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Formation, Health Hazards and Reduction of Trans Fatty Acids in Fried Foods
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Abstract: Trans fatty acids (TFA) are non-conjugated unsaturated fatty acids with at least one trans double bond in
the molecule. TFA naturally occur in small amounts in ruminant animals or are formed during oil refining, heating and
hydrogenation. Improper cooking methods such as high-temperature heating and deep frying may also induce the formation
of TFA, which depends on cooking conditions. TFA may cause hazards to human health in multiple ways. Thus, it is very
necessary to control the formation of TFA in cooking oils. This article elucidates the chemical structure, sources and health

hazards of TFA, the influence of cooking conditions on their formation. Moreover, some suggestions are proposed for dietary

exposure assessment to TFA.
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Fig.1  Structures of cis-/trans-fatty acids

2 RAMRNIMR ™ A FR IR

R B R I TRARR 38 AN A £ 45 ) A& ST B AN TR
MAZESR, HRBERN Z.

— R RARGAE I TFA T ZORIE T IR 43 (s,
R BTHR LI, HEEMNEM, FEHR
AR B A T R N B TR S 2 P A o 3 R A
R, AR BT B 00 o AN AN i T BR (e AE S A AR
BRI S A = AR, TR TR~ TRAR ),
BT A= G TR A RT LA 25 & T WL i s 41 23 80 43 3 3 77
o, g A E TRA. B, 49 MTFAS &
944.730 mg/gla i F AT N21.498 me/g RN @i
N63.362 mg/gflgfi®, MR R I TRA LA
MUBEHIEE N, LU 11-+ B — R (11£-C )
iz, BHEERRENYM. FR, X RZET%
AR A ™ B F X PR AR R IR I TEA R] LR 5444
JXT N R 78 I ILHEE AR (conjugated linoleic acid,
CLA) , HHFSEI AT X AR F G FE AR R,

TE i J00 SRS R p et R o, il g R ) A T R R B
HTREATSAMERIA ST, 5 KRENES KNS
AL AL A FRTFA . TRARJE B 5 M 5L T
Jit 5L BT [R] DA K AE P (R G 06, BRI .
RS FRLL AR, TFATERCE R Z" . FerrariZg!"”
f# FiSato- 104 F: (50 mX0.32 mm, 0.25 um) 75
DAL R At Ja A K3 SR A0 KR, 95
MG TEAZY DI N T 4.5% 2.3%F11.0%, HI3ni L
TR AR M B . TasanZE"HT 5% 2646 3 78 R[]
FEIRBY BEITRA, I 340 228 B S5 40K h (1P S TFA
ERMINT 1%, FEEPERRINE, MERE &L
ZELEKF I P TFA S B3N 172.5%, FEE RNt
FK 2R AR B

TR AU FE EAR AT LA i Fig 1 R AR e o,
H Rt 2 4 R R B Eh T v il s TR I A AL AR A TR R AR
ST PR B K B TFA . TRAR & & MAh T4k
A SR P AN AR R AN R g 7 R R PR AN R T
WA ZESR, —BURNAMER (frans Cp.) NE'. F

R, ZRMT A T mITER. &8
A, I A R AR PR A 2 R R R, AT
TEA S &AE— 5% ~45%2 8], HZE 0] His65%"",
SEAh, AE R SR, Aok AR E I, K
BN [ S 52w i A B e 55, 0 T R 1 0 = R R TFA

.
3 I X R AR BRI IR

3.1 A R AR R A R T

P03 B O R E R K 200 C O Cnfe Ak
M201 'C. KE 208 C. LK216 C. ZFri
225 °C) , 1RZ AT YD S & Ve 5 ok n sk 2|
B, HMAMXESSEOHEPTFAR =4, —RE
X 0 1 el P L P B o v e P R R PR S, AR
S 1 B ik B R R TR A I A5 P I 18] f SE K T
.

