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ABSIRACT QF THESIS

The main objective of this work was_to study the antioxidant
-properties of polyphbsphatés in frozen chickens, which were obtained
during supervised factory trials, and to propose reasoné for this
effect. Previcus vork has been mainly concerned with why polyphos-—
phates incrsase the water holding cepacity(WHC) of meat.

Afier a brief review of the types, uses, and effects of poly-
phosphates in the food industry, their specific use and effects in
frozen chicken are discussed. The factors which affect WHC and the
lipid and faity acid compositions of chicken tissues are discussed;
as is the mechanism of the autooxidation reaction, and the theories
ebout the mode of action of polyphosphates.

Lipid and fatty acid compositions were determired by chromato-
graphic methods. The degree of autooxidation was determined by the

thiobarbiiuric acid(iBA) test. The distribution of added polyphos~

(4]

phates and the icnde ccupesition of individual muscles wers -
determined b& Indvetively Coupled Flasma Atomic Emission Specirometry
(ICPAES). The hydwolysis of polyphosphates was studied using thin.
layer chromatography(TLC) and phosphorus—31 Fourier transform nuclear
magnetic rescnance (31P~FTHER). The reasons for choosing these
techniques, and the results of preliminar& tests are given.

Polyphosphate treatment was found to result in cooked muscles having

- reduced TBA numbers and lower levels of calcium and megnesium than

untreated muscles; but to have little effect on chill-water uptake, thaw
and cooking losses, and lipid and fatty acid composition. Added poly-
phosphates were found in thé pectoralis major and pectoralis minor
muscles, but leg muscles contained either none or very small amounts. Poly-
phospﬁaies were found to undexrgo considerable hydrolysis immediately on
mixing with excised muscle, and during prolonged frozen storage of the

whole chicken.
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The general'conclusions concern the lipid and fatty acid
compoSition of chicken muscles, the autooxidation process, and the
scope and reliability of the TBA test.

It was concluded that polyphosphates remove calcium and

magnesiuvm from thawed muscle, and that they perhaps associate with

phospholipids.
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ABSTRACT QF THESIS

The main objective of this work was- to study the antioxidant
properties of polyphosphates in frozen chickens, which were obtained
during supervised factory trials, and to propose reasons for this
effect. Previous work has been mainly concerned with why polyphos-
phates increase the water holding capacity(WHC) of meat.

After a brief review of the types, uses, and effects of poly-
phosphates in the food industry, their specific use and effects in
frozen chicken are discussed. The factors which é.ffect WHC and the
lipid and fatty acid compositions of chicken tissues are discussed;
as. is the mechanism of the antooxida‘bion reaction, and the theories
about the mode of action of polyphosphates.

Lipid and fatty acid compositions were determined by chromato-
graphic methods. The degree of autooxidation was determined by the
thiobarbituric acid(TBA) test. The distribution of added polyphos-
phates and the ionic composition of individual muscles were
determined by Inductively Coupled Plasma Atomic Emission Spectrometry
(ICPAES). The hydrolysis of polyphosphates was studied using thin
layer chromatography(TLC) and phosphorus-31 Fourier transform nuclear
magnetic resonance (31P-F'.ENI'JR). The reasons for choosing these
techniques, and the results of preliminar;v tests are given.

Polyphosphate treatment was found to result in cooked muscles having
reduced TBA numbers and lower levels of calcium and magnesium than
untreated muscles; but to have little effect on chill-water uptake, thaw
and cooking losses, and lipid and fatty acid composition. Added poly=-
phosphates were found in the pectoralis major and pectoralis minor
muscles, but leg muscles contained either none or very small amounts. Poly-
;phospﬁates were found to undergo considerable hydrolysis immediately on
mixing with excised muscle, and during prolonged frozen storage of the

whole chicken.



The general conclusions concern the lipid and fatty acid
composition of chicken muscles, the autooxidation process, and the
scope and reliability of the TBA test.

It was concluded that polyphosphates remove calcium and
magnesium from thawed muscle, and that they perhaps associate with

phospholipids.
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1.1 GENERAL USES OF POLYPHOSPHATES IN THE FOOD INDUSTRY

Polyphosphate is the general term applied to salts of phosphorus
oxyacids which contain more than 2 phosphoi'us atoms. In this thesis, the
term will be extended to include diphosphate salts.

The series of phosphorus oxyacids starts with orthophosphoric
acid which ‘con'ba.ins‘l phosphorus atom bound to 1 oxygen atom and 3
hydroxyl groups(Figure Ia). The series continues with the addition of
orthophosphate groups, forming P-0-P chains. Ring compounds are |
possible, but these are relatively unimportant as food additives. The
sodium salts of diphosphoric acid(Figure Ib) and tripolyphosphoric
acid(Figure Ic) are the most common food additives. However, commercial
mixtures may contain higher phosphates in order to exert a specific

 effect, or to improve the overall solubility of the mixture.

Figure I. STRUCTURE OF ORTHOPHOSPHORIC, DIPHOSPHORIC, AND
TRIPOLYPHOSPHORIC ACIDS

0 : 9 0 9 0o 9
HO-P-OH HO-P-0-P-0H HO-$-0-P-0-P-0H
b= OH OH .. OH 6E OH
a. orthophosphoric b. diphosphoric ¢. tripolyphosphoric
acid acid acid

Phosphate salts are used in many foods and food products in order
to improve various aspects of their qualityl. In the meat industry,
polyphosphates were first used in the preparation of hams and certain
types of sausages, especially frankfurters. Reviews of the earlier uses
have been published by Morsez, and Brotsky and Eve:r:xsson3 who also list the
~ present day uses of polyphosphates in the meat industry.

In general, polyphosphates benefit hams and other cured meats by
stabilising their colour and minimising fluid losses during processingz.
In sausages and other comminuted meat products, the main benefit of
polyphosphate treatment is to aid in emlsification of fats???. Treated
poultry shows a reduction in moisture and cooking lossese, and the cooked

meat is more resistant to oxidative rancidity than the untreated cooked



758 14 is the sodium salts of diphosphoric and tripolyphosphoric

9

meat.

acids which are the most effective in poultry and other meats.

1.2 APPLICATION OF POLYPHOSPHATES TO CHICKEN

It is generally accepted that incorpofation of up to 0.5%.

(as P205) by weight of polyphosphates into meat results in bepeficial
effects, but above this level ,dverse effects such as deterioration of
flavour and appearan@:é may result.9 Table I shows the maximum levels

of phospha.te salts allowed in meat products in the USA and EEC countries
other than the UK, who have yet to provide such legislation.

Since chickens are usually processed as the whole carcase, early
methods of administering polyphosphates involved soaking the eviscerated
ca.rcas;e in a solution of 'polyphosphates. However, the skin and adipose
tissue of chicken act as a barrier to absorption, and the major
disadvantagé of the soaking technique is the long period of immersion

necessary to ensure adequate uptake of phosphate.lo

In fact, early
experiments on the polyphosphate treatment of 'poultry involved soaking
in chill solutions for up to 22 hours.ll Other methods of application

include adding to the cook \*Ja.te:c,lz’]‘3

and post-cook cooling in
polyphosphate soltrt::i.onts.12 Obviously, these 2 methods would be limited
to the retail of cooked chicken. A British pafen‘l:14 states that
addition of solid polyphosphates to the surface of poultry results in
adequate absorption and distribution of phosphate throughout the carcase.
The scientific literature on the polyphosphates treatment of poultry by
injection is scarce. Undoubtedly, much of this work has been carried
out by poln)hospha.fe manufacturers and poultry processers and research
institutes; and is to be found in the patent 1iterature.15 However; at.
least 4 papers have been published which determine the effects of
polyphosphate injection into 'c:h:i.cken.:"z’:"s’]‘7’18 o

Further information about this literature is given in section

1.33.
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Following the development of an efficient gnd reproducible
injeetion unit,19 this method of polyphosphate treatment is now used
commercially for chickens which are to be subsequently frozen. More

20 mhe chicken is injected into both

up~to-date equipment is now available.
sides of the breast with a pneumatically operated hand injector.
' Turkeys over Tkg in weight shbuld also be injected into the thigh

muscles.
To ensure distribution of injected polyphosphate throughout

the carcase before freezing, it is reportedzo that injection should be
carried out after evisceration and before spin-chilling, with a 15 to

30 minute holding period at 0%¢ to 4°C before freezing. However,

Truman and Dickes;zl found no or very little added phosphorus in the .
leg muscles of commercially treated chickens, although'the treated leg
hruscles did contain more sodium than the untreated ﬁmécles. The
phosphorus contents (% wet tissue) of the leg muscles from these treated
.and untreated chickeﬁs were, 0.19 and 0.25, and 0.17 and 0.19
respectively; and the sodium contents, 0.094 and 0.097, énd 0.062 and
0.073, respectively. Since oniy 2 chickens from each treatment were

analysed, these findings are inconclusive.

1.3 EFFECT OF POLYPHOSPHATES ON WATER RETENTION AND COOKING LOSS

1.31 THE WATER HOLDING CAPACITY OF MEAT

All meat has an inherent ability to retain its natural moisture,
which in chicken couprises about 75% of its weight; and to absorb
additional water. This is called the water holding capacity (WHC), and

is affected by properties of the meat, including pH and muscle

21,23 24,25

structure; and by external proqesseé such as rate of freezing.
Further details of WHC are given in section 1.611.

A decrease in WHC results in loss of fluid from the meat, ahd
it is this loss which has presented problems to poultry processers. The

loss of fluid from fresh whole and cut-up carcases (weep) during storage



and marketing, leads to an unsightly packaged product, as well as
‘presen‘ting problems of weightv control. Frozen carcases lose i‘luid_
on thawing, which ma;f be considerable and, coupléd with the cook loss,
may result in a tough dry product. This loss of ability of meat to
hold ﬁa.ter is caused by protein denaturation a:id proteoiysis, and it
is important to remember that both poultry weep and thaw loss result
in loss of p:o'teinacious material from the carcase, which may lead
to a decrease in the mutritive value.25 -
The pH of the post-rigor muscle is one of the factors which
affect these_ protein.changes. The ultimate pH of the muscle after
post-mortem glycolysis is about 5.5, and the WHC is at a minimum at
this point. This is because tl;is' pH is near to the isoelectric point
of the nwoﬁbﬁllar proteins whiéh are primarily responsi‘ble for the
" binding of water; and, therefore, at this pH the proteins carry minimum
nett charge, and their packing density is thus at its maximum and the
hydration at a minimum. Generally, as the muscle pH decreases, the
voiume of thaw loss and weep are increased.24' Cooking also produces a
decrease in WHC because heat denafuration of tissue proteiné leads to

loss of fluids.2? Meat may lose more than 30% of its weight during
cooking. .

1.32 WATER UPTAKE DURING PROCESSING

Poultry comes inté contact with water during the slaughtering
and processing stages, and some of this water will be taken up by the
carcase. Most of this. added water is taken up during the chilling.v
stages, and the amount increases with immersion time, chill water
tempez;ature, and with agitation; as well as being dependent on
characteristics of the individual bird. Very little water is ébsorbed
through intact skin, and the primary sites of water absorption are
through cut and damaged surfa.ces.27 Some of the ﬁater taken up in this

way will be lost on the drip-line following the chill tanks and preceding



the packing table. However, the added water that does remain in the
bird is of concern to 1egislative bodies because'of its doubtful
hygienic status. The chilling procéss has recently been the subject
of EEC legislation.zs‘ However, considerable controversy surroﬁnds :
this 1egislatidn because of its eponomic iﬁplications,29'and doubts
as to whether or not hygiene will be improved since the chilling.
process is not the only stage at which potentially'unmholesome water
may enter the carcaée.27’39 |

A very important.aépect of polyphosphate treatﬁent is that
the injection process inevitably leads to wafer being introduced into
fhe'carcase, and this has Iéd to.consumer and goverﬁmentallcomplaints.
Howevér, the water content of fresh and processed chicken is subject |
to the variations discussed.above, and providing the volume of
pplyfhosphate injection'lieS'withinAaccéptable 1imits, the chicken
‘should bengfit from such treatment. As yet, the UK has no legislation
as to the amount 6f added water permitted, but in the USA the amoﬁnt |
injected is limited to no more than 3% of the weighf of the eviscerated
carcase.v The EEC are expected’to enforce standards for the water o
confént éf poultry for all member éountries.31 Without 1egisiation :
the injection process is open;to abuse; but a chicken containing a
high level of water may infringe other 1egislation.32 It is worth
mentioning that the most common complaint directed toward polyphosphate
tieated chickens:that of “selling'the consumer.water", is entirely
misguided, since frozen chickens are less expensive to bu& per kg‘fhan

fresh or untreated chilled chickens.33

1.33 CONTROL OF WATER CONTENT BY POLYPHOSPHATES

Most of the published work on the effects of polyphosphates on
the moisture content of chickens involves administration of the salts
via the chill-water which necessitates long periods of soak(B to 22

hours). Absorption of up to 10% of the eviscerated carcase weight may



occur du:r:ing these 't;:i.mes,l1 which is tdo xﬁuch by present-day standards -
(see section 1.32). Also, most of this data is of limited use in this
discussion since uptake of phosphate is not calculated, and the
difference between polyphospha.te—treated and untreated samples is not
always tested for statistical significance. Added to these problems
are many ‘associated with the variables due to test conditions and
.chicken type, which makes direct comparison of different sets of results
very difficult. However, a review of the most useful literature does
‘reveal some consistent trends. |

Klose et al,ll chilled hen and chicken fryer eviscerated
: caféases for 22 hours in a 5% commercial polyphosphate solution and
féund a sigiificant decrease in the amount oi“ chill water absorbed due
to treatment. Fryer chickens (1 to 1l.5kg eviscerated weight) absorbed
more water th(an hens (1.5kg eviséerated weight). Treatment also
resulted in a higher mean cooked vield for hens after simmering for 2
hours and fryer chickens after deep-fat frying.

Sche:ﬁmerhorn et al,§ also found a significant decrease in chill-
water uptai;é due 1.;°~ polyphosphate treatment (6 ‘hour chill in 0,8 and 12%
polyphosphate solutions), for eviscerated broiler carcases, which
decreased with .increas:l.ng’ level of treatment. Although the 4% -1§ve1 of
treatment did ﬁot'result in decreased cizill—wa,ter absorption, carcases so
treated, a.long‘with those from the 8 and 12% Polyphospha'be_ solutions, did
lose. significantly less moisture during a 16 hour storage period at 2%
compared to controls. However, this loss did not significantly decrease
with increasing level of treatment. All treatment levels resulted in
significantly increased cooked yields compared to cont:bols wheﬁ the
carcases were cut up and deep-fat fried, although this effect was largely

independant of 'brea'bmeni". level. | There was little difference in effect

" between sodium tripolyphosphate and a commercial polyphosp'hateb at any

- given treatment level.



Schermerhorn and Stadelman, >4

conducted similar experiments to
the above using hens, and found the same trends due to treatment on
chill-water abéorption with little difference in overall effectiveness
between sodium tripolyphpsphate and a commercial polyphosphate.
However, no sigﬁifica.nt differences between treated é.nd control carcases
on moisture loss during storage for 24 hours a'll; 2°C and on cooking loss
e, g (e hene) an eiline (Leht ene) yere motioel glthone:
mean values tended to be lower forpbroilers™ because apart from
variations in breed and cooking method, a different statistical criterion
was used (5% level of probability for broilers and 1‘}3 1éve1 for hens).
These authoi'534 cited Mahon, 1963, who stated that for polyphosphates to
beréffective in controlling moisture loss, 0.3 to 0.5% added phosphate
in the tissue is‘ necessary. Phosphate analyses of the breast muscle
showed that light hens absorbed more than the heavy hens which contained
less than 0.3% i)hosphate after each treatment level. Although there was
no significant difference in moisture loss results, the chill-water
absorption results were statistically significant for light hens when
0.3% or more of phosphate had been absorbed by the breast. However, it
‘was not made clear whether the raw or cooked breast muscles were
analysed for phosphate; and, also, these results must be treated with
cantion since phosphate upteke by breast muscle is unlikely to reflect
- moisture losses from the whole carcase. ILight hens also absorbed more
chill-water than heavy hens and had greater cook losses, although this
was report‘ed to be due to the degree of cooking rather than the cooking
method. This increase in chill-water absorption seems likely to be due
to differing skin/fat ratios rather than the increase in phosphate
absoxrption noted for light hens. | |

Monk et al,3” investigated the effect of cooking method and
post-evisceration chiliing in polyphosphate solutions (5 hour chill in

‘6% commercial phosphate solution) on the co'oking losses of hens and

broilers. Prior to chilling, each carcase was cut longitudinally in
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half and one half treated with polyphosphate and the other used as
coritrol. Phosphate analyses of the raw flesh from 2‘broilers and 2
hens showed that rthe broilers had more than 0.3% added phosphate
while the hens had iess than 0.2%, suggesting greater phosphorus
uptake by broiiers compared to hens. Cooking in an electronic oven
resulted in lower cook losses for all samples than did boiling or
pressure cooking methods, which generally resulted in higher cook
.losses with increasing cooking temperature. Treated broileﬁ:
samples had significantly higher cook 'yields than controls after
each method of cooking, but there was little difference between
treated and contfol hen samples; which could be a result of
insufficient phosphorus uptake.

The e\ffec'blof. post-evisceration chilling in polyphospha‘be
solutions (6 hours in solutions containing 0,4,8, and 10 oz per gallon
of a commercial polyphosphate) on the moisture loss from broilers
during cutting-up and storage at 2°C for T days was investigated by
May et a1.36 In this case the lowest level of treatment »significan’cly
increased water uptake during chilling compared to all other treatments,
but the highest level of treatment significantly decreased water upteke
over all other treatments. All groups lost weight during the cutting-up
process with treated groups losing significantly more weight than |
controls. However, treatment significantly decreased weight losses of
the cut-up carcases during storage, with all the treated portions being
heavier than controls after 7 days. Portion weights increased with the
level of treatment, but the portions from the high and intermediate
treatments did not differ significantly from one another. Cooked yields
were not calculated in this experiment, but Landés,7 directly treated
broiler portions by marination in polyphosphate solution.s at 2°C for 12
hours; and found increased cooked yields after baking, for poxrtions i‘rqm
the 12% marination, but not from the 6%. Phosphate analyses of liéht and

dark meat showed that uptake for both types of tissue from the 12%
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solution was greater than 0.3%, but this was only true for the white
meat from the 6% solution.

The retail benefits of reducing weep from packa.gedv chicken
ﬁa.rts are obvioﬁs, and more recently an injection process for the
polyphosphate treatment of broiler parts suitable for commerci_al use
has been reported.’® Tvo different types of milti-needle injection
units were compared to overnight marination in a 3% c;ommercial poly-
phosphate soiution at 3°C. Broiler legs were injected with a 6%
commercial polyphosphate solufion to give an approximately 8% weight
increase. All treatments resulted in significantlj increased cooked
yiélds after both water cookirig and frying, with no significant-

difference among treatments. However, Farr and Ivlay,lz

reported that
broiler parts injected with a solution containing 10% sodium chloride
~and 5% commerciai polyphosphate had increased cooked'yields compared

to other methods of treatment (addition of sodium chloride and/or
polyphosphate to the cook water or to the post-cook cooling water).
These authors stated 'tha'_b broiler parts so injected had a phosphate uptake
near to 0.3%,and that the ofher 2 methods of treatment resulted in
improved' cooked yields .when 0.2% or more of phosphate was incorporated
into the tissue. However, no analytical data was provided to illustrate
thgse claims or to illustrate thé well-known synergism between sodium
chloride and polyphosphates‘, which seems likely to account for the
superiority of the injection process.

Van Hoof and Daelman,17 reported_the‘ effects of polyphoépha.te
injections at various stages of a commercial processing procedure on the
volume of thaw loss collected dumng 36 hours at +8°C from broiler
| carcases. They found that broilers which were treated with polyphosphates
(présmhably after evisceration) by injection into the breast muscle

. either before, after, or in the absence of spinchilling procedures, had

a lower percentage thaw loss than birds similarly treated with injections
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_of water. Also, the ﬁem thaw loss value of 5 broilers was lower for
each polyphosphate treated group than for the group whichhu_nderwent
spinchilling with bno injection of wé,ter. In contrast, Truma.n and
Dickes,él found 't;ha.t the mean thaw loss value of 8 treated chickens
was higher than the mean va.lﬁe for untreated Birds, but this difference
vas not statistica.lly signii‘icant'. However, tiie amount of fhaw loss
obtained from frozen meat depends on various factors including
temperature of freezing, method of collection, and time and temperature
of 't:ha.v,r:i.nf.g:.z3 ’24’25 Since the results of Truman and Dickes seemed to
have been obta.ihed from chickens purchased from retail outlets, it is
vprobable that érocessing differences caused such variations ‘in thaw
loss volume as to make direct compa::ison'ﬁetween treated a.nd controls
invalid.

_ Recently, Grej et alle have‘reported results on the effecf of
~ commercial polyphosphate injection as practised in the UK (see section.
1.2), on the amount of chill wafer upté.ke and levels of thaw and cooking
losses of broilers. They determined the level of chill water uptake on
about 1000 each of treated and untreated broilers .d.uring normel factory
process:iixg, and found no ‘significant difference due to polyphosphate
treatment, (however see section 3.71)’.' Thaw and cooking losses were
determined for 48 each of treated and untreated broilers, and there
were no significant differences in either va,lﬁe- due to treatment.
- However, the cooked yield of treated broilers was greater than that of
untreated broilers, which they calculated was due | to the retention of
an amount equivalent to Bo%yof the injected fluid. -It appeared that
uptake of phosphate by raw pectoralis major muscle was greater than 0.3%.
These experiments which involved analysing large numbers of broilers
which were obtained during 8 days of normal commercial processing over
a period of 13 months, obviously produced a more accurate account of the
effects of commercial polyphosphate injec.tion than did the previous 2

experiments. Although no overall statistical differences were found
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between treated and untreated broilers, the injection procesé was found
to produce a variable effect on chill water uptake, and also chill water

upteke was found to vary according to the day of the exp‘eriment;

1.34 SUMMARY |
The moisture content of chicken is ‘a.ffec_te'd by polyphosphate

treatment in the following ways:
a) A reduction in the amount of water taken up during chilling when
polyphosphé.tes are added to the chill water, bﬁt a variable and
sfa.tistically insignificant effect on chill water upta.ké when treatment
is by pre-chill injection.
b) A variable effect on tha.vf and cooking losses; but an overall increase
. in cooked yield, whether-'breatment is by soaking in chill solutions of
polyphosphates, or by érefchill injection.

| These effects are apparent when at least 0.3% of phosphate
has been incorporated into the tissue. Application by injection is moxre
rapid and econdmically viabie than by immersing carcases in polyphosphate
solutions. However, the injection process leads to extra wéter being
introducedrvinto' the carcase. This is not 'oif great vimporta.’nce wheh
cdnsidered in conjunction with the normal mQVement of water into and out
of a car;:ase during processing and cooking. However, legislative _
control is required to stop unnecessarily large amounts of water being

introduced in this way.

1.4 EFFECT OF POLYPHOSPHATES ON AUTOOXIDATIVE RANCIDITY

Both raw> 1?3739 ang cooked4o meats develop off-odours
and off-flavours during ’stdraée at refrigeratbr and frozen texﬁperatures.
In fact, Jacobson and Koehl'er4o found that cooked chicken and turkey
meats deteriorated in flavour after 1 to 4 days of refrigerated storage
(4%) and to a 1és'ser extent ‘during_ frozen storage (-20°C). Their
results of organoleptic and thiobarbituric acid (TBA) tests for light

and dark chicken meat appear in Table II.
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TABLE IT
AVERAGE SENSORY RATINGSa AND TBA VALUESb FOR COOKED LIGHT
AND DARK CHICKEN MEAT STORED FROZEN OR REFRIGERATED FOR
1, 2 OR 3 DAYS ' -
40)

(from Jacobson and Koehler

Newly ' .
Cooked Frozen Refrigerated ‘
1 day 2 days 3 days lday 2 days 3 days

Flavour _
.ratings
Light Meat 8.6 8.0 TT ~ TeT Te5 6.0 5.4
Dark Meat . 8;5 7-7 705 7.4 ' 5a9 408 4.1
TBA values
Light Meat 0.80 0.89 0.94  0.88 1.04 1.24 1.48

Darl Meat 1.83 2.10  2.05  1.83 2.08 2.01  2.15
a. Overall flavour rated from 10 to O, with 10 representing
best chicken flavour

b. As mg malonaldehyde per 1000g meat

They found a significant correlation between TBA values and flavour change
for turkey meat, but chicken meat was not tested in this way. The TBA .
test will be discussed in section 2.3 but briefly it is a chemical test
performed on the whole meat sample which measures a by—produc'b of oxidation.
Many terms may be used to describe these off-flavours, but
generally the meat is said to have become "rancid". This deterioration
arises due‘ to breskdown of meat lipids caﬁsed by enzymic and oxidative
at'tack.‘u Lipid is the general term applied to those sﬁbstances which are
insoluble in water, but soluble in organic éolvents, and in meat refers
to hydrocarbons, alcohols, ahd fatty acids a.nd their derivatives.. This
thesis will be concerned with lipid deterioration caused by attack of
atmospheric oxygen, and this process is called autooxidation. It is the
fatty acid components of lipids which undergo autooxidation, unsaturated

’fatty acids being more susceptible to auntooxidation than saturated fatty
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‘acids; and the ease of oxidation increases with the degree of
unsaturation. In fact, Enser > reports that the relative susceptibility
- of oleic, linoleic and linolenic acids to oxidation is, 1:12:100.
Therefore, it is necessary to consider the fatty acid composition of
chicken lipids before discussing their autooxidation and subsequent

rancidity.

1.41 LIPID COMPOSITION OF CHICKEN .
The fatty acid composition and total lipid content of chicken

tissues varies with the type of muscle. An extensive review of post-1960
literature on the lipids of chicken has been published.?’ The total
lipid content of light meat (combined values for breast and wing meat)
was 1.05gm/100gn mscle, and for dark meat (thigh, drumstick and back
tissue) 3.97, for broiler/fryer class of chickens. Higher va.lues.were
obtained for roa.ster. and- stewing hens. The average factor derived from
the literature data for calculating the grams of fatty acid per gram of
tissue fat for like tissues of all three cle;.sses of chicken varied by
less than 1%. Light meat contained an average of 0.8lgm fatty acid per
gram of tissue fat, dark meat 0,86 and skin 0.94. It was established
that the distribution of fatty acids within a given type of tissue
variéd no more among classes of chicken than within a single class.
The major fatty acid constituents of chiéken tissues were found to be
palmitic, oleic and linoleic acids which comprised é.t least 68% of the
total fatty acids in each tissue. The problems associated with |
obtaining reliable data when conducting literature surveys of this
.kind were discussed in a separate pa.per.44

The phospholipids of meat tissues are the primary site of auto-
oxidation due to their high unsaturated fatty acid content and the fact
that they exist in closer contact with tissue catalysts of oxidation
than do triglycerides' (the major component of neutral lipids).45

However, Shorla.nd,39 who studied oxidative development in beef a.nd‘lainb
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during frozen storage, suggested that phospholipids are protected against
autooxidation by their close association with muscle proteins; and that
neutral lipids play the major role in the development of rancidity during
frozen storage of raw meats.

Marion and Woodroof,46 found that the phospholipids in breast,
“thigh and skin tissues contained higher ievels of 18«carbon saturated
and 20-24 carbon unsaturated (3 to 6 double bonds) fatty acids than the.
ti‘iglycerides which contained higher levels of 18-carbon mono- and
diunsaturated fatty acids than the phospholipids. Breast muscles
contained the highest proportion of phospholipids to neutral lipids,

followed by thigh and then skin tissue lipids. Marion and Mille:n"j‘7
found that an inverse relationship existed between the level of

phbsphblipid and the total lipid content of chicken tissues indicating
that higher lipid levels arise primarily from the deposition of neutral
lipids.

The lipid composition of chicken changes during post-mortem

49,50 and cooking;51’5 2 Generally, phospho-

a.geing,48 fi'ozen storage,
lipid content decréases and free fatty' acid and triglyceride content
increases during frozer'; storage and to a lesser extent during 48 hour
post-mortem ageing. These changes suggest phospholipase activity at
fregzer temperature and in the early stages of ageing, and in conjunction
| with protein changes they are important in detémining meat 'Benderness.
FCooking with no édded fat does not greatly change the fatty acid profiles
of tissues,45 although an increase in iiﬁolenic acid due 'to cooking has
been xzto’c;iced.ﬂ’53 |
Factobrs such as age, sex and diet of chickens affects the lipid

composition of their tissues. Edwards et za.l5 4 analysed the entire minced
- carcase (minus feathers) of broilers at 4,8,12,16 and 20 weeks of age,
and found maximum lipid levels at 16 weeks for both males and females.

At all ages, females had a greater lipid content than males. The

percentage carcase lipid varied with age between 6.7 and 13.1 for males
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and between 8.0 and 20.8 for females. The fatty acid composition of
the adipose tissue of these birds iat 12,16 and 20 weeks of age, showed
only smali, inconsistent changes with age and between sexes. However,
the stearic acid content of males was higher than that of fema.les of
the séme age. The same inconsistent changes were found in other
exi)eriments using male broilers at 4,6,8 and 10 weeks of age; except
that the palmitoleic acid content increased with age in both the
abdominal adipose 1;isssu.e53 125 and breast muscle.53

Edwards et a154 cdhducted a separate experiment to the above
using broilers as previously, but housed in smaller groui)s in wire-
ﬂoéred battery brooders and growing pens instead of on shavings like
the previous group. In this experiment, the weight and iipid content
of the carcases at a particular age were higher than for the previous
birds, but again the females contained more lipid than the males at
each age. Thus, environment also affects the compoéition .of chicken.

The previous investigations conceméd total lipid changes in
the vhole carcase, but Singh and }Elsrsza,ry,5 6 found no significant
differences due to age or sex in the total lipid content of either
breagt or thigh muscles of 'broil‘ers, although the combined age values
for each muscle were higher in females than in males. However, it has
been reported elsewhere47 fhat the total lipid of both breast and thigh
muscles of male broilers was higher in 20 week o0ld birds than in 8 week
old birds. |

The effect of diet on the composition of chicken has been studied
extensively, in order to obtain optimum growth rates and to produce a
bird of aéceptable fatness from a flavour and texture point of view. It
becanie clear that the fatty acid compoéiti;on of poultry lipids was
affected by lipid supplements in the diet, and therefore could effect -
the susceptibility of the bird to autooxidative rancidity. Veen,”!

reported results of feeding broilers diets containing 6% added fats
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which were coconut fat, palm kernal 0il, palm oil, animalifat, soybean
0il and hydrogénated fish oil. It seemed prdbabie that-the‘broilers
received the diets until slaughter at 5 to 7 weeks of age, but the exact
experimental details were not supplied. Samples of adipose fat were
taken from 10 birds from each diet group and mixed, and the main fatty
acids determined (Figure II). The characteristic acids of the added
fats were clearly recognizable in the adipose fats.

