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Sample 

A ........................... 
B .......................... 
C ........................... 
D .......................... 
E ........................... 
F ........................... 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C t t E M I S T S '  S O C I E T Y  

T A B L E  I I  
Character iza t ion  of Sulfonates  

Mol wt  
Osmometry 1300  

in  o-dichloro- 
benzene 

VoI,. 41 

463 a 
546 b 
zlhl b 
461 b 
479 b 
453 a 

Su l fu r  content, % 
E q u i v a l e n t  - -  - -  - -  

wt  I Calc from ~ rved  
eq wt  vose  

453~ 7.1 I -qT0 
500 d 6.4 6.5 
452 e 7.1 I 7.1 
452 d 7.1 7.1 
463d I 6.9 7.2 
452 e ~ 7.1 ~ 7.1 

a Prepared  from na tu ra l l y  occur r ing  minera l  oil aromatics.  
s Prepared  front synthet ic  heavy detergent  alkylate. 
e Neutra l iza t ion  of free acid q- 14 to compensate for contr ibut ion of 

the CtIa group to the tool wt. 
Saponif icat ion equivalent .  

change column and t i t ra t ing  the result ing free acid 
with base. Both methods give reliable and reproducible 
results. The bomb method was used to determine the 
sulfur  content of the methyl  esters. 

I t  has been previously mentioned that  the presence 
of disulfonates would manifest  itself as a discrepancy 
between the observed average mol and equivalent wt, 
respectively. The presence of sulfones would be indi- 
cated by a difference in sulfur  content calculated f rom 

the equivalent wt and tha t  obtained by direct ele- 
mental  analysis. In  five of the samples examined, the 
equivalent wt were found to be essentially equal to 
the mol wt, thus indicating negligible disulfonate con- 
tent. The equivalent wt observed for Sample B, how- 
ever, was found to differ significantly f rom its tool wt, 
the difference indicat ing a disulfonate content of 
,--10%. Likewise, the sulfur  content estimated f rom 
equivalent wt for  five of the samples was found to be 
in excellent agreement  with those obtained f rom 
direct analysis, thus indicating a negligible sulfone 
content. In  the sixth sample, sample E, a barely  sig- 
nificant discrepancy between the two values, was 
observed. 
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Fatty Acid Components of Fried Foods 
and Fats used for Frying' 
LOIS T. K I L G O R E ,  2 Home  Economics Research, and W. D. LUKER,  Mississippi State Chemical 
Regulatory, Mississippi State University, State College, Mississippi 

Abstract 
Oxidation of fa t  is accelerated at temp as high 

as those used for  f rying.  The extent of this oxida- 
tion has been studied by f ry ing  two kinds of foods 
(chicken or potatoes) in cottonseed oil and in 
lard. Fa t  samples, taken prior  to use and follow- 
ing 5 and 10 hr of f ry ing  (both for  chicken and 
potatoes) were esterified. Subsequent quanti ta-  
tive assays of nlethyl esters by gas chromatogra-  
phy  showed that  the linoleie acid content had 
decreased f rom 57~1~9% af ter  cottonseed oil had 
been used 10 hr for  f rying.  This decrease was 
present  regardless of whether chicken or potatoes 
were fried. There was no change in the linoleic 
acid content of lard af ter  chicken was fried, but  
a decrease f rom 11.3-5.8% was noted when pota- 
toes were fr ied for 10 hr. 

The f a t t y  acid content of the fa t  extracted 
f rom the potatoes and the fa t  used to f r y  them, 
was the same when sampled at 5 hr. However,  
at  the end of the 10-hr f ry ing  period, fa t  ex- 
t racted f rom the potatoes had a lower linoleic acid 
content than fa t  used to f ry  them. Results were 
the same for both cottonseed oil and lard. F a t t y  
acid components of the fa t  extracted f rom the 
chicken seemed to be affected as much by the 
f a t t y  acid composition of the chicken itself as by 
fa t  used for  frying.  Whether  the chicken was 
cooked in fa t  used 5 or 10 hr made little differ- 
ence. 

