
ISSN 2229-760X (Print) 

ISSN 2319-7625 (Online) 

Journal of Chemistry and Chemical Sciences, Vol.9(12), 310-325, December, 2019 

(An International Research Journal), www.chemistry-journal.org 
 

310 

Hydrogenation of Soybean Oil to Achieving the Low Trans 

Containing Edible Fat 
 

Shraddha P. Vaidya1, Hitesh C. Vadalia2, Prakash B. Gangudi2, Sachin D. Veer3 

and  Abha S. Dhomane* 

 

*1Department of Chemistry,  

K. V. Pendharkar College, Dombivali, Mumbai- 421 203, INDIA.  
2Procat Tech LLP, A-94, MIDC Phase –I, Dombivli East, 

Thane, Maharashtra 421203, INDIA. 
3GLS Ltd, A-607, MIDC Industrial Area, Mahape, 

Navi Mumbai, Maharashtra 400709, INDIA, 

email:sachinveer85@gmail.com, asdhomane@rediffmail.com, 

shraddhavaidya85@gamil.com, hitesh@procat.in, gpbabu2004@yahoo.co.in. 

 

 

 

(Received on: November 19, 2019) 

 

ABSTRACT 

 

Hydrogenation of Soybean oil carried under different conditions facile 

formation of trans fatty acid formation. The concentration of trans fatty acid formation 

depends upon hydrogenation temperature of the reactions. The commercially 

available branded edible fats (Vanaspati) manufactured by partial hydrogenation of 

soybean oil found to contains large proportion of trans fatty acid. Soybean oil and 

fully hydrogenated soybean oil mixed in appropriate ratio gives a soft fat which is 

similar to that of Vanaspati in appearance, but with zero trans content. 
 

Keywords: Soybean oil, Nickel, Magnesium, Silicates, Heterogeneous catalysis. 

 

INTRODUCTION 

 

Among the vegetable oils; groundnut, mustard, sunflower, soybean, castor, 

cottonseed, linseed, olive, palm, and corn oils are of greatest commercial importance. The 

method of obtaining the oil is similar for all oil seeds i.e. the fruits or seeds are cleaned, crushed 

and pressed cold to obtain the highest grade of oil.1 sometimes solvents are used to remove the 

remaining oil from the crushed mass. Edible oils are those used in foods. The highest grade of 

oil is utilized as edible oil. Edible oil must be pale in colour and free from disagreeable odour 

and taste. For example, soybean oil has a great nutritional value and many health benefits, 

http://www.chemistry-journal.org/
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which are coming from the quality of the soybean proteins and from health promoting 

phytochemicals such as isoflavones, phytates, saponins and polyphenols. The lower grades of 

oils are suitable for making soap and other industrial purposes. Many popular food products 

require oil with specific solid fat content (SFC). A strong correlation exists between solid fat 

content and taste of the product. About 60 years ago, most of the bakery products are made 

using animal fats i.e. lard, beef tallow and butter because of its higher solid fat content. But 

the advances in fat and oil technology make it possible to derive hydrogenated fats which can 

substitute these animal fats.1  Moreover, research in medical technologies also reveals bad 

effects of animal fats’ cholesterol on human health due to which it is replaced by hydrogenated 

vegetable oils. Hydrogenation modifies vegetable oils to match, and even exceed, the 

functionality of animal fats in baked goods. Hence, hydrogenated fats are proved to be better 

substitute for animal fat. Thus, conversion of liquid vegetable oils into solid fats became an 

important chemical industry. This process is also termed as hardening, which involves 

hydrogenation of the unsaturated fatty acid portion of the oil molecule i.e. heating the oil with 

hydrogen in the presence of a metal catalyst. Hydrogenation mainly changes melting 

properties of liquid oil by increasing its melting point thereby making it harder. By controlling 

the extent of hydrogenation, various products viz., hard fat and soft fat can be obtained. Hard 

Fat is used as Shortening for pastry-making industry (puff pastry, cake shortening, and 

pastries). It is an important ingredient in confectionery for chocolate coating as it is compatible 

with cocoa butter. Partially hydrogenated fat is a hard stock for Ghee (Vanaspati) production. 

Hard fat is a constituent of spreadable butter. It is low “trans product” as it is made by blending 

hydrogenated oil with liquid oil. Soft Fat is used in biscuit and Cheese making industry, 

creaming applications. It can also be incorporated into milk powder. Conversion of liquid 

vegetable oils into solid (hard and soft) fats is an important chemical industry. Complete 

hydrogenation converts all the unsaturated fatty acids to saturated ones which is not suitable 

for direct edible purpose (melting point = 60–70 °C). Cocoa butter, which is used to make 

chocolates, has special characteristics that it contains one unsaturated fatty acid sandwiched 

between two saturated fatty acids in an oil molecule. Due to this particular arrangement of 

fatty acids, cocoa butter remains solid at room temperature but liquefies as soon as swallowed 

into the mouth. Some oils can achieve the structure similar to cocoa butter by partial 

hydrogenation. Those are named as cocoa butter equivalent (CBE), cocoa butter substitute 

(CBS) and cocoa butter replacer (CBR).2 Cocoa Butter Equivalent (e.g. mid fraction of palm 

oil) can completely match the arrangement of cocoa butter. Cocoa Butter Substitute (e.g. 

hydrogenated palm kernel oil) can be used in making chocolates by blending with cocoa butter. 

