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Evaluation of inhibitory capacities of herbal teas on lipid

peroxidation using an in vitro liposome system
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ABATRACT

Seven commonly consumed herbal teas, chamomile, chrysanthemum, osmanthus,
Japanese rose, lemongrass, rosemary, and verbena, were selected to evaluate their
inhibitory capacities on lipid peroxidation. An in vitro Fe*'-accelerated liposome
system, using malondialdehyde (MDA) formation as an indicator, was used to evaluate
the inhibitory capacity. In order to explore the possible candidates and involved
mechanisms responsible for inhibitory capacity of herbal tea on lipid peroxidation, the
total phenolics content, the total flavonoids content, the DPPH-free radical scavenging
capacity, the metal ion chelating capacity, and the reducing capacity were also evaluated.
Among the 7 tested herbal teas, osmanthus had the highest capacity to inhibit lipid
peroxidation. However, lemongrass had the lowest. The total phenolics content of tested
herbal teas significantly correlated with their respective lipid peroxidation inhibiting
capacities, free radical scavenging capacities, and reducing capacities. The results
imply that the free radical chain reaction inhibited by the phenolics might mainly
contribute to the inhibitory lipid peroxidation of the herbal tea.
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AN

B IR R S LR T e M R AL AR R Y 38 A EUSAERE - JRfT
TRERNTFE T 15 R TS BV E B RS MR AT 2 (LA R e O P 2B B = 1A
58 (Liguori et al.,, 2018) - R FLL G HTELEIEAEERENSE - KA
SLTHIFA 2 ELIE A A0 R PRI B an A (B SRV EE RE S8 5 A (Rio et
al., 2013 ) -

FHEEE ~ TR AT EEBRAVEYIR ~ %~ 8 fE+ RACAFEL AEK
AUEMRAVAEESS » SEREERTE /AR £ K ESEHGRAEE L
CUREEH T » EAOHEEHEZ ST - FEREFZMRR TRER 2
— (Chandrasekara and Shahidi, 2018) o {EEZSENE &S AEEYEME ST > W4k
Vs ~ HEHEE R - §5F - Halfes B8 ey #al B et = b EE %
2RIPEL (Embuscado, 2015; Etheridge and Derbyshire, 2020 ) - 52 7EE S5
FEYREFRHRAMEEYEHEE B A SN 8 HEERENE - flnsE
WEXHAYZGFE (Chrysanthemum, Chrysanthemum morifolium ) » 15 HEEEE | HA
SEHFBHE ~ BiEEEEOE R TEHI TR o A fE Y ES B AL JakEE X Rl i 14 A
1015 - G ATSEHTE S LES (superoxide dismutase, SOD) &M TN
ATz [ (GBS 30055 14 48, 77 7~ (reactive oxygen species, ROS) HIAE'HE s E AL E D)
malondialdehyde (MDA ) B94: 5% (Lin et al., 2010) o 5L EAREE ) 23K
HINEE( L&Y - H14E acacetin ~ apigenin B luteolin 2255 &/ 5z chlorogenic acid
B dicaffeoylquinic acid ( Lai et al., 2007 ) »

B EERHEA R S E RERE RIVELRE » AMERSEEERPIE
DRAIEERE R BRI % - NI ST H B9 Rab il T e AR E B St

HNRE T R 020 S A I A AR S8 B Y RTRERIC T S s B -

R~ MR

— ~ Mt kB

e f —ofe

iR R EE N B FH% (chamomile, Matricaria chamomilla) ~
B S5 {C (chrysanthemum, Chrysanthemum morifolium ) ~ #£1{E (osmanthus,
Osmanthus fragrans) ~ 7 2 B8 {6 (Japanese rose, Rosa rugosa) ~ & {5 &

(lemongrass, Cymbopogon citratus ) ~ 7857 (rosemary, Rosmarinus officinalis )

80



EFFF 555
2021 & 12 *
¥ ¥ 78-91

K FEHEEL (verbena, Verbena officinalis ) 558 H ¥ 17T— 2 /NI EEHLERE)E -
Folin-Ciocalteu z& 7| -~ 1,1-diphenyl-2-picrylhydrazyl (DPPH) -~ 2,4,6-tris(2-
pyridyl)-s-triazine (TPTZ) - butylated hydroxytoluene (BHT ) - 2-thiobarbituric
acid (TBA) - trichloroacetic acid (TCA ) -~ ferrozine Jz gallic acid ~ catechin Ei

