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Quantitative analysis of 4-hydroxy-2E -nonenal
and 4-hydroxy-2 E -hexenal in heated cooking oil

Hiroshi Yada and Mayumi Ohnishi-Kameyama

National Food Research Institute (NFRI), National Agriculture and Food Research Organization (NARO)

Abstract

A cytotoxic aldehyde, 4-hydroxy-2E-nonenal (4-HNE), is formed by lipid peroxidation in cells. In order to investi-
gate formation of 4-HNE and the related aldehyde, 4-hydroxy-2E-hexenal (4-HHE) in cooking oil, we developed a quan-
titative analytical method for the aldehydes using synthesized deuterium labeled aldehydes as the internal standards. The
cooking oil including internal standards was clean-upped by a cartridge-type silica-gel column, and the hydroxyl groups
of 4-HNE and 4-HHE were derivatized to trimethylsilyl ether for the GC/MS measurement. Commercial cooking oils
were heated and analyzed using the developed isotope-dilution method. 4-HNE levels increased according to heating time,
and the final concentrations differed about five times among analyzed cooking oils. In the oil repeatedly used by tempura
cooking, 4-HNE increased following the rise of peroxide value (POV) in the first several use, and then its concentration

reached a plateau.
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TIRPEAINTVELERERLEZZEDLLIELAS
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TWaY, 727073 FUAMCYH, HaEPlESD
WAE, MBINT - FAZ L > TEMSPICE MSHL  FHHREBETONEBRE I N-2ERTO 7 5 0%, HEH
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3" %4-hydroxy-2E-nonenal (4-HNE, & 1) 1%, Z £
BIXOHRHEEEZETAIEBMONTE Y, Hk
WIZBUT B EEME Y 7 F VR & L TR Hska-
HNE [22W T L Df%Ed3d 52, % D4-HNE H3K
HTMTY Y A 2T L0 BHEORHITERS
5 Z LY, 20044F12 X AV ¥ KD Seppanen 5 12 &
DHEY Sz, BB L 724-HNE O &k O IC
T BRBICOVWTE, AEUEZRTRELZOTCE
EHL 2SN TW WS, EERZED) A7 HED
LU DH D LD, EAETHRESEDOF AL
IZB1} 54-HNE DA O H LRI DOW TS
ZLiZL7. n6RDOEAMA RN A & £ U %4-
HNE (21 2, DHA % EPA 7¢ & D n-3% D % Ali A8l
BEWGEE DERALIZ & - TH U %4-hydroxy-2E-hexenal (4-
HHE) 34-HNE &L FABOEHZET 52 ERES
nNTwa’Z A5, 4-HHE billENGE L.

Seppanen 5 [ZFEHINIC & £ 1 54-HNE B X UM
Wik Z o7V Fe F%2,4-Y =@ 722V K5
Y~ (DNPH) #EMALL CHIlE L, TLCIC X 2 A5%8
DRI T PO % 715 & 975 HPLC TH#T L
TWw5?Y, F72, #E® Surh & Kwon IZ/KTHIH LT
WAL S 7 A THEBLTHAS MY XF LI

(TMS) #FEARE LT GC/MS 12 & ) AM R T
EmSNLT, MBLXTHROBERICHE TN 54-
HNE, 4-HHE O % #~XTW 5", E# 5 134-HNE, 4-
HHE Z € &0 3 A12H720, HWES ZMWmks &
T 52 & EEEORELR/NRIZTLZ &
B L, LR TR L 72 N #E % v T
TMS &K% GOMS TERIITT 2 Hikz L
72, ZoFEE R CTHBROERME ML 725460
4-HNE, 4-HHERE L, MO ELREOMAZMAE L
7-BE D4-HANE, 4-HHE RJE &0 L LIt 2 72
DT, TTITHET 5.

