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Lipid Peroxidation and Its Nutritional Significance

Hong-Sik Cheigh
Dept. of Food Science and Nutrition, Pusan National University, Pusan 609 - 735, Korea

Abstract

A general overview of the lipid peroxidation and its nutritional significance are presented, with emphasis on
the reaction mechanisms, peroxidized products, further interaction and nutritional / biological deterioration in a
series of oxidative processes. Overall mechanism with various factors and elements for initiation, propagation
and termination of free radical reaction is reviewed and the primary/secondary products of peroxidized lipids
are defined. Since these products are potentially reactive substances that can cause deterioration of proteins
/amino acids and vitamins (carotene, tocopherols and ascorbic acid etc), mechanisms and actual damages of
their deteriorations in some foods and biological models are outlined. Especially, chemical changes caused by
interaction of peroxidized products (related hydroperoxides, radicals and malonaldehyde etc) and protein are
empbhasized here. And aiso, the detailed mechanisms on radical scavenging of these vitamins which are the
most prominent natural antioxidants are presented. Additionally, the possible roles of peroxidized lipids and
their secondary products in the processes of aging and carcinogenesis are briefly discussed. However, it is
important to note that more detailed and integrated studies on the reaction kinetics, energetics of perox-
idation, their decomposed products, biochemical interaction, potential damaging/ aging / carcinogenic effects,
protection from their oxidative spoilage and novel antioxidants in food and heterogeneous biological systems
will be essential in order to assessing the implication of lipid peroxidation to human nutrition and health.
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Fig. 1. Nutritional consequences of lipid oxidation reactions
in foods®.
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Table 1. Reaction rate constants for oxyl radicals with bio-related substrates in solutions at room temperature”

k(R +5),M 'S '

Substrate, S

ROO - - OH - 02 RO - - OH
Stearic acid 107°~107* low low 2.3x10° ~10°
Oleic acid 0.1~1 low low 3.3x10° ~10°
Linoleic acid ~ 60 1.2x10° low 8.8x10° 9.0%x 10"
Linolenic acid ~120 1.7x10? low 1.3x107 7.3x10°
Arachidonic acid ~180 3.0x10° low 2.0x107 ~10™
Aldehyde 2.7x10° 50 n.m n.m. ~10°
GSH <10 1.8x10° <15 n.m. 1.4%x10"
BHT 10° 2.4x10° n.m. 4x 10 ~10"
BHA 2.6x10° n.m. n.m. n.m. ~10"
QH:2 1.2x10° 10°~10° n.m. n.m. ~10™
a-Tocopherol 5.7 X 10° 2.6x10° 6 n.m. ~10"
Ascorbate (AH ") 2.2x10° - 5.0x10* n.m. 1x10%"

’n.m., not measured
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4-hydroxypentenal, 2,4-hexadienal, 4-hydroxynonen- L. +LO0O + —LOOL 15)
Table 2. isomeric hydroperoxides in oxidized fatty esters”
Peroxide value  Temperature® C Isomeric distribution(relative %) .
Free radical autoxidation
Methyl oleate 8-O0OH 9-O0OH 10-O0OH: 11-O0H
72~1232 25~80 26~28 22~25 22~24 26~28
Methyl! linoleate 9-O0H 13-O0H
93~1403 40~80 48~53 48~53
Methyl finolenate 9-O0H 12~-O0H 13-O0H 16-O0H
134~1839 25~80 28~35 8~13 10~13 41~52 a
Photosensitized oxidation
Methy! oleate 9-O0H 10-O0OH
1727 0 48~51 49~52
Methyl linoleate 9-O0H 10-O0H 12-O0H 13-O0H
1124 0 32 16~17 17 34~35
Methy! linolenate 9-O0OH 10-OO0H 12-O0H 13-O0H 15-O0H 16-O0H
1566 0 20~23 13 12~14 14~15 12~13 25~26
Table 3. Mutagenic aldehydes formed during the lipid peroxidation process'
OH -
OHC-CH2-CHO CH3~(CH2)2-CH=CH-CHO CH;—C‘H—CH=CH—CHO
Malondialdehyde (MDA) 2-Hexenal 4-Hydroxy-2-pentenal
OH
CH3-CH=CH-CH=CH-CHO CH3*(CH2)4—C|H—CH=CH'CHO

2,4-Hexadienal

4-Hydroxy-2-nonenal
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Fig. 3. Possible interactions between proteins and peroxidiz-
ing lipids™".
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Table 4. Amino acid losses occuring in protein reaction with
peroxidized lipids*”

