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ABSTRACT 

Deep-fat fried foods possess low levels of mutagenic activity, and 
severely abusive frying conditions must be employed to obtain ap- 
preciable levels of mutagenic activity. With French fried potatoes,  
either excessively long frying times (3540 min) or abnormally high 
frying temperatures (above 410 F or 210 C) were necessary to 
generate appreciable levels of mutagenic activity (> 2.5 times the 
spontaneous mutation rate). Repetitive frying of 45 batches of 
French fried potatoes or onion rings in the same batch of shortening 
elicited no increase in mutagen formation. Repetitive frying of fish 
fillets in the same batch of shortening resulted in the generation of 
appreciable levels o f  mutagen(s) in both the acidic and basic methy- 
lene chloride extracts. Increased mutagenic activity was noted by 
the 7th batch. Fish fillets obtained from a local restaurant at select- 
ed intervals during a one-week period of use of a particular batch of 
frying oil contained much lower levels of mutagenic activity. 

INTRODUCTION 

The formation of mutagens in cooked food has been assoc- 
iated with a variety of foods and cooking conditions (1-12).  
The earliest reports indicated that benzo(a)pyrene and 
other polycyclic aromatic hydrocarbons could be found in 
charbroiled or smoked meats (1-3). Later, Sugimura and 
colleagues (4) detected very po ten t  mutagens in protein 
pyrolysates obtained by heating proteins at temperatures in 
excess of 300 C. The mutagens in these protein pyrolysates 
were pyrolysis products of amino acids (5). Concern over 
the presence and possible effects of mutagens in foods was 
heightened considerably by the observation that  mutagens 
were generated during the surface frying of ground beef at 
typical frying temperatures (6-10) Mutagens were subse- 
quently f o u n d  to occur in other foods cooked at similar 
temperatures,  although the level of mutagenic activity was 
generally lower than with surface-fried ground beef (11, 
12). Uncertainties remain regarding the toxicological impli- 
cations of the existence of these mutagens in cooked foods. 
However, the fact that mutagens can be generated in foods 
by normal cooking procedures has been and continues to 
be a source of  concern. 

Deep-fat fried foods are typically cooked at tempera- 
tures equal to or above those used in surface frying. Recent- 
ly, we demonstrated that commercially available, deep-fat 
fried foods had litt le or no mutagenic activity (13). Deep- 
fat fried ground beef possessed mutagenic activity but  at 
only one-fourth of the level found with surface-fried 
ground beef (13). A separate study confirmed that  deep-fat 
fried chicken (14), tofu (15), and shrimp (15) had little 
mutagenic activity. Used deep-frying fats obtained from 
commercial establishments likewise lacked mutagenic 
activity (16,17). Wh.ile these results seem to indicate that  
mutagens are not  generated during deep-fat frying, the 
effect of variations in frying conditions was not  determined.  
Most of  the commercially available samples obtained in the 

earlier survey (13) were from large volume commercial  
establishments that  would generally utilize optimal frying 
conditions. In smaller volume commercial  establishments 
and homes, the potential  for use of  abusive frying condi- 
tions would be much greater. The purpose of the present 
s tudy was to determine the effect of frying conditions on 
the formation of mutagens in deep-fat fried foods. An 
evaluation of the effect of abusive frying conditions such as 
abnormally long frying times, abnormally high frying tem- 
peratures, and repeated reuse of frying oil was included. 

EXPERIMENTAL PROCEDURE 

Foods 

Frozen, breaded fish fillets and frozen, precut French fried 
potatoes were obtained from a local restaurant. In a later 
experiment,  deep-fat fried fish fillets were obtained from 
the same restaurant at selected times during a one-week 
period of  operation. The frying oil, a shortening composed 
of beef fat and cottonseed oil with monoglyceride citrate, 
butyla ted hydroxytoluene,  butyla ted  hydroxyanisole ,  
propyl  gallate and propylene glycol, was also obtained from 
this same restaurant. Frozen, breaded onion rings were 
purchased from a local retail outlet.  

Frying Procedures 

To determine the effect of  frying time, frozen French fried 
potatoes were placed in the home-style, deep-fat fryer filled 
with shortening preheated to 335 F (168 C) and cooked for 
5, 10, 15, 20, 25, 30, 35, and 40 min. 

