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A B S T R A C T  

A comparative study of cottonseed and peanut oils for frying of 
potato chips was undertaken. Industrial scale frying was conducted 
for 5 days with cottonseed and 5 days with peanut oil and frying 
oils and chips were sampled twice a day. Frying oils and oils ex- 
tracted from stored chips were analyzed for ultraviolet absorption 
(A232 and A~68) , peroxide and acid values. Tocopherol and terti- 
ary butylhydroquinone levels were determined by high performance 
liquid chromatography. Chips stored at room temperature for 12 
weeks were organoleptically evaluated. During the first 20 hr frying 
the A2a~, free acid and peroxide values of cottonseed oil increased 
rapidly, exceeding that of peanut oil, which increased moderately. 
For both oils, constant values were attained during the next 80 hr 
period, followed by moderate increases during the last 23 hr. Peanut 
frying oil lost 55% of its tocopherols and 54% of its tertiary butyl- 
hydroquinone during frying (103 hr), whereas cottonseed frying oil 
retained these compounds at the original levels. Tocopherols were 
also better retained in chips fried in cottonseed oil than in peanut 
oil. The fatty acid patterns of frying oils and oils extracted from 
chips did not show significant changes due to frying and storage, 
respectively. These results, therefore, suggest that cottonseed oil is 
sufficiently stable to be used as a substitute for peanut oil in deep 
frying. 

I N T R O D U C T I O N  

Various vegetable oils are used for deep frying o f  food prod- 
ucts. Apart  f rom chemical composi t ion ,  the price and 
availability are major  considerat ions  when selecting an oil. 
Before switching from one oil to another ,  it is advisable to 
have some comparat ive  data on the behavior  of  the oil 
during deep frying. 

In this s tudy,  co t tonseed  and peanut  oils were compared  
on the basis of industrial-scale frying of  p o t a t o  chips. The 
quali ty of  the frying oils was measured by ul t raviole t  (UV) 
absorpt ion,  peroxide  and free acid values. S imul taneously ,  
the natural  ( tocophero l )  and synthet ic  ( tert iary bu ty lhydro -  
quinone)  an t ioxidant  levels of  the frying oils were moni-  
tored. The  quali ty of  the fresh and stored products  were 
finally compared  by sensory evaluat ion.  

E X P E R I M E N T A L  PROCEDURES 

Materials 

Refined co t tonseed  and peanut  oils were obta ined  commer-  
cially and conta ined ca. 0.01% ter t iary b u t y l h y d r o q u i n o n e  
(TBHQ), supplied by Eastman Products  (Kingsport ,  TN).  
Glycerol  t r ipalmita te  and fat ty  acid methy l  esters were 
obtained f rom Nu-Chek-Prcp (Elysian, MN). Pota toes  were 
all of  the same variety,  supplied by one farm. 

Methods 

Industrial scale frying of  p o t a t o  chips was conduc ted  for 5 

days with peanut  and 5 days with co t tonseed  oils by means  
of  a Ferry Model  15 Con t inuous  Chip Fryer.  The oil capac- 
i ty of  the fryer  was 2,500 kg and p roduc t  yield 205 kg/hr.  
The frying t empera tu re  was 160 C (direct  gas heaters)  and 
the oil level was adjusted at intervals of  15-30  min to com-  
pensate for the loss in oil caused by the  absorp t ion  by the 
po t a to  chips (average oil up take  of  75 kg/hr).  

Chips were only fried during the day shift  and the  gas 
heaters were the re fore  tu rned  o f f  overnight  and swi tched 
on in the morn ing  1 hr  before  frying was begun. Frying 
oils and fried chips were sampled twice daily at 0900  hr  
and 1400 hr. Oil samples were s tored in sealed bot t les  at 
5C whereas fried chips were salted and s tored in sealed 
packets  at room tempera tu re .  

Peroxide and acid values of  the frying oils were deter-  
mined  according to the A O A C  m e t h o d  (1) and UV absorp-  
t ion at 232 and 268 nm were de te rmined  (2) on a Gi l ford  
SP 800 ins t rument .  Oils were dissolved in spec t roscopic  
grade iso-octane (0.2% solutions,  m/v)  and the carbonyl  
absorpt ion  was compensa t ed  by using a similar so lu t ion  of  
glycerol  t r ipalmita te .  

