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Studies on Phenolic Compounds and Their
Antioxidant Activities in Trifolium Repens
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Abstract : Phenolic compounds content and its antioxidant. activities of Trifolium repens in different parts and seasons
were performed. Total phenolic content (TPC) and‘total flavonoid content (TFC) in different parts change in the follow-
ing order:leaves > stems > shoots in four seasons. However, TFC in different parts change little with the seasons. Nota-
bly,the decreased trend of DPPH and FRAP/was also in the same order of leaves > stems > shoots in four seasons. The
results of Rancimat showed that the “extract has a certain protective effect for the oxidantion of oil and fat. Moreover, a
strong correlation between TPC, TFC and antioxidant activities indicateed that phenolic compounds as the main compo-
nents were responsible for the antioxidant behavior of Trifolium repens, and there was a good correlation between cinnam-

ic acid, gallic acid, caffeic a¢id and genistein. This study implies that Trifolium repens may be a potential dietary supple-

ment and a valuable natural source of antioxidants used in food industries.
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Table 1  The elution gradient of HPLC
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Retention time A B
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0 92 8
1 92 8
30 60 40
31 60 40
45 0 100
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Fig. 1 TPC content of ethanol extract in T. repens
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Fig.2  TFC content of ethanol extract in T. repens
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Fig. 3 Antioxidant assay of T. repens extract for different parts and seasons
E:A. DPPH A i 25 ERAE ST s B. #kid )57 5 C. HO 3 A IS BRRE 1 ; D IMIRHUALRE T

Note: A. the scavenging ability of DPPH free radicals;B. iron reducing power;

C. the scavenging ability HO - radical;D.the antioxidant capacity in oils.
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Table 2° Pearson’s correlation coefficient between different parameters

Correlation (R)

DPPH - OH- FRAP Rancimat TPC TFC

DPPH - (1Cs ) 1 0.653 " 0.918* * 0.609 " 0.914" 0.924"
OH- (ICs)) 1 0.420 0.131 0.498 0.483

FRAP(IC5) 1 0.746" * 0.894" * 0.922" ¢

Raneiriat 1 0.724* * 0.842% *

TE: BEMRRT, © P<0.05,7 " P<0.01,
Note: Significant difference analysis, * P <0.05," * P <0.0l.
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Fig. 4  Analysis of HPLC for the extract of T. repens. A, HPLC chromatogram of standard products; B, HPLC chromatogram of stem

extract of T. repens in autumn
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Note:1:Gallic acid;2 ; Caffeic acid;3 ; Cumaric acid ;4 ; Ferulic acid;5 :3 ,4-Dimethoxycinnamic acid ;6 ; Ginnamie” acid ;7; Luteolin ;8 ; Quercetin;

9 : Apigenin ;10 ; Kaempfero; 11 ; Chrysin;12 ; Puerarin; 13 ; Daidzin ;14 : Daidzein ;15 ; Genistein ;16 ; Formononetin ;17 : Biochanin A.
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Table’3 HPLC analysis for different seasons and locations of the T. repens

