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S u m m ary 

The v iabi l ity of Austra l i an  Kuruma p rawn p roduction , and  l ive export ,  is  d i rect ly 
l i n ked to in -trans it su rv iva l  and the market p rice ach ieved for the p roduct .  
F l uctuat i ons  i n  the  market p rice over wh ich the Austra l i an  Kuruma i ndustry has  no  
control ,  i nc lude exchange rates and status of  the  Japanese economy.  A sound 
knowledge  of  the  e lements i nfl uenc ing i n-trans it su rviva l ,  p roduct q u a l ity , and  the  
esta b l ish ment of a strong  market image a re ,  contro l lab le  factors that may pos it ively 
infl uence market p rice stab i l i ty .  Th us ,  an  opportun ity exists for the i ndustry to contro l  
and  g u a rantee qua l ity , and  ensure that a market reputatio n  is  estab l ished and 
ma inta i ned . 

The p u rpose i n  seek ing to improve packag ing tech no logy ,  surv iva l  and  market 
o pti ons  for Kuruma p rawns is  to ass ist th is  ind ustry secto r in estab l i sh i ng  and  
ma inta i n i ng a strong and re l i ab le market pos it i on .  

The  u p per  letha l  tem peratu res for Kuruma  p rawns have been  confi rmed th roug h 
extens ive p ract ical  tri a l s .  Resu lts suggest that synchro n isation  of m o u lt ing  
deter io rates as temperatu res exceed 28°C with severe effects (pond morta l ity) 
occu rri ng  above 32° C .  

Th is  p roject has exam ined the effect on  " i n  pack" su rviva l o f  g rowing p rawns  u nder  
h igh  a m b ient pond tem peratu re cond it ions and exam ined severa l  a lternate 
p rocess i ng  p rotoco ls .  It was found  that a d isti nct decl i ne  in p rawn su rv iva l  rate ( post 
36 h o u rs d ry storage) occu rred as amb ient  pond/g rowout temperatu res i ncreased . 
Mod ified p reparation  and  packag ing  operations that were tria led gave no  rea l  
i ncrease i n  su rviva l rates for p rawns he l d  a t  h i gh  amb ient pond  temperatu res . 
These resu lts question  the capacity to ach ieve adeq u ate su rviva l under  h i gh  
amb ient  pond  temperatu res . 

A refi ned l ive p rawn packag ing  mod u le was mod ified and r igorous ly tested . The 
new mod u le showed super ior  i nsu lat ion and temperatu re contro l p roperties when 
compared to cu rrent des ig ns  and is  recommended for the packag ing  and t ransport 
of l ive Kuruma p rawns to  overseas markets 

The feas i b i l ity of g rowout d u ri ng  the coo ler  months in more trop ica l  c l imates and 
re l ocat i ng  p rawns  for fu rther  g rowout o r  "c l imat ic ag istment i n  more southerly 
locati ons ,  has been add ressed . The resu lts from these p re l im inary tria ls  suggests 
that tri a l s  wou ld be worth  cons ideri ng  on a commerc ia l  bas i s .  

Overa l l ,  th i s  research has  p rovided i nformation  and add it i ona l  too ls  for management 
to use i n  stab i l is i ng  p rod uct ion  re lated issues that impact on  market q ua l ity . 
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Backg rou nd 

Live Kuruma p rawns a re a va luab le  export commod ity . S ince the successfu l 
deve lopment of methods for the p reparat ion and packag i ng  of l ive p rawns ,  expo rts 
of th is  p rod uct have expanded annua l ly ,  with an antic ipated export p roduct ion of u p  
to 3 0 0  tonnes i n  1 996 with sa les va lue  i n  excess of A$20M. 

One of the reasons for the success of the Austra l i an  p rod uct on  the Japanese 
market has been the effectiveness of the packag ing system and the h i gh  s u rv iva l  
rate . Th is  packag ing  system i nvo lves an outer cardboard carton with an inner l i n i ng  
made u p  of  7 separate sheets of  po lystyrene .  

Austra l i a  now has an  estab l is hed posit ion as a h igh qua l ity s u pp l ie r  i n  th is  m arket. 
H owever some aspects of Ku ruma p rawn g rowth and market i ng  req u i red attent ion 
as a matter of some importance i n  o rder  to ma inta i n  and e n h ance our  reputatio n  in  
the l i g ht of i n creas ing  p rod ucti o n .  