Cocoa butter replacer (e.g. partially hydrogenated trans rich soybean oil) matches the melting 

point of cocoa butter and can be partly blended with cocoa butter. 
   

Commercial application of partial hydrogenation is to hydrogenate the soybean oil to 

match the composition of olive oil. The olive oil containing high concentration of oleic acid 

(65-85%) is considered to be good for health, but it is slight expensive. Hence, it can be 

replaced with hydrogenated soybean oil which is comparatively cheaper. The natural refined 

soybean oil contains only 27% oleic acid and 51% linoleic acid. Therefore, the soybean oil is 
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partially hydrogenated to convert linoleic acid to oleic acid and achieve about 60% oleic acid 

in the product which is almost similar to that present in olive oil. But the only disadvantage of 

the process is about 6-7% undesired trans oleic acid (i.e. elaidic acid) is also formed during 

the partial hydrogenation of soybean oil.  Thus, a side effect of partial (incomplete) 

hydrogenation, which has implications for human health, is the isomerization of the remaining 

unsaturated double bonds (-C=C-). The cis configuration of these double bonds predominates 

in the natural oil i.e. unprocessed fats of most foods. But during partial hydrogenation, most 

of the unhydrogenated molecules often gets converted to trans isomers. 

Our aim is to the focus on hydrogenation of soybean oil using different grades of 

catalysts. The amount of isomerization of oleic acid (cis to trans) that occurs during partial 

hydrogenation can be regulated by adjusting the type of catalyst used, the degree of 

hydrogenation, and the hydrogenation conditions (time, temperature and pressure). However, 

it is not possible to eliminate trans isomers during the hydrogenation.3 Thus, emphasis is focus 

on identification of the hydrogenation conditions as well as the type of catalysts that can 

minimize the formation of trans fatty acid during the partial hydrogenation. 

 

RESULT AND DISCUSSION 

 

Accurately about 300 g of soybean oil is used to conduct hydrogenation experiments. 

The calculated quantity of basic metal carbonate is reduced at 450°C.Soybean oil (from 300 

g) in incremental lots is used for rinsing and effective transferring of reduced sample from the 

reduction tube into the autoclave. After transferring the reduced powder and 300 g oil into the 

autoclave, the autoclave vessel is closed and vacuum is applied to remove air, volatile 

impurities and moisture present in oil sample. Heating is started by maintaining vacuum in the 

autoclave. After attaining the temperature of 180 ºC, vacuum is released and hydrogen pressure 

of 2 kg is charged into the autoclave. Hydrogenated samples are removed from the autoclave 

at different time intervals. After 120 minutes, the hydrogenation reaction is stopped by 

switching off the heating and releasing hydrogen gas pressure from the autoclave.4 The 

hydrogenated oil samples were converted into methyl esters and then analyzed by using GC. 

Basically, oils are non-volatile; therefore, in order to analyze them by GC, initially oils are 

hydrolyzed to glycerin and fatty acids. Thus, obtained fatty acids are finally esterifies into fatty 

acid methyl esters (FAME) using methanol in presence of sodium methoxide catalyst. Thus, 

obtained fatty acid methyl esters being volatile, they can be directly analyzed by GC method. 

The column which is used for separation of fatty acid methyl esters is Rtx®-2330 (90% 

biscyanopropyl / 10% phenylcyanopropylpolysiloxane), 30-meter, 0.25 mm ID, 0.2 µmdf and 

quantity of methyl ester sample injected was 0.5 µl. The column temperature was maintained 

at 180 ºC during the analysis. 
  

Important Term related to Hydrogenation (Iodine Value) 
 

Iodine value of an oil or fatty acid is defined as gram of iodine required to react with 

double bond present in 100gm of oil or fatty acid.5 In other words, iodine value is a measure 
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of double bonds present in the sample. E.g. Oleic acid requires 2 atoms of iodine for saturation 

of its one double bond. i.e. 126.9 x 2 = 253.8 g of iodine reacts with 282 g of oleic acid. i.e. 

90 g of iodine for 100 g of oleic acid. Therefore, iodine value of oleic acid is 90 the above 

calculation is true for a single fatty acid molecule. Here we calculate iodine value of oil by GC 

method, It should be taken into consideration that oil is made up of glycerin along with 3 fatty 

acids, after remoal of 3 water molecules. Thus, the iodine value of oil with 3 molecules of 

oleic acid can be calculated as mentioned below : Mol. Wt. of oil (triglyceride) with three oleic 

acid = 282 + 282 + 282 + 92 – 54 = 884 g. Thus, 6 molecules of iodine i.e. 126.9 X 6 = 761.4 

g of iodine reacts with 884 g of oil. i.e. 86.13 g of iodine is required to react with 100 g of oil 

(containing oleic acid). Therefore, iodine value of oleic acid in oil molecule = 86.13.   