RIYEIMTEL80 CIR L FMmFAM 2, BOXEM H 1)
TFA R ETF&%, 78N F2 o A R0 fis 17 B8 7E = 2R
B kA A e . TERE T B B, AN AR i R
BEDMBR LN, ERABE, AmEEREL
e, AR RS AL, XEEBRESEE b
GG R T TFA,  PRGTE il 40 T B i R I TFA
EEBIN", Yang MeiyanPOHE 7T T K dohn Aol
TFARITE &, RILAE180 CHn#2 hh I, TFAS &&E#
T, HEEEREEE S — DT m; 260 Chn#k
12 hJE B TFAE RAMC g v Crgn I TEE, SR T R
o=V RRFRTEAE [F) 264 F & I BRA%, VLHRIE, JLH
J2 T I AT 5 O ORI i T B 1 R R b . B Y
SO SRR ZEAERFIh . ZORFIh . oKk FEAE T
5 A AMAELSO. 180, 210 CX3 MNRE T+ &
2, LUK W I o &0 I 7 R 4H R i A2 4k, B LR IR
ANFERE MR BT SRR, FEHZ&SFA. MUFA.,
PUFARI & AR, FEOLAE BUE I A2 o 52 B IR R AT
JERS TR e AN, T 2EUAR RIS, Ao s Fhe il
W BRI & AR AT UG, 3XS PR i 7E i
YEIEFEF, BEENS RSN, TEAR) & BB R LR hn
B, MEEEE N150 'C 5180 CINTFA & &1 _ETHE
FE AR HS 2 BT 2214, 1210 “CHE TEA & &1 - T
2, AR R SRR IR AU A i B RE
R, TESFITFASF, SR E Y TRA LU ARA AT
WITFASE 2 50 A2 AR AL s TEAH R HR IR AN TR RN 2 11
TFAYF, A FECE D I TFARE 2 A B, AR
FITFARRZE 5 A i [FIRF, TRARIAS RS & F i R A
TR R ZE R B e UIAR O, £ b v S i =R 1
R e Emr, HANTRFAS B,



34 2018, Vol. 28, No. 07

Ltk

BT

MEAT RESEARCH

@R

P EAXTRREFTHRPIRL
CHINA MEAT RESEARCH CENTER

3.2 ER R NTER & B 1R

WIEAE N H ar B AN s - TR Bz —,
FEAEER . FEEMEN R ER, RIEmEER
ZE RN EA A, RN . KRN BA
SO, SEETEM SR S, B K m iR i
WAEH TR S A, ANMUAIAVB, VA, VE. VD,
VKO RRER 07 R 55 06 5 IR T BR 8 AL, a2 ety g
ARG, RGN, SRR, ARG 208
FREI A BRI TFASH EYR, BmEH, Wiks
R . P, B, RIS E, PERK
W AEEER . SEBRIR . IR R S ) S BN R I Ak
Sy R ST A R R

FEFWNN, ERIESRES, 2B EHHW. WL
(P RT [B) RV B . ROV I ST . o« RKERR IR 26
B AT 0 P S R i A A I A 2 5 T X
(AR Y. Tyagi &P 70 BT 78 BVE DR b (0 28 e A
FrtER ARk, RIMAEAE170. 180, 190 CHRIYETO h)5
ARG R T, ORI R TE =R B R R
RS RE . H 255 FE T B I )R R
TP X A A v B 0 R AL R R B2 e, O B IR T
RVHTHE I 18] (1) 22 K #8685 FOHE2E 3 o 1w B e AR T R
A OB B I T B AN TR AR & 2390, [R5 302 AN A
J R IR 5 B N B o AT SRR LI R A SRS AR A R
Bl SR KGN 25 AR VR BT, Yo 4t
TSI i )9 KE R AR R P TRAR AT 0 98, K&
MR ZIMTRFA S S, “FIMEN15.53 mg/g, KA
TFA G B 5A%, FHME N1.36 mg/g. AR i
S B4 X 90 i o R R T R AT I S R, LA kS R A
P P AR — 80 1 I XS AN AE i F R 2 R — 2
ERIEINEW, XS R TFAR & R 8AG Frigim. £
O 5 STVt T A e R R e R P T R SRR 4 SRR, B
S T FEE AN [) ok yih S B TFA S BB 2 35 . 2 IR
& T220 'C. BfE/NT2 Wi, RS TFAS = F 2%
18, FEIRJEA/NT220 CL AN T2 hok T RLE,
AR TFA S B RE IR & i b & B2 ~3 5. R
SRS PSR AR SRR U AR R I, T E AP IO TRAR
25 B IR A 9 R AR P R B O, BE
TS AE AR, SRR AR, R S R AR S
b, TFARI S Eim, HZEEA20%0L 1.

