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Abstract 
On the basis of the chemical, physical, and 

biological criteria used, all of which have been 
shown to be sensitive indicators of heat damage 
to oils, it must be concluded that  the overall 
nutr i t ional  quali ty of an oil is not adversely 
affected by alkali refining, adsorptive decoloriz- 
ing, o r  deodorization; that  higher temperatures  
of deodorization (238C) produce oils nutrit ion- 
ally equivalent to those deodorized at lower tem- 
peratures (160C) ; and that  the normal precedes  
used in manufac tur ing  edible oils improve the 
resistance of these oils to heat damage. 

Introduction 

T HIS INVESTIGATION was undertaken to determine 
the effect of normal processing conditions, and 

especially temperatures  of deodorization, upon the 
nutr i t ional  quali ty of vegetable oils. There has been 
a considerable amount of material published relating 
to the nutr i t ional  effects of over-heated fats (1), but 
none that  we are aware of has evaluated the effects 
of the normal processing conditions of refining, ad- 
sorptive deeolorizing (bleaching), and deodorizing. 

Experimental Procedures 
The vegetable oils used in this s tudy were the two 

most widely used in the U. S., soybean oil and cotton- 
seed oil. Both crude oils were obtained f rom com- 
mercial mills, the former  being produced by hexane 
extraction and the lat ter  by the expeller process. All 
subsequent processing of the oils was carried out in 
laboratory scale equipment, using conditions simulat- 
ing normal plant  procedures. 

The crude soybean oil (initial F.F.A.  = 0.8%) was 
alkali refined by the open kettle method, using 3.3% 
of an 8% NaOH solution at a maximum temp of 
57C. Af te r  the addition of 0.5% of a 38% sodium 
silicate solution, the loots were permit ted to settle 
and the refined oil was removed by decantation. The 
bulk of the refined oil was bleached by a simulated 
open kettle atmospheric procedure, by f a r  the most 
drastic method employed in industry.  The oil was 
dried by slow agitation in an open vessel at  105C, 
treated with 1% acid-activated bleaching clay, and 
then filtered through paper  on a Buehner  funnel.  A 
port ion of each of the crude, the refined, and the 

1 Presented at the 6th Congress of the International Society for Fat 
Research, London, 1 9 6 2 .  

refined-bleached oils was withheld for subsequent ex- 
perimental work. 

The crude cottonseed oil (initial F.F.A.  = 1.44%) 
was alkali refined using 2% of a 9.5% NaOH solution 
at a maximum temp of 57C, and the decanted oil was 
washed with 5% water at 82C. I t  was then dried at 
105C and bleached, using 2% acid-activated clay. 
Because the color at this point was still  unsatis- 
factory, the oil was re-refined using 2.5% of an'18.8% 
NaOH solution at 57C, and then bleached at 105C 
with another  2% acid-activated clay. Again, a por- 
tion of each of the crude, the once-refined, and the 
re-refined and rebleached oils was set aside for sub- 
sequent experimental  work. 

The refined-bleached oils were divided into three 
portions for  deodorization with water  vapor at maxi- 
mum temps of 160C, 204C, and 238C, respectively, 
for  4.5 hr at 1-2 ram absolute  pressure in all-glass 
equipment. Upon cooling to 90C the oils were treated 
with 0.00.5% of citric acid in an ethanol solution. 
Deodorization was discontinued when the oils had 
cooled to about 50C. 

A portion of each oil taken at each stage in the 
processing was heated without agitation in an open 
vessel for  120 hr  at  178C, a condition which has been 
shown to cause severe heat damage to oils (1).  All 
samples of the heated and nonheated oils were then 
subjected to the following chemical, physical, and 
biological testing. 

