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ABSTRACT

Small amounts of trans fatty acids exist naturally in beef and dairy foods. Also, they can be produced in the process of
partial hydrogenation to manufacture shortning or margarine. They can provide a better palatability and shelf life. Accord-
ing to the recently studies, trans fatty acids can raise health risk such as heart diseases and coronary artery diseases. They
can also increase low-density lipoprotein (LDL) cholesterol and decrease high-density lipoprotein (HDL) cholesterol in the
blood plasma, therefore increasing the risk of atherosclerosis and diabetes. The aim of this study was to determine total lip-
ids and trans fatty acids (TFAs) content in processed foods and meat products. The analysis of trans fatty acids was per-
formed in 28 samples of donuts, 18 samples of bakeries, 4 samples of frozen doughs, 2 samples of popcorns, and 4 samples
of meat products (ham, sausage, nuget, and bacon). Total lipids in processed foods and meat products were extracted by
chloroform-Methanol method and acid digestion, respectively. They were analyzed by gas chromatography using a SP-2560
column and flame ionization detector. The amounts of TFAs per 100 g of foods were 0-3.3% (0.74% on average) in donuts,
0.2-5.8% (1.18% on average) in bakeries, 0.2-6.3% (1.93% on average) in frozen doughs, and 0-5.8% in popcorns. Meat
products such as ham, sausage, and nuget analyzed 0.1% of TFAs, respectively and trans fatty acids in bacon were not
detected. As a result, the distribution of TFAs in processed foods was widely ranged from 0% to 6.3% according to manu-
facturers and types of products, whereas the content of TFAs in meat products ranged from 0 % to 0.1%.
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59 FAFY BF, HEZE JE S8F 59 AZ
Al kol B, AEAAI-AG 59 Ylo] "riu &
A Ae TR, FH2HE Bt o ER A B
o] TS WIEA] HU)SEE T3Sl rhA FookEgt
A4, 2007). BES} A 71 Ed2 2bake] Q1A
o mXE Pl AT AT A} Hx} dEAEA A}
3A¢l B4l wet 123 QthJudd er al., 1994; Aro
et al., 1997).

EfA AR cisy o] BX S Ak 717 HA e
AEAD AV S5 SulAlY EA SlollA Favtio]
25 vpridel 2EY 2 1A e Hhud AR
7detd o AFHoE AAHAY, WEFES] ¢ A3
A A AHde B AdHez dy A"
d T FAASHE ATA A8 A 48 Ft

TAPIR R ghEo] 22 Anhs RoJ3hd fA9 #

rid

2006), =4 A vl 72734 o1Fo] A& AHolgh=
AollA 1970958 AREE o] it} a8y A2 d72
HEL BN APe] HHe AYE 2D [low density
lipoprotein(LDL)] Z#|X~HIE $3& Z7MA1Z2 B olz}t
A% ASlThigh density lipoprotein(HDL)] 3 2HS
o] $2)& 7+AA)7)9(Lichtenstein, 1998), A@ AW vt
AE-S wo|1 FHAHE}, D, Alzheimer 59 AL of
sl AE 2tk Hasa gtk 4)x]of ofo]
£ 477N 9} 21747 EAIZIA 2t d7E
7} FHH7)E SFHATH Yan, 2000). =3 FE A do
of WEW uXPFlle X3} AAtET EdA Xk
o] ¥ Y 43S viX= A E HuEw Jri(Wijendran
et al., 2003). GJ&o] Qi) ERA At HFSote
Bjote] I tALS THAAIA Hloke] A4S A3
g 4 9l (Houwelingen and Hornstra, 1994; Kolezko,
1992), S39] Ed Ak A3E Bhde) Za e
2 TS AT HAMEL 23 THAAA
frotollA A2 P & 5 Aokl 284 JYTHEmken,
1984; Innis and King, 1999). o]l we} gj=ox= E
2= Zpako] QIAel w|X|& kol A3t Ao} EAE
o] EdlA Abite] g 9 el tid 2APL o]
0] | glon olgF AF AnE EUR IA|Fo
2 EdA A H4HE Ak E gEe] aEEH
o} dinfzo e 2004 19RE Tl 348 E
A At giFol 2% o) A FERE 2X8)
A, =3 Ayl M Zh 20059 1297 20068 1
AHE JUREAIG R Eda AW kg olF ®AlE
== Yk T3 WHOMAIR ATyl ME 8- 43
F 5 EANaAA V= APl 1%8 IR &
£ A3} JQTHIUFST News, 2007). olo] 28U}t
AH|ZEe] & AE] BE € IPERATTE sl 3