Introduction 
UTOXIDATION REACTIONS occurring in fa ts  are ac- 
celerated at temp as high as those necessary for  

deep fa t  f ry ing  of foods (1),  but  the final degradat ion 

1 J o u r n a l  Pape r  No. 1130, Miss iss ippi  Agr i cu l t u r a l  Exper imen t  Stat ion.  
2 A por t ion  of the work  in  this  paper  is taken  from a thesis  sub- 

mitred in  pa r t i a l  fu l f i l lment  of the requi rements  for the Master  of Sci- 
ence degree a t  Miss iss ippi  State U n i v e r s i t y  in J anua ry ,  1963. 

products  differ with the conditions. Studies under  
controlled laboratory  conditions have shown tha t  
chemical changes which occur in a fa t  dur ing heat ing 
are dependent  on many  factors. Some of these factors 
are: length of t ime fa t  is exposed to heat and the temp 
(2 ) ;  presence of accelerators of oxidation such as 
oxygen or oxidation products  (3,4) ; mixed f a t t y  acid 
composition and the position of the f a t t y  acid in the 
tr iglyceride (5 ) ;  presence of metallic ions such as 
iron (1) ; presence or addition of hematin compounds 
(6) ; presence of water  vapor  (4) ; amt  of fa t  hea ted/  
uni t  of surface area (7 ) ;  presence of amino acids 
and carbohydrates  (8,9);  and processing conditions 
used to refine, dccolorize and deodorize the fa t  (10). 

The possible toxicity and reduced nutr i t ional  value 
of f ry ing  oils is still controversial. Some investigators 
(2,11-14) believe heated fats  lose nutr i t ional  value 
and could be a health hazard, but  others (15-18) re- 
por t  no toxic polymers present  and only slight changes 
in nutr i t ional  value. 

Many problems concerning thermal  oxidation of 
edible oils dur ing  use are poorly understood and are 
the subject of extensive research, yet most of the 
f a t t y  acid data available are based on raw fats. Chang 
and co-workers (19) found that  lard used for  f ry ing  
doughnuts for  50 rain showed very  little change in 
f a t t y  acid composition. They also found the linoleic 
acid content of corn oil used to f r y  potato chips for  
8 hr  was decreased f rom 55-52.2%. Fleischman and 
co-workers (20) repor ted tha t  corn oil used 15 min 
to f r y  potatoes showed a decrease f rom 66.5-54.3% 
in linoleic acid content. They also found the linoleic 
acid content of cottonseed oil had decreased 65.46- 
34.80% af ter  chicken had been fr ied for  2.5 hr. These 
decreases seem ra ther  large and some error may  
have been introduced because the data  on the oil 
before use were not obtained f rom an original sample 
but  an analysis of the same brand  of oil before use. 
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The following experiments  were designed to s tudy 
the changes in f a t t y  acid composition of lard (low 
linoleic acid content) and cottonseed oil (high linoleic 
acid content) af ter  repeated f ry ing  of two types of 
foods for ten h r .  The two foods chosen were chicken, 
which has a relat ively high fat,  protein, and hematin 
content ; and potatoes, which have a high carbohydrate  
content and low fat,  protein, and hemat in  content. 
Fa t  also was extracted f rom the chicken and potatoes 
and assayed for  f a t ty  acid components. 

Experimental Procedure 
Preparation of Fat Mixtures. Two separate homo- 

geneoUs mixtures  were p repared  f rom each of two 
kinds of commercially available fats  commonly used 
for deep-fat  f ry ing  in the home. They were a lard 
and a cottonseed oil. I ron  f ry ing  pans  with diam of 
ca. 10 in. were used. Approx  2.5 lb of each fa t  mix- 
ture was used in each f ry ing  pan. One mixture  of 
each fa t  was used to f r y  potatoes and the other was 
used to f r y  chicken. The experiment  was duplicated 
throughout.  

