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AU, WbsA A el e Bdw
x9] 7Hs Al el Akwm.gkt,

A =7A Bl ARE @Yl gloixde <t 2 =
dolm a7 F kel oF 30%°] ReelA A
Hol== AgE H(Frankel, 1998a). 2lo] A2 9
keal(37.7 KJ)/g®] olUAIE ksl chuldojut g
FoERT of 2] Ak T B2 dUAE i,
gk HER A, D, EE 9% $AEAN F5E 5
AN v E¥3} Akl = linoleic acid )

(n-6)¢} a-linolenic acidAl(n-3)7F Ao ol&2
AAel A= AL 71 glors SA0 2R Y
AHsof stk o B33} A1k prostagladin,
prostacycline, tromboxane 59 7F 23k &
9] eicosanoid FA o 23 98-S 3K Dunford,
2001 and Frankel, 1998h).

AE&AY AAE skl e 414
Ag D 7k Sl atsb wasic) o 3y
E7 oJofshd LA 1w

ol

N
i

P N ofN rfo

fo oy =2

HDrozdowski, 1996, Frankel, 1998b,
and Malecka, 1997).

A Asikse 7] AaiukS(free radical
chain reaction) &2 Wh&- frej7]et A1 &
7FA 21K Frankel, 1985 and Min and Boff, 2002).
AFsashs 2710k, Aoghg, FANE & 3¢
A2 o] Fo XK Frankel, 1998 and Gordon, 2001).
Abslel spshikg-e ure EAouxE Fa = 3§}
w(Labuza, 1971 and Hamilton, 1989), ¥k

P!

ray, 1978
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ol Wl 2o 93] FXEt) Triacylglycerol
AstEe 5] Eshw 9 AR 9]l whet
g2} A] ] (Szukalska, 1999 and Yanishlieva-
Maslarowa, 2001a), T& =33} AWk 3}
A2k B Atstell o wzketeHFrankel, 1998c).

APsbES Al Bk ol el AEAdAE o
ojttt. ARl QlojA] Absk= tiAbY ol ol
YAIE Mzed ddsiA|vt o] gL FAld g
715 Ao ER AxY Tes EEA7IAY
LDL lipoprotein®] #3 2 DNA =] 55
doA AWS FEAIZITHFrankel, 19984, Frankel,
1998b, Frankel, 1998c and Frankel, 1998d;
Ziemlanski & Budzytfiska-Topolowska, 1991). =L
YRR QY TleA FHAdA AFe] F4
SHANA T Qs AEA BAS A7 F

Aol st

KR
=
)
L

N 2=

-

1. Food antioxidants

PrtstAl= A7) Bt Al AREEo] $hA|
W OEs AYsldl A 4k 7P dubAel
e AFLR At dAs] A7 o
Ak e Edolgta & ¢ slk AdsiAl=
2 H7behe EAEA AT gu 45 A
Ao A AFS Akl MAES  EolFErt
(Halliwell & Gutteridge, 199).

FasiA o] A M7l S-S v 2 5o R
U= & AtHGordon, 1990, Szukalska, 1999 and
Yanishlieva-Maslarowa, 2001a). 3 W 12} 3
A e FortR of7jde HiE sE E
FHE o] EFFEM Ak A g zE 3
2AZIAY kA ATt 9 eAE A
ogA IsHES EEAsE A7 EAlo dat
shAle] 4 EAdh T odA 23 IAESHA

FTE(0.001-01%= &39=
s T BEFNES A F
gFow AMgalH kst G FHAE AL Ats
XA T Qi

FikstAl= A dilstAlr T AR

= 4 1o BHT, BHA, TBHQ, GP, =33
= 2=l 5%, ascorbic acid So| 7P o
WA oz AREET (Frankel et al, 1996 and
Nguyen et al, 1999). < 2 d FoF & A4
akstAle] AR AR
(Barlow, 1990, Kaur and Kappor, 2001, Prior and
Cao, 2000a and Prior and Cao, 2000b)3] $kow
2HIAREE A FAtstAle dis)] =2 #AES U
Eha lok(Jedrusek-Golifiska and  Hes, 2000
and Pszczola, 2001).
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THHoulihan and Ho, 1985 and Pokorny, 1991).
H Evls =4 ek o] axEe] gk
Om(Gramza et al, 2004, Herrmann, 1976, Parr
and Bolwell, 2000, Prior and Cao, 2000a and
Prior and Cao, 2000b), Z&]dE A F< s}
A kA AS Zhe 24S st

9lt} (Harbowy & Balentine, 1997).

