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ABSTRACT 
The content  and composit ion of free sterols and 

sterol esters in crude soybean oil and in oils from 
different stages of two continuous refining systems 
were determined. The sterols were isolated by pre- 
parative thin layer chromatography and analyzed by 
gas chromatography with cholesterol as an internal 
standard. The free sterols in one of the degummed 
oils amounted to 3.1 mg/g and were diminished to 
1.8 mg/g oil by the De Laval Short-Mix refining 
process. The content of free sterols of the other 
degummed oil was reduced from 3.4 to 1.6 mg/g 
oil by the Zenith ]grocess. The greatest reduction of 
sterol content was caused by the treatment with 
bleaching earth. Th_e stero_l esters accounted for 0.6 
mg/g of the degummed oil, and only very small 
changes were observed during the processes. However, 
changes in_ the composit ion of fatty acids of the sterol 
esters were found. These changes might indicate a 
selective deacylation of sterol esters or an interesteri- 
fication during the refming processes. The composi- 
tion of  sterols in free ancl esterified form were dif- 
ferent. Campesterol, stigmasterol and sitosterol were 
obtained in both free and esterified form, but  A7 
stigmasterol was only found in esterified form. Only 
small changes in the percentage distribution of the 
s t e r o l s  occurred during the processes. 

INTRODUCTION 
Sterols exist in crude soybean oil as free sterols, sterol 

esters, sterol glucosides and acetylated sterol glucosides 
(1,2). However, no reports seem to present data on sterol 
glucosides and acetylated sterol glucosides in degummed 
oils, and considering the high polarity of these compounds 
they are likely to be removed during the degumming 
process. Furthermore the "lecithin gums" are reported to 
contain rather high amounts of sterol glucosides (3). Sterols 
are removed during the refining processes. This makes the 
soapstock and the deodorizer distillate a source for sterols 
as raw materials in chemical industries (4-7). Sterols are 
generally regarded as heat-stable as well as odorless and 
tasteless (8), making them of less interest as regarding the 
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oil quality. However, several investigations have shown that  
t reatment  with bleaching earth causes the formation of 
sterol "ar t i facts"  and that sterol esters are deacylated 
(9-12). 

Sterols are usually obtained after saponification of the 
oil, and the sterol pattern is used to characterize the oil and 
to detect adulterations (4,13). 

This paper presents data on the content  and composit ion 
of free sterols and sterol esters, obtained in degummed, 
neutralized, bleached and deodorized soybean oils. Two 
continuous refining processes, the De Laval Short-Mix 
process and the Zenith process, were studied. 

MATERIAL AND METHODS 

Material 
Samples of degummed, neutralized, bleached and 

deodorized soybean oils were obtained from the De Laval 
Short-Mix process (Refining system I) (8) and from the 
Zenith process (Refining system II) (14). The degummed 
0il was neutralized at 92-95 C with 2.5 M sodium hydroxide 
in process I and with 0.35 M in process II. The bleaching 
procedures were similar in the two processes, using 1.5% 
bleaching earth (Tonsil, Optimum Standard) at 95-105 C. 
In process I the deodorization was performed at 190 C for 
5 hr using a batch procedure,  while process II was a con- 
tinuous procedure (The Girdler Process) operating at 230 C 
for 1 hr. 

Solvents used in the sterol analyses were of "pro 
analysi" grade from Merck. Cholesterol, TLC reference 
mixture No. 1 and AOCS No. 11, reference mixture for 
GLC, were purchased from Nu Check Prep., Inc., Elysian, 
MN, USA. Thin layer plates, silica gel 60, 20 x 20 cm, 0.5 
mm from Merck were used while other chromatographic 
materials were obtained from Analabs, Inc., North Haven, 
CT, USA. 

Thin Layer Chromatography 
The free sterols and sterol esters were isolated from the 

oil samples by preparative TLC. A known amount  (ca. 20 
mg) of the oil and a reference mixture (TLC No. I)  were 
applied to each of  three thin layer plates. Hexane/diethyl  
ether/acetic acid (70:30:1 v/v) was used as the developing 
solvent. After  development, the reference lane was sprayed 
with dichlorofluorscein (0.025% in ethanol).  The sterols 

TABLE I 

Free and Esterified Sterols in Soybean Oil after Different Processing Steps 

Refining process I Refining process II 

Free sterols 
(mg/g oil)  

Esterified 
sterols 

(mg/g oil) 
Free sterols 
(mg/g oil) 

Esterified 
sterols 

(mg/g oil) 

Degummed 
Neutralized 
Bleached 
Deodorized 

3.1 
3.0 
1.8 
1.8 

0.6 
0.6 
0.5 
0.5 

3.4 
3.0 
2.0 
1.6 

0.6 
0.6 
0,6 
0.6 
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and sterol esters of  the sample were located,  scraped from 
the plate, and eluted from the silica gel with diethyl ether. 
To both the free and esterified sterols ca. 10% of  choles- 
terol was added as an internal standard. Separate analyses 
of degummed and bleached oil without the addition of 
internal standard were also performed. 