SRIM BRI B L 2 oF TRA MR AL I T
GESLSL R, LM R AR HEL R R X S A A% it
HHTFAS EEA REN, RN TFAS & &S NE
thim (10.39%) fERUIEXSMAE G, HTFAS &7
B EIRE6.66%H16.80% (P<<0.05) , {HILHIE)S i1
JE TR AR R R A I TRA S B . gk 350 SR A7 [
AN B RORE AR 0 2 5 =, W RAS R 444

N EWHTFAS BEAIG N, KA FRUE IR B
(ITFA & E# R E T (P<0.05) , A AR A i Rk
A2 FUNE I (K TFA S &30, 10 A AR ok A o R L 3
AU YE £ fh TP TFA S S0 2 2 A8 4k, B R 2 i 7 50
T AW h TFARE/NT0.30 g/100 g, 4T HAGKT,
FAXF 22 4. Lin5 P 70 Sk K G i G B2 TRA R B
M, 7E160. 180+ 200 CZAF N h#24 h, HEA RN
TRAE A K E i AR KR = Pk, S TRA W]
BE AE MR AR PR, 3l DI st R
L, SERFAT K St B TRA & & 35 3% B 35 BT OB
(38 220 3O, RS L AT A 5 R 2 B T A iR R TRAR
RAETEM M, FET HEEFE.

4 RANEHERXEROEE

AR, O W% o< T TFAXH B 5 wf 7t %
ko TFAR] LAS HoAd IR I B2 — i i IR o7 1E iy Wi AR
WREHANNEA, S5 NEHBRARS, I ReEAR N
B, TRAXHE R fEH &2 mi .

4.1  RARWIER O MR

KE R T TFAX O ML 5 G52 M 1 AH 5% (1 55 56 0F
FERFAT I A BRI B, M T A E
(L FDAG 0 2, TEAXT AR fEFBUT K. A2
B ot N AR AR (A 2% P i 2 IR A B2 (low-density
lipoprotein, LDL) , E<x3Ghnst AR i ) 2 B R 85 A
(high-density lipoprotein, HDL) , #2&;fil3%-FLDL/HDL
M Ee A, FEARLDL M KL BE K /N, FE s i KR & A
Lp (a) &R, JF5IE R KAE K ME P DRERERS™,
AT R 51 O U ZE, SR e O s SRR A R i A2 S
(1 £E UG 5 i 2K B i S SRR T IR, R LA e K
(1) [ A C 1, BRI I R IC 2y SN IEREIEA
5, S W 1 R AR 5 S TE AR DG
42 RANEWIFRSBE IR

TFASEN &1 238 W] A 2 130 IR s 20 i % e 5 2% Uk
PERRE, HORBRIR U, 5 %K LB RM, JTHS
A Lo 2B 11 BURE PR IOME S AR, E b
BB, a2 S BRI R R
PRI 1) A N (0 48 i I v i 2 3 A B ™
FIUIGE 7 B < BR AN T 0 IR 07 R DA 2 IR T N 5 &
P TTBUWE PR IR A3 AU 6 R & 2 AN LRI TG I 12
AR F BRI R AR, SR TFAEN £ 48 & % 1 K
Joi RV
43 X IR TR N A M P 5