Frying Periods. Each f ry ing  period consisted of 1 
hr  dur ing which the fa t  was held at a temp of 185 • 
5C, except when the food was being cooked. The fa t  
was heated constantly but  the cold food lowered the 
temp temporar i ly .  The length of t ime required to 
raise the temp of the fa t  to 180C and to cool it to 
room temp was not recorded. Two f ry ing  periods 
were completed/day,  a f ter  which the fats  were stored 
Overnight in uncovered glass beakers at 9C. 

Preparation of Food. Idaho potatoes obtained f rom 
a local marke t  were cut into str ips (approximate ly  
l ~ x  1/~ X 4--6 in.) and weighed into 0.5-1b lots. Two 
lots were fr ied for  12 min apiece dur ing  each f ry ing  
period. Samples of fa t  and of the fr ied potatoes were 
taken f rom each f ry ing  pan  af ter  the fifth and the  
tenth successive f ry ing  periods and were stored frozen 
unti l  analyzed. No replacement  were made of fa t  lost 
dur ing f ry ing  or sampling. 

F r y i n g  chickens, obtained f rom the Pou l t ry  Dept.  
of the Mississippi Agr. Expt .  Station, were sawed in 
half  while frozen. Halves of the same bird were 
placed in duplicate f ry ing  pans and fr ied for  30 
rain of each f ry ing  period. Otherwise, f ry ing  periods 
were the same as previously described. Samples of 
fa t  and chicken were taken at the same stages as in 
the potato f ry ing  experiment.  Fa t  was extracted 
f rom the cooked chicken and potatoes with petroleum 
ether in a Soxhlet extraction apparatus .  

Preparation of Esters. The following procedure 
which is a composite of known techniques was used 
to convert the fa t  to methyl  esters: 1) dissolve 5 g 
sample in 25 ml diethyl ether and add 50 ml methanol 
and 25 mg K O H  pellets;  2) reflux 2.5 hr  and t ransfer  
the cooled solution to a 250-ml separa tory  funnel  
using ca. 25 ml diethyl ether;  3) acidify with coned 
HC1 to a p I I  of 2-3, add 50 ml H20 and extract  the 
aqueous phase 3 times using 25 ml ether each t ime;  
4) wash the combined ether extracts  with water  unti l  
the washings are neut ra l ;  5) d ry  the combined ex- 
t racts  over anhydrous  Na2SO4 in a Er lenmeyer  flask, 
filter off the solids washing them with ether, and 
evaporate on a steam bath  under  ni trogen unti l  the 
ether is gone, but  no longer;  6) reflux the extracted 
f a t t y  acids for  2.5 hr  in 50 ml methanol  containing 
50 mg p-toluenesulfonic acid; 7) t ransfer  the cooled 
solution to a 250-ml separa tory  funnel  using 50 ml 
diethyl ether, add 50 ml water,  shake thoroughly,  
and allow the phases to separate ;  8) draw off the 
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aqueous phase and extract  twice more with ether ;  
9) repeat  steps 4,5,6,7,8, 4 and 5 on the par t ia l ly  
esterified f a t t y  acids in that  order ;  and 10) cool the 
methyl  esters under  nitrogen and store under  ni trogen 
at - 2 0 C  until  analyzed . . . .  This method, probably  
due to the complete esterification, produced esters 
that  chromatographed well. 

Chromatographic Analysis. The methyl  esters of 
the six dominant  f a t t y  aeids--myris t ic ,  palmitic,  pal- 
mitoleic, stearic, oleie and linoleic were measured by 
gas chromatography.  The ins t rument  used was a 
Barber-Coleman Model 20 Gas Chromatograph,  
equipped with a s t ront ium 90 beta r ay  detector and 
a conventional packed column. 