MO o M

Rape] 5520 U nfEog AF A7 HA ER
224k 3k BAE o)Rslslger] Eda X4 73
< AR 5 AF FAE A3t FAe. wEkA
B Ao = 7FEAE dist ERAA ] B3
71Z2A5E vldslaRl 2859 TRR, 1859 oA
., 459 JBAA, 2% BE F F 52TRY A
E3 PF, 2AA, ¥4 2 HolA 4579 ST
o] Edx A g A4S A8

ERETET

Wi

B Ao A" AlEE 2007d 6¥HE 2007d 7
4 Atojol] Mg AGA AlFdl FEEHIL e AFS
TR ARZ ARSI FAT AR FRE TN
dA 9 ERF 28F, S/ A HolA W * FID)F
18%, U 449 ¥F BAF 4%, 270 A BEF 2
T SAHET s Al A5H e W &
AR, UAF 2 Wo|AR T 435 44 20079 8¢
A AGolA TRlete STHEE AIRE ARSI S,
ARHIET S7HEF £ 8FF 5658 B3t

GCE o] &3 A% At 2484 e A% At &
FEAZE SupelcoTM 37 Component FAME Mix(Supelco
Inc., USAYE AREE}G o, ol2ld] C18:29} C18:32] A
2, ENAFY] EFEL Sigma Inc.(USA)S] AlZS ALE
a2 AR €40, C6:0, C8:0, C10:0, C1L:0,
C12:0, C13:0, C14:0, C14:1, C15:0, C15:1, C16:0, C16:1,
C17:0, C17:1, C18:0, C18:1n9t, C18:1n9¢c, C18:2n6t, C18:
2n6c, C20:0, C18:3n6, C20:1, C18:3n3, C21:0, C20:2,
C22:0, C20:3n6, C22:1n9, C20:3n3, C20:4n6, C23:0, C22:
2, C24:0, C20:5n3, C24:1, C22:6n3 ©|c}.

1

ZXed F&

ZY R, WF, YsAAF ¥ #EF= chloroform-
methanol(2:1, viv) =&H-& AMgsle] ZH AU 22
3} tHDaugherty and Lento, 1983; Bligh and Dyer, 1959).
AE 10 g& AT ¥u 60 mLe] S/HFE 7lste]
3918l & methanol 100 mL%} chloroform 200 mLE 7}
3lod shaker2 40%-7F wHgE ¥ 3 HEE 93 3% &
F BAANAH. sFdg Bty JFIHAFEEST]
(Evaporator, Tokyo Rikakikai Co., Tokyo, Japan) ©]-8-3}
of 7}t FFHA)F|I 105°C dry oven(Sanyo Co., Osaka,
Japan)ollX] FAE FE3ta 24 TS AR
3, AR, vA 2gal Wojhs HIRg STHSES A
ol oJst ZAS FE31 Tt 100 mLe] Hlo]A
o Alg 2 g ¥ ¥ 44 10 mLE 78l hot plate
(165°C)ll A 302 Bt A os W] &3] Eaid
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HY7HA] Ao FAch Al E WAZ] & iUl ¢
BUols 1.5 mLe} ethanol 10 mLE @31 4)0] o),
Diethyl ether -8 25 mL9} 41f- olgl2 25 mLE 7}8}
o g B3 EE9 F H =712 w1 43} shakerE
3023t aRkEkATt, 2087 A3 F AFEolS dakd 7
W F7Ye] &7 LAt OA] diethyl ether®} Al-gollEl =
25 mLAS ¥l 99 2 o 23] uhEalglon,
AFBAFTLEZ7IE AMESIA 55 3l 4 A9 =

Xghof 7kl I Methylation

Ao 7Rl 23 2R 02 mLE cap-tubed]]
# &, 0.5 N methanolic NaOH 1.5 mLE 75k A4
£ Y ¥ =4S 91 39Tt Aluminum block
FeZo) A 5EZF 100°CE 713 3 30-40°CE W2ha}
Rk, At 24 2438 918 AOCS A (AOCS Official
Method, 1989)° W&} methylation®}3S A3s}ict. @
ZYA1Z] cap-tubeoll 14% BF,-methanol 2 mLE 7}3F 3
aluminum block ¥+-&ZofA] 587} 100°CE 7183 & A
2o IZHAZ T} Iso-octane 1 mLe} ¥3} NaOH 5 mL
£ F7keld Fest & 9ARgske] AEdS sodium
sulfate® 2810t AAE 718l 18 AAT
GColl F43ted 717] BAe A8t

