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E X E C U T I V E  S U M M A R Y  

 

The aim of the project  was  to  es tab li sh commercia l  production and market  accep tance of  

modified atmosphere packaged scallops.   This report  conta ins the  qual i ty da ta ob ta ined  

from raw mater ial  evalua tion and the shel f l i fe  tr ia l .   The result s  o f a  market  t r ial  has  

been compiled by F ishmac sta ff .  

 

The microbio logical  qua li ty o f sca llops fro m the  supply boats was assessed.   A total  p la te  

count o f less than 10,000 ( log count 10 4)  c fu/g for  the raw mater ia l  was  requi red before  

the scal lop could be  packed into  ind ividual  t rays ,  vacuum ski n packed us ing gas  

permeable f i lm.   The  packs  were  placed into  a  master  car ton and f lushed wi th 100% 

carbon dioxide  and sealed.   The shel f  l i fe  o f  the scal lops was  de termined by tes t ing for  a  

number of microb iological  and sensory cr i ter ia .   When the she l f l i fe  had been determined  

sca llops were packed in  MAP and sent  to  buyers for  appra isal .   Feedback was requested  

from these  ind ividuals about the  qual i ty o f the p roduct .  

 

A high bacter ia l  load present  in product  fro m some supply vessels indicated that  a  qua l i ty  

assurance program and addit iona l  s teps in the process ing opera t ion are required to  ensure  

consis tently low bac ter ial  counts.   The sca llops  packaged for  the marketing tr ial  had very 

high counts which could  not  be ident i fied unti l  several  days  a f ter  pack aging.   Because of  

this the packs were  not  expor ted  to  overseas buyers.   Fishmac is  currently tr ial ing a  food  

grade chemica l  t rea tment  that  wi l l  assure  sui table bacter io logical  qua li ty o f  the raw 

mater ia l .   When this process becomes par t  o f normal product i on the quali ty o f a l l  the  

sca llops processed by this fac tory wi l l  be  suitable for  MAP.  

 

The feasib il i ty o f us ing “frozen a t  sea” scal lops  in modified a tmosphere  packs (MAP) has  

been proven.   The shel f - l i fe  extension achieved  was simi lar  to  that  observed wh en fresh 

unfrozen sca llops were  used in MAP.  The extended she l f l i fe  gained through the  

applicat ion of MAP wi ll  a l lo w this co mpany to  export  fresh chi l led  sca llops to  any 

country in the wor ld.  

 

 

I N T R O D U C T I O N  

 

I t  has been kno wn for  some t ime tha t  packaging  seafood in a  modified  atmosphere which 

conta ins  a  high propor t ion of  carbon dioxide can inhib it  the  growth of  bacter ia  that  cause  

spoi lage .   Modified atmosphere packaging is  widely used overseas in Europe and the UK 

but the Austra l ian seafood industry has  not  sho wn an interes t  in this technology unti l  

recently.   Consumers have  become fami liar  wi th  this type  of packaging as o ther  indust r ies  

apply this technology,  so that  seafood packed under  these condit ions wi l l  a lso be  

accep ted.  

 

Experiments were ini t ia te d by the Centre for  Food Technology to  ass ist  FishMac wi th the  

es tabl i shment of co mmercia l  product ion of modified a tmosphere packaged sca llop .   The  

main work involved a  she l f l i fe  study of sca llop s tored frozen on board  the cap ture vesse l  

and  thawed and processed on shore.  

 

The bulk of Queensland scal lops present ly being produced are now frozen -a t -sea.   

Experiments conducted by the Centre on MAP sca llops previously have concentra ted on 

fresh,  never  frozen,  sca l lops.  

 

The handling and storage condi t ions the scal lops would be exposed to  he lped determined 

the type of packaging to  apply.   As the amount o f co ld s torage space outside o f the  

customer a rea is  l imi ted for  re ta i lers the exposure o f the product  to  MAP was only 

required dur ing shipment .   When the produc t  had been received the  packs would be  

removed from the bulk barr ier  bags and placed on the she l f.   Scal lops a re very moist  and  

can easi ly sl ide around  within a  loose pack.   This resul ts  in the smearing of the inner  

sur face of a  pack’s laminate preventing a customer from viewing the product .   These  
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condit ions ind ica ted a vacuum skin pack covered wi th a  permeable membrane would more  

accep tab le to  buyers.   These packs could then be placed into  a  barr ie r  bag,  which could 

then be evacuated and gas f lushed befor e sealing.  

 

 

M E T H O D S  

 

The microbio logical  quali ty o f scal lops from a  number o f supply boats was  assessed for  

tota l  count and anaerob ic count.   This component continued whi le  the  other  phases were  

ini t ia ted.  