2. Tea polyphenols

=2} ZE)ulES flavonoid 24 flavones, flavanones,
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isoflavones, flavonols, flavanols 2 anthocyanines

o= ARSIy 159 e Fig 10 o
ERd mho} o] C6-C3-C6 €4 #AS 2 9l

THWang, Provan, & Helliwell, 2000a).

Fig. 1. Flavonoid®] 7] +%

lyphenol—Q 1:}_8_ §]r‘6’1—?-1§. Zh= §]_t;fj]—%
Shetar flow ofo whh oy 7hA| A=)
A& Zteth sAkldlE 67149 F8 71|
<, (+)-catechin (C), (—)-epicatechin (EC),
—)-gallocatechin (GC), (—)-epicatechin gallate (BCG),
(—)-epigallocatechin (EGC), (—)-epigallocatechin
gallate (EGCG) (Ninomiya, Unten, & Kim, 1997)
£ FHretar vk 74zl s A= Fig. 290
vehd vkel Zow b ow Il 84
oL FAolu 2} o) A %33‘3\}3 LT

e i R R ) b 82 A R s A S
b LERAT EX}J Rt T

theaflavin@} Z-49] thearubigen
S EF 9,19.11], O] AL catechin®} gallocatechin
9] quinone ®HSOll 9]l AAdE T} Theaflavin
= oF 2%(Balentine et al, 1997),
thearubigen-> 10-20% %= ¥} UK Sanderson,
1972). =2kek Sake] F8 Apolxd2 7HH|71 4k
3} =329 3 Aot Graham, 1992 and

A 1—kl -

T X e

Millin, 1987).
2} polyphenol®] EHFE F8 IFOZ 2} AR
ok 3962 x}A|3F= myricetin, quercetin, kaempfenol

59 F8AEdo|HBalentine et al, 1997 and
Cheng and Chen, 1994). °]E2 glycoside®} aglycone
FHEA AEA EAg ge
rhamnose, galactose, arabinose, fructose &S.=
TA% o] tHEngelhardt, Finger, Herzig, &
Kuhr, 1992).
2kl A AF Axv)e By olld ) E

&, A, B, dxEd Tl wEk Aol
(Chu and Juneja, 1997, Fernandez et al., 2002,
Lin et al, 1998 and Wang et al, 2000b)7} 1}
Aol AR vl Tl wEbE Alol
7} Yl Wang et al, 2000a and Wang et al,
2000).
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3. Antioxidative proprieties of
tea polyphenols

B A= #F polypenol] 3Htst

ox

o

=

B 7PsAe malFAh A AHe A
Bol FAQAE ATH 3] Aol 3
[e)

S AAAF o2 GAaksiA A 28-S Gramza
& Korczak, 2004). Wanasundara and Shahidi
(1996):= 7}l Al =34717F Adtsto] BHT,
BHA, a-tocopherolel] ®]wajA 743 k3l 2Hg
& Yepdtkar #7436l

zkelel wra g F<t flavonoid FE|S] W FH o
% &8kl LDL fractionoll A kel gxke] &
AzlEe v&sittr HuEda(leung et al,
2001) 2¥ AFAEL gliphatic systemoll A =4}
v SAHED 40% Y = FAsS vehdita
B3kt Hodgson et al., 1999). Z1&i1} Gardner,
McPhail, and Duthie (1998)= hydrous®} aliphatic
systemoll A H2F FEEL2 33 FEE Hu #
F Uz AA%F] oF 21-4% A% ¢ =vxn
Haskglth saket 4 FEE9 42 flavonol
SE] gk kst vudd Ax 533 2
oli= YA 294t} Amarowicz and Shahidi (1995)
= B-carotene/linoleate +3}=olA 2} FEE
7VeZ) 2= kst nla A3 =3 5
o] MRl 3= By dikstEe] ¥ Eria
St S 1E]al RhA S AE-S A9 ‘the
mixture effect’2til  E2]YA=d Cuvelier &
(1996)3} Korczak 5(1998b)2 w2} &5 29
Al Bl SgtE e W owk ofye) AdsAg The
A% agEo]ok gitta Basiict =HAkeh 3t
FEE e FolH g Nk ol %
Ab vla s v} DPPH 2hj2h A5 =
OJHAE>EA-9-F4F o= LERITHVon Gadow,
Joubert, & Hansmann, 1997)1 R.13}%1oH
Yokozawa 5(1998)°l ]3] ERI= 3t} Salah &

=

=l

(19%)ell wed 7o 2 gz e
ECG>EGCG>EGC>EC>C 2¢]" Chen and Ho
(19%)ell Wa™  EGCG> ECG>EGC>EC>C &
olg}ar Bl om o714 cateching EGCG &
de] AN = vERdATEAL akgith

Theaflavin®} thearubigen®| 3HiFaRAlol] dish
Yoshino, Hara, Sano, and Tomita(1994) <379
oshd o5 FgE FkslE2 ascorbic acid,
glutathione, a-tocopherol H.Ut= =A% EGCG,
BECG, BGC Brh= v Zlo® 1 stk Wilska-
Jeszka, 1999). %3k &2} polyphenol?] theaflavin
¥} thearubigene £ d4tsld Edo)x|ut 71€)7]
Hobes vrhal B skl tHWilska—Jeszka, 1999).

