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1. 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.

2. 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
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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 abaloney 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

significant 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 EMIT.

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 process 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.

2.3 New product development; canned abalone.

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

f.ish 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 Russell Crayfish Supply Ltd.

The objective of the programme was to determine the criteria

of major importance in selection of process variables

v/hich 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;

2.3.1 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 the tt? 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 F^ values and weight loss for

canned fresh abalone'.

Retorting time Minimum F^ value2 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 f,.== 36 min.

Frozen storage prior to thermal processing was found

to decrease f^ values for comparably sized abalone

and also reduce the yield after canning. The data in Table

2 reveal that freezing reduced f,^ values by around 40%.

This indicates that, while using frozen abalone stock,the

processing time at constant temperatures required to

achieve a target F^ of 2.8 min can be reduced by

approximately 30%, (cf 62 min at 115.6°C for fresh

abalone and 42 min at 115.6"C.for frozen abalone; when

j is constant at 1.3 and initial product tempera.ture=20"C) .

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 f^ values for fresh and frozen

Number of

abalone/can

Fresh

Frozen

Fresh

Frozen

2

2

3

3

abalone.

Drained fill

weight

1st.

260-325

285-329

279-321

291-312

Range of
weight for
abalone in
which
thermocouple
located

AsL

120-180

136-176

72-120

85-140

Maximum f,

value

(min)

36.0

21.0

31.0

18.8

Shown in Table 3 are the results of experiments

.0,
evaluating the effect of retorting time at 115.6^0 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

(minutes at 115.6°C)

Abalone/can Number of cans

processed

Average loss

on thermal

processing

Minimum ~Fo

value

(min)

45

45

50

50

60

2

3

2+

2

3

4

7

9

1

5

36.5 (2)'

37.7 (4)

40.1 (9)

40.0 (1)

41.5 (5)

3.5

4.7

7.4

a. Calculations based on j = 2.0

f,_= 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 loss.

\p
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2.3.2 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 F_ vaule was taken as one that would be

sufficient to reduce to an acceptably low le'vel, the

probality of survival of heat resistant spares of the

pathogenic bacterium Clostridium botulinym. According

to good manufacturing practice this corresponds to a

target F^ value of between 2.4 and 2.8 min.

Shown in Table 4 are the recommended minimum processing

times, at various retort temperatures, required to

deliver F_ 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 20 C.

The abalone used in generating the data shown in Table 4

were Blacklip (Haliotis ruber) taken from Victorian

waters and processed at EMIT. Trials conducted in a

commercial cannery using two Greenlip abalone

(Plaliotis laevigata) per can (seven replicate cans;

maximum fill weight 320g) also yielded a maximum f^ 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.

2.3.3 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 Fo ,_i..^ „.? o o ^.v.^

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

Number of abalone

per can

Maximum individual

abalone weight

(g)

Processing time at retort temperature

110°C 113°C 115.6°C 118°C 121.1°C

(min) (mln) (min) (min) (min)

2'

32

43

180

120

90

93

88

76

73

68

57

62

59

47

55

52

41

49

46

35

All 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 f,_=36 mins.

Slowest heating replicate of 24 cans, j=1.6 and f,_=31 mins.

Slowest heating replicate of 24 cans; j=1.4 and f^=24 mlns.
^
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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 118 c to 60 min at

121.1"C. 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.

Process conditions

Time

(min)

40

40

40

60

Retort

Temperature

(°C)

115.6

118.0

121.1

121.1

Number of

Measurements

54

65

32

32

Puncture

force

kg

2.13a

2.17a

2.11a

1.76

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 118°C 147 2.30# 0.07 2.8011 0.13

GOmin at 121.1°C 238 1.55# 0.03 1.811T 0.08

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

extremely tender = 1, extremely tough = 7.

# Hardness values significantly different

(Kruskal-Wallis, p 4 .001)

IT Sensory scores significantly different (Sign test, p<.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 to achieve

commercial sterility, ought not overprocess otherwise

textural softening will become excessive. Thus the ideal

thermal process will be one that delivers an adequate F,

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.

2.4 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 F

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 F^ 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 F^ value of the

scheduled process are summarised in Table 7. The

discrepancy in F^ 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

0

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 F^ value of 2.8 min, the minimum

acceptable for a pack of this nature.

It 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 F_ value to 0.4 min, but

were this process to be adopted the probability to

C^os_tr^-dium botulinym spares 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 F^ values obtained when processing 180 g (nominal, drained fill

weight) of scallops packed in 84 x 46.5 mm cans.

CAN RETORTING

NUMBER CONDITIONS

(min) (°C)

FILL INITIAL

WEIGHT TEMPERATURE

(g) (°C)

F value
0

GENERAL METHOD BULL'S METHOD

(min) (min)

•^

34 109

H II

11 II

179

179

181

18

18

18

0.7

0.9

0.9

0.8

1.0

1.0

33 110 179 24 1.5 1.4

It II 180 24 1.0 1.0

II II 179 24 1.1 1.5

1. 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 F^ values obtained when processing 180 g (nominal, drained

fill weight) of scallops packed in 84 x 46.5 mm cans for 60 min at

m°c.

in

CAN

NUMBER

FILL

WEIGHT

(g)

180

180

196

INITIAL

TEMPERATURE

(°C)

26

24

24.5

F_ value
0

GENERAL METHOD BULL'S METHOD

(min) (min)

3.6

3.5

2.8

3.1

3.6

3.0
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2.5 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 F^ value for

a process; which 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 nun containers. As F^

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 fill 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.
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Process F_ values were calculated (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

F^ 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 F,

value of 6 to 7 min , in order to be conservative a

modified target F^ 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 maximum t^ 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 F^ of lOmin was

calculated (via the 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 RMJT

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 f^ 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 F^ values^obtained for 425 g cans of tuna (chunk style in brine) packed'' in

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

co

Process

1

1

1

1

1

2

2

2

3

3

3

3

Can Number

1

2

3

4

b

1

2

3

1

2

3

4

F_ value

Heating

(min)

70.3

58.4

64.3

60.2

65.4

64.9

69.8

64.0

59.9

65.0

75.9

70.6

for each stage of

Delay3

(min)

7.5

7.5

7.5

7.5

7.5

5.0

5.0

5.0

7.5

7.5

7.5

7.5

processing

Cooling

(min)

0.2

2.9

3.1

3.0

3.1

3.1

4.5

4.5

4.6

3.0

2.0

5.0

Total F_ Value
0

(min)

78.0

68.8

74.9

70.7

76.0

73.0

79.3

73.5

72.0

75.5

85.4

83.1

4
Amended" F_ value

0

(min)

70.5

61.3

67.4

63.2

68.5

68.0

74.3

68.5

64.5

68.0

77.9

75.6

1. F^ values calculated by the General method.

2. Maximum specified fill weight = 280 g.

3. Delay prior to cooling, after completion of heating phase.

4. Amended F^ value reduced, by component arising from delay prior to cooling
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Table 10. Summary of f^ and j values obtained for chunk

style tuna, packed 310 g/can in 99 x 68.5 ram.

containers.

Can Number fi

(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 fill weight

was 280 a. indicated a maximum f,_ 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 F^ of 10 min). Thus it is apparent

that the increase in maximum fill weight from 280 to 310 g,

caused under worst-case conditions f, to increase from

38 to 47 min. The effect of this change on processing

time at various retort temperatures, given a constant

target F^ of 10 min, is shown in Table 11. These data

demonstrate that in order to deliver a constant target

F value of 10 min,a 30 g increase in pack weight (from

280 to 310 g) must be compensated for by increases of 22%

24% and 27% in processing time at 116°, 118° and 121.1°C,

.
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While these data were derived for conditions which may be

peculiar to one manufacturer, the magnitude of the change

in f^ 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 F_ value of 10 min for chunk style

tuna packed in 99 x 68.5 mm cans.

Retort temperature Process time

Fill weight 280 g1 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.

f^ = 38 min; j = 1.3; T = 20°C.

2. Slowest heating of 8 replicate cans.

f^ = 47 min; j = 1.8; T = 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 nun headspacey vacuum sealed (-80 kPa) using

a Heine series D sealing machine and retorted. Shown in

Table 12 are the f,_ and -i 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 F^ 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 F^ value was of the order of 10 min;

however the risks increase as manufacturers select as their

target, an F^ 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 f^ 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.

CS1
N

Drained fill weight

(g)

140

144

150

153

154

163

166

170

180

value f,_ value

(min)

Process time*

1.30

1.85

1.35

1.81

1.31

1.67

1.77

1.67

1.53

15.0

14.8

18.8

14.5

18.0

16.8

19.3

24.0

26.3

At 116°C

(min)

56.8

58.7

63.2

58.0

61.7

61.5

66.3

73.8

76.7

At 121.1°C

(min)

33.9

35.9

39.8

35.2

38.4

38.4

42.8

49.6

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.
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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.

2.6 Heat resistance of FRRB Bacillus stearothermophilus FS1518.

Procedures for evaluating the effect of sub-lethal processes

on bacterial spares were developed. The project research

assistant spent three days at C.S.I.R.O. Food Research

Laboratories, North Ryde with Dr. W.G. Murrell where

techniques for spare growth, harvesting and cleaning were

demonstrated. Early efforts to harvest spares 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 spares (culture supplied by C.S.I.R.O.) was produced

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

beef extract (0.3%), peptone (1%), MnS0^.4H^) (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.

Spares 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.



(^

25

2.6.2 Determination of the heat resistance parameters,

D value and Z value.

Survivor curves for the bacterial spares 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 Z 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, spare 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 spare 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 spare germination after

a sub-lethal process.
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1. 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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2. BACKGROUND

2.1 AIMS OF QUALITY ASSURANCE

To be able to assess the effectiveness and safety of canning

operations it is necessary to establish routine checks and measurements

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 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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3. PROCESS FLOW DIAGRAMS

3.1 Samples for proceys flow diagrams

0

0
D
v

Operation

Inspection

Transportation

Delay or temporary storage

Permanent or controlled storage

Combined operation and inspection

3.2 Preparation of scallops

DAY 1

0

v

^>

0

v

TASMANIA

Scallops are harvested from the sea

Stored aboard the vessel. Conditions of storage

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

Transported to the docks

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

Stored at 4 C overnight.



DAY 2

w

6a.m. Scallops leave Tasmania and are transported to

RUSSELL CRAYPISH. A process taking approximately

3 hrs.

0 Scallops are removed from the bags, washed and

placed into plastic boxes, containing water

Boxes are stored at 4 C, ready for distribution

^
<--

^)

Scallops are removed from the bags, washed and

allowed to drain on tables, = ls hr., ambient

temperature.

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.



3.2 Cnnnin}', Prucedurt'

7CCANS

/' cans are washed

Scallops (Preparation as in 3.2)

14^

Damaged cans are

rejected

r"^

^

0 Contents of rejected

cans are recycled *

Defective cans are

rejected

* CRITICAL CONTROL POINTS,

areas which must be monitored

by quality assurance programmes.

~M

^_-<4

Filled into cans, fill Wt-180g

Brine (3% salt solution) is cold

filled into cans to a head space of

5 mm

Cans are sealed

Cans are visually inspected, for defects

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 coolec

Stored for 10 days at ambient

temperature

Inspected for blown cans, labelled

and packed into boxes

Finished product stored
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•/i: DISCUSSION

4.I Preparation of Scallops

The procedure for the preparation of scallops used for canning

was straight-forward and short. The quality 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

CHECKED 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 is not critical

for safety, on the contrary limits of fill 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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4.2.2 FILLING - BRINE

CURRENT PRACTICE

Brine (3% salt solution) is cold filled, manually into cans to a

head space of 5 mm.

COMMENTS

Providing that each can has a head space of approximately 5 mm, the

filling procedure is not critical. However, it is still essential

to monitor the filling procedure as overfilled cans will contain

little or no vacuum. This will place stress on the seams during

heat processing.

Vacuum readings should be taken on the cans after seaming

at least once every three hours. These results should be recorded.

Quality control must also ensure that each can is filled with

brine, as no brine will influence the rate of heat penetration.
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4.2.3 DOUBLE SEAMING

CURRENT PRACTICE

Cans are automatically fed to the seamer via conveyor belts.

Once seamed, the cans are manually removed from the seamer and placed

into retorting baskets. Cans which show visual signs of damage

are rejected. Not all the cans coming from the seamer are inspected.

At no stage throughout the seaming process are tear down

examinations performed. Instead a representative of a can

manufacturer checks the seams twice weekly, making any adjustments

necessary to the seamer.

COMMENTS

CRITICAL CONTROL POINT; CAN SEAMS MUST BE REGULARLY CHECKED

AND RESULTS OF TEARDOWN AND VISUAL EXAMINATIONS MUST BE RECORDED.

SEAM OVERLAP MUST EXCEED 55%.

Seam analysis of hermetically sealed containers to be used for canning

scallops is critical to safe processing and requires constant surveillance.

Teardown examinations must be performed as part of routine control and results

must be recorded. It is unsatisfactory for the seam to be checked twice

weekly, as management will not know the condition of the double seams throughout

production.

The following must be performed to ensure that satisfactory double

seams are maintained;

1. At least one can from each seamer is to be inspected for visual defects

every 15 min. Observations are to be recorded. (See Appendix 5)

2. Teardown examinations of seams (Appendix 8) must be performed at inter-

vals not exceeding four production hours, every time the machine is shut

down and after adjustments have been made. Results of teardown examin-

ations must be recorded. (See Appendix 6).
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4.2.4 THERMAL PROCESSING

CURRENT PRACTICE

Canned scallops are processed for 30 min. at 230 F (110 C)

in a static front loading retort. The retort temperature is

indicated by a dial type thermometer located at the side of the

retort. The process time, temperature and production date

for each product is recorded in a log book.

Venting and come up times are neither specified nor

recorded.

COMMENTS

CRITICAL CONTROL POINTS; MANAGEMENT MUST ENSURE THAT THE

SCHEDULED PROCESS IS ADEQUATELY SPECIFIED AND CORRECTLY

DELIVERED. DETAILED THERMAL PROCESSING RECORDS MUST BE

KEPT.

The safety of canned scallops depends upon the adequacy of the thermal

process. Processing requirements are established during product development

and are based upon;

1. Container size and fill weight

2. Initial temperature

3. Expected type and level of bacterial contamination.

Heat penetration experiments were performed to establish the adequacy

of the existing scheduled process. It was calculated that for a given process

of 110 C for 30 min. the minimum Fo value obtained was .95. (see Appendix 1)

The lethality of this process is in the order of 2.5 times UNDER that required

for a 'botulinum cook' (Fo > 2.4). Hence the existing scheduled process is

UNSAFE and must be amended in order to establish a safe process.

Heat penetration work was subsequently performed on a recommended process

for scallops. (packed in 210g containers). This process, (111°C for 60 min.)

was shown to be adequate with lethality values exceeding that required for a

'botulinum cook' (See Appendix 2).

It Is essential that the severity of the existing thermal process be

increased to a safe level. A scheduled process of 60 min. at 111 C has been

shown to be adequate. A process of similar lethality MUST BE EMPLOYED FOR

FUTURE PROCESSING.

Management must also ensure that the scheduled process is correctly

delivered and that thermal processing records are kept. These records will

demonstrate that past and present processing operations have been correctly

performed. (See Appendix 7).
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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 12-1 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) Inability of the retort to pressure cool. (section 6.1.2 Circular 157)

COMMENTS

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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APPENDIX 1: Fo values obtained for the existing scheduled

process of 30 min. at 110"C.

\^0

CAN FILL INITIAL Fo VALUE (min. at 121.1°C)

NUMBER WEIGHT (g) TEMP.(°C) HEATING COOLING TOTAL

179 24 .93 .55 1.48

180 24 .67 .28 .95

179 24 .73 .39 1.12



APPENDIX 2: Fo values obtained for the recommended process

of 60 min. at 111°C.

^v

CAN FILL INITIAL Fo VALUE (min. at 121.1°C)

NUMBER WEIGHT (g) TEMP. (PC) HEATING COOLING TOTAL

180 26 3.16 .43 3.59

180 24 3.21 .32 3.53

196 24.5 2.46 .31 2.77



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 + 3.1 + 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 - .4 - .2

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.
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APPENDIX 5: Visual seam inspection record form.
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APPENDIX 6: Example of a form for recording

double seam measurements



DATE..

TIME

I Thickness

>aamar NO

E.T). licknass (B.T).

B.H

2(E.T)+1B.T s . E.T + B.T s.