 

The vacuum skin packer  was ins ta l led  in factory to  operate  in conjunction wi th a  gas  

f lusher .   The equipment was se t  up in the wet process ing area o f the factory and a number  

of vacuum skin packs  produced .   These were then transpor ted to  ano ther  fac tory 

conta ining an evacuating and gas f lushing machine manufac tured by Oakham Pty Ltd  

(NZ).   A number o f parameters were modif ied  to  obta in the bes t  vacuum and f lushing 

condit ions.   The gas used for  this contained  60% carbon d ioxide  and 40% ni trogen.  

 

A por table gas  ana lyser  was  used to  test  the  a tmosphere  wi t hin the barr ier  bags.   Gas  

analys is identi f ied a  mixture o f 3% oxygen,  58% carbon dioxide and 37% ni trogen.   These  

gas f lushing machines  are des igned for  rap id  product ion and do no t  achieve the low 

oxygen leve ls possib le using sea led chamber  uni t s .   This l evel  o f oxygen was suff ic ient  

for  these exper iments.   Some researchers o f MAP suggest  tha t  so me oxygen should remain 

to  provide some inhib it ion of anaerobes whi le  others ins ist  on total  absence of oxygen.   

At this stage a l l  o f the condit ions were now suita ble to  progress to  the s torage tr ial .  

 

Sca llops fro m a recently unloaded  vessel  were thawed,  shucked  and vacuum skin packed  

in trays  covered wi th the permeable fi lm a t  the factory wi thin 2  hours .   These were then 

transported chil led  to  the  plant  containing  the MAP machine.   Barr ier  bags were  placed  

into  FishMac’s 5kg sized frozen sca llop car tons containing a horizontal  d ivider .   Two 

trays  o f sca llops were p laced on both leve ls o f  the car ton.   The opening of the barr ier  bag 

was then placed into  the mount of the MAP machine.   The vacuum was appl ied for  5  

seconds,  a  gas  containing 100% carbon d ioxide f lushed into  the barr ier  bag for  5  seconds ,  

and  then the bag was  heat -sea led.  

 

Data loggers were p laced in two of  the  car tons to  record temperatures dur ing transpo rt  to  

the labora tory and cold  s torage  under  modif ied  atmosphere.   A 1 kg cont rol  sample was  

placed  in an open plast ic  bag and  s tored open to  the air .   The shel f l i fe  tr ia l  was  

conducted at  the Centre for  Food Technology laboratory dur ing refr igerated stora ge in ai r  

or  MAP a t  4°C.  

 

The MAP packs were  opened af ter  two  and four  days o f  s torage a t  4°C and kept  in a ir  for  

an accumulated  per iod  of  16 days .   The packs were opened  then scored for  visual  

appearance and odour ,  the pH measured and assessed for  microb i ologica l  qua li ty.   The  

microb iologica l  tests  included total  p la te  count,  psychro trophic count  (4°C),  anaerobic 

plate  count and  count o f  hydrogen d isulphide producing bacter ia  (H 2 S producers) .   A she l f  

l i fe  was then determined  using this  data.  

 

A second product ion run was conducted which supplied samples  for  a  market ing 

evalua tion by Hong Kong and domestic  buyers .   Sca llops were packed  on 15 Sep tember  

into  200g trays  and 4  trays  were  placed  into  horizonta l ly d ivided waxed  car tons l ined with  

a  barr ier  bag.   T he barr ier  bag was evacuated,  flushed wi th 100% carbon dioxide and heat  

sea led.   The car tons were then placed into  polystyrene boxes wi th cool  packs for  

transportat ion.   As another  type of  packaging machine (a  developmental  model  suppl ied  

by Sea led Air  Aus tra l ia )  had become availab le  ano ther  ba tch of scal lops was packed in 

MAP l idded trays  which were  flushed  wi th a  mixture o f 60% carbon dioxide and 40% 

ni trogen.   These  were also p laced into  polys tyrene  boxes wi th  cool  packs  for  

transportat ion.  
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Both types o f packs were sent  to  regular  cus tomers o f  FISHMAC Pty Ltd and to  Airpor t  

Fine Foods in Br isbane.   Ins truc tions were  forwarded wi th  the  packs sta t ing the expected  

she l f l i fe ,  the  recommended s torage  condi t ions and a poss ible wholesa le pr ice.  

 

M i c r o b i o l o g i c a l  E v a l u a t i o n  

 

Three batches of sca llop samples were tes ted for  the ir  microbio logical  propert ies.   These  

tr ia ls  included the observa tion of the (a)  raw mater ials ,  (b )  the storage under  aerob ic and  

MAP condi t ions and (c)  the aerobic sto rage  fol lowing MAP tre a tment.   A storage  

temperature o f 4°C was used throughout for  these  tr ials .   The mater ia l  used were fresh  

sca llops rece ived d irec t ly from the processing p lant  on the arr ival  o f the f i shing boats or  

the samples were t ransported to  the laboratory and tested wi thin 24  hours.   The to ta l  

bacter ia l  counts o f some frozen scal lops  were a lso evalua ted.  

