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Abstract A method for the determination of trans fatty acids C18:1 C18:2 and C18:3 in milk
fat was developed by silver ion solid phase extraction-gas chromatography Ag*-SPE/GC .

The fatty acid methyl esters derived from total milk fat were loaded onto an Ag *-SPE cartridge
and then eluted with 9 mL of toluene-hexane 5:95 v/v 8 mL of toluene-hexane 17:83
v/v 6 mL of toluene-ethyl acetate 17:83 v/v and 10 mL of toluene-ethyl acetate 30:70
v/v in sequence. The fraction from each step was analyzed by GC. The average recoveries of
trans fatty acids ranged from 88.4% to 107.2% with the relative standard deviations RSDs
from 1.2% to 11.9% except trans linolenic acid with the recoveries from 69.9% to 101.0%
and the RSDs from 11.0% to 18.1%. Comparing with the traditional methods the developed
approach can avoid the interference of cis and saturated fatty acids. The method was success-
fully applied to analyze dairy products. Satisfactory results were shown.

Key words silver-ion solid phase extraction Ag’-SPE  gas chromatography GC  trans
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C18:1-11t
’ TFAs 1.2
1.2.1
20
1.2.2
IR """ CE """ 10 mg 0.7
Ag -HPLC "°" mL 1 mol/L - 60
RP-HPLC '° ¢ 3 min 1 mL 2
Ag*-TLC ' " "™ Gec " mol/L - 50 C
- GC-MS *7* GC 15 min 3 mL NaCl
100 m 1 mL 4 000 r/min
TFAs 5 min
TFAs 1.3
Ag” PCX C18 0.3 g
600 mg/3 mL
3 mL 5 mL 1.5 mL 0.1 mol/L
Ag’-SPE GC AgNO, 3 mL
TFAs AgNO, 2 mL
1.4
Ag*-TLC 1.2.2 0.2 mL
- 5:95 9 mL -
17:83 8 mL -
1 17:83 6 mL 30:70 10
1.1 mL 45 C
GC-6890N 0.2 mL
Agilent Varian CP-Sil 88 1.5
100 m x250 pm x0.20 pm Varian 60 C 2 min
Sartorius Stedim arium 61215-611 15 C/min 100 C 4 C/min
USA PCX 230 C 18 min
C18 Supelco 230 T H, 40 mL/min 400
HPLC TEDIA mL/min N, 1.0 mL/min 5:1
1 pL
600 C 4 h 2 mol/L
6 C18:1-6t 9 2
C18:1-9t C18:1-11t 9 2.1
C18:1-9¢ C18:2 4
C18:3 8 a. - 5:
Sigma 95 9 mL
C18:1t b. 17:83 8
10. 0 mg 10 mL mL Cl8:1 c
1 000 mg/L C18:2t vc. - 17:
-20 C 83 6 mL Cl8:2 ¢
C18:3t d. -
4 C 30:70 10 mL C18:3
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Fig. 1 Chromatograms of fatty acid methyl ester
FAME standards separated by an Ag"” -

SPE cartridge
a. eluted with 9 mL of toluene-hexane 5:95 v/v  b. elu-
c. eluted with

d. eluted with 10

ted with 8 mL of toluene-hexane 17:83 v/v
6 mL of toluene-ethyl acetate 17:83 v/v
mL of toluene-ethyl acetate 30:70 v/v .
Peaks 1. CI8:1-6t 2. C18:1-9t 3. CI8:1-11t 4. C18:1-
9c 5. C18:29t 12t 6 and 7. CI8:2t 8. Cl18:29¢c 12¢ 9.
C18:3-9t 12t 15t 10-14. C18:3t 15. C18:3-9¢c 12c 15c.

2.2

x mg/L

1 5 r?

Table 1 Regression equations correlation coefficients

r* and linear ranges of 5 trans fatty acids

R Linear range/

Analyt R i ti g
nalyte egression equation r mg/L
C18:1-6t Y =2.6743x +0.9750 0.998 5 -150
C18:1-9t ¥ =2.9078x +1.3981 0.997 5-150
C18:1-11t ¥ =3.3969x -0.6032  0.998 5-150
C18:2-9t 12t Yy =2.4956x +1.2164 0.997 5-150
C18:3-9t 12t 15t y=2.5684x +1.2861 0.996 5 -150

y peak area x mass concentration mg/L.

2.3
1.2.1
3 1.2.2

2
88.4% ~ 107.2%
RSD 1.2% ~11. 9%

n=6
Table 2 Spiked recoveries and relative standard
deviations RSDs of5 trans fatty acids

in milk fat n =6

Background/ Added/ Found/ Recovery/ RSD/

Analyte mg/L mg/L  mg/L % %
Cl18:1-6t ND 5.00 4.82 96.4 7.6
10 10. 45 104.5 4.9
20 21.44 107.2 2.2
C18:1-9¢t 16. 80 5 21.22 88.4 5.7
10.00 26.74 99.4 7.8
20. 00 37.08 101.4 2.5
C18:1-11t 55.50 5.00  60.04 90.8 6.5
10. 00 65.67 101.7 6.8
20.00  76.40 104.5 2.6
C18:2-9t 12t ND 15.00 14. 10 94.0 11.9
30.00 30.75 102.5 4.8
60.00 61.68 102.8 1.2
C18:3-9t 12t 15t ND 10.00 10. 10 101.0 13.5
20.00 13.98 69.9 18.1
40.00 34.96 87.4 11.0
ND not detected.
2.4
2 mg Ag”-SPE
GC 2 4
10
3 1
Ag™”-SPE GC
2a ~d 2a b ¢ C18:1t C18:2
t C18:3 t 2
GB 5413.36-2010
2 C18:1t C18:2 ¢t
3
2 Cl8:1t
2a Ag*-SPE
C18:1-11t
2b
C18:1-6 ~8c

Cl18:2 ¢t
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Fig. 2 Chromatograms of FAMEs from total milk fat and the fractions isolated by an Ag* -SPE cartridge
Fractions eluted with a 9 mL of toluene-hexane 5:95 v/v b 8 mL of toluene-hexane 17:83 v/v c 6 mL of toluene-
ethyl acetate 17:83 v/v and d 10 mL of toluene-ethyl acetate 30:70 v/v .
3 TFAs 3
Table 3 Comparison of the two methods for the
determination of TFAs in milk fat mg/g .
Method 1 Method 2 Ag’-SPE GC
Sample
C18:1t CI8:2t ClI8:3 ¢t Cl18:1t CI8:2t ClI8:3t
1 26.72 2.14 0.91 16.24 6.87 - GC
2 15.35 1.74 0.45 14.44 3.70 -
3 11.26 1.8 0.47 12.76 4.42 -
4 22.09 2.37 0.48 17.94 4.43 -
5 17.82 1.69 0.49 18.03 3.85 -
6 24.61 2.69 0.78 17 4.66 -
7 13.81 2.71 2.11 10.49 3.34 -
8 29.03  2.97  2.14 19.15  7.74 - C18:1 C18:2 C18:3
9 26.5 3.06 0.73 15.6 7.54 -
10 23.53 1.89 0.58 17.35 3.82 -

Method 1 the method described in the text Method 2 GB
5413.36-2010 which doesn’ t involve in the determination of
Cl18:3 t.
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