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Different Solvent Extracts from By-products of Corylus heterophylla Fisch. x Corylus avellana 1.: Bioactivity Evaluation and
Phenolic Composition Analysis by Ultra-high Performance Liquid Chromatography-Mass Spectrometry

SU Kexin', ZHAO Yuhongl'z‘>i<
(1. School of Life Sciences, Northeast Forestry University, Harbin 150040, China;
2. Key Laboratory of Forest Food Resources Utilization of Heilongjiang Province, Harbin 150040, China)

Abstract: Phenolics were extracted from the by-products (leaves, green leafy covers, shells, branches and seed coats) of
the hybrid hazelnut Corylus heterophylla Fisch. x Corylus avellana L. using four different polar solvents (water, methanol,
80% ethanol and ethyl acetate) and their antioxidant, hypoglycemic and anti-inflammatory activities were evaluated in
vitro. The phenolics were identified by ultra-high performance liquid chromatography-mass spectrometry (UPLC-MS).
The leaf and branch extracts showed stronger antioxidant, hypoglycemic and anti-inflammatory activities in vitro than the
extracts from green leafy covers, shells and seed coats. The biological activities were largely correlated with total phenols
and proanthocyanidins in the by-products of hazelnut. The methanol extract of hazelnut branches had the highest content
of total phenols (calculated as gallic acid equivalent per dry mass) and procyanidins (calculated as proanthocyanidin
equivalent per dry mass), which were (37.13 £+ 0.22) and (2.27 = 0.04) mg/g, respectively. The content of total flavonoids
(calculated as rutin equivalent per dry mass) in the 80% ethanol extract of hazelnut leaves was the highest, which was
(18.21 £+ 1.37) mg/g. For each plant part, the contents of total phenols, total flavonoids and proanthocyanidins in the ethyl
acetate extract were lower than those in the other solvent extract, but the ethyl acetate extract inhibited the activities of
a-amylase and lipoxygenase significantly (P < 0.05). The ethyl acetate extract of green leafy covers had the best inhibitory

effect on a-amylase, while the ethyl acetate extract of leaves showed the strongest inhibitory activity on lipoxygenase.
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According to UPLC-MS analysis, the majority of phenolic compounds in hybrid hazelnut by-products were flavonoids
along with many bioactive compounds such as terpenes, alkaloids, lignans and organic acids. Bioactive ingredients in hybrid
hazelnut by-products have the potential to be used in functional foods or pharmaceuticals.
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re BRI R AE [ A i A L ), O S
TR ARG, R T E T MY BEE R T
LB R, R AT BRI A IR ORI A R TR R, A
BRI E PR B TR P SR KREREYI Y, Hod
BRI IAET™, TP WOE T8I A R ) 2 19
KA R TP W17 ML 2 7] R

My KA E W) EE A O R, KB (nfedF &R
HOPERE . BOGERR . PR SR A R ) AR
KU (MR . A . RO RIEEA R
T Blo B SRR I T v R P R AR 2 T 1) R AN
KR, AR REEIN LI AR A AR ) P L R A BY B R
AR W& RN ER I T8 TR T
Fo P AFMZRE TS PR, ARSI AE I il
BGOSR T SRR SR I BRI T, H AT
o031 WROBR 1B 2 B R O WA, I 2R EE B M
SRR T I 0 v R B SR RN D R VE A, R DA
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(bovine serum albumin, BSA) . fEM-1% b ZEEE
BHAHR AR HEE RIEZR) 2 [# Fisher Chemical
AFE . R RiE AR R AR
RN = o Hr i
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HIEAL ARG PR AT ; RE-2000AE 7% k4% WX T
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IncA#]; TGL-16CEREOHL  FiFZZRAEE
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1.3 ik
1.3.1  FERFEIE

FREg— sz B RERE ™, Feorbl k1230 (g¢/mL) 4
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WO 28 T e 7% AR IR 4, W3 W 48 0 8 T L 58 T 48
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132 By aEiE