In s t rumen t  conditions were as follows: 

Column ....................................... 12 sorb succinate  ft  x W 1s in.,(acid on20% 6 0 - 8 0  washed )  diethylene mesh  Chromo- glycol 

Temp  ........................................... I Column 197C, injector  240C, cell 325C 
Colunm pressu re  ......................... I 65 psi ( approx  100 ml a r g o n / 1  m i n )  
Scavenge r  p res su re  ..................... 
Ga in  ............................................ t 3 
Volts ........................................... 1250 
Sample  size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 ~l 

Retention times and peak areas were determined 
for  eight s tandard  (pure  methyl  esters obtained f rom 
The t Iormel  Foundat ion,  Austin, Minn.) mixtures  
of the six methyl  esters in proport ion to cover all 
esterified fa t  samples. Two ehromatograms were ob- 
tained for  each s tandard  mixture.  When  the per  cent 
total  peak area of each acid was compared with per  
cent by wt known to be in the mixture  or the mole per  
cent in the mixture,  poor results were obtained. The 
peak areas were measured by  two methods: 1) count- 
ing integrator  blips underneath  peaks and substraet-  
ing blips for  same space with no peaks, and 2) drawing 
tangents  to the peaks and s imply counting integrator  
blips for  distance between intersection of tangents  
and base line. 

S tandard  curves were obtained by  plot t ing per  
cent of f a t t y  acid by wt  vs. per  cent of total  peak 
area. The best s tandard  curves were found to be the 
ones using method 2 fo r  peak area determination,  
also used in  subsequent determinations. The s tandard  
curves are shown in Figures  1-6. All esterified fa t  
samples were then ehromatographed in duplicate. 
The chromatogram of the methyl  ester in esterified 
lard used 5 hr  for  f ry ing  potatoes was randomly 
chosen as the typical  chromatogram and is presented 
as F igure  7. 

Peaks represent ing the esters of the six f a t ty  acids 
previously named were well defined and completely 
separated (Fig. 7). Retention times were: myris tate ,  
7 rain;  palmitate,  12.2 min;  palmitoleate, 14.4 rain;  
stearate, 20.8 min ;  oleate, 24.4 rain; and linoleate, 
30.4 rain. Since no other measurable peaks were ob- 
served, it was assumed that  no more than  trace 
quantities of other f a t ty  acids were present. 

S tandard  curves were used to convert the per cent 
of total peak areas for  each ester to per  cent by wt. 
When this method of calculation is used, the values 
for f a t t y  acids are interrelated,  i.e., a decrease in the 
value for  one or more acids must  produce a corre- 
sponding increase in values fo r  other acids. Since the 
sa tura ted  acids are relat ively stable at the temp 
used here, any  increase in sa turated f a t t y  acids must  
be compensat ing or must  be produced by dilution of 
the fa t  f rom the mater ial  being fried. When  potatoes 
are fried, no measurable dilution can occur and any  
increase in sa tura ted  f a t t y  acids must  be compensat- 
ing. Analyses (Table I )  showed the total  sa turated 
acids of the cottonseed oil to be 24.0% before use 
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FIG. 2. Standard curve--methyl palmitate. 
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F z e .  7. M e t h y l  e s t e r s  i n  e s t e r i f i e d  l a r d  u s e d  5 h r  f o r  f r y i n g  
p o t a t o e s .  

P e a k  1 M y r i s t a t e  1 . 2 7 %  
P e a k  2 P a h n i t a t e  2 5 . 8 0 %  
P e a k  3 P a h n i t o l e a t e  2 . 3 8 %  
P e a k  4 S t e a r a t e  1 7 . 3 1 %  
P e a k  5 O l e a t e  4 4 . 6 9 %  
P e a k  6 L i n o l e a t e  6 . 7 8 %  

V a l u e s  a r e  a v e r a g e s  f r o m  4 e h r o m a t o g r a m s .  

and 29.0% after fry ing  potatoes. It was assumed 
that the saturated acids were actually constant, so 
the values of the unsaturated acids after ten hr of 
fry ing  potatoes were multiplied by 24.0/29.0 in order 
to obtain a value for comparing with the unsaturated 
acids in the unused oil. This same principle was ap- 
plied to fat ty  acids in lard used for fry ing  potatoes, 
and the unsaturated acids in the 10-hr lard sample 
were multiplied by 39.8/46.3. 