 

S a m p l e  p r e p a r a t i o n  

The tes t  sample was prepared by asept ical ly subsampling 10 g from 3 pieces  o f sca llop  

and  transferr ing i t  in to  ster i le  sto macher  bag.   The subsamp le was  di luted 1 :10 wi th  0 .1% 

peptone d iluent .   The mixture was then ho mogenised for  60  seconds  using a Colwor th 

Stomacher  400.  

 

T o t a l  b a c t e r i a l  c o u n t  

The total  bacter ial  count (TPC) were carr ied out  by the sur face spread method (Austra l ian 

Standard,  1991b)  us ing nut r ient  agar .   The p lates were incubated at  25°C for  3  to  4  days  

 

A n a e r o b i c  c o u n t  

Anaerobic counts were  done  by the sur face spread method (Austra l ian Standard,  1991b)   

using re inforced Clostr idia l  agar  (Oxoid) .   The plates were incubated anaerobic al ly a t  

30°C for  10  days  in an  anaerob ic  jar  charged wi th  hydrogen and carbon d ioxide gases  

using Gas-Pak Plus sachets (Beckton Dickinson) .  

 

A new method  was used to  determine anaerobic counts was done by the sur face spread  

method (Austra l ian Standard ,  199 1b)  us ing a  modified Differential  Clos tr id ia l  Media  

(DRCM )  wi th the add it ion of po lymyxin B sulphate.   The p la tes were  incubated  

anaerob ica lly a t  30°C for  10 days in an anaerobic jar  charged wi th hydrogen and carbon 

dioxide gases us ing Gas -Pak Plus (Beckto n Dickinson) .   This media i s  se lec t ive for  gram 

+ve anaerobic rods and cocci .   A fur ther  s tep was pasteurisa t ion of a  sample to  gro w the  

heat  ac t iva ted spores  o f anaerob ic  gram +ve spore formers  on this media ( Pasteurised 

DRCM ) .  

 

H 2 S  p o s i t i v e  b a c t e r i a l  c o u n t  

Total  count for  hydrogen disulphide ( H 2 S)  producing organisms was est imated by the pour  

plate  method (Austra l ian Standard,  1991a)  using iron agar  o f Gram e t  a l  (1987) ,  when se t ,  

the agar  was overlayed  wi th the same agar .   The plates  were incubated aerob ica lly at   

25°C for  3  days .  

 

 

 

D e m e r i t  A s s e s s m e n t  

 

The appearance of the p roduct  in  the  packs before and af ter  opening incorporating colour ,  

parasi te  presence and f lesh appearance,  the odour  and the dr ip  present  in the pack were  

rated  us ing the demer it  poi nt  sys tem.  A number  of  descr ipt ive parameters were  scored  on 

shee ts des igned speci f ical ly for  each product .   Copies a re present  in Appendix 1 .   The  

accumulated scores were calcula ted and these and the ind ividual  parameter  scores were 

analysed for  signi fic ant  di fference using ana lys is o f var iance.  
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R E S U L T S  A N D  D I S C U S S I O N  

 

A number o f samples  were appraised for  tota l  count to  ensure  the appropr ia te  

microb iologica l  qual i ty  could be produced for  MAP.  The fol lowing table conta ins the  

ini t ia l  microbio logica l  c ount o f freshly processed scal lops .  

 

Table 1.   Total plate count of  freshly thawed and shucked scallops.  

 

Vessel Name Sample Date  Total Count  
(log cfu/g) 

Psychrotrophic count  
(log cfu/g) 

Unknown vessel  name  13/1/99 3.72 3.57 
Unknown vessel  name  13/1/99 3.51 3.20 
Unknown vessel  name  13/1/99 3.79 3.70 
Unknown vessel  name  13/1/99 3.74 3.51 
Unknown vessel  name  20/1/99 4.51 4.66 
Bowen 18/5/99 3.63 1.98 
Bowen 18/5/99 4.61 3.55 
Plendirrack 18/5/99 4.74 3.10 
Shane 29/6/99 4.05 2.84 
Startruk 29/6/99 4.01 3.27 
Bonnie-Ellen 10/9/99 3.41 1.88 
Craiglyn-Anne 1 day in 60% CO 2  15/9/99 5.05 2.68 

 

 

While these samples  were obtained from processed scallops supplied by a l imited 

number of vessels ,  the init ial  total  counts obtained during January indicated that  i t 

was possible to progress with the MAP packaging without any changes to the 

processing environment.  As sampling progressed a number of vessels could be 

identified which could not supply the qual i ty that  was required for this type of  

packaging and were excluded as  sources for packaging experiments.   Scallops 

supplied by these vessels should be avoided for this process unti l improvements in 

quali ty can be achieved.  

