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Changes of Linolenic Acid Content and Reactivity during Partial
Hydrogenation of Soybean Oil with and without Lecithin

Hye-Soon Kwon

Institute for Agricultural Food Technology

Abstract

Changes of fatty acid composition and reaction rate were investigated according to reaction condition
during partial hydrogenation reaction of soybean oil until its iodine value decreased from 134 to 110.
The reaction conditions were varied in the range of from 170C to 210C of temperature, from 1.3
atm to 4.2 atm of pressure and from 0.005% to 0.1% of nickel concentration as catalyst. Lecithin
was added in soybean oil to investigate the change of reaction rate. The result of addition of lecithin
showed that reaction rate decreased to from 2 to 6 times in comparison with non-additive system.
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Table 1. Characteristics and fatty acid composition of
bleached soybean oil used as raw material

Compo-
Characteristics Value Fatty acid sition
(%)
Acid value 012  Palmitic acid 11.1
Peroxide value 1.3 Stearic acid 3.8
(meq/kg)
[odine value 134 Oleic acid 23.0

Refractive index(n™) 1.4603 Linoleic acid 54.6
Saponification value 198 Linolenic acid 7.5
Phosphatide content 10

(ppm)
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Fig. 1. Effect of reaction temperature and addition of
lecithin on hydrogenation reaction rate indicated by io-
dine value in soybean oil

Reaction condition: pressure 1.3 atm; catalyst concentra-
tion 0.1%
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Fig. 2. Effect of reaction temperature and addition of
lecithin on the changes of linolenic acid content in soy-
bean oil

Reaction condition: pressure 13 atm; catalyst concentra-
tion 0.1%
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Table 2. Effect of addition of lecithin and reaction tem-
perature on the value of K,/K; of the hydrogenation
of soybean oil

Temperature Control Added lecithin
©) Reaction  K/K,”  Reaction Ky/Ks
Time(min.) Time(min.)
170 2 5.09 15 125
4 3.15 46 050
15 2.35 120 0.66
25 1.85 258 0.50
58 1.55 300 0.50
190 2 6.86 30 12
4 4.74 60 08
6 437 110 0.8
22 3.25 120 0.8
40 2.08 180 0.8
45 191
210 2 7.62 15 3.28
4 7.61 45 1.88
10 6.00 60 175
20 460 75 1.70
30 3.20 4] 1.30

DRatio of K; to K, where K;=the reaction rate of the
hydrogenation of linolenic acid to linoleic acid, and K,
=the reaction rate of the hydrogenation of linoleic acid
to oleic acid.

. . L Koo . ., K . .
linolenic acid -2 linoleic acid —> oleic acid
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Fig. 3. Effect of pressure and addition of lecithin on
hydrogenation reaction rate as indicated by iodine value
in soybean oul
Reaction condition: temperature 210C , catalyst concent-
ration 0.1%
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Fig. 4. Effect of pressure and addition of lecithin on
linolenic acid content in soybean oil

Reaction condition: temperature 210C , catalyst concent-
ration 0.1%
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Table 3. Effect of addition of lecithin and pressure on
the value of K,/K, of the hydrogenation of soybean
oil

Temperature Control Added lecithin

(©) Reaction  K/K,"  Reaction Ki/K,
Time(min.) Time(min.)

13 2 7.62 15 3.28

4 7.61 45 1.88

8 6.50 60 1.75

20 4,60 75 1.70

30 3.20 90 1.30

2.8 1 457 15 1.38

5 5.46 18 1.34

8 3.80 25 1.32

15 2.63 35 1.33

19 212 45 1.06

4.2 1 375 5 1.04

2 475 15 0.96

3 3.59 18 0.90

8 237 35 0.95

45 0.50

URatio of K; to K; where K;=the reaction rate of the
hydrogenation of linolenic acid to lincleic acid, and K,
=the reaction rate of the hydrogenation of linoleic acid
to oleic acid.

linolenic acid L» linoleic acid K, oleic acid
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Fig. 5. Effect of catalyst concentration and addition
of lecithin on hydrogenation reaction rate as indicated
by iodine value in soybean oil

Reaction condition: temperature 210T; pressure 4.2
atm
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Fig. 6. Effect of catalyst concentration and addition
of lecithin on linolenic acid content in soybean oil
Reaction condition: temperature 210C; pressure 4.2
atm
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Table 4. Effect of addition of lecith in and catalyst
concentration on the value of K,/K; of the hydrogena-
tion of soybean oil
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(1968)
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of soybean oil. II. Copper-chromium catalysts. /. Am.
Otl Chem. Soc, 45(5), 556 (1968)

Added lecithin
K]/Kz“ Tlme(mm) K]/Kz

Content Control

(%) Time(min.)
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12 2'41 sis. /. Am. Oil Chem. Soc, 56(4), 506 (1979)
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12 1.88 9()_ 0.87 . (1974)
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3 359 18 0.90 low pressure. /. Am. Oil Chem. Soc, 57(1), 1 (1980)
8 2.37 35 0.95 15. Riesz, C.H. and Weber, H.S.: Catalysts for, selective

45 05 hydrogenation of soybean oil Il
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ves and other supports. J Am. Oid Chem. Soc, 41(7),
464 (1964)
16. Beckmann, H.J.: Practical Hydrogenation. /. Am. Oil
Chem. Soc, 60, 234A (1983)
Ottessen, I. and Jensen, B.: Influence of remaining
phosphatides during hydrogenation of soybean oil.
Lecture presented during the LS.F./A.O.C.S. Congress,

PRatio of K; to Kz where K;=the reaction rate of the
hydrogenation of linolenic acid to linoleic acid, and K,
=the reaction rate of the hydrogenation of linoleic acid
to oleic acid.

linolenic acid K, linoleic acid K, oleic acid 17.
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New York, U.S.A. (1980)
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. Schemidt, H.J.: Hydrogenation triglycerides containing 20, Schmidt, H.J.: Hydrogenation of triglycerides contai-
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