The refractive indices were determined at 60C, 
using a Carl Zeiss refractometer  fitted with a butyro 
scale. Viscosities were measured at 22C on a Brook- 
field Viseometer. The fa t ty  acid composition was de- 
termined using methyl  esters on a Barber-Colman 
Model 10 gas chromatograph. The column used was 
6.5 f t  of P y rex  glass packed with 60-100 mesh Chro- 
mosorb W coated with 20% Succinic acid--diethylene 
glycol polyester. The amount  of non-adduct forming 
material (NAF)  in each sample was measured by a 
modification of the method of Firestone et al. (2). 
By this method free, straight chain, unmodified f a t ty  
acids which fo rm insoluble addition compounds with 
urea in ethanol are separated f rom oxidized or poly- 
merized fa t ty  materials in that  they do not form urea 
adducts. The sample analyzed was large enough to 
provide N A F  fractions which could be evaluated 
biologically. 

A modification of the restricted-feeding test of Rice 
et al. (3), using weanling mice ra ther  than weanling 

T A B  L E  I 

P h y s i c a l  a n d  Chemica l  Analyses of Heated and l~on-hcated Soybean Oil 

Non-heated 0i ls  
Orude ..... 
Refined. . .  
Ref ined and Bleached . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ref . ,  BI., and Deodorized, 160C .. . . . . . . . . . . . . . . . . .  
Ref. ,  BI., and Deodorized, 2 0 4 C  .. . . . . . . . . . . . . . . . .  
Ref. ,  BI., and Deodorized, 238C .. . . . . . . . . . . . . . . . . .  

Hea t ed  Oils 
O r u d e  . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref ined  .... 
Refined and Bleached ....... 
ReL,  BI., and Deodorized, 160C ... . . . . . . . .  
R c f ,  BI., and Deodorized, 2 0 4 C  ... . . . . . . . . . .  
R e f . ,  B 1 ,  and Deodorized, 2 3 8 C  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Free Fatty 
Acids (%) 

0.8  
0 .05  
0 .06  
0 .05  
0 .05  
0 .05  

1 .16  
0 .55  
0 .80  
0 .28  
0 .22  
0 .23  

Refractive 
Index 

( B u t y r o  60C)  

50 .0  
50 .1  
51 .0  
51 .1  
51 .0  
51 .0  

59 .7  
58.2  
61 .0  
55 .0  
54.2  
54 .3  

Viscosity 
(Cen t ipo i ses )  

47  
48 
48 
48  
48 
48  

4 1 2  
291  
4 4 4  

91 
80 
83 

P a l m i t a t e  

11 .4  
11 .9  
11 .5  
12 .5  

11 .6  

15 .8  
16 .9  
17 .0  
13 .3  
12 .6  
12 .5  

Fatty Acid Compositio n ( G . L . C . )  

Stearate 

4.3  
3.7 
6.0 
4 .2  

4.1 

~.4 
6.6 
6.3 
4.5 
4 .5  
5.5 

Oleate 

2 8 . 4  
27 .6  
27 .0  
28 .2  

28 .9  

35 .3  
35 .5  
35 .8  
30 .7  
30 .7  
30.9  

Linoleate 

4 9 . 7  
50 .4  
49 .7  
49 .3  

50 .4  

3 9 . 9  
38 .6  
37 .3  
46 .3  
47 .2  
45 .0  

Linolenate 

6.2 
6 .4  
5.8 
5.8 

5.0 

2 .5  
2 . 4  
3 .6  
5.3 
5.1 
6.2 

5 5  
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T A B L E  I I  
Phys ica l  and  Chemical  Analyses of H e a t e d  and  Non-heated Cottonseed Oils 

Non-heated 0 i l s  
Crude  .................................................................. 
Refined ................................................................ 
Refined and Bleached ......................................... 
Ref., BI., and  Deodorized, 160C ......................... 
Ref., BI., and  Deodorized, 204C ......................... 
Ref., BI., and Deodorized, 238C ......................... 

Hea ted  0 i l s  
Crude  .................................................................. 
Refined ................................................................ 
Refined and Bleached ......................................... 
Ref., BI., and  Deodorized, 160C ......................... 
Ref., BI., and  Deodorized, 204C ......................... 
Ref., BI., and Deodorized, 238C ......................... 

