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LAbztract

Advantages and limitationo of various tests for 1ipid oxidation are
discussed. Oxnygen consumption, either by manometric techniques or by
the cxygen elestrode, is of limited use in cooked neats. reroxides
increass regularly only in cured meats, wheyre ferric hemes are not
rresent to decompose the peroxides. Valonaldehyde is an extremely useful
me-sure of 1ipid oxidation in raw, cocked and cured meats, correlating
well with = neid odors. In jryadiated or freeze dried meats held at
room temperature, malonaldehyde and other carbonyls derived from lipid
oxidation enter into secondary reactions with awines and connot there-
fora he used as a measure of lipid oxidation., In such products, hydro-
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carbon assay by gas-sclid chromatography may prove usefuls
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more than hos been raalized o off odirs ever i very lean meais. The

lack of ¢o1id nethods for seasuring such oxidation

s delaved

undesatandiae of Lro role ia Ciavere deiseioriacn aad L4 contrel T s g
prper ta a peeiew of woTh in Sropress An gur ladovaleelias on med] b1
avalunting 138pkd oxidation ned Uhnely appliankion o myious ment predusts,

The schematle rapresencaiion of wartous atoaors Lo the oxidation ana

-
Jort
-
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of aanlytienl procedures which enn b wesd to meansurs roncidity

indicates olge thair Uimdtations (Fig. 1),

The owerail logss of PPA Jeom n meat rrodugd is nol o ralisble

meazure of rapsidity. A very soedd odur oan appesr ot o bime Chen the
lose of FFA 4o too amall %o be measurable by GLO techniques.
Tne aptake of O,, elther by varborg menometric techniques {Greena
<

and Yatta 1966) or by use of o ywlarographic oxypen elactrode hna provsn

wseful in the study of antioxidsnia in cooked meats. The residunl oryrmsu

yptake after enzyme destrustion by thne cooking rocess 1o arporenily malnly

agsocinted with lipid cxildation ond can ke gereatly reduced by suitablis
entivxidants.

The firet velatively stahle intermediates in the owldative proceas are
conjugated hydroperoxides, Pefore these can be mensurec they mual T
quantitatively extrocted from meat, They =nn then be ascayed with reintive
eage, either by & spectrophctometric assay of diene conjugation or by

reaasctions of the psroxide group. Unfortunately, the diene peroxidezr sny




Figure l-5Stages in the Cxidation of Ir'olymsatured Fatty Acids
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show little or no correlation with reancia odor oe with other tests for
rancidity, Ferric hemes nre powerful peroxide decomposers, so that, with
the excertion of cured meats in which the pipgment remains in the non
catalytic ferrous state, peroxides do not build up consistently. They may
decompose almost as rapidly as they form.

It is mainly the carhonyl products resulting from peroxide decsmrosition
and chain scission that are responsible for the off ocdors cheracteristie of
rancid products. General tests for carbonyl products, nlthough useful with
pure fats, have not been successfully spplied to meats, since carbonyls can
arice from many other cources in addition to oxidizing fats. However, the
three C fragment malonaldehyde (f?hydroxy acrolein) appears to arise in
meats only as a result of lipid oxidation. It can be detected in small
concentrations either by its well known reaction with t:iobarbituric acid or
by its differentinl spectrum in acid versus base (Kuon and “atts, 1963).

It has proven highly usaful as an indicator of 1ipid oxidation - nd flavor
deterioration in refrigerated meats although it does not itself contribute
significantly to the off odor (Watts, 1961).

However, malonaldehyde is a highly reactive speci~s. Both the enolic
carbon atom of the &, # uncaturated system (Crawford et al, 1966) and
presumably also the aldehyde group can combine with amine groups of amino
acids and proteins a3 well as other food constituents (Kwon and Vatts, 1964;
Kwon et al, 1965). The extent to which the malonaldehyde is recoverable from
such products under testing conditions may be expected to vary with the type
of bonding and the degree of polymerization. Other carbomyl products,
responsible for off odors, would 2ls0 be expected to react with amine groups

in meat in Faillard-type reactions.




wWhere such secondayry reactions of the carbonyls resuliing from lipid

oxidation become sipgnificant, as for ewample in healt or irradiation sterilized
meats or in dehydrated meats, all of which can be held at roum temperatore

for extended pericds, the only end products of 1lipid oxidation which could

be expected to accwmlate indefinitely are the hydrocarbons. Assay of
hydrocarbons reeultiqg from lipid oxidatlon by gus~solid chromatography

is still at a very eérly stage, but offers poosibilities (Iist et al, 1965).