ascorbic acid FfEAE TLIEH sigma 7\ H] ©
=~ TEEERER B

FEAL 1 g BB RIR % AR > BL 200 ml 20K (95°C) 278 20 733 > AR A PR
TEESRALR > RHEERER a7 B -20°C - FHEGE T -

= BEHEENE

% H Folin-Ciocalteu £ 7% ( Singleton etal., 1999 ) fi A gallic acid ffE#E T
HEESLIEE - FYEVETIIA 0.2 ml 3 E FREAT L S A58 A 1.5 ml £ 10%
Folin-Ciocalteu 5% » JE &1 JE 5778 > FIIA 1.5 ml 6% NaxCO3 /5% » BN
ERE 30 7r8E% 0 HIERE 760 nm Y GE - [CEFEGESL 22 ng
gallic acid equivalents (GAE)/ml 7 »

o~ R EAE

FRHZEEEEE7E (Chang et al., 2002) LA catechin e ol E 4EFH =
fiE®E o REVEFIIA LS ml EEMBRIEE R M 75 Wl HY 5% NaNO; »
[ZJE 6 5388 » FEAIA 150 wl AICL 7750% (10%) - BEFESFE 5 578 > FEAIA 500 pl
NaOH /&% (IM) > I ALBET/KEfEEEEE 2 2.5 ml > HIE K 510 nm AYIK
A - fERFRERS =2 2 DL ng catechin equivalents (CE)/ml &R -

A~ IFE#AS(ERE

ARIAFEER RS L (liposome) ZHifF HHEE BE L - I LAREE B A
{E4%EEY) malondialdehyde (MDA ) Sf5iE » SHE RS EAIHINEE B A LAYRE
J7 (Duh et al., 1999) - KR E GRS (G1E - 68) IABBESENR (0.1 M,
pH 7.4) 1 SRE S 10 mg/ml - FLEBEREZ 30 78850 il dHs s gy 24
tH o (EAE P IIATEESRER ~ fUASHIAR ~ FeCls 5% LA K ascorbic acid /2%
EIZRA% BN S0°CAKARIE 2.5 /NI% > (L HAsE%E/(L - Bl A BHT -
TBA B1 TCA 75K » #7KaIEL 20 774 » ff MDA 81 TBA KJE AL T
thiobarbituric acid reacting substance ( TBARS ) » Aal{&EE L » B EERMNE N &
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532 nm B SEAE ©
7~ ~ DPPH H HEFREETTHIE

2% Ho F A (2010) #RAYTEMNE DPPH 5 HEIEFREES] - 20 pl —
R A RCERY 96 FLERMN > FHIIA 200 pl DPPH FEEEIZER (0.1
mM ) - FAZEE TN 30 S8 HIE 517 nm ZIRSEE o A PAGEKE Ry IEA -
TEESR ey DPPH B EREUEPRAE I LLE 73R (%) Fo - 5T HRAZATT
DPPH H HEEFRAE 1 (%)= CEIEHIR O -1 an B E(H ) IR OB (E > 100% -

-~ BEITAE

FRFH ferric reducing antioxidant power (FRAP) J57% (Benzie and Strain, 1996 )
AL ascorbic acid Ry e ol ESEE A BB AR T - IREVE T IRFIA 50
ul YZREREE SR ~ 50 pl Y 3 mM FeCls &85 900 pl 19 1 mM TPTZ &5 » Bk
EJ&RE RN 620 nm B EE © 22 JJ DL pg ascorbic acid equivalents (AAE)/ml
TR °

N\~ T ESRE

(EE S ERGE im So S8 25 S BE T AIE O s Jamuna 25 A (2012) 283R1Y
J37E o % 50 pl fE AR AR E Y 96 FLEE T FHMRIFIIAREE (200
ul) ~ 280 uM FeCly (50 ul) K 1.4 mM ferrozine 251 (50 pl) » FAZEZIE 10 45
IR E R 540 nm IYEAE o DAAKIE B By oo s T2 A RE 1 oA
BH7ER)FT  sFEAKAT -

So TR A RE 1 (%)= CEIREH I B -1 L B ) HRAH I (B < 100% -

Ju~ &Etath
FTA B & LU EAREEROR - SHRIZESLL one-way ANOVA 34t » H

L Duncan #{ TSR LT © FHEETERR A Person’s test #E{ T34 - BIEZREIER p
{E/INIR 0.05 - DLES RS 3T B S SPSS B4R HETT -

2~ ERNE

— B REERR R
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TEERAS T RIEETE BIINE — - BB aRRAE SIS
SRR E OB L » S5 R E0HEIA 500 pg GAB/ml - FEELZ 2 FEHE
B QSRR Ry 421 ng GAE/mI - SIEEHGTE - SEH A B B S TR SRR
KSR & REE » 17 200~ 100 pg GAB/mI © [EBEEEANE S 42 ng GAE/mI 44
S8 FREETE R EBICINT 110 - (E4OESIS B85 B Ba R
RSB TEE AR (155.8 ug CE/ml) » IR BEHIE (123.8 g CE/ml) - 4
L~ WEGUE - RSB EUEH S LS A 2 B, 41.0~103
hg CE/ml » BEfEESERME S 4.5 ng CE/ml « 18 7 REHERAOTCELRCAR » HETI4E
S RS E BAES - K WM S T RS E R ERE
IHE s LT 44 T T B 94055 T R M A LA