End E.H B.H+E.H 'miff
*

Overlap
Accept ,/
R®jeet X Signed b]

^
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APPENDDC 7: Example of a daily process or

production record form



DATE CODE
Six® I N% LT

R
NO TIME TEMP

TIME

Steam
On

¥ant.
Closed 'Of

St® am
"6fT

Actual
process

time
Mcrcvry
in Gloss

Recordei
chcrt

by

g
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APPENDFX 9: Department of Primary Industry's Codes of

practice for canneries registered under the fish export

Regulations. Circular 157.



^9do

E-xuor+s (P:is]i) Uircyj-ar 157

Exports (Fish) Regulations

DPI CODE OF PRACTICE FOR THE THERMAL PROCESSING OF

LOW-ACTD CANNED SBAFOODS

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 consumers.

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
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 Practice 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 produced in this country. This Code of Practice is
technically consistent w-i.th the Draft Codex Alimentarius Code
and the draft Australicri Standard on processing equipment.

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, flexible or semi-rigid containers and
deals with the followin9 types of processing equipment:

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

(d) hydrostatic cookers
(e) retorts heated with air steam mixtures
(f) ascptic systems
(g) flame sterilizers
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2.

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 lot. 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 growin9 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 bo 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 micro'organ isms 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 allow continuous

throughput of containers.
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3.

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 required to achieve
at least commercial sterility in a given product in a given

container.

Thermal process (heat steri1ization 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 timinq 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 havinq expert know-
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-
iated with the canning industry.

4.2 Scheduled processes are based on the temperature
history of the slowest heatinq 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
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4.

to encounter during storage and distribution. Variations in
any of these factors may mak." the scheduled process inadequate

and the product may then spoil as a result of the growth of
microorganisms which survive the thermal process.

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-
lished 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 fc.o 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 equal
to or better than mercury-in-glass thermometers.

5.2 Hercury-in-glass thermometers should have divisions

that can be easily read to 0.5C and the scale should cover not
more than 5C deg per cm. - -

5.3 Thermometers should be tested for accuracy in steam

or water as appropriate under operational condifcions 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 necessary 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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5.

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 me-r<;ury-in-9lass thermometers. Thermometers which

do not meet these requirements should be replaced immediately.

5.5. Bulb sheaths of indicating theraometers 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 adequate
bleeder which gives a constant flow of steam past the length
of the thermometer bulb or probe. The bleeder for ey.ternal
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 indicatin9 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
least 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 sterilizin9 temperature.
The recording accuracy should be equal to or better than il.OC
deq at the sterilizing temperature. The recorder should agref
within l.OC deg with the indicating thermoaeter 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 gauqe should be checked for accuracy on installation and
at least once a year. The gauge should have a range from zero
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 tliat '3oes not impair its accuracy or sensitivity.

5.10 Each retort should be equipped with a steam controller
to maintain the retort temperature. This say be a recording-

controlling instrument when combined with a recording thermometer.
The controller should be capable of maintaining the retort temp-
erature within 1.00C of the scheduled processing temperature.
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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 corn-
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 £orm of a cross or coil
and again the pecforation should be directed so that they
give uniform distribution of 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 o£ 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.

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.
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6.1.8 Crates, trays, gondolas and divider plates for holding

containers of product should be so constructed that steam

can be circulated adequately among 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 a9ency 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 movin9
the cans. A means of preventing unauthorised speed changes
on retorts should be 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 air for circulating the water in the retort to ensure

even heating of all parts of the load. Alternatively an exter-
nal pumpin9 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 is maintained in the retort during
the process. The retort pressure should be 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.
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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 oE 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 warnin9 if the temperature
of the heating medium drops below that specified in the sched-
uled process. A means of preventin9 unauthorized speed
changes shall be provided.

6.4 Hydrostatic cookers.

6.4.1 The appropriats 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 i£ 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 Eonnation 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 oytlefc. The temperature o£ the stcam-air mixture should

be controlled by a recording temperature controller fitted

to the steam supply.
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6.6 Aseptic systems.

6.6.1 Aaeptic systems vary in construction and method

of operation to a marked extent so each type should be operated
according to tlie manufacturer's instructions. Essentially

the equipment 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
fillin9.

(c) the sterile product can be filled into the sterile

container which can then be sealed under aseptic
conditions.

The features of the equipment which are essential to

ensure that a s.afe 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, e.9. saturated steam, super-

heated steam or hot gases. In addition the conditions required
to sterilize the equipment 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

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
se ction.

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 6n 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 its 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 steri1ization 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 temperafcure 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-

ventinq 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 o£ the flames

(f) the temperature of the product as the cans leave the
flames and enfcer 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 THERMAL 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 wei9ht.

Minimum hoadspace.

Consistency of the product.

The-s-tyle of the product in instances where layering or

stratification of components in the containers affects
the rate of heat penetration during thermal processing.
Minimum closin9 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
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 operatin9 temperature.

7.6 Air or water circulation in water-filled retorts

should be continuous during the come-up, processin9, and cooling

periods. If air is used to promote circulation it should be
introduced ^into 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 operation

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 sterilizinq
systems, and the product filling and closing systems should
be brou9ht to a condition of commercial sterility.

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.
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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 In 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 If 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-PROCESSIMG OPERATIONS

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 seats 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 processed

containers should be kept clean, disinfected and dry. Where

it is not possible to maintain such equipment in a dry con-

ditioh, 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 load.

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 fche 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
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should be made of the evaluation procedures used, the results

obtained and the actions taken on the product involved.
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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 appropriafcely 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 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 I. SCOPE

These criteria define the characteristics of double
seams on tinplafce 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 hoqk. The body hook is that portion of the
double seam formed from the turned-back flange of the can body
(Fig. I). 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
seaming panel of the end. It 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 base of the chuck wall
radius (Fig. 2).

Cu_t_ov<?r. 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'.

Notes I. The presence of fractures can only be determined by
microscopic examination of properly prepared sections
of fche 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-adjusfcmenfc.
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 fche 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 seal
of the seam. During the first, seaming operation, the curled
edge of the end forms wrinkles around the circumference of the
partially Eormed double seam because the diameter of the end
flange is reduced. In 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.

"^^ •• ,1 0
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Seam panel radius

Seaming panel

Seaming wall radius

Body hook radius —.

Lining compound

Seaming wall

Body hook.

Secondary seat

End hook

Primary seal

End hook radius

Body wall

Chuck wall angle

Seem gap

Chuck watt

Chuck wall radius

Fig 1. Typical structure of a double seam
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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. If 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» (fcb) is the measured body plate thickness and

(te) is the measured end plate thickness of the
test can.

No_^es I. 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 0.13mm at any point of a corner may be
permitted. See also Section 6 b.

Hermetic^ seal. An hermetic seal is one which prevents
nucro-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.

Vol. 1/18
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Side seam

Droop at juncture

Fig 3. A droop at the juncture

END HOOK

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

Percentage body hook by^ Percentage body hook
butting 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.c) using che
following formulas

Percentage body hook butting = b. x 100
c

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

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

Percentage body hook butting = _____BH--—-^-1-t^-
sT—T7u-2te~T~tbT x

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.

Notes 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 ac'ditional 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 (Figs. ?
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 3(2).
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TABLE 1. PERCENTAGEJ30DY HOOK BUTTING
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T

Body plate

a = actual overlap

b = internal body hook length

•c = internal seam length

thickness tb

End plate thickness te

^
Fig 5. Double seam attributes

Fig 6. A typical graticule used for measuring percentage
body hook butting and percentage overlap with a
seam microscope
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7

nKI
\_/

Iĝ
^1

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

Spur or Droop

Fig. R 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:

Percentage overlap = a ^ \QQ
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 ^ ^
'^T~T7TT2Te~T~tbT x u

where, 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 pleab 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 pleak? the end hook at the cut edge is
locally distorted downwards without folding to form a pleat
(Fig. 8).
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TABLE 2. PERCENTAGE OVERLAP
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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.

Pressure ridge

Stripped seam
Full seam

Fig 10. Pressure ridge at a stripped and complete seam
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Seam length. c;earn 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 fche 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 fche eye;

b. the attributes;-
body hook length,
percentage overlap,
percentage body hook butting,
percentage tighfcness rating, and
percentage juncture rating,

comply with the specifications supplied by the can
manufacturer;

c. the pressure ridge shall be visible to the eye an<^
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.
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Notes The assessment of the compound depends to a large
extent on judgement and experience. In 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 QY 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.

Pe r cent age ov e rj-jag.

Round and non-round cans; 45% min.

^"r-centage body hook butting.

P.ound 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 carunaker.

b. Free 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 fchey are suitable for use. One of the
sampling plans described in Australian Standard AS U99-19'72n
"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 sblder 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 consigninent shall be retained for retest, or rejected, if
any can leaks.

The can manufacturer's seam should be examined

(Section 3 b, c and d) on five randomly selected cans. If 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 tesfc and seam

structure) the consignment may be re-inspected/retesfced. For
re-inspection or refcesting, 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 c) 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 fco verify the result. If
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. Notwifchsfcanding 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. Measuremenfcs shall be made:

(i) aboufc l5mm to the left of the side seam;
(ii) about 15mm to the right of the side seam; and

(iii) opposite the side seam.

Rectaj'igylar and square cans. Four measurements shall be taken

on the seam about lOmm from the tangent points (Fig. ID. 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 counfcersink is required, it shall
be made at the mid-point of each corner.
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Tan gen? point 1

5 110mmJ

V-'

^ i r
Tangent point 2

Tangent point

Tangent point

3 Tangent point

HOmml

FL...V.,.t, Tongent point is where the 'Straight
part ef the seom joins the curved

part of the seem.

Tangert point

Fig. II Typical points for assessing the double seam are
l» 1, 3, 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 counbersink is required, it shall be made at the
mid-point of fche nose and each corner.

b) Measuring-instruments.

Can seam micrometers shall be in good condition,
properly adjusted fco zero and shall have an accuracy of at
least t 0.01mm. Optical instruments shall allow measurements
of the seam components to be made to at least t 0.01mm.

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 microrneter (ball
anvil or pointed anvil) having an accuracy of i O.OOlmm shall
be used as the reference instrument in measuring free space.

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

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 iron. 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 become cadiused 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

fall into the low acid category (i.e. pH > 4.5) can support the growth

of a variety of microorganisms clostridium botuUmon, »ne such microorganism

is of great importance to fish canners because of its ability to produce

a lethal neuro toxin when growing in low acid canned foods.

As Clostr'idizm botulinion 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 level the probability

of there being viable c. botulinum spares in canned foods is referred

to as a 'botulinum cook".

The occurrence of C. botuHnum in abatone as part of its natural

microflora is highly unlikely. However, the probability that abalone

may become contaminated with spares of c. botuUnum 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 spares of C. botu'linw.

2.1 Fo VALUE

F values are a measure of the seventy 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 spares 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 1s 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 located

at the geometric centre of the container. With abalone the slowest

heating point will be in the centre of the largest 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.

1

3. QUALITY ASSURANCE

3.1 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 programne 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.



4. CRITICAL CONTROL POINTS

The critical control points of concern in the canning of abalone

include the foil owing:-

(1) FACTORY SANITATION
(2) QUALITY OF THE RAW ABALONE
(3) FILL WEIGHT AND TEMPERATURE OF FILL
(4) CONTAINER SIZE
(5) THERMAL PROCESSING
(6) CORRECT FORMATION OF THE DOUBLE SEAM

(7) QUALITY OF THE CAN COOLING WATER

(8) TREATMENT OF THE CANS AFTER PROCESSING.

5. THERMAL PROCESSING

5.1 Process Evaluation

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 mi n.(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 'botutinum cook* (Fo > 2.4 min.) any small

reductions in processing temperature and/or time could lead to

underprocessing.

Board (1966) recomnended 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 recomnended process was eavluated. 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 seventy, 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 Factors Affecting the Adequacy of a Thermal Process.

The recommended thermal process has been based upon;

- the use of good quality abalone.

- initial product temperature greater than 22°C.

- fill weight less than 320 g.

- 74 mm x 118.5 inn 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.

Fill weights and fill 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.

5.3 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 ttiermometer,

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 its operation. If the product is to be exported

to the United States 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 cycle.

1. Cane 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 no greater than 15 minutes. This time also

includes a venting period. Venting is one of the most important

operations in the 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. All

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 container's 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. After delivery at the scheduled process set the temperature

controlling instrument to zero and turn the steam off.

7. Open the compressed air line 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. When 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 retort is almost full, partly close the water valve

so that the retort does not suddenly fill 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 approximately

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

line. (See Appendix 6).

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 introduced 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 thennometer 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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Appendix 1. F values obtained for processes of 60 and 75 min (P^) at 115.6°C.

CAN

1

2

3

4

5

6

7

CAN

WEIGHT gm.

318

310

304

307

301

287

284

INITIAL

TEMP. ° C

22.4

23.6

25.6

25.8

24.4

26.7

24.4

3

1.63

1.29

1.51

1.45

1.39

1.32

1.37

fh

(min.)

33.5

35.8

34.8

24.0

34

36

25.3

F value

P^ = 60 min.

(min)

3.4

3.3

3.2

7.1

3.6

3.3

6.6

P_^ = 75 min.

(min)

6.6

6.7

6.5

11.2

7.1

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.)

60

57

50

TEMPERATURE

115.6°C

118.0°C

121.1°C

1

2

3



APPENDIX 3

Calibration of Retort Instrumentation.
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RETORT No. 1 TEST TEMPERATURE °F

Temperature recorder

Dial type thermometer

Mercury in glass thermometer

STANDARD

220 230

222 232

212 228.2

219 229

219.4 228.7

240

242

241.2

238

237.9

NOTE: Retorts numbered from left to right.



RETORT No. 2 TEST TEMPERATURE °F

220 230 240

Temperature recorder 224

Dial type thermometer 220.6

Mercury in glass thermometer 221

Standard 221

234

233.6 •

230

230.4

244

242

240

240



RETORT NoL 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
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APPENDIX 5

Example of a daily process or production record form.
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APPENDIX 6

Diagram of Retort Number 3

with proposed modifications



STEAM

LINE

AIR
LINE

NATER

INLET

L-.-.-.-.-^zr w

KEY:

1. Control valve

2. Reduction valve

3. Recorder-Controller

4. Pressure Gauge

5. Automatic vent

6. Bleeders

7. Temperature probe

8. Spreader

9. Proposed Vent/overflow

10. Proposed Drain



APPENDIX 7

Extract from -ABALONE - AN ESOTERIC FOOD"

by June Oiley and S.J. Thrower



( . CANNING

At'tcr bnp.i". if.'. .;;'-i!.' i; .-'e u"ia!;v .".iniblej in a roi.m \\..~.her t'lt'.ed v^rii

warm-wjter '.pr-^s. S.;-'"!C [ir'.icessr.is Ihcn preco>-'k bcc.iuse this hrlps lo remove

mucin Tom i;-v;'r :vr'\ J.i:;r',,l>j im'iCiiiii and in^kes the drained weight easier '.o

predict. Oiher i-f. ^.;s:;.. ^ ;an directly .li'ter cashing. Abaione are c-inned either

in .vater or i;; brr1i' up 'o -l".- sireng'h. depending on the previous bnning

•treatmem. The '-e(..n;;-,i' condilions needed to sterUi/e thd contents are shown sn

Table X.

It is i.t<u.'.Li\ ^VL ;'('.'.! th..t a or,i-pi;'iind can nu&t cont.cun at Itftisi .S oii]'»:es o!

abalonc. The !:-a}v'< -.-•••i.:;d Mexicjn and Cjiii'omian pr-Aducts i.uiua1l> coniain

one large rnnr.ii .•.•e':.-'iin2 .15 much ..is 1 1 ounces. wiiereas Japanese ab.ilone.

being e\tr?nie!\ i:-'^''^ ar'- ..ften packe-J si.\ or seven to a can. Tnese imaiJ

abalune ap; fre.iii-j'Ui' mere lender than me Austraiian and Mexican oruducts.

possibly b^.'a'.s..' o'' (be sh irtr'r retorting lime required: in general they have a

higher pH. bu; ;i :s r.o; !<'i.<'t<,n ifihis is because (hey are fresJier or because they

have been c>'i'jm''-al.\' t'-'ated.