To determine the effect of frying temperature,  the fryer 
was filled with shortening and heated to 310 F (154 C), 
335 F (168 C), 375 F (191 C ) , 4 1 0  F (210 C), or 432 F 
(222 C). Frozen French fried potatoes  were placed in the 
fryer and cooked for 10 min. 

To assess the effect of repeated reuse of  the same batch 
of frying oil, 15 batches of either French fried potatoes,  
fish fillets, or onion rings were fried each day during an 8-hr 
period for 3 successive days. The shortening was allowed to 
cool and solidify during the 16-hr period between cooking 
cycles. No addition of fresh oil or fil tration of the used oil 
was done. The cooking times and temperatures were 8 min 
at 375 F (191 C) for French fried potatoes,  3.5 min (first 
32 batches) or 5.5 min (batches 33-45) at 375 F (191 C) 
for onion rings, and 5 rain (first 25 batches) or 5.5 min 
(batches 26-45) at 375 F (191 C) for fish fillets. Frying 
time was increased in the later batches of onion rings and 
fish fillets because heat  transfer was poorer  in reused oil. 
With onion rings and fish fillets, a sample of the crumb resi- 
due from the fryer was collected after frying the 44th batch 
of  product.  The 45th batch was fried in filtered oil. 

In another experiment ,  fish fillets were obtained at 
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selected times from a local restaurant to determine the 
effect of typical practices on the generation of mutagens in 
this product. In this restaurant, the usual practice is to re- 
place the oil in the fish fryer on a weekly basis and filter 
the oil on a daily basis. Fish fillets are fried during a 12-hr 
period; the fryer is covered and turned off during the other 
12 hr of each day. Occasionally, fresh shortening may be 
added to the fryer. One sample was obtained immediately 
following the weekly replacement of the oil. Three addi- 
tional samples were obtained immediately before filtration 
or replacement of the oil on the 3rd, 5th, and 7th days of 
use of that batch of oil. 

plates were done with duplicate food samples obtained by 
dividing each cooked sample into equal portions. Results 
are reported as the ratio of induced revertants per plate to 
spontaneous revertants per plate. Since the cooked weight 
of the products varied with frying conditions, the amount  
of extract used in each assay has been provided as gram- 
equivalents of uncooked products. With the fish fillets ob- 
tained as fried product from the local restaurant, the 
amount  of extract is given as gram-equivalents of cooked 
product. 

RESULTS 

Extraction of Foods 

The procedure used to extract any mutagens formed during 
the deep-fat frying process has been described previously 
(13). 

Extraction of Frying Oil 

In the repetitive frying experiments, frying oil samples were 
collected following the frying of selected batches of pro- 
duct, and stored frozen until analysis. The polar and non- 
polar fractions of the frying oil were obtained by a modifi- 
cation of the method of Billek (18). The polar fraction was 
taken to dryness in vacuo, dissolved in dimethyl sulfoxide, 
and used directly in the mutagenesis assays. The nonpolar 
fraction was concentrated in vacuo, saponified (19), and 
again concentrated in vacuo. The saponified concentrate 
was filtered and the residue was washed twice with boiling 
H 20.  The residue was the nonsaponifiable portion of non- 
polar fraction. The filtrate was acidified with concentrated 
HC1 and extracted twice with diethyl ether. The ether phase 
was dried, evaporated, dissolved in 1 mL of dimethyl sulf- 
oxide, and used in the Ames test. An ether-insoluble 
portion of the saponifiable fraction was separated from this 
ether-soluble, saponified fraction. 

Mutagenesis Testing 

Assays were conducted using the bacterial mutagenesis test 
of Ames et al. (20), as modified by Pariza et al. (9). The 
test organism was Salmonella typbimurium TA98 plated at 
ca. 6.6 x 109 bacteria per plate. The rat liver S-9 fraction 
was obtained from Arochlor 1254 induced rats. 

