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Abstract

In this study, the most preferred trans fatty acid analysis methods, AOAC 996.06 and the Korea Food and Drug Admin-
istration official method, were reviewed and modified to apply to dairy products and dairy products imported into the
Republic of Korea for evaluating trans fatty acid (TFA) content. The Rose-Gottlieb method for total fat analysis was vali-
dated with accuracy and precision parameters by analyzing infant formula standard reference material provided by the
National Institute for Standards and Technology. The accuracy and precision data satisfied the CODEX guidelines. TFAs
were analyzed with a resolution of 1.5 for 45 min using the modified oven temperature program. This modified method was
applied to 45 dairy products from 11 countries. Average TFA contents in these imported dairy products ranged from 0.1 to
5.4 g per 100 g product. The majority of dairy products imported into the Republic of Korea were cheeses. TFA contents in
the cheeses were 0.1 to 2.4 g per 100 g cheese. TFA contents in other dairy products were 1.7 to 5.4 g per 100 g product.
These TFAs content variations can be explained by the frans fatty acids naturally present in ruminant milk formed by bac-
terial bio-hydrogenation in the rumen of cows and the different vegetable fat used as ingredients in the final products.

Key words: trans fatty acid, gas chromatography, imported dairy product, modified method
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At FAAN= *‘“’*é A el ApAke]l SEA A A AR WEEEY] v Al Ao E ¢
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oM Exlz Apdate] AojE qiAstaL, AEe] A A

T A B EdA Ao g Este] BAlskE

5 7318k wk ATHKFDA, 2006; NVRQS, 2006).
Bz Apgatel] ok EAZE e o o psie

o] thdo] HaL ok EdlZ APAE BAH-E silver ion
high-performance liquid chromatography(Ag‘-HPLC), at-
tenuated total reflection Fourier transformed infrared spec-
troscopy(ATR-FTIR) 59| &AM 50] /i o] AR &
A 7P de] AREL s WS TeaRekE Ty
HoltH(Juaneda, 2002; Mossoba et al., 2001). $-&Uz}le]
Eda At FRIAEHE A5 fE bl 1A

FAE F Eds AW APPoR, 2R F55
o 32 AL R D FEASS slaawt

Eggza BA35R= WP o|tKFDA, 2007). $H4, v+
FDAYAM = it 2% F T2, T34t ExsiA
ARS BAER= AOAC 996.06 A S ARESla glom,
American Oil Chemist Society(AOCS) A|&HL 7|E°|H}
Aol A o] A4k Aol ARgShe 53] ITHAOAC,
2005; AOCS, 1999). ¥ A= E4dE)9 Az Wi
o] fAleh AlFjeEea A 1A AlEHZ AOAC 996.06
AlEHE AESH fAF 288 4 e 7ka=zat
Eagz BAxAS AYsta, EUEE s &
AFY] Ed ARt g 55 517 fIste] AA
S

e o oY
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2008\ 495E 20089 119744 FRA=A 5 1170
TZ7klA fEustE s = WE 5 1370 #2977t
TE@AF S BANEeR st =AY #3199
AUA, AEAE SA7] H8 rsxEHstaTd
(National Institute for Standards and Technology, NIST)el|
A A FE= Infant formala 1846 ¥F1=E2S AME31Y
o} EdA AN EFEL fatty acid methyl ester(FAME
37%) £5 FFEZ(Supelco, USAYT 182, 18:39] Al
Egx o]4dA EFFEA(Sigma, USAYS AH&3IHh f =
A3} A2k 14% BF,-MeOH(Sigma, USAYS A8-314 11,
iso-octane(Merck, Germany), methanol(Sigma, USA)2
G Al ARESEIY) Va3 2 ulE 83 (Gas chroma-
tograph, GC) ¥4 AHL SP-2560(100 mx0.25 mm, 0.20
um film thickness, Supelco, USA)Z} CP-Sil 88(100 mx
0.25 mm, 0.20 pm film thickness, Varian, USA)S- A}-&-3}
Act.
«FAME 37% &% &3 &4 : C4:0, C6:0, C8:0, C10:0,

C11:0, C12:0, C13:0, C14:0, C14:1, C15:0, C15:1, Cl6:

