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Executive Summary

The research title “Development and Validation of Computer Simulation
Program for Quality Retention of Conduction Heating Food after Processing™ was
divided into three main sections: Part | was a study on kinetics of thermal
degradation of sensory gualities in canned tuna; Part 2 was to develop the computer
program using linite difference method tor evaluate qualitics retention of conduction
heating food after thermal processing and to use of the developed computer model tor
optimizing some quality retention. Part 3 was to conduct experimental validation to
investicate ellect ol processing condition including level of Fo on qualities of tuna

after thermal processing. The published paper for each part was attached.
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Oi.TIMIZATlON OF SENSORY QUALITYIN CANNED
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Cherdareekit', Kittinun Piyaaphantawong' and Supawon Peerajit’
‘Depanment of Food Engincering, Faculty of Engineering King Mongkut’s
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ABSTRACT

This research was to study effect of heat (from 90 to 120°C) on sensory
gualities fcolor. fish flavor, cooked flavor, and hardness) of Longtail tuna
wuny trained panels. The changes of color. fish flavor and cooked flavor have
o tirst order reaction rate and kinctic parameters, Z value, were found to be
2o 1706 and 31.31 °C respectively. The experimental kinetic parameters of
con ki sensory atiribute were used in the simulation for volume average sensory
qualinn of canned tuna after thermally processed af retort temperature of 90 to
120 C.  The effects of Fo and can size were also investigated. The optimum
retort lemperature range for maximizing average sensory quality was
esumated between 100 to 110 °C. Increasing can size decreased optimum
retort temperature while Fo had minor influence on the optimum refort
fempnerature.

Keywoards. Canned tuna, thermal processing, sensory, optimization
INTRODUCTION

Canning of food results in an extended shelf-life but affects sensory quality
of the product. One of the challenges to food canning industry is to guarantee
commiercial sterility and ensure a desirable product quality (Lund, 1977).
Canncd tna is the major seafood product produced in Thailand. Because the
_ﬁsh 1s packed tightly in a can, the high temperature short time (HTST) process
S not always benefit to the product quality (Teixeira et.al., 1969; Lund, 1977;
S-Iw_: clal., 1992). Very high processing temperatures will cause severe
qQuality degradation near the can wall long before the food at the center of the
€an has raised in temperature. A relatively low processing temperature will
830 cause great quality loss because of the long time necessary to achieve
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sterility. Tools to optimize quality in this type of food arc a numerical model to
predict temperature distribution in a container, together with kinetics of
thermal destruction of target organisms and quality attributes (Holdsworth,
1985).

Sensory qualities including appearance, flavor and texture are the most
important characteristics of canned tuna because they are attributes that the
consumer can readily access. Few researches had been worked on kinetics of
thermal degradation of sensory quality determined by trained panel (Hayakawa
and Timbers, [977; Ohlsson, 1980 and Loey et.al., 1995). However, kinetics of
thermal degradation of sensory in tuna has never been investigated.

The objectives of this study were to determine the kinetic parameters (D
and Z values) of sensory qualities (color, cooked flavor, fish flavor and texture)
of tuna using trained taste panels within the temperature range of 90-120 °C
and to apply the experimental kinetic parameters together with the heat transfer
models for conduction heat transfer in a cylindrical container for calculating
volume average quality retention under various process conditions, with the
goal of quality optimization.

MATERIALS AND METHODS

Preparation of steamed tuna

Frozen Longtail tuna obtained from the local fish canning company was
transported to our laboratory in insulated tanks. Upon arrival, they were
beheaded, cut into 5 inches piece (portion 1- 4 in Figure 1) and stored at -18 °C
until treatment. Before the processing, the frozen fishes were thawed under
running tap water until backbone temperature of 1-5 °C and eviscerated. They
were streamed to a final backbone temperature of 65 °C. Then skin, dark meat
and bone were removed. The white meat was flaked and mixed to ensure an
equal composite sample.

Thermal treatment

Flaked tuna was packed tightly in a small can (NO 211 x 109). Each can
contained 100 g of fish and was filled with 15g of distilled water. The use of
small cans reduced temperature gradient so that the difference in temperature at
the surface and in the center of the cans was minimal and steady state was

assumed.

56



Figure 1. Portion of tuna (only white meat) used in the experiment

The cans were exhausted until can center temperature reached 85 °C to
reduce lag periods for come-up heating and cooling times. Then they were
hcrmetically sealed and heated in a temperature controlled oil bath.
Predetermined time-temperature combinations used for the heat treatments
were shown in table 1. Afier heating, the cans were cooled in the ice bath (0-2
*(’) to stop heating process.

Tablc 1. Time and temperature combinations for heating canned tuna

Temperature Heating Time
(°C) (min.)
9% 0 120 240 360 480
100 90 180 270 360
110 0 60 120 180 240
120 0 30 60 90 . 120
0

Sensory evaluation

Prior o evaluation, cans that had the same heat treatment were mixed to
obuin homogeneous samples. Samples were evaluated by 10 selected and
trained panels that had experience in 20 training sessions. The quality attributes
Were color, cooked flavor, fish flavor, and hardness. Sensory evaluation was

37
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Where Z is Z value of target microorganism (10 °C)

The simulation performed using the value for thermal diffusivity of 1.42 x
jo ~* m'/s. The target F, was the accumulated F, contributed during both
neating and cooling. A uniform initial temperature of 50 °C, and different
conslant retort temperatures ranging from 90 to 120°C at 5°C intervals were
used. After heating at the specified temperature, the can was then cooled at a
constant cooling temperature of 25°C until the center temperature was less than
or equal to 50 °C.

The experimental values of kinetic parameters (Dy2;, and Z) and other
process variables including can size and target F, were investigated for their
ctlect on sensory quality.

RESULTS AND DISCUSSION

With increasing of heating time, the fish meat was darker and tougher, fish
Navor decreased while cooked flavor increased. This corresponds to increases
of color, cooked flavor and hardness score and decreases of fish flavor score.
‘I'he sample plot of common logarithms of average score values of fish flavor
versus heating time at different heating temperatures was demonstrated in
figure 2. From the slopes of the straight lines obtained by linear regression
analysis, the decimal reduction time (D) of sensory qualitics at different
heating temperatures were calculated and shown in Table 2. The kinetic
mudels of the thermal degradation for color, fish flavor and cooked flavor
except for hardness of the tuna were assumed to be first-order since the straight
lines had high coefficients of correlation (r >0.8). Z values, representing the
temperature change necessary to change the rate of the D value one order of
magnitude, for color, fish flavor, cooked flavor were estimated to be 29.07,
17.06 and 31.31° C respectively. The coeflicients of correlation of the linear
repressions were above 0.9 (Table 2). Our determined Z values close to the
values of 26-28°C for sensory quality of fish pudding estimated by Ohlsson
(1980). .
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Figure 2 Plot of common logarithms of average score values for fish flavor
versus heating time at different heating temperatures

Table 2 Kinetic parameters and coefficients of correlation for thermal
degradation of tuna sensory quality evaluated by trained panels

