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INTRCBUCTION

In commercisl canning, food put into a container always contains micro-
organisms that would cause spoilage if they were not subsequently destroyed.
When the destruction of the spores of a certasin organism in food has reached
a certein pre~established point, the food is said to be sterile with respect
to that orgenism and the objeet of heat processing canned foods is the at-
tainment of sterility with respeet to the most resistant micro-organisms

present that would bring about spoilage.

Since the discovery of the principle of sterilisation by heat and the
initial developmenit of the art of heat processing by Appert at the begin-
ning of the 19th century, considerable progress had been made in the fields
of processing techniques snd their evaluation. Standard methods have
evolved for determining minimom processing conditions necessary to atiain
commercial sterility in products, However, as yet, there are no sensitive
and reliablie methods which do not involve the use of thermocouples for
temperature measurement to check on under or over-processing during the
routine sterilisation of canned products. The preparation of cans with
inserted thermocouples and the recording of temperatures is too laborious
and time consuming to become a routine check on processing and so the need

for a more convenient method is obvious,

The purpose of this investigation was to carry ouwt preliminsry studies
to ascertain the possibility of using chemical reactions occurring in model
systems or food products as indices of heat lethality and so determine if
correlations hetween a chemical index end heat lethality can be established

and have commercial application,



In order to carry out this situdy, it is first necessary to briefly

review theoretical aspects pertaining to the heat processing of canned foods.

THE HEAT PROCESSING OF CANNED FOODS

A can of heat processed "cammed" food contains a "sterilised" product
that at room temperature will remsin mierobioclogically unspoiled indefin-—
itely and depending on the type of food, will have a marketable quality shelf
life of 6 months to 2 years. The majority of canned foods are heat treated
to prevent microbiological and enzymatie spoilage and concurrent with the
heet treatment, we may find loss of nuirients, e.g, thismine destruction,

and chemical reactions occurring, e.g. non enzymic browning.

Just as the rate of a chemical reaction depends on time, temperature
gnd concentrations of reactants, so the lethal effect of heat on bacteria is
a function of the itime and tempersiure of heating and the bacterial popula-
tion in the product. To design or evaluaite an in~package heat process, it
is necessary to lmow the heating characteristics of the system under study,
the number of spoilage organisms present and the thermal resistance charac-

teristics of the spoilape organisms.

HEATING CHARACTERISTICS OF CANNED FOODS

1. Conduction Packs

Products heating by conduction within a stationary container do
not move or change their location during the process, During heating,
heat from the surrounding medium, e.g. steam under pressure, is trans-
ferred almost immedietely to the outermost layer of food in the

container and is then conducted from particle to particle inwerd toward



the centre of the food mass from all points of the container wall.
During the initial phase of heating there is a2 constant temperature
portion of food near the centre of the container. The tempersture

of the food near the container wall rises during +this lag period,
Subseguent to the lep period the temperature from the centre toc the

can wall rises on a smooth curve. If heating is allowed to continue
long enough the entire contenis will eventually reech the temperature
of the surrounding steam and the last portion of food to reach this
temperature will be at the geometric centre of the container (the point

of slowest hesting or critical point}).

If at the end of any given heating time the container is plunged
into cooling water, heat iransfer within the container is reversed in
direction and the contents cool until equilibrium is reached with the
surrounding medium, Because temperature rise during heating and
temperature drop during cooling are logarithmic in order cooling to a
non-lethal tempersture is accomplished in considerably less time than
is required to heat the food, (i.e. from the lowest temperature which
is lethal, to the highest tempersture attained during the.process).
Therefore, even though the temperature drops less rapidly at the centre
than at sny other points in the conbtainer during cooling, there is a
small volume of food at the cenire which receives a less severe heat
treatment then any other food in the container and +the severity of heat
treatment inereases progressively from the centre, in any direction, to

the wall of the container.



2.

3.

Convection Packs

Foods which heat by convection exhibit mueh more rapid heating
then do foods which heat by conduction. In the case of convection
heating, transfer of heat in the food mass is aided by product move-
ment within the container and for e condition of ideal convection heat-
ing, temperatures throughout the conleiner of food during processing
would be identical at all times, i.e. the temperature at any point in
the container at any time is the same as the temperature at the

eritical point,

"Broken Heating" Packs

Certain foods exhibit “broken" heat penetration curves due 1o a
change in consistency within the pack when a certein temperature is
reached. An increased rate of heat penetration could result from the
transformation of a conduction pack into a convection pack and similar-
ly, a decreasged rate of heat penetration could result from the trans-
formation of a convection pack into a conduction pack. The critical
point in a ¢ontsiner of food of this type bears the same significance

to the respective state the food is in as discussed sbove.

DEATH OF BACTERIAL SPORES

The first modern eritical approach to the problem of death of bacterial

gspores under the influence of heat appears to be that of Bigelow and Esty

(13) who define thermal death point in relation to time (i.e. thermal death

time) as the time at different temperatures necessary to completely destroy

a definite concentration of spores in e medium of known hydrogen ion concen-—
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tration. Using the concept of thermel death time, they demonsirated that
with any given spore suspension, the thermal death time was a function of
the spore conecentration and that the thermal death time for a given spore
concentration decreased with increase in temperature. Using the same data
Bigelow (11) demonstrated the logerithmic relationship between temperature
and thermal death time, that is, when the survival and destruction points
for any given suspension and spore concentration were plotted upon & loga-
rithmiec scale against the corresponding temperatures om a linear scale,

essentially straight lines were obbained.

Ball (5,6) on developing the mathematical methods used for the calcula~
tion of processes for canned foods pointed out that the thermal death time
curves of Bigelow (11) could be characterised by a point and & slope. The
reference point chosen was the time to destroy the organism at 250°F and
this was designated by the symbeol F, The slope of the thermal death time
curve symbolised by Z was defined as ‘the number of degrees required for the
curve to itraverse one log cycle., This is the eguivalent of the number of
degrees the temperature must be raised or lowered from a given reference

temperature to produce a tenfold decrease or increase in destruction time.

The lethal rate L was defined as the reciprocal of the thermal death

time,

The above procedures are concerned with survival and destruction times
for some given initial spore concentration, and the basic presupposition of
this work is, that there is a time for a given temperature and suspension
medium for any initial spore concentration of a given organism at which all

of the organisms are dead.



Very early in the studies of the death of mic¢ro-organisms undexr adverse
influences attention was given to the number of survivors remaining in re-
lation o time, and attempts were made to measure the "rate of death' of
bacterial suspensions, exposed 1o some adverse environmental faector such as
chemicals or high temperature, In 1910 Chick (24) showed that the rate of
death of micro-organisms was of logarithmic order, that is, the number of
surviving organisms pletted on a logarithmic scele against time on & linear
scale gave a straight line,. The logarithmic order of death of micro-
organisms under verious imfluences has been extensively reviewed by Rahn
(97,98) and considerable additional evidence substantiaiting logarithmic

death has been presented.

Bvidence for a non logarithmic order of death has been reviewed by
Rabn (97,98) and a non logarithmic order of death of spores of food spoilage

organisms has been reported (101,106).

It is evident that only in the case of straight line survivor curves
cen simple mathematical treatment, formulation and extrapolation of the
results to other conditions or initial pumbers be carried out. No satis—
factory expression has heen found to express resistance when the survivor
curve is not g straight line, For this reason, death of bacterial spores
is generally considered logarithmic (9,98,120) and this allows it to be
described mathematically in the same manner as z wnimolecular or first order
bimolecular chemical reaction. In & unimoleculer reaction only one sub-
stance reacis and its rate of decomposition is directly proportional to its
concentration while in a first order bimolecular reaction one reactant is
in such great excess that variation in its concentration is negligible and

rate of decomposition of the second reaectant is direetly proportional to its
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concentration,

The rate of a first order reaction is expressed by

de
at = ke
or ‘-‘:_-c- = kdt tsssoRrrCRES (1)
wvhere ¢ = concentration of reacting substance
t = time
dc/dt = rate of change of concentration of reactant
k = rate constant

Integrating equation {1) between the limits, concentration c, at

time t, end ¢, at a later time tz, we have

1 2
2 by
- de _ o as
e
c t1
- 1n c,y - {( - 1n c1) = k(t2 - t1)
°1
k(t2—t1) = lnc—
2
This can be modified to give
¢
2,303 o
t - k log e I EEXE YR NN TN (2)
in which co = 1initial concentration of reactant
¢ = conceniration after reaction time t

From the survivor curve let a represent the initial number of cells

(comparable to ¢, in equation (2)) and b represent the number of surviving



cells (comparable to ¢ in equation {2)) after heating ¢ime +. Then

2,303 =

1 = & log 5
The time reguired to destroy 90% of the cells is the time reguired for
the survivor curve to traverse one log cycle, If this time is represented

by D (decimal reduction time) +the slope of the survivor curve may be

expressed as

log o ~ log b _ 1
B D

Substituting in the general equation of a streight line

¥y = mx
we obtain
loga = loghbh =%t
t+ = D(loga = logb) = Dlog %

cerearieress (3)

in which + time of heating

D = +time to destroy 90% of cells
a = initisl number of cells
b = number of cells afier heatinr bime &

On comparing equations (2) and (3) the similarity between the express-
ion for a first order chemical reaction and the expression for logarithmic

destruction on bacterial spores can be seen,

PROCESS EVALUATION

1. The General Method

This method described by Bigelow, et al. (12} is essentially a

graphicsl procedure for integrating the lethal effects of various time~



temperature relationships existent in e container of food during processing.
The time—temperature relationships for wbhich the lethal effecis are inte-
grated are those represented at the point of greatest temperature lag during
heating and cooling of the product. This point was found to be at or near

the geometric centre of the container.

The rate of destrucition of an orgenism per minute at any given
temperature {(T) in a process is the reciprocal of the time in minutes (t)
required to destroy the orgenism at that temperaiture. From the thermal

death time curve, the following relationship can be obtained.

log + =~ log F _ 250 - T
log 10 A
log _E_ . 256 E T
i.e. % = antilog EX)E_T, ssernsenssen (4)
where Z = slope of thermsl death time curve in °7
F = minutes to destroy the organism at 250°F
T = temperature under considerstion (OF)
t/F = time to destroy the orgenism at temperature
(1) if ® = 1
Fre = lethel rate at T

Since F and Z are Lnown from the thermal death time curve, equation (4)

can be solved and the lethal rate determined.

Bince thermal reduction times were used to replace thermal death times,
the 2 concept was retained and so, if the wvalues of thermal reduction time
{for some constant reduction of spore numbers) or the decimal reduetion time

(D) are plotied against temperature (T), then the curve has the saeme slope
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as the logarithm thermal death time versus temperature curve

froo 1 o - 9Goxe)

T

|

or log (DZ/D1) - (T2 - T1)/Z

However, lethal rate L 1is defined as the reciprocal of the thermal

reduction time.

=t

(T, - T,)
Hence 2 = 10 2 1°/2

[l

P £

Lethal rate values have been tabulated (15,120).

From the survivor curve, the destruction of spores can be represented

log No = I8

N

or d log No = Ld&
N

€H

wvhence log No = Lde

N
1

<

The F value of a process can be defined as the time at 250°F which

accomplishes the same reduction in spore numbers as the process



it.

lee. F = D250 log Eg
N
1
fﬁ
therefore F = D250 //(- Lde
<
o
f%
= L ae
LZSO
<

Substituting equation (5) we have

(T -~ 250)/%
10 ae

Hence by plotting lethal rate against time, a lethality curve is obiained
and the area under this curve represents the total lethal value of the process.
this ares is expressed in terms of egquivalent time at 250°F by dividing into
it o unit ares representing the equivalent of one minute at ZSOOF {or Fo =

1 minute). The resulting value is the Fo value of the process in minutes.

For example, the heat process required to destroy Clostridium botulinum in
low acid products must have an Fo of not less than 2,78 minutes. That is,

the area of the lethality curve must be greater than 2.78 times the unit
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area to ensure adequate processing.

Various modifications have been made to the General Method. For
example, Shultz and Olson (117) introduced specially ruled lethal paper on
which the temperature - time data are plotted directly while Patashnik (92)
used a simple arithmetic summation of lethal rate values at equal time

intervals,

2o TFormula lMethods

Ball's "Formula Method", introduced in 1923 (5) uses heating and cooling
curves of a standard form. The reciprocal slopes, fh and fc’ of the heating
and cooling curves are assumed equal and the cooling curve has e lag factor
or j value incorporated. The lag porition of the cooling curve is approx-—

imated to by a hyperbolic expression,
The integration is carried out using the expression

F £ Lg C

where Lg 10(250 - Tg}/2

and C is a tabulated funmection of g, Z and m + g

ot is the difference betwaen retort temperature and maximum centre
temperature Tg ot the end of the heating period, and Z is the slope
of the thermal death time curve, "m 4+ g" is the difference between

retort and cooling water temperature,.
Ballts technique was further improved in 1928 with the retebulating of
the C : g tables as fh/ o & tables

£ 02+303 e/%
wheyre — = —————re=-
u C
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"u" is the number of minutes required to desiroy an organism at retort
temperatures, TFurther parsmeters and modifications have been introduced to

the method (7) but discrepancies are still found (46, 121).

The ebove formula method treats only s single point and depending on
whether thermal death time or thermal reduction time data is used, indicate
whether a process will achieve "“sterility" oxr reduce the population of spores
by a given ratio. They do not indicate the prebability of spore survival at
any point other than that considered in the analysis. Ball, one of the chief
exponents of the critical point method argues that the basic problem in
sterilisation rests in determining when the food at the critical point has
received a sufficient quantity of heat to destroy the organisms of the most
resistant type that could spoil the food. Ball assumes that when sterilisa-—
tion is accomplished at the critical point, sterilisation will already have
been completed at all other points and hence the sterilisation of the entdire

mass is accomplished (7).

However, with the initroduetion of the thermal reduction iime conecept

the critical point approach received considerable criticism, To ealeulate
the survivors, Stumbo (119) considered the contents of the container to con-
s8ist of a collection of portions that constitutes a series of nested shells,
designated as iso~F value shells, which are defined by the condition that all
meterial which constitutes any one shell receives equal lethal-heat treatment.
As the series progresses from the outside surfaces of the container to the
shell that contains the eritical point, there is a progressive deerease in
lethal value for the successive shells. Stumbo applied the survivor curve

to each shell independently, basing the calceulation of survival on the entire
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volume of the food substance which constitubes the shell as the wnit volume,
that ig, comsidering each shell as defining its own unit volume, No two
shells have the same volume and it is visualised that the imaginery con-
tainers gradually chenge in shape from eylindricel to ellipsoidal or spherical

from outside to ecentre of the real coniainer.

Stumbo defined the region of greatest probability of survival as the
region occupied by the shell in which the number of survivors would be
greatest aceording to the caleulation, His ecalculation showed that the
shell occupying the region of the greatesi probability of survivel according
to the above definition, is not the shell within which is the peint of
lowest degree of lethal treatment, He suggested that the latter point mey
not be critical in consideration of the effectiveness of a sterilising pro-
cess and that the effect observed =t that point may not be a true ecriterion

of suffieciency of the sterilisation of the contents of the container.

Hicks (44) in & discussion of Stumbo's first two papers points out
that with a uniform spore destruction in the container, the number of spores
actually subjected to the conditions ﬁt the slowest heating peint will be
very small. Some regions in the container receiving slightly more heat
treatment will be relatively large in velume and so contain more spores,

The chance of survival of a spore in such a region may therefore bhe greater

than at the slowest heating point.

The more recent concept above of integration of the lethality of the
process in terms of the whole container is only epplicable to conduction
packs as in convection packs all bacteris are subject to essentially the same

amount of lethal heat.
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PRACTICAL SIGNIFICANCE OF PROCESS EVALUATION CONCEPTS

The practicel significance of the newer concept of process evaluation
does not appear very far reaching. Alstrend and Ecklund (2) remark in
reference to this new approach,

"all these workers have approached the problem from the
premise that there is probability of survival of spoilage
bacteria threughout the can contents and not just at the
can centre, While the development of these methods will
be followed with great interest by students of processing
teclhmology, there is but little likelihood that greatly
different results will be obieined by applicetion of the
new methods as compared to the methods in common use",

The methods using the whole c¢an as a bhasis for calculation require
information on initial numbers of spores and their rate of destruction
charecteristics in order o give information on the numbers of spores per
can that are likely 1o remain viable after processing. This data ean then
be related to the probability of spoilage. Hicks (45) pointed out that the
values of these parameters sre not well defined and much more data will be

fequired in the camning industry on the initial number of spores and the

value of the final tolerable spore level.

Stumbo (120) hes commented that many of the formula methods {introduced
to reduce the tedium of graphical integration, and to inerease the versa-—
tility of the General Method) are complex and time consuming and data for
one set of conditions usuvually cammot relisbly be converted to apply to
another set of conditions.  These disadvantages of formula methods have been

endorsed recently {56).



16.

The General Method, with its variations, is still the most reliable
method of caleculating the lethal effect of heat for any given set of data {82).
Hicks (47) points out that the General Method, in its original form involves
graphical integration and the errors of calculetion may be significant al-
though Patashoik (92) claimed to be able to keep the error of calculation
well within the experimental error or the inherent wvapriation from can 4o can.
Errors due to imaccuracy in the bacterial dais affect calculation by the
General Method in exaectly the same way as calculation by formula methods but
the General Method has the advantage that actual heating and cooling curves
are used, wnereas the formule methods involve simplifying assumptions about
the forms of the eurves that permit their specification by a small number of
parameters, The theoretical cooling curves are not always good approxima-—
tions of actual curves (14), On the basis of this, Hicks finds it
preferable to use the General Method for conduetion heating packs, although

with convection heating packs, formuls methods may be more convenient.

The freneral Method, which is based on the critical point concept is still
ugsed or implied in the camning industry although it is generally not used in
basic investigetions of process caleculsation methods, The critical point
concept, which is implied if temperature dats from the cenire of the can
only is considered, is probably quite adequate for industrial purposes, as
there are approximate relationships between the residual spore concentration
at the centre (that is, at the eritical point) and the total number of spores

surviving the process {(90).

On the basis of the above, all sterilising values determined in this
present study have been calenlated by the General Method from heat measure-

ments taken at the critbical point.
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However, it should be pointed out that although the General Method is
used throughout this study for celeulating sterilising values, one could
equally justify the use of formula methods or integration over the whole

can to attain this result.

Previous assessments of sterilising values attained in canned foods
on heat processing are all based on direct temperature measurement.
The basis of this study was to determine if indirect metheds, e.,g. the
influence of heat on chemical reactions, could be used Lo supplement previous
methods and to enable heal lethality walues to be determined commercially

by o simple and convenient technigue.



CORRELATION OF CARBONYL-AMINO BROWNING

VITH BEAT LETHALITY




SECTLION I

BROWNING REACTIONS OCCURRING TN FOODS ON HEAT PROCESSING

{e brief review of browning reactions and factors affecting them)

Bue to the diversity of browning reaction mechanisms and greatly varying
compositiong of different foodstuffs it is not surprising that in some foods
"hrowning" is desirable while in other cases the converse holds, For
example, browning reactions induce favourable fiavours in roasted coffee,
meat and yeast extract concentration but will impart bitter off flavours in

debydrated meat and fish.

Mosat of the carbohydrate constituents of foods will form brown
caramelisation products by a complicated process of dehydration and poly-
merisgtion if heated sufficiently strongly, reducing sugars such as
arabinose, xylose, glucose and fructose decomposing more rapidly than
sucrose and siarch, and glucuronic, galacturonic, ascorbie and reductic
acids more easily still, These reactions can be accelerated by alkali or
acid, and particularly by amine compounds, and then proceed extensively at
much lower temperatures. In some foods, such as molasses, honey or maple
syrup, the amount of non carbohydrate materials involved may be so swmall
that the browning reaction appears to be lititle more than a catalysed
caramelisation of sugar. In fruits and vegetables, organic acids, including
ascorbie, can take part in complex interaciions with reducing sugars and
amnino acids, while in protein rich foods such as fish and egg white, com-
paratively minor proporitions of sugars are able 0 proeduce serious changes

in the proteins which comngtitute the major part of the food.

In addition to proteins and amino acids, other nitrogenous food
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constituents such as the B vitamins, thiamine, nicotinamide and p emino-
benzoic seid can also undergo reactions of the browning type with reducing
sugar and this is probably one of the routes by which losses occur during
processing and storage of processed foods. Alse, in dried egg yolk, traces
of glucose axe known o react with the lipid amino groups of cephelin, with

e resulting serious deterioration in palatability and colour,
The main types of "browning" recognised in heat processed foods are:

1. Carbonyl-asmino or Maillard reactions in which carbonyl or potential
carbonyl groupings react with emino or amino compounds to form

ultimately brown melsnoidin pigments,

2. Caramelisation resulting from the action of acids or alkalies on

sugars.,
3. The decomposition of ascorbic acid under acid conditions.
4, The browning of oxidised oils on reacting with amines or proteins,
5. The degradation of imidazole and indole bodies,
o, Changes in the haem pigment in animal products.
Carbonyl-amine browning is the most thoroughly investigated and eommonly

encountered of the browning reactions and econsiderably less is known about

the other forms of browning which occur on heating certain foods,

A, THE DMATLLARD REACTJION

Results of the many investigations into the mechanisms of the Maillard
regetion support one of two main theories, The first (49) assumes the

formation of glycosylamines which undergo the Amadori rearrangement, The



20,

1-amino-l~deoxyketose derivative formed may be dehydrated and cyclised to
form furan derivaetives or it may enoclise. In either case intermedistes
whieh are readily itransformed inte brown compounds are formed., A third
pessibility is for the deoxy sugar derivative to react with more amino acid
to form coloured products, Optimum conditions for the Maillard reaction
are:

(a) a fairly low water content,

{b} a pH of 7 o 10, and

{e¢)} a high temperature,

These conditions are fairly flexible but no reaction proceeds in the absence

of nmoisture.

The second theory (113) maintains that the browning resction and the
Maillard reaction are separate and distinct. In this theory browning is
due to the effect of pl on the sugar and can cceur over a wide range of pH,
whereas the Maillard reaction accurs only in alkaline medie. Hodge (49)
pointed out the similarity between the browning reactions of sugers in amine
acid and non amino systems and it has now been confirmed, by the isolation
and characterisation of intermediates that similar mechanisms are involved
in the degradation of sugars by acids and alkalies, and in the decomposition
of ketosamines derived from primary amines. On the basis of this, the
overall browmning mechanism, which will be referred to as carbonyl-amino
browvning, will now be outlined as it is this form of browming which is of

primary concern in this siudy,

However, since no attempt is made to distinguish and consider omnly the
predominant form of browning oeccurring in any of the systems studied, the

mechanisms of cther important forms of browning will also be briefly discussed.



