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Tavourable substrate for most micro-organisms. When moulds or slime bacteria

grow on chilled meat, a pronounced hydrolysis of fat usually occurs with the
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liberation of free fatty acidas, but the . unpleasant tainted flavours probably

arise in large part f the action of the organis

m on the
connective tissue.
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Microbial growth on fatty t
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y tlssues, can however seriously impair the

stability of %

beef adipose tissue, which

developed a tainted odour was found to give on rendering, a fat which contained

2.66 free fatty acid and which had an induction period before the onset of
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. oxlidative rancidity of only 3 to 15 hours at 70 C. In contre

Tat extracted

from the tissues of

had 4

had an induction period of

150 hours whilst the content of free fatty acid

Oxidative Rancidity.

The most important type of deterioration which affects fats is that

caused by the atmospheric oxidati of"'%
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tlon o thne unsaturated fatty acids T

primary products of oxidation of mono
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mono-etnenold and nonconjugated poly-ethenoid

acids are unsaturated hyd

roperoxides, which
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formed by a free radical chain
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reaction, The autocatalytic nature of the oxidation results from the decomposition

of the first formed hydroperoxides into free radicals which initiate further

reaction chains, Thus the course of the reaction is cha

of limited oxyzen uptake. the induction period, which is followed by a phase of
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rapid oxidation., Traces of pro-oxidant and antioxidant substances exert an

enormous influence on the duration of the induction period,

The hydroperoxides are

iediates in the oxidation process, They

do not in themselves contribute to rancidity, but react further, by fission,

dehydration, polymerization or

to give a wide

degradation products, including volatile aldehydes, ketones and acids which are
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associated with free radical oxidation

oxidation of unsaturated

butter and beef fat are ble ched, and the vitamins E, A4, C and possibly D and K
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(and egg) fats. Thus the linoleic content of hog fat has been varied from %o
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on low fat rations o 925 on soybean I ns . the of -,)/u
linseed oil in the diet of turkeys for eight weeks before slaughter resulted in

the deposition of body fa content which developed

'fishy' off-flavours on

J
The degree of species difference between animals fed on grass pasture is of

interest. The rabbit and horse lay down in their body fats large amounts of

linoleic and linolenic acids derived from the grass and their fats are readily
oxidizable, Indeed in the gutted frozen rabbit, the exposed fat surrounding

the kidneys and coverin; the wall of the
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‘o rancid and
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develop a yellow colour comparati even when stored at -10°C.

Ruminants such as cattle ang hydrogenate in the rumes-much of the
polyunsaturated fatty acids of rass, d their boay and 'at on the same
harder and much more stable teowaras c than those of nor

An increased unsaturation or the body fa+*, however, not neces

to greater ease of oxidation the unsaturated fat
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mey at the same time provide ar. intake of 'natwral' antioxidants, some of

Availability of o a meat product which

reduces the contact of the t of

the development of
i " S he ’r1 1 ) ! Lt s - . £ > 2
rancidity. When there is very little free space 1n a seagdet container the oxygen

present can become exnausted before the developmenu of rancidityv has become
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10°C in an atmosphere of carbon € has veen Iound to deley tvhe onset of

rancidity up to 12 months whilst the control samples in air were definitel

rancid by 4 months, but this process has not beed. used commercially
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Whenever a solid rfat is st rancidity develops first at the exposed

surface and penetrates or

of oxygen through the fat is illust fact that ore bacon, after
act th Y on, after

storace f 3 montha a4 10°0C had & 1 1de i : )
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the diffusion of oxygen is not limiting, the rate of
in a pure olefin has been observed to be independent of the oxygen concentration
at high oxygen pressure thus the oxidation of ethyl linoleate at 25°C only
became dependent on oxygen conce 1tration at oxygen pressures below twenty

nillimetres of mercury. With fats and fatty foods the dependence of oxidation
v

rate on the partial pressure of

Effect of heat and light. Refrigeration is now generally employed where

possible in order to retard both microbial spoilage and the development of

w

oxidative rancidity, In general the rate of oxidation of a pure dry oil or fat

O

1s approximately doubled by a 10 C rise in temperature. In the presence of
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be much smaller,

light or a metal catalyst the coefficie

An exception to the usual rule of higher temperatures leading to reduced

1

storage life has been observed with certain complex foods such as milk powder

and dried herring, and this effect may possibly arise in certain meat products.
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It appears to be due mainly to the production he higher temperature of

substances which inhibit the o3

ion of fat, particularly products of Maillard-
type browning reactions between amino acids and sugars, and liberated sulphydryl
groups of proteins.

