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ABSTRACT

Newtown Pippin and Winesap apples were taken from
terminal storage. and prepared_as slices to be processed in re-
tortable pouches to determine an optimum process using the rel-
atively new pouch technology. Preprocessing treatments in-
cluded calcium chloride as a texture modifier, sodium bisulﬁite
as a microbial inhibitor and colour stabilizer, and sodium acid
pyrophosphate as a colour stabilizer. These reagents were added
to the slices by vacuum infusion, hot blanching or cold dipping
to determine their effects on the final product. The slices
were packed in 300 gram pouches that were evacuated, then flushed
with either nitrogen‘or carbon dioxide before sealing.

The samples were stored at 22 and 35°C and were ex-
amined by physical, chemical and sensory methods, at intervals
of two weeks, six weeks and five months after processing to de-
termine the changes occurring within the samples. During stor-
age, quality changes did occur, which affected the aéceptance of
the samples, particularly at thé higher temperatures.

Texture was vastly improved with the addition of cal-
cium ions to old apples. Colour remained significantly lighter
in samples with higher SO, levels. The addition of pyrophosphate
was also shown to increase the lightness of the samples. The

levels of reducing sugars and pH were shown to increase with the
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length and temperature of storage.

Preparatory methods were also shown to have a great
influence on the quality of the final product. Hot blanching
of apple slices lead to a lower qualitv vproduct than either
vacuum infusion or cold dipping. Vacuum infusion was by far
the most efficient preparétory method but resulted in a prod-
uct with a translucent appearance and a bland flavour. Cold
dipping produced the best final product. The use of carbon di-
oxide atmospheres within the pouch produces a lower pPH and a |
softer texture in the samples. Nitrogen was found to be the
better of the two gases for quality maintenance.

In general, it was determined that apples from term-
inal storage were more difficult to process into a product of
good quality than were applesvstored for only a short time af-

ter harvest.
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INTRODUCTION

Since the end of the second world war, the develop-
ment of the petro—chemical industry has led to an increase in
the types of materials available for the packaging of food.
During this time, a number of flexible wraps became popular
in the food industry, but it has only been within the last
fifteen years that flexible polymers, capable of withstanding
the temperatures required to stabilize low acid foods, have
been developed (Mermelstein, 1976). .With this has.comeufhé
rise of a variety of laminated flexible retort pouches which
have found widespread acceptance in some parts of the world,
notably Japan. In other areas, however, the appearance of the
pouch has been particularly slow. This was especialiy true on
the North American continent where the progress of pouch tech-
nology has been impeded by the refusal of the Food and Drug
Administration>to give approval for its use in the food indus-
try of the United States. Recently, however, with the develop-
ment, by Continéntal Can Company of a‘new heat bonded trilam- .

B

inate which does notArqui%eltHe‘uSe of the offending polyure-
thane adhes%ves} thé,lést obstacles to §céép£ance‘of the pduch,

have been removed, opening a large market to this concept.



Since the physical aspects of the pouch are somewhat
different to those of conventional glass and -tinpblate containi
ers, there arises the need to establish food formulations, to
conduct heat penetration studies, and to assess consumer re-
actions to such foods before a full scale eﬁtry into the field
of pouched food can be attempted. It is therefore the purpose
of this research to investigate the aspects of processing some
fruit products in this manner, to monitor changes which occurred
over a preselected storage period and to determine the accept-
ability of the samples by a small group of panelists. Differ-
ent varieties of apples were chosen for this project since ap-
ples are the most important fruit crop raised in Canada, of
which more than ten percent of the total domestic consumption
is in the form of canned fruit products. (Canada Year Book,
1975).

Since the history and length of stérage of apples
can influence their subsequent texture, and since processes in-
volving pouches are less stringent, apples from terminal stor-
age were used to determine if slices of suitable quality could

be produced.



REVIEVW OF THE LITERATURE

The problems arising from the vrocessing of apple
slices in flexible retort pouches for this project were di-

vided into four categories as follows:

1. Establishing a safe process time

2. Assessing a number of preparatory treatments

3. Assessing the value and need for a number of
chemical adjuncts used in processing

4, Evaluation of different apple varieties taken
from terminal storage for this process

Process Time

The shaée of the retort-@duch.preséﬁ£é§éﬁtﬁiﬂﬁer
profile for heat processing when comparedbto other éonventional
containers and therefore, a shorter heat treatment would be re-
quired to achieve microbial stability .(Thorpe,and Athertén,
1972). For this reason, the degree of quality deterioration
which usually accompanies thermal processing in other qontainers
should be less when the pouch is emploved.

The establishment of a process time for any product
can be carried out by either direct measurement or by mathemati-
cal calculation. Heat penetration methods for pouched foods as
described by Tung et al., (1976) and Tung and Garland (1976) are
an example of a direct measurement and calculation of a reliable

process time. The mathematical method involves the use of the



apparatus and method described by Dickerson (1965) along with
the equation for a theoretical brick shape (0Olson and Jackson,
1942) to provide an f-value which is subsequently used in Ball's
straight-line semilog heating curve equation (Stumbo, 1973) to
establish a process time.

The mathematical approach provides a relatively re-
liable process time provided that the process material heats
by conduction and it is quickly carried out using relatively
simple apparatus. Heat penetration studies also provide re-
liable process times but require care that the slowest heat-
ing point in the container is monitored throughout the process
for a number of runs to reduce the effects of natural varia-
tion. This method also requires much complicated calculation

which is time consuming unless there is access to a computer.

. Preparatory Methods

In the canning industry, a great number of prepara-
tory treatments have been used for the preservation of fruits
and vegetables. Generally, these nrocedures are carried out
to accomplish svecific purposes such as air removal, tissue
shrinkage, enzyme inactivation, texture enhancement and the
addition of chemical adjuncts/(iee,_1958; Collins ;nd_yjley,,f
1967; Hoover and Miller, 1975). For the processing of apple-’

slices, it is desirable to retain a fairly firm texture while



removing gases, especially oxygen and inactivating enzymes.
Oxygen removal is necessary to prevent browning and oxidative
flavour changegf(prei 1961) .

A submerged vacuum infusion method described by
Hoover and Miller (1975) was reported to be successful in the
elimination of gas and the provision of a fine texture while
permitting the addition of chemical preservatives to the tis-
sues. Collins and Wiley (1967) found that this method was
the most satisfactory to achieve an even distribution of cal-
cium salts throughout apple tissue. The disadvantage of this
method was found to be that enéyme activity was no#jcﬁftailed
unless live steam was used to break the vacuum in which case
the slices could not be submerged in a ligquid medium, thus
eliminating the possibility of chemical addition. Sulfur di-
oxide, however, is known to be an inhibitor of certain enzyme-
catalyzed reactions, notably enzymic browning (Lindsay, 1976)
and therefore, if this chemical is present in the tissues,
the importance of enzyme activity is greatly reduced. Tissue
shrinkage is not as important in this procedure since the ad-
dition of fluid to the slices increases the density thereby
making it easier to attain a proper fill Weightw(Guttefsbﬁ,
1972) .

’Hot:blanching;"asﬂdesCribed by Lee (1958), provides
tissue shrinkage, air removal, enzyme inactivation, and limi-
ted chemical addition. The major disadvantage of this method

is the loss of firmness which occurs with heating (Gutterson,



1972). The addition of firming agents, such as calcium salts,
is known to counteract softening due to processing (Wiley and
Lee, 1970). A second and more serious disadvantage to this
process is the loss of solubles, particularly nutrients, from
heat blanched tissues (Holmquist et al., 1954) .

A third method of preparatory treatment used in fruit
and vegetable processing is cold dipping. This method is used
more in the frozen and refrigerated storage of these products
and is employed mainly to apply a surface coating of chemical
preservatives. Enzyme inhibition, air removal, and tissue
shrinkage are not accomplished by this method and therefore,
problems can arise from both oxidative and enzymic browning
and difficulty could be encountered when trying to achieve an
'thimﬁm £ill weight in a céhﬁéiﬂer. The broWning nroblems can
be greatly reduced with the application of sulfur dioxide-
(Lindsay, 1976). The main advantage to this method is the re-

tention of the fresh texture.

Chemical Adjuhéts

In the processing of apple slices, various chemical
additives can be used to enhance and maintain their texture,
flavour and colour. It is desirable, however, from both an
economic and aesthetic perspective, to use as few chemical ad-

ditives as possible in the processing of all food materials.



Texture in apple slices can be a particularly dif-
ficult problem since it is related to apple variety, matur-
ity, type and length of sébrageiaﬁd ﬁhe:processingrtééhniques
to which they are subjected (Wiiéy and Thompson, 1960; Wiley
and Stembridge, 1962). Calcium salts are proven firming agents
but cannot always be relied on to give a product of uniform
firmness because of the aforementioned variables. Céllins and
Wiley (1967) reported that the distribution of calcium salts
throﬁghout the fruit tissues had a marked effect on the final
texture. The addition of sucrose and the raising of the pH of
the addition medium to a range of 5.5 - 6.5, also was shown to
have a beneficial effect on the firming action of added calcium
in apple slices (Wiley and Lee, 1970; Ponting et.él;,‘197l).
This firmness was subsequently maintained when the pH was low-
ered with the addition of citric acid, a well known chelator
of calcium ions.

Colour in apple slices is enhanced and maintained
with the use of various chemical additives. Sulfur dioxide
is commonly used and is highly effective in maintaining light-
ness in apple slices and has been successful for this purpose
in unprocessed refrigerated apple slices for up to several
weeks (Ponting et al., 1971). .Ascorbic acid is also effec-
tive in maintaining lightness in apple slices (Ponting et al.,
1972) but its cost is much higher than the acceptable sulfites

which makes its use less attractive to processors. Ponting



et al., (1972) were also abie to show that calcium ions were
synergistic with both sulfur dioxide and ascorbic acid in
maintaining lightness.

It has also been reported by Timberlake (1957) that
metallic ions such as copper are responsible for catalyzing
the oxidation of phenolic compounds producing a dark colour
in the juices of apples and pears. Ortho and polyphosphate
ions are known to be chelators of various metallic ions in-
cluding iron and copper. (Ellinger, 1972) and therefore, could
be useful in lengthening the shelf life of canned apple proa—
ucts.

Sucrose can be added to processed apple products
as a flavour enhancer although this is not always done in in-
dustry. (Hope, 1961). Added sugar alsoAprdvideS“a~degree of
body to the juices which are released from apple .tissues.when:
heated and as stated earlier, are thought to enhancé‘the éc-
tion of calcium in firming apple tissues.

A number of organic acids, notably citric, malic,
and fumaric, may also be added to apple slices to increase
their tartness.(Guttérson} ;972). .Iﬂ,ﬁény Var}etiéé_of ap;;;
ples, however, this is unncecessary since the natural levels
of acids, particularly malic acid, are sufficient to provide
the required acidity_(Eheart and' Mason, 1967). .Gitric acid

and to a lesser extent other organic acids are chelators of



calcium ions (Gardner, 1968) and therefore, might have a

detrimental effect on the texture of apple tissue.

Varieties

In the British Columbia area there are several
varieties of apples produced which are suitable for pro-
cessing including: Golden Delicious, Red Delicious, New-
town Pippins, Winesaps, Spartans, Rome Beauties and Mc-
Intosh. Some of these varieties can provide processing
problems when taken from prolonged storage (Kitson, 1976).
McIntosh and Spartan varieties tend to have a high level of
chlorophyll in the tissue which when processed, give a grey
green cast to the product. Both have relatively short stor-
age lives and are usually not available after December of
the year of harvest. Red Delicious have very low levels of
acid and do not have very good flavour when processed. Rome
Beauties and Winesaps have a fairly long storage life but
have a tendancy to turn pink when processed. This is possibly
due to the presence of leucoanthocyanins present in the tis-
sues. Golden Delicious are excellent processing apples and
have a fairly long storage life of approximately six months
after harvest. They also have been known to have a green
cast when processed. Newtown Pippin apples have a very long
storage life of about ten months. They have excellent tex-

ture and because of their fairly high acid content, provide
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a good processed product. This variety, however, is also very
popular on the fresh market.

Storage conditions and harvest maturity also have
a profound effect on the final quality of apple products.
Wiley and Thompson (1960) found that processed apple slice
quality was about the same if apples used from common stor-
age had only been stored for half the time éfﬁappieé fréﬁ:
cold storage. They also concluded that apple maturity at
harvest influenced the length of storage for which apples
could be held before they were past a processing quality.
Long storage times produced processed apple slices lacking
both firmness and a bright colour. Apples harvested at a
post optimum maturity produced the best canned apple slices
especially if processed immediately after harvest. From
this study, they also found that no singie chemical or phys-
ical measurement on raw apples was suitable for predicting
the overall quality of processed slices but that shear press
measurements on raw slices showed promise as an indicator of

processed slice texture.
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EXPERIMENTAL METHODS

EXPERIMENTAL DESIGN

For this project it was decided that a large pack of
apple slices would be subjected to a number of different treat-
ments and undergo a storage trial in an attempt to determine an
approximate shelf life and the effect of the various treatment
factors on it. The factors examined included two varieties of
apples, the addition of SO; which was varied both by method of
addition and levels, the addition of calcium ions which was
varied both by method of addition and levels, the addition of
pyrophosphate ions which was varied by methods of addition and
levels, the replacement of air in the pouch by two different
gases, and three different methods of preheating treatments be-
fore thermal processing.

The experiment was set up so that a total of 29 dif-
ferent experimental sample groups were produced. The samplé
groups were each divided in half and stored at different tem-
peratures (22 and 37° C) to note the effects on shelf life.
‘Within the different experiments there were several comparisons
which could be made on each of the factors while maintaining

the other conditions constant.
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A simple analysis of variance employing a Duncan's
Multiple Range test for differences between ranked samples at
a 5% probability level was used. Simple and stepwise multiple
regression procedures were also employed to determine the re-
lationships among the different variables and measurements
made on the samples. These analyses were submitted to the

University's I.B.M. computer for calculation.

PROCESSING

Process Time Determination

For the purposes of this research, a thermal process
time was determined. This goal was accomplished by using two

procedures.

Thermal Diffusivity Studies

The first method used to establish a thermal process
time involved the measurement of the thermal diffusivity of
apple tissue in an attempt to arrive at a rate of heat pene-
tration which could then be used to determine a process time
depending on shape and dimensions of the container. Because
the pouch was somewhat different in geometric shape than the
conventional tinplate can and the process technology for the

pouch was limited, it was felt that the measurement of thermal
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diffusivity of apple tissue might be beneficial in determining
a process time for apple slices in a pouch and perhaps a rapid
method for calculating a process'time for any size of pouch.

The measurement of thermal aiffusivity of apple tis-
sue involved the use of an apparatus designed specifically for
this purpose (Dickerson, 1965). The apparatus consisted of a
stainless steel cylindrical container and two plexiglas end
caps. One of the caps was drilled, threaded and fitted with
two 1.6 mm diameter thermocouple probes, one positioned at the
outer edge of the cap while the other passed through the cen-
tral'axis. This permitted the outer thermocouple to come in
contact with the wall of the gylinder at a position midway a*=
long the length of the cylinder when the end cap with thermo-
couples was inserted in the end, while the central thermocouple
was positioned in the geometric centre of the container. The
cylinder had an inner diameter of 35 mm and a void length of
23 cm.

In order to use raw apple tissue in this apparatus it
was neceSsafy to prepare discs of apple which were perfectly
round and of a sufficient diameter to fit snugly into the cyl-
inder. Each disc had an even thickness so that adjacent slices
in the cylinder would fit snugly together leaving no spaces for
the collection of juices. The discs were carefully threaded on

to the probes so that the 'central thermocouple penetrated the
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exact center of a disc while the other probe was partially em-
bedded in the edge of the disc. Care was taken to gauge the
thickness of. each disc so that the last disc to be threaded on
(centrél position in the cylinder) was only penetrated to one-
half its thickness. This ensured a more reliable reading than
wouia have been achieved if the ends of the probes had been
positioned at the junction between two slices. When the probes
had been thus embedded in the discs, the entire assembly was
inserted carefully into the cylinder. Additional discs were
then inserted in the other end until the cylinder was filled
and the remaining end cap was inserted so that the apple discs
were compressed snugly together. Both end_caps were sealed
with waterproof tape and circular hose'clamps were applied to
prevent a blowout of‘thé cap when the tissue éxpanded with in-
creasing temperature.

The full cylinder was then immersed to the level of
the top clamp on the probe end of the cylinder in an insulated
4.5 1 water bath at room temperéture. Sufficient time was al-
lowed for the temperature to equilibrate between the cylinder
and the water bath before the experiment was started. The
water bath was equipped with a submerged heating coil, a pro-
peller-type stirrer to ensure uniform distribution of heat,
and a large temperature-sensitive probe. Both the heating

element and the temperature-sensitive probe were connected to



a temperature programmer (Valley Forge Instrument Co.) which
provided a constant rise in temperature with time in the water
bath and was governed by feedback from the temperature-sensitive
probe. .

The outer ends of the thermocouple probes were fitted
with connector plugs for the attachment of copper/constantan
leads to a potentiometric data logger (Digitec Model 1268,
United Systems Corp.) which could monitor the changes in temper-
aturé of the two thermocouple probes by recording the millivolt
‘signal at one minute intervals.