21.

HMechanism of Carbonyl—amine Browming

The best known sysitematisation of the possible chemical reactions
occurring in carbonyleaminoe browning is ithat devised by Hodge (49) and a

number of excellent reviews have since been written (29, 93, 103, 104).

In the first instance, aldoses react wiith primary or secondary amines
to give aldosylamines (N substituted glycosylamines) and these, under the
influence of a suitable catalyst, undergo the Amadori rearrangement giviog
1~amino - 1-deoxyketoses, Kinetie studies indicate a 1 : 1 ratio of amino
acid : sugay although at high temperature, more sugar reacts per mole of
amino acid, It is generally apgreed that the Amedori rearrangement pro-
ceeds vig the cation of a schiff's base but final details of the mechanism
have not been determined. This initial stage of browning which is colour-
less and gives no adscorpition in the near uliraviclet region, proceeds
particularly at low temperature and under low moisture conditions. Keto-
samines have been identified in extracts of browned freeze dried apricots
and peaches (3,4) and dried liver {17). VWager {139) has isolated these

compounds from dehydrated earrots,

The second stage in carbonyl-aminoe browning as indicated by the
appearance of colouration and adsorption in the near ultraviolet region, is
{a} sugar dehydration,
(b) sugar fragmentation, and

(c) either amino acid or amine degradation according
to the compound combining with sugar.

(2) Two types of sugar dehydration reaction cccur: in acidic systems fur~
furals are formed while in the presence of amines in anhydrous systems,

6 carbon and other reductones are Lormed, In the first case, three
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moles of water are lost to form furfural or hydroxymethylfurfural (105).
These compounds have been detected in heated apricoi concentrates, in
darkened dehydrated cabbage, and in orange and lemon concentrates {42}
and in mille (93), Reductone formation resulting from the loss of two

molecules of waber from the suger moiety has been demonstrated (123).

During the latter part of the second stage of carbonyl-amince browning
fission products from suger fragmentation oceur. Discolouration is
greatly increased by the presence of amino groupings in the reaction
mixture although fragmenits wiich retsin the o2 carbonyl grouping will
brown on their owm. The accepied mechanism of sugar fragmentation is
dealdolisation (the reverse of aldol condensetion) and amino acids in

the anionic form catalyse this reaction.

Strecker degradation of &< amino acids 4o aldehydes containing one

carbon less than the amino acid, with the liberation of carbon dioxide
(from the carbonyl group of the amino acid) in the presence of

dicarbonyl compounds (reductomnes) could be important in the incorporation
of nitrogen in the final brown product, The aldehydes formed by this
degradation could be a source of browning due to the large number of
compounds with vhich they may condense., Hot much impoxtance is
attributed to them as a browning source, although the products formed

by Strecker degradation are important £flavour and odour precursors.

In the final stages of carbonyl amine reactions various intermediate

polymeric and unsaturated, fluorescent and coloured polymers of varying
molecular weight are formed. The main reactions are thought to be aldol
condensation, aldehyde~amino polymerisation and the formation of hetero-
cyelic nitrogen compounds (chromophoric compounds or aldimines; and

finally the formation of melancidins,
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B, BROWNING REACTIONS OF LESSER TMPORTANCE
QCCURRING IN FOODS

T Caramelisation Action of Acids and Alkalies én Sugars

This method of non enzymstic browning is the dehydration of sugars with
the resulting formation of very aclive aldehydes. Hexoses, pentoses and all
uronic acids are broken down readily wben healed in av acid medium, as is the
case, for instance, during acid hydrolysis of stareh for the manufacture of
glucose syrups containing dexitrins. Thesze produets are brown due to the
Yepramelisation"! of sugars vwhieh can oceur in the absence of protein or
amino acids, Wolfrom (147) offered s scheme for such caramelisation
phenomena, which are, in part, due to the formetion of bhydroxymethylfurfural

(HHI") .

HMF, as such, is capable of polymerising end, in addition, as a very
active aldehyde, of readily combining with amino compounds if present even

in very small guantities.

With ineveasing pH, the browning due to HMPF is accompanied or replaced by
the Maillard reaction or by other mechanisms not based on the presence of

amino groups, such ag enolisation or formation of reductones.

The degradation of reducing sugars to furfurals occurs in the presence
of either mineral acids or organic acids. Howevexr, the formation of the
1, 2 enol, which is alsc the first step in the Lobry de Bruyn - Alberda wvan
Bhenstein trapsformation,; is subject to acid-base catalysis. It is likely
that later gtages of the reaction are also subject to acid base catalyses.
I+ would be expected therefore, that the organic aecids in foods would he

good catvalysts foxr the degradation of sugars.
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Proctor and Goldblith {96) found evidence that furfurals are not the
only intermediates in the formation of pigmenis when sugars are heated with
acids. Bergdoll and Holmes (10} found that browning in heated sucrose
solutions was increased by the replacement of part of the sucrose with invert
sugar, but not by the addition of HMF, Also, it appears that oxygen has

some affect on browning in relatively dilute, acidified, sugar solutions,.

In &ll systems lacking amino groups, browning of the sugars, poly-—
saccharides end polyhydroxy acids can proceed without catalysis at rather
high temperatures. However, in the presence of phosphates and & number of
carboxylic acids, aciting as catalysts, these reactions proceed very rapidly,
Malie acid had been found to be the most active of all carboxylie acids in

accelerating this form of browning.

In alkaline media the 1, 2 enolisation of reducing sugars {the Lobry
de Bruoyn ~ Alberda van Ekenstein rearrangement) causes the formation of a
very labile configuration capable of rapid oxidation and subsequent browvning.
The formation of 1, 2 encls of reducing sugars occurs more easily in the
presence of alkalies than in acids and in this case the browning will follow
the path of ascorbic acid and of other subsiances with dienolic configura-~
tions, Under anaerobic conditions, however, the action of alkelies on

reducing sugars produces saccharinic acids with relatively little browning.

The accelerstion of browning is apprecisbly greateyr through glyecosyl-
amine enolisation (the Amadori rearrangement) than through enolisation of
the unsubstituted sugar (Lobry de Bruyn - Alberda ven Ekenstein rearrange-

ment) ,

It is now generally recognised that the sugar caramelisation process

involves the following reaction sieps {50): Enolisation of aldoses with
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the preduction of the more reactive 2 « ketoses; dehydration of ketohexoses,
without fission, to 5 — (hydroxy methyl) —~ 2 ~ furaldehyde, and dehydration
of pentoses similarly to 2 = fuvaldehyde; hydrolytic fission of furalde-~
hydes or intermediates leading +$o furaldehydes to yield, for example,

formic acid and levulinie from hexoses; fission of 2 ketoses to yield
dihydroxyacetone and glyceraldehyde, glycolaldehyde and four-carbon carbonyl
compounds; dehydration of the trioses to yield acetol and pyruvaldehyde;
dismutetion of biose, trioses, tetroses, and their dehydration producits

to yield iactic aldehyde, pyruvic aldehyde, lactie acid, glycolic aeid,
acetaldehyde, acetic acid, formasldehyde, formic acid, acetoin, and discetyl;
self and cross—condensations of the aldehydes and ketones containing active
hydrogen; reversion of aldoses and ketoses te di-, tri-, and higher
eligosaccharides; dimerisation of fyuctose to difructose anhydrides;
cyclodehydration of aldeses to glycosans, and then polymerisation; enol-

isation and dehydration of the syathetic oligosaccharides,

2 Brovning Reactions of Ascorbic Acid

The decomposition of ascorbic acid, when Leated with acid under
aerobic or anserobic conditions leads {o the formation of brown pigments,
Joslyn (64) has demonstrated that this kind of browning tekes place only
after the bulk of ascorbic acid has disappeared while the rate of loss of
ascorbic acid in acid solution has been shown by Lamdern and Harris (69) to
be a monomclecular reaction. Joslyn (64} suggested that ascorbic acid
was the most reactive component in browning in systems containing ascorbic
acid, sminc acids, and sugers. The rate of browning in orange juice was
reduced 4o a low level by removing the anionic consitituents; removal of

the cationic constituents had less effect. The rete of browning of
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ascorbic acid solutions, under oxidative conditions was decreased by the
addition of glucose or fructose and the addiftion of amino aeids decreased
the rate of browning initially, but increased it in the later stages.
Moore, et al. (81) have shown that additional guantities of ascorbic acid

in the juices increased the formation of the brown pigment even more.

When solutions containing ascorbic acid and glycine (buffered at pH
3.7 or 7} were heated in a stream of oxygen, 002 was evolved, Less than

3% of the CO, was derived from glycine — € - 1, and less than 0,1% from

2
glycine — C - 2. This finding showed that the glycine had not undergone
a Strecker degradetion, although ascorbic acid has been regarded as sn
active agent. Less than 4% of the 002 was derived from the buffer.

These results showed that the evolution of 002 was due primarily to the
nultiple decarboxyletion of ascorbic acid. The raite of proeduction of 002
from ascorbic acid was linearly related o rate of browning at 37°C but

not at SOOC, suggesting that a chenge in the reaction mechanism occurred

in the range 30° - 50°.

Furfural which has been showmn to be formed when asscowxbic acid is heated
with acid is known te underge polymerisation and browning. Moreover, as an
active aldehyde it may easily underge the Maillard reaction even with the
very smell quantities of proteins or aminoe acids found in eitrus juices.
Also various reductones possessing the same dienol configuration as ascorbic

acid may follow the same scheme of browning.

The antoxidetion of ascorbice acid follows a similar path to that out-
lined previously. Only sinall guanitities of oxygen, normally aequired in
any operations concerned with the preparation of foods, are able fo start

the chain of antoxidation with browning resulting, whether it is propagated
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by flavanoids or otherwise, Ascorbic acid ig net auntoxidable in aeid
solution but the rate is increased with increasing pH above neutrality.

Copper ecatalyses the reaction,

3. Browning of Oxidiged Qils

Phospholipids and lipoproteins can react, through their amino groups,
with aldehydes and reducing sugars; under oxidising conditions, reactive
carbonyl groups formed in the lipid moiety can initiate browning reactions.

The glucose~cephalin reection in dried eggs is well known,

(a) Reaction with amines

Oxidised o0ils brown rapidly vwhen trested with amines, but it is
not certain that amines are involved in browming reactioms of
commercial significence sueh as the "rusiting" of fish oils end, in

ancther field, the yellowing of films of drying oils.

In sn investigation primerily concerned with fishy flavours in
0oils, Davies end Gill (26) showed that the degree of fishiness was
roughly proportional %o the conmtent of organically bound nitrogen and

the degree of browning.

Nonaka {86} showed sutoxidised oils browned in the presence of
amuonia or smines, but various inerganic salts end orgesnic compounds,

including Nesubstituted thioureas, also caused browning.,

Oleott (87) found that fish oil that had been carefully freed of
nonglyceride impurities remained almost waber—white even wvhen it was
very rancid, In the presence of added nitrogenous compounds the oils

became yellow to dark brown during the development of raneidity,
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{b}) Reaction with proteins

Oxidised lipids emulsified in agueous dispersions of proteins
give brown copolymers or complexes. Phe results obbained by Tappel
(126) suggested thet an amino-carbonyl condensation had occcurred, but
this was not confirmed by Venolia and Tappel (136). The latter found
that the apparent activation energy of browning was lower than expected
for an aminc-carbonyl reaection. Also, browming was not inhibited by
means that should have been effective for a carbonyleaminoe reaction,
namely, the addition of bisuliphite or acetylation of the protein, It
is considered that the precipitates obiained from egg albumin and
oxidised lipids were complexes in which the attachment of the lipid to

the denatured protein did not involve covalent bonds,

4, Degradation of Imidazole and Indole Bodies

It is only recenbly thet the importance of the degradation of naburally
oceurring, nitrogen conteining, heterocyclic compounds as faetors in the
"browvning" of foodstuffs has been realised, Japanese workers have demon-
gtrated that itryptophan is readily degraded to brown pigment at physiologieal
pH and high temperatures, and a considerable portion of the browning of some
canmmed foodstuffs has been atbributed io this source. 1 methylhistidine,
liberated by muscle amnserinase after death in fish musele, has been shown
o degrade very readily at low temperatures and near dry conditions, The
reaction accounts Tor a considerable proporiion of the discolourstion of

dehydrated cod {59).

These two types of browning are of considerable interest in relation

to the carbonylmamino reaction as 4 (5) methylimidazole and other nitrogen
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contsining heterocyelic compounds have been isolated from such reaction
mixtures as glucose ~ glycine snd glucose — ammonia but their exact signif-

icance,; if any, in the produciion of brown pigment has not been appreciated.

5., Changes in the Haem Pigment in Many Animgl Products

The pigments responsible for the colour of meats are the hemetin
compounds myoglobin and hemoglobin. Factors determining the colour of

meat pigments sre:
(a) The types of bonds of the central iron and compounds atiached.
(b} The physical state of the globin,
{e) The oxidation state of the iron.

The abnormal brown, green and grey discolouration in processed meats
are produced by oxidation of the ferrous te the ferriec state to Form brown
"met" pigments, and of the porphyrin ring by oxygen to form grey or greeun

products.

Tappel (127} reported on oxidation changes in hematin pigments of meat
and fish and identified the non extractable browm pigment of cooked beef
(and tuna) as mixed denatured globin nicotinemide hemichromes. This tan
colouration is formed from g pink colour due to rapid oxidation of the
hemochrome on contact with air. Results indicate that the hemochrome is
derived from the reasction of heme of myoglobin and residual hemoglobin with
either denatured plobin or nicotinamide or both and on oxidation, is con~

verted to the characteristic brown hemochrome.
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C, TFTACTORS AFFECTING THE RATE OF CARBONYL-AMINO
BROWNING IN HEAT TPROCESSED FOODS

Since the carbonyl-smino browning reasction is +the most fregquent and
impoxrtant form of browning encountered during the heat processing of

fo0ds, the factors affecting this reaction will be considered.

e Time

As wmight be expected, the menifestations of the Maillard reaction
incregse with time, While there is some discrepancy between the resulils
of different workers, it has been reported that there is a lag phase, after
which browning (as measured by opbtical density in the 430-490 m;/u adsorption
renge)} is linear for a period before tailing off (148}, Other workers
have repoxrted the depith of colour increases with the square of the time
(43). Observations on other characteristies of the reaction are largely
gualitative but, in general, development of insolubility and reducing power,
loss of amino nitrogen, and fall in pH increase with time. TFluorescence

however, reaches a maximum and then decreases {89).

2. Temperature

The effect of Hemperature was first investigated by Maillard on the
interaction of Deglucose gnd glycine and from visual observations on the
retbe of browming, gas velease and inerease in viscosgity he was able io
state the rate of the reaction increased with temperature. His general

statement has since been confivmed by & number of workers in this field.

Katehalsky and Sharon {68) using & potentiometric method deduced that
the observed rate constant for the interaction of the positive oxonium ion

of D=glucose and the plycine anion bears a linear relation to the
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temperature, while Lea and Hennan (71) showed that the rate of the D-
glucose - casein reaction, as measured by the decrease in amine nitregen
content inecreased uniformly with iemperatuxre between O and 90°C and the re-
action had an activation energy as determined from the Arrhemius equation

of above 29 kesl,

The dependence of the rate of browning on temperature in food systems
has also received considerable attention, The apperent activation energy
of browning in apricots {122) and dried meat (116) is ebout 26 keal while
for other products, e.g. unsulphited onion, potato and carrot (73) and
dehydrated potatoes (39) {108) values in the range of 36 to 42 kcal have
been obtained. In milk systems, Burton (20) found the browning of
evaporated milk had an activation energy of 29 kcal while Ward (140)

obtained a value of 26 kecal for condensed milk.

It has been shown that different products may be formed at different
temperatures as shown by a chromatographic study of the D-glucose - glycine
reaction at %6,5 and 100% (23). However, this is not surprising when one

considers the complexity of the reaction.

3. pi

The rate of browaing in mixtures of aldoses and amines increases with
increasing pH over a pH range between about 4 and 11 (71). Barnes and
Keufman (8) found the rate of browning is doubled at pH 6 as compared
with pH 4, Mohammad, et al. {80) showed the rate of browning of solutions
of glucose and bovine serum slbumin increased as the pH was increased and
the plot of the logarithm of reaction rate against pH was linear suggest-

ing speeifiec hydroxyl ion catalysis,
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However, Wolfrom, et al, (146) using xylose-glycine and xylose-
alanine systems, found a significent change in slope sppeared in & similar

plot at pH 6,

Since the basic amino group disappears during the reaction, the pH of
an aqueous solution of the reactanits will decrease and so the initial pH
of the solution or the presence of a buffer will have an important effect

upon the progress of the reaction.

The magnitude of the pH depression has been shown o be dependent on

the reactants and on the initial alkalinity of the solution (35).

Katchalsky and Sharon {68) studied the kinetics of the aldose amino
acid interaction and found the rale of the reaction and the activation

energy could be determined from the pll drop.

4, Moisture Content or Water Activity

It has been generally found (71) thaet browning in heterogeneous
systems is maximal at s low critical moisture level, the exact value of
which varies from system to sysiem. Systems of carbonyl compounds com-—
bining with the amino function of compounds of high molecular weight have
higher water activities (aw} gt the point of maximum browning than reection
mixtures with relatively simple compounds. Thus, for casein-glucose
systems the maxima are of the order of 0.7 - 0,75 aw {71) whereas g sysiem
of mixed exiractives of low molecular weight from fish muscle had maxima
of the ovder of 0,1 - 0.3 & (57), the exact value depending on time and
temperature.

However, results have been obtained (107, 113} which demonsirate that

browning is fevoured by anhydrous conditions. VWard {140) using &
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glycerol - skim milk powder system, showed brovmning was maximal at 0%
moisture and postulaled that browning in this system was dependent only on

the mobility of the lactose and not on the presence of moisture,

5 Light and Redistion

It has been shown that light accelerates the browning of selutions of
glucose and pglycine in the absence of oxypen, but in aerobic conditions,
partly browned solutions were bleached (16). Lighit is known +to cause
degradation and discolouration of ascorbic acid and other reductones and
there is evidence that imidazole compounds such as are formed in the
later stages of carbonyl-amino reactions are also unsbable to light and

other forms of radiation {59).

Icnising radiations have been shown {0 inecrease the tendency for non
enzymic browning to ocecur in milk and alszo in o lactosew-casein model

system {142}.

6. Metals

The addition of small amounts of metals can markedly effect the rate
of the browming reaciion. Iron and copper tend to accelerabe the reaction
while menganese and tin tend +to retard it (16, 79). However, the presence

of air, concentration of reactants etec can nffeet these results,

Teo Carbonyl or Sugar Moiety

The reactivity of carbohydrates on browuning parallels the general
reaetivity of the carbohydrate compounds (72, 95). The aldopentoses are
more reactive than the hexoses wihich are in turn wmore reasctive than the di-,

tri- or polysaccharides. A free carbonyl group is essential for the
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reaction to take place. An increase in the rate of browning has been

observed for the hexose S6—phosphates as compared with the unsubstituted

sugars (115, 129).

3. Amino Group

The greater the basicity of the aminoe group, the gresater is the rate
of the reaction, Hence primary amines are more reactive than secondary
amines, In the case of cyclie amines, the presence of a substituent
group in the benzene ring which increases the basicity of the amino group

will increase the rate of reaction,

9. Oxygen

Oxygen has been variously described as increasing and eliminating
carbonyl—amine browning according to the particular system invelved (16,
75). It is likely to be of the greatest importance where the reductone

intermediates are predominant in the reaction.

10, ons
The effect of citrate, phosphate and caleium ions have been invest—
igated by Burton (21). The effect of these ions on browning acts mainly
through a change in pH although the ability of phosphates as buffers to
accelerate the reacition when compared with other buffers has bheen observed

by a nusber of workers (115),

D, THE CONSEQUENCES OF BROWNING RBACTIONS
OCCURRING ON HEAT PROCESSING

With the number of browning reactions possible and the complexity of
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their mechanisme, it is not surprising that their net effects are in some

cases benefieial while in others detrimental. Products of these reactions

contribute to the flavour, colour and eroma of many cooked and processed

foods, sueh as, toasted cereals; roasted coffee, baked goods and meats.

The +teiloring of synthetic meat flavours ranging from beef to roastbed

chicken is now carried out by reacting various reducing sugars and amino

acids,

However, deleterious changes are also associated with browning (72)

and these include:

ie

2,

3.

4,

6.

7

8,

Production of a stale, caramelised or otherwise unpleasant odour or

taste;

developnent of a brown discolouration ranging from a2 pale cream or

biscuit shade to slmost black in extreme cases;

loss of solubility of the protein leading to a deterioration in
texture and to failure of dried foods to veconstitute properly with
water;

enhanced reducing properties;

an incressed iendency to foam or froth;

the development of the properiy of fluorescing under ultra-violet
light;
a decrease in pH and the production of carbon dioxide end water;

and finally,

& loss of nutritive wvalue of the probtein owing 1o 2 reduced avail-
ability of certein of the essential amino zecids and a2 destruction of

ascorbic acid and some of the B vitamins when present.

The colour changes associlated with browming reactions are often an

accepted consequence of heat processing and only in extreme cases is there
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conceri. In the majority of heat processed products which show browning,
the other deleterious changes associated with this reaction are generally

very slight and unperceivable.



SECTION II

INVESTIGATION OF FUNDAMENTAL TFACTORS AFFECTING A
MODEL CARBONYL—AMINO BROWNING SYSTEM

Ao INTRCDUCTION

Kinetic studies have shown that carbonyl-amino browning does not conform

t0 a simple order reaction except abl the initial stages duving which the
reaction is 3111l colourless and no pH drop is detectable {4)., At later
stages it has beenr shown thet the depth of colour inersases with the square
of the time (43) but this relation was not generally obtained in the

present study.

Obvicously the rate of browning is alsc going to depend on such factors
as pH, reactiviiy of the carbonyl and amine compounds present, and presence
of oxygen, metals, phosphates,; and water but provided these factors are kept
constant, then the degree of browning will be dependent on time and tempera—

ture,

Since the distribuiion of bacterial spores is dependent on time and
bemperature, the correlation of brownming with heat input and hence gpore
destruction appeared a ressonable method of determining the degree of heat
processing a canned product had received, An investigetion of a suitable
medel system was carrvied out and factors affeeting the rate of browning

wvere studied.