Similarly, iodine value of some fatty acids is shown in Table 1. 
 

Table 1 Calculation for analysis of iodine value by GC 
 

Fatty acid 
Double 

bonds 

Oil 

(g) 

g iodine / 100 g oil 

(At Wt of iodine = 126.9) 

g iodine / 100 g oil  (I.V.) 

Calculated Literature(4, 6) 

Oleic acid  1 100 (126.9 X 6 X 100) / 884 86.1 86.2 

Linoleic acid  2 100 (126.9 X 12 X 100) / 878 173.4 173.2 

Linolenic acid  3 100 (126.9 X 18 X 100) / 872 261.9 261.6 
 

 
Fig 01. Soybean seeds 

 
 

Table 2 Composition of 100 gm Soybean oil and its Iodine value 

Fatty acid  Carbon atoms & double bonds in fatty acid 
gm  

(or %) 

Calculation 

(lit. value used) 
Iodine Value. 

Palmitic acid C 16:0 (no double bond) 12.11 - NIL 

Stearic acid C 18:0 (no double bond) 3.45 - NIL 

Elaidic acid C 18:1 trans (double bond at 9th Carbon) 0.0 - NIL 

Oleic acid C 18:1 cis (double bond at 9th Carbon) 27.25 27.25 X 0.862 23.48 

Linoleic acid C 18:2 cis (double bond at 9th& 12th Carbon) 50.98 50.98 X 1.732 88.30 

Linolenic acid C 18:3 cis (double bond at 9th, 12th& 15th Carbon) 6.00 6.00 X 2.616 15.70 

Unknown  0.21   

Total Iodine Value 127.48 
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Thus, total iodine value of oil sample can be calculated by adding iodine values of all 

fatty acids. E.g. Soybean oil is converted into methyl ester, its GC analysis is shown in Fig.2 

and iodine value calculation is tabulated in Table 2.  Carbon 16:0 shown in Fig.2 represents 

fatty acid chain with 16 carbon atom and 0 double bond. 

 

Catalyst Activity 

 

Catalyst activity is defined as variation in hydrogenation of double bonds (-C=C-) to 

single bond (-C-C-) or decrease in iodine value of soybean oil at constant temperature, pressure 

and catalyst dosage. Basically, the activity is a comparative value i.e. a catalyst is said to be 

more active than the other if it gives higher value of delta iodine value i.e. difference between 

initial (initial soybean oil) and final iodine value (final product of hydrogenated soybean oil).(7) 

 

Hydrogenation Experiments (Soybean oil) 

 

Hydrogenation of soybean oil using different catalysts is carried out by keeping 

reaction conditions (catalyst dosage, temperatures and reaction time) constant to measure the 

influence of support (silica) and metal promoters (Mg and Zn) on activity (performance) of 

nickel catalysts. About 300 g of soybean oil is hydrogenated with 2 kg hydrogen pressure and 

0.0073% nickel dosage (0.022 g nickel for 300 g oil) at 180 ºC temperature for 120 minutes. 

The nickel catalysts prepared with or without promoters are reduced at 450 ºC and used for 

hydrogenation of soybean oil. The product samples collected during the hydrogenation were 

analyzed for iodine value (I.V.) by GC method. The iodine value of the product samples 

directly does not give the information about the activity or extent of hydrogenation. Therefore, 

it is necessary to find out the delta iodine value for each sample by subtracting the iodine value 

of the hydrogenated soybean oil from the iodine value of the initial soybean oil to analyze the 

extent of hydrogenation. 
 

 

Basic Nickel Carbonate Catalyst with and without Silica Support 

 

In first set of experiments, hydrogenation of soybean oil is carried out using the 

reduced basic nickel carbonate catalysts with and without silica support. The hydrogenated 

product collected was analyzed by GC and the results (fatty acid composition and iodine value) 

obtained are listed in the Table 3 and shown in Fig. 3 (A & B). The results listed in the Table 3 

shows that the decrease in iodine value is negligible i.e. from 127.48 to 126.22 (delta iodine 

value = 1.26) with the unsupported nickel catalyst whereas, the silica supported nickel catalyst 

(Ni-silica) shows sharp decrease in iodine value from 127.50 to 41.71 (delta iodine value = 

85.77). Thus, it can be concluded but it has beneficial role in improving metal dispersion and 

therefore gives better (higher) hydrogenation activity.  
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Fig. 3 (A) Soybean oil hydrogenated with Ni catalyst 

 
Fig. 3(B) Soybean oil hydrogenated with Ni-silica catalyst 

 
Fig. 3(C) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni moles 0.15) 

 
Fig. 3(D) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni moles 0.30) 

 

 

Fig. 3(B) Soybean oil hydrog 

 

 

Fig. 3(C) Soybean oil hydrogenated with Mg/Ni carbonate-silica ( 
 

Fig. 3(D) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni mole  

 

