (40) 3 (1:50) 30.61 £ 0.46
9 3(70) 3 (50) 3 (60) 1 (1:30) 27.06 + 0.86
k 25.60 28.58 27.16 26.67
k, 28.81 28.18 28.74 26.45
ks 28.40 26.05 26.90 29.68
R 321 2.53 1.84 3.23

% 4 TEMRBIEChCI-EG-APPEEB &S EBRMELEM
Table 4 TPC and antioxidant activity of ChCI-EG-APPE before and after process optimization

TPC/(mg GAE/g)  DPPH/(mgTE/g)  ABTS/(mgTE/g)  FRAP/(mg TE/g)
0=80% T 5% 10.76 + 0.44° 20.82 + 1.10° 15.38 £ 0.35° 14.39 + 1.22°
ChCI-EG #AGHT 12.72 £1.01° 23.65 £ 0.95" 16.09 £ 0.03° 15.20 £ 1.25°
ChCI-EG #iAb /& 33.16 +0.43° 52.60 +0.87° 38.30 +0.82° 30.76 + 0.89"
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% 5 UPLC-ESI-Q-TOF-MS/MS B £ ELHE R
Table 5 Identification results of UPLC-ESI-Q-TOF-MS/MS phenolic components

A% £ A REMRL A2 X 28 ) it ) MS/MS # } AP

/min MeOH ChCI-EG
1 —HARTR 2.08 C,H,0, 153.0186  153.026 6 109 - +
2 Jie# % Bl 3.27 CyoH, O, 577.1340  577.1424 451, 425. 407. 289 + +
3 FRER 3.84 C,H 50, 353.0872  353.0951 191. 179 + +
4 IS~ 3.86 CH,0,  289.0708 289.0790 245, 203. 137 - +
5 ook BR 452 C,H,0, 179.054 5 179.063 4 161. 143 + -
6 RitHE B2 4.95 CyHy, 0, 5771340 577.1424 451. 425. 407. 289 + +
7 R FE 5.62 CisH,, O  289.0708  289.079 0 245. 203. 137 + +
8 RitFHZE CI 6.66 C,;sHyOy  865.1968  865.205 8 739 42659‘5 ’ 40577‘7‘28495 I + +

9 MbEE 3-FIEF 894 CoHyO,,  463.0874  463.095 5 300. 271. 255 + o
10 MEE -3- 5 HEF 9.25 C,H,0,,  463.0874 463.0955 300. 271. 255 + +
11 MEE -3- FaaEd 975 CyH; g0,  433.0793  433.0849 300. 271. 255. 151 + +
12 MR F -3- AAEF 10.42 CyH O, 433.0793  433.0849 300, 271. 255, 151 + +
13 MR E -7- RSB 10.81 CyH,0,,  447.0917 447.100 6 300, 271. 255. 151 + +
14 BEFE-ABEAEF 1115 CHp0, 5671733 567.1792 273. 179. 167. 123 + +
15 AR 12.41 CyH,,0,, 4351311 435.1369 273, 167. 123 + +
16 FT 13.42 CyHy 0 609.124 1 609.518 0 300, 271, 255 + -
17 W& 13.57 CiH, 0,  301.0362 301.0427 271. 255 + +

24 HEILFAGFRIERE Bk OLRER. RILFRRLFAEFTER) 7 DB

CERAR A TR, S R, S (eay o O T RERAJURTD. 2 A AR CIR

& 5. Ak L 5 ChCLEG 2 B %) 14 B & & FeE . WREZREE) WEY, 5B R

DPPH. ABTS' [ B Z& % B i& 1% A1 FRAP 43 5l N
33.16 mg GAE/g DW. 52.60 mg TE/g. 38.30 mg TE/g.
30.76 mg TE/g, 3% =T 80% HEE LY, H
AL ET 2 D42 5 T 160.69%. 122.41%. 138.04%.
102.37%. ZEZEPURGEBF#B OB T 2O E
3 R RV AT IR IS B BN 4.53 mg/g s fb
gl DR R I AR BUE R IO E LR A E
By, ZmgNEIi T2EZEHmEEN 787 mg/g. 5
XUEfEg T2 M, ARSI HHE LR ChCI-EG J&3F
REZ BB IR, AR AT A
SERE LM T, s L& — 2 E T 2t
HEVE