B,  PRELIMINARY INVESTIGATION

A large number of workers have carried oubt studies on the carbonyl-
aminoe browning reaction using wmodel systems bub there is little data

recorded zhowing degree of brovuing as a function of time,. Ward (140}
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studied browning in sweetened condensed milk at various temperatures and was
able to plot the logarithm of the percentapge of unaccomplished change in
browning {as measured by a reflectance spectro-photometer) against time.
Although he was perhaps unjustified in calculating the activetion energy
from linegr interpretations of his curves, the results he obtained do

indicate a possible trend of browning as a function of itime.

{2} Use of & glucose~casein model system

A preliminary investigation was carried out using a gluecose-
casein model system to investigate browning as this system has been

used extensively 4o study mechanisms of carbonyl-amino browning.

Bxperimental method

211 x 400 code 3 cans {sece appenaix} containing solutions of
2% casein plus 0.5, 1.0, 2.0% glucose were steam flow closed with a
net head of § ineh and heated by steam at 10 p.s.i. Tor times of 20,
40, and 60 mimates. The extent of the browning occurring in s sample
was determined by means of a nephelometer after eguilibrium in the

solution had been reached (see appendix for details of method).

Results

The results obtained showing the effect of time of heating on the
extent of browning are summarised in Fig,.l. The extent of browning is
expressed as the logaritbm of the percentage unaccomplished change in
nephelometer reading, In each case, the galvanometer was adjusted to
give a scale reading of 100 by use of an wnheated casein-glucose control.
Readings were taken with filder B {a blank filter)} in position in the

nephelometer. A pH drop of 0.5 units {(from 6.9 to 6.3) occurred in
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the 2% glucose~cesein soluition on heating for 60 minutes.

Discussion of results

I% can be seen that the results show a similer trend to those
obbained by Ward, There is an initial repid rate of browning
followed by the atitainment of a steady rate of browning. + would
he difficult to justify that the latter period of browning obeyed first
order kinetics as {the formation or loss of no single compound is followed

and experimental inscecuvacies in the results could be significant.

When the rsdtes of browning for the three systems shown in Fig.l
are determined from the linear portions and plotted as a function of
glucose concentration (Fig.2) it is seen that the relationship apparently
existing between the rate of browning and concentration of reactents

takes the form of o curve.

The pH drop encountered during fhe reaction is a characteristic

of the browning reaction,

Casein-glucose as s model system has the dravback that +the solution
is turbid and this could interfere with the estimation of pipment
fozmation. Fhotoelectwric colorimeters were relatively insensitive in
measuring eolour development due to this turbidity and so 2 nephelo=

meter was used,

It was found that the browned solutions had to be held under
chilled conditions Ffor at least 24 hours to allow the system to siabi~
lise, This wes possibly due 1o an equilibrium state having to be

veached between the cclleoidal phase;, brown pigment and sgueous phase,
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{b) A glucose—-glvcine model system

Much of the research on mechenisms of earbonyl-amine browning has
been done using model systems incorporating glucose-glyeine scolutions
and so a preliminavry investigation was carried out to assess lthe feas-
ibility of these as browning reactants, 0f the readily available

carbonyl reagents, glucose is one of the most reactive.

sxperimental metihod

4 solution of 2% glucose and 2% glycine was made up end filled
into 211 x 400 code 3 cans. The resulting solution had a pH of sboui
7.0 = 7.1, As with the glucose—casein solutions the cans were steam
£low closed with a pet headspace of { inch giving a vacuum in the can
of about 5" Hg (see appendix}. The cans were heated for varying
timeg at a processing temperature of 238,00F, In all runs, a
standard procedure was adhered to in venbing the retort. After
venting, the retort was heated to the desived process temperature
{which was measured with & mercury in glass thermomeier) and timing
was commenced at this peint. After the required process time had
been reached, coeling of the cans 4o room bvempersture by Zlooding the
retort with cold waler was carried out using & stendard procedure.
The cans were then opened and the degree of browning determined using

a photoelectric colorimeter (see appendix for debtails of method).

Results

The results cbtained are summarised in Fig.3 in o plot of the
legarithm of +the percentage unaccomplished transmission against time.

The pH of the solution deereased steadily with increased time of
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heating (and increased browning) and afier 100 minutes, had reached a
value of sbout 5.9. There was no detectable decrease in the wvacuunm

within the can alter processing for 100 minutes,

Discugsion of resulis

The results obtained for the degree of browming with time indicete
a simple linear relationship does not exist. The pH drop ocecurring
during the reaction could be expected because as the reaction proceeds,

the glycine smine groups are utilised, giving a decresse in basicidy.

Glucose and glycine are both stable compounds, can be obtained in
pure form and are readily secluble giving clear colourless solutions,
On heating, the resulting browned solution is clear and this enables
readings of the degree of browning to be taken directly with a photo-
electric colorimetex, No equilibrium period is required as for the
glucose = casein solution, Alsc, the reaction rate of a glucose-
glyveine system of a concentration of about 2% is such that it gives a
convenient degree of browning over the desired time intervals such as
are found in commerecial heat processing snd 20, on the basis of the
above factors, it was decided to use this system to investigate Further

the factors affecting carboryl-amino browning.

Conclusions

The preliminary investigation indicated the feasibility of correlating

carbonyl-amine broyning with tine, Of the two gystems investigated, the

glucose—glyeine appeared to have distinet advantages over the glucose-casein

system,
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C., A STUBY OF THE FACTORS AFFBCTING THE RBATE OF
COLOULE DEVELOPHENT IN A GLUCOSE-GLYCINE SYSTHM
ON HHEAT PROCESSING

Many of the factors affecting the rate of carbonyl-amine browning
have not been studied quantitatively and since this fundamental knowledge
is of prime conecern in this work, it was necessary bo study their effect

in more detail.

{a) A study of the effect of metals on the rate of browning

Yorkers have shown that under wvarying conditions, the presence of
small amounts of metals can have marked effects on the rate of carbonmyl-
emino browning {16, 79). Also, between different metals the effect is
not consistent. Since in this study tinplate cans were used as con-
tainers forx the reaction system, metel ions could be present in quite
large concentrations and so the purpose of this study was to determine the
effect of metals likely to be encountered in such z container end their

effect, if any, on the reaction systen.

Experimental method

To test the effect of metal ions, the following reaction sysitems
were sel up.
{a) A 211 x 400 code 3 can was filled with a 2% glucose-glycine
solubion and seamed.

(b) A 211 x 400 code 3 can with its interior badly scratched and

marked, was filled with e 2% glucosew-glycine solution and seamed.

{e) A 211 x 400 code 2 (plain tinplate} can was Pilled with a 2%

glucose-glycine solution and seamed.

(@) A 211 x 400 eode 6 can was Pilled with 27 glucose-glycine

solution and scamed.



water, at room temperature,

(e)

(£)
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211 % 400 Code 3 cans were filled with 2% glucose-glycine

solutions containing 20ppm, 50ppm, 100ppm of Fe (as FeCl 24H20)

and seamed.

A 211 x 400 can was filled with 2% glucose~glycine solution

containing 0.1% E.D.T.A. and seamed.

I+ was caleulated thet

0,1% E.D.T.A. would sequester up to about 150ppm of iren.

In all cases, the glucose—glycine solution was prepared using tap

All cans were steam flow closed with a net

headspace of 3 inch and then heat processed for 60 minutes at 238.0°F.

After cooling samples were removed from the cans and the degree of browning

determined with a photoelectric colerimeter.

processed solutions was also noted.

Results

The resnlts obtained are tabulated below:

The pH of the initial and

Degree of browning

Condition Initial pH Final pH. % ungccomplished
transmission)

a, Code 3 can (control) Te0=T7.1 6.1 40,1
b, Code 3 scratched T.0=741 6.1 38
¢c. Code 2 (finplate) To0=T7.1 6.1 39.2
d. Code 6 7e0=T.1 6.1 40,1
e. Code 3 + 20ppm Fe 6.8 5.8 45.0

Code 3 + 50 ®* ® 6.5 545 54

Code 3 + 100" " 6,19 5.2 64
f. Code 3 + .1% EDTA 5058 5432 79.8
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Discussion of results

There was no difference in the degrez of browming between the contents
of the cans with Code 3 and Code & lacquers indicating that the differend

lacquers probably had no effect on the rate of the reaction,

The Code 3 can that was scrabched was very badly marked. The
lacquer coating was extensively broken and removed expesing the tinplate
and in many places, the tinplate layer was damaged exposing the steel bhase,
It can be seen that the contents of this can showed slightly greater brown-

ing than the control whieh was an unuarked Code 3 can,

The degree of browming in the Code 2 can was in beitween that of the
control and the badly merked can. it can be deduced from this that tin
only very slightly increases the rate of browning in this system and that
the rveaction is more sensitive to traces of iron present, sinece the marked
can {with smell areas of iron exposed) ceused more browning than the plain

tinplate can.

The contents of the ecans conteining the added iron browned to a
lesser extent than &id fhe control and as the content of iron inecressed,
ga the degree of Dbrowning decreased. However, the gdded iron had a
marked effect upon the initial pH of the solution and it is thovght thet
it was the decreased initial pH of the solution that decreased the rate of

the reaction rather than the presence of iron.

The initial pH of +the contents of the can containing the sdded 0.1%
B.D,T.4A. was considerahly lower than that of any of ‘the other systems and
this is reflected in the degree of browaing in this system being less than

any other, It appears that the pd effect of the E.D.T.A, in the system
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aver—yrode any conseguehces f{rom the seguestering of any iron present,

Coneclusions

1. The arvea of ‘tin which one could expect to he exposed in a lacquered
can has a negligible effect on the rate of browning in a glucosew

glyveine sysfem.

2. The reaction is much more sensitive to any exvosed iron and so only
cans which de not show excessive damage to the interior coatings

should be used,
3. pH has a marked sffect on the raite of the reaction.

4. Since the lacguered cans tested had no offect on the rate of the
reagtion, all subsequent irials were carried out using Code 3 cans

in wvhich the coating was in good condition,

{b) A study of the effect of processing time on the rate of browning atb

g specific temperature

Workers in this field have expressed rate of browning as a function
of time but there is little uniformity between the correlations thsy have
develeoped., TFor example, some have found the curve is of sigmoid Fform {148)

while others found eolour increases with the square of the time {43).

The purpose of this study was to determine the effect of processing
time on the formation of pigment under condiiions typicelly employed for

commercial canning.

Experimental method

211 x 400 Code 3 cans were filled Ho § inch net headspace with & 2%
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glucose~glycine solution made with tap water and steam Plow closed. The
cans were retorted for varying times at 238¢O°F, cooled to room temperature
and samples of their contents were removed snd the degree of browning

determined with a photoelectric colorimeter (=sce appendix).

Results

The wesults obbtained are suwmmarised in Fig.4 as a plot of the
logarithm of the pexcentage unaccomplished transmission ageinst time of

heating.

Discusgsion of results

The curve obtained is similar in form to that cbserved by Wollrom,
et a). (148), i.e. there is an initial lag period during which the formation
of brown pigments is very slov. It is well documented that the initial
reaction products of the carvbonyl-amine reaction are colourless. The
initial lag period is followed by a linear phase during which there is
a steady formation of pigmenis and this, in turn, is followed by a "{ailing
off" Jquring which the apparent rate of pigment formation slows. Hence
the overall shape of the curve is sigmoid. The "itailing off" of the

gurve could be due to:

ok
L

The effect of pH on reaction rate. As the reasgtion proceeds, the
pll drops and so the rate of browning decreases, However, results

later indicated +that this is net s probable cause.

2. 4 decrease in concentration of available initial reactants.
It iz well known thet with some chemicel reactions, when the concen-
tration of the initial resctands is reduced to & certein amount, the

kinevies of the reachion change.

3. An increase in veaction products causing a suppression of the rate

of the hrowning reaction,
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4, As the reaction proceeds pelymeric compounds of high molecular
weight are formed in greater concentrations and sinees these have o
different effect on the transmission of light in +the 375 - 315 m s
wavelength range compared with intermediates formed during the re-
scvion; the rate of the resction as measured by transmission,

apparently decreases,

(e} A study of the effect of concentration of the reactanits on the rate

of_broyming

From previous work it is obvious that the concentrstion of the
reactants pleys a major part in the degree of browning attained in a
carbonyl-aming sysbem. The preliminary survey using a glucose~casein
system indicated that a nen linear relationship could exist bebtween the
degree of browning as measured by the percentage of ungecomplished drans-

migsion and the concentration o0f +he reactants.

The purpose of this study was to determine the affect of concenitration

of reactants on the degree of browning in a glucose-glyeine systenm,

Bxperimentol method

211 x 400 Code 3 cans were filled to § inch headspace with solutions
of 2%, 3%, 4% and 5% glucose-glycine in tap water at room temperature.
he cans were shteam flow closed and heat processed at 238.00F for varying

times, The cans were then cooled and the degree of browning of the

cenbents debermined with a photeelecirie colorimeter.

Resultls

The results obtained are summarised in Fig.5 az a plot of the
logarithm of the percentage unaccomplished transmission against time of

heating. As the glucose~glycine solutions were made more concentrated,
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so the heating dime had to be reduced in order bto keep the pigment concen-

tration at a measurable level.

Discussion of results

It can be seen from Fig.5 that as the concentrastion of reactanis
increases, so the rate of browning increases. This is in ameccordance with
the Law of Mass Action which may be written: The rate of chemical change

varies direetly as the sctive concentrations of the reactants,

For each councentration plotted; the graph of the logarithm of the
percentage unaccomplished transmission against time is not linear but is
gigmoid in form with an initial lag period, a linear period and a tailing

off stage. These curves are similer in shepe to that shown in Fig.4.

Bue to the consistency of the trend shown by these curves it was
felt justified to assume the linear povtion of each curve was representative
of the reaction for that particular system and that reection rates could be

calculated from the slopes of these poxrtions of ithe curves.

If the slopes of the linear portions of the curves shown in Fig.h
are determined and plotied sgainst the conceniration of the glucese-glycine
system, then the curve shown in Fig.6 is obtained, It is seen that Fig.6
is similar in form 4o Fig,2, i.e. when browning rate versus concentration of
reactants was plotited from results obtained in the preliminary study using a
glucesge—casein systen. Hence, the curve resulting Frem this type of plot

is probably itypical of a carbonyl-amine type reaction,
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iz held constant iz of the same form as when the pH drops during the
reactioi, Hence pH depression is not the predominant cause of the
®iailing offY of the rate of browning, Possible ceuses for this
apparent reduction in reaction ralbe are discussed earlier in this

section wnder the effeet of dime of browning.

Conelugiong

Te W¥ith inereasing initbial pH, the rote of browning in a carbonyl--amino

system incrgases.

2. Vhere more browning occurs; e.z. under conditions of higher pH or
temperature, and longer heating tine; the pH depression ogeurring
during the reaction is greailer. The extent of pil depression could
perhaps be correlated with the degree of browning and be used as a

cheel on the reaction,

3.  The "tailing off" of the reaction rate with +time is nol due to o

reduced reaction rate resulting frem pi depression.

D SUMARY

Salient results arising from work done in this section, ave listed

belows

ie Under the coenditions of study, when browning is plotied against heating
time on semi=logarithmic paper; Hhe curve is sigmoid in form with an

initial lag, a lineay and a "tailing off" stoge.

2. When reaction rates are calculated from the linear portion of the log

browning versus time curves, the reaction is found te obey the Arrhenius
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equation and have an activetion energy of about 48000 cal/mole.
The rate of the reaction is very seunsitive to ithe initial »ni of
sysbom,  With incressing pd, the reaction rate increases,

The reaction is sensitive to the presence of trace smounts of iron and

to o lesser extent, tin,
The reaction is sensitive te small awounts of air occceluded in the system.

The rate of the reaction increases with increasing coacentyration of

reachtants.
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INVESTIGATION OF THE BROVNING REACTION
IN SELBECTED CANNED FOODE SUBJECTED TO
TYPICAL COMMIACIAL TIEAT TREATHENTS

The carbonyl-aminc browning reaction and other less impordant browning
reactions are often accepted consequences of heat proecessing in many canned
foods., The purpose of this investipgation was to demonstrate in eertain
foods, that lhese reactions could be Tollowed quantitatively using relatively

simple analytical techniques.

Aa BROVNING OCCURRING IN DBAKED BEANS
IN TOMATC SAUCE ON  HEAT PROCESSING

There is considexable evidence indicating that btomatc products undergo
non enzymic browning wvhen processed. Spray dried tomato powders show g
marised ecolour chenge resulting from this reaction, as do various tomato

purees, pulps and sauces added to fish packs, spaghetii, ete.

There is also some indiestion that in balted beans, the beans {hemselves
darken in cclour on heat processing and it has been suppested that this is
due to selective sdsorption by the heans of carofencid pigments from the

added tomato.
The purpese of this study wes to Gelermine:

{2} if browning in the pack on heat processing could be followed, and

(L} %o ascerbain the predominant colour change mechanism,
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{a} Pollowing browning changes on heat processing

Preliminary investigations indicated that only a negligible degree
of browming was taking place within the tomato sauce component on
sterilising and that it would be very difficult to follow this colour
change using only simple anelytical technigues. However, a marked
colour change was observed within the beans themselves when s pack of
haled beans in tomato sauce was heat processed and, since the degree of
colour change increazed with the severity of the heat process, it was

decided to follow pigment Tormation in the bean,

Experimental method

211 x 400 Code 3 cans were Filled with 160 gm of soaked and blanched
haricot beans {see appendix) and 160 gm of bomato sance, This gave o
net headspace of about 3/16 inch. The cans were steam flow closed,
their contents theroughly mixed by inverting the can a mumber of times
and then heat processed for varving times at a retorit tewperature of
238,0°F.  The cans were then cooled to room temperature, and & sample of
the beans removed and their degree of browning detbermined using a

reflectance spectrovhotometer (see appendix).

Results

The results are summarised in Fig.13 as a plot of the logarithm of

the percentage unaccomplisbed reflectance against time of heating.

Disecussion of results

It can be seen from Fip.i3 that after an initial lag pericd, a

linecar semni-logarithmic »lot exists, The graph is, in effeet, a plot
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of the loparithm of the concentration of pigment formed against time and
it appears that the reaction conveniently follows first order kinetics
after the initial lag siage. However it would be very difficult te
justify any statemnent suggesting that this reaclion obeys firslt order
kinetics as the development of no one pigment is Followed, but perhaps

the formation of a large number of different pDigmenbs by an indeterminable

mmmber of differewt chemical mechanisms,

Fig.13 does indicate that pigment formation in the beans increases
with severity cf heat treatnent and thet the technique developed to
megssure the colowr change is relatively sengitive slthough perhaps too
insensitive to deteet an initial lag in the rate of bhrovning as was ob-

served in the model glucose-glycine system.

{b} The nature of the mechanism of colour change in the bean

An investigolion was carried out Lo determine the nature and origin
of the reactants involved in the hrowning of the bean on heal processing

s the coleur change is quite inarked,

Experimental nethod

211 x 400 Code 3 cans were used in the trials below. In each case,
the can was Tilled 4o a net headspace of 3/16 inch, steanm flow closed,
heat processed for 70 minubes at a rebord temperasture of 238,0°F and
then cooled and the extent of browning of the beons determined {sce
appendix).

Trial A, 160 gm of prepared {soaked and blenched} haricot beens plus

160 gm tomato sauce were mixed and filled indo the can and

processed as outlined above.
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Trial B, 160 am of prepared haricod beans plus 145 sm water were lLeat

processed,

Trial C, 160 gm of prepared haricoi beans plus 145 pm water were heat
processed as aboeve and then retorted for a further period of

7O minutes.

Trial D, 160 g of prepared haricot beans plus 145 gm water were heat
processed Tfor TO minutes, draine reseamed with m of
I ised for TO tes, 4 d, res th 125 g

tomato sauce and heat processed for & Pfurther 70 minutes.

Trial E. Cans containing prepared haricot beans were heat processed

for 70 minutes with 3% and 6% glucose solutions,

Results

The resulvts obtained osre tabulated below:

Trial % Unaccomplished reflectance % Unaccomplished reflectance
after processing after second hieating period
A 47 -
B B84 -
C 84 79
) a4 60
B 54 (3% glucose) -

36 (6% glucose} -

During Trial U it was observed that duving the first heat processing
stage, the extent of hydration of the beans increased and they took up &
41

further 30 gm of liquid. Hence, during the second processing stage only

125 pm of tomato Sauce were added o give the desired volume,

Discussion of results

On taling browmed bheans vhich had been heated with tomato sauce and
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washing and exitracting with o number of organic solvents it was esiablished
that the pipmentation in the bean was not due Ho absorpiion of carotenoids

from the tomato sauce as no colour could he exitracted.

Trial B indicates that the bean iiself has some capacity to browm
cn heat preocessing, However, since there was litile further browning on
prolonged heating {Trial C) it is evident that the reducing sugar conbent
of ‘the bean iz limited and exhausied very readily. That it is the carbonyl
content that is limiting the extent of the browning reaction is shown
{Trisl §) by the browning heing promoted when the beans are processed in
the presence of reducing sugar (glucose). As the concenitration of
glucose was inervcased so the extent of browning inereased, The sccelera-
tion of the browning by the vresence of reduecing sugar confivms it is a

carbonyl-aminoe reaction taking place in the bean,

Tomatoes conbain up to about e veducing sugar and on comparing
trianls & apnd H, i4 is seen that the degree of browning obbained in A is

v
r

equivelent to about a 4% solution of glucose. iovever, with the larpge
nuitker of factors which can alfect the rate of the browning reaction the

difference in magaitude of the results of Trials A and B is very small.

On the basis of the results obdained, it is evident that most of the

colour formed in balied beans in btomateo sauvece on heat processing is due fo:

1. On heat processing, the beans uwndergo further hydration. In
Trial I}, a weight gain of 30 gm occeurrved during the firvsdt heating
period and 1lititle Turither hydration toek place during ithe second
heating period and the tomato ssuce maintained a thin consistency,

'y

In the case of a typical baked bean in tomato savce pack (Trial 4),



the sauce becomes thieck due o absorption of liguid by the beans,
Reducing sugars present in the tomato sance are hence absorbed into

the bean where they veaet with aminoe groups to form brown pigments,

Browning ocecurs as & vesult of veacltion of carbonyl and amino con-
gtituents in the tomate sauce and some of the soluble brown pigments

formed are abscerbed by the besnr on its hydration.

