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Correlation of Antioxidant Properties with Contents of Total Polyphenols and Total Flavonoids in

Successive Solvent Extracts of Abandoned Hop Branches and Leaves
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(Key Laboratory of Coal Cleaning Conversion and Chemical Engineering Process, Xinjiang Uyghur Autonomous Region,
College of Chemistry and Chemical Engineering, Xinjiang University, Uriimgi 830046, China)

Abstract: The ethanol extracts of abandoned hop branches and leaves of SA-1 and Marco Polo hop varieties grown
in Xinjiang were separated by using different polar solvents. The antioxidant activities of the resulting extracts were
studied by four in vitro assays: hydroxyl radical and 1,1-diphenyl-2-picrylhydrazyl radical, f-carotene-linoleic acid and
phosphomolybdenum model systems and were correlated with the contents of polyphenols and flavonoids. The results
showed that all samples displayed antioxidant activity. Ethyl acetate extracts from hop main stems, side stems, and leaves
had the highest contents of phenols and flavonoids, which were 5.80-34.20 and 2.00-18.00 mg/g, respectively. On the
contrary, water extracts had the lowest contents of phenols and flavonoids, which were 0.73-11.05 and 0.06-5.74 mg/g,
respectively. The correlation analysis showed that hop main stems, side stems and leaves exhibited significant relationship
between antioxidant activity and the contents of phenols and flavonoids (P < 0.05).

Keywords: hop; abandoned branches and leaves; polyphenols; flavonoids; antioxidant activity; correlation
DOI:10.7506/spkx1002-6630-201803007

&5 TS209 SCRRBR GRS A E G 1002-6630 (2018) 03-0041-08
51 30H%

g, kA, BeR, S5 MUNERF AT 2. RIS B SRS R SRR AT T]. BB, 2018, 39(3):
41-48. DOI:10.7506/spkx 1002-6630-201803007.  http://www.spkx.net.cn

BAI Shanshan, Zhang Yingying, ZHAO Qiang, et al. Correlation of antioxidant properties with contents of total polyphenols
and total flavonoids in successive solvent extracts of abandoned hop branches and leaves[J]. Food Science, 2018, 39(3):
41-48. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-201803007.  http://www.spkx.net.cn

WL (Humulus Tupulus L) &M ERIE R b A . HESE, nTHTRITER. BR. g
Al ERL . —, By CMURR R, R EA S B RR HE R AT 2
Weks HiH: 2016-11-30
HETH: EFRARBFEREEMXEEELETH (31360403)

FEEE A AW (1991—) , 2, WA, BT A TR . E-mail: 1434246205@qq.com
SEEEE TN XIEW (1965—) , %, #u%, Wit B0 mARB I REH + Z ANl . E-mail: xjdxlym@163.com




42 2018, Vol.39, No.03

R A v 2 T R B S A A ) B AR R
WL Big . SUEMSEIEM, U= &R b 2 E A
s R o MU AR A R A3, R TR
SN 3 P T 3PS i SN e = Nl M e
FER A 18] 2 7 A2 KR IR FR B, X HL 1k A 2 RO
FEMITT RS K e sl (2o BF HoA B E L HTIw gL
KEL, MUEICRFEM RS A EENE RN, R
— S PIPUEAIE R, (ET A VR F 40 R R i v A B
B DRI, Sl MR AR PR S B0 S A 3 A 20 (R TR N T
FCo T LICATT R I S A6 2R 7 SR A AR AR

A S DA 88 K T AR R 1 A AR AL — A R R B A
Sy 2 A dh A R SR N JEORE, I AR A R A Ao
R H o N ER MBI, 5355 L 2 B4 B 3 1
g, JREFN . LB OER. IET AR KA IS A [ AR P
AL, W E B (cOH) M1,1- 2RI 2- =R IK
(1,1-diphenyl-2-picrylhydrazyl, DPPH) H HiZ&i% FrsL
B p-WHE D R-TMER L K BRI E4 DY IA R, B
FEHL AR S A R B B R RE T, 5 6 4
Hh 2 Ty K B 5 R OAE Sk AT, KT LI R PR S AR
ITERE T o

1 E5EHE

1.1 ARG

AL LRIk B R A8 PR A ER T 5 = AR AR
B RA RS, SRk TR M A73 2%
FEdh, 40 CHEF ki, id40 HIF, #&H.