TFAX IEH e AR 22 P2 A2 s . FE XS 53 44 4
TE1~15 B 20 HJLE CPHERNT.5 2 KRB
TR K7 1 Ay e B, & AR IIAFAE A TFA, H



<o

P RIFAR 2014, Vol. 28, No. 07 35
FEAXRTREEFHRABL Hiz YA S
CHINA MEAT RESEARCH CENTER MEAT RESEARCH #?EEI@ ﬁ

i (1.78+0.10) %, FFRIR TR 5 n-6 AN AR D712
(RHRAAVRERR) FoB R 2 23 A%, TFA
AT AR AR DU IR BRI AR B i, T PR AR JLERLE AR
WP 75 19 R B IR ) 4 R 5 4 B AR, 3 Rl 7 IR T TR
Rk, HEENP L)L IER AKEES EHY
G REF, H A TFARTRES SWAIRIG . 2 A FifgE
PR = e Te 4, R0 5 AR I B A R AT .
W FEIN A TFA 2 5503 21 41 B 40 B J 1 g o o0 A, B35
S0 B R ) R R A e GBI ek K N ==
iinJﬁEMLM]o
4.4 RANEWTR S5 EAE

—Le SIS B T R R A R B, S T 7 R T R L
FIEMRAER —EXRFR, MAME. ShEE"Y, &
67 & UL EIERBPTFANRA & S8 s K AR A
—ERFZR, AR ARPTR 2T BCK R TFAR %
T R A 45 T 0 AU B4R 150%,  AH H AT 1 R T B E
W, HALEWA T 2GR, A8 RWTFAW fEx
388 i 25 8 P A5 1 R B

5 REMRR R ARTIRR IS TE

5.1 BT A EARIE A

TE 2 A B T 00 ek R S 9 Yo K R T DA R
G S AT ()55 FH AR vl S50 T DAAE — B 2 FE B A I
JELFEFTRAM & &, [FI Ik v] DA BRI At A 0 5 1
A

AR, TEIESE R A S0 AR S B i it
TR AT . &Y. 8. TEAZAG EYIR
LR R, BIFFOREEU, [RIEm I ER R, R s 52 A
FReLmf A E 16 h, LB E. AEDRE R30S
W5 (A s ) B T ke A A = A= 451 . Romero
SOV S 06 B0 U I AE BIKE ok 2 e R SN 0 BT T T DA
DG TR R B A, TR B I TFA & & . 3
F2 S R (DS KR, RIS A S VAN i T el A R A A
TH R AR b T
52 EPEAIEEIE

BOVET AR AR 2, M DU L &
ASIE R JER, SRR S WA AR R A
W, XESETCANIE S E A R P TRAR AL kAT
WHot, RIHPTRAS &G BT, HIRBEE K
S > LR > AEA, 7E— e R Ul B AR E K
T E AR MR . Daniel &5 2 E St v &k BLLE AR Rl
rH T PR S 2K TREARI VR R 7 R 7 38 B, AR A
RS AR FI 1 A B o] DAYs > 2% I TFRA
53 CKRHJedtHEAR

G i TEA, RIS, 2XKH

B YES JESINT 2, T S A s N 456 7= i FL A Ry
BRIEAME. & %, MUFEHERESL, HRER
ZHRENEZ . AT AESE I Ty AW 45 1 il A
FERRBR I FR, BT AERI . R N TFAZS
EYR, HBEE RN TR ER, G FEP0 074
Ko BERIE MBRARIMPEIREE 4 Joh VR 1) 538 4 e K
N a] 48 FH R vl 5 0] DAAE — e AR B B BRI Ve A 40
TFAR & &, HIEABEMRRA F7H B M i 78 A S5 i
TRA = Az Je HEXF I £ S = A AR 52

AR LR ARk & . dEmiEseE . R E S N
LA A AL G 8 P —— B XS AT N T, ERRIK
VA0TSR ) o B ) PR 2% A TR PRI A% S 8 XS 1)
B B TRRIER, KRS A E
PR, BT L2 T H RS RS B RS
392022 pg/kgMl 21 pglkg, A% T4 L2 MK
XG4 ng/kgFI108 pg/kg. A 5 (LR 78 A% G
To7 R ah B, R AH S EmEE RO S, R
R SR, R S A R R T B, e S e A e
BE S B BT B AR 1 S PR B AR AR, DAIA B4 U AL A
P I PRRAL, FEXEG N TR S I . A
T T DA ) 1 € 1 s A T R

