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Introduction.

The Food Technology Unit at Royal Melbourne Institute
of Technology (RMIT) completed in December 1983,

a twenty seven month study (1 October 1981 - December
31, 1983), funded by FIRTA, on fish canning quality
control and new product development. The grant
funded two research assistants over the duration

of the project. These were Mr.Daniel Capaul
(October 1 1981 - December 31 1982) and Ms. Deborah
Schaper (January 1 - December 31, 1983), both

of whom were completing the final year in their

B. App. Sci. (Food Science and Technology) degree

at RMIT.

Summary of activities and major findings.

Throughout the period of the grant work was completed
in the Food Technology Unit at RMIT, commercial
canneries and Food Research Laboratories of CSIRO.-
At the start of the programme twelve export
registered fish canneries received a letter offering
an evaluation and confidential report of their
canning operations; of those approached four
manufacturers granted access to their canneries,
while the remainder either declined on the grounds
of confidentiality or failed to reply. The level
of involvement in canneries varied according to the
expertise of cannery personnel and the nature of
products packed.

The results of these activities and those which

were initiated in response to requests




from cannery personnel are summarised in this
report, under the following headings:
_ Evaluation of thermal process schedules and
retorting procedures

— Industry training
- New product development - abalone
- Processing of canned scallops
- Processing of canned tuna
- Thermobacteriology

2.1 Evaluation of thermal process schedules and
retorting procedures.
Four export registered canners, manufacturing collectively
canned abalone, canned tuna, canned scallops and canned
fish paste,had their thermal process schedules evaluated,
their retorts calibrated and retorting procedures
assessed. In three cases manufacturers received a
confidential detailed report (see Appendices 1, 2 and 3) ;
the fourth canner received recommendations for
gignificant reductions to the severity of this thermal
processing schedule. In two cases, the manufacturers
used data from these reports when filing their thermal
process schedule with the Department of Primary

Industry (DPI). One manufacturer's retort was found to

be inadequate and incapable of operating according to
good manufacturing practice guidelines; recommendations
were adopted by the manufacturer and modifications made

under guidance of RMIT.

2.2 Industry Training
The Abalone Fisherman's Co-operative at Mallacoota,

Victoria installed a new abalone canning line
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during 1981. At that time the company had no
expertise in canning and received assistance from
RMIT when selecting and installing equipment and
defining critical prodess parameters. Soon after
the cannery opened, a three day in-house training
course was conducted at the Co-operative for operators
and line managers. The course provided training in
the principles and applications of quality control
for canned abalone manufacture. All participants
were supplied a course manual. Less formal training
took place at Russell Crayfish,Victoria where the
technical assistant funded by the grant spent four
weeks between October 1981 and September 1982, working
with,and advising, quality control personnel during
commercial canning operations. The writer and the
technical assistant spent three days at Tasmanian
Seafoods, evaluating thermal process schedules and
calibrating retorts. As the factory manager was not
familar with canning operations, time was allocated to
demonstrate standard retort operating procedures and
to discussion of the recommended methods for monitoring
production at critical control points. Similar ad hoc
training was carried out at Port Lincoln Tuna Processors
while determining F,values for 425g tuna packs

processed in crateless retorts.

New product development: canned abaione.

The major component of new product development
related to the selection of processing conditions for
manufacture of canned abalone. Initially this work
was carried out in co-operation with the Abalone

Fisherman's Co-operative at Mallacoota, which, prior
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to the employment of a staff member from within the

fish canning industry, had no experience in canning
abalone; however some aspects of the product develpment
programme were undertaken in conjunction with Tasmanian
Seafoods Pty. Ltd., and Rus$sell Crayfish Supply Ltd.

The objective of the programme was to determine the criteria
of major importance in selection of process variables
which when adopted would enable production of safe
canned abalone, while providing adequate yields and
profits for the canner and desirable sensory attributes
for the consumer. The methodology and results of this
research have been published in scientific journals
(Appendices 4,5 and 6) and in trade journals as semi-
technical papers (Appendices 7 to 11).

In summary new product development for canned abalone
has identified three factors of importance to the
manufacturer. These are:

Yields (weight loss on canning). Thermal processing
can result in abalone weight losses in canning of

over 30%. While "mild" processes protect yields, they
have the disadvantage of producing a greater risk of
underprocessing spoilage than would occur with "severe"
processes, which although adequate with respect to the
elimination of heat resistant bacteria,may be unsatisfactory
because of their adverse effect on drained weight.

In Table 1 are shown the results of trials in which were
studied the effect on yields of altering process time

at constant retort temperature.
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Table 1. The effect of retorting time at 115.6C
on minimum Fo Valﬁes and weight loss for

canned fresh abalone!

Retorting time Minimum FO value? Average weight loss/abalone

(min at 115.60C> (min) (%)

34 0.1 17.0
47 0.7 22.0
64 3.1 29.0
70 4.3 30.2
Note 1. Two abalone/can; maximum abalone weight = 180g
2. For slowest heating of 24 replicate cans

‘j=1.3 and fh= 36 min.
Frozen storage prior to thermal processing was found
to decrease fh values for comparably sized abalone
and also reduce the yield after canning. The data in Table
2 reveal that freezing reduced fh values by around 407.
This indicates that, while using frozen abalone stock;, the
processing time at constant temperatures required to
achieve a target FO of 2.8 min can be reduced by
approximately 30%, (cf 62 min at 115.6°C for fresh
abalone and 42 min at 115.6OC)for frozen abalone; when
j is constant at 1.3 and initial product temperature=2000).
However this must be balanced against the disadvantages
of extreme textural softening combined with increased

weight losses.
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Table 2. Comparison of fh values for fresh and frozen
abalone.

Number of Drained fill Range of Maximum fh

weight for

. . value

abalone/can we ight abalone in .

which (min)

thermocouple

located

(g) ()

Fresh 2 260-325 120-180 36.0
Frozen 2 285-329 136-176 21.0
Fresh 3 279-321 72-120 31.0
Frozen 3 291-312 85-140 18.8

Shown in Table 3 are the results of experiments

evaluating the effect of retorting time at 115.6°C on

the weight loss of canned frozen abalone. GiVen this
evidence, there seems little in favour of manufacturing
canned abalone from frozen stock, other than the benefits
that arise from achieving continuity of supply. Therefore,
while maintenance of safety is of paramount importance
during manufacture of canned fresh and canned frozen
abalone, protectiom of yields cannot be neglected.

While fetching around $23/kg drained weight for the canned

product, it is not difficult to understand why this is so.




Table 3. Effect of retorting time at 115.6°C on weight loss for canned frozen abalone

Retort conditions : Abalone/can Number of cans Average loss Minimum aFo
(minutes at 115.6°C) processed on thermal value
processing. - (min)
45 2 4 36.5 (2)P ]
) 3.5
45 3 7 37.7 (4) ]
50 2+ 9 40.1 (9) 1
] 4.7
50 2 1 40.0 (1)
60 3 5 41.5 (5) 7.4
a. Calculations based on j = 2.0
fh= 21 min (Maximum individual abalone weight = 180g)
Initial product temperature = 20°C
Retort come-up time = 10 min.
b. Figures in parentheses show number of cans used in calculating average lcss.

U
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Product safety. Thermal processing schedules for canned
abalone were evaluated in commercial canneries and the
Food Technology Unit pilot plant. In all cases the
minimum target FO vaule was taken as one that would be
sufficient to reduce to an acceptably low level, the
probality of survival of heat resistant spores of the

pathogenic bacterium Clostridium botulinum. According

to good manufacturing practice this corresponds to a
target FO value of between 2.4 and 2.8 min.

Shown in Table 4 are fhe recommended minimum processing
times, at various retort temperatures, required to
deliver FO values of 2.8 min for fresh abalone packed
two, three or four per 74 X 118.5 mm can in which fill
weights range from 260 to 332g and initial product
temperature is ZOOC.

The abalone used in generating the data shown in Table 4

were Blacklip (Haliotis ruber) taken from Victorian

waters and processed at RMIT. Trials conducted in a
commercial cannery using two Greenlip abalone

(Haliotis laevigata) per can (seven replicate cans;

maximum fill weight 320g) also yielded a maximum fh of

36 mins, while the corresponding j value was 1.3, The
similarity of results from pilot scale trials at RMIT and
from commercial trials, reinforces the validity of these data,
and the conclusion that abalone size must be considered a

critical factor when calculating thermal processing

conditions.
Sensory quality. Texture of canned abalone was shown to
be influenced by thermal processing severity. Objective

and sensory measurements of toughness revealed that

following prolonged thermal processing, the flesh




Table 4. Recommended processing times required to deliver a least F, value of 2.8 mins

for abalone processed at various retort temperatures in 74 X 118.55mm cans.

Number of abalocne Maximum individual Processing time at retort temperature
per can abalone weight 110°C 113°C 115.6°C 118°C 121.1°C
() (min) (min) (min) (min) (min)
2! 180 93 73 62 55 49
32 120 88 : 68 59 52 46
43 90 76 57 47 a1 35

A1l calculations made by the modified Gillespy method described by Board and Steel (1978) and

assume an initial product temperature of 20°C.

Note 1. Slowest heating replicate of 24 cans; j=1.3 and fh=36 mins.
Slowest heating replicate of 24 cans; j=1.6 and fh=31 mins.

Slowest heating replicate of 24 cans; j=1.4 and fh=24 mins.

1L
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toughening, initially observed after a mild

retorting cycle,was reversed, and that once this
softening commenced, it became significantly greater as
thermal processing seventy increased. Taste panel
exercises demonstrated that based on the results provided
by 90 Asian panelists, the texture of canned abalone
was perceived to soften significantly (P< .001) as the
process increased from 40 min at 11800 to 60 min at
121.100. The corresponding decrease in an objective
measure of toughness (measured on an Instron 1140 food
testing machine) was also significant (P .001). The
methodology for evaluating texture is described in
Appendices 4,5 and 6. Selected results from these

papers have been extracted and are shown in Tables 5 and 6.

Table 5. Effect of thermal processing conditions on
mean force required to puncture slices of

canned abalone 10mm thick.

(10

Process conditions

Time Retort Number of Puncture
Temperature Measurements force
(min) () kg
40 115.6 54 2.13%
40 118.0 65 2.17%
40 121.1 32 2.11%
60 121.1 32 1.76b

Puncture forces designated with superscripts a and b are
significantly different. (P ¢ .01)
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Table 6. Effect of thermal process treatment On
objective (Instron) and sensory* assessment

of the texture of abalone.

Thermal process Number of Instron Instron force Sensory: score

treatment measurements Mean S.E. Mean S.E.
(kg) (kg)

None (uncooked) 58 0.38# 0.01 - -

40 min at i18°C 147 2.304# 0.07 2.809 0.13

60min at 121.1°C 238 1.55# 0.03 1.81¢9 0.08

* 90 Asian panelists' rating on 7 point category scale:

extremely tender = 1, extremely tough = 7.

# Hardness values significantly different

(Kruskal-Wallis, p < .001)

T Sensory scores significantly different (Sign test, p4£.001)
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From these data (Tables 5 and 6), and those from a survey
(see Appendix 4) which indicated that consumers prefer
some residual flesh toughness, it can be concluded that
abalone canners, while processing in order tb achieve
commercial sterility, ought not overprocess otherwise
textural softening will become excessive. Thus the ideal
thermal process will be one that delivers an adequate FO
value, without inducing extreme softening, while minimising
the weight loss caused through retorting. It can be
concluded therefore that abalone canners face a dilemma;
they must balance the conflicting requirements of product
safety against those for maximum yields and residual flesh

toughness.

Processing canned scallops.

Following a request from a manufacturer, thermal processing
procedures for the production of 180 g(drained weight)
packs of canned scallops were investigated. The report

of this investigation is presented in Appendix 1, which
contains, in addition to results of an evaluation of FO
values, information on quality assurance, desirable

seaming and an assessment of processing equipment. The
canner's query arose following discovery of blown cans

in exported stock; this gave rise to suspicion that

either the thermal process may have been inadequate or

cans had undergone post-processing contamination. There
were no spoiled cans available for diagnosis, however heat
penetration studies conducted in the cannery revealed that
the scheduled process (30 minutes at 110°C) was insufficient

to deliver an FO value generally recognized as sufficient

for low-acid canned foods (ie > 2.8 min).
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The results of two trials measuring the FO value of the
scheduled process are summarised in Table 7. The
discrepancy in FO values obtained via the General and
Ball's methods are not considered significant, however,
as the former is regarded as the reference method it is

considered to be the more accurate.

A further trial was conducted in which thermal processing

o
conditions were altered to 60 min at 111 C. As shown by
the results in Table 8, the modified process was sufficient

to deliver a minimum Fo value of 2.8 min, the minimum

acceptable for a pack of this nature.

Tt was found, however, that the subtle sensory qualities
of scallops were destroyed by the severity of the modified
process. Flesh colour, texture and flavour all became
unacceptable, while drained weight losses were in the
range of 35 to 40%. Acceptable sensory quality was only
possible by reducing the target FO value to 0.4 min, but
were this process to be adopted the probability to

Clostridium botulinum spores surviving would be, of the

order of, ten thousand million times that generally

recognized as acceptable for low-acid canned foods
preserved by heat alone. It is because this risk is
unacceptable that future development of a thermal
process for scallops should concentrate on using
acidified packs where the low pH of the medium precludes

the growth of Clostridium botulinum.
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Table 7. Summary of Fo values obtained when processing 180 g (nominal, drained £ill
weight) of scallops packed in 84 x 46.5 mm cans.
CAN RETORTING FILL INITIAL FO value
NUMBER CONDITIONS WEIGHT TEMPERATURE
GENERAL METHOD BULL's METHOD
(min) (°C) (g) (°C) (min) (min)
1 34 109 179 18 0.7 0.8
2 N " 179 18 0.9 1.0
3 " " 181 18 0.9 1.0
4 33 110 179 24 1.5 1.4
5 " v 180 24 1.0 1.0
6 " " 179 24

For all processes the scheduled thermal process was 30 min at 110°C with 10 min

retort come-up time; variations due to errors in retort control.
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Table 8. Summary of FO values obtained when processing 180 g (nominal, drained
£ill weight) of scallops packed in 84 X 46 .5 mm cans for 60 min at
111°C.

CAN FILL INITIAL FO value
NUMBER WEIGHT TEMPERATURE -
GENERAL METHOD BULL's METHOD
(g9) (°C) (min) (min)
1 180 26 3.6 3.1
2 180 24 3.5 3.6
3 196 24.5 2.8 3.0
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Processing of canned tuna.

It is well known that pack style (ie flake, chunk or solid)
and pack weight affect the processing time, at constant
temperature, required to deliver the target Fo value for

a process; whiéh is why strict control of fill weight is
regarded as critical. The trials reported here consider
the influence of fill weight for tuna packed in 425 g

(99 x 68.5 mm) and 185 g (84 x 46.5 mm) containers.

2.5.1 Processes for 99 x 68.5 mm cans.

In July 1982 heat penetration studies were conducted, in one
cannery, during production of 425 g cans of chunk style
tuna in brine, packed in 99 x 68.5 mm containers. As FO
values delivered by the thermal process had not been
determined since the commissioning of new retorts the

manufacturer was anxious to confirm the adequacy of his

processes.

During commercial production the following conditions

were observed:

* The retort was brought to 102-103°C within 5 min and
held at this temperature for a further 15 min,after
which time it was brought to operating temperature

within 5 min.
* Maximum product f£ill weight was 280 g.

* Minimum initial product temperature was 20°C; however
at the completion of 15 min venting at 102-103°C this

increased to a minimum of 47°C.

After completion of the heating phase of the process,cooling

was delayed for five to seven minutes.




G

17
Process FO values were calcuilated (via the General method)
over three retorting cycles in which heat penetration data
were collected for a total of 12 cans. The results of
these trials, which are summarized in Table 9, show that
FO values were far in excess of those required for tuna
packed under conditions of good manufacturing practice.
While it would not be unreasonable to select a target Fo
value of 6 to 7 min , in order to be conservative a
modified target FO value of 10 min was recommended.
Semi~-log plots of the difference between retort and product
temperature versus time for each of the twelve cans revealed
that the maximumiﬁl1 value obtained was 38 min, and the
corresponding j value was 1.3. Rounding the former to 40 min,
the process time required to deliver a target FO of 10min was
calculated (via thé modified Gillespy method) to be 63 min,
when initial product temperature was taken as the minimum
recorded at the end of 20 minutes venting - ie. 47°C.
This means that even on an extremely conservative basis
a 30% reduction in processing time was possible, without
there being any significant risk to the commercial sterility

of the canned product.

Early in 1983, the same manufacturer requested that RMIT
complete heat penetration studies on their 425 g tuna
packs in which maximum fill in weights had been increased
to 310 g. Sample cans were packed and transported,
unprocessed, to the pilot plant where fh and j values were
determined during processing at 115°C for 100 min. The

range of values are shown in Table 10.
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Table 9. Summary of Fo valueslobtained for 425 g cans of tuna (chunk style in brine) packed2 in

95 x 68.5 mm cans processed for 95 minutes at 121.1°C.

Process Can Number Fo value for each stage of processing Total Fo Value Amended4 Fo value
Heating Delay3 Cooling

(min) {min) (min) {min) {(min}
1 1 70.3 7.5 0.2 78.0 70.5
1 2 58.4 7.5 2.9 68.8 61.3
1 3 64.3 7.5 3.1 74.9 67.4
1 4 60.2 77.5 3.0 70.7 63.2
1 5 65.4 7.5 3.1 76.0 68.5
2 1 64.9 5.0 3.1 73.0 68.0
2 2 69.8 5.0 4.5 79.3 74.3
2 3 64.0 5.0 4.5 73.5 68.5
3 1 55.9 7.5 4.6 72.0 64.5
3 2 65.0 7.5 3.0 75.5 68.0
3 3 75.9 7.5 2.0 85.4 77.9
3 4 70.6 7.5 5.0 83.1 75.6

-
e

FO values calculated by the General method.
Maximum specified £ill weight = 280 g.

Delay prior to cooling, after completion of heating phase.

Amended FO value reduced by component arising from delay prior to cooling.
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Table 10. Summary of fh and j values obtained for chunk
style tuna, packed 310 g/can in 99 x 68.5 mm

contaliners.

Can Number fh |
(min)
1 44 1.7
2 42 1.4
3 42 1.7
4 29 2.0
5 29 . 1.8
6 45 1.7
7 47 1.8
8 37 1.7

Previous trials (at the cannery), when maximum f£fill weight
was 280 g, indicated a maximum £ of 38 min (which it will
be recalled was rounded to 40 min for the purpose of
calculating a conservative recommended process time
required to deliver an FO of 10 min). Thus it is apparent
that the increase in maximum fill weight from 280 to 310 g,
caused under worst-case conditions fh to increase from

38 to 47 min. The effect of this change on processing
time at various retort temperatures, given a constant
target Fo of 10 min, is shown in Table 11l. These data
demonstrate that in order to deliver a constant target

FO value of 10 min,a 30 g increase in pack weight (from
280 to 310 g) must be compensated for by increases of 227

249 and 27% in processing time at 116°, 118° and 121.1°C,

respectively

o\




20

While these data were derived for conditions which may be
peculiar to one manufacturer, the magnitude of the change
in fh value caused by alteration to filling weight, clearly

demonstrates why all tuna canners must control this facet

of production.

Table 11. Summary of processing conditions required to
deliver an FO value of 10 min for chunk style

tuna packed in 99 x 68.5 mm cans.

Retort temperature Process time

Fill weight 280 gl Fill weight 310 g°

(°C) (min) (min)
116 93 113
118 80 99
121.1 66 84

All calculations made by the modified Gillespy method
described by Board and Steele (1978). No corrections

made for retort come-up time.

Note: 1. Slowest heating of 12 replicate cans.
fh = 38 min; j = 1.3; TO = 20°C.
2. Slowest heating of 8 replicate cans.

fh = 47 min; j = 1.8; TO = 20°C.
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2.5.2 Processes for 84 x 46.5 mm cans.

Preliminary studies at RMIT have quantified the relationship
between fill weight and processing time for solid style

tuna packed in 84 x 46.5 mm cans. Nine cans were hand
filled to weights ranging from 140 to 180 g, filled with
water to an 11 mm headspace, vacuum sealed (-80 kPa) using

a Heine series D sealing machine and retorted. Shown in
Table 12 are the fh and j values for each of the nine

packs and the processing times required at 116° and 121.1°C

to deliver a target F_ value of 10 min.

Shown in Figure 1 are graphical representations of the
relationship between pack weight and processing time
calculated to deliver a target FO value of 10 min. The
graphs shown are the lines of best fit and the correlation
coefficients are 0.901 and 0.904, respectively, for the

116° and 121.1°C processes.

These graphs make quite clear the dangers of overfilling.
For example based on a specified maximum fill weight of

170 g, a 30 g overfill would make necessary increases of
26% and 28% for processing times at 116° and 121.1°C,
respectively. Failure to compensate for over filling

would not significantly affect risks to public health

while the target FO value was of the order of 10 min;
however the risks increase as manufacturers select as their
target, an FO value closer to the recommended minimum for
low-acid canned foods (F = 2.8 min).

As the graphs shown in Figure 1 are based on laboratory trials

they ought not be used to determine processing times for
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Table 12. Effect of fill weight on fh and j values and processing times at 116° and
121.1°C required to deliver target F_ values of 10 min, for solid style

tuna packed in 84 x 46.5 mm cans.

Drained fill weight j value fh value Process time*
At 116°C At 121.1°C
(g) {min) (min) (min)
140 1.30 15.0 56.8 33.9
144 1.85 14.8 58.7 35.9
150 1.35 18.8 \ 63.2 39.8
153 } 1.81 14.5 58.0 35.2
154 1.31 18.0 61.7 38.4
163 1.67 16.8 61.5 38.4
166 1.77 19.3 66.3 42.8
170 1.67 24.0 73.8 49.6
180 1.53 26.3 76.7 52.0

* Processing times calculated by the modified Gillespy method described by Board and
Steele (1978). No corrections for retort come-up time (< 3 min); initial product

temperature = 20°C.




Py

23
[an]
—
8 90
g
o (@)
8 T, =116 °C
0
P | (r = .901)
& ,
5
@ 70
o)
]
D
3
H 60
% T, = 121.1 °c
- : (r = .904)
~. ’
=
0] 50
3
™
o
5 10
D
H L}
B 30
o
5
g
g 20 I T— S
130 140 150 160 170 180 190 200

Fill weight (g)

Fig 1. Effect of fill weight on retorting time required to deliver an
FO value of 10 min for solid style tuna packed in 84 X 46.5 mm cans.

( Graphs represent lines of best fit drawn for heat penetration data

shown in Table 12 ).
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commercially packed tuna; however given the appropriate
heat penetration data it would be a simple matter to
prepare similar graphs for the conditions applying in

individual canneries.

Heat resistance of FRRB Bacillus stearothermophilus FS1518.

Procedures for evaluating the effect of sub-lethal processes
on bacterial spores were developed. The project research
assistant spent three days at C.S.I.R.0. Food Research
Laboratories, North Ryde with Dr. W.G. Murrell where
techniques for spore growth, harvesting and cleaning were
demonstrated. Early efforts to harvest spores of Bacillus

stearothermophilus from several sources were unsuccessful;

it was only after the assistance given by Dr. Murrell that

these problems were overcome.

2.6.1 Culture preparation.

A suspension of heat resistant FRRB Bacillus stearothermophilus

FS1518 spores (culture supplied by C.S5.I.R.0.) was produced

in a sporulating medium consisting of yeast extract (0.5%),

beef extract (0.3%), peptone (1%), MnSO4.4H2) (10 micrograms/L),
CaCl, (0.001%) and pH 8.2. The medium was incubated on an

orbital shaker, operating at (240 rpm), at 55°C for 18h.

Spores were cleaned by centrifugation and washed with
distilled water, after which they were treated with

lyzozyme (0.3 mg/L), rewashed and stored at 4°C until

required.
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2.6.2 Determination of the heat resistance parameters,
D value and 7 value.
survivor curves for the bacterial spores were prepared
at 110°, 115° and 121.1°C and from there the corresponding
D values were found to be 68, 15 and 3 min, respectively.

The 7% value of the test organism was 8°C.

The survivor curve determined at 121.1°C was not affected
when, after exposure for 4 minutes, vials containing the
spore suspension were temporarily removed from the heating
medium (oil at 121.1°C), held at 100°C for 30 min and then
returned to the oil bath. The rationale for introducing

a delay in thermal destruction after four minutes exposure
at 121.1°C, was to ascertain whether germination would
occur; if so, spore numbers would be reduced and this

would be reflected in a reduction in the time required to
bring about their thermal destruction. Alternatively/it
was considered that an interrupted heating cycle (ie. a
sub-lethal process) may alter the slope of the survivor
curve (ie alter the D value). These phenomena would have
implications for the probability of spore survival in canned
foods subjected an interrupted thermal process (as might
occur should the steam supply be temporarily lost).
However, in these preliminary trials, it was not possible
to induce germination; and furthermore the slope of the
survivor curve was not affected by interruption to the

heat treatment.

To be successful, future work in this area will need to
resolve difficulties of inducing spore germination after

a sub-lethal process.
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INTRODUCTION

1.1 To draw a process flow chart for the canning of scallops,
from handling and transport at the raw scallop through to
distribution of the canned product, as practiced by
RUSSEL CRAYFISH.

1.2 To examine existing processing operations and to make
any recommendations on current practices.

1.3 To evaluate current thermal processing equipment.
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BACKGROUND
2.1 AIMS OF QUALITY ASSURANCE

To be able to assess the effectiveness and safety of canning
operations it is necessary to establish routiﬁe checks and méasurements
throughout the process. These monitoring procedures are established
by the company and carried out on a regular basis. This is known as
QUALITY CONTROL.

QUALITY ASSURANCE is a larger concept which utilizes quality
control as a tool to ensure that any possible error is minimised.

In order for a quality assurance programme to be successful it
must be designed to incorporate all the areas of canning which may
present a health risk to consumers. These areés of importance are
known as CRITICAL POINTS and it is essential that they be controlled

for a '"fail/safe'" operation.




3.

PROCESS FLOW D1AGRAMS
3.1 Samples for process flow diagrams
<i:) Operation
Inspection
[::> Transportation
[:> Delay or temporary storage
; Permanent or controlled storage
N\
o Combined operation and inspection
3.2 Preparation of scallops
DAY 1 TASMANIA

(::> Scallops are harvested from the sea

N/ Stored aboard the vessel. Conditions of storage

unknown, duration should ideally be shert ie. l-6hrs.

Transported to the docks

N
N

Shucked and packed into plastic bags. Weight-12kg.