Reported values are the means of 4 plates. Two replicate 

Effect of Frying Time 

The level of mutagenic activity in the basic methylene 
chloride extract of French fried potatoes increased as the 
frying time was extended (Table I). The number  of rever- 
rants induced by the basic extract was not  appreciably 
greater than the spontaneous reversion rate until the frying 
time reached 25 min. The level of mutagenic activity assoc- 
iated with the basic extract was highest for the samples 
fried for 35 and 40 min. An optimal frying time for French 
fried potatoes in our home-style fryer was ca. 10 min. By 
25 min of frying, the potatoes had an unappetizing appear- 
ance with a dark golden brown to brown color and an ex- 
tremely crisp texture. By 40 rain of frying, the potatoes 
had developed a very dark brown color and an extremely 
crisp, thoroughly desiccated texture. Potatoes fried for over 
15 min probably would be considered inedible. The acidic 
methylene chloride extract did not possess appreciable 
mutagenic activity. The criterion for appreciable mutagenic 
activity was a level sufficient to produce 2.5 times more 
revertants than were observed spontaneously. 

Effect of Frying Temperature 

As shown in Table II, changes in the frying temperature had 
little effect on the level of mutagenic activity associated 
with French fried potatoes. Appreciable, though low, levels 
of mutagenic activity were found with the basic methylene 
chloride extract of potato samples fried for 10 rain at 
initial temperatures of 410 F (210 C) and 432 F (222 C). 
The acidic extracts and the basic extracts from potatoes 
fried at 310 F (154 C), 335 F (168 C), and 375 F (191 C) 
for 10 rain did not  induce appreciable levels of mutagenic 

TABLE I 

Effect of  Frying Time on Mutagen Format ion in Deep-Fat Fried, 
French Fried Potatoes 

Frying 
time Gram-equivalents 
(min) per plate a 

Induced revertants per plate/ 
spontaneous revertants per plate b 

Acidic extract Basic extract 

5 55 1.04 1.29 
10 55 0.96 1.29 
15 55 1.12 1.58 
20 55 1.08 1.33 
25 55 1.33 3.12 
30 55 1.33 2.92 
35 55 1.50 6.88 
40 55 1.08 6.75 

aBased on uncooked weight of product. 
bThe spontaneous reversion rate for the TA98 strain was 24. 

JAOCS, vol. 60, no. 3 (March 1983) 



,.678 
S.L. TAYLOR, C.M. BERG, N.H. SHOPTAUGH AND E. TRAISMAN 

TABLE II 

Effect of Frying Temperature on Mutagen Formation in Deep-Fat Fried, 
French Fried Potatoes 

Initial 
frying 

temperature Gram-equivalents 
(F) (C) per plate a Acidic extract 

Induced revertants per plate/ 
spontaneous revertants per plate b 

Basic extract 

310 (154) 55 0.82 1.00 
335 (168) 55 0.96 1.29 
375 (191) 55 1.03 1.30 
410 (210) 55 1.17 2.73 
432 (222) 55 1.40 2.73 

abased on uncooked weight of product. 
bThe spontaneous reversion rate for the TA98 strain ranged from 30 to 36. 

ac t iv i ty .  It  shou ld  be  n o t e d  t h a t  the  ac tual  f ry ing  t empera -  
tu res  were  cons ide rab ly  lower  t h a n  the  ini t ial  t empe ra tu r e s .  
In Tab le  I, t he  level of  m u t a g e n i c  ac t iv i ty  was f o u n d  to  in- 
crease on ly  a f te r  cons ide rab le  overcooking .  Because of  the  
10 ra in  cook ing  pe r iod  and  the  depressed  f ry ing t e m p e r a -  
tures ,  ove rcook ing  may  n o t  have occu r r ed  in th is  exper i -  
m e n t .  This  poss ib i l i ty  is s u p p o r t e d  by  the  o u t w a r d  appear-  
ance  of  these  fr ied po ta toes .  The  p o t a t o e s  fr ied at  the  
h ighes t  t e m p e r a t u r e ,  432  F (222  C), had  a dark  go lden  
b r o w n  color  and  a crisp t ex tu r e  b u t  wou ld  n o t  have been  
cons ide red  inedible ,  A f ry ing t e m p e r a t u r e  of  432  F (222  C) 
r ep re sen t ed  the  h ighes t  t e m p e r a t u r e  t h a t  could  be safely 
ach ieved  wi th  our  home-s ty l e  fryer .  