~As the temperature of the water bath rose, so did
the temperature recorded by the outer probe. Due to the in-
sulating nature of the apple tissue there Was a heating lag
at the position of the céntral probe. When the central temp-
erature began to increase, the temperature recorded by the
outer probe was already much higher. 1Initially the rate of
temperature chénge per unit time of the central probe wasvnot
as fast as that of the outer probe but eventually the differ-
encé between the two rates decreased until the temperature
difference between the two probes became essentially constant.
This is described as the linear heating rates of both probes.
The thermal diffusivity of the apple tissue could then be

calculated using the equation:



Equation I

« = _ A(R?)
4(Ty - To) (Dickerson, 1965)

where:
« = thermal diffusivity (in2/min)

A = dT = the linear rate of heating (OF/min)
dt

R = the inner radius of the cylinder (in)

T, = temperature registered by the outer thermocouple
(OF)

T, = temperature registered by the inner thermocouple
(OF)

Since the heating rates at the two positions were not
quite equal nor was the temperature difference exactly constant
but seemed to fluctuate back and fofth, a method to obtain a
mean heating rate was devised. A Wang 600 desk top calculator
with a linear regression analysis program was used to obtain
the straight line parameters for the linear portions of the two
heating curves. The time-temperature data for these portions -

were submitted to the program to receive:



Equation IT

T = a + bt
where:
T = temperature (OF)

Il

t time (min)

In this equation the slope or b value is equal to
the heating rate and because the heating rates for the curves
were never quite equal, it was decided to take théir mean as
a common heating rate for both thermocouple probes. Once
having establishéd a separate ordinate intercept for each
heating curve along with a time from the abscissa common to
both linear portions, the two-corresponding temperatures, Ty
and T,, were established.

When all of the parameters and the temperature values
for each probe at a given time had been established, the ap-
propriate values were substifuted into the thermal diffusivity
equation (Equation I) and the thermal diffusivity of apple tis-
sue was calculated. This operation was carried out 21 times
and the thermal diffusivity values were totalléd and a mean
and standard deviation were calculated. In order to reduce
the possibility of an error resulting in a process too short
to achieve pasteurization, a value of three times the standard
deviation was subtracted from the mean value of the thermal
diffusivity giving a value known as the-modifieq>tﬁérﬁal*

diffusivity («¥*).
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Once the value of oa* had been determined, it could
be used in the equation, derived from the works of Ball (1928),
Olson and Jackson (1942), and Stumbo (1973) for rectangular
food containers to determine the f}, or time (min) required for
the linear portion of a semilog heating curve to traverse one

log cycle.

Equation IIT
fy = .933
1 1 1
* = =
a | (F2) + (g2) + (cz)l

(Olson and Jackson, 1942)

where:

f;, = time required for the linear portion of a
semilog heating curve to traverse 1 log
cycle (min)

a* = corrected thermal diffusivity (in2/min)’

a = % the width of the pouch (in)
b = % the length of the pouch (in)

c = % the thickness of the pouch (in)

Using the fh derived for a pouch of apple tissue and
Stumbo's Method (Stumbo, 1973), a prpéess time was.calculated as

follows:



Equation IV

B.= fy, (log jchIh¥log9%)

where:
B = process time (min)
Jcp = lag factor in a heating curve for the centre
of a container.

I,, = difference between the retort temperature and
the product temperature at the start of
heating (°OF)

9c = difference between the retort temperature and
the temperature in the centre of the product

at the end of heating (°F)

For the purpose of this research and since the pouch
most closely resembles a brick shape, a j,, value of 2.064 was
chosen. (Olson and Jackson, 1942). The initial centre tempera-
ture of the product, the centre temperature at steam off, and
the retort temperature were set at 80, 180 and 220°9F respectively.

‘The_proééég éimé P;yéri£imé:fromhﬁﬁén'théffégbrt;'.
reaches its operating temperature until steam off (min) is cal-

culated using the equation:

Equation V
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where:
1 = the time taken for the retort to reach its
- operating temperature after the steam is

turned on.

‘ﬁeat‘Penetration

The second method used to determine a processing
time for the apple slices was a heat penetration method (Tung,
1974) which was used to verify the results of the thermal dif-
fusivity study. Because apples are naturally acidic (pH less
than 4.0) the heating requirements did not need to be as strin-
gent as for non-acid products to achieve microbial stability
in a sealed container (Stumbo, 1973). It was therefore de-
cided that the achievement of a temperature of 180°F (82.2°C)
at the point of greatest temperature lag would be sufficient
(Ball, 1938). Because of the insulating nature of apple tis-
sue and the geometric shape of the pouch, the point of greatest
temperature lag was cohsidered to be the geometric centre of
an apple slice located precisely at the geometric centre of a
pouch.

To establish the procéss conditions, retortable
pouches were equipped with metal packing glands (0..F. Eck-
land Ltd.) near the bottom centre of the container. This

facilitated the entry of copper/constantan thermocouples to



- 21 -

monitor the temperatﬁre in the package. The 15.2 x 23.4 cm
flexible packages were constructed of 0.5 mil Mylar/0.35 mil
aluminium fo0il/3.0 mil C-79 polyolefin (Continental Can Co.).
The thermocouple junction was inserted into the centre of a
fairly large apple slice which was secured in a helical wire
coil of 2.5 cm diameter and 6-7 cm in length. The rigid coil
maintained the package thickness at 2.5 cm (1 in) and pre-
vented the slice from being dislodged from the thermocouple
during‘subsequent movement of the pouch. Data from packages
in which the thermocouple had moved from the central positioh
were later discarded. The thermocouple wire after passing
through the packing gland to the exterior of the packége was
maintained at a length of at least 10 m. This allowed for
passage through the retort 1lid and attachment to a potentio-
metric data logger (Digitec, United Systems Corp.) consisting
of a digital voltméter coupled to a 20 point scanner and
printer.

The special pouches were then filled with 270 g of
prepared slices, 30 g sucrose, and immediately sealed using a
Multivac vacuum/gas sealer. Headspace in the package was mini—
mized before sealing by manually flattening the pouch above the
product near the sealing area. The sealing was accomplished

following evacuation and a nitrogen backflush.



Thermal processing was carried out in a 60 cm dia-
meter vertical laboratory retort using a 2200F (108°C) cook
with 8 psig air overpressure. The pouches were arranged hori-
zontally on the open work shelves of the retort rack and spaced
so as to allow circulation of the heating medium. A wire screén
was clipped over each shelf to prevent pouch flotation. Dummy
pouches filled with water were used to maintain a full retort
load of 30 packages at all times. Thermocouples were attached
to the racks near tﬁe test pouches to monitor the retort temp-
eratures throughout each process run. |

Water in the retort was preheated to 160°OF (7l°C),
the loaded rack was immersed, the retort closed and brought up
to the pfocessing temperature of 220°E (108°C) in . seven minutes.
Retort and product centre temperatures were monitored at one
minute inter&gls>aﬁ§;£he_dété”Wé}éffecoraéd'by'thé~dafq.lgggér
for a 15 minute heating time followed by a 15 minute cooling
period during which all thermocouples registered aﬁmaximuﬁ'df a;
'Leaéé;i§QQF (82.2°).

The process determination was then carried out using
a series of computer oriented procedures described by Tung and
Garland (197%6) which utilized the heat penetration data from
the data logger to provide estimates of a process time required
to achieve a specified lethality at a single point within thé |

product. Data from two separate retort runs were utilized in

LT e

order to partially;aqcéuﬁ£'fbfviﬁé effects‘ﬁf‘ruﬁ“to run varia—f

tion of the thermal parameters.



The heat penetration data were eﬁtered on punch cards
-and an I.B.M. 370/168 computer was used for its analysis. The
analysis occurred in four basic steps. The first step converted
the millivolt readings from the data logger to temperatures in
OF. The come up time was also supplied at this stage so that
in addition to supplying the process lethality, which is irrel-
evant for acid foods requiring only pasteurization, it supplied
time-temperature data pairs on separate cards which were re-
quired for the next step.

The second step made use of a 10 inch Calcomp plotter
to display the data in the form of the log of the temperature
difference between the retort and the product for the heating
curve oOr the‘log of the temperature difference between the prod-
uct and the cooling water for the cooling curve as a function
of time. The retort and cooling water temperatures were the
means derived from,the.replicate retort thermocouple data and
were supplied to this program along with the time-temperature
data pairs which had been separated into their respeetive
heating and cooling curves.

The heating curves (log viersus time;, where é rep-
resented the difference between the temperatures of the retort
and the product at a specified time) generally contained three
regions: an initial curved portion representing the lag period
for the centre temperature, a linear portion verifying the

theoretical semilog decrease of the temperature difference



between retort and product centre temperatures, and a final
region showing deviations of the data from the linear model
due to widening precision limits of measurement as the prod-
uct temperature approached the retort temperature. Cooling
curves (log m versus'time:"Whére m';epreSén;s thé‘différénce
between the temperatufes of the product and the cooling watef'
at a specific time) demonstrated an initial cooling lag upon
the commencement of cooling procedures, followed by a linear
portion which represented a steady-state éooling.

This graphical examination of the data was useful
for identifying the beginnings and endé of the linear regions
of heating and cooling curves as.was required for the next
step of the computer program. Data points that deviated from
the expected trend could at this time be checked for possible
keypunching errors.

The third program of the series made use of the
data taken from the linear portions of the curves, and applied
least-squares linear regression to compute heating and cooling
curve parameters. Data selection for this program was facili-
tated by the conversion of the time-temperature data to individ-
ual cards in step one.

The heating rate (fy) was calculated as the negative
reciprocal slope of the straight line portion of the heating

curve. The pseudo-initial heating temperature (Tpih) was



derived by extrapolating the straight line portion of the semi-
log heating curve to -40% of the retort lag period (Stumbo,
1973). With the initial temperature of the product -(Tiy), Tpih

was used to calculate the heating lag factor J..

Equation VI

-~ Tr - Tpih
Jeh = ——m
Tr - Tin
Théﬁpseudo—ihifial cooling temperature (Tpic) was
calculated by extrapolation of the linear portion of the cooling

curve to the "steam-off" time in the process. The cooling lag

factor (Joc) was then computed as:

Equation VII

Jece = 7T/
Tw - Tic
where:
T, = the cooling water temperature (OF)
Tjc = the product temperature at the "steam-off"

time (°F)

The cooling rate (fg), the time required for the
straight line portion of the semilog cooling curve to traverse
one log cycle on the cooling record was calculated to use in
extrapolating the cooling curve to "steam-off" for evaluation

of Tpic'




This step provided a tabulation of the pertinent
thermal parameters for all experimental data in a series in-
cluding means and standard deviations.

| The fourth step of the calculation of the process
time was carried out with a program on a Wang 600 advanced
programmable desktop calculator. Thermal parameter means and
standard deviations from the previous step were used for this
purpose. Since the product in this research was considered
to be an acid food (pH < 4.5) the approach taken was to assure
that containers with a heating rate three standard deviations
above the mean (fL*) attained a specified internal temperature.
The specified temperature in this case was 1800F, a temperature’
adequate for the destruction of non-spore-bearing organisms
(Stumbo, 1973). The equation used to calculate the processing

time was:

Equation VIII

B = fh*(log jchIh - log 9.)

where:
B = process time (min)
I, = retort temperature minus the initial temp-

erature of the product (°F)



9o = retort temperature minus the product centre
temperature at "steam-off" (OF)
fh* = the mean f, + 3 S.D. fp

Jch = the mean Jgp

Since To in this research had a fixed value of 180CF
the 9, derived also had a fixed target value.
The operators process time (P.), the time interval

from when the retort first reaches its operating temperature

until "steam-off" is derived from the equation:

Equation IX

Pt=B—0.4l

where:

1 = the comeup'timé (min)

'The figure thus derived from this procedure was
then used as the process time for the apple slices in the test

pack.

" SAMPLE PREPARATION AND PROCESSING

Apples of the fancy grade were used for this project.
Three varieties were examined as possible subjects for processing
of which two were chosen. These were Newton Pippins and Winesaps
with Golden Delicious being disqualified because of colour, tex-

ture and flavour problems as determined in the preliminary tests.



The apples for the main experiment were refrigerated
(49C) until processing at which time they were peeled and cored
by a mechanical peeler. Slicing was accomplished with a rad-
ial eight section kitchen slicer which produced slices of rel-
atively uniform size. The apple slices were then immersed in
a 1% NaCl solution to prevent browning on the cut surface.

From this point the treatment of the slices diverged according
to the pretreatments to be examined.

Apple tissue has a highly porous nature and conse-
quently contains a great deal of gas trapped in interstitial
spaces. Oxygen present in air is known to have a significant
effect on the rate and degree of browning which can occur in
processed apple slices (Olliver, 1971). For this reason it
was deemed important to remove as much of the gas as possible
to determine whether this would significantly retard or pre-
vent darkening during later storage.

.Gas removal was accomplished by submerging the slices
in a liquid within a vacuumizing container, and then drawing
a vacuum of - 10 psig. Under these conditions a large amount
of gas was removed if the slices were allowed a 10 min "boiling-
off" period. Reentry of air into the tissue was prevented on
breaking of the vacuum by the surrounding liquid which was
drawn into the tissue. With this method the liquid could be
used as a vehicle to achieve the entry of some of the preserv-

atives such as calcium ions, pyrophosphate ions or SO, into



the tissue. These were added in the form of calcium chloride,
sodium acid pyrophosphate and sodium bisulfite solutions re-
spectively. This was the basis for one of the pretreatment
methods.

A second method of pretreatment was less concerned
with the removal of air but concentrated more on the applica-
tion of preservatives to the outer surface of the slices. The
advantage of this method was that it was easy, economical and
the apples would not suffer textural changes due to rhysical
changes such as gas removai or heating. With this method the
apple slices were dipped in containers of room temperature
preservative solutions. A 2 min dip was used in the applica-
tion of S0, and pyrophosphate; a 5 min application was re-
quired for Ca** ions. Basically three types of solutions were
used with this method - calcium chloride solutions, sodium bi-
sulfite solutions and sodium bisulfite with sodium acid pyro-
phosphate solutions.

The third pretreatment method involved a hot blanch
of 1 min at 1809F to remove gases and inactivate enzymes. The
solution used for the blanch was also used as a vehicle for
the addition of preservatives. Two types of solution were
used in this case, sodium bisulfite or the combination of sod-
ium bisu;fite and sbdium acid pyrophosphate. If Catt ionsg
viere to be added to the tissue during this method, thev were
added in the form of a cold dip before the hot blanch. 1In

all cases, treatment with Catt ions preceeded SO, treatments.
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The preservatives were added to the slices at various
levels depending on the method of pretreatment. Calcium ions
were added as a firming agent at levels of 0.25% of the solu-
tion weight for the vacuum solution and 0.5% of the solution
weight for the cold dip. Sodium acid pyrophosphate was added
at levels of 1.0% of the solution weight in the cold dip solu-
tion and 0.33% of the solution weight in the vacuum solution.
This chemical, added for the maintenance of whiteness in apple
slices, was always included in the same solutions as the S0y,
Sulfur dioxide was added at levels of 560 parts per million
(ppm) of solution in the vacuum solution, 1160 ppm and 1080
ppm of solution for the hot blanches of Newtowns and Winesaps
respectively. Three levels of SOy were used in the cold dips
to obtain a comparison of the effectiveness of this method of
addition. These levels included a low, 1730 ppm of solution,
a medium of 2160 ppm of solution and a high of 2810 ppm of
solution. The addition of S0, was made to preserve the light-
ness of the apple slices. 1In general the levels used in the
evacuation process were always much lower because of the in-
creased efficiency of this method of addition.

Once the apple slices had undergone the pretreat-
ments they were weighed into 270 g lots and placed in numbered
flexible retort pouches with 30 g of sucrose which gave a

final pouch weight of 300 g. The pouches were then manually



flattened to reduce the headspace and sealed in a Multivac vac-
uﬁm/gas sealer. Sealing was accomplished with the removal of
most of the remaining air in the pouch and replacement with an
inert packing gas such as N, or COp. Following this, sealing
was carried out. The pouches were then placed on the rack of

a 60 cm diameter vertical laboratory retort with‘no more than
35 pouches per run. The retort was filled with water and pre-b
heated to 160°F (70°C) before the rack was lowered in and the
retort closed. Once the retort was sealed the process was
started with an operating temperature of 220°F (108°C) and air
overpressure of 8 psig to maintain pouch integrity and thick-
ness. The come up time for the retort was 7 min. The process
time (Pt) derived from the thermal diffusivity studies was

19.8 min affer which time the steam wés shut off and cold water
cooling and pressure release was begun. The cébiiﬁg brocéépre
.Was'maiﬁ@@ipéa“Gﬁgiiiﬁheftéfoft“?éééhéd“é”teaéeratufeAéf‘lbeF
(389C) at which time the pressure had diminished to atmospheric
and the retort was opened. The‘pouches were then removed,
dried and sorted into different groups according to storége
temperature treatment (229 or 35° ().

Calcium chloride was added to the apples because cal-
cium ions bind with pectic substances notably pectinic acids of
a low methoxyl count to give a firm texture (Hodge and Osman,
1976). This reagent must be used with caution, however, as
too much can impart a woody texture and bitter flavour to fruit

tissues.



Sodium bisulfite was added to the apple tissue be-
cause it acts as an antioxidant and helps to maintain the white
colour expected in apple slices. The use of too much of this
reagent creates flavour problems and therefore appropriate
levels should be determined.

Sodium acid pyrophosphate (S.A.P.) can algo be used
to”maintéihhfﬂewiigﬁgﬁéé;bﬁfjin?ééﬁétfgdd.p;oducfé: .igg
action is derived from its ability to chelate metal ions which
are capable of catalyzing various degradation reactions re-
sponsible for bfowing (Furia, 1968). It was found from pre-
vious experience that apple slices preserved with S0, and
stored at a warm temperature (35°C) eventually underwent a
darkening. It was thought that the addition of S.A.P. might

retard this thereby increasing the shelf life of the product.