Edvards et al,’4 determined the influence of dietary cottonseed
oil, acidulated cottonseed soapstock, beef tallow and poultry fat at
levels pf 3.25% in starter rations and 5.25% in finisher rations, on
carcase composition of broilers. Gross body composition was not
influenéed by these supplements, but there was a tendency fdr the birds
whiéh received these supplemenfs to have a slightly higher carcase fat
content than those on the basal diet. This was to be expected since the
supplemented diets had élightly wider calorie:protein ratios than the
basal diet. Generaliy, the whole carcase fat content of all the
experimental birds increased with age, and in females the 1argesf
increase occurred between the 4th and 5th week and in males between the
6th &nd Tth week. The fatty acid composition of the carcase adipose
tissue from 8 and 9 week old birds showed large differences due to diet.
Linoleic a&id accounted for more than 50% of the total fatty acids in
cottonseed o0il and in‘acidulated cottonseed soapstock, and birds fed
these lipids had a much larger linoleic acid content than birds fed the
basal diet, or those diets containing other supplements. Similarly, the
adipose tissue of birds fed beef tailow contained more stearic and
oleic acids than the other birds, since this supplement was very much
| richer in both theée acids than the other fats. Consequently, the
isolated adipose tissue from beéf tallow fed birds was much firmer to
the touch than that from_birds fed more unsaturated fats. The fatty

acid composition of the total carcase lipids from 8 week old birds
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showed similar changes due to diet, but contained more palmitic acid
than the adipose tissue lipids.

Jen et a1,55 investigated the effect of corn oil, lard, beef
tallow and hydrogenated coconut oil added at a 10% level to the finisher
rations (at 4 weeks of age) of broilers, on the fatty acid composition
of the abdominal adipose tissue. Again, it was found that the fatty
acid composition of the total lipid extracted from the adipose tissue
tended to reflect the fatty acid composition of.the dietary fats. Thése
fatty acid patterns were incorporated into the tissue within 2 weeks of
starting the experimental diets. The neutral lipids of adipose tissues
had similar fatty acid patterns to the total lipids from the corresponding
tissue, but all neutral lipids had a higher percentage of saturated fatty
acids andla lower linoleic acid content than the total lipids. No
significant differences in flavour or rancidity (as measured by the
thiobarbituric acid test) due to diet were apparent in freshly cooked
skin ané adipose tissue from 10 week old birds. However, Marion et al,58
reported a correlation between TBA numbers of raw breast muscle after 12
days' storage at 2°C and the diet which the broilers had received. They
reared broilers to 58 days of age on rations differing in protein level
(16 or 24%), and in type of supplemental fat (5% of coconut oil, beef
tallow, safflower oil, or menhaden oil). The total lipid of the breast
muscle was separated into neutral lipids, and the phospholipids, cephalin
and lecithin. All the lipid fractions showed fatty acid changes due to
the different dietary fats. The neutral lipid fractions exhibited most
pronounced changes in the 16~ and 18- carbon fatty acids; whilst the
phospholipids showed most marked changes in the longer chain fatty acids.
The TBA Numbers were generally higher for the muscles from the birds fed
the high protein diet, and the highest values were obtained from the
muscles of the birds fed menhaden oil, which resulted in higher levels

oq 20~ to 22- carbon polyunsaturated fatty acids than the other dietary
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fats. These resulis were in agreement with those of a similar
experiment?9

In all the preceding papers, high levels (5% or more) of lipid
supplements ;ze:r:e a:dded to the rations of experimental birds, but Bartov
a'.ndv Bomstéin,eo determined the minimum levels of ;lietary vegetable
oils which have an effect on the composition of carcase.fat. These
vegetabie oils were supplied by either soybean o0il added to the starter
rations or derived from the dietary grain (corn or milo). The addition
of 0.3% soybean oil or 20% yellow corn or 40% milo, caused marked
increases in the degree of unsaturation of abdominal fat as compared
to control diets. This increase was caused mainly by an increase in
linoleic acid, and resulteci in increased susceptibility to oxidation
(as determined by the TBA test). Higher levels of dietary oils
caused further increases in unsaturation of abdominal fat. These
increases decreased the oxidative stability of the abdominal fat when
soybean o0il or milo was added, but not when corn oil was added. This
was thought to be because diets containing corn oil had a higher
natural antioxidant (a~tocopherol) content than the other diets, and
that this fact could also partly explain the fact that 1inoléic acid

derived from corn oil was deposited into adipose tissue at a signifi-

cantly higher rate than that derived from milo or soybean oil.

1.411 Summary

The main fatty acids present in chicken tissues are, palmitic,
oleic and stearic acids. Phoépholipids contain more long chain poly-
unsaturated fatty acids than neutral lipids, and are thus more
susceptible to oxidative rancidity than neutral lipids. The fatty
acid composition of carcase lipids tends to reflect the fatty acid
composition of lipids present in the diet. Age and sex have little
affect on the fatty acid composition of lipids, but have an affect
on the total lipid levels, which increase with age, and are higher

in females than in males.
19



1.42 MECHANISM OF AUTOOXIDATION

Autooxidation is a free-radical chain reaction, believed to
involve 3 sta.ges:6l
(1) Initiation This step involves the breskdown of unsaturated

fatty acids to form free-radicals,

initiator . R* + H°
RHE ‘ ’ ,
fat molecule

and constitutes the induction period, which is the time that elapses

before rancidity becomes organoleptically detectable. Initiators

2 64,65

hea:l;,63 and heavy metals especially copper and iron.
66,6T,68,69

include, 1igh't'.,6
Oxidised meat pigments may also act as initiators
(2) Propagation The free-radicals formed during initiation combine with
‘atmospheric oxygen to form peroxide free-radicals, which then act as.
seéondary initiators in the initiation process by reacting with
substraté to form more fatty free-radicals and hydroperoxides:

ROO*

R+02 3

ROO° + BRH s ROOE + R'

It is thought that all hydroperoxides are odourless and tasteless,7o

and it is therefore the. decomposition products of these hydroperoxides
vhich are responsible for the off-odours and off-flavours of rancid
fats. Breakdown of hydroperoxides via the weak 0 — O bond is the
expectéd mechanism, but thermodynamics predicts degradation rates of

2 to 105 times slover than actually found at temperattzréS' of 60°¢C

1

10

to. 100%.7 In fact, the degradation process is catalysed or

71

"molecularly assisted" by agents such as, metals, acids, bases,'™ and haem

12

compounds. Transition metals are thought to increase the rate of

decomposition of hydroperoxides to free-radicals, by a series of one

electron transfer reactions :61’71

ROCE + MYy RO" 4+ OH 4 wOF
'ROOH + 10V L RO, + E' + M
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The freé-radicals may then break down according to the following schemebz
BER, = Bt Ry §TE

to form aldehydes; and alcohols and hydrocarbons may be formed by the

alkyli free-radical gaining OH® or gaining or losing H.

However, this simple mechanism does not account for all of the
oxidation products found in fat systems; presumably because of the many
side reactions which may take place, and many further investigations
have been carried out; for example, those by Lilia.rd and Da.y,73 Loury,74
and Michalski and Hemmond.!?

(3) Termination The chain reaction may be terminated by deactivation
or destruction of the free~radicals. This may occur when the free-
radicals which have accumulated during the propagation stage, react with
each other to form inactive non-radicals, thus slowing down the oxidation
prbcess:

R®* + R - RR

RO ’+ R02 ; ROOR + O

2 2
However, the chain reaction may be controlled by antioxidants, of which
there are 2 types: those which act as free-radical scavengers, and those

which inhibit the production of free-radicals. The general mechanism

for the destruction of free-ra.didals is:76
RQ-2 + | AH s ROOH + A
oxr R + AH RH 4+ A

where AH is an antioxidant, ROOH is a resonance stabilised hydroperoxide

vwhich is incapable of breaking down to form oxidation products, and A®

is a relatively inactive radical. Pokorny76 gives a detailed account of
thése reactions. Such antioxidants include synthetic free-radicai

| scavengers such as butylated hydroxyanisole(BHA) and butylated hydro-

xytoluene(BHT) ,77 and a wide range of naturally occurring compounds

78

such as tocopherols.

Prevention of the production of free-radicals is most commonly
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achieved by deactivating transition metals, which are the major
catalys*l‘;s of the initiation process. These metal chelating agents
j_.nclude, citric acid, ethylenediaminetetraacetic acid, and phosphoric
acid. The metals present as simple fatty acid salts are effectively
deactivated, but those present in more complex _cOmpounds such as metal
porphyrins are not?l Often, a combination of antioxidants are used to.
increase the antioxidant activity i.e. a synergistic mixjture.76’79 .

Non-lipidic substances present in meat, such as proteins, may
also have an effect on the autooxidation process. Proteins may react
with the oxidation products which cause the off-odours and off-flavours,
leading to their destruction ox modification.so Also, metals, in
addition to being major catalysts of initiation and hydroperoxide
decomposition, may, under certain conditions, terminate the chain
reac‘bion.el

The additibn of anti-oxidants to food substances is controlled
by legislation, a.nd the conclusions of the FAAC Report, 1974, on the
Antioxidant in Food Regulations, 1966 and 1974, has recently been

reviewed. 82

1.43 INHIBITION OF AUTOOXIDATIVE RANCIDITY BY POLYPHOSPHATES

Polyphosphates, alone, and :m synergism vﬁth other salts
(usually sodium chloride) inhibit oxidative rancidity in cooked meats. 2
They are generally thought to be ineffective in raw mea:l:,83 but it has
been reported that a conmei‘cial tripolyphosphate mixture delayed the
onset of rancidify in raw turkey breast and leg ﬁuscles.84 Orthophosphate
- salts are not effective as a.ntio:n'.dants,s’85 but the other salts commonly
’used in the poultry industry (di-,tripoly- and hexametaphosphate) are.
Some of the literature reviewed in section 1.33 on the effects
of polyphosphates on water refention and cooking losses in chickens,
also demonstrated the antioxidant effects of polyphosphates. On;y Vthe
results of rancidity tests aild necessary experimental details will be

discussed here, since full details of the experimental designs . ..
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were_given earlier.

Organoleptic tests, of which one criterion to be judged was
rancid flavour, were performed on pre-cooked frozen bioiler quarters.7
With the exception of the initial storage period (o months), the
intensity of rancid flavour was greatest for untreated quarters, the
difference being significant at the 6 month storage period.

Organoleptic and thiobarbituric acid(TBA) tests were performed
on brecookeﬁ (water cooked and then fried with or without batter.and
bread coating) broiler legs during either refrigerated storage for up
to 3 days, or frozen storage for up to 9 months.16 The treated coated
fried parts were less rancid than controls after 1 to 3 days
refrigerated storage, as determined by both prganoleptic and TBA tests
(uncoated parts not tested). Frozen parts were only fested organolept~
ically, and showed decreased rancidity for all treated samples compared
to controls. The difference became significant after 3 months storage
for uncoated parts, and after 6 months for coated parts. Theie were no
significant differences among types of polyphosphate treatment.

The rate of oxidative deterioration as determined by TBA tests,
of precooked broiler halves was significantly reduced due té'polyphosphate
treé:bment.l2 In fact, uptake of only 0.04% phosphorus (as P205) from the
post-cook cooling water, resulteéd in reducédvTBA values cdmpared to
controls, and further, the EBA values decreased as percentage uptake
increased. No effect on cooking losses was evident at these uptake
levels (0.04 to 0.15% oné)' In a further expefiment, it was found that
immersion for only two minutes in a 5% polyphosphate post-cook cooling’
solution, resulted in reduced TBA values after 24 hour and 7 days
refrigerated storage, the TBA values being 3.50,0.49 and 12.50, 3.65
for 24 hour and 7 days storage respectively. No added phosphate was
detected in these samples. Unfortunately, organoleptic tests were not .
performed, and so these surprising results could not be correlated‘wifh

~actual flavour diffeiences. However, Thomson,86 did find differences
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in rancid odour after less than 0.20% phosphate (as P205) had been
incorporated into chicken tissue. A commercial mixture of sodium
“tripolyphosphate was added to the chill water during commercial
processing of fryer chickens which were _’chen cooked and stored for up
to 14 days at 4°C. The average deé‘ree of off-odour was less than "very
slight" for phosphate treated samples from the lst until the 7th day of
stoi‘age, and varied between "slightly strong" and "medium strong" in
control samples. TBA values vﬁried between 0.7 and 2.6 for treated,
and 4.9 and 6.6 for controls during this period. These results there-
fore, demonstrated the antioxidant effect of relatively low added
phosphate levels, by both cheﬁical ‘and oréanoleptic tests. |

It is important to note that there are several types of TBA

test, of which two are commonly used.87’88

The latter is usually
carried out in conjunction with a calibration procedure, and the
results expressed in terms oi‘v‘JIBA Number, which is defined as mg
malonaldehyde per 1,000 gm sample (see section 2.3). The results
obta;ned from all the methods not usingAa calibrationb procedure, are
expressed in terms of TBA Values which have arbitrary units. Values
of between 0.5 and 1.0 for both TBA 1~iu.mbe:css88 and Valuese7 have been

found to correspond to the threshold of rancid flavour.

.l. 5 OTHER EFFECTS OF POLYPHOSPHATES
1.51 COLOUR |
' Generally, polyphosphates have a beneficial effect on the
colour of all treated meats, because their antioxidant properties result
in the inhibition of .i'ading of the natural meat colour which aécompanies

oﬁ.détion.9 .
' However, it has been reported that the skin surface of poultry
had a bluish cast after immersion in a polyphosphate chill solution,6’11’
which was noticeably different from thé natural cream colour of untreated

birds. The intensity of the blue colour increased with the concentration
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of polyphosphate, and was alsq detected below the surface of 'the sk:i.n.6
However, in both cases the colour of the treated cooked products was
not noticeably different from ‘bhaf of the controls. This effect on
colour could be due to over-application of polyphosphates, but the
upta.ké of phosphbms was not determined in either of li;hes.e reports.
When high levels (0.5,1.0 and 2.0% w/w) of polyphosphates were
incorporated into raw minced chicken meat, the colour of the cooked
products da.rkenéd (as measured by diffuse reflectance using a colour
difference méter) with increasing levels vof pclz,rAphospha:l:e.5 There was
a highly significant negative correlation between di‘ffuse reflectance
values‘and the level of treatment. The colour was found to be

"unacceptable" at the 2% level.

1.52 FLAVOUR
The most important effect on flavour is the reduction in off-
flavours in treated chicken due to the antioxidant properties of
polyphosphates. However, the use of all food additives are subject to
legislation, of which their effect on the natural food flavour is an
important consideration.
A salty fla,voﬁr is sometimes associated with polyphosphate:

concenteed icr\s ' cf-‘slos phate. 11 '

treatment, but this may be due to high Xlose,

reported saltiness in hens which had been soaked for 22 hours in a 5%
chill solution before cooking, but no saltiness was detected in fryer
chickens vwhich received similar treatment for 3 or 22 hours. Levels

of phosphorus uptake were not reported. This salty flavour was also
noted by F:t'oning,5 after addition of 0.5,1.0 and 2.0% of polyphosphate
into minced chicken meat, but was only found to be objectionable at

the 2.0% level. Polyphosphate added to the cook water of chicken parts,

was found to produce a salty taste above 4.0% addi’cion.lz

7

Landes,' reported a baking soda-like flavour in treated broiler

quarters, which increased with the level of polyphosphate treatment (12
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hour immersion in chill water containing 6.0 or 12.0% polyphosphate),
and reduced the over-zll flavour ratings for treated parts coﬁpared to
controls. Chicken and meaty flavours were also reduced by polyphosphate
treatment, as was rancid flavour. Uptake of phosphorus (as P205)
appeared to be above 0.5%, and therefore the deterioration in overhéll
flavour could be attributed to o#erhapplication of'polyphosphate.

| The over-all flavour of white and dark meat from broilers chilled
for 6 hours in polyphosphate solutions (4,8 or 10 ounces of polyphosphate
per gallon of water), was not significantly different from controls, but
treated groups had higher mean flavour scores than controls.36 This

7

apparent contradiction between these and Landes’' results for over-all
flavour could be due to the different levels of treatment, but it is
worth noting differences in organoleptic tests.. The term “flavour",
used in May'336 tests, is very vague, and the results probably reflect
increased rancid flavour in controls compéred to treated samples;
especially since the samples weie cooked and tested organdleptically
after 7 days storage at 2°C. This one case points to the fact that
organoleptic results from different sources are not easy to compare.

Cut-up chicken pieces which were marinated in a 5% polyphosphate
solution for 12 hours, and then dipped in a mixture containing poultry
Seasoning énd salt before cooking, showed no differences in flavour due
to treatment.89 It 1s not possible to compare these results with the
others quoted here, since the addition of seasonings could have maskéd
any salty flavour due fo treatment. Also, the terms used in the
organoleptic test were wvague. |

It is thought that carbonyl compounds are responsible for the
"chicken" aroma of cooked chicken, and sulphur containing compounds for

90

the '"meaty" aroma. These workers found that polyphosphate (at 1.0
and 2.0% levels in chunks of canned chicken meat which were heat
processed at 121°C for 55 min.) caused increases in meaty aroma and in

the hydrogen sulphide and methyl mercaptan volatiles, compared to controls.
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The 1.0% level of treatment produced better average aroma scores than
the control, but the 2.0% level was judged to be less acceptable than
the 1.0% level, because of an extremely strong meaty odour. Carbonyl
volatiles were reduced due to treatment, but corresponding sensory
tests for chicken odour were not performed. TBA values were reduced
due to treatment, but there was no difference between treatment levels.
Also, when polyphosphates were added to fresh, minced broiler meat
prior to TBA tests, no difference due to treatment was apparent. It
was therefore assumed that polyphosphates inhibit malonaldehyde (the
oxidation by-product measured in the TBA test) production during heat
processing, and the reduction in total carbonyls due to treatment was,
at least in part, due to the antioxidant properties of polyphosphates.
This effect was also tﬁought to account for the improved aroma scores
of treated samples comparéd to controls. Samplés of meat and depot
fat were cooked under oxidative conditions, and polyphosphates were
found to greatly affect the formation of sulphur containing and
carbonyl volatiles during cooking. Again,vmeaty aroma and sulphur
containing volatiles increased with treatment, and carbonyls decreased.
The reduction in carbonyls was greater in meat than in depot fat, and
no sulphur containing volatiles were detected for either control or
treated samples of depot fat. The effect of cooking éhicken with

: polyphosphates, on the carbonyl volatiles has been studied in greater

detail, using chromatographic techniques.91

- Treatment caused a
reduction in dicarbonyls, methyl ketones and 2,4~ dienals, but there

were no qualitative differences between control and treated volatileé.

1.53 MICROBIAL SPOILAGE

Some evidence exists to show that polyphosphates exert anti-
microbial activity in foodstuffs.92 This‘survey92 lists the effects of
polyphosphates on various bacteria and the patented claims for the

antimicrobial effect of polyphosphates as well as discussing their
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‘specific effect on the keeping quality of foodstuffs, including raw
poulfry. Generally, the antimicrobial effect of polyphosphates is
thought to be due to their metal chélation properiies.
Spencer.a.nd‘Smithﬁ5 found that chicken fryer carcasés which
were chilled for 6 h@urs in a solution of a commercial polyphosphate,
shdwed a reduced rate of microbial spoilage, as measured by plate
counts, U.V. fluorescence, ahdvoff-odour, compared to controls. The
shelf life of treated carcases was increased by 1 to 2 days. In more
detailed-experiments Steinhauer and Banwart,94 determined the effect
of tripolyphosphate and a commercial mixture of polyphosphates on the
different spoilage organisms present in poultry. They chilled broiler
carcases for 6 hours in &% solutions of the polyphosphates, and then
sampled fhe breast area of each during storage at 5°C. Treatment did
not appear to alter the type of organisms present, but did result in
lower average bacterial counts compared to controls. The differences
in total and proteolytic counts were‘not significant; but in one
experiment treatment with the commercial mixture of polyphoéphates
resulted in a significant drop in the number of lipolytic typé micro-
organisms. Both treatments inhibited odour production, slime formation,
and discplouration of the carcases during storage. In fact, after 20
dayé storage, the treated carcases gave off only a slightly noticeable
putrid odour and had maintained their natural bluish colour, whereas, |
the controls gave off a strong putrid odour after only 16 days of
stoiage, and had turned a yellowish'colour. Slime formation was
obée:ved over the whole of the control carcases at 16 days of storage,
when the treated carcases were just beginning to show slime areas.
Elliott et a1;95 found that both a commercial polyphosphate and
an equivalent mixture of chemically pure polyphosphates inhibited the
growth of nonfluorescent pseudomonads in a synthetic medium, but

fluorescent strains grew after a short time lag. However, in the mixed
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‘ culture of chicken spoilage, oniy when polyphosphates were present in
.overwhelming amounts (8% solution), and in intimate and continuous
contact with the spoiling surfaces, did they completely prevent growth
.of the nonfluorescent organisms. Growth of the fluorescent organisms
was delayed by both the 3% and 8% solutions of the polyphosphates.
Overnight chilling of chicken carcases in the 3% and 8% polyphosphate
solutions lengthened théix subsequent sheif life 17 and 25% respectively.
Chickens held in continuous contact with these solutions during storage
at 2.2°% kept 17 and 67% longer respectively. These authors also |
invesfigated the mode of acfion of polyphosphates as antimid;r:obial age;its
and concluded that this was not due to pH changes, but rather by
chélation of metal ions essential to the growth of bacteria.

A1l of the above invéstigati‘ons- were carried out on whole

96 investigated the effect of

chicken ca:bcases, but Foster and Mead,
added polyphosphates on the survival of saimonellae in minced chicken
breast and leg muscles. The minced muscles from freshly slaughtered
chickens held at 1°C overnight, were treated with 0.35% of a commercial
polyphcspha,te, and inoculated with 5 different salmonella cultures.

(S.typhimurium, S. agona, S.cerro, S.haardt, S.livingstone). Samples

" were stored at -20°C,-5°C,-2°C and +1°C, and the resulting trends

observed fbr all 5 strains of salmonella were similar. Consequently

only survi{ral data for S.typhimurium were given in detail; and these’
'results are given in Figure III. = In the absence of polyphosphates,
survival of the test organisms was greatervin breast than in leg muscle
at all 4 temperatures. .Po'lypho‘spha.tes increased the death rate in
'breé.st at -200 and - 2000, but had little or no effect on leg muscle
at any temperature, Type of substrate and pH were found to influence
the survival of salmonellae at -2°C, which was very much greater in
hydrogen iodide bioth at pH 5.8 and 6.4, than in breast muscle at its

normal pH of 5.8 and leg muscle at its normal pH of 6.4. Addition of"
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hydrochloric acid to reduce the pH value of leg to 5.8 increased
survival, but raising that of breast to 6.4 by the addition of
sodium hydroxide had 1little effect. Addition of polyphosphates
~increased the pH of both muscles by 0.4 units, but the difference
between treated breast and leg muscles could not be explained

solely in terms of pH.
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1.6 MODE OF ACTION OF POLYPHOSPHATES

There is no one hypothesis which fully explains the effects of
polyphosphate salts on meat. The action of polyphosphates on water
retention in raw meat has been investigated extensively, and the
theories put forward to explain this effect have been extended to
include cooked meat products, and even to explain the antioxidant
properties of these salts. In fact, the antioxidant properties of
polyphosphates are not well understood, but in order to study this
effect it is necessary to summarise the theories concerning water
retention and cooking losses.

1.61 ACTION ON WATER RETENTION

1.611 pH and Ionic Strength

Increases in ionic strength and pH cause the water holding
capacity of meat to increase. Generally, this effect is noticed when
the pH is greater than the iso-electric point (about pH 5.0) of the
major muscle protein, actomyoéin. At this pH the WHC is at a minimum
due to maximum attraction between proteins, but on increasing the pH
and salt concentration this attraction is decreased allowing entry of

water. A full account of these effects appear in the review by Hamm.22

This revigmzr also summarises the current understanding of the
stafe of water in muscles. About 5% of the total water is tightly
bound to the myofibrillar protein molecules as hydration water and is
hardly influenced by changes in the structure of the proteins during
rigor, cooking etc., and does not freeze at normal freezer temperatures.
This fraction is usuallﬁr referred to as "bound" water. The remaining
95% of water is referred to as "free" water, although it is more or
less immobilised within the system of myofibrillar proteins. Part of
this water may be squeezed from muscle by low pressure, while s‘ome is
strongly immobilised and can only be expressed with difficulty, but
there seems to be a continuous transition between these 2 states.

Therefore, calculation of the WHC of a muscle system depends on the
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method of measurement of this "free" water. It is this "free" water
which ié strongly influenced by changes in the spatial molecular
structure of the muscle filaments, brought about by changes in pH and
-ionic strength.

Alkaline-poiyphosphate salfs cause increases in both pH and
ionic‘strength'of treated muscles, and therefore, on this basis alone
Qould be expected to increase WHC. However, experimental results97
show that diphosphate, and to a smaller extent, tripolyphosphate,
ﬁave a specific effect on WHC, which cannot be explained solely in

bterms of these two factqrs, since compared to the longer—chain
phosphates, they have neither a high pH nor ionic strength. 4lso, in
practical terms the addition of the recommended amount of polyphos-
phates to meat (about 0.3% as P205) is not likely to cause a
significant increase in pH. | o

However, it is worth mentioning the détailed work of Sherman,98
who investigated the effects of sodium chloride and polyphosphates
(tetrasodium diphosphate and a commercial mixture) on the fluid
rétention of fresh pork at o and‘IOOOC. He found that fluid retention
at both teﬁperatures depehded on the solufion—meat ratib, and on the

method,uégd for its determination. ‘These facts may, in part, account
for the appérent contradictions in the litgrature reviewed by Iles,9
f.aﬁd in section 1.33. TFluid retention at both tempefatures improved
- with incréasing concentrations of salts. At OOC, fluid retention of
'ithe.phbsphate treated meat aftér ageing was significanfly correlated
with the pH of the aged mixtures, which must be above 6.25 in order
to improve fluid retention. No éuch relationship was found for
retention of fluid from sodium chloride solutions, where the pH of
the aged meat-solutions depended on the original pH of the meat.
Fluid retention at 100°C did not correlate with pH for either salt -

or phosphate-meat solutions.
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Sherman studied the actual absorption of ions by meat
proteins and concluded that the ionic strength of the additive
solution was important only in so far as it controlled the rate of
ion absorption by proteins. The greater the ionic strength the
greater the absorption of ions. This theo:y was extended by later
studies,99 when it was found that at 0°C the influence of alkaline
polyphosphates on water retentioh in fresh pork was related to iomnic
absorption. Cations were preferentially absorbed, but the effect
was very pH dependent with the difference between cation and anion
‘absorption decreasiﬁg with increasing pH. Thus, phosphate ion
absorption must be operative in some way. However, at 100°C the
primary factors governing fluid retention were protein changes
related to the influence of heat and the amount of actomyosin
solubilised (see section 1.613) at 0°G Water retention from sodium
chloride solutions at both temperatures was linearly related to the
concentrations of ions absorbed, with cations and anions being
absorbed to approximately the same extent.

Hamm, 1955,1960, and Hellendoorn, 1962 (cited ﬁy Iles,9) and
Benda:l.l,97 all found that when comparison of various phosphate salts
were made at a controlled pH, then diphosphate and tripolyphosphate
were more effective in increasing water retention than the others.

The results presented above point to the fact that ions are
actually absorbed by meat proteins, and that the effect of added
phosphate salts may not be explained solely in terms of ionic
strength and pH.

1.612 Chelation of Metal Ions

As we have discussed in the previous section, an increase in
ionic strength or pH of meat causes the attraction between proteins
to decrease, so0 allowing water to enter. A similar effect could be

envisaged if the calcium and magnesium which bridge muscle proteins
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were to be removed. However, if this were true, then removal of these
metal ions by any means should result in increased water retention.
Hamm and co-workers, 1955-60, 1970-T1 (cited by Iles9), considered that
EDTA a.nd oxaiate, both ca.lcium-compleﬁcing agents, did increase .muscle
hydratioﬁ. However, Sheman98 found that EDTA had little effect on

water retention in pork. Perhaps, as pointed out by Hamm,l 00

the large
EDTA molecule is prevented from approaching protein-bound metal ions
because of steric reasons. |

It has also been demonstrated that 60% of the cé.lcium and 20%
of the magnesium is firmly bound to muscle proteins and is therefore
thought to be unavailable for reaction with added chelating agen’cs.lm'
This was demonstrated by dialysis and extraction-centrifuge procedures
vwhich were used to determine the aﬁxou.nts of free and bound metals.
Only metals not _bound to proteins wou;l.d pass through the dialysis
tubing or into the supernatent during centrifuging. Addition of 0.4%
polyphosphates (ortho=-,di-,tripoly- and glassy phosphates) did not
alter the amounts of calcium or magnesium remaining in the meat (1~
dorsi beef muscle) aftezf dialysis of both the raw meat and that after
heating to 70°C, compared to sodium chloride/meaf standards (2.0%
sodiunm chloride). Similar reéults were obtained by the centrifuging

procedure for raw meat.

Baldwin and debian,loz studied the distribution of calcium and

magnesium in muscle (hip of beef) in greater detail than Inklaar Ot
by determining a) the tot;l calcium and magnesium in the meat, b) the
' total in the juice expressed from the meat, c) the total in the ultra-
filtrate of the juice i.e. the totél soluble calcium and magnesium.
The total amounts of protein-‘bound metals éppea:ced to bbe similar to
those reported .by Inklaar. However, the soluble protein-bound calcium

increased and the insoluble protein-bound calcium decreased as the

chain length of the phosphate additive increased. This suggests that
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added phosphates remove calcium from its bound state wi'th‘insoluble
: protein. The most effective ,calciuin—complexing salts were sodium
tripolyphosphate, sodium tetraphosphate and sodium hexametaphosphate,'
with sodium diphosphate having some affect and mono- and di-basic
phosphate :
sodium , Jlittle or no complexing ability. They reported that the
magnesium equilibrium was not affected by added phosphates, but their
results did show similar trends as for the calcium equilibrium when
sa.mplesi irere treated with diphosphate. Thus, tripolyphosphate was
found to complex calcium more strongly than magnesium; and diphosphate,

magnesium more strongly than calcium; which corresponds to their known

~ relative affinities for these metals (see also section 1.613).

1.613 Analogy with Adenosine Triphosphate

We have seen that pH, ionic strength, and perhaps metal
chelation, partly explain the changes in WHC due to added salts.
However, it is obvious that certain phosphates exert some specific
effect other than these.-

Adenosine triphosphate (ATP) is biologically classed as a
“high energy comi)ound" because the diphosphate a.nd triphosphate bonds

possess a relatively large standard free energy of hydrolysis:

0 0 0
" H U]
A—O—}’-O'V."P-O*’?-OH
OB OH OH
A = Adenosine ‘ '~ = high energy bond.