0, Cl6:1, C17:0, C17:1, C18:0, C18:1n9t, C18:1n9¢, C18:
2n6t, C18:2n6¢, 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

x| 2y

ZA 2L AR 71E71E D AETEY Rose-
GottliebHS ARE-3IA 01, X =R/ LHEHE S ARSI
THNVRQS, 2007). Adake] 7kis)], vgol =82 £
TA|she AFoRERPAA A G ER ZAE A
S AREBIATHKEDA, 2007). Ake] 71E8lE 9
skl FE3 A oF 25 mgs Aol ¥aL, 0.5 N
ek FABRES 89 1.5 mLE 3Ulste dAas
Bojde & =] npE Y T3 U3 100°C heating
blockol|A] 587t 7}e3}ar 30-40°CE Wzbalgoh. kst
< veozH2g §=A3 517 98] 14% BF,-MeOH
2 mLE 7I8lal OA] A4S Eo] ¥al g ¥ F,
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o <\ 0
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=
25 BT vhlE Be ¥ 30837 APsh wikelal
= S I3} NaCl €94 5 mLE Y3 FAE Eo]ldo]

< 3
A S Aol WAske] Ao

3t | 229, 2
9] iso-octanesS Na,SO, anhydrous 1 g& Y& g
Al &71a0 T AIEEe 1 uls GColl F=st &
A&kt

72171 24

Gas chromatograph-flame
6890 series, USAYS AR&3sle] A iaks B29351% ) 7]7]
EXZHL AOAC 996.06 A|FH(AOAC, 2005) 2]&2]

ionization detector(Agilent

.

okEoHH A|FW(KFDA, 2007)8] 7FAa = vpE T8z
BNZAS WYt 370 At BFEFo] 453 B
S5 Uehd F AEF A4S, T AFEHY 717
BA ZAL Table 13} 2rh. Ed x|k ghe 2%
oJeFEMHH AW WHI|ES AMESFI M (KFDA

2007), olell W& EdA At Ex= v du

e 18:1 trans B: C18:1n9t= X &5k C18:1n9¢ J= o]
749 2)|3E-E group integration

«18:2 trans B: C18:2n6t= X gFsF] C18:2n6¢c F= o]
A7tA 9] FFES group integration
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7HA)19] 3 ZE-S group integration

EUA XA B AL
Mg A e AR AP ARl o A A
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Fig. 1. 18:1, 18:2, and 18:3 trans isomers in an infant formula sample using the GC conditions and integration guidelines in the
proposed method (method 17. C18:1n9t, 18. C18:1n9¢, 20. C18:2n6¢c, 21. C20:0, 22. C18:3n6, 23. C20:1, 24. C18:3n3, 26.

C20:2, 27. C22:0).

HABAGTE o83t AHAE 100 g7 = AL Table 18] Z7A 37&9] Wl 2B 2 AIELS

FID &A= A2l Pdd Al AOAC 996.06

AERNA AR %kg AFE-EFITHAOAC, 2005; KFDA, oA 458 o]ujo]

resolution 1.5 ©)AF9] ZHS YJehW k53t BilsS B
EAE 00 H(Fig. 2), 9%
SP-2560} CP-Sil 88 F 7}A] AHS o]&3t 37% A4

L%

2007). 100 g }\] E#d X]H]—}\]- 6’]—3]14 Zx]bﬂ— 6]—31: AL
o 100g LAt F ﬁﬂd_ At F S wetd Al 9aY] Eells 2 F EAAIREY Aol i
ekt
T R7ISE0l e EBA X[ehit & L EE A
A I vl e E T A2F o 13 35
xX|HF == gl HA X Table 2. Accuracy and precision data for Rooose-Gottlieb fat
;;I ; :'7;; :c]- ]g‘;: ;;__l Edz]_%_% o] ZARS T determination method (n=10)
AZEAS 108] HHESIA BAS AlAES 27.440.2% Contfos 18467 Analyzed Crude  RSD  Recovery
ertified value (%)  Fat content (%) (%) (%)
G 27.140.6 274402 0.73 101

=2 < Azk
9}9_111 RSD 0. 73%9] okfﬂ J L—E— UEPATH Table 2).
= 27.1%2] 101%2

date methods

Table 1. GC conditions of AOAC 996.06 and KFDA method versus the modified method

YAn infant formula sample, purchased from NIST (USA) to vali-

AOAC 996.06 KFDA method Modified method
GC detector Hydrogen flame ionization Hydrogen flame ionization Hydrogen flame ionization
Capillary column packing  100% Cyanopropanol 100% Cyanopropanol 100% Cyanopropanol

Capillary column dimen- 100 mx0.25 mm, 0.20 um film

sions thickness
Suggested capillary column SP2560
models
Injector temp., °C 225
Detector temp., °C 285
Split ratio 200:1
Injection volume, pL 2
Carrier gas Helium
Flow rate, mL/min 0.75
Linear velocity, cm/s 18

