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Abstract: Sea buckthorn leaves are rich in flavonoids; nevertheless, in the past, the leaves were mostly discarded as waste after processing,
resulting in a waste of resources. Herein, Chinese sea buckthorn leaves were used for flavonoid extraction. Microwave-assisted ethanol solvent extraction,
isoelectric precipitation, and ion-exchange resin purification of flavonoids were optimized by response surface methodology, and the composition of the
extracted flavonoids were identified by ultra-performance liquid chromatography-high-resolution mass spectrometry. The highest total flavonoid yield
(70.98%) and associated flavonoid content (42.11%) were obtained when the processing conditions are as follow: solid-to-liquid ratio of 1:30 (g/mL),
alkali dissolution at 92 “C and pH 9.50, and acid precipitation at pH 2.70. A total of 15 flavonoids were identified in the sea buckthorn leaf. In particular,
rutin, quercetin-3-thamnoside, quercetin-3-O-glucopyranoside, and quercetin accounted for 89.67% of the total flavonoid content. The herein proposed
method can be used to extract and refine high-purity flavonoid products from sea buckthorn leaves, thereby contributing to the field of fine processing and
utilization of sea buckthorn leaf resources in the future.
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Fig.1 The effect of different factors on the extraction effect of
seabuckthorn leaves flavonoids
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Y,=24.34+3.03A+1.87B-0.52C+2.56D-1.68 AB-
7.29AC+4.62AD+2.39BC-2.02BD+4.25CD+3.34A2-
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Table 2 Experimental design and results

A% A B C D XEERFEY% HEAESEY% A5 A B C D XEEWAFEY% HEAEEY%
1 0 0 -1 -1 64.72 28.11 16 0 0 -1 1 65.44 21.14
2 0 1 -1 0 21.99 14.66 17 0 -1 0 -1 14.53 12.14
30 1 0 - 32.89 23.13 18 -1 0 0 1 77.68 21.68
4 0 0 1 -1 24.01 12.66 9 0 0 0 0 56.41 30.90
5 -1 0 -1 0 74.47 17.14 20 0 0 1 1 23.68 22,67
6 -1 -1 0 0 50.51 17.79 20 0 -1 0 1 69.75 22.95
7 0 0 0 0 67.79 23.15 2 1 1 0 0 67.85 23.23
8 0 0 0 0 73.04 23.32 22 0 1 0 1 21.48 25.84
9 0 0 0 0 56.32 21.43 24 1 0 0 1 54.76 38.80
0 1 0 0 -1 74.71 2226 250 1 1 0 57.73 23.00
I 1 0 1 0 43.12 22.99 26 1 0 -1 0 59.18 37.29
2 -1 0 0 -l 67.18 23.62 27 -1 1 0 0 20.10 21.88
30 0 0 0 7191 22.92 28600 -1 1 0 17.01 14.66
4 -1 0 1 0 73.89 32.00 29 1 -1 0 0 31.87 25.87
15 0 -1 -1 0 73.95 17.89
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®3 HESER
Table 3 Analysis of variance table
AR EZETE% HEREE/%
F 14 P& F 14 P&

AR 3.60 00113 490  0.0027
A 04344  0.5205 8.07  0.0131
B 0.5258  0.4803 3.08 0.1012
C 6.01 0.0279 0.2388 0.6326
D 0.5016  0.4904 594  0.0288
AB 549  0.0344 0.8307 0.3775
AC 0.2986  0.5934 15.60 0.0015
AD 1.16  0.3006 6.26  0.0253
BC 10.70  0.0056 1.68 0.2159
BD 5.53 0.0338 1.20  0.2912
CD 0.0014 09710 529  0.0374
A? 0.8400 0.3749 530  0.0371
B2 1545 0.0015 10.07  0.0068
C? 1.55  0.2339 1.82  0.1991
D? 2.05 0.1741 0.0601  0.8099
PEDEN 3.77  0.1062 0.9637 0.5653

R? 0.7825 0.8256

i p>0.05 AREE; p<0.05 AEFRE; p<0.01 H £
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Fig.2 The interaction of various factors on the yield of total

flavonoids
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FRUT pH 2.70, FZRLAEAFEAT 1 3 IREGIERES, SERR
SR 70.98%, RSD N 1.19%, SHEAIHHG
B, RIS R SHAA RAF, SEEAm R %
AT BEBR T 2 4 T 47 HAT ¢

2.3 KA G B F R B A R 7 i R
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Fig.3 Comparison of purification methods between
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2.4 UPLC-Q-MS &4-42#

KH UPLC-Q-MS X ybifi s i $ B vdhAT e &
ST, 16 FISETEERREAR SRS B FRE (TIC)
WK 4 Firos. S ECRbE, AHT 78328 15 Fh2

WL, BB B R AR AT A1, ARG
FEETT S MR F-3-RRAERETY L Mt R -3-O- PRI A 4 b
. MR LR, AR, BER 4045,
BT 40.89%- MR (M R-3-BREWEFH) &
39.97%- it B 2K -3-O-FRIHI B FEE (5 7.67%- Mt &=
i 1.03%, Pt SR 89.67%.

WFAERE, Yo SR = RRER.
PN e TRE TS N IRy N E R
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FaEENE TR/
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R B T A A R A I S R4 R 3R -3-0-B-D-H
B (1>2)-0-L-REWEE . 1 AE-3-0- =Mt
FHFR-T-O-p-D-ML I Z HE T . Fe/b R 52 A 0
F G, AR - 35 R 5 A 34T S A 5 (T 7T 5
E[38,45—48] s

TR, ASHF S AR B T AN B8 - A8 b R
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*® 4 IDRIHER LRI SRR

Table 4 Information of flavonoid compounds in sea buckthorn leaf extract

W% R YA /min 2 Ak »FX [M-H] (mz)  RAPT B /%
1 5.17 Catechin C;sHisO;  289.07176 3.13
2 5.78 L-Epicatechin Cy5sH;604 289.07176 0.61
3 5.97 Dihydromyricetin CisHipOg  319.04594 1.61
4 6.36 Rutin CyH30016  609.1461 40.89
5 6.44 Vitexin CoiHyOpp  431.0984 0.10
6 6.55 Quercetin-3-f-D-glucoside  Cy;H»012 463.0882 7.67
7 6.83 (+)-Taxifolin C;sHi;0;  303.05103 0.48
8 6.91 Querecitri CyHpyOp  447.09328 39.97
9 7.42 (+)-Dihydrokaempferol C,5H,0¢ 287.05611 0.08
10 7.95 Luteolin CisHigOs  285.04046 1.86
11 7.97 Quercetin CisHigO;  301.03538 1.03
12 8.22 Naringeninchalcone Ci5H1,05 - -
13 8.3 Naringenin Cy5H;,05 271.0612 0.05
14 83 Apigenin CisHjgOs  269.04555 0.24
15 8.35 Kaempferol C,5H;oO¢ 285.04046 1.21
16 8.4 Isorhamnetin Ci¢HpO;  315.05103 1.06
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Fig.4 UPLC-MS in negative ion mode (a) flavonoids mixed
standard, (b) sea buckthorn leaf flavonoid extract trace particle
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