I n  1 995 p rod u ct ion of Ku ruma p rawns i n  Ayr ,  northern Queens land , resu lted i n  a 
loss of market confidence and  poor  p rices fo l lowing h i gh  morta l it ies of th is  p rod u ct i n  
t he  Tokyo markets . Th i s  h i g h l i g hted t he  need to  i nvestigate t he  su itab i l ity o f  cu rrent 
methods for pack ing Ku ruma  p rawns i n  warm c l imates .  There was also the need to 
exam ine  the effect of h i g h  amb ient pond cond it ions on su rv iva l  and to determ i ne  
whethe r  mod if ied p reparation  and  packag ing  methods wou l d  m i n i m ise the effects of 
these warm amb ient con d it i ons .  The authors of the cu rrent p roposa l  therefore 
submitted a fund i ng  app l i cation  to FRDC ( 1 995-96) to add ress these issues . Th is  
earl i e r  app l i catio n  was rejected by Q F I RAC because the i ndustry d id not cons ider  
the ant ic ipated p rob lems s ig n ificant a t  that time .  However, Kuruma  p rawn fa rmers 
now recog n ise these issues as crit ica l .  

There i s  cons idered to be a genera l  corre lat ion between the warm a m b ient 
cond it ions  (temperatu res i n  the m id  to h igh 20 's) and a red u ct ion in  the surv iva l  rate· 
i n -trans it .  Whether  th is  i s  re l ated to h ig her  packing and transport tem peratu res o r  to 
an i ntr i ns ic  cond it ion  of the p rawns at these tem peratu res is uncerta i n .  Thus, there 
i s  a need to determ ine  wh ich is  the case and formu l ate a strategy that may perm it 
Kurumas to be s uccessfu l ly g rown i n  warmer c l imat ic cond it ions ,  such  as i n  northern 
Q ueens land . I n  the event that the cond it ion of the p rawns i n  the warmer cl imate is  
such that h ig h  s u rv iva l  rates a re u nach ievab le ,  and  hence can n ot be imp roved 
th rough  deve lopments in the p reparation  and packag ing  operations ,  we need to 
determ ine  whether it is poss ib le  and feas ib le  to transport these p rawns in b u l k  to 
s ites in coo ler  c l imat ic a reas for "cond it i on i ng " .  Th is concept certa i n ly h as 
p recedents i n  other  ag r icu l tura l  i ndustr ies . 

I n  cons ideri ng  each issue ,  the identity of the Austra l i an  p roduct and  the need for 
h ig h ly funct iona l  packag i ng  is  centra l .  Wh i le a more advanced form of packag i ng  
was p roposed by  I F I Q  more t han  th ree ( 3 )  years ago  t he  ind ustry has  not been 
suffic iently advanced to j ustify the p rod uct ion of the packag ing . I t  has a lso been 
suggested that sma l le r  net weight ( ie. 6 or  8kg i nstead of 1 Okg) packages wi l l  offer 
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access to a b roade r  range of b uyers and hence strong p rospects for h ig her  p rices 
(Kitada ,  Austrade Osaka ) .  

At a meeti ng o f  Kuruma p rawn farmers (?th March 1 996) a consens u s  was reached 
on the need for Austra l i an  p rod ucers to be tech n ica l ly advanced and  identif ied on  a 
cou ntry bas is  as a s u p p l i e r  of q u a l ity p rod uce .  The meeting  a lso ag reed for the fi rst 
t ime to use a common s ize of i n ner  package ,  mak ing the p rod uct ion of a n  advanced 
outer package more l i ke ly to be v iab le. 

A new generat ion  packag ing  mod u le was des ig ned by the Centre for Food 
Tec h n o logy (C FT) i n  co-operation  with "Rmax" ( H u ntsman  C hemica l  Company Pty 
Ltd ) ,  and  d iffered from exist ing packag ing  i n  that it is  compact ,  has  superio r  
i nsu l at ion  and i s  o f  s im i l a r  cost . I t  a lso conta ins a n umber  o f  tech n ica l i n novations  
al lowin g  g reater contro l  o f  temperatu re as wel l  as the capacity to  vary the  
temperatu re contro l system and the net package contents . 

With m i n ima l  mod ificat ion  the mod u le shou ld a lso be s u itab le  for the transport of 
other l ive crustacea such as redclaw, l obsters , and spanner  crabs as wel l  as ch i l led 
and frozen seafood . 