O

Y<;7 Stored at 4°C overnight.

T




DAY 2

6a.m.{i’> Scallops leave Tasmania and are transported to
RUSSELL CRAYFISH. A process taking approximately
3 hrs.

Scallops are removed from the bags, washed and

placed into plastic boxes, containing water

<<;7 Boxes are stored at 4°C, ready for distribution
Scallops are removed from the bags, washed and

::: allowed to drain on tables, ® % hr., ambient
temperature.

<jt> Removed from the tables and placed into cool

(23°C) salt water 3% for not less than 10 min.

Scallops removed from salt water and washed in

cool (23°C) running water and then inspected.

) Scallops ready for canning.




MY
3.2 Canning Procedure

; / CANS [j) Scallops (Preparation as in 3.2)

L
A
<f<} cans are washed

[jL} Damaged cans are

filled into cans to a head space of

5 mm

rejected i
B ) Filled into canms, fill Wt-180g
i
Kiij Brine (3% salt solution) is cold

<::> Contents of rejected

cans are recycled * .
y <i‘ Cans are sealed

—

Cans are visually inspected, for defects
Defective cans are
rejected
<:K\ Packed into Retort baskets, ready
- for processing, 8 baskets per retort,
each basket capable of holding 800 cans.
[;) Delay in filling baskets, time depends
on productivity, may be up to 3-4 hrs.
*(:;> Retorted, for 30 min at 110°C
*<::) Cans are coolecd
*CRITICAL CONTROL POINTS,
areas which must be monitored *—;7 Stored for 10 days at ambient
by quality assurance programmes. temperature
P Inspected for blown cans, labelled
and packed into boxes

; ; Finished product stored
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4 DISCUSSION

4.1 Preparation of Scallops

The procedure for the preparation of scallops used for canning
was straight-forward and short. The quaiity of the raw scallops
is expected to be good, providing that there are no major delays

in preparation procedures.

4.2 Canning Operations

4.2.1 FILLING - SCALLOPS
CURRENT PRACTICE

180 g of scallops are weighed into each can to an accuracy of
plus or minus 2g. This is performed manually. At no stage
throughout the filling are weights checked by quality control or

recorded.
COMMENTS

CRITICAL CONTROL POINT; FILL WEIGHTS MUST BE REGULARLY
CBECKED AND RECORDED

Fill weights must be checked at least once every three hours during
production, in order to ensure that the limits of fill, as established by
management have been satisfied. These results must be recorded and kept for
reference (See Appendix 4).

It is necessary to establish a lower and an upper limit of fill. Lower
limits are set to satisfy labelling requirements, but this 1s not critical
for safety, on the contrary liﬁits of £ill may become critical. This occurs
as the thermal process has been based on the heat penetration for a specified
fill weight. Cans which are incorrectly filled to a heavier fill weight may
be underprocessed. Thus presenting a serious risk to the health of the
consumer.

Upper limits of fill are not critical provided that heat penetration

data are based on the heaviest pack weights.

“
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4.2.5 COOLING

CURRENT PRACTICE

Processed cans are cooled according to the following schedule;

1. the pressure in the retort is released,
2. after complete release of pressure the door is opened.
3. chlorinated cooling water is turned on. The water

is sprayed from the top of the retort over the hot cans.

4, Cooling continues for approximately %-1 hr.

5. Cans are removed from the retort and allowed to cool at room
temperature. If the retort is not required, they are left

to cool in the retort.

COMMENTS
CRITICAL CONTROL POINT: CANS MUST BE PROMPTLY PRESSURE COOLED
TO AN INTERNAL TEMPERATURE BELOW 40°C.

Although the above method of cooling did not peak the cans, the ends
were severely swollen and therefore strained after releasing the retort
pressure. Upon cooling, the cans resumed their normal shape. This
distortion may lead to post-processing leakage. It is recommended that cans
be cooled under pressure to an internal temperature of below 40°C. Under no

circumstance should cans be allowed to cool in the retort after being processed.
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5. EVALUATION OF EXISTING THERMAL PROCESSING EQUIPMENT

Upon inspection of the retort and its instrumentation it was found that

it did not comply with the Department of primary Industry's code of practice

for canneries registered under the fish export Regulations Circular 157,

(Appendix 9).

The equipment did not comply with regulations in a number of instances;
(1) Absence of a mercury in glass type thermometer (section 5.1 Circular 157)
(2) ‘Absence of a temperature recording device (section 5.7 Circular 157)
(3) Absence of a steam controller valve (section 5.10 Circulat 157)

(4) 1Inability of the retort to pressure cool. (section 6.1.2 Circular 157)

COMMENT S

Due to the lack of automatic process control devices, it is not possible
to maintain a steady retort temperature during processing. The retort
operator controlled the retort temperature by manipulating the steam inlet
and retort vent values until the desired temperature was reached. Unattended
the retort temperature increased and/or decreased by as much 3°C.

The existing temperature measuring devices were evaluated to determine
their accuracy. It was found that the thermometers (Dial type) were
incorrect. (See appendix 3).

In order to be confident that a scheduled process can be accurately
delivered processing equipment and control systems must Be modernised and
calibrated. The inadequacies in retort instrumentation mentioned above
must be rectified before 'Department of Primary Industry' requirements

for export fish canners can be fulfilled.
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6. APPENDIX
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APPENDIX 1: TFo values obtained for the existing scheduled

process of 30 min. at 110°C.

CAN FILL INITIAL Fo VALUE (min. at 121.1°C)
NUMBER  WEIGHT (g) TEMP. (°C) HEATING COOLING TOTAL
»1 179 24 .93 | .55 1.48
2 180 24 .67 ' .28 .95
3 179 24 .73 .39 1.12




APPENDIX 2: Fo values obtained for the recommended process
of 60 min. at 111°C.
CAN FILL INITIAL Fo VALUE (min. at 121.1°C)
NUMBER WEIGHT (g) TEMP. (°C) HEATING COOLING TOTAL
1 180 26 3.16 .43 3.59
2 180 24 3.21 .32 3.53
3 196 24.5 2.46 .31 2.77

S\
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APPENDIX 3: Evaluation of existing retort thermometers

RETORT NUMBER 1

RETORT
TEMP °C 110 113 114 115.5 116.5 118.5

RECORDED RETORT
TEMP. “C . 115.8 116.9 117.9 119.1 120.4 121.0

DIFFERENCE °C + 5.8 + 3.9 + 3.9 + 3.6 + 3.9 + 2.5

RETORT NUMBER 2

RETORT
TEMP. °C 115.5 117.0 119.0 120.0 121.5 122.0

RECORDED RETORT

TEMP. °C 116.1 117.4 118.9 119.9 121.1 121.8
DIFFERENCE °C + .6 + .4 - 1 - .1 . Y
RETORT TEMP., °C Retort temperature as indicated by a 'dial

type' thermometer located on the retort.

RECORDED RETORT TEMP. °C Average temperature, of the retort as
measured by three temperature probes placed
at different positions inside the retort.
Temperature difference between the probes

ranged from .l-.4°C.

DIFFERENCE . Difference between Retort temperature and

Recorded retort temperature.
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APPENDIX 4: Example of a fill weight record form.




FILL WEIGHT (9) = g i
OVER IDEAL UNDER m | = 5|8

o8t

el




APPENDIX 5:

Visual seam inspection record form.

R




Can size.

Cancode. o — Produete e

Date.
Decision on
seams ARKS
Time Seamer NO REM
Reject Accept

N
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APPENDIX 6: Example of a form for recording

double seam measurements




DATE. CAN SIZE. CAN CODE
End Thickness (E.T) B@@? Thickness (B.T) 2(E.T)+B.T= E.T+ B.T=
. . * A LRV
TIME  [Seamer N© |  Seam Length Body Hook B.H End Hook E.H  |BHSEH min| ouorian | Rerol) | signed by

)



APPENDIX 7: Example of a daily process or

production record form

N




Thermaometers

DT o w© Comainer | . | p PROCESS TIME Actual
E PRODUCT DE ] rOCeSs Sigwed b
ize | N9 ] Steam Vent Tem Steam | PTS Mercury | Recorder] 218" Y

Size|NJp| LT | N® | TIME TEMP on Closed UPP Oft fime oy |~ ohart

50



APPENDIX 9: Department of Primary Industry's Codes of
practice for canmeries registered under the fish export

Regulations. Circular 157.
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Exports (Fish) Circular 157

Exports (Fish) Regulations

DPI CODE OF PRACTICE FOR THE THERMAL PROCESSING OF

LOW~ACTD CANNED SEAFQODS

The need to have codes of practice dealing especially
with areas of food processing which may involve hazards to
consumers is now widely accepted. One such area concerns
the thermal processing of low-acid canned foods since failure
to properly process these products may result in unsafe foods
reaching congumers.

The Codex Alimentarius Commission has responded to the
need to establish safe processing procedures by preparing a
Draft Code of Hygienic Practice for Low-Acid and Acidified i
Low-Acid Canned Foods. (The latest draft of this Code was
prepared in July 1979.) An Australian Standard for Equipment
for Thermal Processing of Low~Acid Foods in Hermetically
Sealed Containers is also being prepared by the Standards
Association of Australia.

This Code of Fractice was prepared specifically to satisfy
the requirements of the Australian regulatory authorities and
the canning industry and to ensure that safe low-acid canned
foods are producecd in this country. This Code of Practice is
technically consisZent with the Draft Codex Alimentarius Code
and the draft Avstralian Standard on processing eguipment.

1. SCOPE

This code of practice deals with the equipment and pro-
cedures used for thermal processing low-acid canned foods.
The code is applicable to low-acid foods packaged in hermeti-
cally sealed rigid, flexikle or semi-rigid containers and
deals with the following typés of processing equipment:

(a) batch retorts heated with saturated steam

(b) batch retorts heated with water under pressure
(c) continuous retorts

(a) hydrostatic cookers

(e) retorts heated with air steam mixtures

(f) ascptic systems

(g) flame sterilizers




2. DEFINITIONS

For the purpose of this code, the following definitions
apply:

Bleeders (bleeds). Small valve-controlled orifices through
which steam and other gases escape during the entire thermal
process. Their purpose is to remove air which accumulates in
the retort during the process and to promote circulation of
the heating medium especially in the proximity of indicator/
controller probes.

Canned food. A food which is commercially sterile and packaged
in an hermetically sealed container.

. Code 1lot. Product produced during a period of time identified

by a specific container code mark.

Come-up-time. The time, including venting time, which elapses
between the introduction of the heating medium into the closed
retort and the time when the temperature in the retort reaches
the required processing temperature.

Commercially sterile. The term used to describe foods that are
free of microorganisms which are capable of growing under the
conditions the product is likely to encounter during storage
and distribution.

When applied to processing equipment, the term means the
equipment is free of microcrganisms which are capable of growing
in the food being processed in that equipment under the cond-
itions the food is likely to encounter during storage and
distribution.

Flame sterilizer. Thermal processing equipment in which cans
are preheated to a uniform temperature and then passed over

'gas flames which heat the contents to the required processing
“temperature. The cans then move to a holding zone and are

finally cooled. The cans rotate during heating and cooling
and in some flame sterilizers special devices are also used
to mechanically agitate the cans at those stages.

Headspace. The volume in a container not occupied by the food.

Hermetically sealed. The term used to describe containers
which are closed so that the contents are protected against
the entry of microorganisms and other materials.

Hydrostatic retort. A retort in which the pressure of the
steam is maintained in the processing chamber by means of
hydrostatic water legs. The hydrostatic legs also act as
inlets and outlets to the steam dome to allew continuous
throughput of containers.

NA




Initial temperature. The temperature of the contents of the
coldest container to be processed at the time the thermal
process starts.

Low—acid foods. Foods with a pH of 4.6 or higher.

Retort. A pressure vessel in which containers of food are
processed under pressure in steam or a steam/air mixture or
water.

Scheduled process. The thermal process reguired to achieve
at least commercial sterility in a given product in a given
container.

Thermal process (heat sterilization process). The process
in which a container of food is exposed to a defined heating
medium at a specified temperature for a specified time so
that the food is made commercially sterile.

vent. A large valve-controlled opening in the retort installed
in such a way as to allow thorough removal of air from the
retort before timing of the process is started.

Venting. The operation whereby steam is used to purge the
closed retort thoroughly of air before the thermal process

is started.

3. PURPOSE OF THE THERMAL PROCESS

Thermal processes are primarily intended to render the
food and the inside of the container commercially sterile.

The equipment and procedures used . . to apply thermal
processe should be designed to ensure that each unit in the
batch receives the same sterilizing treatment. The heating
medium must therefore be delivered uniformly to all units in
the batch and its composition and temperature must be known
and controlled. Safe processing depends on the equipment and
instrumentation being properly built, installed, maintained
and operated to produce the conditions referred to above.

4. ESTABLISHMENT OF SCHEDULED PROCESSES

4.1 Scheduled processes. for low-acid canned foods should
be established only by competent persons having expert Kknow-
ledge of thermal processing and having adequate facilities for
making the appropriate measurements and calculations. Details
of safe scheduled processes for a wide range of canned foods
are available in the literature and from laboratories assoc-
jated with the canning industry.

4.2 Scheduled processes are based on the temperature
history of the slowest heating point in the container, the
composition of the food, the likely number and type of possible
spoilage microorganisms and the conditions the product is likely

Q0
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to encounter during storage and distribution. variations in
any of these factors may make the scheduled process inadequate
and the product may then spoil as a result of the growth of
microorganisms which survive the thermal proceéss.

4.3 Complete records concerning all aspects of the estab-
lishment of the scheduled process, including any associated
incubation tests, should be permanently retained by the pro-

cessing plant or by the laboratory establishing the scheduled
process.

4.4 The scheduled process should take account of estab~
1ished critical factors; for conventionally sterilized canned
products the scheduled process should include at least the
following data:-—

Product code

Container size

Ingoing weight of product including liquor where appropriate
Minimum initial temperature

Type and characteristics of the heat processing system
Processing temperature

Processing time

Cooling method

4.5 Scheduled processes and venting procedures to be used
for each product and container should be posted in a conspicuous
place near the processing equipment. Such information should
be readily available to the retort or processing system operator.

4.6 Only properly determined scheduled processes should
be used.

4.7 Thermal processing and associated processing should
be performed and supervised only by properly trained personnel.

5. INSTRUMENTATION OF THERMAL PROCESSING EQUIPMENT

5.1 Thermal processing equipment should be fitted with
at least one indicating thermometer of the mercury-in-glass
type. Other types of temperature measuring instruments may
be used but they should have an accuracy and reliability egqual
to or better than mercury-in-glass thermometers.

5.2 Mercury~-in-glass thermometers should have divisions
that can be easily read to 0.5C and the scale should covexr not
more than 5C deg per cm. -

5.3 Thermometers should be tested for accuracy in steam
or water as appropriate under operational conditions against
a known accurate standard thermometer. The tests should be
made upon installation of the thermometers and at least once
a year thereafter or more frequently as may be necessaxy to
ensure their accuracy. A thermometer which deviates more
than 0.5C deg from the standard should be replaced. A daily
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inspection should be made to detect mercury-in-glass therm=-
ometers with divided columns or other defects and these
instruments should be replaced immediately.

5.4 Where other types of thermometers are used, routine
tests should be made to ensure that they perform at least as
well as mercury-in-glass thermometers. Thermometers which
do not meet these reguirements should be replaced immnediately.

5.5. Bulb sheaths of indicating thermometers and probes
of temperature recording devices should be installed either
within the retort shell or in external wells attached to the
retort. External wells should be equipped with an adegquate
bleeder which gives a constant flow of steam past the length
of the thermometer bulb or probe. The bleeder for external
wells should emit steam continuously during the entire pro-
cessing period.

5.6 If water is used as the heating medium the bulb
sheaths of indicating thermometers and probes of temperature
recording devices should be installed so that the instruments
give accurate readings and records respectively of the temp-
erature of the water.

5.7 Thermometers should be installed where they can be
accurately and easily read.

5.8 Heat processing equipment should be fitted with at
lJeast one temperature recording device. This recorder may be
combined with a temperature controlling instrument. It is
important that the correct chart is used for each device. Each
chart should have a working scale of not more than 12C deg
per cm within a range of 10C deg of the sterilizing temperature..
The recording accuracy should be equal to or better than #*1.0C
deg at the sterilizing temperature. The recorder should agree
within 1.0C deg with the indicating thermometer at the sterilizing
temperature. A means of preventing unauthorized changes in the
adjustment should be provided. The chart timing .device should
be accurate. .

5.9 Each retort should be equipped with a pressure gauge.
The gauge should be checked for accuracy omn installation and
at least once a year. The gauge should have a range from zerxro
such that the safe working pressure of the retort is about 66%
of the full scale and the gauge should be graduated in divisions
not greater than 10 kPa. The gauge dial should not be less than
100 mm in diameter. The instrument should be connected to the
retort in a manner that does not impair its accuracy or sensitivity.

5.10 Each retort should be equipped with a steam controller
to maintain the retort temperature. This may be a recording-
controlling instrument when combined with a recording thermometer.
The controller should be capable of maintaining the retort temp-
erature within 1.0°C of the scheduled processing temperature.




6. SERVICES AND FITTINGS FOR HEAT PROCESSING EQUIPMENT

6.1 Batch retorts, steam heated.

6.1.1 The steam supply should be of sufficient capacity
to bring the loaded retort to operating temperature in less
than 15 min and to maintain a steady temperature throughout
the process.

6.1.2 The retort should be supplied with water and com-
pressed air at sufficient capacity to allow efficient cooling,
whenever necessary under a super-imposed pressure of air.

6.1.3 The services should have efficient valves to prevent
air and water entering the retort during the process.

‘6.1.4 The spreader should be designed to give as even a
flow of steam and cooling water as possible throughout the
retort. Usually the spreader and vent should be situated as
far apart as practicable to aid in removing air during venting.

Perforated steam spreaders, if used, should be checked
regularly to ensure they are not blocked or otherwise inoper-
ative. Horizontal still retorts should be equipped with steam
spreaders that extend along the length of the retort. The
perforations in the spreaders should be directed so that they
give uniform distribution of steam. In vertical still retorts
the steam spreaders should be in the form of a cross or coil
and again the perforation should be directed so that they
give uniform distribution cf steam.

The number and size of perforations in spreaders for both
horizontal and vertical still retorts should be such that the
total cross-sectional area of the perforations is equal to
1.5 - 2 times the cross-sectional area of the smallest part
of the steam inlet line.

6.1.5 Bleeders should be of suitable size, e.g. 3 mm and prop-
‘erly located and should be wide open during the entire process,
including the coming-up-time. all bleeders should be installed

so that the operator can observe that they are functioning

properly.

6.1.6 Vents should be designed, installed and operated
so that air may be efficiently removed from the retort before
timing of the heat process is started. Vents should not be
connected to a closed drain system without an atmospheric
break in the line. T

6.1.7 Bleeders or steam traps should be fitted to remove
condensate in steam-heated processing equipment. The outlets
should be placed so that the operator can observe that the
bleeders and steam traps are functioning properly.




6.1.8 Crates, trays, gondolas and divider plates for holding
containers of product should be so constructed that steam

can be circulated adeguately ameong the containers during the
venting, come-up and thermal process.

6.1.9 Crate supports in retorts should not substantially
affect venting or distribution of steam.

6.1.10 An adjustable pressure relief valve of a capacity
sufficient to prevent undesired increases in retort pressure
and approved by the official agency responsible for inspecting
pressure vessels should be fitted.

6.1.11 Retorts in which the containers are rotated or
agitated should be fitted with a recording tachometer to pro-
vide a continuous record of the speed of the mechanism moving
the cans. A means of preventing unauthorised speed changes
on retorts should ke ovided.

6.2 Batch retorts - water filled.

6.2.1 The appropriate requirements in 5 and 6.1 apply
to this type of equipment.

6.2.2 The steam supply should be of sufficient capacity
to bring the loaded water-filled retort to operating temper-
ature within 20 min and to maintain the temperature during
the process.

6.2.3 The retort should be supplied with sufficient com=
pressed alr for circulating the water in the retort to ensure
even heating of all parts of the load. Alternatively an exter-
nal pumping system should be used to circulate the water. The
pump and associated pipe work should be protected against
blockage by containers of product. or extraneous material.

6.2.4 A pressure recording device should be fitted and
may be combined with a pressure controller. ’

6.2.5 There should be a means e.g. a water gauge glass
or petcocks, for determining the water level in the retort.
The water level should be at least 15 cm above the top layer
of containers in the retort during the come-up, thermal pro-
cessing and cooling periods.

6.2.6 Retorts for pressure processing in water should
be fitted with means for introducing compressed air to ensure
that the required pressure 1is maintained in the retort during
the process. The retort pressure should bhe controlled by an
automatic pressure control unit. A non-return valve should
be provided in the air supply line to prevent water from
entering the air line.

6.3 Continuous retorts.




6.3.1 The appropriate requirements given in 5.6.1 and
6.2 apply.

6.3.2 The speed of the carrier mechanism should be
adjustable and a device should be fitted to control and record

the speed of the carrier. The speed of the carrier mechanism
should be checked at least once a year and more frequently if
necessary. An automatic device should be used to stop the

carrier mechanism and provide a warning if the temperature

of the heating medium drops below that specified in the sched-
uled process. A means of preventing unauthorized speed
changes shall be provided.

’

6.4 Hydrostatic cookers.

6.4.1 The appropriate requirements given in 5, 6.1, 6.2
and 6.3.2 apply.

6.4.2 Thermometers should be located in the steam dome
near the steam-water interface. Where the scheduled process
specifies maintenance of particular temperatures or water levels
in the hydrostatic water legs, at least one indicating therm-
ometer should be located in each hydrostatic water leg so that
it can be accurately and easily read.

6.4.3 The temperature recorder probe should be installed
in the steam dome. Additional temperature recorder probes
should be installed in the hydrostatic water legs if the sched-
uled process specifies maintenance of particular temperatures
at these points.

6.4.4 The control of the container conveyor chain should
be calibrated with an accurate stop watch and the calibration
should be checked at least once a year and more frequently if
necessary. ~ The speed of the conveyor chain should also be
continuously recorded. An automatic device should be used to
stop the chain and provide warning if the temperature of the
steam dome drops below that specified in the scheduled process.
A means of preventing unauthorized speed changes should be
provided.

6.5 Retorts heated with a mixture of air and steam.

6.5.1 The appropriate requirements given in 5 and 6.1
apply to this type of equipment.

6.5.2 The temperature, composition and the rate of cir~
culation of the air/steam mixture are critically important
in the operation of retorts heated with this medium.

6.5.3 There should be means of circulating the steam-
air mixture to prevent formation of low temperature pockets.
The circulating system used should provide acceptable heat
distribution as established by adequate tests. A recording
pressure controller should control the air inlet or the steam-
air outlet. The temperature of the steam-air mixture should
be controlled by a recording temperature controller fitted
to the steam supply.




6.6 Aseplic systems.

6.6.1 Aseptic systems vary in construction and method
of operation to a marked extent so each type should be operated
according to the manufacturer's instructiens. Essentially
the eguipment should be such that:-
(a) The product can be heat sterilized, cooled and where
necessary homogenised, and held ready for filling
under aseptic conditions;

(b) the container and closure can be sterilized before
filling.

(c) the sterile product can be filled into the sterile
container which can then be sealed under aseptic
conditions.

The features of the eguipment which are essential to
ensure that a safe product is produced will depend on the

- construction and operation of the particular system. The
period of exposure of the product, the package and the closure
to the sterilizing agents should be controlled so accurate
speed controls are needed. The concentration of chemical
sterilizing agents should be controlled as should the temper-
ature of heat sterilizing agents, €.9. saturated steam, super-
heated steam or hot gases. In addition the conditions reguired
to sterilize the egquipment before production is started, and
to maintain sterility during production should be controlled.

6.6.2 The appropriate requirements given in 5 apply. The
sensing element of the temperature measuring device should be
installed in the product at the outlet of the holding section.

6.6.3 The sensor for the temperature recording device
7 should be located in the product at the outlet of the holding
section.

6.6.4 The sensor for the temperature controller should
be located in the product at the outlet of the final heating
section.

6.6.5 Where a product-to-product regenerator is used to
heat the cold unsterilized product entering the sterilizer,
the regenerator should be designed, operated and controlled
so that the pressure of the sterilized product in the regenerator
is greater than the pressure of the unsterilized product.

An accurate differential pressure recorder-controller should
be installed o6n the regenerator. The scale divisions should be
easy to read and should not exceed 10 kPa per cm on a working
scale of not more than 140 kPa. The controller should be tested
for accuracy against a known accurate standard pressure indicator
upon installation and at least once every three months of
operation thereafter or more frequently as may be necessary to
ensure 1its accuracy. One pressure sensor should be installed
where sterilized product leaves the regenerator and the other
pressure Sensor should be installed where unsterilized product

. enters the regenerator. ’
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6.6.6 A metering pump should be located upstream from
the holding section and should be operated so as to maintain
the required rate of product flow. A means of preventing
unauthorized speed changes should be provided. The product
flow rate, which determines the sterilization holding time,
should be checked at sufficient frequency to ensure that it
is as specified in the schedule process.

6.6.7 The holding tube in the sterilizer should be
designed to hold the product, including particulates, for
at least the minimum holding time specified in the scheduled
process; it should be sloped upward at least 20mm per metre.
The holding section should be designed so that no portion
between the product inlet and the product outlet can be heated.

6.6.8 The systems for container and closure sterilization,
;illing and closing should be fitted with appropriate instru-
ments to ensure that all the scheduled conditions are achieved
and maintained during presterilization and production. Auto-
matic devices should be used to record, where applicable, the
rates of flow and for the temperature of the sterilizing media.
Where a batch system is used for container sterilization, the
conditions of sterilization should be recorded. Automatic
devices should be used to control the sterilization cycle at
the rate specified in the scheduled process. A means of pre-
venting unauthorized speed changes should be provided.

6.7 Flame sterilization.

6.7.1 The essential control factors in operating a flame
sterilizer are:~-

(a) the initial temperature of the product

(b) the period of heating and holding the cans before
cooling

(c) ‘the rate of agitation of the cans
(d) the position of the cans in relation to the flames
(e) the condition of the flames

(£) the temperature of the product as the cans leave the
flames and enter the holding section.

Provision should be made to measure or observe each of
these factors at sufficiently frequent intervals to ensure that
all cans receive the scheduled process.

.

7. APPLICATION OF THFERMAL PROCESSES

7.1 In addition to ensuring that the product has at least
the minimum initial temperature specified in the scheduled
process it is important to determine by frequent examination
that those characteristics of the product that may influence
the temperature history of the slowest heating point in the
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can are within the limits specified in the scheduled process.
Such critical factors may include:-

Maximum net or drained weight.