This reagent also caused flavour problems if used in excess.

" STORAGE TESTS

The 29 sample groups were divided in half with one
half being stored at a controlled temperature of 35°C while the
other half was stored at room temperature (220C). Tests were
carried out on one of th¢ samples one week after processing
to determine the initial characteristics of the products. A
second testing of the samples was carried out six weeks after

processing which included all samples from the 229C storage



and one of théﬁt&éﬁfy—nihe‘sampleé froﬁ the 350Qw§torage.
Following a period of five months, a third testing was carried
out and included all the samples in the 35°C storage plus the

remaining popches,bf thei%éme sample'ffom the 2§oé“étdfégé.

PRODUCT PHYSICAL PROPERTIES

Magness—Taylor Pressure Test - Fresh Apple Texture

In some fruits, including apples, maturity can be used
«aé'gpuipdiéatipﬁ'pf piébabié teXiﬁre., This, howeVer; canfvaryf
Witﬁ“difféfeﬁée§f1ﬁ”GarféffigﬁdMin éto;aée‘éohditioﬁé; At the be-
ginning-of the projeé£n£ﬁree diffefenﬁ varieties of apéles from
different areégiaﬁQfgifférehtiéforagé fgciii£ies were é&aiiabie
for study. Due to the numbers of factors being tested, it was
felt that the processing of three varieties would lead to an
extremely large pack which would be too cumbersome to handle.
For this reason attempts were made to decrease the number of
varieties used. One of the tests used to separate them was
the Magness-Taylor Pressure Test. This test is ordinarily
carried out in the field with a small portable apparatus but
for our purposes, the apparafus was modified to yield accurate
results on existing laboratory equipment. This equipment con-

sisted of a puncture probe of Magness Taylor dimensions, 7.9

mm tip diameter, connected to the load cell of an Instron



{ N]
Model 1122 Universal Testing Machine (Bourne, 1965). The load

cell which sensed the force required to puncture the surface of
the apple was connected to a strip chart recorder which produced
a gr?phic account of the applied force throughout the duration
of tﬁe puncture test. The Instron is ideally suited to this
type of test because both the speed and depth of penetration afe
controlled electronically and therefore are not subject to the
variations present when perfofming this test manually. The
graphic record also gives some insight into the behaviour of

the apple tissue during puncture.

It has been found that the speéd of penetration of
the Magness-Taylor has little influence on the force required
for penétration(KBourne, 1965). Thus, a speed of 5 cm/min was
arbitrarily chosen. The puncture depth was set at 0.79 cm in
all cases.

An equal number of apples~W§s chosen raﬁ@é@i? froﬁi7
each of the three varieties in cold storage and were given suf-
ficient time to reach room temperature before proceeding. A
maximum of four punctures were made at right angles to each
other around the "equator" of the apple. In order to eliminate
the high yield pressure required to puncture the tough apple
ékin a shallow circular section 1 cm diameter was pared (with
a sharp knife) at each puncture point on the apple (Bourne,

1965). It was necessary to have a flat surface for puncturing



(Schomer & Olson, 1962) and it was required that the plane of
opposing flat surfaces on the_apple be in parallel planes.

This permitted the presentation of a flat surface perpendicular
to the probe when the apple was resting on the opposing flat
surface and gave the most consistent results. During the punc-
ture test, the apple was supported on a firm bed 6f plasticine
to prevent mechanical damage to the underside in all cases.

The force-deformation curves produced’ in this experi-
ment consisted of an essentially linear rise, at the selected
chart speed, to a break or yield point, representing penetra-
tion, then a flatter "saw-toothed" curve representing a series
of smaller yields as the tip penetrated further into the tis-
sue. The major yield pressure was used in all cases as an in-

dication of texture (Mohsenin et al.y 1962).

" Single Blade Shear - Apple Slice Texture.

Texture of the fresh and stored apple slices was
measured with an Instron Model 1122 Universal Testing Machine
coupled to a single blade shear céllnﬁtém an Aiiéikré@§?;$ﬁéérbf
Press. The cell consisted of three main parts. The metal shear
blade (12 x 7 x 0.3 cm) was fastened to the load cell of the
Instron by an adaptor. The cell body consisted of a base plate
with a slit (0.35 x 7.5 cm) and two side plates with guide slots
for blade alignment. The support frame functioned to fasten the

cell body to the base of the Instron while permitting adjustments



so that the position of the cell body was in alignment with_the
blade thus minimizing friction between the moving parts which
could give erroneous results.

The tests were carried out by placing five randomly
chosen slices adjacent to one another across the slit of the
base plate with the inner or core edge up. The blade was low-
ered at a speed of 5.0 cm/min and the shear force sensed by
the load cell was recorded on a strip chart recorder. The
peak or highest reading was taken as the measure of texture in
all cases. Care was taken to insure that the slices in each
test were essentially the same dimensions. Tests were carried

out in duplicate.

" Viscous Behaviour - Puree

[

The function of added calcium ions in fruit tissues
is to combine with pectic substances located in intercellular
spaces. This renders the pectins water insoluble and creates
a bonding between adjacent cell waIngénd cbﬁéequenﬁi?iéif%}méi
texture. It was thought that if increased intercellular bond-
ing occurred, it should be more difficult to achiéve mechanical
diéruption and maintain the disrupted condition after blending
the calcium-treated tissues. Such tissues should yield a

higher proportion of "clumped" cells than non-treated tissues.

One method of observing such a difference would be to examine



the flow behaviour of tissue purees. To do this, a Haake Roto-
visko‘coaxial cylinder viscometer with an MVII spindle (gap
width 2.55 mm) was employed.

Purees of all experimental samples were made using
250 g of apple slices with 100 ml distilled water in a Waring
blendor for 2 min. The puree was allowed to stand for at least
one hour after blending in a closed container at room tempera-
ture to permit the escape of air incorporated during blending.
Just prior to measurement on the Rotovisko, each sample was
stirred with a.spoon to insure a uniform sample and an appropri-
ate amount wasvpoured into‘the sampie cdp. ThlS contalner was

‘then externally coated w1th glycerlne to facilitate heat trans-
fer and 1nserteo 1nto the controlled temperatdre water jacket
;overrthe apladle. Theosa@p;e was then,a;lowedua brief period
to>eqdilioraterQithrthelﬁater jacket‘temberatdre of ZOOC.
During each test the spindle rotation was varied in
a stepwise fashion .through-a eeries of ‘speeds from maximum to
minimum. The transmission was then disengaged and the shear re-
laxation was recorded until a constant value, reflecting the
yield stress (oy), was obtained. Following this the transmis-
sion was again engaged and the spindle rotation was varied from
minimum to maximum speeds to complete the measurement. Shear

rates of 529 to 3.27 sec™l were employed, as calculated using

Newtonian flow in the gap. The torque caused by the viscous



drag of the fluid was sensed by an electronic torsion dyna-
mometer and was recorded on a Rikadenki multi-pen strip chart
recorder.

Flow behaviour curves were constructed for each of
the tests using the data derived from the strip chart record-
ing. The flow parameters m and n were evaluated by a computer

program which employed two forms of the power law flow model.

Equation X

o = m¥h and
Equation XI

o =m¥? + o0y

Where:

o = shear stress (dyne cm-z)
oy = yield stress (dyne cm—2)

shear rate (sec—1l)

Y
1l

m = consistency coefficient (dyne secl cm~2)

n = flow behaviour index (no units)

Data cards containing three data values (dynamometer
setting, gear setting and scale reading) were made for each
shear rate of each test. These cards were then ccmbined with
a program and submitted to the I.B.M. 370/168 computer which

evaluated shear stress and shear rate data for each point and



then the rheogram parameters were computed using the method of
least squares and a nonlinear curve fitting technique. The pro-
gram also calculated statistical parameters to estimate the ac-

curacy of the flow model fit to the data.

Colour - Apple Slices

Maintenance of a light colour in the apple tissue was
one of the main concerns of this project and therefore colour
was monitored throughout the storage period to determine the ef-
fects of the different treatments on browning pfevention. Colour
measureménts were made with a Hunterlab Colour Difference Meter.
Thé machine was,sfandardized using the white ceramic standard.
Sufficient sample (drained slices) was placed in the sample con-
tainer to completely cover the bottom. The samples were placed
over the apérturé, covered and read for their L, a and b values.
Each sample was rotated 180° after reading and reread to give
duplicates of all measurements. All readings were made on a

representative sample of two pooled pouches.

" PRODUCT CHEMICAL ANALYSES

Calcium Analysis

The analysis for calcium ions in the samples of apple
tissue provided a second evaluation of the efficiency of the

preparatory methods and also provided information on the levels
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of calcium later to be related to the texture results. These
analyses were carried out with a Perkin Elmer Model 306 atomic
absorption spectrophotometer.

Prior to the analysis, samples of the 29 experimental
groups were reduced to a liquid form so that the elements pre-
sent were in an ionic state and could be easily aspirated in
the spectrophotometer. This was done using a rapid digestion
method that could be used to accurately determine the levels of
copper, zinc, tin, iron and calcium in foodstuffs (Simpson and
Blay, 1966). The samples were prepared by taking 5 g of puree
(250 g slices: 100 ml H»0) and placing it in a 250 ml flask
with 25 ml 6M HCl. The mixture was then boiled for a period
of 5 - 10 min to insure complete solubilization of the sample
and release of the calcium in the form of ions. The resulting
solution was then cooled and transferred to a 50 ml volumetric
flask and brought up to volume with distilled water. Lanthanum
chloride soluﬁion of a concentration of 10,000 ppm was added to
the samples in a ratio of 1:1 thereby leaving a Lattt level of
5,000 ppm. This tied up the phosphate ions and released Ca
which would normally be in the form of calcium phosphate. The
solutions were then aspirated in this form. The analysis was
carried out in the concentration mode and readings were taken

in ppm or ug/g. The samples were read in duplicate.
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The concentration of Catt in the original samples

were calculated by:

Equation XIT

Reading x 100 x 350 = ugCa*®t /g of apple slice
5 250 :

SO, Determination

In order to compare the efficiency of the pretreat-
ment methods of chemical addition and the effect of S0j addi-
tion on browning it was decided to measure the residual SOj in
the sample packs over the storage period. The rapid<but simple
titration method of Ross and Treadway (1960) was employed.

This method involved the homogenization of a representative
sample of drained tissue in a Waring blendor for 2 min with a
citric acid-disodium phosphate buffer to maintain the pH at

4.4 thus preventing losses of SO, through oxidation. Follow-
ing filtration of the homogenate'a small amount of filtrate

was combined with starch indicétor and titrated with a stand-
ardized iodine solution. A reagent blank, prepared from the
same filtrate with added hydrochloric acid and formaldehyde
solution to tie up free SO; was also titrated to determine the
reducing power of the apple tissue itself. Timing was critical
in this procedure with 5 min after homogenization being optimum

for titration.
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With the values obtained from the titrations, calcu-
lations were made to determine the concentration of SO, in ppm

for each sample:

Equation XIII

S0, = (Ig - Ip) x NI; x E.W. x 1 x 10°

S.W. x 0.1

where:
Ig = Vol. of iodine added to the sample (ml)

I, = Vol. of iodine added to the blank (ml)

2
a o
(]

I

= Normalty of the iodine

=
'..2
i

Equivalent weight

S.W..= Sample weight

Analyses

The sugar analyses were carried out using the method
of Ting (1956) which is based on the reduction of alkaline fer-
ricyanidéijgiiéﬁéd;ﬁi?épﬁvéfé1§ﬁﬁtohg‘biéé?gggenVarSéﬁgﬁbiYEdéte
complex. The absorbance of this complex at a Wavelength of 515
nm is then read with a spectrophotometer.

Five grams of puree were taken for each sample and ex-
tracted in 250 ml of boiling 80% ethyl alcohol. The samples were
then heated for 30 min in an 850C water bath then vacuum filtered
through Whaﬁmanj#2 filter paper in a Buchner funnel. The fil-

trate was then cooled to room temperature and made up to 1,000 ml

with distilled water.
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To determine the total sugar content a 50 ml aiiqﬁ6£
of the dilute extract was placed in a 200 ml beaker with 10 ml
of 6M HCl. The beaker was swirled and allowed to stand at room
temperature for 18 hours. Following inversion, the mixture was
partiélly neutralized with 5 ml of 10 M NaOH and the pH was ad-
justed to between 5 and 7 with 1M NaOH. The solution was then
transferred to a 200 or 250 ml volumetric fiask and made up to
volume. _

At this point the procedure for the total and re-
ducing sugars became identical. One ml samples of the original
diluted filtratés and one ml samples of the diluted inverted
solutions were taken for the reducing sugars and total sugar
analyses respectively. Each was then transferred by pipette
to a 100 ml volumetric flask and 5 ml of ferricyanide reagent
was added. The flask was swirled and then heated in a boiling
watef bath for 10 min. After heating the flésk was quickly
cooled in a stream of running water. The contents were then
partially neutralized with 10 ml of 1M HSO4 and were shaken
until gas evolution ceaséd. Four ml of arsenomolybdate rea-
gent was .added and the solution was thoroughly mixed and made
up to volume. The flask was allowed to stand at least 15 min

before a reading was taken.
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Absgrbance of the ferricyanide—aréenomolybdate complex
was measured at 515 nm and a slit width of 0.016 mm with a Beck-
man DB spectrophotometer. A reagent blank with distilled water
was used to standardize the spectrophotometer and glucose and
fructose solutionélwg;efusea“ﬁBQanétf@éEﬂa standapd{curve..iThe
reducing sugar content of each alcoholic extract was determined

in duplicate.

Ascorbic Acid Analysis

The processing of apple slices in retort pouches should
require a shorter‘heating process to achieve pasteurization be-
cause of the thin geometric shape of the container. Under these
conditions there should be less destruction of heat labile nutri-
ents present in the slices. One of these nutrients most commonly
considered is‘ascorbic acid or vitamin C. It was felt that the
monitoring of the vitamin C content of the preserved apple slices
would provide some indication of the behaviour of other heat-
labile components.

The method chosen to analyze for vitamin C was taken
from the Association of Vitamin Chemists Offical Methods. This
method consists of the oxidation of an acidic extract of the ap-
ple tissue containing vitamin C with 2,6%dichiorqpheno%iﬁééphen;i

v TR AL

dye,,monitbféd by visual titration.
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To prepare the sample, a known weight of apple slices
(200 g) was combined with an equal weight of 6% metaphosphoric
acid. From this slurry, 30 g were transferred to a 100 ml volu-
metric flask. Twenty ml of acetone were added to stablize SO,
present which would be oxidized by the dye and give higher values.
The solution was made up to volume with 3% metaphosphoric acid
solution. The solutions were then shaken vigorously to ensure
total extraction of the ascorbic acid. Part of the solution was
then transferred to centrifuge tubes and spun for 10 min. Upon
completion, two 10 ml aliquots of clear liquid were pipetted off

into small Erlenmeyer flasks to be titrated with a standardized

——p

256—qichlbfééhéholindqphgﬂé}‘dge_Aéd‘constant,stirring. The end-
point was considered to be the first faint pink colour which ap-
peared and persisted for 15 sec.

Calculations were made using the formula:

Equation XIV

Vxx T x 100 = mg ascorbic acid per 100 g sample
W : _ -

where:
V = volume of dye used (ml)

T = the ascorbic acid equivalent (mg/ml of dye)

=
il

weight of the samplée in the aliquot titrated (q)

to determine the amount of ascorbic acid present in 100 g of

sample.



pH Determination

The pH of the apple slices was monitored throughout
the storage period as an indicator of any chemical change which
might have occurred. Measurements were made using a Fisher Model
420 digital pH meter. Measurements were made on the pureed sam-

ples (250 g slices . 100 ml distilled water) only.

SENSORY ANALYSIS

Sensory analyses were carried out on a number of sam-
ples to determine if differences resulting from different vari-
eties, levels of additives and preparatory treatments could be
detected subjectively. As stated earlier the three preserva-
tives used were calcium chloride, sddium bisulfite and sodium
acid pyrophosphate: the varieties included Newtown Pippins and
Winesaps and the backflush gases used for packaging were nitro-
gen and carbon dioxide. All of the samples were subjected to
one of the three preparatory treatments which were also sus-—-
pected to have created differences in the samples. Accordingly
a subjective comparison, which included representative samples
of each of these variables, was carried out by 10 panelists who
were asked to rank them on a continuous.hédonié écale ané to.fe—
cord their reasons. All panelists had previous experience with

sensory analysis and were familiar with the procedure. The



sensory evaluations were carried out at both the 1.5 and 5 month
storage trials with a series of 7 samples for each time. A
total of 8 samples of the 29 available were panelled. Due to a
severe browning problem and a short supply, one of the samples
used in the first panel had to be replaced in the second panel.
The samples from the first panel time were taken exclusively
from the 220C storage while all samples excepting one fér the
second panel time were taken from the 35°C storage. The éémple
taken'from both storage fempératurgé,for‘ﬁhe.sepond panel was
suspected to be the best .of our 2§‘sampiéé;t7
The paneling was conducted in 5_bdoths in two sittings
per time. The panelists were presented with all samples in plain
white containers in random order on a tray. The evaluations were
carried out under white fluorescent light so that colour differ-
ences could be detected. The panelists were askdd to evaluate
the samples according to four quality attributes which inciudéd
appeal (colour and appearance), texture of slices, flavour and

overall acceptability. Distilled water and plain soda crackers

were supplied to cleanse the palate between samples.