The sterol esters were hydrolyzed,  and then the sterols 
and the fatty acids were extracted and separated as pre- 
viously described (15). 

Gas Chromatography 

The sterols were silylated (15) and analyzed by GLC in a 
Varian Aerograph Model 2100 equipped with two glass 
columns (180 cm x 2 mm) packed with 1% OV 17 on HP 
Chromosorb G 80/100 mesh and 3% SE-30 on Var-a-port 
100/120 mesh and kept at 270 C and 250 C, respectively. 
The sterol composition was calculated from duplicate 
analyses on OV-17, while chromatograms from the SE-30 
phase were examined to detect possible peak overlapping. 
The TMS sterols were identified by comparison of  the 
retention times of actual TMS sterols with known samples. 

The reproducibil i ty of  the qualitative and quantitative 
measurements were studied in two subsequent analyses of 
two sterol samples. 

Fa t ty  acid methyl  esters were prepared and analyzed as 
described previously (15), but  with a column temperature 
programmed from 140 to 190 C at the rate of 2 C/rain. 
Corrections for contaminants which accumulated in a blank 
sample during the procedure were also made. 

RESULTS 

Sterol Content 

The sterols in crude, degummed soybean oil appeared in 
a larger quantity in free (3.1 and 3.4 mg/g oil) than in 
esterified (0.6 mg/g oil) form (Table I). During the refining 
processes, the amount  of  free sterols was decreased while 
the content  of  esterified sterols was almost constant.  The 
total loss of sterols was slightly higher in process II (45%) 
than in process I (38%). 

In process I the neutralization had almost no effect on 
the sterol content  (Table I), whereas 0.4 mg sterols/g oil 
were removed in process II, in which a more dilute alkaline 
solution (0.35 M vs. 2.5 M) was used. Treatment with 
bleaching earth caused the greatest loss of  sterols (1.0 and 
1.2 mg/g oil) during the processes. The deodorization in 
process I (190 C for 5 hr) seemed to have no effect on the 
sterol content,  while during process II (230 C for 1 hr), 0.4 
mg/g oil was removed. 

Repeated isolations of the sterols gave figures not  
differing more than -+ 0.1 mg/g oil. 

Sterol Composition 

Campesterol, stigmasterol and sitosterol appeared in 
both free and esterified form though in a different percen- 
tage distribution. The A7-sterols were preferentially present 
in esterified form. Traces of cholesterol esters were ob- 
tained in degummed and bleached oils, which were the only 
oils analyzed separately without addition of the internal 
standard. 

The free sterols in degummed oil were composed of  52% 
of  sitosterol, 25% of campesterol and 23% of stigmasterol 
(Table II). A selective removal, consisting of slightly more 
campesterol a n d  stigmasterol than sitosterol,  during the 
technological processes resulted in a somewhat different 
sterol composit ion in the refined oil compared to the crude 
oil. 

Sitosterol (70-74%) predominated ,among the~esterified 
sterols in degummed oil, followed by campesterol (ca. 
12%), A7-stigmastenol (ca. 9%), stigmasterol (ca. 6%) and 
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TABLE 11I 

Compositions of Fatty Acids of Sterol Esters in Soybean Oil after Different Processing Steps 

Fatty acids (%) 

16:0 18:0 18:1 18:2 18:3 20 :0  22 :0  24 :0  Others  a 

Refining process I 
Degummed 6 3 10 16 2 3 12 11 37 
Deodorized 6 S 7 2"/ 4 6 21 19 5 

Refining process II 
Degurnmed 5 3 9 19 2 3 14 12 33 
Neutralized 7 4 9 23 2 3 16 14 22 
Bleached 6 1 6 69 5 3 5 6 tr 
Deodorized 12 7 13 45 3 3 9 8 tr 

aThe percentages in the crude oils consist of 1-2% of  16: I ,  6-7% of 20 :1 ,4 -5% of  22:1, 1-3% of  24:1 and five 
unidentif ied components .  These were registered after 16:1 (3-4%), after 18:2 (6-7%), after 20:1 (4-6%), and 
after 22:1 (3% and 3%) at the chromatograms.  