Gas chromatography £44

T4, HolAg, WA 2 HEF EdA A B
A& 9181 gas chromatography(6890, Agilent Technologies,
Co., CA, USA)I auto samplerZ AFg-3te] thega} 2o
F7o2 B39} Injectores split ratios 50:12 3}
split modeZA] L= F 260°CE 315931, detectors flame
ionization detector(FID)24] &= 280°CAT}F. Carrier gas

+ nitrogen(N,))= AF8-3190.2™ flow ratex= 1.0 mL/min
o7 At XL 2% column® SP-2560 capillary
column(100 mx0.2 umx 0.25 mm)& A3} Column
<5 2719 180°CoA 4087 A3 F 29 3¢y
SAA 230°CAIM 202 o FAIXA FReH B A
BoME 4 Al B4o] 3EY ooy o, J)7] %
Z1& Table 19 YER|RIT).

3, AR, UA, vlelA Y S7HEE GC B 24
B3 flame ionization detector(FID)7} 2% gas chroma-
tography®ll auto sampler® A3l A2 & FYstHrt.
AFE A4S 9151 Multi-technique Chemstation(Agilent
Technologies, Co.)2 AFEEH ) 7+ A8 E4lo] miEA
olFoigon, 28 913 column®E SP-2560(100 m x 0.2
umx 025 mmy<, o)]EAO R B} [0 mLe) £ET
helium(He) 7|A1E o83l o FU22 split mode=
25:1¢] BIES ARESIATE =212 140°CollA 40837

Table 1. Analysis conditions for gas chromatography in pro-
cessed foods

Consists Conditions
Column SP-2560 (100 m x 0.25 mm x 0.2 pum)
Injection temperature ~ 260°C
Detector temperature  280°C
Detector Flame Ionization Detector
Column temperature 180°C for 40 min — 3°C/min to 230°C
— 230°C for 20 min
Carrier gas N,
Split ratio 50:1
Gas flow rate 1.0 mL/min
Injection volume 1uL

Table 2. Analysis conditions for gas chromatography (GC) in
meat products

Consists Conditions
Column SP-2560 (100 m x 0.25 mm x 0.2 um)
Injection temperature ~ 250°C
Detector temperature 250°C

Flame Ionization Detector
140°C for 40 min — 3°C/min to 250°C
— 250°C for 15 min

Detector
Column temperature

Carrier gas He

Split ratio 25:1

Gas flow rate 1.0 mL/min
Injection volume 1uL

FABIAL B 3°CH SLAA 250°CAA 1583 FAA
A FRom AT 59} detector LEE 250°CE AR
3 THTable 2).

Az B4E A5l 74 ATR SHe FLEAN
FEZAA methyl ester®} retention timeS H]ws}e] 2
31al, ERAA Se 22 o)) A3 ApgAt
EWNs ARt TS H3 3E ERMAA EFo g

At

v

re

o of

3l TSI AE oA tlE A< deep frying 2
FY =49 B, F 7R QAN 28FS] =uie i
o7 ZARH 27 AR 100 gB Ed APite] ke
0-3.3%%] HAZ Yetor Fd 0.74%Y FAE A
o A} X 100 g7 EWA ARE deke 247t o-
04%Z T 028%2] X2 BY1, BA 2z 42
03-09%E BT 0.58%2] F£X& HPoH, CAl Y=
27 04-14%2 HT 0.82%2] XE HY1 DALY =
Uze 242} 32%9} 33%2 i 3.25%95XE Byt
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Table 3. Content of trans fatty acids in donut Unit : %

Type of product Company  Samples TFAs"/Food (100 g)

Donut D 2

DTFAs : Trans fatty acids

T, BA =uEE 242 0.1-02%2 B 0.13%9] 3]
F BYT, A EH=E 242} 02-1.6% 2 T 0.83%2]
TFHE BHYoH, GA} THxE ZH 02-12%2 HiF
0.52%°] FA& HYT} o9} Zo] A-F Ate] M EA
2 Akt gheke] Hd A= 0.74%2 JERGoH 7t 3
APER Edll2 XRal gheke) Hat X7 0.13-3.25%2)
Ot HAE Uehs ZoE Hol TYxE Az B
o= Sjate] mElA AF 100 g7 FHH0) Je EU