In the i;j"iii' ^ . ~ ^>~.ilo:~ie the drained wfiaht of the rontents is the vicid o;'

most impo'-!..1!'-; ' 'he pr'^e-si,or. He often has dilTiculry, therefore, sn iwder-

standing ;ha' j .'ay: i'-.s in drained •A'eight at'ter c.inning mny still in fact indicate

a high yield .n '^n'iS c1; lise onguial wei^it of raw material. An ab^lonc wnh 3

TABLE X
PI K..i<r ec.NDH IONS I'OR 301 < •»u CANS OF -\BALON(-A

Ininal tcmpcrarure Time a( 240^ F

M'.'jUM-.'.ize >Inil;iks r;<-'r ;an !"Ti (mml

Ijr^ : ! 00 75
L-.-ze 2 }? 6S

Me.D urr. 3 100 65

\\w.im 3 i 60 55

S":.;;i 5 1(X> 55
S"'..ill 5 160 50

Th.^ if. r: L'nx-i.ses '.verr <peci!~i<d !o ziw commeicial Henlity

Wlicr; A'.il. "•; ;rtf if mixed si/ci in 3 production batch. lh< S.ircni

;i" r!l"- iir-'< •*• nld h,i.>-' In be isvd.

'^•l.t'-i I I ^ht) >



\"2 JL'Nl OL1 IV ^NDS.J. THKO\\t-R

high pH or one tliai has been put in weak brine, or not bn-.cd a\ all, contuin^

more water tlmn one of low pH or one that has beer piii in •?tr«.'!ig hrine bel'dii

canning. The tomn-'r abalone lose mun" water on fainnne bi.'..'3usr t)ie\ ha\i

"wrr Id lose. The yield 1'rom such material in relyikui 10 l!,c o'u'iiul weight o!

;.iw materiai is greau'r, however. iha'i tliat from the l.aiict i;'.titf:iai (Yuujigand

Ollcv. D74).

Siimetimcs a deterioration occurs in the ttesh in the ci-p.;ei of the abalone,

'-eminiscenl of "honcy-combing" in tuna that is stale when canned. The cemcr

or core of the muscle is oversoi'l and is like mince in appeal wcv. while the

exterior is; "blown up and the epidermi? may sho'A splitting. Tanikasva (1971)

-laims tlial tioney<onibtng in luna is caused by gases generated i;i the center of

the musde escaping through the soft but not >ci coaaulj'ed collagcn ui ilie

..luter parts. In stale ubalone the pedal arteries and vein. wlitL'h are lined with

-uliagen, are notably dilated, and bacterial action starts in tl.ese areas, pre-

-tiiiuibly with production of volatile compounds, Sweliint: ot the lout with

'.plitting of the epidermi.s has been produced ii, tlie au'tr.'r'i iaboraliiry by

hrining in '•)','' salt + 1% sodium carbonate wlzicli wi.uid •-f'Cd.se bubbles ofC'Oj in

she flesh. Hypochlonte sometimes used b>- the rishernr;i, as ;,ea as a presen'ative

;ould also cause relea.se of gas, and similar problem;' wiih \h-'- c^re o) the foot.

h-ive been encountered.
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1. 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. THERMAL 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 economic 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 spares of C.botulinum in heat

processed low acid foods should be no greater than 1 viable
12

spare per 10^" containers. Another way of expressing this

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

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

The chances of survival of spare forming bacteria more

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

An acceptable probability of survival is in the order of 1
3 . ^4

viable spare per 10" - 10' containers.



3.

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 spares 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

121.1UC. One F value is equal to holding the product at

121.l^C for one minute, or equivalent 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 container t-.o fhe

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 of time-ternperature combinations through-

out the entire container contents. Therefore the Ps is the

equivalence in minutes at 121.1 C for the entire product

volume, wheras Fc is the equivalence in minutes at 121.1~'c

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

spares when subjected to heat at lethal temperatures can be

expressed by the following equation;
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t = D (log No ~ log Ns) (Equation 1)

where; D is a measure of the resistance of

spares to heat. It is defined as

the time required to destroy 90% of

the spares 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.l"c, then the time required

for bacterial reduction is equivalent

to the F value.

i.e. t = F == D(i21.1°c) (log No ~ log Ns^

~ No initial population. Number of spares

of a specific organism, per unit volume prior

to heat treatment.

- Ns final population. Number of spares

per unit volume after processing.
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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 thennocouple wires entered the jar

was sealed using an epoxy 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.
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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 super imposed air pressure. The specified scheduled

process was 30 minutes at a retort temperature of 115.6~C(24(

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 asauroptions. 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 questionable 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.
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The total sterilisation value calculated by the formula

method was generally underestimated. For all but two of

the seven heat penetration calculations did the difference

between the general and formula method exceed .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.
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5. EVALUATION OF THE MAGNITUDE OF THE STERILISING VALUE

The adequacy of a thermal process for shelf-stable low

acid foods in hermetic.ally 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 spares, is

C.botulinum. Thermal processes for low-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

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

assuming the following points;

1 - the initial population of C.botulinum spares 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.l"c heat resistance of

C.botulinum spares is represented by a D121.1 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 2.4;

F = D (log No - log Ns)

6.6 = .20 (log 50 - log Ns)

Ns ^ 10~32

This implies that the probability of a single spare of
-32

C.botulinum surviving a process is approximately 10 "".
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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 spares 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 al, 1975).

2 - the approximate maximum 121.l"c heat resistance of

these spares may be represented by D 121.l"c value in

the order of 1.5 min. This is characteristic of heat

resistant spares 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)

NS ^ 10"

Hence the probability of survival of spares more heat

resistant than C.botulinum is approximately 1 viable spare in
4 . . --- _7".~.—-

10' 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 > 10~4).
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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 c or 20 min at 116.0 c) are still adequate to

provide a 'bot'ulinum cook' (Fct > 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 equipment 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 coppe.r/constantan

thermocouples (ELIAB, 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 thermometer, Type C.T.D

with a known accuracy of -.2"c, when used at ambient

temperatures (10—35~c) .

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 El lab

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 (-.2'~'c),

the retort temperature is quoted as falling within a range

of temperatures, rather than having a single average value I

Inspection of Table 1, Appendix 4 reveals the following

points;



13.

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 l.Qe€of the set processing

temperature.

2 - All the retorts have uniform heat distribution,

(temperature fluctuations between the measured

temperatures < l"c)

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 c at sterilizing

temperatures.

5 - The Mercury in glass thermometer on retort 6

requires recalibration. The thermometer should not

deviate more than .5 "t 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°c 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.
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Basket 2 _Basket, 3

Position of the thermocouple jar.

1 Centre of basket 1

2 Centre of basket 2

5 Gen-fcre of basket 5

4 Top of basket 5

Position of thermocouples raonitoring retort temperature,

5 Back of the retort

6 Between basket 1-2

7 Between basket 2-5

8 Front of the retor-b



APPENDIX 2' F values received by Peek's Anchovette Paste (50 g)

processed according to the following observed processing

schedules.

PROCESS 1

PROCESS 2

Retort Number 1

Processing temperature

Ooiae up time

Operators process time

Cooling time

Retort Number 5

Processing teaperature

Come up time

Operators process time

Cooling time

n7°c

47»5 min

50 min

20 min

n6°c

50 rain

55.5 min

17 min



Table 1 Heat penetration data and total Ps and Fct values • ( Calculations

performed by Ball's method using Stumbo's (1975) revised tables. )

PROCESS 1

Position of the

thsnnocouple jar»

(See Appendix t.)

1

To °CT jch

27 2.09

Sterilising value (F) min

th (min) j ec fc (min) Ps'

16.5 1.9 20 9.5

Pc-fc

8.0

27 2,12 17.5 2.0 22 8.9 7.6

27 2»U 18.0 2.0 21 8.8 7.4

26 1.92 17.5 1.2 25 8.7 7.2

PROCESS 2 23

25

24

2.00

1.94

2.04

16.8

16.0

17.5

2.0

1.2

2.0

19

20

19

9»0

8.2

8.7

7.7

7.7

7.4

NOTE: 1- To °C - Initial product temperatureo

2s Fs - Integrated Lethal value.

5. Pot - Total lethal value a-t thenna.l centre.



TABLE 2 F values calculated by the General method.

EROCSoS 1

PROCESS 2

Position of the

thermocouple jar.

(See Appendix 1)

1

S-ter-ilising value (F) min

Heating Fch Cooling Fee Total Fct

7.5

6.7

6.9

6.8

6.1

7.2

6.2

1.4

1.5

2.0

1.1

1.7

.5

1.6

8.9

8.0

8.9

7.9

7.8

7.7

7.8



APPENDIX 5 EFFECT OF ALTERING PROCESSING CONDITIONS ON F VALUES

BEGEIVED BY PECK'S ANGHOVETTE PASTE (50g).



Table 1 Effect of processing temperature on Fct value e

PROCBS3ING TEiTERATUBE "0 STERILISING VALUE Pet.

115.0

114.0

115.0

115.6

116.0

117.0

5.39

4.25

5.55

6.09

6.69

8.59

GALCUIATION3 BASED UPON;

- Come Up Time 50 min

- Operator's process time 50 min

- Initial product temperature 20"G

jch = 1.94

jcc = 1.20

fh = 16.0 min



Table 2 Effect of processing tune on Fct value a

OPERATOR'S PROCESS TIME min STE5ILISING VALUE Pet

35

50

25

20

8»25

6,69

5.18

5.77

CALCULATIONS BASED UPON;

- Come Up Time 50 min
-0,

- Re-tort processing teaperature 116"C

- Initial product temperature 20"C

jch = 1.94

jcc = 1.20

fh =: 16.0 min



APPENDIX 4 EXAMINATION OP TH3 AGOUBAGY OP RETOST IHTRUIffll'TTATION.

Note-Retorts numbered from left to right.

Retorts 1 and 5 Batch type heated with water under pressure,

Retorts 4»5 and 6 Batch type heated with saturated steam.



TABLE 1 Temperature of retorts 1 amd 5 as indicated by the Ellab thermometer and retort

instrumentation.Processing temperature se-fc by the Taylors instrument (115»6 OC)«

HEATING TIME

min

Position of thermocouples

5678

Hg in glass
0,

Recording Instrument

RETORT NUMBER 1 20

40

55

65

75 2

RETORT NUMBER 3 ' 15

45

55'

65'

75

70.9 72.5 7UO 71.0

107.9 109.4 108.3 108.4

116*4 117.2 116,1 116.5

116.8 117.3 116.8 117.0

116.9 117.1 116.9 117.2

52.8

104.9

115.9

115.6

116.0

1.7

106.5

117.5

115.9

116»5

70

108

116.5

117

117

51

104

116.2

116

116

152

224

240

240

240

(

(

(

(

(

r,66.7 )

106,7 )

115.6)

115.6)

115.6)

220

242

241

241

125 ( 51.7 )

( 104.4)

( 116.7)

( 116o1 )

( 116.1 )

ITote : 1 • See appendix 1

2, Retort at processing temperati;



"ABLE 2 Temperature of retorts 4,5 and6 as indicated by the Ellab thermometer and retort
instrumentation.Processing temperature set by the Taylors instrument ( 115s6 °G )

PROCESS TIME

min

Position of thermocouples "

6 7

Hg in glass
0,

Recording Instrument

°y °c

RETORT NUMBER 4 0

20

40

60

115.6

115.9

115.7

115.6

116.0

116.1

116.0

115.9

115

116

116

116

240 (115.6)

240.5 (115.8)

240o5 (115.8''

240.5 (115.8))

RETORT NUMBER 5

BETORT NUMBER 6

20

40

60

20

40

60

115.5

115.7

115.7

115.8

1U«5

115.0

115.0

115.1

115^5

115.6

115.6

115.7

114.6

115.0

115.1

115.1

115.5

116

116

116

114.5

116

116

116

240

240.5

240.7

240.7

(H5»6 )

(115.3 )

(115.9 )

(115.9 )

240 (115.6)

241 (116.1 )

241.5 (116.4 )

241.5 (116.4 )

Note; 1 See appendix 1



TABLE 5 Examination of the accura.c.v of retort instnuaentation.

RETORT

ITOMBER

PROCESSING

TEMPERATURE

SET BY THE

"Taylors"

TEMPEAA'fOHE MEASTOED

BY THE ELLAB THERMOUEETER

"SIANDABD"

Range " G

TEMPERAIIffiE

INMCATED BY

SHE Hg in Glass

°c

COMMENTS1I

Hg in glass -

against-S'EAXDAED.

TEUCPERATUES

INDICATED BY

"Taylors"

0

COMMENT;

Taylors-

against-SIAN]

115.6

115.6

115.6

116.7-117.4

( .7 )

115.8-116,7

( .9 )

H5o4-1l6«1

( .7 )

117

116

116

Negligible

difference

Negligible

difference

Negligible

difference

115.6

116.1

115.8

SIG.NIPIGANT

DIFFERENCE

1.1 - 1.8 '

LOWER

Negligible

Difference

Negligible

difference

5

6

115.6

115.6

115.5-116,0

( .5 )

114.8-115.5

( .5)

116

116

Negligible

difference

SIGNIFICANT

DIFFERENCE

.7 - 1.2 ° G

HIGHER

115.9

116.4

Negligible

difference

SIGNIFICANll

DIFSERENGE

1.1 - 1.6 °t

HIGHER

Note 1. ^mparison of temperature indicated by Hg in glas

^ainst the standard. ••

2. Comparison of temperature indicated by Taylors
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Appendix 4

D. WARN E and N. BROWN

Salt concentration and brining time affected yield after brine cleaning abalone; however, vari-
ations in yieid became insignificant after thermal processing.'Proteoiytic enzyme treatments
made flesh cleaning and phosphate additives did not influence yield of the canned
product. While Asian panelists were found to consume abalone more frequently than their
Caucasian counterparts, there no significant differences between groups in the

of their panel of the canned product. Although the Instron food
machine and panelists could differentiate between tough and

the relationship between these two forms of assessment requires further investigation.

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 al$12.4m(Anon 1981). Predictions are that for the year
ending June 1981 exports will exceed 17001 ($I8m) which
represents 96% by value of total exports for canned marine
products. Local consumption of the commodity is limited, the
large marlcets being Japan, Hong Kong, the USA, Singapore
and Malaysia in descending order. Abalone canners and
research workers (James & OUey 1970, 197!a, 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
(DPI) stipulates that the use of approved additives is permitted
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 DPI has approved
neither proteolytic enzymes for cleaning nor the addition of
citric add to the canning liquor, in principle there is no objec-
tion to their use.

The aims of the experiment in this paper were:

B to assess the influence of cleaning brine strength and
phosphate additives on yield; and
• to assess the efficacy of enzyme preparations for clean-

mg.

In addition to the above. preliminary investigations to corn -
pare subjective texturaJ evaluations with objective assessment
using an Instron 1)40 Food Testing Machine were earned out.
Future investigations will assess the influence of thermal
processing variables on yield and texture.

Fresh abalone (Notohalioiis ruber) was transferred in open fish
boxes lo the processing plant and stored overnight in air at
3-5°C. Approximately 24 h after catching. 51.9kg of whole
abalone were shucked. Flesh pH was measured by inserting
the tip of the electrode of a 30 mm Metrohtn Herisau E520 pH
meter into the pedal sole. Shucked abalone were divided into
12 lots for processing. Experimental variables are summarised

Darian Wome is a tecwwr a»</ A'lfA- Brown a fwslgraduaif siudent in thf Depart

menl of Food Science and TechHalog\: Koyal Melbourne lnsniule o/TccAnologi
Lid, PO Box W<iV, Melbourne, Vie. 3001.

ui Table ). Each lot was immersed in approximaieiy three
limes ils mass of cleaning brine at 40-45°C and gently stirred.
Those lots (4-12) treated with enzyme preparation (Protease
FS, Halcyon Proteins Pty Ltd, Melbourne) were subsequently
rinsed for 10 min in a 0.225 g/L hydrogen peroxide solution
to 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 iacquered 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 i 15.6°C for 40 min
and pressure cooled. Thermocouple probes were centrally
located in three cans in each of the three batches processed
so that FQ values couid be computed. Can vacuums and
drained weights were measured after 34 days storage at ambi-
ent temperature (200C). Lot weights were measured after each
processing stage so that weight changes and progressive yields
could be calculated.

Lots 6,9 and I ! 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
produced commercially, os a category scale for texture and
hedonic scales for flavour and appeal. Each rating was on a
5 point scale: Texture: i (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
to 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-

elisi 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 flal base plate with a central
hole (15.7mm 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

0015-6647/B2/34./0?99'0*C1982
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area. As noted by James and OUey (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 pooled to give the mean reading, for each ot. The
rationale for this procedure was thai subjeclive textural evalua-
tion is a composite impression formed by chewing each slice
several times in diflerent positions.