SR FE TR E B M. o A EUCRF
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%1 mL, RJEIMA0.5 mLAEM-M 7], 8 = R B
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WE FE SO, DA B TR b 4 1 Y 22 1 s o i 2
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1.33 S RN E
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51 mLIgke R &45), TSI E D N30 min, Wl E
517 nmE KA IR o 5 BR B8 75 K /N BL - 40 ) v B2
(half maximal inhibitory concentration, ICs)) {EH#&7~, H
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1.3.5.2  ABTSPHE ¥ H 2R AR

BCHIABTSFHE 7 H13E TAEW: FpH 7.4(97 mmol/L
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SEEGE M E3 R, 4 RMx+s®ax. KM Origin 2021
WAz, SPSS 268t AT W M, SIMCA 14.1
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2.1 CPERBRTEIPYIRSER RS SRR RS R
WIRVFT N, H2 EUIE 77 AR50 A7 X6 36 1 j 2y 7 140
BT ERFRN (P<0.05) , H k5 R U 1) R
My EAE T R & &, 25 (37.134£0.22) mg/gHl
(2.271£0.04) mg/g, W 1180% LB HH A2 U I 12
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Table 1 Yields and contents of total phenols, total flavonoids and
proanthocyanidins in different solvent extracts from hybrid hazelnut by-products
bl el It R 7 % s
K 44914 1494£206" 0691027 5061028 2444057
HE 18394055 9584092 1234021 4734020 533+205¢

B% /% , ' "
et 80% ZBEHEE 213143.05 12.512035° 147£038° 6112057 2.83+1.03°°
LB 2851050 1055069 0.34+018° 0.78+008° 0924051%

K 10.01£1.79% 703157 1835£0.19* 2002£0.11" 698045

HIAE B 22162033% 8231007 1476026 37.13+£022" 3.5840.03"

(mgle) 0% Z Ry 21.8740.70° 10322017 15.0720.14° 31284023 102840.11°
LR 7242099 35640087 584+0.11C 97310.07" 3624005

K 8461197 311019 558+021" 274003 3024021

BEmas TR 17482008" 40120047 5314007 648%0.04° 237+028"
(mgle) 0%z Ry 18214137 3844002 323+£006° 6.1940.15% 4.06+005
LB 38610650 128£004C 0374009 42240.10" 2.58+0.16"

K 0572024 035+0.10™ 033£0.03*° 059+004* 0.15+007"

ErEsas  FE O L61H004% 0774003 05310067 227+0.04% 024+0.02"

(mglg)  Q0%ZRETL 13240.12° 0944012 0772008 182£003™ 023+0.04°

CROE 059021 051004 0183006 0.11£0.02"  0.09£0.02%

W AR ASNS FEARRRZEREE, FTKREFREAFER
ZRE%, P<0.05. #£2. 3.
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SRERMAKED AT, FSTRKIYIERE B e
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IS I S B R TE R R R, e 2
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HAEARY, B IDAT A, HEERI80% L BEVA IR ELA I
FRAPHU G, H B ¥ h 5% W R SR IV I FRAP R 3, 14
F| (4.189+0.033) mmol/L. 5 41 VEHE T8I~ 4L B
[FRAPL Gl & BB L F 3, KYZH5HENE
Y2 [AAFAE— 58 AR G
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@ ;:_ B
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’Eﬁ[ ] B DA
= 2000 e A i 3 By
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DDj D
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- R 5E Hi% Ak ve
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- oK B PR
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N~ E 6.00;
= E'Lo0p
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E 000 L
i S%fa F ﬁ% i Ve
s
264
§n§2£c oK Z
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a1 A B
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sk M ve
H s

NG FREARRZRFE — A AR RVE AR E R B, KE50F
ANRZERF—E R AR 27 %, P<0.05. TH.
Pl PRkEE RIS MDPPH A L (A) . ABTSFHE 1
FilJE (B) . BAMEE (C) Ti5BRAEJIMIC, X FRAPHE (D)
Fig.1  IC,, values for DPPH radical (A), ABTS radical cation (B), and
hydroxyl radical-scavenging (C) and FRAP values (D) of the extracts
from hybrid hazelnut by-products