The release of this "stored" energy on hydrolysis of ATP to
adenosine diphosphate (ADP) is the key to many biological reactions.
The main contractile prptein, actomyosin, which is made up of strands
of actin and myosin, is thought to gain the energy for dissociation

by myosin-activated ATP hydrolysis. The book by :Benc“ia.ll,lo3

explores
these reactions in great detail. During rigor when ATP can no longer
be synthesised, the actin and myosin recombine forcing water out of

the myofibrills, which in combination with a drop in pH, leads to a
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loss of WHC. Also, uncombined actin and myosin are more soluble than
the combined form, thus allowing greater water retention when the
proteins are separated. If polyphosphates were to splif actomyosin
then WHC would increase.

.'Bendall,97 was the first to suggest this analogy with ATP, on
the basis of the obvious structural similarities between ATP and di-

104,105 o i1died the

phosphate and tripolyphosphate. Yasui et al,
reacfions of added polyphosphates on isolated myosin B (natural
actomyosin). They concluded that diphosphate and tripolyphosphate
show the sﬁecific reaction with myosin B similar to that of ATP,
leading to dissociation of actomyosin into myosin A and actin. This
reaction depends on high ionic strength and the presence of divalent
cations (calcium and magnesium). They propésed that diphosphate and
tripolyphosphate showed marked increases in their affinity for actomyosin
in the presence of univalent cations (notably, sodium), and a great
improvement in theii reactivity with actomyosin through the formation
of divalent metal - phosphate complexes. Their results suggested that
diphosphate was most reactive when combined with magnesiﬁm, and tri-
polyphosphate most reactive when combined with calcium (see also.
section 1.612). 'This scheme fits in very well with Benda.lls97
original proposals i.e. that sodium chloride provides the ionic
strength qomponent, and diphosphate and tripplyphosphate some other
specific coﬁponent, for reaction with proteins. Also, this scheme
indicates that diphosphate and tripolyphosphate do, in fact, behave
similarly tg ATP. However, these effebté of polyphosphates were
determined on isolated actomyosin, and the situation in meét is likely .
to0 be more complicated. |

They further suggested that it was the structural properties
of diphosphéte‘which were responsible for this myosin-phosphate
réaction, and that tripolyphosphate was effective only after enzymic
hydrolysis to diphosfhate. Hydrolysis of polyphosphates occurs rapidly
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in meat and will be discussed in section 1.64.

Many workers have presented evidence for the strong affinity
of diphosphate with myosin (See the reviews by Iles,9 and Hamm,loo)
but it is by no means certain whether the resulting complex actually
leads to dissociation of actonwoéin. Chemical testé on the free
fluid from meat-salt systems showed that +treatment with diphosphate
resulted in a greater amount of solubilised actomyosin than treatment
with sodium chloz:‘id.e.98 Also, Bendall,9 7 found that the free fluid
from muscle treated with diphosphate plus sodium chloride was very
viscous and contained actomyosin, when the total ionic strengths of
the additives was above 0.40, but when the high ionic strength was
due to éodium chloride alone then no '}such dissolution of actomyosin
was found. '.[hese tests were not able to show whether dissociation
of actomyosin had occurred. However, electron microscopy studies ofi
. meat-salt systems showed that polyphosphates are unlikely to actually
split actomyosin, although some protein—phospha.te reaction had

undoubtedly taken place.106

1.62 ACTION ON COOKING LOSS

Generally, treated meat loses less fluid qn‘ cooking than meat
tﬁat is not treated. Since phosphates are usually added to raw meat,
treatmeht must result in a change in some pmperfy of the raw meat
which is extended to the cooked product.

It has been suggested that the actin and myosin which may be
solubilised'by phosphates, forms a gel on heating, which is capable of

98

retaining water within the meat,” ’ 99 Alternatively, the dissolved

proteins may form a fine, fibrous network on heating, which constitutes

98,99

a barﬁer to fluid loss.4 Shermans work on the influence of ion
absorption on WHC, showed that at 100°C the fluid retention in lean
pork treated with phosphates appeared to be related to the concentration

of a.étomyosin which was dissolved at 0°C during ageing of the solution/
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phosphates used. Moreover, when the unretained fluid at 0°C was
removed by centrifugation before heating to 100°C, the water content of
the heated meat was reduced by O.lg for every lmg of éoluble nitrogen
removed. This relationship was true for both sodium chloride and poly-
phosphate 'solutions, and compared to results obtained without salt
addition, suggestéd that these salts reduce the loss of those meat
proteins :cesponsiblle for retention of water at 100°C. There was little
difference in the total protein nitrogen in the agueous extracts from .
pbrk treated with either sodium chloride or polyphosphates at
concentrations of 0.5 and 1.0%. The amount of actomyosin nitrogen

however was greatest in polyphosphate treated extracts.

1.63 ACTION ON AUYOOXIDATIVE RANCIDITY

It has been suggested that polyphosphates act as antioxidents
either because they cheiate metal ions which are catalysts of oxidation,
or the "“coagulated" profein as well as preveﬁting ﬂuid loss, also
prevents the entry of oxygen.9_ However, the discussion above points to
the fact that both of these effects are subject to doubt, and hence no
satisfactory explanation of the antioxident action of polyphosphates has

been proposed.

1.64 BYDROLYSIS OF POLYPHOSPHATES

Polyphosphates are readily hydrolysed in solution, usually by
‘an acid catalysed reaction.107’108"1o9 In meat products the hydrolysié
of added polyphosphates is brought about by mscle phosphatases, and this
" is a very rapid process. -

O'Neill and Bichards,no used phosphorus-31 nuclear magnetic
resonance to detect polyphosphate species in treated ‘chj;t;,ken muscle.
- They demonstrated that the hydrolysis of polyphosphates is effectively
stopped by addition of EDTA; and that during the thawing process

111

~ hydrolysis proceeds very rapidly. Jozefowicz et al reported that
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Very i117Tie Nyaroiysis Ol polyphosphates occurred iln chicken muscle
during 6 months storage at -18%¢. Presumably, these latter workers
halted the hydrolysis by addition of EDTA to the frozen samples, since

110 showed that there

preliminary work reported by 0'Neill and Richards,
were no added polyphosphates in the muscles of commercially treated
chickens which had been alloved to thaw.

.No other accounts of polyphosphate hydrolysis in chicken
muscle have been reported.. However, several accounts of polyphosphate

hydrolysis in other meats have been 'pu'blished, and these are summarised

' below.

Mihalyi-Kengyel end Kormendy, 2

found thé.t 40 to 50% of
trip&lyphosphate hydrolysed immediately after additioﬁ »to‘niince‘d pork
muscle. During storage at 4°C, vthe hydrolysis of diphosphate was
compl'éte within 3 days, and of tripolyphosphate within 4 days. This
rapid hydrolysis has also been reported in figh 3
~ The hydrblysi; is thought to be a step-wise reaction:

tripolyphosphate L diphosphate —-> orthophosphate
sutton,*> found that k, was very mich less than kl in beef mscle, but
that all of the diphospha.te had disappeared within 24 hours at 2500. The
hydrolysis rate decregsed with temperature, and was dependent on the
protein concentration (an approximate measure of the enzyme concentration).
The rate of hydrolysis in cured, mon-comminuted pork was lower than in the
‘uncured, minced muscle, and it was suggested that non-hydrolysis breakdown
reactions occur for d:i.phospha:l;c—z.]']'2 A |

| Yasui et ‘al,104 proposed that diphosphate and tripolyphosphate

i'eacted with salt-free myosin B, especiallj in the presence of high salt

concentrations and divalent cations (calcium and magnesium). DNuscle is

known to contain sufficient amounts of these ions for reaction to take
114,115,116

,

. place. Recently Neraal & Hamm have published a series of
papers on the occurrence of diphosphatases and tripolyphosphatases in beef

muscle, and the rate of hydrolysis of added diphosphate and tripolyphosphate.
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pPhosphatase activity, and calcium ions for the tripolyphosphatase activity.
They studied the hy&mlyéis of diphosphate and tripolyphosphate in beef
mscle and found that 0.5% added diphosphate was broken down within 2 to

116

12 hours, vwhereas 0.5% tripolyphosphate in the same muscle took only

9 to 19 minutes.*? vVan Hoof,'!7

mentioned earlier work by Neraal and
Hamm in which they found thaf diphosphatase activity was higher in pre-
rigor beef muscle (pH optimum 7.0) than in post-rigor muscle, whereas,
tripolyphosphatase activity increased during the first 2 or 3 days post-
mortem (pH optimum 5.7). He confirmed their findings that tripolyphos-
phatase was more sensitive to heat denaturation than diphosphatase, by
his results‘ obtained with pork muscle. Heating to an internal temperature
of 7200 did not inhibit further hydrolysis of diphosphate during storage
of pork musgle at 4°C, whereas it completely inhibited the further
hydrolysis of residual tripolyphosphate under the seme conditions. Tri-
poiyphosphatase activity was again found to be greater tha.n diphosphatase
activity, and increased with the time post-mortem. In fact, addition of
0.3% tripolyphosphgte (expi‘essed as P205) at 1 hour post-mortem resulted
in complete hydrolysis within 5 hours, whereas addition at 48 hours post-
mortem resulted in complete hydrolysis in only 30 minutes. Diphosphate
added 1 hour post-mortem was 50% hydrolysed in 5 minutes, and completely
hydrolysed within 5 to 24 hours, whereas complete hydrolysis occurred.
“within 9 to 72 hours after addition at 48 hours post-mortem. Hydrolysis
of both diphosphate and tripolyphosphate was higher in meat of normal
quality (pH 6.0), than in PSE meat quality (pH 5.5).

Awad,lls

also found t_hat appreciaﬁle hydrolysis of polyphos-
rhates took place immediately after addition to méat and continued with
time. Also, when the meat was heated to destroy phosphatases before
treatment, some initial hydrolysis still took place, which was

independent of the amount of polyphosphate added and did not increase



with time. Thus some i‘aé‘bors other than enzymic hydrolysis, such as pH
and ionic environment, must g.lso bring about polyphosphate hydrolysis.
The effects of added polyphosphates are apparent even after
prolonged storage and cooking (see sections 1.33 and 1.43), when the‘
polyphosphates have u.nddubtedly been hydrolysed to orthophosphate which
has little or no effect.8’85 Therefore the changes in treated meat
which bring about these effects on moisture losses and oxidative
rancidity, must depend on some irreversible reaction which takes place

soon after treatment. »
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2. METHODS

2.1 STATISTICAL ANALYSES

Statistically significant differences between polyphosphate
treated and untreated samples, were determined, according to the vaiue

of the Student's t Test statistic:

_t:ﬁl(iu -

x ) where n is the number of polyﬁhosphate treated

sﬁ + s§ samples (which equalled the numbér of untreated
samples); iﬁ and ip are the mean values of untreated and polyphosphate

treated samples, respectively; and sé and silare the variances

(32 =2 (x - E}z) of the results for untreated and treated samples;
respecti?re-]-.yl: Standard devia.tibns () were calculatéd from/ 2(x - :_:22 .
Tﬁe calculated value of t was checked for significance at 95% oz -1
higher probability level, from statistical tables, using the two-tail
criterion, and 2n - 2 degrees of freedom. |

Correlation coefficients (r) between 2 sets of results

obtained.from‘the same sample were calculated as follows:
nlzx, - (Ix) (Tx)
TNV €08 @EE - (5x)D)

of samples and X, and x, are the results of the two experiments.

where n is the number

Statistical significance at 95% or higher probabiiity level was determined
fér n - 2 degrees of freedom fr@m statistical tables..

For both of fhese tests, when a result was statistically v
significant at the 90% probability level, this was taken as'statistically
invalid for‘sample sizes of 3 or 6. In these cases, the results were

said to follow a trend, or to approach significance.

2.2 CHICKEN SAMPLES

Batches of 12 pquphosphate treated and 12 untreated frozen
broiler chickens were obtained direct from the factory, and transported

to the laboratory packed in solid carbon dioxide. They were stored in a
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freezer at - 18% or -20°C until required for analysis.

Batch A were obtaixied from Eastwoods, Newark. Factofy _triéls
were supervised by Dr. R.C. Osner of Sheffield City Polytechnic. (SCP).
The carcases were treated after evisceration and before spin-chilling
with a 4% solution of Puron 604 by injection into 'bofh sides of the
.breast mscle usirig an automatic injection device. The level of
maectmn varied between T7.9% and 12.4% of the eviscerated carcase
weight.  All of the chickens were weighed after sp:.n—ch:.ll:.ng a.nd dl'lp
to calculate the uptake of chill water.

Batch B were obtained from J.P. Wood & Sons, Craven Arms, by
arrangement m.th Albright a.nd Wllson L'hd., Oldbury (A & W). Factory
trials were supervised by Mr. J. Bennett (A & W), Dr. Osner (SCP) and
the author. The carcases were treatéd after evisceration and before
spin-chilling with a 5% solution of Puron 604' (supplied by A & W), by
injectioh into both sides qi‘ the breast miscle using an automatic
injection device. The level of injection varied between 4.2% and 6.9%.

Batch C were obtained as for Batch B, with IMr. R. Krakowicz
(A & W) and the author sujaervising factory trials. The carcases vere
treated after evisceration and before spin-chilling with a 5% solution
of Puron 604 injected by hand using a s&;ringe, into both sides bf the
breast muscle. The level of injéction jvaried betweenv 4.8% and 5.6%.
The uptake of chill water was calculated for both treated and untreated

chickens.

2;3 THIOBARBITURIC ACID TEST TO ASSESS THE DEGREE OF RANCIDITY

2.31 CHOICE OF METHOD.

Generally, the methods of determining the degree of rancidity
may be divided .into those that measure some property related to protein
breakdovn, and those that al;e related to fat spoilage. In this work,
the extent of. fat spoilage ai‘tér frozen sforage and during holding was

to be determined, and the results of polyphosphate-treated and untreated
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samples compared.

A review of the possible xﬁethods for assessing the spoilage o:;‘
meét has been published by Pearson.119 The ’thiobarbituric acid test
(TBA test) was considered to be thé best method of assessing the extent
of‘fa;t‘spoilage in this research because it measures oxidation in the
whole meat sample, and not just the extractible fat, as do the other
methods related to fat spoilage (e.g. peroxide test). The test depends
uiJon the reaction of 2-thiobarbituric acid with a 3- carbon product of
autoawdation thought to be melonaldehyde, to give a red piguent which
is determined spectroscopically. Malonaldehyde was originally thought
to be an end-product of oxidation, but this is now known to be untrue.
In fact, Tarladgis and'Watts,lzo found that during the controlled
oxidation of puré, unsaturated fatty acids, ma.lonaldehyde production
closely followed oxygen uptake, and reached a peak at thé same time>
as oxygen uptake started'td decline. 0:%ygen availability seemed to be |
a limiting factor for the destruction of 'ma.lonaldehyde. as {véll as for
the oxidation of the fatty acids. However, this would only seem to
limit the reliability of this test for.very rancid samples, a.ndv for
samples during the very early stages 'of- autooxidation wheﬁ there is
not a sufficient quantity of malonaldehy&e for r'eact‘ion‘.

The malonaldehyde is distilled from an acidic meat slurry
and the distillate heated with an acidic TBA solution to develop the
red colour. Acid/hgat treatment was fﬁought to be necessary to
liberate malonaldehyde from the test sample and for the condensation

121 . found that

of malonaldehyde with TBA.SC However, Tarladgis et al,
the TBA reagent itself broke down during acid/heat treatment to yield
at least one compound absorbing at the same wave length as the TBA/
malonaldehyde complex, and a method omitting acid/heat trea.tmenf was
developed.122 However, i)roviding that a TBA/acid blank spluti‘on is
prepared along with the meat distillate/TBA solution, any such break-

down products ‘should not interfere with quantitative results. The
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test may be éuantified by using 1, 1, 3, 3, tetraethoxypropane (TEP)
which hydolyses dn acid/heat treatment to yield Iﬂalonaldehyde, and the
results are expre’sséd as TBA Numbers, which are a measure‘ of the mg of
malonaldehyde ‘per 1000g sample. TBA Numbers have been correlated with
odour ra,tings,4o’8_6’88 and with ievels of fatty acids in various lipid
fractions of chicken pectoralis major 'nmscless 8 (see section 3.25).
_The intensity of ~the red colour is very dependent on the actual
test conditions e.g. pH of the meat slurry, time of distillation and the
quantity of distillate collected.5® Various different methods have been

8

p:rc:posec‘i,87’88’1v22’123 but the one of Tarladgis et al 8 has been the

most wi'dely used and was chosen for this research. It has been favourably

compared to other meat spoilage teSts’vby 1='ears;on.1_24

2.32 APPARATUS AND REAGENTS

The ‘appa'.ratu_s is shown J.n Figui’e l‘V-.' %e heating mantlé was
obtained frqm Eiéctrothermal. The. 'time :'béken to collect 5(‘)'cm3 |
distillate did not vary by more ti;an 2 minutes between'the 6 heating
mantles when‘ the controls were at maximuin.' The, distillation glass ware
was sta.f:dard quick-fit. |

A 100cm’ cé.pacii;y homogenisor- was used (M.S.E.), andoptical
densities were measured using a Unicam SP 500 spectmpﬁotometer. '

The stock solution of 1,1,3,3, tetraethoxypropane (‘TEP) (BDH Chemi-
cals Ltd.) vas 1 x 1070 ¥ in distilled water; and the solution of bhio-
bai:bituric acid (iB_A) (BDH Chemicals Ltd.) was 0.02 M in 90% glacial -

acetic acid. Antifoam B was obtained from Sigma Chemical Co. Ltd.

2.33% PROCEDURE
Teﬁ granms of muscle were homogenised with SOcm3 of distilled

water. The mixture was quéntitatively transferred to a disfillatic;:n

flask wifh 47. 5c:m3 of distilled water, a.ﬁd 2.50m3 of hydrochloric acid

(4-mole dm’) added to bring the pH to 1.5. A few drops of Antifoam B
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were put onto the neck of the flask, and glass beads added to prevent
bumping. The distillation was continued until SOcm3 of distillate were

3

collected. Five cm3 of distillate were pipetted into a 50cm” glass
boiling tube, and 5c:m3 of TBA reagent added. The tube was stoppered
and the contents'mixe'd a.ﬁd immersed in a boiling water bath for exactly
35min. A distilled water/TBA reagent blank was prépared and heated
along with the sample tubes.

After heating, the tubes were cooled in tap water for exactly
10min, and then the optical density (0.D.) of the solutions was
determined against thé 'blanic at 532nm using 10mm cuvettes. Sometimes

only 5g of muscle we&:e tested, and the results were treated accordingly.

2.34 CALIBRATION

A malonaldehyﬁe standard cuﬁe was .constmcted by making
appropriate dilutions of the stock‘TEP _solu‘bion and determining the red
TBA/malonaldehyde complex by the method described for testing the meat
distillate. The results are plotted in Figure V, and show that Bee;rs
Law was obeye(i over the entire range of test concentrations.

The percentage recovery of malonaldehyde was determined by
following 't;he distillation procedure for various standard solutions and
comparing the results of these distillations (Figure V1) with those of
the standard curve (Figure V) as follows: ‘

% recovery = 0.D. distillate x 100
0.D. original solution
-But, ‘jOcm3 distillate collected from 100c>m3 solution,

therefore, the distillate value must be divided by 2:

0.D. distillate + 2 x 100
0.D. original solution

slope Figure V1 4 2 x 100
slope Figure V

(1.98x100) 22 £ 100

% recovery = T1.6%
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The TBA Number (mg malonaldehyde per 1000g sample) is
calculated by multiplying the 0.D. of the test solution by a

constant, K; which is calculated from the standard curves as

follows:
K = concentration in moles per 5c:m3 solution x Molecular
0.D. . Weight of
malonaldehyde x 10! % 100
Weight of sample % recovery
- 1 x 72 x 10/ x 100
" slope Figure V 10g - T71.6
K - 02 ‘

2.4 LIPID ANALYSES

2.41 CHOICE OF METHODS

The following general scheme was adopted:
EXTRACTION 3}5‘ TOTAL LIPID

SEPARATION INTO NEUTRAL LIPID
AND PHOSPHOLIPID USING COLUMN CHROMATOGRAPHY

IDENTIFICATION OF LIPID CLASSES
BY THIN LAYER CHROMATOGRAPHIC(TLC)
PROCEDURES

METHYLATION OF THE FATTY
ACIDS OF EAiH LIPID CLASS

DETERMINATION OF THE FATTY
ACID COMPOSITION OF EACH LIPID
CLASS BY GAS LIQUID CHROMATOGRAPHY(GLC)

There are a wide variety of methods and techniques to choose
from in the field of lipid analysis, because of recent advances,
especially in the field of chromatography and computer-assisted
techniques (see for example Perkins et al.125 ). The book by Kates,126
on the laboratory techniques of lipidology, prqvided muach of the general
information required for the successful handling of lipid materials. The
methods were chosen after a study of the methods in general use in the

scientific literature, and after examining the original research papers.

A1l other things being equal, the criteria governing the choice of method
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were, speed, availibility of apparatus and reagents, and previous

experience of the techniques involved.

2.42 EXTRACTION OF TOTAL LIPID

2.421 Moisture Determination

The moisture content of muscles was determined in order to
calculate the solvent to water ratio in the 1lipid extraction procedure,
by drying duplicate samples to constant weight in a vacuum oven at 9500

and 100 mm mercury pressure.

2.422 Procedure

The procedure of Bligh and ])yer,l27

was employed. Samples of
wet muscle between 15g and 100g were taken and homogenised, in either a
Waring blender or Ato mix, with chloroform and methanol for 2 min. The
quantities of solvent used‘ were such that the .propoz‘:tions of chlo‘roform:
methanol: ‘water were 1:2:0.8. A mrthe:c" volume of chldroi‘om was added
and the mixture homogénised for 30 se¢, before adding an etlual volume of
distilled water and blending for 30 sec. The proportion 6f solvents to
water was now 2:2:1.8. The homogenate was then filtei‘ed through a
Vhatman No.l filter paper on a Coors No. 3 Buchner fumnel with slight
suction applied, and the filtrate {ransferred to a measuring cylinder.
The blender jar was rinsed with 1 volume‘ of chloroform which was filtered
as before and the filtrate added to that in the measﬁring _cylinder.

The proportions of éolvents were calculated tb ensuie complete
phase separation, and any cloudiness at this stage always disappeared on
standing, to leave a slightly turbid upper aqueous layei, and a clear
yellow chloroform layer which contained the total lipid.

The volume of the chloroform layer was recorded and '_bhe aqueous

3

layer éarei‘ully removed, élong with the first few ecm” of the chloroform -
layer in order to avoid contamination of the lipid extract with non-lipid
material. An aliquot of the chloroform extract was taken and evaporated

to dryness under a stream of niirogen on a water bath at 5000, and the
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chloric

residue dried over phosphorus pentoxide in a vacuum desiccator.
The percentage total lipid in the sample was calculated as

follows:
Weight lipid in aliquot x Volume chloxroform layer x 100
% total lipid = ‘ Volume aliquot , sample
: weight

The remaining.chloroform extract was'dried over anhydrous
sodium sulphate, filtered, and evaporated as before to a suitable volume
which was then stored qverinitrogen at -18°C until required for further
analysis.

It was not possible to extract the total Iipid from cook-out

Juices by this method becaunse of the small'sample'size (about 5cm3), and

uncertain water content. In fact, addition of chloroform and methanol

résulted in emulsions which weie very difficult to separate. Instead,
the juices were shaken 3 times with small amounfs of chloroform,
sometimes with added anhydrous sodium.sulphate.to inhibit emulsification.
The extracts were filtered through anhydrous sodium sulphate and
evaporated on a rotary evaporatbr to a suitable volume ready for trans-

methylation (section 2.442).

2. 43 SEPARATION OF TOTAL LIPID INTO NEUTRAL LIPID AND PHOSPHOLIPID

BY COLUMN CHROMATOGRAPHY

2.431 Preparation of Adsorbent

The procedure of Ca:croll,128 was followed. Thirty grams of 60

to 100 mesh Florisil (Fisons) were mixed with.9Ocm3'of concentrated hydro-

acid and heated on a boiling‘waterfbath for 3 hours. The hot supernatant

3

of concentrated

hydrochloric acid, and then heated overnight with another 900m3 of

liquid was decanted off and the residue washed with 20cm

concentrated hydrochloric acid. The hot supernatant was again decanted
off, and the residue washed with water, flrst by decantation and then on
a Buchner fumnel, until the washings were neutral to pH'paper. The
washed residue was then sucked dr& on a Buchner funnel, transferred to a

glass dish, and heated for 24 hours in an oven at 120°C. The dry
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Florisil was then‘heated overnight with 9Ocm3 of concentrated hydro-
chloric acid, and the hot supe:natanf decanted off. The residue was

3

washed with water until neutral as béfore, and then with 40cm” each of
methanol, methanol: chiorofoxm (1:1), chloroform, and finally, ether.
The residue was allb?ed to air dry, before activating by heafing over-—
night at 120°C. The acid-washed Florisil was s#ored in a stoppered

flask at room temperature until required.

2.432 Preparation of Column and Elution Procedure

Ten grams of acid~washed Florisil were slurried in ZOcm3 of -
chloroform and added to a 1 x 30cm élass column, to give a column
| “height of 25cm. About 100mg of tofal lipid in 5cm3 of chloroform were
added to the top of the column by a.Pasteur pipette. |
The lipid classes were then eluted according to the scheme of

128 1y the sequential addition of 75cm’ of each of the following

Carroll,
solvents: chloroform, chloroform: methahol (95:5), chloroform: methanol
(90:10), chloroform: methanol (75:25), chléroform; methanol (50:50),
nethanol. Howe&er, nd lipid was detected_(by TLC, see section 2.443)

in fractions 2 and 3, and when both fractions were combined and
évaporated to drynesé, only ébout 2g§of material were collected.
According to Carroll, these 2 fractions contain small amdunts of lipid
tentatively identified as phosphatidic acids and polyglycerophosphatides,
and also possibly some neutral lipid.

Since a clean separafion of neufral'lipids and phospholipids
was required with no further separation of the‘2 classes, a modified
elution pattern was emplo&ed using 75c¥p3 each of chlorﬁform, chloroform:
methanol (90:10), and methanol. It _wés shown by TLC that all of the
neutral lipid was contained in the first fraction, and only phospholipids
in the third fraction{ Sometimes, a small amount of lipid was present

after evaporation of the second fraction but this was always discarded

since it could not be positively assigned to either lipid class by TLC.
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However, recoveries of material were usually greater than 95% when
calculated in terms of the weight of>lipid eluted in fraetions 1l and 2
and that put on the column. Figure V11 shows a typical elution pattern.
The neutral lipid endvphospholipid fractions were evaporated to
dryness on a rotary evaporator and dried to constant weight in a vacuum
desiccator containing anhydrous phosphorus pentoxide. The weight
percentages of neutral lipid and phospholipid-were calculated, and the
~dried lipids were dissolved in chloroform aﬁd store@10ver nitrogen at

-18°C until required.

2.433 Identification of Lipids by Thin Layer Chromatography

Preliminary-investigations into this technique involved
.choosing the most suitable types of TLC plates, solvent systems, and
detection techniques. Commercially prepared pre—scered glass plates
coated with silica éel G were used (4nachem). Most identification work
was performed on plates measuring 2.5 cm x 10 cm. The solvent system
used for neutral lipids was, petroleum ether : ethyl ether : acetic
acid (90 : 10 : 1);129 and for phospholipids, chloroform : methanol :

- acetic acid water.(25 s 15 ¢ : 2).130 The neutral lipide were
detected by putting the dry developed plates into a beaker contalnlng
a few iodine crystals, when the lipids appeared as yeIIOWbbrown spots
after a few minutes; and the phospholipids by spraying with molybdenum

blue solution >t

which caused blue spots to appear almost immediately.

The procedure followed was tovuse drawn—out'melting‘point
tubes to spot the solutions of lipid material onto the plates which
were allowed to dry an@ then put inte.e beaker lined withvfilter_paper
- and containing about 5 mm of solvent. The platee were taken out when
the solvent was within 1 cm of the top of the plate, and allowed to dry
in air, when the lipid components were detected by either iodine or

molybdenum blue.

Pure 1lipid standards (Sigma Chemical Co.Ltd.) were run along-
side the samples on the TLC plates in order to identify the lipid
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FIGURE VIl

IDENTIFICATION OF LIPIDS BY TLC

[
0 ¢
o o
1 2 3 4

Neutral Lipid System

1 Chicken neutral lipid
2 Cholesterol

3 Glycerol tripalmitate
4 Stearic acid

&
o O
1 2

'Phospholipid System

1 Chicken phospholipid
2 95/ eqqg lecithin
(phosphatidy!l choline)

57



components. Figure VIII shows some typical results.

2.44 METHYLATION OF LIPIDS

2.441 Choice of Method

Fatty acids are too polar to be easily separated by GLC
procedures, and it is necessary to prepare their methyl esters which may
be separated successfully by GLC. A modification of the transmethylation

152 which was partially developed for this research.

procedure of Peiskei,
by Mrs. Thomas,133 was used. This method was chosen because it does not
require the use of dangerous materials (as do some others) and it is the

least time-consuming of all methods.

2.442 Procedure

About 30 mg lipid and 1 cn? methylating reagent (chloroform :
methanol : concentrated sulphuric acid 100 : 100 : 1) were added to the
reaction tube and the apparatus ﬁssembled as in Figure 1X and inserted
into an aluminium heating block. _After reaction at 190°C for 40 mimutes,
the device was cooled under running watef before carefully releésing the
pressure. A small piece of zinc was added to the reaction mixture to
neutralise any unreacted acid,.and the excess solvent evaﬁorated off
under a stream of nifrogen on a warm water bath, The product was washed
with lcin3 distilled water and extracted 5 times with petroleum ether.
The ether extracts were dried éver anhydrous sodium sulphate and the
mixture of methyl esters evaporated to a suitable volume ready for direct
injection onto the GLC.column. If the esters were to be stored before
GLC analysis, the petroleum ether was evaporated off and the esters

redissolved in chloroform and stored under nitrogen.at -18%.

2.443 Determination of Percentage Methylation

| Pure fatty acids underwent complete methylation in 10 min.
(as determined by TLC), but chicken lipid required‘a longer reaction time.
The optimum reaction time was determined by analysing chicken lipid

mixtures after 20,30 and 40 min. reaction. The fatty acid composition of
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the mixtures was quantatively determined by GLC (section 2.4543), and
'bhe degree of methylation was 16.8%, 76.4% and 85.8% respectively. TLC
results vof samples after 45 and 50 min. reaction indicated that methy-
lation did not proceed further, and therefore 40 min. was chosen as the
optimum time. The fatty acid composition of the reaction mixitures after
20,30 and 40 min., (Table III) were similar, indicating that incomplete

methylation did not occur at the expense of any one acid.