Carbenyl-amine browning occurring within the bean itself,

Bvidence in support of these conclusions is:

{i}) ‘Vhen haricot beans browned by processing in itomato sauce were
put into water, some leaching of brown pigmenits from the beans
took nlace, showing that seome brown pigments had probably

been absorbed on the hydration of the bean.

Leaching of pigments from the browvned beans soaked in water wes

o~~~
[=>
b

N

very slow and s¢ it is evident thet mest of the pigment must be
firmly bound in the Dbean. This endorses that reducicg sugars
have been absorbed by the bean and undergone browning with
aminoe groups present in the bean and hence *the pigments rewmain
firnly bound in the bean,

Beans heated in water 70 minutes and then tomato sauce
{Trial D) would undergo Further browaing due to reducing sugars
Leing absorbed into the Deans by an equilibrium being set up
between the liguid in the already fully hydrated beans and the
tomato sauce, ilowever, the seme extent of browning as for
baked beans in tometo sauce {Trial A) is nob reached due to the

position of the equilibrium and dilution effects,
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Conclusions

1,

2o

4' F)

The predowinant Torm of pigment Tovmaticn in haricot heans on the
aterilisation of DLaked beons in tomato sauce is carbonyl-amino
browning.

The denree of broyning increases progressively with increased pro-
cessing bime,

Reducing sugars are absorhed Ly the beans from the tomsto sauce and
are available as major browning reaclants in the beans,

Soluble brown pigments formed Ly carbonyl-amine bLrowning taking
place in the tomzto samuce are absorbed by bthe beans during heatb

nrocessing,

DROVIVING  OCCURRING  TW CREAM STYLE CORN  ON  HEAT PROCESSING

on enzymic browning has becn a phenomenon associated with the heat

processing of c¢ream style corn for many yvears and on occasions has lead fo

economic 1085, I% would be very difficult to eliminete this brown pig-

went Tormation completely and so ecomiercially, conditions are kepnt sdch

thet only minimal browning tales place. New techniques, e.g. the

Cremogevae Process, have been introduced to reduce the extent of browning

talking nlace.

The purposge of this investigatbion was to develop a suitable technigue

Tor measuring tlie exbtent of browning and to determine the wrelationship

between vigment Tormation and wime.

Throuphout this study commwercial cream style corn which had been

frozen immediately prior ho filling into cang and hest precessing was



used, The corn was donated by a large food processing company.

Developnent of an snalviical technigue

The brown pigment formed on Liest processing cream style corn is
readily discernible by the eye and this supgested that the diffeventiation
in colour could be followed usiug veflectance technidues. However, on
homogenising samples and testing for colour differences with a refleciance
gpectrophotoneter the method proved to he relatively insensitive.

Teaeration of the sample prior to testing had litile effect.

I+ has been shown that where a ecarbonyl group reacts with the amino
group of 2 protein, the pipgment is bound chemically te the protein moiely
{103). Using soluvitions of browned sweelened condensed milk, it was ob-
gerved that by precipitating the protein wiith chemical agenis sueh as
triechloracetic acid, urea, ammonium sulphate; and lead acetate, the brown
pigrent precipitated with the protein and sco concentrated the hrown
colouration, However, as a Lechnique, this proved unsuccessful in

following pignment formetion in cream sityle corn,

Treatment of the cream style corn with protein sequestering apents,
e.2. phosphates also nroved nnsuccessful, as did treatment with chemicals
used by oiher workers, e.g. dilute nitric acid; sedium hydroxide, acetone,

alcohol, potassiun ferricyanide and combinations of +these.

On homogenizing & sample of heat processed eream siyle coirn with
acetone and then fillering and washing with acetone uniil the filtrate was
colourless, a whitish povder was obitained. On dxying and grinding to a
Fine vowder, o faint brown pigmentation was ohseryved but was relalively

insensitive to reflecitance measurements, The proecedure was repeated
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using alechol but there was little improvement in the resuiis,

Concentration of the brown pizmentation could he carried out, not by
separavion of the brown pipment, but by removal of any extraneous coloura~
tion sueh as carotenoid pigrents, On the basis of this, a sample of heat
processed eream style corn was homogenised with an equal volume of carbon
tetrachloride and centrifused. T4 was found that the carbon telra-—
chloride exitracted the carotencids and this soluticen collected at the
Lottom of the centrifuge tube, Inmediately above this was a thin layer
of corn husks, shells and pieces of unhomogenised kernel, The contents
of the upner hall of the tube consisted of a wniform slurry, the colouxr
of which varied with the degree of browning. It was found that the
brown pipments had been sufficiently concentrated in the slurry te snable
sufficiently sensitive refleciance measureitents to be recorded. This
technique was repeaved using pebroleum ether te extract the carotenocids
and a double extraction using carbon itetrachloride followed by peiroleum

ether was also tested, but it was found in both cases that a single

extraction with carbon tetrachloride pgave superior resulis,

With the development of a suitable analytical dechnique the rela-
+ionship hebween brown pigent formation and time of retoriting could be

studied.

Bxverimental metihiod

n . o
The frezen commercial cream sityle corn was thawed, heated +o 160°F
and seamed by steam Tflow closing in 211 x 400 Code 3 cans with a net
headspace of about 3/16 inch. The cans were then heated for varying

, e A0 .
tires at a retordt temperature of 235.0°F, After the desired process



% unaccomplished reflectance

Fig.

100

g0
8o

70
60

50

40

30

20

10

14,

iyt N

n 7 n I

0 20 ko 6G

[)
o
X
[
[

Heating time (mins.}

BROWNING OF CREAM STYLE CORN ON HEATING



T3,

time had bheen reached, the cans were cooled to room temperature and the
degree of hrowning of a semple of the contents determined using =

reflectance specitrophotometer {see appendix for details of method).

Resulls

The results obitained arve summarised in Pig,14 as a plet of the
logarithm of the percentage af unaccomplished veflectance againgt tiwme

of heating,

Discussion of results

It can be zeen from Fig.14 that the curve obiained is sigmeid in
Torm, In the initial stogzes of the veaction ithere is a lag neriad and
this is followed by a linear portion whieh is in turm followed by a tail-
ing off of the reaction rate. This form of curve was obiained in Paxrht "AM
Section II, and has also been obtained by other workers (143), Since
Fig,t4 is similoar in form to curves obilained in the model browming systen
it appenrs that the analytieal procedure devigsed for following the pigment

formation in crearn style corn is in fact measuring the desired reaction

pute

and

[

5 very sensitive. The concentration of reducing sugers in a sample
of the cream 5tyle corn was detcormined before processing by Lane and
Bynon's method (94) and was found 1o be 0,257, Henee, although the
general form of the curve conforms teo that obtained iv a model carbornyl—
aminoe browning system the overall extent of pigment formation is
relatively zwall duc to the low initial comcentration of reducing sugars
present,

Prom the results, it is evident that the degree of browning taking

place in crcam sbyle corn on heat sterilisation is a funclion of
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time of healing and the processing temperatbare.

C. CARBONYL=-AMING  BaR20UNING IN HEAT PROCESEED CAMNED T'ISH

a brief review of the formaition of browvning reactants and factors
alffecting the reaction followed by a study extending the factors
influencing the reacition, and a discussion on the browning re-
action in fish, resulting from btypical commercial heat treafments)

4
4

Carbonyl-amine hrowning has bheen recognised as cecurring in heat
processed canned fish for a nuwaber of yearsg, and a large amount of re-

search has been done on the reactants involved and factors affecting the

rave of the reaction.

The carbonyle~amino browning cceurring in fish is an excellent and
unique example of this clhiemiecal syslen in a food as the predominant
brovning reactants are forned after the death of the fish due to aubelytic

changes occurring in the flesh and the degree of browning can be related

to the extent to which autolysis has proceedad,

1. Post=morten formabion of browning reachants

Binee the early situdies, there have been further investigations con-
carning glycogen in fish muscles and its posi-mortem degradation, and these

have been reviewed by Tomltinson and Geiger (135) and by Partmann {(91).

There has been a hendency %o asswne that glycogen condent is con-
siderably lower in fish muscles dthan in mamralion muscles, However, as
Tomlinson and Geiger (135) have peinted ont, many species of fish Lave a
miscle glycogen content which compaves Favourably with that of warme
blooded irammals., Since the procedures used Ho coapture fish almost
invariably invelve excessive struggling, the glycogen content of the

e

flesh of marketed fish is usually very low. Howvever; the producits of
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pest-morten degradation of glycogen are present end undoubiedly eontribute
to both the flavour and texiture of fish., Glycogen may he broken down

posb-mortem Hy twe routes, discussed Delow.

T4 has long been linowa that lactie acid accumulates in musele ol
living fish as a vesull of exercise or struggling and moy alse increase
after death, Several investigutors have observed that there is nob always
g parallel between gilycogen disavpearance and lacitic acid formation.
However, there is now abundant evidence that lactic aecid is formed in fish
muscles by the sawme seqguence of enzymes that is operative in mamwalian
muscles — the Bwbden~Meyerhof {glycolytic) pathway. On the other hand,

glyeopen is glso brolien down by an amylolytic route,

Glucose occurs in quite variable amounts in Lish museles, Glucose
6-phosphate is hydrolyzed to glucese oaly very slowly in fish muscles
after death, and available evidence indicates that glucose arises largely
or entirely by hydrelysis of glycogen. Chanekar, et al. (36} first
sugzested that glucose was Tormed in fish muscles post-mortem by direct

feat
hydrolysis of glyvcogen.

Turing studies of sugors and sagar phosphates in fisgh muscles, Jones
{60}, Burt and Jones {18), and Tarr and Leroux {132) observed maltose and
dextring in addition to glucose. Thus, the latler ilmvestigators observed
that radicoctive glycogen when invroduced into grownd fish musele pogt-
morten yielded radiocactive glucose, maltose {identified only by its Rf

value) and what was presumably dextrin(s}.

Burt (19) has studied some of ithe glycogenolvtic enzymes of cod

musels, and concluded that the amvliolytic ronbte acaecunted for the srester
? v =3
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proportion of glycogen degradation postemortem. This wview 35 also held

by other investigators {84, 133),

The presence of hexose and pentose phosphate esbers in fish muscles
was Tirst recorded some eighteen years ago (128); and several years elapsed
before active studies on the oececurrence of these compounds were resumed.
The more recent vorl has been greatly facilitated by better methods of
separabion and identification. Burt and Jones (18}, using ion-exchange
chironatography, identified a number of sugsr phosphates in cod muscle
ineluding glucose l-pheosphote, glucose G-phosphate, fructose 1-phosphote,
fructose 6-phosphate, Fruclose 1,0-diphospihate, ribose j-phosphate, and
ribese S5-phosphate. They Tound that the totnl concenitration of hexnse
phesphntes was about 220 a1 moles per 100 g in fresh-trovled cod wuscle,
and abeout double this value in rested cod muscle, These valees were of
i

the sane coxder as those vecovded Tor feveral species of fish previcusly

{128). Tn gerveral the amounts of hexose phosphates decieased post—

e }
Ly

morter, bhough vhe councentrations of the peniose phosbhates inecreased LTox

several Jduys and subseqnently decreased. Torr and ik

Leroux {132) siudied

acid-soluble phosphorcus coupounds and free sugars in mzcies of several

s

ish speecies using a combination of radiocactive tracer technivues and a2

ensitive ion-exchonge chromatbographic mebhed of sepzration, The

fisl

results with salmon species, cod and halibut indicated thal exiireme
vitative variations can be expected in the hexose phosphates,
(Flueccse G-phosphate usually predominated, and fructose 6-phosphate and
fructose 1,6-diphosphate were present in lower concantrations, Exgii-
inastion of fructose O-pheosphete fractionz indicsted +that if fruetose

. _ 2 N N A . X
T-phosphate were present; it asccounted for less than 5% of the total
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fructose monophosphate fraction, It was concluded that it was aliost
certoinly sbsent from the fish exnamined. Ribose S-phosphabte was
rarely found, and ribese T-phosphate did net osceur in any fish muscle
studizd. Siunee fish museles usually possess a fairly strong
phosphoribomutase enzyme which promotes a reaction whieh is about 90-
95% in favour of ribose S-phosphate, it is not surprising that ribeseo

f-phosphate is ravely found,

Work carried cut some 18 years ago with a barium salt-alcchol
fractionation procedure showed that mnscles of several species of fish
examined contained adenine nucleovides in concentrations rather similar
to those occurring in rad nmusecle, Bubsgequent research by zeveral
investigetors showed that the ATF content of rested fish muscles averages
aboutd 5OO—SOOIU moles per 100 g of wuscle {G63), Bxcept in wnusual ocip-—
cumsbances ALY is repidly degroded post-nmoxten by o series of enzyme

LT AR T

eactions which give in bturn AT, ANME, IV, iacsine, and Finelly hypo-

1

xantiine plus ribose or »ibose t-phosphate, As rertioned above, uny
rilose t-phosphate formed 1s generally converted to ziboze Senhosphste
(61,91,125). The enzymes respensible hmve boen studied to sone extent.

Tt appears that hydwelysis to the sdage of inosine monophesphabe (IiP)

Fi

I

b the comparstive zate of luysdrolysis of INF to

iz guite

incgine is slower. Thes, IMP wends 4o accurmlote in fish muscles.
The inosine thet Ls formed is anlit by ooe or both of dwe dilferent
earymes, & miclecside hydrolase o o neeleoside phosphorylese. The

tivities of these Hwo anzymes pozt-woriten los vevey bseon
o srahely negessed for wav Pish wnised LUS I T S T T S = :
SCCNTRGeLY [ESes3er 1or nay LiEl wwizcle. The Ffeaet that free ribose

ooours much ove freduently sod in much higher concentrations than does
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inic acid and ribose were igeolated afber

cause formation of radiosctive ribeose S—phosphate or ribese under con-
ditions, It was inferred thet ribese does nnd srise from glucose by
post-norben operation of the hexosemonophosphate shund pathway (132},
Very srall amounts of IFY and ribose may srise whrough degradatbion ol
uigotinamide ndenine dinucleotide {&7). The weneral counrse of ATY
breaslkdown in fish muscles post-norbem s therefore been established

and maay of the enzymes concerned identified. It was originally stated



that inosine triphosphate and inesine dipnesphate might be intermediates
in Toragtion of ribose end bhyvoxanthine from ATP, but this les not been

horne out by subdsequent luvestigatlions.

2 Pacbors aflecting earbonvl—gninoe browning in heat processed {ish
In order to correladte the extent of carbomyl-asino browning in
heat sterilised fizb wiwth the time of heading at o kinown processing

temperature; it is ascessary o know wvhat factors Influence the rate of

thie reaction. These factorvs and their eflfects nre now outlined.
{a) Yreshness of the raw material

Prom bthe preceding zecount of post-morten changes ocecur-~

=5

w fish muscle it is evident that freshness of the Pish is

[

ring

i

golng to play = major part in devermining the exdent of suvseguent

browaing on heet processing. The pervied of helding prior to pro-
cessing is going to Influence the wliimave o7 of the flesh and the

songentiation of browning reactants and both these factors warkedly

affect browning (ses Fard "AY Zectien I, '"Pactors affecting the
rote of browning').  Ono and Nageyama {88} showed the degree of
hrowning grew in perallel with the length of storage of figh.
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ig of conszidersble impordance &
sal factor in determiuing post-iorben musele acidity.
livestock the post~tiorten lactic aecid zoncentration may bhe controlle

signiticant extent by feeding and by slaugLitering sechnigues,
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this iz obviously difficult or immessible with fizh, Cextain fish



such as tune and helibubt may exhibii high lactic acid concenitretion
post-morien and corvesvondingly low 2! values, while in Atlactic
cod the pi of the muscle moy be as Lidgh as 6.8 or 7.0. The
earbonyl-anine browning reaction iz sccelerated by incressing pH
and this has been demonstrated in fish (118,129},  Alzo magnesiuvm
spmonium phosphate {struvite) formation in canned fish cceurs more

frequently if the muscle is above plb.

Low pi values, while reduciung the rate of brewming, alsoc cause

muscle proteins to approach their iselectric zones and conseguently

they tend to lose their water holding ahilidy. This gensrally
results in & loss of free liauid (dvip) on thawing frozen Pfish and

thiz would help reduce browning by removel of goluble reactants,
Also, low PH velues tend to inhibid bacterial spoilage of fish and
this reduces ulfimste colour by limiting FPurtler formation of brovi—

ing veactants.

(¢} Concentration snd npture of the carbonyl moiety

Pigures illustrating the typicel changes taking place in
potential browning reactants on chill storage of cod muscle are
shown by Jones (62), Although veristions are present belwveen
different verieties of fish, the overall trend is similar., Due
+o the variebility in the concentration of hezose phosphate in
Pish flesh, it is difPicult Ho assess the imporitence of these in
browming reactions, Addition of subsiances possessing s free
aidehyde growvp, for example, hexose vhosphstes, reducing sugars,
aldehydes, reductones, efe., te leached Ffish flesh thatl was sub-

e

sequently heated caused browning {129}, Ribosze S-phosphate was
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shovn te be a little more reacitive than glucose in causing browning

{138) wiile ribose iz aboul five times as reactive as glucese (131).

=f

Qertain of the hexose phosphates could be significant in causing
carbonyl-gmine browning in heated fish Plesh but pentose phosphates
usually eccur in very low concentrations and so are probably of

little iwportance,

The ribose and glucose concentyations present in a large
nunber of fish re been determined (130) and the browniag potential
of & variety of reducing sugars; organic reducing substances and
awine acids in fish Flesh (Jeached ling cod)} has been astudied (129).
Guite large awmounts of glucose were found in museles of “Wlresh!

Fish of different post-mortem age; while othiers conbtained negligible
amounts, Thus, several fish oxamined had between 100 and 400 n

moles of glucose per zm of musele (131).

el
L

An approximethe relationship between the ribose content o
fish muscle and the degree of browning thal oceurs on heating has
heen demonstrated hy a number of workezs {83,130]. Hovever,
Nogayamz (83} Pound no linear corwvelation betweon browaing of
heatved fish flesh and ribose or plucose gontendy, e beligved that

concenbrations of amino compounds were important and agreed that

the browning was caused by sugar-amino reactions,

Removal of free sugars from fisgh flesh has been found to be

o

uite effective in decreasing browning. Tarr {129} showed that
the Browning that usually oceuwrred on heating muszele of whibe fleshed

. o - s . .
£ish 1 hour at 12070 was largely eliminated by priecr leaching of lhe

flesh in water,
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{a) Nature of the awmine moiety

Fish Plesh contsins a high concentration of protein which can
readily enter inbo carbonyl-amino reactions, Jones (58) tas pre-
senbed evidence thal free amine acids in fish flesh are also very
important adjuncis to this resction and that significent amounts
of o methyl histidine and £ alanine ave liberated in codling

' 0 *
sheletal musecle poszt-mortem at O C by the enzyme “anserinase".

{e} Variety of Ffish

The amounts of potential browning reactants heve bheen shown
to vary ian concentration depending on the variety of fish, TFree
ribose concentrations in various fish have been debermined by a
rumber of workers (83,130} and Tarr {131} has also found +the

ner cent glucose preseunth.

(£} Time and temperabure of heating

4

The reaction rete of browning is enhanced by increased
temperoture. Ono and Nagayama (38} have shown the effect of
tempergtuore on colour and sugar zonbent of flounder flesh with
and without added ribose,  With ipcreased teuperature there was
inereased browuing and this was enhanced when ribese was added.
Colour development wag correlated with weducing sugar loss.

Spilds {118} has presented graphs showving the browning of fish paste

a8 a funevion of temperature and time at various pi wvalues,
A

Prosence of vacuum

-
[Ha]
Ry

Taxrr {(129) has shown that the presence of vacuum way slightly
f

increase the degres of browming but that this may be dependent o

the species of fish,



83,

{b} BEffect of metsl ions

Levels of 5 ppm of ferrous, ferric and copper ions in fish
Tlesh have heen ghown o slightly decrease the extent of browning
while aluminium, coball; nickel; silver; tin, and zinc ions had

no effect {129).

{i) BSeason of veaxr

Jones and Murray {61) compared the course of ecatabolism in
fisgh of poor nuiritional econdition and about to spawn with that of
fish of good nuviritional condition caught at a diffleront season.
They found thal afier 3 days in ice, levels of AMF, ADP, ATP and
HAD remasined roughly constant in the poor condition Lish vheress
in the fish ecaught at other seasons; o slighi riss in ADP and loss

of ATP, and ANP wos [Lound,

(37 Added insredients

i. Tomato satuce
Fish are frequently heat processed in the vresence of

tomadto sauce and this could increase the degree of browning as
in the ease of beaked heans in tomato sance (see Part "AY
Section III) due %o selective absorpbtion of the rednsing
sugars in the sauce by the Tish; so ensabling theze to enter

inte browning reaschions with amine compounds in the flesh,

o)

1d . rine

pore

It would bLe expeched that fish heat processed in the pro-
sence of brine wounld undergo less browvning due to leaching of

~

g and hrown pigaents; Trom the flesh,

€
¥

potential bHrowing rescten

% has been shown thot under oxidising conditions, reaective
carbouyl groups formed in dthe lipid moiedy can react with amine

groups io initiate Drowning wveactions (26).
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v of sample for analvsis

i

{k} Uniformi

el

Most species of fish, contain a repglon down each zide of the

body of highly pigmented flesh called “hlood Hizsue". Just ng the
factors discussed above would affect the concentwation of reactants
and rate of the rescticon, =o the incorporation of bilood dissue in a

sample would aflfect the final estimnte of the degree of browning.

| 4

An dinvesvigation was carried out to demonsitrate the effect of blood

tissua on the estimation of browming in a sapple.

b ]

Mxperinental method

A preliminary investigetion was carried out do establish o method
of obtaining n wniform sample of blood tissue, The following techniques

were shudied,

1. Skin fillet of fish,; cutb awsy bloed Hissue; and head this in stemm
2t stmospheris pressure for 5 minutes. Hince blood tissue to give

2, Heat fillet in stmospheriec sbean for 10 minuntes, eul away Dlood tissue
and mince it.

3. 84in fillet, cub avey blood tissue snd heat it in steen ot albmo~-
sphievric pressure for 5 minutes, Remince tissue to give uwniform
gamule,

s was Tound method 2 wes the wmost convenient technigue for removing

blood Yissue and pave the most uniforn sanples.

To establish the effect of Llood tissue on the estimation of browning

Fillets of 4revalli with the blood tissue vemoved as above; were pacled
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into Code 3 cans, secamed under vecuum and healt processed for 75 minutes
- o . . ’

at 238.07°F. Aftor cooling, a sample in the form of o plug was removed

from the centre of each can and to these were added 107, 207 and 3G

blood tissue prepared by method 2 above; and heat processed in an ident-

ieal manuer to the £illets. The heated fillet plus blood tissue somples
wvere thon homegenized with o zciuntion of trichloracetic acid and their

-

celour deternined by reflectance spectropholometry {sec appendix for

details of method).