Minimum headspace. .

Consistency of the product.

The-style of the product in instances where layering or
stratification of components in the containers affects

the rate of heat penetration during thermal processing.
Minimum closing vacuum (in vacuum-packed products}).

7.2 Thermal processing should be started as soon as poss-
ible after closing to avoid microbial growth or changes in the
heat transfer characteristics of the product.

7.3 In batch operations, all retort baskets or crates
containing unretorted food product, or at least one of the
containers on the top of each basket or crate should be plainly
and conspicuously marked with a heat sensitive indicator.

7.4 The initial temperature of the contents of the coldest
containers to be processed should be determined and recorded !
with sufficient frequency to ensure that the temperature of I
the product is no lower than the minimum initial temperature
specified in the scheduled process.

7.5 Vents should be fully opened to permit rapid and total
removal of air from steam-heated processing equipment before
the pressure vessels are brought to operating temperature.

7.6 MAir or water circulation in water-filled retorts
should be continucus during the come-up, processing, and cooling
periods. I1f air is used to promote circulation it should be
introduced dinto the steam line at a point between the retort
and the steam control valve at the bottom of the retort. All
water circulation systems should be checked for correct overation
during each processing cycle.

7.8 An accurate, clearly visible clock or other suitable
timing device should be installed in the thermal processing
room and times should be read from this instrument and not from
wrist watches. Where two or more clocks are used in a thermal
processing room they should be synchronised.

7.9 Before starting aseptic processing operations, the
product sterilizer, the container and closure sterilizing
systems, and the product filling and closing systems should
be brought to a condition of commercial sterility. i

7.10 In the event of a suspected loss of sterility in
aseptic systems, production should be stopped and the system
should be returned to a condition of commercial sterility before ;
operations are resumed.

WS
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7.11 When the product temperature in the holding section
of an aseptic system drops below the temperature specified in
the scheduled process, the product in the holding section and
any downstream portions affected should be diverted to recir=-
culation or waste and the system returned to a condition of
commercial sterility before flow is resumed to the filler.

7.12 When a regenerator is used in an aseptic system
the product may lose sterility whenever the pressure of steri-
lized product in the regenerator is less than 7 kPa greater
than the pressure of unsterilized product., If this condition
occurs the product should be directed either to waste or recir-
culated until the cause of the improper pressure relationship
has been corrected and the affected system has been returned
to a condition of commercial sterility.

7.13 Containers of processed product should be cooled
as rapidly as possible through the range of 60°C to 40°C to
avoid the growth of thermophilic organisms. Unless otherwise
indicated, extra pressure should be applied during cooling
to compensate for the internal pressure inside the can at the
beginning of cooling and to minimise the risk of deformation
and leakage of containers.

7.14 1In retorts processing glass jars, the cooling water
should be introduced in a manner which avoids direct impinge-
ment on the jars to prevent breakage by thermal shock.

7.15 Cooling water should be of suitable microbiological
quality, and should be chlorinated and maintained at a measure=
able level of residual chlorine, or be otherwise suitably
treated.

7.16 Records should be kept of tests showing either that
cooling water treatment was maintained or that the microbio-
logical quality was suitable. Checks should be made on the
water after cooling to ensure the presence of free residual
chlorine,

7.17 1If cooling water is chlorinated in the plant, there
should be a sufficient contact time to reduce the microbial
content of the water to a level which will minimize the risk
of contamination of the can contents during cooling.

7.18 Where cooling water is recirculated insoluble matter
should be separated and the water should be rechlorinated.

8. POST-PROCESSING OFTERATIONS

8.1 Cooling and drying procedures should be conducted in
a manner to protect against post-process contamination.

8.2 Heat processed products should not be handled while
the seams and seals are wet. Manual handling should be avoided
and the containers should be protected from mechanical shocks.
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8.3 Conveyors and other equipment for handling proceséed
containers should be kept clean, disinfected and dry. Where
it is not possible to maintain such equipment in a dry con-
dition,” the equipment should be sprayed with an appropriate
disinfectant on a continuous or semi-continuous basis during
production.

8.4 Heat sensitive indicators attached to baskets or
crates should be removed at the same time as the cans.

9. QUALITY ASSURANCE

9.1 Thermal processes should be properly established,
correctly applied and sufficiently supervised and documented
toprovide positive assurance that the requirements of the
scheduled process have been met.

9.2 Permanent dated records of time, temperature, code
mark, and other pertinent details should be kept concerning
each 1load.

These records should be made by the retort or processing
system operator or other designated person, on a form which
should include: product name and style, the code lot number,
the retort or processing system and recorder chart identifi-
cation, the container size, the approximate number of con-
tainers per code lot, the minimum initial temperature, the
scheduled and actual processing time and temperature, the
indicator and recorder thermometer readings and other appro-
priate processing data. Closing va:uum (in vacuum-packed pro-
ducts), fill-in weights or other critical factors specified
in the scheduled process should also be recorded.

9.3 Prior to shipment or release for distribution, but
not later than one working day after processing, an appropriate
trained representative of plant management should review and
ensure that all processing and production records are complete
and that the product received the scheduled process. The
records, including the recorder thermometer chart, should then
be signed or initialled by the person conducting the review.

9.4 The records specified in 9.1 should be retained for
not less then three years.

9.6 Whenever a process for a low-acid food is found to
be less than the scheduled process, the processor of such low~
acid food should either fully reprocess to commercial sterility
that portion of the production involved, or segregate and
retain that portion of the production involved for further
evaluation of the processing records. Such evaluation should
be made by competent processing experts in accordance with pro-
cedures recognized as being adequate to detect any potential
hazard to public health. If this evaluation of the processing
records demonstrates that the product has not been given a
safe thermal process the segregated and retained product should
either be fully reprocessed to render it commercially sterile
or be destroyed under adequate and proper supervision. A record

Qﬁ
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should be made of the evaluation procedures used, the results
obtained and the actions taken on the product involved.




APPENDIX 8: CRITERIA FOR DOUBLE SEAM EAVLUATION




CRITERIA FOR DOUBLE SEAMS FOR TINPLATE CANS
FOR HEAT PROCESSED FOODS*

PREFACE

Cans for heat processed foods must be hermetically
sealed to protect the food from contamination by
micro-organisms or other external agents. Therefore, to
minimise the risk of the food being contaminated, the double
seams of the cans must be properly constructed,

Every can manufacturer and every processor of canned
foods shall have available appropriately trained and
experienced technical personnel who know the characteristics
required in a double seam and are competent in the techniques
of measuring, inspecting and evaluating double seams. The
training of personnel for the foregoing tasks shall include
extensive detailed supervision and counselling as well as
practice in seam appraisal standards and values over many weeks
by a very experienced tutor. The trained personnel shall be
assigned to perform a predetermined schedule of double seam
evaluations and to ensure that necessary adjustments of closing
machines are made to maintain double seams within acceptable
limits.

This Appendix describes the characteristics required
for an acceptable double seam and the permissible limits for
the important double seam attributes. These limits take
account of the accepted variations in the raw materials and
methods used in can manufacture, and the capabilities of
closing machines.

As canners and can manufacturers must aim to obtain a
hermetic seal with every double seam they produce, they must
try to form seams with attributes well within the recommended
limits. This approach minimises the risk of non-hermetic seals
being formed on the occasional can which may have unusual
characteristics and it extends the time before drifts in closer
settings make the seams unacceptable.

* The preparation of these criteria was made possible by
the co-operation of representatives of the following
Companies and Organisations -

Containers Limited

J. Gadsden Pty. Ltd.

The National Meat Canners Association
CSIRO Division of Food Research
Bureau of Animal Health.
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SECTION 1. SCOPE

These criteria define the characteristics of double
seams onh tinplate cans for heat processed foods, the methods
used for assessing these characteristics, and the frequency
with which the assessments shall be made by canners.

SECTION 2. DEFINITIONS

Body hook. The body hook is that portion of the
double seam formed from the turned-back flange of the can body
(Fig. 1). Optical methods shall be the reference methods in
determining this attribute in instances of dispute, referred to
a mutually recognised expert, as under section 3(2).

Compound. Compound is the sealing material, either
latex or synthetic rubber, placed in the curl and on the
0 seaming panel of the end. 1t serves to fill spaces within the
double seam, and to assist in the formation of an hermetic seal.

Countersink depth, Countersink depth is the distance

from the top of the double seam to the bhase of the chuck wall
radius (Fig. 2).

Cut over. A cut over is a sharp projection at the
inside top edge of the seam which may be associated with
fracturing of the end plate (Fig. 6). See also *‘sharp seam’.

Note: 1. The presence of fractures can only be determined by

microscopic examination of properly prepared sections
of the seam.

2. Cut overs and sharp seams are not in themselves
evidence of an unsatisfactory double seam but do
provide a first indication of incorrect adjustment of
the closer heads, necessitating re-adjustment.
Batches of cans showing either defect require very
careful examination for evidence of fracture, with
release only when the absence of fractures has been
confirmed.

Cut seam. See ‘fracture’,

Double seam. A double seam consists of five
thicknesses of tinplate (seven thicknesses at the side seam
juncture) interlocked or folded and pressed firmly together
(Fig. 1). The double seam is produced by two operations; in
the first operation the curled edge of the end is rolled under
the flange of the can body to create an interlocked overlap of
metal. The rolled body flange embeds in sealing compound
contained within the end curl, so initiating the primary sea)
0f the seam. During the first seaming operation, the curled
edge of the end forms wrinkles around the circumference of the
partially formed double seam because the diameter of the end
flange is reducéd. 1n the second operation, the five
thicknesses of metal (seven at the side seam juncture) are
pressed tightly together. This compression tends to flatten
the wrinkles in the end hook and causes the sealing compound to

flow around the edge of the end hook to complete the hermetic
seal,

ML /1 Q
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Droop. See 'spur'.

Droop at juncture. The extra thicknesses of metal at
the side seam may result in an external droop of the end hook
and hence a local increase in seam length at the juncture
(Fig. 3).

End hook. The end hook is that portion of the end
which is turned back between the body and the body hook for the
formation of the double seam (Fig. 2).

False seam. A false seam is a seam or portion of a
seam where the end hook has failed to engage (ie. lock under)
the body hook. 1If the folded body hook does not project below
the seam, the false seam may only be detected on careful
examination or sectioning. False seams may also be caused by
bent ends or flanges on the cans. :

Fracture or cut seam. A fracture or cut seam is a
double seam in which the outer tinplate is split through,
usually near the end hook radius.

Free space. Free space is the difference between the
measured thickness of the seam and the sum of the thicknesses
of the five layers of plate present in the double seam; it is
calculated by using the formula:

Free space = Seam thickness - (2 (tb) + 3 (te))

where, (tb) is the measured body plate thickness and
(te) is the measured end plate thickness of the

test can.

Note: 1, Single measurements of body plate thickness and
end plate thickness are made on each test can and
the results of these measurements are used with
the results of the three or four measurements of
seam thickness to calculate free space at the
specified points on the double seam.

2. Where assessment is required by an importing
destination, the free space shall not exceed
0.25mm. For non-round cans, a maximum free space
of 0.33mm at any point of a corner may be
permitted. See also Section 6 b,

; Hermetic seal. An hermetic seal is one which prevents
micro-organisms and other materials entering a can.

Juncture. The region of the double seam which
coincides with the side seam is called the juncture and is
approximately 10mm wide (Fig. 3).

Juncture thickness. Juncture thickness is the
dimension at the juncture of the side seam and the end double
seam measured at right angles to the chuck wall.
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Fig 3. A droop at the juncture
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Droop at juncture

Fig 4. Assessment of juncture rating.
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Lap. The lap occurs where two thicknesses of bod§
plate are bonded together at the extremities of the side seam.

Percentage body hook butting. Percentage body hook
buttxng is the distance occupied by the body hook expressed as
a percentage of the total distance from the inside radius of
the body hook to the inside radius of the end hook. Optical
methods shall be the reference methods in determining this
attribute in instances of dispute, referred to a mutually
recognised expert, as under Section 3(2).

(i) Percentage body hook butting is calculated from
measurements made on sections of the seam with a
microscope or seam projector {Section 6.¢) using the

following formula:

Percentage body hook butting = B 4 g0
C

where, b and ¢ are shown in Fig. 5.

(ii) Percentage body hook butting may also be calculated
from measurements of the components of the seam made
with a micrometer using the following formula:

Percentage body hook butting = BH - 1.1tb
98 Pocy 77 ST I TrZte + oy ¥ 100

where, BH = body hook length
tb = body plate thickness
SL = seam length
te = end plate thickness

Percentage body hook butting may also be calculated
using Table 1.

Note: Percentage body hook butting must be calculated only
from the measurements taken at the same specified
points,

Percentage juncture rating. Percentage juncture

rating is a measure of the shortening of the end hook at the
juncture, caused by the two additional thicknesses of bodyplate
and solder at the side seam in three piece cans (Fig. 4). This
extra metal prevents the end hook from being rolled under the
body hook to the same extent as points away from the side seam.

Percentage overlap. Percentage overlap is the degree
to which the body hook overlaps the end hook, expressed as a
percentage of the total internal length of the seam (Flgs 2
and 5). Optical methods shall be the reference methods in
determining this attribute in instances of dispute, referred to
a mutually recognised expert, as under Section 2(2).
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€1/T T°oA

BODY HOOK (mm)

~ABLE 1. PERCENTAGE BODY HOOK EBUTTING
SEAM LENGTH (mm)

3.16 3.21 3.26 3.31 3.36 3.41 3.46 3.51 3.56 3.61 3.66 3.71 3.76 1.05

3,11 3.16 3.21 3.26 3.31 3.3 3.41 3.46 3.51 3.56 3.61 3.656 3.71 1.00

3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.40 3.45 3.50 3.55 3.60 3.65 0.95

3.00 3.05 3.10 3.15 3.20 3.25 3.30 ,3.35 3.40 3.45 3.50 3.55 3.60 0.90

2.95 2.99 3.04 3.09 3.14 3.19 3.24 3.29 3.34 3.39 3.44 3.49 3.54 0.85

289 2.94 2.99 3.04 3.09 3.14 3.19 3.24 3.29 3.33 3.39 3.44 3.49 0.80

2.83 2.88 2.93 2.98 3.03 3.08 3.13 3.18 3.23 3.28 3.33 3.38 3.43 0.75

2.7a 2.83 2.88 2.93 2.98 3.03 3.08 3.13 3.18 323 3.28 3.33 3.38 0.70

2.72 2.77 2.82 2.87 2.92 2.97 3.02 3.07 3.12 3.17 3.22 3.27 3.32 0.65

2.67 2.72 2.77 2.82 2.87 2.92 2.97 3.02 3.07 3.12 3.17 3.22 3.27 0.50

2.61 2.66 2.71 2.76 2.81 2.86 2.91 2.96 3.01 3.06 3.11 3.16 3.21 .55

80 .

DY THICKNESS (wm) 2.56 2.61 2.66 2.71 2.76 2.81 2.86 2.91 2.96 3.01 3.06 3.11 3.16 0.50

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 0.45
1.50 1.56 1.61 1.67 1.72 1.78 1.83 1.89 69 68 66 - 65 63 62 60 59 58 57 55 s4 33
1.55 1.61 1.66 1.72 1.77 1.83 1.88 1.94 72 70 68 67 65 64 62 61 60 59 57 56 55
1.60 1.66 1.71 1.77 1.82 1.88 1.93 1.99 74 73 71 69 68 66 65 63 62 61 59 58 57
1.65 1.71 1.76 1.82 1.87 1.3 1.98 2.04 77 75 73 71 70 68 67 65 64 63 61 60 59
1.70 1.76 1.8l 1.87 1,92 1.98 2.03 2.09 79 77 76 74 72 71 69 58 66 65 63 62 61
1.75 1.81 1.86 1.92 1.97 2.03 2.08 2.14 82 80 78 76 74 73 71 70 68 67 65 64 63
1.80 1.86 1.91 1.97 2.02 2.08 2.13 2.19 84 82 80 78 77 75 73 72 70 69 ° 67 66 65
1.85 1.91 1.96 2.02 2.07 2.13 2.18 2.24 87 85 83 81 79 77 75 74 72 71 69 68 67
1.90 1.96 2.01 2.07 2.12 2.18 2.23 2.29 89 87 85 83 81 79 78 76 74 73 71 70 69
1.95 2.01 2.06 2.12 2.17 2.23 2.28 2.34 92 90 87 85 83 g2 80 78 77 75 73 72 71
2.00 2.06 2.11 2.17 2.22 2.28 2.33 2.39 94 52 90 88 86 84 82 80 79 77. 75 74 73
2.05 2.11 2.16 2.22 2.27 2.33 2.38 2.44 97 94 92 90 88 86 84 82 81 79 77 76 74
2.10 2.16 2.21 2.27 2.32 2.38 2.43 2.49 99 97 95 52 90 88" . 86 85 83 81 79 78 76
2.15 2.21 2.26 2.32 2.37 2.43 2.48 2.54 - 99 97 95 93 90 89 87 85 83 81 80 78
2.20 2.26 2.31 2.37 2.42 2.48 2.53 2.59 - - 99 97 95 93 91 89 87 85 83 82 80
2,25 2.31 2.35 2.42 2.47 2.53 2.58 2.64 - - - 99 97 95 93 91 9 87 85 84 82
2.30 2.36 2.41 2.47 2.52 2.58 2.63 2.69 - - - - 99 97 95 93 91 89 87 86 84
2.35 2.41 2.46 2.52 2.57 2.63 2.68 2.74 - - - - - 99 97 95 93 91 89 88 86
2.40 2.46 2.51 2.57 2.62 2.68 2.73 2.79 - - - - - - 99 97 95 93 91 90 83
2.45 2.51 2.56 2.62 2.67 2.73 2.78 2.84 - - - - - - - 99 97 95 93 92 90
250 2.356 2.61 2.67 2.72 2.78 2.83 2.89 - - - - - - - - 99 97 55 54 92

AND

SUM OF TWO END THICKNESGES

THICKMESS (mm)

ONL BLDY



a = actual overlap
S = internal body hook length
‘€ = internal seam length
b
c
-3
B
End plate thickness te
Body plate * }"'— -
thickness tb '—T
Fig 5. Double seam attributes
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Fig 6. A typical graticule used for measuring percentage

body hook butting and percentage overlap with a
seam microscope

vol. 1/13




N

NN

DR

A I,
T h M R

N

N

(c
LI

N

Pig. 7 Cross-section of double seam showing a 'sharp' seam.
Note there is no evidence of fracture of the end plate.

Spur or Droop "

Fig. 8 End hook showing 'pleat' (with associated spur or
droop) and 'pucker'.
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(i) Percentage overlap is calculated from measurements
made on sections of the seam with a microscope or seam
projector (Section 6 c) using the following formula:

?ercentage overlap = 2 , 100
c

where, a and c are shown in Fig. 5.

(ii) Percentage overlap may also be calculated from
measurements of the components of the seam made with a
micrometer using the following formula:

Percentage overlap = EH + BH + l.lte - SL
SL - 1.1(2te + tb)

x 100

wvhere, EH = end hook length
BH = body hook length
te = end plate thickness
SL = seam length
tb = body plate thickness
Percentage overlap may also be calculated using
Table 2.
Note: Percentage overlap must only be calculated from the

measurements taken at the same specified points on the
double seam.

Percentage tightness rating. The compressive
tightness of the double seam is measured by the extent of
residual wrinkle in the end hook (Fig. 9). The tightness
rating of a double seam is determined by the unwrinkled length
of end hook expressed as a percentage of its total length. It

is assessed at the point showing the lowest tightness rating on
the end hook.

Pleat. A pleat is a fold in the metal of the end
hook; it extends from the cut edge downwards towards the end
hook radius and sometimes below this radius in a sharp droop or
spur (Fig. 8).

Pressure ridge. The pressure ridge is a ridge formed
on the internal surface of the can body adjacent to the bottom
of the double seam. It is an impression of the chuck resulting

from the pressure of the seaming rolls during seam formation
(Fig. 10).

Pucker. A pucker is a condition which is intermediate
between a wrinkle and a pleat; the end hook at the cut edge is

locally distorted downwards without folding to form a pleat
(Fig. 8). .
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SUM OF BODY AND END HOOKS (mm)

TARLE 2. DPERCENTACE OVERIAP
SEAM LENGTH (mm)

3.16 3.21 3.26 3.31 3.36 3.41 3.46 3.51 3.56 3.61 3.66 3.71 3.76 | 1.05

3.11 3.16 3.21 3.26 3.31 3.36 3.41 3.4€¢ 3.51 3.56 3.61 3.66 3.71 | 1.00

3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.4C 3.45 3.50 3.55 3.60 3.65 | 0.95

5.00 3.05 3.10 3.15 3.20 3.25 3.30 3.3t 3.40 3.45 3.50 3.55 3.60 | 0.90

2.95 2.99 3.04 3.09 3.14 3.19 3.24 3.25 3.34 3.39 3.44 3.49 3.54 | 0.85

. 2.89 2.94 2.99 3.04 3.09 3.14 3.19 3.24 3.29 3.34 3.39 3.44 3.49 | 0.80

2.83 2.88 2.93 2.98 3.03 3.08 3.13 3.18 3.23 3.28 3.33 3.38 3.43 | 0.75

2.78 2.83 2.88 2.93 2.98 3.03 3.08 3.13 3.18 3.23 3.28 3.33 3.38 | 0.70

2.72 2.77 2.82 2.87 2.92 2.97 3.02 3.07 3.12 3.17 3.22 3.27 3.32 | 0.65

2.67 2.72 2.77 2.82 2.87 2.92 2.97 3.02 3.07 3.12 3.17 3.22 3.27 | 0.60

2.61 2.66 2.71 2.76 2.81 2.86 2.91 2.9 3.0l 3.06 3.11 3.16 3.21 | 0.55

SuM OF END + BODY THICKNESS (mm) 2.56 2.61 2.66 2.71 2.76 2.81 2.86 2.91 2.96 3.01 3.06 3.11 3.16 | 0.50

0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 | 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05 3.10 | 0.45
3.45 3.51 3.56 3.62 3.67 3.73 3.78 3.84 56 S2 48 --45 41 38 35 32 30 21 25 22 20
3.50 3.5 3.61 3.67 3.72 3.78 3.83 3.89 s8  s4a 51 47 44 41 38 35 32 29 27 24 22
3.55 3.61 3.66 3.72 3.77 3.83 3.88 3.94 61 57 53 49 46 43 40 37 34 31 29 26 24
3.60 3.66 3.71 3.77 3.82 3.88 3.93 3.99 63 59 55 52 48 45 42 39 36 33 31 28 26
3.65 3.71 3.76 3.82 3.87 3.93 3.98 4.04 66 62 58 54 SL 47 44 41 38 35 33 30 27
3.70 3.76 3.81 3.87 3.92 3.98 4.03 4.09 68 64 60 S6 S3 49 46 43 40 37 35 32 29
3.75 3.61 3.86 3.92 3.97 4.03 4.08 4.14 71 66 62 59 55 52 48 45 42 39 37 34 31
3.80 3.36 3.91 3.97 4.02 4.08 4.13 4.19 73 69 65 6L 57 54 51 47 44 41 39 36 33
3.85 3.91 3.96 4.02 4.07 4.13 4.18 4.24 76 71 67 63 60  S6 3 49 46 43 41 38 35
3.90 3.96 4.01 4.07 4.12 4.18 4.23 4.29 78 74 70 66 62 S8 55 52 48 45 43 40 37
3.95 4.0l 4.06 4.12 4.17 4.23 4.28 4.34 81 76 72 68 64 61 57 54 51 47 45 42 39
4.00 4.06 4.11 4.17 4.22 4.28 4.33 4.39 g3 79 74 710 66 63 53 S6 53 43 47 44 41
4.05 4.11 4.16 4.22 4.27 4.33 4.38 4.44 g6 8L 77 73 69 65 61 58 55 52 49 46 43
4.10 4.16 4.21 4.27 4.32 4.38 4.43 4.49 g8 83 79 715 71 67 64 60 57 54 S50 48 45
4.15 4.21 4.26 4.32 4.37 4.43 4.48 4.54 91 86 8L 77 713 63 €6 62 59 56 52 50 47
4.20 4.26 4.31 4.37 4.42 4.48 4.53 4.59 ¢3 @98 84 8 16 72 638 64 6l S8 54 51 49
4.25 4.31 4.36 4.42 4.47 4.53 4.58 4.64 s 91 86 82 78 74 70 66 63 60 S6 53 50
4.30 4.36 4.41 4.47 4.52 4.58 4.63 4.69 98 93 89 84 8 76 72 69 65 62 S8 55 52
4.35 4.41 4.46 4.52 4.57- 4.63 4.68 4.74 - 96 91 87 82 78 714 71 61 64 60 57 54
4.40 4.46 4.51 4.57 4.62 4.68 4.73 4.79 - 8 91 @89 85 8 77 73 69 66 62 59  S6
4.45 4.51 4.56 4.62 4.67 4.73 4.78 4.84 - - 96 91 87 e31 73 75 71 68 64 61 58
4.50 4.56 4.61 4.67 4.72 4.78 4.83 4.89 - - o8 94 89 8 8 77 73 70 66 63 60
4.55 4.61 4.56 4.72 4.77 4.83 4.88 4.94 - - - 96 91 87 83 75 15 72 68 65 62
4.60 4.66 4.71 4.77 4.82 4.88 4.93 4.99 - - - 8 94 89 85 81 78 74 70 61 64

SUM OF TWO END THICKLESSES AND

{mm)

ONE BODY THICKNESS

1T
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Fig 9. The percentage tightness rating is determined by
examining the inside surface of the disengaged
end hook for wrinkles. The tightness rating given
to a double seam is determined by the unwrinkled
length of end hook expressed as a percentage of its
total length and is assessed at the point showing
the lowest tightness rating on the end hook.

< et o ‘e\ \

Z ,
? Pressure ridge
Z
’,
zZ
Z
) Full seam
Stripped seam
Fig 10. Pressure ridge at a stripped and complete seam
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Seam length. Seam length is the maximum dimension of
a seam measured parallel to the axis of the can (Fig. 2).

Seam thickness. Seam thickness is the maximum
dimension of the seam measured at right angles to the chuck
wall (Fig. 2).

Sharp seam. A sharp seam is a small sharp projection
formed at the inner top edge of the double seam which may or
may not be associated with fracture of the end plate (Fig. 7);
see also 'cut over',

Side seam. The side seam is the seam formed along the
length of the can body usually by butting or hooking the edges
of the body blank, and then welding or soldering.

Skidder. A skidder is characterised by a thickening

of the double seam caused by incomplete operation of the double
seaming rolls.