A7-avenasterol (1%) (Table II). 
The sterol composition obtained in oils from the investi- 

gated refining stages showed some differences, the greatest 
being between neutralized and bleached oil in process I, 
with 66.3 vs. 76.0% of sitosterol, and between bleached and 
deodorized oil in process II, with 76.1 vs. 71.7% of sito- 
sterol (Table (II). In both processes sitosterol was found in 
a lower percentage in the deodorized than in the bleached oil. 

Repeated analyses of the sterol composition in two 
separate isolations showed, at the most, 0.5% differences. 

Fatty Acids of Sterol Esters 

The composition of the fatty acids of sterol esters was 
rather complex and no fatty acid predominated (Table II1). 
The major fatty acids in the degummed oil, calculated after 
subtraction of the fatty acids in the blank sample, were 
18:1 (9-10%), 18:2 (16-19%), 22:0 (12-14%) and 24:0 
(1 t-12%). 

The fatty acids obtained in oils from the consecutive 
stages Of process II displayed a different composition 
(Table ]II). After neutralization the fatty acids marked 
"others" had decreased 11%, and in the bleached oil only 
traces could be detected. Very long chain fatty acids (C 22 
and C 24) had also decreased during bleaching, while the 
percentage of 18:2 increased and amounted to 69% of the 
total fatty acids. During deodorization a decrease in percen- 
tage of polyunsaturated fatty acids (18:2 and 18:3) was 
found. 

The deodorized oil from process I yielded a much lower 
percentage of 18:2 and a higher percentage of 22:0 and 
24:0 compared to the oil from process II. Fatty acids of 
sterol esters were not  analyzed in neutralized and bleached 
oil from process I. 

DISCUSSION 

The content of sterols in the crude, degummed oil was 
within the limits of literature data, which ranged form 3.4 
to 4.2 mg/g oil (16-21). Japanese reports on free and 
esterified sterols show three to five times as much free 
sterols as esterified sterols (22,23), which agree with the 
present investigation. Bulgarian soy, however, yielded a 
greater difference between the content of free (3.0 mg]g) 
and esterified (0.1 mg/g) sterols (3). 

The removal of sterols from oils during the refining is 
well established (7,8). The reported amount of sterols 
which are removed (25-35%) from soybean oil varies due to 
the technological processes used (4,5). The total sterol 
content as well as whether the sterols appear in free or 
esterified form is also likely to influence the percentage of 

sterols removed. Gutfinger and Letan (5) followed the 
quantitative changes in the consecutive refining stages and 
found that the greatest loss of sterols was during neutraliza- 
tion and deodorization. Others (24) have shown that during 
the deodorization free sterols are preferentially removed. 

In the present investigation two continuous refining 
processes were studied. The impact o f  each individual 
parameter on the removal of sterols cannot be stated, but 
some comparisons between the two methods can be made. 
In the neutralization method in process II a more dilute 
alkaline solution was used. This probably resulted in a 
greater decrease in the sterol content, compared to the 
method in process I. No sterols seemed to be lost during 
deodorization at 190 C, while at the higher temperature 
(230 C) 0.4 mg of free sterols/g oil was removed. 

The greatest loss of sterols in both processes occurred 
during the bleaching process. According to previous investi- 
gations (9-12), losses during treatment with bleaching earth 
are mainly due to the formation of nonpolar steroids and, 
to a smaller extent, to absorption to the bleaching earth. 
Studies on sterol esters of long chain fatty acids showed 
that they were deacylated during treatment with bleaching 
earth, and products similar to those obtained from free 
sterols were formed (11). Furthermore, the quantity of 
nonpolar steroids formed during treatment with bleaching 
earth was shown to be proportional to the quantity of 
esterified sterols (6), which more easily undergo dehydra- 
tion than the free sterols. In the referred study, comparison 
between sunflower, with a relatively small ,content, and 
rapeseed oil, with larger content of sterol esters, was carried 
out. Soybean oil contains even smaller quantities of sterol 
esters than sunflower oil (25), and we observed little change 
in the content of sterol esters during bleaching. Besides, we 
have observed that the content  of sterol esters in rapeseed 
oil is noticeably diminished during treatmeant with 
bleaching earth (Johansson, A., unpublished results). 
Although the content  of sterol esters was almost constant 
during the refining processes, some changes in the composi- 
tion of sterols and of fatty acids of sterol esters were found. 
Noticeable was the increase in percentage of 18:2, from 
25% to 69%, during the bleaching procedure. The changes 
might be due to a selective deaclylation of sterol esters, 
which were too small to be observed in the quantification 
method used, or to an interesterification. 