Results

g

-
i

L% |

The results obiained are swmsrised in Fig. as a plot of nercewhage

hlood tissue in sample against percentage vnaccomplishied reflectance.

- ] ax

ts oblained indicotfe thal the nresence of any blood tissue

in a sewple could markedly affect the esbimation of the degree of browning

tnkiing plece on heat processing, Yhere ne blood tissve was incorporated
i the samnple a reflectance value of 32 was oblained. Tuls vaiue would

represent the colour change due 4o carbonyl-amino browning in the sampls

vfter heating for 75 minutes at 238 T as the reflectance specirophoto—

meter had been standardised against the reflectance of a mample of fish
flesh whieh hod Deen hamogenised afbor heoading in simospheric sheam Lo

. . L

wah was surficient 4o denature the

protein bhut did neot cause

suitable az o conbroll,
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Coneclusions

ik awcher of factors whieh can affect the degree of

There are a Ilsrge

L“

carbonyl~amive browning bteliing place in heal processed fish and many of

has bheen shown that the

o

these would be very diffieult 4o coatrol, I
degree of Drowning is dependent on vime of heating and processing

L £

temperature and consistent resulis should be able 1o e obbained 1P all

1. 4

other inlfluencing facbors ave bept constant.

Results obtained by Tarz 130) indiecnte that many species of fish
N
undergo exbensive bhrowaing wer conditiens of a typical couwmereisl
heat treatment and sg the Tollowing of thig reaction cuantitativels;
Lk} e

showld he zelatively sinple.

In the preducts selected, i.e. baked beans in fomato sauce, cream
style corn, and cenned fish, it hag been shown thoat the degrec of
carbonyl-amine hrowning oceurzring on heat sterilising csn be related to
tlite {ime of heating at retorv tamperatiure This covwelation counld be
anpliad to ovher products which exhibit coleour changes of this type on
hest vrocessing; e.g. various tomato products such as spaghedti:; LTish
in tomato souce: pet foodsy and wony fish products.

On heat sterilising boled heans in tomalo savce, the Desns theme

selves have an inhewrent poteniial to brown but the extent of this is
limited by theilr low conecentration of carbooyl reaciants. It waz found

that during procegsing the beans absorb reducing sugars from ithe added

tomato sauce and this increases btheir browning potential,
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The rate of carbonyl-amine browuning oceurring in heat processed
Tish can he related to the antolytic changes which have balken place in
the raw material and so any factor whiech influences these changes will
influence the degree of browning in the produet. it would be very
difficult to keep the extent of the mutolytic chenges consbtant and so;
although the degyee of browning occurring in a sample of head sterilised
£ish can he related to processing time and temperature Llittle signifi--
cainge could be atbtnched to variability belween resulids unless treatment
of +the raw material had been carefully controlled,

I+ has been shown {130} that the extent of browning occurring in
some species ol fizk on wndergoing a typical commercial heat ftreatment
is guite marled and so a correlation of earbonyl-amine bLrowning in
heated fish with bime of heating is Peasible i? other Pacters influencing

] ]

the rsaction are net dismissed,



SEC2TION IV

DEVELOPMENT OF A MSTHOD DBASED  ON
CARBONYL=AMTND  DBROVNING FOR USE AS AN
INDEYL  OF  BEAT STERILISATION TN COMMERCIAL  FRACTICE

Hnetic studies have shown that carvbonyl-amine browning does notb
conform Ho a sinple order reaction exeent at the initial stages during
which the reaction is s3ill colourless and no pll drop is debectable (4),
At later simges it has been shown that the depth of colour inereases
with the square of the time (43) but +this relation was nod generally
cbtained in the present siudy. Indeed, it was found, along with otliex
workers {148}, that during the initial sbages of the browning reaction
there was a lag peried, followed by a peried in whieh browning inereaszed
logaribthmically with time, and finally a "tailing off" of the reaciion

rate with tine.

Obviously the rate of brrovming ig elso going fo depend on such
factors ag pi, reactiviiy of the carbonyl and amine meoietlies, presence
of exygen, medals, and piosphates, and meisture content hui provided
theze facters ave kept coustant then the degree of bLrowning will bLe
dependent on time and temperature.

It has bheenn shown {see Introduction) that the thermal destruction

of bacterial spores is also dependent on time and temperature and hence
hould be possible fto use carbonyl-emine browning as an index of heat

sterilisation,

The carbonyl-smino browning cccurring in a model system in a dracer

pan or hrown pigment formation wresuliing from the sterilising of a feod
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gould both be used as an index of the heat lethalily of a process and

are considered in more dedtail below.

e CORRELATION OF TEAT LOTHALYITY VITH
MING BROWNING OCCURRTHG TN A MODEL SYSTEM

Carbonyvl-anine brovning cceurring in o model sysiem is o reaction
st L
wiich can be studied quantitotively and this makes 1t 1deal as a systenm
for coxrelating with heet lethality. With respect bto its practical
appliestion, a modsl browning system could be placed in o "iracer can®
aleagside o product during preocessing and the amount of effective heatl
o @

o

received by the product gould he debvermined from the degree of Drowning

k)

talting place in the tracer can, The tracer can bechinique has obvious
advanbages in that correlation should be possible with o large number of

processes for different products,

The plucose«glycine carbonyli—anino model browning system hes been

studied extensively under conditions typically encountered during the

heat gherilisation ol canned foods and the gquantitative effects of
factors effscyving this resciion have been investigabed. In order o

correlate the degree of browning in thiszs systew with time ot a standard
temperature {ZSOOF) it is necessary to hLeep all other faetors which can
affact the reaction censdant. The previous investigation on a glucose-
glyeine model browning system sstablished the effect of wetals,
concentration of reactanis; oxygen, sampling btechnidue, temperature and

i on the reaction and from this it was found ihat the epyimmn condiltions

to be maintained eoasdtant wvere:

Ta Use a Code 3 lscguered ecan,
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2. Seam the contents at aimespherie pressure with a net headspace of
% inch,

2, Prepave samples immediately prior Lo ase ond readings should he taken
immediately can 1s opened for analysis,

4, Concentrntion of reacvtants,

5. Initial pil ol sysbem,
G, Processing tomperalure.

In oxder to corrvelate the degree of hrowming occurring in a sygtem
with heat lethality, it is necessary to determine the amowmnt of effective
Leat received by the system, In this study this was cerried out by
inserting o thermocouple into the geomelbric centre of the sysiem a5 shown

-
I

in Fig,33 and then Tollowing the temperature change with fime using a

Cambridge workshop potentiometer {see appendix). The thermocouple wire,
of gauge 24, had been calibroated by & previous workewr, The lethality
of the process was calculated by the General Method, i.e. temperstures

atiained ot the geometric cenitre ol the sysbom were converted to
lethality values from bables (15} and {hese values were then plotied
aeainst HEmo. The area of this plet, as determined by planimeter,

divicded by wit areas geve the sterilising velue {Fo} of the process.

Using a glucose-glycine carbonyleamine brovning system, the method
of temperature messurement in the can cutlined above, and the General
dgthod for caleulating sterilising values, covzelation of the degree of

Lrovning with Fo was exenmined,
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211 x 400 Code 3 cons were filled o a net headspace of ¢ ingh wi

-

¢

th

- - . ] B - . 0. £ -
a 2% glucose—glycine solution prepared wivth tap waber (this gove 2 con-

stont initiel pH of about 7.1) and seaned al atmospheric pressure.

LR

The cans had been previously Fitted with a

hermocouple positioned at
theiy geometbric cenire. The cans; in turn, were placed in a rebort
and the thermocouples connected to the potenitiometer, They were then
heat processed for veryinge bimes at 238°F after s standerd venbing

1

procedure had been carried out, Throughont each run {Heutiug and

cocling) the temperatures withia the can were recorded at 2 minute
inbervals.  After cooling the degree of browning of a sampis of the
can contents was debterwined by the colovimelric method ontlined in the

appendix.  For each run the Fo value of the process was determived by

| f1s
he Gemeral Hethod from the temperature/vine walues recorded,

i

=5

i,

Nesnlis

The resulis obitained are summarised in Pig.16 as o nlot of the
loparithm of the percentage uwaccomplished trangmission againsgt the

sterilising value {(Fo).

Miscussion of HDasulis

o

Th enn bhe secon that the ecvrve follows the same trend as the plot
of the logaridhm of e percentage unsccomplished transmission versus
time curve {Mig.4), i.e, the curve is sigmeid in form. This is not
unexpeched when one considers the relationship between Fo end time of

pvrocessing at votorht tenperature,

o

From TMg.16 it is evident that the degree o

breowning eccurving in
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& glucose~zlycine carbonyl-sminn medel system can be corvelated wiltly the

sberiiiging value of the process and that this {feclmigue perhaps offers

cternining the heat lethality of & process, It

)

o {feasible nethod of
is esbimated that the ervor in the Fo valwe, as debermined frem the
a o L] . . 1, 1 B + 1T
£ broyning in o sanple, would bte about Fo - 1. Hovever, the
ingignificance of this ervor is realised later.
- a AT I, ¥ 5 ey . y
Tard (140} sitndied hrowning in sweelened condenses
veuperstnres and wos able to plod the logarithm of the percentage un-—

aecomplished change in reflectance ageinst tiwe of hestine., He also

gave o bypical heat penctystion ploh for the system and zo from these

results it was possible S0 caleuwlote stewilising valnues Tov various times
quring the process. Using the resulis he obbained ot 11G7C, o graph
of the logoritive of the percentfage unaceomplished change in reflectance

agaiuvst the sterilising value of the process {Fo) was plotied (Mie.17).

2

h

1 optatned fron Ward's resudts is nobd sigwmoid in form Jilke

that obiaingd using o glucose-glycine model system but vortrays an initial

3

rapid rate of coloul chonge whiceh abruptly decreases

S =legorithmic nlot, T Form mrve o thot gliven b
epi-logorithmic plot The dilferent fowm of curve t¢ that gi ¥
e medel system is probably because:
LY . s . . . .
fn} The initial lag siage of the weactinn as indicated by the medel

systen 15 net shown by the sveetened condensed millc systen beeauvse
shie method of following celour development is mueh less sensi

and hence SHthe curve obiained from Ward's resulds co

]

responds So bhe

*linear" and "tailing off" portions of +the eurve given by the model

system.
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{(b) The sweetened condensed milk system exhibits a broken heating
curve and so the rate of heat penetration would he high initially
until the pack became of conduction form, after which it would de-
crease, All of the effective lethal heat is received by this pack
vhen it is in the conduction state and so considerable pigmenti
formation could take place before the heat adsorbed had a significent
lethal effect. In contrast a convection system would heat quickly
and the lethal effect of the heat would be more marked than the

increase in browning.

{c}) In natural systems, e.g. sweetened condensed millk, compounds
which cestalyse the carbonyl-amino browning reaction or other browning

mechanisms could be present.

Fig.16 and Fig.17 apply only to the type of peck in which the
temperature/time measurements were recorded and hence their applica-
tion is limited. It is necessary that the concept of correlating
browning with heat lethality be extended to a2pply to packs with all

types of heating characteristies.

Extension of the Browning versus Fo Correlation for Practical Application

Using experimental results obtained from glucose/glycine model
systems, curves of the logarithm of the percentage unaccomplished trans-
mission against time (Fig.4) and Fo (Fig.16) have been plotted. Since,
in both cases, a convection type pack was used, a plot of Fo against time
can be dravn (Fig.18) from these two curves, TFig,18 would only apply to
a pack of identical heating characteristics to those used experimentally

toc obtain results to enable this curve to be drawn.



In order to extend the consept of correlation of brewning with Po

it wes neccessary te vrepure packs with heating characteristics ranging

from convection thwourh ©o conduction so what these packs conld he used

a5 standards with which to correlete browning and Fo, The heat nene-

tration charscteristics of o wide renge of systens were studied hefore

packs giving the desived resulis werve found, This involwved taking =

P

\.d

con £itted with o theriiccouple as shown in Pig.37 and £illing wifth the
syshem 10 he tesied. The can was then seamed; placed in o retord, and
with the thermocouple connected o the notentiometer, heat processed ot
233,0°% after vewting. Turing procesging readings of the temperatire
within the can were teken ob nown tine intervals snd this data was

to plot a hieat penefration curve, The curve s nlobtded by dbaking
It paper end with the logarithmic secale

g sheet of semilogoaritlmic srap

foriming dhe ¥ axis, turn the paper through 1807 aud from the top, 8

ing ab 1°F below the retort tenerature write the tesmperatures according
to the scole. The linear = axis 1z the Ltime scale. i.6. The curve
is obtained by plotiting (Betort tempevaiure ~ temperature of product)
versus time on semi-logarithmic oaper, The majority of hesting ecurves
when plotted semi-loparithmic seale will be linear slthongh some
will exliibit broken heating curves (ses Introduction), In this study

enly systems niving linear ourves were seleated.

The slope {(f, ) of the linear portion of the heating curve ig sx—

b
nressed as the number 22 minutes reguired for the curve fo transverse one
logarithuic cyele, Tpical cowmarcisl conduction packs, e.f. crasm
shvle corn end boked Deans in 211 1 400 cons have an £, af about 40
La

minutez while o convecoblon nack, c.z. pesas would have an £, of 2 - 3,



£, is obviously dependent on ratve of heot peneiration and =me is affected
by such factors os consistency of pacli, size of can, and retort tempera—

ture and eguations have been Tormulated to enable 2, walues to be

dotermined for Aifferent conditions {(38).

The sygtems with lingar beat penebration curves choesen o represent

naeks with varicus heating chorasteristics were:

A

A 301 x 409 econ (16 o) £illed width water 1o 3/16 inch ne® headspace

2.  Semi conveotbion fh = 9%
i 211 2 400 cawn was Tilled with 107 g water glus 195 gm of 200 1%
breaking strein uylon fishing line ocut into lengths of about § inch.
This gave » neb headspace of about 3/15 inch. In dhis vack there
vau dogufficient walter for henting o he by lrue conveetion anud too
much woler Ffor heabling to e by conductlon clone, The nylon; cut
inke small picces, wos suliteble hecsuse Lt nacked undiformly iwnte
the eeng it had o similor density o water,; and weas heat stable and
ron hygroscopice.

3. Femi conduevion Eh = 26 ~ 1
L 211 % 301 can (S oz) was Tilled with 986 za of o inch sbeel ball
Learings snd sesmed undsr a vacumn of abeuwt 22" Hg. The absance
of air in the can would ensuve more ideal conduetion conditions gnd
the relatdively lhigh waie of heat conduetion by steel pives this
pacx & comparatively low fh value,

4, Conduetion £ = 33 T4
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A 211 x 400 can was £31led with 3500 gm of 1/5 inch dinmcter gless
balls and seaned under o vacuum of about 22" iHg, The lower rate
of heat conduetion by glusgs gives this pack o higher £, than ithat

af steel above.

T+ should be peinbed out that only fh values suitable fow
corralation with the carbonyl-amine system chosen for bthis sbudy
were selected and that some commercial pacls have fh values con-

reatber in mapnibtuds than those considexed here.,

The sysitemns selecled with the different heating charvacleristics were
fibted with thermocouples and in turn these packs were relorted at 2385 °r

for wveriocus bimes and during the heab processing dempergtuxe - hinme
neasurements were recorded, Prow vhese wesulis, Ho valnes were

-

caleulated for e imes at which the paecks weve processad and b

|~k¢

158

= ol

enabled a plot of processing bime versus o 1o be drawn for the diffex

).

el

w2

packs (Fig.1¢

FER

Commercisl packs of nevntrsl or low acid foods are generally processed

]
:'!-

to pive s heat Levhality of ahout To = 6 and so in this Wy processing
times were wsed teo give, for the various sysiens sslected; Fo values
zanging from about 3 to 7 to enauble underprocessing {and overprocessing)

1

bo be debected onm subsequent correlation wibth browning,

Tn the time inberwvals for vhich these packs were sbtudied; the con-
tents of the glover hesting sysiems had not reached retort temperature
and so theiyr processing time versus I'o ceurves wore nod straight. Tlow—

ever when the contenls of all the svstems resach vebort temperature then

their Fols will dncrease constanbly wivh time of heating and so the curves

=

of processing time versus Fo will be straight and poaral]
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The processing Hime versus Fe curve for a 211 x 400 can contoining
8 carbonyl—-amino convecbion sysitem is also shown in Tig.19 snd in thds

study ell corrvelations of browaing and Fo are done with respect bo this

nacl, Heuece from Fig.19 if Fo values from 3 1o 7 arve considered for
the wvarious packs selected with different £, values and velsted o Ths

h

To value of the standsrd 211 x 400 browning sysiem; then Pig.20 can Ve

plotbed. Pig.20 is s plot ol the fh of the pack against ¥o of the
staadard conwection bLrowning systen. Prom Pig.20 for wny pack which has
a lineaxr hest penetration ourve asnd an fh >F less than abouwl 40, then ids
Fo can he debermined balwesit tho values of To = 3 4o 7 17 the Fo ol a

217 x 400 carbonyleanine convection browning systen under identical
process condisions is Knowvo, However, iv is known from Tig.16 that the

percentore unacconplished Lrowning can be relabed to the Fo of the
carbonyl-aning convecvion Syvaveln, i,e. from the percenbage unaccomnlished

browning whiel results from beat processing the hean lethalily of the

i

-

waceds eaar he dedernined.

Hence from Fig,.16 and Fig.20 o piot of the percentage unascomplished
ke £ Ly i~

ar Fols ponging Trom 2 4o

wimpted that the acenracy of the Po valuzs obitained lrom
e curves is about = 0.5,

Feoom Fig,21 fov any peck whiech has o linear heat penetration curve

and an ¥, of less thau 40, then the Fo of the process between the values
of To = 3 1o FPo = 7 can be delermined from the pew cent unaceomplished

* - e ] L]
browning woeling place in o 20 glucuse~zlveine solution dn a 2

- . . - r . A"
Code 3 can {and in accorduncs vwith other zonditions outlined previously)
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gubiected to an identiecal heat process; i.e. placed in the same retort
and henge present a8 & Lracer cail.
Tig.27 is wvelatively inssnsitive Tor eshimating the Yo's of produchs

whieh are sherilised guickly, e.g. convection packs,; as these packs have
Low fh vazlues and only o small degree of broewming hns tuken place in a
wwse~zlyeine solution before a sulficiently
However, 1t con ha seen from Fig.5
cetanis, tue rabte of brovaing

nlso Hence, the concentradion of the reactants
in the tracer can, cuvves of ineveaming sonsitividty for products sehisch
requice shorder proecessing Limes sie obbained. Tig.22 is a nlet of the
percentase of unaccomplished Liowndog in the funcer can versus fh of the
pael for Fo values Trom 3 bo 7 Por concentrations of 25, 37, 45, 5%
glucese~glyeine in the dracer can. It ean he seen that depending on the
:.f_’,ll of the product of which tha heet lethalify is to be determined, the
concentraticn of the reactents in the browning systen in the btracor cen
May e varied do ivity Tox the process congidera—
Bion. Henee; for o eonduction paek one would choose o 2% tracor browning
browning sysbein would bs use=d.
ropvaction or conduchtion, i.e. fh's
tween 29 and 53 would be szlected.
A digsdvavtbage of the sbove corre ion iz thwt it is not apnlicable
Lo prodnehs whieclh do not have lineszr heat penetrotion curnves. ewever,
be used as an index For hesd shexility for produc
exbibiting broken heating enrves if a plot ol the perceniage unaccomplished
tranarigsion agninst tine {Fig.4) is usod, For this to hove praciical
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have been distinguished although the structures of 4. and e. are uncertain.

Both chlorophylls a. and b, are optically active: laevorotatory.
The spectrum of pure chlorephyll a. shows sirong adsorption in the red
and blue-violet range and very slight adsorpiion in the yellow range.
The specirum of chloroephyll b. shifts slightly to the centre in both

culminating parts. Their spectrum in the leaf is shifted to the red.

(¢} Chlorophyll degradation products

The nomenclature of chlorophyll degradation products is as follows:
Porphyrins are substituted porphins. Phyllins, phyllides and chlorophylls
contain mapnesium whereas phorbins, phorbides and phytins are magnesium
free compounds, the mapgnesium atom having been removed and replaced by
2 Hydrogen atoms. When magnesium is present, the compound is green but
the colour of the magnesium free compounds is generally grey or brown.

7 ¢ 8-Dihydroporphin is the nucleus of the chlorin series of compounds
{tricarboxylic derivatives) which are derived from chlorophyll a; rhodins
are the corresponding compounds derived from chlorophyll b. The
introduction of the exira ring — two methylene groups across the 6 : &
positions give rise to the phorbins, The prefix phaeo designates those
compounds which have the same substituenis that occur in chlorophyll.
Chlorin itself is dihydroporphin and the natural red porphyrin pigments are
derivatives of porphin, whereas the green chlorophylis and their derivatives

are derivatives of chlorin.
A scheme outlining the degradation of chlorophyll a. is shown (Fig.26).

Treatment of {the chlorophylls, even with very wesk acids, removes the

nmagnesium from the structure and replaces it by 2 hydrogen atoms, thus from
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each of the chlorophylls the corresponding pheophytin a. or b. is ob-
tained and the colour undergoes a considerable change. With c¢hlorophyll
a, the colour change is from blue-green te olive green and for chlorophyll
b, it is from yellow green to magenta. The 2 hydrogen atoms in the
position originally occcupied by magnesium, can he replaced very easily by
a number of other metals (111) and in each case the corresponding metal
complex of intense colour and characteristic speciral properties is formed.
These complexes are usually very stable, especially to light, while the
magnesium complex echlorophylls bleach in light very readily while in

solution.

The eonversion of chlorophyll to pheophytin in plant material occurs
relatively rapidly under the influence of heat and this is accelerated by
reid conditions. Mackinney and Weast (78) showed 100% conversion of

chlorophyll to pheophytin occurred in 60 minutes at 100°¢.

It has been suggsested (78) that owing 1o the severe conditions employed
in heat processing, degradation products other than pheophytins occur.
Westcott, et al. {143) found pheophytin and small quantities of pheophorbide

in comnercially canned green bean puree.

Jones, et al. (54) showed that during the brining and brine storage
of cucumbers, the chlorophylis were converted to the pheophytins and the

pheophorbides upon development of acidic brines following acid fermentation.