Fig. 3(E) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni mol 
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Fig. 3(E) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni moles 0.45) 

 
Fig. 3(F) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni moles 0.60) 

 
Fig. 3(G) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 0.15) 

 

 
Fig. 3(H) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 0.30) 

 

 

Fig. 3(F) Soybean oil hydrogenated with Mg/Ni carbonate-silica (Mg/Ni mo 
 

 

 Fig. 3(G) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 
 

 

Fig. 3(H) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni   

 

Fig. 3 (I) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 
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Fig. 3 (I) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 0.45) 

 
Fig. 3(J) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni moles 0.60) 

 
Table 3 Hydrogenation of soybean oil using Nickel and Nickel-Silica catalyst 

 

Nickel dosage in oil 0.0073% 

Hydrogenation Temperature 180 °C 

Hydrogenation Time 120 minutes 

Catalyst  - Ni catalyst Ni-silica catalyst 

Fatty acid 

Soybean Oil 

Initial  

Fig. 2 

Soybean Oil 

Hydrogenated 

Fig. 3(A) 

Soybean Oil 

Hydrogenated 

Fig. 3(B) 

C16 Palmitic 12.11 11.43 11.32 

C18:0 Stearic 3.45 5.5 39.57 

C18:1 trans Elaidic 0.0 1.69 20.76 

C18:1 cis Oleic 27.25 23.86 27.63 

C18:2 Linoleic 50.98 52.35 0.0 

C18:3 Linolenic 6.00 5.17 0.0 

Unknown 0.21 0 0.72 

Iodine Value (I.V.) 127.48 126.22 41.71 

Delta I.V. = Initial I.V. – Product I.V. - 1.26 85.77 

 

Silica Supported Basic Nickel Catalyst with Magnesium 
 

The reduced samples of silica supported nickel catalysts containing different 

concentrations of Mg were tested for hydrogenation of soybean oil and the hydrogenated 

 

 

Fig. 3(J) Soybean oil hydrogenated with Zn/Ni carbonate-silica (Zn/Ni mol 
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products are analyzed by GC. The fatty acid composition and iodine value calculated by GC 

analysis are listed in the Table 4 and shown in Fig. 3(C-F). 

The results listed in the Table 4 clearly indicate that in Mg/Ni-silica catalysts with 

Mg/Ni mole ratio of 0.15 and 0.30 shows delta iodine value of 113.78 and 98.12 respectively, 

which is higher as compared to the delta iodine value of 85.77 obtained with Ni-silicacatalyst.  

However, higher concentration of Mg incorporation at mole ratio of Mg/Ni = 0.45 and 0.60 

show no benefit but gave similar activity (delta iodine value) as that of Ni-silica catalyst. 

 
Table 4. Hydrogenation of soybean oil using silica supported nickel catalysts containing different 

concentration of zinc (mole ratio of Mg/Ni = 0.15 – 0.60) 

 
Nickel dosage in oil 0.0073% 

Hydrogenation Temperature 180°C 

Hydrogenation Time 120 minutes 

Catalyst  - 

Mg/Ni-silica 

(Mg/Ni moles = 

0.15) 

Mg/Ni-silica 

(Mg/Ni moles 

= 0.30) 

Mg/Ni-silica 

(Mg/Ni moles 

= 0.45) 

Mg/Ni-silica 

(Mg/Ni moles = 

0.60) 

Fatty acid 

Soybean 

oil Initial 

Fig. 4.3 

Soybean Oil 

Hydrogenated 

Fig. 4(C) 

Soybean Oil 

Hydrogenated 

Fig. 4(D) 

Soybean Oil 

Hydrogenated 

Fig. 4(E) 

Soybean Oil 

Hydrogenated 

Fig. 4.(F) 

C16 Palmitic 12.11 11.05 11.33 10.76 10.2 

C18:0 Stearic 3.45 72.3 52.74 32.94 37.48 

C18:1 

trans 
Elaidic 0.0 8.86 16.92 25.63 25.15 

C18:1 

cis 
Oleic 27.25 7.03 17.14 29.97 26.75 

C18:2 Linoleic 50.98 0 0 0 0 

C18:3 Linolenic 6.00 0 0 0 0 

Unknown 0.21 0.76 1.87 0.70 0.42 

Iodine Value (I.V.) 127.48 13.70 29.36 47.93 44.74 

Delta I.V. = Initial 

I.V. – Product I.V. 
- 113.78 98.12 79.55 82.74 

 