2.45 GAS LIQUID CHROMATOGRAPHIC ANALYSIS OF FATTY ACID METHYL ESTERS

2.451 Nomenclature of Fatty Acids

A convenient mamner of referring to a f‘atty acid is .to write its
number of carbou atoms plus its number of double bonds e.g. stearic acid
has 18 carbon atoms and no double bonds, thus: C18:0 or just 18:0. VWell -
known fatty acids continue to be called by their “common" name, in
preference to their systematic name (according to IUPAC conventions), and
these, along with structural formulae and short-hand notations appear in

Table 1V.

2.452 Operating Conditions

A considerable amount of preliminary work was carried out to
establish the most suitable type of column adsorbent and operating
conditions for fatty acid analysis. This preliminary work was started
by Mrs. Thomas,l3 5 | |

A Pye Unicam GCV Gas Liquid Chromatograph was used throughout for
all of the results présented here, although earlier work was carried out
on a Pye 105 chromatograph.

Diethyleneglycol succinate (DEGS) was chosen as column adsorbent
with 60 - 80 mesh chromosorb W as the stationary phase and nifrogen at
50 cm3 per min. as the carrier gas. Glass columns (5 feet by % inch) of
15% DEGS were purchased from Pye Unicam Ltd., Cambridge, as required, ‘
according to the column efficiency as determined by the resolutioﬁ (R),

1

which is a measure of the degree of sepé.ratibn of 2 peaks, according to
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TABLE III

EFFECT OF METHYLATION REACTION TIME ON THE FATTY AGID
COMPOSITION®* OF CHICKEN LIPID.

FATTY REACTION TIME (mimutes)

ACTD® 20 30 20
C14:0 o 1a 1.2 1.2
C16:0 22.6 23.6 23.9
C16:1 9.3 8. 9.0
€18:0 To7 5.8 6.2

o c18:1 39.2 | 42.6 43.7
C18:2 14.1 12.4 1245
C18:3 N | 2.0 1.9
0204 2.2 2.0 0.8
Cg 2.1 2.0 0.8

a. Values expressed as a % of total fatty acids

b. See sections 2.451 and 2 453 for explanatlon
of symbols.
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TABLE IV

COMMON NAME,, STRUCTURAL FORMULA, AND SHORT-HAND NOTATION
OF FATTY ACIDS PRESENT IN CHICKEN LIPID

COMMON NAME STRUCTURAL FORMULA SHORT-HAND
NOTATION

Myristic acid H C—fCH -\— COOH Cl4:0
5 v 2712

Palmitic acid H,C-/CH_-)— COOH Cl6:0
3 VvV 2'14

Palmitoleic acid H~C-£fCH”- CH=CH- (CH2-~- COCH Clé6:1

Stearic acid H2C-fCHOV-COOH Cc18:0
3 VvV 2'lé6

Oleic acid H”C - (CH2-j- CH=CH- (CH2-*- COOH c18il

Linoleic acid H5C- (CH2-) - (CH=CH-CH2 )— (CH2-y-COOCH c18:2

Linolenic acid H~C -(CH2-) - (CH=CH-CH2' --- (CH2j- COOH Cc18:3

Arachidic acid HAC-fCH”— COOH C20:0

Arachidonic acid H”C CHZ2)-(CH=:CH-CH2-J—— (CH2 j- COOH C20:4
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the following equation:

2(t2 - tl)

Wi + Wé

C18:1 and C18:0, and Wi and W2 their baseline widths. A resolution of

, whére tz-and tl'are the retention times of

R =
1.0 is required for good guantitative results.
The column temperature used was either 18000, 185°C or 19000,
depending én the age of the particular column. This was because
_éolumn adsorbent is slowly eluted with time, which decreases retention
time and hence R; and decreasiﬁg the temperature off-sets this change.
When a new column was used and/or the column temperature chénged, a
calibrétion mixture was injected onto the column aﬁd the fatty acid
composition of the mixture determined to see if the change in
conditions altered the analysis (see section 2.4543).
A flame ionisation detector (FID) was employed using a hydrogén
(at 55cm3 per min) and air (oxygen 71% and nitrogen 19%) flame at 220°C.
Briefly, this type of detector depends on measuring the potential |
difference caused by ionisation of column eluents in the flame. This
current is amplified and the signal recorded. A Philips dual channel
recorder was used. The attenuation setting was varied between 2x102

and 64x102, to give peaks of 20 to 60% full-scale deflection.

Samples were injected onto the column using syringes (S.G.E)
of either %/Alor lgﬁd capacity. The temperature of the injection port

heater was 19000.

2.453 Qualitative Analysis

Peaks were identified by comparing their retention time with
those of pure fatty adid methyl.esters (either obtained from Sigma or
prepared from fatty acids by the transmethylation procedure in section
2.442). The retentioh time of a particular compound is related to its
boiling poiﬁt, with volatile compounds being eluted before compounds of

higher boiling point. In these experiments using a DEGS column, the
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order of elution of fatty acid methyl ‘este'rs followed the number of
carbon atoms, except for Cl8:3 which was elutéd after C20:0. Where
fatty acid standards were not available, the peaks were tentatively
identified from a study of the literature. Fatty acid methyl esters
of C20:4 and C22:1 standards had the same retention time, but this
peak was assigned fto C20:4 in the chicicen lipids after a étudy of the
literature. The peaks identified only as C " and CB are likely to
arise from high carbon number (poljunsaturated fatty acids.

A typical chromatogram Qf chicken muscle fatty acids is
illustrated in Figure X.

2.454 GQuantitative Analysis

2.4541 Measurement of Peak Areas

When a flame iénisation detector is employed, fl';he area under
any peak is proportional to the amount of compound preseut. During
preliminary investigations, peak areas were measured by deterﬁiﬁng the
product of the péa.k height and the width of the peak af half height.
Reproducible results were obtained, but the method was very time-
consuning and involved the measurement 6f very small distances,
éspecially the peak widths of the earlier sharp peaks. Therefore, the
quickervmethod of determining the product of peék height and retention
time was used. An advantage of this method is that it involved only 2
measurements of relatively large distances. Theoretical Jjustification

of this method of measuring peak areas has been given by ]3‘:-1,1:'1:1e"l:.]'3 4

2.4542 Calibration Procedure

Although the area under any peak is proportional to the. amount

= concentration

peck aree ) of each fatty

of compound present, the response factors (f
acid may differ slightly.

An internal standard method was employed to determine the

f sample fatty acid
f internal standard

relative response factor(%:: )of each of the main fatty

acids present in chicken tissue. A standard mixture of C16:0,C18:0,
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Cl8:1, C18:2, and C18:3 methyl esters was purchased (Sigma Chemical Co.
Ltd.), and 4 mg of Cl7:0 methyl ester (internal standard) added to give
final concentration ratios of fatty acid to internal standard of 0.25,
0.5, 1.0, and 1.5. ZEach standard solution was chromatographed 6 times,
using peak attemuation to ensure that all the components of each -

solution gave approximately equal peak heights.

sample fatty acid VS. . sample fatty acid
Graphs of Area internal standard Concentration internal standard

were drawn (Figures X1, X11, X111, X1V, XV) and the relative response
factors (fx) determined from the reciprocallof the slopes:

fx = C. fatty acid x A. internal standard
A« fatty acid Ce internal standard

1 (1)

slope of standard curve

The graphs were linear over the entire test range, and the 6
replicates for each standard solution gave excellent reproducibility of
results. The relative response factors calculated, were 1.10, 1.04,
1.03, 1.02 and 1.10 for C16:0, C18:0, C18:1, C18:2, and C18:3
respectively. Since these values were close to 1.00 and almost numeri-
cally identical, the mean value, 1.06 was assigned to those fatty acids

" which were not calibrated.

2.4543 Calculations

The amounts of indivi@ual fatty acids in test samples may be
calculated directly from the calibration graphs, if the test solutions
contain the same weight of internal standard as the calibration solutions.
However, in this research, only the relative proportions of sample fatty
acids were requiréd, and not absolute amounts. Therefore, the addition
of internal standard was not necessary. The concentration of each fatty
acid was determined from the product of peak area, adjusted to account
for attenuation, and relative response factor (see equation (1) ).

Each fatty acid was then expressed as a percentage of the total

concentration:
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concentration fatty acid x 100 (2)
% fatty acid = Y concentration fatty acid

The internal standard method was used to determine the degree
of methylation of chicken 1ipid samples (see section 2.443). Four
milligrams: of C1l7:0 methyl ester were added.to a known weight of lipid
prior to methylation, and the resulting esters were analysed by GILC.

The percentage methylation was calculated froms

2 concentration fatty acids x 4
% methylation = sample weight (mg) x 100 (3)

Fatty acid analysés were carried out on various chicken
samples during a 2 year period. Column performance during this time was
monitered by periodically chromatographing calibration solutions, to see
if changes in the column temperature_(to maintain good separation on
ageing columns - sée section 2.452) altered the fatty acid distribution.

These calibration solutions were stored under nitrogen at —1800.

2.5 DETERMINATION OF PHOSPHORUS, SODIUM, CALCIUM, MAGNESIUM AND IRON

These ions were determined in chicken muscle, cook—out Jjuices
and thaw losses. The analyses were carried out by the Analytical
Department of Albright and Wilson Ltd., on the solutions prepared in
this laboratory as in section 2.51, usihg Inductively Coupled Plasma

Atomic Emission Spectrometry (ICPAES).

2.51 DIGESTION PROCEDURE

The following procedure, which was suggested by Albright &
Wilson Ltd., was employed:
3

About 2g muscle or exactly 5 cm” thaw loss and cook=out
Juice, were accurately weighed and transferred to a 250 cm3 tall form
beaker. Ten cubic centimetrés of concentrated sulphuric acid were
added, and the mixture was heated until the sample charred. The beaker
was then covered with a watch glass; and heating was continued until the
sulphuric acid was nearly fuming, when concentrated nitric acid was added .

dropwise until the solution became clear. The solution was allowed to

12



cool and then 5 en” nitric acid was added, and the solution boiled until

3

the excess nitric acid had disappeared. After cooling, 5 cm

3

acid and 1 cm” perchloric acid were added, and the solution was heated

nitric

until the perchloric acid ceased to fume. The solution was’then allowed

3

to cool, when 150 cm distilled water and a few anfi-bumping stones wexre
Aadded, and the solution boiled for 20 minutes in order to hydrolyse any
condensed phosphates. After the solution had cooled, it was made up to

exactly 250 cm3

and transferred to a plastic bottle and fransported to
Albright and Wilson Ltd.
Distilled water and polyphosphate injection solution blanks

were determined as above.

2.52 CALCULATIONS

The concentrations of phosphorus, sodium, calcium, magnesium
and iron in the digested éolution were determined as micrograms per
cubic centimetre of solution. - The results were corrected for reagent
blanks, and then these figures were used to calculate the concentration
of each ion in the whole -muscle and in the.total volumes of thaw and
cook losses. |

?he concentrations of phosphorus and sodium were reported as

3

percentages (g per 100g or 100 cm sample){ and of calcium, magnesium

3

and iron, as ppm (microg per g or cm’ of sample).

2.6 DETERMINATION OF THE DEGREE OF HYDROLYSIS OF ADDED FHOSPHATES

2.61 THIN LAYER CHROMATOGRAPHIC PROCEDURE

Samples were prepared by macerating 10g muscle with 40 cm3 of
10% trichloroacetic acid for 2 min. Trichloroacetic acid has been found
to effectively halt the hydrolysis reactlon, by Suttonl:l3 The homogenéte
was then centrlfuged at 0°C for 30 min. at 11000 G, and the supernmatent
taken for analysis.

The TLC procedure was adapted from that of Gibson and Murray.;Bs

Cellulose coated plates were used as support material, and the developing

73



solution was made up of isopropanol (2OOcm3), n~-propanol (1750m3)
trichloroacéetic acid (25g), 0.88 ammonia (1cm3), and water (125cm3 ).
Large plates (20 x 8.5 cm) were developed at room temperature for at.
least 12 hours, and sma.ller plates for 1 to 2 hours.

| After development, the plates were dried ‘in air and then
sprayed with 1% ammonium molybdate, allowed to dry and sprayed with
;% stannous chloride in 10% hydrochloric acid. The colour was allowed
to develop in the dark, when blue spots appeared on a white background.
However, background colour was often very intense, and the devel@ping

136

reagent of Mikes which gave better results, was used in the later
stages of these experiments. This reagent was made up of 1% ammonium
molybdate with ‘jcm3 60% perchloric acid and lcn_x3 hydrochloric acid per
1()Ocm3 of solution. This solution was sprayed onto the dry developed.
plates, which were dﬁed in an oven at 70°C for a few minutes and then
exposed to UV light, when blue spois appeared on a vhite background.

Sample spots were identified by comparison with orthophosphate,
diphosphate and tripolyphosphate solutions. .The Rf va.lue» of ortho-
phosphate was 0.70, of diphosphate 0.40, and of tripolyphosphate 0.20.
‘The spot present, on the base line in samples of Mon 604 and treated
chicken lipid solutiohs, was taken to be due 1.;0' polyphosphates higher
than tripolyphosphate. '

The concentration of sample spots was calculated by eye from
comparison of their colour intensity with standard polyphosphate

solutions which were run alongside the samples on the TLC plates.

2.62 PHOSPHORUS-31 FOURIER TRANSFORM NUCLEAR MAGNETIC RESONANCE PROCEDURE

2.621 Principles of Nuclear Nagnetic Resonance

Conventional nuclear magnetic resonance (NMR) invblves either a
continuous change of frequency or of magnetic field, over the resonance
frequency range of the observed nucleus. Only a narrow frequency band -

contributes to the excitation of the rescnance at any instant, which

results in a low signal to noise ratio, leading to low sensitivity. Each
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spebtrum takes a matter of minutes to record.

| Pulsed NMR consists of excitation of the sample by a short,
intense pulse of radio-frequency energy; and measurement of the
resulting free induction decay signal from the nuclear spins in the
sample as a function of time. All of the frequencies of the molecule
may be excited by the single high energy pulse in a period of micro-
seconds, and the signal to noise ratio is improved compared to
conventional NMR. Further improvements in sensitivity may be obtained
by computer averaging of the decay signals from a large number of
pulses. The computer averaged decay signal may be converted into a.
conventional NMR spectrum by Fourier transformation from the time
domain to the frequency domain.

31

Since the “"P nucleus is relatively insensitive to NMR, this
Fourier transform NMR (FTNMR) technique using cbmputer averaging is
varticularly useful for the analysis of phosphorus compounds, when

well resolved spectra may be obtained in a few minutes.

2,622 Procedure

1
5 P-F{NMR has been used to detect added polyphosphates in chicken

110 and the present ﬁethod is a modification

by O0*Neill and Richards,
of this procedure.
Approximately 10 g samples of pectoralis major and leg muscle
were exéised from frozen chicken using a band-saw. The samples were
packed in solid éarbon dioxide and transp@rted to the Laboratory of
the vaernment Chemiét, London, wherevthey were stored in a freezer
until required'fbr analysis.. | |
The samples were prepared for analysis by macerating the frozen
muscle with 1 g of disodium ethylenediamine tetraacetic acid, which
inhibits hydrolysis of the polyphosphates during subsequent thawing.
Approximately 3 g of the macerate were tamped into a 10 mm o.d. NMR

tube, and a capillary containing a D O solution of sodium methylenedi-
2
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phosphonate as marker was inserted co-axially through the centre of the
sample. The NMR spectré were Tecorded by Dr. Richards, using a JEOL
PFT-100P spectrometer operating at room temperature and 40.3 MHz with
deuterimmfield frequency lock. Each sample received 400 x §p~s pulses
(flip angle 36°C) with a repetition time of 2,25 s. Data were
collected in 4095 points with spectral observation and frequency. filter
séttings of 5000 Hz. The resulting spectra were automatically integrated
to obtain the peak areas.

Spectra of pure tripolyphosphate and injection solutions were

also obtained.

2.623 Calculations

Species were identified by comparing the chemical shifts of
sample peaks with those of tripolyphosphate (Figure XVlia). The
splitting patterns of sample peaks (Figure XYlb) were'morevcomplicated
than those of tripolyphosphate due to the presence of higher phosphates.

Chemical‘shifts of polyphosphate species are pH sensitive137

, and
therefore, slightly different values were obtained from the various
samples relative to the standard of sodium methylenediphosphonate which
is ~16.8ppm from external 85% phosphoric acid. |

The telative amounts of orthophosphate and higher phosphates
were calculated from the integrated peak areas, which were normalised
with respect to that of the standard which was assigned an integral of
1.0 arbitrary units. ‘ |

The total added polyphosphate was calculated from the normalised
areas éf the higher phosphates and the excess orthophosphate arising from
the hydrolysis of the added pﬁosphates, relative to that of naturally
occurring oithophOSphate. In each case the level of naturally occurring
orthophosphate was taken as that present in untreated chicken. The

fraction of polyphosphate hydrolysed was then calculated from the excess

orthophosphate and the total added phosphate:
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FIGURE XVI

IP-FTNMR SPECTRA OF TRIPOLYPHOSPHATE
AND CHICKEN MUSCLE

a) Tripolyphosphate containing diphosphate and orthophosphate.

The signals for orthophosphate, and the end and middle *P nuclei of higher phosphates are
labelled |, Il and [ll respectively. -

b) Chicken muscle
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excess orthophosphate x 100
% polyphosphate hydrolysed = total amount polyphosphate added

2.7 DETERMINATION OF TOTAIL HAEM

This simple method for estimating the blood content of exudate
was a modification of that of Osner and Shrimpton,26 Aliquots of thaw
loss were diluted 10 times with sodium hydroxide (0.limels: dﬁ?) and the
solution filtered if not clear. The absorbancy at 415nm was determined,
and the resulting valué maltiplied by the total volume of thaw ldss.
This value was taken as an estimate of the total haem content of the
thaw loss. Values froﬁ all samples were compared, and no quantitative

results were obtained.

2.8 DETERMINATION OF MICRO-ORGANISM CONTENT OF IMINCED MUSCLE

The micro-organism content of minced muscle samples was
determined by streaking samples onto nutrient Agar plates using a
sterile wire. An attempt was made to obtain quantitative results by
applying sterile gauze (1cm2) to the surface of the muscle, and stamping
this onto the plate. 'Plates were incubated at 3700 for 3 days, and then
the colony count was visually determined.
| These determinations were not carried out under sterile
conditions, and therefore, the results were thought to be of insufficient
accuracy to quote in the results section of this work. However, since
there was a distinct difference between polyphosphate-treated samples
and untreated samples, it was thought.that the results should be included,

and they are reported in Appendix I.
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3. RESULTS AND DISCUSSION

3.1 PRELIMINARY INVESTIGATION OF THE EFFECTS OF POLYPHOSPHATE
TREATHENT ON RAW AND COOKED BATCH A CHICKENS AFTER 21 MONTHS
STORAGE AT ~18°C. ‘

One polyphosphate treated chicken and one untreated chicken from
batch A, which had been in frozen storage at -18°¢ for 21 months, were
allowed to thaw in the bag at 4°C’for 64 hours. Thaw loss and processing
weight changes were calculated (Table Va). The pectoralis major muscles
were excised and trimmed of fat and connective tissue. One muscle from
each chicken was minced and held at 4°C. The other 2 muscles were
cooked with no added fat or water in an oven at 35000 for 20 min.
Cooking losses were calculated from the initial and drained muscle
weights (Table Va). About 4g of each muscle was reserved at 4°C for
organoleptic tests, the remainder being minced and held under the same
conditions as the raw muscles. TBA and organoieptic tests were
performed during holding. The organoleptic test used a 6 point hedonic
scale rating for rancid odour and chicken flavour (a value of 6
represented no detectable rancid}odour or very good chicken flavour).
This test was performed by 1 person, and Qas therefore subjective, and
no statistical weight could be given to these results. They did indicate,
however, the general trends expected in tests of this type (Table Vb).

The TBA results clearly demonstrated the antioxidant effect of
polyphosphates in cooked meat (Table Vc). However, the raw, treated
muscle was also protected against autooxidation, which is contrary to
other-results (see section 1.43). Nb'explanation can be offered for
this result at this stage other than that the chickens had been stored
for a considerable time before th;s experimept was carried out (see
 section 3.61).

Table Va'shows that both the thaw and cook losses were reduced
due to treatment, and also that the treated bir& picked up less of the

chill water than the untreated bird. However, the level of injection
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(12.3%) was very high and would be considered illegal in some countries
(see section 1;32)} This high level of treatment could account for the
poor texture and chicken flavour of the treated sample, although rancid

odour was reduced compared to the control sample (Table Vb).
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TABLE Va

UPTAKE OF POLYPHOSPHATE INJECTION AND CHILL WATER, AND THAW AND
COOK LOSSES OF TREATED AND UNTREATED BATCH A CHICKENS AFTER
21 MONTHS STORAGE AT - 180C -

Uptake of Uptake of Cook loss of

Chicken polyphosphate chill Thawc "~ pectoralis major
.injection@ water loss muscle '
Treated ' 12.3 2.2 1.1 24.1

] Untreated - ' 5. 5 2 3 31 . 5

a. Percentage of eviscerated carcase

b. Percentage increase of eviscerated weight + 1n3ect10n
' weight after chill and drip.

c. Percentage of frozen carcase

d. Percentage of raw, wet muscle.’

TABLE Vb

SUBJECTIVE ORGANOLEPTIC RATINGS OF COOKED PECTORALIS MAJOR MUSCLES
DURING HOLDING AT 4°C

g:{g Rancid odour? Chicken Flavour® Comments
at 4 C  treated untreated treated untreated treated untreated
good light good
0 no odour 6 2 6 . .colour.Poor - texture
' texture -
$oo Juicy
2 6 ' 5 2 4 too juicy dry
6 6 3 1 2 Suicy tough

a. 6 represents no detectable rancid odour or very good
chicken flavour. ,

TABLE Ve

TBA NUMBERS OF RAW AND COCKED PECTORALIS MAJOR MUSCLES
DURING HOLDING AT 4°C

Days held at 4°C

Treatment 5 5 7 . = 10 ‘ll
t ted - -
Rawr reate 0.48 0.50 0.51 0.55 0.84
untreated 0.94 5.36  8.06 - 10.94 - -
treated 1.25 0.50' - '0.71 - 1.09 -
Cooked
untreated  0.48 7T.63 - 9.33 - - -




3.2 TBA ANATYSTS, AND LIPID AND FATTY ACID COMPOSITION OF RAW
PECTORALTS MAJOR AWD-LEG MUSCLES OF TREATED AND UNTREATED
BATCH A CHICKENS AFTER 36 MONTHS STORAGE AT -180C

The preliminary experiment indicated that polyphosphate
injection both incieased water retention and decreased oxidative
rancidity of raw and cooked chicken. It was decided {o further
investigate this antioxidant effect on raw chicken tissues and to
compare TBA Numbers with lipid and fatty acid composition results

of raw tissues.

The experiment was carried out as follows:
Three treated and 3 untreated chickens from batch 4 after

36 months storage at -18°C were taken and analysed as follows:

a) 1 treated and 1 untreated
chicken thawed at room
temperature for 5 hours.

b) Pectoralis major and leg
muscles excised from 1 side
.of each chicken and minced.
Leg muscles stored at-18°¢C —_—
until required

c)10g reserved at -16°C
for TBA tests.

d) Total lipid extracted from
each pectoralis major muscle,
and then separated into neutral
lipid and phospholipid

e) Each lipid class methylated and
the fatty acid composition
determined by GLC.

f) a) to e) repeated twice more

g) TBA tests performed on all 6
pectoralis major muscles

h) d) to g) repeated 3 times
for leg muscles.
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3.21 LIPID COMPOSITION

Table Vla shows the total lipid,vneutral lipid and
phosbholipid contents of treatéd and untreated pectoralis major and .
leg muscles. The only statistically significant differences between
treated apd untreated samples bccuriedfor the phospholipid content
(when expressed as a percentage of wet tissue, but not total lipid)
of pectoralis major muscles. The treated muscleg contained
significantly lower amounts than the untreated muscles, but the
actual numerical differences were very small. No éuch differences

were found for the leg muscles.

There was very little interchicken variation in the
phospholipid contents (% wet tissue), whereas the neutral lipid
contents (% wet tissue) of both pectoralis major and leg muscles
showed relatively large interchicken.vériations. This sué%sts that
neutral 1lipid is affected to a far greater extent than phospholipid
by the factors, such as diet and age, discussed in section 1.41. In
addition there was a direct relationship between total lipid and
néutral lipid 1evels; indicating that higher lipid levels arise
'primarily from the deposition of neutral lipid, as suggested by Marion
and Mille:r:,47 Also, leg muscles contained more total lipid and a

higher proportion of neutral lipid than pectoralis major muscles.

These general trends are in agreement with those diécussed
in section 1l.41. However, it was not possible to directly compare
thé present results with those from other workers, because there is
some evidenée of lipase and.phospholipase activity at temperatures'

down to -20°C (Fishwick, 1968, cited by El-Warraki et al,50),
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3.22 FATTY ACID COMPOSITION

Table Vlb shows the fatty acid coﬁposition of pecforalis hajor
muscles, and Table Vlc the fatty acid composition of leg muscles. The
same general trends were observed for both pectoralis major and leg
muscles. | : |

It may be seen that the main fatfy acids in neutral lipid‘and
phospholipid afe C16:0, C18:1 and C18:2; with phospholipids also
containing large amounts of C18:0. Phospholipids also contained larger
amounts of C20:4 than the neutral iipids. Thesergeneral trends are in
agreement‘with the literature (see section 1.41). However, higher
levels of C20:4 were expected to be present in the phosﬁholipids of
both tissues. The low levels found may be due to autooxidation of this
polyunsaturatéd fatty acid during the extendéd frozen Storage period of
these chickens prior to analysis. |

No difference in fatty acid composition between treated and
“untreated 1eg.or pectﬁralis major muscleé weré appérent from these
figures. However, interchicken differences may have obscured any
differences due to treatment. Therefore, to help account for the inter-
rohicken variations, the lével of Cl16:0 was assumed to be constant (i.e.
unaffected by autooxidation), and ‘the amounts of total unsaturated acids
were calculated with respéct to C16:0 for‘each set of figures. Again,
there were no significant différenceS~Between treated and untreated

muscles.

3+2% CORRELATION COEFFICIENTS BETWEEN LIPID AND FATTY ACID COMPOSITIONS

Table Vldrshows that there were statistically significant
negative correlation coefficients betWeen the neutral lipid content
'(expressed as a percentage of the total lipid) and the amounts of Cl8:2
and of the~total,amount,of unsaturated fatty acids in the neutral lipid
of peotorélis major treated and untreated muscles. A negative

correlation for C18:2, but a positive correlation for unsaturated acids,
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TABLE V1d

CORRELATION COEFFICIENTS™ BETWEEN NEUTRAL LIPID CONTENT
(% of total lipid) AND FATTY ACIDS

FATTY ACID

MUSCLE 7 total
C1l6:0 Cl8:2 unsaturated
Pectoralis ' 0 0
" Leg +0.41 -0.53 +0.51

- a.' Based on data in Tables Vla, Vl1b and Vliec

o Significant at 95% level

TABLE Vle

TBA NUMBERS
—— TREATVENT ,
MUSCLE : _Treated Untreated
1 2 3 Misp® 4 5 6 12SD
Peﬁz‘?ralis 0.46 0.45 0.17 0.35 ¥ 0,16 1.07 0.96 0.42 0.82 ¥ 0.35
jor . ,
Leg : 1.99 0.92 0.75 1.22 % 0.67 0.47 0.84 0.65 0.65 % 0.19

~a. Mean I standard deviation
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was found for leg muscles, but these were not statistically signifioant.
There were high, but not statistically significant, positive correlation
coefficients between the neutral lipid content and the amount of C16:0
in the neutral lipid of péctoralis major and leg muscles. No such high
correlation coefficients were found for the phospholipid fractions of
either pectoralis majof or leg muscles.

It should be remembe:ed that the amounts of C18:2 in the
neutral lipid of both pectoralis majoi and leg muscles, showed greater
interchicken_variation than‘any of the other main fatty acids (see '
Tables V1b and Vic).. ‘ |

Thesé observations may be partly explained by the poin%s
discussed in section 1.4l i.e. dietary C1l8:2 is deposited in chicken

>tissues to a larger extent than other dietary fatti_acids,'and also?
that neutral lipid fractions exhibit most pronounced chapges in the |
16 and 18- carbon fatty aci@s,‘whilst phospholipids show most marked
changeé in the longer chain fatty acids as a result df diet. Also,
higher lipid levels arise primarily from the‘depo%itioﬁ of'ngutral
- lipid. Lack of correlation between long chain pol&unsaturated fatty.
acids and the amount of phosfholipid cbuld be bgcapSe only gmall |
"~ amounts of these acids are present, and calculation of their émounts
is thus subject to high experimental error; .

| In terms of diet, a positive correlation between the amounté‘
"of neutral lipid and C18:2 would have been expected,'because-the
greater the amount -of totél iipid (presumably derived from dietary fat,)
‘the greater the amount of neutral iipid and hence Cl18:2 is expected.
However, statistically significant negative éorrelations were obtained
between neutral lipid and C18:2. This may‘only be accounted for by the
fact that Cl8:2 is susceptible to autooxidaﬁpn, and its le§e1 will
therefore be controlled by factors other than diet. The positive |
correlation between neutral lipid and C16:0 is as would beAexpected

from diet, and the fact that it is relatively'insusceptible to oxidation.
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3.24 TBA HUMBERS

Table Vle shows the TBA numbérs.of the freshly excised
pectoralis major and lég'muscles after they had been stored at -18%
for appioximaiely 2 weeks. ?here were no large differences in TBA
Numbers.between réw treated and untreated pectoralis major muscles, as
found in the preliminary experiment. ‘However, the mean TBA Number of
treated muscles was loﬁer than that of untreated muscles, and this
difference approached significance. In leg muscles, however, the
ﬁean TBA Kumber of treated muscles was higher than for untreated
muscles, but this difference was not significant. All of the treated
pectoralis major muscles, and most of the other muscles, had TBA'
Numbers of less than 1.0, the Value at which it has been suggested

that rancidity first becomes organoleptically detected.88

3.25 CORRELATTION COEFFICIENTS BETWEEN TBA NUMBERS AND FATIY
ACID LEVELS -

Since the TBA Test measures a by-product of the autooxidation
of fatty acids, a correlation between these 2 values may be expected

58

to exist. In fact, Marion et al, reported éﬁch corfelations between
the amounts of fatty acids in the neutral lipid and in 2 phospholipid
fractions (cephalin and lecithin) of raw pectoralis major muscles, and
their TBA Numbers (see Table V1f for valueé). Aisd'Bartov and Born-
stein,60 found that increases in the level of C18:2 derived from soybean
and milo oils, increased the susceptibilify of chicken tissues to
oxidation. However, béfh'tbese repdrts dealt with chicken lipids having
very different fatty acid compositions due to varying dietary fats, aqd
any correlations between TBA Numbers and fatty acids would be expected
to be magnified. |

Table V1f shows the correlation coefficients between TBA Numbers
and thé fatty acid levels of_the neutral lipid and phospholipid fractions

of both pectoralis major and leg miscles. These coefficients were -

. caleulated from the combined values for treated and untreated muscles,
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since there were no siéhificant differences‘in faftyVacid cpmpdsition
or TBA Nnmbers.between the 2 treatmenté. |
It maj be Seen that although the correlation coefficients were
not statisticaiiy significant, they did show the general relationships
expected between the degree of autooxidation and fatty acid levels. The
16- and 18- cérbon fatty acids of neutral lipid, and the polyunsaturatéd
20 plus- cafbon fatty acids of phospholipid, appeared to be the most
important indicators of the degree of autooxidation in both pectoralis
major and leg muscles. | |
One would expect negative correlation coefficients betweeh

unsaturated fatty acids and TBA'Numbers, and positive correlation
coefficients between saturated fatty acids and TBA Numbers. —The most
notable exceptiqns to this were thé_positive corrélétion between the
level-of QB in the phospholipid fraction of pectoralié major muscles
.and their TBA Numbers; and the high positive correlation between C20:4
in the phospholipid fractioh of leg muscles and their TBA Numbers.
Howevér, since each fatty acid is expressed as'a peréentage of the

tofal amount of fatt& acids, losses of one acid automatically causes
_an increase in the.qthers. ‘Also, the amounts of the long-chain fatty
acids weie.sméll (leés than 4%), and their determination is thus

subject to high experimehtal error.

