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During the past several decades, the 
margarine industry has undergone 
much change. Driven by consumer 
demands for fewer calories, standard 
80% fat margarines have been replaced 
largely by so-called spreads containing 
40-70% fat. Other factors affecting the 
industry stem from health and nutri- 
tional issues leading to the use of more 
liquid oils, thereby increasing levels of 
polyunsaturated fatty acids. The topic 
of trans acids resulting from hydrogena- 
tion will likely affect the industry as a 
result of labeling regulations recently 
proposed by the U.S. Food and Drug 
Administration. Historically, margar- 
ine, spread, and shortening oils have 
been formulated from a basestock sys- 
tem, employing a number of oils hydro- 
genated to standard iodine values (IV), 
melting points, and solid fat index (SFI) 
properties. The properties of these oils 
within a typical hydrogenated soybean 
oil basestock system are known, and 
blending these products, either with 
each other or in combination with liq- 
uid oil, permits the formulation of a 
wide variety of margarines/spread oils. 

The primary quality control tools 
used by the industry employ SF1 or solid 
fat content (SFC), determined by 
dilatometry and nuclear magnetic reso- 
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nance, _respectively The structures of 
f@&&at$ :Q&iglycerides have 
received little attention and, owing to 
the complexity of these products, fun- 
damental questions including specificity 
for hydrogenation of the 1 or 2 position 
of triglycerides, as well as triglyceride 
selectivity, remain controversial topics. 

Experimental 
Margarines and spreads obtained from 
local supermarkets were transferred to 
glass beakers, placed in a microwave 
oven and, after melting, the oils were 
recovered by centrifugation. Fatty acid 
compositions were determined by capil- 
-1ary gas chromatography of the fatty 
acid methyl esters obtained by transes- 
terification. Triglycerides were separat- 
ed by high-pressure liquid chromatogra- 
phy (HPLC). Dropping points and solid 
fat index determinations were carried 
out according to official AOCS meth- 
ods. .Details of the procedure are avail- 
able from the author. 

The fatty acid composition and phys- 
ical properties of seventeen commercial 
margarines and spreads are given- in 
Table 1. Included are data for nine soft 
tub and eight stick products. SF1 and 
drop melting points agree with previ- 
ously published values. Excellent agree- 
ment was obtained between IV calculat- 
ed from HPLC analysis of the triglyc- 
erides and those calculated from gas 
chromatography of the methyl esters. 
Trans acid content of the soft tub prod- 
ucts ranged from 2.6-14.6% of the 
total fatty acid content, while the stick 
products ranged from 3.2-25.8%. A 
survey of the composition and proper- 
ties of a number of soft tub margarines 
published in 1991 indicated that prod- 
ucts formulated from hydrogenated 
soybean oil in the United States con- 
tained trans acids levels ranging from 
10.3-12.4% of the total fatty acid con- 
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TrigI. vcerides of common veeetabie oils bv high-nrecatwe linn~irl rhmmst.-+~~~~ku-~2me ionization detection 

/ 
/’ Triglyceridea Canola Peanut Corn 

Mid-oleic Regular 

/ “-- 
LnLnLn 0.1 0.0 
LnLnL 0.3 0.0 
LnLL 1.2 0.1 
LnLnO , 1.3 0.0 

Cottonseed Soybean sunflower sunflower 

LnLnP 0.1 0.0 
LLL 2.7 1.9 

LLO 9.0 
LnOO 9.6 
LLP 3.0 
LnOP 1.8 
LnPP 0.1 
LOO 21.7 
LLS 1.0 
LOP 5.8 
PLP 1.1 
000 23.6 
LOS 1.3 
PO0 4.8 
SLP 1.1 
POP 0.3 
PPP 0.3 
so0 1.4 
SLS 0.3 
SOP 0.4 
PPS 0.1 