Results and Discussion 

F a t t y  acid assays of the cottonseed oil, before and 
af ter  potatoes or chicken were fr ied in it, are sum- 
marized in Table I. All of the assay data presented 
here have been reported as per  cent of the total 
f a t t y  acids and are thus interrelated.  The original 
data  were analyzed for variance using a factorial  de- 
sign (21), and Duncan ' s  Multiple Range Test (22) 
was applied to all significantly different means. 
These statistical analyses show that  there was a 
highly significant loss of linoleie acid af ter  five hr  
of f ry ing  and again af ter  ten hr, regardless of whether 
chicken or potatoes were cooked. 

The assays of the lard are summarized in Table I I .  
Statistical analyses on the data showed a highly sig- 
nificant decrease in linoleic acid af ter  potatoes were 
fried, but  no decrease af ter  chicken was fried. The 
degradat ion of linoleic acid probably  occurred with 
the f ry ing  process, but  the slight dilution with chicken 
fat,  which is relat ively high in linoleic acid (approx  
20%),  could have compensated for the loss. Staffs- 
t ieally significant decreases in oleic acid occurred 
when either chicken or potatoes were fried. 

I f  the sa tura ted  acids were cons{dered to be stable 
as hypothesized previously, the losses in the  unsatu- 
rated acids would increase. Using the original fats  
and the same fats  a f ter  potatoes were fr ied for ten hr, 
the saturated fats  were calculated to remain constant 
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and the changes in the unsa tura ted  fats  are repor ted 
in Table I I I .  Now instead of a decrease f rom 56.8- 
49.4% in the linoleic acid of cottonseed oil, there is 
only 40.9% liuoleic acid af ter  frying' potatoes for  
ten hr. Also a small decrease in oleic acid is revealed. 
Oleic and linoleie acids show greater  decreases in the 
lards, also. These percentage values are no longer 
additive and are only presented to reveal the real 
destruction of unsa tura ted  f a t ty  acids that  occur 
when fats  are used. 

Fat Extracted from Potatoes and Chicken. The 
fa t ty  acid composition of the fat  extracted f rom the 
potatoes is reported in Table IV. Statist ical  compari-  
son of these values with corresponding values in 
Table I and Table [ i  indicate that  fa t  extracted f rom 
potatoes fr ied in fa t  that  tfad been used for  five hr  
was s imply the fa t  in which it was fried. This was 
t rue whether  cottonseed oil or lard was used. But  
af ter  ten hr the fa t  extracted f rom the potatoes had 
about 17% less linoleie acid than  the fa t  in which the 
potatoes were cooked. I t  is quite l ikely that  branched 
chain compounds, hydroxyl  compounds, or u n s t a b l e  
peroxide linked polymers were formed which were 
not readily absorbed in the potatoes. This is note- 
wor thy since little research has been done on fa t  ex- 
t racted f rom foods cooked in used oil; even though 
there is no doubt that  fa t  can be abused to the point 
of being toxic. When commercial potato chips (7) 
or fa t  extracted f rom meats which were fried, roasted, 
or broiled under  practical  home conditions (18) were 
fed to rats, no damage was noted. Rat  feeding studies 
on fa t  extracted f rom fried foods and fa t  used for  
f ry ing  conducted simultaneously should be informa- 
tive. 

The f a t ty  acid composition of fa t  extracted f rom 

T A B L E  I 

F a t t y  Acid Composi f ion  of Cot tonseed Oil ~ 

T r e a t m e n t  of fa t  

U n h e a t e d  ........................... 
A f t e r  f r y i n g  chicken : 

5 h r  ................................ 
10 h r  .............................. 

U n h e a t e d  ........................... 
Af te r  frying" pota toes  : 

5 h r  ................................ 
l 0  h r  .............................. 

F a t t y  acids  ( % 

Myris- ]  Pal-  I P a h  
t ic m i t i c  I ole 

T I 2 1 0  1 o 
0.7 22.9 0. 
0.8 24.5 0. 
0.6 20.5 0. 