It is also possible thet at least some fracticn of the lipid hydro-~
peroxides may be reduced to the corresponding alcohel yather than decomposing
to give rancid end products. It has been suggested thal some antioxidants,
such as selenium and swlfur awino acids, may owe their antioxldont activity
to ebility to reduce peroxides (Hamilton and Tappel, 1963). There is little
direct evidence fcr‘thia, but simplified procedures for the preparxation of
purified hydroperoxides (Kckatnur et sl. 1965} will make pousible more
complete studies onlthe fate of such peroxides in the presence of eithex
antioxidants or lipid oxldation catulysts, Mr. Hiranc, in cur laboratory,
is investigating this problem.

With this brief view of the theoretical possibilities for following
lipid oxidation in meats, let us now turn to some actual obserwationz we
have made on 1lipdd oxidation inm various kinds of preserved meats.

Cooked meats have been rather thoroughly explored im recent years.

The gooking itself denatures the giobin and convertis the heme to brown
feyric pigments which act as lipid oxidation catalysts and peroxide doconposers:
Rancidity, as followed by malonaldehyde tests, takes place at all exposed

surfaces. The malonaldehyde follows a typical pattern., incresasing for




several ¢&: ys in the refrigerator and then generally leveling off at a
maximum value usually within the limits S-20 mg malonaldehyde/1000 g meat.
Malenaldehyde walues correlats well with organcleptic evaluations. Peroxide
values,; as might be expested, are low and irregular.

Raw meats have been much less thoroughly studied but here again
malonaldehyde values segm to be the only established method for follewing
1ipid oxidatlon. The sxteni of such oxidation in stored ground meats
correlates significuntly with the conversion of pigments to the ferrie
form. This in turn is correlated with enzymatic reducing activity in the
meat. Malonaldehyde v:ilues usually increase more slowly in raw as comp:red
to cooked meats and tend to level off at lower walues. In a few samples,
the malonaldehyde number never exceeded one, even after 7 days sctorage,
but the usual ronge was 3 to 15 (Hutchins et al, 1966 unpublished). Rancid
odcrz ., correlating with the malonaldehyde volues, are commonly enccuntered‘
and highly objectionable in refrigerated ground meats (Greene, 1966). They
can be prevented with butylated hydroxy anisole (BIA); a food antioxidnnt,

Table 1

TBA numbers snd odor scores for raw beef stored at 0°C for & days

Sample TBA number ®Odor Score
Raw ground beef 4,3 Z.2

Raw ground beef + 0.01% BHA 0.5 5.1

P
difference significant at 0.01%
(6 = no off odor; 1 = very strong off odor)

——. 2 =




With cured meatis. the pigment is not a lipid oxddation catalyst and
rancid odors do not develop rapidly in refriperated cured meatg ag they do

in raw and cooked meats. However, if cured meats are held in a freezer for

some months, salt catalyzed oxidations occur. Both peroxides and malonslde-
hyde builds up and both correlate with rancid odor. Table 2 (Zipser 23“25. 196u).
shows the ratio of peroxide number to malonaldehyde number in cooked versus
cured meats, both stored in the freezer for some montlise

Table 2

Ratio of peroxide number to TBA number in cured vs uncured Trozen ground pork.

_.Peroxide : TBA

Sample Treatment No, of Samples _Range Averape
Uncured : 25 0.52+2.8 1.5
Cured h2 508-27 1l.h

In irradiated meats stored at room temperature, malonaldehyde,

whether added as such or produced =5 a result of lipid oxidation, disappears
during storage (Table 3). 'ie know of no goed way to follow lipid oxidation
in guch produets.

Table 3

Retention of added malonaldehyde in stored cooked irradiated besef

Days in sealed can Malonaldehxdgmgggézooo g _meat)
Uniyradianted rradiated
(freezer) (room temp)
o} bL 4 37,2
k1 ’ 39.3 12.7

104 41.8 6.5

Y — Py " =L el = Sl &



Freguze dried neals vepresent a similar problen. Nr. Seo, in owr

[T

laboratory, is attempting to work out an amalysis for hydrocarbons in

head space gases which may shed some light on lipid oxidation in such
products.
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