6 BREBEEREW

H Al g B8 S iR N3 29 v 25 S0 i ik
Fom e, R R, A, AR, Jenit
T WTEL VKA. B EL. WE. MEf. MEXS.
MRS, DRMERERSERMIRZIHE R H 5%, AL
i I TFA & R AR &, Qi Bk A I TFA S & 0k
105 T 4 LN 3.84%, KEXS N2.08%, FOvBFTN12.0%,
S BN E1520.4% . AE20034E M A DA 4L (World
Health Organization, WHO) /BtA EHRA ALY (Food and
Agriculture Organization of the United Nations, FAO) %
FERRFOERIRH, TR & A DG 18 1%
o, WO M R . I RURE R &, R N R R,
TEARI KRN BEAH LR SR 1%, Wifik
—ANHUENEY BRI GER 2000 keal >R iH5, NRER
WATFARNN 2.2 g WERZBE, BOEFEM OIS
HMEN20%, FLTFA N @G 120% 1 KPR 5, X
B 100 gift Al g4 gfITFA, &8l WHOFMFAOM
EMHEFERN B ARYE AR AFPI R . BRI, K
N 2R B R TRATE /D48 A P 3R B VAN I 4 i 40 4
X N T A TFANY HER AR 222 g/d, Horp
NP TFANSIN S iR m, 18342 g/d. £ HE AT
HE LHEHDE XL EYRAER K, TFA
BANRERG W, S FHEG LN EN.



36 2018, Vol. 28, No. 07
Lsligik

BT

MEAT RESEARCH

@R

P EAXTRREFTHRPIRL
CHINA MEAT RESEARCH CENTER

12 B I 5 T, AR A OC BEORE 0 R A A e 4
Fo TE2002 4 3 F 3 17 AR A AR P 9 BN &k F
40.2 g/brifE N HF129.9 g/bre N HPY, BB E RCE H 1
FAEY AR R TRAS A Z B K, P RTFAR K
GHN23% AP N3.4% . KT N3.9% . FEIE K
N1.9%. FEMEHN0.20%" . 1642 1°80.6% 2 KRt~
0.6%-~ A 42.52%""

WHE TAEI2007FLAAM (HEERESER)
I, FANFEREHBBARARIL2S g5 SR 1#
NEERTHREREBRANZ0%, [F @I E R
B Cme R AR, RATRe bz s & 24 m &
W7 o AE AT 20104 KA 1) 2 WL i 22 4 B K bn
6T BR A LAE O£ i IR JEURERI 2 7= S I TRA S =
THRE.

SR B AT, BRI TR 2 R e AR TRA T A
BUBR RIS 1] 7 2 R e v AN 5636 s FRIEX TRA I AH G %
R FCAHAR AT 5D, BT O i N B & Ve Rk, Xk LA
XTTFA )4 e KU 24T FHE PR A5, fEGB2716—2005
CE AR BARREY « GB7102.1—2003 (&Y
T ENE SRR ) DA bR e ) 25 FAE Y il (1A 5% B S A
R, A R I D7 R A 5 I 5E Fe b BPR R E
] 5% R D0 1T v oA H 6 B 22 P S P I A e it R PR R
SE o A ARG B AMEAT U &, X E T TFA
TR N RTFARN & S50 & BER 22 1 IR b
#E, DARbEthde S AL A=, PR R IR R

ZE -

(1] GRIE, H A, Ehug, 55 mh b s TR AT S IR B Hdt
JET]. WZEIFFE, 2006, 20(4): 28-32.

(21 SRAEEE, fik4x. FRWTER R R TFWHMI. dbst: A2 Tl iR
#t, 2002: 74-75.

(31 xR B S IR T R S A A 1 23 A B 3R I R e = D
TN IHAD]. 7 5 7K, 2008.

[4] JENKINS T C, WALLANCE R J, MOATE P J. Board-invited review recent
advances in biohydrogenation of unsaturated fatty acids within the rumen
microbial ecosystem([J]. Journal of Animal Science, 2008, 86(2): 397-412.