Temperature Color Hardness Fish Flavor Cooked Flayir
D D D D
(°C) {min) T {min) r {min) r {min) 4
90 111111 0.81 2000.00 0.32 14285.71 0.95 2500.00 Q.84
100 11t1.11 0.83 2500.00 0.71 1000.00 0.96 909.09 090
110 270.11 0.90 71429 0.61 476.19 0.97 588.24 0.2
120 126.58 0.91 303.03 0.69 204.08 0.96 250.00 083
Z2("C) 29.07 - 17.06 31.31 -
r 0.90 - 0.90 0.98

The estimated D>, together with Z values for each sensory quality
attributes were used in the simulations. The effect of retort temperature on
change of volume average fish flavor, color and cooked flavor were presented
in figure 3. These simulations performed for tuna packéd in a 211 x 109 can to
achieve target Fo of 8. The Z value for fish flavor (17.06°C) which is lower
than the values for cooked flavor and color (31.31 and 29.07 °C) illustrated that
fish flavor are more sensitive to changes in retort temperature (Teixeira ct.al .
1969 and Silva et.al. 1992 ) and has a lower optimum retort temperature rang¢:
The optimum retort temperature range for maximizing the fish flavor was
between 95-100°C. Deviation of retorl temperature from the optimum
temperature decreases fish flavor rapidly. The profile of the curve for cooked
flavor and color are flatter compares to the profile for fish flavor indicated that
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Jncrcasing of color and cooked flavor are less sensiti\.rc. to qeviations from the
optimum temperature. The temperature range for mm:mnznpg fish color was
found between 100-1 IO°C Cooked flavor has a broadest optimum range. With
s processing condition, change of retort temperature will not benefit in
Jecreasing cooked flavor.
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Figure 3. Volume average change of sensory qualities in canned tuna simulated
for acan No2ll x 109 to achieve a target Fo value of 8

The temperature range for optimum sensory quality was low and may not
be a practical processing temperature because it required long processing time.
However, it indicated that canned tuna processed at lower temperature range
would results product that have better sensory quality.

Effect of can size on increasing of volume average cooked flavor was
shown in figure 4. The simulations were performed for Fo = 8. The result
showed that with increasing of can size, the tuna had more cooked flavor for
any rctort temperatures. This emphasizes the benefit of chosen small cans. The
optimum processing temperature for minimizing cooked flavor moves toward
lower temperature when can size is larger. In a larger can size, the cooked
Mavor increase rapidly when retort temperature move from optimum retort
temperature. ’

Influence of Fo value on cooked flavor was shown in Figure 5. The
simulation performed for tuna packed in a 211 x 109 can to achieve target Fo
of 8. The result showed that for sterilization to higher Fo values has a minor
cllect on optimum retort temperature. Lower Fo value results lower cooked
flavor for all retort temperatures.

61

‘ wBATTUWUMNILAY |

| w1012



LONMITUHUUHNINAY ]

% Canbiad Naver Inerensing afier prassasing
I~
8
i

» s W WS 1w Nnd

Ratert Tasmporntasre { °C)

®
]

% Cached Dawr lnarvasing aller prnreriing
-
)

0 ” W W v s 1D

Retart Tenparsswre [ *0)
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Figure 5. Effect of Fo on increasing of
volume average cooked
flavor (%) in canned tuna
simulated for a can No2l1 x
109
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CONCLUSIONS

The kinetics study for thermal degradation of sensory qualities of Longtail
,una a1 temperature between 90 and 120 C, showed that the sensory attributes;
colur. fish flavor and cooked flavor; followed a first order reaction. The
emperature dependence of sensory quality deterioration, Z value, is in the
ranee 17 -31C.

“The value of D21 and Z value obtained from the experiment allows the
estunation for optimum temperature range to achieve optimum sensory quality
i canned tuna with different can size and Fo value.
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ABSTRACT

A 2-dimensional energy balance approach was used to model temperature

distribution in conduction heated conically shaped bodies. A numerical solution
by finite differences to the second order partial differential equation for heat
cond.ction served as basi: for the model. The cone was divided into small
volume elements. The inner elements were concentric rings of rectangular cross
section while those al the side surfaces had triangular cross-sections. Energy
balance equations fnr the volume elements were solved explicitly. Acrylic of
knov.n thermal properties was used to fabricate cones in 3 different geometries
and sizes, varying from a frustum fo a point cone. Every cone had 3 or 4
thermocouples (36 gauge, T type} inserted at different locations. Heat penetra-
tion tests were carried oul in a water bath with constant and variable water
temperatures. Experimental temperatures at different locations within the cones
agreed well with temperatures predicted by the model. Use of the model to
predict the location of the slowest-heating point or “cold point™ under different
processing conditions was also demonstrated.

' Florida Agricultural Experiment Station Journal Series No. R-09305
? Corresponding author.
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INTRODUCTION

The never ending quest for finding thermal process conditions that will
maximize quality retention without compromise to food safety in canned foods
has become an important objective in food engineering research, Mathematical
heat transfer models capable of accurately predicting the nonuniform spacial
temperature distribution within a solid body in response to constant or dynamic
boundary conditions at the surface have become an important too! in process
optimization for thermally processed foods. In the case of conduction heated
canned foods, thermal degradation of quality retention is a function of the
nonuniformtemperature distribution within the container that continually changes
over time. Accurate volume-average quality retention in response to a given
process can be calculated mathematically by integration over space and time with
the use of numerical solutions to the heat transfer equations appropriate for the
specific container shape. The work reported here is the first of a 2-part study in
which development and validation of a numerical heat transfer model specific
to cone-shaped solid bodies was carried out and reported here as Part 1.
Subsequent application of the model to address the extent to which optimum
process conditions are affected by container shape is reported in a companion
paper as Part 2 of the study (Pornchaloempong er al. 2003).

Modeling of conduction heating foods in cylindrical cans has been
extensively reported in the literature (Teixeira er al. 1969; Ohlsson 1980;
Nadkami and Hatton 1985; Shin and Bhowmik 1990). The conical container is
an alternative container shape used to pack various thermally processed foods.
The conical shape could be varied from a pointed cone to almost a finite
cylinder. There is little research reported in the literature on the numerical
modeling of transient heat transfer involving the cone geometry. Chau and
Snydcr (1988) and Erdogdu (1996) uscd a finite difference model with the
energy balance technique and noncapacitance surface nodes to predict tempera-
ture distribution in thermally processed shrimp. The shrimp shape was
approximated by a short cylinder followed by a right circular cone. A stair step
approach was used 10 approximate the radial boundary of the cone. The volume
elements were a series of concentric rings stacked upon each other with each
consecutive set containing one less node. Experiments measuring the center
temperature in a shrimp during heating and cooling were conducted in a water
bath. Measured temperatures compared well with model predicted temperatures.
Sheen and Hayakawa (1991) applied a finite volume method to a curvilinear
boundary to develop a model for conduction heated food in a bowl-shaped
plastic container. An experimental validation was carried out in an autoclave
using bentonite and apple sauce. They found satisfactory agreement between the
model prediction and experimentally measured temperatures at two points within

L w38
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the bowl! of bentonite solution. However, a heat transfer model of any conically
shaped container could not be found in the literature.