The yield after shucking was 40.3% and the average. pH of
the pedal sole 6.!, As live abalone in good condition have a
pH range of 7.0-7.4 it can be concluded that storage in air
ai 3-5°C induced cold shock, anaerobic glycolysis and an
attendant pH drop as a result of acid formation This mechan-
ism &•- described by Olley and Thrower (1977) would also
accoi.--' for the comparative)) low final yields shown in Table
2 (a>.. ..ge 57.3%) and Figure 1 (average 23.2%). It is difficult
to oi-'.'in accurate figure-, however, yields of 28-32%

(unshucked weight) are common within the industry.
Effect of twine strength and phospfaate additives

The effect of varying sail concentration in the cleaning
brine was dearly demonstrated with lots 1-4. Yields were
greatest 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, iacreasmg brining time from 30 to 60
mui produced increased yields. The weight gam was less
pronounced with the 6% brine as the ability to rehydrate was
restricted by the relativeiy high salute concentration of the
brining solution. While bnne concenu-ation and cleaning time
aflected yields after brining, the benefits attributable to one
set of conditions were not sustamed throughout the remainder
of the process. Young and OUey (! 974) 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 severity of retorting. In this experiment

300 TECHMO.C" JA. VOL 34(6) JUNE 1982



thermal processing conditions were constant and there was no
significant difference (analysis of variance, P> 0.1) in the
losses caused by retorting despite the variations in pretreal-
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 sail concentration for brining; yet.
the benefits may not be realised unless cleaning lime 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 ofsodium tripolyphosphale
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 water-binding capacity;
but the efiect 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 (he use

of proteolylic enzyme solutions. The advantage of the latter
is that they reduce brine cleaning limes and avoid weight losses
caused by dehydration m strong solutions. Lots 5-8 were raied
easier-lo-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 thai 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 objectwe 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 ofabalone consumption for the sam-
pie populations was significantly difTerent (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 uileq?reted 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 wilt survey
a larger Asian population and identify textural and flavour
preferences of those used to eating 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 significantly (P <
0.05) more tender than samples 6, 9 and 11. There was no
significant diflerence in flavour; but the appeal of sample 6
was significanlly (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-
lure 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 (Wame & Brown - unpub-
lished) that raising the temperature and/or time ofthe ihermal
process increase tenderness.

The results shown in Tables 5 and 6 indicate that neither
the taste panel nor the Instron instrument could difTerentiate
between the tcxlure of samples from lots 6, 9 and II. since
both forms of assessment recorded much lower values for com-
mercial product. This phenomenon suggests thai future
research using matched samples may demonstrate significant

10

Processing step
'..

<• figure 1. Sffecl <fftwcem»g on during the of abalmw:
awagt wives for •B Isa
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5
5
5
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5
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17
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correlation between objective and sensory measurements,

Conclusions
Brine composition and washing time were shown to affect
yields after brining; but there was no significant difference
between final yields after thermal processing. Enzyme
preparations increased the ease of cleaning and indirectly
Improved the colour of the canned product. Textural evalua-
lions indicate that flesh toughness is onlv one factor afTecting
overall appeal, as.in some cases lough and lender abalone were

liked equally. Preliminary investigations indicate that the rela-
tionship between rapid instrumental texture measurements
and sensor)' assessments warrant further studies.
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Aonendix 5.

the and of
,

.-1. D. \\'AR~^Eand .V. 5/?OH/.V

The effect of thermal processing on the yield and texture of canned Victorian black lip abalone
(Notohaliotis ruber} was investigated. Cans o< abalonewere 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 Fo 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. invcstie,.uing the effects of
processing on canned Victorian black lip abalone (.\oiohaliotis
ruher). The previous paper (Warne & Broun 19S21 was confined
lo a study of preparatory techniques, specifically denning brinc
concentrations and application times, enzymic cleaning and ihc
use of phosph.tlc additives in cleaning brine:. and canning liquor.
\\ hilst conibimilions of these variables influenced total viclds.
the thermal process was shown to account for the greatest losses

oF all the processing stages (excluding shuckins). Losses on
retorting for 40 ruin at 115.6°C were shown to average 2S(~i I'or

(il cans c.u'h filled with approximaiel', ;00-;;0g ol' " hole

abalonc. In icnns of total sterilising effect this process w.'.-.

rcl;uivcl\ mill! tor a low-acid canned product. F. values of ;.ll.

t.5 and ?.<> indicated that although the prix'ess uas adequate

with respect lo inactkation of Closirtdinn boiulininn spares.
reductions in processing temperature and or time could

jeopardise commercial sterility. Abalone canners must noi
overlook product safety in the belief thai yield is the onl\
criterion b\ which thermal processing severity is assessed; flesh
tenderness is also influenced by processing. James and Olley
(11)71} have shown that canning produces a textural inversion as
a result of ihc loughcning of myofibrillar proteins at the base ot'
the adducior muscle and a softening of the pedal sole as collagen
is convened lu gclaiinous derivatives. The objective? in this
invcstig.nion p.ipcr were: to study the relationship between
ihi-'rnul processing severity and veighi loss during retorting

canned ab.itonc; and to study the etTect of ihermdl processing on
ihc lcMurc ol canned abalone.

Methods
The day at'icr c.itching and overnight storjge ai ?;C. IS kg of
live ab.ilonc were shucked. packed in plastic bags under crushed
ice in insutalcd boxes and transported lo ihe processine plant.

On arrival 11 moltuscs were removed I'cr meai.uremeni ot' the

llcsh pH u.Mnr ;iMctrohm Herisau E520 pH me'ier. An incision

"as m.nje in'n' ihc pedal sole of cjch .;bj\^-.; ar,<3 ihi; clccirode

lip in-.iTlci.l li' ,1 dcplh of 30 mm. Ab.ik'";' '.'.ere cic-ineij for -';0

min b\ inuncrsion and gentle stirring in .ipproMm.itcly three

tinu". ihcir in.i-.s ol' varm (3?-40''C) cle^".:r,i b'ine conl;iinin.£

proic.ise. f S i5 i; L. Halcvon Proteins P-.\ L:d. Mclbournel.

Dun,:'; U^r'.r i> .: >rni<ir le.iurer cr.j Mck Rv-. ^ .-..\.:-t-';.:,.;:< .««,;<• >:;

F^\! 7,'.A';.'..ci ( ni(. Ih'rJrin-.rni o/.-lp,-:ifj C'-.c-:.'-: -; />:,.„•; \/<';.k

ln'ini,:/ j' ?r, k';. ,'.>ci ;.>J. GPO fl>i.i .'•'"ftl l?c,.\ -—/ ; ;. .•'-'/

NaCI (30 g/L. food grade), and Mera 67^30 e, D a proprietary
blend of sodium tripolyphosphate and monosodium
orlhophosphate (Albright and \\'itson Ply Ltd. Melbourne).
After removal from the brine, en/ymic •iction was arrested by

rinsing (he abalone for 10 min in peroxide soluiion (0.225 g/L).
Abalone were trimmed and any remaining melanin pigmenl
removed by light scrubbing with nail brushes before blanching
for 5 min in water at 10aC. 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
74\ll;.5mm cans and fill weights recorded. Thermocouples
\\cre inserted into the thermal centres of seven filled cans so that
F values for the thermal process could be calculated. Cold
canning liquor containing NaCI food grade (20 g/L) sodium
acid pyrophosphate (5 g/1) and sodium metabisulphite (1 g/L)
v. as added and the cans vacuum sealed. Cans were divided into

four lots for processing ai time and temperature combinations
chosen 10 simulate commercial canning procedures; these were
40 min at 115.6, 118.0 and 121.1-~C and (-0 rnin ;u I 21.1 °C.

After pressure cooling and 21 days i-lorage al ambient
lemperaiure (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 10mm thick
venical slice taken through the mid-ponion ct' the adduclor
muscle and underlying pedal sole of each abalone tested was
placed on a Flat base plaie with a central hole {\ 5.7 mm diam.)
and punctured by a flat ended probe ((>.? mm diam.) moving
ihroueh al a crosshead speed of 200 mm nun. Each slice was
punctured between two and five times depending on cross
sectional area and the maximum resisiance for each measure-

mcnt recorded as kg-force on ihe recorder chart which was

synchronii-cd lo move ai twice the crosshead speed. For

siaiistical analysis, the mean rcadine for each ^lice was used and

then pooled lo give the mean reading for e,'.~:h ioi

Results and discussion
The mean flesh pH of 6.4 (SE = 0.04^ indicates there had been
.1 loss of condition since harvesi u hen it ^ou;>l be e\pecied to

haM; been bciuccn 7.0 and 7.4. In ciimmerci.ii praclicc such a

pH drop is unlikely to be avoided unless c-inning is commenced
within hours ol landing healthy specimens. The average fill
weight for 24 cans was 313 e (95^ confidence interval. 303 lo
3;?.e).
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Table I. Effect uf thermal process cunditiuns and fill weight on F, values for canned abalone*

Process

Time
(mini

Retort
temperature

(°C|

40
40
40
40
40
40
60

115.6
115.6
118.0
115.6
J21.1
121.1
121.1

Can fill
weight

(81
F^ value
actual

333
313
315
325
335
270
272

0.5
1.1
3.1
3.1
1.3
4.2
9.4

F. value

(theareiical 'worst case')+

0.5

0.7

1.4

10.4

" From Warm 11982)
;+ /n fa.ws whfre ihewffital \wm case' values excefd the aawal values, the differencf call bf atlributed so ike difftrrncf bween methods of calcutation.

Influence of fill weight and processing severity on F., values
Table I summarises ihe F values' obtained for cuch

process. The results indicate the extent to which processing
condilions and fill weight can influence the lotal sterilising
effect. Fill weights as high as 335 g are not uncommon, because
some processors who having accepted large (J0*~() losses on

thermal processing must pack to ensure they fulfill minimum
weight requirements set down by (he Department of Primary
Industry. Whilst 40 min at I IS'C yielded F^, value? in excess of
the generally accepted safe minimum of 2.4 (Stumbo 1973), the
cans processed for 40 min ;>t 115.('*'C and the heavier of those

processed fur 40 min ai 121.t:'C received inadequate heal
treatment. The latter was ilie hcaviesi of all packs examined.

which would account for the slow heat penetraiion lo the point
oftempcralure measurement. Incviiabty there will be some can-

to-can variation in F, values as it is noi always possible lo locate

the tip of the thermocouple in llic ihcrmal centre ol' the packed
can. Notwithstanding ihis. the data indicate that fill weight
should be regulated; most imponanl. the adequacy ol' the
thermal process must be assessed on 'worst case e\.imples. ihai

is on cans tilled to the upper limit of pack weight. Thcoreu'callv.
calculated 'uorst case F. \.ilucs b.iscd on the slowest ln'alinsi

c.m demonstrate ihe values thai could be e\pecicd had all cans
exhibited the same heaiini; characicristics.
Relationship betneen thermal processing seierity and "eight loss

The influence of processing condiiion? on ucight loss of
canned ubalonc is demonstr.ucd bv the results in Table 2.

Average losses ranged from 12.S to 2*).lrr after processing I'or

40 min at II.S.d'C and t'0 inin at 121.1?C, recpeciivcly

Analysis of variance indicated there was a sienificant ditTcrcncc
[Kruskal-Wallis test. p< 0,01] bciuecn average can losses I'or

the processes. \\ hen considered in conjunciion uith the rcsulis
shoun in Table 1. il is cviik'nl ih.it an increase in processing

sevcrilv as measured bv F value \'ill result in reduced yields.

Thus the abalone canncr innsl conipromis-e betueen the desire

for maximum prot'uabiliiv ihrough high yields and ihe need to

Table 2. Effect of on toss*
of

Pracess

Time
I miB I

Retort
twpwatwre

(°C» Cans/lot

40
40
40
60

115.6
118,0
121.1
121.)

Atcragt
loss/c»n(St

12.8
17.7
19-2
29.1

» itfjglil luss calmlottd as 109(1 — d!siafsLwnxMl
filM »n<*(

whrre filled wri{hl enrf rfm'wrf wnikls, t^ftr to tk«> am'gA? ofabalcme m ca<-A
c©^ hffosty af^ fifter worsiftg.

apply an adequate thermal process. While losses caused by
retorting for 40 min at I I 5.6CC are relatively low. the safety
from boiulism of those eating ihc canned product is less than
that required by good commercial practice.

i Table 3. an force
[ to of 10 mm

Tin?

40
40
40
60

! • •

.;.'

<°Q

I! 5.6
118.0
1.21.1
121.1

Niunbwof

54
65
32
32

Force

(kg)

2.13
2.17
2.11
1.76

Effect of thermal processing on texture of abalone
Amongst the changes produced by canning are the weight

losses of jb.ilone and the formation of opaque canning liquors
uhich t"rcqucnil\ sei as a firm gel on refrigeration. These

phenomen.i arc explained in pan by ihe conversion of collagen
in the ped.il sole to gclatin. some of which passes inlo the
surrounding liquor. James and Olley (1971) concluded thai this
mechanism accounts for the softening of the pedal sole. albeit
in contrast to the toughening of the adducior muscle
rmotibrilLir proteins. The results in Table 3 summarise ihc
ctTeci of ihernial processing severity on flesh texture as assessed

with an Instron 1140 Food Testing Machine. The method of
levtural evuluation selecied produces a composite profile based
on the average force required to puncture each slice. Slaiislical

analysis using pairwise multiple comparison (Dunned 1980)
indicated there was no significant difference (p > 0.10) betv.een
the force required to punclure samples processed for 40 min at

I I 5.6. 1 I S.O and 121.1 ;C. respectively. However. the difference

between the leviure of samples processed for 60 min at 121CC
and those processed for 40 min at 115.6. 118.0 and 121.1CC
were sienirtcani (p < 0.01). This indicates thai the flesh
toughening produced b\ healing can be reduced by prolonged
ihcrmal processing.

11 had previously been observed (unpublished uork) thai
Insiron '..ilucs (determined as in the method for this paper) for

uncookcd .ib.ikinc. and .'.balonc processed for 40 min ;il I IS::C

.i".il t'O :":n .11 1;!.I :C .i'c sign;ricanil\ different (p < 0.001 ).

These rc-di'- .'.nd ihose o!\i i-'om-'spondina sensory ic^t in uhich

°0 Asijn pjnclisis nerc asked lo ralc lcxlure df samples Irom

the two rro^'cssc--. arc gi\en in Table 4. Throuehoui ihe scric''

<'l c\pe-:nicnl-~ referred ;o, the •-ourcc of. and the prcpar.uory

lc»:hnii4Li;> for. ;hc .ib.iloni ucrc identical! and all processing v. as
conducted on ihc same da\. \\ c concluded that chanees in

In-.lron puncture forces ha', e a discernible sensory correlalion;

en the -.c.'.lcs cho'<en a chjnnc in force I'rom 2.30 lo 1.55 kg

Ciirresp<>nd-. lo ;'. sen-,or\ asscs.snienl change of 0.99 units, or
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Table 5. Effect of process conditions on line correlation coefficients for linear regression analysis of Instron puncture force
versus abalone drained weight

Process

(mini ' .

40
40
40
60

c<mditi<ms
Retort

temperatur*
<9a .

115.6
118.0
121.1
121.1

Number of
•ktlone
tested

18
22
11
12

Number of
iastron

measwements

54
65
32
32

tint
slope

0;00
-0.01

0.01
0.01

Correlation
coeflicient

0.01
-0,19

0.14
0.46

from between 'cMrcmclv and 'modcralclv tender' to between

'nioderaicly' and 'slightly lender'. Applying these conclusions lo

ihc evidence in T.iblc 3, it can be poslulated that where there
i'. ,1 signilicant diH'crencc in puncture force there will also be a

dclcciablc sensory diflTerencc.
To determine whether texture al'lcr processing was a

I'tiiK-iion of abulonc size. lineur regression analyses t'or mean

ln'.iron puncture force versus abalone drained weight for all

processes were pcrrormcd. (Table 5). Theoretical regression line

slopes ;irc close lo or cqUii] to zero and correlation is poor in all

c.iscs. The inability to demonstrate a relation between flesh

icMure after processing and abalonc weight applies for all
processes. Rather than assert there is no association between

ilicsc factors. \\c conclude ihai none u.is dciectable under the

commercial tilling standards adopted. Furthermore. thermal

process severity rcmuins the dominanl I'acior determining both

yield and final lcxiurc.