Compounds No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
SH-SP ND  30.7 24.3° 25.3 19.8 11.6 163.8 101.3 37.7 53.2 15.4 90.8 40.3 16.2 ND 20.8 7.3
SH-SU 21.9 36.4. 57.1 53.9 21.1 7.9 188.9 43.1 18.1 ND 26.5 87.8 52.1 113.1 ND 26.1 21.6
SH-AU 68.1 41.0 79.3 42.8 45.7 30.1 245.2 94.4 55.2 32.6 41.6 70.6 111.5 114.2 8.8 47.6 19.3
SH-WI 91.8 81.2 34.0 58.2 13.9 21.6 351.0 84.8 65.0 45.5 52.0 125.7 131.5 81.7 17.3 22.3 5.8
ST-SP 87.1 32.7 94.8 155.1 31.7 11.9 157.4 112.9 20.5 35.1 12.7 140.7 37.7 27.6 6.2 17.6 6.5
ST-SU 44.3 60.7 64.5 99.4 53.5 15.9 200.8 88.1 40.2 23.3 15.6 136.8 80.6 123.9 ND 11.7 12.4
ST-AU 12.0 32.5 38.4 175.8 28.2 13.4 160.1 58.8 28.6 32.3 135.8 71.5 128.3 183.4 ND 26.0 9.1
ST-WI 83.5 30.5 34.6 52.4 8.3 5.34 85.9 81.9 14.4 40.5 43.4 48.1 49.6 92.6 ND ND 8.4
L-SP 288.4 192.7 75.6 331.8 35.3 33.2 159.7 99.5 21.3 25.2 28.1 121.7 128.4 63.3 19.9 40.7 5.5
L-SU 169.1 125.1 100.6 242.1 47.1 45.2 90.2 74.4 24.4 29.1 4.8 46.5 190.5 61.6 20.5 28.8 38.9
L-AU 76.4 48.7 86.5 194.0 46.0 21.5 117.8 111.5 38.2 58.6 26.1 129.8 258.2 77.5 13.6 9.8 29.8
L-WI 162.6 88.6 97.5 333.5 17.5 18.3 152.5 111.8 41.7 55.2 78.3 175.3 347.7 64.0 3.3 28.4 18.1

1 :SP: R ;SU 2 AU BKR ; WL &2 SH AR ; ST 25 Lo i SH-SP . 5 22 (IR = M B4R i 5 1-17 518 4 —3,
Note ; SP: spring ; SU ; summer ; AU : autumn ; W1 ; winter ; SH ; shoot ; ST ; stem ; L; leaf ; SH-SP ; shoots of T. repens in spring. No. 1-No. 17 are same as Fig. 4.
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Table 4 Pearson’ s correlation coefficient between polyphenols and flavonoids compounds content in T. repens

Correlation (R)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1 0.921** 0.531 0.780* * 0.121 0.644* -0.173 0.338 -0.154 0.016 -0.165 0.226 0.418 -0.3290.709 * * 0.381 0.084
2 1 0.377 0.718 * * 0.216 0.724* * 0.037 0.152 -0.059 -0.111 -0.170 0.173 0.354 -0.2250.741* * 0.459 0. 100
3 1 0.651* 0.567 0.552 -0.308 0.339 -0.103 -0.014 -0.285 0.341 0.546 -0.248 0.423 0.302 0.583*
4 1 0.209 0.488 -0.390 0.321 -0.226 0.142 0.166 0.408 0.702* -0.140. 0.443 0.281 0.230
5 1 0.576* -0.115 0.154 0.093 -0.189 -0.341 0.022 0.134 0.144.7 0.325 0.245 0.496
6 1 0.004 0.136 0.210 -0.012 -0.235 -0.134 0.411 0,135 0.842 " *0.596 * 0.532
7 1 0.0720.777* * 0.070 0.123 0.269 -0.146 0.161 = 0.131 0.327 -0.377
8 1 0.273 0.720 * * 0.268:0.597 * 0.342 -0.642 / 0.229 -0.048  -0.139
9 1 0.420 0.144 0.3107 0.293 0.059 0.207 0.264 -0.049
10 1 0.147 0.310 0.490" -0.404 0.103 -0.027  -0.056
11 1 0.011 0.289 0.652* -0.293 0.125 -0.261
12 1 0.425 -0.264 0.024 -0.037  -0.237
13 1 0.002 0.344 0.162 0.499
14 1 -0.299 0.064 0.019
15 1 0.380 0.326
16 1 0.098
17 1

e B R ¢ P<0.05, * * P<0.01;45 1-17 S[E 443,

Note ; Significant difference analysis, * P <0.05, * *P <0.01. No. 1-No. 17 are same as Fig. 4.