Need 

In o rde r  to ma inta i n  and  fu rther deve lop Austra l i a 's market pos i ti on  for Kuruma 
p rawns ,  the Austra l i an  p rod uct needs to  be identifiab le  as superio r  and  re l i ab le .  A 
tech n ica l ly advanced , u n iversa l ly adopted package wh ich he lps  g u a rantee i n -tra ns i t  
temperatu re stab i l ity wi l l  have a majo r  i nfluence i n  i nsu ri ng  a stab le  market pos i t ion 
for Austra l i an  p rod ucers .  Th is package needs to perform under  a range  of 
envi ro nmenta l  and  c l imat ic cond i t ions i n  order to p rotect p rod uct q u a l ity . An 
instraction  manua l  coveri ng  its use and a temperatu re mon itori ng system is needed 
to assu re that i n -tran.sit cond it ions a re optimum .  

Surviva l rate and con d it ion a re key e lements i n  determ i n i ng  the  m arket p rice of 
Kurum a  p rawns .  M o re than 5% morta l ity wi l l  cause a p rice decl i ne .  P rawns g rown 
a nd packed at h i ghe r  amb ient tem peratu res a re much more l i ke ly to d ie  i n -trans it .  
There i s  an  u rgent  need to determ ine  the surviva l p rospects for Ku ruma p rawns 
g rown at h igh  temperatu res and the i r  su itab i l i ty for l ive transport.  

Methods  of p reparation  and packag ing  of  p rawns  that a re harvested under  h i g h  
amb ient  tem peratu re cond it ions need t o  b e  deve loped and tria led . Attem pts to 
package  Ku ruma p rawns in warmer  cond it ions have , to date , resu lted in poor  
perfo rmance i n  the m arket p lace and jeopard ise the futu re of  th is i ndustry. 

It is a l so  essent ia l  to d eterm ine  the poss ib i l ity of transport i ng  immatu re and matu re 
p rawn s  from one fa rm to another .  Th is wi l l  a l low the futu re potent ia l  of cond it ion ing 
p rawn s  for l ive transport ,  by c l imat ic ag istment ,  to be eva l uated . 

CE N TR E  F O R  F O OD T E C H N O L O GY 

Bri b i e  Is land 
Aquacu lture 
Research Centre 

v 



N atio n a l  S eafood Centre P roject 92/ 1 25.32 

Objectives 

The o bjectives of the project were : -

• To eva l uate the  temperatu re stab i l i ty o f  a tech n ica l ly advanced l ive p rawn 
(seafood)  package des ign  (p rototype and fi n ished item) , u nder a range of storage ,  
transport and c l imat ic cond iti ons .  

• Ascerta i n/confi rm the upper  letha l  temperatu re l im it for Kuruma p rawns .  

• Determ ine  if mod ificat ions to  t he  p reparation  and  packag i ng operations a re l i ke ly 
to i m p rove the s u rviva l rate of packaged p rawns from h ig h  amb ient temperatu re 
g rowout cond it ions .  

• Esta b l is h  the potentia l  feas i b i l ity of  transport ing l ive Ku ru m a  p rawns from one 
locat io n  to  another to  opt im ise g rowout cond it ions and hence q ua l ity t h roug h 
c l imat ic  ag istment .  

Al l objectives were ach ieved . In some cases current p rog ress has su rpassed the 
orig i n a l  p roject objective . The fi rst objective "To eva luate the temperatu re stab i l ity 
of a tech n ica l ly advanced l ive p rawn (seafood) package des ig n . . . . . " has led to an  
aesthet ica l ly and  tech n ica l ly advanced package that imp l ies market advantage as it 
can be separated for the i n d iv id ua l  market ing  of 3kg un its i n  self  conta ined i n su l ated 
packs . The mod u le  is  a lso  be ing eva l uated by other  i ndustry sectors ( redc law and  
rock l obster) . 

Methods 

Package development testing:- An extens ive test ing p rog ram focused on mon ito ri ng  
temperatu re changes a t  u p  to  6 posit ions i n  and  around the new package .  P rawns 
for the study  were s imu lated by us ing  p re-coo led gel packs eq u iva lent to the tota l 
nett p rod u ct weight .  A d eta i led study of the performance of ge l  coolants rang i ng  
from 250g m to  750gm as wel l  as coolant config u ration with i n  t he  package were a lso 
cond u cted . In  the orig i n a l  p roposa l ,  test i ng  was to extend  to a range of  constant 
extern a l  tem peratu res as wel l  as a range of s imu lated in-trans it cond it ions .  
However, the study was mod ified to  test sh i pments from l oca l commercia l  p rawn 
farms to the Tokyo markets us ing  data l og g i ng eq u ipment to mon itor actua l  i n-trans i t  
temperatu res .  