The position of the cold point of food undergoing thermal processing is
crucial for the calculation of a safe process. The cold point is the location of
slowest heating within a food container, which receives the least accumulated
process lethality (Fo). Therefore, process calculations must be based upon the
temnperature-time profile experienced at the cold point. Inaccuracy in locating the
position of the cold point may result in under-processing. The cold point for
conduction heated foods in novel-shaped containers such as pear, bowl or cone
is not necessarily at the “geometric™ center. Sheen and Hayakawa (1991) found
that the cold point in a bowl-shaped container with curved boundary and a metal
lid during heating in a circulated superheated water-type retort was located at a
fraction of 0.46 of the height of the container from the bottom, on the rotation
axis. The cold point moved slightly further toward the bottom during cooling
with water because of the change in surface heat transfer coefficient.

The objective of this study was 1o develop a heat transfer model for
conduction heat transfer in conically shaped containers capable of predicting
intermal temperatures at any location over time in response to constant or
dynamic surface temperatures, and to experimentally validatc the model by
comparing temperature predicted by the model with those experimentally
measured during heat penetration tests for various surface (emperature
conditions. Subsequent application of the model in process optimization for
maximum quality retention is reported in a companion paper by
Pomchaloempong er al. (2003).

MATERIALS AND METHODS

Development of Heat Transfer Model

A two dimensional finite difference model derived from an energy balance
approach was developed to simulate conduction heat transfer in a cone frustum.
The dimensions of the frustum were given by specifying: major radius (R},
minor radius (r) and height (H). The cone frustum was subdivided into volume
clements consisting of a series of concentric rings with rectangular cross sections
(Fig. 1). The volume elements at the side surfaces were given triangular cross-
sections. The number of volume elements increased by one for every successive
layer along the longitudinal axis going from the minor towards the major radius.
Because of axial symmetry, only one-half of the cone need be considered. Each
volume clement contained a node as a reference point, as shown in Fig. 2. The
temperature at the node is the temperature at that location within the volume
element. The number of nodes along the major radius in the R-r region was set
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equal to the number of nodes along the height. The number of nodes in the
minor r region was set independently.

]
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FIG. 1. GRID GENERATION FOR USE OF FINITE DIFFERENCES IN
A CONE FRUSTUM

Basic assumptions in development of the models included: heat transfer is
by conduction, the product is homogeneous and isotropic; i.e. its properties are
uniform and constant with location and temperature. The initial temperature of
the product is uniform. The surface heat transfer coefficient can be assigned a
finite value or assumed infinite.

Energy Balance Equations

Energy balance equations were developed for eight different node types
(Fig. 2) and solved explicitly, The nodes on the top and bottom surfaces are
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noncapacitance surface nodes (NCSN) having no thermal mass. The energy
balance equations for the nodes associated with NCSN (type 1, 2, 3, 4, and 8
in Fig. 2) were derived as a combination of heat transfer by conduction and
convection. The nodes on the side surfaces of the cone (type 5! are capacitance
surface nodes located on the surface of the volume element. They have thermal
mass and are affected by convective heat transfer coefficient (h). Node types 3,
4, 5 and 6 are interior nodes involving heat transfer by conduction only. The
energy balance equations for all nodal types are summarized in Table 1. In order
not to violate the second law of thermodynamics, the maximum time step used
for each volume element was found by setting the coefficient of the term T,;*
=0.
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k ma ._;1
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FIG. 2. CONFIGURATION OF VOLUME ELEMENTS AND NODAL POINTS FOR
STMULATION OF HEAT TRANSFER BY FINITE DIFFERENCES IN A CONE FRUSTUM
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TABLE 1.

ENERGY BALANCE EQUATIONS FOR 8 VOLUME ELEMENT TYPES OF

A CONE FRUSTUM

v =
MUIN 7/18
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The computer program (o solve the resulting equations was written in
Visual Basic 5 for Windows {(Microsoft 1997).

Experimental Validation with Acrylic Materials

Acrylic was used as the material for experimental validation of the
developed heat transfer models because it is homogeneous, heats by conduction,
has known thermal properties that remained essentially constant over the range
of temperatures used in the study, and was easy to fabricate into different
geometries. Acrylic cones of different dimensions were cut from an acrylic rod
with a diameter of 10.24 cm (Acutech Plastics, Reading, PA), and used in heat
penetration tests to validate the temperature predictions of the model devcloped.
Thermophysical properties of the acrylic rod are shown in Table 2. The
dimensions of the cones and locations of thermocouples are shown in Tabl: 3.
and illustrated in Fig. 3.

TABLE 2.
THERMOPHYSICAL PROPERTIES OF THE ACRYLIC ROD USED IN THE
EXPERIMENTAL VALIDATION (STABLE OVER TEMPERATURE RANGE

20-100 CY
Propenrties Value
Thermal Conductivity 0.19
(W/m-K)
Specific Heat (J/kg-K) 1464 40
Density (kg/m’) 1190

* Source. Acutech Plastics, Reading, PA
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TABLE 3.
DIMENSIONS OF THE ACRYLIC CONES AND LOCATIONS OF THE THERMOCOUPLE
TIPS USED IN THE EXPERIMENTAL VALIDATION

Shape Thermocouple x* Yy
# (em.) (cm.)
Cone#] 1 1.59 7.62
Big Radius = 5 08 cm 2 0.00 6.35
Small Radius = 0 em. 3 1.27 635
Height = 12.7cm. 4 2.54 762
Cone#2 1 1.43 2.70
Big Radius = 5 08 cmi 2 0.64 556
Small Radius = 2 54 cm 3 206 492
Height = 7 62 cm
Cone # 3 i 1.91 7 46
Big Radius =3 81 cm 2 0.00 746
Small Radius =127 cm 3 0.80 6.83
Height = 12.7 ¢m

*x is the distance from the axis of symmetry of the cone to the location of the
thermocouple
Yy is the distance from the bottom of the cone to the location of the thermocouple

It was important to choose the locations where the temperatures were
measured. Ideally the location of the thermocouple tip should be exactly at the
location of a node in the numerical model, to avoid interpolation. Afier the
thermocouple positions were assigned, small holes were drilled to insert
insulated 36-gauge T-type thermocouples at those positions. The thermocouples
were set using epoxy glue and sealed at the surface with silicone.

A computerized data acquisition system, CAN-CALC program® from
Engineering & Cyber Solutions (Gainesville, FL) was used to read and record
temperatures. Thermocouples were connected to a DAS-TC A/D board from
MetraByte (Cleveland, OH). All thermocouples were calibrated with a mercury-
in-glass thermometer prior to cach experiment. [n order to obtain uniform initial
internal temperatures, the acrylic cones were immersed in a well-agitated
constant temperature water coatainer for at least 12 h. The temperatures at every
thermocouple location within the cones and the water temperature were recorded
until the difference was within 0.5C,
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Cone #1
5 inches
Cone#2
4 inches
Jinches
2 inches
Cone#3
5 inches

FIG. 3. SCHEMATIC ILLUSTRATION OF THERMOCOUPLE LOCATIONS AND
) DIMENSIONS OF CONES
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Heat penetration tests were carried out in a temperature controlled water-
b_ath (Fischer Scientific, Pittsburgh, PA) with adjustable water agitator set at the
highest speed 10 achieve maximum surface heat transfer coefficient. Once the
desired water temperature was reached and stabilized, the cone was promptly
lowered into the bath to begin the heat penetration tests. The water temperature
and temperatures within the acrylic were recorded every 10 s. In validation
experiments where variable water bath temperature was needed to challenge
model performance, ice water was added to suddenly lower the water tempera-
ture at various times during the process.