At Mg/Ni = 0.15 and 0.30 mole ratio, the degree of reduction of nickel in Mg/Ni-silica 

catalysts is lower but as compared to that observed in Ni-silica catalysts. This results into the 

higher hydrogenation activity (greater delta iodine value) with Mg/Ni-silica catalysts as 

compared with Ni-silica catalysts. Thus, incorporation of magnesium as a promoter in Ni-

silica catalyst but it has beneficial role in increasing the dispersion of nickel. Further increase 

in Mg/Ni mole ratio to 0.45 and 0.60 in Mg/Ni-silica catalysts did not show corresponding 

increase in hydrogenation activity (delta iodine value of 79.55 and 82.74 respectively) of 

nickel in the catalyst is much lower than the benefit achieved through better dispersion of 

nickel. Therefore, the hydrogenation activity of soybean oil with Mg/Ni-silica containing very 

high mole ratio of Mg/Ni did not show any improvement in activity as compared to the activity 

obtained with Ni-Silica catalysts. 
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Table 5 Hydrogenation of soybean oil using silica supported nickel catalysts containing different 

concentration of zinc (mole ratio of Zn/Ni = 0.15 – 0.60) 

 
Nickel dosage in oil 0.0073% 0.0095% 

Hydrogenation 

Temperature 
180 °C 

180 °C 

Hydrogenation Time 120 minutes 120 minutes 

Catalyst  - 

Zn/Ni-

silica(Zn/Ni 

= 0.15) 

Zn/Ni-silica 

(Zn/Ni = 

0.30) 

Zn/Ni- silica 

(Zn/Ni = 

0.45) 

Zn/Ni- 

silica(Zn/Ni 

= 0.60) 

Zn/Ni- 

silica(Zn/Ni 

= 0.15) 

Fatty acid 

Soybean 

Oil 

Initial  

Fig. 3 

Soybean Oil 

Hydrogenated 

Fig. 3(G) 

Soybean Oil 

Hydrogenated 

Fig. 3(H) 

Soybean Oil 

Hydrogenated 

Fig. 3(I) 

Soybean Oil 

Hydrogenated 

Fig. 3(J) 

Soybean Oil 

Hydrogenated 

C16 Palmitic 12.11 12.00 11.41 10.66 11.68 11.96 

C18:0 Stearic 3.45 7.14 7.27 5.34 7.45 11.43 

C18:1 

trans 
Elaidic  0.0 14.99 6.22  2.93 5.96 14.70 

C18:1 

cis 
Oleic 27.25 31.07 24.76 23.89 25.69 37.86 

C18:2 Linoleic 50.98 34.60 46.14 51.97 46.82 21.93 

C18:3 Linolenic 6.00 0 0 0 0 0.01 

Unknown 0.21 0.20 4.20 5.21 2.40 2.11 

Iodine Value 127.48 99.63 106.62 113.13 108.37 83.32 

Delta I.V. = 

Initial I.V. – 

Product I.V. 

- 27.85 20.86 14.35 19.11 44.16 

 

The results from the Table 5 indicate that incorporation of zinc at wide range of mole 

ratios (Zn/Ni moles 0.15–0.60) in Ni-Silica catalyst has no beneficial role in hydrogenation of 

soybean oil. That is, the delta iodine values are very low (i.e. 27.85, 20.86, 14.35 and 19.11) 

as compared to the delta iodine value (85.77) obtained with Ni-Silica catalyst without zinc 

incorporation. By increasing the catalyst dosage from 0.0073% to 0.0095% of nickel in oil, 

delta iodine value increases from 27.85 to 44.16. Thus, oil can be hydrogenated more by 

increasing catalyst dosage. 

 
 

Progress of Hydrogenation Reaction 

 

The soybean oil containing mono-unsaturated and poly-unsaturated fatty acids with 

initial iodine value of 127.48 was hydrogenated using Ni-silica and Mg/Ni-silica (Mg/Ni 

moles 0.15) catalysts. The dosage of catalyst was maintained at 0.0073% nickel in oil and 

temperature at 180 °C. The hydrogenated samples were collected from the reactor vessel at 

different time intervals (20, 30, 60 and 120 minutes), analyzed for the iodine value and fatty 

acid composition by GC analysis and the results obtained are listed in the Table 6 and plotted 

in Fig. 4.( A  to D) 
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Fig. 4 (A) Concentration of oleic & elaidic acid at  Fig. 4 (B) Concentration of stearic acid at 

different Delta Iodine Value    different delta Iodine Value. 
 

      
Fig. 4 (C) Concentration of linoleic & linolenic acid  Fig. 4 (D) Hydrogenation (delta Iodine Value) 

at different delta Iodine Value   with respect to hydrogenation time 

 

The upper curve in Fig. 4 (D) due to higher values of delta iodine value from Mg/Ni-

silica catalyst indicates that it is more active as compared to Ni-silica catalyst at all-time 

intervals. Variation in fatty acid composition as a function of time i.e. with progress of soybean 

oil hydrogenation is a complex phenomenon. The triglyceride of soybean oil contains mono 

and polyunsaturated fatty acids i.e. oleic (with one double bond), linoleic (with two double 

bonds) and linolenic (with three double bonds) acids. Soybean oil is hydrogenated with Ni-

Silica catalyst and hydrogenated samples are collected during the course of hydrogenation at 