0.7 I 22.6 I 0. 
O.9 i 24.7 ] 1. 

it- S tear ic  

3.3 
3.9 
2.9 

3.1 

Oleic Lino-leic 

1 5 7 o  
19.1 I 53.6 
20.6 ] 48.7 
17.9 I 56.8 

18.5 53.4 
19.7 49.4 

a Va lues  r ep re sen t  m e a n s  of fou r  de t e rmina t ions .  

T A B L E  I I  

F a t t y  Acid Composi t ion of L a r d  ~ 

T r e a t m e n t  of f a t  

U n h e a t e d  ........................... 
Af te r  frying" chicken : 

5 h r  ................................ 
10 h r  .............................. 

U nhea ted  ........................... 
A f te r  f r y i n g  pota toes  : 

5 h r  ................................ 
10 h r  .............................. 

F a t t  acids  ( %  

Myris-  Pal-  P~ it- S tear i  
t i e  mi t ie  ( c 

1.1 23.5 1 7 - -  

i . I  25.0 I 2 1 20.2 
1.3 26.8 2 6  19.5 
0 . 9 1 2 1 . 5  I 1 9  17.4 

1.3 25.8  2 4 17.3 
1 3 t 27.4 I 2 0 1 17.6 

Oleie Lino-leic 

- -  t 9 7  
40.5 [ 9.5 
39.4 [ 9.3 
45.1 I 11.3 

44.7 I 6.8 
44.1 5.8 

a Va lues  r e p r e s e n t  m e a n s  of f o u r  de t e rmina t ions .  

T A B L E  I I I  

F a t t y  Acid Composi t ion H y p o t h e s i z i n g  No C h a n g e  in S a t u r a t e d  Acids  

F a t  and  t r e a t m e n t  Tota l  i F~ t ty  acids  ( % )  
] s a t u r a t e d l  Pa lmi to le ie  Oleic Linole ie  
] - - ]  

Cottonseed oil I I 
Or ig ina l  .............................. 24.1 0.7 17.9 56.8 
10 h r  potato f r y i n g  ............. 24.1 0.9 16.3 I 40.9 

L a r d  ] 
Or ig ina l  .............................. 39.8 1.9 45.1 11.3 
l 0  h r  potato f r y i n g  ............. i 39.8 I 1.7 1 88.0 i 5.0 
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T A B L E  I V  

F a t t y  Acid Composi t ion of F a t  E x t r a c t e d  f r o m  Pota toes  a f t e r  F r y i n g  

F a t t y  acids  ! % )  I Oil ( b h r )  

N y r i s t i c  ................... ] .7 
P a l m i t i c  ................... 23.8 
Pa lmi to le ic  .............. I .8 
S t ea r i c  ..................... I 2.9 
Oleie ........................ ] 17.8 
Linole ic  ................... i 54.0 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  V 0 L .  4 1  

T A B L E  V 

F a t t y  Acid Composi t ion of F a t  E x t r a c t e d  f r o m  Chicken  Be fo re  and  

L a r d  (10 h r )  
a f t e r  F r y i n g  

Oil ( l O h r )  Lar_d ( b h r )  

.8 I 1.4 
31.2 26.1 

1.8 1.8 
3.6 17.2 

21.0 44.7 
41.2 6 8 

Oil Oil L a r d  L a r d  
1.6 F a t t y  acids ( % )  (5 h r )  (10 h r )  (5 h r )  (10 h r )  R a w  

30.0 
2.6 Myris t ic  .9 .7 1.0 .8 .9 

t8 .9  Pa lmi t i c  ........ 26.0 25.4  25.2 25.8 25.4  
42.6 Palmitole ic  2.7 2.0 2.7 4.9 5.8 

4.8 Stear ic  5.6 5.0 15.1 12.2 8.8 
Oleic ......... 28.2 27.4 38.4 39.8 41.9 
Linoleic .... 36.0 38.7 16.6 15.4 17.3 

chicken is reported in Table V. Also, in the table 
is reported the fa t ty  acid composition of a chicken 
obtained from the same source which had been fed 
the same ration. The raw chicken was ground and 
dried at 100C for six hr. Fa t  extracted from the 
dry  material was used for fa t ty  acid analyses. 