3426 CORRELATION COEFFICIENTS BETWEEN TBA NUMBERS AND LIPID LEVELS

Table Vlig shbws the correlation‘coefficients'ﬁetween TBA
-Nuﬁbers anq lipid levels foi treated, untreated and treated plus
untreated muscies;A The correlation goefficients between TBA Numbers
and phospholipidrlevels'were calculated for treated and ﬁntreated
separately, as well as in combinatioh'because thére was a significant
difference in the phospholipid content (% of wet tissue) between |

treated and untreated muscles (see Table Vla). There were no
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significant differences between treated and untreated muécles for .
the other iipid levels, but the,separated values were aiso
calculated. However, any numer;cal differences between fhese valués
for treated and uhtreated muscles, are obviously due to inherent

inter—chicken'variations, and .not to poiyphosphate treatment.

Positivg correlation coeffiéients’were obtained between TBA
Numbers aﬁd total lipid and neutral lipid (% of total lipid and wet
fissue) levels, and these approached significance in the case of
pectoralis major muscles. These observations would seem to
suggest that neutral lipid plays a major role in raw tissue oxidation.
This bears out the findings of Shorland,§9 who found that the fatty
acids of neutral 1lipid of raw beef and lamb after'prolénged frozen
storége, had undergone conéi&erably greater oxidation than those of
- phospholipids. It seems, therefqre,_that phospholipids are
protected against oxidation during frozen storage, presﬁmably by
their close association with muscles proteins. ﬁowever, in the
present work there were positive correlation coefficients between
TBA Numbérs and phospholipid (% of wet tissue) leve;s for treated
plus untreated muscles, but these values were small and, statiétically
insignificent. Also, these coéffic;ents for treated and untreated
pectoralis major muscles separately, were negative, and in the case
of untreated muscles the value approachea 81gn1flcance. This findiﬁg,
along with the fact that the phosphollnld contents of treated and
untreated muscles were significantly different, seems to indicate
that,polyphosphates may have some direct effect on the phospholipids
- of pectoralis major muscles. However, this evidence is too tenuous to
pursue this discussion. |

A1l of these correlation coefficients were opposite in sign-

to those obtained in untreated cooked chicken muscles by Wilson et

138

al, (see Table Vlg for values). Their correlations were not
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statistically significant, and, in fact, were caloulated from the
results obtained from only 3—chicken samples.  However, it was
thought that it was valid to compare these reéults with the‘pfesent
ones, since the numerical valﬁgs of the coefficients from both
experiments were relatively high. Wilson et al, interprétedvtheir
results as evidenee»of'phospholipids playing tﬁe major role in
cooked muscle autqoxidation; and that this was because of their

- high polyunsaturated fatfy acid content. Since the present resu}ts
show that it is the neutral lipids which blay the majo; roie in raw
muscle autooxidation, it is sﬁggested_tﬁat heat may loosen any
phospholipid~-protein aésociations, and thus allow phospholipid

oxidation to proceed (see section 3.78).
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3¢3 INVESTIGATIONS OF THE HYDROLYSIS OF ADDED POLYPHOSPHATES IN
CHICKEN TISSUES

In the previousvexyeriment, polyphosphate vas foﬁnd to havé
very little detectable effect on the lipid and fatty acid composition
of raw chicken muscles. This aéproach, therefore, was temporarily
abandonedvin ordér to investigate the rate of hydrolysis of added
polyphosphates in chicken tissues. Few previous reports of this have
been found in the literature, although the rate of hydrolysis of
ﬁolyphosphates in other meats at refrigerator and room temperature
_has been investigated (see section 1.64). As explained in section
: 1.64,.it is very important to study the hydrolysis of added polyphos-
phate, since orthophosphate, the wltimate hydrolysis product of poly-
phosphates, is not effective as an antioxident and has less effect on

moisture losses than diphosphate and tripolyphosphate.

3.%1 DURING STORAGE AT 4°C

Fifty grams of breast muscle from an untreated chicken from
batch B were homogenised with 0.25 g of sodiﬁm tripolyphosphate. Ten
grams of this mixture were taken immediately after mixing, and

3

homogenised with 30 em” of 10% trichloroacetic acid, and analysed for
polyphosphates by the TLC méthod in section 2.61. The remaining muscle
was stored at-4°C, and analysed for polyphosphates és before after 18
and 23 hours storage.

Immediately after mixing, the tripolyphosphate content had
decreased by about 70%, and none was detected after 18 and 23 hours
storage. Only a trace amount‘of diphosphate was detected after 18 '
hours, and none after 23 hours. However, this method lacked sensitivity,
since it was calculated that tripoly?hosphate could only be detected if
more than 5% of the original amount remained. Nevertheless, this rapid

hydrolysis on mixing and during short-term storage has been reported in

other meats by various workers (see section 1.64).
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Later experiments using 7 P-FTNMR gave much mbre precise
measureménts fhan the TLC technique. It was decided to determine if
any hydrolysis occurred &uring frozen storage of treated chickens,
since preliminary exyeriments using the TLC techniqﬁe (not reported
here) showed that polyphosphate could not always be detected in
chickens vhich had been in fﬁozen étorage for periods of greater than

.5 months. | |

The pectoralis major muscles of 3 treated chickens fibm‘
batch A and batch B and 4 chickens from batch C, which had been in’
frozenlstorage for periods of 43, 15 and 5 months’respectively, along
with 1 untreated chicken from batch C, were tesfed accordiﬁg to
section 2.622.

Table Vlla shows the levels of orthdphosphate and higher

' phosphates in the muscles, and also the relative amounts of total added
phosphate and the fraction of added polyphosphate hyd:colysedf The‘
results showed that hydrolysis had proceeded to a great degree during
15 months, and especially during 43 months; but only to a very small .
degree during 5 months storage, with i exception. This anomaly in the

.5 month sample, when 40% hydrolysis had occurred, may be explained by a
relatively small amount»of'added phosphate being in ooﬁtact wifh normal
levels of phosphatases. * However, this chicken had been injected with
the same amount of phosphate as the othér chickens and the very small
amount detected was presumably due to.sampling error, which is discussed
below.

The only other results of this nature which have been in the

11 and O'Neill and Richards,110

literature arve those of Jozefowicz et al,
who state that polyphosphates undergo very little hydrolysis during 6
months frozen storage of the treated chicken. However, these workers

did not present quantitative results, as in fhe present experiment.
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TABLE ViIa

POLYPHOSPHATE SPECIES PRESENT IN THE PECTORALIS MAJOR MUSCLES
OF BATCH A, B AND C CHICKENS AFTER 43, 15 AND 5 MONTHS' STORAGE
AT-189C RESPECTIVELY

Storage time Integrals® Relative total _ Fraction of
(months) Ortho- Higher added phosphate ’  polyphosphate
' phosphate phosphates hydrolysed (%)
5 7.2 6.7 7.0 4
' 6.7 13.5 13.5 : 0
7.7 1.2 2.0 40
7.1 24.0 24.2 1
15 T.7 7.8 8.6 9
8.3 3.8 5.2 ' 27
10.2 7.1 10.4 | 32
43 1.0 0 4.1 ' 100
| 16.4 4.9 14.4 66
12,5 1.0 6.6 85

Untreated control 6.9 - - -

a. Normalised relative to the capillary solution of sodium
- methylene diphosphonate with an integral of 1.0 arbitrary
units.

b. Excess abundance of phosphorus nuclei over that in
untreated sample.

¢. Fraction of polyphosphate phosphorus nmuclei appearing
as orthophosphate.
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Although these results show avconsistént trend of hydrolysis |
with frozen storage timé, two approximationé were made in the procedure.
First, the percentage>hydrolysis was calculated taking the level of
naturélly occurring orthophosphate in chicken muscle as that presept in
only 1 untreated chicken. This was thought to be justifiable ﬁecause
the naturally’occurring §rthophosphate is present in.relativel& large
amounts compared to the injected amount, and also the natural amount is
reasonably constant betweenchickens (see sections 3.42 and 3.791).

Second, diffeiences in the‘locatidn of the actual.sample site relative
to the injection éite, which was not exactly kmown, were likely to
produce errors because of the unknown efficiency of déistribution of
injected phosphates. | |

Since orthophosphate, the ultimate hydrolysis ?rqduct of poly-
phosphates, is not effedtive as an antioxident'(and relatively ineffective
in controlling_WHC),_the fact_that hydrolysis of polyphosphates has been
found to occur during frozen storage is of considerable importance when
considering the mode of acfign of polyphosphates. This will be further
discussed in section 4.2. | n

This S P-FTMMR technique only became available at the end of
this research, and more detailed studies’of;the distribution and hydrolysis -
of polyfhosphates added td chicken were not possible. However, somé of
the 1ég muscles from»the batch B and batch C chickené used here were
analyséd for polyphosphates using this.teéhnique, and the results are

mentioned in sections 3.42 'and 3.791.
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3.4 TBA ANALYSIS, MOISTURE CONTENT, AND POLYPHOSPHATE SPECIES AND

' TOTAL PHOSPHORUS CONTENTS OF RAW AND COOKED PECTORALIS MAJOR,
PECTORALIS MINOR AND LEG MUSCLES OF TREATED AND UNTREATED
BATCH B CHICKENS AFTER 18 WEEKS STORAGE AT -18°C.

This experiment was designed to investigate the distribution of
injected polyphosphates in chicken, since very littie published |
information is available on this subject (see section 1.2). The TBA
Numbers of varioﬁs samfles were determined.to see if any correlation
existed.befweén phosphorus content and degree of oxidation.
| The‘experimentalvdesigh was as follows:

a) 3 treated and 3 untreated
chickens from batch B after
18 weeks storage at -18°C
were thawed at 4°C for 18 hours.

b) 1 pectoralis major, pectoralis
minor and leg muscle excised
from each chicken and stored
at -18°C until required.

c) 5g each treated pectoralis major
muscle immediately analysed for.
polyphosphate species by the TLC
technique. TBA tests performed
on 5g each miscle. Remainder
stored at ~18°C. '

d) 2g each muscle reserved for
total phosphorus and water
determinations. Remainder
cooked by heating in glass
jars at 85=90°C for 45 min.
Cooled and treated as in ¢),.
except remainder stored at 4 C
for 2 or 3 days, then TBA tests
performed on 5g each mscle.

e)  Water determinations and
digestion procedure for total
phosphorus carried out on lg
amounts of each raw and
cooked muscle.

f) c) to e) performed on
pectoralis minor and then
leg muscles.

g) A1l digested solutions sent

to Albright and Wilson for
total phosphorus analyses.
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.41 TBA NUMBERS

Table Vl1lla shows that there were no statistically significant
differences in TBA Numbers between treated and untreated muscles when
raw or freshly cooked. However, all mean values for treated muscles
vere lower than those for untreated muscles. There were relatively
large.interchicken variations in TBA Numbers fof.all 3 tyﬁes of muscle,
and no clear inter-muscle differences were apparent. All values were
below 1.00, as would be expected for fresh raw muscles and freshly
cooked muscles after a relatively short period of_frozen storége;

As expected, the TBA Numbers of cooked treated pécto;alis major
muscles were significantly lower than those of untreated miscles after
2 days holding. Unfortunately, the-TBA Numbers of cooked treated
pectoralis minor ahd leg muscles were not determined, and therefore,
the effect of polyphosphate treatment on these 2 musclesrcould not be
determined. The TBA Numbers of these untreated muscles were very high
after 3 days holding.

All untreated cooked muscles after 2 or 3 days of holding had
.very much higher TBA Numbers than tﬁose found by Jacobson and Koehlar,49
(see Table 11, section 1.4). However, these workers used the TBA test

122  hich does not use acid-heat treatment (see

of Tarladgis et al,
section 2.31 fér discussion of this point), and lower values may have
been expected. However, the freshly cooked values for the present
experiment and those of Jacobson and Koehlar were similar. Also, Wilson

et a1,t%8

who used the same TBA test as in the present experiment, found
much higher TBA Numbers than the présent-ones, for both raw and codked‘
chicken after O and 2 days holding at 4°C (see section 3.521 for their
cooked values). Thomson,86 who used the TBA test of Turner et a1,87
reported similar TBA Numbers to the present ones for both treated and

untreated cooked muscles during refrigerated storage. It should be noted

that each of these 3 seﬁs of workers tested chicken muscles which were
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different in all aspects including sourée, treatment, cooking method,
and storage conditions, from each other aﬁd from the present experimeﬁt.
Therefore, these 3 comparisons highlight the difficulty of‘comparing
TBA Numbers from different sources, owing, not only to the use of
different TBA tests, but to the actual samples tested and their

treatment.

3e42 TOTAL PHOSPHORUS

Table Vlllbrshqws the total phosphorus contenté of raw and
cooked pectoraligs major, pectoralis minor and leg muscles. It may be
seen thaﬁ the tbtal‘phosphorus content 6£»untreated muscles showed very
Alittle intercﬁicken variation for each of the 3 types of muscle. The
phosphorus levels in all 3 types of cooked untreated muscle were
similar toveach Othei,,whilst the raw leg musclés contéined lower
amounts .of phosphorus than the othér 2 types oflraw mﬁscle.

| The values for the raw pectoralis major muscles were similar
to those obtained by Grey et al, 139 on the entire breast miscle of
untreated and commercially treated broilers. The ranges of their
values vere, 0.57 = 0.44%h, and 0,20 = 0.23% forr treated and untreated
muscles respectively. Their mean values are given in Table V1llb.

Both raw and cooked pectoralis‘majof‘and pectoralis minor
mﬁscles from treated chickens contained significantly more phosphorus
‘than miscles from untreated chickens. This shows that added phosphorus
-is present in both these breast muséles,‘although ﬁhe major musciesb
contained more added phosphorus than the minor muscles. The minor
miscle is situated behind the major muscle into which the'injéction
is given, and therefore it appéérs that the injected pol&phosphate is
not evenly distributed throughout the. carcase.

. There were no statistically significant.differences in
phoéphorus content between the leg muscles from treated and untreated

chickens when they were either raw or cooked. This is in agreement
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with results obtéined in the experiment reported in section 3.32.
Theée wefe, that n§ added phosphates were found in the leg muscles
from treated chickens which had been stored at -18°C for 5 or 15
months. |

These. findings that added phosphate is not reaching the leg
muscles of chickens injected with polyphosphates under normal
commercial conditiqns has not been reporfed in such detail before,
although the inconclusive evidence of Truman and Dickes,Zl did point to
this fact (see sedfion 1.2); and, also, Grey et 2118 stated that leg
muscles did not contain added phosphates, but they gave no experimental
values (see section 1.3%3). However, it is recognised that turkeys S0
treated requiré injection into the leg, as well as the breast muscles,

to ensure adequate distribution (see section 1.2).

lach cooked musclebcontained a higher concentration of phosphorus
than the coiresponding raw muscles. Since the results were expressed as a
peréentage of wét tissue weight, this higher concentration in cooked
muscle is due to the fact that the ratio of phosphorus to muscle is
increased in the cooked muscle because of moisture loss during cooking.
It was not possible to accurately determine if phosphorus was lost during
coéking by comparing dry muscle values, because the cook losées were only
calculated approximately from cook-out juice volumes. .However, from the
approximate figure obtained, it appeafed that sample number 1 idst aboutv
3.3% phosphorus during cooking, number 2 about 6.5%, and number 3 did
not appear to have lost any phosphorus. All untreated pectoralis majox
muscles lost phosphorus during cooking, but the‘ﬁalues are not given
because they were approximate. For this reason, phosphorus losses of
-the‘other 2 types of muscle weré not calculated. The reason for quoting
treated pectoralis major results is that these may be compared with the
TBA(Numbers of the cooked muscles (see section 3.43), whereas the TBA

Numbers of the other 2 types of cooked muscle were not determined.
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3.43 CORRELATION COEFFICIENTS BETWEEN TBA NUMBERS AND TOTAL PHOSPEORUS

Since polyphosphates reduce the TBA Numbers of cooked muscles,
“a correlation coefficient between phosphorus content and TBA Numbers
may be expected to exist.‘ In fact, ‘I'homson,86 reported a significant
negative correlation betwéen percentage phosphorus and TBA Numbers of
bpolyphosphate treated commercially cooked fryer chickens, but the
‘phosphorus results to sﬁpport.fhis claim were not.éiven.

In the present work, a correlation coefficient of =0.49 was
found between TBA Numbers for freshly cooked treated pectoralis majo:
musclés and their phbsphorus content (% wet tissue). This coefficient
vas not statistically significant. Since the correlation was negative,
it would appear fhat high phosghoius‘le%els.in cooked muscles, which
presumably arise from high levels of treatment, result in reduced TBA
Numbers. waevér, because of the éffect of cook losses, as discussed
'inbthe previous section, a more valid comparison would be obtained by
taking the phosphdrus»content as a percentﬁge of dry mmuscle weighf;
When the approximate (see section 3.42) dry weight figures were used,
a negative correlation coefficient of similar,magnitude to the above
was found.

However, these correiatiops assume that there is no inter-
chicken variation in natural phésphorus content. When this is taken
into account by comparing the difference in phosphorus content between
the raw and cooked treated muscles and their TBA Numbers, negative
correlatibns were again obtained. In this case the cofrelation
coefficient was -0.96 when phosphorus was calculated as both a
percentage of wet and dry muscle. Despite this high rumerical vaiue,
the correlation was not statistically significant, presumably because the
sample size was small. This correlation means that as the difference
in phosphorus content between raw and cooked muscles increases, the

~ TBA Number of the freshly cooked muscles decreases. Since muscles lose
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phosphorus during cooking (see section 3.42), it follows that, the
greater the amount of.phosphorus lost during cooking, the lower the
TBA Number of the cooked muscle is. Hoﬁever, sample number 3, which
did not appear to lose any phosphorus during céoking, and has a lower
TBA Number than the other 2 muscles when fresily éooked had a much
higher TBA Number than the other 2 muscles after holding for 2 days.
It is obvious that phosphorus levels alone cannot adequately
explaih these findings, since, for instance, loss of phosphorus
during cboking may be related tovloss of prooxident metal ions.
These points are discussed further in sections 3.710 and 3.71l, where

more detailed ionic analyses were performed.

3,44 MOISTURE CONTENT

Table Villc shows that treated pectoralis major muscles
contained significantly more water than the untreated muscles,
presumably as a direct result of polyphosphafe injection. There was
no difference, however, hetween treated and untreﬁted‘pectoralis minor
muscles, despite the fact that treated muscles contained significant
amounts of added phosphorus. There were no differences betweeﬁ
treated and untreated leg muscles, although the values were higher

than previously reported by Truman and Dickes.21

3.45 POLYPHOSPHAUE SPECIES

No tripolyphosphate was found in any of the muscles immediately
after thawing, and diphosphate was detected in only 1 of the treated
pectoralis major muscles. However, polyphosphates higher than tripoly-
phosphate were found in each of the treated raw and cooked pectoralis
majof and pectoralis minor muscles; but none were detected in any of
tﬁe treated leg muscles,~which corresponds to the findings that leg
- muscles contain no added total phosphozrus.

Even allowving for the ‘relative insensitivity of the TLC method

used here, compared to the 5lP—FTNMR method used in the other expefiment
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(see.section 3.32), these findings‘for pectoralis major muscles were
not expected. These presept chickens had been stored at -18°C for
only 18 weeks, and previously (see section 3.32), very 1i£t1e
hydrolysis had taken place in pectoralis major muscles during 5 months
storage at -18°C. Since the present breast muscles contained
significant amounts of added total phosphorus, it would seem that
rapid hydrolysis of polyphosphates does occur during thawing; as

110 (see section l.64). This

suggested by O'Neill and Richards,
present experiment, fherefore, was probably not valid; but it was
performed before the 3lP-'FTNMR techhique and other workers findings;
were discovered. It should be ment;oned here that no added |
phosphates were detected by 3lP—F'l’NMR in leg mﬁscles from treated

chickens which had been in frozen storage fdr'5rand 15 ﬁonths (see

section 3,32 for experimental details).
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3.5 TBA ANALYSIS OF RAW AND COOKED PECTORALIS MAJOR AND LEG MUSCLES
FROM TREATED AND UNTREATED BATCH B CHICKENS AFTER 6 MONTHS STORAGE
AT -18°C DURING HOLDING AT 4°C AND ~189C; AND CALCULATION OF COOK
LOSSES '

This experiment was carried out to obtain more TBA results of
raw chicken muscles because of the so far conflicting findings of the
effect of polyphosphates on these TBA Numbers. Also, it was necessary
10 obtain TBA results of cooked leg muscles to support the findings
that leg muscles from treated chickens contain no added polyphosphates.

In addition the cook losses of the muscles were calculated.

The experimental design was as follows:

a) 3 treated and 3 untreated
chickens from batch B after
6 months storage at -18°C
. were thawed at room temperature -
for 22 hours.
b) Both pectoralis major muscles
excised from each chicken and

stored at -18°C until required.

c¢) 1 pectoralis major muscle from
each chicken minced.

d) TBA tests performed on 5 g each
muscle. Half of remainder stored
at 40C and half at -18°C.

e) TBA tests performed on 5 g each
during 11 days storage at 4°C
and 3 months storage at -18°C.

f) Other pectoralis major muscle
from each. chicken cooked .by heating
in glass jars at 85-90°C for 45 min.
Cooled and minced, and then treated
as in d) and e).

g) Micro-organism content of some
muscles - . determined (see Appendix 1)

h) Performed b) to g) on leg muscles.
3,51 COOK LOSSES

Table 1Xa shows that there were no significant differences in
cook losses between treated and untreated pectoralis major or leg

muscles, although polyphosphates are known to decrease cook losses (see
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section 1f33)_. Howéver, the steam method of cooking used here, may .
have beén expectéd to mask any differences due to treatment because

of the saturated water vapour atmosphere. In fact, Table la shows

that the cook loss of 1 treated pectoralis major muscle after roasting
.with no added fa’c, was much 1ower than that of 1 uﬁtreated muécle.
Also, it seems likely that increased cook yields of whole and portloned
chlckens (as discussed in sec*b:.on 1.33), are not rei‘lected in the |
1nd1V1dua.1 muscles because skin, tendons, and comnective tissue have

been removed.
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3.52 TBA NUMBERS

3.521 During Holding at 4°C

Table 1Xb shows the TBA Numbers of cooked muscles during holding
at 490, and Table 1Xc, the TBA Numbers of raw muscles during holding at
4%.

For éooked muscles, the difference between treated and untreated
pectoralis major muscles was always highly significant throughout 9 days
of holding. This again indicates that polyphosphates inhibit auto-
‘oxidation in cooked chicken tissues (cf. Tables Ve and'Vllia).‘.
However, there were no significant differencesvbetween treated and
untreated leg muscles throughout 5 days of holding. This was the first
time in this work that the TBA Numbers of cooked leg muscles had been
deterﬁined. ‘This lack 6f difference between leg muscles from treated
and untreated chickens clearly corresponds td the findings in sections
3.42 and 3.791, that injected polyphosphate does not reach the leg
muscles. )

By comparing these results from pectoralis major and leg
muscles, it may be seen that the TBA Numbers of leg mﬁscies>aftér 2
days of holding were very much lower than those of untreated pectoralis
major muscles after 1 day. However, the vélues for leg muscles after 5
days ﬁere higher than those of untreated pectoralis major muscles aftér
7 and 9 days. Thus, cooked.leg mscles were found-to undergo auto- ‘
oxidation at a slower rate than pectoralis méjbr muscles. This delayed
oﬁset of‘rancidity in leg muscles compared to péctoralis major muscles

138 whose mean TBA Numbers for 3 cooked

was not found by Wilson et al,
.minced, muscles were, 3.96‘i 1.03 for dark muscles and 3.13 hd 1,76 for
white muscie immediétely after cooking. These values rosé to0 9.20 I
0.69 and 8.60 ¥ 0.72, respectively, after 2 days holding at 4°C

(however, see discussion in section 3.41l, about the difficulty of

comparing TBA Numbers from different sources).
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For raw muscles, the mean TBA Numbeis of treated musclesAwere
generally higher than those of untreated muscles, but these differences
" were not Significant. Therefore, polyphoéphate treatment was not found
to inhiBit autoqxidation in raw muscles, as,it was in section 3.1 (also,
cf. Table Xa).

By comparing these results from pectoralis major and leg
muscles, it ﬁay be seen that the mean TBA Numbers of leg muscles were
- lower than those of pectoralis major muscles throughout the 11 day
holding period. This wouldiseem to cbrrespond t§ the discussion in
"~ gection 3.26, that phéspholipids are protected against autooxidation
in raw muscles by ﬁheir‘close associatioﬁ with muscle proteins. This
 is because leg mﬁscles coﬁtain a greater‘amount of phospholipids than
pectoralis major muscies (Table Vla), and therefore amtooxidation
would pfoceed less rapidly in leg muscles than pectoralis méjor muscles.
However, from the discﬁssion in section 3.26, it may be seen that
neutral lipids are presumed to play a major role in raw muscle oxidation.
Since leg muscles contain much larger amounts of neutial‘lipids than
pectoralis major muscles, (Table Vla) it may be expected that raw leg
muscles would be mbre sﬁSOeptible to oxidation than raw pectoralis
major muscles. Beéause they have been found not to be, must be a
reflection of the small polyunsaturated fatty acid content of neutral '
lipids compared to phospholipids. , |

It is surprising to note that the TBA Nﬁmbers §f raw treated
pectoralis major muscles were higher than thdse of cooked treated
pectoralis majo: ﬁuscles; which were very low throughout the holding
period. Thomson,86 also found that cooked treated musclés had very
llow TBA Numbers throughout 14 days of refrigerated stofage (see section
1.43 for the ﬁalues).~ Heat would be expected to accelerate the auto-
oxidative'piocess, resulting in a higher degree of ranciditj in cooked

" muscles compared to raw muscles.' That this was not found to be the
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case, could be becaﬁse the cooked muscles were in the latter stages of
rancidity when the amount of malonaldehyde had been depleted (see
section 2.31), ieading.to low TBA Nﬁmbers; However, this does not
‘explain vhy the untreated cooked muscleé had very high TBA Nﬁmbers
throughout the holding period.

It Seems that polyphosphate treatment could result in cooked
muscles having very low TBA Nuﬁbers by some mechanism other than
-inhibition of autooxidative rancidity. For insfance, polyphosphates
may act by destroying carbonyl by-products of autooxidation anq not
by inhibiting oxygen attack‘on fafty acids. From the present
experiment it is not possible to determine absolutely which, if
either, of these 2 mechanisms is correct. waevef, sipce raw treated j
muscles have véry similar TBA.NumBers to untreated muscleé, it seems
" that polyphosphates do not directly interfere with the initial stages
of autdoxidatiqn. " Rao et a17"7 also encountered difficulties in

interpreting their carbonyl results vhich are reported in section 1.52.

3,522 During Holding at =18°C

Table 1Xd shows ﬁhe TBA Numbers qf raw muscles during 4 ﬁonths
‘holding at -18°C, and Table 1Xe thé TBA Numbers of cooked muscles
during 3 months holding at ~18°C.

For raw muscles, it may be seen that fhere wvere no significant
differences‘between treated and untreated muscles. This again suggests
that polyphosphates do not inhibit autooxidation in raw muscles. Fof
pectoralis major muscles, fhe TBA Numbers affer 4 months at_-18°C were
simiiar to those obtained after 2 days holding at 4°C. This suggests
that littlé‘gr né‘oxidation had occurred during 4 months frozen storage.
For leg muscles, howevér, the mean values obtained after 4 months ét
--1800{ were much hiéher than those obtained after 11 days holding at
4°C. These leg‘muscle values du;ing frozen storage were very variable,
ranging frgm 0.86 fo §.11. ''he only explanation which may be offered

for this variability is that, blood vessels could not always be easily
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separated from the leg muscles during excis;on'and mincing., Thus,
samples of leg muscles probably contained varying amounts of pro-
oxident haem compounds, which contributedlto increaéed aevelépment of
rancidity during 4 months at -18°C, but not to such a marked extent
during 11 days at 4°C (cf. Table 1Xe). |

For cooked muscles, the difference between treated and
untieated pectoralis major musc1es was highly significant, but this
was not true of leg muscles. These findings are as expected from
fhe resﬁlts of cooked mﬁsclés during holding at 4°C. The values for
leg muscles'were very much higher than those of_pectoralis major
muscles,»which'corresponds fo the results obtained:on the Bth day of
holding at 400 (see section 5.5él). By comparing the results at 4°C
and -18°C, it also appeared that aﬁtobxidation had proceéded in the
- leg musclés during frozen storége, and, perhaps, in the untreated
pectoralis méjor muscles.‘

Thus, autooxidation was found to have occurred in untreated
cooked muscles during 3 months frozen storage, bﬁt not in raw muscles
(exdept for some leg muscles), see above) during 4 months frozen
- storage. This obviously reflects the greater susceptibility of cooked

muscles to autooxidation compared to raw muscles.
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3.6 TBA ANALYSIS OF RAW PECTORALIS MAJOR AND IEG MUSCLES CF TREATED
AND UNTREATED BATCH A CHICKENS AFTER 47 MONTHS STORAGL AT ~180C;
AND PRELIMINARY THAW LOSS STUDIES.