[5] PROELL J M, MOSLEY E E, POWELL G L. Isomerization of stable
isotopically labeled elaidic acid to cis and trans monoenes by ruminal
microbes[J]. Journal of Lipid Research, 2002, 43(12): 2072-2076.

[6] KEWELOH H, HEIPIEPER H J. Trans unsaturated fatty acids in
bacteria[J]. Lipids, 1996, 31: 129-137.

(71 oRfAh, R, RS, S5 R IR TR S fE T [I]. £
R, 2005, 26(8): 500-504.

[8] ARO A, ANTOINE J M, PIZZOFERRATO L, et al. Trans fatty
acids in dairy and meat products from 14 European Countries: the
Transfair study[J]. Journal of Food Composition and Analysis,
1998, 11(2): 150-160.

(91  WHEA T, widte, mpaeH, &5 AR bR )], h E
i, 2010, 10(4):14-26.

[10] MCGUIRE M A, MCGUIRE M K. Conjugated linoleic acid (CLA): a
ruminant fatty acid with beneficial effects on human health[J]. Journal
of Animal Science, 2000, 77(Suppl 1): 1-8.

[11]

[12]

[13]

[14]

[15]

[16]

[20]

[21]

[22]

[23]

[24]

[29]

[30]

[31]

[32]

FRITSCHE J, STEINHART H. Analysis, occurrence, and
physiological properties of trans fatty acids (TFA) with particular
emphasis on conjugated linoleic acid isomers (CLA): a review[J].
Lipid/Fett, 1998, 100(6): 190-210.

JE . R R A A ] 7E i T b s R 9], b IR,
2006(5): 11-13.

FERRARI R A, SCHULTE E, ESTEVES W, et al. Minor constituents
of vegetable oils during industrial process[J]. Journal of the American
Oil Chemists’ Society, 1996, 73(5): 587-592.

TASAN M, DEMIRCI M. Trans fatty in sunflower oil at different
steps of refining[J]. Journal of the American Oil Chemists’ Society,
2003, 80(8): 825-828.

WARNER K, KNOWLTON S. Frying quality and oxidative stability
of high-oleic corn oils[J]. Journal of the American Oil Chemists’
Society, 1997, 74(10): 1317-1322.

DESTAILLATS F, de WISPELAERE M, JOFFRE F, et al.
Authenticity of milk fat by fast analysis of triacylglycerols application
to the detection of partially hydrogenated vegetable oils[J]. Journal of
Chromatography A, 2006, 1131(1/2): 227-234

BN TS, ZEREuX, Wiarte, S5 e b s SN I R 0 A ).
£ L AHE, 2008, 29(2): 294-298.

TR, FUE BT AR 5 S S PFA (D). ot YLK, 2008.
MROMERO A, CUESTAC, SACHEZ-MUNIZ F J. Trans-fatty acid
production in deep fat frying of frozen foods with different oils and
frying modalities[J]. Nutrition Research, 2000, 20(4): 599-608.
YANG Meiyan, YANG Ying, NIE Shaoping, et al. Analysis and
formation of trans fatty acids in corn oil during the heating process[J].
Journal of the American Oil Chemists’ Society, 2012, 89(5): 859-867.
BT, R v IR 0 R 28 RS AR S M P LR T 5 L TR %
PERIBFFED]. A AL: ZHCRL R, 2013,

JREAR, WRIER UL, AREL. i o R e s N D IR R TR R AR
131 T ERR 4, 2011, 26(1): 69-73.

CHOE E, MIN D B. Chemistry of deep-fat frying oils[J]. Journal of
Food Science, 2007, 72(5): 77-86.

TYAGI V K, VASISHTHA A K. Changes in the characteristics and
composition of oils during deep-frying[J]. Journal of the American Oil
Chemists’ Society, 1996, 73(4): 499-506.

HZEsE, WRITE, SRk BRI 1) 55 R0 5L P8 o 6 A o IR 0 TR AL At
OS], rh [ g, 2013, 38(7): 76-81.