Hold-ramp-hold sequence  Initial temp. 100°C; hold 4 min;
Ramp 3°C/min; final temp.
240°C; hold 15 min

100 mx0.25 mm, 0.20 pwm film
thickness
SP2560

250

280

50:1

Nitrogen

1.0

Initial temp. 180°C; hold 40
min; Ramp 3°C/min; final
temp. 230°C hold 10 min

100 mx0.25 mm, 0.20 pum film thick-
ness

SP2560, CP-Sil 88

250

280

50:1

1

Helium/Nitrogen

1.0

19

Initial temp. 140°C; hold 5 min;
Ramp 5°C/min; final temp. 200°C
hold 5 min; ramp 5°C/min; final
temp. 240°C; hold 15.5 min
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Fig. 2. Gas chromatograms of (a) 37 FAME mixture standard solution (1. C4:0, 2. C6:0, 3. C8:0, 4. C10:0, 5. C11:0, 6. C12:0, 7.
C13:0, 8. C14:0, 9. C14:1, 10. C15:0, 11. C15:1, 12. C16:0, 13. C16:1, 14. C17:0, 15. C17:1, 16. C18:0, 17. C18:1n9t, 18.
C18:1n9c¢, 19. C18:2n6t, 20. C18:2n6¢, 21. C20:0, 22. C18:3n6, 23. C20:1, 24. C18:3n3, 25. C21:0, 26. C20:2, 27. C22:0, 28.
C20:3n6, 29. C22:1n9, 30. C20:3n3, 31. C20:4n6, 32. C23:0, 33. C22:2, 34. C24:0, 35. C20:5n3, 36. C24:1, 37. C22:6n3)
and (b) FAME:s from an infant formula sample.

Ao v 2 100 g 5 EH 2k ), AE L
100 g T EWZ A gHF B24145%% Table 300 YE}
YAtk AX2FE 0.1-2.0 g/100 g AF, AAX=ZE 0.5- 2 d7es 7R A8 de EdRs A
2.1 g/100 g AFE, X ZE= 0.3-2.4 /100 g AlF FAERAE st fEuEE FYEE AEY ER
X2 03-1.7 g/100 g A, 283 72 Fe 0.7-1.8 2 ARt 3 S sk sl AAlsknh B
g/100 g AF Gl gt Edls A g ARES: Slside Aestal gekst

S oUelE A5 E $UEE = =E A9 {7} Z AW sheko] =A o] "R 3lt), Rose-GottliebH o & F
FF N 10452 A 100 ¢ 5 EWs AR AR B

Il

J

EFANFEAS BAsla 1 Q53 vwg 2

2} AE 100 g T EWA AL &FeF B2 Table IR 10% o)) @Yol 358 98-102%S HAS

49} 7t} A|Zof wet 1.7-54 /100 g AZ FFo=z B 2= CODEX 7}o]=o] Rty A= L]—E]—LHO]

”54910”4 HEF7E 1754 ¢/100g AIF FEo2 the (CODEX 2010), S71BES] A 22U o g X s
FEE9 02-18 /100 g AFE FFd Hlgle] EAA A AL IsHATH

A Fgol Ao e sow Ik e %
FFEHEIGFEREADE 1.7-5.4 @/100 g A%, HEULAE
e 7)o 2h)e 0.2 /100 g AEFo 2 AT ofo]x
AP WA 1.1-4.1 ¢/100 g AFE|QTL, ofo]~™ i(ﬁ
FAHE 04 ¢/100 g AFEoE B oH, 7}10
(EZF2AHS 0.7-1.8 g/100 g AlEC|YaL, ZA= z%
22hE 0.2 /100 g AlFe]ATH

B2 AP BARE T AU 8 BAsA 3
£ ol we} ok 5 Atk WIF FDASIA AHgahe
AOAC 996.06 A1EHL 2% ZHtel] 28 7lsshH e
Fo] El AHES B8] H3slal, American
Oil Chemist Society(AOCS) Al =3t 7|y A
"ol A o] Edlas kAL B A0 Eo)zo g Z3el Ao
A2 ATHAOAC 2005, AOCS 1999). $-2ute} 21%2



Analysis for Trans Fatty Acids in Dairy Products 481

Table 3. Trans fatty acid contents analyzed by GC-FID in
imported cheese from various countries?

Table 4. Trans fatty acid contents analyzed by GC-FID in
imported dairy products from various countries?