 

 

Shelf  l ife trial  
 

The temperature present within the master packs during transport  to the labo ratory 

can be seen in Appendix 2.  

 

The oxygen content of the four master packs tested before opening ranged from 

1.8% to 3.4%.  The carbon dioxide was at  89.1% after 2 days MAP and after 4 days 

MAP the concentrations ranged from 2% to 3.2% and 83.6% to 89. 5% respectively.  

The microbial  counts and physical  measurements are present in Table 2 and the 

demerit  scores recorded can be seen in Table 3.  
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Table 2.  Mean microbiological counts (log cfu/g) ,  pH and drip loss in scallops stored at 4°C in MAP, air or a c ombination 

of  both for up to 16 days.  
 

Total s torage days fo llowed 

in brackets by  the number of  

days  under the different  

atmospheric  condit ions  

Tota l  

count  

Psychrotrophic 

count  

 

H 2S 

producer

count  

Anaerobic  

count  

 

Pasteurised 

(60°C)  

anaerobic 

count  

Pasteuri sed 

(80°C)  

anaerobic 

count  

Clostr idia

l  count  

pH Drip loss 

(%)  

0d fresh  3.30 d e f  3.2 d e f g  0 2.28 e f  0 0 0  6 .10 a b c d  0.4 e  

2d (2d MAP)  3.24 d e f  2.95 e f g  0 2.58 d e f  0 0 0  5 .85 g  3.8 c d  

2d (2d Air)  3 .27 d e f  3.18 d e f g  0 2.93 d e  0 0 0  5 .91 f g  m 

4d (4d MAP)  2.59 f  2.68 f g  0 1.37 f  0 0 0  5 .87 g  6.25 a b c  

4d (2d MAP 2d Air)  3 .04 e f  3.16 d e f g  0 2.77 d e  0 0 0  5 .88 g  7.2 a  

4d (4d Air)  2 .98 e f  2.88 f g  0 3.04 c d e  0 0 0  5 .95 e f g  m 

7d (4d MAP 3d Air)  2 .76 f  2.66 f g  0 2.14 e f  0 0 0  6 .11 a b c  5.7 a b c  

7d (2d MAP 5d Air)  2 .94 e f  2.73 f g  0 2.57 d e f  0 0 0  6 .03 c d e  5.55 a b c  

7d (7d Air)  4 .11 c d  3.95 b c d e f  0 2.94 d e  0 0 0  6 .18 a  2.6 d e  

9d (4d MAP 5d Air)  2 .83 e f  2.77 f g  0 2.15 e f  0 0 0  6 .16 a b  5.65 a b c  

9d (2d MAP 7d Air)  3 .36 d e f  3.33 c d e f  0 2.93 d e  0 0 0  6 .11 a b c  6.5 a b  

9d (9d Air)  4 .64 c  2.67 f g  0 2.94 d e  0 0 0  6 .08 a b c d  m 

11d (4d MAP 7d Air)  3 .72 c d e  4.83 b  0 4.29 a b c  0 0 0  5 .96 e f g  5.7 a b c  

11d (2d MAP 9d Air)  4 .33 c  4.27 b c d e  0 3.75 b c d  0 0 0  6 .08 a b c d  7.28 a  

11d (11d Air)  7 .85 a  7.76 a  0 5.51 a  0 0 0  6 .16 a b  4.1 b c d  

14d (4d MAP 10d Air)  3 .22 d e f  3.71 b c d e f  0 1.84 e f  0 0 0  6 .02 c d e f  6.2 a b c  

14d (2d MAP 12d Air)  4 .32 c  4.43 b c d  0 2.59 d e f  0 0 0  6 .10 a b c d  6.05 a b c  

14d (14d Air)  6 .64 b  7.78 a  0 4.7 a b  0 0 0  6 .00 c d e f  m 

16d (4d MAP 12d Air)  2 .46 f  1.96 g  0 2.17 e f  0 0 0  6 .00 d e f  5.9 a b c  

16d (2d MAP 14d Air)  4 .63 c  4.64 b c  0 3.14 c d e  0 0 0  5 .95 e f g  5.1 a b c d  

16d (16d Air)  6 .44 b  8.34 a  0 4.38 a b c  0 0 0  6 .05 b c d e  m  

 

*   a b c d e   Different let ters signify significant differences between treatments (P<0.05).  

m   means the sample was not able to be taken  
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Table 3.  Demerit scores of  scallops stored at 4°C in MAP, air or a c ombination of  both for up to  

16 days.  
 

