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INTRODUCTION

The role of the lipid 
fraction in the development of 
mutagenic activity of meat is 
still not very clear. Barnes 
et al. (1983) and Barnes & 
Weisburger (1983, 1984) claimed 
that fat is important in the 
formation of the mutagenic 
compounds. Barnes et al.
(1983) developed a quantitative
assay for 2-amino-3-methyl- 
imidazo[4,5f]-quinoline (IQ) 
b a s e d  o n  t h i n  l a y e r  
c h r o m a t o g r a p h y  and high 
performance liquid chromato­
graphy. Using this method, 
high fat (25% of total wet 
weight) and low fat (11%) beef 
patties, cooked at 5 min/side, 
were found to contain 2 0.1 and
0.5 ¿¿g of IQ per kg of sample, 
r e s p e c t i v e l y .  Barnes &
Weisburger (1983) reported 
that inclusion of beef lipids 
into a heated mixture of 
c r e a t i n i n e ,  g l y c i n e  and 
glucose increased the mutagenic 
activity three-fold. Barnes & 
Weisburger (1984) showed that 
adding either corn oil or beef 
fat (beef suet) increased the 
mutagenic activity of fried 
ground beef. Both of these 
lipids doubled the amount of 
mutagens formed in fried meat 
when added to the samples at a 
concentration of 20% based on 
the wet weight of the ground 
beef. Barnes & Weisburger
(1984) showed the addition of 
glycine and creatinine to 
ground beef prior to cooking 
enhances mutagen formation by

approximately 50%. on , qVi 
glycine, creatinine an - 
cerol to the system, ^
f o r m a t i o n  increase 
approximately 100%- 
results indicate 
decomposition may c°n ta0 i 
precursor (s) for ® j 
formation and that £ p̂  
may account for at leaSof the mutagen-enh
effect of fat. p ?,

However, Felton 
( 19 84) and Knize e v
(1985) claimed that 
increased mutagenic h
was not due to the 
but rather due to 
heat penetration asS. n y
with the increase ^  'i 
content. The present 5 ¿0̂
designed to evaluate

i l o P ^ Vof fat in the deveJ 
mutagenic activity 
ground meat.

of

«at!METHODS g%
Lean ground beef 

was thawed and diyld t 
five composite a l i ^ ^  jitiy
pies. Each sample w jji
with a different aItl y
chopped frozen beef ^  
order to give a *1 aJld y  
content 2 , 4, 8, 12 t
in the sample. tj
sub samples were ^
each aliquot for Q(j
moisture analyses. y
g of sample was made * 
patties about 0.5 cm ^$ed
ness, which were ind d*1
frying, extraction ,a • ty. 
mination of mutagenic
Frying Method

A stainless steel/ e,

* 2^  
a pad

a  stainless pa j* .

coated electric f1̂
Y i n g J n lThe temperature

used for the frying P,! oirature contr C ‘

fry pan was set ^  
Before frying, the f17 Id 
preheated for 5 min *
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vere at. study, the patties 
sicia tried for 6 or 9 min per

^ u ~ ^ -2 fl-JW ethod
, fried patties were 

°5 th S(̂  using modifications 
*1. ® methods of Pariza et
vS (]q 79  ̂ and of Felton et 
' B 8l) * The fr^ed ground ll) 3 ^afties were homogenized 

°lhmes of distilled water
0̂ltl°g er. Warin9 Blender. The ct>ea. nate was filtered through 

The solids were 
1 volume

» in n  = l ° t h
>*VJ-!}oltlo<jenized in 

f^ f^°ne and H20 (1:1, v/v)
o ltr a t ered as before. The 
?°0led SS were combined and 
K*uce at “20°C for 5 min to 
f' c ^roteiri precipitation. 
iKIter eHltlbined filtrate was 

fiii. trough glass wool. 
?• 2 wi^uate was acidified to .71 HC1 and extracted 3
th^^le1^  ?H?c12 to ot)tain the CH acidic components in 
p ^ o u 2 ^2 extract. The upper

i s * *
12 ?‘aV'er was adjusted toby

ed
adding NaOH and

^  again with CH2CI2 to 
th CH oi basic components, 

acirt- 2 extract containing 
Pa lG and basic components 

tk2S°/T +.Ssed through anhydrous 
¡ S 4 *0 remove 

vaporated
J acuu® at 37 °C on
’ e!"u remove the water and 

VaPorated to dryness
W - a t o t v CUUm a t  37 ° c  on a evaPorator. The

atoi ^ere dissolved in 20%
n y l o n s 1" C1JC13 (V/v ) - The a were transferred to
th ^itv^1 dried under a stream

t 6 l ° ? e ntesi'rtit:n 9as, after which 
U*, thvi Ues were dissolved in 
N  t ^ ^ l f c x i d e

^ l r ^ ~ ^ & Q t e n t

---- (DMSO)
Cile Ames test.

and

i r eA • 0 . a . c ( 1 9 7 5 )
"" for d e t e r m i n i n g  
Was used.