The water temperatures used as boundary conditions in the model
simulations were the actual temperatures recorded during the heat penetration
lests. For each cone, the optimum number of nodes was found by repeating
calculations with increasing number of nodes until changes in the calculated
temperatures were negligible. The surface heat transfer coefficient was selected
by a search procedure to obtain a minimum absolute difference between
simulated and experimental temperatures for all thermocouple locations
(Pornchaloempong 1999).

Location of Cold Point

The position of the cold point in a cone frustum-shaped container depends
on the relative dimensions of major and minor radii and height. Since the cone
is a solid conduction-heating body with radial symmetry, the cold point must lie
along the longitudinal axis or centerline (locations furthest from the boundary),
assuming uniforn heat transfer coefficient over the entire cone surface.
Searching was accomplished by comparing temperatures of nodes predicted
along the center line in the axial direction after different time periods of heating.
Simulations of temperature -distribution in 3 different conical geometries with
similar volume (Table 4} were used to illustrate the cold point position as
affected by heating time, thermal diffusivity over the range found in most foods

DIMENSION OF THE CONES USEII?:I"I'EH‘E- COLD POINT POSITION STUDIES
Dimension Conc # 1 Cone #2 Conce #3
Big Radius (cm.) 4.50 6.20 400
Small Radius(cm.) 2.75 5.00 200
Height(cm.) 8.00 3.40 11.50
Volume (cm®) 336.60 336.60 337.20
Surface area {(cm?) 273.90 326 30 282 80
Volume / Surface 1.23 1.03 1.19

1IINTITUULNNIaY 2
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(1.2, 1.4 and 1.6 x 107 m?¥s) and heat transfer coefficient (300 W m¥K vs
infinite). The position index indicates the location along the axis expressed as
a decimal fraction of the distance from the minor radius (position index = 0.0)
to the major radius (position index = 1.0).

RESULTS AND DISCUSSION

The experimental temperatures at the different locations of the 3 acrylic
cones were compared with the simulation (model-predicted) temperatures (Fig.
4-6). The corresponding heat transfer coefficients and therrnal properties used
in the experiments are included in those figures. The experimental results agreed
well with the simulations for all locations of every geometrical shapé in response
to cither constant or variable outside temperatures. Replicate experimental
validations were also conducted and good zgreement cobtained (results are not
shown). Surface heat transfer coefficient values used to obtain good agrecment
between experiments and simulations for all points were within 75-150 W/m? K.
These values were in the same range of values reported by several works where
experiments were conducted in well circulated water (Lebowitz and Bhowmik
1989; Peterson and Adams [983; Shecn and Hayakawa 1991). Lebowitz and
Bhowmik (1989) experimentally determined h value as 186 + 54 W/m? K
during thermal processing of thin retortable pouches under 120C pressurized-
water with forced convection. The good agreement between experimental and
simulated temperature profiles stems from the method by which surface heat
transfer coefficients were obtained. Recall that these were determined by trial
and error search for the values that resulted in least error between predi~ted and
measured temperature profiles (common practice).

Figure 7 shows the simulation of tlemperature distribution along the axis of
the 3 conically shaped containers during heating for 30 min at 10 min intervals
in a constant 120C heating medium under an infinite heat transfer coefficient
condition. The effect of product thermal diffusivity set at values of 1.2, 1.4 and
1.6 x 107 m¥s on the cold point location is also shown in the same figure. The
location of the cold point did not change over time during heating from 10 to 30
min regardiess of cone geometry or thermal diffusivity. The position indif:es of
the cold point for cone #1, #2 and #3 were 0.58, 0.50 and 0.71, respectively.
The heat transfer coefficient also had no effect on cold point location after 20
min of heating for all the conical shapes (Fig. 8).

MU 13/18
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Cone #1
h=110 W/ m2 K, thermal conductivity = 0.19 W/m K,
thermal diffusivity = 1.09 x 10-7 m2/s

90
80
© 70
o
=
§ 60
2 50
E) 40 — Water T * Loc.3
30 * Loc. 1 * Loc. 4
e Lee2z
20
0 10 20 30 40 50
Time {min)

FIG 4. COMPARISON OF PREDICTED WITH MEASURED TCMPERATURE PROFILES
AT THREE DIFFERENT INTERNAL LOCATIONS WITHIN A SOLID ACRYLIC CONE
FRUSTUM DURING HEATING IN A VARIABLE TEMPERATURE WATER BATH
(FOR CONE #1)

Cone#2
h=120 W/m2K, thermal conductivity = 0.19 Wm K,
thermal diffusivity = 1.09 x 10-7 m2/s

90
© 70
o
§ 60
S 50
Q
g. 40 — Water T
'd_: 30 * Loc. 1
s Loc. 2
20 adesinen 1S, o Loc. 3

nodes in b= 15

0 10 20 30 40 50 60 70 80
Time {min)

FIG. 5. COMPARISON OF PREDICTED WITH MEASURED TEMPERATURE PROFILES
AT THREE DIFFERENT INTERNAL LOCATIONS WITHIN A SOLID ACRYLIC CONE
FRUSTUM DURING HEATING IN A VARIABLE TEMPERATURE WATER BATH
(FOR CONE #2)




| WBAMSUNYMLIEAY 2
w1518

552 P. PORNCHALOEMPONG, M.O. BALABAN, K.V. CHAU, A.A. TEIXEIRA

Cone #3
h =140 W/m2 K, thermal conductivity = 0.19 W/m K,
thermal diffusivity = 1.09 x 10-7 m2/s

-]
w

_—

Temperature, C
th O~
o O e
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Time {min)

FIG. 6. COMPARISON OF PREDICTED WITH MEASURED TEMPERATURE PROFILES
AT THREE DIFFERENT INTERNAL LOCATIONS WITHIN A SOLID ACRYLIC CONE
FRUSTUM DURING HEATING [N A VARIABLE TEMPERATURE WATER BATH
(FOR CONE #3)

CONCLUSION

The conduction heat transfer model developed in this study can accurately
predict the temperature distribution in a conical shaped container (cone frustum)
for any given combination of dimensions for major and minor radii and height
in response to either constant or variable surface temperatures. The cold point
of a cone, defined as the location of slowest heating, varied from 0.50 t0 0.7
times the distance from minor to major faces along the center axis, depending
on relative dimensions of major and minor radii and height.
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ABSTRACT

A cone frustum is an alternative shape for packaging thermally processed
Jfoods that can be useful in modeling the increasing number of microwaveable,
readv-to-eat conical-shaped food containers seen on supermarket shelves.
Thermal processing in a cone frustum can be optimized by using numerical
models for heat transfer to predict temperature distribution profiles, together
wirh thermal destruction kinetics of target organisms and marient/quality factaor:.
{so-lethality curves, showing combinations of process time and retort temp:ra-
ture that deliver equal lethality, were developed for each of three different cone
frustum geometries (different dimensional proportions of major and minor
diameters and height). Total volume average quality retention was determined
for equivalent process time-temperature combinations for quality factors with
assumed thermal degradation kinetic parameters (D and Z-values). Response of
quality retention to the equivalent process combinations (designated by their

' Florida Agricultural Experiment Sation Journal Series No. R-09306
! Corresponding author.