Miller, Castellucio, Tijburg and Rice-Evans
(19%a)< theaflavin?} ©]52] gallic ester =2l
ek FakshdS olzE =8t Freo] wet )zt
2750 it Budleity. & flavonol€]
85 18 7 S7FEE AF polyphenol ]
ksl F7HES wala gl

Hagerman and Carlson(1998)3} Hagerman 5
(1998)2 Ahshd] &domiy JPd B4ds B
setomA dstAlEA A8k tanninol] sl
A3 Higashi-Okai, Taniguchi, and Okai
(2000) & =3 =] HjEY A SR
259 Fxo| we linoleic acid®] 2HsHE S5
S Hold alslESs 7S Barsigivh Pheophytin
a, b H|$3F dAsES Hol5 a-tocopherol
3 =2k 7 B o] =9 S AFEEL
akstE S a1 FHEZloNE oESHA] Bes
El] 3ok

A AFREL 3 polyphenold] AH3FEZIA
o s E Fgk vb ol o] 223} Al
Eo] Mg Wk o} FY 55 ZArolE
3, pH, &3l & o] QA ofaf =
= ATHDecker, 1997).
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4. Emulsified lipid systems

AsiAlE el wet Akt o] dEbxith
Porter, Black, and Drolet (1989)2 =4 3HitslA
= bulk oildlAE= &de] o AT w54 it
shAl= olEd el &Aool o At ®ast
%At} °]+= polyphasic systemollA @xkabA| o] <
A9} FEE 150 S &3k oEES U
Ehy) 11 ¢ItHHuang and Frankel, 1997a, Huang
et al, 1997b and Huang et al, 1996). s2ks}A]
+ AHolut FAE FAES &84 Al
S W=t McClements & Decker, 2000). %
A BakskAlE= ‘ol in water’ F-3E0lA ¢ &
Aol A kA= bulk oilollA B &3}
Z o] thFrankel et al., 1994). Lecithin liposome®}
SFEF7IEA 24 MRS 3kl el o
i A7d B} =t lecithin liposomed| A& =
A} catechin gallate”} ¥ofwt a2Fs}A) S
& Frankel, 1997a), epicatechin®} catechin lipid
phasecl A © &A1 MbstAlR 283515 om
gallic acid®= hydrous phasedld =7 &z &
o] HolWtHSalah et al., 1995).

Pekkarinen “5(Pekkarinen, Heinonen, & Hopia,
1999)2 methyl linoleate®| 4] myricetin, quercetin,
kaempferol, (+)-catechin®] &4tsl g i3]
Arala=] 1 A% liposomed} LDLAE &
Ski-5h= systemellA1eF €] ¥=A methyl linoleate
ol A+= a-tocopherol X} B =3t} Samotyja
S(Samotyja, Gramza, Malecka, & Korczak,
2004 % A} polyphenole] 3k A& A2l =,
rapeseed®} sunflower oil triacylglycerolollA] =2
ksl 84S EhiE o FUAth A flavonol
o] gikst 3L 719 pHS sk ks W
+=THGordon and Roedig—Penman, 1998 and Roedig-
Penman and Gordon, 1997).

Jo o2 ol
2 ot —Ti

o

ol

3 3 (Huang

5. Bulk oil

8
gk A77F o] Yk Wanasundara and
Shahidi (1996)¢] =2k 7He|Z1e] dHibsteel oigh
Aol eJshA offoll sl 7He|Z1 a-tocopherol,
BHT, BHA, TBHQ Rt U #5-5 HAFUTH
7HZ19] @atelee ECG>RGOGEGCRC =02
HERIT]: Havonoid 5 53] myricetin®} (-)epicatechin
2 HAKR oildA =L FrkstEs Yepdlt
(Wanasundara & Shahidi, 19%4). =3}, 34}, $-%
2t 4 FEES o83 rapeseed oil9] oA S}
A& (Chen, Chan, Ma, Fung, & Wang, 1996b)ll
A mAb FEE- BHT HI8) oil®] ’\}@ri}ﬂp‘

whg A AsEE & 5 doln $BA
= 49 e 2 sles e
A

2} FEEL dg Fobd Hi polyphenol-% o
= A3k akslE S B

51 a-tocopherolo]t}
BHT ®t} ¢ =& aislae wo] T2t Koketsu
and Satoh, 1997).