Total s torage days fo llowed in brackets 

by the number of  days  under the 

different  atmospheric condit ions  

Colour 

score 

Colour 

mixture 

score 

Presence of  

parasites score  

Flesh 

appearance 

score 

Drip loss 

score 

Odour 

score 

Total 

demerit 

score 
0d fresh  1.25 a  0.5 a  0.63 a  0.25 f g h i  0.75 c d e  0 h  3.38 g h i j  

2d (2d MAP)  0.5 a b  0.25 a b  0b  0 i  0.25 e  0 h  1k  

2d (2d Air)  0.63 a b  0 a b  0.25 a b  0 i  0.75 c d e  0 h  1.63 j k  

4d (4d MAP)  0.81 a b c  0.25 a b  0.19 a b  0.32 e f g h i  0.44d e  1d e f g  3 h i j k  

4d (2d MAP 2d Air )  0.51 a b c d  0.12 a b c  0.4 a b  0.1 h i  0.5d e  0.5 f g h  2.14 i j k  

4d (4d Air)  0.88 a b c d  1 a b c  0.25 a b  0.2 g h i  1b c d  0.5 f g h  3.83 f g h i  

7d (4d MAP 3d Air)  1.13 a b c d  0.38b c d  0b  0.75 c d e  0.73 c d e  0.88 e f g  3.86 f g h i  

7d (2d MAP 5d Air)  0.94b c d  1b c d  0.06b  0.2 g h i  0.56 c d e  1.05d e f  3.82 f g h i  

7d (7d Air)  1.25b c d e  1.5b c d e  0.5 a b  0.5d e f g h  1.5 a b  1d e f g  6.25b c d e  

9d (4d MAP 5d Air)  1.13b c d e

f  

0.95b c d e  0b  0.54 c d e f g h  0.63 c d e  0.99d e f

g  

4.23 e f g h i  

9d (2d MAP 7d Air)  1.2b c d e f  0.98b c d e  0b  0.6 c d e f g  1.05b c d  0.88 e f g  4.7d e f g h  

9d (9d Air)  1.8b c d e f  1.5b c d e  0b  1b c  0.75 c d e  1.6b c d  6.65 c d  

11d (4d MAP 7d Air)  1.35b c d e

f  

1.15b c d e  0b  0.82b c d  0.94b c d  1.38 c d e  5.63b c d e f  

11d (2d MAP 9d Air)  1.5b c d e f  1.38b c d e  0b  1.25b  1.19 a b c  1.61b c d  6.93b c  

11d (11d Air)  1.75b c d e

f  

1b c d e  0.25 a b  0.6 c d e f g  1.75 a  2.1 a b  7.45b  

14d (4d MAP 10d Air)  1.45 c d e f  1.38 c d e  0b  1b c  0.85b c d e  0.5 f g h  5.18 c d e f g  

14d (2d MAP 12d Air)  1.25 c d e f  0.45 c d e  0.25 a b  0.65 c d e f g  0.5d e  0.4 g h  3.5 f g h i j  

14d (14d Air)  1.63d e f  1.5d e  0b  0.7 c d e f  1.75 a  2 a b c  7.58b  

16d (4d MAP 12d Air)  1.5 e f  0.94d e  0.13 a b  0.5d e f g h  0.94b c d  1.15d e  5.15 c d e f g  

16d (2d MAP 14d Air)  1.58 f  1.13d e  0.25 a b  1.25b  1.06b c d  1.31d e  6.58b c d  

16d (16d Air)  2.25 f  2.25 e  0.5 a b  1.75 a  1.5 a b  2.58 a  10.83 a  

 

*   a b c d e  Different let ters signify significant differences between treatments (P<0.05)  
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Previous tr ials with seafood have found that  the microbial  count will  remain static 

for many days when stored in MAP.  Eventually there will  be some growth and 

deterioration of the product but the t ime before the product becomes unacceptable 

is usually double that  a product lasts i n air .   When seafood exposed to the air  after 

a short  period in MAP the growth of bacteria and deterioration then progresses at  

the same rate as the product that  had only been kept in air .  

 

Tables 2 and 3 show that  the init ial  quali ty of the scallops packe d for the storage 

trial  was excellent.   The total  microbial  count was low and no H2S producers or 

Clostridial  species were present at  any storage t ime.  While this quali ty has led to 

the best  possible shelf  l ife,  it  is unrealist ic to believe that  this init ial  count will 

always be achieved under commercial  conditions.  The high counts present in 

scallops obtained from some supply vessels (Table 1) indicates that  high init ial  

counts can occur in the raw material  and reinforces the need for screening of 

suppliers.  

 

Previous research, with fresh scallops that  had never been frozen, identified init ial 

log counts ranging from 3.58 to 4.36 cfu/g for scallops obtained from the same 

supplier.   On most occasions H 2S producers  were present leading to higher demerit  

scores for odour.  

 

During MAP and subsequent air  storage frozen -at-sea scallops had lower total  

counts than scallops that  had never been frozen.  The act  of freezing does lead to 

reduced microbial  loads in thawed products  and can remove or inhibit  some types 

of bacteria.  