Ref rac t ive  
Index  

(Butyro  60C) 

47.4 
47.3 
47.5 
47.4 
47.3 
47.4 

51.7 
51.4 
50.7 
50.6 
50.7 
50.7 

Viscosity 
(Centipoises) 

52 
54 
50 
51 
51 
51 

644 
105 

92 
88 
88 
88 

Myris ta te  

1.0 
1.1 
0.9 
0.9 
0.9 
0.9 

1.1 
1.1 
1.0 
1.1 
1.0 
1.0 

F a t t y  Acid Cemposi t ion (G.L.C.)  

Pa lmi ta te  

26 .1  
25.2 
24.8 
27.9 
25.9 
25.9 

31.3 
29.7 
29.4 
29.8 
28.4 
29.4 

Palmi to lea te  

0.7 
0.8 
0.9 
0.7 
0.6 
0.8 

0.8 
1.0 
0.9 
0.7 
0.7 
0.7 

Steara te  

2.7 
2.1 
2.1 
2.2 
2.2 
2.3 

2.7 
2.4 
2.4 
2.3 
2.2 
2.5 

Oleate 

17.8 
15.8 
15.9 
15.6 
15.8 
15.9 

17.4 
16.7 
16.8 
16.7 
16.9 
16.7 

Linolea te  

51.7 
55.1 
55.4 
53.7 
54.6 
54.3 

46.7 
49.1 
49.5 
49.4 
50.8 
49.6 

rats, was used for  the biological testing. I t  has been 
demonstrated repeatedly  (1) that  one of the first 
biological effects apparen t  in a heat damaged fa t  is 
that  there is an increase in liver size relative to 
body weight. This effect has been found to occur 
rap id ly  and be near ly  at  a maximum af te r  only 
three days '  feeding in weanling mice (4) as well as 
in weanling rats  (3). The oil samples were fed at 
the rate of 400 mgm per  mouse per  day, while the 
N A F ' s  were fed as 40 mgm per day in 360 mgm of 
of cottonseed salad oil. Each diet was fed to two 
mice for  three days. 

TABLE III 

Effect of H e a t i n g  Soybean and  Cottonseed Oils on the 
Yield of NAF Frac t ions  

Crude .............. 

Refined ................. 

Refined and  Bleached ............. 
Ref., BI., and  Deodorized, 

1 6 0 C  
Ref., BI., and  Deodorized, 

204(3 .... 
Ref., Bl., and  Deodorized, 

238C .................................... 

Soybean Oils Cottonseed Oils 

Non-heated 
( %  NAF) 

3.5 

3.1 

2.7 

3.0 

3.0 

2.9 

Heated  Non-heated 
(% NAF)  (% NAF)  

30.2 3.0 

28.1 2.8 

31.1 3.2 

14.3 3.4 

12.7 3.0 

12.7 3.4 

H e a r d  
( %  NAF 

17.9 

14.1 

13.2 

12.1 

12.0 

11.8 

Results and Discussion 
The physical  and chemical analyses of the heated 

and non-heated soybean oils are summarized in Ta- 
ble I and those for  the cottonseed oils in Table I I .  As 
expected, there are no significant differences in the 
unheated oils resul t ing f rom the various processing 
steps nor  f rom the several conditions of deodorization. 

In  the heated oils, however, some ra ther  substantial  
effects are apparent .  I t  is quite evident that  the 
ful ly  processed oils are more stable to heat  than  are 
the crude or the par t ia l ly  processed. I t  has been ob- 
served in our laboratory  in the past  that  one of the 
most sensitive indicators of heat  damage in an oil is 
its viscosity. The nutr i t ional  value of an oil does 
not begin to diminish unti l  a f te r  the viscosity starts  
to increase. I t  is interest ing to note that  on the basis 
of viscosity of the heated oils, the major  improvement  
occurred af ter  refining in the cottonseed o41 and af ter  
deodorization in soybean oil. We have no immediate 
explanation for  this observation. 