Effect of Repetitive Frying 

Repe t i t ive  frying" trials were p e r f o r m e d  wi th  th ree  f o o d s -  
F r e n c h  fr ied po ta toes ,  on ion  rings, and  fish f i l l e t s - a n d  the  
resul ts  are p o r t r a y e d  in Table  III. Po t a toe s  were chosen  as 
an example  of  a s t a rchy  food,  and  because  p o t a t o e s  m a y  be 
the  m o s t  c o m m o n l y  c o n s u m e d  deep- fa t  f r ied p r o d u c t  in the  
USA. Onion  rings were chosen  as an example  of  a food  t h a t  
c o n t a i n e d  apprec iab le  levels of  m o n o s a c c h a r i d e s ,  wh ich  are 
t h o u g h t  to  speed the  d e c o m p o s i t i o n  of  the  f ry ing oil. Fish 
fi l lets  were chosen  as an example  of  a p r o t e i n a c e o u s  food  

t h a t  also possesses a high level o f  p o l y u n s a t u r a t e d  fat .  
F r y i n g  oil used  for  the  f ry ing  of  fish is k n o w n  to  d e c o m p o s e  
relat ively qu ick ly  due to the  p resence  of  the  p o l y u n s a t u r a t -  
ed fats.  

As i nd i ca t ed  in Tab le  II1, repe t i t ive  f ry ing  of  45 ba t ches  
of  F r e n c h  fr ied p o t a t o e s  in the  same b a t c h  of  oil w i th  n o  
f i l t r a t i on  and  no  a d d i t i o n  of  fresh oil d id  n o t  lead to  an 
increase  in the  level o f  e x t r a c t a b l e  m u t a g e n s  in the  po ta toes .  
Low levels of  m u t a g e n i c  ac t iv i ty  were f o u n d  in b o t h  the  
acidic and  basic m e t h y l e n e  ch lor ide  ex t r ac t s  of  all t e s ted  
ba t ches  of  the  fr ied po ta toes .  Af t e r  f ry ing  o f  the  last  ba t ch  
o f  po t a toe s ,  the  oil had  a d a r k e n e d  a p p e a r a n c e  and  n u m e r -  
ous su spended  part icles .  T h e  po la r  and  sapon i f i ed  n o n p o l a r  
f rac t ions  of the  f ry ing oil possessed very  low levels of  
m u t a g e n i c  act iv i ty .  In fact ,  t he  l ipid f r ac t ions  depressed  
the  s p o n t a n e o u s  revers ion  ra te .  

Likewise,  the  repe t i t ive  f ry ing  of 44  b a t ch es  of  o n i o n  
rings in the  same ba t ch  o f  oil d id  n o t  i e su l t  in the  
f o r m a t i o n  of  apprec iab le  levels of  m u t a g e n i c  act ivi ty (Table  
I l l ) .  N e i t h e r  the  acidic n o r  the  basic m e t h y l e n e  ch lor ide  
ex t r ac t s  of  the  fr ied o n i o n  rings p r o d u c e d  reve r t an t s  at  a 
ra te  exceed ing  2.5 t imes  the  s p o n t a n e o u s  revers ion rate .  
T h e  4 5 t h  b a t c h  of  o n i o n  rings was fr ied in f i l tered oil; 

TABLE I11 

Effect of Repetitive Deep-Fat Frying on Mutagen Formation in French Fried Potatoes, Onion Rings, and Fish Fillets 

Induced revertants per plate/spontaneous revertants per plate a 

French fried potatoes b Onion rings b Fish fillets b 

Batch no. Acidic extract Basic extract Acidic extract Basic extract Acidic extract Basic extract 

1 1.31 1.58 1.34 0.83 1.38 1.52 
7 - - 1.17 1.53 3.62 10.0 

15 1.42 1.36 1.32 0.98 4.29 12.2 
30 1.03 1.33 1.00 1.90 5.33 21.2 
37 1.22 1.86 1.46 1.34 6.42 26.7 
45 c 1.36 1.31 1.51 1.68 5.95 16.5 

Crumb - - Toxic e 4.63 2.48 79.1 
Residue d 

aThe spontaneous reversion rates for the potato, onion ring, and fish fillet experiment for strain TA98 were 36, 41, and 21, respectively. 
bThe amount of extract applied to the plate was based on the uncooked weight of the product except in the case of the crumb residue; 55 
gram-equivalents per plate were used with French fried potatoes and onion rings and 47--49 gram-equivalents per plate were used with fish 
fillets. 
CThe frying oil was filtered for onion rings and fish fillets before frying batch no. 45. 
dFor the crumb residue samples, the gram-equivalents per plate (37 for onion rings and 22 for fish fillets) are based on cooked weight. 
eThis extract was toxic to strain TA98 so background lawn would not grow. 
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TABLE IV 