2.3 PR TR HU AR S S IR v

SRR A T B P R B 5 - Vi K T R - ] 5 R 11
HIEFIER2 3R, A HLIE TR U a- e b B4 i)
T P A TC 5o fFL #0858 2R T /KSR I IC [ (P<<0.05)
ot 2,18 TR R T (1) - GE K3 B4 1] 6 0 A X B0, X
5 ZenginZ5 P S LS RARBL. SARRE, FHEEMS0% 2
T 85 R B2 T A0 o~ 881 ) W T TR 81 B 0 e miw, LR FE D
80% WAL AN A A 4 ol DA SR A RIS, 2% XoF - 1] 2 W 1Y
B3 BE 1 I % AR B o T RN o= 1 2 R
(s A1 ey S ) (OMN - i i S/5°% 7 ¢10) (O = P (E P =
F R A ST — Pl B EUA) 3 S R KV R A )
P ik, R W T R ] fe B A B3 0 BGE R IOERE (1)
B,

22 CFEREE T R P B a- e By T Pk I TC 5o i

Table 2  IC,, values of hybrid hazelnut by-product extracts for

inhibition of a-amylase activity

mg/mL
i it R it it (i3 BIRiE
Ko 1886912996 SLOG4ETT8YY 1562313743 091700021 1132162223357
BE 03820000 011220005 009820001 013920004 0200£0005"
00070002

S0%ZEE 047710008 0.195+0000° 011810006 010410003 0.195:+0.006"
CRZEE 01325001 009410016 033020012 01252000 0.196£0005®

A3 PR 1 i)™ B U - A TSRS 2 I TC, i
Table3  IC,, values of hybrid hazelnut by-product extracts for

inhibition of a-glucosidase activity

pg/mL
il it i it Hi% Ll B
K 69481E3874° 9867618693 3865143235 615518147 1204740595
B 2484104097 219910840° 469620276 421910950 26928+ 117"
097720128

S0%LE 6517£0281% 1325513797 S96TH1629%  RATE06TC  7.638+0073"
CRCE 1555021087 38372187 720365290029 2193620734 531547456416

2.4 CPRRER T RIS I AR SN A T
HANE AR TR RAEM E R —,
iBSA%ﬁ%EfiE‘Ji‘fﬂﬂ%'H’EﬁﬂTu%ﬂiuﬁﬁﬁx@cé%, &
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— BN BB By PR A 5 thR4n H,
BRI EA — 2P RENE, R BSAERIE 3%
PETFARAEARYE . HE R AL (R B ) rh s By 2 5 v P A
AR T, LR LR EBUYTE [F] — AL R I
SRS PARHRTENE 53 03 i RS (i R
RLAN [T 2 T M Y 3 22 S, HL v B A3 PR M 2L 1) 90 )
ST A KR AN 58 (1 I RE S I o 45 R 25 R A % 410
HIBSAZEYEM MR, HR T RA TR HI BS AR MY
MAF I, ICfHTE1.824~72.313 pug/mL (8.

4 CFERHE Tl BN BS A PERIC, i

Table 4
inhibition of the denaturation of bovine serum albumin

IC,, values of hybrid hazelnut by-product extracts for

pg/mL
b K g 80% . LI
i 710910945 6848411.626™ 3249342481 242.507+3.100°
E3il 182420865 17483484480 2842542427° 72313+3424°
7 92619£0979" 127940330 122944599 1920.693+£78977"
Hi% 914TIH1873" 4504543159  103358+5466"  205.562+57.168"
M 1270843997 05.169+5.177"  49.037+6.780" 145265653 380941
pEesel 0.341£0.009