Thus an abalune canner is faced with the choice of
increasing the severity ol' the thermal process and bcneliting
t'rom tcxtural sol'icning. or accepting a lougher producl and also

.i higher yield. The signiticance of freshness and high t1csh pH
should not be overlooked. For as James and Ollev (1970)
observed ihcrc is a highly significanl negative and linear
relationship between toughness und hxdrogcn ion conceniration.

However, given .ibalone of con.stunt freshness it appears thai a

processor mu\ adjust the severity of (he lherni;il process so as

10 attain desirable teMurc. What constitutes desirable canned
ab.ilonc lcxiurc for the Asi.in cvport ni.irkei "ill be the subject

of a further coniribulion.

Conclusions
Increasing ihcmi.il processing severity hd". been shown to

reduce yields and sol'ien (he lcMure ol\\inned abalonc. Thus the

•itlraciion of high vield must be v'.cighcd acainst ihe possibility
ol~ inadequate slcrilisalion for no nunut'aclurer can tolerate

consumer health risks. Similarly the desire to produce a lender
produci must be b.ilanced aeainsi the acceptability of high
c.inning losses.
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Table 4. Effect of thermal process on
(Instron) and seaswy* of the cfabalune

Thermal
tmtmcnt

None(uncooked)
40 min at IIS'C

60minal!21.1BC

hTnbtrrf
lietna

58
147
238

Instroufww
(fce»

038t
2JOt
1.551

SE

0.01
0.07
0.03

Sensory
score

SE

2-SOt 0.13
1.8 If 0.08
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Appendix 6.
REPRINTED FROM FOOD TECHNOLOGY IN AUSTRALIA
VOLUME 35 NO. 8, AUGUST 1985, PP 373-375

J.L. SL'MNER. A.D.WARM-:. E.GORCZYCA ami N.BROWN

Australia is both a major importer and exporter of fish and fisheries products. Mainly frozen fitlets
destined for the chilled, supermarket trade are imported; highly-priced crustaceans and
molluscs are exported mainly to Asia and the USA. Perhaps not surprisingiy, therefore,
Australian consumers have little perception of the objective criteria of fish quality which has led
to the definition of the 'Great Australian Fitlef as 'white, skintess, 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 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 phyta 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
lish, which comprise the majority of finfish species. Third,
consumers lend to be "experts'. They eflTect lo know exactly what
is goud quality and what they like, factors 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-valuc crustaceans and mol-
luscs. and imported generally low-value frozen fillels and
crusiaceans. In the year ending June 1981, for example, imports
toialled $189 million (up 5.6% from June 1980) wilh a value of
$2.60/kg (up 18%). Exports for the same period tolalled $230
million (down 32(7r) 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 of $5.90/kg. This great
disparity in quality and price has not prevented Australian
auihorities from imposing microbiological standards for import-
cd prawns more stringent than those recommended by the
International Commission on Microbiological Specifications for
Food (ICMSF 1974), or by any other importing country
(Sumncr 1982). The attitude of Australian authorities that
standards for imported prawns be identical with those imposed
on domestic industry fails to lake into account the naturally
higher bacterial levels of tropical prawns (Cann 1976). In
addition, Ausiralian 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
ucight basis,

in fish imports into Australia
A major recent trend has been increased imports of chilled and

Jnhn Sumwr. Dunan Warne umi Efizahyih Gorc^yca are Principal U'liurer.
Semi}r ici-iurer and Lecturer. re\perli\ely. in the l-'ooU Ti'chnohi^: Unil.
fh'parimt'ni »1 Applieii Cht'niifiry. Royuf Mefhuurny {nstimte of Tefhnology.
<iPO Itns :4^h\. Mrlhnurne. I K-. JOOI. .'\irk Urnwn is a gradiiale sitiilrni in ihr
\{ini{' i nil.

RUM'U on un luiiite^^ to l:ood Conference '>i2. Singapore, May 198.!.

frozen fish, either whole or filleted (Table 1) particularly I'rom
New Zealand (Table 2), and particularly in the volume of frozen
tillcts. Imports of finfish to Australia have had a debilitating
effect un the local industry which already has considerable
problems stemming from 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 frozen 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 I ('good') quality shelf-life was expended even before 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
longer shelf lives in grade 1 (Table 3).

Table 1. Imports of whole and filieted fish into Australia

Fresh, chilled
or frozen

Whole
Fitlets
Total

Quanity
1979-80

8121
20652
28773

(it
1980-81

10021
22842
32863

(+11%)

Value
1979-80

9605
34471
44076

(SA'ftOO)
1980-81

13329
43672
57001

(+13%)

Suurrc/Ausl. Fish. 40 1101: 22-7:1981

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

1978-79
(1>

1979-80
(tl

Change
(%1

Fresh and chilled
Frozen
1-ish fingers

1811
5001

35

1494
9543

436

-17
+90

+1145

.S'on/Yf.' Ausl. l-'ish •tOlSl: 14-16: 1981

00)5-6647/83'35/0373/0it 1983
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Appendix 7.

Consumer preference for fisheries
products — it is all a matter of taste

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, there is
the hunting nature of fishing which often results in either
empty nets or gluts, plus associated storage difficulties in
bringing home the catch. A second problem is the diversity
of "fish" species, ranging over several phyla: crustaceans.

like prawns and crabs; molluscs, like abalone. mussels

and squkl; cchinoderms like sea urchins and encumbers:
and t'int'ish — both cnrtilaee fish like sharks and bonv 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 ttiev often consider to be svnonvmous.

The fact that consumers know exactly what thev like
should be good news to fish processing companies develop-
in;; new products or broaching new markets. The company.

typic;ill\. will organise an evaluation of test products and

hope ih.it the great consuming public will tell them un-
cqui\ ocally what the product should taste like.

A matter of taste
Unfortunately, such is onlv rarely the case. Consider the

data in Table 1. where seven consumers were asked to

evaluate a pickled scallop Peclen alha) product. All seven
consumers were experts who all worked with scallops and

were used to tasting them.

At first sight the information they 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 touch texture usina words like
"Qvercooked", "rubberv". "chewv" or"toueh".

Another pervading comment was on saltiness and on

lemon flavour from added citric acid. Eventually a success-

Table 1: Consumer reactions to test batches of pickled seallops

Consuvcr prolile

Male, manager Scallop Associatton

Mate. Director Fisheries

Male, Manager Fisherman's Co-op

Male, Fisheries Inspector

Male, Fish processor

Female, Fish processor

Female. Fish processor

' Of'od's so-nc p'ele'e-ce'or one particu'a

SaTiple I

Overcooked"

Overcooked"

Too acid

Too salh-

OK.-

Tasteless

Horrible

i'S3T)p'C

Sample 2

Overcooked
Tasteless

Overcooked

Less acid
Tough

Too acid

Slightly
rubbery

Chewy. salty

Chewy. dislike

Sample 3

Overcooked
rubbery

Overcooked

Less acid
Tougher

Extremely
overcooked

Slightly
rubbery

Better

No; bad-

Sample 4

Overcooked

Bitter

Too lemon

Overcooked
rubbery

Slightly
rubbery

Nice*

Not bad'

Th;? a'licle rcpiesents a summary' of a paper presented at the
Sinaap^i^ conference in May. (See INFOFISH Marketing Digest nz4.
Ju", 19S.', lor a report on the conferenceV John Sumner is Principal
LPC;UW in Food Science and Technology at the Royal Meit'oume
ln?:itu;i' of Tcchnoloov. and his main interest is fish qua';;\ and

ensiling of fish waste. Darian \\'arne is 'ist' canning expert. currently
surveying qua':ty cm'.rol in Aus'^s a" '?'-. camenes. Elizabeth
Gorczhca recently completed her >>'2S;e- s Degree on storage and
quality of fish. Nick Srowne is fooc te;hrc;cg> g'aGuate presently
norking on a K'aste' s Degree in ens' "3 c'' sn waste

INFOFISH MARKETING DIGEST SEPTEMBER 1982



t'nl proi-hict \vus made by boiling scallops very quickly in a

rchitivcly small quantity ol'water which t'ormcU the stock

tiom \\ liich the brinc was made by ;idding small quantities

pl salt. ;icetic acid and citric ;>cid.

What's in a name
Somciimes consumers buy according to the name of u

tish species — paying consiijerahly more for a favoured
species. But can they tell the difference from closely similar

species, and if they can tell ;> difference, which species do
llicy prefer in a "blind" taste panel lest ol' unmarked fish

s.nnples'.1

Australian consumers in Melbourne pay considerably

more for Rock Flatheud. (Pltttyc'i'pluilns Idei.'i^unis) ($2.50

— 4.30 per kg) compured with other flatheads. like Tiger
I'l;i(he;id (.\'C(>/»/rtfvcc/)/K;/(/.< riclidrcfsnni) ($l.6() — 2.50

per kg) and Sand Flathead (Pliilycrp/Kiins liti.'ssenxixi.

1 lowevcr. consumers found it dit't'icult to distinguish rock

flatheaij from the other flatheads and. of those who could
dit'terentiate flatheads, only around 50<~r .ictually preferred

rock flathead. Objective criteria for quality (Table 2)
showed little difference between llatlicad accordinc to
Tornmeter readins. K-value. TMA level and bacterial

levels which, coupled with taste panel data. indicates that

consumers cannot distinguish a species for which they will
L-ticertutly pay 70rr more than closely similar species.

L'sing the Australian consumer as a marker for fish

qu.iliiy. however, must be balanced by the fact that

Australian consumers dictate that the Great Australian

t-'illct be white, skinless. boncless ... and tasteless!

The fastidious Asian consumer
Much more relevant is the reaction of Asian consumers

lo (tie highlv valued abalone i\i.>ii)liuli^ti.\' rnht.'n which

(etches ASlf kg (chucked) and AS23/kg (drained weight)
for the frozen and canned products respectively. Last year

this lucrative canned item earned Australian manufacturers

A$20 million (,about USS20 million). Sl''< of production
i'.oinc to Japan. Hong Kong and Singapore.

Canning ofabalonc presents advantages compared with

(he more traditional frozen product:

• greater returns on a S kn basis.
» freedom from the cold chain.

« shclf-stable product.

But what do consumcn' warn in canned abalone in terms

of texiure and flavour? This was the key problem facing an
Australian manufacturer planning to change from frozen to

L.uuiCiJ product as he cosied the plant and equipment

neciJcd for (lie cannerv and as he considered the risks of

canniui;. compared with freezing.
The solution — a sunev in Melbourne's Chinatown

in\ol\ini;c>0 Chinese consumers who rcsiularl vale abalone.

and. like all consunicrs. knc\v \\liat tlicv liked. Answerinii a

i.]ucstionnaire in Mandarin and English (Fig. 11. consumers

isolait-'i-i ic\;ure as >i nuijor qu..»lity factor. This had

immcijiaic impact for the processor \\lu' could, by alierinii

(tie temperature and lime of the retorting (^cooking)

process, markedh alter the texture of the canned product,

Bin there vvas a further criln.'.il point — process aliera-

lion also an'e^ted the yicU of abalonc — tor, as the process

became more severe, (lie abalone. quite literally, lost

wciclu. And. as anv t'ooj teclmoloeist will tell vou. \veislu
loss equals p.nandal loss.

So (tie m.znut'.icuircr \\orkcij out t\\o processes:

Table 2: Rock Flathead quality parameters compared
with Tiger or Sand Flathead

Torry meter

K value (%)

Trimethylamine
(mg%)
Total bacteria
count (/g)
Total count of
sulphide producing
bacteria (/g)

Rock Flathead

Mean

12.2
(6-16)-

42.2
(15-85)

0.37
(0.03-2.8)

50.000
(5000-140,000)

2.000
(<100-20,000)

Tiger or Sand
Flathead

Mean

13.6

(10-15)

42.6
(12-97)

0.58
(0.06-2.5)

60,000
(50-200.000)

2.000

(<100-20,000)

* values in parentheses are minima and maxima

Table 3:— What do consumers
think of canned abalone

Mild process
118:C/40min

Very tender 40*(44°o)

Neither tender nor
tough 49 (54°o)

Very tough 1 (2°o1

' Number of consumers who
graded in each texture category.

Severe process
121.T:C/60min.

81 (90°o)

9(10°o)

0

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

Mild process Severe process

Better than or equal
So my usual brand 60 (67°,o)* 54 (60%)

Worse than my
usualbrand 11 (12co) 14(16°ol

Don't know 19(21co) 22(24°o^

* Consumers who graded in each category.

• Mild process. 11S''C for 40 min. giving a relatively tough

product.
• Severe process. 121,1'C for (-ill min. giving a more tender

product.
Each product \\ as ottered to consumers \\lio commented

on the qu.ility (Table 5) considering the product from the
mild process to be tougher and preferred (Table 4) to that
of (he severe proces';. Which supports the observ.ition that

good quality abalone h.is a unique "chewy" texture.

Trials involving approximately 450 measurements using
the Instron Texture Tester — a h\e.h\\ sensitive set of

mechanical jaws — confirmed the panelists' findings;
abalonc from the mild proces-. was -ignit'icantly tougher
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ADVERTISE HERE
The Asian/Pocific area is a
hotbed of fishing industry
development - marine,

freshwaier and aquoculfuie.
It is also one ct the world's
most Di'omis:n^ moilets tor

competent fisheries
consultat'on seivices.

INFOFISH Marketing Diges!
published by FAO's Morke'inQ

Project recJ'es a select,
influential readeiship incluciing
many decision-'nakers in (lie
fisheries de\ e'opment area

Includinc fisheries
departments, funding

agencies, investment bank?
and others. \! \ ou ore fisheiv

consultants, you can reach
these people too, \\'ith reguiar

advertisemen's in our paces.

For more ;nforn~c''c"i \\';ke:

P.O. Bc\ 8°9, \.jlj L—p.'. \^aloysia.

OiTe'ev: iNFiS- \^31560

1 WtNK THIS ABALWE IS EXire£UE;lV TCTOEK

-^-^ii^?:-^^

1 Tnt^ THIS ftSALQii IS f-ccE-v.Tin TrriaeR

^ if • ^ \i ^L 'f. 7r -t^ ^ -} ^ -l-L

[ THtt^ TOI? ASAtnhf t; S-i^TYl TPfflER

^ i!- ^ & x'L ^ A f .(/ 6^ ^4t

I THIN\ THIS AfcALOPtt (S ^;;T<K TE^^XR NW TOlX-^

^ ip- ^^ ^ ^ ^. f .4/t. tf.?. ^ ^^-

1 WtK^ THIS ?ALO?€ !5 S^t<yTL'i TQUm

^ ^- ^ji$^^ ^i ^ ^ ^ i/ ^

I TH1?. TOtS A£ALre€ IS WOTyTSLy T&IJ^

^^iL^l ^ ^.-t ^ ^ ^ ^

I THtKK THIS A£ALflh£ t5 EYTRE^S.Y TOUW.

^^/-.Hf.L^^ i^<L

Figure 1: Questionnaire prompt card
for evaluation ol 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-consumins consumer sun'evs 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 sood news for the canner; the mild
process gives higheryields, only 1\cc \veight lo?s on reton-

ing (cooking) compared with 32'"< for the severe process.

At AS23 (XXI per tonne. in the can. this represents extra

revenue of AS700 per tonne (fresh weight), or on a national
basis at current prices AS 1.2 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 toneue and teeth eivin? answers identical

with the Insuon Tevturc tester — discrimin.itin? Asian

consumers and objective testina machine a^recin?.
But lest the impression is gained thai qualit\ assessment

is an Asian irait consider a Sri Lankan marketing ploy used
in fish quality assessment: beach-seined fish 3:0 considered

best quality, and. not surpri-.ingly, fetch higher prices. And

typically, bcach-seined fish also have sand in (he gills and
scales which is whv vou n ill find a section at Colombo's St.

John's Market selling little ba.es of s.md v.hich vou can

sprinkle to make all your fish beach-seincd' s
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Appendix 8.

RIVIIT canning-cooking
by A. D. \Varne*

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

While there has been no
suggestion thai there is any risk
whatsoever in Australian canned
seafood products, a recent

outbreak of food poisoning
caused by canned product in
Britain and other cases overseas
have emphasised [he need to
regularly assess thermal
processing techniques for canned
products, including seafood
products.