LnLO 6.4 . 0.2 
LnLP 15 - 0.1 

13.0 
0.4 
3.8 
0.2 
0.6 

20.1 
0.9 

11.8 
2.8 

15.7 
2.4 
8.7 
4.8 
1.8 
1.0 
3.0 
1.6 
1.4 
2.0 

sqs 
PSS 
sss 

0.1 ._.... ._ ..-0.7 
0.0 0.7 
0.0 0.2 

0.0 0.0 
0.0 0.1 
0.6 0.1 
0.0 0.1 
0.0 0.0 

23.4 18.8 
0.9 1.2 
0.4 0.8 

23.4 12.6 
0.5 0.5 

15.7 27.8 
0.4 1.6 
0.3 0.3 

10.9 3.7 
2.1 1.8 

10.4 12.9 
1.7 10.8 
3.3 1.0 
1.5 0.8 
2.4 0.0 
0.6 1.4 
0.6 1.3 
0.2 1.9 
0.4 0.1 
0.2 0.2 
0.2 0.2 
0.1 0.1 
0.1 0.0 
0.0 0.0 
0.0 0.0 

aLn, linolenic, L, linoleic, 0, oleic, P, palmitic, S, stearic 

0.0 0.0 0.0 
0.7 0.0 0.0 
6.3 0.1 0.0 
0.2 0.0 0.0 
0.1 0.0 0.0 

17.2 11.5 32.4 
5.0. 1.0 1.1 
2.5 0.1 0.2 

17.9 12.1 27.9 
1.3 0.9 0.4 

12.9 4.1 10.7 
1.1 0.2 0.3 
0.1 0.0 0.2 
9.5 8.3 6.7 
3.2 2.7 7.4 
9.2 2.6 4.8 
1.6 0.1 0.7 
3.1 40.2 1.7 
2.7 1.6 2.2 
2.3 5.7 0.6 
0.9 0.4 0.7 
0.6 0.8 0.8 
0.1 0.1 0.1 
0.7 5i4 0.4 
0.2 0.3 0.3 
0.3 0.3 0.3 
0.1 0.1 0.1 
0.0 0.9 0.1 
0.0 0.1 0.1 
0.0 0.2 0.0 

tent; the trans content of Canadian mar- this approach, the individual triglyc- flower oil all contain three triglycerides 
garines ranged from 12.6-14.1% eride profiles provide additional infor- that serve as markers to estimate the pro- 

According to their labels, most of mation. The HPLC triglyceride profiles portions of unhydrogenated oil used in 
these products were formulated from of a number of common unhydrogenat- margarine/spread oils. These include 
either hydrogenated soybean oil or from ed vegetable oils used in trilinolein (LLL), dilinoleyl-olein (LLO) 
blends of hydrogenated and liquid soy- margarine/spread formulations are and dilinoleyl-palmitin (LLP). Since 
bean oil. Although the fatty acid corn- shown in Table 2. HPLC will not resolve positional iso- 
positional data are in agreement with Corn, cottonseed, soybean, and sun- (continued on page 984) 
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(continued from page 982) 

mers, the LLO peak contains LOL as 
well. Because palmitic and stearic acid 
are essentially absent from the 2-position 
of vegetable oil triglycerides, the LLP 
peak contains very little LPL. Canola 
and mid-oleic sunflower triglycerides 
contain high levels of triolein and dio- 
leyl-linolein which can be used as mark- 
ers in margarine/spread oils. However, 
since triolein is a major product resulting 
from hydrogenation, its presence may 
complicate interpretation of the HPLC 
data, as will be discussed later. 

The effects of hydrogenation on the 
triglyceride structure of vegetable oils 
have received little attention. At high 
pressures, where a hydrogen-rich envi- 
ronment exists on the catalyst surface, 
the linoleate-containing triglycerides 
LLL, LLO, and LLP are strongly 
adsorbed, favoring hydrogenation. At 
lower pressures other reactions take 
place, including isomerization from cis 
to trans, desorption from the catalyst 
surface and readsorption, where the 
cycle may be repeated. At high pressures 
(500 lb H2) hydrogenation is truly non- 
selective, since di- and trisaturates are 
formed at IV of about 70. Tram acid 
levels are relatively low. At lower pres- 
sures (50 lb H2) the reaction becomes 

. . more selective since di- and trisaturated 
triglycerides are essentially absent while 
the trans acid levels become elevated 
(22%). 