6. Food products

Tang S(Tang, Kerry, Shechan, and Buckley,
20022 & 7 5o 4 AF20TAA 12
NY) =oF o Holo HrtE =x) 71719 ok
T} a-tocopherol FAAJOl tiall A= L
A3 7171 A7V} a-tocopherolE HE8Fa B

& AbstE 2Ags Hol FUoh ey e d
TAES &4 meat balld] gt =2k FEE9
kst 24 dERA ettt Hastel
(Korczak, Hes, Gramza, & Jedrusek-Golinska,
2004).
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FHe H7e St vl ek sighee] wWelrt
oK Frankel, 1998a). % polyphenole] $5-<]
HA Fgell wA= Gl dis e vk e
oS =319} T219] polyphenol &2
HAE o tﬂo] sheh=ol Aol

1}

lo

S5
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polyphenol®} ©Hald o] A}% 28 71gAdo] AJALE]
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=5 YeERItHArts et al., 2002).
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Hol FAth o]AH B dAgAEe] o2 7HA
7Fe/ds HoFdgdlE &8k Qb A%l
&k A+ polyphenol®] elaliet o GAlgh A=
s8] a3t} XK Camellia sinensis L.)E 20|
polyphenol®] F83F oz @ AyR=
ol5¢] aMispdel thell A-elgkel Polyphendl®] &
AshEat o] o] mzhE 2Elal tE AelA e
2] 7HA] O Fol od3] o o

5 of
NN 15 Y 23 58 4y
o g

1. Amarowicz, R. and F. Shahidi, (199).
Antioxidants activity of green tea catechins in

a beta—carotene-linoleate model system, Journal
of Food Lipids, 2, 47 - 56.

. Arts MLJT.J. Arts, GRMM. Haenen, L.C.

Wilms, S.A.JN. Beetstra, CGM. Heijnen and
H. Voss et al ,(2002). Interactions between
flavonoids and proteins: Effect on the total
antioxidant capacity, Journal of Agricultural
and Food Chemistry, 50, 1184 - 1187

. Balentine, D..A. Wiseman, S.A. and Bouwens,

LCM (1997). The chemistry of tea
flavonoids, Critical Reviews in Food Science
and Nutrition, 37, 693 - 704

. Barlow, SM. (1990). Toxicological aspects of

antioxidants used as food additives. In: B.J.F.
Hudson, Editor, Food antioxidants, Elsevier,
New York, pp. 253 - 307.

. Beare-Rogers, J. (1988). Challenges for lipid

nutritionists. In Dietary fat requirements in
health and  development (pp. 201 - 206).
Champaign Illinois: AOCS.

. Chen ZY. Chen, P.T. Chan, HM. Ma, KP.

Fung and J. Wang, (1996b). Antioxidative
effect of ethanol tea extracts on oxidation of
canola oil, JAOCS, 73, 375 - 3%0.

. Chen CW.,, and Ho, C.T. (199). Antioxidant

properties of polyphenols extracted from green
and black teas, Journal of Food Lipids, 2, 35
-46.

. Cheng, QK. and Chen, ZM. (19%4). Tea and

health, Press of Chinese Agricultural Sciences,
Beijing China.

. Chuy, DC. and Juneja, LR.(1997). General

chemical composition of green tea and its
mnfusion. In: T. Yamamoto, LR. Junega, D.C.
Chu and K. Mujo, Editors, Chemistry and



134

SU- 9 &%=/ Tea constituents(Camellia sinensis L.) as antioxidants in lipid systems

applications of green tea, CRC Press, New
York, pp. 13-22.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cuvelier, ME., Bondet, V. and Berset, C.
(2000). Behavior of phenolic antioxidants in a
partitioned mediumiStructure - activity relationship,
JAOCS, 71, 819 - 823.

Cuvelier, M. E., Maillard, M. N., & Berset,
C. (19%). Synergistic and antagonistic effect
in pure phenolic antioxidant mixtures and in
plant extracts. In Ist congress o the
European section of AOCS, Dijon, 19 -20
Decker, EA. (1997). Phenolics: Prooxidants
and antioxidants?, Nutrition Reviews, 55,
3% - 398.