 

Appendix 3 shows the total  microbial  log counts for frozen -at-sea scallops during 

storage.  This graph also contains previously compiled data for  comparison.   MAP 

storage resulted in significantly lower  counts.   The total  microbial  count of fr ozen 

scallops stored only in air  started to increase in numbers after four days.  The 

counts increased consistently unti l  they became unacceptable (>1,000,000 cfu/g) on 

the 11th day of storage.  The counts,  from scallops stored in MAP prior to air 

storage,  dropped init ial ly after degassing and then increased t i l l  day 11 but they 

were st i l l  below the rejectable level after 16 days storage.  Frozen -at-sea scallops 

from a previous study, stored for 6 days in MAP and 10 days in air ,  had 

unacceptable counts by this t ime.  This past  tr ial  started with higher init ial  counts 

and H2S producers were present .   Scallops that  had never been frozen, after similar 

MAP treatment,  did have shorter shelf  l ife than that  observed for  frozen scallops.  

 

The psychrotrophic counts were sl ightly lower than the total  microbial  counts 

except towards the end of 4°C storage.  Usually after storage at  this temperature 

the total  count would be expected to be lower.  Growth of this group during air  

storage was not as rapid when there was pr ior MAP storage.  The anaerobic counts  

remained low unti l  the end of  storage.  Storage in MAP for four days led to 

significantly lower counts for this group.   The scallops stored only in air  had 

higher counts than those kept in MAP and air  for the same dur ation.  There were no 

spore forming species present in any of these samples ensuring a very safe product  

for consumers.  

 

Previous studies of this species of scallop identified higher pH levels.   This 

difference however does not indicate any loss of quali ty  due to storage and 

processing.  While the pH did drop init ial ly for al l  treatments and then later 

increased, there was no significant difference between the treatments.   The range 

of values obtained over the tr ial  was between 5.85 and 6.16.  This amount o f  
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difference in pH was observed during previous research work.  Major increases of 

scallop pH have been previously recorded af ter 18 days storage in air .  

 

The colour scores of frozen scallops increased progressively during storage 

regardless of  treatment.   After 16 days the colour had become dull  while the 

proportion that  were grey in colour was between 40 and 60%.  There were few 

parasites present within the scallops and in nearly all  cases  these were translucent 

in colour.  Only one individual  parasite ha d turned orange after MAP storage.   This 

condition had been more prevalent during work with fresh scallops and would have 

a big impact on the acceptabil i ty of the product to consumers.  

 

The scallops did not develop any large cracks or spli ts during storage .  The cracks 

that  were present were rated as moderate after 16 days.  The scallops stored only in 

air  were significantly worse at  this t ime.  There was a progressive increase in drip 

loss score from the start  of storage but the scores never became visuall y excessive,  

even though there had been no phosphate treatment.   This was due to the absorbent  

pad present in the packs.  Storage in MAP does lead to an increase in drip loss.   

The actual  amount of drip loss was much larger than that  observed in scallops t hat 

had not been frozen and may become an important commercial  aspect for this 

product.  
 

Marketing trial  

 

There was some urgency apparent when the final  marketing tria l  was init iated.  

After a long delay due to bad weather and l imited availabil i ty of raw m aterial  

scallops finally became available for packaging of  samples for the marketing trial  

in September.  Due to the long delays, the imminent departure from the company of  

the production manager and past  history of the high quali ty of product produced by 

this company i t  was decided to proceed with the packaging of MAP scallops 

without obtaining a total  microbial  count of the raw material .   Table 4 contains the 

microbial  counts obtained after packing and after several  days storage for both 

types of packs.  

 

Table 4.  Mean counts (log cfu/g) of  spoilage bacteria in scallops stored at 4°C 

in MAP or a combination of  MAP and air for up to 20 days.  
 

Pack type and 

storage time in days  

Date of  sample Total Plate 

Log Count  

(cfu/g) 

Psychrotrophic  

Log Count  

(cfu/g) 

Air, day of  pack 15/9/99 5.05 2.68 

VSP 9d MAP 24/9/99 4.26 3.21 

VSP 9d MAP 3d air  27/9/99 4.16 2.56 

VSP 9d MAP 3d air  at  

Airport  Fine Foods  

27/9/99 5.05 5.10 

Lidded pack 20d MAP 

at Airport  Fine Foods  

5/10/99 7.44 7.52 

 

 

The init ial  count for the scallops  was too high to attain any real  extension of shelf  

l ife.   As can happen in even the best  processing environment, the quali ty of the raw 

material  can unexpectedly be inferior.   It  is  for this reason that  processors need to 

be able to determine the bacteria l  loads of raw material  on the same day that  i t  is 

delivered.  This technology is st i l l  not available in the near future and alternatives  

are very l imited in their  application.  This was the reason for screening the boats 
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supplying scallops to this processor at  the start  of this project .   The processor is 

aware that  even product coming from boats with the best  possible handling 

practices can sometimes produce contaminated product because of the environment 

scallops l ive under and the nature of the harvest  c onditions.  