Spurs and Droops. Spurs and droops are projections of
metal below the double seam at points away from the juncture
(Fig. 8).

Wrinkles. During double seaming the diameter of the
can end is reduced and the tinplate in the end hook develops
- waves or wrinkles which extend from the cut edge of the end
hook towards the end hook radius (Fig. 9).

SECTION 3. ACCEPTABILITY OF DOUBLE SEAMS

3.1 A double seam is acceptable if it meets all of the
following criteria:

a. it is free of defects which are likely ‘to impair the
barrier properties of the seam such as fractures and fractured

cut overs, or spurs, droops, skidders, false seams,etc., which
are readily visible to the eye;

b. the attributes:-
body hook length,
percentage overlap,
percentage body hook butting,
percentage tightness rating, and
percentage juncture rating,

comply with the specifications supplied by the can
manufacturer;

c. the pressure ridge shall he visible to the eye and
continuous in round cans. . In non-round cans the pressure
ridge shall be visible at the corners and nose of the can
but may be light elsewhere at the seam; and

d.. The compound shall appear to be present in sufficient
amount and properly distributed to ensure the seam
constitutes an hermetic seal.

vol, 1/113
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Note: The assessment of the compound depends to a large
extent on judgement and experience. 1In assessing the
compound it must be remembered that it will be grossly
disturbed if the seam is dismantled. However the
compound should be clearly visible in properly
prepared cross-sections of seams.

3.2 If the seam does not meet these criteria it is assumed
to be unsatisfactory. However, when a can seam does not meet
these criteria the canner shall have the option (with the
agreement of the Veterinary Officer-in-Charge of the
State/Territory) of submitting samples for an independent
assessment of the seam by a mutually recognised expert. Such
samples shall be selected and submitted in consultation with
inspection staff. The final decision as to the disposition of

such product shall rest with the Central Office of the Bureau
of Animal Health,

3.3 Can manufacturers may also supply specifications for
other attributes of double seams to assist, for instance, in
adjusting closing equipment. Certain overseas countries may
require the assessment of other can seam attributes in which

case the can manufacturer shall provide the required additional
specifications.

SECTION 4. SPECIFICATIONS TO BE SUPPLIED BY THE CAN
MANUFACTURER

Can manufacturers shall provide specifications for the
double seam attributes listed above for each type of can. The
specifications may be different for the canner's and can
manufacturer's double seam on the one can.

The following specifications are appropriate for most
types of can but can manufacturers may specify different limits
if, in their opinion, the seams complying with these limits are
hermetic. It must be emphasised that the following
specifications should be regarded as the limits for safe seams
under usual commercial conditions. Can manufacturers and
canners should therefore aim to produce seams with attributes
well within these specifications to minimise the risk of any
can in a batch not being hermetically sealed.

Percentage overlap.

Round and non-round cans: 45% min,

"orcentage body hook butting.

Pound and non-round cans: . 70% min.
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Percentage tightness rating.

a. Tightness rating
Round cans 70% min.
Non-round cans 60% min,

For non-round cans which have corner radii less than 20mm

the percentage tightness rating for the corners will be set
by the canmaker.

b. Pree space
Limits to be set by the canmaker.

Percentage juncture rating.

All types of can 50% min.,
Body hook.,
All types of can Nominal value - 0.20 mm min.

SECTION 5. FREQUENCY OF INSPECTION OF DOUBLE SEAMS

a. On receipt of consignments of cans and ends from the
can manufacturer,

The canner shall examine each consignment of cans and
ends to determine that they are suitable for use. One of the
sampling plans described in Australian Standard AS 1199-1972,
"Sampling Procedures and Tables for Inspection by Attributes®,
should be used to sample each consignment.

Alternatively an arbitrary number of cans or ends, say
fifty, could be randomly selected from each consignment.

The ends should be assessed visually for defects and
to determine that the compound is continuous and
properly placed. The consignment shall be retained

for re-inspection, or rejected, if one or more of the
ends is defective,

. The cans should be assessed visually for defects of
the types listed in Section 3 a, and the side seam and
lap should also be inspected, especially for sdlder or
welding faults. The consignment shall be retained for

re-inspection, or rejected, if one or more of the cans
is defective,

Five randomly selected dry cans should be tested for
gross leaks by applying internally an air pressure of 20 kPa,

The consignment shall be retained for retest, or rejected, i€
any can leaks. .

The can manufacturer's seam should be examined
(Section 3 b, ¢ and d) on five randomly selected cans. 1If the
attributes of the seams on any of the cans are outside .
specification, the consignment shall be retained for
re-inspection, or rejected,
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If a consignment is retained as a result of any of the
three assessments (visual examination, pressure test and seam
structure) the consignment may be re-inspected/retested. For
re-inspection or retesting, the sample sizes shall be doubled
and the acceptance tolerances shall remain unaltered.

b. During production runs.

At least one can from each closer head should be
inspected for visual defects (see Section 3 a) every 15 minutes
of operation and immediately after jams and blockages are
cleared from the closer. A detailed examination of seams shall

be made if visual inspection suggests that the seams may be
unacceptable.

Cans for detailed examination of the seams (see
Section 3 b and ¢) shall be taken from each closer head at the
start of each production shift; after adjustment of the closer
head; and at intervals not to exceed four production hours
thereafter. If the dimensions of the seam are to be determined
using a micrometer one can will be required from each head at
each examination. However, two consecutive cans will be
required if the dimensions are to be measured using optical
instruments; the second can is required to assess percentage
tightness, percentage juncture rating and the pressure ridge.

If a can is found to be unacceptable, additional cans
from the same head should be examined to verify the result. 1€
any of the additional cans have attributes which fall outside
the specified values, corrective action must be taken at once,
If they are within specification production may be continued.

Canners may examine both the canner's and can
manufacturer's seams on the cans sampled from their closers
during production runs. Notwithstanding this, canners shall
routinely assess the can manufacturer's seam when consignments
of cans are received at the cannery as in 5 a.

SECTION 6. MEASUREMENT OF SEAM DIMENSIONS
a) Location of measurements.

Round cans. Measurements shall be made:

(1) about 15mm to the left of the side seam;
(ii) about 15mm to the right of the side seam; and
(iii) opposite the side seam.

Rectangular and square cans. Four measurements shall be taken
on the seam about 10mm from the tangent points (Fig. 11). The
corners of rectangular and square cans shall be inspected to
determine that they have a satisfactory structure because it is
often impossible to make meaningful measurements at these
points. When measurement of countersink is required, it shall
be made at the mid-point of each corner.
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Fig, 11

Typical points for assessing the double seam are
1' 7 3'

2, and 4 and at the side seam juncture, and
5, 6, 7 and 8 for countersink.
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Pear shaped cans. Measurements shall be made about 10mm from
the tangent points on the long side away from each corner

(Fig. 11). The corners of these cans shall be inspected to
determine that they have a satisfactory structure. When
measurement of countersink is required, it shall be made at the
mid-point of the nose and each corner.

b) Measuring .instruments.

Can seam micrometers shall be in good condition,
properly adjusted to zero and shall have an accuracy of at
ieast ¥ 0.0lmm. Optical instruments shall allow measurements
of the seam components to be made to at least * 0.0lmm.

When free space is to be determined the thickness of
the body plate and end plate shall be measured at a point at
least 10mm from a cut edge. A dial gauge or a micrometer (ball
~anvil or pointed anvil) having an accuracy of * 0.00lmm shall
be used as the reference instrument in measuring free space.

c) Sectioning of Double Seams for Measurement by Optical
Methods. S

The following steps should be observed in preparing a
double seam section:

1. Fix the can on its side so that the saw will pass

through the five layers of tinplate in the seam
simultaneously.

2. Use a high quality seam saw blade having at least one
tooth per mm. Replace the blade when the cross
section shows evidence of galling or butting; these
indicate that the blade is beginning to dull.

3. Ensure the cut is made at right angles to the seam.

4, The cut surface may be cleaned by any of several
methods, eg. by rubbing with a coarse eraser, by
applying solvent with a stiff, short-bristled brush or
by immersion in 5% nitric acid for about 20 seconds
followed by rinsing in water and drying. Additional
cleaning or polishing of the cut surface should not be

required unless the blade of the seam saw has lost its
edge.

5. Extreme care must be taken if additional polishing of
the cross-section is done because the edges of the
seam components may bécome radiused and may not
reflect the true image of the seam for measurement
using a microscope or seam projector.
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1. OBJECTIVES

1.1 To outline the critical control points for the processing of
canned abalone and to describe the basic function of quality
assurance programmes.

1.2 To calculate thermal processing schedules for canned abalone.

1.3  To outline the procedures for the correct operation of
retorts.

1.4 To examine the accuracy of thermal processing instrumentation.

2. INTRODUCTION

The most important compositional factor determining the minimum
thermal process required to be given a canned product is pH. Foods which
£all into the low acid category (i.e. pH > 4.5) can support the growth
of a variety of microorganisms Clostridium botulirum, @ne such microorganism
is of great jmportance to fish canners because of its ability to produce
a lethal neuro toxin when growing in low acid canned foods.

As Clostridium botulinum may be present in a highly heat resistant
spore form it is necessary to process all low acid canned foods at high
temperatures. Simultaneously, other less heat resistant microorganisms
are destroyed, thus rendering the food and the inside of the container
commercially sterile. .

A thermal process capable of reducing tb a safe Tevel the probability
of there being viable ¢. botulinwn spores in canned foods is referred
to as a 'botulinum cook'. ,

The occurrence of C. botulimum in abalone as part of its natural
microflora is highly unlikely. However, the probability that abalone
may become contaminated with spores of C. botulimwm from a common source,
e.g. the soil, cannot be disregarded. Since prevention of this cross
contamination can never be safely assured, thermal processes for canned
abalone must be adequate to destroy spores of C. botulimum.

2.1 Fo VALUE
F values are a measure of the severity of a thermal process. It
is defined as "the equivalent in minute of some given reference
temperature of all heat considered with respect to its capacity
to destroy spores or vegetative cells of a particular organism.
Low acid foods such as abalone (pH 6-7) must be processed
to an Fo value of at least 2.4 min. to ensure adequate sterility.
In order to satisfy this condition, the heat received by the coldest
point of the pack must be equivalent in sterilising effect to 2.4
minutes at 121.1°C (Fo = 2.4 min).




Equivalent processes can be achieved by selecting the most appropriate
time-temperature combination compatible with safety, yield and
product quality.

It is important to realise that canned abalone cannot be
heated and cooled instantaneously, therefore it is necessary to
calculate the lethal effect of every temperature and time combination
for the process. To do this temperature measurements must be made
at the slowest heating point in the container. With solid products
heating is by conduction and the slowest heating point is Tocated
at the geometric centre of the container. With abalone the slowest
heating point will be in the centre of the Targest abalone. If
the abalone are packed into the cans tightly, then the slowest
heating point of the can may be at the interface between two
abalone.

When determining process lethality, calculations are based
upon the heating characteristics of the slowest heating can. This
will ensure that the contents of every container in the retort
receive adequate heat during the thermal process.

QUALITY ASSURANCE

Aims of Quality Assurance

To guarantee the safety of canning operations it is necessary to
establish routine checks throughout the process. These monitoring
procedures are established by the company and are carried out on a
regular basis. This is known as QUALITY CONTROL.

QUALITY ASSURANCE, on the other hand is a larger operation
which utilizes quality control as a tool to ensure that any possible
error involved in canning operations is minimized.

In order for a quality assurance programme to be successful
it must be designed to incorporate all the areas of canning which
may present a health risk to the consumer. These areas of importance
are known as CRITICAL POINTS and it is essential that they be
controlled for a "fail/safe" operation.
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CRITICAL CONTROL POINTS
The critical control points of concern in the canning of abalone

include the following:-

FACTORY SANITATION

QUALITY OF THE RAW ABALONE

FILL WEIGHT AND TEMPERATURE OF FILL
CONTAINER SIZE

THERMAL PROCESSING

CORRECT FORMATION OF THE DOUBLE SEAM
QUALITY OF THE CAN COOLING WATER
TREATMENT OF THE CANS AFTER PROCESSING.

THERMAL PROCESSING

Process Evaluat1on

Heat penetration experiments were performed to establish the
adequacy of a scheduled process of 115.6°C for 60 min. It was
calculated that for this process the Fo value obtained for the
slowest heating can was 3.3 min.(See Appendix 1).

A theoretical worst case example was calculated using the
heating characteristics of the slowest heating cans. This theoretical
can was found to have an Fo value of 2. 6 min. Although this value
is in excess of a 'botulinum cook' (Fo > 2.4 min.) any small
reductions in processing temperature and/or time could lead to
underprocessing.

Board (1966) recommended a processing schedule of 75 min.
at 115.6°C for the processing of canned abalone. (two abalones per
can). Using the heat penetration characteristics obtained above the
severity of Board's recommended process was eaviuated. It was
calculated that his process was unnecessarily excessive, Fo values
> 6.3 min(See Appendix 1).

It is recommended that a schedule of 60 min. at 115.6°C,
or one of equivalent lethality (See Appendix 2) be employed for
the processing of canned abalone. This is a conservative process,
and has been based upon the heating characteristics under worst
case conditions.

In doing this the safety of the final product can be assured
and the risks of product failure minimised.

It is well documented that yields can be increased by reducing
process severity, however, it is bad commercial practice and
dangerous to protect yields by underprocessing. The financial-

incentive for marginally higher yields does not justify product
safety being compromised.




5.2

5.3

Factors Affecting the Adequacy of a Thermal Process.
The recommended thevmal process has been based upon;

the use of good quality abalone.

H

initial product temperature greater than 22°C.
fi11 weight less than 320 g.
74 mm x 118.5 mm container.

It is important that the abalone used for canning be of good
commercial quality, as thermal processes have been based upon the
assumption that raw materials contain only an acceptable number
of spoilers.

Fi1l weights and fi1l temperatures must be monitored by
quality control personnel, keeping each within the specified
limits set by management. (See Appendix 4). This is necessary
since both factors will affect the rate of heat transfer to the
centre of the product.

Process Delivery and Records.

It is the responsibility of the manufacturer to ensure that the
scheduled thermal process is correctly applied and sufficiently
supervised.

Under no circumstances should the thermal process schedule
be altered in any detail without re-evaluation of the adequacy
of new process by approved personnel. Even slight reductions in
time and/or temperature of the scheduled process may endanger
the safety of the consumer.

Documentation must be maintained by management to assure
that the requirements of the scheduled process have been met.
These records must be accurate and kept for every retort load
processed (See Appendix 5).

These records will include

- date

- product

- product code

- container size

- number of containers per retort load

- minimum initial temperature

- retort identification

- specified processing time and temperature.

- actual processing time.

- actual processing temperature, mercury in glass thermometer,

recorder chart.
Thermal processing records must be evaluated no later than a day
after production by suitably trained staff.




6. RETORT OPERATION

The correct delivery of a scheduled thermal process ultimately
depends upon the retort operator. He must be acquainted with the retorts
function and competent in jts operation. 1f the product is to be exported
to the United Stétes of America, the Food and Drug Administration require
that the operator be certified as having satisfactorily completed a
Retort Supervisors Course, such as those run by Food Technology Unit,
Royal Melbourne Institute of Technology.

There are three stages in a retort cycie.

1. Come up time

2. Processing stage

3. Cooling stage.

1. COME UP TIME

The time taken for the retort to reach the desired processing
temperature is known as the 'come up time'. The come up time of
a retort should be mo greater than 15 minutes. This time also
includes a venting period. Venting is one of the most jmportant
operations in thé retort cycle. During this period the vent valves
permit the rapid and total removal of air from the retort. (On
the retorts examined, automatic venting devices were fitted).
2. PROCESSING STAGE

Once the retort reaches processing temperature, timing of
the process commences. An accurate and clearly visible clock
should be installed near the retort area. Process times should
be read from this instrument and not from a wrist watch. Al
relevant times must be recorded in the thermal processing records.
3. COOLING STAGE

After delivery at the scheduled process the cans are promptly
cooled to a temperature of 40°C. In order to minimize the risk
of deformed or stressed cans, the cans are cooled under pressure.
RETORT OPERATIONS

Operation of batch retorts heating with steam.

1. Load containers close and tighten the doors at the retort.
2. Open bleeders and drain valves.
3. Set the temperature controlling instrument to the specified

processing temperature.

4. when the air in the retort has been replaced by steam during
the venting period shut the drain valve and bring the retort
to operating temperature and pressure. Venting must be
continued until the mercury in glass thermometer reads at
least 100°C.




5. Once the mercury in glass thermometer reaches the specified
operating temperature, timing is commenced.

6. pfter delivery at the scheduled process cet the temperature
controlling instrument to zero and turn the steam off.

7. Open the compressed air 1ine to the retort to maintain the
processing pressure during the early stages of cooling.

8. Open the vent or drain valve to a small extent to allow
the compressed air to blow the residual steam out of the
retort.

9. wWhen steam can no longer be seen leaving the retort through
the drain valve or bleeders the cooling water is turned on,
slowly at first to ensure that the pressure in the retort
does not drop. If the pressure is stable the cooling water
is turned on fully.

10. When the retokt is almost full, partly close the water valve
<o that the retort does not suddenly £i11 with water
and develop an excessively high pressure.

11.  Discharge used cooling water through the vent/drain and at
the same time replace with new cooling water.

12. Once the pressure in the cans have been reduced to the point
where it can no longer cause peaking or distortion of the
cans the pressure in the retort is released. For 74x118.5 mm
cans retort pressure should be maintained for approximate]y
10 minutes.

NOTE: - Pressure in the retort during the cooling stage is controlled

by manipulating the water inlet valve and the vent valve.

13. Continue cooling until centre can temperatures are less than
40°C.




Upon examination of the retort it was discovered that there were

no vent valves present. If cooling is to be performed under
pressure, it is recommended that a vent valve be fitted to the
retort. This can be simply done by changing the water inlet line
so that it enters from the bottom of the retort via the drain

Tine. (See Appendix 6).

A A vent valve should be fitted to the retort for the following

reasons:
1. it will permit the rapid removal of steam after the processing
cycle.

2. it can be partially opened as water is intrqduced into the
retort - i.e. useful in balancing pressure. '
3. it will permit the removal of used cooling water.

7. CALIBRATION OF RETORT TEMPERATURE MEASURING DEVICES.

Located on the retort are three different means of measuring the
retort temperature during processing. They are:-

1. Mercury in glass thermometer (°F)

(Except on Retort Number 3)

2. Dial type thermometer (°C)

3. Temperature recording device (Taylor °F)

The accuracy of these temperature measuring devices were tested
at three different temperatures, 220°F (104.4°C), 230°F (110°C) and 240°F
(115.6°C) against a known accurate thermometer. On each occasion the
test temperature was set by the temperature controlling instrument.
COMMENTS
_ The most accurate and reliable means of measuring the retort
temperature is by the use of the mercury in glass thermometer. (See
Appendix 3). This thermometer must be kept in good condition and tested
for accuracy at least once every year.

It was found necessary to recalibrate the temperature controlling
instruments, as these instruments were recording high (See Appendix 3).

It is advisable not to use the dial type thermometers as these
were shown to be inaccurate.
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at 115.6°C.

Appendix 1. FO values obtained for processes of 60 and 75 min (Pt)
CAN INITIAL f F_ value
CAN . h o
WEIGHT gm. TEMP. °C ] (min.) P, = 60 min. P, = 75 min.
{min) {(min)
1 318 22.4 1.63 33.5 3.4 6.6
2 310 23.6 1.29 35.8 3.3 6.7
3 304 25.6 1.51 34.8 3.2 6.5
4 307 25.8 1.45 24.0 7.1 11.2
5 301 24 .4 1.39 34 3.6 7.1
6 287 26.7 1.32 36 3.3 6.6
7 284 24.4 1.37 25.3 6.6 10.7

*Retort come-up time, constant 10 minutes.




APPENDIX 2

Thermal processing schedules required to give an Fo value of 2.6 minutes.

(Based upon the theoretical slowest heating can).




PROCESS TIME (min.) TEMPERATURE

1 60 115.6°C
2 57 118.0°C

3 50 . 121.1°C




APPENDIX 3

Calibration of Retort Instrumentation.




RETORT No. 1

TEST TEMPERATURE °F

220 230 240
Temperature recorder 222 232 242
Dial type thermometer 212 228.2 241.2
Mercury in glass thermometer 219 229 238
STANDARD 219.4 228.7 237.9

NOTE: Retorts numbered from left to right.




RETORT No. 2

TEST TEMPERATURE °F

220 230 240
Temperature recorder 224 234 244
Dial type thermometer 220.6 233.6 ° 2425@
Mercury in glass thermometer 221 230 240
Standard 221 230.4 240




RETORT No. 3 TEST TEMPERATURE °F

220 230 240
Temperature recorder 220 231 242
Dial type 222.5 233.6 243.5

Mercury in glass thermometer
(Absent)

STANDARD 219.6 229.3 239




APPENDIX 4

Example of a fill weight record form.
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APPENDIX 5

Example of a daily process or production record form.




o Comtainer | ,,. P PROCESS TIME , Actual Thermocmefers

DATE | PRODUCT | CODE e emes Siomod b
NS g Stoam Vent Tem Steam | P7° Meorcury | Recorder] 218004 BY
Siza| N9 | T | N | TIME | TEMP oam | Veni emp | Siof time | Morcury | Retord




APPENDIX 6

Diagram of Retort Number 3

with proposed modifications
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APPENDIX 7

Extract from 'ABALONE - AN ESOTERIC Foob"

by June Olley and S.J. Thrower




. CANNING

After broung thy sbhatore sre wsually cumbled inoa roturny wesher fitied with
warm-water sprovs. Seome processors then precovk because this helps to remose
mucin trom naprooceny cleased matenal and makes the dratned weight casier to
predict. Other growossons can directly aiter washing. Abalone are canned either
i water or i bpne up ro 4% stiength, depending on the previous bnning
‘reatment. The retorting conditions needed to sterilize the contents are shown in
Table X.

It is ususly acceoted that a op2-poeund can muwst conwdn at least 8 cuness of
abalone. The tueh's priced Mesican and Culifornian products usualls conuain
one large -cumai weizning a3 much as 1) vunces. whereas Japanese abualone.
being extrenwely s ar# oiten pucked six or seven to a can. These smai
abalone ars freguenti: moere tender than the Australian and Mexican products.
pussibly bezause of the shorfer retorting time required: in general they have a
higher ptl. bus 1 15 nes known if this is because they are fresher or because they
have heen chemirally treated.

In the cannir 2 v 7 ok adose the drained weight of the contents is the vicld of
most importar < o the rrocessor. He often has difficuity, therefore. in under-
standing that 1:arzs jo-sin drasned weight after canning may still in fact indicate
a high yield » sornss of the original weight of raw matedal. An abalone with 2

TABLE X
PHIGRT CGNDITIONS FOR 301 < 311 CANS OF .—\BAL(‘JHEﬂ‘b

Initial temperature  Time at 240°F

Molusk dze ioflbesks per can I (mint
larze 2 100 ;3
Lze 2 160 65

Medium

[
—
8’
@
oy

Meaium 3 160 55
Smaii 5 100 s5
Swail 5 166G 50

The retort orovsases were speciiied 1o give commercial sterility
Where abal me zre ot uned sizes in a producuon batch, the lagest
et rnns tiree weculd haor to be oased.

"Hosed 1] 706
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high pH or one that has been put in weak brine. or not brined at 3ll, contains
more water than one of low pH or one that has beer paiin stroag brine befos.
canuning. The former abalone lose more water on cuntig because they hav,
more to lose. The yield trom such material in relation 1o the onginal weight of
raw materiat is greater, however, than that from the latter mutenai (Young and
Clleyv, 1974). '

Sometimes 2 deterioration occurs in the flesh in the center of the abalone,
reminiscent of “honcy-combing” in tuna that is stale when canned. The center
or corc of the muscle is oversoft and is like mince in appearance. while the
exterior is “blown up” and the epidermis may show splitting. Tanikawa { 1971)
“laims that honey-combing in tuna is caused by pases generated 1n the center of
the muscle escaping through the soft but not yer coagulared collagen in the
wuter parts. In stale abalone the pedal arteries and vein. whick are lined with
-ullagen, are notably dilated. and bactenal action starts in those a'reas, pre-
-umably with production of volatile compounds. Swelling of the fout with
splitting of the epidermis has been produced ir the suthon’ laboratory by
brining in 9% salt + 1% sodium carbonate which would refease bubhles of CO, in
the flesh. Hypochlorite sometimes used by the fishernier, ot sea as a preservative
vould also cause release of gas, and similar problems with the core ot the foor
hive been encountered.
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OBJECTIVES.

1.1 To calculate the total sterilising value delivered

to Pecks Anchovette Paste (50g) during thermal processing.

1.2 To examine the accuracy of retort instrumentation.




2. THERMAI, PROCESS EVALUATION.

2.1 Introduction.

The heat treatment of hermetically sealed low-acid food

products (pH > 4.5) must be sufficient to;

1 - assure an acceptably remote probability of survival

of Clostridium botulinum.

2 - assure reasonably minor econonic losses.from spoilage
due to spore-forming bacteria more heat resistant

than C.botulinum.

Good commercial practice dictates that an acceptably

remote survival probability of spores of C.botulinum in heat

processed low acid foods should be no greater than 1 viable
spore per 1012 containers. Another way of expressing this

is to say that the chances of a single spore of C.botulinum

surviving a given process is one in a million, million.

The chances of survival of spore forming bacteria more

heat resistant than C.botulinum is tolerated at higher levels.

An acceptable probability of survival is in the order of 1

viable spore per 103 - 104 containers.




2.2 Sterilising value.

In order to assess the severity of a thermal process
it is necessary to express the cumulative lethal effects
of temperature and time in standard units. The F value
is taken as the standard unit. It is defined as the
equivalent in minutes at some given reference temperature,
with its respect to its capacity to destroy spores or
vegetative cells of a particular organism. In the

processing of low acid foods, where C.botulinum may be

present, F values are based on a reference temperature of
121.1%%. Oone F value is equal to holding the product at
121.1°C for one minute, or eguivalent to some other

suitable time - temperature combination.

In heat penetration experiments the temperature history
of the slowest heating point (thermal centre) of a product
is measured. From this data the F ct value of a product
can be calculated. The severity of heating, as measured
by the F value, for conduction-heating packs during
processing varies from the wall of the contairer to the
geometrical centre. Thus the Fc value represents the
minimum lethality in a container, whilst the remainder of
the contents are subjected to a higher but undefined
lethality.

The severity of a thermal process may be expressed in
terms of Fs values. The Fs value is obtained by integrating
the lethal effects af time-temperature combinations through-
out the entire container contents. Therefore the Fs is the
equivalence in minutes at 121.1°C for the entire product
volume, wheras Fc is the eguivalence in minutes at 121.1%

for a single point in the container.
2.3 CALCULATING STERILISATION VALUES.