TABLE I 

A232, A~8, Peroxide and Free Acid Values  of  Peanut and Cot tonseed  
Frying Oils 

Peroxide Free acid 
Oil A232 A268 (meq/kg) (mg KOtl/g) 

Peanut 
(frying time, hr) 

0 0.59 0.55 0.8 O.16 
2 0.59 0.54 1.2 0.16 
7 0.96 0.65 1.0 0.22 

26 1.03 0.61 1.1 0.28 
31 1.01 0.62 1.0 0.28 
50 1.24 0.60 1.2 0.30 
55 1.08 0.58 1.0 0.32 
74 1.08 0.56 1.3 0.32 
79 1.16 0.58 1.3 0.32 
98 1.41 0.62 1.7 0.32 

103 1.29 0.54 1.7 0.38 

Cottonseed 
(frying time, hr) 

0 0.78 0.70 0.7 0.2 
2 1.20 1.05 1.3 0.26 
7 1.42 1.08 1.4 0.40 

26 1.76 1.09 1.3 0.44 
31 1.75 1.11 1.4 0.40 
50 1.84 1.06 1.3 0.44 
55 1.79 1.05 1.3 0.40 
74 1.87 1.09 1.3 0.48 
79 1.70 1.08 1.4 0.44 
98 1.96 1.07 1.5 0.47 

103 1.82 1.07 1.6 0.40 

JAOCS May 1981 / 575 



L.M. duPLESSIS, P. van TWISK, P.J. van NIEKERK AND M. STEYN 

M e t h y l a t i o n  of  oils were done  accord ing  to Van  Wijn- 
gaa rden  (3) and  gas c h r o m a t o g r a p h y  c o n d u c t e d  with a 
Var ian  3 7 0 0  i n s t r u m e n t .  T he  glass c o l u m n  ( 2 m  x 2 m m )  
was packed  wi th  5% DEGS on  C h r o m o s o r b  G; peak  areas 
were  in teg ra ted  wi th  a Hewle t t -Packard  33 52B data  sys tem.  

Liquid  c h r o m a t o g r a p h i c  analysis  of the  t ocophe ro l s  
(4) and T B I t Q  (5) was c o n d u c t e d  wi th  a Var ian  5000  p u m p  
and  Fa r r and  Mk 1 f luorescence  de tec to r .  A L ich roso rb  
Si 60  (SM) c o l u m n  (25 cm x 4 m m )  was used and peak  
areas in t eg ra t ed  with an l iP  3352  B da ta  sys tem.  D ioxane  
in n - h e x a n e  (4 + 96, v/v fo r  t o c o p h e r o l s  and  24 + 76, v/v 
for  T B I I Q )  was used as m o b i l e  phase  at  a ra te  of  3 m l / m i n  
and  13.9/11 oil samples  were d i rec t ly  in jected.  

Tas te  and f lavor  of  the  s to red  chips were eva lua ted  by  a 
1 0 - m e m b e r  panel  for  a pe r iod  of 12 weeks a f te r  frying. 

R E S U  L T S  

UV abso rp t ion  ( A 2 3 2  and  A 2 6 8  values),  pe rox ide  and  free 
acid values of  the  f ry ing  oils are p r e sen t ed  in Table  I and  
Figures  1 and 2. T o c o p h e r o l  and  T B H Q  results  are given in 
Table  II and  Figure  3, whereas  the  t o c o p h e r o l  c o n t e n t s  of  
the  oil f rom fried chips,  s to red  for  several weeks,  are pre- 
s en t ed  in Table  III. Tab le  IV depic t s  t he  f a t ty  acid p a t t e r n s  
of  b o t h  f ry ing oils as well as t h a t  of  oils f r o m  chips s tored  
for  several weeks. 

A 2 3  2 

2 . 0  

1.8 

1 .6  

I - 4  

1.2 

I ' 0  

0 . 8  

0 . 6  

0"4  

0-2 

0 

//•x""• 
X / 

x 
X x X 

X 

x COTTON 
�9 PEANUT 

1 .2  

I ' 0  

0"8  

A 2 6 8  0 . 6  

0 . 4  

0 . 2  

0 
0 

r  X-X. . - -__._. .  X-X ]i X. X X--  

, I , I , 1 , 1 I I i I 
20  4 0  6 0  8 0  I 00  

h FRYING 

FIG. 1. A232 and A26 e values of  peanut and cottonseed oils during 
frying. 
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FIG. 2. Peroxide and free acid values o f  peanut  and cottonseed oils 
as inf luenced by frying. 

TABLE II 

and "y-tocopherols and TBHQ Contents of Frying Oils 
(mg/100g oil) a 

Peanut Oil Cottonseed Oil 
Frying time 

(hr) OUl'oc ~-'l'oc "I'BIIQ Oy'I'oc "/-'I'oc TBIIO. 