- STATISTICAL ANALYSES

All data from the apple project were analyzed using
the University I.B.M. computer facilities. The sensory analysis
data were subjected to an analysis of variance procedure em-

ploying a Duncan's Test for significant differences between



ranked means at a 5% probabili£y1%§yél, ‘The remainihg data
collected from the apple project were punched on a series of
cards. These cards were then used in a series of mini analyses
using an analysis of variance design again with the Duncan's
Multiple Range Test at a 5%‘prqb§bilit§_léyei: p
<

The data cards were also combined with programs for
simple and stepwise multiple regression analyses using both
single, and single with two-way interaction factors to deter-
mine the relation of the experimental factors with the results
of the tests carried out. 1In this way some insight could be

gained as to the probable important factors which were able to

influence the quality of the samples.



RESULTS

PROCESSING

Process Determination

Thermal Diffusivity

During the thermal diffusivity studies problems of
maintaining a constant heating rate between the two thermo-
couples were encountered and therefore a method had to be de-
vised to determine a mean heating rate for the linear portions
of the heating curves. These means were then used to derive
the thefmal diffusivities for the different runs (Téble l).

In order to calculate the process times, it was assumed tha£
the pouch approximated a brick shape and therefore a jch value
of 2.064 could be used for the calculation (Olson and Jackson,
1942).

Also, to provide a safety factor that the chance of
determining a smaller mean than the one calculated was less
than 1%, a value of three standard deviations about the mean

was subtracted to give a modlfled mean thermal dlfFu51v1ty.\

The modlfled mean thermal dlffu51v1ty of tﬂe apple tlssue

found in this research was 0.01032 in?/min. From this an fh

value of 26.29 min and a process’ time (Pts'bf 19.8 min were

“established.



i = 50—

i

Table 1
Results of the Thermal Diffusivity Measurements

of Raw Apple Samples

: . Thermal
Run # Diffusivity
. (in?/min)
1 0.01462
2 0.01285
3 0.01273
4 0.01230
5 0.01409
6 0.01434
7 0.01461
8 0.01493
9 0.01385
10 0.01267
11 0.01220
12 0.01256
13 0.01382
14 0.01274
15 0.01292
16 0.01257
17 0.01248
18 0.01424
19 0.01121
20 0.01313
21 0.01318
Mean Thermal Diffusivity. X =-0.01324
Standard Deviation _ 8.D. = 0.00097
Modified Thermal Diffusivity X-3S.D. = 0.01032
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" Heat Penetration

The second method used to determine a process time
was carried out as a verification of the first method and
these results were used in the final process. This method
involved a measurement of heat penetration using pouches fit-
‘ted with thermocouples as described earlier. The results of
all the heat penetration studies were submitted to the UBC
computer with a series of programs which calculated the fh
and Jg, for eachA(TableﬂQ)}v\i

Again, in order to reduce the probability of re-
quiring a higher fj than the calculated mean to 0.5%, three
times the value of the standard deviation about the mean was
added to the fy to give a modified heating fate,'fh*, whiqh,‘
was 23.91 minutes. The process time (P{) calculated from
these results was 15.6 minutes.

Sample PreparationS'aﬁd'Their Effects

In this project, three basic methods of preparation
were compared to assessAtheir efficiency in regards to the
levels of preservatives used, their convenience and their
effects oﬁ the quality attributes of the final product.

It was discovered in numerous preliminary tests
that the amounts of the preservatives added to the vacuum
infusion solutions could be reduced in comparison With the

hot blanch and cold dip methods. Also, it was found that
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Table 2
Results of the Heat Penetration Studies of

Apple Slices in Retort Pouches

Testpack # f, (min) Jch
1 15.38 : 2.106
2 23.03 1.076
3 19.93 1.295
4 16.83 1.444
5 14,21 2.322
6 16.73 1.609
7 15.86 1.780
8 15.17 1.832
9 15.31 1.433
10 12.29 2.170
11 9.63 3.483
12 14.30 2.820
13 17.39 1.266
14 16.06 1.319
15 18.10 1.146
16 14.82 1.374
17 15.44 1.228
18 15.54 1.498
19 ©19.14 0.966
20 14.84 1.785
21 15.60 1.305
22 14.80 1.598
Mean f . : X =15.93 1.675
Standard Deviation - S.D. = 2.66 “0.603"
Modified fh ~ .. X + 35.D. = 23.91 = fh* -



- 53 -

the hot blanch method seemed to require a lower level of the
additives than the cold dip solutions. The levels of chemi-
cals added to the solutions of each method are presented in
Table 3 as concentrations of their functional groups.

The results of these treatments in regards to the
incorporation of the preservatives into the fruit tissue can
be obserVed in the mini-analyses of variance results com-
paring the results of the SO and Ca+_+ analyses in the sam-
ples undergoing the different preparatory treatments. Fig-
ures 1 and 2 demonstrate the differences between some of the
mean levels 5f SO, in samples taken from the different pre-
paratory treatments.

Since no analysis was carried out on the phosphate
content of the samples the levels incorporated into the tis-
sues by the different methods cannot be presented.

The different preparatory methods and the resulting
levels of preservatives incorporated by them can be shown to
have influenced some of the other measurements carried out.
These, however, will be presented and discussed in the fol-

lowing sections.
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Table 3
Levels of Additives Used for the Preparatory

Treatments of Apple Slices in Retort Pouches

Variety Treatment Catt SO7. S.A.P,
(ppm) (ppm) (ppm)
Newtown Vac. In-".
fusion 2,500 560 3,330
Hot Blanch - 1,160 10,000
Cold Dip
(Low) 5,000 2,150 10,000
(Med) - 1,720 10,000
(High) - 2,790 -
Winesap Vac. In-
fusion 2,500 560 --
Hot Blanch - 1,070 -
Cold Dip

(Med) 5,000 2,150 10,000




Fig.
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SAMPLE DIFFERENCES

The variability noted between the different samples of
this experiment can be split into three categories (i.e. texture,

colour and chemical differences) and so will be presented as such.

Texture

Instron Single Blade Shear

Differences in texture between the various samples were
determined with the aid of the Instron - Kramer single blade shear
combination and the Haake Rotovisko viscometer. The Instron shear
force measurements were shown by the step-wise multiple regression
using both single and two-way interaction factors and the simple
regression analysis to vary significantly with the levels of cal-
cium added and the temperature at which the samples were stored
(Table 4).

When both single and two-way interaction factors were
included in the mgltiple regression analysis, it was found that
significant singie factors of the previous analyses were involved
in two-way interactions which gave a better explanation of the
variance in the Instron results (Table 5).

| The effects of the calcium content of the slices and
the preparatory treatments on the shear resistance of the samples

is further demonstrated by the results of the analyses of variance

(Tables 41, 42).
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Table 4

Results of Stepwise Multiple Regression of Instron Shear

Variable Polynomial

Name Coefficient F-Ratio
Constant 2.780
Calcium 0.008401 : 126.1 **
Temperature - 0.706 v 98.03 **

Standard Error of Y = 0.586, R2 = 0.657 **
** P < 0.01

Table 5
Results of Stepwise Multiple Regression of Instron Shear
Force on Experimental Factors

Using Two-way Interaction Factors

Variable Polynomial
Name Coefficient - F-Ratio

Constant 1.022
Total Sugar x Calcium 0.002444 53.82 **
Reducing Sugar x

Calcium - 0.00277 18.81 **
Reducing Sugar x '

Temperature - 0.001556 10.67 **
Calcium x Time 0.001872 5.090 *

Standard Error of YL%f0.4988, RZ2 = 0.7559 **
* P < 0.05
** p % 0,01
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Viscometry

The results from the Haake Rotovisko measurements
were used to calculate four parameters describing the flow
behaviour of the pureed apple slices. These parameters in-
clude the flow behaviour index (n), the consistancy coeffi-
cient (m), the yield stress (0y), and an apparent‘viécosity co-
efficient calculated using the dérived n value of each sample
as well as an intermediate shear rétervalue which for the
MVII spindle was taken tQ»be 40 sec_l. This parameter was
thus labelled n4g. These factors combined can provide in-
sight into the possible influence that the different factors
can have on the flow behaviour of the puree.

The single factors which were significant in ex-
plaining the variability in some or all of the flow parameters
were the total ascorbic acid content, the length of éﬁorage,
the total sugar content of the sample, the backflush gas and

the variety of apple (Tabies,G, 7, 8, 9).
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Table 6

Results of‘Stepwise Multiple Regression of n on

Variable Polynomial

Name Coefficient F-Ratio
Constant 0.3872
Gas - 0.0246 12.45 **
Total Sugar - 0.004681 4.019 *
Ascorbic Acid 0.005 : 17.38 **

Time L 0.00791 26.00 **

Standard Error of Y = 0.0284, R2 = 0.3903 **
% P < 0.05
*%x P 5 0.01

Table 7
Results of Stepwise Multiple Regression of m on

Experimental Factors Using Single Factors Only

Variable Polynomial
Name Coefficient F-Ratio

Constant 61.99

Variety - 19.47 7.255 **
Gas 18.10 6.746 *
Total Sugar 7.466 10.19 =**
Ascorbic Acid - 6.821 19.63 *=*
Time - 9.920 40.76 **

Standard Error Y = 28.36, R2 = (0,4805 **
* P < 0.05
** P <. 0.01
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Table 8

Results of Stepwise Multiple Regression of oy on

Variable Polynomial

Name Coefficient F-Ratio
Constant 40.12
Ascorbic Acid - 4.041 15.49 *x*

Standard Error of Y = 22,55, R2 = 0.116 **
** P <40.01

Table 9
Results of Stepwise Multiple Regression of niy on

Experimental Factors Using Single Factors Only

Variable Polynomial
Name Coefficient F-Ratio

Constant 5.099

Variety - 1.240 7.417 **
Gas 0.9532 4.719 *
Total Sugar 0.6074 17.02 **
Ascorbic Acid - 0.4332 19,98 **
Time - - 0.6083 38.66 « **

Standard Error of Y = 1.786, R2 = 0.4961 **
* P < 0.05
 *¥%x p £ 0,01



When two-way interaction factors as well as single
factors were considered as independent variables a better
explanation for the variance of the fdur dependent variables
was achieved. 1In the case of the yieid stress results the
explanation was vastly improved by considering two-way in-—
teraction factors as is shown in a comparison of the R2
values 0.1160 to 0.3080.

For this case, it can again be seen that the single
factors which correlated with the dependent variables, are
involved in the interactions, giving a better explanation
of residual variance than before-(Tablés 1O;Jll, i?}iand 13).
Some of the new factors which combine in the interaction
terms are calcium content, reducing sugar content and stor-

age temperature.

Colour

Colour difference between the samples and the
changes occurring in each sample throughout the test period
were monitored with the aid of a Hunterlab Colour Difference
Meter. The three Hunter parameters of colour (L, a and b
values) were recorded and subsequently used as dependent
variables in the regression analyses to determine which of

the experimental factors varied significantly with the colour
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Table 10

Results of Stepwise Multiple Regression of n on

Experimental Factors Using Two-Way Interaction Factors

Variable Polynomial
Name Coefficient F-Ratio

Constant 0.3904
Total Sugar - 0.004920 4,653 *
Gas ¥ Calcium - 0.0001705 25,38 **
Ascorbic X Tempera-

ture 0.0001609 17.36 **
Calcium x Time 0.00006223 22.64 **

Standard Error of Y
* P < 0.05
** P < 0.01

0.0277, RZ = 0.4175 **

Table 11

Results of Stepwise Multiple Regression of m on

Experimental Factors Using Two-Way Interaction Factors

Variable Polynomial
Name Coefficient F-Ratio

Constant 44.96
Total Sugar 6.766 7.912 **
Variety x Calcium 0.1002 4,820 ~*
Variety x Time 2.681 4,911 *
Gas x Calcium 0.1720 15.69 *%*
Ascorbic x Tempera-

ture 0.1932 19,57 **
Calcium x Time 0.0348 4,093 *
Standard Error 28.30, R = 0.4876 **

* p.-< 0.05

** p < 0.01
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Table 12

Results of Stepwise Multiple Regression of oy on

Variable ' Polynomial
Name ' Coefficient F-Ratio

Constant 199.1
pH = 71.91 8.557 **
Variety x Total Sugar 1.591 12.31 **
Gas x Calcium . 0.0796 8.093 *x*
Total Sugar x Reducing

Sugar 0.3862 17.66 *%
Ascorbic x Tempera-

ture - 0.0922 6.380 *
Calcium x Time - 0.0297 7.938 **

Standard Error of Y = 20.39, R2 =
* P < 0.05
#% P < 0.01

Table 13

0.3080 **

Results of Stepwise Multiple Regression of nux on

Experimental Factors Using Two-Way Interaction Factors

Variable Polynomial
Name Coefficient F-Ratio

Constant 7.481
Variety x Calcium - 0.0121 26.83 **
Gas x Calcium 0.009786 19.49 *=*
Total Sugar x Reducing

Sugar 0.0510 17.98 **
Reducing Sugar x Time - 0.0938 36.98 **
Ascorbic x Temperature - 0.0123 22,91 **

Standard Error of Y = 1.674, RZ2 =
** p 20.01

0.5573 **



changes. The single factors whose variance coincided signif-
icantly with the variance in the three dependent variables of
colour were not the same for each (Tables 14, 15, and 16).
When two-way interaction factors as well as single
factors were considered in the multivle regression analyses
it was found that the single factors of the previous analyses
combined in interaction factors to give a better explanation
of the variance in the colour parameters (Tables 17, 18, and

19).

Chemical Differences

In order to partially understand the chances oc-
curring in the samples over the storage period and the dif-
ferences between samples which had been treated differently,
a number of chemical analyses were carried out. These in-
cluded analyses for total calcium, SO, content, total and
reducing sugar contents, ascorbic acid content and pH.

The results of the analvses for total calcium did
not show any differences over the storage time but did in-
dicate differences between samples treated differentlv (Fig.
2).

The calcium levels were also shown to vary with
the backflush gas used in packing. The use of carbon di-

oxide for this purmose seemed to increase the level of
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Table 14

Results of Stepwise Multiple Regression of Hunter "L" Values

on Experimental Factors Using Single Factors Only

Variable Polynomial
Name Coefficient F-Ratio

Constant 55.64

Gas - 2.874 12.08 =*=*
Total Sugar 1.075 13.79 **
Reducing Sugar 1.308 4.569 *
Time - 2.038 11.53 **
Temperature - 0.6463 15.24 **

Standard Error
* P < 0.05
**% p < 0,01

Results of Stepwise Multiple Regression of Hunter "a" Values

of Y = 3.365, RZ2 = 0.7590 **

Table 15

on Experimental Factors Using Single Factors Only

Variable Polynomial

Name Coefficient F-Ratio
Constant - 1.994 .. . -
Variety - 1.438 16.83 **,
S0, o - 0.01l63 - 33.80 **
Ascorbic :Acid: - 0.3794 2 16.37 **.
Time 1.128 171.8 **

Standard Error
** P <'0.01

of Y = 1.352, RZ = 0.8001 **
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Table 16

Results of Stepwise Multiple Regression of Hunter "b"

Variable Polynomial
Name Coefficient F-Ratio
Constant 15.54
Pyrophosphate 0.9151 11.43 **
S0, 0.006625 10.15 **
Total Sugars 0.4497 16.30 **
Standard Error of Y = 1.393, R2 = 0.2765 **
*% p-<-0.01
Table 17
Results of Stepwise Multiple BégressibﬂAof Hunter "LﬁAvalues"
':~oﬁ,Ekpériméhtal Factors USinngﬁngay'interaction'Faétprs
Variable Polynomial
Name Coefficient F-Ratio
Constant 54.00
Pyrophosphate x Variety 0.8846 6.952 **
Gas x SO - 0.0182 9.112 **
Gas x Calcium - 0.0101 11.68 **
Gas x Time 0.5872 7.198 **
Total Sugar x Reducing
Sugar 0.1067 32.67 **
S0y x Time  _ 0.0128 45,23 **
Ascorbic Acid x pH - 0.1297 5.872 *
Time x Temperature - 0.1565 142.6 * %

Standard Error of Y = 2,719, R2 = 0.8467 **
* P < 0.05
** pug 0.01
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Table 18

Results of Stepwise Multiple Regression of Hunter "a" Values

on Experimental Factors Using Two-Way Interaction Factors

Variable Polynomial

Name Coefficient F-Ratio
Constant - 0.2862
Variety x SO - = 0.0134 72.36 **
Gas x Ascorbic Acid 0.3620 7.538 **
Gas x pH - 0.6784 11.83 **
Ascorbic Acid x pH - 0.2519 24,01 **
Time x Temperature 0.0272 242.2 * %

Standard Error of Y = 1.231, RZ =
*%* P.< 0.01

Table 19

0.8358 **

Results of Stepwise Multiple Regression of Hunter "b" Values

on Experimental Factors Using Two-Way Interaction Factors

Variable Polynomial

Name Coefficient F-Ratio

Constant 21.29

Pyrophosphate x SO3 0.004187 6.466 *
Gas x SO3 - 0.007170 10.62 **
SO0 x Reducing Sugar 0.2483 22,32 * %
SOy x Ascorbic Acid - 0.1002 22,28 *x
Total Sugar x Ascorbic 0.1002 55.:65 * %
Ascorbic x Temperature - 0.0282 53.34 * %

Standard Error of Y = 1.202, RZ2 =

* p
*% P

=
<

- 0.05
0.01

0.4750 **
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calcium in the samples. Analysis of variance results from

a comparison of six of the samples showed that those samples
vacked with carbon dioxide had signifanctly (P < 0.01) higher
levels of calcium (133.5 ug/g) than those packed with nitro-
gen (112.3 ug/g).‘ The other factors such as variety, SOZ'
pyrophosphate and temperature did not have any significant

(P > 0.05) influence on the levels of total calcium present
in thebsamples.