KEMPROTE

(1) 4-HNE, 4-HHE OH A

i) EKFIZEHIE4-HNE, 4-HHE DS

2, 3-"H.-4-HNE (3 SCHRRL L 0 J7 01258 » TR &
L7z (M2)., a8+ V7 ALVFLe FYIZF VT &
F—N1 (EFELEILER) LFVvT7ATTL7T
o< A4 F (13 %THF i, ®EALR TER) o K6
WEDRBEL2Z7) =Y RE 2 2AFF— L (BE
L8 LS EET, 4k Faxv2-/=F—LY
IFNLVT Ry — 3 e 3O=HEEEEEAREL

OH OH
/\/\)\/\”/H \)\/YH
4-HNE o 4-HHE o

1. BE7JLTk F4-HNE, 4-HHE Ot dE

OEt EtMgBr OEt
H— —_— Bng%
1 THF

/\/\)L i
H
THF 3 % Ot
on o OEt
1) LiARH,
2) 2H,0 = OEt
THF
4 H OEt
OH 2H
5%HCI H
_—
MeOH 7~

2,3-2H,-4-HNE °©

2. 2,3-H,-4-HNE D& #Z&

VFoATNVI=g A (FGHER) CrF Uy 2A2E
AT L, IARCK)SEEILLT, PTUR
TEREAICEAKREEA SN 4 25 4 %5 Bl
B, A% —VH30GHERRTHEELTT Y — V%
MARGREL, PUATXrN60 (FATA4H) LD hT
LU T 74— (BEIMEE30 %R TV n-
ANFH V) THBLT, 2,3 H.-4-HNE #86.5 mg 1%
72 (Fu¥FNT VT RYVZFAT Y=V 0D
DINFKIZ44 %) .

2, 3-*H»-4-HHE DAL & 1% 1%, 2,3-°H:-4-HNE & [H]
B FETI o2, Tabb, 7V =YRE2%2 70
NP —v GREALR CER) LR SE T4 FaF
VINFIF— NI ZFNT Y —NEHRT, DT
RIS ZFEREAD T v A _EiEE~DRIcE TAE
DEA, TEZ—NVONMKGEEIT>T, 2,3 H4-
HHE #73.1mg 47 (Fu¥+ V7 LVFe FYyTF
VT X5 =125 IEI %).

AL 722,32 H,-4-HNE B X 12, 3-*H,-4-HHE D
BC-NMR Z T ) (2,3-°H.-4-HNE : 8¢ 14.0 (C-
9), 22.5 (C-8), 24.9 (C-7), 31.6 (C-6), 36.4 (C-
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3. 4-HNE $ &£ U2,3-°H,-4-HNE DY X AXY RV

5), 71.0 (C-4), 130.2 (C-2), 158.9 (C-3), 193.8

(C-1)) ;2,3*H,4-HHE : 8¢ 9.5 (C-6), 29.5 (C-
5), 72.2 (C-4), 130.5 (C-2), 158.1 (C-3), 193.6

(C-1) THY, ThZEHFTrME*HETH L
ZHERL. AL 74 VIREDOY T FUDNEKRELD
A T) Y TICEVFRLTDB I END, FREE
WREANEE 2, 3fLEMERR L. 51T, 2,3 °He-
4-HHE 3 X 172, 32 H,-4-HNE % TMS #HEM4b ()
LTGCMS THHM L2k A, FRENT KDL
HHE, 4-HNE @ TMS #5384k & RFFRE I A358 41— 3K
L7z 9.220 2K 722, 3-H,-4-HHE O TMS 38
i m/z 188, 13,240 12k S 722, 3-"H.-4-HNE @
TMS FHEARIE m/z 230120 A F v ¥—=2 % 5.2 72,
72, MBEBDOTAARY DIVITIE mi 159 E DK
EVWTITAY MM UPBIENT. 2 hid TMS
td-v FaFv-2-7 V7 F =N D C-4-C-5MHFHZ L
7oA F AN L, E0 mz BSIFERED 7 5 7 A
VM FYEDB 2KEHD o7 (R3IT4-HNE B &
0°2,3*H,-4-HNE DR A AXZ b VERT). §toT
GC/MS TORIRA F v E=ZF Y U7 (SIM) 12X D,
A L 722, 3-*H-4-HHE B X 072, 3-2H,-4-HNE 7S JE 12
WAREXHLTHRIHTELZZ LD, ThD %4
HHE, 4-HNE O g m5HT O NERE#E & L TR H
THbHI EIHPL7-.