0 38.9 27.4 8.9 50.7 48.2 8.8 
2 38.3 27.3 7.8 42.3 37.1 7.2 

26 30.7 20.3 5.7 37.7 34.2 6.8 
50 23.3 16.9 5.2 38.6 34.4 7.6 
74 18.6 14.8 4.7 40.0 36.2 7.4 

103 15.6 14.(/ 4.1 50.0 43.1 7.8 

apeanut oil contains trace amounts of ~ and ~-tocopherols and 
C~-, ~ and 3'-tocotrienols. Cottonseed oil contains trace amounts of 
6-tocopherol anti Oe- /3- and ")'-tocotrienols. 
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FIG. 3. el-, ~/-Tocopherol and TBHQ contents  of  peanut and cotton-  
seed oils as influenced by frying. 

TABLE IIl 

0e and "y-Tocopherol Contents  of  o i l  Extracted from Chips 

Storage 
time (wk) OeToc "/-To c 

Chips from peanut oil 
6 33.2 21.5 

12 21.1 14.4 
27 15.9 10.5 

Chips from cottonseed oil 
6 52.0 46.5 

13 56.2 48.6 
27 47.0 38.5 
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EVALUATION OF DEEP-FRYING OILS 

TABLE IV 

Fatty Acid Patterns of Frying Oils and Oils Extracted from Chips (g/100 g) 

Oil Fatty Acid 
14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 20:1 22:0 

Peanu t  

Unused - 15.6 - 3.9 37.3 38.8 --- 1.2 0.7 2.2 
2h r f ry ing  - 13.0 - 4.2 37.6 38.7 - 1.5 0.9 3.1 

50 ~ - 12.9 - 4.3 39.3 37.9 - 1.5 0.8 3.3 
98 -- 12.5 - 4.3 39.7 36.8 - 1.8 1.0 3.8 

6 w ~ s t o r e d  - 12.9 - 4.1 38.2 39.1 - 1.5 0.9 3.1 
9 ~ - 12.6 4.1 37.7 38.4 1.7 1.6 3.6 

12 - 11.9 - 3.7 38,5 38.9 - 1.6 1.2 3.9 

Cottonseed 

Unused 0.7 20.4 0.8 2.8 19.1 54.0 0.2 0.5 0.3 0.4 
2h r f ry ing  0.7 20.8 0.7 2.8 19.8 53.2 0.2 0.7 0.6 0.3 

50 ~ 0.7 20.5 0.7 2.8 19.9 53.6 0.3 0.4 0.2 0.4 
98 0.7 21.1 0.7 2.5 19.9 53.9 0.2 0.4 - - 

7 w ~ s t o r e d  0.7 20.7 0.7 2.8 19.8 53.9 0.3 0.4 - 0.3 
10 ~ 0.7 21.0 0.8 2.7 19.5 53.7 0.3 0.4 -- 0.3 
13 0.8 22.3 0.7 2.8 19.3 53.0 0.3 0.5 -- 0.3 

Organo lep t i c  results  for  weeks  1, 4, 6, 8, 10 and  12 were  
ana lyzed  with a c o m p u t e r  p rog ram (6) to d e t e r m i n e  the  
s igni f icance  (at  5% level) of  the  ratings.  The  m e a n  pane l  
scores for  peanu t -  and co t tonseed-o i l  chips are p l o t t e d  
against  s torage  t ime  and p resen ted  in Figure 4 and  Table  V. 

D I S C U S S I O N  

i t  is poss ible  to  divide the  f ry ing pe r iod  (5 days)  in to  th ree  
phases.  The  first 20 hr  resul ted in a rapid increase  in the  
A232 and  A268 values (Tab le  1 and  Fig. 1). It is ev iden t  
t ha t  the  ra te  of  change  for  c o t t o n s e e d  oil was h igher  t h a n  
t h a t  for  p e a n u t  oil. Perox ide  and free acid values (Tab le  I 
and  Fig. 2) showed  a s imilar  t r end .  

The  nex t  phase,  which  lasted f rom ca. 20 hr  to  80 hr,  
was charac te r i zed  by  on ly  m o d e r a t e  changes  in the  UV, 
pe rox ide  and  free acid values.  These  results  ind ica te  t h a t  
p e a n u t  oil m igh t  be m o r e  s tab le  t han  c o t t o n s e e d  oil. 

t towever ,  the  pos i t ion  was changed  dur ing  the  th i rd  
phase  a f te r  80  hr.  A232, pe rox ide  and  free acid values of  
p e a n u t  oil increased at  a h igher  rate t h a n  t h a t  of  c o t t o n s e e d  
oil (Figs. 1 and  2). 