The levels of 50, found in the samples were also
found to vary significantly with the preparatory methods
(Fig. 1) . The temperature of storage had the effect of de-
creasing the S0, level 'in the samples with increasing tem=--
perature (Fig. 3). The presence of pyrpphosphate ions in
the apple tissue was also shown to have.the effect of in-
creasing the amount of SO, detected in comparable samples
(Table 20). The variety of apple used in the test was also
found to have an effect on the amount of SO, found in the
samples (Table 21). The presence of calcium and the type
of backflush gas used in the sample could not be shown by
the Duncan's test to have any significant effect (P > 0.05)

on the level of SO, incorporated into the tissues.
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Fig. 3 The Effects of Storage Temperature on the Levels

of SO, Found in Apple Slices
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Table 20
Results of Analysis of Variance for the Effect of

Pyrophosphate on the Level of SO, in Processed Apple Slices

Test Sample Mean SOs Levels (ppm)
. _Size . No Pyrophosphate Pyrophosphate
1 6 149.2 a* 163.6 b
2 4 131.0 a 146.6 b
3 4 119.3 a 147.6 b

* Mean values in a row followed by the same letter do not
differ significantly (P % 0.05) by Duncan's test.

Table 21
Results of Analysis of Variance <for the Effect of Ap?iﬁf

Variety on the Level of SO; in Processed Apple Slices

Test Sample Mean SOp Levels (ppm)
# Size Newtown Winesap
1 4 144.3 b* 107.4 a
2 4

161.3 b 116.4 a

* Mean values in a row followed by the same letter do not
differ significantly (P >:0.05) by Duncan's test.



The levels of total sugars in the samples was
shown by the values in the correlation matrix from the com-
puter printout to decrease with increasing time and tempera-
ture of storage. Although the effects of these two factors
on the total sugar content could not be shown individually,
their combined effects can be demonstrated by the results in
Table 22. The effects of the individual factors cannot be
separated by virtue of the nature of the testing procedures.

The remaining factors which include the presence
of SO,, calcium ions, pyrophosphate ions, apple variefy and
backflush gas did not show significant influences (P > 0.05)
on the total sugar content of the slices.

The levels of reducing sugars were also analyzed
and it was found that increases in storage time and tempera-
tures have the effect of increasing the reducing sugar levels
(Tables 23 and 24).

The combined effects of time and temperature can

be seen in Figure 4.
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Table 22
Results of Analysis of Varianceafor the'Combinediﬁffectslof
Storage Time and Temperature on the Total Sugar Content of

Processed Apple Slices

Mean Total Sugar Content
(mg/100 mg)

Test Sample 220c for 1.5 35°C for 5
# Size Months - Months
1l 8 13.55 b* 12.75 a
2 4 14.24 b 13.20 a
3 6 13.90 b 12.80 a
4 3 14.52 b 12.67 a
5 9 14.00 b 12.93 a

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.

Table 23
Results of Analysis of Variance ‘for the Effect of Storage
Time on the Reducihg Sugar Content of Processed

Apple Slices

Mean Reducing Sugar Content
(mg/100 mg)

Test Sample 1.5 5
# Size Months Months
1 2 8.85 a * 10.80 b

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.
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Time in Samples Stored at 22° ¢ and 35° C



The influence on the remaining factors including
the presence of calcium and pyrophosphate ions, the presence
of SO2' the variety of apple and the type of backflush gas
was not shown to be significant (P > 0.05) by Duncan's test.
The coefficient for the SOz—reducing sugar relationship from
the correlation matrix indicates that added 802 may have
some effect on the levels of reducing sugars produced over
the storage period. With a closer look at the results, how-

ever, it was found that it was not the SO, level (Table 25)

2
but the method of incorporation of the S0, into the tissues
which had an influence on the subsequent levels of reducing
sugars in the apple slices‘(Table 26). These results indi-
cate that the level of reducing sugars was lower in samples
subjected to the hot blanch treatment.

The ascorbic acid levels were also determined in
each test pack and it was found that these levels were in-
fluenced by the preparatory methods (Table 27). The length
of storage time was also found to influence the vitamin C
levels of the apple slices (Table 28). The presence of cal-
cium was also shown to have an influence on the ascorbic
acid content (Table 29). The different levels of calcium
incorporated into the apple tissue via the different prep-
aratory methods, however, could not be shown to have any sig-
nificant effect (P > 0.05) on the ascorbic acid content of

the slices.



Table 24
Results of Analysis of Variance !for the Effects bf Storage
Temperature on the Reducing Sugar Content of Processed

Apple Slices

‘Mean Reducing Sugar Content
(mg/100 mg)

Test , Sample .
# Size 220" - 350¢C

1 2 8.43 a * 11.22 b

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.

Table 25
Results of Analysis of Variance ‘for the ﬁffects of 809 dﬁ

the Reducing Sugar Content of Processed Apple Slices

Mean Reducing Sugar Content
(mg/100 mg)

Test Sample 1720 ppm 2150 ppm 2795 ppm
# Size SO, SO, S0p
1 7 73T T 10.42 a*  10.15 4 10.50 a

* Mean values in a row followed by the same letter do not
differ significantly (P .> 0.05) by Duncan's test.
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Table 26
Results of Analysis of Variance for ﬁhngffects‘of Prebéfatory
Treatments on the ReducingvSugar Content of Processed

Apple Slices

Mean Reducing Sugar Content
(mg/100 mg)

Test Sample Hot “Vacuum Cold
# Size Blanch Infusion Dip
1 9 9.42 a* 9.87 b 9.98 b

* Mean values in a row followed by the same letter do not
differ significantly (P-> 0.05) by Duncan's test.

Table 27 -
Results of Analysis of Variance " for EherEffects of Pré@afétor&
Treatments on the Ascorbic Acid Content of Processed

Apple Slices

Mean Ascorbic Acid Content
(mg/100 mg) '

Test Sample - Hot Vacuum Cold
# Size Blanch . 1Infusion Dip
1 9 1.56 a* 4,78 b 5.03 ¢
2 8 1.49 a 4.30 b 4,80 c
3 3 1.47 a 5.28 b 5.80 b
4 3 b

1.71 a 5.72 b 5.50

* Mean values in a row followed by the same letter do not
differ significantly (P :> 0.05) by Duncan's test.
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. Table 28
Results of Analysis of Variance for the'Effects of Storage
Time on the Levels of Vitamin C in Processed

Apple Slices

Mean Ascorbic Acid Content
(mg/100 mg)

Test : Sample
# Size 1.5 months 5.0 months
1 2 5.19 a * 6.52 b

* Mean Values in a row followed by the same letter do not
differ significantly (P :> 0.05) by Duncan's test.

Table 29
Results of Analysis of Variance ‘for the ﬁff@cts of Added -
\baléium_énfﬁthAsCorbic;Aéia:COEféﬁf,bﬁfﬁfdéésééa

Apple Slices

Mean Ascorbic Acid Content
(mg/100 mg)

Test Sample
# Size No Calcium Calcium
1 8 3.63 a * 4.84 b
2

4 3.08 a 4.13 b

* Mean values in a row followed by the same letter do not
differ significantly (P >:°0.05) by Duncan's test.
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The variety of apple used for vrocessing was also
shown to have influenced the level of ascorbic acid in the
samples (Table 30).

The remaining factors such as temperature, §0, con-
tent, pyrophosphate content and backflush gas could not be
demonstrated conclusively to have an effect on the level of
ascorbic acid in the apple slices.

The pH of the samples was also monitored throughout
‘the test period. It was thought that changes in the pH would
be an indication of chemical changes occurring in the samples.
For this reason, it was felt that factors which influenced
the pH of the samples could be related to the chemical changes
occurring and these were determined with analyses of variance.
Time was demonstrated to have a significant influence on the
pH of the samples (Table 31). Storage temperature was also
shown to have influenced the pH of the samples significantly

(Table 32). The SO, incorporated into the apple tissue by'

2
the different preparatory methods was demonstrated to have
influenced the pH of»the samples directly with the amount of
502 incorporated (Table 33). The levéel of calcium incorpor-
ated into the apple slices also had a significant influence

on their pH with greater levels of calcium yielding lower pH

values (Table 34).
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Table 30
Results of Analysis of Variance for the Effects of Apple
Variety on the Ascorbic Acid Content of Processed

Apple Slices

Mean Ascorbic Acid Content

(mg/100 mg)
Test Sample
# Size Newtown Winesap
1 4 - 4,80 b* 2.41 a
2 4 5.65 b 2.43 a

* Mean values in a row followed by the same letter do not
differ significantly (P .2¥0.05) by Duncan's test.

Table 31 .
Results of Analysis of Variance ‘for Ehe_Effects'of Sﬁqrage

Time on the pH of Processed Apple Slices

Mean pH Values

Test Sample

# Size 1.5 months 5.0 months
1 2 3.29 a * 3.39 b

* Mean values in a row followed by the same letter do not
differ significantly (P »: 0.05) by Duncan's test.
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Table 32
Results of Analysis of Variance ‘for the Effects’bf Storage

Temperature on the pH of Processed Apple Slices

Mean pH Values

Test Sample
# Size 220 ¢ 350 ¢
1 2 3.30 a * 3.37 b

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.

Table 33
Results of Anélysis of,Va;ianqé ﬁo;‘the'Effécts bfl?répd;atoryz
Method and Level of SO on the pH of Processed

Apple Slices

Mean SO Levels (ppm) and
Corresponding Mean pH Values

Test Sample Hot Vacuum Cold
for Size Blanch. ‘Infusion . Dip
S0,y 8 42.38 a* 57.88 b 144.3 -«
pH 8 3.36 a 3.36 a 3.31 b

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.



The presence of pyrophosphate ions in the apple tissue was
also found to be related to a lower pH reading in the sam-
ples (Table 35). The variety of apple used also played an
important role in the determination of the pH of the samples
(Table 36). The choice of the backflush gas also had an ef-

fect on the final pH of the processed apple slices (Table 37).

SENSORY ANALYSIS

The results of the sensory evaluation of the dif-
ferent apple slice samples indicate that the product was gen-
erally acceptable although some confusion did exist as to
what constitutes an acceptable apple slice.

The factors which were found to influence the ac- .
ceptance of the product were length of storage (Table 38),
storage temperature (Table 39), and the presence of calcium
ions (Table 40). Other factors such as pyrophosphate ions,
50, levels, variety and type of backflush gas did not pros
duce discernible differences (P > 0.05) in the sensory

evaluations.
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Table 34
Results of Analysis of Variance for the Effects of

Calcium on the pH of Processed Apple Slices

Corresponding Mean pH Values

Test Sample No . Cold Dip . Vac. Infusion
for Size Calcium’ . Calcium’ Calcium
Calcium 6 28.0 a* 74.4 b 230.5 ¢

pH 6 3.34 a 3.33 b 3.25 ¢

* Mean values in a row followed by the same letter do not
differ significantly (P >'0.05) by Duncan's test.

Table 35
Results of Analysis of Variance~forrtheLEffect of

Pyrophosphate on the pH Value of Processed Apple Slices

Mean pH Values

Test Sample ' ©  No With
# Size Pyrophosphate Pyrophosphate
1 6 3.33 b* 3.28 a
2 4 3.42 b 3.36 a

* Mean values in a row followed by the same letter do not
differ significantly (P >,0.05) by Duncan's test.



Table 36
Results of Analysis of Variance-<for the Effééts'of‘Apple

Variety on the pH of Processed Apple Slices

Mean pH Values

Test Sample
# Size Newtons Winesaps
1 4 3.37 a* 3.45 b
2 4 3.33 a 3.44 b

* Mean values in a row followed by the same letter do not
differ significantly (P >:.0.05) by Duncan's test.

Table 37

Results of Analysis of Variance.for the Effeét‘of

Mean pH Values

Test Sample Nitrogen Carbon
# Size ) Dioxide
1 6 3.33 b* 3.26 a

* Mean values in a row followed by the same letter do not
differ significantly (P >..0.05) by Duncan's test.
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Table 38
Results of Analysis of Variance for the Effects of Time on
the "Four Quality Parameters in the Sensory Evaluation of

Processed Apple Slices

Mean Level of Acceptance (%)

Quality Sample

Parameter Size ' 1.5 months 5.0 months
Appeal 6 61.10 b* 50.29 a
Texture 6 58.42 b 51.21 a
Flavour 6 63.45 b 55.95 a
Acceptability - 6 a

59.02 b 49.36

* Mean values in a row followed by the same letter do not
differ significantly (P >°0.05) by Duncan's test.

Table 39
Results of Analysis of Variance “for the Efféct;—qf Storaqe
Temperature on the Four Quality Parameters in the Sensory

Evaluation of Processed Apple Slices

Mean Level of Acceptance (%)

Test Sample
Parameter Size 220 ¢ 350 ¢
Appeal 2 72.56 b* 47.90 a
Texture 2 65.11 b 37.56 a
Flavour 2 72.17 b 56.58 a
Acceptability 2 68.60 b 42 .55 a

* Mean values in a row followed by the same letter do not
differ significantly (P .» 0.05) by Duncan's test.



- 85 -

Table 40

e . s e s e e
<~ Results of Analysis of Variance for.the Effect of Calcium

on the Four Quality Parameters in the Sensory Evaluation

of Processed Apple Slices

Mean Level of Acceptance (%)

Test Sample :
Parameter Size No Calcium Calcium
Appeal 10 41.18 a* 66.28 b
Texture 10 25.38 a 59.28 b
Flavour 10 54.54 a 65.02 b
Acceptability 10 32.96 a 62.00 b

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.

Table 41

Results of Analysis of Variance for . the Effects of'Caicidm

Test Sample
# Size No Calcium With Calcium
1 8 0.77 a* 1.85 b
2 6 0.71 a 2.04 b
.3 4 0.88 a 1.94 b
4 6 0.76 a 1.95 b
5 9 0.78 a 1.85 b

* Mean values in a row followed by the same letter do not,f
differ significantly (P > 0.05) by Duncan's test.
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Table 42
Results of Analysis of Variance&for_the"Effecpgiofmphé
Preparatory Treatment on the thear Resistance Readings of

Processed Apple Slices

- Mean Shear Resistance (kq)

Tesf Sample Hot Cold Vacuum

# Size Blanch Dip . Infusion
1 9 0.77 a* 1.55 b 1.85 ¢
2 : 3 0.89 a 1.57 b 2.21 ¢
3 3 1.48 a 2.52 b 3.26 ¢

* Mean values in a row followed by the same letter do not
differ significantly (P > 0.05) by Duncan's test.



DISCUSSION

PROCESSING

Process Time Determination

It was found when comparing the processing times de-
rived by the thermal diffusivity and heat penetration methods
described earlier that there was a considerable discrepancy
between them. This discrepancy amounted to 4.2 minutes which
is a difference of approximately 20% of the time used for our
process. Since the slice was processed for the full 19.8
minutes, there is no doubt that the process was sufficient
to achieve microbial stability. In fact, it is suspected
that this process was more than adequate and that the product
could have been slightly over processed.

The reason for the discrepancies in process time
result from the fact that in the thermal diffusivity method
the apple tissue in a pouch is considered to be a solid brick
instead of discrete slices surrounded by a liquid phase.

This would result in a product which heats by conduction
rather than by both conduction and convection as is the case
for apple slices. It is known that a food product usually
heats more quickly by combined convection and conduction

than by conduction alone.(Schultz and Olson, 1938). .



It also should be noted that this product probably
does not conform strictly to a convection-conduction model
either since the drained dry slices were placed in the pouch
with granulated sugar and sealed. It is then during the
heating process that liquid is withdrawn from the slices by
osmosis and cell wall disruption due to the heating process.
This could represent a product that initially heats by con-
duction and gradually includes convection heating as the syr-
up fraction increases. If this is the case, the time lag be-
tween when the sugar is added to the slices and when the ac-
tual heat processing commences will have an effect on the
processing time as osmosis will occur and some liquid will
be withdrawn depending on the time elapsed. Hot blanching
of samples could also affect this as some cell walls would
be disrupted and would likely release additional liquid.

The significance of these factors was not determined in this
research, but could possibly be of interest in some future
study. It was noted, however, that there were differences
in the types of heating curves for heat penetration studies
in which the test pouches were allowed to stand for a few
hours before processing and those in which the samples were
processed immediately. The curves of the former exhibited
linearity, whereas those of the latter had a more curvi-

linear nature.



The fy value derived from the heat penetration
method was adjusted by the addition of three times the stan-
dard deviation to insure that the probability of requiring
a higher fj value was less than 0.005. Similarly, the thermal
diffusivity was corrected by subtracting three times its stan-
dard deviation. By carrying out these procedures, the pro-
cess time derived was somewhat longer than if no corrections
had been made, thus providing a safety factor to reduce the

chances of underprocessing.

Sample Preparation and Their Effects

Observation of the samples undergoing the differ-
ent preparatory treatments, before the final heat process,
turned up some differences which influenced their texture,
flavour and appearance in subsequent tests.

It was noted that the apple slices that underwent
the ten minute vacuum infusion treatment acquired a trans-
lu¢ent appearance and a bland, watery flavour. The flavour
changes were partially masked in the final product by the
addition .of sucrose to the pouches. For this reason, these
samples were not downgraded by the panelists and, in the anal-
ysis of variance of the results, no significant difference
was found. There were, however, several individual comments
which clearly indicated that a number of the panelists did

detect the flavour change. The translucence of the samples
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was also carried over into the finished product ana resulted
in a slightly lower score on appeal than identical samples
undergoing_different preparatory treatments. Again, the in-
dividual comments of some of the panelists specifically men-
tioned a frozen-thawed look or at least that the colouration
was not uniform.

