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Effect of Deodorizing Conditions on Formation of
trans-Fatty Acids of Soybean Oil
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Abstract

Degummed and bleached soybean oil was deodorized at a temperature range of 220~280°C under the vacuum
(4-5 torr) for 1 or 2 hrs. Gas chromatography with SP-2560 100 m capillary column was used to separate and
quantitate fatty acid methyl esters and their isomers. Fatty acids were identified by comparing retention time
with standards and GC-MS spectrum. The isomers of linoleic acid and linolenic acid in deodorized soybean
oils were identified to be C,,, A9-cis, Al2-trans, C,,, A9-trans, Al2-cis, C,,, A9-cis, Al2-cis, C,,, A9-cis, Al2-
cis, Al5-trans, C,y, A9-trans, Al2-cis, A15-cis, C,y; A9-cis, Al2-trans, Al5-cis and C,,, A9-cis, Al12-cis, Al5-
cis. The formation of trans-fatty acids by deodorization at 240~280°C for 2 hrs was in the range of 1.78 to
5.74%. Conclusively, the deodorizing conditions of 240°C for 2 hrs or 250°C for 1 hr were suggested as the
best conditions which could minimize the formation of trans isomers of fatty acids in soybean oils.
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Table 1. Conditions for GC-MS analysis of fatty acids

Mass detector: HP-5970 .

Column: SP-2560 (0.25 mm Fused silica, 0.2 um x 100 m)
Carrier gas: N,

Split ratio: 100/1

Column temp.: 220°C

Injector temp.: 240°C

Detector temp.: 250°C

Interface line: 250°C

eV: 70 eV

Mass range : 60~800 amu
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Fig. 1. Fatty acids chromatogram of deodorized soy-
bean oil processed at 280°C for 2 hours.

(878) Scan 26.854 min. of DATR:FKA-19@6.0
1505 8 A (Peak No. 9)
o
£ 1.00+5
5
3
<
és,a[u xn om M
J \ ln l!l I\I 20 \\’/
1A e ]
@.0E+2 r t T N
50 100 158 200 258 300
L Mass/Charge
{i282) Scan 26.788 min. of DATA:FKA-1906.D
;szaa
<saaa J B (Peak No. 6)
b gaaaa f
= !
3 I‘EEB L
3 .cmaa H = >
& m / i N
xm-ml v 35 [
‘ unuuh- F s
200 %8 302
nn:s/th. rge

NN

! C
/Q\g/\/\/\/\/\/\

i

Fig. 2. Mass-spectrum of linoleic acid in deodorized soy-
bean oil. A: C,,, A9-cis, Al2-trans, B: C,,, A9-cis, Al2-
cis, C: Detected structural formula by GC-MS
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Fig. 3. Mass-spectrum of linolenic acid in deodorized
soybean oil. A: C; A9-cis, Al2-cis, Al5-trans, B: C,
AY-trans, Al2-cis, A15-cis, C: C,; A9-cis, Al12-trans, AlS-

cis, D: C\; AY-cis, Al2-cis, Al5-cis, E: Detected structural
formula by GC-MS
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Table 2. Fatty acid composition of deodorized soybean
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F37) oJobar W ESFF citric acid % cateching 7Hzh
200 ppm-& H7}sle] FAg 2AL R 23 E e
AARE £AM8 s Table 2-33} 7o)

%, &4 147ke] H$ 250°Ce| 4] linoleic acid®)
isomer (Cy, A9-cis, Al2-trans)?} linolenic acid isom-
ers (Ci.; A9-trans, Al12-cis, Al15-cis®} Ciy5 A9-cis, Al2-
trans, Al5-cis)7} 7}t 0.70%, 2.15%7} 3% 71 &=]7)
A zkato] 280°Cel| A= & isomer®] @iko] 13.49%2
F7keksdcl. gk 2417 g3 Aol 240°CofA] lino-
lenic acid®] isomers (C.s, A9-trans, Al2-cis, Al5-cis2}
Civa A9-cis, Al2-trans, Al5-cis)?} 1.76% 73Z5]7] A
zhalo] 270°Coll 4] = 280°C, 14)7} 3 W} e 1438
%2] isomer’} 7EE|o]on] 280°ColME 15.57%2
F7heksivt olw 2 A7k 2% BT isom-
er?] AAlol & odehg n|x Ao Alggn B A