There are several methods which can be used for
calculating F values. In this report the data from heat

penetration tests was analysed by the following methods;




2.3 continued

2.3.1 General Method.

The General method is a procedure for
summing or integrating the lethality values over
the whole of the process to give the F value. It
is an absolute measure of the sterilising value
as it takes into consideration the exact temperature

history of the product.
2.3.2 Formula Method.
Balls method is a mathematical representation

of the temperature history of the product. In order

to calculate F values by this method, heat penetration

parameters derived from a semi-logarithmic heat

penetration curve are required.
2.4 Rate of bacterial destruction.

The amount of heating required to produce a state of
commercial sterility in low acid foods will depend upon;
1 - the resistance of potential spoilage microorganisms

to inactivation by heat, at different temperatures,

2 - the rate of heat penetration into the contents of the

can.

The time required to reduce a bacterial population of
spores when subjected to heat at lethal temperatures can be

expressed by the following equation;




t = D (log No - log Ns) (Equation 1)

where;

D is a measure of the resistance of
spores to heat. It is defined as
the time required to destroy 90% of
the spores or vegetative cells of a
given organism at a specified
temperature. If the specified
temperature is equal to the reference
temperature, ie. D value is measured
at 121.1°%, then the time required
for bacterial reduction is equivalent

to the F value.

i.e. t = F = D(lZl.loc) (log No - log Ns).
- No initial population. Number of spores
of a specific organism, per unit volume prior

to heat treatment.

- Ns final population. Number of spores

per unit volume after processing.




3. PROCEDURE FOR DETERMINING THE RATE OF HEAT PENETRATION

Copper-constantan thermocouples were made using (.35mm
diameter) wire and inserted into the jars through a small
hole drilled in the cap. The thermocouples were positioned
so that the point of temperature measurement was approximately
.5 - lcm below the geometric center of the product. The
opening'through which the thermocouple wires entered the jar
was sealed using an epoOXy resin. ( Araldite, 5 minute set) .

Using a clamping device the caps were secured onto the jars.

The thermocouple jars were then placed at various positions
in the retort (Appendix 1). The thermocouple wires were led
through a 3/4 inch British Standard Piping opening, located on
the top of the retort. A packing assembly was used to seal

the wires into position.

A Leeds and Northrup multipoint recorder (speedomax) was
used to record the product temperature throughout the retorting

process.




4. DISCUSSION OF THE METHODS USED FOR DETERMINING
STERILISATION VALUES

Pecks Anchovette Paste (50g) was packed into glass jars
and processed in a horizontal batch retort heated with water
under superimposed air pressure. The specified scheduled
process was 30 minutes at a retort temperature of 115.6‘@(2400F)

The come up time of the retort was approximately 50 minutes.

Appendix 2, shows the sterilisation values received by
the product. It can be observed that there are some
discrepancies between the F values calculated by the general

method and those calculated by Ball's formula method.

Calculation of sterilisation values by the general method
gives absolute values, hence these values can be taken as
representing the 'true' lethality of thermal processes.
Discrepancies between the two sets of Fct values quoted in
Appendix 2, tables 1 and 2 are due to the limitations associated

with the formula method.

To make possible the mathematical treatment of thermal
processes, Ball (1923), had to make several assumptions. This
method is directly applicable only in so far as the assumptions

are in reasonable accord with the actual test conditions.

The following assumptions were made by Ball (1923);
_ .42 of the come up time (C.U.T) is considered as time at

processing temperature, i.e. 42% of the CUT is lethal.

The accuracy of this assumption is guestionable with

retort come up times over 10 minutes.

- fc = fh.
Appendix 2, table 1 shows that the fc value was larger
than the fh value.

- Jcc= 1.41
Stumbos (1973) modification of Ball's formula method

permits the Jcc value to be variable.




8.

Thé total sterilisation value calculated by the formula
method was generally underestimated. For all but two of
the seven heat penetration calculations did the difference
petween the general and formula method exceedv.7 minutes,
which for practical purposes is negligible. Hence, although
conservative the use of Ball's formula method for calculating
sterilisation values received by Peck's Anchovette Paste is

satisfactory under the observed processing conditions.




5. EVALUATION OF THE MAGNITUDE OF THE STERILISING VALUE

The adequacy of a thermal process for shelf-stable low
acid foods in hermetically sealed containers is measured by
the reduction of the initial load of microorganisms present
in the food. The most heat-resistant organism of public
health concern, due to its ability to produce spores, is

C.botulinum. Thermal processes for jow-acid foods used in

the canning industry must be adequate to assure an acceptably

remote probability of survival of C.botulinum.

5.1 DISCUSSION

The theoretical survival probability of C.botulinum

spores in Pecks Anchovette Paste (50g) can be calculated

assuming the following points;

1 - the initial population of C.botulinum spores in a

formulated food should seldom, if ever, be greater

than one per gram of food. (Stumbo et al, 1975).
2 - the approximate maximum 121. 1°¢ heat re51stance of
C.botulinum spores is represented by a Dl21. 1°c = .20 min.

3 - the lethality value (Fct) for the slowest heating
and fastest cooling test container is 6.6 minutes.

(Appendix 2, table 2).

Using equation 1, section 2.%;

P = D (log No - log Ns)

6.6 = .20 (log 50 - log Ns)

Ns X 10’32

This implies that the probability of a single spore of

Cc.botulinum surviving a process is approximately 10-32.
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A thermal process must also be sufficient to achieve
commercial sterility, which, in addition to the absence of
viable forms of micro-organisms having public health
significance, is that condition achieved by application of
heat which renders food free of any more-heat-resistant

mirco organisms of non-health significance.
Assumptions;

1 - the initial population of spores of mesophilic

bacteria more heat resistant than those of C.botulinum

in formulated foods should seldom be greater than one spore
per gram of food, (Stumbo et gl, 1975).

2 - the approximate maximum 121.1°% heat resistance of
these spores may be represented by D 121.1% value in
the order of 1.5 min. This is characteristic of heat

resistant spores of C.sporogenes (Stumbo et al, 1975).

3 - the minimum integrated lethality value (Fs) is
8.2 min (Appendix 2, table 1).

Using equation 1, Section 2.4.
F = D (log No - log Ns)

8.2 = 1.5 (log 50 - log Ns)

2

Ns ~ 1074

Hence the probability of survival of spores more heat

resistant than C.botulinum is approximately 1 viable spore in

104 containers. This is an acceptable survival probability
that will give minor economic loss. If however the lethality
of current thermal processes are reduced then the probability
of product failure due to the growth of non-pathogenic, heat
resistant merophilic bacteria may reach unacceptable levels

(Ns > 1074,
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The sodium chloride concentration and pH factor of Pecks
Ancovette fish paste may be capable of acting as bacteriostatic
agents. This will give some protection and can be included as

an additional product safety factor.

In Appendix 3, tables 1 and 2 the effect of altering
processing time and temperature on the Fct value are shown.
It can be observed that the lethality of reduced thermal processes,
(30 min at 113.0% or 20 min at 116.0oc) are still adequate to
provide a 'botulinum cook' (Fet > 2.4 min). Therefore there is

a considerable 'safety margin' built into current thermal processes.
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6. ASSESSMENT OF RETORT INSTRUMENTATION
6.1 Introduction

The eqguipment and procedures used to apply the
thermal process must be designed to ensure that every
container in a retort load receives the same sterilising
treatment. The heating medium must therefore be
delivered uniformly to all containers in the retort and

sterilising temperature must be known and controlled.

In this section the accuracy of retort instrumentation

and heat distribution in the retort was examined.
6.2 Procedure

The temperature at different positions in the
retort (Appendix 1) was measured using copper/constantan
thermocouples (ELLAB, type DC67). The probes were
inserted through a 3/4 inch British Standard Piping opening
located on the top of the retort and secured into position

by the use of a packing assembly. The thermocouple leads

were connected to an ELLAB Digital thermométer, Type C.T.D
with a known accuracy of i.ZOc, when used at ambient

temperatures (10-3§%).
6.3 Discussion

Shown in Appendix 4, table 3 is a summary of the
temperatures observed during the monitoring of processing
temperature. The measurements obtained from the Ellab
Digital thermometer have been taken as the standard upon
which the retort instrumentation has been assessed. Due
to the small errors associated with the instrument (f.zoc),
the retort temperature is quoted as falling within a range

of temperatures, rather than having a single average value.

Inspection of Table 1, Appendix 4 reveals the following

points;
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1 - the temperature controlling instrument (Taylors)
on all retorts, with the exception of retort 1 are
accurately calibrated and capable of maintaining
retort temperature within 1.0% of the set processing

temperature.

2 - All the retorts have uniform heat distribution,
(temperature fluctuations between the measured

temperatures <« 1Oc)
3 - Retorts 3,4 and 5 are accurately calibrated.

4 - The temperature recording instrument on retorts
1 and 6 requires recalibration. Accuracy should be
equal to or better than : 1.0% at sterilizing

temperatures.

5 = The Mercury in glass thermometer on retort 6
requires recalibration. The thermometer should not

deviate more than .5% from the standard.

It is recommended that the retort instrumentation on
retorts 1 and 6 be recalibrated as their accuracy has been
shown to be outside the tolerances set by the Department of

Primary Industry (Circular 157).

Appendix 3, table 1, shows that reducing the processing
temperature by as much as 2.6%c to 113.0% does not jeopardize
product safety. However it is good commercial practice to
have tight controls over processing conditions. The correct
delivery of a thermal process depends upon accurate retort

instrumentation.




APPENDIX 1. POSITION OF THE THERNMOCOUPLES IN THE RETORT.




Basket 1

Basket 2 Basket 3

(=]
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Position of the thermocouple jaT.

1
2
3
4

Centre of basket 1
Centre of basket 2
Centre of basket 3
Top of basket 3

Position of thermocouples monitoring retort temperature.

o ~N o W\

Back of the retort
Between basket 1-2
Between basket 2-3
Front of the retort




APPEWDIX 2

F values received by Peck's Anchovette Paste (50 g)

processed according to the following observed processing

schedules.

PROCESS 1 Retort Number 1
Processing temperature
Come up time
Operators process time
Cooling time

PROCESS 2 Retort Number 3

Processing temperature
Come up time
Operators process time

Cooling time

117°%
47.5 min
30 min

20 min

116°¢C
50 min
33,3 min

17 min




Tsble 1 Heat penetratiocn data and total Fs and Fet velues o ( Calculations
performed by Ball's method using Stumbo's (1973) revised tables. )

Sterilising value (F)min
Pogition of the

thermocouple jar. o ¢ jech £h (min) jee fe (min) P ot
(See Appendix %)
PROCESS 1 1 27 2,09 16,5 1.8 20 9.3 8.0
2 27 2,12 17.5 2,0 22 8.9 7.6
3 27 2.14 18,0 2,0 21 8.8 7ol
4 26 1,92 17.5 1.2 25 8.7 7.2
PROCESS 2 1 23 2,00 16.8 2.0 19 9.0 7.7
2 23 1.94 16.0 1.2 20 8.2 7.7
3 24 2.04 17.5 2.0 19 8.7 7.4

NOTE: 1= To °C - Initial product temperature.
2, Fs - Integrated Lethal wvalues
3, Pct — Total lethal value at thermal centre.




- PARLE 2 F values calculated by the General method.

PROCESS

PROCESS

Position of the
thermocouple jare.

(See Appendix 1)

1

Sterilising value (F) min

Heating Fch Cooling Fce Total Fet
Te5 1a4 8.9
6.7 1.3 8.0
6.9 2.0 8.9
6.8 1.1 7.9
6.1 1.7 7.8
Te2 o5 TaT
6.2 1.6 7.8




APPENDIX 3 EFFECT OF ALTERING PROCESSING CONDITIONS ON F VALUES

RECEIVED BY TPECK'S ANCHOVETTE PASTE (50g).




Table 1 Effect of proce

ssing temperature on Pet value o

PROCESSING TE(PERATURE °¢

STERILISING VALUE Fet.

113.0
114.0
115.0
115.6
116.0

117.0

339
4.25
533
6.09
6.69

8.39

CALCULATIONS BASED UPON;

-~ Come Up Time

50 min

- Operator's process time 30 min

- Initial product temperature

jch = 1.94
jCC = 1.20
fh = 16,0 min

20°¢




Table 2 Effect of processing time on Fct value .

OPERATOR'S PROCE3S TIME min STERILISING VALUE Fct
35 8.2%
30 6+69
25 5.18
20 3,77

CATLCULATIONS BASED UPON;

~ Come Up Time 50 min
- Retort processing temperature 116°C
- Initial product temperature 20%¢

jech = 1.94

jee = 1.20

fh = 16.0 min




APPENDIX 4 EXAMINATION OF THZ ACCURACY OF RETORT INTRUMENTATION .

Note-Retorts numbered from left to right.
Retorts 1 and 3 Batch type heated wit
Retorts 4,5 end 6 Batch type heated wit

h water under pressure€e.

h saturated steams




TABLE |1 Temperature of retorts 4 =2nd 3 as indicated by the Ellab thermometer and retort
instrumentation.Processing temperature set by the Taylors instrument (115.6 OC)m

HEATING TIME Position of thermocouples1 Hg in glass | Recording Instrument
min 5 6 7 8 °c °F °c
RETORT NUMBER 1 20 70.9 72,5 71.0 71.0 70 152 (667 )
40 107.9  109.4  108.3  108.4 108 224 (106.7)
552 116.4  117.2 116,71 11645 116.5 240 (115.6)
652 116.8  117.3  116.8 1170 17 240 ( 115.6)
752 116.9  117.1 1169  117.2 117 240 (115.6)
RETORT NUMBER 3 = 15 52.8 51,7 51 125 (517 )
45 104.9 106.5 104 220 (1044
55 2 115.9 117.5 116.2 242 ((116.7)
652 115.6 115.9 16 241 (116.1)
752 ©116.0 116.5 16 241 ( 116.1)

Yote : 1. See appendix 1

2o Re@ort at processing temperath




BWBLE 2 Temperature
instrumentztion.Processing %

of retorts 4,5 and6 as indicated by th

5

e Ellab thermometer and retort
emperature set by the Teylors instrument ( 115.6 °C )

Ll

PROCESS TIME Position of thermocouples Hg in glass Recording Instrument
min 6 7 °c °F %

RETORT NUMBER 4 0 115.6 116.0 115 240 (115.6 )
20 115.9 116.1 116 240.,5  (115.8)

40 115.7 116.0 116 240,5  (115.8°

60 115.6 115.9 116 240,5  (115.8))

RETORT NUMBER 5 0 115.5 115.5 115.5 240 (115.6)
20 115.7 15,6 116 240.,5  (115.8)

40 115.7 115.6 116 240.7  (115.9)

60 115.8 115.7 116 240.7  (115.9)

RETORT NUMBER 6 0 114.5 114.6 114.5 240 (115.6 3
20 115.0 115,0 116 241 (116.1)

40 115.0 115.1 116 241.5 (116.4 )

60 15,1 15,1 116 241.5 (11644 )

Note: 1>See appendix 1




TABLE 3 Examination of the accuracy of retort instrumentation.
PROCESSING TEMPERATURE NMEASURED TEMPERATURE TEMPERATURE
TEMPERATURE BY THE ELLAB THERMOUETER INDICATED BY COMMENTS 1 INDICATED BY COMI‘;IENTEQ
RETORT SET BY THE " STANDARD" THE Hg in Glass Hg in glass- "Taylors" Taylors-
NUMBER "Iaylors" Range ° C °¢ against-STANDARD., °¢ against-STAND
1 115.6 116.7=117.4 117 Negligible 115.6 SIGHIFICANT
(7)) difference DIFFERENCE
1.1 - 1.8 7
LOWER
3 115,6 115.8=116,7 116 Negligible 116,1 Negligible
( .9) difference Difference
4 115.6 115.4-116.1 116 Negligible 115,.8 Negligible
(7)) difference difference
5 115.6 115.5=116,0 116 Negligible 11549 Negligible
( «5) difference difference
6 115.6 114,8-11563 116 SIGNIFICANT 116.4 SIGNIFICANT
( =5) DIFFERENCE - DIFFERENCE
T -1.2°%¢ 1.1 - 1.6 °¢
HIGHER HIGHER
Note 1. “~mparison of temperature indicated by Hg in glass
«~gainst the standard. ;
2. Comparison of temperature indicated by Taylors
symatrimant accinnd dha otondomd
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Salt concentration and brining time affected yield after brine cleaning abalone; however, vari-
ations in yield became insignificant after thermal processing.‘Proteolytic enzyme treatments
made flesh cleaning easier and phosphate additives did not influence yield of the canned
product. While Asian panelists were found to consume abalone more frequenily than their
Caucasian counterparts, there was no significant differences beiween these groups in the
results of iheir taste panel assessments of the canned product. Although the Instron food

testing machine and taste panelisis could di

fferentiate between tough and tender abalone,

e relationship between these two forms of assessment requires furither investigation.

the

This paper is the first of a series in which parameters affecting
quality and yield of canned abalone are discussed. Australian
canned abalone exports for 1979-80 amounting to 1456 t were
valued at $12.4m (Anon 1981). Predictions are that for the year
ending June 1981 exports will exceed 1700t ($18m) which
represents 96% by value of total exports for canned marine
products. Local consumption of the commodity is limited, the
Jarge markets being Japan, Hong Kong. the USA, Singapore
and Malaysia in descending order. Abalone canners and
research workers (James & Olley 1970, 1971a, b, Young &
Olley 1974) have demonstrated that yields and texture are
influenced by product freshness. solute composition and con-
centration in the cleaning brine and by processing severity.

The Commonwealth Department of Primary Industry
(DP1) stipulates that the use of approved additives is permined
provided that their use has been justified and their inclusion
declared on the label. All manufacturers use a salt brine can-
ning liquor to which some have permission to add polyphos-
phate and/or metabisulphite. Although DP! has approved
neither proteolytic enzymes for cleaning nor the addition of
citric acid to the canning liquor. in principle there is no objec-
tion to their use.

The aims of the experiment in this paper were:

to assess the influence of cleaning brine strength and
phosphate additives on yield; and

B o assess the efficacy of enzyme preparations for clean-
ing.

In addition to the above. preliminary investigations to com-
pare subjective textural evaluations with objective assessment
using an Instron 1140 Food Testing Machine were carried out.
Future investigations will assess the influence of thermal
processing variables on yield and texture.

Methods

Fresh abalone (Notohaliotis ruber) was transferred in open fish
boxes to the processing plant and stored overnight in air at
3-5°C. Approximalely 24 h afier catching, 51.9 kg of whole
abalone were shucked. Flesh pH was measured by inserting
the tip of the electrode of 2 30 mm Metrohm Herisan E520 pH
meter into the pedal sole. Shucked abalone were divided into
12 lots for processing. Experimental vanables are summarised
e

Darian Warne is a lecture? and Nick Brown a postgraduale student in the Deparl-
ment of Food Science and Techrology. Royal Melbourne Instiute of Technology
Litd, PO Box 2476V, Melbourne, Vic. 3001.

0015—6547/02/34»’0?99.’0451982 .
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in Table 1. Each lot was immersed in approximately three
times its mass of cleaning brine at 40-45°C and gently stirred.
Those lots (4-12) treated with enzyme preparation (Protease
FS, Halcyon Proteins Pty Lid, Melbourne) were subsequently
rinsed for 10 min in a 0.225 g/L hydrogen peroxide solution
{0 arrest enzymic action. Abalone were lightly scrubbed with
a nail brush and the ease of cleaning rated on a five point
scale ranging from 1 (easy) to 5 (difficult). Cleaned, trimmed
abalone were blanched for 5 min at 70°C and packed whole
(200-220 g/can) into SR lacquered 74 x 112.5 mm cans. Hot
(85°C) canning liquor was added to a 10 mm headspace, the
cans sealed, processed in a batch retort at 115.6°C for 40 min
and pressure cooled. Thermocouple probes were centrally
located in three cans in each of the three batches processed
so that F, values could be computed. Can vacuums and
drained weights were measured after 34 days storape at ambi-
ent temperature (20°C). Lot weights were measured after each
processing stage so that weight changes and progressive yields
could be calculated.

Lots 6,9 and 11 were selected for taste panel and objective
textural evaluation because of their favourable appearance
and yield. Throughout one afternoon, 47 untrained panelists
(32 Asian, 15 Caucasian) were asked to rate the three samples,
plus a fourth sample which was Victorian black lip abalone

roduced commercially, on a category scale for texture and
hedonic scales for flavour and appeal. Each rating was on a
5 point scale: Texture: 1 (tender) - 5 (tough); flavour: 1 (dis-
like very much) - 5 (like very much); and appeal: 1 (poor)
-5 (good). Panelists were asked to indicate whether they con-
sumed abalone often, occasionally, rarely or never, and also
{0 rate their ideal rating for texture.

At least five cans of each variable were opened and all
the abalone pooled to reduce can-to-can variations. Each pan-
elist was given at one time four 2 mm thick vertical slices. Each
slice was taken from the flesh approximately 5 mm either side
of a 10 mm thick central portion which had been removed for
objective textural assessment. Samples were presented on a
small tray with a cup of cool water and identified with three-
digit random numbers: panelists were directed to assess each
sample as many times as they wished. Each sample for objec-
live assessment was placed on a fiat base plate with a central
hole (15.7 mm diam.) and punctured by a flat end probe
(6.3 mm diam.) moving through at 200 mm /min. Chart speed
was 400 mm/min and peak height recorded as kg force. Each
slice was tested five or three times depending on Cross sectional
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area. As noted by James and Olley (1971a) the force required
to puncture the flesh reflected test position; however, for statis-
tical analysis the mean reading for each slice was used and
data poolcd o give the mean reading for each lot. The
rationale for this procedurc was thatsubjective textural evalua-
tion is a composite impression formed by chewing each slice
several times in different positions.

Resulte and digcussion

The vield after shucking was 40.3% and the average pH of
the pedal sole 6.1. As live abalone in good condition have 2
pH range of 70-7.4 it can be concluded that storage in air
a1 3-5°C induced cold shock, anaerobic glycolysis and an
attendant pH drop as a result of acid formation. This mechan-
ism a+ described by Olley and Thrower (1977) would also
accol -t for the comparatively low final yields shown in Table
2 (aveage 57.3%) and Figure | (average 23.2%). 1t is difficult
to ott:n accurate figures. however, yields of 28-32%
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(unshucked weight} are coftiiof Wit
Effect of brine strength and phosphate additives
The effect of varying salt concentration in the cleaning
brine was clearly demonstrated with lots 1-4. Yields were
eatest with 3% NaCl as the osmotic pull causing flesh
dehydration was least at this concentration. but as a result of
rehydration caused by the competing osmotic pull of the
salt-protein complex. increasing brining time from 30 to 60
min produced increased yields. The weight gain was less
pronounced with the 6% brine as the ability 10 rehydrate was
restricted by the relatively high solute concentration of the
brining solution. While brine concentration and cleaning time
affected yields after brning, the benefits attributable to one
set of conditions were not sustained throughout the remainder
of the process. Young and Olley (1974) also found that in-
creased yields made on brining were not lasting. Given aba-
lone of constant freshness the most significant factor likely to
affect final yield is the severnty of retorting. In this experiment

¥
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thermal processing conditions were constant and there was no
significant difference (analysis of variance, P> 0.1) in the
Josses caused by retorting despite the variations in pretreat-
ment and canning liquor.

As shown in Table 3 abalone from lot 4 were rated easier-
to-clean than those from lots 1-3. This demonstrates the
advantage of using a high salt concentration for brining; vet.,
the benefits may not be realised unless cleaning time is for
an hour or more. It is because of the losses associated with
 high salt concentrations that proteolytic enzyme preparations
were added to the brine. Addition of sodium tripolyphosphate
did not increase yields after brining; in all cases there was a
small increase in weight after rinsing in the peroxide solution.
Thus the phosphate exhibited some waler-binding capacity;
but the effect was not consistent after canning. Further work
will evaluate the addition of other phosphate blends of higher
concentrations.

Enzyme preparations for cleaning

Black melanin pigment can be removed by salt or the use
of proteolytic enzyme solutions. The advantage of the latter
is that they reduce brine cleaning times and avoid weightlosses
caused by dehydration in strong solutions. Lots 5-8 were rated
easier-to-clean than lots 1-3 and compared well with lot 4;
the latter was brined for 60 min., whereas the advantage of
enzymic treatment (lots 5-8) was apparent after 30 min. In
all instances of enzymic cleaning the canned abalone had an
acceptable cream-yellow colour and generally was of better
appearance than the salt cleaned product. To some extent this
may have been rather a consequence of the peroxide rinse than
that of enzymic action: for it was noticed that the enzyme
application made cleaning easier without giving a lighter
coloured product. Thus the value of enzymic cleaning is in
part attributable to the bleaching effect of the peroxide rinse.
In addition to enhancing the appearance of the product
enzyme treatment also offers potential savings in labour.

Subjective and objective textural evaluations

Selection of panelists was biased as it was considered that
Asian respondents would be familiar with the product and
more representative of abalone consumers. Table 4 summar-
ises the frequencies with which the panelists eat abalone.
Although the frequency of abalone consumption for the sam-
ple populations was significantly different (Chi-square ana-
lyses, P < 0.005). there was no significant difference between
groups in the sensory assessment of abalone samples. This
observation could be interpreted as meaning that panelists
could be randomly selected: we would qualify this statement
as it is rational to select a trial population that reflects the
preferences of the target market. Future research will survey
a larger Asian population and identify textural and flavour
preferences of those used to ealing abalone.

Table 5 gives the mean taste panel scores for texture,
flavour and appeal. Analyses by Tukey’s test indicates that
there was a significant (P < 0.01) textural difference between
product C (commercial product) and product from lots 6.9
and 11. Panelists considered that the ideal abalone texture
would be close to that of sample C and significanty (P <
0.05) more tender than samples 6, 9 and 11. There was no
significant difference in flavour; but the appeal of sample 6
was significantly (P < 0.05) lower than that of C. It appears
that high texture ratings do not necessarily reduce overall
_appeal, even though a low texture score is ideal. Although tex-
wure is not the sole criterion of quality, abalone canners prefer
to use fresh abalone of high pH in order to obtain a tender
product. The effect of pH on texture was not studied in these
experiments; but it was observed (Warne & Brown — unpub-
lished) that raising the temperature and/or time of the thermal
process increase tenderness.