E: ATASTFRARARTEREE, AAASTRARRRER R
%, P<0.05.
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Table 5 UPLC-MS analysis of hybrid hazelnut by-product extracts
F5  REREmn AR mlz RS WHET LAz HeooRE R BE MK
1 0.058 CH 0 20808899  [M+H] 194, 181, 166, 152, 139, 103, 95, 53 HHE - - - = 4
2 1882 CHWO, 30607359  [M—H|” 257, 224, 179, 164, 139, 137, 125, 109, 69, 57 REE - - - 4+ -
3 2.192 CoHyOp 59413799 [M+H] 287, 257, 179, 151, 139, 127 R - - - 4+ -
4 3.083 CHO, 2900793  [M—H]” 203, 164, 161, 147, 139, 123, 119, 95 FINFE - - - + -
5 3421 CHO 29007903 [M—H] 245, 173, 159, 137, 123, 109, 97, 83, 69, 57 JUER -+ + -
6 4363 CHO, 41611047 [MFH® 321, 307, 297, 267, 239, 211, 195, 165, 121, 107, 91 KEHIL1-0- %R - - - - 4+
7 4,607 CoH05 5921224 [M—H]” / JFIEHEA, - - + + -
8 4804 CH0, 371211922 M+H] 279, 191, 97, 84, 69, 64 filki% e S
9 52 CHy0, 41611136 [M+H] 255, 226, 164, 137, 84 HEH (REET) - - - - 4
10 504 CHO, 25405812 [M+H] 199, 181, 165, 152, 137, 114, 91. 83, 65 INGA Y R
11 5303 CuHyOs 48009038 [M—H]” 316, 287, 271, 259, 214, 151, 124 WEE-3-0-p-D-L AN + - - - =
12 5921 CHO, 31803743 [M+H] 273, 245, 217, 179, 165, 153, 137, 68 75 + + + - 4
13 5924 CHO, 30207945  [M+H] 229, 201, 153, 137, 123, 95, 81, 68 fE % - - - + -
14 5.939 CHy0, 46409572 [M—H]" 316, 287, 271, 259, 242, 214, 163, 151, 124, 102, 84 {715 + - + + -
15 6.067 CH,0, 4640956  [M—H] 316, 300, 287, 271, 255, 243 214, 151, 124, 102 it E-3p-D-H A + + + + 4+
16 6.164 CHQO, 47807485 [M—H|” 301, 255, 178, 163, 151, 121, 107, 83, 65 HitHe-3-0- M B R + + - 4+ -
17 6.891 CHO, 30204254  M+H) 229, 201, 153, 137, 121, 115, 81. 68 i %3 +  +  + 4+ o+
18 6.897 CH,0, 448096  [M—H 300, 284, 255, 227, 211, 183 BRI + - - - -
19 6.899 CH0, 47008304  [M+H] 458, 366+ 325, 289, 257, 204, 169, 88, 63 EUEEH - - + - -
20 7125 CyH0, 41800022  [M—H] 349, 336, 284 255, 227. 211, 183, 164, 84 I ZR-3-0-f ki AR - - + + +
2 7211 CHWO, 2560736  [M—H]” 135, 120, 119, 91, 81, 65, 53 FHER - -+ - -
) 7.703 CHy0, 4321054  [M—H] 284, 255, 227, 211, 107 LA + + + + +
bi] 7714 CH,0, 45408785  [M+H]' 350, 309, 275, 203, 169, 136. 85, 71 AR -+ + - 4
% 1774 CHO 28604766 [M+H" 269, 258, 241, 231, 213, 185, 165, 153, 121, 107, 95. 68 Il + + + 4+ 4
25 7838 CH0, 59215935  [M+H] 41, 382, 336, 303, 289, 151, 139, 123, 84, 50 JRIEE A - - - 4+ -
2 7.936 CH.0, 31605901 [M+H]" 302, 285, 257, 245, 229, 217, 203, 153, 121, 92 FREE - - - = 4+
7 8223 CoH,05 32813118 [M—H] / 2346 IR A -+ + + -
28 10039 CHO, 2700533 [M+H] 215, 203, 197, 153, 141, 136, 131, 115, 107, 91 65 Py N R
" 521, 495, 458 427, 393, 335, 279, ' o