Dreosti, LE. (199).
Antioxidants and  polyphenols in
Nutrition Reviews, 54 (11), S1 - S8
Drozdowski, B. (199). Lipids Chemical and
functional properties of food constituents. In:
Z.E. Sikorski, Editor, PWNT, Warsaw , pp.
167 - 252.

Dunford, N.T.(2001). Health benefits and
processing of lipid—based nutritionals, Food
Technology, 55(11), 38 - 44.

Engelhardt, UH. Finger, A., Herzig, B. and
Kuhr, S. (1992). Determination of Flavonol
Glycosides in  Black Tea, Deutsche
Lebensmittel-Rundschau, 88 69 -73.
Fernandez, PL. Fermandez, F. Pablos, M.].
Martin and A.G. Gonzales, (2002). Study of
catechin and xXantine tea profiles as
geographical tracers, Journal o Agricultural
and Food Chemistry, 50, 1833 - 1839.
Frankel, EN. (1985). Chemistry of autoxidation:
Mechanism, products and flavor significance.

Bioactive ingredients:

teaq,

19.

20.

21.

22.

26.

. Gardner,

Inn DB. Min and TH. Smouse, Editors,
Flavor chemistry of fats and oils, AOCS,
Champaign, Illinois, pp.1 - 37.

Franke, EN. (1998a). Foods. In Lipid
oxidation (pp. 187 - 226). Scotland: The Oily
Press Ltd.

Frankel, EN. (1998b). Biological systems. In
Lipid oxidation (pp. 249 - 292). Scotland: The
Oily Press Ltd.

Frankel, EN. (1998c). Free radical oxidation.
In Lipid oxidation (pp. 13-22). Scotland:
The Oily Press Ltd.

Frankel, EN. (1998d). Antioxidants. In Lipid
oxidation (pp. 129 - 167). Scotland: The Oily
Press Ltd.

. Frankel, EN., SW. Huang, ]. Kanner and

JB. German, (1994). Interfacial phenomena in
the evaluation of antioxidants: Bulk oils vs
emulsions, Journal of Agricultural and Food
Chemistry, 42, 1064 - 1059.

. Frankel, EN], SW. Huang, E. Prior and R.

Aeschbach, (1996). Evaluation of antioxidant
activity of rosemary extracts, carnosol and
carnosic acid in bulk vegetable oils and fish
ol and their emulsions, Journal of the
Science of Food and Agriculture, 72, 201 -
208.

DB. McPhail
Electron

and GG

resonance

PTr,
Duthie, (1999).

spectroscopic  assessment of the antioxidant

spin

potential of teas in aqueous and organic
media, Journal of the Science of Food and
Agriculture, 16, 257 - 262.

Giese, J. (1996). Antioxidants:
preventing lipid oxidation, Food Technology,

Tools for



AZIE FI183 M4R(2005. 12) 135

30.

31

32.

. Gray, J.

11, 73 -79.

. Gordon, MH. (1990). The mechanism of

antioxidant action in vitro. In: B.J.F. Hudson,
Editor, Food antioxidants, Elsevier, London,

pp. 1-8

. Gordon, MH. (2001). The development of

oxidative rancidity in foods. In: J. Pokorny,
N. Yanishlieva and M. Gordon, Editors,
Antioxidants in food-practical applications,
Woodhead Publishing Limited, Cambridge,
England, pp. 7 - 20.

. Gordon, MH. and Roedig-Penman (1998).

The antioxidant properties of quercetin and
myricetin - in  liposomes, Chemistry and
Physics of Lipids, 97, 79 - &.

Graham, HN. (1992). Green tea composition,
consumption and polyphenol chemistry,
Preventive Medicine, 21, 334 - 330.

Gramza A., Khokhar, S. Korczak, J.,
Gliszczynska—-$wiglo, A., Klimczak, I,
Malecka, M. (2004). Antioxidant activity of
tea extracts in lipids. In XXIX international
FEBS congress, Warsaw, 26 June -1 July
2004.

Gramza, A. and J. Korczak, (2004). Tea
extracts influence on catalytical properties of
Fe” in lipids, Polish Journal of Environmental
Studies, 13, 143 - 146.

(1978).
oxidation: A review, JAOCS, 55, 539 - 546.

Measurement of lipid

. Hagerman, AE. and DM. Carlson, (1998).

Biological responses of tannins and other
polyphenols, Recent Result in Development
of Agricultural Food and Chemistry, 2, 689
-704.

3.

41.

. Halliwell, B.

Hagerman, A E. KM. Riedl, G.A. Jones, KN.
Sovik, N'T. Ritchard and P.W. Hartzfeld ,(1999).
High molecular weight plant polyphenolics
(tannins) as hiological antioxidants, Journal
o Agricultural and Food Chemistry, 46,
1887 - 1892.