I t  is of fu r the r  interest  to note that  in the heated 
oils the effects as measured by  increase in viscosity 
were also evident as increases in free f a t t y  acid, 
refract ive index, and appa ren t  sa turated and mono- 
unsa tura ted  acids, with a concurrent  decrease in ap- 
parent  poly-unsatura ted acids. All these are effects 
which have previously been observed and may  be 
used as indices of  heat damage. 

I t  is par t icu lar ly  noieworthy tha t  in all cases the 
deodorized oils were superior  to non-deodorized oils, 
and tha t  there are no indications whatever  that  the 
higher tempera tures  of deodorization produced oils in- 
ferior  to those f rom lower t empera ture  deodorization. 

Near ly  all of the research workers who have pro- 
duced damage in their  oil samples b y  overheating have 
shown that  the active substances are concentrated in 
a fract ion not addueted by  urea. The amounts of non- 
adductible mater ia l  in the various oils in this work 
are shown in Table I I I .  Again, there are no sig- 
nificant effects apparen t  in the amounts of N A F  ob- 
tained f rom the unheated oils tha t  would indicate any  
adverse effects due to processing or to higher temper-  
a tures  of deodorization. The amounts of N A F  in the 
heated oils follow a pa t te rn  similar  to the other chemi- 
cal and physical  indices. The least amount  of N A F  
was found in the deodorized oils; no real differences 
resulted as a consequence of variat ions in deodoriza- 
tion temperatures .  

Table I V  summarizes the data  obtained when the 
heated and non-heated oils were fed to mice for three 
days at the rate  of 400 mgm per  mouse per  day. 
The weight gains in this short  t ime are so small tha t  
individual numbers  may  have no real meaning, but  
as a group it is evident tha t  there were poorer gains 
with the heated fa ts  than  with the non-heated. Pre- 
vious experience (4) has indicated, however, tha t  
Under the experimental  conditions used the data for  
l iver weight as a proport ion of total  body weight m a y  
be subjected to valid statistical analysis, which has 
been done. The only significant differences were 
those between the heated and non-heated oils in 
each category. The differences between the variously 
t reated oils were not statist ically significant at the 
95% probabi l i ty  level. Consequently, even by this 
highly sensitive test, there is no evidence of nutr i -  
t ional damage resul t ing f rom higher  tempera tures  of 

T A B L E  I V  
Effect of Heated  and  Unhea ted  Oils on Three  Day  Ga in  and  L i v e r  Size of Mice 

Crude  ........................................................... , .... 
Refined ............................................................. 
Refined and Bleached ....................................... 
Ref., BI., and  Deodorized, 160C ....................... 
Ref., BI., and  Deodorized, 204C ....................... 
Ref., BL, and Deodorized, 238C ....................... 

Soybean Oils 

Three day ga in  (g rams)  

No~-heated Heated  

1.9 1.2 
2.0 1.8 

11.6 0.9 
2.6 1.4 
2.4 1.7 
3.0 2.0 

L i v e r  ( %  of body wt)  

Non-heated Heated 

5.9 9.9 
6.4 10.0 
6.1 9.6 
6.9 9.2 
6.5 8.2 
5.6 8.4 

Cottonseed Oils 

Three  day ga in  (g rams)  

Non-heated Hea ted  

2.3 1.6 
2.2 1.8 
2.6 1.3 
2.4 1.6 
2.0 1.8 
2.4 1.2 

L iver  (% of body wt )  

Non-heated Hea ted  

6.7 8.6 
6.0 8.3 
5.5 7.6 
6.2 7.6 
6.4 7.1 
5.5 7.5 
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TAB LE V 

Effect of NA~'s from Heated and Unheated Oils on Three Day Gains and Liver Size of Mice 
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Orude ................ 
Refined 
Refined and Bleached 
Ref., BI., and Deodorized, 160C ....................... 
Ref., BI., and Deodorized, 204C. 
Ref., BI., and Deodorized, 238C ....................... 