Tub product G and stick product M 
(Table 1) are low-tram products con- 
taining 2.6 and 3.2% tram, respective- 
ly, and appear to be formulated by both 
interesterification and hydrogenation. 
The elevated stearic acid contents sug- 
gest that interesterified basestock 
high in stearic acid were blended with 
liquid oils to achieve the desired solid 
fat index profiles. Of the nine tub prod- 
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ucts shown in Table 1, only two (A and 
E) are formulated from all-hydrogenat- 
ed oils while seven are formulated from 
a single hydrogenated basestock and 
liquid oil. Oils high in LLL, LLO, and 
LLP are indicative of unhydrogenated 
oils in their formulations. 

Stick products contain higher 
amounts of triolein (000) which are 
undoubtedly complex mixtures of both 
cis and trans isomers. Common liquid 
vegetable oils high in triolein include 
canola, peanut, and mid-oleic sunflower 
oil. However, soybean and corn oils are 
low in triolein, which increases upon 
hydrogenation. Thus high levels of tri- 
olein in a margarine/spread oil may 
result from either the liquid oil or the 
hydrogenated component. 

Stick and spreadable stick products 
require higher SF1 profiles than soft tub 
spreads, that limits the amount of liquid 
oil that can be incorporated into the 
formulation, For example, a typical tub 
margarine oil formulated from 25-30% 
hydrogenated soybean oil (IV 65) and 
70-75% liquid oil will contain about 
10% trans acids and have SF1 values of 
12 at lO”C, 4-5 at 21.1”C, and 2 at 
33.3X. To achieve SF1 values suitable 
for stick and spreadable stick the ratio 
of basestock to liquid oil must be 
increased to about 50:50, thereby 
increasing the trans acids levels to about 
20%. The data shown in Table 3 sug- 
gest that, while some liquid oils are 
incorporated into stick products, most 
are formulated from a multiple base- 
stock system employing two or more 
hydrogenated oils. 

Triglyceride data from the stick mar- 
garines/spreads are more difficult to 
interpret because hydrogenation 
decreases the amounts of LLL, LLO, 
and LLP which, in turn, are dependent 
on the conditions employed during 
hydrogenation. For example, the 

triglyceride profile of commerciall$ 
pared hydrogenated-winterized so>ii[ 
oil (IV 107) showed LLL, LLO$z 
LLP contents of 4.2, 10, and 6:;’ 
With the exception of stick product 
formulated largely by interest&l 
tion, all other products are consi 

with formulation from largely 
genated oils as opposed to 
amounts of liquid oils used in tu 
ucts. Stick products are cha 
elevated levels of 000, 
and SSO, all of which are 
resulting from the hydrogen 
LLL, LLO, and LLP. 

The linolenic acid content of soy 
oil is usually 7-8%. Thus, based OI 
data given in Table 1, soft tub pro 
formulated with liquid and par 

hydrogenated oils contain approxi 
50-70% unhydrogenated oil, wh 

the stick products 
20-30%. The trilinolein (LLL) contctt’$ 
unhydrogenated soybean oils we l,I 
examined varied from 15-19%. A he4 
ly hydrogenated (IV 65-70) soybean$ 
basestock, suitable for blending with q 
uid soybean oil to formulate either sof$ 
stick margarines, contains no trilinoa 
and, on this basis, the stick prodd 
shown in Table 1, with the exceptio$ 
M and 0, contain about the s& 
amount of unhydrogenated oil as indid .r 
ed from their linolenic acid conte,$ 
Samples K, L, P, and Q contain about,?; 
trilinolein (Table 3), which amount@ 
about 30% of the amount found in unfi 

drogenated soybean oil (Table 2). ,.$ 
The trans content of seven soft n@ 

garines/spreads taken over the ye; 
1992-1999 are shown in Table 4. 1”1 
data clearly show that industry $ 
made a concerted effort to lower rl 
trans acid levels of margarine/spre: 
products. The average trans content’ 
1992 was 19.5% which dropped I 
16.1% by 1995, and the present stu,; 
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Table 4 
Trans content of soft margarineslspreads by year 

Brand 1992. 
1 19.4 
2 10.3 
3 12.2 
4 31.4 
5 11.6 
6 24.6 
7 29.5 

Average 19.9 

Year 
1995 
15.9 
18.2 

7.8 
16.2 
19.5 
14.7 
20.2 
16.1 

1999 
14.5 _- 
7.9 
2.6 

14.6 
6.1 

10.5 
5.3 
8.8 

Overall 
reduction (%) 

25.3 
23.4 
79.7 
53.6. 
47.5 
57.4 
82.1 
55.8 

shows an average of 8.8%, amounting 
to a 55.8% total reduction in trans 
acids over the seven-year period. 