oils with antioxidants at different temperature (1 hour pro-

cessing) (%)
Deodo_r i_zing Palmitic  Stearic Oleic Linoleic Linolenic
condition c-¢” et t-c c-c-¢ c-c-t t-¢-c c-t-c
none 10.90 391 22.10 55.14 - - 7.95 . . -
220'C citric acid”  11.02 4.12 23.04 54.17 - - 7.65 - - -
catechin" 10.82 4.27 22.56 54.52 - - 7.93 - - -
none 10.82 3.99 22.24 55.39 - - 7.57 - - -
230°C  citric acid 10.95 4.05 22.48 54.60 - - 7.92 - - -
catechin 11.20 4.22 22.18 54.88 - - 7.54 - . -
none 1111 4.14 21.76 55.79 - 7.21 - - -
240°C  citric acid 11.25 4.32 21.32 54.63 - - 7.48 - - -
catechin 10.95 3.95 22.15 54.43 - - 7.52 - - -
none 10.77 4.17 22.16 54.02 0.70 - 6.04 - 1.02 1.13
250°C  citric acid 11.45 4.26 22.63 52.80 0.68 - 6.32 0.92 0.94
catechin 11.20 4.08 21.96 53.81 0.72 - 6.40 - 1.00 0.83
none 10.76 4.16 22.17 52.69 1.30 1.29 427 - 1.52 1.68
260°C  citric acid 10.68 4.24 22.48 52.37 1.42 1.30 4.16 - 1.63 1.72
catechin 10.97 4.08 22.24 53.05 1.25 1.34 4.20 - 1.42 1.45
none 10.80 4.09 22.41 50.24 2.29 2.36 2.75 0.86 2.07 2.13
270°C citric acid 10.56 3.95 22.62 50.70 2.24 2.21 2.85 0.72 1.94 221
catechin 11.24 3.86 21.79 50.88 2.31 2.17 3.02 0.68 1.85 2.20
none 11.05 4.25 22.46 47.13 3.75 3.86 1.60 1.48 2.08 2.32
280°C  citric acid 10.90 4.14 22.32 47.80 3.65 374 1.65 1.32 2.20 2.28
catechin 10.73 4.03 22.59 47.64 3.76 392 1.57 1.36 1.98 2.42
Control none 11.29 4.87 23.19 52.73 - - 6.19 - 0.80 (.90

"Added at the level of 200 ppm (wt/wt).
“eis.
Ytrans.
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Table 3. Fatty acid composition of deodorized soybean oils with antioxidants at different temperature (2 hour pro-

cessing) (%)
Deodorizing  p 1 iic  Stearic  Oleic Linoleic Linolenic
condition c-&® c- t-c c-c-¢ c-c-t t-c-¢ c-t-¢c
none 10.61 4.32 23.22 55.11 - - 7.74 - - -
220°C citric acid”  10.89 454 22.89 54.60 - - 7.08 - - -
catechin” 11.20 4.62 22.10 54.79 - - 7.29 - - .
none 10.94 436 23.24 54.12 - - 7.34 - - -
230°C citric acid 11.18 448 23.32 54.18 - - 6.84 - - "
catechin 11.23 4.36 22.67 54.79 - - 6.95 - - -
none 10.78 4.30 23.17 53.54 - - 6.43 - 0.89 0.89
240°C citric acid 11.03 4.52 23.25 53.45 - - 6.73 - tr. 1.02
catechin 10.76 4.07 23.79 54.20 - - 6.25 - tr. 0.93
none 10.86 4.44 23.30 52.74 0.76 - 5.11 - 1.47 1.31
250°C citric acid 11.12 4.57 2372 52.10 0.64 - 5.51 - 1.06 1.28
catechin 10.93 4.36 23.04 52.78 0.72 - 5.35 - 1.52 1.30
none 10.86 446 23.76 51.80 1.48 1.49 372 tr. 1.99 1.94
260°C citric acid 10.74 4.28 23.25 51.74 1.38 1.42 3.64 tr. 1.76 1.79
catechin 10.85 4.54 22.89 51.16 1.40 1.55 3.78 tr. 2.02 1.81
none 10.89 4.44 23.68 45.36 4.29 4.45 1.26 1.71 1.69 2.24
270°C  citric acid 10.74 4.29 23.28 45.63 3.98 4.60 1.24 1.83 1.75 2.38
catechin 10.85 4.40 2357 45.31 4.39 4.45 1.30 2.00 1.43 2.22
none 10.74 4.35 23.22 43.9] 491 492 2.21 1.26 2.16 2.32
280°C citric acid 10.92 4.37 23.29 44.13 4.27 4.87 2.37 1.32 2.03 2.43
catechin 10.68 413 23.48 43.63 5.01 517 2.08 1.15 2.42 2.25
Control none 11.29 4.87 23.19 52.73 - - 6.19 - 0.80 0.90

"Added at the level of 200 ppm (wt/wt).
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Fig. 4. Changes in total trans fatty acids in deodorized
soybean oil.
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Table 4. Physical-chemical properties of soybean oil
deodorized at various temperature

Deodorizing Heating time

temp. (hr) AVY POV?
e oot o3
v ) oo a3
S
e L e
wrc poss 0
S
e L aw o
Control 0.023 0.24
"Acid value.

“Peroxide value.
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