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Antioxidant Inhibition of Mutagenicity in Fried Meat 
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introduction

alsoCnnnnr!ni^ AmeS ( i983}.has foclJsed attention not only on naturally occuring mutagens and carcinogens but 
antimutagens and anticarcinogens that also may be constituents of the food supply. On the basis of eoi-

there mavChi D°J • and Petr0 (1981) and a report by the National Research Council (1982) concluded that
A ay ?e .a relationship between dietary habits and cancer risks to mankind.
^number of investigators (Lijinsky and Shubik, 1964; Commoner et al., 1978; Pariza et al., 1979; Kasai et al
Weisburqer9(1979T ̂ rdiscSssedVthIdn n r fh?d eit£er.muta9ens or 'antimutagens or both'Tn cooked meat and “fTsTTT ’ 
reviewed the J o 1 has discussed the possible mechanisms by which diet influences the incidence of cancer and 
^  the e t l  role temperature and time of cooking upon development of mutagens and the possible relationship 

oa? r o X 0heef^eetanNer- benzoca] -pyrene, a potent carcinogen, was isolated from the surface o'f
temperatures ) > 3 0 0 ° n '' (1?77) demonstrated that the heating of proteinaceous foods to high 
It was ° ^  Pr°duc®d mutagenlc activity in excess of that accounted for by the benzola) -pyrene content
al. lgon j J u Wn that the basic fraction of tryptophan pyrolysis possessed strong mutagenic activity (Inoui et
^  the Amis ? f r al C0T U?dS and TrP-p'2) be i" 9 isolated a"d showing various degrees of ^agenesis
had a J S “  i (Takayamä et al 1977). Spingarn et a].. (1980) then isolated a component from fried beef that 

0 ?cu Wei9^t of 1^8 and an elemental forrriuTa of C n H lnN/l, which was later identified as beina a nntpnt 
c f e v  - r r ' 3;methylr daZ°'[̂ ^ quinoline ™  ** K a i i i (1980)^SWho aiso foun^anothe^strona^nd"^ 
numbeXf aboiatoHerhav"amln°:3 ’H"ihmeihyll'I,1raZO"[4’5flqUln°Tine iMe‘rQ) t0 be present. Since that time a 
(Miller f198^ A? « s ?  in fxamlned ?he tyPes mutagens formed in cooked fish, beef and commercial beef extract 
(Felton et ai!; 1983^ Kinze S' ir^ig^S)3mlnSS 6 ldentified as being present in cooked beef extracts

There h^ h 11c1uid chromatography and quantitated (Barnes et al., 1983).
in the s also eviclence that both fresh and cooked meat contain antimutagens (Pariza et al., 1979),~whTch may be
Preset ?n raw tb.the theory of Ames (1983). Since thFWagenic ait“  i f  not
to meat Jrio7 to ™  during cooking and/or processing, it appears likely that antioxidants added
fact the? F V t k} " 9 a’d.!n blocking mutagen formation. Further support for this idea is found in the
^spoiS to a S x i i  BHSf  th19f } have.recepT1y shown butylated hydroxytoluene (BHT) to decrease the mutagenic 
Treated Ä l s  1 ln Presence of s ’ 9 from BHT-treated rats in comparison to S-9 from

who shlwea + £ *nki2XidfniSu°!] mutatI?n production in cooked ground beef was first described by Wang et al.(19821
et al n|o,ih®inS f J h t?dnufldro5W ®n^2-! sjccessful ̂  reduced the mutagenicity of fried beef .Tater Barnes
q ~-~’ii983) showed that BHA can inhibit IQ formation by 40% during cooking of beef.
^-¿Sgtives

e study reported herein was designed to determine if antioxidants could inhibit mutagen formation during pan-

by the Ame?r?o?+ M efePa?t1?S aia?cteMPeratUr<I ?f 215°C ' These studies concentrate on mutagenic activity measured 
9®nicity duringtpan-fryTH'g'f'f’meat5’ Mar0n and Ames’ 1983i and lndicate that certain antioxidants sunpress muta-

^ n l g js and Methods

Pr5 a t e l v  naf l esiw%rh-puepared 5° COntai" either 5 ' 7 or 10% of fat (ether extract). The patties were made an- 
added ant ?' lnJthlfkness and Prepared to contain antioxidants at the following levels : (a) Control - no
tk] Propyl« lftflPn C°rn °nll; (b) Control (no antioxidants) with 1ml. of corn oil per 500g of meat;
hhe fat content nf th dd®d V u " 1? evel “V 0™  011 as treatment b to contain either 0.01 or 0 .1% - based on
hydro x y t n W «  /Rurf t ; d) ?utylated hydroxyanisole (BHA) at same levels as in treatment c; (e) butylated
Pdded at 0 n?M 2 1I K l  lSf ?  ieVeiS as treatment c; and (f) Tenox 4 (20% BHA and 20% BHT dissolved in corn oil)
Fr0zen u -02 and 0 -2% (w/w) based on the fat content. '
ihitkness°?idt?!ef Patf'kS f re prfpared and fHed on an electric, stainless steel, Teflon-coated frying oan. The 
pas cooked f„iho 9-°U?d b6ef W9k ab?ut ?/3cm’ and temperature control of the frying oan was set at 215°C. The meat 
pfiza et af n q y g r f f o f p f ? h S1f  \ ?sJwere extracted using a modification of the method of
h Stille3 n? ■;i1981)- The frled ground beef Patties were homogenized in 3 volumes of
h°m°9eni7Pw ? i Waring Blender. The homogenate was filtered through cheese cloth. The solids were aqain