Reaction system c'ziz:ici:;(c)’:s Amino acids loss
Protein Lipid Time T(CQC) (% loss)
Cyto- Linolenic 5h 37 His(59), Ser{55),
chrome C  acid Pro(53), Val (49),
Arg(42), Met(38),
Cys(35)
Trypsin Linoleic acid 40min 37 Met (83), His (12)
Lysozyme Linoleic acid 8days 37 Trp (56), His(42),
Lys(17), Met(14),
Arg(9)
Casein Linoleic acid 4days 60 Lys (50), Met (47),
ethylester Ile (30), Phe (30),
Arg(29), Asp{29),
Gly(29), His(28),
Thr(27), Ala(27),
Tyr (27)
Ovalbumin Linoleic acid 24h 55 Met (17), Ser(10),
ethyl ester Lys( 9), Ala( 8),
Leu( 8)*°

*Trp analysis was not performed
"Cystine analysis was omitted
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Table 5. Amino acid products formed in reaction with pero-
xidized lipids®

Reaction system
4 Compounds formed

Amino acid Lipid from amino acids
His Methyl linoleate Imidazolelactic acid,
Imidazoleacetic acid
Cys Ethyl Cystine, H:2S, cysteic
arachidonate acid, alanine, cystine—
disuffoxide
Met Methyl linoleate  Methionine-sulfoxide
Lys Methyl linoleate Diaminopentane, asp-

artic acid, glycine, al-
anine, a-aminoadipic
acid, pipecolinic acid,
1,10-diamino-1,10-
dicarboxydecane

A 27F QA E9] gl 12} YA E| ¥y R ¥
8} A Fheh .

ghd, A A ek chal A o) A bl 1] 3 7] e A ol
SolatA 2§ FA = Ark webA FAR A
Abslal 2o 9)gF A A2 &4 (membrane damage)ol|
&k A7t 23] APH v glom o, fejzid i
o 98 AL &4 Aol vhehdet. o] e FL
Wel sk sl wlAe] gl 34
2 qlsled hulg o) B = Ay, Al
A} A&, A ubal-cralAl g kA gL, disulfide crosslinki-
ng, peptide-peptide crosslinking 5] &4}e] etz
A& g S U

sHabsi bl o] 23 sl Al of o7} A Fholl A 3}
o] ol & So] A B Table 634 o). f-A A
(whey protein)#} methyl linolenate®] £3E& RollA
o) 7t ZANA 457 A2l B g, o Sol AT P
A doprt WS S FEAYE AE AT o
W Ao|th o] 59 v o] 8-F (NPU)L A[uHik At
sz ae} o) =+ 38%74A] A ks 3 e, 2
&y e SRRy 2R A WYL TS
A AL ¢+ Uk o2 d AYgLS AL 435 (ND)
oA tehtz gloa] 24l ERER, FH3olein
450} AT o) WS T2 T ok 53, A
A8zt F438) A 1S 2 Al A+
277 AU de 29 23% FFo2 18w
H hEe 2AAE 12% $E02 AshE 3 gt
a2 AAAE AT A FlMG B2E sE 84
=7} 3] G Aol = 12l dAde] dAEHA|
ot 2 ol 2 A Auhale] Abs Al e ARE A
Az jAzte] & gl o3 A2 AL
sleh.

Table 6. Effect of storage on whey protein with oxidizing methyl linoleate ; rat assays for protein quality and amino acid bioavai-

lability*
Value after storage (% of control)
Untreated Basal Oxygen limitation Low aw High temperature
control  (37°C,0.9aw) (37°C, 0.9aw) (37°C, 0.28aw) (55°C, 0.9aw)
Net protein utilization 0.94 48 76 91 34
Nitrogen digestibility 0.99 71 91 98 48
Lysine 10.3g/16g N 23 76 101 12
Tryptophan 2.8g/16g N 56 89 101 12
Methionine plus cyst (e)ine (as methionine)  7.5g/16g N 51 78 86 -
Methionine 2.4g/16g N 92 - -
Cyst (e)ine equivalents 4.2g/16g N 72 - -




874 E

opateiets WS oiEel 2
=& g

Ay o] Ak A S5 vl == 2 3
HAEAEHT kg3l o5 A1 = A 2 EAE
2 HBA7A Dok ool deba vlepa 2l
#74 220 et AAHA @ @, 9ol A
AR R4 & 9o Dok b FEE T Qe B v
el Fe= &carotene tocopherols 2.2} 3 ascorbic acid
o)m, o5& 747k Ak AL T 5 chedai

g3l O ST ABH =N ey &4
o] flote] E mlr}.