F

27 gepe) Aolrh wAstE 2e & 4 gl TP
I HEAFFRAA T FF 7eAE F9) £

22 e HUE Y 23 2004-20069 SRR EAW
A2F g0l 47517 /100 g BT} 953 Be —,—x]
A ERA 2T e A7)l wEshe ARl FAE

A BoFT QIohlEe|REg 3, 2007).

GCEAE B3l 4L 74} ‘:L“PJ chromatogram % 7}
7 F=2 B At IS JER C18:0, C18:1, C18:
2, 283 C18:3 EA;AX OVM peak?+S- Fig. 19 UE}

Fig. 1. Gas chromatograms of trans fatty acids composition
in processed foods.

Ho|712| (I R FI|)Fe| EMA X|8HA §H2F

HaFele 7 Azd A9 Azl wet E‘rE'Ur
X FAE 91 Fol Hol 7= W) AwR
A e R4 A TR vluste ZHe] ?}%*01 =
£ Z0% EHNY. H¥de F Edx AYEeRe o
=3 ZthTable 4). & 571 JAAA 1859 vlo]AYE
e g ZARE A A8 100 g7 EAA AHRte) &
2 02-58%2 HHE FHT 1.18%= ERGTH HANY
100 g EWS A4kl k] HYE 02-38%E
Bt 0.88%Y FXE BYor RE= 0.3-05%2 EWA
;qal-/\} z;g-akgi rd-ﬁh 0.4%2. \;Hi.]]g,_ ko -sha'l:_ 1,].5].
LH?}\‘:} _p\}_o,] ug} 100 gul- EdA ;qul-}\]. 51-31:,,] H—]H
= 06-1.5%2 Hd 1.03%S JeEhgen KAFE 0.2-
11%2 HF 053%) e Tag)a 1Al ALE= 03-
58%HHZE e 3.37%5 VYERH AFE 7k zlolr} 7}
& Attt ole AxIALY AzHolg dgo e
ZFolell 719131 Henninger(1997) 5] A7) w2 ©
Eu vyl Wr1EE Hulo g Hoja vhE wkEohu}t
O ¥kEo g ke ko] EfA A 31eFo] 11-12.8%2
FECZ 24 et 2ag v o)

R T A GA = 8] dlLlel A== A)
FE 20 e A0E ARHY 2 FooREekdy Wy
o &t AFe] ERA XA Tl A Fflol)
A A Il EE AEFO] B0l ERAAY ek
AF 100 g 0.1-05 gholl vla) +Y W AF-e olHr}
108 o) H& Aoz AU I} o)Xy
AME HWolAY Az A&HQA BT 7o) Z
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Table 4. Content of trans fatty acids in bakery (Unit : %) Table 6. Content of trans fatty acids in popcorns (Unit : %)
Type of product Company  Samples  TFAsY/Food (100 g) Type of product Company Samples TFAs"/Food (100 g)
3.8 Poncoms N 1 ND?
02 P 0 1 58
H 6 0.2 DTFAs : Trans fatty acids
04 2ND : Not detected
0.5
0.2
05 C18:1, C18:2, Z18]al C18:3 E#lA o] dA| peak?HS Fig.
I 3 0.4 19l JER ST
0.3
Bakery
10 gERe| sUa Xyt HE
! 3 (1)2 VY AL BE 100 ¢ B BB AT FFe § Ak
' AFNE Eds Aol 7354 Bgton], Be A}
0.3
K ; 02 o] AFME ERS Ak o] 58%2 ¥A U
L1 EPJTH(Table 6). 0] AZA] AMSEE 29 Zpoldf 7]
E A% Aoz AR
L 3 4.0 GCEAS F3) €& 2714} HE29] chromatogram%:
5.8

DTFAs : Trans fatty acids

Table 5. Content of trans fatty acids in frozen dough
(Unit : %)
TFAs"/Food (100 g)
6.3
0.5

0.7
0.2

Type of product  Company Samples

Frozen dough M 4

DTFAs : Trans fatty acids

I AE L AR ERNAA Fhako] AE 100 ¢
20059 1.7 goll A 2007l 03 g0 2 Folme
A2 Ak A7eE FAUS Eold = AAThR)E )¢
FHA4, 2007).