The formation of chlorophyllides and pheophorbides as well as

pheophytins has been reported as occurring during blanching (55).

Work has been carried out, mainly with spinach, to determine the

optimum conditions for the conversion of chlorophylls to chlorophyllides
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by the enzyne chlorophyllase with the hope of maintaining the desirable
green colour {(25). The ehlerephyliides formed will readily lose mognesium

in an acid mediwa to form the yellowish brown pheophorbides.

In the spring, chlorophyllase remains active at 65 to 7500, a bempera-
ture 2t which most other enzymes are inagctivoted, while in the summer, the
same enzyme appears to be relatively inactive. Bianehing by the Thomas
process can be very successfully applied to spinach, which preserves its
rood green colouzr if blanched by steam at exachly 77°%0 notwithstanding the
fact that after suech blanching this wproduct is precessed at 120°%C. How—
ever, if camned directly at boiling temmerature without previous hlanching,
it will not retein its green colour, It is thought that the enzyue
chilorophyllase is nmot inactivated at the temperalure of 77°C and therefore

continues to convert chlorephyll into green chlorophyliin,

Some wegetables, sueh as pens, string beans, and asparagus apparently

do not centain the ehlorophyllase enzyme at all,

{d) Pactors sffecting chiorophyll degradation

1. Termerature

As is the case with tiie mojority of chemical reactions, the thermal
éegradation of chlorophyll to pheophytin is accelerated with increased
temperature, and it has been showm that the vate of reactiow of chlorophyll
a is 7 — 9 times dhat of chlorophyll b (77). The kineties of this re-
action have been svudied and are considered in more detall Iater,

Since the degradation of chlorophyll exbibits a "AY walue of the ordex of

8 ~ 10 times that used to caleulate storilisation values for processed

foods (41) it is spparent thet hipgh temperature/short time sterilisation
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wil} result in less thermal degradation of chlorophyll., Gold and Weckel
(37) assuming instanteous heating and cooling calculated that on sterilis-
ing a pea puree (pi : 6) at 2400F, 74.1% of the chlorophyll would be
degradated while at 2800F, 1.,09% would be converted to pheophytin.
However, as the pH of conventionally canned peas is approximately 6.5,

the conversicn of chlorophyll {o phecphytin proeeeds rapidly during
storage at room temperature and is pracitically complete after a few weeks,
When high temperature/short time sterilisation is employed the risk of
enzyme regeneration and subsequent development of off flavours is present

{see Part "CM).

2. [Time

Time is obviously going to be a major consideration in the conversion
of chlorophyll to pheophytin. Mackinney and Weast (78) showed that heating
fresh string beans at 100°C for 60 minutes converted all the chlorophyll +o
pheophytin resulting in the formatien of a yellowish celour. The effect
of cooking time on retention of chlorophyll a. has been demonsitrated by
other workers (124, 125) and the results indicate that destruction of
chlorophyll a. was the prineipal factor responsible for the loss of celour

in cooked green vegetables.

3. p

As mentioned previously, acidic conditions accelerate the formation
of pheophytin from chlorophyll and pheophorbide from chlorophyllide.
The pH range & = T appears 1o be critical with respect to the stability of
chlorophyll in vegetables while the use of buffers of pH greater than 7

results in marked deterioration in flavour and little further improvement
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in colour {124). Gold and Weckel (37) showed that raising the pH of peas
will have a definite protective effect upon chlorophyll, They found on
processing pea puree at 240°F to a stete of commercial sterility, 74.1%

of the chlorophyll would be degraded at pH 6, 21.0% at pH 7 and 7,43% at
pH 8. Several patents have been issued whieh invelve elevation of pH

conditions in order to reduce pheophytin formation on heat processing.

4, Blanching

From the basic effect of time and tenperature on chlorophyll degrada-
tien, one would expect increased formation of pheophytin with increased
time and temperature of blanching., TLegault, et al. (74) investigated
chiorophyll conversion to pheophytin in peas during blanching in steam at
190°P and 212°F for various time intervals. They found ne praciical
differences when the chiorophyll losses at the twe temperatures were ex-
pressed on the basis of "adequacy of blanch" (as determined by tests for
peroxidase inactivation). The loss of chlorophyll increased with blanch

intensity and reached a maximum of approximately 8.5%.

Jones, et al. {55) presented evidence that blanching ireatments are
in many cases responsible for the formation of the clhlorophyllides and
pheophorbides as well as pheophytin and that pheophorbides may in fact
represent a greater proportion of the converted chlorophyll ihan pheo-

phytins in certein plant tissue receiving blanching treatment.

D Reducing agents

These have no influence on the formation of pheophytin but may

render the chlorophyll more resistant to oxidation (70).
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6. Oxidising agents and occluded aix

These have no influence on the formation of pheophytin although, as
in the case of photlo oxidation by light, they will induce the formetion of
compounds with adsorption spectra different to the chlorophylls and pheo-

phytins (70).

T MHetal ions

Some metal ions react with the chlorophylls to form compounds with
bright green colours, Ferric, zinec and cupric ions will replace the
magnesium in chlorophyll end under favoursble conditions, pheophytins,
and in some foods, pheophorbides form green complexes with very small
ameunts of copper and zine in stored vegetable products. These pigments
are the cause of the so-called re—greening and are very steble, I+t has
been shown (111, 112} that 1 - 2 ppm of copper is sufficient to give re-
greening while about 25 ppm of zinc are reguired. IZ sufficient meial
ions are present complete conversion of pheophytin to the complex is

posgible.

(e) Kineties of chlorophyll degradation

The rates of conversion of chlorophylls a. and b. to their respective
pheophytins were first studied by Joslyn and Mackinney (65) and their find-

ings have since been examined in more detail,

Schanderl, et al. (110) studied the kinetics of the reaction of
ehlorophylls a. and b, and the ethyl, methyl and free chlorophyllides in
acid solution, Using highly purified freshly prepared pigments they were
able to demonsirate the conversion reaction apparently followed 1st order

kineties. By plotting the logarithm of the reaction rate against the
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reciprocal of the absolute ftemperature, they were ahle to show that the
reaction conformed to the Arrhenius equation. The data obtained gave a
series of approximately parallel sloping lires with activation energies of
10.4, 10.4, 10.6, 10.8 % 103 cal/mole for chlorophyll a, ethyl chloro-
phyllide a, methyl chlorophyliide a, and free chlorovhyllide a,
respectively. These results indicate chlorophyll a. has the slowest rate
and ethyl, methyl and free chlorophyllides are slightly faster. The
temperature quotient (Q1O} for this conversion varied from 1,73 to 1.77.
The data obtained for chlorophyll b. were generally similar to tiiose ob-
tained for chlorophyll a. The two compounds had about the same
activation energies and temperature quotient although chlorophyll b. was

found o react %,5 times slower than chlorophyll a.

Cho and Chichester (48) showed chlorophylls a. and b, obeyed general
acid catalysts in their conversion to pheophytins a., and b, The rate
law indicated 2nd order dependence on hydrogen ions and 1st order depend-
ence on chlorophyll. A mechanism was proposed in which two hydrogen ions
in rapid equilibrium replaced Mg++ in its atiachment to the pyrroles.

This fast step was followed by the rate determining step in which pheo-
phytin was produced, The slower yate of production of pheophytin b.
was due to a smaller equilibrium constant in the first reachbion step due

to resonance contribuiion in the pyrroles,

Gupte, et _al. (41} studied the kinetics of thermal degradation of
chiorophyll in spinach puree over the temperature range 260° - 300°F,
Linear curves were obtained when log. residual chlorophyll was plotted
egainst heating time indicating a 1st order reaction, In the initial

stages of the reaction, howvever, pigment degradation was not ist order.
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A linear Arrhenius plot was also obtained, Values for temperature guotient,
free energy, entropy and enthalpy of the reaction were calculated and indi-
cated chlorophyll a. reacted al a greater rate than chlorevhyll b,

However, the values calculated were not absoluted values since a pure

system was not used.

Gold and Weckel (37) studied the degradation of chlorophyll to pheo-—
phytin during sterilisation of canned green peas by heal and deduced pseundo
1s% order kineties from the straight line relastbionship they found to exist.
On plotting the logarithm of the per cent unchanged chlorophyll versus
time of heat processing at a given temperature, they calculated activation

energies for the reaction from the Arrhenius plot,
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A STUDY OF THE THERMAL DEGRADATION OF CHLOROCPHYLL
IN PEAS ON HEAT PROCISSING

During commercial processing conditions, the ehlorxophyll is degraded
to & number of products and these products, due to loss of magnesium, are
olive green/brown in colour. Kinetic studies of chlorophyll degradation

have established the relationship of this reaction with time.

Since the thermal destruction of bacterial spores has also been
related to time it should be possible to correlate direcily chlorophyll
degradation and spore destruciion and so cobtain an index of heat lethality

from the percentage of residunal chlorophyll present.

The purpose of this study was o develop a simple technique for
following chlorophyll degradation and +to investigate sone of the factors
affecting the rate of this reaction. Throughout this entire study frozen

garden peas were used as fresh peas were unaveilable.

(a} Develovment of a technigque Ffor Following chlorophyll degradation

A number of techniques are available for fellowing the degradation of
chlorophyll or determining the percenitage residual chlorophyll, but in-
variably they reaquire the use of expensive equipment or are analytically
involved and time consuming (40}. It was necessary in this study to
develop a technique which was simple and which only reguired the use of
relatively inexpensive equipment normally encountered in food processing

estahlishoents,
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The method developed required the use of a photo—-eleciric colorimeter
and readings of lighi{ fransmission from this were referred to a standard
curve from which the percentage of degraded chlorophyll was determined.
The standard curve was prepared in the fellowing manner: Chleorophyll
pigments were extracted from a sample of frozen garden peas by the method
cutlined in the appendix. Degraded pigments were also exitracted using the
game nethod from a sample of peas which had been seamed together with water
in a Code 3 can and heat processed for 2% hours at 240°F. It was assumed
that all chlorophyll in the retorted peas had been degraded as there was
only 0,2% difference in the light transmission values when the extract
from the heated peas was comparéa with an extract of chlorophyll which had
been degraded with excess oxalic acid, Dight transmission values were
determined for solutions of {100 - x)% undegraded chlorophyll plus x5
degraded chlorephyll where x = €,10,20....100 and the standard curve was

prepared by plotting:

trgnsmission of {100 — x)% undegraded chlorophyll + x% degraded chlorophyll
transmission of 100% degraded chlorophyll

against % degraded chlorophyll (x).
The curve is shown in IFig.27.

lence for any sample of heated wpeas, the percentage of degraded chloro-

phyll could be determined from the standard curve by:

{i} Determine the transmission of the extract from the sample of peas
(details of the extraction method used throughout this study are
given in the appendix). This resuld is equivalent to trans-
mission of {100 - x)% undegraded chlorophyll + x% degraded

chlorophyll, {(a)
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(ii) Degrade any chlorophyll present in the extract with oxalie acid
and determine the transmission of this solution, This results
in the value of the transmission of a 100% degraded chlorophyll

solutien. (b)

Hence the wvalue of -%%% represents the abscissa and the percent-—
age of degraded chlorophyll in the sample is given by where this
point intercepts the standard curve., Details of the analytical
technique are given in the appendix, It should be pointed out
that this technique using a standard curve can only be used for
peas that have similar initial chiorophyll contents at the time

of processing.

{(b) Chlorophyll degradation in heat processed peas

Host guentitative technigues for following chlorophyll degradation
involve measurement of a purified chlorophyll compound at particular wave-
lengths with spectrophotometers ete., and it has been found by methods of

his type that the reaction obeys Pirst crder kinedics, However, in the

technique developed in this study, the degradation of no single chlorophyll,
e.g., chlorophyll a, b, etc,, but the degradation of the chlorophyll pigment
a8 a whole is followed, and so it was necessary to investigate the effect of

time on chlorophyll degradation under typicel commercial heat vrocessing

conditions using the method of analysis developed.

Experimental method

211 x 400 Code 3 cans were filled with 200 gm of thaved frozen neas
and 105 gm distilled water (in accordance with the New Zealand Standard
Specification NZSS 1911 : 1965 for minimum drained weighis), steam flow
seamed and heat processed at 238°F for varying times. The cans were then

ceoled and during the hours of darkness the degree of chlorophyll degrada—
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tion determined by the method outlined in the appendix.

Results

The results obtained are sumuarised in Fig.28 as a plot of the per-
centage of degraded chlorophyll against time of heating at retortd

temperature,

Discussion of results

The results obtained do not conform to either first or second order
kinetics but this is not surprising as the depgradation of no single purified
compound is followed, Within the first 20 winutes the greatest colour
change telies place but sinece not enly chlorophyll pigments but also
carobenoids and xanthophylls ete., are present in the extract and the
analysis is made over a wide band of wavelengths it could be diffiecuelt to
justify any conelusion as 4o rates of chlorophyll degradation. It is
evident that the technigue developed does give a measure of the colour
change occurring with time of heat processing and although it is impossible
o give a kinetic interpretation of the results obtained the method is

suitable for the purposes of this study.

(e) A studyv of the factors affectine chlorophyll degradation

Before chlorophyll degredation can be used as an index of heat
lethality, it is8 necessary to study the effect of factors encountered as
2 result of commercial wmethods, These factors would include pl, the
concentration of sugar, salt and metal ions present in the added fiuid,

and oxygen in the headspace of the can.,
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(i} The effect of pH on chlorophyll degradation

Some worlkers have found that chlorophyll degradation in aecid
conditions obeys first order kineitics (110} while others have found
it conforms to second order kinetics (48). 1t has been found thatb
the critical pi with respect to chlorophyll stability lies between
pH 6 -~ 7 and there are a number of patents outlining methods of re-
taining a desirable colour by using alkaline conditions.

The purpose of this study was to exXamine the effect of pH under
typical canning conditions over the range pH 6.5 {the pH of peas

used in the test) to pH 8.

Experimental method

To 200 gms of peas in 211 x 400 Code 3 cans were added 105 gm
of water or trisodium phosphaie solutions of varying conceniration
to give equilibrium pHs of 6,5, 7.0, 7.5 and 8.0. The equilibrium
pil of peas in water was 6.5, The cans were steam flow seamed and
heat processed for 30 minutes at 238°7. They were then ccoled and

he percentage of degraded chlorophyll deitermined from a sample of

the contents.

Resulis

The resulits obiained and summarised in Fig,.29 as a plot of the
percentage of degraded chlorophyll against the equilibrium pl of
the peas,

The differences in colour between peas processed at pH 6.5 and
these at pH 8 was quite marked, the peas in the alkaline conditions
heing distinctly greener in colour. There was also a change in

texture of the peas as a result of processing at the highex pls.
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With increasing pll above 7.0, there was an inereased tendency Tox
collapse of cellular structure and a complete loss of firmness, At
higher pis the fluid in the can tended to gel and the peas had a

natdy smell.

Discussion of results

Trom Pig,29 it can be seen that above pi 7 there is a marked
change in the effect of pil on chlorephyll degradation, This is in
agreement with results obtained by other workers., At pils above 7
the coleour of the peas was very acceptable but changes in flavour and
texture were wnfaveourable. The change in texture, which was evident
by o loss of firmness and appearance of slime was probably due to
hydrolysis of cellulose on heabting under alkaline conditions.  Break-
dovm of the cellular structure and release of starch from the peas
were indicated in the pH 8 sample by the surrounding fluid {gel}
turning blue~violet on treatment with iodiune. It can be concluded
that raising the pd of the system is an effective means of preventing
degradation of chlorephyll but care would have to be talken to prevent

unfavourable texture and flavour changes.

{(ii) The effect of salt concentration on chlorophyll degradation

Brine is added to peas on cenning to give an acceptable flavour.
The concentration of salt added may vary slightly from manufacturer
to manufacturer annd the purpose of this study was to determine if this

variation in concentration has any effect on chilorophyll degradation,

Experimental method

211 x 400 Code 3 cans containing 200 pms of peas were filled o

a net headspace of 3/16 inch with solutions containing 0%, 15, 2% and
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% sodium chloride and steam flow closed, The cans were then re—
torted at 2380F for 30 minutes, cooled and the per cent degraded

chlorophyll in the peas determined.

Results
The results oblained are summarised in Fig.30 as a plol of
percentage of degraded chlorophyll against concentration of sodium

chloride in the added f£luid,

Discussion of results

The results indicate that the system under study had the mosih
acceptable colour when 0,5 —~ 155 sodium chloride was present. It
would be difficult to ascertain the cause of this phenomenon but it
could perhaps be due tos

{1} 4An ionic effect by the sodium chloride on the replacement of
the meagnesium atom by two hydrogen atoms in the chlorephyll

nolecule.

(2) Cowpounds, e.g. carotenocids and xanthophylls, which are extracted
with the chlorophyll, being influenced Ly the presence of a
eritical smount of salt and affeeting the transmission of a

certain wavelengih of light throuch the solutioen.

{iii) The effect o sugar concentration on chlorophyll degradation

A concentration of about 1 -~ 255 sucrose is generally added %o
the brine in canned garden peas to improve the flavour, The purpose

of this study was to determine if this added sugar has any eflect on

the degradation of chlorophyll in the pea.

Experimental method

211 x 400 Code 3 cans containing 200 gm peas were filled with

solutions containing 0%, 15 and 2% sucrose to a net headspace of aboutb
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3/16 inch. The cans were steam flow closed and heat processed at
238°F for 30 minutes before cooling and determining the percentage

of degraded chlorophyll,

Results
The resulis obtained are sumnarised in Fig.31 as a plot of
percentage of degraded chleorophyll against concentration of sucrose

aflded to the fluid,

Discussion of results

It can be seen ithe resulls glve o curve similar in form to that
obtained when the percentage of depraded chlerophyll was plotted
against the concentration of sodium chloride added. In this case,
{Fig.31) the optimum colour occurs when 1 = 1.5% sucrose is added.

It is difficuld to explain why this curve should be of the same
forin as that shown in Fig.30 and it is thought the same explanations
apply for both cases, i.,e. it is due to an ionic effect and/or a
certain concentration of salt or sugar affecting the extracltion and

transmission of extraneous compounds in the ehlorophyll extractd.

(iv) The effect of headspace oxygen on chlorophyll desradation

Workexrs have shown that the presence of oxygen has no effect on
chlorophyll degradation unless light is present (70). The purpose
oif this study wes to determine if the percenbage of degraded chloro=-
phyll in a sample which had been in contact with the headspace during
retorting was different bo that of a sample taken from a portion of

the can remote from the headspace influence,

Bxverimental method

A 211 x 400 Code 3 can containing 200 gms of peas and 105 gm of
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water was steam flow closed and retorted for 30 minubes at 2338°F,
The can was then cooled and samples of ithe contents removed from the
top and bottom of the container. Throughout the preparation and
processing the can was maintained in an upright pesition to ensure
that any influence from the headspace was reslricted to the peas in

the top of the can.

The percentage of chlorophyl degraded was the same for peas
wvitich liad been in contact with the headspace during processing and
those taken from the bottom of the can remote from the headsnace,
Tihe headspace vacuw: of the can alter processing was about 8 inches

MEercury.

Discussion of resulis

Although peas canned in fluid, e.g. brine is a pack which has
Leat penetration characteristics typical of a convection pack, it is
only movement of the fluid porition and not the peas which takes place
on headting, Hence, peas wiich were at the top of the can prior to
processing would maintain their position in +the can throughout the
retorting periocd. Other worlkers have shown thatl oxygen in the ab-
sence of light, has no efrfect on chlorophyll degradation, and so the
results obtained are in agreement with their findings.

(1]

The wvacuun in the can was & ins, Hg and in commercial practice,
it would be considered to be slightly too low, i.e. more alr was in
the experimental can than would be tynically encountered commercially.

Bince no difference in chlorophyll degradation was detected in the

experimental pack, there would be even less chance of tiiere bheing a
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detectable difference in a commercial pack where less air was present
in the headsnace,

The results obtained indicate thet samples could be baken from
any position in a pack and no difference in the percentage of de~

graded chloropuyll would be detected.

(v) The effect of metal ions on chlorophyll degradation

The effeecl of meial ions has been studied by a number of
workers and the phenomena of "regreening® has been examined using
model systems (112).

The purpose of this study was to determine if one could expect
any significant change in c¢olour on processing peas in the presence

of iron.

Lxperimental method

The following systems were set up using 211 x 400 cans containing

200 gms of peas.

1. A Code 3 can containing peas plus 105 gm of water.
2. A Code 3 can containing peas plus 20 ppm of iron (asFeC124H2O)
in solution,
3. A Code 3 can containing peas plus 100 ppm of iron in solution.
4, a Code 2 can containing peas nlus 100 ppm of iron in solution.
5. Te & Code 3 can containing peas was added 20 ppm of iron and
20 ppm of phosphate (as tetra sodium pyrophosphate) in solubion,
6. The peas, in a Code 3 can, were soaked in 20 vpm of iron in
solution for 1 hour and then 20 ppm of phosphate was added.
T 200 gm of peas were treated with 10; acetic acid to degrade the

chlorophyll, washed thoroughly with water, and placed in a
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Code 3 can. 20 ppm of iron and 20 ppw of phosphate in solution
were then added,

8. 200 gm of peas were treated with 102 acetic acid, thoroughly
washed, placed in a Code 3 can and scaked in 20 ppm of iren in
solution for 1 hour before adding 20 ppm of phosphate,

A net headspace of about 3/16 inch was wresent in each can,
The cans were steam flow closed and heat processed for 30 minutes
at 238°F, Cn cooling the cans were opened and examined for any

marked difference in colour.

itesults

There was no significant colour difference between the first szix
systems, Sysiems 7 and 8 showved even more pronounced degradation
and were the typical olive green/browan colour of pheophytin and

phecephorbide.

Discussion of results

It is evident from the results that "regreening® due to tlhe
presence of irom cecurs over a perlod of time and the phenomenon is
not apparent if the cans are tested immediastely after processing,
Other workers have indicated that the presence of iron in the con=—
centration used in this study should be sufficient to cause regreening

end that the reaction cceurs during slorage in warm conditions.

The results indicate that there is no inmediate acceleration of
the regreening reaction if the central magnesiuwm atom of the chlorophyll
molecule has already been revlaced by two hydrogen atoms, Alse, the
reaction is not significantly accelerated by the chlorophyll being

maintained in a more stahilised svatle by the presence of nhosphate
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raizing the pH or by a short preliminary soaking of the peas in a

solution containing iron,

{d) Summar

The thermal degradation of chlorophyll with time can be satisfactorily
followed using the technique developed. S8inee this technique does not
follow the loss of g pure homogengous compound, e.g, chlorophyll . or
formation of a pure homogeneous compound, e.g. pheophytin a, any kinetie
interpretation of bthe reaction with respect to the order would Le difficult

to justify.