3 it

S 0 45 R T - S SRS B A
TR BN > AR > Z50AE T S 2 B R
WA AR T > &35 > B 5 > F 2, 1M #H
A % 5 B = A AL A K DPPH - 3 B fiE 0 Al
FRAP 3 Jf 7 B B i > iy > 22y a3, 58
22 B ML R ) b A Ak H5 A — 25 Rancimat 23 A
AL, A SR UIIG PEfEAE 1 ~2 2Z 6], BEH
XM MG EAI B —E R PRI o BRI 2R
Ber) B4 SRR W] S 2 W FLE S S HT TG PR 2
[] HAT B I eV AH G OG 2 , 2 b PR ) Jo = Ta) e
BAEVINMYE. el W, B =122 H
TN BB P I AR R, Ll St ) A o
MDA RE ST, AT S 97 14 10 £ 4 2590 AR SR L
ST R 2R TSP AT L A ) R 4 i

=R
o
S 0k

1 Demirkiran O, Sabudak T, Ozturk M, et al. Antioxidant and

tyrosinase inhibitory activities of flavonoids from Trifolium ni-
grescens Subsp. petrisavi[ J]. J Agr Food Chem,2013,61;
12598-12603.

Khalid M, Bilal M, Hassani D, et al. Mitigation of salt stress
in white clover( Trifolium repens) by Azospirillum brasilense
and its inoculation effect[ J]. Bot Stud,2017,58(1) :5-10.
Wang YX( L) , Chen NNCFAARAH) , Lin JTOM AR
et al. The new research of Trifolium[ J]. Food R&D,2016,
37:197-201.

Hu DH(#&A4E) , Yan NCIEE) , He ZY (fT4RTE) et al.
Analysis and comparison of isoflavones in trifolium plants
[J].J Changchun Univ Tradit Chin Med ( 75 A B2 24 K27
2¢42) ,2014,30.822-824.

Shi J(£13%5) ,Zhao YM (X Wk##) , Zhang Q (5K 5% ) . Study
on the antibacterial effect of the volatile organic compounds
extracted from six green plants[ J]. J Anhui Agric Sci( & #
A R2) ,2011,39:13929-13930.

Wang F(EJF) ,Gao J(EH:) , Zhang Y (5K#) et al. Fla-
vonoids content and anti-microbial activity of extracts from
Trifolium repens[ J]. J Cent South Univ T( FAEG KMol $2
A2 ) ,2015,35(3) .4347.

Jing SH ( 5 5 3) , Wang BC ( F{A %)), Pan WD (3% 1L



Vol. 30 1

PEEE AL = R B 2R B B KU AR PR TS 43

10

11

12

13

14

15

16

%< ). GC-MS analysis of volatile components on white clover
( Trifolium repens) produced in Guizhou[ J]. Guizhou Agric
Sei ( ML RRE) ,2010,38(4) :82-85.

Lu T (K £2)  Luo D( % ), Zhang JQ (KAER ) et .
Comparative study on polyphenol, flavonoid and antioxidant
activities from different parts of Akebia trifoliatal J]. Food &
Mach( £ M-5HUHK) ,2016,32:132-135.

Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of
total phenols and other oxidation substrates and antioxidants
by means of Folin-Ciocalteu reagent[ J]. Methods Enzymol,
1999,299 .152-178.

Park YS,Jung ST, Kang SG,et al. Antioxidants and proteins
in ethylene-treated kiwifruits [ J]. Food Chem, 2008, 107,
640-648.

Renda G, Yal NFN, Nemutlu E, et al. Comparative assess-
ment of dermal wound healing potentials of various Trifolium
L. extracts and determination of their isoflavone contents as
potential active ingredients [ J]. J Ethnopharmacol, 2013,
148 :423-432.