Fat Content
The fat c o n t e n t  was 

determined using the Goldfisch 
extraction method of the 
A.O.A.C. (1975).
Ames Test

The Ames test was carried 
out as described by Ames et 
al. (1975) and Maron & Ames 
(198 3) . Salmonella typhi- 
mu r i um s t r a i n  TA98 was 
provided courtesy of Dr. 
Bruce N. Ames at University 
of California, Berkeley, CA. 
After extraction, the basic 
fraction was tested for 
mutagenicity using tester 
strain TA98 + S-9.

RESULTS
The results of the Ames 

test are shown in Figure 1 and 
indicate that samples with fat 
concentrations ranging from 4 
to 8% showed the least amount 
of mutagenicity. At 14% fat 
there was an approximate 
d o u b l i n g  of m u t a g e n i c  
activity, while the 18% fat 
sample had less mutagenic 
activity than that of the 14% 
fat sample. These results 
agree with Knize et al.
(1985), who reported that 
increasing the fat content 
from 8 to 15% enhanced 
mutagenicity on cooking at 
either 180 or 240°C for 6 mins 
per side. However, it was 
found in the same study that 
increasing the fat content 
from 15 to 3 0% resulted in a 
slight reduction in overall 
mutagenic activity, which is 
similar to the results in the 
present study.

On frying the ground beef 
at 9 mins per side, the 
m u t a g e n i c i t y  d e c r e a s e d  
directly with fat content 
(Figure 1) . Although the meat 
fried at 9 mins per side

4 3 7



Fkjut« i.Rotatiofttfttp Potwoo* th# fat coattnt of ground
boef pottiM and mutogon formation aftor coolong 
for oithor 6 or 9 min por *»0«. Eocft pomt ropro— 
fonts 6 reolicatts. The concentration of the basic 
fraction added was 50g meat eauwalents/plate. The 
lower two graph* present the regres»on line* of 
tne dote snown in the upper two graph*.

showed less variation in 
mutagenicity than that fried 
at 6 mins per side, the reason 
that there is less fluctuation 
in mutagenicity on frying at 9 
mins per side is not clear. A 
possible explanation is that 
with longer frying times most 
of the fat was cooked out of 
the patties, which would 
p r o b a b l y  concentrate the 
p r e c u r s o r ( s )  of m u t a g e n  
formation and reduce the 
dilution effects from the fat. 
These data confirm the fact 
that fat is not the major 
contributor of precursor(s) for 
mutagen formation. This is in 
agreement with earlier studies 
by Felton et al. (1984) and 
Knize et a l . (1985), who
demonstrated that fat content 
did not contribute to meat 
mutagen formation. However, the 
results are in contrast to 
studies by Barnes et al. (1983) 
and Barnes & Weisburger (1983, 
1984), who reported that 
m u t a g e n i c i t y  i n c r e a s e d  
directly with fat content.

The regression line 
indicates that

( F i^

f r i *i )  --------
content of ground 
at 6 mins per side d
effect mutagenicity* fluctuatedoubt, the -en t

$
mutagenicity at differ 
concentrations accoun jjfl*
t h e  l o w  straight t

which sh°«J»
m uta^ijig

relationship 
effect of fat on 
activity. However, on ' & i \t r

t&«at 9 mins per side, 
concentration was ney 
r e l a t e d  t o  mutage g n0 
ind icating  that fa t  d 
c o n t r i b u t e  t o  ® $ei. 
formation. Therefore, t
mutagenicity is not a nt^avit pi«

s t i i i  y

a n t i » “ ^

Therefore
is

related to the fat 
However, fat may 
some important roles
formation of ---
components in the ^
fraction in the Pad>  ̂3
meat. Pariza (198 
isolated and i d e n t i ^  ^ 
antimutagenic modul3 iy
f r i e d  h a m b u r g e r *  , C 
modulator, design a t ;d)'iC 
(conjugated linoleic a 
a derivative of 1 
acid. Pariza (1986) 
that CLA is an e y
inhibitor of skin 
mice. Besides being
Cried hamburger, Pariz^n0°°^
1 M  A  F  ^ 1 T1also found CLA m  

beef and some dairy 
especially cheese.

p ro

SUMMARY dy
Results of this 

that meat mutagenici^X 
directly
content. -rr- flS, 
m u t a g e n i c  c ompo^.^g 
produced from heat ^
nonfatty components ^

. t orelatedApparent^
{ y

%
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$
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l i r e c t l y  
mutagenicity 
oeef.

fat d f  
i n f 1 
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