The texture of the samples undergoing the hot
blanch treatment was quite soft and this was found to influ-
ence the results in the subsequent texture tests. The hot
"blanch medium contained the sodium bisulfite‘as an SO, source
for the product and also the sodium acid pyrophosphate as the
pyrophosphate ion source for those samples in which it was
included. The hot blanch was also always carried out after
a cold dip in a calcium chloride solution if calcium ions
were to be introduced to the sample. This may have resulted
in the leaching of calciuﬁ ions which had not been bonded to
pectin molecules. Also, SO, is known to have a softening ef-
fect on apple texture but the addition of calcium ions to
the same tissue in a basic medium does partially or even com-
pletely reverse this effect;(EO@tihg EE-él;' 1971);K“The
vitamin C level in the hot blanched samples was also found
to be significantly lower than in those samples undergoing
the other preparatory treatments.(Table 27).u?This‘ré$ult;d  }
from heating the slices in the presence of an ample supply of
oxygen which resulted in oxidation of L- ascorbic acid

(Tannenbaum,vl976).



The apple slices that underwent the cold dip re-
tained their natural appearancé and mﬁch_of”theif f;géh tex-
ture but it was found that this also created a problem in
that the slices tended to be quite bulky and resulted in
greater pouch thickness than was produced by slices under-
going the other treatments. This had the potential of re-
quiring an increased thermal process time to insure that
microbial stability was achieved. The gases trapped in the
tissues also contained oxygen which when included in the
pouch would increase the degree of nonenzymic browning.

The analysis for calcium énd S02 levels in the ap-
ple samples after heat processing indicate that the optimum
choice of preparatory treatment is important in the incor-
poration of these preservatives into the tissues. For ex-
ample, the vacuum infusion treatment was found to be very
efficient in transporting calcium ions into the apple slices
(Fig. 2) but only slightly more efficient than the hot blanch
method for the incorporation of SO, (Fig. 1). Comparison of
the levels of calcium ions added to the vacuum infusion solu-
tion and the c¢old dip solution and the levels found in the
respective samples, indicates that for the incorporation of
calcium ions the vacuum infusion method is approximately six

times more efficient than the cold dip treatment.
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Comparison of the SOy levels added to the vacuum
infusion solutions and the cold dip solutions with the levels
found in the respective samples indicate that for SO incor-
poration the vacuum infusion method is only two times more
efficient than the cold dip method. It is not known if the
efficiency of these méthods in incorporating these additives
is influenced by concentration i.e. as the concentration of
additivelincreases'the efficiency increases. This occurrence
seems unlikely, but further study would be required for
verification.

There is also the possibility that some of the S0j
in the solution in the form of dissolved gas may have been
removed during the evacuation thus effectively lowering the
original concentration of SO, available for infusion into
the tissues when the vacuum was broken.

A level of 100 ppm of SO, residing in the apple
tissue was the target level since highe; levels gave rise
to the characteristic unpleasant SO, flavour which was dis-
cernible by certain people. As it was some of the panelists
cbmmented 6n the chemical taste of the cold dip sample in
the sensory analysis.

The hot blanch method consistently incorporated
lower levels of the additives than the other methods. This
again could have been corrected by increasing the levels of

additives in their respective solutions and further work is
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required to establish the levels required. The main advan-=
tages of the hot blanch method are the removal of gases and
enzyme inhibition. Decreases in firmness (Table 42) and
vitamin C content (Table 27) and the lower efficiency of
this process make it less desirable than the other methods.
The vacuum infusion method has the advantages of
removal of gas from the tissues by replacement with liquid
and great efficiency as far as incorporation of chemicals is
concerned. Disadvantages of this procedure are that it
causes a translucent appearance and a loss of flavour, and
would tend to be a batch process on a commercial line al-
though Hoover and Miller (1975) have reported the development
of a continuous vacuum impregnation process. This process
also has no inhibitory effect on enzyme activity unless steam
is used to break the vacuum. It was also reported in the
same paper that the flavour changes that accompany this method
can be economically masked by the addition of 0.1% malic acid
along with sucrose to the infusion solution (Hoover and a
Miller, 1975). Wiley and Lee (1970) found that vacuum in-
fusion with a sugar solution increased the firmness of apple
slices which was partially decreased with the final processing.
The cold dip method is not as economical in terms
of amounts of additives required, but is somewhat easier and
provides good results as far as incorporation of the chemicals
is concerned. This method does, however, have several disad-

vantages. The first of these is that enzymatic activity is
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not necessarily curtailed by this method although SO; is
known to inhibit enzymatic browning (Lindsay, 1976; Creuss,
1948), thus if an SO, dip is ﬁsed,lthis problem is eliminated.
The second problem encountered with this system is fhat the
gas trapped in the intercellular spaces is not removed. Since
the oxygen content of this gas can vary from 3 to 15% depend-
ing on the respiration rate of the apple (Lazar and Hudson,
1976), it increases the okygen‘content of the container after
sealing and is conducive to nonenzymic browning. It also re-
tains the bulky shape of the apple slices and makes it more dif-
ficult to achieve an economic fill_wéight and'still»seal the/
pouch. This also produces a thicker pouch which then requires
a slightly longer heat process to insure microbial stability.
Of the three methods, it is difficult to say that
one 1is superior to another since in a commerical plant much
would depend on the space available and the economics of the
situation. However, it is safe to say that in view of the loss
of texture, sugars and nutrients (Lee, 1958), the hot blanching
process is the least desirable of the three methods as far as
the processing of apples is coﬁcerned. Steam blanching is
less detrimental to fruit tissues but it still causes some
losses in quality (Guerrant, 1948) and can create flavour

changes (Lee, 1958).



SAMPLE DIFFERENCES

Texture

Probably the most useful and reliable method of
measuring the texture of the apple slices used in this re-
search was the Instron-Kramer single blade shear test method.
It has been reported that the measurement of shear force is
the best estimate of sensory evaluation and therefore the

most likely to indicate the degree of acceptability of a

sample “(Bowman et al., 1972).
Measurement.of fhe viscometric properties of a

puree of the samples, showed little relationship to the re-
sults of texture measurement on whole slices with the Instron.
Originally it was thought that the cells of the apple tissues
would be separated into discrete units on maceration and that
the presence of calcium ions in this puree would cause reasso-
ciation of the cells. This would be accomplished by the form-
ation of the calcium bridges between the free carboxyl groups
of pectic substances in the walls of the individual cells.

It was hoped that the degree of agglomeration could be meas-
ured viscometrically and that differences in levels of cal-
cium would be reflected by increased viscosity. When the vis-
cometric measurements were subjected to the multiple regres-
sion analyses, calcium was shown to have a significant rela-
tionship only when included in two-way interactions but bore

no significant relationship when considered as a single factor.
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The single factors shown to relate most significant-
ly to the shear force measurements were the calcium level of
the sample and the temperature at which the storage was main-

o

tained;KTaB;e 4);':Théée»ﬁéﬁtd;s'greszCWnﬁfh,Tqblev5Jtou_

give a better explanation of the variance in the shear force
in a series of two-way interactions with other factors involved.

The effect of calcium ions on processed fruit tex-
ture have been known for many years (Loconti and Kertesz, 1941).
The use of calcium jions to firm apple slices which are to un-
dergo intensive heat processing has been limited to certain
varieties which include the varieties used in this research
(Reeve and Leinbach,.l953). The results of the multiple re-
gression analysis indicate that an increased level of calcium
ions results in an increase in the force required to shear the
slices. This is also supported by the results of the mini
analyses of variancef(Tab%grﬁ%).‘ ;

In the multiple regression analysis using two-way
interaction factors, calcium is shown to interact with the
total sugar content, the reducing sugar content and the length
of storage to influence the texture of the sample. Wiley and
Lee (1970) demonstrated that the presence of sucrose in the
tissues aids in firming apple slices. It is known that the
pectinic acids of plant tissues are capable of forming gels
with sugar and acid, or if they are of a low methoxyl content,

with certain metallic ions, such as calcium (Hodge and Osman,

1976).



Increases in reducing sugar levels indicate the hy-
drolysis of sucrose to its component reducing sugars glucose
and fructose. This event occurs over prolonged storage times
and elevated storage temperatures. This is also accompanied
by a breakdown of pectic substances (Adams and Blundstone,
1971) resulting in separation of the tissue cells. Turgor
within the cells is lost during the initial heating process
due to a denaturation of the cell mémbrane resultiﬂg in a
loss of the selective permeability. This effect is reversed
with the formation of the calcium and sugar bridges between
the pectié substances of the cell wall, most of which have
become water soluble with the initial heating.

The results of ,these-physical and chemical changes
is that pectic materials, when hydrolysed, are lost to the
surrounding medium with hydrolyzed sugars and firmness is
reduced.

The. factors which were shown to correspond signif-
icantly with the viséometric results by the multiple regres-
sion analyses were the ascorbic acid content, thé backflush
gas, the total sﬁgars content and the length of storage -
(Tables 6, 7, 8, and 9). The variety of apple was shown to
be a significant factor in relation to the determination of
the consistency coefficients. On closer examination (Table
10, 11, 12, and 13) using two-way interaction factors, cal-
cium in two-way interactions with the backflush gas and time
emerge as factors with highly significant relationships to

the viscometric results. An interaction between the ascorbic
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acid content and the storage temperature was also shown to
have a highly significant relationship to the viscometric re-
sults. Othér factors which partially explained the variance
in some of the viscometric results were the total sugar con-
tent, the variety - calciﬁm content interaction and a total
sugar - reducing sugar interaction.

The calcium content - backflush gas interaétion ef-
fect can be explained in that in those samples packed with
carbon dioxide, a certain amount of the COy was dissolved in
the syrup. The carbonate ions thus formed would interact with
free calcium ions forming insoluble calcium carbonate parti-
cles which would increase the viscosity of purees formed from
such samples. Nitrogen being less soluble and more inert
would have little or no influence on the tissues (Joslyn, 1964).
An interesting speculation arising from this is that, given
time, the level of gaseous CO; remaining in the pouch should
diminish and therefore the protection provided by the natural
thickness of a backflushed pouch would be lost resulting in a
greater chance of mechanical damage due to handling.

The calcium content - storage time interaction effect
indicates that as time increases those samples with greater
calcium levels have greater decreases in viscosity than those
of lower calcium content. The mechanism of this interaction
is not clear and therefore cannot be explained with any cer-
tainty. It is known that in those samples with higher levels

of calcium there are more calcium bridges formed between the



polysaccharides of the cell walls. It is also known that
during maceration the bonds are broken and the cells are sep-
arated. It is possible that with time the actual wall of the
cell is weakened. This weakening may be of large enough mag-
nitude that the force required to rupture the wall is less
than the force required to break the higher number of calcium
bridges. In this case, then the rupture of the cells would
lead to a lower viscosity of the puree which was noted in all
cases over the storage period. Reagglomeration of cells would
be decreased as the number of ruptured cells increased also
resulting in a lower viscosity. Further studies using micro-
scopy are needed to verify this proposition.

The interaction between the ascorbic acid content -
and the temperature is also difficult to explain. The reason
for this is that the experimental results from the ascorbic
acid analysis indicates that the ascorbic acid content of the
samples increased with increased storage time and temperature.
Since it has been wéll documented that vitamin C is heat labile
(Blundstone et al., 1971) it seems unlikely that these results
are correct and it is believed that the increased levels are
actualiy a result of a build up of other interfering Subétances
(Tannenbaum, 1976) which gave positive results in the titration

for ascorbic acid.
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It is known that the polysaccharide materials of
cell walls are broken down by prolonged storage ét higher
temperature. It is possible that the interfering substances
are either a result of this breakdown or in some way interact
with temperature to bring about hydrolysis of these materials
thus reducing the possibilities of reagglomeration following
complete maceration. \

The total sugar content of the apple slices was
also found to influence the flow behaviour index and the con-
sistency coefficient of the apvole puree. Increasing total
sugar content was shown to coincide with increased viscosity
of the puree. Because the sugar content is small when com-
pared with the water added to make the puree, it is doubtful
that the viscosity resulted from any changes in the syrupiness
of the liquid phase. A more likely result is that sugar be-
haved as a gelling agent which at the low pPH permitted the
formation of a sugar-pectinic acid gel between adjacent cells
and thereby increased the particle size of the solids content
which resulted in an increase in viscosity'(Hodge:ahd Q$§§n,'{?
1976) .

An interaction between the total sugars content and
the reducing sugars content was shown to have a relation to
the intermediate shear rate apparent viscosity and the yield

stress. This interaction was positive in relation to that of

the viscometric parameters which indicates that increasing
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reducing sugar levels corresponded to increased viscosity.

The explanation of this interaction is similar to that of the
total sugar content in that an increase in the total number of
sugar molecules results in a greater number of bonds being
formed between the pectinic acids and the sugars. This would
indicate that if molecules of sucrose were hydrolyzed as was
the case in this research, the number of sugar molecules pro-
duced would double. This would provide additional molecules
capable of forming a gel with the pectic substances. Thus

an increase of the total sugar content could lead to a two-
fold increase in the total number of sugar molecules depending
on the extent of hydrolysis.

In an.overall comparison of the two methods of meas-
uring texture, it can be seen by observing the R? values for
the analyses that the most accurate explanation of the variance
given by the independent variables in the multiple regression
analyses is derived when considering both single and two-way
interaction factors against the Instron results. It is inter-
esting to note that the calcium levels of the samples had no
significant influence on the viscometric measurements when
only single factors were considered. It only appeared as a
significant €ontributor in two—waylinteraction factors with
some of the sihgle factors which had been found to be signifi-
cant contributors in the single factor analysis. This leads
to the conclusion that this method is not the best method for

determining differences in samples due to differences in
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calcium levels and that this method also provides a poorer
estimate of subjective analyses of apple slice texture than
does the measurement of shear force with the Instron and

Kramer Shear cell.

Colour

The results of the multiple regression analyses on
fhe data from the three colour parameters of the Hunterlab
Colour Difference meter indicate.that the factors whose vari-
ance coincides significantly with the variance of each colour
parameter are not the same. For this reason, the parameters
must be separated and discussed independently.

The first parameter of Hunter L value is a measure
of the lightness to darkness ratio of the samples. The fac-
tors shown to influence this parameter are presented in Tables
14 and 17. The single factors which best explain the variance
in the Hunter L value are the backflush gas, the total sugars
content, the reducing sugar content, the storage time and
storage temperature. A slightly better explanation is achieved
when both single and two-way interaction factors are coﬁsidered.
In this comparison a number of interaction factors emerge as
significant and give an R2 value of 0.847 of which 0.803 is de-
rived from the first four of the following factors. The inter-
actions found to provide a significant explanation for the vari-

ance in the Hunter L value are interactions between storage time
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and storage temperature, the total and reducing sugar contents,
the SO, level and storage time, the backfluéh gas and calcium
content, the backflush gas and the SO, content, the pyrophos-
_phate content and the variety, and finally the ascorbic acid
content and the pH.

The time and temperature interaction bears an inverse
relationship to the Hunter L value. This is an expected re-
sult since it has been well established that colours in canned
fruit deteriorate with both increasing storage time and stor-
age teméerature (Daoud and Luh, 1971). This results from the
slow build up of non-enzymic browning products in the tissues.
Because the pH of the samples was less than 4.0, this browning
cannot be classified as of the Maillard type but is suspected
of being related to the various organic acids and high levels
of sugars present (Adams and Blundstone, 1971). Under aerobic
éonditions, the ascorbic acid levels of samples undergoing
this method of brownihg usually reaches zero before the onset
of browning but under conditions approaching anaerobic, as
much as 80% of the original ascorbi¢ acid may remain at the
onset of browning (Tressler and Joslyn, 1954). It has been
found that this type of browning may have close correlation
to lower pH's and high titratable acidity (Huggart et al.,

1957).
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Since one 'of the actions of SO; in a product is to
serve as an antioxidant, it inhibits the formation of brown
pigments resulting from nonenzymic browning processes. With
time, however, the levels of SOj decrease due to reactions
with the outer atmosphere caused by permeability through pin-
holes or seals that are impervious to liquids but allow the
passage of oxygen. Thus the SO; content may be depleted by
the production of sulfate leaving the product free to brown
(Joslyn and Braverman, 1954). Some of the samples in this
research were suspected to have undergone such a process as
~their S0, levels were lower than expected and their colours,
as measured by the Hunter colour meter, were somewhat darker.
It is interesting to note that there seems to be a certain
amount of this browning which can occur even before the total
S0, content is depleted. The SO; levels in all samples were
found to decrease significantly with time: (Fig. 3).

The backflush gas was also found to have a signifi-
cant correlation with the variance in the Hunter L value. This
variable was found to be involved in several interactions.

The gas = calcium content interaction was found to
have a negative correlétion with the Hunter L value. It is
suspected that COzngmbinéd withfcaiéium,.via'the forﬁation‘éf
carbonic acid, to produce insoluble calcium carbonate. This .
;igwggppé?teq by the loss Sf the calcium firming'act%on of_"

slices pgicke’d'With”CO2 as
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mentioned earlier. It was reported by Ponting et al., (1972)
that calcium ions derived from calcium chloride have a syner-
gistic effect with both SO, and ascorbic acid for the mainten-
ance of lightness in apple tissues. The loss of catt as in-
soluble CaCO3 therefore may have led to darkening. It was
also reported that as the SOy levels became greater in apple
tissues the synergistic effect of Ca*t became less.