i) JHEEORTNIEE

AALEE T, WEKR0.5~1 g Z IEREICFERE LT
AL #E (2,3 H,-4-HHE B X 0°2,3-°H,-4-HNE) % %
lug &, 10 mL OEMEBA (4 %R F )V n-~
¥y (BEBIA E LTI00 M O 7 F bk Fa
YRy (BHT) &%) MU oIl Em
L, 5»LD6mL D n-NFH 2 THEELL TBW
723 A VEILEL S 5 2 (Sep-Pak Plus Silica (V)
BV FEHEE690 mg), Waters ) IZHEM L7z, Y
HOVEILEE S 5 A F16 mL OB HEHA, KW T
I mL OEMEEB (20 %EEEE = F )V n-~NF 3~

(100 uM @ BHT % & &) T L, 9 mL O H
1 B CT4-HNE, 4-HHE Z &M L7z, B R OB
ZWEREL, 100 uL OFEFETF L (100 uM @ BHT
&) [CHEE, 100 ul @ N, O-bis (trimethylsilyl)
trifluoroacetamide (BSTFA, ¥ — TV ¥ A4 T » X #l)
ZMz, 85 C T104 Xt & & CT4-HNE, 4-HHE % TMS
ML L7 BOBH & s, BER 7L (100 uM
D BHT 25%) #MATE&EEZ1ImL &£ LT, GC/MS
DR E L7,
i) GC/MS (Z& 2 EENMiE

TMS #%3Ek1t L 724-HNE, 4-HHE (%, DLFIZRT
44T GOMS ST & 4T - 7.
M T QP5000 (B EfERTEL), 4T A I DB-SMS (7
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4-HNE
BHTHIRE—Y
4-HHE
A m/z 157
BHTHXRE—Y
4-HHE(IS) 4-HNE(IS)
_A A A m/z 159
10 20 min

4. 180C TOORMEL A=Y SHHDRRA A /ORI T 4

YLy b)), 30 mx0.25mm (.d), 0.25 um (
JF), ZALREE 200 C, #J 48 50 C (2 min)-
10 C/min-220 C (5min), 4 ¥ % —7 = — AiRE :
240 C, WHAKHE A7) v ML REA, HEAR:
1 uL, MS:EI (70 eV), Hili I SIM m/z 157 (¥ —
7y M), m/z 159 (WEBEEHE) .

4-HHE 1%9. 2 min £} ¥, 4-HNE (Z13. 2 min i} ¥ 12
BHEN, o —2 L +5caBEL7 (K4).
v) IREAR

B OER I, WHEEHERT ug 123 L Tt
MD4-HHE (Cayman Chemical Company #) 3 & U"4-HNE
(Cayman Chemical Company #) % Zh210.5, 3.0,
10. 0 pg @M U 72 BE#e 308 22 & ONIZ4-HHE, 4-HNE %
WU Ze WS 20R 2 IV 72, mz 1591 S B
JEHEIR DA-HHE B X O4-HNE D m/z 157D 7 5 7 A
M Y ORNARYE — 7 ORBEEZPERT 5720, iKHE
&7 A RoOFMAFIEE A (PC(1.10 %), Si(4. 67 %),
*Si (3.10 %)) \HEO ZIERILEW O — 7 %
157 1 159=1 :0.0402& 8 LT, m/z 157k~ (159
1% — 1571 < 0. 0402) O & FE#EHFL D 4-HNE, 4-
HHE #3&2 S B i & ek L 72,
v) ARHNENGER

a0 G BRIk, K% BE O4-HNE, 4-HHE % & T
M1 g2 & L T4-HHE %0.2 ug, 4-HNE %#0.3 ug if
L7z k3 5% 9 L TR 724-HHE B X U4-
HNE OEE2 S, WMEICHT 5 EIEZFH LT
K7,