These data show that  while the fa t ty  acid content 
of the fat  extracted from the chicken reflects the 
fat  it was cooked in, the f a t ty  acid composition also 
depends quite a bit on the chicken itself. There ap- 
pears to be little difference in the fa t ty  acid com- 
ponents of chicken cooked in cottonseed oil whether 
the fat  was used for five or ten hr. The same is t rue 
of chicken fried in lard. Thus, there is evidence that 
any catalytic activity of hematin compounds in the 
chicken was offset by  the deterrent  effect of fat, 
amino acids or some unidentified protective agent in 
the meat. 

R E F E R E N C E S  

1. L u n d b e r g ,  W. 0. ,  J A O C S  31, 5 2 3 - 5 2 8  ( 1 9 5 4 ) .  
2. Johnson ,  O. C., and  F.  A. K u m m e r o w ,  Ibid. 84, 4 0 7 - 4 0 9  ( 1 9 5 7 ) .  
3. Bhalerao ,  V. R., M. G. K o k a t n u r  and  F. A. K u m m e r o w ,  Ibid. 89, 

2 8 - 3 0  ( 1 9 6 2 ) .  

4. Po r t e r ,  F.  R. ,  I t .  N iehae l i s  and  F. G. Shay,  Ind .  Eng .  Chem.  24, 
8 1 1 - 8 1 3  ( 1 9 3 2 ) .  

5. R a m a n t h a n ,  V., T. S u k u r a j i  and  F.  A. K u m m e r o w ,  J A O C S  36, 
2 4 4 - 2 4 8  ( 1 9 5 9 ) .  

6. Maier ,  V. P. ,  and  A. L. Tappel ,  Ibid. 36, 8 - 1 2  ( 1 9 3 6 ) .  
7. Rice,  E.  E., C. E.  Pol ing,  P .  E.  N o n e  and  W. D.  W a r n e r ,  Ibid. 37, 

6 0 7 - 6 1 3  ( 1 9 6 0 ) .  
8. Lips,  H.  J . ,  Ibid. 28, 5 8 - 6 1  ( 1 9 5 1 ) .  
9. Marcuse ,  R. ,  Ibid. 39, 9 7 - 1 0 3  ( 1 9 6 2 ) .  
10. Wi ld ing ,  M. D., E.  E.  Rice  and  K.  F. Mattel ,  Ibid. 40, 5 5 - 5 7  

( 1 9 6 3 ) .  
11. N e w m a n ,  A. A., Food .%[anufacture 88, 4 2 2 - 4 2 5  ( 1 9 5 8 ) .  
12. Custot,  F., J o u r n e e s  Sci. centre ,  natl .  coord ina t ion  e tudes  et 

r echerches  nu t r i t i on  et a l iment  2, 4 1 7 - 4 4 8  ( 1 9 5 8 ) .  
13. Johnson ,  O. C., E. P e r k i n s ,  ~[. Suga i  and  F. A. K u m m e r o w ,  

J A O C S  34, 5 9 4 - 5 9 7  ( 1 9 5 7 ) .  
14. Kaun i t z ,  t t . ,  C. A. Slai~etz and  R.  E.  Johnson ,  J .  Nu t r .  55, 5 7 7 -  

587 ( 1 9 5 4 ) .  
15. Chalmers ,  J .  G., Biochem.  J .  56, 4 8 7 - 4 9 2  ( 1 9 5 4 ) .  
16. Melnick,  D., J A O C S  34, 3 5 1 - 3 5 6  ( 1 9 5 7 ) .  
17. Rice,  E. E., P.  E. N o n e  a n d  C. E.  Pol ing ,  Fed.  P roc .  16, 398 

( 1 9 5 7 ) .  
18. W a r n e r ,  W. 0. ,  P. N. Abell, P .  E. None ,  C. E.  P o l i n g  and  E. E.  