DPPH  ZE[ESigma-AldrichA Al WEFR
rEZG AR SR E R AT dEE R A FD
2,6- T X Y (2,6-di-tert-butyl-p-cresol, BHT) .
B-tHEE N E . nhiE40. WER. AP AR, BRER WAk,
TR HB30% I AAGE . B A, BERA . 4
WRe . SALEN. WRERER. KW EE. TTKOEE. F0.
LIREG IE TR AMBEEL N i at.

12 XSS5

KQ-100VED&! = Wiz i s ve sy R
P AR AR, BS210SH B 7R 7 fBEZEL R M
ATl DHP-420R i BViE IR 9540 bt ik O EEST
{X#§T s UV-5300PCHILLAP-TT WL Je e et bilgoe
M8 A PR /A 7] ; DHG-907TSAR B G XTI il
—H B AR A PR AR s Anke. TGL-16GE & .0 Hl

i Rl HH-SARECRAEIR KIS YL
SR EITAE .
1.3 Hik

131 MNELER AR B R
HORL— SRl B A R R K (i
TS AR R D R 2> B % N a CLVE WU

T, WENBREE1:30 (m/V) IIAS50% (R4, R
[F]) LBV, AR E10 minf5, ££60 C %1
FRHE50 min, EE FREEE2 K, GIFIEH, WAEH
BE, SRR EMSFENELL. AR —E &R
R, KBS LSRR (ethanol extract, EE) ,
HARKAE . AR OHE. IE T EEXEOL, ZEIUR 55 9]
WEH G, RS (chloroform extracts, CE)
LR CBEZERLY) (ethyl acetate extracts, EAE) . 1E | %
ZHUY) (n-butanol extracts, NBE) FI/KAHZEE4) (water
extracts, WE) , ZEHURFE I EIL. ¥ Fik & ZE 553
FH50% LR E R E25 mL, A, FHTIEsE2m.
B S B I E K PUE A S CR IR o 0 ot R FE
ARSI E AR D o WEETE SRR 2 =R E R
0 5 LT L R AL 3

F1 WEEEFEHRERR
Yields of ethanol extracts from abandoned

hop branches and leaves

Table 1

%

i FH 53 M
o 19.5140.63 19.260.40 13.0740.26
ELEEs 18.8140.36 15.6240.97 12.4940.26

"ﬁ?ﬁh\’ﬁ?ﬁ(ﬁ%% D R LML R D ﬂ%iW"t‘”f?r@FﬁHEﬁ%ﬁ =N

50% Z EEHREL
IR 4
W AE R R R T
BE ALK 4
SRR
\ |
FHLH KA
WIEIRS | | zmzmem
AR (CE) |
AL KA
MEWﬁj | ETmEm
ZE Y (EAE) | |
LA KM (WE)
Mﬁwﬁ

IETEAERY (NBE)
B 1 R B B A T e S A R EO A ) 8 e R

Fig.1  Flow chart for fractionation of ethanol extracts from abandoned

hop branches and leaves extracts
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FE EE CE EAE NBE WE
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FE EE CE EAE NBE WE
TH 6012009 51040027 18004001  7.38£0.03  5.74%0.00"
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Fig.2  Hydroxyl radical scavenging capacity of different solvent extracts
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Fig. 5 Total antioxidant activity in phosphomolybdenum model
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mg/mL

e EE CE EAE NBE WE
FH 69.04+087° 79.811030° 33.66+0.10° 60.89+046" 87.88+042°
L= M 6278+098" 75.06+047° 40724023 93.66+037 109.95+0.41°
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R 71072061 88944037 53.19+0.26° 67.87+0.30" 118404031
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T 3330£020° 49.84+029° 2024+0.12° 29.05+0.18" 128324033
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Table8 Correlations between IC,, values for antioxidant activities and
the contents of phenols and flavonoids in samples
T sy *OHiFBR  DPPHE %

FH —0.666%*  —0.713%* —0.917%*% —0.868**

ZeE i —0.822%%  —0.903%*  —0.872%*% —0.872%*
iy —0.493* —0.934%%* —0.928%*% —0.765%*
B —0.711%* —0.662%* —0.830*%* —0.850%*

WA R AL —0.652%F  —0.744%%  —0.742%%  —(.818%*
I —0.516%* —0.827%%* —0.895%*  —0.728%*

VE: s« REHE (P<0.05) 5 s EHAXK (P<0.01) .