2.5 UPLC-ESI-Q-TOF-MS/MSH; 2 it 7~ 7 #t

gh O B dE . A 9% SCERPY H 6 UPLC-Q-TOF-
MS/MS #t#&, M ChCI-EG F1 H B3 B4 ) 25 %
ET 1T R R EY (RS ME 4, B3 A
R (CRIEFFHRR. MR, SRR 5 Nk
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Fig.4 Total ion chromatography of polyphenols from apple peel
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PO s D TR R AT R (S I P2 Vs ATTK (377 7
3, MR A K. B 5 4 EG % -OH Jii 7
i 4.73x10° #5h3) 4.84x10° (A5=0.11x10"), 59
EG MR 5 N S R e e i, AR 7 H
T EERD, ENB &S #3). ChCl [ -OH
JR T 5.61x10° #5h3] 5.27x10° (A5=-0.37x10),
2 T2 i NADES Ji5 40 [ 55 5t (1) S S 4 FH
HornNaE B ERRS, LEaBmmntsh™.
X IE T AR S 4 . T SR
JE Wi % & B NADES ] NMR & R 1E, 2% 3 7]
SR T =S ARG D5 A A AR — S
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Ho~ N
cr -OH -CH, 'CH:
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Fig.5 'H NMR spectrum of ChCI-EG and its components
EG
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Fig.6 FT-IR spectra of ChCI-EG and extracts with

different solvents

2.7 fH B et e 41 A oK 1 R AE
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TEEA. AU TS EE 5 Rashid 1R A
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eV
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VTV B v, 32 %F Ik MeOH-APPE %4, —#%
WSO AEAL, L7 SRR IR A X i 3 A6 B i A B ey Ui
T, XN ChCI-EG 52 MUAMIEMR T HE 24
H, XTAER ChCl-EG SREUK R E &SR 2 —.

2.8 COSMO-RSH #l 4 #7 NADES 5 | 1&
M

SERZ W FEAREMER. EEE. EREE.
AEHE LRI OH SRR, 456455 UPLC-
MS S g5, AALEINARR (MR RILKR
CEGERE) . MR CGERR. WET (CZEE&H
i) AENARREBE T2 T. 3T COSMO-RS #i7,
MGy TS5 RE) Je oy T 1) AE EAE FH A B 4o BT 3 70 6 I
J3 53 ¥ B AT D9 DA RV 35 AN () 3 51 45 6 1) 4R
B S HEAE, AR T ChCI-EG & 208 B3 51 £
TELENLH
2.8.1 ChCI-EG. FERZR A, Tk maiTEE

PSRN T 4 T AT LRI ARAL, T 45 AR
R, 4y 7 3R TH L nf %5 F (o surface) FIT HA faf 25 J&F
AR (o profile) (K] 7 F1E 8). o surface H1 4L
8 X 30 B 4y 7 A AU - BA & ChCL-EG H &R T
T T o T2 RRE )7 T I I BNV -OH %5
TRl EMEE 7, HEo A AR T &
0 X 5 ey % AR R PRI R R A 0%, WA
BAE R stk 59" . o profile A& 412 THI HE i) 45
I A R B R IETE A, —-0.008 4 <o <+0.008 4 ¢/A’
NARMPEX, AN, H 0<-0.008 4 /A’
(R X RN SRR X, 0> +0.008 4 e/A” 1]
TERR A X SRR R A B 2 A X, A DX 3k 1) 95 ) ™
JRAEAH, QR FACPERRSR, 1E B A a2 A
78 F7 B

PO Ry 57 7 CR 7)) 1A IE A 1 X 4E i &
0.02 e/A*, FFFE 0.01~0.015 e/A* Z )5 — /= li&,
KR T AR T TR s 7E SR X A e
% -0.025 /A%, HEHITHERE, XEHTHT
H1 -OH. -COOH %[ PR E5A Bt ER, A
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HR VU2 2 Wy f & V) H e SR AR X R M R o, R
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