(2) ERAOMEBNIEROHEBICE > TERT S
4-HNE, 4-HHE
i) BRI MEANIE

T ORI IZ O WT, N4 7V (22 mL %)
W9 mL 22, 2 3ic7 VI 7Tay 7§180 C
T3045B L 060 EL L7z, BRI 3 8 TIwv,
m#Efh = B £ Tl L 72, 4-HNE, 4-HHE %
SR L7,

i) RRSIFHBICL ZHDBR)RUERAEHBICEETN
%4-HNE, 4-HHE

7 7 (R E Mo M) Z#y R LR
AOFBICHEH L, %3 54-HNE, 4-HHE ® %1tk
PR RELHREICIE, o I HHEE (Kz-
PH5 : /8 F vV =y 7 #8) L T HFHBENIEDO KRS H
(KZ-TT2 (1 LAER) 85V =v 2z8) #Hwr.
HKEK T -7V ¥ A E500 g Z )& D F 8 mm
JEIZAT A4 AL, HRORSELH (HAIRKESH @ IF
FIFESER) 100 g l2xF L TAKREAKL60 mL 2 il 2 T
WL -REDT2. REASHAZ I HHFHBLEOMB
FEREIC L VIR 2180 CIZFREL, 1000 g A%180 T
o THhOREDITI X HA EEZMIHEAL TIT
o7z, MOWEE —EITRT S & ) \IRERHCTHRAL
BELIECY vy AL EER5-8TD, EE%Z 41
WA THERAL, AR S FHMET F TldH455
& L7z, PEBITIMAE 2 5 F T 1 R IR E L,
WMO—EEY T F L7tk 1 LOE—=F—ITA
NTTVIFTEVGELL TEIRTREIOFEF TR
L7z, RBIOFETIX, MAT1000 g2 b X9 I
LVl #150 giEER LT, HBEOFIETIT- 7.
CORASTEITM Lz 2 O EETI6IH M, 15
ECH72 DMz # ) & UM L7,

MK LM Lo v, 4-HNE, 4-HHE (2
Mz THILfREE L L CGambwii (Pov) &1k (AV)
Z, Wb HAMAL S &l o 25 H#EhIE 20 A R



x£1. HROMEMERL /-BED4-HNE, 4-HHE BE
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4-HNE mg/kg (CV %)

4-HHE mg/kg (CV %)

180 Tt

180 Thnghsett

bl ke L 305312k 605312k gz L 30532k 6043k
B F & ORI+ A nd 6.33(5.4) 10.57 (3.8) nd 0.33(3.6) 0.52(2.7)
TR (B1)* nd 2.92(6.7) 5.07 (1.8) nd 0.23(5.6) 0.30(1.4)
FEERE R (B 2)* <0.19 2.89(3.7) 5.52 (3.7) nd 0.23(3.2) 0.34(2.2)
FEER A (B 3) nd 5.53(7.6) 9.94 (5.3) <0.04 0.33(2.5) 0.49(4.2)
R A (B 4)* nd 2.87(9.0) 5.08 (3.8) nd 0.57(2.8) 0.82(0.2)
FrEfrf@m s (B5) nd 2.79(23.5) 4.14 (3.8) nd 0.19(13.7) 0.27(1.6)
SR nd 2.27(15.2) 4.59 (9.8) nd 0.55(4.6) 0.82(1.8)
AR CEEM+ Yy I VE)* nd 1.98(1.1) 3.11 (8.5) nd 0.44(1.9) 0.69(5.7)
AR, RAEM+ ¥y I VE)* nd 5.06(4.7) 8.80 (9.3) nd <0.04 0.06(1.2)
M <0.19 10.13(2.4) 14.96 (4.3) nd <0.04 0.05(7.2)