This experiment was carried 6ut to see if»duringvfurther
prolonged frozen storage, raw tieated,batch A chickens were protected
against autboxidation as anewas found to be after 21 months frozen
storage (section 3.1). Subsequent TBA analyses of raw muscles did ﬁot
conclusively show this protection of raw treated muscles (see sectiohs
3424, 3.41 and 3.52). |

The experiment was carried out as follows:

Two treated and 2 untreated chickens from batch A after 47 months
storage at -18°%c were.placed on 2 trays.énd thawved at room temperature
for 16 hours. The pectoralis major and leg muscles from 1 side of each
chicken vere excised and minced. All muscles gave offlrancid odours.

TBA tests were carried out during holding at 4°C:

3.61 TBA NUMBERS

Table Xa shows the TBA!thbers of treated and untreated pectoralis
major and leg muscles during holding at 400 for 8 days. The mean TBA
Numbers of treated muscles were lower than those of wntreated muscles
for both pectoralis major and leg muscles throughout the 8 day holding
period. These.differences were not sfatistically significant, due in
part no doubt to the small sample size and relatively large standard
deviations. However, it should be nofed that except for the 8th day
of storage, both treated pectoralis major muscles had lower TBA
Numbers than the 2 untreated muscles.i This was not true of the‘leg
muscles.

For both pectoralis major and leg muscles, all values were lower
than those of batch B chickens after 6 months storage at —18°C, during
holding at 4°C‘(section 3.521), Table 1Xc). A possible explanation of
this is that the present chickens had undergone considerable auto-
oxidation during their 47 months of frozen storage (all muscles gave

off rancid odours after excision); and malonaldehyde, the autooxidation
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product which is measured in the TBA test, is not a stable end-product
of autooxidation (see section 2.31). Therefore, lover concentrations of
this aldehyde would be expected to be present in iancid muscles |
compared Qith those which had only been stqred for 6 months at -18°C.
However, if this were the case, thén it may séem inconsiétent that the
TBA Numbérs of fhe present muscles increased during holding. It should
be remembered, however, that TBA Numbers have been shown to %ary
inéonsistentl& during holding (see Table le);vand, also, that the level
of malonaldehyde present at any one time is thought to depénd on the
amount of available oxygen}zo It seems reasonable to assume that auto-
oxidation during 47 months frozen storage leads to the production (and
_destruction)'of near the maximum amount of malonaldehyde from the most
oxidation-susceptible fatty aéids, whiist the more inert acids undergo
oxidation during holding at 46C. | _

' | Theée TBA results agree with those of sections 3.24 (Table Vlie),
3.41 (Table Vllla), and 3.521 (Table 1Xc), in that no definite
inhibition of autooxidation in raw treated muscles has been found. In
particular, this experiment failed to confirm the results of experiment
3.1, where it was found that an untreated pectoralis major muscle from
this'batch of chickens after 21 monthé of frozen storage, had'veryi
mich higher TBA Numbers throughout 7 days holding at 4°C than a treated

muscle.

3,62 TOTAL HAEM CONTENT OF THAW LOSS

The combined thaw losses from the treated chickens seeﬁgd to
contaiﬁ more blood than the combined thaw losses of the untreated chickens.
This observation was confirmed by measurément of the total haem content of
aliquots of both thaw losses by the method of éection 2.6. The values
(absorbance x total volume) for freated and untreated thaw losses weie
'5;7_and 2.6 respectively. |

This difference in thaw loss composition between treated and untreated

chickens had not been noticed in earlier experiments, and no accounts :.: .
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have been found in the literature. It seems likely that diSruptioﬁ of
muscle protein sfructure caused by polyphosphates (see section 1.6),
would lead to loss of haemoproteins. Also, removal of prooxident haem
dompounds would be expected to inhibit autooxidation, and, therefo:e,
‘these obserVations have véry important implications. Furfher studies

on the total haem content of thaw losses are reported in section 3.72.
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3.7 TBA ANALYSIS AND LIPID; FATTY ACID AND IONIC (PHOSPHORUS, IRON,
SODIUM, CALCIUM, AND MAGNESIUM) COMPOSITION OF COOKED TREATED .
AND UNTREATED BATCH C CHICKEN MUSCLES AND JUICES AFTER 2 WEEKS
STORAGE AT -209C; AND CALCULATION OF THEIR COOK-LOSSES, AND OF
THE UPTAKE OF CHILL WATER FOR BATCH A AND BATCH C CHICKENS. '

Most of the previous experiments were carried out on chickens
which had been in frozen storage for longer periods than would be used
in the retail trade. It was therefore thought necessary to check‘some
of the previous findings against those obtéined from chickens after
short term.frozen storage. Also, previous fatty acid composition results
of raw muscles failed to disﬂinguish between treated and untreated

'samples,‘and it was thought that results of cooked muscles would be far
more likely to do this. In addition to repeating previous analyses, the
ionic composition of ﬁuécles and Jjuices were determined in order to
check conflicting literature reports of the metal chelation properties
of polyphosphates in meat. Sodium analyses weie carried out to see if
this ion was distributed throughout the carcase in'a similar way to
polyphosphate. |

The experiment was carried out as follows:

Six treated (TL to 6) and 6 untreated (Ul to 6) chickens from
batch C after 2 weeks storage at -20° C, were 1nverted in large funnels
and thawed at room temperature for 16 hours, and the thaw-drips
colleted in measuring cylinders. r1he amount of chill water these chlckens
had absorbed was known from welghts taken in the factory. The pectoralis
major and leg miscles from 1 side of each chicken were exciéed and storéd
at -2090 until required for cooking, when they:were thawed and cooked by
heatipg in giass Jare at 85 - 90°C for 45 minutes. The muscles were
cooled, minéed, and divided into portions for the various analyses. At
all times the muscles were returned to the freezer és quickly as possible
when not 1mmed1ately reguired for analysis, except for the muscles which
were allowed to become rancid by leaving at room temperature for 5 days.

Phosphorus, iron, sodium, calcium and magnesium (P,Fe,Na,Ca, and Mg,
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respectively) determinations were carried out by Albright & Wilson Ltd.
on solutions prepared as in section 2.51.
The analyses were performed on various muscles and juices as

follows:
SAMPLE ANALYSES

Thaw loss Total haem and P,Fe,Na,Ca, and Mg content of Tl
to 6 and Ul to 6 .

Freshly cooked Lipid composition and fatty acid composition of
muascle. the neutral 1lipid and phospholipid of pectoralis
major muscles of T1, 2 and 3, and Ul, 2 and 3.

P,Fe,Na,Ca, and Mg content of pectoralis major
muscles of Tl to 6 and Ul to 6, and of leg
muscles of T1 to 6 and Ul to 6.

TBA Numbers of pectoralis major of Tl, 2 and 3,
and Ul, 2 and 3, and of leg muscles of Tl to 6 o
and U1 to 6, after 2 and 6 weeks storage at -20 C,
respectlvely.

Cook=out juices = Fatty acid composition of total lipid, and P,Fe,
Na,Ca, and Mg content of pectoralis major muscles
T1 to 6 and Ul to 6, and of leg muscles Tl to 6
and Ul to 6.

Rancid cooked - Lipid composition of pectoralls major muscles Tl
muscle , to 6 and Ul to 6.

Fatty acid composition of neutral lipid and
phospholipid of pectoralis major muscles T1, 2
and 3, and Ul, 2 and 3; and of total lipid of
pectoralis major muscles T4, 5 and 6, and U4, 5
and 6.

3.71 UPTAKE OF CHILL WATER

Table Xla shows that there was no significant difference in the

amount of chill water absorbed between treated and untreated chickens;
although the mean value for treated chickens was lower than that for
untreated chickens. However, the mean values for the total number of 11
treated and 11 untreated batch C chickens were, 4.8 = 1.0 and 6.2 = 1.2,
respectively, and this difference was statistically significant. Also,

the mean values for the total number of 12 treated and 12 untreated batch
A chickens were, 3.0 & 1.0 and 5.2 ¥ 2.5, respectively, and this
difference was statistically significant. The chill water uptakes of
batch B chickens were not known.: .

Uptéke of chill water is governed by the conditions in the chill

tank, and by the physical characteristics of the carcase (see section 1.32).
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TABLE Xla

UPTAKE OF CHILL WATER, AND AMOUNT AND TOTAIL HAEM CONTENT OF
THAW LOSSES FROM TREATED AND UNTREATED BATCH C CHICKENS
AFTER 2 WEEKS STORAGE AT - 20°C

Uptake of Thaw. Total Haem in

Treatment

chill water™% 1oss>'®?  thay liquor C»d
treated 5.1 £ 1.2 4.9 T 0.7 2.6 £ 0.3
untreated 5.6 ¥ 0.9 4.4 0.7 2.3 % 0.4

a. 'Percentége increase (of eviscerated weight +
injection weight) after chill and drip

b. Percentage of frozen carcase
c. Absorbance at 415mm (concentration) x total volume

d. Mean I standard deviation of 6 chickens.

TABLE X1b

COOK LOSSES® OF PECTORALIS MAJOR AND LEG MUSCLES -

TUSCLE.
TREATMENT Pectoralis Major Leg
treated’ 23.6F 1.1 . 27,8 % 1.2
untreated® 23,1 £ 1.5 25.1 % 2.5

a. Values expressed as a percentage of
raw muscle.

b. Mean I standard deviation of 6 muscles.
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Therefore, the differences in the levels of uptakeAbetween batch C and
| and batch A chickens were to be expected. However, it could be
significant that treated batch A chickens, which had absorbed less chill
 wa£ef_than treated batch € chiékens, had.received a larger percentage
injection than batch C cﬁickens (the mean valﬁes wére, 9.6% and 5.1%
respectively). There was no relationship, however, betﬁeen the lévels
of inﬁection and amount of chill water ﬁptake for the batch A aﬁd batch
C chickens separately. This>may havé been because there was little |
interchicken.variation in injection levels for each 6f'the éeparate
batches of_chickens.v | | .

These results are in agreement wifh those of Grey et ai,18
in that comﬁercial polyphosphate iﬁjection has no consistent effeét on
the level of chill‘water'ﬁptake'(see_section 1,33). Howevér; their -
mean vélue for percentage éhill water uptake of 1019 untreated chickens
wés 7;8%, and of 957 treated chickens 7;6%. These 2 values are very
éimilar to eaéh qther, buj they seemed fo have calculated tﬁem ass—~
weight‘after‘chilling ~(eviscerated weight + injection weight) =
’ eviscerated weight only x 100; and not as in the present expéiimentz;
< eviscerated weigﬁt + injection wéiéht. Thué, théir methéd of calculétion ’
gives higher treated values than would be obtained by fhe present method.
The present results may be explaingd by considering the following:

VWater taken up during chilling is thought to accumulate between
the skin and tissue, and to only slowly diffuse into the muscle.2!
Presumably, therefore, only a certain amount of water mey be readily
absorbed during the 30 to 45 minutes that these chickens spent in the
chill tank. The injected chickens already contain added water, some of.
which haé, almost certainly, beeﬁ absorbed by the subcutaneous tissﬁe;
Therefére, it is suggested that, polyphosphate.injécted chickens absorb

less chill water than untreated chickens because the subcutaneous'tissue;

the major site of' water accumulation, is partly hydrated. This theory
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is supported by theffact that chickens from batch C which had received
5% injections of water only, absorbed less chill water than uninjected
chickens. In fact, their mean value (of 6 chickens)'was 5.1% which was

very similar to the mean value of 4.8% for polyphosphate injected chickens.

3.72 AMOUNT AND TOTAL HAEM CONTENT OF THAW LOSSES

Table Xla shows that there»w§s no significént difference in
the amount of thaw loés between treated aﬁd untreated chickens. This
contradicts the resuits_shown in Table 7a and'the resuits‘of Van Hoof and
Da;elman,17 (see section 1.33), where treated chickens were found to have
reduced théw losses compared to untreated‘chickens, However, Grey et
al,18 and Truman and Dickes;2l found no significant difference in thaw
loss values betweén treated énd untreated chickens, (see seétion 1.33).

It is impossible to account for the differences between the
preseht results and those from other sources, because the WHC of meat is
‘suﬁject~to severa; factors (see section 1.3l and 1.32).

Tabie Xla algb shows that therevwas nb‘significant difference
-in the total haem content of the thaw losses between treated and untreated
chickens, although the mean value for fréated cﬁickens was greater than
that for untreated chickens. In addition, both mean values were similar
to that of untreated fhaw ioSées froﬁ cﬁickens afterv47'mbnths frozen
storage (see Section'3,62). However, these latter treated chickené
lost more than twice as much total héeﬁ than the present treaféd chickens,
which had been frozen for only 2 weéks. It would seem, fherefore, that
polyphosphaté—ihduced denaturation of muscie proteins‘whiéh leads t; losé
‘of haem compounds (see séctionv3.62) occursvduriﬁg extended frozen
storage but not during short-term storage.

| Therefore, polyphpéphgte treatment was found to.have no effect
on either the amount or total haem content of thaw losses after short- -

term frozen storage.

129



3.73 COCK -LOSSES

Table X1b shows-that fhereAwas no significant difference in
:cook loss between treated and untreatéd pectoralis major or leg muscles.
These results correspond to those of section 3451 (Table 1Xa), where

they are discussed with respect to the method of cooking.

374 LIPID COMPOSITION OF PECTORALIS MAJOR MUSCLES

Table X1c¢ shows the tofal lipid, neutrél lipid and phospho-
lipid contents of treated and untreated pectoralis major muscles, when
freshly cooked and iancid. It may be seen that there were no significant
differenceé between treated and untreated muscles for any of the lipid
fractions. Also, there were no consistent differences in individual
muscles between the values fof freshly cooked and ranpid saﬁples ( for
example, nét éll rancid muscles had decreased lipid levels compared to
- freshly cooked miscles). - |

| It may be seen that the 1lipid composition of these cooked
pectoralis major muscles shows greater interchicken variation than that
of raw muscles, as determined in section 3.21, Table Vla, This was to
be expected, since.cook-out juices contain some lipid material (see
section 3.754); and, also, loss of fluid on cooking will lead to
variations in the ratio of lipid to ﬁetvmuscle. Because of the effects
of factors such as age, diet and storage time on the 1lipid composition
of chicken muscles (see section 1.41) it was not posSible tb directiy

compare these results with those of raw muscles in section 3.2.

3.75 FATTY ACID COMPOSITION

3.751 Freshly Cooked Pectoralis Major Muscles

Table X1d shows that the neutral lipid of freshly cooked Tl
and T3 contained no Cl8:2 and very high levels of Cl6:0. However,
C18:2 was present in the neutral lipid of these rancid same muscles
(Table X1f), and also in tﬁe phospholipid fractions of both freshly

cooked and rancid samples. This suggests that these anomalous results
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were due to experimental error, presumably during the methylatipn stage,
since both of these methylation mixtures were black after reaction.
Because of these 2 anomalous results, it was not possible to compare
treated aﬁd untreated néutral liﬁid Tesults. |
- There were no significant differences in the fatty acid
composition of ﬁhospholipid fractibnslbetweenvtreated and untreated
mﬁscles; eveﬁ when the inherent interchicken variations were partially
allowed for. by 01v1d1ng the. total amount of unsaturated fatty a01ds by
the amount of €l6:0 (see section 3 22).

The phosphollplds of both treated'and untreated.muscles were
very much richer in G20:4 ahd CB'than rav muscles after'lqng—term
frozeﬁ sforage (see section 3.22, Table Vlb). This suggests that auto-
oxidation had~proceeded to some extent during frozen storage‘pf theée
raw musc}es;ralthoggh}the amounts of total unsaturated fafty acids
’ weie similar forlﬁotﬁ these raw muscles énd the presentvcooked muscles.
It is important to note that only general coﬁparisons ﬁéy,be made
between these 2 sets of results because ofvthe‘effeqts of diet, age,
sex, and frozen storagé time on the lipid and fatty acid levels (see
section‘1.4i).

There ﬁere:no high correlation coefficients between the
pércentage‘neutral 1ipid and levels of 016:0; C18:2, and total
unsaturated fatty acids, as was found for raw musclés (Table Vld). In
fact,‘the C18:2 content of thesé muscies'(except fbr T. and T3) was
very constant, unlike foﬁ the raw muscleé, when C18:2 was found to vary
more between muscles to a greater extent than any other faﬁty acids
. (Table Vib). In addition, each of the other fatty acids of both neutral
lipid and phospholipid showed relatively small interchickeﬁ variations.
Thls seems surprlslng in view of the dlfferlng oxldatlon levels, as
determined by TBA Numbers (Table X1j). It would appear, therefore, that
.Aonly very.small changes in fatty acid composition are required to cause

. measurable differences in TBA Number. Also, heat alone, may have been
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expected to cause relatively large changes in fatty acid composition
by increasing reactioﬁ rates. It therefore"fbllows that relatively
large intérchicken variations would be expeéted in cooked muscles,
because the réw'mhscle variations'wouldube ﬁégnified on heating.
However, other'workers also have reported that cooking has very
little measurable effect on the fatty acid composition of chicken |
‘muséles (see section 1.41).

Table Xle shows the fatty écid composition‘of the total
lipid 6f fhesevmusciesrwhich we;é calculated from the known neutral
lipid and phospholipid ievels (in order to compare with the rancid
muscle results,vTaﬁle.Xlg, and the cook-out juice results, Table Xlh);
but, again, there were no differences between treated and untﬁeated
musclés, when the anomaloﬁs results of Tl and T3 were taken into

account.

\3.752 Rancid Cooked‘Pectqrélis IMajor luscles

| ‘Table XLf shdws'fhaj there was more C18:2 and a greéter
percentage of totai unsaturated fatty'acids in the néutral lipid Qf
rancid treated muscles compared with untreafed muscles. The
| difference in- total unsaturéted fatty acids between freated and
untreated miscles was statistically significant at the 95% le#el, but
the difference invClB:Z’only approached'significanée. H0wevér, only
a small number of muscles were tested. Wﬁenvthe inherent inter—
chicken differéﬁces were allowed foi by‘compgring the amounts of"
totél unsaﬁurated fatty ac;ds to the level of Ci6:0,‘each treéted
muscle was shown To confain a greéter'percentage of unsaturated acids
thén either of the untreated muscles. ﬁ0wever, this difference only
approached significance. |

That treated muscles contain more C18:2 and total unsatur-‘

‘ated fatty écids than untreated mqscleé; woﬁld be expected since

polyphosphates protect cooked muscles against autooxidation (see below
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for TBA Numbers). From these results it is clear that C18:2 is the
only individua; fatty acid which shows ﬁeasurable changes due to auto-
oxidation (and also due to diet), see section 5;23). Despite the
p:esehce of fatty acids which are more unsaturated, and therefore mofe_
susceptible to aﬁtooxidétion than C18:2, it is suggested that 018:2
..is the-only acid which shows measurable differenceslbecause it is
present in larger aﬁounts than the ofher unsatuiated fatty acids.

The TBA Numbers of treated freshly cooked muséles after 2
weeks storage at -2000, vere much lower than those of untreated muscles
(Table.le) and it may therefore be assumed that thié difference would
have teen even larger befween rancid treated and uhtieated rmscles.
Therefore, it appears that only very small changes in fatty acids produce
large differences in TBA Numbers, (see also secfion 3.751).:

| No consistent differenées in the fafty acid éomposition of the

phospholipid fractions between treated and untreated muscles were
apparent. This was Surprising because phoépholipids would be expected
{0 be more susceptible tb autooxidation than neutral liﬁids, because of
their increased polyunsaturated fétty acid content. Therefofe; differénces
between treated and untreated muscles, due to differences in the degreevof
autooxidatioﬁ, would be expected. ‘Previous résulté.have suggested that
phbspholipids are protected.against autooxidation in raw muscles by theif
close association with muscle proteiné (see section 3.26). However, heat
would be expected to break this association, and therefore expose‘the
phospholipids to oxygen. However, ﬁhospholipi&s contain much greater
a@qunts of C20:4 and QB than neutral lipids, and these acids will undergo
autooxidation more rapidly than the other unsaturated fatty acids. Since
there is less than 6% of C20:4 and QB present in phoépholipids, their.
determination is subject to relatively large-experiment#l exrror, and this
" could have obscured any differences between treated and untreated muscles.
In fact, the mean amounts of C20:4 énd CB in treated musclesvwere higher

than those in untreated muscles. Comparison of these levels, and the
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levels of total unsaturated fatty acids, with C16:0 failed to show any
statistically significant differences between treated and'untreated
miscles. Only these values for total unsaturéfed fatty acids are given
in Table X1f because ﬁhé'values for QZO:4 and GB were very small, and
subject to relatively large experimental exrrors as diséussed ébove..
Table Xlg shovs the fabby acid composition of the total 1ipid
of rancid cooked,muécles. The vaiués for TL, 2, 3 and UL, 2, 3, weré
calculafed from the known lévels of neutral 1lipid and phospholiﬁid
(fable Xlc); and ‘the values for T4,5,6 and U4,5,6 were determined
directly on the total llpld. There were no cons1stent dlfferences
between trééted and untreatéd muscles, although the mean values for C18:2,_
020:4 and QB were higher for treated muscles. -Also, thé mean value for
the amount of totai unsaturated fatty acids was greater for treatéd.
muscles,Awhen>ﬁhe'interchicken'variability wvas partially overcome by
d1v1d1ng the levels by the amount of Cl6: 0, but not when thls was not

taken 1nto account.

34753 Comparison Between Freéhly.Cookéd énd Rancid Mhscles;

‘ .By comparing Tables Xid and X1f it is seen that the greatest
:‘changes in the fatty acids of neutral 1ipid'between freshly cooked and
rancid muscles‘occurredvfor C18:2, which degreased with rancidity.
bHowever, because comparisons for Tl.and T3 wére not possible (because
no Cl8:2 was detected in these freshly cooked muscleé), no statistical
weight could be given to these observations.

. The greatest changes in the fatty acids of phosﬁholipi&
betweén fresh and rancid muscles, occurred for C20:4 and QB’ but there
were no cqnsistent differences between_treated énd untreated samples;
‘although the ﬁean loss for treated muscles was less than that for
untreafed muscles. ;That treated muscles lose-lbwer amounté of unsatur-
ated fatty acids on becoming rancid, is to Be expected from the TBA

Numbers (Table X1j). However, once agéin it may be seen that large
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diffe?ences ihATBA Fumbers are caused by dnly slight changes in fatty
acid composition. Inladdition, all rancidvphbépholipid fractions
contained lower amounts of . C18:2 and total unsaturated fatty acidsvthan
the freshly cooked fractions:. The mean difference for the treated
muscles vas lower than for the uﬁfreated muscles, but this difference
wasvnot statistically significant.

- By comparing Tables Xle and Xlg it is seen that fhe differences
in fatty acid compoéitioﬁ Qf the total lipid of T1,2,3 and Ul,2,3 between
freshly cooked and'rancid mﬁscles showed the same general trends as those

for the neutral 1lipid and phospholipid fractions.

‘3.754 Cook—out Juices.

Table Xlh shows the fatty acid compoéition of'the cook-out
 juices of pectoralis méjor.muscles, and it may belseen that there were
' relatively large interchicken variations for each of the fatty acids.
There were no consistent'differences between treated and untreated
samples, although the mean levels of individual and tqﬁal amounts of
unsaturated fatty acids were greater forAtreated samples.

There wérg no consistent relationshipé between these results
and those of the cooked muscles, i.e. large amounts of an acid in ;'
particular cook-out juiqe, did not always correspond to low amounts of
this acid in the cooked muscle. However, it was not possible to make
comparisons Because, for instance, a low level of an acid in the cook-
out juice does not necessarily mean that thercooked muscle had retained
. a‘high lével of this acid. ’

Tablé X1i shows the fatty acid composif;on of the cook-out
juiceé from leg muscles. There were rélativel& large interchicken
variations, és for the pectoralis major samples. However, in this case
%he mean unégturated fatty acid values for treated samples were not
higher than those for the untreated samples. This corresponds to the

fact that no added phosphate is present in the leg muscles from treated
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chickens (Table Xip}, and ﬁhat there are no differences in the TBA
Numbers between treated and untreated leg muscles (Table X1j).

It is difficult to account for these large interchickén
variations in the fatty acid composition of cook-out juices. However,
the.iesults show that iarge amounts of'QA and CB viere somefimes present
in the cook-out juices, and it is assumed that these arose from the
phosphoiipid fraction:, which is richer in these acids than the neutral
iipid (although both raw end cooked muscles contained only very small
amounts of QA‘apd its level has not been given in thié experiment, or
in section 3.2). Therefore, it would seem thét protein denéturation
during heating, which would’result in the c}eavage of any phospholipid-
protein associations, plays an important part in determining the amount

and-types of fatty acids lost during cooking.

3,76 TBA NUMBERS | _

.Table X13 sﬁows that, as expected, the TBA Numbers of cooked
treated pectoralis major muscles were significantly lower than those of'
untreated mﬁscles; indicating that pOlybhosphates inhibit autooxidation
in cooked muscles. There was no significant difference between treated
and untreated leg muscles, confirming previous‘results (section 3.521,
Table 1Xb).

The TBA Numbers of untreated pectoralis major muscles were very
mach higher than those of untreated muscles éfter 18 weeks frozen storage
during holding for O days at 4°C.(Table Vllla).

Also, the TBA Numbers of the treated and untreated leg muscles
were similar to those of these 18 week muscles after holding for 3 days
at 4°C (Table Vlilla). However, it must be remembered that the presenﬁ
freshly cooked pectoralis major and leg muscles had been stored at -18%
for 2 and 6 weeks respectively, prior to TBA analysis, and were thawed for
approximately 1% hours before testing. THerefore, these higher TBA .

Numbers were probably a consequence of autooxidation during this thawing
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period, since TBA umbers of cooked untreated muscles have been found
to increase rapidly duriﬁg holding. Since, cooked treated muscles are
prohectéd against oxidation, then it is not surprising that the TBA
Numbers of the presenf treated muscles and. those4of‘chickens after 18
weeks of frozen storage were similar.

3 77 CORRELATION COEFFICIENTS BETWEEN TBA NUMBERS AND FATTY ACID LEVELS
' 'OF PECTORALIS MAJOR MUSCLES.

The TBA tests were performed on freshly-cooked pectorélis
major muscles after 2 weeks storage at -20°C. However, the TBA Numbers
-of both treated andruhtreated pectbralis major muscles were found in a
prévious experiment to have changed by only a small extent during 3
months storage at -18°C, section 3‘522,‘Table 1Xe). Therefére, it was
Athought that it was valid to compare the present TBA Numbers with the
- fatty acid levels of the freshly cooked muscles. Also, 1t vas thought
that useful trends would be revealed by comparing thése TBA Numbers with
the fatty acid levels of the rancid cooked muscles. However, it must be
remembéred that TBA Numbers fluctgate inconsistently during thé course
of autooxidation (see for example Table le), and therefore, these
~ correlations will only be approximate.

The correlation coefficieﬁts for treated and'untreated muscles
were‘calculated separately because their IBA Tumbers were significantly

different.

3771 Freshly Cooked IMuscles

Table Xlk shows that the highest coefficienfs were obtained
ﬁetween TBA Numbers and the levels of total unsaturated fatty acids and
C20:4 of the phospholipids, for both treated and untreated muscles. It ‘
should be noted that the numerical values of the coefficients for total
unsaturated fatty acids divided by the levels of €16:0 (which helpé to
account fér inherent interchicken variations, see section 3.22), were

lower than those for the levels of total unsaturated fatty acids alone,
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but were still relatively high. The coeffiéient for C20:4 of the phospho-
lipids of treated muscles was étatistically significant, and this vealue
for the untreated muscles appfoached significance,.as did their value for
the total amount of unsaturated fatty acidé. However, all the coeffic-
'ients, except for C18:1, for treated muscles were positive, and those

for untreated muscles, negative, except for C18:1.

One would expect negative coefficients between TBA Fumbers and
the levels of unsaturated fatty acids, i.e. as the amount of unsaturated‘
fatty acid decreases due fo autboxidatibn, then the TBA Number should
increase. It appears therefore, that this is the case for untreated
muscles, but not for treated. The TBA number (Table X1j) showed that
autooxidation had proceeded to a much‘greater extent in untreated
compared to treated muscles. Therefore, since it appears that it is not
possible to detect Changes-in fatty acids during the early stages of
autooxidation, (séctions 3.751, 3.752 and 3.753), it is perhaps not
surprising that the fatty acids of treated muscles were not negativély
correlated with théir TBA Numbers. Thé converse~ié true, of course, for -
untreated muscles where autooxidation.had proceeded.

However, it couldialso be the case that, if high amounts’ of
unsaturated fatty acidé are lost in the cook—out Juices, then this wéuld
leave lower amounts of éutookidation—sﬁsdeﬁtible fatt& agids in the
cooked muséles. This would result in low TBA Nuﬁbers due to reduced
autooxidation. In fhis case therefore, positive correlation cdefficients
would be expected between TBA Numbers and the levels of unsaturated fatiy
acids in the cooked muscles. ‘Therefqre, because positive correlation
coefficients were found for treated muscles it could ﬁean that polyphos-
phates lead to a greatef amount_of-unsaturated acids being lost during
_cooking. However, the fatty acid results for the #otal lipid bf freshly
cooked muscles (Table Xle) and the cook-out juices (Table th)véid not
show.this, although it must be remembered thatvthe'fatty acid coﬁposition

of freshly cooked Tl and T3 could not be compared with the cook-out juice
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results (see section 3.751). When the total percentage of unsaturated
fatty acids divided by Cl6:O'for_the total lipid of iancid cooked
muscles (Table Xlg) were compared with these levels in the cook-out
Jjuices, it was seen that the treated‘muscles lost 2.2, 1.0 and 0.6%,
and the untréated muscles 0.5 and O.éﬁ during cooking. However, these
values do not necessarily mean that 1oﬁer amounts of unsaturated fatty
acids were lost from untreated muscles compared to treated, siﬁce the
levels of unsaturated acids in rancid muscles will have been affected
by autooxidation. These points are further discussed in section 3.773.

The coefficients for the.neutral lipids of treated muscies
were nétrcalculated because of the anomalous fatty acid values which
- were obtained for T1 and T73. All of these cdefficients for untreated
muscles, however, were negative; The coefficients for C20:4 and QB
were not calculated because only.trace amounts of these acids were
present. The coefficient for the»level of total unsaturated fatty
acids was statistically significant, and approached significance ﬁhén
divided by Cl16:0.

The coefficients for thé total lipid fatty acids of unfreated
muscles shoﬁed the same general trends as for the neutral lipid and
phospholipid fatty acids, with the values for the levels’of total
‘unsaturated fatty}acids.alone and divided by C16:0, and for Cl8:2 and

020:4; approaching significance. .