 

It  was unfortunate that  this condition occurred with the product supplied for this 

f inal  tr ial .   Excessively high init ial  microbial  counts were obtained for these 

scallops but the counts were not available unti l  after the scallops had been pack ed 

and shipped to regular scallop buyers .   The t ime delay in obtaining these counts  

was the reason that  the tr ial  was init iated and packs were produced.  With the 

transport  t imes the product would be exposed to, the product would be delivered 

and appraised by the client before any numeration of the bacterial  f lora was 

available.   When the counts became available the packs sent to  the buyers were not 

appraised.  

 

The report  from this  market shipment,  produced by FISHMAC, is present in 

Appendix 4.  The samples  sent to Airport  Fine Foods were all returned by the 

recommended use-by date unsold.  Management provided a number of reasons for 

the lack of interest  in this product.   Staff  employed at  the International airport 

shop were unfamiliar with MAP products so t hat  they were not able to inform 

potential  customers of  the advantages of MAP.  

 

Feedback from potential  retail  customers was that  they would not pay the price of 

$16 for the 200g pack or $37 for the 350g pack when they could buy frozen 500g 

blocks of scallops at  a  much cheaper price.  The customers visi t ing this shop were 

probably unfamiliar with the Queensland scallop to know it’s worth, as the 

wholesale price for this species when frozen has been above $43 per kilogram on a 

number of occasions.  The shop had added 100% to the wholesale price suggested 

by Fishmac placing this product in the luxury commodity range.  
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CONCLUSIONS 

 

The application of MAP to frozen -at-sea scallops can be successful  if  the init ial 

count is kept below 10,000 cfu/g.  Previous t r i als with frozen scallops resulted in a 

similar shelf  l ife to the 16 days at  4°C af ter MAP treatment identified by this 

investigation under the same conditions.  

 

As stated in the company report  the type of packaging machine and packaging style  

is st i l l  being investigated by the company so that  the potential for the commercial  

production of this product is st i l l  high.  

 

 

RECOMMENDATIONS 

 

  The marketing of MAP saucer scallops should be conducted in those countries 

which regularly import  this species and are fami liar with this species.  

 

  The processor may need to consider implementation of addit ional processes 

and/or a chemical treatment to ensure raw material  quali ty is suited to modified 

atmosphere packaging.   There may have to be some chemical treatment added to  

the processing l ine.  

 

  The researcher is prepared to package scallops in modified atmosphere for any 

future marketing trial .   
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A p p e n d i x  1  

S c o r e  S h e e t s  F o r  D e m e r i t  A s s e s s m e n t  
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SCALLOPS STORED AT 4°C IN MAP  

SAMPLE A 

TIME IN CO2 PACK   TIME IN AIR  DATE SAMPLED   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COLOUR  Meat  Overa ll     V.Bright  whi te/White /  Dul l  whi te  /  Grey  

                       0         1             2              3  

  Mixture o f grey to  whi te    <20% 40 60 80 >80% 

            0        1        2          3            4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

PARASITES           None /  S light  /  Excessive        

                0           1            2  

Type            Transluscent /Orange  

        0                1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FLESH APPEARANCE    Entire/Sl ight  cracks/Moderate/Almost  sp li t  

            0              1               2                   3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DRIP            None /  S light  /  Excessive        

                0           1            2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ODOUR      No off odours/Neutra l /Slight /Excess  Off odour  

                 0               1         2                3  

  Descr ipt ion     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 

 
SAMPLE B  

TIME IN CO2 PACK   TIME IN AIR  DATE SAMPLED   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COLOUR  Meat  Overa ll     V.Bright  whi te/White /  Dul l  whi te  /  Grey  

                       0         1             2              3  

  Mixture o f grey to  whi te    <20% 40 60 80 >80% 

            0        1        2          3            4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

PARASITES           None /  S light  /  Excessive        

                0           1            2  

Type            Transluscent /Orange  

        0                1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FLESH APPEARANCE     Entire/Sl ight  cracks/Moderate/Almost  sp li t  

            0              1               2                   3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DRIP            None /  S light  /  Excessive        

                0           1            2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ODOUR      No off odours/Neutra l /Slight /Excess  Off odour  

                 0               1         2                3  

  Descr ipt ion     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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A p p e n d i x  2  

T e m p e r a t u r e s  d u r i n g  t r a n s p o r t  a n d  s t o r a g e  o f  M A P  

s c a l l o p s  
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Temperatures during transport and storage of MAP scallops.
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A p p e n d i x  3  

T o t a l  m i c r o b i a l  l o g  c o u n t s  o f  f r o z e n - a t - s e a  s c a l l o p s  s t o r e d  

i n  M A P  a n d  a i r .  
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A P P E N D I X  4  