. Halliwell, B. (199%). How to characterise an

antioxidant: An update, Biochemical Society
Symposium, 61, 73 - 101.
Gutteridge,
(199%).  The
measurement of antioxidants in biological
systems, Free FRadical Biology and
Medicine, 18, 125-126. Hamilton, R.J.
(1989). The chemistry of rancidity in foods.
Inn JC. Alen R.J.  Hamuilton,
Editors, Rancidity in foods, Applied Science
Publishers, New York, pp. 123 - 145.

JMC.

and

and

Gutteridge, definition

and

. Harbowy, MLE., and Balentine, D.A. (1997).

Tea chemistry, Critical Reviews in Plant

and Science, 16, 415 - 480.

. Herrmann, K. (1976). Flavonols and flavones

in food plants: A reviev, Journal of Food
Technology, 11, 433 - 448,

. Higashi-Okai, K. M. Taniguchi and Y. Okai,

(2000).  Potent
non-polyphenolic tea
(Camellia with
pheophytins a and b, Journal of Science and
Food Agriculture, 80, 117 - 120.

Hodgson, J.M., Proudfoot, KD. Croft, 1LB.
Puddey, T.A. Mori and L.J. Beilin, (1999).
Comparison of the effect of black and green

activity  of

of green

antioxidative
fraction

sinensis L) —association

tea in vitro lipoprotein oxidation in human
serum, Journal of Science and Food



136

SU- 9 &%=/ Tea constituents(Camellia sinensis L.) as antioxidants in lipid systems

42.

47,

49.

. Huang, SW. and E. Frankel,

Agriculture, 79, 561 - 566.

Honglian, S., N. Noriko and N. Etsuo, (2001).
Introducing natural antioxidants. In: ].
Pokorny, N. Yanishlieva and M. Gordon,
Fditors, Anfioxicnts in food—practicdl applications,
Woodhead Publishing Limited, Cambridge,
England, pp. 147 - 155.

. Houlihan, CM. and C.T. Ho, (1985). Natural

antioxidants. In: DB. Min and T.H. Smouse,
Editors, Flavor chemistry of fats and oils,
AQOCS, Champaign Illinois, pp. 117 - 143.
(1997a).
Antioxidant activity of tea catechins in
different lipid systems, Journal of Agricultural
and Food Chemistry, 45, 3033 - 3038.

. Huang, S'W., EN. Frankel and P. Lambelet,

(1997b). Partition of selected antioxidants in
corn-oil in water model systems, Journal of
Agricultural and Food Chemistry, 45, 1991 -
1994.

. Huang, S'W., EN. Frankel, K. Schwarz, R.

Aeschbach and JB. German, (1996).
Antioxidant activity of carnosic acid and
methyl camosate in bulk oils and oils-in-water
emulsions, Journal of Agricultural and Food
Chemistry, 44, 2951 - 296.

Jedrusek-Golinska, A. M. He§,  (2000).
Consumers and food antioxidants, Food
Industry (in Polish), 2, 51.

. Kaur, C. and HC. Kappor, (2001).

Antioxidants in fruits and vegetables-the
millennium'’s health, International Journal of
Food and Science Technology, 36, 703 - 725
Keller, J. S. (2000). Lipids metabolism. In
Basics of human nutrition physiology (pp.

50.

5l

o2,

338 - 357). Warsaw, Poland: SGGW.
Koketsuy, M and YI  Satoh,
Antioxidative  activity of  green
polyphenols in edible oils, Journal of Food
Lipids, 1-9.

Korczak, J. and M. He§, A. Gramza and A.
Jedrusek-Golinska, (2004). Influence of fat

oxidation on the stability of lysine and

(1997).

tea

protein digestibility in frozen meat products,
EJPAU (7), 1-13.

Korczak, J., W. Janitz, ]J. Pokormy and M.
Nogala—Katucka,  (1998). of
natural antioxidants in stabilizing fat and
olls. In: S.S. Koseoglu, K.C. Rhee and RF.
Wilson, Editors, In Proceeding o World
Conference on oilseed and edible oils
processing, Instanbul, 199, World Conference
on oilseed and edble oils processing,
Advances in oils and fats, antioxidants and

Synergism

oilseed by-products, 2, AOCS Press,
Champaign, pp. 253 - 295.
. Labuza, TP. (1971). Kinetics of lipid

oxidation in foods—a review, Critical Reviews
in Food Technology, 2, 355 - 405.

. Leung, LK, Y. Su, R. Chen, Z. Zhang, Y.