%2 Ty RO T 2 B 5 B SR v PR AR e 2 R R
ERTH, ZBMBEE & RS e Re /13 ik i i
FE, A5 RBAE—0.652~—0.9172 18 (P<0.01) ,
EMFHE T, bR 2 W& & 5 -OHIE MR B8 /1 I AH ¢ R
HN—0.493 (BEMK (P<0.05) ) , AHAMAITEMN
& R NI 2 A OC, FHOC R EE —0.728~—0.934
(P<<0.01) . [a], iBHMEIERHRE SR 28, B
NI BRI, 2 Wy AR 45 84 b ) A8 Iy e 2
IRZS Gy WA R 2R 254, {45 22 T R 2 I B o
e MR MPUETEE, I B PUETE RS S
HEZMME RS BRI, MR SGaX%, X
WL R AEA R I R 2 . SRR R 2R

3.8 #®

KL — A1y RT3 B MR AL B SR B RS A 2
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MR SRR L, PRSI B9E, 102 A R 770 A B
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W WY R L A B2 ) T DA B A B B e 2R
FAE, @EVEREE, LR OB A HE
o MRMEDHHRY, ERABIFEMSN, PrailEf
WA RS 28y IS E MR RBEXMES KT
0.650, Ut B 2 By M S8 IR A2 M A2 A T S0 R A1 2 22
PoJsi it 1 AR R B DT AL 7 S L R
PR BRI A ot — IR AR

EE U

[1] ZANOLI P, ZAVATTI M. Pharmacognostic and pharmacological
profile of Humulus Iupulus L.[J]. Journal of Ethnopharmacology,
2008, 116(3): 383-396. DOI:10.1016/j.jep.2008.01.011.

[21  RIEAG. WEAE AL 2 o B 25 BEAE IO FU Rk (D). B R,
2009, 30(23): 521-527. DOI:10.3321/j.issn:1002-6630.2009.23.117.

[31  EAy, TR, e, 5. BRI MNE L 2 WmRITUR IS & &t
AL, 2010, 31(6): 36-38.

[4]  JyRR, REAL, AR, S5, WAL 2K AN R SR AL ) A Mg
T 9T B AR 2R oy K (7). 2GR, 2009, 33(10): 458-462.
DOI:10.3969/j.issn.1001-5094.2009.10.005.

(6]

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

FRAIE, 9 230, SRITH, A5, M TEAG A B R 24 B V)T A
JET]. " E R 2544, 2017, 42(10): 1830-1836. DOI:10.19540/j.cnki.
cjemm.20170224.019.

REIS T, (TR PK, BRz e, 5. MUSAER BOR 2 70 (3], i K
SRR 5 A B R, 2005, 31(6): 769-772. DOI:10.3321/
j.issn:1008-9209.2005.06.023.

LIGOR M, STANKEVICIUS M, WENDA-PIESIK A, et al.
Comparative gas chromatographic-mass spectrometric evaluation of
hop (Humulus lupulus L.) essential oils and extracts obtained using
different sample preparation methods[J]. Food Analytical Methods,
2013, 7(7): 1433-1442. DOI:10.1007/s12161-013-9767-5.
MONGELLI A, RODOLFI M, GANINO T, et al. Are Humulus lupulus
L. ecotypes and cultivars suitable for the cultivation of aromatic hop
in Italy? A phytochemical approach[J]. Industrial Crops and Products,
2016, 83: 693-700. DOI:org/10.1016/j.indcrop.2015.12.046.
KURUMATANI M, FUJITA R, TAGASHIRA M, et al. Analysis of
polyphenols from hop bract region using CCC[J]. Journal of Liquid
Chromatography & Related Technologies, 2005, 28(12/13): 1971-
1983. DOI:10.1081/JLC-200063640.

NAGASAKO-AKAZOME Y, HONMA D, TAGASHIRA M, et al.
Safety evaluation of polyphenols extracted from hop bracts[J]. Food
and Chemical Toxicology, 2007, 45(8): 1383-1392. DOI:10.1016/
j.fct.2007.01.019.

SRUERE, EATE, (985, 5 WUETER B B (7). T E 2 g
&, 2013, 38(10): 1539-1542. DOI:10.4268/cjcmm20131017.

WANG X, YANG L, YANG X, et al. In vitro and in vivo antioxidant
and antimutagenic activities of polyphenols extracted from hops
(Humulus lupulus L.)[J]. Journal of the Science of Food and
Agriculture, 2014, 94(8): 1693-1700. DOI:10.1002/jsfa.6534.