Of  the  th ree  analy t ica l  m e t h o d s  it was a p p a r e n t  t h a t  the  
A232 d e t e r m i n a t i o n  was a very sensi t ive means  to measu re  
d i f fe rence  in oil s tabi l i ty .  I t  is necessary,  however ,  to  inter-  
p re t  the  A232 values very careful ly ,  in c o m b i n a t i o n  wi th  
o t h e r  analy t ica l  results  (7). For  com pa r i s on ,  the  t o c o p h e r o l  
analysis  p roved  to be  of  great  value. As ind ica ted  in Tab le  II 
and  Figure 3, p e a n u t  oil lost  ca. 55% of its to ta l  t o c o p h e r o l s  
dur ing  the  f ry ing  per iod .  It  is also of  in t e res t  to n o t e  t h a t  
the  rate of  loss for  a - t o c o p h e r o l  was h igher  than  t h a t  of  
~,- tocopherol .  The  graph for  c o t t o n s e e d  oil, on the  o t h e r  
hand ,  ind ica ted  a loss for  the  f irst  50 h r  fo l lowed  by an 
increase  dur ing  the  last 50 hr  to  a t t a in  values sl ightly lower  
than  t he  original  levels (Fig. 3). The  ini t ial  decrease  cou ld  
be expec ted ,  bu t  the  gradual  increase  which t o o k  place 
a f te r  50 h r  was u n e x p e c t e d .  Due to  the  u p t a k e  of  oil by  
the  chips,  the  to ta l  v o l u m e  of  f ryer  oil was replaced 1.2 
t imes  dur ing  the  5-day per iod .  It t h e r e f o r e  appears  t ha t  the  
s tab i l i ty  of  c o t t o n s e e d  oil i m p r o v e d  with t ime  wi th  the  
resul t  t h a t  only  min im a l  a m o u n t s  of  t o c o p h e r o l s  were los t  
f r om the  fresh oil. The  good r e t e n t i o n  of  t o c o p h e r o l s  is 
in a g r e e m e n t  wi th  Dugan ' s  obse rva t ions  (8). 

Fo r  compar i son ,  the  T B H Q  levels of  the  f ry ing  oils were  
d e t e r m i n e d .  It  was f o u n d  t h a t  p e a n u t  oil los t  ca. 54% of  

its TBI1Q dur ing  f ry ing  (Fig. 3). The  T B t l Q  levels,  there-  
fore,  fo l lowed  the  same t r end  as those  of  the  t o c o p h e r o l s .  
C o t t o n s e e d  oil, on  the  o t h e r  h a n d ,  lost  very l i t t l e  T B H Q  
dur ing  t he  same pe r iod  and  this  resul t  was t h e r e f o r e  in 
ag reemen t  wi th  the  t o c o p h e r o l  results.  

The  in f luence  of  chip s torage  on  the  t o c o p h e r o l  levels 
was d e t e r m i n e d  by  ana lyz ing  the  oils e x t r a c t e d  f r o m  s to red  
chips.  Peanut-o i l  ch ips  were sampled  on the  f irst  day  and  
s tored  for  6, 12 and  27 weeks ,  and  c o t t o n s e e d - o i l  chips  
were sampled  on  the  f i rs t  day and  s to red  for  6, 13 and  27 
weeks. T o c o p h e r o l  r e t e n t i o n  in peanu t -o i l  chips  was fair  
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FIG. 4. Mean panel scores for peanut- and cottonseed-oil chips 
during s t o r a g e .  

TABLE V 

T a s t e  Panel Scores (Out of 10) for Peanut- and Cottonseed-Oil 
Chips (Mean Values of 10 Members) 

Peanut Cottonseed 
Sampling day Sampling Day 

Weeks stored 1 3 5 1 3 5 

1 6.1 6.9 6.3 6.1 6.4 6.2 
4 5.3 5.4 5.9 4.7 4.8 5.2 
6 5.9 6.7 5.8 5.6 5.4 5.2 
8 5.9 6.4 5.1 4.5 5.4 4.7 

10 5.4 5.3 4.6 4.7 4.6 4.2 
12 4.9 5.0 4.2 3.9 3.9 3.4 
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and in cottonseed-oil chips only a slight decrease in 27 
weeks was noticed ('Fable III). 