Co-oxidationol] 2|8t B-carotene2| g}

Carotenoid ¥-2}+= isoprene @] 2 F-Al ¢ 9l o]
58], T o|FAF2] 722 A3t YA co-oxidati-
on T AHFAbstEE £A4 & AW 2 gloh. Co-oxida-
tione: A3 Sabsha AN E %, LS 2
el olaliA dojiti= FAF 22 ol linoleic acid
5% A8k 8t lipoxigenaser} ZAsta o) 8- 4
Z381A Hb-g-o] dejndel. wala carotenoid?) co-
oxidation2 A4 1ely a4z ulg o2 2=
1= e

Lipoxiganase Z&vl&}2] co-oxidation E‘}%% o}-& ul
41 32)el A 342 AP iy Albstz gl F,
A 29} peroxy radical 7YX Fo] HEAA L o] F
7+ A &8 carotenoids (XH =+ Car -
ion A1A o) (X - E& Car - )2 5 A hydroper-
oxide7} = H, carotenoid radical-& A4 A3l g o] o]

7}A) 22} A E& wHEA "ok

—

£ co-oxidat-

LH H*
Enz-Fe' "=  Enz—Fe"-L
O2
Enz-Fe""-LOO - (32)
Enz-Fe""-LOO - Enz-Fe”""+LOOH (33)
XH(Car) X(Car -)
X - (Car - }+O2 co-oxidation products  (34)

(epoxides, hydroperoxides, carbonyls)

Carotene®] ] & 23 co-oxidation & A] 2 ¥ 3} =]}
AF9] peroxy radical®] FAH 02 doi}A w v (WFL-
A1 35), AAIE carotene radical(Car « )& AF4 2} 4 A
7hg 2 o 2 ukgated A2 2l Car-00 - &

38,41

Carotene (Car)+LOO - —Car - +LOOH (35)
Car - +02¢—Car-00 - (36)

o] 2} 22 carotene?) co- oxidatio L AlE g A
oA chepshAl Aol glew, of g haelA vl
e}l Ao] HFEAlal carotene-d radical scavenger
A A des sEA 2 e SRy ¢ 4
qlepros, A3} 8 FEATAS ¢ oleh B
A A5} & o E Asuw, G2 EZ linoleic
acid®} lipoxygenase7} 71l A2 = Aj ~H) (30°C)
ol A BE-§- 484 kel} 82% (Hb-§- 2713 7159 =l &
SRy x FAAE? I RLS FAAEZS AT
ko] v d (Aw : 0.72, 30°C)oll A = 6 utol] 44%7}
ZaE Aot o127 carotene?] 7} f‘é*‘—"— g 2ol
g+ @ carotenoid} co-oxidationut-2-2] skl A
HqE 4 e

XA ppsteb2 Dl tocopeherols

Tocopherols-& ol 4] 7748 B2 A7} 9l 7o
delA gleon, 1-‘5‘3] ulebel £ A9 3"’334 A
A2 ch2cla gk} Tocopherols (AH2)-& 2| wkzl =}
3}nuk-g- 312 9] free radical chain reactionel] 4] < 4fj 1}
A A] 715 (chain breaker & free radical scavenger)2]
g shwiA], HhLA] (37)~(41)0l| A &} 7o) RFALL to-

2 %

copheryl semiquinone radical (AH - )o] =] g)t}7} t}A)
A A= A} (AH2) A2 tocopheryl quinone(A), dimer
(A-A) 5 o} & BA 2 Ao,
L +AH2—LH+AH - (37)
LOO - +AH2— LOOH+AH - (38)
2LO0O - +AH2—2LO0OH+-A - (39)
AH -+ AH - 5A+AH: (40)
A+ A —A-A 41)

2212 2 tocopherolsg A1u}A 3h4kE A of] glo]
A A7t A] F79] ete)zde] &l &, ¢ uk-gA
I} A S AEE A Ha A4 ofoketa] #
A& AAIA == Aot mdulba] o] BA & A
+ tocopherols2- 5 8.8 A od 3}4Fs} A 2 4] v e}l (A
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W 7 A FEAQ carotene $)9] AHshA & B2, in
vitro & in vivo A A el 4] 214k o] paksbatgel of st
o 258k 3HAaksbAl & el Al $ch =3, tocopher-
ols& chlorophylls®} 7+ 7} Aol 2)3F o 8k-& who}
%] 3 5} == photosensitized oxidationel] 4] singlet oxyzen
quencher® 2§87 & &hop