=~ IR E BEIEES

& — R E AR B B MR R AR B S B Y MDA A2 A28 - &SRR
B (/K) BURSHEERE - BR TR EORESE » B 6 OB EEREE sEHIH G
BB EAL > FIHIRE D] S M EARF Ry A > BO > B S H o A 5 8

-

BRI

= - DPPH HHEFIREET] ~ BB T B SR FRIFAET

[E

CRACEREE B RS MEE  DPPH HHEISERAEDAVEbHLR > &
MR SRR MEFRRaE Tl 2 T % - ZHMEE (dose-response )
T IEERR 50% DPPH H HAFTFRIVASEIE (EDso) » AIREHIEfCE IR ER
A E HEERRBE TR S MRS Ry - M BER e >Rl E> 2B wm e H
FRIEEAEGE (R - B = RAEF RNV IS T B S RE IHIR R S e
gk o £ 4 EHRE T - BHEEAYEEEE T E SR IEE 904 % 0 K2 0 KR
[EF 5.0 % - IR EDso () > {LEREA il 2 arE TS MK
KPRy - RS H a8 B m A R i B EHE G E> AR - A1
ZHR > IEEIREAVEREE DR E SR R - IBORIEE R E>5E
B LR s> m> R R - TR Sn bl EH A BFRAE J7 8L o s
Eore1aRaRssisi A~ —2 o HEEERE RIS b S -

v ~ FHER AT

SALEBE I B B KR ILEACHI R BRI - &iEpoE S (reactive oxygen
species, ROS) FoEME 57T (reactive nitrogen species, RNS ) FYHEH » #E IS LL
EMESFEH A ERNERE - EHE K DNAEALY) T BEOIRERE
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FAHREAHARAVIEE - RIABERR N » (B(E T mEmaE & R - (2888 > A5
B E b ET2E R ROS &M H A E - EIEARLLE - 18RRI
={E[SEE (Ayala et al., 2014 ) - @& BHHE (hydroxyl radical, OH ) &% H
FH%: (hydroperoxyl radical, HO, ) Fy2BLMA#H S LK fER E 2/ ROS » Hrh
A B ALY iE e R R PR S < JE B TP fiE (B AY Fenton reaction FHEE
Zf2#ET (superoxide anion, O2) BEHA[IZK - It > FERAEE E AL ERTT]
REMEHIELREA: (1) PR ROS A:RK ~ (2) JEFREGHET B AR ELL (3)
EOmESEHT - R =ZBURICE RSB & & EAIHIlE B EbEE
DPPH HHAEVERRAEST ~ BIRAE S EIRBEAER - (HELS B2 G RE JIERE - 28
MAESR R BRI = 2 2 LS T A R T B AR BRI - RSk - TES SR
A LRE /T B HEDE R K2 R BE 1A RS 1ERE » (HELS BB S RE T HRR -
B A R R L I Y E TR AR RIS E i E bpe I EZEA Sy > HE
E A& TT 55 /2 2 A RHEr B A SESE S TE -

TESFEE Y F - By b &Y s R ] DUE B I 5 i A e S Y
AEAR B JEE B AE 1T e R B P H T o TRV EALAFH - #23d R B i BB TTHI R IR
LEILEIE Y - B4 - BB b &Y E=E SIS R - REMEENE - 22
B ZE M R R E A A R E IR S FE S R AV AEYENE - S B e AR
ARBEAL ~ BEPRIAE ~ JEiE RS R 1€ MK (Forni et al., 2019; Ozcan et al.,
2014; Pandey and Rizvi, 2009 ) - {F 7 faHlEE R FAEACHIHIRE & B A LAYRE
g IBLEY Rt RERE - FEILETEE RV EHREY) - EAERER
HRPRRREL » BT HE AR —EHFERRGEM - Lo EEH&F
acteoside ~ salideroside ~ phillygenin ~ rutin B verbascoside 25 B3 & (b E AR EE
{E&%) (Hung et al,, 2012) - FEACAVEPRULEYIER T HA BHHBEEREETISN -
L TRE K7 (= E/ER] (Lee et al., 2007; Xiong et al., 2016) - S5FNRIFE
SHUL BRI R LRE 1 R Y8 & B35 R = NS EERER - HERER 7
TRE N EER ARSI S & BB MR EN Z AL - 3845y rTRE BRI
KETE AR ARG - R BB LEYIHIRET - Abdel-Hameed 25 A (2013)
R EGC R MY B AT A L A EiR s - EREtEaYas
81 DPPH HHEUER KRR IRE I 2 &SRR - ZAmm B fue &M fmAd Rt -
B F A E AL &Y Ry nl K BEEE (hydrolysable tannins ) 1% Bi 2 £