The rate of chlorophyll degradation increases with decreasing »il.
The concentration of sucrose oy sodium chiloride added to the pack affects
the rate of chlorophyll degradation or influences the exitraneous cowpounds
also extiracted by ithe acetone, and these in turn affect the transmission of
the chlcrophyll extract. Since the presence of oxygen in the headspace of
the can does not affect chloxrophyll degradation, samples for analysis can

be taken from any point in the container.



SECTION III

TAAMINATION OF  CELOROPHYLL DEGRADATION IN FOOD3
AS AN INDEX OF HEAT STERILISATECN

It has been established by a number of workers (41, 110) that the
degradation of & pure homogeneous chlorophyll to its corresponding
pheophytin is a first order rveaction and hence it can be eXpressed in a
manner identical to the destryuction of spores. This enables s direect
correlation to be made between these two first order reaction systems

and similar terms aund symbols may be used in each case.

910 values (also known as temperature quotients and defined as the
increase in reaction rate for a 10°C rise in temperature) are significaontly
higher for the thermal death of bacterial endospores and denaturation of
probeins than for chemical reactions, For exawmple, Q1O values for the
destruction of spores are of the order of 10 while values for chlorophyll
degradation are only of the order of about 1.5, This #rend is alse re-
flected in the % values (the degrees fahrenheit required to give log—
arithmic reduction in the therial degradation time of chlorophyll).

For example, the Z value for spore destruction is generally tbaken as

18°F while in the case of chlorophyll degradation it may be 5 - 10 {times

his order.

1

The lower Q1O values {(and higher % wvalues) for chlorophylls compared
with bacterial spores explain the higher residual pigmeni retention and
hence the eolour, in a high temperature-~short time sterilisation method

Fa

than in o conventional thermoprocess of equivalent ¥ value.

Thermal depradatbion rates for ehlorophyll iu spinach puree were
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determined by Gupte, et al. (41) over the temperature range 260 - 300°P
using thermal death-time tubes heated in a constant temperature oil bath.

D wvalues {the decimal reduction time in seconds) celculated From the slope
off the thermal degradation rate curves, were plotlted against temperature on
semilogarithmic paper in order to obtain thermal reduction time curves.

The Z wvalues computed from the slopes of the thernal reduction time
curves were 92° and 177°F for chlorophylls a, and b. respectively.

The Fo wvalues of the respective processes were 38.4 and 42,9 minutes.

On extending results obtained by Gold and Weckel (37) it is seen
that on blanching peas at 190°F and heat processing at 2400F, an Fo value
of 13.6 is required to degrade 995 of the chlorophyll present. This is
neglecting any chlorophyll degradation during the "come wp® period during

which time up to 50% of the chlorophyll may be degraded.

The technique developed in this present study to follow the thermal
degradation of chlerophyll does not enable the order of this reaction to
be determined. Iliowever, it was demonstrated in Part "B" Section IIT
that this method could be used to follow pignent degradation and the purpose
of this study wns te determine if the colour change cccurring on heal pro-

cessing garden peas could be used as an index of heat lethality.

Lxperimental method

211 x 400 Code 3 cans fitbed with thermocouples were filled with 200
gres of thawed "frozen peas™, plus 105 gms of a solution containing 29
sodiuwn chloride and 2% sucrose, The cans which were then steam low
closed with a net headspace of 3/16 inch, contained ingredients with a

formulation typical of these found in commercial packs. The cansg were
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then heat processed for varying times at a retort temperature of 238°p
and alter processing, they were cooled and the percentage of degraded
chlorophyll determined in a sample of the contents (see appendix).
Luring retorting, the temperatures within the cans were measured with a
potentiometer at known ftime intervals and from these resulis I'o values

for tie vrocesses were calculated.

tesults

The results obtained are sumsarised in Fip,32 as a plet of the

percentage of degraded chlorephyll against the o value of the process.

Discussion of results

Pip,32 shows o linear correlation exists between the percentage of
degraded chlorophyll in a Y“ecommercial" pack of canned peas and the seri-
lising value of the process vhen degraded chlorophyll is determined by the
techmique developed in this study. The gtraignt line plot shown in IFig, 32
differs from the curve shown in Fig,28 (a plot of the percentage degraded
chlorophyll in a peas in waler system against time of heating at retort
temperature) due to the acenmulative effect of a number of factlors.

These include the different time scales used oun plotting the graphs, and
the nresence of salt and sugar in the system from which Tig.32 was
determined. Salt and sugar have been shown to affeet chlorophyll degra-—
dation and it is assumed these are the predominant factors responsible for
the linear form of Fig.32 as when the "“time at rebort temperature! scale
in Fig,28 is re-interpreted in terms of Fo walues, the form of the piot is

unchanged,

The linear nature of the plot shown in Pig.32 would enable this
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correlation to be used much more conveniently as an index of heat lethality
and the application of +this technique 4o determine sterilising wvalues in
products of this naiture would have distinet advantages commercially, e.g.
the simplicity of the wethod, relatively inexpensive equipuwent reguired

3 a . +
and reasonable accuracy (Fo's are able to be determined to about -~ 0,3).

Conclusions

The thermal degradation of chlorovhyll occcurring in peas on heat
processing ean be used as an index of the heat letirality of the process,
This method of determining sterilising values by following chlorophyll
legradation could be applied to any product containing chlorophyll, e.g.
broeceoli, asparagus, green beans, etic,, and hence be developed as a useful

commercial teclmigue.

However, it should be pointed out that since the analytical technique
developed in this study does not enable the kinetics of the reaction to be
deduced due to the heterogeneous nature of the system, the correlation of
chlorophyll degradation with heat lethality would not be reliable if
temperature and tiwme both varied during the process. An indication of
under or over processing could only be obtained from the results if
either processing time or temperature {or both) were maintained consitant

during the process (see Conclusions, Part "DV},



PART g

CORRBLAYTION OF BNZYIE ACTIVITY WITH BRAT LLTHALITY

{a brief review of heat inactivation of enzvmes,

factors affecting this reaction and on the basis
of previous work in this study, the feasibility

of its utilisation as an index of heat lethality
in tynical coimercial canning processes)




Till  HEAT THACTIVATION (DIATURATION) OF BNZYMES
AND  THE PHENOMENON OF REGERERATION

A considerable amount of work has been nublished on the theory of
the thermal inactivation of enzynies, factors aflfecting this reaction and
its lkinetics. Huch of the terminology used for describing the kinetics
of this resetion is similar to that adonted to desecribe the thermal
destruction of spores and lience it is wossible to re-interpret many of
the results to enable a correlation of the per cent residual enzyme
activity present in a product with the heat lethality of the process to

be established.

The theory of heat denaturation and regenerstion and factors affeciing
these reactions are briefly reviewed before discussing the feasibility of

using enzyme inactivation as an index of heat lethality.

A, TirmORY OF GEsT DENATURATION

The irreversible coagnlation of esg white on heating is a phenomenon
femiliar to all, Similar changes can be brought about not only by other
physical means, such as vigorous shalking or stirring, and irradiation with
ultra violet light or ultrasonic waves, but also by the action of acids,
basis, crganic solvents, salts of heavy metals, by ures, granidine, salicyl-
ates, delergents, and other compounds. In 211 these reactions the proteins
lose their original solubility; in most instances they become inscluble

at their iscelectric range. Gollagen, however, becomes soluble if heated
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with water. e call the changed prodein "denatured" in contrast to the
original "native" protein. Benaturation is frequently accompanied by a
loss of biological activity of ithe protein; enzymes lose their catalytic
activity, hormones their physiological action, and antibedies their ability

to conbine with antigens.

It has been suggested +that most enzymes are globular proteins and
their action seems to depend on the specific internal structure of their
molecules., This structure is stabilised by a great number of weak

secondary intra-molecular bonds.

¥4 was first propesed that heat causes a dehydration of the protein
molecule or an establishment of peptide linkages between some of the free
amino and carboxyl grouns, In addition, the reverse reaction, the
cleavage of.peptide bends by heatl was also considered possible. Di-
latometric measurenents show, however, that densturation by heat is not
accompanied by any noticeable change in volune, The hydration of de-
natured proteins in huwmid air is only sliphtly lower than that of native

proteins; their woter binding, however, is of the same order of magniiude.

The first reasonable bheory of denaturation was advanced by Wu (1925).
In this theory it was proposed that denaturabtion consists of a rearrangement
of the peptide chains in the prodein molecule due to rupiure by the de-
naturing agent of the weak bonds whiech hold these chains together.
Apoplying these concepts of Wu it can be said that denatburation congists of
an alteration of the chain conformation. The c¢losely folded peptide
chains are uwnfolded and/or refolded. The particular mode of Jdenaturation
will determine whether the disrupted peptide chains remain in the unfolded

state, whether they are refolded to give the original specific pattern,
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or whether there will result some other patiern different from the originel
internal structure, Obviously, the extent of denaturation can vary from

slight structural changes to complete rearrangenent of the peptide chains,

That denaturation is accompanied by unfolding of the peptide chains
ig indicated by the mmore inteasive colour reactions given by denatured
proteins than by the same protein in the native state. The higher re-
activity of the denatured protein shows that some of the reacting groups
are either huried inside the native globular protein or screened off in
another manner, e.g. by neighbouring groups which revel the molecules of
the reagent used or bind them without giving a colour reaction. The
higher reactivity of the denatured proteins was first shown for the
sulphydryl groups of cysteine and the dithio groups of cysiine, By ‘the
nitroprusside test, by bitration with ferricyvonide, iodine, and by
polarography, more sulphydryl and disulphide groups are found in the de-
natured than in the native protein. Similarly, the denatured protein
gives more intensive colour reactions for tyrosine and arginine, The
resistance of many native proteins to itrypsin and other proteolytic
enzymes as compared with the rapid proteclyitic degradation of the same

proteins in the denatured state may be explained on a similar basis,

All these observations support the view that some of the reactive
groups of the native protein molecule are inaccessible to the different
reagents but become accessible through the unfolding of the peptide chains.
A rearrangement of the pepltide chains upon denaturation is also indicated
by an increase in flow birefringence and viscosity. Denaturation is
usually accompanied by an increase in levorotation which is correlated

with the change in chain conformation, Sinece changes in conformation
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involve numerous hydrogen bonds, it is not surprising that denaturation is
accompanied by a shift of the infra red absorption maximum of the co band,
and also by & shift of the isoelectric point towards higher pH velues.

For the same reasons, the rate of denaturation depends, to a high extent,
on pH and temperature. The rate of denaturation is low at the iso-

electrie point of the protein and increases in acid or alkaline solutions.

The complicated specific arrangement of the peptide chains in the
native protein molecule can be disturbed by agents of different types.
Almost any physical or chemical agent will aliter the labile sitructure of
the native protein. Mineral acids convert the negative - coo groups
into — cooH groups, vhereas the positively charged ammonium groups remain
unchanged. The mutual electrostatic repulsion of these NH3+ groups
causes subsequent unfolding, expansion of the moleeules, end changes in
the specific rotation, Similarly, treatment of the protein with alkaeli
causes unfolding due to the mutual repulsion of the negetively charged
groups. If the added acid or alkali is neutralised the protein is re-
converted to its amphoteric state, although some of the original chain

conformation may be changed.

If denagturation is brought about by heat, the protein remainsg in
the zwitterion state, Hydrogen bonds between the peptide chains are
cleaved by the thermal motion of the peptide chains, and bonds between
hydrophobic groups may “melt", The insolubility of the heat-treated
protein is probably caused by the s—-s interchange reaction and the result—
ing formation of new intermolecular s-s bonds, This view is in agreement
with the fact that ecollagen, which i3 free of cystine residues, is

converted into soluble gelatin after heating. As long as the s-z bonde
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of the native protein are intact, denaturation seems to be reversible.

in alteration of molecular weight is by no means an invariable con—
sequence of denaturation, The econgulation of denatured protein is o
distinetly secondary effect inveolving the formation of intermolecular
linkages by groups which are displaced to the surface of the protein by
the unfolding wmrocess. Interaction of denatured molecules has been
variously ascribed to salt linkages between ionie groups of the wrotein,
interaction of nen polar amino zeid residues, hydrogen bond formaition,
and sulphide linkages. I+ is thought that the characteristic insclubility
of denatured proveins is derived primerily from intermclecular salt bridges
between ionic groups, The significance of non polar group interactions of
denatured proteins was advanced by YWu and supported by a number of investi-
pations, Hilers (28) atiributes the lower stability of denstured miilk
provein dispersions to the non poler surface groups, deveid of charge and
hydration, which provide availegble sites Tor aggregation ihrough van der

Yaal's attractive Torces.

B. HOE TERATT OGN

1

With the advent of high tempersture short time sterilisation {HT37),
peroxidase has received avtention primarily because of its high thermal
death time coefficient (Z value) and appareni regeneration under HTST
conditions {31, 150)}. Joffe and Ball (53) found there was a lag period
of approximately 20 hours in establishing regenerstioun. This was
attributed to a definite relaxation time of certain bonds critical fo the

partial renaturation necessary before the protein-porphyrin bonds could

be reformed,
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They found maximum regenerstblon occurred in 2-10 days of storage
after inactivation, the longer time (10 days) being required following the
higher temperature process. Afber maximum regeneration, there was a
decrease in activily thal was particularly noticeable for samples with
the most exbensive regeneration. Thus it appeared that the regenerated

molecule was less stable than the native molecule,

The reason for the high initial regeneration rote folliowed by the
decreased rate is nod known, bBut & possible explanation based on the
theory of Fischer (34) is: Upon heating, the enzyme is partially de-
natured, the protein fraction being precipitated. This precipitazed
protein absorbs and rrotects from heat some of the remaining undenatured
enzyme., During the first few days of storage, the undenatured enzyme
is eluted from the denatured protein and again becomes active in solution,
Then the denatured probein, accoerding bo the postulation of Schwimmer
{114) regenerates at a slow rate to give an increase in peroxidase
activity, The longer the heat treatment, the greater the denaturation and
tite less pogsible is the generation of the undenstured enzyme during the
Tirst few days of storage as the repalr of the enzyime molecules needs wore
time in samples heated for longer times at higher temperatures than samwples

heated for shorver times at lower teaperstures.

Esselen aud iAnderson {30) found thet in the itemperature range of
215-290°F the degree of heal reguired 1o prevent regeneration of peroxidase
activity in vegeltable tissues was 2 to 4 times greater than that required
to destroy the enzyme on the basis of tests made immediately after heaving.
Zoueil and Bsselen {150} reported 5 %o 6 times the amount of heat was

reguired,



FACTORS AFFLOTIHG HUAT IRACTIVATION OF HYATMES

1. Temverature

I% has long been realised that enzyme resctions increase in rate with
temperature and reach a maximum at the "optimum temperature®. Above the
opbimum the rate decreases with further rise in tempersature. The
optimun temperature is not a constant for a given enzyme as it varies
widely with such faclors ns enzyme and substraet puriiy, presence of
achbivators or inhibitors, and the method used in measuring the rate of the
catalysed reanction. Also; the =tability of different enzymnes to thermal
denaturation varies considerably and in general plant enzymes are more
resistont Lo higher temperatures than those from animals, The apparent
optimun temperature of enzyme reaction is explained by two independeni
processes being simultaneously accelerated by temperature; the catalysed
reaction and the thermal inactivelion of the enzyme. At temperatures
lower than the optimum it is the catalysed reaction which i3 chiefly
arfected, while at itemperatures higher than the optimum the inactivation

of the enzyme by heat is the predominant factvor,

The rate of inachivation of enzymes in solubion increases rapidly with
the temperature and in nearly all cases inactivation becomes virtually
. o, . . .
instantaneous at temperatures well helow 100°C, in the majority of cases

below 70°C.

The thermal inactivation of enzymes is usually unimolecular and in-
creases expenentially with temversiure in sccordance with the Arrhenius

eguation over a Tairly wide range, indicating that the activation energy
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is independent of temperature changes,

As mentioned above, ithe inactivation of enzymes by heat is nearly
always due to the inactivation of +the enzyme vprotein. 'fhe temperature
coefficient of inactivetion is considerably higher than that of any other
known process, with the exception of protein denaturation, and sn exact
pronortionately between inactivation and denaturation has heen shown for
pepsin and brypsio. In these cases denaturation can be reverssd undex
certain conditions and a recovery of activiity parallel with the renaturation
of the protein is obtained. The hiph coefficient of inactivation implies
a high heet of activation for denaturation which makes the ratbe sharply
denendent on temperature, This temperabure at which extensive denaturation
occurs is fairly closely defined. By apnlying the theory of absolute re-
action rates it is possible to calenlate the free energy and entropy of
activation for denaturation; it is found that the value of the free energy
is not exceptional and the high hest of activation is due to exceptionally
high positive entropies of activaition. This hes been interpreted as
indicating the breaking of a large number of weak bonds, such as hydrogen
bonds, in the denaturation of proteins and enzyme. This is comsistent
with the accepted picture of denaturation as an opening up of the molecule

by unfolding or separation of adjacent porltions of weptide chains.,
= EN I Py P

2. Time

If a series of progress curves for different temperatures is plotted
it will be seen that each curve has iis apparent optimum temperature and
that this opltinum temperature is not constant but falls as the time
interval increases, That is, the oplimmm teapersture, wiich heralds the

onset of enzyme inactivation is dependent on tinme. The significance of



time is also shown by thermal inactivabion of enzimes generally following

Lirst order kinetics.

3. pHi

The rate of inaectivation of enzywes, like other protein denaturations,
is in most cases greatly dependent on the pil of the solution. The effect
of pH varies greatly from one enzyme 1o another. In general there iz a
zone of maximum stebiliiy, not necessarily around the isoelectric point
and the inactivation inereases on +the acid and alkaline sides. Hany
enzymes are inactivated even at room temperature at pil 4-5 and &-10,
Dimick, et al. {(27) studied the beat inacbivation of polypbenolase in
fruit purees and Ffound +the pl of maximum stability to be: pears, 5,03
apricots, 3.,9; applies, 6.2; grapes, 4.5, Only with aspricots 4id the
pH of maximum stability vearly coincide with that of the fresh fruit.
Wilder (144) using peroxidese purified from horse radish, showed the pH
of maximum sctivity to be 7, while lipoxidase was found to have maximum
stobility bebween pHs 5-7 (32). In acid procducts, the % value (degress ¥
required to give logarithmic reduction in the inactivation time) is

generally smaller than that found in low acid foods,

4, Concentration

The rate of denaturation is alsc dependent on the concentration of
eNZyme . In the inactivation of pepsin by heat (22), the reaction was
found to vary from 5ih order in dilute solutions wo I8t order in concen—
trabted gsolutions and simulbteneously, the activation energy decreased from
approximately 150 keal to 60 keal/mole. The reduetion in activotion

enerpgy witihh increase in concentration implies the existence of strong
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repulsive forces betlween the pepsin molecules. Ia concentrated solutions
he moleecules are in states of bigher potential energy, with a consequent
reduction in the setivation energy needed for denaturation. In studyving
the effect of the concentration of apple and cucumber peroxidase on its
thermal stability, Nebesky, et al. (85) showed that an increase in con-

cenbration of peroxidase inecrveased ithie resistance to heat inactivation.

5 Tyuoe of enzving

As indicated previously different enzymes are affecied vo different
extents by the above factors, e.g. temperature. For example, adenylate
. . ) - . o . .
kinase will withstond prolonged heating at 100°C at pi 1 and crystalline

amylase isclated from B. stearothermophilus was shown to retain 90%
Y ¥

of its metivity after 1 hour at 90°¢ while certain other enzymes are de-
natured at room temperature. Of the nlant enzymes, which are generally
more heab resistant ihian enzymes of animal origin, peroxidase is one of
the most heat resistant, The relative heat stabilities of peroxidase,

catecholase and ascorbase have been examined {(141),

Peroxidase from pea filirates was shown to reguire 1 minute at 284°p
for complete inactivation (31). Selwimmer {(114) showed +Hhat different
vegetables contain more than one peroxidase and that varieties vary in
Yheir activities towards subsirates. Jermyn {(52) isolated 4 different
enzymes showing peroxidase activity from horse radish and Vetter, et al.
{137) and later Yamamoto, et al., (149) have showm that sweet corn
peroxidase is composed of 2 enzymes differing in their inactivation

resistonce.,

Peroxidase from different sources have been shown to wvary in their
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heat inactivation properties (30).

6, Efvect of test substrate

Work by Webesky, et al. {85) indicated that the spperent thermal
destruction btimes for peroxidase in cerdain fruit and pickle products
vgried zecording to the substrate used in testiuvg for the presence of the
active enzyme. Also, Heddi, et al. (99) shoved the peroxidase sctivity

of apple tissue varied wibth the method of analysis.

Te tiolisture content

Herrlinger and Kiermeier (76) showed at consbant temperature the
peroxidase in sunflower seeds was inactivated guicker when {he seeds had
been soaled in watver. Germeier and Hoberlein (76) showed with cryst-
allised catalase that at constant wemperature, vhe inactivabion increased

withh increased water content.

3. Toenie strength

Using phosphate buffer solutions, Wilder (144) demonstrated that the
lower the ionie strength, the greater the activiiy of the enzyme (peroxi-

dasel.

0. Inoredients added 4o canned food packs

(a) Sugar

Studies {66, 35) on the effect of sugar conceniration on the
heat insctivation of apple and pear peroxidase show that an increoase
in sugar conceniration increased the resistance of the peroxidase
to inactivation although it had the opposite effect on peach
peroxidase. Sapers and MNickerson (109) Tound the addition of 3.64%

sucrose or 3.0/ starch to spinach catalase had no effect on the
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stability of the enzyme at 55°¢.

{b} Sait

Studies (85, 109) show that the addition of small amounts of
salt (2%) had no effect on the thermal stability of pickle peroxi-

dase or catalase.

{¢) Vinegar

It haz been shown (66, 35) that the addition of 2.5 to 5% of
vinegar sclution markedly decressed the resisftance of pickle
neroxidase to inactivation by heat. This wenld bhe due bo primarily

a pH effect,
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CORRELATTON OF #ANZYME INACTIVATION

WITH BDESPRUCTION OF SPORES

4 considerable amount of work has been done on peroxidese inactivation
as it appears that the advantases of high temperature shori time precessing
resulting from the rapid inactivavtion of bacteria by high temperatures are
offset to a considerable extent by the relatively lower rate of peroxidase
destruction ab high tewperatures. Also regeneration of peroxidase is

undesirable as it leads 1o the production of off flavours.