&4, tocopherolsI= otell 4] 3134} ul Ql+= carotene
o] 7 %9} zte} & 4R co-oxidation HE-g-oll 2] sted 4
A 53 5=, o)uf linoleic acid &&F, FF¥ A= ¥
ex o] &g AR "™ Table 78 2349 md
A ~ "ol 4 a-tocopherol®] co-oxidationel v} 2] lip-
oxygenase2] o g2 4w} 2 zlo|tl Tableol| 4]} o]
217y A stoll whe} FA3] tocopherole] bz 5] 3 2 o)
4] tocopheryl quinone} tocopheryl dimergo] 24 =
o, A Zo] AAH B4 So] 4= A tocopherols &
gek e 71450 lipoxygenase?} £208 of o] ub-5-2

S R

X

g

Zl mparsiet=2 3t ascorbic acid

wle}9l Cal ascorbic acid= enediol”] & &-§-3}+= la-
ctone 1El& zZty glon AlE o YA BUE
2] (reducing agenh @ 2H&-ghc}, 227 == 53 F
4r0]-2-2] | 7 A (metal scavenger) 2 AFA A A ] (oxy-
gen scavenger) -2 t}ogh 715 x AW 1 9o

Ascorbic acid (AsA)= #jubal palatat A of| & A A
% peroxy radical (LOO - )3}i= &2 3&HH-g-(hydro-
gen abstraction)& 3 sled 4 (H B FHFoEA
2wk A Absle] od Huk2- A3l free radical scav-
enger?] A&& sl AL ascorbyl radical (AsA - )
o] SchbgAl 41 &Ax) a8l 1 = gE FHY
Aol 2)zto] ok 85l AbeR-E #-#| 5HA semidehyd-
roascorbic acid& 7 §-3}o] dehydroascorbic acidZ #
g et

Table 7. Degradation of a-tocopherol and its relative produ-
ctions of a-tocopheryl quinone and o-tocopheryl di-
mer in starch-solid model systems (aw ; 0.72) during
the reaction at 25°C*

Reaction @~ TH(g/g)  a-tocopheryl quinone a-tocopheryl dimer

d2vs | LlOX LH LH4LOX  LH  LH+LOX LH
0 1569° 1569 ND° ND 08 08
1 345 377 603 600 17.0 4.2
2 83 110 950 836 329 98
3 12 42 1205 1022 433 10.8

*peak areax 107", "none detected
LH ; linoleic acid, LOX ; lipoxygenase, a-TH ; a-tocopherol

AsA+LOQO - - 1LO0OH+ASA - (41)

3} ascorbic acide 13b4 3h4bsiA ] 214 W)=
238 22bH FAarsiA| A9 A4S v FREe
9 7. $& ol tocopherol A A 7e] AAoITh &, A
uhzl o] zpALEE-S A A ol 4 ascorbic acid®} tocopher-
ole] F2&& o PA =& peroxy radical (LOO - )2} A
A= A tocopherol (Toc)o] &8¢ tocopherol radi-
cal(Toc - )& ¥ 3L o] g}e]z& ascorbic acid7} 2} A4 4]
ke Zlolch (Mh-gA] 42 Fhz)

LOO -\, Toc XASA XNADH or glutathione (42)
LOOH¥SToc <" AsA - /SNAD+ or glutathione dimer

o) w A4 = ascorbyl radical-2- A 2} 2] NADH ==
glutathioneel] 2}8}ed t}A] ascorbic acid® k.
wpeba] vheA (42)E A AW Aukd efol At
2o Jeh s F a8 uk49] shulela & 4 ol Fig.
4.2 methyl linoleate AF3IES- A ~dlof] gloir F&
} 37 3)i= tocopherol ¥ ascorbic acid7} AR = <F
-2 Jeldl 7o)t Tocopherol 4= ascorbic acidw=
Zdzt g0 2 AAsfo 2T wfe 4hgA] Lol o}
2} 2 Fepo] A o2 A A S ebll e
o] gutz}e]c}. 21} tocopherold} ascorbic acid7}
2% dii= o] 1o A2} Fre] WA ascorbic acidz}t
2.5} 7 tocopherol & ascorbic acid7} 2F 42 ¥ b5
o] v 24 7F437] Alzbaich o] & $19 WHEH 4E
fAula sk Aoz 2wl 9] peroxy radicale] A =
= 3}, 328} ascorbic acid+ A4 = 2 2 ohS
tocopherole] 3 €} v & 4= gl b,