20, 30, 60 and 120 minutes. The fatty acid compositions of these samples show the delta iodine 

values of 18.40, 21.61, 37.38 and 85.77 respectively.  The samples collected at different time 

intervals indicate that the Ni-silica catalyst catalyzes initially hydrogenation of linolenic and 

linoleic acid [Table 5]. Therefore, their concentration was found to decrease with increase in 

hydrogenation time. The hydrogenated samples collected at 60- and 120-minute show 
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complete hydrogenation of linolenic acid (from 6% to 0%) and linoleic acid (from 50.98 to 

0%) with delta iodine value of 37.38 and 85.77 respectively. Simultaneously an increase in 

concentration of oleic acid content suggests that most of the linolenic and linoleic acid 

molecules are hydrogenated to oleic acid. However, it has been observed that with increase in 

delta iodine values, there is an increase in formation of isomerized product “elaidic acid” along 

with oleic acid. Further a rapid increase in stearic acid concentration from 11.24% to 39.57% 

with increase in delta iodine value from 37.38 to 85.77, respectively. This indicates that most 

of the monounsaturated fatty acids hydrogenated at faster rate to give saturated fatty acid 

“stearic acid”.  
 

Table 6 Progress of hydrogenation reaction using Ni-silica and Mg/Ni-Silica catalyst 
Nickel Dosage in Oil 

 
0.0073% 

Hydrogenation Temperature 180 °C 

Catalyst used  Ni-silica catalyst Mg/Ni-silica catalyst (Mg/Ni = 0.15) 

Hydrogenatio

n Time 

(minutes) 

0 20 30 60 120 20 30 60 120 

Fatty acid 

Soybean 

Oil 

Initial  

Fig. 4. 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogenat

ed 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

C16 Palmitic 12.11 12.24 11.76 11.41 11.32 12.39 11.25 11.64 11.05 

C18:0 Stearic 3.45 4.65 5.24 11.24 39.57 11.03 16.28 30.13 72.30 

C18:1 

trans 
Elaidic 0.0 6.95 8.93 14.10 20.76 13.76 17.85 22.18 8.86 

C18:1 

cis 
Oleic 27.25 34.82 35.94 36.32 27.63 36.34 38.21 36.02 7.03 

C18:2 Linoleic 50.98 39.62 36.76 26.93 0.00 24.6 16.23 0.0 0.0 

C18:3 Linolenic 6.00 1.70 1.35 0.00 0.00 1.85 0.0 0.0 0.0 

Unknown 0.21 0.02 0.02 0.00 0.72 0.03 0.18 0.03 0.76 

Iodine Value 127.48 109.07 105.88 90.10 41.71 90.63 76.43 50.17 13.70 

Delta I.V. = 

Initial I.V. – 

Product I.V. 

- 18.41 21.60 37.38 85.77 36.85 51.05 77.31 113.78 

 

Similarly, the progress of hydrogenation using Mg/Ni-silica catalyst was monitored 

by calculating delta iodine value of product samples collected as a function of time and the 

results are listed in the same Table 6 and Fig. 4. The hydrogenated samples collected at 30- 

and 60-minutes show complete hydrogenation of linolenic acid and linoleic acid with delta 

iodine value of 51.05 and 77.31 respectively. It is also observed that with the progress of the 

hydrogenation reaction, oleic (cis) and elaidic acid (trans) contents in the product increase and 

pass through a maximum value at delta iodine value of 60–80 which is shown in Fig. 4(A). At 

delta iodine value of 113.79 it was found that most of the monounsaturated fatty acids (both 

oleic and elaidic) undergo hydrogenation to give 72.30% saturated fatty acid “stearic acid”. 
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Thus, completely hydrogenated soybean oil contains mainly saturated fatty acids, viz., 

palmitic and stearic acid. Palmitic acid is saturated molecule (contain no double bonds) and 

present in the initial soybean oil up to 11 – 12%. Further hydrogenation or any change in the 

concentration of palmitic acid is not expected during the hydrogenation reaction. during the 

process of hydrogenation, linolenic acid is first converted to linoleic acid, then into oleic and 

finally into stearic acid. Such preferential complete hydrogenation of linolenic acid followed 

by linoleic acid and oleic acid is reported earlier by Coonan(8), Lateness(9) and Riesz & 

Weber.(10)  The partially hydrogenated product containing oleic and elaidic acid found to show 

melting point below 41 °C and it is within the specification of edible fat “Vanaspati”. Increase in 

hydrogenation time results into conversion of both the oleic and elaidic acid isomers into 

stearic acid. Therefore, it is important to know that completely hydrogenated oil contains negligible 

concentration of double bonds. Such completely hydrogenated oils are found to be in the form 

of hard mass and show very high melting point (69 °C) and not suitable for edible purpose.  