It is generally agreed that the thermal destruction of enzymes
follows 1st order kinetics (31,32,53,149), although some anomalies are

present (109,149).

Bnzyime inactivation has alsoc been shown to obey the Arrhenius equation.
Hence the kineties of this reaction indicabed a dependence on time and
temperature in a wanner analogous to the thermal desiruection of bacterial
sSpOres, This has lead to the adoption of terminolegy used in spore
destruction {o describe emzyme inacbivation. For exemple, Farkas, ot al.
(31} found between 100 - 15000, the heat inactivation curve for peroxidase

£t

..l o,
indicated an Fo of 6 and a & valus of 43°F,

% wvalues, P values and D values have been determined for a number of
enzgymes in a variety of Lruits and vegetables under varying conditions
I - =
{1,30,31,15C}.
The 4 values are generslly considersbly higher than those encountersd
g b ¥ hrg

L L u o . .
widh spore destruchion, and values of over 80 F have been determined {53).

bue Yo their similar destruction characteristics, enzyme inaciivation
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and spore destruction can be dirvectly related. Henece by determining the
pexr ceat residual enzyme activiity in a sample, the number or per cent of
spores surviving can be ascertained, Adams and Yawger (1) found the
. . . . . oo . ~ o -

eat inactivetion of peroxidase in peas had a Z value of T hey then

heat tivet f peroxidas 8 P 1 67T F T !
. v ac e Ak , 18
reinterpreted this data and plotted as log leilality velue (F?SO)’ versus
o . s

retort tempersiure { F) and so determined ithe process conditions necessary
to degiroy perexidase. Prom their results they found that o destroy the

= 0 -
peroxidase at a retort temveratbure of 240°F, an ¥o wvalue of about 3.3 was

required; at 25OOF, Fo = 93 zand at 2800F, Fo = 100,

The results of Adams and Yawger indicate that at high tempervatures,
bacterial zterility will be acliieved before significant enzyme destruction
hag ceccurred and this could lead 1o problems of off flavours ene., in the
produect due bo enzyme action. In the bemperalure range 240 - 2507
bacterial sterility is achieved at approximately the same btime as total
enzynie deslruction, while at temperatures less than this, all the enzyme
is destroyed before the required heat lethality is reached. Hence at
high temperatures enzyme destruction would be the overriding factor while
at low temperatures, total enzyme destruection would indicate a certain

percentage of bacterial steriliiy had bheen acihiieved.

In acid conditions, the enzywe is inactivated more readily and so in
this case also, total enzyme destruetion could only be used as an index

of partial bacterial sterility.

ftesende, et al, (100) studied the thermal destruction snd regeneration
s Eb 2t g
of enzymes in green bean and spinach puree at ¥l 8,3 and assays for
. . = L Qi o (S F
peroxidase showed a 2 value of 88 and 29°F respectively. Spinach

. o o . o
chlorvophyllase had o 4 value of 2277, They found an Fe¢ process value of
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5.0 was sufficient to prevent regeneration of peroxidase in spinach at

o . - o
temperatures up to 290°F, while for greeun beans at temperatures of 270

o} . . .
and 260°F, process values of 37 and 245 respectively were required 1o

prevent peroxidase regeneration.

Thesge resulds indicate thal although peroxidase insctivetion in spinach

at pif 8.3 could be a convenient wethod of determining hest lethality, it

would not be suitable for beans hecause the desired bachberial sbterility

would be achieved before significant enzyme inactivation had occurred and

so the process would have to he extended to preveni the development of oiff

flavours in the produek.

Hence, it can be seen that by following euzyme inactivation, an indi-

cation of the sterilising value of the process can be obtained al any

retort temperature although its application as & Feasible commercial

technigue could have limitaiions because:

1.

4,

Vost enzymes are destroyed well before the desired bacterial sterility
is schieved. This is especially so in low temperature or high acid
conditions,

In high temperature conditions, eonzyme destrucition and not bacterial
sterility governs the process.

The tempersture range over whiechn enzyme destruction could be corre-
lated conveniently with heat lethality is critical and small,

The rate of enzvme destruction is influenced by a number of factors

which conld be diffiecuilt to contrel, e.g. concentration of enzyme

and pi could depend on the variety of raw material etec,



CONCLUSIONS AND SUGGESTIONS FOR TFURTHER STUDY
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CONOLUSTONS

The object of this study was Lo carry out preliminary studies to
ascertain whether chemical reactions oeccurring in a selected model systenm
or Tood could be used as indices of heat lethality. The results obtained
indicate thoat the chemical reactions selected could Le correlated with
sterilising values but since simple hinetics were nol demonstrated due
to the selection of the reanction to he followed or the method of analysis,
the correlations could not be extended to show the integiated sffect of

both nrocesgsing hime and temperature on the degree of browning.

iovever, the results obltained could have commercial application

i thin the limitations listed bLelow:

Te The technigue could be used te determine with reasonable acecuracy the
sterilising value of a process where the processing temperature wvaried
not more than a few degvees throughout the process, The degxee of
under or overprocessing could be estimated from the extent ol the

chemical choange oceurring in the reference systen.

2. Vhere & standard processing time is adhered 1o, any varisbility in
the resulis given by the chewmical systewm would indicste that the pro-
cessing temperoture had fluctusted during the process and from the
extent of the chemical change in the veference systen, an indication

of whether under or over processing had resulted could be obiained,

Yo significance can be atiached to a variability in the
reference system if the processing time and temperature are both

allowed 1o deviate.

3. In the case of a coniinuous type cooker, if the temwverature profile



and hence amount of effective heat is known, then the degree of
under or overprocessing resulting from inceonsistencies in processing
time can be estimated from the extent of the change in the reference

system.

4, In a continucus cocker, if the processing time is consfani, an
indication of under or overprocessing and hence conditions within

the cooker, can be obitained from the reference system.

It shounld he poivted out that the technique of coxrelating a chemieal
change with heat lethality is net envisaged as a method of determining
desirable processes for new products and the standard methods should be
strictly adhered to for this estimation, However, the usefulness of the
technique as a quality control check on fiuetuations in time and tempera-
ture in static and continuous cookers is obvious, Zones of poor head

contact in a retort could also be checked for by this method.

SUGGESTLONS  T'ON  PUSTIER  STUDY

The aim of this study was to investigate and establish i the heat
lethality attained in a systen could be determined from an associated
1 . - A L 14 il ER .
change, such as colour or enzyme activiiy, falking place in the system ox

in a fracer can subjected to the same conditions,

Arthough it is submitied that this aim has been fulfilled, there aore
a. muber of sugprestions arising from this sfudy which warranted Turther
investigetion and would enasble the concept of correlating a chemieal
change talding plece in a produet with the heat lethality of the process to

hecome comumercially o wmore accepiable techinigue,

It is generally accepled that the thermal destruction of bacterial



spores obeys Ffirst order kinedics and seo if the chemical system adopted
to follow spore survival is also a first order reaction and obeys the
Arrhenius equation, then the correlstion is made so muel more convenient,
4 suitable chemical system could be nore readily selected where a tracer
can technigue is used, but where this correlation is to be made in a

food product it may be very difficult dto find a suitable chemical change
taking place, let alone find a simple, guicl methoed of anslysing the
change. Corbonyl-asmino browning is a relatively common chemical reaction
taking place in heat processed feoods althourh in some ecases the colour
chiantge may be unnoticeable. In this study products were selected in
which the colour chanpe could he detected and followed relabively sasily
but tae reachbion could alse be Ffollowed by other means such as chaunges in
fluorescence, reducing power, foaming properties, production of carbon
dioxide or water, formation of intermediate compounds, e.g.

hydroxymethylfurfural, and so on,

fience it can he seen thatl there are a large number of methods
available to follow this and other reoctions and depending on the sibuation
some are more suitable +than others, Por example, carbonyl-amino browning
undoubtedly ocenrs in heat processed peas but in this case any colour
change is wmarked by other pigments present, and in this case, the
degradation of the chloropiyll piguwents serves as a very seusitive index

of heat imputb.

Congiderable further work could be carried out on the seleetion of
o, tracer can sysitem with simple kineties and o suitable veaction rate
constant and activaition energy to enable a convenient velationship bebween

chemical index, tempersture and time to be developed and used commercially
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as a check on heat processing.

The glucose-glycine system selected in this study does not follow
simple kinetics aud this limits its usefulness where processing tempera-
tures may change during a process unless involved mathematics are
introduced, An index or systew which was not affected by changing
teinperatures would be wery convenient for determining sterilising values

commercially and so an investipation for such a system would be warranted.

Where analysis of a food product is carried outb, similar difficulties
in corvelating the chemwieal index with time and temperature would also he
encountered unless care was taken to select a reaction with simple

kinetics,

Other browning mecliznisms, for example, ithe degradation of ascorbic
acid or the oxidation of polyliydroxy compounds could be investigated Lo
debermine if more convenient “eolour change" systems are available.

Howvever, the application of this technique is not limited to "colour change®
systens although this method does often enable measurenents to be nmade

vary readily. Hany owrganic reactions proceed at the desirved rates

under ceonditions of commercial processing and covld perhaps be followed

and correlated with heat lethality, A reasction of this type followed by

a simple and guick titration method could bhe suitable.

4 considerable amount of work has been corried out on the thermal
destruction of thiamine and other heat sensitive compounds found in foods
{(51) and this type of reaction could warrant Turther investigotion with
a view to correlating it with heat lethality in tracer systems or food

procucts,
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Zeactions oceurring in iracer cans give o result which is directly
related to the conditions of heat penetration present in the txacer can
and for these resulls te be of value, they must be correlated with pro-

o£7
i

. values
h

cessing time orx a range of heat penetration charactevistics,
can only be introdnced where linear heat penetration curves exist and a
correlation should be delermined over a wide range off these wvalues,

i.e. to much higher values than those used in this study. Vhere linear
heat penetration curves do not exist, the reaction ocecurriung in the tracer
can must be correlated with orocessing time snd a prelininary investiga-
tion is recuired teo determine at what time the degired sferilising value
in a product is reached. This inconvenience could be overcome by having
a variety of tracer can systens with differing heat penetration character-
isties or by having o standerd tracer can system in which the wvate of

heat penetration could be adjusted to be identical to that of the product
to be tested, This could be extended to include tracer systems with

"broken™ heating curves so the resulis could be correlated directly with

products with similar hesting characteristics,

However, where heat penefrotion characteristics are used in a
correlation, the fh value in question must be determined accurately and
if it is calculated from a produet, it must be consistent or else sericus
errors could be introduced. Where the correlation between some index
and heat lethality is made in a product, i.e. a tracer can is not involved,

changes in the fh will not affect the result as long as the concentraltion

o
£

of reactants remains constant and other factors affeciting the reaciion

are not albered,



Wiere an index systen is influenced by & large number of factors

care must be talen to keep as many Ffactors as possible constant, In
some cnBes, g.g. fish, this may be almost impossible and this could apply
to many npbural products. For this type of product it would be bhest do
develop some index in whieh ithe reactants were not influenced Dby

variables such as climate etc, However, this dravback is overcome by

using n bracer ecan index system,
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Can sizes

APPERNDIX

The systen used Lo describe cen sizes is: the first group of Figures

- -+
gives the

e first

represent

diameter, the second the teight, Within the groups of Tipguves,

fipure represents whole inches, and the following twe fipures

0 £
LIBCT

ions of an inch in sixtbteenthis, Colle a 211 x 400 cen

wonuld hove a diameter of two 11/16 inches and a height of four inches.

B,

c.

1963,

Can lacquering codes

The code sysbenm for can coatings used in this study is:

Code

Code

Codle

-
3 -
G -

tinplate {no body or ernd lacaners)

sulphur resistant lacquer {phenolic meat lacquer on can
body and g zine oxide pigmented anti-sulphur oleoresinous
type lscquer on the ends)

acid resisbant lacquer (double epoxy phenolic lacguer on
body and double oleoresinous acid resisting laecquer on

the ends)

Wet headspoce

In accordance with the Wew Zealand Stendaxd Specification MASE 1715:

3/16 inches is allowed for the 1id so in a can with a 3/16 inch net

N 1 3
headsvace, before seaming, the surfece of the contents would he 37 of an

inch helow the vop surface of the can,

[

Drained weishts (peas)

The New Zealand Stendard Specification NESS 1911: 1965 states that
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for a 30 oz can, the wminimom drained weight should be not less than 19 oz
of peas and thal this relative proporition should be constant for all sized

cang,

B. Can vacuum

Throughout this study, can vacuums were delermined with o D.F.H.R.A.
patent vacuws gauge, giving results in "ineches of mercury®. The results

obtained were true rsadings in the sense that the technique of measuring

the vacuum compensates Tor air present in the gaunge.

IT. ETMOD  HOR  DETERAENING  THD  DEGHED
OF  BHOYNING TN CASEIN-GLUCOSN SOLUTICHS

ter processing and cocling to room temperature, the contents of
the cans were poured inte beakers and kept under chilled conditions
(40—500F) Tor 24 hours te allow eguilibrium to be reached. Feadings
the degree of browiing were detervmined using filter B in an ERL
Hephelometer head coupled to ap ILL Unigalve type 20 galvanometer
stondardised on 100 with s contrel casein-glucose solntion which had

undergone ne browning.

ITY, BETHOD FOH  DRTERHINING THE DEGRED
0F  BROWNING  IW  GLUCOSE-GLYCING SOLUTIONES

The degree of browning of a sample was given by the transmission
obtained by using filter 1 {370-515 m viclet spectrum) in a Unicam SE
1300 nphotoeleciric colovimeter. The c¢olorimeter was standardised
{transmission = 100) against an unheated glucose-glycine solution of

gimilar fowviulation o that being tested.
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It was found that the contents of the can could be tested up to 3 hours

after vrocessing and ccoling to room temperature. Un opening a can,

the degree of browning of the contents had to be deltermined immediately.

IV, PRERPASATION OF DEANE  AND  ANALYGIZ OF

DROWHING  IN  BAIRD BiANS  IN  TOMATO SAUCE

The dry haricot beans were prepared for canning as below:

Soaked in excess water at 90°F for 4 hours.
Yrained, soaked one hour in excess coocl water.
Drained, soaked overmight in cold water.

Drained, blanched in water at 210°F for 12 minutes.

Cooled immediately.

The bheans, on preparing, abscrbed abeut an equal volume of water.

he tornwmio sauce added to the beans was donated by a large food processing

COmpany. The degree of browning faking place in ‘the beans on hesat

processing was determined as below:

1.

4

A representative sample of about 50 gms of beans was ‘talenn from the
cann te be tested and washed thoroughly in water to remove all
visible traces of tomato, t was very important that » revresento-
tive sample be talen 2s some beans had split skins and hence browned

wore readily.
Excess water adiering to the beans was removed.

25 pr1 beoans was howmogenised for 5 minutes with 40 ml petrolewn
i H

ether using a iSE homogeniser.

The petroleum cether was deconted from tixe blended beans.
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The pelroleun ether, as well as being present as & fluid to enable
the homogenisation to proceed, removed any caroienoid pigments which

were present and could interfere with results.

The reflechance povcelain sguare was filled with a portion of the
blended beans and the surface smoothed.

RN

The reflectance from the bheans was neasured by placing the ZEL
reflaectance spectropiotometer higad on the sample and reading the
result indicated on the attached galvanometer (EEL Unigalve Type 20)
using filter 603, {(This filter gave maximum sensitivity).

The galvanometer was stendardised by adjusting tie reflecibance
piven by placing the spectrophotometer {with Ffilter 603 in position)
or: an N7 Munsell grey caxrd vo 100, Althoush magnesiwe carbonate
is the accepied standard, in 1his case the imunsell card could be
adopted sabtisfacvorily as it is a stendard colour and refleeting
surface, and since only one filier was used throushout the trisl; all
readings were direcily related +to the adonted sbandard, The
reflectance given by the iunsell standard was the same as ithat
oiven by o control smuaple of beauns, i,e. beans which lad not been

heated but treated identically to beans which had Deen processed.

V. SSRTEATION Qi Tun DEGREE O BROVHING

CORM

"t Tras T T
IL'-‘ HEAT E.wdc_»uu-,)‘- .

To determine the degree of browning taking place on hest processziug

crean slyle corn, tie Tollowing procedure was adiered to,

Te

; . . ) : 33 s s -
The can o be examined was onened and a dplug abouv 3 ineh in diameter

was renoved Trom the cenire of the contents. A plug from the region
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imnediately adjacent to the central vertical axis gave a sample in
vhich & correlation between browning and heat lethality was

consistent with the ZGeneral hethod of process evaluation.

65 gn of corn was baken from the nlug semple snd homogenised with a
8ilverson lahoratory model mixer-emulsfier witil a uniform glurry

wns obhbained.

To this slurry was added 35 ml of carhon tetrachloride and this was

nomogenised for 5 mimvtes.

4 centrifuge tube about # inch in diameter was filled with the slurry

and centrifuged at 2,700 r.p.w. for 15 minutes using an I1EC Inter-

national centrifupe, universal model UV. This ecentrifuge had a

head diometer of 194 inches where the “heand diameter' is the
distence between the inside botvoms of opposite cups measured through

the centre of rotation of the centrifuge while dthe eups are horizon-

tally extended.,

After centrifuging all the surface skin was carefully removed from
thie wube and vhe top slurry layer poured inbto a sdquare porcelain

reflectance dish to a depth of 2mm from -bhe

Yith Lilder 604 in position, the refleectance of the saple was
determined using on BEL reflectance spectrophotometer head coupled
Yo an EZBL Unigalvo Type 20 palvanometer, The galvanometer was
standardised previously to give & reading of 100 vhen the roflecctant

spectrophotometer was placed on an NY lnsell grey card,
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VI, TO DERRMINE THE DEGREE  0F  DROWNING
IN  HUAT  PROGCESSL FISH

Although in this study the sample had already been removed from the

and mixed with blood tissue, the techpigue used below could be appiiad

determining the degree of Lrowming in any fish sample.,
(=] i = gh

To 20 g of fish sanple was added 30 ml of » 128 solution of tri-
chloracetic acid.

The fish plus acid mixture was homogepised with a SBilverson labora-—

tory model mixer—emilsifier until o uniform slurry was obtained,

The slurry was centrifuged for 5 minutes al 2,700 r,p.m, using an
1€ Inbernmationnal centvifuge, Universal moedel UV,

The precipitate was vemoved from the bhotiow of the cenitrifuge tube
and packed Tirmly iu a square porcelain reflectance dish to 2 um
below the surface.

The reflectance was determined immediately using an BEL reflectance
spectvrophotometer head fitted with filver 603, coupled to an DEL
Unigalve Type 20 galvanometber. The specilrovhictometer was
previously standardised ow an MY haunsell ecard to give 2 reading of

25 on the galvanometer,

VII. T8 HETOD 08 CHLOROFUYLL WATRACTION  AMn  B3TIMATION

Lxtraction of ehlorophyll

4 representative 20 gm sample of peas was removed Trom the can to be

tested and together with 70 ml of 385% acetone and a small quentity

(about 0.1 gus) of caleciuwm carbonate, disintegrated to e uniform
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slurry by blending for 10 minutes with an LEE homogeuniser,

2. The slurry was washed with 85 acetone inlo a buchner funnel and
filtered under suction throuch a Whotwmen Wo.30 filter paper. The
washing was continued witi 855 acedbone wtil all the colour was exw
tracted from the matesrial, i.e, until the filtrate remained colour-
less on passing thvough tie f£ilter,

3. A buchiter fuannel fitted with a Vhatman Heo.32 filter paper and a
slurry of Celite 545 and filtrate was prepared and poured ianie the

newly prepared buchuer funnel to form a fillex pad.

b The filtrate was possed dwice Fhwough the Lilter pod using suction

+tn ensure the Filirate beeazine clear,

e The Pilwrate was transferred to o 250 ml volumetric Plask and made

up to volume with 8%/ acetone,

Ly

4 wos important to meintain oll steps as guantitative as possible,
This extraction had to Le carried out in the absenee of sunlight to

prevent degradation of the extramcted chlorophy..

3. Estimation of the per cent degraded ehlorephyll
Te To & ml of the c¢hlorophyll exiract urepared above was sdded 1 ml of

27 F . -z
255 acetone and the conbents tlheroughly wixed,

2, The bransmission of this solubion was deteritined using Filter 1
positioned in a Unicam ZF 1300 photoeleciric colorimeter. Filter 1
had a wavelength ol 370 ~ 315 i A The colorimeter was stendardised
to pive 100% transmission with 8% scebone.

The fransmission value obitained above was reading {a).



Fig, 33, SECTIONED CAN SEOWING PCSITION OF THERMOCOUPLE
AND GLAND FITTING
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3. To ¢ mi of the chlerophyll extract was added aboulbt G.2 g of oxalic
- L] T) . ! i)
acid and biis was then made up to 106 mls with 65 acetone. It

insufficient oxalie aecid was used, all the ehloropiyll would not be

o

degraded in the reguired +ime, while if Hoo wuech oxalic acid was
used the sclution wonld becomwe saturated and turbid due to undig-

L]

sclved erystals.

Al

hie conbtents vere amixed to ensure 2ll the oxalic ocid dissclved.

=N
-3

R L ke

5. Mse solution was allowed o stand for at least 5 minuntes to ensure

cotplete desrodation of chlorophy..

Ga The transmission of this soluvien was determined using the Uniecam
colorimever standridised as ahove, The solution had to be tested
within 15 minutes of preperation. The value obinined for the

transmission was resding (b) and from the stendard curve, the per-

(&)

a . &

centagze of degraded cilorophyll was found from Dk
k

Te A Coubridge workshop potentiometer {Type 44228, wi

¥
4

.

potential zource) wes used in this study to determine hesperatures
It ; 1

within cans.

2. The thermocouples werve positlonsd in the gecrmebric cenire of the can
as shown in Fig.33 by soldering to the can wall 1/16 ineh IN copper
pipe—olive compression fitdings cub in two, with a

L

insertion rubber mnaling the sezl.

A

3. Calilbrated copper—consbanten thevmocouple wive of gavge 24 was used.

Precauvtions taken to prevent errors in tempersture measurement wvere:
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Thermoeounle wires were lhept separated in {the reiort.

Gare was taken io ensure insulation on the thermocouple wires

in the cans was intact.
AlY Joints were soldered.

A11 soldered joints were kept as small as possible,

A1l thermocoudle vire was ealibrated (90).
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