Journal of Food Process Engincering 25 (2002) 557-570. All Rights Reserved.
©Copyright 2002 by Food & Nutrition Press, Inc., Trumbull, Couqecn'cw. 557
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refort temperature) revealed opiimum process conditions that delivered maximum
quality retention. The effect of kinetic parameters, thermal properties, and
surface heat transfer coefficient on qualiry retention response to equivalen
process conditions was also studied and compared with findings reported in the
literature for the case of more traditional finite cylinder shapes.

INTRODUCTION

Thermal processing, in which sealed containers of food are heated in
pressurized retorts, is the key unit operation by which the food canning industry
produces versatile, safe and convenient shelf-stable products. For processors 1o
choose conditions yielding maximum quality retention without compromising
food safety, optimization of thermal processing is required. In conduction
heating foods, the nonuniform temperature distribution between container surface
and center significanily dampens response to high temperature short time
(HTST) processing in retorts, that may not always benefit the product quality
(Teixeira er al. 1969; Lund 1977).

The volume average quality retention in a conduction-heating food is highly
dependent upon the history of temperature distribution patterns within the food
container resulling from a retort process. Heat transfer models capable of
predicting these temperature distribution patterus have become useful toals in
thermal process design optimization. but they must be specific to the general
geometric shape of the container. Optimization of conduction heating foods has
been intensively researched (Silva er al. 1993). Most works focused on the
effects of altering dimensions with regular geometric shapes, heat transfer
coefficient, food thermal diffusivity, and retornt temperature profiles oo the
retention of quality parameters. The optimization studies are limited to foods
packed in a comtainer for which heat transfer models are available. The
geometric shapes covered included finite cylinder (Teixeira ef al. 1969; Saguy
and Karel 1979; Ohlsson er al. 1980b; Thijssen and Kochen 1980; Nadkarni and
Hatton 1985; Hendrickx er al. 1993; Silva er al. 1992; Banga et al. 1991 and
Sablani er al. 1995), rectangular slab (Thijssen and Kochen 1980; Ohisson er al.
1980a; Hendrickx er al. 1993) and sphere (Hendrickx er al. 1993; Silva er al.
1994}).

1)!\ cone frustumn is an alternative shape for packaging thermally processed
foods. It offers a new look, and the number of microwaveable, ready-to-ea:
conical packages seen on supermarket shelves (lunch bowis) has been steadily
increasing. The work reported here is the second of a 2-part study in which
development and validation of a numerical heat transfer mode! specific 1o cone-
shaped solid bodies was carried out and reported as Part | in a companion paper
(Pornchaloempong er al. 2003). Application of the model to address process

—
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optimization and the exient to which optimum process conditions are affected by

container shape is reported here as Part 2 of the study.
Specific objectives of this study were to

(1) Apply the model developed in Part 1 for conduction heat transfer in a cone
frustum to calculate volume average quality retention resulting from
equivalent lethality process conditions,

(2) Show how this response of quality retention to process conditions was
affected by the proportional dimensions of the cone frustum, as well as by
kinetic parameters, thermal properties, and surface heat transfer coefficient,
and

(3) Compare results with those found in the literature for the case of traditional
finite cylinder shapes.

MATERIALS AND METHODS

Heat Transfer Model in a Cone Frustum

A two-dimensional conduction heat transfer model based on the energy
balance approach was developed for a cone frustum shaped body, and described
in detail in a companion paper (Pornchaloempong er al. 2003). The frustum has
three characteristic dimensions that can vary in their proportions to one another,
a major diameter (big radius), minor diameter (small radius), and height. In
order to carry out a numerical solution by finite differences, the cone was
imagined subdivided into a series of concentric rings stacked on top of each
other (Fig. 1). Each volume element had a node as a reference point. The
temperature at the node was the temperature at that locarion within the volunie
element. The energy balance equation was developed for each v¢ lume element
and solved explicitly using 2 finite difference approach. The details of model
development, including boundary conditions and validatior with heat pes<tration
tests, can be found in the aforementioned companion pap2: by Pornchaloempong
et al. (2003). Basic assumptions of the model were:

(1) Heat transfer into the food was by pure conduction,

(2) The food product was homogeneous and isotropic,

(3) Thermal and physical properties were constant with temperature,

(4) Initial temperature of the food was uniform, and

(5) Surface hea transfer coefficient could be specified or assumed infinite.
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FIG. 1. GRID GENERATION IN A CONE FRUSTUM

Jptimization of Quality Retention

The objective funclion was the volume average quality retention (N/N,),.,.
:xpressed as:

r-T,
v 1 1 I3 -«
No o1 e (1)
(N')mg > { 10 av
vhere
D, Decimal reduction time{min) at reference temperature (time
required at reference temperature 1o cause ten-fold reduction in
quality factor).
N, The initial quantity or concentration of quality factor
N The quantity or concentration at time t
t Time, s
T Temperature, °C
Tt Reference temperature, °C
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A Volume, m?
YA Z value, °C (Change in temperature causing ten-fold change in D
value).

The constraint of the optimization procedure was the need to reach a target
lethality (F, value) at the “cold point™ with all process conditions. The cold
point was found by comparing temperatures of nodes along the center line in the
axial direction during heating using a fine grid for accuracy (Pornchaloempong
ef al. 2003).

The target F, was the accumulated F, contributed during both healing and
cooling periods (t,. ).

Ty, T-T,

ilO'dt+f10‘ | 2)

The target F, value was chosen as 3 min for this study. Although this value is
less than those generally used in the industry (Lopez 1987), it shortened the
calculation times in this study.

Quality factors with different combinations of D and Z values were used.
Other process variables including thermal diffusivity of the food product, surface
heat transfer coefficient, as well as proportional dimensions of the conical
contlainers were also investigated for their effect on quality retention response
to process conditions. The values chosen for these variables are summarized in
Tables 1 and 2.

A uniform initial food temperature of 22C, and different constant retort
temperatures ranging from 110 to 140C at 2C intervals were used. After heating
at the specified temperature, the food was then cooled at a constant cooling
temperature of 20C until the center temperature was less than or equal to 50C.

The exact time to stop heating and start cooling in order to obtain the
desired total F, value was found as follows: At the end of a given time step
during heating, the F, for heating was calculated, then cooling was simulated
unti! the cold point reached 50C, and the contribution of cooling to F, was
calculated. If the total F, (heating + cooling) was less than the desired F,,
heating could still proceed. Otherwise, a bisection method was used within the
last time step to find the exact end-of-heating time such that the total F, would
not be larger than 0.000]1 min compared to the desired F,.