The results shown in Tables 5 and 6 indicate that neither
the taste panel nor the Instron instrument could differentiate
between the texture of samples from lots 6, 9 and 1. since
both forms of assessment recorded much lower values for com-
mercial product. This phenomenon supgests that future
research using matched samples may demonstrate significant
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- Table 3. Summary ease ef cleaning, total ylelds and guantities

v

¢ Lat Esee of clesalng® Tetsl yleld' Coms /ot

(M) (rating) (%) (Ha.)

‘ i 3 225 7

L2 3 228 5

Y3 3 235 7

: 4 2 236 5

- 5 2 2.6 5

i 6 2 233 5

: 7 2 2.6 5
8 2 226 5
9 3 240 10
10 3 22.6 5
11 kil 5 -
12 3 23.95 5

+$Ease of cleaning: | (easy) - 3 (difficult)

i Total yield calculsted on basis of 40.5% yield after shucking and progressive
Lyfelds as shown in Teble 2.

AL ots 9-12 were the kest provessed and kad developed a surface shime on siard-
g

‘BResults pooled. See fovtrotes to Table 2.

{i?l‘&ble 4.‘ Freguency of sbelone consumption by Asizn apd

Ceucasian panelists
_ @=3) @=1)
“Never eat abalone 1 3
[Rarely eat sbalone 5 10
#QOocasionally eat abalose 24 1
“Often eal 8 2 0

+90ne panelist did rot Ganwe.

Table 5. Meen tasie pasel scores for texture, Baveuwr aed

sppesl (pooled results)
! et 6 ot 9 Lot 11 C Ideal
*Texture 370 361 400 1.60 1.90
“Flavour 298 3.21 3.23 3.43 -
< Appeal 261 281 2.66 3R -

Table 6. Mean Insiron puncture force (pooled results)

Frequency of
Sample (Na.) Force (&) measurements (No.)
6 326 94
-9 337 12
11 3.40 2
C 202 17




cortelation between objective and sensory measurements. iﬁdex i@ adveﬂise?s

Concluslons
Brine composition and washing time were shown to affect APV Bell Bryant Pty Ltd.......oooooniinie 304

yields after brining: but there was no significant difference

. , Budge-Elli SOP. LA i 259
between final yields after thermal processing. Enzyme ge-Ellis Co-op. Ltd
- preparations increased the ease of cleaning and indirectly CREITY-BUITEIl ... oooooioicics e 277
improved the colour of the canned product. Textural evalua-
tions indicate that flesh toughness is only one factor affecting DeVro Py L0 ..o 273
overall appeal. as in some cases tough and tender abalone were , . . .
liked equally. Preliminary investigations indicate that the rela- Engineering and Export Services Pty Ltd............... 286
tionship between rapid instrumental texture measurements Ernest Fleming Pty Ltd ..ooooo.ooorrcreeeccesrrosnnreeens 279
and sensory assessments warrant further studies.
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2ovendix 5.

The influence of thermal processing severit

the yield and texture of canned abalone

(Notohaliotis ruber)

A D.WARNE and N. BROWN

I 2

The effect of thermal processing on the yield and texture of canned Victorian black lip abalone
(Notohaliotis ruber) was investigated. Cans of abalone were processed for 40 min at 115.6, 118.0
and 121.1°C respectively, and for 60 min at 121.1°C, after which the relationship between the
process F, value and pack weight was studied. Significant losses on canning, based on the ratios
of drained to filled weight, and softening texture, assessed objectively with an Instron 1140 Food
Testing Machine, were observed as thermal processing severity increased.

This paper is the second in a series investigating the effects of
processing on canned Victorian black lip abalone (Notohaliotis
ruber). The previous paper (Warne & Brown 1982) was conkined
to a study of preparatory techniques, specifically cleaning brine
concentrations and application times, enzymic cleaning and the
use of phosphate additives in cleaning brines and canning liuor.
Whilst combinations of these variables infduenced total viclds.
the thermal process was shown to account for the greatest losses
of all the processing stages (excluding shucking). Losses on
retorting for 40 min at 113.6°C were shown to average 28% for
69 cans cach filled with approximately 200-220g of whole
abalene. In terms of total sterilising effect this process was
relatively mild for a low-acid canned product. F_ values of 2.9,
1.5 and 29 indicated that although the process was adequate
with respect o inactivation of Clostridium botulinun spores,
reductions in processing temperature and or time could
jeapardise commercial sterility. Abalone canners must not
overlook product safety in the belief that vield 1s the only

tenderness is also influenced by processing. James and Olley
(1971) have shown that canning produces a textural inversiom as
a result of the toughening of myofibrillar proteins at the base of
the adductor muscle and a softening of the pedal sole as collagen
is converted to gelatinous derivatives. The objectives in this
investigation paper were: 1o study the relationship between
thermal processing severity and weight loss during retorting
canned abalone: and to study the effect of thermal processing on
the tenture of canned abalone.

Methods

The day after catching and overnight storage at 85C. 18 kg of
live abdlone were shucked, packed in plastic bags under crushed
ice in insulated boxes and transported to the processing plant,
On arrival 11 molluscs were removed for measurement of the
fiesh pH using a Metrohm Herisau ES20 pH meter. An incision
was made into the pedal sole of cach abalone and the electrode
tip inserted to o depth of 30 mm. Abzlene were cleaned for 30
min by immersion and gentle stirring in spprovimately three
times their mass of warm (33-407C) cleaning brine containing
protease. F S (Sp L. Halevon Proteins Py Lid. Melbourne).

Dartae Warae 1o vemor lecturer and Nick Brows o posi-g
Foudd Technologn Uit Departrient of Applied CX
Institnie of Teokedogy Lid. GPO Box 24763
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NaCl (30 g/L. food grade), and Mera 6730 g. L) a proprietary
blend  of sodium  tripolyphosphate  and  monosodium
orthophosphate (Albright and Wilson Pty Lid, Melbourne).
After removal from the brine, enzvmic action was arrested by
rinsing the abalone for 10 min in peroxide solution (0.225 g/L).
Abalone were trimmed and any remaining mefanin pigment
removed by light scrubbing with nail brushes before blanching
for 3 min in water at 70°C. In order to simulate commercial
operations i.e. packing whole abalone to a minimum weight,
three or four abalone were filled into S.R. lacquered
T4 125 mm cans and fill weights recorded. Thermocouples
were inserted into the thermal centres of seven tilled cans so that
F. values for the thermal process could be calculated. Cold
canning liquor containing NaCl food grade (20 g/L) sodium
acid pyrophosphate (5 g/1) and sodium metabisulphite (1 g/L)
was added and the cans vacuum sealed. Cans were divided into
four lots for processing at time and temperature combinations
chosen to simulate commercial canning procedures: these were
40 min at 115.6, 118.0 and 121.1°C and 60 min at 121.1°C.
After pressure cooling and 21 days storage at ambient
temperature (20°C). cans were opened and drained weights
recorded. Weight losses on thermal processing were then
calculated for each can.

The texture of pooled samples from each lot was assessed
using an Instron 1140 Food Testing Machine. A 10 mm thick
vertical slice taken through the mid-portion of the adductor
nuwscle and underlving pedal sole of each abalone tested was
placed on a Rat base plate with a central hole (15.7 mm diam.)
and punctured by a Aat ended probe (6.3 mm diam.) moving
through at a crosshead speed of 200 mm ‘min. Each slice was
punctured between two and five times depending on cross
sectional area and the maximum resistance for each measure-
ment recorded as kg-force on the recorder chart which was
svnchronised to move at twice the crosshead speed. For
statistical anatysis, the mean reading for each slice was used and
then pooled o give the mean reading for each ot

Results and discussion

The mean flesh pH of 6.4 (SE = 0.04) indicates there had been
a loss of condition since harvest when it wouid be expected to
have been between 7.0 and 7.4, In commervial practice such a
pH drop is unlikely to be avoided unless canning is commenced
within hours of landing healthy specimens. The average fill
weight for 24 cans was 313 g (957 contidence interval. 303 to
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Table §. Effect of thermal process cenditions and fill weight on F_ values for canned abalone®

i Provess conditioas

Retort Can 6l )

i Time temperature welght F, value F, value
k {min) O (g} actual (theoretical ‘worst case’)t
i 40 115.6 333 0.5 0.5
: 40 115.6 313 1.1 —

40 118.0 315 3.1 0.7
, 40 115.6 325 3.1 —
: 40 1211 335 1.3 1.4
40 121.1 270 4.2 —
: 60 1 FPAN 272 9.4

13.4

'® Frony Warne (1982}

'f In cases where lhmwncal Wworst case’ value: exn?ed the actual values, the d;ﬁ@rem can be armbuled 10 the differeice between methods of calculation.

Influence of fill weight and processing sesverity on F_1alues
Table | summarises the F_ values’ obtained for cach
process. The results indicate the extent to which processing
conditions and fill weight can influence the total sterilising
effect. Fill weights as high as 335 g are not uncommon, beciause
some processors who having accepted large (309%) losses on
thermal processing must pack to ensure they fulfill minimum
weight requirements set down by the Department of Primary
Industry. Whilst 40 min at 118°C vielded F values in excess of
the generally accepted safe minimuni of 2.4 (Stumbo 1973), the
cans processed for 40 min at 113.6°C and the heavier of those
processed for 40 min at 121.1°C reccived inadequate heat
treatment. The latter was the heaviest of all packs examined.
which would account for the slow heat penetration to the point
of temperature measurement. Inevitably there will be zome can-
to-can variation in F_values as it is not always possible to locate
the tip of the thermocouple in the thermal centre of the packed
can. Notwithstanding this; the data indicate that ill weight
should be regulated: most important, the adequacy of the
thermal process must be assessed on “worst case” examples, that
is on cans filled 1o the upper limit of pack weight. Theoretically,
calculated “worst case” F_values based on the slowest heating
can demonstrate the values that could be expected had all cans
exhibited the same heating characteristics.
Relationship between thermal processing severity and weight loss
The influence of processing conditions on weight loss of
canned abalone is demonstrated by the results in Table 2.
Average losses ranged from 12.8 10 29.1% after processing for
40 min at 115.6°C and 60 min at 121.1°C, respectively.
Analysis of variance indicated there was a significant difference
[Kruskal-Wallis test. p<< 0.01] between average can losses for
the processes. When considered in conjunction with the results
shown in Table 1. it s evident that an increase in processing
severity as measured by F_value will result in reduced vields.
Thus the abalone canner must compromise between the desire
for maximum profitability through high vields and the need to

Tabﬁe 2, Effect of thermal m coa«dutwm ©n waeaght ims'g

of canned abaloue
! Process mwditi@m
’ Rewﬁ
Time temperature Average
tenin) ey Cans /lot loss/can (%)
40 115.6 7 12.8
40 118.0 7 17.7
40 121.4 5 19.2
60 1211 S 291
| Weight luss calculared as 1001 — d m At

: wheve filled weight ard drameé mgéu quw uz lhe uﬁgfar o{ahalme ia each
can br[arr ard after reaunmg

i
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A o v e

apply an adequate thermal pracess. While losses caused by
retorting for 40 min at {13.6°C are relatively low, the safety
from botulism of those eating the canned product is less than
that required by pood commercial practice.

‘E‘abi@ i Eﬁeﬂ oﬁ’ 8%@@5%&5 E;kmseﬁsmg s:@s@ém@m on mean Torce
vequired o puncture slices of canned abalone 10 aum thick

f

5

i

L e

{ Time temperature . Numberof Force
[ (min) O mensurements (kg)

: 10 1156 54 2.13

i 40 118.0 65 2147

40 1211 12 211

¢ 60 1211 32 1.76

Effect of thermal processing on texture of abalone

Amongst the changes produced by canning are the weight
lpsses of abuione and the Tormation of opaque canning liquors
which frequently set as a hrm gel on refrmemuon These
phcnomcm are explained in part by the conversion of coll.xgcn
in the pedal sole to gelatin, some of which passes into the
surrounding liquor. James and Olley (1971) concluded that this
mechanism accounts for the softening of the pedal sole. albeit
in contrast to the toughening of the adductor muscle
myotbritlar proteins. The results in Table 3 summarise the
cifect of thermal processing severity on flesh texture as assessed
with an Instron 1140 Food Testing Machine. The method of
textural evaluation selected produces a composite profile based
on the average force required to puncture each slice. Statistical
analysis using pairwise multiple comparison (Dunnett 1980)
indicated there was no significant difference (p > 0.10) between
the foree required to puncture samples processed for 40 min at
115.6.118.0and 121.1°C. respectively. However. the difference
between the texture of samples processed for 60 min at 121°C
and those processed for 40 min at 1136, 118.0 and 121.1°C
were signihcant (p << 0.01). This indicates that the flesh
toughening produced by heating can be reduced by prolonged
thermal processing.

It had previously been observed (unpublished work) that
Instron values (determined as in the method for this paper) for
uncovked abilone. and abalone processed for 40 min at 118°C
and 60 i at 1218 17°C are signincantdy different (p <2 0.001).

hese rescits and those of a corresponding sensory test in which
A Asian panchists were asked o rate texture of samples from
the two processes. are ghven in Table 4. Throughout the series
of experiments referred to. the source of. and the preparatory
technigues for, the abaione were identical and all processing was
conducted vn the same day. We concluded that changes in
Instron puncture forces have a discernible sensory correlation:
on the scales chosen 2 change in foree from 2.30 o 1.35 kg
corresponds 10 @ sensory assessmient change of 0.99 units, or




Table 5. Efiect of process conditions on line slopes and correlation coefficients for linear regression analysis of Instron puncture force
o : . versus abalone drained weight

Process condilions .
Retort ’ Number of

Number of

© Time - . femperature abalops lustron Regression line Cogrelation
(min) * - 0 - tested Wieasurements slope cosfhcient

T 40 . 1se 18 54 000 0.01

S 40 118.0 22 65 ) -0.01 : -0.19

40 1211 o1 32 0.01 0.14

60 ‘ 121 S12 32 0.0t : 0.46

from between ‘extremely’ and ‘moderately tender’ to between References

‘moderately” and ‘slightly tender’. Applying these conclusions to
the evidence in Table 3. it can be postulated that where there
ix a significant difference in puncture force there will also be a
detectable sensory difference.

To determine whether texture afler processing was a
function of abalone size, linear regression analyses for mean
{nstron puncture force versus abalone drained weight for all
provesses were performed. (Table 5). Theoretical regression line
dopes are close to or equal 1o zero and correlation is poor in all
cases. The inability to demonstrate a relation between flesh
texture after processing and abalone weight applies for all
processes. Rather than assert there is no association between
these factors. we conclude that none was detectable under the
commercial filling standards adopted. Furthermore, thermal
process severity remains the dominant factor determining both
vield and final texuure.

Thus an abalone canner is faced with the choice of
increasing the severity of the thermal process and benefiting
from textural softening. or accepting a tougher product and also
2 higher vicld. The significance of freshness and high flesh pH
«hould not be overlooked. for as James and Olley (1970)
observed there is a highly significant negative and lincar
relationship between toughness and hydrogen ion concentration.
However. given abalone of constant freshness it appears that a
processor may adjust the severity of the thermal process so as
to attain desirable texture. What constitutes desirable canned
abalone texture for the Asian export market will be the subject
ol a further contribution.

Conclusions
lncreasing thermal processing severity has been shown 1o
reduce viclds and soften the texture of canned abalone. Thus the
attraction of high vield must be weighed against the possibility
of inadequate sterifisation for no manufacturer can tolerate
consumer health risks. Similarly the desire to produce a tender
product must be balanced against the acceptability of high
canning losses.
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Table 4. Effect of thermal process treatmeat on abjective
(Instren) and sensory® assessment of the texture of abalone

\ SRR . g . lestvoa force Semsory
b —_ . (g} seore
o - Fiumber of .
. Thermal process lmstroa

E; treatment  Mcssurements Mean SE Meas SE

! Nonc {uncooked) 58 03t 001 —  —
HOminar 118°C 147 2308 007 2808 0.3
[cOminat120.1°C 238 155t 003 1B1 0.8

[* 90 Asion pawelisis’ vating on 7 poim category scale: extremeely tender
t= I extremely tough = 7.

it Hardress values significantly different {Bruskal-Wellis. p < 0.0601)

;i Seasory scores sigrificantly different (Sign test. p < @.00!)
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5. For further information cali:

FOOD SERVICES PTY. LTD. .
2-8 Glenbary Road, Campbeilfield, Vic. 3061
Phone (03) 3599888

“NO JOB IS TOO HARD, TOO LARGE ORTOO SMALL"
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Consumer prefe

for fishery products

JL. SUMNER, AD.WARNE, EEGORCZYCA and N.BROWN

Australia is both a major importer and exporter of fish and fisheries products. Mainly frozen fillets
destined for the chilled, supermarket trade are imported; highly-priced crustaceans and
molluscs are exported mainly to Asia and the USA. Perhaps. not surprisingly, therefore,
Australian consumers have little perception of the objective criteria of fish quality which has led
to the definition of the ‘Great Australian Fillet' as ‘white, skinless, boneless and . .. tasteless’.
By contrast, Asian consumers are much more expert at assessing quality as evidenced by a
survey of Chinese consumers who were able to differentiate between abalone processed by two

thermal processes differing in severity.

Fish quality is notoriously difficult to assess. First, there is the
hunting nature of fishing which often results in empty nets or
gluts. plus associated storage difficulties in bringing home the
catch. Second. there is the diversity of *fish’ species ranging over
several phyla such as crustaceans (prawns and crabs); molluscs
(abalone and mussels); echinoderms (sea urchins and cucum-
bers); and the finfish, both cartilaginous fish (shark) and bony
fish. which comprise the majority of finfish species. Third,
consumers tend to be ‘experts’. They effect to know exactly what
is good quality and what they like, actors which they often
consider synonymous.

Australia’s export/import fish trade reflects many of the
perceptions of Australian consumers. Traditionally, Australia
has exported predominantly high-value crustaceans and mol-
Juscs. and imported generally low-value frozen fillets and
crustaceans. In the year ending June 1981, for example, imports
totalled $189 million (up 5.6% from June $1980) with a value of
$2.60/kg (up 18%). Exports lor the same period totalled $230
million (down 32%) at $7.70/kg (up 35%) (Anon. 1981).

Interestingly, Australia both exports and imports prawns,
high-value uncooked prawns being exported at an average of
$9.50/kg (1980-81 figures) while mainly small, cooked, peeled
prawns are imported at an average ol $5.90/kg. This great
disparity in quality and price has not prevented Australian
authorities f[rom imposing microbiological standards lor import-
ed prawns more stringent than those recommended by the
International Commission on Microbiological Specifications for
Food (ICMSF 1974), or by any other importing country
(Sumner 1982). The attitude of Australian authorities that
standards for imported prawns be identical with those imposed
on domestic industry fails 1o take into account the naturally
higher bacterial levels ol tropical prawns (Cann 1976). In
addition, Australian prawns are typically much larger than the
size categories imported which owing to their surface area/
volume ratio must be expected to have a higher count on a per
weight basis.

‘Recent trends in flsh imports into Australia
A major recent trend has been increased imports of chilled and

Juhn Summner. Dartan Warne and Elizabeth Gorezyca are Principal Lecturer,
Semor Lecturer and  Lecturer, respectively, in the Food Technology Unit,
Department of Applied Chemistry, Roval Melbourne Institute of Technology,
GPO Box 24764, Melbourne, Vie. 3001, Nick Brown is a graduate student in the
same U nit.

Buzed on an address to Food Conference 82, Singapore, May 1982,

0015-6647/83/35/0373/03¢ 1983
The Counctt of Australian Food Technology Associations, Inc.

frozen hish, either whole or filleted (Table 1) particularly from
New Zealand (Table 2), and particularly in the volume of frozen
filiets. tmports of finfish to Australia have had a debilitating
effect on the local industry which already has considerable
problems stemming [rom catches which are often low and which
may contain up to 40 species (Townsend 1981). As well, the
appreciation in 1981 of the Australian dollar against other
currencies in general, and the New Zealand dollar in particular,
made imports even more competitive. In terms of sensory
quality, fish imported [rozen and marketed thawed, chilled in
supermarkets and other retail outlets, has been shown to be of
very poor quality (Sumner & Gorczyca 1982). For'some species
grade | (‘good’) quality shell-life was expended cven belore the
product could be marketed (Table 3) while grade 2 (‘average’)
quality had a short shelf-life, necessitating packs being removed
from supermarket cabinets each weekend. Local species, on the
other hand, iced between catching and processing had much
jonger shelf lives in grade | (Table 3).

Table 1. Imports of whole and filleted fish into Australia

Quanity {f) Value (3A°080)

1979-80 1980-81 1979-80  1980-81

Fresh, chilled

or frozen

Whole 8121 10021 9605 13329
Fillets 20652 22842 34471 43672
Total 28773 32863 44076 57001
(+11%) (+13%)

Source: Aust. Fish. 40 {10): 22-7: 1981

Table 2. Imports into Australia of fresh and frozen fish from

New Zealand
1978-79 1979-80 Change
) (t) (%)
Fresh and chilled 18114 1494 - 17
Frozen 5001 9543 +90
tish fingers 35° 436 +1145

Source: Aust. Fish 40(5): 14-16, 1981

FOOD TECHNOLOGY IN AUSTRALIA, VOL. 35(8) AUGUST 1983 373




Aopendix 7.

MARKETING

Consumer preference for fisher

products — it is all a matter of t: ste

“John Sumner, Darian Warne, Elizabeth Gorczhca and Nick Brown

Fish quality, as defined by the consumer, is a very difficult thing to assess. As the
title of this article suggests, it depends so much on individual taste. Neverthe-
less, there are some objective methods of determining ‘‘consumer-defined”
quality, a few of which are discussed here by'the authors.

Fish quality is notoriously difficult to assess. Firstly. thereis
the hunting nature of fishing which often results in either
empty nets or gluts, plus associated storage ditficulties in
bringing home the catch. A second problem is the diversity
of ““fish™ specics, ranging over several phyla: crustaceans.
like prawns and crabs; molluscs, like abalone. mussels
and squid: cchinoderms like sea urchins and cucumbers:
and finfish — both cartilage fish like sharks and bony fish
which comprise the majority of finfish species. Thirdly.
consumers tend to be “experts”. They appear to know
exactly what is good quality and to know what they like.
factors which they often consider to be synonymous.

The fact that consumers know exactly what they like
should be good news to fish processing companies develop-
ing new products or broaching new markets. The company.
tvpically, will organise an evaluation of test products and
hope that the great consuming public will tell them un-
cquivocally what the product should taste like.

A matter of taste

Unfortunately. such is only rarely the case. Consider the
data in Table 1. where seven consumers were asked to
evaluate a pickled scallop Pecten alba) product. All seven
consumers were experts who all worked with scallops and
were used to tasting them.

At first sight the information thev supplied appeared
useless. Three consumers considered Sample 1 the best,
though overcooked. while to the other taste panelists
Sample 1 was, variously. “too acid”. “'too salty”, ““taste-
less” and “horrible™. Whoever said “the customer is
always right”" never set up a taste panel’

However. from all the information supplied. it became
clear that the product had been overcooked. Every panelist
had commented on the tough texture using words like
“avercooked”, “rubbery’. “chewy™ or “tough™.

Another pervading comment was on saltiness and on
lemon flavour from added citric actd. Eventually a success-

Table 1: Consumer reactions to test batches of pickied scallops

Consumer profile Sample 1 Sample 2 Sample 3 Sampie 4

Male, manager Scallop Association Overcooked® Overcooked Overcooked Overcooked
Tasteless rubbery

Male, Director Fisheries Overcooked® Overcooked Overcooked Bitter

Mate, Manager Fisherman's Co-op Too acid Less acid Less acid Too lemon
Tough Tougher

Male, Fisheries Inspector Too salty Too acid Extremely Overcooked

overcooked rubbery

Male, Fish processor OK.” Stightly Slightly Shahtly
rubbery rubbery rubbery

Female, Fish processor Tasteless Chewy. salty Better Nice"

Female, Fish processor Harnble Chewy. distihe Not bad*® Not bad*

* Donotes some preference for one particuias sample

This article represents a summary of a paper presented at the
Singapare conference in May. (See INFOFISH Marketing Digestno 4.
Juiy 1982 for areport on the conference). John Sumner 1s Princina!
Lecturer in Food Science and Technology at the Royal Meibourne
institute of Technology. and his main interest is fish quality ang

ensiling of fish waste. Darian Warne is fis~ canning expert. currently
surveying qua'ty control in Austrz zn fsh canneries. Elizabeth
Gorczhca recently completed her Maste- s Degree on storage and
quality of fish. Nick Browne is focc techroiogy gracuate presently
working on a Master's Degree inens: "3 c*ftsnwaste
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MARKETING

ful product was made by boiling scallops very quickly in a
relatively small quantity of water which formed the stock
from which the brine was made by adding small quantities
ot salt. acetic acid and citric acid.

What's in a name

Sometimes consumers buy according to the name of a
fish species — paying considerably more for a favoured
species. Butcan they tell the difference from closely similar
species, and it they can tell a difference. which species do
they prefer in a “blind™ taste pancl test of unmurked fish
samples?

Australian consumers in Melbourne pay considerably
more for Rock Flathead. (Plarveephalus laevigaius) ($2.50
— 4.30 per kg) compared with other flatheads. like Tiger
Iathead (Neoplarveephalus richardsoniy (51,00 — 2.50
per kg) and Sand Flathead (Platycephalus bassensis).
[Towever. consumers found it ditficult to distinguish rock
flathead from the other flatheads and. of those who coutd
ditferentiate flatheads, only around 50 actually preferred
rock flathead. Objective criteria for quality (Table 2)
showed little difference between flathead according to

“Torrymeter reading, K-value. TMA level and bacterial
levels which. coupled with taste panel data. indicates that
consumers cannot distinguish a species for which they will
cheerfully pay 70 more than closely similar species.

Using the Australian consumer as a marker for fish
quality. however. must be balanced by the fact that
Australian consumers dictate that the Great Australian
Fillet be white. skinless. boneless ... and tasteless!

The fastidious Asian consumer

A uch more relevant is the reaction of Asian consumers
to the highly vatued abalone (Notohalioris ruberi which
fetches AS16 kg (shucked) and AS23/kg (dramed weight)
for the frozen and canned products respectively. Last vear
this lucrative canned item earned Australian manutacturers
AS20 million (about USS$20 million). 819 of production
coing to Japan, Hong kong and Singapore.

Canning of abalone presents advantages compared with
the more traditional frozen product:

e vrcater returnsona S kg basis.
e freedom from the cold chain.
e shelf-stable product.

But what do consumers want in canned abalone in terms
of texture and flavour? This was the key problem facing an
Australian manufacturer planning to change from frozen to
canned product as he costed the plant and equipment
needed for the cannery and as he considered the risks of
canning. compared with freezing.