ol

>

A
3L
5

el

ascorbate

ascorbate, a-Toc, mM

0.0
0 100 200

Fig. 4. Disappearance of tocopherol, ascorbate, and oxygen
consumption in the induced oxidation of methyl linole-
ate at 37° C*,
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opMstddEof 2F =3 (4L,
ot () JIEt Y 7Y

E3v 7 Zoll #3F 2] 713 A Foll free radic-
al theory= §3] £5& 22 gt} o= A AR o7
742 BA ol A A H Frelett]zell 2] 4 free radical-
induced DNA cross-links, sensitive sulthydryl groups2]
At} 2p kAl of sAbskab g, 2a] AR (53], i)
2] macromolecular cross—links, A3 5] gk A4 =
A Ak3tA 3A S x3E Yook Mol A
A ol fejetdZe] FAE 7] sl el
S AU gley, A% A" A 5o o3
ioizte] Qe w3tE 22127l $83% 84le] &
Aoz Bl Ak 531, =39 Az 3 A%
AAzA £2e YA F8 e Aubal 245l & (TBAGL,
SabebEgt ¥F5A, lipofuscin 5)¢] W37} o] & 5
uk3] 3z oleh. ofoff whe} dHabsta] o] 8 Foll 9§ an-
tioxidant defense systemol] T g @2 o 77} A F 2 o
2 g3 e B FANAE o] ¥ g

£ A A ZE F Yoo He st B
& Fasts] upgiepe

T, AAHANA dolvt= A Al Fabsiul-g- A4
ol 4% ssbd Uk £4E (chemical car-
cinogens)e] 9.5 o] 5 s FESE F2I
2315 Fol shiztz eid g 25, feleblm
2} malonaldehyde % (Table 3 =)o) AUz gl &
BAE e G ahEstel F43) oI5l A2 0

WA 259 729 dael 91 sleh 2eln
tocopherols& F 338} o - phenolic antioxidants, sel-
enium, ascorbic acid 53} 22 343} A) o 2% it
dat-go] AL dF LEH T Q) o) F FARAE
of oo} e gL bl AP + ol
EREEEERPTE
sk o Aglele fleiy 2 A E ) gE
o2 AYzyatz glet. A upal o] s Bt oty A
(cancer formation), 2 @) 7} &3} 31413l A| 9] H3t &
of thated A= H o Q14 TH & A wsl7) npgie} oo,

At A A 2 w5t g kol ste) A 9ol 2| up
A AR EES TG 5 oe)riA] Ay A
A ez FEH T 9o, 25 olo gt Al
SPEE R R

Hlol A (carcinogenic) &3

q
2 o

A A & Al Fout A iR FaF F
AL ks dofaolAT ol &S T 87 274
et dAH o2 Saske] g 9l Aok A
o} Sarspree b el slrh Sel o 4] o]
e, 2 7}8-9) free radical chain reactiono] ¢] & ®}
% FEsx ovh o9 AL Wk A, 45 2
24 HAZ ARH AL, B3 DAL o 7%
T 287} Qlek a9m et 53 #AE e AL
A }akshAA4 £al 2% 225} malonaldehyde
59 2% HEFoIh o] B FEST e AE L A
Ao} chal Al o]} ofm| At :LEJJ_ Hl 9l & (carotene,
tocopherols, ascorbic acid ¥)3} A% wb-¢-38lv, 7 A
T dFEA 2 AR YA E sl E
3}, 2ok, Z]ef An e fl]le] =% it} £ Ao
A oleh 22 1 4-& gl stAl Zaeig o) ok,
Y Ehol ol melw AW B RS E A A
A8 =3t A s W o] Aolmz us] 29k
st £ 249 FA= dozx AL $AE 714
of & 7o dadel= EHol givh B R QA
7} in vitro 3 FA 9] @l A AdA] sEgT B
dAA A AFeoitt QA2 AdFE oA I
F2ol A A= 7] B Eolch wpeby Al Folut A
AA A2 A7t AFH ez ge3 AAH R A
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