GCEAE 53 4

ojft
[ ot

=

A2 54} Hlo]#A#] 2] chromatogram®
7M=& Eda X ko] C18:0, Cl18:1,

NE F
C18:2, 7123l C18:3 E#M2 o)A peak?HS- Fig. 19 1}
128 Fel=g

HSHX|Fo| EMA X|uhrt e

WA UM 100 gF EAR Zuhate] ke 0.2-

6.3%2] WY= ﬂ]“ 3] Zpo|7} Atar, 4] AlE<
=B z]ﬂw SRS 6.3, 0.5, 0.7 283 02%2A]
e 193%%‘3}(Table 5). o]t FA= AEo|ekE
°P7<47§°1 W3S “ERNAA S e 2AL A3 wk o}

T FHo) 5 W A Fo| oy ERAAY ko)
5#141 AL AFRTE 108 ol wU= AL AHE S
A 53 Yot GCRA1S B 98 W3FAA 9 chro-

matogramz 7HF & EdlA ZApake) ko] (18:0,

C18:0, C18:1, C18:2, 18]11 C18:3 EW;HX o)A peakTH
< Fig. 19 eI

A A HjojZie| EBA XY

AP ADAN A=

2 AR o] SPdelA
5 B8 HEE 7 H A SAF 59
7VEAF &% EirEo] 3th(Ascherio and Willet, 1997;
Shapiro, 1997; Lee et al., 1998). S7}3-F< 3, AA]A],
WA T)a wjo|Ae] EdlA Apale] ekl BAlg 4
3= Table 73} 2t §7FeEe] EdA AU ke
AlE 100 g 3, 2A1A], GA AFAME 01%2] EF
& AR R8I, wlolRelMe HEHA Bol &
AFAES A ABAES W) 2 o A 2
L EdA AEARS e ¢ 4 AT} Henninger 5
(1997)& WIE5E2] 17](F) ANEe ERE APt 3
< 20-10.6%8.01, 24129} 78 BE S7FEE2 0.5-
159] S0 AEE BRAUD Bk Sk
F A2e] Eds A B9 Aol 1He FF
S} SAE A DA e 7)QsHE RO AEs
m GCEAE B3l 7F82& 2] chromatogram%-
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Table 7. Content of trans fatty acids in meat products

(Unit : %)
Type of products Company Samples TFAs"/Food (100 g)
Ham P 1 0.1
Nuget Q 1 0.1
Sausage R 1 0.1
Bacon S 1 ND?

DTFAs : Trans fatty acids
IND : Not detected
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Ham Bacon

5 |
g g
E ¥ s =
o 1. 2 - e S =

Fig. 2. Gas chromatograms of trans fatty acids composition in meat products.

C18:0, C18:1, C18:2 Z18]1 C18:3 EZX o] A peakTH
< Fig. 20 Yehfiict

2 <

2 AFoA Edla Ak gkl th3 AR E 5
Hetr] 98] A& MGl F=AZ TR 28F, WF
18%, YSAAF 4%, FE7F 27, 1811 $718% F
A AR, AR, 2AIRF L Wo)lAF 4 124 A
et F 8FFY 5639 ARE B3I YR, W
, WA 2 $EFE chloroform-methanol(CM) 523
Holl oate] WS FE590H J, 2AA, YA 2
o177 SAFL AHEHE o83l ZAS &
Sk ¥ gas chromatography(GC)oll ]38l Eaix x|kt &
FE B8t EHWRY F A Eda Akt g
FE 033%™ wlo]AZloA Y7ol vyt BEV}
Zol FrEo] Sl HaFele Eds At ke 0.2-
5.8%2A AZA AF/34T AMzSA wel xjolz} B
o] Wttt WEAxe EdA A TS 0.2-6.3%24]
ANF T 7P & Apols YEhIlen o ¢4k
TAA AR R Z)olE Tk AR T FERAE &
T AE 5 g AN AEEA Ggton T g A
FANE 58%9] 2 EAHA AR HES UERQ
o ST ENAM Y Eds Al ke 3F, UAR
T3 2AFONA A2 0.1%5 3 2oz ZAEY
o WojARFo M= Eda Ribito] B4 T
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