The solution — a survey in Melbourne’s Chinatown
involving 90 Chinese consumers who regularly ate abalone.
and. like all consumers. knew what they liked. Answering a
questionnaire in Mandarin and English (Fig. ). consumers
isolated texiure as a major guality factor. This had
immediate impact for the processor who could. by altering
the temperature and time ot the retorting (cooking)
process, markedly alter the texture of the canned product.

But there was a further eritical point — process altera-
tion also affected the vield of abalone — for. as the process
became more severe, the abalone, quite literally, lost
weight, And. as any food technologist will tell vou, weight
loss equals tnancial loss.

So the manufacturer worked out two processes:

INFOFISH MARKETING DIGEST SEPTEMBER 1982

Table 2: Rock Flathead quality parameters compared
with Tiger or Sand Flathead
Tiger or Sand
Rock Flathead Flathead
Mean Mean
Torry meter 12.2 13.6
(6-16)° (10-15)
K value (%) 42.2 42.6
(15—85) (12-97)
Trimethylamine 0.37 0.58
(mg%) (0.03-2.8) (0.06-2.5)
Total bacteria 50.000 60.000
count (/a) (5000—140,000) {50~-200.000)
Total count of 2.000 2.000
sulphide producing (<100- 20,000) (<100-20.000)
bacteria (/g) -
* yalues in parentheses are minima and maxima

Table 3:— What do consumers
think of canned abalone

Mild process
118°C/40min

Severe process
121.1°C/60 min.

Very tender 40*(44°6) 81 (90°0)
Neither tender nor

tough 49 (54%) 9 (10°)
Very tough 1 (2%) 0

* Number of consumers who
graded in each texture category.

Table 4:— How does the experimental abalone
compare with your usual brand?

Mild process Severe process

Better than or equal

to my usualbrand 60 (67%)" 54 (60%
Worse than my

usuatl brand 11 (12%) 14 (16%)
Don’t know 19 (21%¢) 22 (24°5)

* Consumers who graded ineach category.

e \ild process. | 18°C for 40 min. giving a relatively tough
product.

e Severe process. 121.1°C for 60 min. giving a more tender
product.

Euach product was ofiered to consumers & ho commented
on the quality (Table 3) considering the product from the
mild process to be tougher and preferred (Table 4) to that
of the severe process. Which supports the observation that
good quality abalone hasa unigue “chewy’ texture.

Trials involving approximately 430 measurements using
the ITustron Texture Tester — a highly sensitive set of
mechanical jaws — confirmed the panelists” findings:

abalone from the mild process was significantly tougher
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The Asian/Pacific areais a
hotbed of fishing industry
development — marine,
freshwater and aquaculture.
It is also one of the world's
most promising matkets for
competent fisheries
consultation services.
INFOFISH NMarketing Digest
published by FAQ's Marketing
Project recches a select,
influential readership including
many decision-makers in the
fisheries dev elopment area.
Including fisheries
departments, funding
ogencies, im estment banks
ond others. Ifyou are fishery
consultants. you can reach
these people too, with reaular
advertisemen's in cur pages.

For more inforn=aton write:

P.O. Box 899, KNeala Lumper. AMalaysia.
Or Telex: INFISH ANARTHED
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Figure 1: Questionnaire prompt card
for evaluation of abalone texture.

than the severely processed product. The strong correla-
tion between objective and sensory texture measurements
means the manufacturer need not rely on expensive and
time-consuming consumer surveys in order to find out how
his valued- customers rate the texture of the canned
product. This important quality characteristic can be
measured directly in the canning factory as part of routine
quality control.

Once objective textural limits have been set. abalone can
be produced to have just the right texture for the discerning
Asian consumer as shown by these experiments.

All of which was good news for the canner: the mild
process gives higher vields. only 21 weight lass on retort-
ing (cooking) compared with 32%% for the severe process.
At AS23 000 per tonne. in the can. this represents extra
revenue of AS700 per tonne (fresh weight). or ona national
basis at current prices AS1.2 million for the industry as a
whole.

Quality. then. for that esoteric food. abalone. can be
measured by taste panel evaluation and by mechanical
means with the tongue and teeth giving answers identical
with the Instron Texture tester — discriminating Asian
consumers and objective testing machine agreeing.

But lest the impression is gained that quality assessment
is an Asian trait consider a Sri Lankan marketing ploy used
in fish quality assessment: beach-seined fish are considered
best quality, and. not surprisingly. fetch higher prices. And
tvpically. beach-seined fish also have sand in the gills and
seales which is why vou will find a section at Colombo’s St
John's Market selling liule bags of sand which you can
sprinkle to make allvour fish beach-seined! 2

INFOFISH MARKETING DIGEST SEPTEMBER 1982




Apgendix 8.

RMIT studies seafood canning-cooking

by A. D. Warne*

THE Royal Melbourne Institute
of Technology is examining
current Australian cooking
methods for canned seafood
products to ensure there is no
risk of food poisoning.

While there has been no
suggestion that there is anyv risk
whatsoever in Australian canned
seatood products, a recent
outbreak of food poisoning
caused by canned product in
Britain and other cases overseas
have emphasised the need to
regularly assess thermal
processing techniques for canned
products, including seafood
products.

The present research in this
area at the Roval Melbourne
Institute of Technology (RMIT)
is being conducted by the Food
Science and Technology Unit
under a Fishing Industry
Research Trust Account grant.

We aim to assess the safety of
current processes and contirm
that Australian canned products
are safe from spoilage by the
food-poisoning bacterium
Clostridium botwlinum.

This is the bacterium
responsible for the type of food
poisoning commonly known as
botulism. It was the cause of
fatal food-poisoning cases in
Britain recently. That outbreak
resulted in lost sales worth at
least AS3 million and attracted
considerable bad publicity for
the nation’s entire food-canning
industry.

So far the RMIT work has
been confined to abalone, which

*Darian Warne is a member of the
Food Science and Technology Unit
of the Department of Applied
Chemistry at the Royal Melbourne
Institute of Technology.

Australian Fisheries, February, 1982

is the major canned seafood
exported trom Australia. Sales in
1980-81 totalled $20 million.
Canning abalone is lucrative
but difficult. For instance
product quality and high vields
(drained-weight vield, that is)
require a fine balance between
temperaiure and ritme of
cooking. Lower temperatures for
shorter times produce higher
vields: longer times at higher
temperatures give comparatively
poor vields but a succulent
product (like the acclaimed
Mexican canned abalone).
Although pre-canning
treatments such as brining and
washing can affect the final
vield, the greatest improvements
in vield undoubtedly come from
reducing the time and
temperature ot thermal
processing. However the danger
in reducing these is that they
then may not be enough to kill
all comaminating bacteria,
particularly the heat-resistant
spores of Clostridium botulinum,
Should these spores survive the
canning process they could
produce lethal toxin without any
overt signs of spoilage to alert

the canner, retailer or vonsumer.

Good commercial practice,
based on years of experience,
dictates that the probability of
even one spore surviving in a can
must be made less than one in a
million-million. These are long
odds, certainly, vet realistic when
public health and processor
bankruptcy are at stake.

This safety level is achieved by
designing a thermal process
sufficient to guarantee that every
part of the canned product has
received the equivalent of at least
2.8 minutes® heating at 121.1°C,
This time and temperature
combination are referred to as -~
giving an “Fy value® of 2.8
minutes, or a ‘botulinum cook'.

At RMIT we have duplicated
typical Australian processing
schedules and have studied the
influence of fill weights and
processing temperatures and
processing times on actual Fy
values for canned abalone.

In some instances cans were
underfilled so that the final
drained weights would be less
than the required 225 ¢ of
abalone meat in each 430 g can.
Other cans were overfilled, as

This table shows the effect of process temperature, time and fill weight (the
weight of abalone meat in each can) on the so-called ‘Fo value®, a measure of
destruction of bacteria. A figure below 2.8 (minutes) is not acceptable,

Theoretical
Process Can fill Actual Fg value for
temperatire Process time weight Fo value ‘worsi case’
(°C) (minutes) (e) (minutes) {minutes)
115.6 40 333 0.5 0.5
115.6 40 113 1.1 —_
118 40 315 3 0.7
118 40 325 31 —
121.1 40 338 1.3 1.42
121.1 40 270 4.2 —
121.1 60 272 9.4 10.42

a. In cases where theoretical ‘worst case’ values exceed the actual values, the difference can be
attributed to the difference between methods of cateulation.,
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could happen in a cannery where
large abalone were being used.
In the table are summarised
the provessing variables used and
the Fg values computed directly.
Also included are theoretical Fy
~values for *worst case’
conditions, bascd on parameters
derived in these experimients.:
These theoretical figures
indicate the Fy values that could

be expected with high fill weights

and initial temperatures of 35°C.
Several points emerge:

e processing for 40 minutes at
115.6°C was not sufficient 1o
produce the minimum Fg value
(2.8 minutes) required and
canned product processed at this
time and temperature would not
be accepted as safe from C.
boruldinum;

e provessing at 118° and

121.1°C produced the required

_ Fp value in all but one can, a
can packed with 335 ¢ of
abalone, not an unrealistic
amount given the solid packing
that sometimes occurs;

e assurance of process
adeguacy is only possible if can
{ill weights are strictly controlled,
and this might need size-grading
and use of some abalone
portions (rather than whole
abalonce only);

e the heating characteristics of
canned abalone indicate that heat
transfer is by conduction, which
makes product fill temperatures
critical if marginal processes are
to be used; and

e theoretical *worst case’ F
vatues highlight the dangers in
striving for inereased yields
through reductions in process
severity.

It can be concluded that strict
adherence to sound thermal
processing schedules is essential
if consumer safety is to be
guaranteed. A risk-benefit
analysis would surely indicate
that it is more prudent to accept
a small drop in vields rather than
a total loss in sales through
failure in the market place. &

information

THE vanning ot abalone

the Australian fish-processing
industry.

Currently it is based on the
resources of this molluse in
coastal waters along southern

taken in South Ausiralia s
exporied frozen.)

n 1980-81 was 1 S tonnes,
almost all of it sent (o Astan

Hong Kong). At present there
are five abalone canneries in
Australia.

A useful summary of
imvestizations into abalone

“Abalone — an eseteric foad’,
written by 1 Olley and S 5

reprosents an illlf‘(‘l’hl(ll sector of

New South Wales, Victoria and
Tasmania. (Most of the abalone

Production of canned abalone

markets (particularly Japan and

canning is provided by the paper

Canning abalone — background

Thrower and published in
Advances in Food Research, Vol
23,1977, This paper draws on
work on abalone canning carried
out by Dr Ofley at the CSIRO
Division of Food Research
Laboratory in Hobart.

An carlier description of
abalone canning is available in
the article ‘Processing and
canning abalone® by W, A,
Montgomery in Ausrralian
Fishcries Newsletier, June 1966.

A description of quality
requirenients in canned abalone
is given in the circular
*Australian Export Standard tor
Caunecd Abalone’ (Exporis Fish
Circudar 140, 1979), available
from the Fisheries Division,
Department ol Primary Industry.
Canberra, ACT 26, — Peter
Davis, DPI.
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" GROUP OF COMPANIES

WESTERN AUSTRALIA

Fremantie — Tropical Traders. 39 Queen
Victoria Street, Fremantie, 6160
Phone {09) 335 3291. Telex 92986
Geraldton — Taylor Marine. Fisherman’s
Whart. West End, Geraldion, 6530.
Phone {099) 21 1714

NORTHERN TERRITORY
Darwin — Taylor Marine. 1 Carey Streetl.

Darwin. 5790. Phone (089} 81 5500
Telex 85164

QUEENSLAND
East Brishane — Taylor Marine,
157-161 Wellington Road.
East Brisbane. 4169.
Phone {07) 391 5044, Telex 42375
Townsville — Taylor Marine,
7 Pa'mer Street, Townsville, 4810.
Phone {077) 72 3866. Telex 47059
Cairmns — Taylor Marine, 72 Spence Stree!
Caims 4870 Phone (070) 51 5811,
Telex 48043
SOUTH AUSTRALIA
Port Adelaide — Taylcr Marine,
15 N e Sreet, Fort Adela.Je. 5015
Frore 081 27 €744 Telex BESG2
Port Lincoln — Taylor Marine,
Porer Steet. Pont Lincoln. 5606.
Phone (0861 B2 2204. Teiex B0416
M. Gambier ~ Taylor Manine.
2 He'en Street. Mt. Gambier, 5290.
hone (0871 25 2350. Tetex 80084 -

VICTORIA
Portiand ~— Tayior Marine. Foreshore,
Portia~Z. 3305. Phone {055) 23 3155
Tetex 55813
Malbourne — J.N. Taylor § Co Lid
27¢ B.¥ Road. Sandnngham. 3191.
Phore 031 588 5738. Tetex 39102
Geelong Ares — Leetronics.
Scuth Geelong. 3220
Prione (052} 21 262
Carrum & San Remo Area — J J T Systems.
Yhae-s Cove Marna. Carrum, 3197
& San Remp 3325 Phone (031772 3772
Telex 37513
Lakes Entrance Ares — Peninsula Marine
Technice Senices. Hastings. 3915
P-ane .059) B3 8937: 79 1975
Port Welshpoot Ares —
Telstat Co——unications, Bayswater. 3153.

1
P

Prore iC3) 720 3355
TASMANIA

Launceston — J & T Gunn Genders,
tancestor Y250 Phoae (003} 32 9243
Te'ex 56847,

ELECTRONICS PTY. LTD.
NEW SOUTH WALES

Greenwich Marine —
9 k1 S Le chharg!, NSW. 2040,
“ewechone (02} 692 0055
Teex 26827 SCG ME
Bellina — C & B Electroncs.
Lot & Nim- Creex Road Batina
Pone CEE6) 85 3818
Maclean — Tra~scor 29 Rver Street.
Mz~ez- P~ooe (CEE) 45 2777
Colfs Harbour — Peler Gocdde~ Pty Lid .
S Kz e Cofs Hamour
P CBE, 52 4820
Kempsey — i3~z § Ma e Communications
€ 5 Bagrz.e Streel KeTpsey
Prorz :OEE) B2 B033
Eden — Eoen Electro~ s
Frmces i zmazy. Paestne Via Eden.
prore 0642, 6 1760




Aopendix 9.

Maximising customer satisfaction
and product yield — an attainable
goal for abalone canners

SAFETY is an important con-
sideration for abalone canners. In
fact consumer safety is rhe most
important factor in canning
abalone, and a previous article in
Ausiralian  Fisheries  (February)
examined factors affecting the
safety of canned abalone and
identified the minimum process-
ing requirements.

However canners’ problems are
not confined to matters of safety
— fluctuations in market price
and increased competition also
threaten the valuable export trade.
(It earned $20 million in 1980-81.)

To survive, abalone canners
must balance the need for safety
against sepnsory requirements (af-
fected by texture, flavour and col-
our) and satisfactory yields. At
around $23 a kg (drained weight)
it is important that:

e the product conforms to con-
suniers” expectations; and

e vields are maximised.

Work in the Food Technology
Unit of Roval Melbourne Institute
of Technology (under a Fishing
Industry Research Trust Account
grant) has identified critical fac-
tors influencing consumer accep-
tance of Australian abalone and
related these to yields of the can-
ned product.

Rather than conduct our
research in the export markets of
Japan, Hong Kong and Singapore
we opted for the considerably
cheaper alternative of locating a
target population closer to home.

We surveved restaurants in
Melbourne's Chinatown and
questioned 90 Asian respondents,
all chosen because they ate canned
abalone at least once a month.
Qur selected panelists had product
fanuliarity and would know what
to expect of canned abalone,

AN}
R4

Abalone canners can produce a
safe yet siightly-processed product
that will both satisfy customers
and maximise yield, according to
food technologists Darian Warne
and Nick Brown.

DID YOU THINA THE SECONT FRODUCT TESTED WAS

BETTER THAN OR
EQCL TO R
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YOUR LRUAL BRAND OF CANNTD ABALONE?
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whereas the average Caucasian
would be of littie help.
Respondents were asked to rate
the texture of product cooked for
eithier 40 minutes at 118°C (mild

processing) or 60 minutes at
121.1°C (severe processing). Us-
ing a seven-point scale (extremely
tender = 1; extremely tough = 7)
the mildly-processed product was
found significantly tougher than
the severelv-processed variety.

Further questioning revealed
that when compared with their
usual brand significantly more
people preferred the tougher pro-
duct.

We then related preferred tex-
tual characteristics to instrumen-
tal measurements of the same at-
tribute and developed a scale that
allows prediction of consumer
response 1o the texture of all
grades of canned abalone —
without expensive and time-
CONSUMing SUrveys.

Of direct financial importance
to canners is the yield after ther-
mal processing. It was shown that
the severe process caused a 12 per
cent greater loss on cooking
(retorting) than the mild process.
This means mild processing not
only produces a preferred texture
but also offers potential savings of
$700 a tonne (fresh weight) for the
canned product.

Qur conclusions are, that by
carefully manipulating process
severity:

e an abalone canner may pro-
duce to a textural specification
matched to the requirements of

his discerning Asian con-
sumers; and
e substantial savings can be

made if overprocessing is
avoided — and this need not
jeopardise consumer safety.

In the canned abalone market,
where the competition is strong
and the returns high, it makes
good sense to identify consumer
preferences. And what processor
wouldn’t be pleased to know that
he can increase profitability while
meeting those consumer
preferences?

Further information is available
from the authors by writing to
them at the Food Technology
Unit, Department of Applied
Chemistry, Roval Melbourne In-
stitute of Technology., GPO Box
2476V, Melbourne, Vie. 3001, or
telephoning (03) 345 2822,

Anstralian Fisherics, January. 1983
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Povendix 10.

QUALITY CONTROL

Cann

ing quality and product safety:

The case for vigilance before and after processing

Under a research grant from the Australian Federal Government’'s Fishing
Industry Research Trust Account (FIRTA), the Food Technology Unit at Royal
Melbourne Institute of Technology (RMIT) has evaluated thermal processing
and qguality control procedures in a number of Australian fish export canneries.

by Darian Warne and Daniel Capaul

In each cannery reviewed, the research team studied criti-
cal functions of the canning process — from the receipt of
raw materials through preparation, filling, sealing, retort-
ing. cooling and storage. Using Critical Control Point ana-

~lysis, process flow diagrams were prepared and submitted

to the manufacturer. In some cases, recommendations for
improvements were made while in others new canning
processes were developed. Although the work is scheduled
to be completed by December 1983, key findings can be
summarized as follows:

Underprocessing and spoilage
with canned scallops

One manufacturer. having adopted a thermal process
that proved inadequate for shelf stability. isolated blown
cans amongst finished stock: the problem was caused by
underprocessing. It is accepted that low acid (pH > 4.5)
canned foods must receive a total thermal process lethality
that is at least equivalent in sterilising effect to 2.8 minutes
at 121.1°C. By convention, this is designated as F, > 28
min. Trials in the Food Technology Unit demonstrated that
the manufacturers’ scheduled process produced an F, of 1
min; for potentially lethal bacterial spores of Clostridium
botulinum , this corresponds to a survival rate of approxi-
mately one thousand million times the maximum recom-

" mended. There being no assurance that Closiridium boru-

linum spores were not contaminating the raw material it
was fortunate that the microbial spoilers did not cause an
outbreak of food poisoning.

The process schedule has been amended to deliver the
required F, value, but as the increase in thermal processing
severity has decreased vields and led to unacceptable
softening, the manufacturer is now developing an acidified
pack. With the new formulation in which the acidity of the
brine prevents growth of Clostridium borulinum. a pasteu-
rization process will be sufficient for commercial sterility
and the mild heat will limit textural damage and weight
loss.

Canned abalone

Abalone canning in Australia is an attractive proposition
— at least the management of three canneries which have
been recently commissioned think so: and when consumer
demand pushes prices to $23/kg (drained weight), it is easy
to understand their logic. Despite the rewards. the task of
canning is difficult. Trials at RMIT and with several aba-
lone canneries have demonstrated that thermal processing
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severity affects both the safety and the weight loss of the
finished product. Table 1 summarizes our resulis showing
the process times at different retorting temperatures re-
quired to give the contents of every can the minimum F,
value of 2.8 min. Table 2 shows the effect of increasing
thermal process severity on the yield of the canned
product. The dilemma facing the canner, that of sacrificing
yield in order to protect consumer safety, is heightened,
as shown by market surveys (see INFOFISH Market-
ing Digest/September 1982, No. 5-p.8). Asian consumers
prefer the unique chewy characteristic of abalone that has
undergone relatively mild processing. But there can be no
choice in this matter — consumer safety must come first.
However, by adopting a strictly regimented thermal pro-
cessing schedule, safety requirements can be fulfilled while
vields and textural characteristics are optimised.

Canned tuna v
As those familiar with fish canneries understand, no two

production lines are the same, and what makes sense inone
factory may be inappropriate in another. As a registered
(but small) food factory, the RMIT Food Technology Unit
has been processing canned tuna for several years, and as a
result has built up a substantial data base on the thermal
properties of canned tuna. While working in one commer-
cial cannery, we found that processing temperatures and
times employed in the plant were significantly greater than
those used elsewhere. Detailed analyses of temperature-
time plots taken from cans in the commercial retorts and
later replicated in our pilot plant showed that the F,value
for the scheduled process was approximately seven times the
usual target for industry. Although we acknowledge that
the process was more than sufficient to kill any harmful
bacterial spores present, we concluded that a process
reducing the probabitity of Clostridium botulinum spore
survival to approximately one in 10% was excessive. In this
instance. there were several reasons for reducing process-
ing severity:
— the texture of product was suffering as a result of over-

processing
— flesh browning was occurring at the surface of the pack
— throughput could be increased when processing time

wasreduced
— unit costs would be reduced as steam and labour re-

quirements fell

As a result of these trials, it was possible to recommend a
reduction in processing time of 32 without risk of any
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significant effect on the safety of the finished product.
Work with other can sizes is proceeding and similar savings
in processing times are anticipated.

Canned Alaskan pink and red salmon
Reports compiled by the Public Health Laboratory
Service (PHLS) of the Communicable Disease Surveil-
lance Centre in London attributed the recent fatal botulism
ase in Belgium to consumption regulatory authorities and
consumers around the world. On 16 February 1982,
ten days after a Belgian, Eric Mathay, died from botulism,
the Department of Health and Social Security in Great
Britain announced a recall of all 220g cans of US salmon.
On 17 February, the manufacturer, identified by the sus-
pect can’s code, ordered a world wide recall. The following
day, the United States Food and Drug Administration
issued a nation wide recall of several million cans of
Alaskan pink salmon. Australian authorities having ini-
tially ordered a restricted recall on 19 February, enlarged
this on 12 March, to a total recall of all brands of canned
salmon from the United States. As suspect stock was re-
called, analytical laboratories were
faced with the task of assessing the
safety from botulism of approxi-
mately 50 million cans from eight

performed and the gross weight and manufacturing code of
each can recorded.

Can ends were cleaned with 70 ethanol and then
flamed. Each can was opened in a laminar tflow cabinet
using a sterile bacti-disc cutter. Adfter noting the appear-
ance and odour of the product, a portion (2-3g) was
removed from each can and innoculated into a tube (13mm
1. D.) containing cooked meat medium (13 m}) to which
‘had been added glucose (0.5 w/v). After incubation for 3
days at 33-37°C, the tubes were inspected for turbidity and/
or gas.

The product was aseptically removed from cans and
placed in a sterile stomacher bag trom which samples were
taken for pH determination. After removal ot all product,
the cans were washed in warm water and detergent, boiled
for one hour in clean water, drained and then dried for one
hour at 60 °C. Cleaned containers were clamped in a leak-
test rig in which flat rubber metal plates were adjusted to
hold the cans across the tops of their double seams without
distorting the can ends. Each can was subjected to an

internal pressure of 170 kPa for at least two minutes by
f

Table 3: Summary of manufacturing codes, numbers of cans examined,
flesh pH’s and gross weights of canned pink and red salmon

Alaskan canneries. The International Manufacturing ~ Number  Product pH Gross weight
Commission on Microbiological code(s) of cans type* Mean Re;nf;e Mean Range
e (9) q
Specifications for Foods (ICMFS)
had previously reflected on the HD 148 Q718T 10 P 6.12 5.95~6.20 276 267 -289
e . HK 13C PB18L 10 P 6.20 6.10-6.35 279 270-293
lifficulty of such a procedure whenit — p 3cNg18 10 P 618  610-6.25 279 270-290
noted “... if present Clostridium botu- HU 13AV718 10 P 6.18 6.10-6.30 279 271-286
Il'n”m would be expected to occur, at HS 14C L818 10 P 6.14 6.00-6.25 278 270*231
. PGM 3G032 10 P 6.23 6.10~6.30 277 270-281
such low frequency that no concelv- s
; B 1663 RB1 3 A 6.32 6.25-6.40 278 274-282
n .
able sampling plan would be adeqlf‘ate B 1705 R81 4 R 6.25 6.20-6.35 274 269279
as a direct measure of its presence.” B 1713 R81 3 R 6.37 6.20—6.50 278 269-291
‘Safety can only be assessed in- P 1854 RB1K 4 R 6.38 6.15-6.60 280 275-287
directly when criteria other than the P 1902 RB1K 3 R 6.27 6.20-6.30 286 282-288
presence of Clostridium botulinum P 1903 R81K 3 R 6.38 6.30-6.55 283 278-287
- are used. The following is a summary R 1705278 10 R 6.35 6.20~6.50 230 274-284
of the results of analysis of one SD 1786221 2 R 6.40 6.40- 275 269 -275
hundred and twenty cans. (220 g) of SD 1A H6231 3 R 6.35 6.25~6.40 277 274281
Alaskan s : e SD 10A C6292 2 A 6.43 6.30-6.55 270 259-280
p almon which were with SD 10C D6292 2 R 632  6.15-650 281 279-282
rawn from sale by the Australian SD 10C 66252 2 R 6.35 6.30~6.40 283 282 -283
Department of Health in March 1982. SD 10M G6251 2 R 6.30 6.20~6.40 279 275282
SD 10V A7062 2 R 6.40 6.30~6.50 276 267 - 284
ials and m SKI 06 A6265 2 R 6.45 6.40-6.50 27 268 - 274
Mafter Is and methods . SK) 07 D6275 2 A 6.40 6.30-6.50 276 274 -277
Sixty cans (84 X 46.5 mm) of pink  ski HA6174 2 R 640  6.30-6.45 273 272 273
salmon and sixty cans (84 X 46.5 mm) SKI HA6175 2 R 6.40 6.40 - 280 276284
: SKI TD6195 2 R 6.40 6.40 - 275 272 278
of red salmon were received from the SKI Vv H6254 3 R 6.35 6.30-6.40 279 276- 282
importer and inspected externally for SKI  VH6255 2 R 6.43 6.40~6.45 276 275-278

signs of poor seam formation, damage

* Pink sal =0,
and leakage. Tap vacuum tests were alman =0
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introducing compressed air through the can end opening

and an inlet i one end of the clamping apparatus. Pres- -

suriscd cans were held under water and examined for the
continuous cmission of bubbles indicative of double seam
leakage.