Gardner (1968) reported that some acidulants when
added to foods act as synergists to antioxidants in the pre-
vention of nonenzymic browning. This may explain the inter-
action noted between the backflush gas and the SO; content of
the samples. It may also help to explain the significant in-
teraction between the backflush gas and the storage time in
that those  samples packed with COj; maintained a lighter colour
over a longer period of time. This would lead to the conclu-
sion that carbon dioxide has better properties in the mainten-
ance of colour than does nitrogen.

The interaction between the pyrophosphate content
and the apple variety is probably best explained by varietal
differences in the apples. Due to growing conditions as well
as variety, apples may contain varying levels of metallic ions
which would influence the action of pyrophosphate whose main
action is to sequester metallic ions capable of initiating

browning reactions. (Furia, 1968).
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The single factors most closely correlated with the
Hunter a value or ratio of redness to greenness in the apple
slices were shown by the multiple regression analysis to be
the variety, the SO, content, the ascorbic acid content and
the storage time (Table 15). A slightly better correlation
was achieved when two-way interaction factors as well as single
factors were compared. The factors whose variance showed sig-
nificant correlation with the variance of the Hunter a values
in this analysis were interactions between the variety and the
505 cbntent, the pH and the ascorbic acid content, the storage
time and temperature, the backflush gas and the pH, the back-
flush gas and the ascorbic acid content. Of these, the first
three are the most important as they comprise 0.818 of the
0.836 R2 value of the analysis. The correlation of the time -
temperature interaction with the Hunter a value was highly sig-
nificant just as it had been previously with the Hunter L value
and therefore the explanation remains the same. The correlation
in this case is positive which corresponds to increasing redness
or browning of the samples with increased.time and temperature.

The variety - S0, content interaction probably results
from the fact that one variety, the Newtown Pippins, was subject
to very rapid enzymic browning during the peeling and coring op-
erations. Although this was done quickly and the prepared
slices were immersed in brine, a certain amount of melanin was

produced before processing this variety. Thé different levels
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of SO, were in part determined by the preparatory treatments
(Fig. 1) and therefore, it is felt that these treatments, es-
pecially the hot blanch method, may have had a significant in-
fluence on the degree of browning and the Hunter a value. An-
alysis of variance results demonstrated that the S0, levels in
the samples which differed very significantly were also corre-
lated fo the Hunter a values for the same samples (Table 41) .
It would appear from the results that the hot blanch may have
deleterious effects on the lightness of apple slices over and
above the effects of reduced levels of SOjp incorporated. It

is possible that the levels of SOp incorporated by the vacuum
infusion method represent a bare minimum below which the brown-
ing rate is able to proceed at an increased rate. A more prob-
able explanation is that the heat of the blanch combined with
the presence of an abundant oxygen supply, gives rise to non-
enzymic browning products to such a degree that the low levels
of SO, are unable to reverse it; thus, higher Hunter a values
are produced. Further work using different levels of S0, in
hot blanching solutions would be required to verify this.

The correlation between the interaction of the ascor-
bic acid content and the pH with the Hunter a values is shown
to be negative which indicates that as the ascorbic acid level
increases there would be a decrease in the Hunter a value and
a decrease in browning. It can also be seen that with increas-
ing ascorbic acid levels, the pH of the sample would become

lower and it is suspected that this is the key to the interaction
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which occurs between the two factors and subsequently influ-
ences the Hunter a value. The value of ascorbic acid as aﬁ
antioxidant is well documented (Bauernfeind and Pinkert, 1970)
and it is often used in the canning industry as a method of
combatting nonenzymic browning. In this research as mentioned
earlier, there was some doubt as to the veracity of the results
of the ascorbic acid analysis which indicated that there had
been an ihcreése in the level of titratable vitamin C over the
five month storage period. It is felt, however, that this ef-
fect had little influence on the interaction factor above since
the increase in ascorbic acid as measured was of roughly the
same magnitude for all samples and the values were relative
as far as browning between the different samples was concerned.

The remaining interaction factors contributed only
about 0.018 of the 0.836 coefficient of determination and there-
fore, are not considered to be factors of any major influence;
consequently, they will not be discussed.

The third parameter of the colour measurement of the
Hunterlab colour differenéénmetgi mgééﬁ;égﬁﬁhe“ratipn of yelioW—
ness to blueness in the sample and is designated as the b
value.

Although the colour of the samples were definitely
ﬁore yellow than white, it was found that the variance of the dif-

ferent 1ndependent variables in the multiple recression anal-

*yses prov1ded a. relatlvely poor-.explanation of the variance in
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the Hunter b values. The highestiR2 value achieﬁéa;ﬁégioniy
0.475. 1In the stepwise multiple regression using single fac-
tors only (Table 16) the independent variables which were
shown to have a variance with significant correlation to the
Hunter b value were the presence of pyrophosphéte ions, the
S0, content and the total sugar content. When single and two-
way interaction factors were both considered as independeht
variables in the stepwise multiple regression, the factors
which were shown to be correlated significantlygto the:HunT,
ter b values were interactions between the pyrophosphate and
SO0, content, the backflush gas and SO content, the SOj and
reducing sugars content, the SO, and ascorbic acid contents,
the total sugar and ascorbic acid conﬁents and the ascorbic
acid contents and storage température (Table 19). The three
interactionvfactors which make up the greater part of the R2
value are interactions between the total sugars and ascorbic
acid contents, the pyrophosphate and S50, contents and the SO
and reducing sugar contents. The relationship of these three
interaction factors to the Hunter b value was a poéitive one
indicating that an increase in the interaction term corres-
ponded to an increase in the Hunter b reading.

The interaction between the total sugar and ascorbic
acid contents in relation fo colour is difficult to explain
but Tannenbaum (1976) indicates than the degradation of ascor-

bic acid can follow any of the many complex pathways depending
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on the conditions present. Some of these are influenced by
suéar cdntent in that higher sugar concentrations have a ten-
dency to "salt-out" any O, dissolved in the medium. Although
the O; content in these samples is low, it is not completely
excluded from the pouch and therefore O, could influence the
degradation of vitamin C. Some sugars, particularly fructose,
are capable of forming complexes with metallic ions such as
Ccu?* and Fe3* which are capable of acting as catalysts in
the breakdown of ascorbic acid (Pollardvand Timberlake,
1971). Therefore, the sugar concentration also plays another
role in the protection of ascorbic acid. The breakdown of
the sugars themselves also leads to the build up of break-
down products and a decrease in the total concentration of
sugars. The breakdown products of both sugars and ascorbic
acid are involved in the production of non-enzymic browning
éigments in canned fruit products (Reynolds, 1965). Bej
éause of the number of different pathways and the similarity
of intermediate products the exact pathway and mechanisms of
the breakdown of these components is difficult to pinpoint
and requires work which goes beyond the scope of this research.
It is known that the breakdown of ascorbic acid is
dependent on the temperature of the media (Tannenbaum, 1976)
and that its breakdown results in the production of reductones
which can influence assays for vitamin C.‘ It has also been

shown that SO, acts as an inhibitor and possibly a bleaching
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agent in nonenzymic browning thus blocking the browning re-
action and bleaching any melandidin pigments produced (Gehman
and Osman, 1954; Lindsav, 1976). It is also known that with
increased storage time and temperature, reducing sugars are
produced from non-reducing sugars (sucrose) by hydrolysis
(Tables 23 and 24). The reducing sugars then undergo further
changes which are influenced by heating and acid conditions
to ?roduce compounds capable of condensing into brown pig-
ments (Hodge and Osman, 1976). The presence of S0, inhibits
this activity by forming an addition compound between the
carboxyl group of the reducing sugar moiety or one of its
intermediate products and the bisulfite ion from the solution
(Gehman and dsman, 1954). This blocks the condensation step
and severely restricts the rate of browning. With prolonged
storage time and elevated storage temperatures, however,
browning does eventually proceed causing a darkening of the
samples.

The action of added pyrophosphate ions in a sample
is to sequester metallic ions such as Fe3+ and cu?? which can
catalyze a number of breakdown reactions which in turn ini-
tiate browning reaction (Furia, 1968). The exact interaction
mechanism of this ion with the SOj is unknown but it is as-
sumed that the chelating activity of the pyrophosphate may
in some way slow the formation of intermediate products which
use up the supply of available SO,, thereby prolonging its

activity.
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In general, the colour paraméters which provide the
best indication of the action of the independent variables in
colour changes in the apple slices of this research are the
Hunter L and a values with R? values in the multiple regression
analyses of approximately 0.80 as compared to the Hunter b
readings which had R2 values of less than 0.50 which indicate
that either this parameter is less valuable in predicting the
factors responsible for colour changes in apple slices or
that the factors responsible for the changes in the yellowness
to blueness ratio are quite different than those proposed
for the other parameters. Since browning is of primary con-
cern and is more accurately measured by the Hunter L and a

values it is likely that Hunter b values could be ignored.

For this research, there were a number of chemical
analyses which were considered as possible methods of moni-
toring the changes which occurred in the products over the
storage period at the different temperatures. Because the
available time to carry out these tests was limited, only six
were chosen to be carried out. Two of these were done spec-
ifically to show if any differences could be found between
the levels of additives which were incorporaﬁed by the differ-
ent preparatory treatments. These were the analyses for the

calcium and SO; contents. The remaining tests, which include
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analyses for total sugars, reducing sugars and ascorbic acid
as well as pH measurements, were carried out to elucidate
changes in the quality attributes of the samples with time.
However, when the time came to assess the results of these
various tests, it was found that the results from both cate-
gories could be applied interchangeably, so that Ca™ and
S02 analyses could be used to indicate quality changes while
ascorbic acid and sugar analyses were indicative of the ef-

fectiveness and desirability of the preparatory methods.

Because it was originally planned that the measure-
ment of calcium levels would only serve to indicate the ef-
Fectlveness of the preparatory treatments, and a limited ac-
‘eess to aﬂ atomic absorptlon soectrophotdmeter, duplicate
measurements of the calcium levels were not made for both
testing times. Single samples, taken at each tlme from
the slices undergoing the shear force test, were used tojob%
tain calcium levels and the results were combined as dupli-
cates for assessing the effectiveness of the preparatory
methods. As a result of this, it was impossible to deter-
mine if differences in storage time and temperature really
had any effect on-the texture of apple slices as a direct

result of changes in the calcium content.
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It was thought that pyrophosphate, in its role as
a sequestering agent, would tie up some of the calcium ions
in the apple tissue and might therefore have a significant
influence on the results of the calcium analyses. This, how-
ever, could not be shown in either the mini analyses of vari-
ance or the multiple regression analyses where the level of
pyrophosphate had no significant correlation with any of the-
texture measurements.

The variety of apple seemed to have no influence on
the level of calcium which was incorporated into the tissues
although variety was involved in the multiple regression in-
dependent interaction factors which explained some of the
variance in the viscometric results.

The backflush‘gas was found to have a significant
influence on the level of calcium found in the samples. From
the results it appears that carbon dioxide in some way in-
creases the retention of calcium in the tissues. The explan-
ation of this effect revolves around the solubility of the CO,
and its ability in this form to combine with catt to form in-
soluble calciﬁm carbonate. This material was probably deposi-
ted within the tissues whereas some of the Ca*t in the nitrogen
packed samples would be free to diffuse out of the tissues
and into the syrup media which was discarded before the calcium

analysis.
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The SO, content of the samples was found to be in-
fluenced by a number of the factors involved in this research.
The preparatory methods were found to have a large influence
on the level of SOy found in the samples (Fig. 1).

The temperature of storage was also found to in-
fluence the levels of SO, found in the samples. It is known
that under ambient conditions, the level of SO, in a canned
product will decrease with the length of storage and that
this decrease is accelerated as the Stqfage tempépature is
increased (Joslyn and Braverman, 1954). 1In this research,
only oﬁe of the samples prepared could be tested for separate
time and temperature effects because of its storage procedure.
Analysis of these results did not show conclusively a storage
time effect on the SO, content of the samples. The measure-
ment of SOy levels for the 1.5 month storagertime of samples
stored at the lower temperature gave lower results than
expected (Fig. 3). The reason for this is suspected to have
been the;élighﬁé?ermeabi;ity of the pouch which allowed slow
entry of 0, into the product. This diffusion was slow enough
that af the 1.5 month period the visual effects were not dis-
cernable but some of the results of other chemical analyses
lend support to this suspicion. These include a lower ascor-
bic acid content and Hunter L reading coupled with a slightly
higher Hunter a value when compared with other similar samples.

The results of this was to give a lower mean SOy level in the



- 116 -

samples from the room temperature sample which when combined
with the SO, readings from the warm temperature storage gave
an overall mean lower than the overall mean after 5.0 months
storage. This in effect -appeared as/a\sighificant increase

in S0, with time which was erroneous.

The effect of the storage temperature on the SO,
content was more obvious.as can be seen in Fig. 3. In this
case there seems to have been a profound decrease in the S0,
content of samples stored at the higher temperature between
the day of processing and the 1.5 month storage test time.
Following this, the SO, content seemed to level off indicating
that most of the reactions which were "consuming" the SO,
were limited and had been depleted and that only reactions
with very slow reaction ratios were still occufring between
the 1.5 and 5.0 month storage period.

The pouches stored at the lower temperature on the
other hand had a much slower loss of SOy indicating the pos-
sibility that the energy of activation of the reaction (s)
which had caused the sudden decrease in the SO, content of
samples stored at the higher temperature had not been reached
at the lower temperature. Further work must be done with
tests a£ closer time intervals and greater sample numbers in
order to verify the results and to establish whether there is
an energy threshold for these reactions and limiting factors
that prevent continuation until all the SO, is lost. It is

suspected that at higher temperatures the rate of sugar de-
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gradation is increased resulting in sugar breakdown products
that combine with the SO, (Gehman and Osman, 1954).

The results of the analyses of variance also indi-
cate that the presence of pyrophosphate in a sample increased
the levels of SO, remaining at the testing time (Table 20).
The action of pyrophosphate ions is one of sequestering metal-
lic ions. It is suspected that some of these metallic ions
may play a role as catalysts in the breakdown of certain com-
ponents of the sample such as organic acids to reactive carbonyl
compounds which in turn would deplete the S0, content of the
sample (Pollard and Timberlake, 1971). ,Removal of these
ions from this activity would therefore help to conserve the
SO0, content of the sample. An interaction factor between the
pyrophosphate content and the SO, content was shown by the
stepwise multiple regression analysis using both single and
two-way interaction factors to varyv with significant correla-
tion to the variance of the Hunter b readings of the samples
(Table 19).

The analyses of variance on the samples also indi-
cates that the variety of apple used for each sample had a
significant_influénééldﬁ;the amoﬁﬁéigfisoz'féﬁéining_in ﬁhe
sample at the time of testing. From thé ;esults of Table 21
it can be seen that the Winesap variety seemed to have lower
levels of SO, than the NeWtown Pippin variety. The reason

for this cannot be explained except for the possibility of
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some varietal differences which affect either the incorporation
of SO2 into the tissue or the depletion rate of SO, incorpor-
ated. The variance of an interaction term between the variety
and the SO, content was found to have a significant correla-
tion to the variance of the Hunter a values.

The remaining factors, such as the calcium level and
the backflush, could not be shown to have had any significant
effect on the levels of SO, found in the samples at the two

test times.

From the analyses of variance to determine the ef-
fects of all the other factors on the total sugars content of
the samples it was found that only time and temperature of
storage had a sigificant influence (Table 23). fThe';thgr
variables including preparatory methods, calcium content, S0
content, pyrophosphate content, backflush gas and variety had
no effect on the total sugar content. Because of the design
of this experiment it was again difficult to separate the ef-
fects of time and tempefature and therefore the results must
be presented in a combined form. It is impossible to tell
which of the two factors had the greater effect on the total
sugaf content, but it is suspected that the higher storage

temperatures had the greatest effect. As support for this

assumption, it is known that sugars undergo very few reactions
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in watery media at approximately pH 4.0 and that the pH must
be raised to neutrality or a slightly basic point in order
for the cyclic hemiacetal structure of reducing sugars to con-
vert to the acyclic carbonyl form which are then free to begin
a number of decomposition reactions. However, with the appli-
cation of heat and pH less than 4.0 a slow enolization of sugar
molecules can occur which is followed by a rapid acid‘catalyzed
dehydration to produce furfurals and browning pigments thus re-
ducing the total sugar content (Hodge and Osman, 1976).

It was thought that the preparatory methods might
have influenced the total sugar content of the samples but
this could not be supported statistically. The probable rea-
son for this is that after processing with the added sucrose
there was a gradual diffusion of sugars back into the tissues.
Since the sugar content in the outer media was many times
greater than the sugar content of the tissues any differences
caused by the preparatory methods would soon be disguised as
stabilization occurred. Support for this supposition can be
taken from the measurement of the total sugar content of one
of the samples the day following processing. In this case a
total sugar content of 12.4% was found in comparison to 14,9%

in the same sample after 1.5 months in storage.
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The analyses of variance to éhow the influence of
the factors on the reducing sugar content of the samples in-
dicates that only three variables were related significantly
with the reducing sugar content. These factors include stor-
age time, storage temperature and the preparatory treatment
(Tables 23, 24, 26).

The sucrose content of fresh apple tissue is always
less than the reducing sugar levels, and fructose is found in
greater quantities than glucose (Ehear£ and Mason, 1967).