The percent quality retention for each processing condition was plotted
against the retort temperature of each process condition. The optimum retort
temperature giving the maximum quality retention was located by a spline
interpolation. The computer program to solve the resulting equations was written
in Visual Basic 5 for Windows.
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TABLE 1
VARIABLES USED IN THE QUALIN Y RETENTION STUDIES

Viariable o Number of V_alu_es
N L mk‘\'tl!
Kinetics of quality Iactors - - -
Diile (min) 6 r-iO, 80, 120, 160, 200
"1 TA NS 6 10, 20, 30, 40, 50, 60
Processing Conditions
. Heating Termperature 11 0. MO,—al 2°C intervals®
S WSS _ i
Heat transfer coefl 2 300 and 2000 w/m K
' (Wim? °C) ] | ] |
'l .Thfr'm.ll Properties of I_'om_i ] ] o - ]
Thermal diffusivity b 12,1416
(=107 m?/s) ] 0 ]
TABLE 2
DIMESNSIONS OF THE CONE FRUSTUMS USED IN THE QUALITY RETENTION
STUDIES
VDlmcnsion Cone # ) | Cone #2 Cone #3
) ;353 Radius {cm ) 450 L 620 4.00
_Small Ra'diu_s_(fﬂ_) . 2 _75. . 5.00 L 2.00
Height (cm ) 800 | L 140 n SOq
Volume (cm”) 336 60 336 60 33720
Su-rface arca {cm?) 273.90 326 30 282 80
V-olumcISurfacc R 1o} 1.19
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RESULTS AND DISCUSSION

Processing Time at Retort Temperature for Equivalent Lethality

Iso-process lethality curves, showing combinations of process time and
retont temperature that deliver equal lethality (F, value = 3 min) are shown in
Fig. 2 for the three conical-shaped containers of different dimensional
proportions. The conical shaped containers were of nearly equivalent volume
(approxirnately 336 cm?), but varied in volume-to-surface ratio. Cone #2 (1all-
narrow) which had the smallest ratio (1.03) required the shortest processing time
at each retort temperature. Cones #3 (short-wide) and #1 (in-between frustum)
with ratios of 1.19 and 1.23, respectively, were slower heating and required
more time at each temperature, as would be expected. -

180 -
160 -
140

120

100 —a—cone 11
-—u—cone # 2
80 4 —a—cone # 3

Processing Timae [min)

[ v - = T
100 110 120 130 140 150

Ratort Temperature (*C)

FIG. 2. ISO-PROCESS LETHALITY CURVES. SHOWING COMBINATIONS OF PROCESS

TIME AND RETORT TEMPERATURE THAT DELIVER EQUAL LETHALITY (F, VALUE =

3 MIN) FOR CONDUCTION HEATED FOODS (o = 1.4 m¥s) PACKED IN THREE CONICAL.-
SHAPED CONTAINERS OF DIFFERENT DIMENSIONAL PROPORTIONS

Factors Affecting Quality Retention and Optimum Processing Temperature

Z Value. The effect of different Z values for thermal degradation of
quality factors on the volume-average-quality retention is shown in Fig. 3. Thesc
!
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sunulations were performed assuming a food product with thermal diffusivity of
1.4 x 107 m?/s packed in a conical container represented by cone #1, with the
D, value of the quality factor fixed at 200 min. Essentially all curves depict an
optimum retort temperature (T,,) process yielding maximum quality retention
within the range of values studied. Note that higher Z values revealed a Top- in
the midrange of retort temperatures commonly employed in industry (120-
130C). Z values in this higher range typify the thermal degradation kinetics of
many quality/nutrient factors in foods. At these higher Z values the thermal
degradation rate of quality factors (D value) is less sensitive to changes in
temperature. The optimum temperature for maximizing the nutrients moves
away from the lowest temperatures in order (o benefit more from the shorter
process time at higher retort temperature (even though degradation rate is
faster). The profile of the curves also flattens because the quality retention
becomes less sensitive to deviations from the optimum retort temperature.
FFactors with lower Z values showed increased sensitivity to retort temperature
and favored lower retort temperature process conditions, benefitting more from
the slower degradation rates in spite of the correspondingly longer proccss
times. These conditions also produced greater quality retention over all, and

paralicl the findings for cylindrical containers reported by Teixeira ef al. (1969)
and Hendrickx er al. (1993).

5777
7777

]

o, retention

FIG. 3. EFFECT OF Z-VALUE ON QUALITY RETENTION RESPONSE TO
RETORT TEMPERATURE
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Reference D value (D,). The effect of differeat D, values for thermal
degradation of quality factors on the volume-average-quality retention is shown
in Fig. 4 for the same conical container and food product assurned above with
the Z value held constant at 30C. Quality retention increased with increasing D,
value at all processing temperatures as would be expected, since greater D value
at any temperature represents slower degradation rate. These results also echo
the findings of Teixeira er al. (1969) and Silva et al. (1992) for cylindrical
containers. The maximum quality retention increased from 24.5 to 78.0% when
D, increased from 40 10 240 min. Changes in the D, value alone (without
changing Z value) simply move the response curves up or down and have little
effect on the profile of the response curves.

»

100

% rotention .

FIG. 4. EFFECT OF D-VALUE ON QUALITY RETENTION RESPONSE TO
RETORT TEMPERATURE

Thermal Diffusivity. The effect of thermal diffusivity on the quality
retention response curves is shown in Fig. 5. Thermal diffusivity values of 1.2,
1.4 and 1.6 X 107 m¥s were chosen as representative of the range for most
foods. The simulations were performed for foods packed in cone #1 under an
infinite heat transfer coefficient, for a quality factor with D, = 200 min apd A
= 30C (typical of kinetic parameters for vitamin degradation). Foods with a
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|
higher thermal diffusivity always retain higher quality for any processing !
temperature because they heat faster, resulting in shorter process time. Although ‘
thermal diffusivity had little influence on the resulting optimal temperature, the
increase in optimal temperature when thermal diffusivity increases indicates that .
the faster heating rate of foods with high thermal diffusivity allows them to '
exploit the benefit of the HTST processing to better retain quality. This increase
in quality factor retention for food with higher thermal diffusivity was also true
for all kinetic parameters regardless of container shape and size, and processing
temperatures in this study. This is because better quality retention results from
the faster heat transfer in foods with higher thermal diffusivity. allowing
temperature distributions to become uniform faster, thus reducing process time.

o, ratentlon

Py 7
2 . Q
s, P
Iy %, .O,’Q/ "?
’0 \!‘,"_
5

o

FIG. 5. EEFECT OF THERMAL DIFFUSIVITY ON QUALITY RETENTION RESPONSE TO
RETORT TEMPERATURE ]

Surface Heat Transfer Coefficient. The infinite heat transfer coefficient
(h) assumption is valid when food is packed in a metal container and heated with
condensing steamn. When food is packed in a nonmetal material and/or heated
with water or steam/air mixtures, a finite surface heat transfer coefficient in the
range 100 - 700 W/m® K should be considered (Tucker and Clark 1990;
Bhowmik and Tandon 1987; Lebowitz and Bhowmik 1990). The simulations
shown earlier in Fig. 3 (in which infinite h was assumed) were repeated with a
finite h of 300 W/m? K and compared. Results are shown in Fig. 6 for selected
7 values, and reveal clearly that surface heat transfer cocfficient has no-effect:
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on the profile of the response curves. Changing h from infinite to finite simply
fldds further impedance to heat wransfer across the container surface. This results
in a slightly slower heating rate that will change percent retention slighuy for
any set of process conditions. In this case that change was less than + 3%
regardless of container shape, thermal diffusivity, or Kinetic parameters.