Huang and ZY. Chen, (2001). Theaflavins in

black tea and catechins in green tea are

equally effective antioxidants, Journal of
Nutrition, 131, 2248 - 2251.
. Lin, JK, CL. Lin, YC Liang, SY.

Lin-Shiau and IM. Juan, (1998). Survey of
catechins, gallic acid and methylxanthines in
green, oolong, pu-erh and black teas,
Journal of Agricultural and Food Chemistry,

46, 3635 - 3642.



AZTE FI18A M4R(2005. 12) 137

6.

o7.

59.

61.

62.

Matecka, M. (1997). Economic aspects of
using antioxidants. In Proceedings of the
11th IGWT symposium, commodity sciences
in sustainable development, Wien (pp. 228 -
230).

McClements, D.J. and E.A. Decker, (2000).
Lipid oxidation in oil-in-water emulsions:
Impact of molecular enviroment on chemical
reactions in heterogeneous food sSystems,
Journal o Food and Science, 65, 1270 -
1282.

. Miller, N.J., C. Castellucio, L. Tijburg and C.

Rice-Evans,  (1996).  The
properties of theaflavins and their gallate
esters—radical scavengers or metal chelator,
FEBS Letters, 392, 40 - 44.

Millin, D.J. (1987).
quality of tea. In: SM. Herschdoerfer, Editor
@nd ed), Qudlity control in the food
industry, 4, Academic Press, London, pp. 127
- 160.

antioxidant

Factors affecting the

. Min, DB. and JM. Boff, (2002). Chemistry

and reaction of singlet oxygen in foods,
CRFSES Comprehensive Reviews in Food
Science and Food Sdfety, 1, 58 - 72.
Miyashita, K, E. Nara and T. Ota, (1993).
Oxidative stability of polyunsaturated fatty
acids In aqueous solution, Bioscience
Biotechnology and Biochemistry, 57, 1638 -
1640.

Nguyen, HT., J. Pokomy and ]J. Korczak,
(1999). Antioxidant activity of rosemary and
sage extracts in rapeseed and sunflower oil,

Czech Journal of Food Science, 17, 121 - 126.

. Ninomiya, M, L. Unten and M. Kim, (1997).

67.

69.

0.

Chemical and physicochemical properties of
green tea polyphenols. In: T. Yamamoto, L.R.
Jungja, D.C. Chu and K. Muyjo, Editors,
Chemistry and applications o green tea,
CRC Press, New York, pp. 23 -35.

. Parr, A.J. and GP. Bolwell, (2000). Phenols

in the plant and in man. The potential for
possible nutritional enhancement of the diet
by modifying the phenols content or profile,
Journal of Science and Agriculture, 80, 935
-1012.

. Pekkarinen., S.S., M. Heinonen and A. Hopia,

(1999).

kaempferol and (+)-catechin as antioxidants

Flavonoids  quercetin, myricetin,

in methyl linoleate, Journal of Science and
Food Agriculture, 79, 499 - 506.

. Pokorny, J. (1991). Natural antioxidants for

food use, Trends Food Science Technology,
9, 223-221.

Porter, WI, ED. Black and AM. Drolet,
(1989). Use of polyamide oxidative fluorescence
test on lipid emulsions: Contrast in relative
effectiveness of antioxidants in bulk vs.
dispersed systems, Journal of the Agricultural
and Food Chemistry, 37, 615 - 624.

. Prior, RL. and G. Cao, (2000). Antioxidant

phytochemicals in fruits and vegetables: Diet
and health implications, Horticulture Science,
35, 538 -592.

Prior, RL. and G. Cao, (2000). Flavonoids:
Diet and health relationships, Nutrition in
Clinical Care, 3, 279 - 2.

Pszczola, DE. (2001). Antioxidants:
preserving food quality to quality of life,
Food Technology, 55, 51 -39

From



138

SU- 9 &%=/ Tea constituents(Camellia sinensis L.) as antioxidants in lipid systems

71.

72.

73.

74.

1.

6.

. Szukalska, E.

Roedig-Penman, A. and MH. Gordon, (1997).
Antioxidant properties of catechins and green
tea extracts in model food emulsions,
Journal o the Agricultural and Food
Chemistry, 4b, 4267 - 4270.

Rosas Romero, A.J. and LD. Morton, (1975).
A kinetic study of the competitive oxidation
of oleic acid - linoleic acid mixtures, Journal
of Science and Food Agriculture, 26, 1353 -
1356.