A survey of the composition and 
physical properties of ,North American 
stick margarines, published in 1989, 
showed that canola-based margarine 
produced in Canada contained 
33-l-45% tram, whereas soybean oil- 
based margarine contained 22.4-30.1% 
tram (average 26.8%). Data for U.S. 
stick products (Table 1) show an average 
of 16.9% tram which includes the 3.2% 
sample. The other seven samples average 

Formulation Procedures, in Practical 
Handbook of Soybean Processing 
and Utilization, AOCS and United 
Soybean Board, Champaign, IL, 
1995, pp. 218-238. 

Dijkstra, A.J., Hydrogenation 
Revisited, inform 8:1150-1158 
(1997). 

Neff, W.E., T.L. Mounts, W.M. Rinsch, 
H. Konishi, and M.A. El-Egaimy, 
Oxidative Stability of Purified 
Canola Oil Triacylglycerols with 

:: 18.8% trans. Thus, over the past Altered Fatty Acid Composition as 
\ decade, the trans content of U.S. stick Affected by Triacylglycerol 
I margarines has been reduced by 37%. Composition and Structure, J. Am. 

Oil Gem. Sot. 71:1101-1109 
Bibliography (1994). 

- . Endres, J., Future Trends in Low-Fat _. l__ - ._._” i - ._.. .___ _ _ 
Spreads, inform 5:1354-1356 Methods bibliography 

(1994). Neff, W.E., R.O. Adlof, G.R. List, and 
M.A. El-Egaimy, Analysis of 

Haumann, B.F., Tools: Hydrogenation, 
Interesterification, inform 
5:668-678 (1994). 

. . Haumann, B.F., Widening Array of 
Spreads Awaits Shoppers, inform 
9:6-13 (1998). 

Erickson, D.R., and M.D. Erickson, 
Hydrogenation and Base Stock 

Vegetable Oil Triglycerides by Silver 
Ion High-Performance Liquid 
Chromatography with Flame 
Ionization Detection, J. Liq. 
Chromaotgr. 17:3951-3968 (1994). 

Neff, W.E., G.R. List, and W.C. 
Byrdwell, Quantitative Composition 
of High Palmitic and Stearic Acid 
Soybean Oil Triacylglycerols by 

- 

Reversed Phase High-Performance 
Liquid Chromatography, J. Liq. 
Chromatogr. 22:1649-1662 (1999). 

Official Methods and Recommended 
Practices of the American Oil 
Chemists’ Society, AOCS, 
Champaign, IL, 1989. 

Byrdwell, W.C., and W.E. Neff, 
Qualitative and Quantitative 
Analysis of Triacylglycerols Using 
Atmospheric Pressure Chemical 
Ionization Mass Spectrometry, in 
New Techniques and Applicationa 
in Lipid Analysis, AOCS Press, 
Champaign, IL, 1997, pp. 45-79. 

Neff, W.E., and W.C. Byrdwell, 
_ Soybean Oil Triacylglycerol Analysis 

by Reversed-Phase High- 
Performance Liquid 
Chromatography Coupled with 
Atmospheric Chemical Ionization 
Mass Spectrometry, J. Am. Oil 
Chem. Sot. 72:1185-1191 (1995). 

List, G.R., W.E. Neff, R.L. Holliday, 
J.W. King, and R. Holser, 
Hydrogenation of Soybean Oil 
Triglycerides: Effect of Pressure on 
Selectivity, J. Am. Oil Chem. Sot. 
77:311-314 (2OOO).c3 

Volume I I l September 2000 l inform 



e f-4 