Upper lethal temperature studies:- To determ ine the u p per  letha l  g rowout/pond 
temperatu res , Ku ruma p rawns  were ma inta i ned i n  laboratory scale tan ks and 
subjected to experimenta l  temperatu res of 28°C to  36°C ( in  two (2 )  deg ree 
i ncrements) . The su rviva l ,  mou lt i ng  rate a nd feed consumption  rate were then 
meas u red over a per iod of fou r  weeks . The temperatu re which gave a n  LD50 
(morta l ity of 50% of the popu l at ion)  with i n  th i s  per iod is to be cons idered the u pper 
therm a l  to lerance l im it .  
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High temperature processing and packing:- By sett ing the temperatu re l i m it fo r 
ha rvest ing j ust be low the tem peratu re after which su rvival d rast ica l ly dec l i ned 
(32 °C ) ,  it was poss i b le to determ ine whether  Kuruma prawns wou ld have a h i gh  
level o f  s u rviva l d u ri ng  transport and/or if p rocess ing  and pack ing  mod ifi cat ions 
cou ld  improve the i r  su rviva l .  To ach ieve th i s ,  p rawns were he ld  at temperatu res of 
2 3 ° C ,  27°C and 3 1 °C for an  accl imat isat ion  per iod (fo u r  days) befo re be ing 
subjected to a range of  packag ing  cond it ions inc lud ing contempora ry methods as 
wel l  as s ign ificant ly s lower and faster p reparation  p roced u res. P rawns were then 
he ld  for a per iod of 36 hours to s imu late transport before be in g  u n packed to record 
the s u rviva l rate for each method used . The post transport su rv iva l  of p rawns  was 
a lso stud ied by subject ing the act ive/surv iv ing p rawns from each treatment to an i n 
tan k  ho ld i ng  per iod of  seven (7 )  d ays . 

Transport and climatic agistment:- To estab l i sh  the feas i b i l ity of transport i ng  l a rge 
n u m bers of p rawns  from one location to  another ,  p rawns were stored at  both  h ig h  
a n d  l ow dens it ies i n  oxygenated seawater at temperatu res o f  2 5 ° C  and 1 6° C  for 
extended periods .  I n  the orig i n a l  p roposa l ,  48  hou rs was to be used to s imu late 
transport t ime .  H owever, for th is  study,  the s imu lated transport t ime was red u ced to 
1 2  hou rs as th is  better rep resents the t ime req u i red fo r transportation  to and from 
the most no rthern p rawn farms .  Water qua l ity (p H and ammon ia)  was mon ito red 
d u ri ng  transport ,  wh i le  survival rates were recorded after the 1 2  h o u r  per iod . The 
effects of water cond it ioners/ammon ia  scrubbers and anaesthet ics on p rawn s u rv iva l 
post transport were a lso stud ied by the add ition of these to the t ransport water .  

Deta i led Resu lts 

The deta i led resu lts of the p roject are p resented , and d iscussed in the genera l  
c i rcu lat ion pa rt of th i s  report (Part 2 ) .  

Benefits 

The imp l ied benefits of th is  research are h ig h l ig hted i n  the summary and i nd iv id ua l  
d iscuss ions of  res u lts b ut may qu ickly be summarised as fo l l ows ;  

• Tech n ica l ly advanced packag ing  which a lso offers market advantage has been 
tested and i ntrod uced to the i nd ustry throug h th is  research . Th is wi l l  ass ist 
p rod ucers i n  e n ha nc ing and ma inta i n i ng  qua l ity and market pos it i on .  

• The  question  o f  whether kuruma p rawns  can be g rown and packaged i n  trop ica l 
cond it ions  has  been la rgely answered th rough  th is  p roject .  The upper  letha l  
temperatu re for p rawns i n  ponds is  now confi rmed a n d  the effect o f  h igh  amb ient 
cond it ions  on  the su rv iva l  rate of packed p rawns  is  a lso p resented in th is repo rt .  

• Wh i le  there a re po rt ions of  the year  when it is  unsu itab le  o r  less than opt ima l  for 
the g rowi ng of kuruma prawns i n  one locatio n ,  the g rowing season may be 
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extended if p rawns can be re located to a more su itable env i ronment when 
cond it ions  deterio rate. Th is study has shown that u nder  contro l led cond it i ons  
there a re reasonab le p rospects of  re locati ng these p rawns to  imp rove p rawn 
cond it ion  or  potenti a l ly extend or  mod ify the g rowing  season. 