 

Trans content of partial hydrogenation of Soybean oil 
 

Partial hydrogenation of soybean oil with different catalysts and at varying catalyst 

dosages showed that the elaidic acid (trans) concentration curve passes through a maximum 

as a function of progress in hydrogenation reaction (increase in delta iodine value). Thus, it is 

not relevant to compare the elaidic acid (trans) contents at different delta iodine values with 

different catalysts to draw conclusion or to make a hypothesis. It is important that the elaidic 

acid (trans) content is compared in the partially hydrogenated product at a given constant delta 

iodine value (say, delta iodine value 35–38) using different catalysts and varying 

hydrogenation conditions such as catalyst concentration, time, and temperature. The elaidic 

acid (trans) contents are obtained at constant delta iodine value (35-38) using different 

catalysts by maintaining the reaction temperature at 180 °C. At the reaction temperature of 

180 °C the Ni-silica (0.0073% nickel dosage), Mg/Ni-silica with Mg/Ni moles 0.15 (0.0073% 

nickel dosage) and Zn/Ni-silica with Zn/Ni moles 0.15 (0.0146% nickel dosage) catalysts were 

used to hydrogenate soybean oil to achieve constant delta iodine value of about 35-38. In case 

of less active Zn/Ni-silica catalyst, it was necessary to carry out hydrogenation with higher 

nickel dosage to obtain delta iodine value of about 35-38.  The results in the Table 7 show that 

at given constant delta iodine value of about 35-38, the trans content in the product is almost 

similar with Ni-silica, Mg/Ni-silica and Zn/Ni-silica catalysts. Though the magnesium 

incorporation (at mole ratio of Mg/Ni = 0.15) increases the hydrogenation activity of the 

Mg/Ni-silica catalyst as compared to Ni-silica catalyst, the reaction selectivity towards trans 

fatty acid formation remained unaltered. Also, the Zn/Ni-silica catalyst even with inferior 

hydrogenation activity at a given constant delta iodine value (with higher catalyst dosage) has 

shown almost similar trans fatty acid to that observed from Ni-silica and Mg/Ni-silica 

catalysts. The above set of experiments conducted at 180 °C was repeated by maintaining 

reaction temperature of 110 °C and 140 °C. The elaidic acid (trans) contents are measured at 

constant delta iodine value of about 35-38 using different dosages of different catalysts. It is 

interesting to observe that the decrease in hydrogenation temperature from 180 °C to 140 °C 



 Shraddha P. Vaidya, et al., J. Chem. & Cheml. Sci. Vol.9(12), 310-325 (2019)  

323 

has shown drastic decrease in trans content (from ~14% to ~8%) at similar delta iodine values. 

Further decrease in hydrogenation temperature from 140 °C to 110 °C also shows a further 

benefit in decreasing trans content but to a marginal extent (from ~8% to ~7.5%). Thus, trans 

fatty acid (elaidic) formation was found to be dependent upon hydrogenation temperature and 

not on the catalyst used for the reaction.  
 

Table7.  Trans content of hydrogenation of soybean oil using different catalyst at constant delta 

Iodine Value (35-38) 
 

Hydrogenation 

Temperature 
180 °C 140 °C 110 °C 

Catalyst used Ni-silica 

Mg/Ni- 

silica 

(Mg/Ni 

moles 0.15) 

Zn/Ni- silica 

(Zn/Ni moles 

0.15) 

Ni- 

silica 

Mg/Ni- 

silica 

(Mg/Ni 

moles 0.15) 

Zn/Ni- silica 

(Zn/Ni 

moles 0.15) 

Ni- silica 

Mg/Ni- 

silica 

(Mg/Ni 

moles 0.15) 

Zn/Ni- 

silica 

(Zn/Ni 

moles 0.15) 

Nickel Dosage in oil 0.0073% 0.0073% 0.0146% 
0.0073

% 
0.0073% 0.0264% 0.0200% 0.0142% 0.0558% 

Hydrogenat

ion Time 

(minutes) 

0 60 20 120 60 33 90 54 110 24 

Fatty acid 

Soybe

an Oil 

Initial 

Soybean 

Oil 

Hydrogen

ated 

Soybean 

Oil 

Hydrogen

ated 

Soybean Oil 

Hydrogenated 

Soybean 

Oil 

Hydroge

nated 

Soybean 

Oil 

Hydrogena

ted 

Soybean 

Oil 

Hydrogena

ted 

Soybean 

Oil 

Hydrogena

ted 

Soybean 

Oil 

Hydrogena

ted 

Soybean 

Oil 

Hydrogen

ated 

C16 Palmitic 12.11 11.41 12.41 12.52 
10.5

0 
11.12 10.38 11.85 13.12 11.46 

C18:0 Stearic 3.45 11.24 11.03 9.92 
12.1

2 
13.77 10.54 11.11 12.56 8.98 

C18:1 

trans 
Elaidic 0.0 14.10 13.75 14.98 8.05 8.24 10.24 7.95 7.88 9.45 

C18:1 

cis 
Oleic 27.25 36.32 36.34 35.41 

42.0

0 
29.04 41.93 41.35 38.95 45.12 

C18:2 Linoleic 50.98 26.93 24.60 26.89 
27.2

2 
33.55 26.45 26.95 24.89 24.86 

C18:3 Linolenic 6.00 0.00 1.851 0.00 0.00 0.00 0.43 0.40 2.396 0.00 

Unknown 0.21 0.00 0.02 0.28 0.11 4.272 0.02 0.39 0.19 0.13 

Iodine 

Value 

127.4

8 
90.10 90.63 90.01 90.29 90.25 91.91 90.22 89.76 90.10 

Delta I.V. = 

Initial I.V. 