¥ ¥ I VEZRETM, nd:not detect, NNZAIEERIE 3 THEE L 72 3l

BT E D L7z,
EBRERBLUEER

(1) 2HrAGEDFH

fn# U 723 £ 9 5 it D4-HNE, 4-HHE % 5
JEJETERINT B 720121%, M B ICEET
BRSO N 7)) FEBRET B 4EH
Holz. FZTHRBIZBWT, YU A7 VETLE S
J L Z4-HNE, 4-HHE % BRI FRFE S & CTREEK
SRR BN, BRELE £, BEOBVE
®EITZ 5 L9, EAREEIL4HNE, 4-HHE % &
B L, PIERRRSE & U CulERHC — @ = n U TR
BAEZAT o 72, BRI % B2 L 7212 124-HNE, 4-HHE
D AIVEILELS S A0S L, TMS #FEA
1L LT GC/MS 2 & Y B s#T L 72,

i) HRER

— D MK ORI AT U 7 R e A 4 0
(F =2y b/ NEEEHEOFEPRIE 0 -1012AH2 L, 0.5
g BB L7234 Tid 0-20 mg/kg ITHIY) X 0 RE
WA L, 4-HHE, 4-HNE 3%12 #4120.99990L 1T
7.
i) EEFRSF &AM

% L 72 S AT IS & 0 KR BE O 4-HNE, 4-HHE
ZEDIMITOWTHY) B LW (n = 8) 2 EML 7.
PR 2 20 S8 L7 B S (LOD) 1Z4-HHE T
0.01 mg/kg, 4-HNE T0.06 mg/kg Td 1, & = R H

(LOQ) &, 4-HHE T0.04 mg/kg, 4-HNE T0.19 mg
kg Td o7z,

IMENPGAER G -3l g 2k LT, 4-HHE
0.2 ug, 4-HNE 0.3 ug) D&%, WU IZ4-HHE T

88 %, 91 %, 93 %, 4-HNE T89 %, 109 %, 91 %
THNH, WINH8~110 LOHPFHIZA Y BIFTH o
7z,

(2) BRAMOMEANIBROHIBICE > TERT 54-
HNE, 4-HHE
B Lk e <, Wil &HMmE nEk L3
LMD ELREOMZ M L7 D4-HNE, 4-HHE
WEA SN L7z, 0B LEHLAZRESHIIOWT
2, HALIREL LT POV & AVIZDOWTHHlE L 7.
i) BREMOMENLIE
F 1SR OM10H3E 2180 TT3043B £ U605
B 7B D4-HNE, 4-HHE DEEZ R L7, ThZ
NOMITB T, MEEFHIZIS U CT4-HNE, 4-HHE
DOEFEAIM L, MO & > T4-HNE #FEICI1Z
SRERREDEMND - 72, NI X D 4-HNE BE DK
& ML 7200, Kz T U 7= 45 e P fe A A i
B3, %70, #MEMDIETHo72. ¥ 7 7l
KEMEFEMOFEMTH B End, KM, %
FE B & O H LT, 4-HNE %°4-HHE O H
k&b n-6%7% 5 U n-3R % A BB FUIR BiE o &
IR L7z, AETHE A H A S A B o0 MR R 1 5
FHNCE AL, W100 g D n-6:R%flliA S NG iR
DR, KEMTIZ49.67 g, MFEMTIE53.51 ¢ T
HY, FHEM (18.59 g) £V dbE o7z o T,
n-62 AN BRI R i E O & A B 1Z4-HNE O 4 % & (2 2
THEEzoNT. —T, W00 gH D n3REAlA
ARG O &L, SEREM (7.52 g) £ D HREM 6.1
g) HFEM (0.3 g) N4 %Rd 572, 4-HHE
DRI I T, SERE & 45 PR &
B4 TEH o 7. 4-HHE &, ¥ L 724 T Dl ¢4-
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5. ##VEUXSSHBICHEAL =95 4 HD4-HNE, 4-HHE, BEg{tifli (POV), EEffi (AV)