I nte l lectua l  Prope rty 

There a re no issues of i nte l lectua l  p roperty add ressed th rough  th is  p roject .  

Staff 

B ruce Good rick ,  B Sc - Food Tech , Seafood Team Leader ,  (Project Leader). 
David H ewitt, P h D ,  Fisheries B io l og ist .  
Stua rt F rost, B Sc - Food Tech (Hons) , Seafood Techno log ist. 
Stephen G rauf, ADA B ,  Seafood Tech n ic ian (Funded by the p roject) . 

Final Cost 

The fi n a l  cost of the p roject was $33 , 750 cons isti ng  of $ 1 3 ,750  i n  sa la ries (Grauf  
and Good r ick) , $3,60 0  i n  trave l ,  and  $ 1 6 ,400 for operati ng costs . Operati ng  costs 
cons isted of pu rchase of p rawns and feed , packag ing  materia ls ,  fre ig ht ,  and  casua l  
wages . 

Distribution 

N S C  1 0  copies ( 1  copy u n bound , p l us  d isc copy) 
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SECTION 2 

COLLECTIVE RESULTS (ACHIEVED OBJECTIVES). 

INDEX. 

Objective 1 :- To eva l uate the temperatu re stab i l ity of a tech n ica l ly advanced l ive 
p rawn (seafood)  package desig n (p rototype and fi n ished item) ,  under  a range of 
storage ,  transport and c l imat ic cond it ions .  

Bruce Goodrick and Stephen Grauf. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Objective 2:- Ascerta i n/confi rm the upper  letha l  temperatu re l im it fo r Kuruma 
p rawns . 

David Hewitt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

Objective 3:- Determ ine  if mod ifications  to the p reparation  and packag ing 
operat ions a re l i ke ly to improve the su rviva l rate of  packaged p rawns from h ig h  
amb ient  temperatu re g rowout cond it ions .  

Stuart Frost, David Hewitt, Bruce Goodrick, and Stephen Grauf . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

Objective 4:- Estab l i sh  the potentia l  feas i b i l ity of transport ing l ive Kuruma p rawns 
from one location  to another to optim ise g rowout cond it ions and optim ise q ua l ity 
th roug h c l imat ic ag istment .  

Stuart Frost, David Hewitt, Bruce Goodrick, and Stephen Grauf. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
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Improving Packaging Technology, Survival and Market Options for 
Kuruma Prawns. 

P roject Objective 1: To eva l uate the tem perature stabil ity of a tec h n ica l ly  
advanced live prawn (seafood) package des ign  (prototype and  fin ished item), 

u nder  a range of storage,  transport and c l imatic conditions. 

Bruce Goodrick and Stephen Grauf. 

I ntroduction 

S ince the early 1990's , Austra l i a n  aq uacu l tured Kuruma p rawns h ave been packed i n  
1 kg  i n ner  boxes wh ich a re then p laced i n  a cris-cross fash ion  i ns ide a la rger  outer box 
for expo rt to Japan  (Good rick et a l . ,  1 992&1 993) . The o uter boxes a re no rmal ly 
composed of card board with po lystyrene inserts for the wa l l s ,  bottom and  l i d . To 
ma i nta i n  constant temperature and  surv iva l d u ring trans it ,  a th i n  po lystyrene  i nsert is 
p laced on top of the i n ner  boxes and a ge l  type coo lant  p laced upon  th is  (Good r ick et al., 
1 996).  H istor ica l ly ,  th is  packin g  arrangement ,  a l though  not opti m u m ,  is capab le of 
ma i nta i n i ng 1 5 °C+/- 5 °C for periods of up to 22 hours .  

I n  1996 ,  as  a n  i nter im measu re ,  the l ive p rawn i nd ustry m oved towards improved 
packag i ng , des ig ned by the Centre fo r Food Techno logy (CFT) .  Th is  box was of a 
sma l le r  p rofi l e  and  nett content ,  with the i nner  boxes p laced i n  a para l l e l  fash ion  to g ive a 
l a rger  m id-sect ion  a i r  space .  The l a rger a i r  space a l l owed g reater a i r  flow from the 
coo lant  to g ive more even tem peratu re d istrib ut ion between the i n ner  boxes .  This 
" i nterim" box des ig n sti l l  i ncorporated a cardboard/fib reboard o uter she l l  with po lystyrene 
i nserts l ocated i ns ide  for i nsu l ati on  p u rposes The desig n is  capab le  of ma inta i n i ng 1 0-
1 50C for per iods u p  to 30 hou rs .  Wh i le  th is i nter im box is an  improvement on the o rig i na l  
1 O kg package (wh ich showed i nterna l  temperatu re var iat ions of u p  to  3 °C) ,  scope 
rema ined to fu rther  improve the temperatu re stab i l ity . 