The total sterol composition agreed with most literature 
data, which show the following ranges: 18-24% of campes- 
terol, 18-24% of stigmasterol and 53-59% of sitosterol (17, 
19-21, 26-29). AS-Avenasterol (0-3%), A7-stigmastenol 
(0-5%) and AT-avenasterol' (0-1%)have also been reported, 
and in two investigations as much as 2% of cholesterol was 
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found (27, 28). A notable lower percentage of stigmasterol 
(1 l-I  2%) balanced by a higher percentages of sitosterol and 
A5-avenastero! was reported in two investigations (30,31). 

A7-Stigmastenol has not previously been reported in 
esterified form in soybean oil. The percentages of campes- 
terol and stigmasterol were shown to be relatively lower 
and sitosterol higher in esterified than in the free form (24), 
which agrees with the present investigation. Since the ratio 
of esterified sterols compared to free sterols was greater in 
refined than in crude oil, the total percentage of stigmas- 
terol was lower in the refined oils. When comparing the 
sterol compositions of different soybean oil, it is necessary, 
therefore, to state whether the oils are crude or refined. 

REFERENCES 

I. Lepage, M., J. Lipid Res. 5:587 (1964). 
2. Kiribuchi, T., T. Mizunaga, and S. Funahashi ,  Agric. Biol. 

Chem. 30:770 (1966). 
3. Popov, A., Ts. Milkova, and N. Marekov, Die Nahrung 19:547 

(1975). 
4. Thorpe, C.W., J. Assoc. Off. Anal. Chem. 55:1085 (1972). 
5. Gutfinger, T., and A. Letan, J. Sci. Food Agric. 25"1143 

(1974). 
6. Niewiadomski,  H., Die Nahrung 19:525 0 9 7 5 ) .  
7. Seher, A., in "'Lipids," Vol. 2, Edited by R. Raoletti,  G. 

Jacini, and G. PorceUati, Raven Press, New York, 1976, p. 293. 
8. Andersen,  A.J.C., in "Refining of Oils and Fats for Edible 

Purposes,"  Edited by P.N. Williams, Pergamon Press, Oxford,  
1962. 

9. Kaufmann,  H.P., E. Vennekel,  and Y. Hamza, Fette, Seifen, 
Anstr ichm. 72:242 (1970). 

I0. Kaufmann,  H.P., and Y. Hamza, Ibid. 72:432 (1970). 

11. Homberg, E., Ibid. 76:433 (1974). 
12. Homberg, E., Ibid. 77:8 (1975). 
13. FAO/WHO Codex Commit tde  on Fats and Oils, Report of  9th 

Session, 1977, ALINORM 78/17.  
14. Hoffmann,  Y., JAOCS 50:260 (1973). 
15. lohansson ,  A., and L-A Appelqvist, Lipids 13:658 (1978). 
16. Fedeli, E., A. Lanzani, P. Capella, and G. Jacini, JAOCS 

43:254 (1966). 
17. Guyot ,  A., Bull. Rech. Agron. Gembloux 4:484 (1969). 
18. Pardun, H., Analyse der Fette und Fettbeg/eitstoffe,  in "Hand- 

buch der Lebensmittelchemie, '"  Bd IV, Fette und Lipoide, 
1969, Berlin, p. 776. 

19. ltoh, T., T. Tamura,  and T. Matsumoto,  JAOCS 50:122 
(1973). 

20. Gutfinger, T., and A. Letan, Lipids 9 :658 (1974).  
21. Seher, A., and H. Vogel, Fette, Seifen, Anstr ichm.  78:301 

(1976). 
22. Hirota, T., S. Goto, M. Katayama,  and S. Funahashi ,  Agric. 

Biol. Chem. 38:1539 (1974). 
23. Katayama.  M., T. Hirota, S. Goto, and S. Funahashi  Ibid. 

39:747 (1975). 
24. Naudet,  M., M. Rakotovao, and G. Cecchi, Rev. Ft. Corps Gras 

20:27 (1973). 
25. Johansson,  A., Lipids 14:285 (1979). 
26. Gatgano, A., Ind. Alimen. 14:101 (1975). 
27. Mannino, S., and G. Amelot t i ,  Riv. ltal. Sost. Grasse. 52:79 

(1975). 
28. Mordret, F., A. Prevot, and L-P. Wolf, Ann. Fals. Exp. Chim. 

70, No 750:87 (1977). 
29. Touche,  J., M. Derbesy, M. Cas, and J. Estiene, Ann. Fals. Exp. 

Chim. No. 726, 68:99 (1975). 
30. Graci~n, J., and J. Martel, Grasas Aceite 20:231 (1969). 
31. Ziircher, K., H. Hadorn, and Ch. Strack, Deut. Lebensm.- 

Rundshcau,  72:345 (1976). 

[Received December 14, 1978[ 