Fig, WRZE, kG5, S5 W AR T 3R A il i R L o =
R AR L[], B R, 2012, 33(23): 36-41.

YV, R, ORTT, A FONE SR o S IR TR B A
SR BRI T D). T R 2 4R BARBHERR, 2011, 32(3): 21-25.
B, EXE, &Y, & R R S S ).
RN, 2008(14): 67-69.

AR B S IR DT R AR I B i /D A N HE SR BR VT4 (D). PR
SE I JEARAL R, 2011

TRERSE, ZET008, PRAEER. RUMEINCE RO R R R A L A fh ).
TARHE, 2013, 34(5): 132-136.

TRERDE, TR, P, A ANE R R R AR
FIBEFEII]. RS 4, 2012(3): 43-47.

LIU W H, INBARAI B, STEPHEN, CHEN B H. Analysis and
formation of trans fatty acids in hydrogenated soybean oil during
heating[J]. Food Chemistry, 2007, 104(4): 1740-1749.

FLECEL ). i REE, 2013, 34(22): 160-164.

MOZAFFARIAN D. Trans fatty acids: effects on systemic inflammation
and endothelial function[J]. Atherosclerosis Supplements, 2006, 7(2):
29-32.



<o

FEAXTRREFHRBPRK
CHINA MEAT RESEARCH CENTER

2014, Vol. 28, No. 07 37

Eikib

BEST

MEAT RESEARCH

[35] ARO A 1, KARDINAAL A F, SALMINEN I, et al. Adipose tissue [47] LEMAITRE R N, KING I B, RAGHUNATHAN T E, et al. Cell
isomeric trans fatty acids and risk of myocardial infarction in nine membrane trans-fatty acids and the risk of primary cardiac arrest[J].
countries: the EURAMIC study[J]. The Lancet, 1995, 35: 273-278. Circulation, 2002, 105(6): 697-701.

[36] ASCHERIO A, HENNEKENS C H, BURING 7 E, et al. Trans-fatty [48] SLATTERY M L, BENSON J, MA K N, et al. Trans-fatty acids and
acids intake and risk of myocardial infarction[J]. Circulation, 1994, colon cancer[J]. Nutrition and Cancer, 2001, 39(2): 170-175.

89(1): 94-101. [49] 1P C. Review of the effects of trans fatty acids, oleic acid, n-3

[371 MENSINK R P, KATAN M B. Effect of dietary trans fatty acids on polyunsaturated fatty acids, and conjugated linoleic acid on mammary
high-density and low-density lipoprotein cholesterol levels in healthy carcinogenesis in animals[J]. The American Journal of Clinical
subjects[J]. New England Journal of Medicine, 1990, 323(7): 439-445. Nutrition, 1997, 66(6) 1523S-1529S.

[38] MOZAFFARIAN D, KATAN M B, ASCHERIO A, et al. Trans fatty [50] JLEAR, BB, A B 2 4 i K R E Sk R 1D].
acids and cardiovascular disease[J]. New England Journal of Medicine, FRM A, 2005, 20(4): 88-91.

2006, 354(15): 1601-1613. [51] HEND HASSAN A L G. Alteration in fatty acid profiles and formation

[39] MENSINK R P, ZOCK P L, KATAN M B, et al. Effect of dietary of some harmful compounds in hammour fish fillets and frying oil
cis and trans fatty acids on serum lipoprotein [a] levels in humans[J]. medium throughout intermittent deep-fat frying proess[J]. World
Journal of Lipid Research, 1992, 33(10): 1493-1501. Applied Sciences Journal, 2011, 12(4): 536-544.