2.772 Ranéid Cooked Muscles

Table.XlL shows that all of;the corre1ation coefficients
between TBA Numbers and thé fatty acid levels of the neutral lipid and
phospholipid of treated musclgs vwere negative; and approached signifi-
cance in the case of all but C18:1 and C18:2. The fact that high
negative coefficients were found indicates that as autooxidétion proceeds,
then the TBA Numbers may be correlated with decrease of unsaturated.fatty'

acids. This bears out the discussion above for freshly cooked muscles,
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where the TBA Nﬁmbers of treated muscles were not negatively correlated
yith fatty acids, presumably because the decrease in fatty acids during
the early stages of autooxidatibn are tdo small tb produce étatistically
significant trends. However, this discussion also suggested that 1BA
Numbers were positively correlated with fatty acid‘lévels in freshly.
cooked treated muscles, because polyphospﬁates may cause a greater amount
of unsaturated fatty acids to be lost on cooking. If_this were the case,
however, then négative correlations in the rancid muscles would still be

expected since the unsaturated fatty acids remainihg in the cooked muscles

would have undergone considerable oxidation during the course of rancidity.

The correlation coefficients for the total lipid fatty acids of
treated muscles showed the same general trends as those for neﬁtral lipid
and phgspholipid acids, except_for QB where a small positive correlation
-was found.

For untreated muscles, only the correlation coefficients between
TBA Numbers and the fatty acids of phospholipids were calculated. This
was because only 2 of these muscles werélanalysed for neutral lipid fatty
acids, and it is not pqssible to correlate 2 sets of results. As with
the freshly cooked untreated muscles, there were high negative cqrrelations

between TBA Numbers and the levels of total unsaturated fatty acids aloﬁe'
and when divided by €16:0. In fact, this coefficient for the total |
unsaturated fatty acids was statistically significant. However, positive
correlations were obtained for €20:4 anﬁ c ,‘but ‘the numerical value of
these were>re1atively small. |

The 18- oaibon fatty acids of neutral'lipid and the 20 plus
'polyunsaturated fatfy acids of phosﬁholipids, were found to be the most
iﬁportant indicators of autooxidation, as they were for the raw muscles
(see section 3.25).

| It should be remembered that thése coefficients were calculated

- between rancid muscle fatty acid levels and the TBA Numbers of the freshly
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voukeu muscies. 1t 1s therefore not possible to arrive at definite
conclusions'from thesé results. This point is discussed in the
introductory paragraph (section 3.77).

A1l of the coefficients for both freshly cooked and ranéid_
cooked muscles, were numefically higher than those obtained for rew
'mugcles‘(Table Vld).- This again indicates that during the early
stages of autobxidation, as was the case for the raw muscles, then
the chanﬁes in fatty acids are too small to produce the expected

correlatlons between thelr levels and TBA Numbers.

3.773 Cook-Out Juices
) Table X1m shows the correlation coefficients between TBA
Humbers and the fatty acids of the total lipid of the cook-out juices
‘of pectoralis major muscles. It is difficult to discuss these results
in detail because of the large interchicken variations in the fatty
acid‘cbmposition (Table th), and also, of course, the“TBA tests were
performéd on the cooked muscles and not on the 6ook-out Jjuices. .
However, it may be significant that the correlation coefficients for
the total percéntage of unsaturated fatty acids alone, and when
| divided by Cl16:0, were negative for treated samples and positive for
untreated'samples. This suggests that, low TBA Numbers in the cooked
treated muscles are a result of high levels of unsaturated fatfy acids
in‘the treated cook-out juices, and vice versa for the untreated
samples. Therefore, the discussions in sections 3.771 and 3.772 seem
.Valid i.e. that polyphosphates lead to greater amounts of unséturated
fat£yAacids‘being lost during cooking,_which reduces the autooxidation
in these freéhly cooked muscles leading to low TBA Numbers. -
Table Xln shows the correlation coefficients between TBA Humbers

‘andAthe fatty acidé-of the total lipid of the cook-out Jjuices of leg
muscles. Iﬁ this case, since there was no statistically significant

differencé in the TBA Numbers between treated and untreated muscles,
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TABLE Xin

CORRELATION COEFFICIENTS® BETWEEN TBA NUMBERS AND FATTY
ACID LEVELS OF THE COOK~QUT JUICES FROM PECTORALIS
MAJOR MUSCLES

FATTY ACID

. TREATENT Hotal % Total %
a unsaturated unsaturated Cl18:1 (C18:2 C C20:4 CB
01630
treated P ~0.71 -0.60  40.34 40,34 -0.51 = 20.42
untreated” 40,29 £ 0,70 40.77 -0.25 - 40.65

+0.T76

a.  Based on data in Tables Xlh, XLj
b. 0.997 required for significance at 95% level.

c. Not calculated because only small amounts of
‘ this fatty acid present.

TABLE X1n
CORRELATION COEFFICIENTS® BETWEEN TBA NUMBERS AND FATTY
- ACID LEVELS OF THE COOK-OUT JUICES FROM LEG MUSCLES

FATTY ACLDP
total % total %
‘unsaturated unsaturated Cl8:1 Cl8:2 Cq
C16:0 _
treated © +0.19  40.79 - =0.84 +0.96 +0.78
untreated” +0.02 -0.61 +0.54 -0.48 =0.39
treated + . . - ' . |

a. Based on data in Tables Xli and X1j

b. Values for C and C20:4 not calculated because
' only trace amounts of these fatty acids present.

c. 0.811 required for significance at 95% level.
d. 0.576 required for significance at 95% level.
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the coefficients were calculéted for treated and untreated muscles
together, as well as separately. The correlétion vaiues for the total
percentage of unsaturated fatty acids divided b& C16:0 approached
significance for 5oth‘treated and untreated samples éeparately.
ﬁowever, the treated value was positive, and the untreated value;
negative. For trééted'and untreated togetﬁer, a very small positive
value was obtained. The coefficients for the other fatty acids of
treated and untreated saﬁples separately, were also of épposite signs.
It is difficu;t to acCoqnt for these differences between treated and
untreated results, especially since the signs of both sets of
‘coefficigntstwere'opposite to those obtained for the cook-out juices
of péctoralis major muscles.,’Since the leg muscles from treated
chickens vere found to contain no added phosphorus orrsodium'(Table
Xlp) and to have similar TBA Numbers to the leg nuscles from untreaféd
chickens (Taﬁle le)'it may have been expected that theée coirelations
betweeﬁ TBA Numbers and f;tty acids would be identical for both treated
and'unfreated samples.v It can only be assuméd that the large intexr-
chicken variations in the cook-out juice fatty acids (Table X1i)
resulted in unequal distribution of the results between the 2 sets of
samples. Unfortunately, the fatty acid composition of the'fréshly ,
_cookéd and réncid leg'ﬁuscles were‘not détermihed, and so these

correlation coefficients could not be compared with the present omes.

3.78 CORRELATION COEFFICIENTS BETWEEN TBA NUMBERS AND LIPID LEVELS
OF PECTORALIS IMAJOR MUSCLES

Table Xlo shows the correlatioh coefficients betweeﬁ'TBA Numberé
and the liﬁid levels of both freshly cooked and rancid treated and
untreated péctoralis major muscles; The coefficients between TBA Numbers
and the total lipid and phospholipid levels ofvuntréated musclés were §£

138

the same sign as those obtainéd by Wilsbn et al (seé Table Vlg for

values)~
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IABLE Xlo

CORRELATION COEFFICIENTS™ BETWEEN TBA NUMBERS AND

LIPID LEVELS OF FRESHLY COOKED AND RANCID PECTORALIS
MAJOR MUSCLES

LIPID
o Total Neutral Phospholipid
TREATMENT STATE OF  1lipid as lipid as = as % tissue
MUSCLE % tissue % tissue .
treated freshly b +0.16 -0.46 +0. 87
cooked
rancid P -0.94  =0.92 - -1.00%
untreated fréshly b " =0.25 -0.11 -0.40
' ' cooked : :
rancid P - -0.43 L =°
a. Based on data in Tables Xlc ana X1j
b.  0.997 required for significance at 95% level
c. - Not calculated because the neutral lipid and
phospholipid content of only 2 muscles calculated.
4 Significant at 99% level '
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The coefflclent between TBA Wumbers and the phoSphOllpld
'content (% of tissue) of freshly cooked ‘treated muscles was positive
.and approached significance, whilst that for Untreated mgscles was
negative'and relatively sﬁall. Tﬁat,this coéfficient for'treated
muscles was positive, indicates that phospholipids play the major role
in autodxidation of freshly cooked muscles, dompared with the finding
that neutral 11p1ds play the major role in both treated.and untreated
Taw muscle autoox;datlon (sectlon 3.26). 'Two points arise from these
findings. First, that there is a difference between tieated and
untreated cooked mscle autooxidation, and second fhat thereAis a
difference betwéen ravw and cooked @uscle aﬁto&xidation.

| This first pqint seems'fo.indicate»that polyphosphates react
in some way with phospholipids, which was aléo éuggested by the
.results obtained from raw muscles in section 5.26; Howéver,-there
was no significant difference in the phospholipid content of treéted
and‘untreated cooked muscles, unlike for the raw muscles when the
treated muscles cdhtained signifioantly less phospholipid than fhe-
untreated muscles,.(Table Via). .However;.the mean #alue for the
treated cooked muscles was lower than that for the untreafed cooked
muscles. This evidence for polyphosphate intéraction with phospho~
lipids which leads to changes in the TBA Numbers of both raw and
cooked muscles, is tenuous, being based entirely,bn statistically
insignificant_correlations between TBA Nﬁmbers’and phosphélipids (see
.also the discussion in section 3426). Aléo, of course, any inter-
action between phospholipids and polyphosphates would be expedted to
shield the phosphoiipids against aunotoxidation, and it is surprising,
therefore, that as the phospholipid content of treated cooked mscles
increases, then so do the TBA Numbers. However, it must be remembered
that these positive correlations aiso‘indicate that phospholipids play
a major role in cooked tissue autooxidation (presumably bedauseAany

phospholipid~protein associations which prevent phospholipids undergoing
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autooxidation in raw tissues, are destroyed duriﬁg cooking, thus
‘exposing phospholipids to oxygen; see section 3.26). ThisAfact will
undoubtedly overshadow aﬁy decrease. in autooxidation of treated cooked
: tigsue due to phospholipid—polyphosphate associations. Also, of
course, any phoépholipid—polyphosphaté associations will also be
expectéd to:have been'destroyéd By heat.

This discuésion only serves to illustrate the difficulty in
interpreting any correiation coefficients when mofe thén 2 variables
are operating. It is important to sfress.at this point that
coirelation»coefficients only serve to indicate trends, and in them-
selves do not provide experimental evidence, but may be used'{o
‘support’results-from independent experiments (see fo: examplé, Neville
and Kennedyl40); |

For rancid cooked muscles, a statisticélly sigﬁificant
negative cbrrelation vas obtained'betwéen TBA NUmberé and fhe phospho-
lipid cohtent of_treated muscles. The correlations for total lipid
and neutral iipid were also negative and approachéd significance. These _
cdrrelations between the TBA>Numbers and neutral lipid and phospholipid
contents'of untreated muscles were not calculated because only 2 of
these muscles were analysed for these lipid fractions. The uhtreated
value for the total lipid was also negative, however. This indicateS-
that inCreasing TBA Numbers are associated with decreasing lipid levels
in rancid cooked muscles.

It‘must be remembered that these correlations were between the
TBA Numbers of freshly cooked muscles-and the 1lipid levels of rancid
cooked muscles. Since TBA Numbers have been found to fluctuate
indonsistently during autooxidation, these coefficients may be subjecf
to error (see also, section 3.77). DNevertheless, from tﬁese coefficients,
it appearé that as autooxidation proceeds, high TﬁA Numbers are associated .

with low levels of total 1lipid, neutral 1lipid and phospholipid.
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However, these lipid levels varied inconsistently between freshly
. céoked and rancid muscles, i.e. not all rancid muscles had lower lipid
levels than the freshly cooked muscles (Table Xlc).
| " By comparing the results of freshly cooked'and'rancid mscles,
it appears that durihg the 5 day storage period, TBA Numbers change |
- from beipg dependant on the phospholipid levels, to being indepehdent
of any one lipid fraction. This is presumably bécause lipases are
active during this~storage'period. Therefore, the rancid lipid levels
will be partially determined by the extent of enzymatic breakdovm, aﬁd
" will not be a refléction of the oxidative status of the muscle only.
Also, of course, during the later stages of amtooxidation, the
unsaturated fatty acids.of neutral lipid would be expected to have

oxidised, as well as the highly susceptible fatty adids of phospholipids.

3.79 IONIC COMPOSITION

.There is a paucity of information on the ionic composition .of.
chickeﬁ tissues, especially after polyphosphatgltreatment.‘ The figures
of Adams,14l,which‘are quoted in Tawles Xlp and X1g for phosphorus,
’4sodium, calcium and iron; were calculated from literature values obtaiﬁed
froﬁ a variétyiof'sources for composite samples of light meat and dark
meat from.chickgns cooked by rqasting. No values are available from

broilers which were steamed as in the present work.

3791 Phosphorus and Sodium

Table X1lp shows the phosphorus and sodium contenﬁs of all‘thav
~ losses, muSqléé and their cook-out juices. The values for untreated
pectoralis major and leg muscles were of the same order as those calculated
by Adams,14l for comppsite samples of light meat and dark»méat. These
values are giveﬁ in this Table. | |

The phosphoius contents of p;ctoralis major muscles were similar

to those of batch B chickens (see Table V111lb), but higher values vere

obta;ned for both treated and untreated leg muscles in the present

157



TOAST 9%6°66 2

+
+
+

eOTITUSTS pojesxiUm pue PogeaI] USdM}S( 9OUBXSIITA UOTHBTASD PIEpUES Fuesy  °q
.H.WH. msﬁ.@.ﬂ. .HO m.vms.ﬁsmkk axe m.vu.mv~0\moHQ. AH.m.. mmﬂ%ﬂ’m LX) u.ﬂnw..ﬂw.z m-ﬂga‘mm rHO o& e m.n .@mmmm.naﬁo mw.ﬁﬂ.ﬂm.>. -2
800°07 . , L00*03 ‘ T aTosMy |
0lo*ot Gloo €60°0 660*0 10’0 8L0%0 GLo*o L10°0* ' T.0*0 €l0%0. T80'0 060°0 £L0%0 LL0*0 N oo
=T10°01 : , R w.ﬁo.o.ﬂ , ) moxJ 9oTnp
¢T'0 €210 92T°0 6TT°0 2VI'0 §GT*0 SET*0 OVI*0'  6TT°0 22T°0 ¢GT°0 G9T°0 OPT*0 ¢vtro 4 $10-3[00)
oaomo.ov
20003 : 900°03 S
690°07 T10°0 690°0 990°0 L90°0 TL0*O 690°0 £L0°0° 290°0 £L0°0 990°0 980°0 690°0 T80°0 - BN mﬂomsz
A o
(0¢2°0) . 93007 :
onoo 0, | , L00*03 | pesteed
Yol1'0" GLT°0 LLT'0 £8T*0 ¥LT°O LLT°0 69T1°0 661°0  ¥6T°0° 06T°0 202°0 902°0 £6T°0 902°0 d
+900°03 620°03 T _ STosuy
$9¢0°0" 090°0 +90°0 260°0 090°0 TS0*0 TG0°0 222°0°  $92'0 2028°0 822°0 ¥Sz'0 8LI'0 0£2°0 BN xolen
+710°03 120°03 _ | Srrorod
S . , e
ToL1'0" G9T°0 661°0 OLT°0 OLT°0 88T°0 Y9T'0 ¥L2'0' -90£°0 G92'0 ¥82°0 08270 LY2'0 T92°0  d ' avoweos
5(790°0) , .
M%.oo Uy : : T70°0x . aTosny
Go*0" ¥90%0 LP0'0 G10°0 8v0°0 9¥0%0 LY0'0 6T2°0" 0¢2°0 66T°0 082'0 86T°0 29T'0 Shz0 N xolB)]
Amwm 0) STTeI0309J
quo ¥ _ 6V0°0z po300)
age” 0" 292°0 §T2°0 062°0 O0T2*0 GG2°0 612°0 S$6£*0°  80V*0 895°0 LLY*O 856*0 o¥s*0 tov*o 4
+800°03 .. .2%0°07
¥€90°0" ¥90°0 890°0 £90°0 Gl0°0 6G0°0 T$0°0 - TFT'O'  £8T°0 VST*O 860°0 62T°0 99T°0 LTIT°0. =N 80T
Fro00°0z ~ 0£0°07 : - et
¢60%0" L£0°0 6£0°0 8200 9¢0°0 2%0°0 620°0 GIT*0 - SPTI°0 G21*0 890°0 TOT*0 VVI*0 TOT°O d
n«g SfM 9n 60 va il R VI S Y h 7L G 2T 7
pajesIyuyn pageaTy NOI TTINVS
TNATWIYITY L ,
_ SEOIAr T00-3000 GIWAL QNV SHTOSON G000 ‘SASSOT AVAL 0 LSUALNOD HATTOS NV SNMOHASOH dX @1avd

158






experiment compared to the previous ahalyses.

As expected, the treated pectoralis major muscles contained
significantly moxe phosphorus énd sodium than the untreated muscles.
This was true also of thé treated thaw losses and the pectoralis major
cook—outAjuices. This indicates that sodium polyphosphates, which'are
injected into the breast muscles, result in increésed levels of both
ions in the cooked pectoraiis major muscles and their cookéout Juices.
In addition, treated chickens lose more of both these ions on thawving,
‘than'untreated'chickens. o

The tieated leg muscles contained significantly moré phospﬁorus
than the untreated muscles. The actual numerical difference, however,
was small, and also there was,nb significant difference in TBA Numberé~ :
betweén treated ané‘untreated 1ég muscles (See Table X1j); and very
vsmall.phosphorus uptake has been reported to decrease TéA Numbers (see
section 1.43). Also, there was no significant difference in phosphqius
content between treafed énd untreafed cook-out juices from 1eg muscles.
These points suggest that the diffe;ehce in phbsphorus content between
treated and untreated leg muscles was only statistically significant
because the interchicken variation was very smail. Also, pﬁevious
results (Tablé V1llb) showed that there were no statisticaliy significant
differences'in phosphorus conteﬁt between treated and untreated raw or
cooked leg mﬁsciés (see also section 3.42) . |
| There was no significant difference in the sodium content
between treated and untreated leg muscles, alfhough the mean‘valﬁe fo:
tieated-muscles was higher‘than that for untreated muscles.

The iesults presented here and in Table Villb.conclusivel& show
that very little, if any, added phosphorus and sodium is present in the
leg muscle of chicken treated with sodium polyphosphate by ihjectionv
into the breast muscles of the eviscerated carcaée;‘despite Qlaims fhat
even distribution is achieved by tﬁis prbcedure (see seétion 1.2). The

only other results of this nature which have beén found in the literature
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are those of Truman and Didkes,21 who analysed raw muscleés. Their
results would seem_td'agree with the present findings that added
phosﬁhate is not present in the leg muscles of tf;ated chiékens; but
they did find'that leg muscles. from treated chickeﬁs contained more
sodium than those from untreated chickens (see section 1.2 for the
values). ﬁowever, these results were obtained from only 2 treated

and 2 untreated chickens of unspecified origin and therefore must be
treated with caution. Aléo Grey et al,18 §tated that they found no
added phosphorus in the 1ég muscles from commercially treated chickens,
but they gave no values, nor did they analyse for sodium.

It seems unlikely that chickens so treated with polyphosphateé
would be cut up and sold as breast and leg portions declared as |
containing added'phosphétes; but this poséibility-does exist.

I+t should be noted that all of the cook-out juices contained
relatively high concentrations of both'phOSﬁhorus and sodium, -
indicating that these ions arellost during cooking of both treated and
uﬁtreated muscles. By analysing the cook—out juices in this way, the
question of whether or not ions are leached out during cooking may be
resolved without having to express the'muscle.rgsults on a dry weight

basis c.f. discussion in section 3.42.

3.792 Magnésium, Calcium and Iron

Table Xlg shows the magnesium, calcium and iron contents of all
fhaw losses, mﬁscles and their’cook-out juices. The calcium and iron
-contents of untreated pectoraiis major and leg muscles were'of.the éamei
.order as those calculate& by Adams,l41 for composite samples of light
meat aﬁd dark meat, and these values are given in this Table.

All tissues and juiceg contéined only small amountsibf iron,
and these results were of little value. It is possible that the
determination of iron was hinderea by the presence of other ions,

especially phosphorus, although this possibility‘was taken into account

160



ToADT &mm, u u u w u S u

H o A Hﬁﬁm&ﬁ@« JO senTea aXe s99)0BIq UT saxnSTg °0
TOAST 986 w Y u o m u m x . U0T}BTASD pPIepUR]S iy uesyy. *°q
TOAST 9/G6 4e JUROTITUITS PO}EBAIIUN PUE PO3BIIL USSMLS(Q SOUSIIFITA O (o1dwes Jo & xad JoxoTw) wdd se pessaxdxe senTep °*®
- g ¢ G G G oI - S (4 ot -~ § G 4 ad oS
¢ 782 ¢ 0% - G2 ¢ 0% o¢ ¥ 30¢ Ge 0% G¢ 6L G 0% €D FoT woxy
CTOT  GIT  GGT VT 08T GeT  G9T  eLOLT 08T 09T 06T 6T ST ST BH  ,ooict
o(LT) . , : . ~
8 742 9T ¢ ¢¢ 144 £ atT - aT . ST LT 122 A | og -
(72D - . - - - maoMﬁE
9309 99 £ 67 19 6 T9 g9 9 9 L 29 W 99 e o
TTyeee  0%2  G¢2  Lve 622  l¢e  VIe  TIjeve 652 GV  9¢e  T¢e 0% 8Fe 3| ‘
- - oSy
G < g G s - 6 g g g g s 6 ad  zoPery
o7 3%& (N 2 4 G¢ 0% 0L ¢ 6¢ 0% 0% 0% ¢ Gz of ®)  STTBI0309g
T T R T R R+ - A N A R S S 4 S R
NG | T o
8 ;02 . 61 Al a1 ¢¢ 6T - &¢ - 1t 9T  2¢ -  ¢T eT 9% a4 oToSTY
5(60T) o . ‘ Toley
02369 L v 09 85  YoT . 69 L 3¥s 96 Ly ¥9 514 ve  ¥S ')  STTeI03}09g
— _ — X — . Pax00D
x0638T¢  9%¢ 6 ST1¢ 89z &¥e  2T¢  eezboe  6le G2 8I¢ 2%e 892 Gge 3L .
¢ 3T 0T 0T ¢t ¢t ot oT Y6 .WH ) & g ot~ & - 0T = eg
_ - — - sso]
1v 764 1 G 99 09 09 09 9178L ot S8 99 6L 08 09 = = ey,
v z8¢ or.  of 1 A1 ¢ 6316 09 S o or &6 mm_. i
o @°S3H on  Gan ra en il W s 9L QL vh el 2h . I
; PoTeeTIun poyeedy, NOT ATAHYS

O NAHLVIYG

SEDINC LOO-MO0D ¥IMHL NV SETOSAH @DI00D °SHSSOT MVHL J0 ,STAFINOD NOYI NV WAIDTVD ‘HATSENDVH bTX @1avd

161



during the ana;yses. However, small amounts (< 20ppm) were also ,
‘found in cooked chicken tissues by Adams,l4l (see Table Xlg) and by
Rognerud,142

The mean values for the magnesium and calcium contents of
treated thaw losses were significantly higher than those of the
untreated thaw losses; indicating that polyphosphates remove these ions
from chicken tissues. This effect was further illustrated by the fact
that the mean values for the magnesium and calcium contents of treated
pectoralis major muscles were lesé than those for untreated muscles.
Thié difference was statistically significant in the case of magnesium,
but not in the case of calcium. However, there were only relatively
small amounts of calcium in the muscles and the interchicken variation
was large; and therefbre lack of statistical sighificance may have been
expected.

Also, each of the treated cook-out juices from pectoralis
‘major muscles containéd less magnesium than the untieated muscles, and
the difference between the mean value was statistically significant.

The meanivalue for the calcium content of these treated juices was
significantly lower than the value for the untreated juices.

There were nb significant differences in magnesium or calcium
contents between treated and untreated leg muscles or their cook-out
Juices. In faéf, the treated ﬁean values vere all higher than the
untreated values.

These results indicate therefore, that added polyphosﬁhates
react with magnesium and calcium in some ﬁay which results.in the loss
of these ions during thawing, leading‘to reduéed levels in the cooked
pectoralis major muscles and their cook-out juices. On this basis it
is not surprising that there were no significant differences‘in the
magnesium and calcium contents of treated and untreated leg muscles and.
their cook-out juices, because no, or very little, added phosphorus (or

sodium) was found in these muscles (see Table Xlp).
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Treated thaw losses contained about 25% more of both‘calciﬁm
and magnesium than the untreated samples, indicating that these ions

are lost to the same degfee during thawing. This séems to contradict

101 and Baldwin and deMan,%O2 (cited in section

the findings of;Inklaar,
1.612), that about 3 times more calcium than‘magnesium is firmly bound
. tolmuscle proteins, and is therefdre una#éilable for reaction with
added phosphates. However, factbrsvother than that they tested beef
muscle,.make.direct_compérisons between their results and the present
ones impossible. First, the amounts of ions present in the free, and
soluble and insoluble protein-bound statés were not éalculated here,
and therefore the effect of polyphosphates on this équilibrium could
not be determined. The importance of specifying the state of the iqns
is illustrated by comparing the.work of Baldwin and dellan, who}did,
and Inklaar, who did not (see section 1.6i2). Second, individual
poiyphosphate species have_different.relative affinities for these
metals (see séctions 1.612 and 1.613), and therefore the difference
in ionic cqmposition between treated and uhtreated samples depends not
. pnly-on the relative availabilities of magnesium and calciumj but on
fhe levels of the individﬁal‘polyphosphates - which were not known

~ exactly. ‘ConSequéntly, the mést fhat éaﬁ be said of these thaw loss
results is that, Puron 604 results ip calcium and magnesium being |
lost to the samé extent during théwing, from chickens injected, stored
and analysed as spepified here.

The treated pectoralis_ﬁajor musclesycontained‘QZ% 1eés calcium
than the untreated muscles, and 16% less magnesium; and the cook-out
Juices from treated pectoralis major muscles 12% }eés calcium and 18%
less magnesium than the untreated Juices. Calcium and magnesium,
therefore, were lost to the same degree from treated muscles plus cook-
.out juices. These losses were very high, and since metals are known to
be prooxidants (see section 1.42), it seems that this removal of céloium

and magnesium by polyphospnateS'must, at least in part, explain their
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.antioxidant propertieé. In addiﬁion; these findings_reinfoice the
explanations of the effect of polyphosphates on WHC which depend on
polyphosphate chelation of calcium and'magnesium (see section 1.612).

: Thamed ravw treated muscles must also contain less éalcium and
megnesium than ﬁnfreated muscles, although thé raw -samples were not analysed.
However,'polyphosphétes have been shown to have little or no antioxident
effect on raw muscles. It can oniy be assumed that heat greatly increases
the probxideht properties of metals. |

| These ionic composition resﬁlts are very impoftant since they
conclusively show that polyphosphate treated éhicken muscles contain.
léss calcium and magnesium than untréated miscles after thawing. To
the author's knowledge this is the first time that the ionic composition
of commeroially_t?eatéd chicken muscles have been compared to untreated
muscles in this manner.

It must be remembered\that 1iteiature vélﬁeS'are usually quoted
on a wet weight basis, and therefore, it is not possible to deter?ipe if
ions are leached out during cooking, because of the effect of moisture
losses during cooking (see section 3.42; and, for example, the discussion
of Zenoble and Bowers¢145) Anaiysis of the cook—out juicés-overcomeé this’
problem and provides a more abcurate determination than would values |

calculated from a comparison of raw and cooked dry weight values.

3.710. Correlation Coefficients between Phosphorus Content and
Sodium, Magnesium and Calcium Contents

Table Xlr shows the correlation coefficients betweenvbhosphorus
content and sodium, ﬁagnesium and calcium contents of all thaw losses,
cooked muscles and cook-out juices.:

These coefficients were primarily calculated in order to see if
loss of calcium and magnesium during cooking was directly related to the
loss of phosphorus i.g. to see if calcium and magnesium were lost from
treated muscles as a”iesult of chelation with phosphate anions, as was |

suggested in section 3.43.
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If the above were true, then mositive correlation coefficients
would.beiexpected between the phbsphorus conténf and - the calcium-and
magnesiumicontents of treated cook-out juices; This wés true for both
treated and untreated pectoralis major and leg cook-out Jjuices; in.fgct,
_the only statisticallylsignificant coefficients were obtained hetween
the phbsphorus content and magnesium content of untreated juices. This
theofy, therefoie, may not be'proved from these results. It’must be
remembered, however, thét the-intérchicken variations in phosphorus,
maénesium and calcium contents may haVe invalidated these calcplatiohs.
.The correlation coefficients between the phosphorus content and calcium
and megnesium Eontents of the thaw'iosses and cooked'muscles also
failed to distinguish between treated and untreated samples.

The coefficients between the phosphorus cqntent and sodium
content of.treated thaw losses, muscles and cookeout.juices, were .
jositive and statistically significant. This is not surprising since
high losses of the anion cbmponent'of the injecﬁioh would be expected

to correspond with high losses of the cation component.

3,711 Correlation Coefficients between TBA Numbers and Phosphorus,
Magnesium and Calcium Contents of Cooked Muscles

Table X1s shows thé correlation coefficients between TBA
Numbers and phosphorus, magnesium and calcium contents of pectoralis
major and leg muscles. The TBA Numbers 6f-only TL,2 and 3 and Ul,2 and '
3 pectoralis major musclesvwere calculated, and therefore these
coefficients were calculated for these 6 muscles only. However, thevTEA'
ﬁUmbérs of all the leg muséles were determined, and these coeffiqients
were calculated for all 12 muscles,

These correlation coefficients were calculated in order to see
if there was any relationship between the extent of autooxidafive.
rancidit& (as determined by the TBA Numbers) and the levels of added
| phosphate (see - also section 3.43). In addition, it was thought that

useful results would be obtained by comparing TBA Numbers with the:
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TABLE Xls -

CORRELATION COEFFICIENTS® BETWEEN TBA NUMBERS AND PHOSPHORUS,
- JIAGNESIUN AND CALCIUM CONTENTS OF PECTORALIS MAJOR AND LEG

MUSCLES
SENPL B
"~ ION Pectoralis Major MuscleP Leg luscle®
: treated " untreated treated wntreated
. Phosphorus = -0.83 =0.19 ~0.76 40.33
Magnesium 40.97 -0.58 -0.69 +0.32
Calcium . +0.34 -0.23 -0.23 : +0.18

a. Based on data in Tables X1j, Xlp and Xlg

b. 0.997 required for significance at 95% level

c. 0.811 required for significance at 95% level .

c
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levelc of magnesium and calcium.