Mutagenicity of  Deep-Fat Fried Fish Fillets Obtained at Selected Intervals 
from a Local Restaurant 

Induced revertants per plate/ 
spontaneous revertants per plate c 

Sampling Gram-equivalents 
day a per plate b Acidic extract Basic extract 

1 39 1.19 1.96 
3 39 1.35 2.35 
5 40 1.69 2.81 
7 40 1.50 3.42 

aDetails of the sampling schedule can be found in Experimental Procedures. 
bBased on the cooked weight of the fish fillets. 
CThe spontaneous reversion rate for the TA98 strain was 26. 
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these onion rings did not  have an appreciable level of muta- 
genic activity. The crumb residue obtained from the filtered 
oil after 44 repetitive frying operations did have an appreci- 
able level of mutagenic activity. While the acidic methylene 
chloride extract  was toxic to S. typbimurium TA98, the 
basic methylene chloride extract  produced revertants at a 
level of 4.63 times greater than the spontaneous reversion 
rate. The crumb residue largely comprises breading material 
that detaches from the surface of the onion rings during 
frying. The crumb residue increases in mass with each repe- 
titive frying operation. After  frying of the 44th batch of 
onion rings, the oil had a darkened appearance and a sub- 
stantial number of particles. The crumb residue was charred 
in appearance. Mutagens were not found in the polar and 
saponified nonpolar  fractions of the frying oil, although in 
this case no depression of the spontaneous reversion rate 
was noted with these fractions. 

In contrast  to the situations observed with potatoes and 
onion rings, a substantial increase in the level of mutagenic 
activity was found in repetitive frying of fish fillets (Table 
III). Appreciable mutagenic activity was present in both the 
acidic and basic methylene chloride extracts of the fried 
fish, although several-fold higher levels of mutagenic 
activity were associated with the basic extract.  Considerable 
mutagenic activity was observed after frying 7 batches of 
fish fillets. The level of mutagenic activity in the acidic 
extract  increased as more batches of fish fillets were fried in 
the oil. The level of mutagenic activity in the basic extract 
was highest in the 37th batch of fish and decreased slightly 
thereafter. The 45th batch of fried fish which was fried in 
filtered oil possessed less mutagenic activity. The crumb 
residue obtained from the filtered oil after the 44th repe- 
titive frying operation had substantial mutagenic activity, 
particularly in the basic methylene chloride extract.  Again, 
the crumb residue mainly comprises breading material, and 
increases in amount  with each repetitive frying operation. 
At the complet ion of the repetitive frying schedule, the oil 
had a darkened appearance and a substantial load of parti- 
cles. The crumb residue was composed of these charred 
particles. Again, no mutagens were found in the polar and 
saponified nonpolar fractions of the frying oil, and no 
depression in the spontaneous reversion rate was noted with 
these fractions. 

Since substantial levels of mutagenic activity were found 
in fish fillets after repetitive frying, fish fillets were ob- 
tained from a local restaurant at selected intervals over a 
one-week period and examined for mutagenic activity 

(Table IV). Much lower levels of mutagenic activity were 
found in the fish fillets obtained from the restaurant than 
in those fried in our home-style fryer (Table III). This 
difference is a t t r ibuted to the daily filtration of the oil in 
the restaurant operation. Low levels of mutagenic activity 
were found in the acidic methylene chloride extracts from 
these samples. The basic methylene chloride extracts of 
samples obtained at the end of  the week did induce rever- 
tants at a rate exceeding 2.5 times the spontaneous rever- 
sion rate. In this case, frying oil was not  obtained for 
analysis. 