The present research in this
area at (he Royal Melbourne
Institute of Technology (RM1T)
is being conducted bv (he Food
Science and Technology Unit
under a Fishing Industry
Research Trust Account grant.

We aim to assess the safety of
current processes and confirm

that Australian canned products
are safe from spoilage by the
food-poisoning bacterium
Clostridhnn boiulimnn.

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

industry.

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

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

is the major canned seafood
exported from Australia. Sale? in
19SO-S1 totalled S20 million.

Canning abalone is lucrative
bin dit'ficuli. For instance
product quality and high yields
(drained-weieln yield, thai is)
require a fine balance beineen
temper jiurc and lime of
cooking. Lower temperatures for

shorter times produce higher
yields: longer times at higher
temperatures give comparatively
poor yields but a succulem
product (like ihe acclaimed
Mexican canned abalone).

Although pre-cannina
treatments such as brinina and
washina can affeci the I'inal
yield, ihe greatest improvements
in yield undoubtedly come from
reducing the time and
temperature of thermal
processing. However the danger

in reducing these is thai thev
then may not be enough to kill
all coniaminaiing bacteria.
particularly [lie heat-resisiani
spares of Closiridiinn hoitilinmn.

Should these spares survive [he
canning process they could
produce lethal toxin without any
overt signs of spoilage to alen

the canner, retailer or consumer.

Good commerci-il practice,

based on years of c\rcrience.
dictates that the pu-b.ibitiiy of
even one spore sum', ing in a can

must be made lers ilian one in a
million-million. These are lona
odds. certainly, yet realistic when
public health and processor
bankruptcy are ai siake.

This safety level is achieved by
designing a iherma! process
suft'icieni to auarante^ that e\erv

part of the canneil product has
received the ec}uivak'ni of at least
2.8 minutes" heaiins ai 121.1-~C.

This time and temperaiure
combination are rct'crred to as

giving an 'Fp value' of 2.8
minutes, or a 'bomlinum cook'.

At RMIT we have duplicated
typical Australian processing
schedules and have studied the
influence of fill \seii;his and
processing lernpenuures and

processing limes on actual FQ
values for canned nb.ilone.

In some instances i;ans were

undert'illed so thai ihe final
drained weiahis would be less
than the required 225 g of
abalone meat in each 450 g can.
Other cans were ovcrfilled, as

This table shows the effect of process temperature, time and fill weight (the

weight of abalone meal in each can) on the so-called 'Fg value', a measure of
deslruction of bacteria. A figure below 2.8 (minutes) is not acccplabte.

Process

temperature

re)
115.6
115.6
118
118
121.1
121.1

121.1

Process time
(minutes)

40
40
40
40
40
40
60

Can fill
weight

i.Ki

333
313
315
325
335
270
272

Aciwl
FQ YUlllt'

(minutes)

0.5
1.1
3.1

3.1
1.3
4.2

9.4

Theoretical

FQ value for
'worst case'

(minutes)

0.5

0.7

1.4"

10.4a

a. In cases where iheorelical 'worst c.lse' values exceed ihc aciual Mlues, ihf difference can hr

altritiuied to ihe ilift'ercnce beiuccn meihotls of calculation.
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could h;ippen in a canncry where
large abalone \vrre beine used.

In the lablc me summarised
the pKKCssing variables used and
the FQ \ allies computed directly.
Also inclui-lcd arc theoretical Fy
values for 'worst case'

conditions, based on parameters

derived in these experiinenis.

These iheoreiical figures
indicate itic FQ values thai could
be expected with high fill weights
and initial temperatures of 35 °C.
Several points emerge:

• processing for 40 minutes at
115.6CC was not sufficient to
produce the minimum FQ value
(2.8 minutes) required and
canned produci processed at this
time and temperature would not
be accepted as safe from C.
boiulinwu;

8 processing at 118C and
121.1 CC produced the required
FQ value in all but one can, a
can packed with 335 g of
abalone. not an unrealistic
amount given the solid packing
that sometimes occurs;

• assurance of process

adequacy is only possible if can
I'ill writ;hts arc strictly controlled,
and this might need si/e-grading
and use of some abalone

portions (rather than whole
abalone only);

6 the heatine charncieristics of
canned abalone indicate thai heat
transfer is by conduclion, which
makes product fill temperatures
critical it' marginal processes are
to be used; and

8 theoretical 'worst case' FQ

values highlight the dangers in
striving for increased yields
through reductions in process
seventy.

It can be concluded that strict
adherence to sound ttiermal
processing schedules is essential
it' consumer safeiv is to be

guaranteed. A risk-benel'it

analysis would surely indicate
thai it is more prudern to accept
a small drop in yields rather than
a total loss in sales ihroueh
failure in the market place.

Canning abalone — background
information

THE ^'annin.i: of atulone

represents an nnror'.uu sector ol

ihe Au'>irali.ui I'isli-pro^essins;.

industry.

Currently it is ba^l on the
reM.iuri.'cs of iliis mollu--: in

coasial v.aicrs atone souihern

New South Wales. Victoria and
Tasmania. (Most of the abalone
taken in S.Miili Ans-.ralia i<

e\p<'rici.l I'nvcn.)

Profile! ii.->n of canned ab..ilone

in l^SO-Sl was 1 SCO tonnes.
alirios; all i.-'f it seni to Asijn

marktfK (parti;ular!> Japan and
Hoiii; Konct. Ai pre'eiu ilu're

are l'i\c abnlonc canneries in

Australia.

A u-.ct'ul suinnian cif

in\c~r.'.:aiii,'ns iiuo .'.bjlone

car.ir.n^ i*. pr>.''\idci.i by ;t'iC paper

'Ab.'.ioiii: - an esc'.eric fooJ'.

\\ri!ic:i b\ .1. Ollc\ and S. .1.

Throx'.cr and publistu'd in
.-\i1\\imvs in Food /;t'.<iWt-/i, Vol.

23. 19"7. This paper draws on

work on abalonc cannine carried
oui b\ Dr Otley ai (he CS1RO
Di\ision of Food Rescarcli
Laboruiury in Hohan.

An earlier descripiion of
abalonc cannine is available in
(lie an ide 'Proce«ing and
cannine abalone' by \V. A.

Monii:omcry in Au'-Ttiiiivi

Fjfhcrii'n \cw-lcner. June 1966.

A Jcscripiion of qnnliiy
requirements in canned abalone
is iivcn in the circular
'Australian E\porl Standard for
Canned Abalone' CE-v/iow Fish
Circuliir 140, t9~9). available
from ihc l-'ishcries Division.

D;.'pa:nnent ot' Primary IntJu-.tr'..

Canh-.'rra. ACT ;(A1. — Pfler

Davis. DPI.
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GROUP OF COMPANIES

WESTERN AUSTRALIA
Fremantle — Tropica! Traders. 39 Queen

Victoria Street. Fremantie, 6160
Phone (09) 335 3291. Telex 92986

Gerafrfton — Tayfor Marine. Fisherman's
Wha-1. West End. Geraldlon. 6530.

Phone (099) 21 1714
NORTHERN TERRITORY

Darwin — Taytor Marine. 1 Carey Street,
Damn 5790. Phone (089) 81 5500

Telex 85164
QUEENSLAND

East Brisbane — Taylor Marine,
157.161 Wellington Road,

East Brisbane. 4169.
Phone (07) 391 5044. Te!ex 42375

Townsvitte — Taylor Marine,
7 Pa'mer Street. Townsville. 4810.

Phone !077| 72 3866. Teles 47059
Caims — Ta>:Qt Marine. 72 Soence Slree'

Cairns 4870 Phone (070) 51 5811
Telex 48043

SOUTH AUSTRALIA
Port Adelaide — Taylcr >/sr;ne.

15 \ <? S'.'ee;. Fo" Adela 3e. 5015.

F~;-e ,^?i ^7 67^4 Te'ev 6E562

Port Uncoln — Taylor Manne,
Po-er Sl'eel PoU Uncoln. 5606.

Phc"e ,C861 82 2204. Telex 80416

Ml. Gsmbier — Tayior Manne.
13 He 6- Street. Ml. Gambier. 5290.
Phc"6 !067l 25 2350 Telex 80084

VICTORIA
Portland — Tayioc Manne. Foreshore,

Portia-^. 3305 Pnone (0551 23 3155
Telex 5S813

Mslbourne — J.N Taylor & Co Lid
226 B\.if Road. Sa-ndnngham. 3191
Ph—i; ;3i 598 5738. Teiex 39102

G&elong Area ~ Leetron'cs.
&~j!ft Geelong. 3220
Pnone(052)21 262

Carrum & San Remo Area — J J T Systems.
'.Vha.e-s Caie Marina Carru", 3197.

& S<n Re-'.~ 3S25 Phone (03i 772 3772
Tdex 37513

Lakes Entrance Area — Peninsuta Marine
Tec-^T&a Se-vces. Hashngs. 3915
P'-^e .359) 83 9937: 79 1975

Port Welshpool Area —
Tests' C&"-"jn:cations, Bays^vaier. 3153

P-'s-.e f03) 720 3355

TASMANIA
Launceslon — J & T Gunn Genders.

Ls.nces'o- '250 Phyie (0031 32 9243
Te'ex 568<7.

ttebart — V.a'sn V.'ire'ess. Hcbisrt. 7000
P-ye i002l34 4303.

ELECTRONICS Pr/. LTD.
NEW SOUTH WALES

Greenwich Marine ~
9 hi S; Le ;.*llur{!;. NSW. 2040.

-e,e;.-io"e ,021 692 0055
Tee. ZE627 SCG ME

Billint — C S B Electro" cs.
Lc* 1 \:<rf" C'-ee-'. Road Ba".na

P-.:"e CE61 86 3819

Mac!&an — Tra-sc-OT 29 R \tet Street.

Vas'e-i- P-'^-'e 1066) AS 2777.

Colts Ht-bou- — Pe'i-- Godie- Pt, Lid
5 <a-.-i- i.'e Cc"s Ha-rour

P-.:.-e C6S. £2 4620

K^mpsey ~ La"^; & ^.a'-ie Co"i"'.jnications

6 & Be-^a.'e St(-ee; Ke'T-.^sey

P-.ye ^;.6Ei 62 6033
Eden — Eoe^ Eiectro".cs

F—ces -is'-A'a, Paes'-'e \'.a Eden.

P-.:'~e ;64S, 6 17CO



Aorendix 9.

—
for

SAFETY is an important con-
sideration for abalone canners. In
fact consumer safety is the most
impprtam i'actor in canning

abalone, and a previous article in
,4 usirulian f-'isherics (February)
examined factors affectine the
safeiv 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.
(li earned S20 million in 19SO-81.)

To survive, abatone canners

must balance the need for safety
against sensory requirements (af-

fected by lexiure, flavour and col-
our) and satisfactory yields. At
around $23 a kg (drained weight)
il is important that;

• ihc product conforms lo con-

sinners' expectations; and

• yields are maximised.

Work in the Food Technolo.ev
Unit i-'f Royal Melbourne Institute
of Technology (under a Fishing
Industry Research Trust Account
gram) has identified critical fac-
tori. intluencing consumer accep-

tance of Australian abalone and
related these to yields of ihe can-
ned rroduct.

Rather (han conduct GUI
research in the export markets of
Japan, Hong Kong and Singapore
we opted for the considerably
cheaper alternaiive of locating a
target population closer 10 home.

\Vc surveyed restaurants in

Melbourne's Chinatown and
quc.'.iioncd 90 Asian respondents,

all chosen because thev ale canned
abalone nt leasi once a month.

Our selected panelists had product
familianiv and would know \\hai
10 c\pc>:l of canned abalonc,

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

DID YOU W^ •NE SECOKT '•RODUCT TCSTH3 KAS

BETrei; THAN OR

EAl^ TO OK
WC-SE TH.V..

vow USUM- &^y.r ^r i^.-is ABAtONE?

-.. '.-n r..:;. ^ =.::,,,. r^^^ TE?T;r,s^

whereas the average Caucasian

would be of liitle help.
Respondents were asked to raie

the texture of product cooked for
either 40 minutes at 118°C (mild
processing) or 60 minutes at
121.1 CC (severe processing). L's-

ing a seven-poini scale (extremely
tender = 1; extremely tough = 7)
the mildly-processed product was
found significantly tougher than
the severely-processed variety,

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

We then related preferred tex-
tual characteristics to instrumen-

tal measurements of the same al-

tribute and developed a scale that
allows prediction of consumer
response to the texture of all
erades of canned abalone
without expensive and time-

consuming surveys.

Of direct financial importance
10 canners is the yield after ther-
mal processing. Il was shown that
the severe process caused a 12 per
cent greater loss on cooking
(retorting) than ihe mild process.
This means mild processing not
only produces a preferred texture
but also offers potential savings of
S700 a tonne (fresh weight) for the
canned product.

Our conclusions are, that by
carefully manipulating process
severity:

• an abalone canner may pro-

duce to a texiural specification
matched to the requirements of
his discerning Asian con-
sumers: and

* substantial savings can be
made if overprocessine is
avoided — and this need not
jeopardise consumer safety.

In the canned abalone market,
where the competition is strong
and the return? 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 ihe authors by writing to
them at the Food Technology
L'nit, Department of Applied
Chemisirv. Roval Melbourne In-
siitute of Technolosv, GPO Box
24-6V. Melbourne. Vie. 3001, or

telephoning (03) 345 2S22.

•\:.^!r(ilitin /-;.<;;i'r;t-.>'. Ji:nuar\. 1V83



Aonendix 10.

QUALITY CONTROL

Canning quality and product safety:
for and

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 quality control procedures in a number of Australian fish export

In each cannery reviewed, the research team studied criti-

cat 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:

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'C. By convention, this is designated as Fo > 2.8

min. Trials in tlie Food Technolo.sv Unit demonstrated that
the manufacturers' scheduled process produced an Fg of 1
min; for potentially lethal bacterial spares of Cli.islriJiuFit
hotulinntii, this corresponds to a survival rate of approxi-
matelv one thousand million times the maximum recom-

mended. There being no assurance that Closiridimn bolit-

liiunn spares 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 Fo value, but as the increase in thermal processing
severity has decreased yields 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 Closiriiiium hoiulinuiit.apasieu-

rization process will be sufficient for commercial sterility
and the mild heat will limit textural damage and \veii:ht
loss.

Canned
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 S23;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 cannerics have demonstrated that thermal processing

severity affects both the safety and the weight loss of the
finished product. Table 1 summarizes our results showing
the process times at different retorting temperatures re-
quired to give the contents of every can the minimum Fo
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
yields and textural characteristics are optimised.

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

production lines are the same, and what makes sense in one

factory may be inappropriate in another. As a registered
(but small) food factory', the RMFT 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 Fo value
for the scheduled process was approxknately seven tunes the
usual target for industry. Although we acknowledge that
the process was more than sufficient to kill any harmful
bacterial spares present, we concluded that a process

reducing the probability of Closmdiuin boiulinum spare
survival to approximately one in 10W was excessive. In this
instance, there were several reasons for reducing process-

me. seventy:

the texture of product was suffering as a result ofover-

processing

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

was reduced
— 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.

and red
Reports compiled by die Public Health Laboratory

Service (PHLS) of the Communicable Disease Surveil-
lance Centre in London attributed the recent fatal botulism

ise 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, idendfied 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
Alaskan canneries. The International
Commission on Microbiological
Specifications for Foods (ICMFS)
had previously reflected on the
Jifficulty of such a procedure when it
noted "... if present Clostridhim hotu-

linum would be expected to occur, at
such low frequency that no conceiv-
able sampling plan would be adequate
as a direct measure of its presence."