% Retentio

0 T * v v T
110 11s 120 125 130 135 140 145

Processing Temperature ('C)

FI1G. 6. EFFECT OF SURFACE HEAT TRANSFER COEFFICIENT ON QUALITY
RETENTION RESPONSE TO RETORT TEMPERATURE

Even though the effect of h is very small, the responce curves show that
this effect can be positive or negative depending on Z value, With infinite h the
interior surface temperature is highest (same as condensing steam). Therefore,
in the case of low Z values, the quality near the surface (greatest proportion of
container contents) is destroyed more rapidly before target lethality is reached
at the cold point, producing slightly lower percent retention than with finite h
(Fig. 6). In the case of higher Z values, percent retention was greater with an
infinite h than a finite h. This is because the thermal destruction rate does not

t
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change as much with temperature, and benefit accrues from the shorter
processing time from infinite h.

Conical Geometry. The effect of different conical geometries (proportional
dimensions) on quality retention response curves is presented in Fig. 7. These
simulations assumed food thermal diffusivity of 1.4 x 107 m¥/s, infinite heat
transfer coefficient, D, = 200 min, and Z = 30C. The three conical containers
had essentially the same optimum process conditions designated by retort
temperatures ranging from 117 to 119C. More imponantly, these response
curves have nearly identical profiles to those reported for traditional cylindrical
shapes (Fig. 8). These findings confirm the expectation that results from
opumization studies of this type can be translated from one container shape to

another.
s
50
75

0 4

conc # 2
i To= 11966 C

z 65 . -
=§ . conc # 3
£ T,=117.53 C
o 60
= .
. conz . i

55 Ton=118.20 C

50

a5

40 ¥

110 s 120 128 130 135 140 145

T emperature (C)

FIG. 7. EFFECT OF DIMENSIONAL PROPORTIONS OF CONE FRUSTUM SEAPE
(CONES #1, 2 AND 3) ON QUALITY RETENTION RESPONSE TO
RETORT TEMPERATURE
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Lysine
303x406
—_— ......

Lysine
202x202

————

40 y Thiamine
/ 303x406

Percent Retentlon
~

20 F Thiamine
202x202

1 1 1 | 1

0
93 100 110 120 130 140 150
Retort Temparature, C

FIG. 8. PROCESS OPTIMIZATION CURVES SHOWING OPTIMUM RETORT
TEMPERATURES FOR MAXIMUM NUTRIENT RETENTION IN CYLINDRICAL
CONTAINERS OF DIFFERENT SIZE (BALABAN AND TEIXEIRA 1996)

CONCLUSIONS

Optimum process conditions can be found by use of numerical models
simulating conduction heat transfer in a solid body to calculate volume average
quality retention resulting from equivalent lethality process conditions. The
profile of response curves showing quality retention as a function of proces-
conditions remains essentially unchanged regardiess ¢ changes in therma
properties or relative geometry of the solid body. Findings from this study agree
closely with those found in the literature for the case of traditional finite cylinder
shapes. Thus, process conditions found to be optimum fer x given qualis* factor
and food product in a specified container shape are likely to be optimum for the
sarmne food product and quality factor in other container shapes. For this type of
optimization study, results from numerical models specific to one geometry may
likely apply to other geometries.
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12 122 6 1 70
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Number of canned tuna for evaluations

Drained Weight 20 -
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Texture Analyzer 20
Sensory Evaluation 10
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ABSTRACT

~

This research was to study effect of processing temperature from 112 10 122
and level of Fo ( 4 and 8.5 min.) on product vield as expressed by pressed weight
value and color (L, a h and total color difference. N FEioof Albacore (finomus
alalunga) tuna. The results found thar tuna processed with the igh processing
temperature had a lower finished product vield because of greater loss of water and
water soluble solid However, when using the low temperatire and processed to a
high level of Fo a greater vield loss was found due to prolonging processing n'n-w.
After processing, surface color were always darker I?‘ran the overall color. . T.he
optimum temperature to maximize overall color is higher than that 1o maximize
surface color when fish was processed to a low-level o Fo.

Keywords. Canned tuna, thermal processing. color, Altbacore
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INTRODUCTION

Thailand is the world's largest exporter of canned tuna. In 2002, valuc of Thai
exported tuna worth 668 Million US$. World consumption of canned tuna has
expanded because consumer realize of its nutritious: rich source of lean protein,
omcga-3 fatty acids, vitamins and mincrals, and also low in saturated fats and
cholesterol.

The key goal of canned tuna industry is to produce a higher quality product,
ensure product safcty with increasing product yields and productivity. In
manufacturing of canned tuna. the precooked tuna is packed tightly in a hcmectically
scaled can and then heat processed to achieve the desired degree of commercial
sterility.  During the processing, heat may have negative effect on product qualities.
Fish mussel protein is changed by heat denaturation resulting in loss of water and
water soluble solid duc to decreasing ol water holding capacity (Pcrez-Martin ct. al,
1989). This lost is cconomically importance since it leads yicld lost of canned
product. Morcover, heat causes color change in canned lish,

The slow heat transfer rate in solid packed lood limits the applicability of
high temperature short time (HTST) processes. Many studics had focused on
investigating optimum processing condition, which is the temperature and time
combination, for optimizing quality retention in solid packed food. Almost all studies
were limited to computer simulation (Teixcira ct.al. 1969; Silva et. al. 1992; Silva et.
al. 1993; Lund. 1977; Pornchaloempong et.al.,, 2003). Since the time-temperature
relationship strongly affects the quality of cooked mussel such as color, juiciness and
texture (Martens et. al. 1982). Optimum processing condition for canned tuna are
great important, Optimum processing condition for canned tuna could not found in
literature.

Albacore( Thunnus alalunga) is the important tuna species to the canned tuna
industry. It is the only tuna species that can be labeled as a premium white meat tuna
because of its very light colored flesh. Therefore, color of canned albacore is one of

the most favorable attributes for consumers.

The objective of our investigation was to determine effect of processing
temperature and level of lethality (Fo) on surface and homogcr.nzed color of canned
Albacore. The result of processing conditions on the product yicld was also
investigated.
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MATERIALS AND METHODS

Fish preparation

The premium quality frozen  Albacore (Thannus alalunga) was used in the
experiment. Fish preparation was carried out in the Thai Union Manufacturing Co.

Lid. processing plant following the usual manufacturer procedure.  The Processes
including thawing fish until internal temperature of 1-5 °C and eviscerating. The fish
were precooked by steam to a final backbone temperature of 65 °C and then cooled
down. After cooling the fish were transferred to a cleaning area for lain cleaning.
Head. skin. red (dark) meat and bone were removed. The white (light) meat was
chopped and solid packed in water in a hermcetically sealed can of dimensions 307 x
I3 to lling weights of 1200 ¢,

-

Heat Penctration Test

Heat penctration test was conducted in o manufacture’s horizontal still retort. Six cans
were equipped with stainless steel, needie type thermocouples (Ellab, Denmark) with
the thermocouple tips located at the cold points. The cans initial - temperature were
controlled at 21 * C by spraving cold water. The cold point temperatures and retort
temperature  were recorded  during the entire process at 30 s interval using a data
acquisition (L:llab modcl 9008, Denmark). Two replications were carried out.  The
heat penctration data were analvzed to determine the average heat penelr_alion
parameters: jh and fh. Ball's process times were calculated for Fo of 4 and 8.5 and
RTof 112,117 and 122 °C .