JOSEF P, VLADIMIR N, ALENA H, et al. Assessment of the genetic
diversity of wild hops (Humulus lupulus L.) in Europe using chemical
and molecular analyses[J]. Biochemical Systematics and Ecology,
2010, 38(2): 136-145. DOI:10.1016/j.bse.2009.12.023.

B E, AN MU AL O ORI AR DRI &
S DAL REE, 2005, 26(3): 131-132; 135. DOI1:10.13386/
j-issn1002-0306.2005.03.044.

YA, B S g, WIS AE R SR R IR LA e LA
PEWFFE[T]. BRI R, 2016(3): 61-64. DOI:10.13746/j.njkj.2015446.
DUAN X J, ZHANG W W, LI X M, et al. Evaluation of antioxidant
property of extract and fractions obtained from a red alga, Polysiphonia
urceolata[J]. Food Chemistry, 2006, 95(1): 37-43. DOI:10.1016/
j-.foodchem.2004.12.015.

DULF F V, VODNAR D C, SOCACIU C. Effects of solid-state
fermentation with two filamentous fungi on the total phenolic contents,
flavonoids, antioxidant activities and lipid fractions of plum fruit
(Prunus domestica L.) by-products[J]. Food Chemistry, 2016, 209: 27-
36. DOI:10.1016/j.foodchem.2016.04.016.

HAYOUNI E A, ABEDRABBA M, BOUIX M, et al. The effects of
solvents and extraction method on the phenolic contents and biological
activities in vitro of Tunisian Quercus coccifera L. and Juniperus
phoenicea L. fruit extracts[J]. Food Chemistry, 2007, 105(3): 1126-
1134. DOI:10.1016/j.foodchem.2007.02.010.

VIACAVA G E, ROURA S I. Principal component and
hierarchical cluster analysis to select natural elicitors for enhancing
phytochemical content and antioxidant activity of lettuce sprouts[J].
Scientia Horticulturae, 2015, 193: 13-21. DOI:org/10.1016/
j-scienta.2015.06.041.



48

2018, Vol.39, No.03

B5oiltl F

[20]

(21]

[22]

[23]

[24]

ZIELINSKI A A F, HAMINIUK C W I, ALBERTI A, et al. A
comparative study of the phenolic compounds and the in vitro
antioxidant activity of different Brazilian teas using multivariate
statistical techniques[J]. Food Research International, 2014, 60: 246-
254. DOI:0.1016/j.foodres.2013.09.010.

HZF, L. AR RSN EATEVERT AL ). AR 5 R,
2015, 30(2): 132-135. DOI:10.7501/.issn.1674-5515.2015.02.004.
KAEWPIBOON C, LIRDPRAPAMONGKOL K, SRISOMSAP C,
et al. Studies of the in vitro cytotoxic, antioxidant, lipase inhibitory
and antimicrobial activities of selected Thai medicinal plants[J]. BMC
Complementary and Alternative Medicine, 2012, 12(1): 217-225.
DOI:10.1186/1472-6882-12-217.

KOU X, GAO J, XUE Z, et al. Purification and identification of
antioxidant peptides from chickpea (Cicer arietinum L.) albumin
hydrolysates[J]. LWT-Food Science and Technology, 2013, 50(2):
591-598. DOI:10.1016/j.1wt.2012.08.002.

FOREE. PUAMAE M S EIM]. Jbat: A2 Tk i kit 2004:
333-334.

[25]

[26]

[27]

(28]

(29]

[30]

Mrmdid, 770K, REGW, . A F SRR SR S RS B
AAEVEAR Y TTI]. B TR, 2013, 34(1): 70-73.
DOI:10.13386/j.issn1002-0306.2013.01.007.

TR, FRENSR, SRuCT. AL AN R ZE R BUA A TS E LE B A BT (D).
AL, 2011, 32(13): 23-27.

EH 5, WM, Tk, S5 X ARBTG5 F H B
T A & B (7). 24561, 2014, 37(5): 868-871. DOI:10.13863/
j.issn1001-4454.2014.05.034.

KR, A0, MUK R, 55, BG4S AR A SR i Bt
AACTERT FET). A 22 R, 2011, 27(14): 77-81.

Bk, XVHERT, BRSO, . ST AEAE AR SN IS P A 1 57
ESWFIN. R T 5IF K, 2013, 25(11): 1489-1493; 1567.
DOI:10.16333/j.1001-6880.2013.11.004.

AR, X T T B 2 R [ W B P S R T (9] R
TR T 242, 2013, 30(8): 850-856. DOI:10.13748/j.cnki.issn1007-
7693.2013.08.012.