5 71000 g (180 T) TY ¥ A A E500 g DRRLMEAEMRY KLz, HHEOT S FilnEREEEL, Kl
FAERIZHI150 g ORBHI S Sz XLz, o EIR 2 3 THEM L 2o FE 2R L7z,

HNE (2R TIKIBEETH - 7225, n-3R 2 MR
Jile D& A L A-HHE OB = IS HE»H 5 & %
A SN/, 4-HNE B X O'4-HHE 252 iffi A~ S 1 AR B 12
OMBILIRE» AR T LD, EF¥IVERE
DOPBALH % & T A& Tl134-HNE °4-HHE O 4 5
EAMEL 25 2 WIFF SN, LA Ledrs, €¥
I VERMAHREN TV AIMIICB W TRMEIIR S
NTHELHT, SROGHERPSOE Y I VERIMEA4-
HNE, 4-HHE 3 5@ B 2 B 1350 b e
o7z,

Seppanen HASKEIH %185 CC 1 ML L 720
4-HNE (32. 27 mg/kg, 4-HHE 130. 40 mg/kg T & 0,
1OV 7 KU+ M) & RS LR E
Tho72". TORKIIAHTSD 5755, MBS (Sep-
panen 515 LOWMZE AT Y LABO T4 —T 754
X —ThNE) ROHEOEHRE L T L FEE)S
EZbhi:.

i) RASFFEBICLZADEVERLERAEHMICEETH
%4-HNE, 4-HHE

F 5 T E G S5161H B, 15M# 0 & LK
SAOPBICHEH LT, 4-HNE, 4-HHE |2/ 2 C POV
LAV ZMELZZHEREZK S5 ICRT. 4-HNE, 4-HHE
AR D K L oM POV O LR ICERTEENL
TWwW5A%, ZHIZ4-HNE, 4-HHE 258 ERILIEE o 75
RICEDAERT L E—HLTWD, 4-HNE X R

PTHATHERDIZIZT-EDOfEE /R L7225, 4-HHE
WD & %o 2RISR EIN ST bz, 2 hig,
G F R AN S VA-HHE AMHEIE R AR 5 & @ BRI &
S>TRLONTWLI AR, SHEOD LV n3R%
AL AR R ATRALIC X VIR Lo S D E R S
N7, SEOEFRES 5%, 4-HNE, 4-HHE O ¥ %
) = IO HILIRETH 5 POV R AV T il
THILEIWETHLEEZ LN

4-HNE B X O'4-HHE % £ H L 72 B o /R Py B 7
RS T A2 BHRAE 20, SHG S N 7z4-
HNE, 4-HHE Ol OEEL e b OFBEIZE 2 5 5%
BIZOWTWEAHTH 5. Surh SIFEE O KA
Yol (GRIN#R), MAdE RNy B X O &5
75 1 HICHEIS 54-HNE & 4-HHE O &5 %16.1 ug
EHEE LTV AY, Rz 1208 ) K LA L
WA, —BEORALLLENT2MOE%10 g
& 9% &, 4-HNE E4-HHE O A FHEIE 13150 pg
L%, Surh 5OHE L7721 HEREOI05
ThoT-.

MOMBIZL > TEKTEIEET VT F, 4

HNE, 4-HHE % %52 AR CTHRERE L 72 PR ik %
WCERSIT 2 HEZRE L. 2olhEEHWT,



T4 e BRI 2 L L 72 B2 K 3 5 4-HNE, 4-HHE
BE Rz, FOME, 4-HNE b 4-HHE B i 25 5 ]
WG CUCTHIm L 7z WMo RIS X D 4-HNE O A B
5 HEREDOEND D, n-6RZMABANGIEE D&
HEDWENREWEEZ LN, b5 7z K
LRESHBICHAH L 72-%46121%, 4-HNE, 4-HHE
A2 0 B LA oI POV @ ERIZERTHM
L7z, D%, 4HNERXRHF CHTH L2 ) I1TIF—
EDEZ R L7245, 4-HHE (3384 L7z,
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