Safety can only be assessed in-
directly when criteria other than the
presence of Clostridium botulinum
are used. The following is a summary
of the results of analysis of one
hundred and twenty cans (220 g) of
Alaskan salmon which were with-
drawn from sale by the Australian
Department of Health in March 1982.

methods
Sixty cans (84 x 46.5 mm) of pink

salmon and sixty cans (84 x 46.5 mm)
of red saknon were received from the
importer and inspected externally for
signs of poor seam formation, damage
and leakage. Tap vacuum tests were

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

Can ends were cleaned with 70r(~ ethanol and (hen
flamed. Each can was opened in a laminar flow cabinet
using a sterile bacti-disc cutter. Alter noting the appcar-

ance and odour of the product, a portion (,2-3g) was

removed from each can and innoculated into a tube (13mm
I. D.) containing cooked meat medium (15 ml) to which
had been added glucose (0.5i~r 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 from which samples were
taken for pH determination. After removal of all product.
the cans were washed in warm water and deterccnt, boiled

for one hour in clean water, drained and then dried for one

hour at 60 °C. Cleaned containers were clampeiJ in ;i 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 fur at least two minutes by

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

Manufacturing
code(s)

HD 14BQ718T
HK 13CP818L
HP 13CN818
HU 13AV718
HS 14CL818
PGM 3C032

B 1663R81
B 1705 R81
B 1713R81

P 1854 R81K
P 1902 R81K
P 1903R81K

R 1705278

SD 17B6221
SO 1AH6231
SO 10AC6292
SO 10CD6292
SO 10CG6252
SO 10MG6251
SO 10VA7062

SKI 06A6265
SKI 07D6275
SKI HA6174
SKt HA6175
SKI T06195
SKI V H6254
SKI V H6255

Number
of cans

10
10
10
10
10
10

3
4
3

4
3
3

10

2
3 ,

2
2
2
2
2

2
2
2
2
2
3
2

Product
type"

p
p
p
p
p
p

R
R
R

R
R
R

R

R
R
R
R
R
R
R

R
R
R
R
R
R
R

Mean

<gl

6.12
6.20
6.18
6,18
6.14
6.23

6.32
6.25
6.37

6.38
6.27
6.38

6.35

6,40
6,35
6.43
6.32
6.35
6.30
6.-1Q

6.45
6.40
6.40
6.40
6.40
6.35
6.43

pH
Range

(9)

5.95-6.20

6.10-6.35

6.10-6.25

6.10-6.30

6.00-6.25

6.10-6.30

6.25-6.40

6.20-6.35
6.20-6.50

6.15-6,60

6.20-6.30

6.30-6.55

6.20-6.50

6,40-

6.25-6.40
6.30-6.55

6.15-6.50

6.30-6.40

6.20-6.40

6.30-6.50

6.40-6.50

6,30-6.50

6.40-6,45

6,40 -

6.40 -

6.30-6.40

6,40-6.45

Gross weight
Mean

276
279
279
279
278
277

278
274
278

280
286
283

280

275
277
270
281
283
279
276

271
276
273
280
275
279
276

Range

267-289
270-293
270-290
271-286
270-281
270-281

274-282
269-279
269-291

275-287
282-288
278-287

274-284

269-275
274-281
259-280
279-282
282-283
275-282
267-284

268 - 274
274-277
272 273
276-284
272 278
276-282
275-276

* Pink salmon = 0. Red salmon = R.
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QUALITY CONTROL
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introducing compressed ;iir through (tie can end opening
and ;m ink't in one end of the damping apparatus. Pres-

surised cans were held under water and examined for the

conliiuious emission ol' bubbles indicative of double seam

Ie uk ;mc.
!n order to evaluate the formation of the double seams,

the c;mner's and the can maker's ends were stripped and

the pcrccnuigc overlaps calculated 15mm either side of,
and diagonalty opposite, the side seams.

Results
All c;tns cvamineU appeared sound with satisfactory

vaaunns and se.un tonnation. Ttierc was no detectable

double or side seam damage and no evidence of leakage. It
\\ ;is obscn cd that some cans were suft'icientlv scored in the

sidewall to cut through the external lacquer; however, in no
case was the can wall pertbrated.

The absence ot'eas turbiditv in the cooked meat medium

in all but one tube suggests that viable organisms were not

present m tlu'se cans. The exception, in which turbidity was

observed. revcalciJ numerous cocci on staining and was

presumed lo have resulted from contamination during

innoculation as the product showed no signs of microbial
acli\ h\ aiul ttie can t'rom which it came was sound.

In Table 3 are summarised the manufacturing codes.

number of cans within each code and average flesh pH's

and ^ross weights for all cans received. The uniformity of
pH and f.ross 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.

Table 4 dvcs summaries of double seam analyses for

pink and red salmon cans. These data indicate that the
minimum percentage cncrlaps for all pink salmon can ends
\\ ere within the guidelines required by good manufacturing
practice (\.c. > 45'~(). Of the red salmon can. eight canner's

ends and four can maker's ends displayed overlaps less than

45' 'c; however, neither these cans nor anv others tested
leaked uiuk'r pressure testing at 170 kPa.

\\'c inter from the lack of microbial growth in the cans.

the tailuic to isolate viable organisms and the satist'actorv

leak tcsl pci t'ormaiK'c (hat all cans examined were commi:r-

cially sterile. This finding offers little comfort if it is sus-
peeled lluK the incidence of potentially fatal product failure
is loo lo\\ for detection l\v samplins;. The Belgian outbreak
is |ii;lic\c>J (o ha^c resulted from post-processing conla-
miiKition in which bacterial entry was throuch a small sidc-

w.ill dct'ccl tornu'<J during can fabrication. Evidently, the

d.iinagc c;niscd t\\ can rctorming equipment occurred more
th;m once ;is ttu' Food ynd Drug Administration isolated 3(1

iJctccti\cc;ins m its examination of rccatled stock.

for fish

There are two classes of risk in fish canning:
• Commercial risks — associated with poor

product quality, low yields and excessive
manufacturing costs arising from incorrect
processing conditions.

» Public health risks — associated with under-
processing or post processing contamination.

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 chtorination
Line damage records
Transports and storage conditions

At each critical control point, the manufacturer
must establish a three component system that:

• Monitors
• Records and
• 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 alt
eisht million 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

relied upon to detect accidents which in a chance sequence
of events cause manufacture of an unsafe product. This is

why \\ e recommend critical control point analysis. B

Darian Warne is senior lecturer at the Food Technology Unit. Royal
Melbourne Institute of Technology (RMITt. Daniei Capaul, currently
with Quaker Products. Sunshine Road. Footscray. Melbourne, was
previously an undergraduate with the Food Science and Technology
atRMIT.
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Appendix 11.

PROCESSING

Abalone canning: Factors

quality and profitability
Sensory quality, 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 to fulfil them, the
fact still remains that product safety must override all other considerations.

ustralia lands more abalone than :in\
^(her countrv, and since 1978 has ac-

counted for over 36(~r bv weight of (he
total catch in major producing countries.
The other major fisheries are Japan .ind
Mexico; however, the significance of
Chilean loco {Concholepas concholepiis)
as a cheaper alternative has grown so
that now. in terms of in-shell (onnase. it

matches total annual landings of aba-
lone. In August 19S2. 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 12% by weight and 25rr (AS 7 mil-
lion) by value. However, despite the
diminished harvest, abalone dinners
appear not to have been affected as their
exports rose 47rr by weight, and earn-

ings showed a healthy 34rr increase.
Australian canned abalone exports over
the five years to 1982-83 indicated that

an. Hong Kong and Singapore con-
tmued as major customers, accounting

for about 859r of the canned abalone
exports.

There are eight Australian export re-
gistered canneries sharing a market.
which in 1982-<S3 earned AS 22 million;
in 1978-79, there were only four c;in-

neries which e.irned AS 7 million. Over
a period of five years. the annual ton-
nage exported had grown by more than
60% white earnings increased by 200'~r.
Expansion of this magnitude indicates
that Asian consumers are not deterred
by price alone, provided that the follow-
ing criteria are met:

* The product matches consumer expec-

tations of quality.
s The product is safe to eat.

® The selling price is competitive.

Successful manufacturers must not

only fulfil these market-orientcd require-
ments; they must also operate profitably.
Research and development have reveal-
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ed the interdependence of these criteria;
however, in some cases pui'Miit of one

objective has proved i.ietrimcntul to the
attainment of others.

Consumer expectations of
quaiity: Texture

To the uninitiated. canneil abalone is
frequently perceived as luiving a
"rubber-like" texture and "slichtlv

saline" tlavour — hanllv the sensory al-

tributes that might be expecteil to justify
the selling price. Nevertheless, these.;ire

just the quality char.icteristics without
which sales would be lost. Given the
brief to develop a shelf-stable canned
abatone product, we were faced with
locating ;i tar.nct test markcl. Not sur-

prisingly. we found that only Asian
panelists possessed the product tamiliar-
itv neccssarv to comment on sensorv

quality. The results of a preliminary sur-
vcy in tins table quite clearly showed the
risks of ;iskina Caucasians ahont the snb-
tidies of abalone texture ami t'tavour. It

was apparent that future t.iste panel
cvutuations should be restricted to Asian
consumers.

Having identified the appropriate test
market, 90 panelists were asked to com-

ment on the texture of c;innei.t ;i|i;ilone

processed ;it diftcrent tiinc - tcnipe-

rature conditions. The rcMilts slunved
that sensory assessment of touehness

mirrored instrument;!! measurements. It

was also found that consumers indicated
a preference for the toiii;tK'r ahnlone

coming from the less severe pmcess. By

establishing a mechanical technique uf
measuring a sensory characicristic, it v.'as

possible to set objective limits dcfinins
acceptable texture. In practice, this
means that manufacturers can monitor

texture during production ;nul he cont'i-
dent of mainlaining product acccptabi-
litv.

Frequency ot abalona consumption by
Asian and Caueaslan panallsts'

H®vw eat aha ton®

Rarety ml atflon*

Occasionally eat abatona

Often &st ebalone

X§Isn C^ucMten
(%) 1%)

3 2)

16 71

75 8

6 0

The numtver o( Asian and Caucasi^t (Mnfltists totnliod
32 and14 ^ jeseectrvotv.

42 INFOFISillMRKETIMl£ilGESlJ\lQ_5-8:?-



PROCESSING

/•'I'l-'l,' ll;',;,'.":!- l\\'l-i\\'t! it! l/ll- fili'f.'rv.

''l;n^«i;.

Good i|u;ilil\ cimned .ili.ilonc II.K a

crc.uuy yellow :ippi.\ir;iiKC ;nu1 the sur-

t'.icc is t'u'c of ;inv loc.ilisci.t discolor.i-

lion. On tcrcipt i.if fresli ;iti;ili.iiK'. it is

ni:i:cssar\ lo irnui\i' (lie pisiniciu .iroun'.l

the "Iip". A simple cleanini: tccluuqiii.'

involves iiunici-.inn the sluickcj abalo'u'

t\ii <ippi\'\iin,>(et\ 30 niins in \'.anii

(.''5-40''0 w.iter i.-oiUainins -..ill (3t1 i; i1.

Durins; itiis lime. (lie molluscs .uc ccn'.l\

abr.iJcil cillii.-r liv a forced mnil''lini: ac-

tion. n.unclv rot.itiiit: tin; lioli.iini; t.mk

wliii.-h is p.uli.ilty subniers;cd 111 briiie. ^r

b\ stirring llie brine \\itli p.uid'.cs.

IMI.|IK . u^ii.lual pii.inu'iu c.id he rc-

iuo\cd hv lr;l>t lKnul-Si:rnbl''in--; \'.itli il.ui-

blushes 01 .ibi,iM\c p.uls.

An .ilinnatiM- method of clc.mnii; ^

10 use ;i pu'trnlvtic enz\im- in ,i-.1^i;io:i

to. or in pl.icc of. salt. En/yniK' .icti^ii is

.urc'.tei.i t'\ Mil'nu'rsion in a li\dro^en

pcroxiik' solulion. Eiwnui: clc.iiun;: I'..'.--

tvcn t'omul to be ni;>ri:m;>ll\ casici. In

the ln.ils roni.lncte^. tio\'.c\cr. i;s

tlic.Uc-.l hi.'nclil was ituit tlic pc r 1.1 \ i J.^'

(rc.umcn! t'lc.iclied (lie tlcsli. tlicrchv

unpro\in'.; o'.ci.ill appe.ir.iiit.-c.

I'ndci i.vrt.nn circiinisi.nK'cs. ilk-"jc!i

not \vcli inulci stood, a Hiii.' i.li-.Ct''loi\ilii'"i

l''cn.inu'^ ,ip[\m:nt on |\irts of ihc pc^.i!

si.'lc. Tim is thoui;tu to be rcl.ilcd to

ti.'rnwtion ot ;i inct.illit- i.-i'n'iplcx >HKI c.:n

be coniu'lli-'d In .iddiiion of citric .ic'.J

^ihont u^'i \\ \) anJ n FOTA i-.'.

cihvlcnc i-ti.nnine letr.i acctic ?.ciJ

t-~0.25',> to (hr clc.tnini; hnnc. Tti:-

i.d'.niU'i.in-'n r.. |IO\\C\L'I. not .'. rc^i;i.;r

plK'nonu'ni'n ,mJ is. llicict'i'rc. ,';^:

•ilv.ns iKVi.k-i.t. Soir.c [\K-kci-' ir.>.\'r-

[\T.Ke M'Jium ]iu't>>.l",^1.ilplu;i' in ;t',;'.r

^.iniiin-; I'nnr .is iliis >:,;;i .nd •.^'.'J i.'o'.^r

(\'n'n.ui^;i. ho\\c\er. i( i-. v.-..\1 v.:".

c.iuiion. l\'n.un i.\vi.m;n..''' -.1^' :u'i ?,:'•:-;;

',;>. .idJi'i'.i'n ^'licck inipK'dinc t\''im;r\'s

1>'>^1 ;iJJni\i.' ici:til.iiio;is1. .1:1^ m ir.ch

^'lu-ensi.idi'n'. ,in un.n\'cpl.t'''iC ^vk1'.:i ;s

I'ticn ..if;^ t.it'li'. \\inc;!K'le~>s. ;ti>.' r.'.^-;

un|\in.!ii; t.ii.-hu att'Ct-niii; acccpt.i;'i'.;;\

.•\!\:!inu' /'I'.'fi.s; .'./i.'ii'/n'i/ in.i' rinsi.'il I'riiir hi

t'K\i'f;?^'.

of canned ab.ilone is selection of fresh
ra\\ material combined with visual quali-
ly t;r-n.ting.

Flavour
The fb\our of canned ;>l\ilone is

subtle and not .111 .iitribnle witli \\hicti

\\e lune experimented in product de\c-

k-ipiuciit. Salt (20 g \) in the canning
hriiu' has proved snt'ficicnt lo enhance

ihc i:oiuplc\ tl.ivour piotile. ntiereas

even (lie sliclne'.t ovcRlosc of sulphitc

\\;is muccepiable. Of llu' sensory cha-

r.K'icristics. texture ani.1 .ippearance ha\e

pri'vcd ttu' mo'-t impon;nu.

Product safety
Fresh akilone t'lrsh d.is ;i pH beiween

'.it ami ~.4 .ind .itu'r h.mdlini: .md can-

rini: this nw\ tail to o.2-(-i.5. L'nfor-

•.un.itcly. in llus pl I r,mi.:c ;uid \Mtliin ihc

ii.?iTncti>-'.>ll\ t.iii-lidu^ ••c.iled can (lie

environnu'nt is •~uit,>Hi.> for i:ro\\lli ot' tlie

hunun p;uhogcn. (7i'»."(i»K»i l\i!iilin!tin.

1; i^ this b.K'lcriinu \'.lii>.'h so devast.ued

llu' c.mncd s.ilnion indiistr\ in 11-)~S ;uu1

'.°S2 v. lien il \'.;i-- responsible for the

tiv'.ith of tluci; i]iisii>.|''cctiiii; consumers

\'. ho li.ui e.itcn conl.iininatcd prodiict.