Upon the addition of sucrose to the apple slices, the total
sugar content rises and the ratio of reducing to total sugars
in the processed samples changes in a direction indicating an
increase in non-reducing sugar levels. This trend, hoWever,
is reversed and the reducing sugar céntent gradually increases
as a result of the hydrolysis of the non-reducing disaccharide
sucrose. This hydrolysis reaction is known to be influenced
by many factors such as the acidity of the media, the type of
linkage between the monosaccharide units, the ring form of the
sugar units, the extent of intermolecular hydrogen bonding and
the presence of glycosyl hydrolases (Hodge and Osmaﬁ,_l976).r

In the analyses of variance used to determine the in-
fluence of storage time and temperature on the levels of re=
ducing sugars in the samples, the effect of hydrolytic enzymes
can be discounted because of the heat denaturation which occurs

during processing. However, when considering the influence of
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the preparatory methods on the reducing sugars (Table 26),
one logical explanation which can be presented is based on
the activity of these same hydrolytic enzymes which are de-
natured by the hot blanch method but continue to function in
the vacuum infused andtdéld dippédﬂsamples in S§ite of the pre=
sénce bf‘SQz., }tris posgible tﬁé%_thehdistr;bution of the 802
throughout the tissues is not uniform therefore allowing some
hydrolysié'tq>éécﬁxQ£!Ithié-alsé ?6séébie that éoz does not in-
hibit these enzymes as effectively as it does some of the
others involved in browning reactions.

In order to assess the effects of the preparatory
treatments it was necessary to use samples to which the SOj
had been added by thefthreehdiffgféﬁt methodgﬁlfIn order to -
prove that it was the difference in methods and not the dif-
ference in SOZ levels which were influencing the reducing
sugar levels, samples using different levels of S0, incor-
porated by the cold dip method were also compared (Table
25). From this it can be seen that the SO, level itself has
no effect on the reducing sugar level and therefore the dif-
ferences must result from differences in treatment.

Hodge and Osman (1976) also reported that the
- D - fructo-furanosyl linkage in sucrose, which was the pre—
dominant dlsaccharlde 1n thlS case; makes 1t lablle even under
mildly acidic conditions at low temperatures and at extremely

low water contents. The increase in storage temperature would

therefore serve to hydrolyze the different bonds (Fig. 4).
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.From this it would seem that the hydrolysis of sucrose into -
its component reducing sugars is accomplished easily under a
wide range of conditions. It is known that reducing sugars
are responsible for, or take part in, a great number of the
reactions which are detrimental to the quality of food and
therefore the hydrolysis of sucrose and the liberation of

these sugars is a limiting factor in the life of a product.

Although apples contain some ascorbic acid, they
are not considered to be an important source of vitamin C
in man's diet. Their relatively low content, when compared
to other fruits such as citrus, can vary with a number of
factors including growing and storage conditions, maturity,
variety and whether the skinvis consumed as part of the apple.
Canned apples contain even less vitamin C because heat pro-
cessing, especially in the presence of oxygen, has been shown
to bring about its decomposition -(Tannenbaum, 1976). Fresh
unpeeled apples can contain from 6.0 to 15.0 mg of ascorbic
acid per 100 grams of apple tissue whereas prepared and heat
processed apple products have only approximately 2.0 to 6.0
mg/100 g KWiley_énd Thompson, 1960). |

The purpose of the ascorbic acid analysis in this
research was to determine if the less rigorous thermal treat-
ment required to preserve products in flexible pouches could

be beneficial in the preservation of ascorbic acid and thus
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perhaps othef nutrients.

There are a number of analytical procedures for de-
tecting ascorbic acid but none is entirely satisfactory be-
cause of a lack of specificity and the presence of a large
“number of interfering substances in most food products (Tan-
nenbaum, 1976). The procedure chosen for this research as
described earlier was a method based on the oxidation - re-
duction properties of ascorbic acid alone and does not take
into account the presence of dehydroascorbic acid which can
also be present and may be converted to ascorbic acid. A
number of oxidizing agents can be used in this method but
the 2, 6 -~ dichlorophenolindophenor\has béén:found to be the:
most successful although it too is subjéct to interference
from a number of sources. Some prodﬁcts which have under-
gone extensive heat treatments and/or prolonged storage are
subject to the build up of a number of substances collective-
ly known as "reductones" which will interfere with an analysis
for ascorbic acid (Assoc.-of Vit. Chem., 1966).

The factors which were found by the analysis of
variance to have an influence on the ascorbic acid content of
the samples in this research were storage -time, preparatory
treatments,‘variety and the presence of added calcium. The
storage temperature was anticipated to have an influence on
the ascorbic acid content but could not be shown to have any

significant effect.
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According to the analysis of variance for the ef-
fects of storage time on the ascorbic acid content of the
samples, there was an increase in vitamin C with increasing
storage time (Table 28). This may have been an .erroneous
result caused by the build up of the reductone materials
mentioned earlier. It also could have resulted from the re-
duction of dehydroascorbic acid to ascorbic acid although it
must be assumed that the ascorbic acid was stable and that
oxidation did not cause the conversion of ascorbic to de-
hydroascorbic.

It would appear that the vitamin C in these samples
"WaSﬁstable because of the lack of influence by temperature;
however, since vitamin C is noted for being sensitive to
increases in temperature this seems unlikely. Possibly, the
ascorbic acid decomposition was accompanied by a build up of
reductones so that the two reactions were in balance and no
difference in the ascorbic acid levels was detected by the
analysis. If a greater number of samples from the 37°C stor-
age had been tested at the 1.5 month storage time it is pos-
sible that a difference between samples from the two storage
temperatures could have been found. From what information we
have, however, it is impossible to accurately assess the ef-
fects of either storage time or tempefature on the ascorbic

acid content of the slices.
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The effect of the preparatory treatments on the as-
corbic acid content of the samples as determined by the analyses
of variance turned out as expected ,(Table 27). Samples under-
going the hot blanch treatment were shown to have the lowest
ascorbic acid content. It is interesting to note that although
the ascorbic acid readings for the 5 month storage period were
somewhat higher than the 1.5 month reading they were still
very much lower than those 5 montﬁjreadings for the vacuum
infusion and cold dip methods. This suggests that the initial
level of ascorbic acid at the time of processing may have had
some effect on the level of "reductones" produced. The hot
blanch samples were expected to have a lower ascorbic acid
level because of the oxidation which would occur when vitamin
C is heated in the presence of oxygen (Pollard and Timber-
lake, 1971).

It was also shown in two of the analyses that more
ascorbic acid was found in samples which had undergone the
cold dip treatment rather than the vacuum infusion treatment.
This can also be explained in.that ascorbic acid is soluble
and some may have diffused from the tissue during evacuation
of the infusion chamber. When the vacuum was broken, much
of the ascorbic acid which was withdrawn from the tissues re-
mained in the infusion media and was lost. The effect of cal-
cium on the level of ascorbic acid in the tissues can also be

related to the solubility of vitamin C in water. Table 29
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indicates that the presence of added calcium ions in the samples
helped to maintain the levels of ascorbic acid. Other analyses
comparing the effects 6f different levels of added calcium in-
dicated that there was no significant difference (P > 0.05)
in retained ascorbic acid levels. Therefore, it would seem:
that the presence of calcium ions and not their level in-
fluenced the stability of_the.vitémin c. It ié thought that
'this.iﬁfluence,may have been related to the maintenance of
the cell wall structures which led to better retention of the
liquid fraction of the tissues and consequently the dissolved
ascorbic acid. Samples which had no added calcium had very
poor texture measurements and their appearance was similar
to that of applesauce. This would lead to a greater loss of
liguid and soluble solids from the tissues.

The variety of apple used for processing was also
shown to influence the level of ascorbic acid as determined
by the analysis (Table 30). Processed Newtown Pippin samples
were shown to have higher levels of ascorbic acid than pro-
cessed Winesaps. This result was directly related to the quan-
tity of ascorbic acid present in the original peeled fresh
tissues. Analyses of the peeled fresh tissues of Newtown
Pippin and Winesap apples carried out earlier had indicated
that ascorbic acid levels of 7.84 and 3.13 mg/l100 g respective-

ly were present.
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The results of the ascorbic acid analysis indicate
that the hot blanching of apple slices under normal atmospheric
conditions is definitely detrimental to the vitamin C level
while the other methods had a relatively small effect on it.
By observing the ascorbic acid levels of one sample tested
immediately after processing and then again at 1.5 months
(Table 45) it can be seen that approximately 25% of the level
found in peeled apples was lost during the process after which
the rate of ascorbic acid decomposition was reduced.

Adams and Blundstone (1971) have indicated that the
retention of vitamin C in acid products with low oxvgen par=
tial pressures and an absence of copper ions is quite high.
If some.oxygen is retained in the product, greater protection
is given to the ascorbate in plain tinplate containers as op-
posed to lacquered and glass containers because tin ions are
more susceptible to oxidation at low pH than are ascorbate
ions. Their feeling was that more vitamins are lost from
canned fruit products because of their solubility. Vitamin C
is highly soluble and consequently is lost from the tissues
along with the moisture if the syrup from these products is
discarded.

In this research, the ascorbic acid analysis was
only carried out on drained samples, thus it is likely that a.
large portion of the 25% reduction in ascorbate content was
contained in the syrup. This would indicate that heat pro-

cessing at low oxygen partial pressures is not as detrimental
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to the ascorbate content of acid products, such as apple

slices, as is the peeling operation and the anaerobic degrad-
ation that occurs regardless of other conditions. Processing
using the flexible retort pouch may therefore have little if
any additional advantage over conventional containers for the

retention of vitamin C in processed apple slices.

" pH Changes

Changes in the pH of the apple slices were found to
be influenced by a number of factors. Storage time and temp-
erature were shown to reduce the acidity of the products.
(Tables 31 and 32). This can be explained by the many chemi-
cal reactions such as the destruction of ascorbic acid that
occur during storage. Increased storage temperatures supplv
the energy to initiate and carry out these reactions at a
faster rate and therefore influence the pH.

The addition of bisulfite, calcium ions and pyrophos-
phate ions to the samples all served to decrease the pH with
increasing levels of preservatives (Tables 33, 34, and 35).
These decreases were small in the case of calcium ions but
were all highly significant.

The samples packed with carbon dioxide were also
found to have a lower pH than comparable samples packed with
nitrogen (Table 37). This results from the high solubility
of carbon dioxidé.which\produces carbonic acid with water,

thus slightly lowering the pH.
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The variety of apple used for processing was also
found to influence the pH. (Table 36). Processed Newtown Pip{
pins had lower oH readings than processed Winesaps. This came
as no surprise as fresh samples of the Newtown Pippins and
Winesap varieties were found to have pH readings of 3.40 and
3.52 respectively. This aspect of apple physiology is again
related to several factors such as growing and storage condi-

tions, maturity and variety.

SENSORY ANALYSIS

The results of the taste panel scoring indicate that
the important factors influencing the acceptance of the samples
were the time and temperature of storage and the level of cal-
cium ions incorporated into the tissues. It was found that as
the storage time and temperatures were.increased, the accep-
tance of the samples decreased (Table 38 and 39). .,Calcium
levels are presumed to be linked with texture since the samples
with ﬁhe highest scores were samples with higher calcium levels
and consequently better texture readings.

There was, however, some confusion among the panelists
as to what constituted a desirable apple slice. For instance,
most panelists preferred the firmer slices but some actually
preferred the softer samples which they compared to apple sauce.
There was also diversity in the colour preferences among the

ranelists. Some objected to the yellowness of the slices and
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stated they preferred white. Others made no mention of yel-
lowness but criticized the non-uniformity of colour when white
slices were present.

Perhaps the most confusing results were obtained from
the flavour scores. Several panelists were able to detect an
SO, taste especially at the 1.5 month testing period. Also,
some panelists complained of the blandness or lack of apple
flavour in the vacuum infused samples. Generally, however, the
flavour scores for a single sample had such wide diversitv that
little can be derived from them. It waé noted that on the whole,
the Newtown Pippin samples received more favourable comments
than the Winesap samples althdugh no significant differences
were détected between the sensory scores for the varieties by
analysis of variance.

In the overall acceptance category as in the texture
category, the Duncan's Multiple Range test divided the samples
into two groups according to the panelists scores. In both
cases, the sampie‘which héd ﬁp added calcium madé ﬁp thé—gréup
having the lowest scores while the remaining samples were in-
cluded in the group receiving the highest scores. This indi-
cates that texture had the greatest influence in determining
the overall acceptance of the samples although from panelists
comments it was felt that flavour was also a major factor. It
was also interesting to note that in the flavour and appeal cat-
egories, tHe,Saﬁple Wiﬁh no added calcium was always inclﬁdéa in

the group receiving the lowest scores for sensory evaluation.
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The cold dipped sample was shown by the Duncan's‘Mul—
tiple Range test to be the only sample which was consistently
included in the groups receiving the highest scores in all four
categories and was never "shared" with groupings receiving lower
scores as were the other samples. This sample was thought to be
the optimum when first processed and was proven to be the best
all round sample during the testing.

The remaining variables such as backflush gas, variety,
bisulfite level or the inclusion of pyrophosphate could not be
shown by statistical analysis to have any significant influence
(P > 0.05) on the scoring of the panelists.

The overall acceptability category is considered to
be an indication of whether a product would be accepted or re-
jected by a prospective consumer. Observation of the mean ac-
ceptance values for all samples presented at the 5 month test-
ing, showed that the cold dipped sample had the highest scoré
of 69%; which is an indication that the sample could be acceu-
table. Before any definite judgements could be made, however,
more extensive consumer aécepfance tests would have to be
employed.

It was also found that the method of storage for the
samples is critical to their quality. For this research we
had no rigid paperboard containers to protect each individual
pouch from mechanical damage. As a result, in spite of the
fact that the samples were carefully stacked in large corrugated

paperboard boxes, there was some damage due to the weight of
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the stack. Perhaps if a more suitable method of storage had
been employed, some of the texture scores would have been im-
proved. This information should be taken into consideration

in future projects involving flexible pouches.
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CONCLUSIONS

Due to the discrepancy between the results of the
thermai diffusivity and heat penetration methods for deter-
mination of a process time for apple slices in flexible re-
tort pouches, there arises a question pertaining to the re-
liability of at least one of the methods. Since the heat
penetration study;is a measurement of the conditions within
the specific product under actual retorting procedures, and
since the measurements were derived from a number of "retort
runsf{ there is a tendency to be more confident in those re-
sults. It was also found that the heat venetration study
was less time consuming and the return of data was greater.
For these reasons, it could be considered the more preferable
method of deriving a process time. It must be conceded, how-
ever, that this method requires the use of data acquisition
and computing facilities which may not always be available
and therefore, may not be applicable to all situations.

It was found that apples taken from long term con-
trolled atmosphere storage are not as good for processing as
those taken from storage shortly after harvest in spite of
the fact that a much shorter heat process is required for
stabilization in retort pouches. Texture seems to suffer
the greatest decline in these apples but it was shown that
calcium ions can be added to improve the firmness. Samples

without added calcium had very poor texture ratings and by
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the end of the 5 month storage period under elevated tempera-
ture they were reduced to a sauce-like consistency. Contrary
to a previous report, (Archer, 1962) sufficient calcium was
added to this product in the form of calcium chloride in
quantities low enough to have no noticeable effect on flavour.

The lightness of the apple slices was also found to
be maintained by the addition of low levels of sulfur dioxide
in the form of sodium bisulfite. It was noted that even at
the low levels added in this research, it was still detected
by some of the panelists. It is not known if the levels of
SO, incorporated in the samples was sufficient to maintain
lightness for an extended shelf life at room temperature but
there were definite indications of darkening after 5 months
storage at elevated temperatures.

The addition of pyrophosphate ions in the form of
sodium acid pyrophosphate was also shown to have a significant
influence in maintaining lightness in the samples although it
did not seem*tb retard the onset of darkening with increased
storage time.

Both varieties of apples chosen for this research
were good processors and both withstood the prolonged storage
quite well., The Newtown Pippins in their fresh state seemed
to surpass the Winesaps in most of the measured quality para-
meters and this was maintained after processing and throughout

the storage period. The biggest problem in the use of Newtown
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Pippins for processing in the British Columbia area at the
present time is their popularity as a fresh eating apple and
their relatively short supply to the processing market. Wine-
saps are a familiar processing apple which were only slightly
less desirable in this process and provide a very good prod-
uct as was shown by this research.

Nitrogen was shown to be a highly effective backflush
gas for maintaining a stable atmosphere in the pouch. Carbon
dioxide which was also tested was shown to have been soluble
in the liquid media. This reduced its effectiveness as a
cushion against mechanical damage and tied up calcium ions in
the form of calcium carbonate, both of which had an adverse
effect on the texture of the slices. It could not be shown by
this research that nitrogen had any positive effects on the
slices outside of providing an inert atmosphere and a féduc—
tion of the oxygen partial pressure within the pouch.

Hot blanching of the apple slices is not a desirable
breparatory method as it was shown to have detrimental effects
on the texture, colour and ascorbic acid levels of the samples.
Vacuum infusion of apple slices provides good texture but was
shown to- have serious effects on colour and flavour. Samples
treated with this method had a translucent appearance and bland
flavour due to the loss of flavour volatiles during the evacu-
ation and the infusion of water with breaking of the vacuun.
The cold dip method, although allowing the retention of greater

oxygen levels within the pouch, provided the best product.
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Viscosity measurements of macerated tissue supply
some insight into the possible chemical behaviour of the sam-
ples; however, this is not a good method of determining the
influence of calcium on texture as is shown by the analyses
of the different parameters of viscometric béhaviour. By
far the most accurate method of texture evaluation of apple
slices in relation to sensory analysis is the measurement of
the forces required to shear the slices.

It is also evident that great care must be taken
when using pouches, to avoid the use of pinholed containers.
Care}shouid be taken in heat sealing to insure safety and the
stored supplies should be provided with some form of protec-
tion to prevent mechanical damage te both the pouch and its

contents.
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