In order to evaluate the formation of the double seams,
the canner’s and the can maker’s ends were stripped and
the pereentage overlaps calculated 15mm either side of,
and diagonally opposite. the side seams.

Results

All cany cxamined appeared sound with satisfactory
vacuums and seam formation. There was no detectable
double or side seam damage and no evidence of leakage. It
was observed that some cans were sufficiently scored in the
sidewall to cut through the external lacquer; however, in no
case was the can wall perforated.

The absence of gas turbidity in the cooked meat medium
in all but one wibe suggests that viable organisms were not
presentin these cans, The exception, in which turbidity was
observed, revealed numerous cocel on staining and was
presumed 1o have resulted from contamination during
mnoculation as the product showed no signs of microbial
activity and the can from which it came was sound.

In Table 3 are summarised the manufacturing codes,
number of cans within cach code and average flesh pH's
and gross weights for all cans received. The uniformity of
pH and gross weight for both pink and red salmon coupled

- with the acceptable characteristic odour and appearance

of all samples indicated there had been no microbial
deterioration in, nor leakage from. any can.

Tuble 4 gives summaries of double seam analvses for
pink and red salmon cans. These data indicate that the
minimum pereentage overlaps tor all pink salmon can ends
were within the guidelines required by good manufacturing

“practice (i.¢. > 45¢¢). Of the red salmon can. eight canner’s

ends and four can maker’s ends displaved overlaps less than
437 however, neither these cans nor any others tested
leaked under pressure testing at 170 kPa.

We inter trom the lack of microbial growth in the cans,
the failure o isolate viable organisins and the satisfactory
leak test pertormancee that all cans examined were commer-
cially sterile, This finding offers little comtort if it is sus-
pected that the incidence of potentially tatal product failure
i too low for detection by sampling. The Belgian outbreak
s belicved o have resulted from post-processing conta-
mination in which bactertal entry was through a small side-
wall defect formed during can fabrication. Evidently. the
damage caused by can reforming equipment occurred more
than once as the Food and Drug Adnnnistration isotated 30
defective cans mits examination of recalled stock.
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Critical control point analysis
for fish canning

There are two classes of risk in fish canning:

e Commercial risks — associated with poor
product quality, low yields and excessive
manufacturing costs arising from incorrect
processing conditions.

e Public health risks — associated with under-
processing or posi processing centamination.

We believe the most effective way for these risks
to be reduced to an acceptable level is for can-
ning operations to be defined by process flow
diagrams that identify all critical control points:

Raw material quality

Temperature

Filling weight temperature

Container size and function

Processing temperature-time (F. values)

Cooling water chiorination

Line damage records
Transports and storage conditions

At each critical control point, the manufacturer
must establish a three component system that:
e Monitors
@ Recordsand
e Controls

Only then can end product quality be assured.

Sample testing not sufficiently reliable

These analyses have confirmed the commercial sterility
of the 120 samples examined but they do not imply that all
eight mithion cans held in Australia were safe from botu-
lism. Product safety and consumer protection is best
assured by stringent manufacturing and recording systems
which monitor well designed and correctly executed ther-
mal process schedules, Even these by themselves are in-
sufficient — as this last botulism outbreak demonstrated,
post-processing contamination must also be prevented if
fatal accidents are not to be repeated. Sampling cannot be
rehed upon to detect aceidents which in a chance sequence
of events cause manufacture of an unsafe product. This is
why we recommend critical control point analysis. ®

Darian Warne is senior lecturer at the Food Technology Unit, Royal
Melbourne Institute of Technology (RAMIT). Daniel Capaul, currently
with Quaker Products. Sunshine Road. Footscray. Melbourne. was
previously an undergraduate with the Food Science and Technology
at RMIT.
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Pppendix 11,
PROCESSING

Abalone cannino

Factors

sensory qualily, product safety and profitability are three key requirements necess-
ary for the successful manufacturing of canned abalone. While the interdependence
of these criteria has made it somewhat difficult for manufacturers io fulfil them, the
fact still remains that product safety must override all other considerations.

by Darian Warne and Nick Brown

ustralia lands more abalone than anv
vther country, and since 1978 has ac-
counted for over 367 by weight of the
total catch in major producing countries.
The other major fisheries are Japan and
Mexico: however. the significance of
Chilean loco (Concholepas concholepas)
as a cheaper alternative has grown so
that now. in terms of in-shell tonnage. it
matches total annual landings of aba-
lone. In August 1982, Australia intro-
duced production quotas to combat
over-supply and to stabilise the market.
This has had the desired effect on the
catch, which over the first twelve months
. fell 129 by weight and 25% (AS 7 mil-
lion) by value. However, despite the
diminished harvest. abalone canners
appear not to have been affected as their
exports rose 477 by weight, and earn-
ings showed a healthy 34%% increase.
Australian canned abalone exports over
the five years to 1982-83 indicated that

an, Hong Kong and Singapore con-
tinued as major customers. accounting
for about 85% of the canned abalone
exports.

There are eight Australian export re-
gistered canneries sharing a market,
which in 1982-83 earned AS 22 million;
in 1978-79, there were only four can-
neries which earned AS 7 million. Over
a period of five vears, the annual ton-
nage exported had grown by more than
60% while earnings increased by 2000%.
Expansion of this magnitude indicates
fhat Asian consumers are not deterred
by price alone, provided that the follow-
ing criteria are met:

& The product matches consumer expec-
tations of quality.

© The product is safe to eat.

® The selling price is competitive.
Successful  manufacturers must not

only fulfil these market-oriented require-

ments; they must also operate profitably.
Research and development have reveal-
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Export of canned abatone trom Australia
Japan Hong Kong usa Singapore Othars Totsd

Yeoer Quenthy  Valuo |Guantity Valua Quantity  Velus [Quantity  Value Quanthy  Vetuwe Cuanatlty  Vele
(M7} {AS1000)| (WT) (AS1000)] (MT) (AS1030)} (mm) (AS1000)| (MT)  (AS1000)| (MT) (A$1000)

1978 - T 51 324 313 2022 95 S0 » 531 o8 845 1R 745
1979 - 80 580 4664 451 3833 136 1128 221 1730 ee 1037 § 457 12 192
1930 - Bt 807 5 Q84 560 6 222 220 2EX 285 2993 115 LI R 1767 19 826
1831 - B2 52 6755 Rt 4761 BS 1109 132 228y B8 116 1200 16 197
1952 - 83 571 7175 533 6255 186 2232 47 4472 89 1048 V795 21 682

ed the interdependence of these criteria:
however, in some cases pursuit of one
objective has proved detrimental to the
attainment of others.

Consumer expectations of
quality: Texture
To the uninitiated. canned abalone is

frequently  perceived as having a
“rubber-like™  texture and “slightly

saline™ flavour — hardly the SENSoTY al-
tributes that might be expected to justify
the selling price. Nevertheless, these.are
just the quality characteristics without
which sales would be lost. Given the
brief to develop a shelf-stable canned
abalone product, we were faced with
locating a target test market. Not sur-
prisinglv. we found that only  Asian
panelists possessed the product familiar-
ity necessary to comment on sensory
quality. The results of a preliminary sur-
vey in this table quite clearly showed the
risks of asking Caucasians about the sub-

tleties of abalone texture and flavour. It .

was apparent that future taste panel
evaluations should be restricted to Asian
consumers.

Having identified the appropriate test
market, 90 panelists were asked to com-

ment on the texture of canned abalone
processed at  different time - tempe-
rature conditions. The results showed
that sensory assessment of toughness
mirrored instrumental measurements, It
was also found that consumers indicated
a preference for the tougher abalone
coming front the less severe process. By
establishing 2 mechanical technigue of
measuring a sensory characteristic, it was
possible to set objective limits defining
acceptable texture. In  practice, this
means that manufacturers can monitor
texture during production and be conti-
dent of maintaining product acceptabi-
lity.

Frequency of abalone consumption by
Asian and Cauceasian panelists*

Asian Caucaslan
(%) (%)
Never eat abalons 3 21
Rarely sat shalona 16 79
Occasglonally eat abalone 75 8
Often eat abslona 6 0

' The numbar of Asian and Caucasian panalists totalied

32 and 14, respectively.
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Fresh abaione received ar e factory readv o
Vhicking.

Appearance

Good quality canned abalone has a
creamy vellow appearance and the sur-
face is free of any localised discolora-
tion. On receipt of fresh abalone, it s
necessan o remove the pigment around
the “lip™. A simple cleaning technique
involves immersing the shucked abalone
for approvimately 30 ming in warm
(35-40°C) water containing salt (30 ¢ .
During this time, the molluses are genth
abraded cither by a foreed tumbling ac-
tion. namely rotating the holding tank
which is partiadly submerged in brine. ot
by stirmine the brine with paddles.
Usually, residual pigment can be re-
moved by hieht hand-serubbing with nad-
brushes or abrasne pads,

An alternative method of cleaning
o use A proteolvtic enzvme i addition
to. or in place of. salt. Enzvimic action i
arrested by submersion ina hvdreger
peroxide solution. Enzyvmic cleaning has
been found to be marginatly casier. In
the  trialh  conducted,  however. s
sreatest benetit was that the peronde
treatment bleached  the flesh. thereby
improving overall appearance.

Under certain circumstances, though
not well understood, a hue diseoloration
becomes apparent on parts of the pedal
sole. This s (hought to be related w
formation of a metallic compley and ¢
be contiotied by addition of citric acud
gabout 0 2% wv)y andor EDTA e
cthvlene  dianune  tetra acid
(=025 o the cleaning Thes
diccolotanion v, however. tegular
phenomenon and s theretore. aot
alwavs Somic packers oo
porate soduim metabisulphite i '.\‘-‘i
canting brne as this canaid good eotour
formation: howevers 3t i wed \\i:it
cautivn. Certam counines do net perait
s addiion (eheck impotting counin s
food addinve repulations), and o high
concent stons an unacceptable odour s
otten detevtable. Nonetheless, the

wmiportant factor affecting aecey

acetic
brine.
[ATSESERNY

needed.

oS

SO G M ANRRET NG T
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o

Abalone beinyg shucked amd rinsed - prior 1o
cleanng.

of canned abalone is selection of fresh
rav material combined with visual quali-
1 erading.

Flavour N

The flavour of canned  abalone s
subtle and not an attribute with which
we have L\}‘Lllnlknlkd in product deve-
lopment. Salt (20 ¢ 1) in the canning
brine has proved «fficient to enhance
the complex flavour profile. whereas
cven the slightest overdose of sulphite
was un.uupmNL Of the sensory cha-
racteristic. texture and appearance have
proved the most important,

Product safety

Fresh abatone flesh has o pH between
= and T4 and after handling and can-
ping this mav fall to 0.2-0.5. Unfor-
sunatelv, in this pH range and within the
mxnuumlh (air-tight) sealed can the
environment is suitable for growth of the
human pathogen. Closeidium: borudinum.
It is this bacterium which so dg\a\t.md
the canned sadmon industry in 1978 and
ON2 when iU was rupmNNL for the
death of three unsuspecting consumers
whoe had eaten contaminated product.

In both instances. Type E Closridium
sondinum had entered the  container
siter thermal processing, multiplied and
produced tonin. Type Eis tvpically asso-
cated with marine cnvironments. How-
cver. manufacturers are ill-adversed to
ignore the possibility of contamination
byothe mon heat resistant Types A and
B Closnidiiens mowedinion which, being of
errestrial origin, cannot be excluded
from normal microfiora likely to gain
entes into the processing plant. There is

hatle comfort in the assumption that heat
resistant spores of Types A and B Clos-

Jires bozdicen will, if ever. only be
contaminants of abalone and
therefore. be rapidiv killed by the
eratures i the can during sterihisa-
“Worst-case” anglyses project that
Jeep fisstie cuts, s might oceur Junng
Sucking, may amplant spores of Closri-
G hondhrow inte the previously
werile fesh. Under these conditions. the
which inherent heat
esistance are further protected by insu-

\

sevetal tres of

sarface
witl,
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Abalone Fisherman s Cooperative

\Iml: m packaging line wsed by Abalone Fisher-
mn's Cooperative for /mm/nlhnc — note the

stabifess sieel surtaces for casy cleaning and
cxeellent overhead lighting for operator comfort

abalone. "It is conceivable. therefore.
that a process sufficient to effect surface
sterilisation will be inadequate to pro-
vide the assurance of commercial steril-
tv at the thermal centre of the pack. Itis
against this scenario that strict attention
must be given to the application of
thermal  process  severe enough  to
destroy all types of Clostridiun bouuli-
riens present in the can.

1t is in response to the need for safety
through commercial  sterilisation that
Jow-acid food canners have adopted a
standard procedure for determining pro-
cess adequacy, Thermal processing sever-
ity is expressed by cumming the lethal
effects of all mm—tempcmture combinit-
tions experienced in the thermal centre
of the product during processing and
eqmmw these to the time requmd at

21.1°C for the product to receive an
cqm\ alent  sterilisation  effect.  The
svmbol used is F: value and the units are
minutes. According te good manufac-
turing practice. the minimum F: value
for low-acid canned foads preserved by
heat alone is 2.5 mins. (F: = 2.5 mins)
When this is achieved. and given reason-
able micrabial raw material quality. the
probability of spare survival for Clostri-
diunt bomdinum 15 less than one m a
billion. This means that the probability
of there being a survivor is sufficiently
remote as to be acceptable and this,
therefore. ought to be the minimum
standard for abatone canners. However.
the effect of thermal processing abalone
goes hevond public hcg Ith issues.

During retorting. shalone undergoes 4
Juat change

e There is a textural inversion caused by,
2 senderisation of the pedal sole and a
;:g}u aing of the myvofibrilla preteins

1 the base of the ‘.Ldmmr rnu,\clc

e There is weight loss as collagen in the
pedal sole 1s comerted into gel dine
winch into the cunning
‘1 \“\\r

nigaratss
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PROCEZSSING

EHect of thermal process treatment on
objective and sensory assessment of the
texture of canned abalone

Effect of thermal process conditions on
F, value, weight loss and puncture force
of canned abalong

Process conditions

Puncture Sensary

Time Retort temperature force® scoret
{min.) (c) ! 1kg)
H
!
0 118 - 283
20 1211 1 + 35 181
;
i

* Puncture ‘orce requred to porciue T T thick
sice cf abalone.

** Ninety Asian panebsts rating on 7 Doict category
sale: extremely tender = 1. exzemely 'ough = 7.

i

~ Process conditions | Aversge Punteiure

Fa weight .
i La=:}
Tme Retort value® loss can h(kg)
{min)) ‘temperature | (%)
, {0
Do 1155 L 05 123 213
40 13y o7 T RN
30 1219 R R 19.2 2
i
60 1211 j 104 291 176

i
: * P, vae cauialed on tworstcase” conditons taken
! from scowest heating of 24 cans.

| "* Puncture force required to puncture 1Cevm ek
{ shee ¢f acalone

Thus. as thermal provessing severity
(F- value) is increased. the preduct soft-
ness and vields fall — phenomena which
are undesirable to the consumer (who

efers a relativelv tough preduct) and
also to the processor {who wants to
maximise drained weights).

In the table above is shown the rela-
tion between F. value (calculated under
“worst-case” conditions). vield and tlesh
texture (measured objectineivy  for
abalone processed under four sets of
conditions.

Factors affecting F. values

Taking the safety aspects first. the
controlling factors that affect the rate of
heat penetration and hence the F- value
for the process include:

o Fill weight and abalone size — tight
packed cans heat more slowly than
loose fills.

@ Fill temperature — cold filled cans
take longer to reach lethal tempe-
ratures than do hot filled cans,

@ Retort temperature — the higher the
retort temperatures, the mare rapid
the sterilisation.

F- values were caleulated using heat
penetration characteristics found in the
slowest heating of 24 trial packs. The
values shown are. therefore. the theore-
tical “worst-case” values and would
apply had all cans exhibited the same
characteristics. In this sense., “worst-
ase” analysis. while pessimistic, allows

Effect of processing steps on yield during the
canning of abalone
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for preduction variables that may affect
the rate of heat penetration. Based on
these results, it is apparent that in order
to achieve the minimum recommended
F: value (2.5 mins.). manufacturers
should opt for conditions more severe
than 40 mins. at 121.1°C. However.
against this, canners must face the dis-
advantages of reduced vield and greater
textural softening. This is why it is not
possible  to  simultaneously  maximise
product safetv. consumer appeal and
profitability. Instead. abalone canners
are obliged to compromise their desire
for maximum product acceptability and
profitability, for under all conditions,
safeguarding against botulism is para-

mount. The latter can be assured
through application of an adequate
thermal process. This. however, does

not remove all dangers as evident in the
last two botulism outbreaks when fatal-
ities occurred because of post-process-
ing contamination by Clostridium hotul-
inum. It is because of the dangers of
post-processing contamination that good
manufacturing practice recommends the
use of chlorinated cooling water and the
prohibition of manual handling of wet
containers after cooling.

Other factors important to the safety
of canned seafoods have been briefly
discussed  in INFOFISH  Marketing
Digest, No. 333, pg 33-35.

Factors affecting yields

In the table above can be seen the pro-
nounced effect of increasing process
severity on vields. As F: values increase.
so too do losses. a point which is not
likelv to be missed by canners who, over
1982-83, enjoved high returns for their
product. Given these high returns, all
canned abalone manufacturers will be
Keen to minimise the losses associated
with cach processing step. In the figure
here are shown the effects of processing
stages on vields attained during trials in
the pilot plant. Losses prior to retorting
are difficult to avoid: however. the fol-
lowing techniques have been found by
others to be of benetit:

e Fresh abalone should be stored at a
temperature range of between 3 and
S°C. Lower  temperatures induce
anacrobic ghveolysis and acid produe-
tion which cause a drop i flesh pH
and increased losses on handling.

o Inciusion of phosphates i cleaning
brines. blanch waters and  canning
liquors have been investigated. We
have found the benefits to be mar-
ginal prior to. and inconsistent after,
canning. Theyv mayv also be unaccept-
able in some markets.

The most significant factor affecting
Josses after shucking is the thermal pro-
cessing severity, which is why manutae-
turers find it more profitable not fu over-
process their product. However. . the
benefits of potentially higher vields must
not be allowed to abscure the need for
an adequate thermal process in which
the F: value is appropriate against the
risks of botulism.

Factors affecting texture

There is a clear indication that as
processing severity increases. flesh firm-
ness decreases. The canner, therefore
faces the dilemma of having to manufac-
ture a safe product by employing an
adequate thermal process, while know-
ing that textural degradation may not be
desirable from a consumer's point of
view. However. as with the association
between vields and F: values, there is no
choice — product safety must override
all other considerations.

The final analysis

The task for abalone canners is one of
balancing the conflicting requirements of
fulfilling consumer expectations, manu-
facturing a safe product and operating
profitably in a highly competitive indus-
try. The solution is not simple as it com-
bines product formulation. canning tech-
nology and cost accounting. What is
needed is a strict process control system
that monitors production at the three
critical facets of production, namely:

e Sensory quality — colour, flavour and
texture. :

e Product safety — heat penetration
characteristics: Fe values.

@ Profitability — vields during and after
processing.

Only by effective in-process control
can manufacturers be sure they have op-
timised their process. B

Darian Warne is Senior Lecturer and Nick
Brown is Technical Officer in the Food Tech-
nology Unit of the Royal Melbourne Institute
of Technology, Australia.
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There is irony, therefore, in the importation of several
thousand tonnes of frozen hake from South Africa and South
America while gemfish (Rexea solandri} which could Hll the
same market niche, was not caught off the New South Wales
coust during 1981, due to poor prices thus leading to the closure
of the Eden Fishermens’ Co-operative (Bowerman 1981).

Mislabelling of fish species

There is irony also in the importation of ‘prawns’, kamaboko
‘crabs claws® and ‘scallops’ by a major Australian seafood
company. The products are reformed from a finfish, poliock
(Gadus pollachius) and Ravoured according to the desired copy.
The products are not of high quality compared with authentic
prawns, scatlops and crabs claws bul have been widely marketed
to an unsuspecting public. It is remarkable that during the same
period scallops (Pecten alba) were in glut (Anon. 1982) after the
Victorian  Fishing Industry Council had made a large
investment in promoting the authentic local product.

Not surprisingly, given the foregoing, fraudulent naming of
fish species is common in Australia. One species, the orange
roughy (Hoplosiethus atlanticus) also known for marketing
niceties as deep sea perch, has become a favoured import selling
in Australian supermarkets at up to $6.80/kg. They are caught
by Russian and NZ trawlers south of New Zealand and
processed in New Zealand and Singapore before importation
into Australia. The orange roughy was alleged (Anon, 1982) as
being substituted in the Australian retail system for the more
highly-priced john dory (Zeus faher), snapper (Chrysophrys
auratus) and barramundi (Lates calcarifer). A subsequent
survey of retail outlets in Melbourne revealed that of 52 samples
purchased only 13 (25%) were corrcctly labelled and that
orange roughy was, in fact, a common substitute for barramundi
and john dory (Sumner & Mealy 1982),

Preferences of Australian fish consumers

An example of Australian fish consumers' perception of quality
is the preference, particularly among Victorian consumers, for
flathcad. Over the period June 1980-August 1981 the rock
flathead (Platycephalus laevigatus) was found to attract a
much higher average price ($3.48/kg) than other flatheads such
as sand  fathead (P bassensisi and tiger Bathead
(Neoplatycephalus richardsoni} (average $2.07/kg). Taste

panels indicated that consumers could distinguish rock Rathead -

only 50% of the time (Table 4) and of those who could
distinguish it only 53% considered it preferable to other
flatheads (Table 5). Since objective quality criteria (Table 6)
showed little difference either in mean or range it is difficult to
account for this preference (Gorezyca & Sumner 1982).

- Perceptions of quality by Asian {ish consumers
Asian consumers, by contrast, are fastidious regarding- fish
quality, particularly when judging the unique characteristics of
the highly valued abalone (Notohaliotis ruber). Exports of
canncd marine products from Australia in 1980-81 were valued
at $21 million of which abalone comprised $20m;, major markets
being Japan, Hong Kong and Singapore. Asian consumers
expect high quality canned abalone and at $23/kg (drained
weight) Australian manufacturers are keen to supply. One
Australian abalone processor, attracted by a potential 40%
increase in earnings, contemplated changing rom freezing to
canning. To protect capital investment and be assured of a share
in a highly competitive market the processor considered it
essential to determine the quality characteristics required by
Asian consumers. A preliminary survey in which 93% of
Caucasian respondents indicated that they never or rarely ate
abalone and 81% of Asian respondents indicated they ate
abalone “occasionally’ or ‘often’, demonstrating that product
familiarity for test marketing was possibly only with Asian
respondents. A second survey of 90 Asian respondents from
Melbourne's Chinatown showed that $1% of the target proup
ate abalone at least once a week and 76% at least nnce a month.

Accordingly, a taste panel comprising 90 Asian consumers
who repularly ate abalone was asked 10 rate the texture of
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Table 3. Shelf life in grade 1 (‘good”) quality of thawed and
chilled fish fillets packaged in permeable film and held in ice

Thawed, chilled Chilled

fillets fillets

Species (days) (doys)
Flathcad 0® 8
Tarakihi (morwong) 0 5
Hake 0 -
Gemfish - 8

.

Table 4. Taste panel evaluation of rock flathead versus sand or
tiger Aathead

Number Na.of No. able to Significance

Panelists Tests differentinte
Untrained aduls 215 215 105(49%) P < 0.061
" children 43 43 19(44%) Mot
significant
Trained 19 88  59(67%) P < 0.001

Table 5. Preference of taste panelists for rock flathead versus
sand or tiger Aathead

Preference
Tiger flathead or
Panelists Rock fiathead sand flathead
Untrained adults 56 (53%) 49 (47%)
Trained adults 32 (54%) 27 (46%)

Table 6. Means of objective quality parameters of rock fiathead
versus sand or tiger flathead

Tiger or sand

Quality parameter Rock flathead flathead

Torry meter 12.2 13.6
(6-16)* (10-15)

K Value (%) 422 426
(15--85) (12-97)

Trimethylamine (mg/100g) 0.37 0.58

(0.03-2.8) (0.06-2.5)
Total Bacterial Count (No./g) 50 000 60 000
(5,000-140 000)  (50-200 000)
Total count of sulphide 2000 2000

producing bacteria (No./g) (<100-20000) (<<100-20000)

® Values in parentheses are minima and maxima

Table 7. Influence of thermal processing severity on texture of
canned abalone

Mean Instron

Thermal process Mean sensory score force (kg)
40 min.at 118°C 2.80* 2.30%*
60 min.at 121.1°C 1.81*% 1.55¢%

* Sensory scores significantly different (P < 0.0011
** Instron force significamtly different (P < 0.001)
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Figure |. Seven-point scale of toughness —- part of a sensory analysis by Asian
consumers

canned abalone processed either for 40 min at 118°C or for 60
min at 121.1°C. Using a seven point category scale (Fig. 1)
(extremely tender = 1, extremely tough = 7) and objective
texture readings from an Instron 1140 food testing machine, it
was clear that panelists and the machine could distinguish
significant (P << 0.001) textural differences in the two samples
(Table 7). Panelists rated the tougher product significantly
better than that from the more severs raais(pomin/ -1 > C) and
their usual brand (P < 0.01) confirming the market ac-
ceplability of the trial product, They demonstrated that Asian
consumers were sensitive lo changes in texture arising from
different thermal processing conditions (Warne & Brown 1982).

Important from the manufacturing viewpoint was the
significantly higher (P < 0.001) yield of 81.9% (on a drained
weight basis) for the milder process compared with 70.8% for
the more severe process. At 1982 prices a 10% increase in yield
corresponded to potential profit of $700 per tonne (fresh weight)
which for the Australian Industry as a whole would have
represented profits of $1.2 million per annum.

There is paradox in much of Australian fish marketing. On
the one hand a supermarket filleted fish trade is based firmly on
imported raw malerials of poor sensory quality in equilibrium
with a consuming public with little objective perception of
quality leading to a definition of the ideal fish fllet as ‘white,

skinless, boneless and . . . tasteless’. And on the other hand there
is a successful export trade in crustaccans and molluscs to
fastidious Asian consumers. Given the capability to supply both
ends of the quality spectrum is it impossible to hope that an
education program for local consumers might result in an
upward shift in quality expectations matched by a desire by
Australian fish marketers to conform?
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