D I S C U S S I O N  

Mutagen formation during the deep-fat frying of foods does 
not appear to occur to any appreciable extent  unless very 
severe departures are made from common and optimal fry- 
ing conditions. Appreciable mutagen format ion with 
French fried potatoes was observed only after gross over- 

cooking of the potatoes through use of prolonged frying 
times. Abnormal ly  high frying temperatures and repetitive 
frying did not  result in increased mutagen format ion in 
French fried potatoes.  The lack of an effect of frying tem- 
perature on mutagen formation was somewhat surprising, 
in light of the fact that  mutagen formation in ground beef 
(7, 9) and other  foods (11) is temperature-dependent .  
Repetitive frying did result in an increase in mutagen 
formation in fish fillets, but this was traced primarily to a 
highly mutagenic crumb residue. Analysis of fish fillets 
from a commercial  operation where filtration is performed 
on a daily basis indicated that  filtration would largely 
remove the potential  for mutagen formation from this 
product.  The crumb residue obtained on repetitive frying 
of onion rings was likewise mutagenic, but the level of 
mutagenic activity was far lower than that obtained with 
the crumb residue of fish fillets. 

Abusive deep-fat frying conditions sufficient to induce 
significant mutagen formation would not  likely occur in 
either home or commercial frying operations. The general 
lack of mutagens in deep-fat fried foods obtained at the 
retail level (13) supports this statement.  The deep-fat frying 
conditions used in these experiments were designed to 
model commercial operations through the use of restaurant- 
ready frozen products  and a commercial frying oil. 

As indicated by the repetitive frying experiments (Table 
liD, mutagen format ion was greatest by far with fish fillets. 
This finding confirms earlier observations that  indicated 
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greater mutagen formation with deep-fat fried, protein- 
aceous foods by comparison to starchy foods (13). Similar 
differences in the levels of mutagenic activity have been 
noted between proteinaceous and starchy foods cooked by 
other methods (9-12). 

No mutagenic activity was found in the frying oil after 
repetitive frying of French fried potatoes, onion rings, or 
fish fillets. Previous experiments had shown that when a 
known amount  of beef extract mutagen was added to 
ground beef before deep-fat frying, all of the mutagen was 
retained in the fried product (13). This finding had indicat- 
ed that the mutagen in beef extract is not  lipid-soluble and 
is not extracted into the frying fat. However, the possibility 
remained that other lipid-soluble mutagens would be gen- 
erated, either by decomposition of the frying oil and its 
antioxidants (21), or in the food with partitioning into the 
oil. Analysis of the used frying oil in these experiments gave 
no indication of the existence of such mutagens. However, 
mutagenicity testing of lipid fractions, particularly the non- 
polar fraction, is fraught with technical difficulties. The 
nonsaponifiable portion of the nonpolar fraction and the 
ether-insoluble portion of the saponifiable fraction were 
never examined for mutagenic activity because of their 
incompatibility with the Ames test system. Analysis of the 
saponifiable portion of the nonpolar fraction created 
problems on occasion due to the presence of interfering 
fats. The apparent depression of the spontaneous reversion 
rate seen with the oil samples taken from potato frying may 
have been the result of such difficulties. The suppression of 
mutagenic activity could also have occurred in the oil, since 
oleic acid has been found to inhibit the mutagenicity of the 
basic methylene chloride extract of cooked ground beef 
(22). 

Generally, mutagens are absent or present at very low 
levels in deep-fat fried foods (13-15). In contrast, surface- 
fried and baked foods contain much higher levels of muta- 
genic activity (6-12). In a direct comparison of cooking 
methods, Bjeldanes et al. (14) showed that chicken deep-fat 
fried at 101 C for 12 min possessed virtually the same level 
of mutagenic activity as raw chicken, while other methods 
(particularly broiling for 34 min at 274 C) led to the gen- 
eration of considerably more mutagenic activity. Several 
factors may be involved in preventing the formation of 
higher levels of mutagenic activity in deep-fat fried foods 
including the presence of fat, the presence of antioxidants 
in the oil, the uniform cooking temperatures, and the 
partial exclusion of oxygen. The ability of antioxidants to 
inhibit mutagen formation in model systems (23) and 
fried ground beef (24) has already been demonstrated. In 
addition, certain practices such as the use of reasonable 

frying times and temperatures, the limited reuse of frying 
oils, and the filtration of the oils are at least partially re- 
sponsible for controlling mutagen formation. However, the 
critical difference between deep-fat frying and surface- 
frying that results in lower mutagen levels in deep-fat fried 
foods remains to be determined. 
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