At very high temperatures, such as those used in cooking, the oxidation

of fat is greatly accelerated, although the increase may not always be

reflected by increased peroxide values owing to the lability of peroxides to

heat, The effect of cooking on nce of 'natural' pro- and antioxidant

factor:

OT'S 1n a meat product is so drastic ti 1 may safely be made

as to the comparative susceptibilities to rancidity of the and uncooked

fat. One of the desirable characteristics of a chemical antioxidant which is

added to fat before its use in the manufacture of a food is that
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of its activity should 'carry through' to the final product.
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Light accelerates not only the development of rancidity but

)

discoloration of haem pigments in meat products. Illumination of fats not only
b 3

causes more rapid oxidation during the period of exposure to light

but also an

increased rate of peroxide formation after the light is removed. Autoxidation of
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most powerfully accelerated by ultraviolet light and by the blue end of

the spectrum up to a wavelength of sbout 450 mu, Even the comparative yellow
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meat fat itself; haem pigments for exa erols

antlioxidants, Llney may ;) or
intentionally during ma wcture; trace metal contaminatlion from machlnery a
salt used in curing tend to act as lants whilst ¢ can arise

from the addition spices or during smoking. emicals may

be used, in so far ermitted Dby d Regulations,
as additives specifically t nd the storage . of the product
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Aromatic amine derivatives

and petroleum products but have not been wutilised to date in humen food.
3 Presunably this is in the main because of doubts concerning their non-toxicity and,

discolora-

in part perha

tion on oxidation. nyl paraphenylene-

(*Santoquin')

diamine (DPPD) and

ation of

sctive for the stabiliz

have however, been found particularly effe

carotenoids, including vitamin A, and have been
animal feeds. The use of DPPD in poultry feed was however discontinued in the

U.S.A. when the antioxidant was detected in trace amounts in the and

carcases of the birds, and BHT is now used instead.
) The second class of antioxidant chemicals comprise the synergists or metal

deactivators. Substances of this tj ctive or only feeble active
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when used alone, in the absence of primary antioxidants, but function by increasing

Jdallito,

the activity of the latter or inhibiting the

pro-oxidant activity of
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hydroxy aclds,

and A RS g A IRy S
anda various amlino aclds.,

antioxidants. In plant tissues there is a wide distributioa of

A 2 1 .

subs tances as tocopherols, flavonoids, chlorogenic acid and tannina

Lr

which could function as inhibitors of autoxidation. In addition there
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are, in both animal and plant tissues, many substances such as phospholipids

organic hydroxy and amino acids

yl compounds, and ascorbic acid which

could act as synergists and metal deactivato:

The c
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'natural' antioxidant present in animal fat is vitamin B, the

homologues of toc:

0ol, whieh may be present in concentrations of up to about

GO

the diet., This concentretions is less than

vd
0.008%, and are wholly derived

Ooptimal for stabilisation against autoxidat

usualls g 3 ap. - & : i B
12ally Present in vegetable oils and acocount in part for the observed differences

iat 1ln general STabillty and response to added

antl P

ywidanta ™A E %l 12 deer
OX¥lidants., The possibility exist

per
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increasing the stability of an animal fat

by supplementing the tocopherols of the .2iet, but stabilisation in this way is

usually uneconomic bec

depostion in the tissues.,
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'Natural' antioxidants from vegetable sourc ' 2] 1
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c€S may also be added to the

animal fat during the process of ma

icture., The use of splces for flavouring

and preserving foods dates from AT
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J ana recent work has shown that some

opment of oxidative ranciditv
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product to which they are a
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Splces have usually not be identif ied.