M A R K E T I N G  R E P O R T  P R O V I D E D  B Y  F I S H M A C  P T Y  L T D .  
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Modified of the

Overview

The use of a modified to extend the high qusltty sWNfe of food
was demonstrated to- Fishmac Ry. Ltd. at the Queensland Department of
Primary Industries, Centre for Food Technoiogy. The workshop through th@
funding of the Pisherios and Dwelopment Corporation brought
together people in processing, government and hospHaltty,

The research delwerod by thte workshop and the comments of the
participants clearly a bright future for this styte of packagmg. The
modjfiad atmosphere widens tiie window of time to present a high quality
fresh product to existing customers and potentially creates new markets for
fresh product world wlcfe. Particularly relevant to OTs company are irortots
in the United Kingdom and of Europe where there is already a wide
acceptance of this styte of and potwtiaiiy the major martet for
scallop, Hong Kong. Flshmec Pty. Ltd. is to means by which the
high quality unadulteratecj meat produced by It's Bundaberg
processing operation can be distinguishec! from an mforior but similarly
packaged product.

Aim®

The Centre for Food Technotogy had demonstrated the potential to apply the
packaging technology to the Queensland Saucer ScaSlop. Pishmac Pty. Ltd.
had supported the research, supplying product for testing. The packaging of
the product was however in laboratory conditions and assessed
by trained technicians.
Fishmac Pty. Ltd. sought to ctetermine me application of this
packa<3ing to it's existing line and to marRet acceptability
both in an established high quality fresh market in Australia and In the major
frozen product market, Hong Kong.



The trials were dived into two sections

(1) Food Safety for Prolonged Anaerobic Storage in a Modified
Atmosphere.

Determine the suitability of product for packaging as determined by
the presence of potential spoilage organisms.
Steve Slattery, Queensland Department of Primary Industries
conducted this trial and reported separately. The same procedure for
processing and packaging was undertaken as for the Market
assessment.

(2) Market Assessment

Dependent on a suitabto outcome for the Food Safety trial (1), a
market assessment trial was conducted on product packaged after
processing.

The initial market involved groups. The groups
were chosen for their experience with the product at processing and
wholesale. Their would be used as a guide to th®
determination of pactaging and content for specific end user trials.

The groups vwe:
(A) Fishmac Pty, Ltd staff and process workers.
(B) Flshmac (Sydney). Hong Kong Sales Manager.
(C) A Leading Sydney Wholesaler and Exporter (Jspan)

Proeedur®

Processing of Scallop In Whole Shell,

For the purpose of the trial, scalfop shell frozen on board the Fishing Vessel
was used. This product has available on a year round basis and was
therefore considered the most suitable for the trial by Fishmac management.

(a) Factory Process

The product was thawed In potable water, shucksd, washed snd
chilled as per the normal process cycle.

(b) Modified Atmosphere Packaging

The chilled product was then placed on an absorbent pad in a plastic
tray.
The weight was adjusted to the specified weight.
An intact vacuum packaging machine was then used to seal and
evacuate a porous seal to the tray.

2



The evacuated and tray was then stored in a chilled container
and transported to be in a barrier bag.
Four trays were in each barrier bag and the atmosphere
evacuated and replaced with 100% carbon dioxide.

(c) Market Asses$ment

The packaged product was sealed in a styrofoam box and iced prior
to air transport. The assessment to b® carried out and reported as per
the sample sheet

Resvlt®

The assessment of Market Trial results are still to be undertaken. The results
are incomplete due to:
(1) Scarcity of suitable product within the tim® frame of the trial.
(2) When product was available the product was determined unsuitgbls

for packaging.

Conclusion

The absence of results Is an outcome for this trial.

The absence of product is largely outside the control of the processor. Th©
current poor season has occurred under the influence of the weather
pattern associated with El Nino. The fishing vessels usually supplying
sc^ltops during this period were restricted by poor s@a conditions. Th@
scallop when fished was not caught in any quantity despite the reduction In
fishing effort,

The variation in the suitability of scaltop meat for modified atmosphere
packaging as a fresh product (as det®rmined by the quantity of spoilage
organisms present) concludes that a suitable pre-treatm@nt of the meat
during processing is necessary. A significantly lower count on the original
sample packaged for the microbiotogical trial indicates there is a potential for
sourcing product suitable for packaging without treatment. The limiting
factors for this form of control is the difficulty In controlling the handling of
product on board the wswl and the need to develop a prompt test suitable
for assessing product at the point of unloading from the fishing vessel.

The modified atmosphere packaging trial is continuing with Fishmac Pty. Ltd.
able to make an informed choice of a suitable tray sealing machine and
packaging style. This feedback was available from packaging samptes sent
out for the marketing trial,
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