Fat Total

Country of content trans fat Trans fat

Type of products origin @100g (/100 g (g/100 g

product)  fat) product)
Fresh cheese Italia 19.7 52 1.0
Fresh cheese Italia 18.5 22 04
Fresh cheese Italia 6.7 1.7 0.1
Fresh cheese France 249 7.9 2.0
Hard cheese Us 35.1 5.9 2.1
Hard cheese Italia 28.0 1.9 0.5
Hard cheese Austrailia 342 5.4 1.8
Mixed processed cheese Germany 335 42 14
Semi-hard cheese usS 20.3 44 0.9
Semi-hard cheese usS 27.5 2.1 0.6
Semi-hard cheese Denmark 30.5 1.0 0.3
Semi-hard cheese UsS 25.1 1.7 04
Semi-hard cheese Italia 14.8 2.2 0.3
Semi-hard cheese New Zealand  34.6 7.0 24
Semi-hard cheese Denmark 28.6 4.0 1.1
Semi-hard cheese France 30.1 39 1.2
Semi-hard cheese Denmark 273 42 12
Soft cheese UsS 30.7 2.0 0.6
Soft cheese Germany 29.2 4.0 12
Soft cheese France 16.1 1.6 0.3
Soft cheese France 233 5.0 1.2
Soft cheese Italia 30.3 4.8 1.4
Soft cheese Italia 27.7 1.8 0.5
Soft cheese France 24.8 2.5 0.6
Soft cheese France 27.9 4.7 13
Soft cheese France 30.4 4.1 1.3
Soft cheese France 13.5 6.5 0.9
Soft cheese Germany 232 5.3 1.2
Soft cheese France 21.2 7.6 1.6
Soft cheese France 31.0 5.5 1.7
Soft cheese France 20.2 6.9 14
Soft processed cheese  Italia 33.6 22 0.7
Soft processed cheese  France 32.5 5.4 1.8
Soft processed cheese  Holland 22.8 4.8 1.1
Soft processed cheese ~ France 24.0 42 1.0

YValues are means of two determinations of each sample.
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Fat content Total trans Trans fat

Type of products Coourrilgi}r]l of (g/100g  fat(g/ (g/100g

product) 100 g fat) product)
Butter New Zealand  84.7 2.0 1.7
Butter milk powder  Belgium 5.1 3.6 0.2
Butter processed New Zealand  §83.3 5.6 4.7
Butter processed New Zealand 844 6.4 5.4
Ice cream usS 17.7 6.1 1.1
Ice cream usS 18.2 8.0 1.5
Ice milk Austrailia 9.3 43 0.4
Infant formula France 26.9 0.9 0.2
Processed milk cream France 36.2 1.8 0.7
Processed milk cream France 41.6 44 1.8

DValues are means of two determinations of each sample.

£ 982 FtH(Ratnayake, 2004). & GC 29 &%
29 AA8s 98l 375 AR vdd s 27} s
sl EEEAL AARANTES HASfele 25 s &
e Hzﬂ;}gﬁu} ol ;(]1:11—/\]- BA @a%.':__o_ A]g\_séjq. E
AN ol FAE g 5 Qle A7} Qlof, EflA X

HRAE FAo]] wo) A]»Q—a}* SP-2560, CP-Sil 88 ZH-2 A}

83190tk £ AF A= AOAC 996.06 A& A AA]
e 20N sk 49 370 Hart
oA EHEE AA BAAre] F Y BT 55-
60%o] A9 WhA, AFoJoRERbA Al o 2
T s Z30lA B4R A5 EAAIKTe] 650] 428 F]
£ AL g1kt Brent 5(2008)X> AOAC 996.06 A
AHE HF k] El: AR £45 HRgtsr] A%
HOZ tdst 28 o8 &5 A5 2108 A
o} SRRl A Bl Ak B4 ] K5 E 3] o

| 2= 2] (80-180°C)2} HF-&= H$](230-240°C)

F3tAE Bl 458 ool 37 Ba S0l Fud &

EC’ el BA5E 248 4S5 A9t 53,

O =
F7FEES OE AFd vls) gagvt A2 ApEs

T oE RE A

5o A=2Fo|t) XNZFe P wet Edx Aat g
2ol W7t 0.1-2.4 /100 g AF(FHTFZ 1.1 g/100 g,
n=35)0.2 IIFU}. o] I 5 7HF T AERF
o] EdlA Ak SeF 0.8 ¢/100 g AZE(KFDA, 2008) 2
o} AR o)l ofol=ade S f55el 7
FAEo] EdlA x4k sk mUElY Z3H0.5 g/100 g
AR} =4 BAEJACHKEDA, 2008). ZA| 2+ Park
5(2008)2] AAlA AAIGE I A ZAE(0.4-2.4% S
) BHop g2 o s FAHQN Edls Ak 3
F XE 95E AEHE 9t T Ed: AL
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