[40] ZOCK P L. Dietary fatty acids and risk factors for coronary [521 DANIEL D R, THOMPSON L D, SHRIVER B J, et al.
heart disease: controlled studies in healthy volunteers[M]. Nonhydrogenated cottonseed oil can be used as a deep fat frying
Landbouwuniversiteit te Wageningen, 1995, 346: 1245-1246. medium to reduce trans-fatty acid content in french fries[J]. Journal of

[41] LEMAITRE R N, KING I B, MOZAFFARIAN D, et al. Plasma the American Dietetic Association, 2005, 105(12):1927-1932.
phospholipid trans fatty acids, fatal ischemic heart disease, and sudden [53] Al 5KAEES, S2HGIE, &, MGk in Tl s Pk sk I LI ]
cardiac death in older adults the cardiovascular health study[J]. RZEHFT, 2011, 25(5): 33-36.

Circulation, 2006, 114(3): 209-215. [54] i, BOEH. g@mlEEoR: PTG APk SHLED]. f

[42] SALMERON J, HU F B, MANSON J A E, et al. Dietary fat intake and ke, 2013 34(7): 345 348.
risk of type 2 diabetes in women[J]. The American Journal of Clinical (551 B EGH SR0E, X%, 46 R 7E TR E YTl i R R ]
Nutrition, 2001, 73(6): 1019-1026. RIZE Tk, 2013(6): 45 49

[43] LOUHERANTA A M, TURPEINEN A K, VIDGREN H M, et al. [56]  ElbE, B, BTN, 55 1450 T o R TR BT O LER 2 25 i)
A high-trans fatty acid diet and insulin sensitivity in young healthy %Hﬂi[] PRI ZEATE 5T, 2013 27(5): 40-44.
women[J]. Metabolism, 1999, 48(7): 870-875. [57] World Health Organization. Diet, nutrition and the prevention of

[44] CHRISTIANSEN E, SCHNIDER S, PALMVIG B, et al. Intake of a chronic diseases: report of a joint WHO/FAO expert consulttion[R].
diet high in trans monounsaturated fatty acids or saturated fatty acids: World Health Organization, 2003.
effects on postprandial insulinemia and glycemia in obese patients [58] A NRILANE PAES, e NRILANE R R AR, i N Rk
with NIDDM[J]. Diabetes Care, 1997, 20(5): 881-887. %u FGAT R, P EE RE TR SR REIVRD]. b ELC M AR T 7T

[45] DECSI T, KOLETZKO B. Do trans fatty acids impair linoleic acid &, 2004, 2(12): 919-922.
metabolism in children?[J]. Annals of Nutrition and Metabolism, 1995, [59] SRAEME, TOCE, S8, S5 R iR R SRR A i AR
39(1): 36-41. N EHIEI]. EPI(MD 2008, 33(12): 76-79.

[46] KOLETTZKO B. Trans fatty acids may impair biosynthesis of long - [60] FEEE, kR, 2455, 2. R[E R R SRR 5 FE[I].

chain polyunsaturates and growth in man[J]. Acta Paediatrica, 1992,
81(4): 302-306.

rpE b E, 2012, 37(3) 1-5.

CivEAE ) 11D

WHE A T52-129  [H A4 RATAC S M5889

BIRFH RS R
EEEH:

A7 2 A7 B R
STl =) I VATHE S A = VAT =R R s TRl R vep A R =

EERC) LY U P

E SR ERIE I

FELHT IR Tk v g i Ik /AR S o R

FH /32 FA B ARG I 53 AT AR B 22 47T BEIRHE AR B AR 3P/ AT SRR LT 27 T 5 55

BATHGR : SR SAHSAT WAL
JER, WRBT. fBEAZAAN.

A LS JRy BT P AT ) FA 5 4 I RS S @I AT

XKI16F K HKI0L £2F120T

WS FIT R HERAL S 52-129

W0 710082 T4 95 5h k1185
WARITHK: JF P A
K5 3700021709088100275

VS RS NI | AN £ O AN e N (81N

TR BIHER, T

«EP./EEEH» /\1I_4‘¥JJ:
VY 2 TR AR T it B A BR 22 )

FEFAT: TATBRVUA 234778 BB VG 22 H R S0 AT
Hohlk: BRPGEPE L5786 1185 710082 Mi%: 029-88653157/888621360
fEE: 029-88625310 E-mail: zyzzoil@163.com  http://www.chinaoils.cn