(flavonol glycosides ) - # € AV s N EEHE S quercetin-3-glucose-(1—6)-gallic
acid ~ rutin ~ quercetin  3-O-B-D-glucoside - kaempferol 3-O-B-D-glucoside -
kaempferol 3-O-a-rhamnoside & quercetin 3-O-o-rhamnoside 25 o 75 Lo i
TEAREECB L SRt E A W E 2K (Cai et al., 2005; Kumar et al., 2009 ) - JFH
e TR HAEE TSR EEEEE R HIERES T ERE
HULEAL - PR - HiE - D K IRE M E D gE (Carnat et al., 2004;
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Zemestani et al., 2016; Ranpariya et al., 2011 )  JF£H%g/Kz5@HY DPPH B FHESE
EMEEEVR(LEYIe 8 EHEE R - s FEIVEELEYA ferulic acid
chlorogenic acid f{1 apigenin-7-O-glucoside ( Sotiropoulou et al., 2020 ) - Duh 2 A

(1999) DAsgfeir ~ flAsf b 898 7R & = fi g/ ME L I S8 & ik
KBRS - 3R 4 A KA LEEHNS Y tocopherol » H.
KV TR G LI L&Y & &R - Gong FEA (2019) {E4G{EH
f R DU FE 2 BB &%) » B245 mono-caffeoylquinic acids ~ di-caffeoylquinic
acids ~ phenolic acid ;7 flavonoids » H.H caffeoylquinic acids iV& &= B8 b/E M
HREZE fHE - Khan 5 A (2020) 5 H 4 {5 & A gallocatechin ~ apigenin
rosmarinic acid - caffeic acid ~ thamnetin f1 quercetin ZEHiE L EEY) > BEHT
IR FRNIEE MEHE AL - BEbE B RADIELR - £ 3 K
ERAVE RS R USSR B S LAVEE T8 - R A (LERAH R B
& iridoids ~ phenylpropanoid glycosides ~ JHe /i ~ fifi& ~ terpenoids DA Kz H
% (Kubica et al., 2020 ) » HA By R L &Y)0Y & 8BS S /Kt
2 EBEJJARE (Rehecho et al., 2011 ) -

=

fEEIRERHE S e B e MR E B R baE S ~ BBAEERETIE
JFRETI 2 RAE AR - LA RBURCE R B 2 By ] fE 2 1B H BT 5 bk
s N EAE A HIRE ERVAESE(E - BIE 2 2B LSRR A B (KA
HiEE(EIHE -

SE
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T— (ER ROV I R A ST o &
B2 2T AT
(ug GAE/ml) (ug CE/ml)
FH%  Matricaria chamomilla 14 168+2°¢ 19.3+0.7 F
e/&e  Chrysanthemum TE4& 196+1 ¢ 41.0£0.4°¢
it morifolium
AL Osmanthus fragrans TE4- 514+9° 155.8£7.0°
TEH  Rosa rugosa 14 540+62 31.0+0.5¢
fE
MERREL  Cymbopogon citratus i 4241 ¢ 4.5+0.18
wKikZE  Rosmarinus officinalis etk 110+2F 25.5+0.4°¢
FEHEET  Verbena officinalis K 421+7°¢ 123.8+3.5°

R ABER

N

ExHy DPPH B HESFFRAE YT ~ safilE T2 aRe ) KB AE

DPPH HHEIEPREES) ik r 2 aRES BIFFES]
(EDso) (EDso) (pg AAE/ml)
FH% 0.398 0.306 133484
EEE AL 0.355 0.307 139+3 ¢
FEFE 0.136 0.369 373+5°
T ECIRAE 0.071 0.409 597+72
fEf e > 1.000 0.815 2443 F
iy 0.679 >1.000 116+5°¢
FE ML 0.208 <0.125 304+7 ¢
== HHEAME
islEE® 2 Mmas 98=Ea DPPHEHMAH EEfESN
F4bsE = HRFREES]

e 0.892%*

(p=0.007)
WK R 2 0.738 0.694
= (p=0.058)  (p=0.084)
DPPH H H 0.898* 0.991%* 0.615
Eskege s (p=0.006)  (p=0.000)  (p=0.142)
BIEEES 0.755% 0.941%* 0.422 0.963*

(p=0.050)  (p=0.002)  (p=0.346)  (p=0.001)
O S e B 0.668 0.536 0.538 0.510 0.383
SEE (p=0.101)  (p=0215)  (p=0.213) (p=0.242)  (p=0.397)
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