Rice,  J .  Am.  Dietet ,  A. 40, 4 2 2 - 4 2 6  ( 1 9 6 2 ) .  
19. Chang,  I .  C. L., L. I .  Y. Tchen  a n d  B. N .  Wat t s ,  J A O C S  29, 

3 7 8 - 3 7 9  ( 1 9 5 2 ) .  
20. F le i schman,  A. I., A. Flor in ,  J .  F i tzgera ld ,  A. B. Caldwell  and  

G. Eas twood,  J .  Am. Dietet .  A. 42, 3 9 4 - 3 9 8  ( 1 9 6 3 ) .  
21. Steel, R.  G. D., and  J .  lq. Tor r ie ,  " P r i n c i p l e s  a n d  P r o c e d u r e s  

of S ta t i s t i c s , "  N c G r a w - t I i l l ,  New Y o r k  ( 1 9 6 0 ) ,  p. 2 3 2 - 2 3 6 .  
22.  D u n c a n ,  D.  B., B iome t r i c s  11, 1 - 4 2  ( 1 9 5 5 ) .  

[ R e c e i v e d  J u l y  19,  1 9 6 3 - - A c c e p t e d  M a r c h  3, 1 9 6 4 ]  

Hydroxyl Group Determination 
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Abstract 
Aeetylation of complex organic mixtures and 

high tool wt alcohols is inconsistent by existing 
procedures because of sample insolubility. By  
choosing a suitable mixed paraffin-ethyl acetate 
solvent to br ing about nearly instantaneous solu- 
tion, and utilizing the known catalysis proper ty  
of perchloric acid, aeetylation is quanti tat ive in 
10 min or less at room temp. The effect of per- 
chlorie acid cohen on these high tool wt systems 
was studied, and from 0.05-0.45M consistent 
results were obtained without difficulty. 

Acetylation of polyethylene oxide (P.E.O.) ad- 
ducts of straight chain monohydric alcohols pro- 
ceeds normally and without degradation by the 
prescribed procedure. Extended reaction time re- 
suits in part ial  degradation of the polyether link- 
ages and amounts to nearly 8% af ter  30 rain. 

Introduct ion 

T H E  P U B L I S H E D  C L A S S I C A L  base catalyzed acetylation 
and phthalat ion procedures, including the AOCS 

procedure (1),  for  determining organic hydroxyl  
groups in alcohols are time consuming, oftentimes 
inconsistent, and not applicable to high tool wt alco- 
hols, aleohol-P.E.0, adducts and complex mixtures. 
Increased interest in high mol wt and complex organic 

in High Molecular 
Organic Mixtures 
Development Department, Ponca City, Oklahoma 

systems has necessitated development of a rapid and 
quantitat ive procedure applicable to these systems. 

Mehlenbacher (7) presents an excellent review of 
the per t inent  l i terature through 1952. Siggia et al. 
(8) use pyromellitic dianhydride to esterify alcohols, 
while Sully (11) employs stearie anhydride and 
elevated temp. Bur ton  and Prai l l  (2,3) described a 
reaction mechanism for perehloric acid catalyzed 
acetylation which was later used by Fr i tz  and Sehenk 
(6),  who extended it to include the pyr idinium acetyl- 
inium ion suggested by Gold and Jefferson (5).  Fr i tz  
and Schenk (6) also mention p-toluene sulfonic acid 
as a mild catalyst for  aeetylation. Stetzler and Smul- 
]in (10) use it and elevated temp to aeetylate poly- 
propylene oxide adducts of Sorbitol. They, Fr i tz  and 
Schenk (6) and Critehfield (4),  observed that per- 
ehloric acid degrades propylene oxide linkages on 
polyhydric alcohols. Work in this laboratory shows 
that  degradation of alcohol-propylene oxide adducts 
does indeed occur as described, but  for straight chain 
aliphatic alcohol-P.E.0, products  no degradation oc- 
curs in the recommended reaction time. In  fact, sig- 
nificant degradation occurs only af ter  three times the 
prescribed reaction time. 

Classical base catalyzed acetylation or phthalation 
of high tool wt and complex organic systems often 
requires four or more hr. A reaction time longer than 