7 Sr fV0,r - ° V Cetr  and H2° (1:1’ v/v> and filtered as before. The filtrates were combined and 
T?6 remaining lnduce Protiln precipitation. The combined filtrate was filtered through glass wool.
* yel . f1.trate was concentrated under vacuum on a rotatory evaporator to remove the acetone
??nts in the rHSr?Cldliledi-t0TkH 2uWi3h uC1 and extracted 3 times with CH2C12 to obtain the soluble acidic compo- 
> p 0nenJ ne bH2Cl2 extract. The pH of the aqueous phase was extracted agSin with CH2C12 to obtain the basic 

tn i ne i bH2C ’ extracts containing the acidic and basic components were2passed throuoh anhydrous 
^tiddei , temo'(? the water"and then evaporated to dryness under vacuum at 37°C on a rotatory evaporator. The 
i stream ®re.dlssolved in 20% methanol in CHCU (v/v). The solutions were transferred to vials and dried under 
T^es test nUr09en 9as> after which the residues were dissolved in dimethyl sulfoxide (DMS0) and used for the

LA 98II'anrit?3t1naS..Carr,i?d .?ut as ?escribed by Ames et £1.(1975) and Maron and Ames (1983). Salmonella typhimurium 
v u ^ b a t a n s K o i  klnd1y s^PPlled by Dr.Bruce N .Times, University of California, Berkeley, CA. Liver homogenate 
i,'ty of ?k3 {i'9> wer? Prepared from rats treated with polychlorinated biphenyls (Arochlor 1254) to induce acti- 
?ron and L o 1CM n « N  enzymea responsible for detoxifying various xenobiotics. The preincubation technique of 
>  Ta inn , „ (1??3) ^as ^ ed t0 assay mutagenic activity. Sodium azide (NaN,) was used as the oositive control 
 ̂action ' 2_Acet*yamlno-fluorine (2AF) was used as the oositive control for TA 98 and TA 100 along with the S9

Discussion

tkta9eni???^ ’u th? Fi9l1’-iuekb??ii„eiiracts from the me?t with or without corn oil (A and B) exhibited potent 
6 acidir teS3fd W1tb both TA 98 and TA 100 containing the S9 fraction. No mutagenicity was detected in

rraction. The specific activity of the basic fraction of the meat for strain TA 98 and TA 100 with S9
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activation was 249 revertants/g and 3283 revertants/g, respectively. All the antioxidants tested had an inhibit0^ 
effect on the mutagenicity, except for BHT (Fig.l). The basic fraction obtained from beef fried with BHT tended 
increase mutagenicity fo/both TA 98 and TA 100 at both levels tested (0.1% and 0.01* of the fat content) in co. 
parison to control samples. Although the basic fraction of the meat fried with 0.1% BHA (group ^BHASinhibited 
some mutagenicity when tested with TA 100 (10.5 revertants/g equivalent of meat), at the 0.01* level BHA inhib 
mutagenicity in the fried meat. However, BHA inhibited mutagenicity at levels of both 0 01 = and 0.L, the | g3). 
content when tested with TA 98. This agrees with the results reDorted by Wang et al_.(1982) and Barnes et aj.( 
Tenox 4 (a mixture of 20% BHA and 20% BHT in corn oil) inhibited mutagenicity oT the fried beef patties at^oth^ 
levels (0.02 and 0.2%) on testing with both TA 98 and TA 100. PG also inhibited mutagenicity with both A 98

The1reasonbthat1BHT1tendsllto9increase mutagenicity and other antioxidants decrease mutagenicity of d.
fraction of the fried meat are still not known. The fat content may also influence the number of colonies ,o 
Results shown in Table 1 demonstrate that meat with 10% fat exhibited higher mutagenicity than that with 5 7. 
Spingarn et al .(1981) also reported that mutagenicity reaches a maximum at 10% added fat and subsequently de
ases.

Summary
It was shown that all tested antioxidants (BHA, PG and Tenox 4) inhibited mutagenicity, except for BHT, which 
tended to increase mutagen formation in both tester strains TA 98 and TA 100 Fried meat containing 10% fatwas 
also shown to be more mutagenic than similarly fried meat containing 5.7% fat. This study cleary demons 
that several, but not all (BHT), synthetic antioxidants inhibit mutagen formation during cooking of meat.
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Table 1. Mutagenic activities (No. of revertants/g
equivalents of meat) of TA 98 and TA 100 with S-9 
mix for basic extract of beef patties.with 
different fat contents fried at 215°C'a.

Fat Content %

Tester 10% 5.7%
Strain

TA 98 249 3

TA 100 3283 7

a^Each value represents six replicates.
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F i g . l .  Mutagenic a c t i v i t i e s  o f  TA 98 and TA 100 w ith  3-9 mix o f  
the b as ic  e x tra c t  o f  b e e f p a t t ie s  (1055 f a t )  f r ie d  w ith  
d i f fe r e n t  an tiox ida n ts  (A O ). Corn o i l  (CO) was used as 
the c a r r ie r  fo r  AO (lm l/500g ). A-No AO nor CO added; B- 
No AO but CO added; C-50mg PG/500g added; D-5mg PG/500g 
added; E-50mg BHA/500g added; F-5mg BHA/500g added; G- 
50mg BHT/500g added; H-5mg BKT/500g added; I-250mg Tenox k /  
500g added; J-25mg Tenox V 5 0 0 g  added.
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