In both insiaiKvs. Type E Cl^firiiliinn
:\':tilinnni h.ul L'nu'ri.'i.l tlie ciint.iiner

,;;':cr ihcrmal proi.'c-.smr. inuliiptiei-1 nni.1

;'rAUK~e..l (o\in. Ty|ii.' F. is tvpic.illy asso-

i.-i.itc'.l \viili n'l.'.rinc cnMronnu'nts. How -

c\t:r. nu'.iuit.n.'!nri;i>. ,',11.' ill-advcrsed 10

icnori; the po'.-.it'ilit\ of coiu.iniin.ilion

*''. the iuorc lii'.it le'.isl.iiu Types A and

B (.7ii.<:.'(i.';:(/'; :-:iiul:r,:ii!i \\hich. bcinc of

;;rresiriat origin, c.tnnot be excluiied

I't-'in normal ir,ii.'n''t'1ioi\i likch to e.iin

i::',ti\ inti' tlic procc'.'iiiii: pl.nit. Tliere is

i;;tlc comt'i-ir; ii'. tlK' .i'.Miniptio!l that heat

rcsist.mt SRCTC-. of T\|ics A and B Clo.''-

:r.\;;'i'f; l>,':;(.';i:i'cn will. it' e\er. oiil\ he

•-.irt'jci; c^u.'.i'.'inants >.'t' .ib.ikine ani.1

\'.;!1. llKTt.'K-'ii.'. t'c i.ipiJiy ki!ied b\ the

'.cn'ipci.r.iires r', llic i.'.in i.lnrin^ stcrili^a-

:-.vi. "V.or-.-.-t'.i-c" ,l,'i,il\se> project llmt

^-•ep n-.-.ne ai;-. .1-- nu^lr, ^;cur Junnp

•.'••.iK-kiHi;. n-i.", inipl.int -.p^rc^ oi d^'-sri-

,:;;,"; >'•<'.•;;,';•:;,": inii' the pre\iiinsl\

^..'rik- fir-'i. I "iJci ihc^t.' c^ndr.ioiis. ttie

•."ores ".hich ;\"-sc~.^ .iii iniieren; tieal

;c'i'-!.;.ni.'e .uc liinlic; |'i\'';cc:ed h\ iiisu-

:..:ion \\ ;;h ••^•\i.-i.il cen'.ime'irc'. of

lv~ s

Mi^ii'rn pi;i'kit!;iny line ivt'ti hr Ahilliinf Flflii'r-
»f:u'i'.( Ci>(]/'('n;n'r>' fcr lutnili'illjng — non' llu-

.(liini/t'.d .'';('i'/ snrlutCs for t'n.tv t'/i\»i»ii; i»«;

t'.viV/i'i'm (ncr/n'ili/ liyhliny fi.'r operaior comforl

abalone. 'It is conceivable, therefore,

thai a process sut't'icient to effect surface

sierili'-.ation will be in.idequate to pro-

viile the .issurance of commercial sterili-

tv at the tlicrm,.il centre of the pack.It is

against this scenario that strict attention
must be yiven to the application of a
ttiL'rmal process sex ere enough to

i-lesiroy .ill type"; of CloslrKliinn hfiiuli-

';;i»; present in (lie c;m. .

It is in response to the need for '.atety
throueh rommerdal sterilisation that
lo\v-acid food dinners hnve adopted ,1

standard procedure for deierminins pro-
cess adt't]H;ic\ .Thermal processing sever-

iiy is expressed by summing the letlial
etteci-. of all time-temperature comtimi-

tion^ experienced in the thermal cenire
of tiie j''roducl during processing and
equaling these to the time required at
1;}.1~'C for the product to receive un

equi\.ilent sierili'-.ation eftccl. The

svmbol used is F; value and the unit;, are

minutes. AccorJina to good manutac-

luring practice, the minimum F; value
for low-acid canned foods preserved by
heat .ilone is 2.5 mins. (F; 2; 2.5 mins.)

When ihi-. is achieved, and eiven rey-on-

able microbial raw m.itcrial quaiity. the
probabiiity of s-pore sur\i\;i] for Clo.'-iri-

liinri hiinilinu'n is less than one m a

billion. This means that the probubilit',
of there beine a suni\ or is sutticientl\
remote a? to he acceptable and this.

therefore, oudu to be the minimum
siand.ird for ab.slone canners. Ho\ve\er.

the eft'cct of thermal processing abalone
goe-- hcyonJ pubiic lieaith issues.

Duii'is; reiortini. ;i*'.iloiie undersoe-. .1

du.'.'. Ji.intic:

• There is a "iCMur.il inversion cau'.ed bv

;; :c"iJens;!;ior! ol'ihe ped.il sole ;;nd .1

t^.^henin;; of ;he n',\ot'ihrilla pri-'iein--

a; ;!ic t\isc i-'t' the .iJducior musLlc.

« There i? \'.c',^h'> lo^-' as collasen in the

re.j.i! so'e r con'.erted into celjtini;

'.'.'I'.i.'h niiir^tes into the c.snnini;

!i^r.
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PROCESSING

Effect of thermal process treatment on
objective and sensory assessment o! th®

texture of canned abalons

Process conditions i
^ Punctura Sensory

Time Relortlefnpnture I 'sna' score"

(mln.) (C) : .kg)

Effect of thermal process conditions on
Fg valu®, weight loss and punctun fores

of canned abalons

W 118

60 121 1

33

' PLnct-ure 'orce reqL c&d to p^rc^-e '; -nn ^tck

s;ce ct abatone.

" N;r>ety Asian panelists rating on 7 oOirt ^a:ey)r^

sate: esctremety tencter = 1. extr^mety "^<^\ == 7.

Thus. as thermal processing s.e\erity

(F-; value) is increased, the prc'duct sot't-

ness and yields fu!l — phenomen.i which
are undesirable to the consumer (who

•efers a relatively tough product) and
also to the processor (who wants to
maximise drained weights).

In the table above is shown ;he rela-
(ion between Fs value (calcul.'.tecl uniler

"worst-case" conditions). \ieliJ .'.nd tlesh

texture (measured objecmeivt for
abulone processed under four sets of
conditions.

Factors affecting F.. values
Taking the safety aspects first. the

controlline factors that affect (he rate of
heat penetration and hence the F; value
for the process include:

® Fill weight and abalone size — tisht
packed cans heat more slowly than
loose fills.

• Fill temperature — cokl t'iiled cans
take longer to reach lethal tempe-
ratures than do hot t'illeJ c.ms.

® Retort temperature — the higher the
retort temperatures, the more rapid

the sterilisation.

F; values were calculated u-ing heat
penetrution characteristics found in the
slowest heating of 24 trial packs. The
values shown are. therefore, the theore-

tical "worst-c.ise" values and would

apply had all cans exhibited the same
characteristics. In this sense, "worst-

case" analysis, while pessimistic, allows

Effect of processing stsps on yield during the
canning of abatorv®

Vltld {%}
50-1

Proc®&& corKiitkx^

Tlma Retort
(mln.) *e<nperatur@

tC)

J F.
value*

Avi
we^hV punc<uw
los&can t°":a'
-,:;)"' >kgi

' F. \^'.^ff caicu.aled on "worsto&e'' coa:i*'<^s tak&n

from s-c-A^st ^eatir»g of 2-5 cans-

" Punc^fs 'wce required to p<.r^ture 'CrYn "^ck

s?K;e cf abatone.

Processing steps

for proJuction variables that may affect
the rate of he.it penetration. Based on
these results, it is apparent that in order
to achieve the minimum recommended
F; value (2.5 mins.). mjnufacturers

should opt for conditions more severe
than 40 mins. at 121.1;C. However.

aaainst this. canners must face the dis-

.idvani.iies of reduced vield 'ind creater

textnral softenina. This is whv it is not
possible to simultaneously maximise
product safety, consumer appeal and
profitability. Instead, akilone canners
are obliged to compromise their desire
tor maximum product acceptability and
prot'itabihtv. for under all conditions.
sategu.iri.ling against boiuli'.m is p.ua-

mount. The latter can be .issured

through application of an adequate
thermal process. This. however. iJoes

not remove all ilanecrs as evident in the
last two botulism outbreaks when t'atnl-
ities occurred because ot post-prc'cess-

ing contamination bv Closiridiwn hnlnl-
inum. It is because of the dancers of
post-processmg contamination that sood
mnnutacturins:: practice recommends the

use of chlorinated cooling water and the
prohibition of manual handlina of wet
containers after coolins.

Other factors important to the safety
of canned seafoods have been brietlv
discussed in INFOFISH Marketing
Digest. No, 3 83, ps. 33-35.

Factors affecting yields
In (lie table above can be seen the pro-

nounccd effect of increasing process
severity on yields. As Fs values increase.

so too do losses, a point which is not
likelv to be rnissed hv canners who. over
1982-S3. enjoyed liieh returns for their
product. Given these high returns, all
canneii abalone m.mufacturers \<.ill be

keen to minimise the losses associated
with each processins; step. In the figure
here ;irc shown the ctfects of processing
stages on vielils attnined dnrint; tri.ils in
(tie pilot plant. Losses prior to retorting
are dil't'icult to avoiil; however. tlu' tbl-

lowiny techniques h.ive been foinut by
others to be of benctit:

• Fre'-h abnlo;ie should he stored -K .1

temper.iturc range of between 5; >ind

S-~C. Lov.er temper.nures imlnce

anjcrobic ^I'.colysis a;ui .u'it.! prodnc-

tion v.hich c.iuse a drop in tlesli pl!
.'.nd incre^i'-cJ losses on h.iiHllint:

• Inciu-.ii.'n of phosph.ues in clt-.uuii;;

brincs. bl.inch wjiers .mil c.tiimni;

liquors have been in\estigate>J. \\'L'

have found ;he I'enet'ils to be m.u-

gin.il prior 10. and inconsistent afser.

canning. They may >ilso be unacccpt-

able in some markets.

The most ^ianificant factor affcctin';'
losses .ifier shucking is the thermal pro-
cessini; severitv, which is vvhv mainit'ae-

turers find it more profitable not to over-
process their product. However, the

benefits of potentially higher yields must
not be allowed to obscure the neei.1 for
an adequate thermal process in which
the F-- value is appropriate against the
risks of botulism.

Factors affecting texture
There is ;i clear indication that ns

processing severity increases, flesh tirm-
ness decreases. The canner. therefore

faces the dilemma of havins; to manutiie-
ture a safe product by employing an
adequate thermal process, while kno\v-
ins that textural desradation mav not be
desirable from a consumer's point of
view. However, as with the association

between vieli.!;- and F-- values. there is /i<>

clioici' — product safety must override
all other considerations.

The final analysis
The task far abalone canners is one of

balancing the conflicting requirements of
fulfilling consumer expectarions. manu-
tacturing ;i safe product ;md operating
profitably in a highly competitive indus-
try. The solution is not simple as it com-
bines product formulation, canning tecli-
noluyv and cost accountins!. Wliat i'<

needed is a strict process control system
that monitors production at the three
critical facets of production, namely:

• Sensory quality — colour, flavour and
texture.

• Product safety — he.it penetration
characteristics; F.' values.

• Profitability — yields during ami after
processing.

Only by effective in-pnwess control
can manut'ncturers he sure they have op-

timiscd their process. 8

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 (he imporlnlion of several

thousand tonnes ot frozen hake from South Africa and South
America while gemfish IRexca sulamlrH which could till (he
same market niche, was not caught off the New South Wales
coast during 1981, due to poor prices ihus leading to the closure
of the Eden Fishermens' Co-opcralivc (Bowerman 1981).

Mislabelling of fish
There is iruny also in the importation of 'prawns', kamaboko
'crabs claws' and 'scallops' by a major Australian seafood

company. The products are reformed from a finfish, pollock
iGadu.i poliachinsl and flavoured according to the desired copy.
The products are not of high quality compared with authentic
prawns, scallups and crabs claws but have been widely marketed
to an unsuspecting public, ll is remarkable that during the .same
period scallops IPei'len alhaf were in glut (Anon. 1982) al'ter ihe
Victorian Fishing Industry Council had made a large
inveslmenl in promoiing the authentic local product.

Not surprisingly, given the foregoing, fraudulent naming of
tish species is common in Australia. One species, the orange
roughy tHoplosielhus allanlicns) 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
bv Russian and NZ trawlers soulh 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 IZeiis faher), snapper (Chrysophrys
auraiiis) and barramundi iLates ralcarifer). A subsequenl
survey of retail outlets in Melbourne revealed that of 52 samples
purchased only 13 [25%) were correctly labelled and that
orange roughy was, in fact, a common substitute for barramundi
and John dory (Sumner & Mealy 1982).

of Australian fish
An example of Australian fish consumers' perception of quality
is the preference, particularly among Victorian consumers, for
flathcud. Over the period June 1980 August 1981 the rock
fiathead IPIaiycephalus laevigaius) was Ibund to ultract a
much higher average price ($3.48/kg) than other flatheads such
as sand llathead IP. bassensisl and tiger flathead
l.\'e()plaiycephalus richardsom) (average $2.07/kg). Taste
panels indicated that consumers could distinguish rock flathcad
only 50% of the lime (Table 4) and of those who could
distinguish it only 53% considered it preferable to olher
flatheads (Table 5). Since objective quality crilcria (Table 6)
showed little difl'erence either in mean or range il is ditticull to
account lor (his prelerence (Gorczyca & Sumner 19K2).

of quality by fish consumers
Asian consumers, by contrast, are I'astidious regarding lish
quality, particularly when judging ihe unique characteristics of
ihc highly valued abalone INoiohaliolis ruherl. Exports of
canned marine products from Australia in 1980-81 were valued
at $21 million of which abalone comprise'd $20m, inujor 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 poienlial 40%
increase in earnings, contemplated changing from freezing lo
canning. To protect capital investment and be assured of a share
in a highly competitive market the processor considered il
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 ale
abalone and 81 ? of Asian respondents indicated they ale
abalone 'occasionally' or "often', demonstrating thai product

familiarity for test marketing was possibly only with Asian
respondents. A second survey ot 90 Asian respondents from

Melbourne's Chinatown showed that 51% of (he target group
ate abalone ul least once a week and 76',? al least once a month.

Accordingly, a tasle panel comprising 90 Asian consumers
who repularly ale abalone was asked lo rate (he texture ol'

Table 3. Shelf life in grade 1 ('good') qualify of thawed and
chiiled fish fillets packaged in permeable film and held in ice

Species

Thawed, chilled
iiilets
(days)

Chilled
mids
(days)

F'lalhcad
Tarakihi(morwong)
Hake
Genitish

Table 4. Taste panel evaluation of rock flathead versus sand or
tiger flathead

Paneiisls

Number No. of No. able to
Tests differenliate

Unlrainedadulls
children

Trained

215
43

19

215 105(49%)
43 19(44%)

88 59(67%)

Sigiiificance

P< 0,001
Noi
signihcant
P< 0.001

Table 5. Preference of taste panelists for rock flathead versus
sand or tiger flathead

Preference
Tiger fiathead or

Panelists Rock flathead sand flathead

Unlrained adulls
Trained adults

56(53%)
32(54%)

49(47%)
27(46'?)

Table 6. Means of objective quality parameters of rock ftathead
versus sand or tiger flathead

Qualiiy parameter

Torry meter

K Value (% >

Trimelhylaminc(mg/100g)

Tulal Bacterial Count (No./g)

Total count of sulphide
producing bacteria (No./g)

Rack flaihead

\2.2
(6-16)*

42.2
(15 85)

0.37
(0.03-2.K)

50000
(5.000-140000)

2000
«100-20 000)

Tiger or sand
flathead

13.6
(10-15)

43.6
(12.97)

0.58
(0.06-2.5)

60000
(50-200000)

2000
(000-20 000)

Cu/iit-i in parentheses are ininimu and maxima

Table 7. Influence of thermal processing severity on texture of
canned abalone

Tliermiil process Mean sensory score
Mean Instron

force(kg I

40 min. at 118°C
hOmin.al I 21.1 °C~

2.80*
1.81*

2.30*
1.55"

'* Sen\ory MW^ '{^mficanlh' t/^fjerenl tP < 0.001 i
*' ln^tron force .'iigni/icanlly cft/ferenl fP < 0.0011
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THINK TtiIS ABAU11E IS EXTREI-ELY TCNDCR

-^ -i^ ^ 3^. ^L ?: -^- ^' .^/4
\u

THI M. THIS ABALCNE IS ?0:RATELY 1EM1ER

* U-^UL^ ^-'-t^ ^ -^.^

skinlcss, bnnclcss anti. . . tasteless'. And on the other hand there

is a successful export trade in cruslaceans and molluscs to

fastidious Asian consumers. Given the capability to supply both
ends of llie quality spectrum is it impossible to hope that an
education program for local consumers might result in an
upward shift in quality expectalions matched by a desire by
Australian tish marketers lo conlbrm?
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Figure I. SeMln-poinf scale of toughness — pan of a 'iensory analysts by A.^san
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 I 140 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 i-noiwa;w»a!rwar^Sfeomin/tt.(''C) and
their usual brand (P<0.0t) confirming the market ac-
ceptability of the trial product. They demonstrated that Asian
consumers were sensitive to 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 llie Australian Industry as a whole would have
represented profits of.'St.2 million per annum.

There is paradox in much ol Australian fish marketing. On
the one hand a supermarket fllleted fish trade is based firmly on
imported raw materials of poor sensory quality in equilibrium
with a consuming public with little objective perception of
quality leading lo a delinilion of (lie ideal fish ftllel as 'white, Ri'prinfei) hy conr!c\\' of"} he Sun-Hcniid
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