, It may be seen from Table Xls that the correlation coefficients
between TBA Numbers and phoéphofus levels of treated pectoralis major
~and leg muscles were negative and numerically high, although they were
not statistically significanf. Thoﬁson,86 also found a negative
correlation between TBA Nunbers and phosphorus levels of -treated, cooked
fryer chickens. Since bolyphosphates decrease the TBA Number of treated,
cooked chlcken, then these negative correlatlons are as would be .
expected i.e. as the amount of added phosphate increases, then the TBA
Number decreases. It is interesting_to note thattreated leg muscles
exhibited this_behavioqr,.although there was no significant difference
in TBA Numbers betﬁeen‘treated and untreated leg muscles_(see also
section 3.791). |

~ These correlation coefficients between TBA Nuwbers and _

phosphorus levels for untreated leg and pectoralis major muscles were
numerically small,_and impossible to interpret. VThis is because there
is no Jjustification for expecting é significant correlation between
these variables in untreated chicken muscle, and the values are only
given here so that they may be'compared with the treated results.

The correlation coefficients between TBA Numbers and magnesium
and calcium contents ére more difficult to interpref. In untreated
muscles, a positive correlation would be expected since high concen-
trations of metal ions; vhich are pro—cxidqnts, would be expected to
result in high TBA Numbers. Also, the same would be expected of treated _
leg muscles because there was no significant difference in magnesium or’
calcium contents between treated and untreated leg muscles. Such
positive correlations were found for untreated leg muscles, but not for
treated leg musclcs or ﬁntreated pectoralis major muscles. In any caée

these coefficients were nof statistically significant.
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For treated muscles; the same reasoning as for untreated
muscles apbliés, but with the additional variables of the effect of added
phosphates on the TBA Numbers and on the metal ion concentration. Such_'
positive correlations were obtained for treated pectoralis major muscles,
but again these wefe not statistically signifi¢ant. Further discussion
‘of these iesults wou;d be pointless in view of the variables mentioned

above.

169



3,8 COMPARISON OF TBA RESULTS FROM EACH EXPERTMENT

| Since the TBA Numbers of both raw and cooked muscles were
determined on muscleé fro@ chickens after % to 47 months of froien storage,
it was thoﬁght that a c@mparison of eaéh set of resﬁlts would &ield
important information about the nature of the IBA tést itself.

‘ Téblé Xlla shows all of the mean TBA Numbers of raw and cooked
muscles after O days- of holding, i.e. "immediately" after excision of the
raw muscles, and after cooking of cooked muscles, within the time‘limit
of sample preparation and after no more than 2 weeks storage of the excised
muscle at -18°C. It may be seen that each set of values were siﬁilar to
each other, except for untreated cooked pectoralis major muscles after %

month of frozen storage. This anomaly is accoﬁnted for in section 3.76.

Three important points arise from this observation:

1. . Freshly exéised and freshly cooked muscles have similar TBA Numbers.
This indicates that autooxidation does not proceed to any great degree
during the cooking process used in this work, nor during the cooling,

" mincing end sample preparation stages (at least 1 hour in total).

2 Raw and cookedvmuscles from chickens after shprt—term frozen storage
have similar TBA Numbérs to those from chigkens after long-term frozen
storage, during 0 days ofvholding. fhis indicates that the TBA test when
perfoimed during 6 days of hoiding, is not suitable for determining the
oxidative status'of miscles (see section %.61, where freshly excised
muscles from.éhickens after 47 months frozen storage géve off rancid

odours).-

3 The above 2 points apply to muscles frbm both freated and untreated
chickens. This indicates that the TBA test is not switable for -
distinguishing between treated and untreated muscles, when performed during

0 days of holding of either the raw or cooked muscles.
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TABLE Xlla

MEAN TBA NUMBERS OF RAW AND COOKED PECTORALIS MAJOR AND LEG
MUSCLES FROM CHICKENS AFTER VARTOUS PERIODS OF STORAGH AT
=180C, DURING O DAYS HOLDING.

Time of FUSCLE
 storage of STATE OF Pectoralis Major
chickens at MUSCLE
-189C(Months ) treated untreated treated untreated
% Cooked 0.6640.33  4.10%1.01 - -
2% Taw 0.58%0.25  0.73%0.28  0.45%0.06 0.550.25
cooked 0.72%0.14.  0.6620.11 - -
raw 0048 0094 - -
21
cooked 1.25 0.48 - -
36 raw 0.35t0.16  0.82%0.35  1.22%0.67 0.6550.19
47 Taw 0.48%0.01  0.69%0.13 - -

171



Table X11b shows all of .the TBA Numbers of raw and cooked
pectoralis majorbmuscles during 1 to 9 days of holding at 400. It' |
should be noted that the TBA Numbers of miscles after 21 months frozen
storage, during holding at 4°C (Table Ve) are not giveﬁ in this Table.
This is‘bécause Qf their unrépresehtative nature'(see section- 3.1).

Two important points are illustrated in this Table:

1. For cooked muscles, the TBA Numbers of treated muscles were
always_significantlf lower than those of untreated muscleé during_l

to 9 days holding (cf. point 3 above).

2. For raw muscles, the TBA:Numbers of muscles from chickens
after 6 months frozen storageiwere much higher than those Qf muscles
from chickens after 47 months frozen storagé, during 8 days of holding.
This was presumed to be because autoaﬁﬁatioh‘had procéeded duiing 47
months*frozén storage. leading 1o reduced levels of malonaldehyde in.
these chicken tissues (seé section 3.61). Thus, TBA analysis of
muscles during holding for 1 o more déys, distinguished betweeﬁ

muscles from chickens after short-term and long-term frozen storage.

It may be seen therefore, that TBA tests should‘be performed
throughouf a period of holding in order to gain the maximum amount of
infbrmation in experﬁmentS'of the present type. In fact, if TBA tests
-had been performed on only fréshly cooked muscles, ‘in this work, then
it wouldvhave been concluded that polyphosphate treatment had little
effect on autooxidation of cookéd chicken tissué. This fiﬁding is in
addition +o the knovn limita‘tioﬁs of the TBA test during the vé_ry
early and very late stages of antooxidation (see secfion 2.31).

& further point which is illustrated in Table Xilb is that
the TBA Numbers of some individual raw and treated cooked samples
fluctuated during holding, and did not steadily increase to a plateau,
as may have been expected. These fluctuations in untreated raw and

38

cooked meat muscles have also been reported by Keskinel et al;” and
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in treated and unﬁreated cooked chicken muscles by Thomson,86 Also,
Jacobson and Koehle:c,40 (see Table II for values) and Arafa and Chan,-144
have observed these fluctuations during holding of untreated cooked

Chicken tissues. It seems reasonable to assume, as Dawson and Schierholz,l45

did, that the products responsible for TBA reaction are produced and

recombined in meat systems in an "erratic fashion". .
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3.9 SUMMARY OF ALL YHE RESULTS

3.91 PHOSPHORUS COMPCSITION
’The phosphorus contents of raw and cooked pectoralis majorx,
pectoralis minor, and leg muscles were determined (Table V11lb); and of
thaw losses, cooked ﬁectoralis major and leg muscles, and their cook-out
juices (Table Xlp). There were clear differences between treéted and
buntreated samples: |
| All treated thaw losses, raw and cooked pectoralis major and
pectoralis minér muscles, and the.cook—oﬁt juices from pectoralis major
mﬁscles, contained significantiy more phosphorus than the untreated
samples. Also, one batch of cooked-treated leg muscles contained
significantly more phosphorus than the untreated muscles, but this
difference was very small-bompared to the differences between treated and
uﬁtreated breast muscles. Alsb, there was no significant difference in
phosphorus content between.the treated and untreated cook-out juices from
these leg muscles (Table Xip). ~For the other batch of lég musclés, there
were no significant differences between either the raw or cooked treated
and untreated muscles (Table Vlllb); |
Therefore, pol&phosfhate treatment of eviscerated chickené by

injection into the breast muscleé prior to chilling and freezing, results
in increased levels of phosphorus in the thaw losses and in the raw and
cooked bectoralis major and pectqralis‘minor muscles. Also, the cook-out
Jjuices from treated pectoralis major muscleé contain significantly more
phosphorus than those from untreated chickens. However, liitle or no

added phosphorus was found in the leg muscles from treated chickens.

- 3,92 SODIUM COMPOSITION

The sodium contents of thaw losses, cooked pectoralis major
and leg muscies, and their cook-out juices were determined (Table X1p).
The differences between treéated and untreated samples were the same as

for the phosphorus contents, except for the leg muscles, when there was
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. no significant difference in sodium coqtent-befween treated.gnd untreated
muscles. |

Therefore, chickens injec#ed with sodium polyphosphate, as -
detailed above, have increaéedilevels of sodiuﬁ in their thaw lésses and
cooked ﬁectoralis muscleé and cook-out juices, but not in their leg

muscles and cook-out juices.

3493 MAGNESIﬁM, CALCIUM AND iROﬁ'COMPOSiTIONS

' The magnésium, calcium and iron contents of thaw,losseé; cobked
‘ pectofalis major and leg muscles, and their cook—out juices were |
determined (Table qu).v‘The mean values for the magnesium and calcium
contents of treated thaw losses were significantly higher than those Qf
untreated thaw iosses; and these mean valués for treated cooked pectordis
major muscles ahd cook—but Juices were significantly lower than the mean
untreated values. There were no significént differences between treatedl
and uptreated lég muséleé and‘cook—out Juices for either the calcium or
magnésium contents. Thé igvels'of ir6ﬁ in all of these samples were very
low and of 1itt1e vaiue for‘comparing treated and,untreafed sampléé.

Therefore,‘polyphosphate tréétment waé féund o fesult in

. .calcium and magnésium-being losf f;om frozen chickens during thawing.
The treated pectoralis major muscles and their cock-out juices contaihed '
léss calcium and“magneéium than the untreafed muscles, but the treated

‘leg muscles and cook-out juices did not.

35494 HYDROLYSIS OF POLYPHOSPHATES IN CHICKEN TISSUES

Attempts were made to study the rate of hydrolysis of sodium’
tripolyphosphate after mixing'with excised chicken muscles, and during
subsequent storage at 4°C (section 3.31). However, the.TLC method used
to detect and méaéure the amount of polyphosphate species present,
lacked sensitivity, and the results only pqinfed to the‘fact that
ponsiderablelhydrolysis occurred immediately after mixing and was probably

complete after 23 hours of refrigerated storage.
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‘A further experiment was conducted using 31P—FTNMR to detect
and dgtermine polyphosphéfe‘spécies (section 3.32). Samplés of
'pectdraliS'major miscles from treated chickéns after 5, 15 and 43
months storage;at ~18°¢C were analysed. The fraction of polyphosphates
hydfblysed in the 5 month muscles ranged from O to 4%; in the 15 month
muscles, 9 to 32%; and in the 43 month muscles, 66 to 100% (Iable Vlla).
.Thére was an anomalous result in the 5 montﬁ samples, where 40%.
hydroiyéis occurred, but this was‘explained (see section 3.32).

Therefore, this first experiment found that consiéerable
hydfolysis of sodium tripolyphosphate oécurréd in excised chicken muscle
immediately after mixing, and was probébly complete within 23 hours at
 4°6. The second experiment showed that hydrolysis of a commercial
‘mixture of sodium polyphosphates (Puron 604) progressed through.l5 to
43 months of frozen storage, but that very iitﬁle_hydiolysis had |

occurred after 5 months of frozen storage.

5.95 UPTAKE OF CHILL WATER

o . 0f the'j separéte batches of~chickens used in these expériments,
the uptake of chill water was caléulatéd in 2 of fhem, as the difference
in pre;chill and post-chill (and drain) weights, (section 3;71).' There
was no significant difference in chill water uptake between‘é treated
| and 6 untreated hatch C chickens (Table Xla). However, for the total
number of ll.treated'and 11 untreated batch C chickens, éhe‘méan'value '
for the treated chickens was significéntly less than that for the
untreafed chickéns. Also, the mean value'for the totai number of 12
treated batcﬁ'A chickens was significantly less than the mean Qalue fdr
the total number of 12 untreated chickens. In addition, mean values
showed that the treated batch A chickens took up less chill water, and
received a higher level of polyphosphate iﬁjgction, than the treated
batch.d-chickens.

Therefore, polyphosphate ihjection by pre-chill injection,
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was found to result in a decrease of chill water uptake, vhen the mean
values of the entire batch of treated and untreated chickens vere
compared. Also, there vas some evidence of the amount of chill- water

uptake decreasing with increasing levels of injection.

3496 COOK LOSSES
" The. cook losses of excised pectoralis major and leg ﬁuscles after

steam cooking were detgrmiped (Tables 1Xa, le). Also, the cook losses of
l=treatedvand 1 ﬁntreated pectofalis major muscle after roasting with no
added fat wére'determined (Table Va). Therélwere no significant
differences in cook losses between treated_and untreéted samples for
either the'pectoralié major or 1ég musclesvafter‘Steam cooking. However,
after roasting, the treated pectoralis mgjor mmiscle had é_considerably
higher cooked yield than the untreated muscle.n:It was not boésible,
hﬁwever, to take this as proof fhat polyphosphafes reduce cook losses
‘.during'roasting, because oﬁly 1 muscle from each treatment was tested.

| Theref@ré, polyphosphate treatment was found to have no
effect on'éobk losses affer steam cooking; but'there vas some evidencé :

‘that roasting losses may be reduced by polyphosphates.

3497 MOISTURE CONTENT.

'The moisture éontent of raw pectoralis major, pectorélis
minor, and leg mqsélgs were determined (Table Vlillc). The treated
pectoralis major musclgs contained significantly more water thaﬂ the
untreated musc;es, but thére were no significant differences bétween
treated and untreated pectoralis minor or leg muscles. |

Therefore,_polyphosphate treatment by injection into the
breast muscles was found to result in increased levels of water in the
Taw pectéralis majér muscles, but-not.in the pectoralis minor or leg

muscles.
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3.98 AMOUNT AND TOTAL HAEN CONTENT OF THAW LOSSES

The volume of thawllosses from treated and untreated chickens
was determined (‘fables Va and¢X1a). One treated chickén after 21 months
of frozen storage'was found. to have less fluid on thaving than 1
untreated chicken (Table Va). However, there was»no.significant difference
in the mean thaw loss values between 6 treated and é'untreated‘chickens
after 2 weeks frozen storage (Table Xla).

The totai haem content of the thawvlqsses'from treated and
untreated chickens was determined (sections 3.62 and 3.72, Table Xla).
Preliminary studies on 2 treated and 2 untreated,chickens after 47 months
frozen storage, indicated that the treated.thaw losses contained more than
twice as much total haem than the untreated thaw losses (section 3.62).
However, analjsis of the thaw losses from 6 treated and 6 untreated
chickens after 2 weeks storage at -18°C, showed that theré.was no
significant difference between treated and untreated thaw losses (Table

Xla). ‘
Therefore, polyphosphate treatment was found to have_ho affect

on the volume of thaw loss from chickens after 2 weeks frozen storage;
but there was some evidence to suggest that it reduced thaw loss in -
chickens after 21 months fiozen storage. Also, polyphoéphate tigatment
was‘found to result in increased amounts of total haem in the thaw

losses of chickens after 47 months frozen storaée; but not after 2 weeks

frozen storage.

399 LIPID COMPOSITION

The lipid composition of both raw (I'able Vlia) and cooked
(Table Xic) muscies were determined. TFor rawlmuscles, it.was found that
neutral lipid showed greéter interchicken variation théh phospholipid.
Also, there was a direct relationship between the neutral 1;pid and‘total
lipid levels, indicating that higher lipid levels arise primarily fr@m

the deposition of neutral lipid. Leg muscles contained more total lipid
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and a higher proportion of neutral lipid than the pectoralis major
muscles. For both freshly cooked and rancid cooked muscles there were
F. no consistent interchicken differences.
The only significant difference between polyphosphate-
treated and untreated muscles occurred for the phospholipid contents
(% wet tissue) of raw pectoralis major muscles; when the treated muscles
contained significantly less phospholipid than the untreated muscles.
Therefore, on the whole there were no significant differences

in lipid composition between treated and untreated raw or cooked muscles.

3.910 FATTY ACID COMPOSITION

The fatty acid composition of raw pectoralis major (Table V1b)
and leg (Table Vlc) muscles, freshly cooked and rancid cooked pectoralis
major muscles (Tables Xld and X1f), and of the cook-out juices of
pectoralis major (Table Xilh) and leg (Table Xli) muscles were determined.
The main fatty acids in both neutral lipid and phospholipid fractions
vere C16;0, C18:1 and C18:2, with phospholipids also containing large
' ameunts of C18:0, and more C20:4 and other long-chain fatty acids‘than
the neutral lipids. This was true of both raw and cooked muscles,
although the interchicken variation in the raw muecles was small, and
that of tﬁe cooked muscles relatively large. The totel lipid of the
cook-out juices usually contained large amounts of C1l6:0, Cl8:1 and
C18:2, but there were very large interchicken variations.

There were no statistically significant differences between
polyphosphate-treated and untreafed raw or freshly cooked muscles, or
coek—out Juices. However, for rancid cooked pectoralis major muscles,
the neutral lipid of treated muscles contained significantly more total
unsatﬁrated fatty acids fhan that of untreated muscles.

Therefore, on the whole, there were no significant differences

in fatty acid composition between treated and untreated muscles.
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3.911 B4 NUIIBERS _ |

The TBA Numbers of treated and untreated raw (Tables.Vb, Vie,
Vllla, 1Xc, Xa) and cooked (Tables Ve, Vllia, 1Xb), pectoralis méjor
muscles were determined during O to 11 days of holding at 4°C. These
results ére summarised in section 3.8.‘

Theie were no significant differences in TBA Nﬁmbers between
- raw treated and untreated pectoralis major muécles. ﬁowevér, the TBA
Numbers of pooked treated pectoralis major muscles were significantly
lowéi thén those of untreated muscles throughout 1 to 11 days éf
holding, but not after O days. For leg muscles (Tables Vle,-Vllla,
1Xb, 1Xc, Xa);‘theré wefe no significant differences between ‘treated .
and untreated raw oxr cooked muscles (preSumably because little or no -
added phosphate was present in leg muscles, see section 3.42 and 3.791).

Therefore, polyphosphate treétmentvwés found to produce low
TBA Numbers in coocked pectoralis major muscles after 1 or more days of
‘holding, and to have no effect on the TBA Numberslof raw pectoralis

major muscles and raw or cooked leg muscles.

3,912 ADDITIONAL RESULTS

Correlation;coeffioients between various sets of results were
calculated, and a‘ﬁumberrof important pbints arose frombthese célculations.
There was some evidence to suggesf that:

| a) Dietary Ci8:2vis deposited in chicken tissues to a larger extent
than‘othér dietary fatty acids; and also that neutral lipids exhibit
most pronounced changes in the 16— and 18- carbon fatty acids, and
phospholipids in the long-chain fatty acids, as a result of diet (section

3423).

b) The 16~ and 18- carbon fatty acids of neutral lipid, and the poly-
unsaturated 20 plus~ carbon fatty acids of phospholipids are the most
important indicators of the degree of autooxidation in raw (section 3.25)

and cooked (section 3.772) muscles. However, fattyjacid levels were not
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 significantly correlated with TBA Numbers during the early stages of raw
and cooked muscle autooxidation; but these values approeched,significance
during the later stagesﬂof autooxidation - as in rancid cooked muscles
(section 3.772). | |

c) The neutral lipids play fhe majer role in raw mscle autooxidation
(section 3.26), and the phospholipids in cooked mscle autooxidation,
although autooxidation in raﬁcid cooked muscles is independent of any one

lipid'levelh(section 3.78) .

d) TBA Numbers of treated cooked pectoralis major muscles decrease

as the level of polyphosphate treatment increases (section 3.711).

e) Polyphosphate treatment results in increased levels of
unsatufated fatty acids being lost in the cook-out juices of treated

muscles eompared to untreated samples (sections 3.771, 3.772 and.3.773).
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4. CONCLUSION

4.1 GENERAL INFORMATION

| The bulk of this vork was concerned with the deternination of
the degree of autooxidation of chicken tissues (as measured by the TBA
test), ban'd the effect of the fatty acid composition of muscles on these
values. ‘ Unfortunately, it was apparent that large interchicken
differences in TBA Numbers were not a result of measurable differences .
in fatty acid compbsition. Howevei', the fa.tty‘ acid composition of
rancid cooked muscles showed much greater interchicken variation ‘than
that of freshly cooked and raw muscles; and some correlation
coefficients .between TBA Numbers and fa.tty acid levels approached
si@ificance; -These 6orre1ations_ were negative for unsaturated fatty
a.cids, which means that TBA Numbers iﬁcrea.se as the levels of
uns_aturajhed fatty agids decrease, as would be expected. '

~ Thus, it appears that »the changes in fatty acid composition

.caused by autooxidation are too small to be detected by the GLC
procedure used in this work. The TBA test, on the ‘other hand, proved
t0o be a sensitive méthod for ‘determini.ng the carbonyl by-products of
autooxidation.

| It was suggested that autooxidation seems to depend more on
the fatty acids of neutral lipidsl than those of phosphdlipids in raw
muscle 'becanse' the phospholipids, which é.re highly susceptible to auto-
oxidation because of their high polyunsaturated fatty acid content, are
in close assbciatﬁn with muscle proteins and are therefore unavailable
for reaction._ In cooked muscles, however, phospholipids were found to
play the major role in autooxidation; and it was assuxped that this was
because the phospholipid-prote'in associations were destroyed by heat;
In rancid cooked muscles autooﬁdation was found to be independent of
any one lipid level. It was assumed that this wés because, in addition
to autooxidation, lipase action would have affected the 1ipid levels

during the 5 day holding period. Also, of course, during the late
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stages of autooxidation, the less susceptible unsaturated fatty acids
of neutral lipid would have been oxidised, as well as the highly

susceptible polyunsaturated fatty acids of phospholipids.

4.2 MODE OF ACTION OF POLYPHOSFHATES

It is convenient at this stage to summarise the effects of
polyphosphates in frozen chickens, before going on to discuss the
possible reasons for these effects.

Polyphosphate trea.tmenj; of eviscerated chicken carcases by injection
into the breast muscles, prior to chilling and freezing, has 'been found
to affect the chicken in the following ways:

l. To héve a variable effect on the amount of chill water ﬁptake
and thaw aﬁd cook losses. The bulk of the presexit work suggested that
polyphosphates have no effect on any of these levels, but a few results
showed that each of 'l_;hes‘e levels were reduced due to tréatﬁent. Grey
et 9;1,18 reporfbed these same inconsistent results. However,. it must be
stressed that they found ’that treatment resulted in a net increase in the
weight of the carcé.se at all stages of processing and cooking, compared

to untreated samples.

2. To result in increased amounts of haem compounds in the thaw
losses of chickens after long-term stora;ge, but not after short-term

storage.

3e To have no measurable.veffect on the lipid and fgtty a.cj.d
composition of freshly cooked chicken muscles. However, there was some .
evidence to suggest that treatment resulted in decreased levels of
phospholipid in raw muscles, _a.pd increa.sed’le.vels of unsa.turatéd fati;.y

acids in rancid cooked muscles.

A ‘4.' To result in reduced TBA Numbers in cooked muscles after the

first day of holding, but to have no effect on raw mscle values.
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5. To result in increas_ed moisture levels in raw pectoralis major
muéclés, but to have no effect on the moisture content of pectoralis

minor or leg muscles.

6. To result in increased levels of calciimv and magnesium in thaw

losses, and decreased levels in cooked muscles and cook-out juices.

It should be noted that leg muscles frdm treated chickens
were found to ‘contain véry little or no added phosphate. Therefore,
there were no differences betweeﬁ ‘I-;he leg muscles from treated and
.untreated chickens, and each of the above points api)ly only to the
pectorg..lis'ma;jor mscles.

Perhaps the most important finding of this work was that
polyphosphate treatment was found to resuit in increased levels of
ca.lcimﬁ and magnesium in thaw losses, and decreased amounts in cooked
muscles and their cook-out juices (and therefore in raw muscles).

This finding proved that polyphosphates actually remove these metal
ions from qhicken muscles; whereas previous work by other workers has
on;l.y indicated that‘ polyphosphates alter the calcium and magnesium
equilibrium in meat tissues. ' '

Therefore,‘ it‘ seems that a.dded polyphosphates are able to
form stronger complexes than proteins with métals, resulting in loss
of these metals from chicken muscles. However, the present work tells
us nothing about the mechanism of this reaction; nor whether poly-

_ phos_'éhates remove metsl ions simply by virtue of their well-known metal
chelation properties, or because of their structural similarity to ATP.

There wa.s some ind irect '_evid.ence to suggest that poiy:phosphates
are associated in some way with the phbspholipids of raw and cooked
' chickeﬁ tissues. This seems feasible since the polar phospholipids are
themselves associated with muscle p;oteins, and would perhaps be
affected by thé removal of calcium and magnesium ions which bridgé

muscle profeins .
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.A further important poinf.» 40 arise from this work was that
added polyphosphates were found to undergo comsiderable hydrolysis
 immediately after mixing with excised chicken muscle, and also after
© 15 and 43 months of frozen storage of the lcozﬁmerci,ally injected
chicken'sl. Th;ls rapid hydrolysis on mixing bha.s been found in other
types of meat, but chicken tissues havé not been studied in this way
_ before. Also, .n0‘ polyphosphate analyses have preﬁously been
carried out on chickens after prolonged frozen storage. Orthophos-
phate, the ultimate hydrolysis product, is not effective as an |
antioxidant, but cookgd treated ﬁuécles after prolbnged f:'bozen
storage ha.ve A'bee_n‘ found to have lower TBA ‘Numbers than untreated
musclés.' '.Iheiefore, injected polyphosphates must have Some
immediate and irreversible effect,on chickeﬁ tissﬁes. Metal-
chelation leading to loss of metal ions from thé treated thawéd‘ chicken,
could .well be such an immediate and irreversible reaction.

It must be remeinbe:éd at this point that loss of calcium
and magnesium from chicken tissues could both increasé WHC and inhibit
antooiidation, as explained in Bectai.ﬁn 1.6. - - |

_ Therefore, each of the 3 points a.bove.expla.in the effects of |
polyphosfhé.tes by their abilify to chelate and remove 6alcium and |
magnesium .ffom chicken tissues. Howeve:c,‘ this ca.nﬁot be the solé
reason for the effectiveness of polyphosphates because oth'er‘ workers
have found that individual polyphosphate species and other metal-
chelation agents such as EDTA do not a.ffecf meat tissues in
proportion to their metal-~chelation strength.

| Lipid and fatty acid analyses failed té distingnish between
treated and untreated samples. Hoﬁever, correlation coefficients
between TBA Numbers and fatty acid levels iﬁdicated that polyphqsphate
treatment vmay result in increased amounts of unsaturated fétty acids

being lost from cooked treated muscles compared to untreated muscles’.
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This effect would obviously help to account for the fact that cooked
 treated muscles have lower TBA Numbers than cooked untreated muscles.
However, it was not possible from the present work to deferminé the
mechanism by which this i:eaction coﬁld take place; unless it is
connected with the suggestion that polyphospha’ces associate in some
way with phospholipids.

This work has therefore proved 'bhat added polyphosphates
- remove calcium and magnesium from thawed ch:.cken carcases, and this
fact alone may pa.rbly’explain the mode of action of polyphosphates.
There was some evidence to suggest that added polyphosphates may also
be associated with the phospholipids of raw and cooked ‘tissues, and to

result in loss of unsaturated fatty acids during éooking.
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APPENDIX I
BACTERIOLOGICAL EXAMINATION

In experiment 3.5 it was decided to check for the presence
of micro-organisms in the cooked pectoralis major muscles held at
4°c when it was noticed that there were no objectionable odouxrs
after 7 days of holding, and that the TBA Numbers of treated muscles
remained very low. The method is outlined in section 2.8, and the
qualitative nature of these results is also explained in this section.

Preliminary qualitative mefhods showed that after 8 days of
holding at 4°C samples of all 3 treated muscles showed colony growth
after incubation on nutrient Agar plates. No growth was apparent for
any of thé untreated samples. After 10 days of holding each treated
muscle again showed colony growth and so did number 4, and to a lesser
extent number 6 of the untreated samples. It has been suggested that
micro-organisms destroy the ca:r'boriyl compounds measured in the TBA
test,l45 and, therefore, contaminated samples might be expected to
have reduced TBA Numbers. However, although the TBA Number of sample
number 4 was 'always considerably lower than that of number 5 during
9 days of holding, that of number 6 was higher (Tabie 1Xb). No
bacteriological tests were carried out on the raw muscles, and so the
slightly higher TBA Numbers of treated samples compared to untreated
samples (Table 1Xc) could not be checked against microbial growth,
to see if micro-organisms do,v in fact, reduce the carbonyl content
of muscle.

Raw leg muscles after 7 days of holding at 4°C showed ho
overall differences in micro-organism content between muscles from
treated and untreated chickens. These results would seem to bear
out the results of section 3.42 and 3.791 that little or mno poly-
rhosphate reaches the leg muscle of treated chickens. However,

Foster and Mead,% (see section 1.53 for experimental details), found



‘that whilst polyphosphate inhibited micrq-organism growth in rawAbreast'
muscie, it had little effect on raw leg muscle. |

_ - This growth promotion effect of polyphosphate on cooked
pectoralis major mdscle, is in direct conflict with the reasonably well
established antimicrobial efj.'ects of polyphosphate.s'(see section 1.53).
Hoywever, this antimicrobial effect has been reported in' raw chicken
muscles, and no results for cooked nmscies have been found in the
literature. This is understandable, since microbial spoilage is of
mach greater ixﬁportance in raw meat bécause the cooking procéss ‘
~ destroys all vegetative micro-organisms. UﬁbMtely, ziq tests on _
raw pectoralis major muséies were ca.rried out here bec;mse detailed»
microbiological ﬂro:dc was.bbeyond the scope and time limit of this
research. However, raw treated pectdralis major muscles had |
objectionable rancid odours and ‘a “sﬁealty" aﬁpeé.rance after 9 days of
‘holding at 4°C, whilst untreated samples ﬁere of normsl texture and |
had only slight off-odours after this time. In addition, all of the
‘ lifberature quoted in section 1.53 tested the microbial status of |
chicken tissues a.ffer immersion of the whole birﬁ in polyphosphate
solutions, or of intimate mixtures of polyphosphate aﬁd chickén mscle.
It is conceivable thatﬁeatment by injection, as in thj.s resea.rch,'may
affect the micro-organisms in a different way. | ‘

This is undoubtedly an area which warrants further research;
especially in vj.ew of the fact that micro-organisms may déstroy the '
carbonyl compounds which are measured in the TBA test, and this could
hélp tp account for the wide range of TBA Numbérs found for similarly
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