The fatty acid patterns of cottonseed frying oil sampled 
at 2, 50 and 98 hr indicate vcry little changc in composi- 
tion. Chips were stored for 7, 10 and 13 weeks after which 
the oil was extracted and analyzed. With the exception of 
20:1 (icocenoic acid) no change was observed. The patterns 
of peanut frying oils, sampled at 2, 50 and 98 hr were 
slightly changed in that the 16:0 (palmitic) and 18:2 (lino- 
leic) acid percentagcs showed a small downward trend. 
Peanut-oil chips, stored for 6, 9 and 12 weeks showed no 
change in composition. 

The organoleptic evaluation of the peanut- and cotton- 
seed-oil chips indicated that both products were considered 
acceptable. It is important to note, however, that the mean 
panel scores for peanut-oil chips were significantly higher 
(at 5% level) than those for cottonseed-oil chips throughout 
the storage period. It must be remembered, however, that 
in practice, thc majority of the chips is flaw~rcd. It is there- 

fore doubtful whether differences would be observed 
between flavorcd chips. 
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&Effect of Enzyme Inactivation 

on the Extracted Soybean Meal and Oil 
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A B S T R A C T  

The objective was prevention of lipoxygcnase activity prior to oil 
extraction in order to obtain a meal of superior flavor quality and a 
crude oil of superior oxidative stability. Accordingly, experiments 
were performed in which soybeans were heated at various moisture 
contents and times to inactivate the enzyme system. Once the 
optimal conditions were determined, heat treated and raw beans 
were extracted in a laboratory system designed to simulate condi- 
tions in commercial solvent extraction and the component oil and 
meal were evaluated. Oxidative stability of the oil from heat-treated 
beans was increased as determined by the Swift stability test and an 
organoleptic evaluation. Similarly, organoleptic blandness ratings of 
the heat-treated meal were also superior to the meal produced from 
raw beans. It was concluded that steam heat treatment of soybeans 
prior to extraction was beneficial to quality of both oil and flake. 

I N T R O D U C T I O N  

The soybean has been recognized for many years as a rich 
source of the enzyme lipoxygenase. The enzyme itself has 
been recognized since the late 1920s. An extensive review 
of lipoxygenase in relation to food quality was published 
by Eskin (1). It has a high turnover number, 2 • 104 
mol/mol enzyme/min (2). It is also well known for the 
variety and intensity of undesirable flavor it can produce 
from its normal substrate, linoleic acid (3,4). Investigators 
have identified a range of oxidation products of linoleic 
acid generated by lipoxygenase action (3,5-7). Examples are 
ethyl vinyl ketone, propionaldehyde and pentenal. In 
addition, many other volatile oxidation products have been 
identified from autoxidized linoleate, and at least in theory, 
these same compounds can be generated by lipoxygenase 
action. 3 c is -Hexenal ,  e.g., was identified as an oxidation 
product of linoleic acid by Hoffman (8) who concluded 
that its organoleptic threshold was less than 0.1 ppm. This 

compound has a "green bean" odor, and is one of the initial 
manifestations of reversion flavor in soy oil. 

The specific effects of lipoxygenase activity on the 
flavor of aqueous suspensions of ground soybeans were 
investigated by Wilkens et al. (9). They found that the 
characteristic beany or painty flavor of such preparations 
was due to enzyme activity, and that the flavors could be 
improved by using hot water extraction. Mustakas et al. 
(10) similarly found that the heat treatment of whole beans 
prior to grinding produced full-fat soy flours which were 
much blander than fhmr made from raw soybeans. Nelson 
et al. (11,12) demonstrated that the off-flavors commonly 
associated with soybean products occur whenever damaged 
tissue is exposed to moisture. List et al. (13) noted that 
quality of both crude and hydrogenated oils was adversely 
affected by field and storage damage of the soybeans. Such 
damage clearly triggers enzyme activity. Gardner (14) also 
noted the importance of tissue rupture. Tissue rupture 
occurs during preparation of the soybeans for oil extrac- 
tion. Specifically, the meats are "condit ioned" for flaking 
by heating to 60-65 C with steam so that the moisture 
content  is increased to 10.5-11.0%. It should be noted that 
this is an average moisture content  after equilibration for 
20-30 rain, so the moisture content  on the particle surface, 
where ruptured tissue is present, must be considerably 
greater. The meats show an equilibrium relative humidity of 
60-70%, a moisture level suitable for enzyme activity (15). 
The next step, flaking, greatly exacerbates the problem by 
extensive rupture of the cells. Thus, the moisture content, 
temperature and time are suitable for at least some degree 
of enzyme activity in the flakes prior to extraction. 

This enzyme activity could be detrimental to both oil 
and meal. Therefore, the objective of this work was to 
study the effect of moist heat enzyme inactivation prior to 
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