Wood smoke has recently been shown to contain many phenolic compounds, m. inly

derivatives of catechol lol, Tests in a model haematin-catalyzed

methyl linoleate €mnulsion system showed

in smoke deposited in the traditional
manner, almost the Whole of the antioxid activity was present in the 'volatile'

0 ® phenol fraction, contain;

~.ng thyl pyrogallol, fualacol, creosol and

i 2-methoxy-4-ethyl phenol
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Pro-oxidant Catalysts, The naem compounds, haemoglobin, myoglobin and the

cytochromes are the predominant catalysts of animal tissue for fat oxidation,
This catalysis takes place particularly i

i systems where both an
aqueous a2nd a lipid phase ast to the well characterised

108

lipozid;ses of vezetable oricin n

from animal tissues have

portant factors in the development of rancidity

The nitric oxide haemoglobin which i

formed during the curing of meat is

‘. 8till an effective catalyst, However heating haemoglobin, muscle extract or meat

¥

Sufficiently to coagulate the 1emoglobin and myoglobin reduces their pro-oxidant

efficiency. Such heating does not destrov

ron porphyrin, which is the active

catelyst, but presumably inactivates it by rendering it insoluble as the protein
18 denatured. A search for practical inhibitors for meat products which would

function by inactivating the haen pro-oxidants has so far been successful,
A g

Insteag a combination of or BHI, NDGA and ascorbic acid has been found to give

the best

protection against the haemoglobin cat

catalysed oxidation of lard, and such

comblnations have also been shown to be effective in prcliminary experiments on

pork

and salmon adipose tissues.,

the presence in fat of trace amounts of metal

million,

can seriously affect the stabi

at towards oxidation, Contamination

of a fatty ¢ % § : % E% e IE :
4Lty food by copper and iron, both potent pro-oxidants, can easily arise as
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a result of corrosion of the manufacturing plant Metal complexing agents, such

as citric acid or the more oil soluble citrate ester

s can be used to prevent the

pro-oxidant effect of the metal
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alscoloration wnicn

otherwise may arise by interaction of iron with wate

o) 3 Ol 1ron with er soluble polyphenolic
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antioxidants., If the metal contamination is 1t

N1 the use of phenolic antioxidants

alone results in very and the metal deactivators

is more important
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Finally comment might be made on the fact that a he curing of meat

results in increased resistance to

ollage, it of'ten enhances the

susceptibility of the fat to o3
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ation, This has been attributed to a pro-oxidant
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Ihe most commonly used chemical test for the detect 1on and estimation of

oxidative rancidity is the det

usual iodometric procedure is a macro-me

thiosulphate of the iodine liberated by the anaerobic reaction of the fat

peroxide with iodide under acld conditions. A new modification of the

11TV

has been developed so that milligram samples may be assayed., The iodine liberated

is now estimated colorimetrically in an acidic aqueous phase which is stabilized

against further atmospheric oxidation whilst s

nlst aay 1ipid material is
rejected in a chloroform phase,
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faowever peroxlidaes are not themselves r esSponsible Ior the "off Tlavours of

rancid fat and it has long been believed tha

a major contribution to these 'off!

flavours is made by volatile aldehydes and ketones produced by degradation of

the Peroxides. A method has therefore been worked out by which these compounds
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“an be quantitatively isolated from tat or oil and then estimated by an
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€Stablished colorimetric procedure ilnvolving the preparation of the 2,4-dinitro-

phenylhydrnzonu derivatives, The technique employed involves distilletion in a
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under a moderate vacuum of 0,01 mm Hg, and
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added to an oil previously stripped of its
with aldehydes ranging in molecular weigcht

(C14)s The Cy4 compounds, butyraldehyde

when solid carbon dioxide-
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these substances was

autoxidized fats the

condensation of b of the total

carbonyls

of

condensa

of 2 to

and 0,5 to 0.7% of those of cotton seed oil, These results
'. small proportion of the formed during
V),
fat are volatile, but this volatile fraction is probably of
determining odour and flavour,
The above studies indicated a need for data on the eff

concentrations
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sossypetin and quercetagetin,
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two hexahydroxyllavones of rather rare occurrence in plant tissues, have been
found to be potent antioxidants for methyl linoleate at 50°C. Certain poly-
phenolic constituents of tea, L-epigallocatechin gallate and L-epicatechin gallate

as well as D-cetechin itself hawe about the
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