– Product 

I.V. 

- 37.38 36.85 37.47 37.19 37.23 35.57 37.36 37.72 37.38 

 

Interesterification 
 

By decreasing the reaction temperature, though the decrease in trans fatty acid content 

achieved from 14% to 7%, it seems to be difficult to achieve zero (or < 0.1%) trans content in 
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the partially hydrogenated product. Therefore, an Interesterification method (11, 12) is adopted 

in around 1976 to manufacture edible fat (European margarines) with zero trans fatty acid 

content. A partially hydrogenated oil composition is obtained by mixing fresh oil (say, soybean 

oil) with fully hydrogenated oil (say, hydrogenated soybean oil) in 80:20 ratio, followed by 

the usual steps of solidification i.e. “interesterification”. Mixing of the above two components 

in different ratios allow us to obtain semi-solid product with different solid content (melting 

properties) which contains no trans fatty acid. Simple mixing and cooling of the above 

components results into separation of the mixture into liquid and solid layers which is not a 

desired appearance of the Vanaspati or margarine product. Therefore, sodium methoxide was 

used as catalyst to promote homogeneity of the product at moderate temperatures. The 

interesterified mixture was further cooled and allowed to stand for longer duration. These 

homogenous semi-solid (soft solid) samples were analyzed for fatty acid composition and 

melting properties. Though all the ratios gave homogeneous soft solids the desired melting 

point is achieved only in a particular ratio which is suitable for preparing Vanaspati.  
 

Table 8 Summary of interesterification of fully hydrogenated and fresh soybean oil 
 

Nickel dosage in oil 0.01% 

Hydrogenation Temperature 180 °C 

Hydrogenation Time 120 minutes 

Catalyst  - Ni-Silica Ni-Silica Ni-Silica Ni-Silica 

Fatty acid 
Soybean Oil 

Initial  
Soybean Fat 

Soybean Oil + 

Fat 90:10 

Soybean Oil + 

Fat 80:20 

Soybean Oil + 

Fat 68:32 

C16 Palmitic 12.11 11.60 11.32 12.77 11.01 

C18:0 Stearic 3.45 84.61 14.19 22.3 31.66 

C18:1 trans Elaidic 0.0 0.05 0.00 0.00 0.00 

C18:1 cis Oleic 27.25 0.15 20.82 18.51 15.94 

C18:2 Linoleic 50.98 0.00 47.83 42.05 36.73 

C18:3 Linolenic 6.00 0.00 5.84 3.62 3.56 

Unknown 0.21 0.78 0.00 0.75 1.10 

Iodine Value 127.48 0.20 116.07 98.26 89.67 
 

The Table 8 gives the information about interesterification of soybean oil and fully 

hydrogenated soybean fat in different ratios using sodium methoxide as a catalyst. The 

homogeneous soft solid fat sample mixtures thus obtained were analyzed for fatty acid 

composition and melting properties.  
 

SUMMARY AND CONCLUSION 
 

In conclusion, the experiments of partial hydrogenation of soybean oil carried out 

under different hydrogenation conditions show formation of trans fatty acid formation. The 

concentration of trans fatty acid formation found to be mainly depend on the hydrogenation 

temperature and not on the type of catalyst used. The decrease in hydrogenation temperature 

(from 180 °C to 110 °C) lowers trans fatty acid formation (from 14% to 7%) but it is found to 

be difficult to eliminate or decrease trans content to the concentration of <0.5% in the product. 

In line with the observation, the commercially available branded edible fats (Vanaspati) 
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manufactured by partial hydrogenation of palm (or different edible oils) found to contain large 

proportion of trans fatty acid (12-27%, refer Table 9). The interesterification reaction i.e. 

mixture of fresh soybean oil and fully hydrogenated soybean oil in appropriate ratio gives a 

soft solid similar to that of Vanaspati with zero trans content.  
 

Table 9.  Comparison of interesterified sample with commercial sample 
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Sr. No. 
Samples 

Trans 

content(%) 
Appearance 

1 Partial hydrogenated soybean oil at 180 °C 13-15 Soft solid ( Melting Point ~41 °C) 

2 Partial hydrogenated soybean oil  at 140 °C 8-10 Soft solid ( Melting Point ~41 °C) 

3 Partial hydrogenated soybean oil  at 110 °C 6-9 Soft solid ( Melting Point ~40 °C) 

4 Edible fat from partial hydrogenation of oil  

Bunge-vanaspati  

Wipro-vanaspati  

Godrej-vanaspati  

 

27.59 

25.18 

12.34 

Soft solid ( Melting Point ~41 °C) 

5 Oil (fresh Soybean oil) 0 Liquid 

6 Fully hydrogenated soybean oil  < 0.2 Hard solid ( Melting Point ~69 °C) 

7 Interesterification (mixture of 5 and 6 in different ratios) <0.1 Soft solid (Melting Point ~39 °C) 