29 10.191 CoH0, 58017995 [M+Na 7. 203, 165. 119. 9. 8. 57 W +
30 11225 CH0, 55016936  [M+H] / SHER ARG R
31 11671 CHO, 2860482 [M+H] 213, 165, 157, 153, 136, 121, 95. 9. 68 BiE - - 4+ + 4
3 18.557 CH 0,5 61018327 [M+H] 596, 517, 411, 336, 257, 234, 164, 136, 97 A + + -+ -
3 0.727 CH,0, 19206236  [M—H]” 164, 108, 93 85, 59 D-(—)ETH + + + - -
34 0979 CoHO, 33207438  [M—H]” / WEmRL AT + + - - -
35 0.988 CHO, 35405702 [M+H] / 2-HIERE ST R AR R
36 1.201 CHO;s 1700204 [M—H]” 124, 116, 97, 95, 84, 69, 67, 53 BETH + + o+ 4+ -
37 1822 C.HO, 30200661  [M+H] / em -+ - + -
38 216 CHO, 15402539  [M—H| 109 108, 97, 91. 85, 65 AL + + + 4+ -
39 3576 CiHi0, 354,095 M—H]” 191, 179, 164, 136, 133, 127, 114, 93, 85 AR + + - - -
4 359 CHQO, 35409517  [M—H] 191, 163, 135, 127, 93, 85, 59 SRR + + - - -
41 4,605 CH0, 16408389 [M+H] 137, 124, 105, 95, 79, 62 BATH - - - - %
) 4934 C4H,0, 15204746 [M+H]" 134, 111, 88 70, 65, 53 BER - - + - -
e 5433 CHO: 17806316 [M+H" 161, 147, 146, 136, 133, 119, 118, 107, 105, 91, 79. 77, 65 FathRe (PaiRe) + - - 4+ 4+
44 6.138 CHO, 21809445  [M+H] / FEERNG - - - + -
45 6.517 C,H0, 16404738 [M+H] / (E)HEGR + - - - -

- 328, 312, 297, 285, 269, 241, 213, 197, - N _ _ _
46 11199 CoHLOp 34405305 [M—H] 185, 169, 157, 142. 130. 118, 8. €5 343-=-0-F IR +
47 7.957 CHyOy 47019203 [M+H]" 457, 336, 257, 179, 129, 114, 57 frEE% + + - 4+ -
4 17.15 CHyO, 31620421 [M+H] 271, 238, 201, 189, 175, 149, 121, 105, 91, 79, 55 T RE + - - - 4+
49 17,612 CHeNO, 83134297 [M—H] / =RUTH - + - - -
50 21774 CoHgO; 45636107 [M—H] 455, 336, 257, 203, 164, 136, 97, 91. 83 M - - - 4+ -
51 0762 CH,NO, 16907399 [MAH] 152, 146, 134, 124, 106, 95. 80, 71. 65 2 - - - = 4
52 0.946 CHO, 19202609  [M—H]” 114, 82, 63, 55 iR - - - -
53 3723 CHNO, 1940807 M+H] 151, 138, 133, 123, 110, 109, 108 83, 68. 36, 42 TR - - + - +
54 6424 CH0, 54419225 [MAH] 395, 291, 273, 251, 193, 167, 129 TR TR R -4-0- R + + - 4+ -
55 7.18 CHO, 18810397  [M—H] 164, 139, 136, 84. 82, 76, 57 I-RK + - + 4
56 8.127 CHO, 25009961  [M+H] 218, 208 178, 155, 133, 119, 105, 95 EfAERH + + - - -

e 299, 286, 257, 233, 213, 203, 164 — . o
57 8.427 CuHh0, 31616783 [M—H] 147, 119, 106. 93, 8. 73, 67 L H@-REAE 3SR+ + f
58 16419 CHNO, 31729206 [M+H]' 300, 282, 270, 264, 257, 203, 109, 95, 83, 60 AR -+ + 4+ 4
59 31741 CHO 41237117 [MFH] 395, 336, 328, 295, 257, 123, 109, 97, 81. 69 AiE - - - - %
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