Thermal Processing

The cans were processed in the same retort used for heat penctration test. Initial
product temperatures were controlled similar to the heat penetration test. The retort

was opcrated in three stages: venting (5 min). heating at constant retort temperature
of 112, 117, 122 ° C for predetermined time to achieve target Fo of 4 and 8.5 , then

cooled with water until center temperature reached 50 °C. Two replications with
eighty cans were performed for each treatment. After thermal processing. the cans
were aging at room temperaturc for 10 days.
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Product Evaluation

Pressed weight

The pressed weight was determined following the standard procedure using the Press
weight machine (Luthi Machinery & Engineering Co .Inc. CA. USA). The procedure
includes draining the free liquid for I min and pressing the can content in the cylinder
by applying pressure slowly through a cvlinder plunger at a uniform rate. Then the
presscd cake was weighted.

Color determination

The color was determined using a Color Difterence Meter (Model MiniScan XI5 Plus,
Hunter Assoc. Laboratory, Virginia). The apparatus was previously calibrated with white
plate. Results were recorded as Tunter Ioa b values where 1. describes lightness, a
redness, b yellowness, Color ditference, Al was caleulated from a, b and 1. paramcters,
using the following equation:

Al: = (Aa + AbT +ALT'"

Where Aa isa-a,.Ab is b - b,and AL is I. - L, ; subscript *o” indicates initial
color.

Two types of samples color, surface color and color of the homogenized fish. were
measured. Four measurement of the surface color were scanned directly on the fish
surfaced in the can after drained for 2 minutes by dividing surface area into 4 sections.

For the homogenized samples, the fish was minced with a food blender for 1 min at

low speed and packed back into the same can. Then the surface color was measured '
as the same manner. Twenty can were used for each treatment.

Initial color was measured with fish after packed in a can without watcr. Fifly
samples cans were used to represent initial albacore color.

Statistical Analysis

The statistical were performed using the SAS soflware package. Ducan's multiple range test
was used to separate means .



RESULTS AND DISCUSSION

The average jh value of solid packed Albacore in water was 1.16 and average
fh value was 19.48 min. These values were used for calculation of the Ball's
processing times using the constant retort temperature of 112, 117 and 122 © C for

equivalent Fo of 4 and 8.5 min. Processing temperature and time combinations used
for the experiments were shown in table 1.

Table | Retort Temperature and corresponding processing time.

_-I’r-(rc_cssing Fo "‘I"r_ga:ssilév:l-'_i?ﬁc_ -

Temperature {(min) (min)
o L

112 4 63

8.5 100

7 4 40

8.5 52

122 4 30

8.5 36

Pressed weight

Pressed weight is weight of pressed cake after aqueous was pressed out from
the content. Tuna industrics used pressed weight to determine yicld of canned tuna.

During processing, heat induces denaturation of m_iofribrilla protein resulting
in damage mussel structure. This will lead loss of cxpressmnql water and alsq water-
soluble constituents due to decreasing of waler holding capacity. The result in Fig |
shown that the fish processed to the same Fo at the temperaturc of 122 ° C had
significantly lower pressed cake weight compared 10 the ﬁ.sh proces§cd at | l..‘Z and 117
° C. Processing at relatively high temperature may result in destroying protein
structure more than lower temperature and cause more water loss fi rom ﬁ’s.h musscl.
Poon et. al. (2001) also found that in ground meat patties cooked using high hcat
transfer rate loss more water than the onc cooked on the low heat transfer rate.

i ° < ight of the fish
At processing temperature of 112 ° C, prc.:ss?d cake weig
processed f?or achieving the target Fo = 4 was significantly higher than_ that of Fo =
8.5. However, there were no significant different between products which were
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processed at temperature of 117 and 122 at the two levels of Fo, This could be
explained by a difference of holding times. At processing temperature of 112 C, the
holding time different between Fo = 4 and 8.5 was 47 min which is much greater
than holding time different at 117 and 122°C ( I2and 6 min ). The result

suggested that prolonging cooking time causes fish lost more solid and decreases
vield.

—*—fo:4mn

Pressed We ght (g

L’ 1 [

e o e Tovgooratort "Cy

Fig 1 Effect of processing temperaturce and Fo on proessed weight of ecanned
Albacore

Color

The color characteristics of the precooked Albacore before processing were
averaged. The lightness (L ) was 76.51, redness (a.) was 1.46 and vellowness (b) was
14.0. High value of L with low value in a and b indicated that the cooked Albacore
flesh has a very light color. This tuna specie is the only species that could be labeled
as a white meat tuna. Afier processed, the flesh became brown as lndlcaged by
decreasing of L value and increasing of a and_ b valpcs. The color change in ﬁs_h
during heating might be due to oxidation of iron pigments from ferrous to ferr'lc
derivative. Brown (1967) stated that in canned tuna _ denatured globin
ferrohemochrome breaks down into ferric derivatives. Other possible factors‘ that may
have contributed to the brown color of canned albacore lr_\clude the ca_ramehzattop of
carbohydrates as a result of high temperature processing and Maillard rcactions

between reducing sugars and amino groups.
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gure 2 Effect of processing temperaturc and level of Fo value on color of Albacore
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Fig 2 presents effects of processing temperature at two levels of Foon L, a, b
and Color difference (A E) of canned Albacore. The result demonstrated that with the
same processing condition. the change of surface color was always greater than color
of the fish from the same can after homogenized.  Both color attributes are important
for consumer acceptability since the usage of canned tuna often required mixing or
blending well before served.  In this experiment, the tuna was packed tightly in solid
stvle, heat penctrates into a can ninindy by conduction., Because of slow heat Now rate.
heat accumulation at the can surface causes product changing color before dilfusing
inside the can.

When tish processed to Fo ot 4, using ol the fow emperature long time
process benelt surlace color than the high temperature short time process. These were
indicated by higher of Tovalue and loswer of A B value. In contrast, the result indicated
that 1o obtiin a better overall color, high temperature short time process is required.
Vhis result agrecd to the computer simulation results by Silva et al. (1992) which
found that optimum temperature o maximize overall quality is higher than that 10
maximize surlace quality,  However, 1ish process to Fo of 8.5, the low temperature
long time process was preferred to achieve a better color at the surlace as well as the
overall tish color.

CONCLUSION

Understanding the effects of processing condition on product qualities can
facilitate a canned tuna processor to balance the canned yield and improve product
quality. These results suggested that tuna processed at relatively hig|.1 tcmperature
caused negative impact on the finished product yield. However processing at the low
temperature but targeting a high level of Fo also cause greater yield Io_ss due to
prolonging processing time. Ditferent processing temperature afTects color differently.
Afier processing. surlace color were always darker than the overall color due to a I(_'nw
heat transfer rate of conduction heating food. The optimum temperature to maximize
overall color is higher than that to maximize surface color when fish was proccs§ed to
a low level o Fo. Results support the cconomic importance (_)f SF|eClll‘lg the optimum
processing temperature and avoiding overprocessing .anc'i _mdlcatcd that oplimum
processing condition for each product quality should be individually evaluated.
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