Soybean Oils Cottonseed Oils 

Three day gain (grams)  Liver, % of body w t  Three day gain (grams)  Liver, % of body wt 

Non-heated Heated 

1.3 1.7 
1.3 2.1 
1.3 1.3 
1.6 1.8 
1.B 2.4 
1.2 [ 1.7 

Non-heated Heated 

5.9 7.6 
5.9 8.2 
6.2 8.0 
6.2 8.3 
7.1 8.0 
6.6 8.1 

Non-Heated Heated 

2.4 2.8 
2.0 2.6 
2.6 2.7 
2.9 2.7 
1.8 2.8 
1.7 2.6 

Non-heated Heated 

6.5 8.3 
6.9 8.2 
7.3 7.8 
7.1 8.2 
6.4 8.7 
6.9 8.1 

deodorization. 
Table V summarizes the data obtained when the 

NAF 'S  separated from the heated and non-heated 
oils were fed to mice at the level of 40 mgm in 360 
mgm of cottonseed salad oil per mouse per day. I t  
should be pointed out that these 40 mgm amounts 
represent different quantities of starting because the 
oils in the heated and unheated series contain vary- 
ing amounts of NAF. Again the only significant 
differences in liver weight were those due to heating 
the oils. The NAF's  within either the unheated or the 
heated series of oils were not significantly different; 

but the heated series did differ from the unheated. 
Contrary to the observation made when the oils were 
fed, the weight gains at the end of three days were 
on the whole better for the NAF's  from heated oils 
than from unheated. 
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The Analysis of Alkyl Aryl Sulfonates by 
Desulfonation and Gas Chromatography 
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Micro 

Abstract 
The structural analysis of micro quantities of 

alkyl aryl sulfonates by presently known chemi- 
cal and spectroscopic techniques has been an 
exceedingly difficult task. The formidable nature 
of such analyses is due largely to the essential 
nonvolatility of the sulfonates, a fact which pre- 
cludes the application of gas-liquid chromatog- 
raphy and mass spectrometric techniques. 

The present paper describes an approach where- 
in gas chromatography is made applicable to an- 
alysis of micro quantities of sulfonates. The key 
to the approach is a microchemical desulfonation 
procedure. This process yields the parent hydro- 
carbon, which is volatile and hence amenable to 
analysis by gas-liquid chromatography and mass 
spectrometry. 

Introduction 

T 
H E  S T R U C T U R A L  AI~ALYSIS o f  micro quantities of al- 
kyl aryl sulfonates by presently known chemical 

and spectroscopic techniques has been a very difficult 
task. The difficulty in analyzing these materials rests 
on two major factors: (1) the essential nonvo]atility 
of the sulfonates, which effectively precludes the ap- 
plication of such powerful techniques as gas chroma- 
tography and mass spectrometry, and (2) the great 
chemical complexity of the commercial alkyl aryl sul- 
fonates, which consist of at least scores and perhaps 
hundreds of different molecular species. 

An analytical method was required to support 
studies which were under way in our laboratories in- 
volving reactions of alkyl aryl sulfonates in the 10- 
40 ppm level. Some of the analytical requirements 
were as follows: (1) The method must be essentially 

Presented in part at the Pittsburgh Conference on Analytical Chem- 
istry and Applied Spectroscopy, 1960. 

quantitative and also yield qualitative information on 
structural changes of the sulfonate. (2) The method 
must apply to a variety of sulfonates of known struc- 
ture and to commercial alkyl aryl sulfonates as well. 
(3) The method must be capable of dealing with one- 
liter samples containing from 10-40 ppm of sulfonate 
in the presence of a large excess of a complex reaction 
milieu including a variety of inorganic and organic 
compounds blended in an aqueous nutrient medium 
designed to promote growth of microorganisms. 

Since an isolation procedure was essential, several 
schemes were developed to fractionally isolate certain 
components for special purposes; however for general 

F i e .  1. D e s u l f o n a t i o n  a p p a r a t u s .  