Sreeramulu D, Raghunath M. Antioxidant activity and phenol-
ic content of roots, tubers and vegetables commonly con-
sumed in India[ J]. Food Res Int,2010,43.1017-1020.
Benzie IFF, Strain JJ. The ferric reducing ability of plasma
(FRAP) as a measure of ‘antioxidant power’ ; The FRAP
assay| J |. Anal Biochem ,1996,239(1) :70-76.

Cos P,Ying L., Calomme M, et al. Structure-activity relation-
ship and classification of flavonoids as inhibitors of xanthine
oxidase and superoxide scavengers[J]. J Nat Prod,1998 ,61
(1).71-76.

Focke WW , Westhuizen 1VD'Qosthuysen X. Biodiesel oxida-
tive stability from Rancimat data [ J]. Thermochim Acta,
2016,633:116-121.

Shen Y (¥L3H) ,Zhang YZ (5K 7k 1) . Study on antioxidation

20

21

22

23

24

activity of isoflavones from Trifoliumpratense 1. [ J]. Food
Ferment Ind (5 R T0l) ,2009, 11 :122-124.

Liu S,Li S,Sun Z,et al. Evaluation of a Trifolium Repens L.
extract as a potential source of antioxidants [ J]. Austin J
Pharmacol Ther,2014,2(10) :5-6.

Mikulic PM, Slatnar A, Stampar F,et al. The Influence of or-
ganic/integrated production on the content of phenolic com-
pounds in apple leaves and fruits in four different varieties o-
ver a 2-year Period [ J]. J Sci Food Agric 2010902366~
2378.

Zhang WH (5K 3C4E) , Cao MR HI Z%) . Theoretical study
on the relationship between structure and antioxidative activi-
ty of typical phenols in lipid[ J ].Leather Sci Engineering ( J
R TR 2010520(5) :11-16.

Huang CB( #E %) , Luo ZM ( 544 ) . Study on the rela-
tion between structuré and antioxygenic activity of flavonoid
[J].J Guangdong Univ Tech( ] % TV K244k ) ,2000,
17(2) .71-75.

Erkan NyAyranci G, Ayranci E. Antioxidant activities of rose-
mary( Rosmarinus officinalis 1. ) extract, blackseed ( Nigella
sativa L. ) essential oil, carnosic acid, rosmarinic acid and
sesamol[ J ]. Food Chem ,2008,110(1) :76-82.

Kicel A, Wolbis M. Phenolic content and DPPH radical scav-
enging activity of the flowers and leaves of Trifolium repens
[J]. Nat Prod Commun,2013,8(1) :99-102.

Sun L(FMHK) ,Li ZL(ZE 5 4K) , Peng JB(E#41%) ,et al. 1-
solation and identification of whole plant of chemical constit-
uents from Trifoliumrepens L. [ J]. J Shenyang Pharm Univ
GEBHZGR 74 4r) ,2010,27 (1) 14043,

Chen XQ(BRESK) , Zhang L(5KAR) , Xu HN(FRELE) et
al. Key enzymes in soybean isoflavones biosynthesis and its
metabolic engineering[ J]. China Biotechnol ( W1 [E A= #) T2
Zid5) ,2012,32:133-138.

(b425 25 )

12

13

Xu Y(#RE) , Wang LF( EEUE) , Xu XY (RIKE =) et al.
Response surface method to optimize the extraction process of
red grapefruit lycopene[ J]. Food Sci,2010,31:255-259.
Wang HB( E ¥ ) . Ultraviolet-visible spectra of carotenoids
and applications[ J]. J Wuhan Ins Tech ( 37 Tl 2 B 2
1) ,2004,(4) :10-13.

14

15

Hu WR(#H75%2) ,Sun R(Fhai) , Wen YG (IR #6) et al.
Optimization of lycopene extraction from red grapefruit by re-
sponse surface methodology[ J]. Guangdong Agric Sci( ]~ %
Ll Bl2) ,2012,39(17) :86-89.

Hui BD( #{44}) . Chemical and bhiochemistry of carotenoids
[ M]. Beijing: China Light Industry Press,2005.