Salah, N, N.J. Miller, G. Paganga, L.
Tijburg, G.P. Bolwell and C. Rice-Evans,
(1995). Polyphenolic flavanols as scavengers
of aqueous radicals
chain-breaking antioxidants, Archives o
Biochemistry and Biophysics, 22, 339 - 346.
Samotyja, U, A. Gramza, M. Malecka and J.
Korczak, (2004). The use of plant extracts in
stabilization of triacylglycerols, Il Euro Fed

phase and as

lipid congress: Fats and lipids in a changing
world, Edinburgh, Scotland .

Sanderson, GW. (1972). The chemistry of
manufacturing. In: V.C
Runeckles, Editor, Structural and functional
aspects of phytochemistry, Academic Press,
New York, pp. 247 - 316.

Sosnowska, D. Pawlak, M, & Wilska-
Jeszka, J. (2002). Antioxidant activity changes
of flavanols as a result of enzymatic
oxidation. In XXXIII Scientific Session o
KTiCH/ PAN, Science —achievements and
perspectives, Lublin, 23 -25 September 2002.
(1999).
and antioxidants role in lipids technology. In
foods and  hedlth,

tea and tea

Oxidation processes

Scientific  conference,

8.

.

3l

32.

antioxidants  in  food-technological
nutritional aspects, Lodz, Poland, 25th June.
Tang, S.Z., JP. Kerry, D. Sheehan and D.].
Buckley, (2002). Antioxidative mechanism of
tea catechins in chicken meat systems, Food
Chemistry, 76, 45 - 51.

Von Gadow, A, E. Joubert and CF.
Hansmann, (1997). Comparison of the
antioxidant activity of rooibos (Aspalathus
linearis) with green, oolong and black tea,
Food Chemistry, 60, 73 - 71.

and

. Wanasundara, UN. and F. Shahidi, (1994).

Stabilization of canola oil with flavonoids,
Food Chemistry, 50, 393 - 3%.
Wanasundarai, UN. and F. Shahidi, (1996).
Stabilization of seal blubber and menhaden
oils with green tea, JAOCS, 73, 1183 - 1190.
Wang, H,, Cai, Y., Davies, A. P., & You, X.
(1998). Study on Bitterness and Astringency
of Green Tea. In Proceedings of the 7th
amnual meeting of LSSCB, Cambridge, UK
(pp. 58 - 59).

. Wang, H, K Helliwell and X. You, (2000).

Isocratic elution system for the determination
of catechins, caffeine and gallic acid in green
tea using HPLC, Food Chemistry, 68, 115 -
121.

. Wang, H, GJ. Provan and K. Helliwell,

(2000). Tea flavonoids, their functions,
utilization and analysis, Trends Food
Science Technology, 11, 152 - 160.

. Wang, LF., DM. Kim and C.Y. Lee, (2000).

Effects of heat processing and storage on
flavanols and sensory qualities of green tea
beverage, Journal of Agricultural and Food



AZ e FI183 M4R(2005. 12) 139

Chemistry, 48, 4227 - 4232.

. Weisburger, JH., E. Veliath, E. Larios, B.
Pittman, E. Zang and Y. Hara, (2002). Tea
polyphenols  inhibit  the
mutagens during the cooking of meat,
Mutation Research, 516, 19 - 22.

. Wilska-Jeszka, J. (1999). Structure and
antioxidant properties of polyphenols. In
Scientific  conference food and  health,
antioxidants  in  food-technological — and
nutritional aspects, Lodz, Poland.

. Yanishlieva-Maslarowa, N.Y. Yanishlieva-
Maslarowa, (2001a). Inhibiting oxidation. In:
J. Pokomy, N. Yanishlieva and M. Gordon,
Editors, Antioxidants in  food —practical
applications, Woodhead Publishing, Cambridge
England, pp. 22 -57.

formation  of

89. Yokozawa, T., E. Dong, T. Nakagawa, H.

Kashiwagi, H Nakagawa and S. Takeuchi,
(1998). In vitro and in vivo studies on the
radical-scavenging activity of tea, Journal of
Agricultural and Food Chemistry, 46, 2143 -
2150.

9. Yoshino, K, Y. Hara, M. Sano and L

Tomita, (1994). Antioxidative effects of black
tea theaflavins and thearubigins on lipid
peroxidation of rat liver homogenates
induced by tert-butyl hydroxyperoxide,
Biological and Pharmaceutical Bulletin, 17,
146 - 149.

91. Ziemlanski, S., & Budzynska-Topolowska, J.

(1991). Structure lipids and its changes. In
Food and structural lipids (pp. 160 -225) (in
Polish). Warsaw, Poland: PWN.

=% : Trends in Food Sci. & Technol, 16,

351-338, 2005>