I t  has  been suggested that sma l le r  nett we ight  (ie .  6 o r  8kg i nstead of 1 Okg) packages 
w i l l  offer g reater access to a b roader range of b uyers and hence strong p rospects for 
h i ghe r  p rices (Kitada ,  Austrade Osaka) . Ku ruma p rawn farmers reached a consensus 
that there is  a need for Austra l i an  p rod ucers to be techn i cally advanced and ident ified on 
a cou ntry bas is  as a supp l ie r  of qua l ity p roduce .  I t  was  a l so  agreed , fo r the  first t ime,  to 
use a common s ize of i nner  package ,  mak ing the p rod uct ion of an advanced outer 
package more l i ke ly to be v iab le .  I n  answer to these issues a new generat ion  packag ing 
mod u le has been des ig ned by the Centre for Food Techn ology (CFT) i n  co-operation  
with Rmax ( H u ntsman  C hem ica l  Company Pty Ltd ) .  Th is  modu le  d iffers from exist i ng 
p ackag i ng in that it i s  compact ,  h as superior  i nsu l at ion  and is of comparab le  o r  lower 
cost .  The package itself a lso conta ins  a n umber  of techn ica l i n novat ions a l l owing 
g reater contro l of tem peratu re as wel l  as the capacity to vary the temperatu re contro l 
system and  the nett package contents . With m in ima l  mod ificati on  the mod u l e  shou ld  
a lso  be  s u itab le  for the transport of other  l ive crustacea such as redc law, lobsters, and 
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spanner  crabs as wel l  as ch i l led and frozen seafood . This study out l i nes the cu rrent 
p rototype package and  the therma l  capab i l it ies of th is des ig n .  

Mater ia ls and methods 

Prototype package design. 
Polystyrene sheets ( R-max) of vary ing th ickness were cut and  g l ued i nto a bas ic  box 
confi g u ration  to acco mmodate 6kg (3* 1 kg*2) of packaged p rod uct .  P rimary format and 
d i mens ions  of the p rototype were as fo l lows : - a box base sect ion (564mm x 370mm x 
280mm) , a m id  sect ion  (564mm x 370mm x 75mm) for the coo lant and  a l i d  sect ion 
(564 m m  x 370mm x 20mm) .  An i nteg ra l featu re of the des ig n is  the i ncorporation  of a 
score l i ne  ("snap-off') that a l lows the box to be sp l it i n  the midd le  thus  form ing  two (2) 
com p letely independent 3 kg boxes (D iagram 1 ) . 

Diagram 1: Dimens ions  of p rototype l ive p rawn box. 

Lid section 

Middle (coolant) 
section 

Base section 

score 
line 

564rnm 

Test equipment and temperature recording. 

20rnm 

75rnm 

280rnm 

As the cost of us i ng  l ive Kuruma p rawns for performance test ing was p roh ib it ive , it was 
dec ided to s imu late p rawns  by us ing gel packs eq u iva lent  to the wet weight of p rawns .  
To accomp l is h  th i s ,  two 450gm water based ge l  packs (Ch i l l pack Pty Ltd ) were packed 
with hoop  p i ne  sawd u st i nto 1 kg card board i n ner boxes , as per norma l  l ive p rawn 
packi ng  p roced u res . The i n ners conta i n i ng gel packs were then p re-cooled in a 1 4° C  
co ld roo m  for severa l days p rior  to test ing . T-type therm ocoup les were con nected t o  an  
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externa l  data logger  (Oatataker DT-500) p rog rammed to record temperatu re every 1 5  
m in utes for a period of 36 hou rs .  Thermocoup les were p laced i n  a set pos it io n  with i n  the 
box.  Pos it ions  were held constant throughout test ing of a l l  mod ifications .  Thermocoup le 
pos i t ions were as fo l l ows:- on  the surface of the s imu lated p rawns (ge l  pack), i ns ide  the 
bottom ,  m i dd le and  top i n ner  boxes ; the a i r  space between the top i n ner  and  the i nter ior 
of the box wa l l ;  and beneath the coo lant in  the midd le  sect ion of  the box (D iag ra m  2 ) .  A 
thermoco u p le was a lso attached to the exterior  surface of the prototype l i d  to measure 
amb ient a i r  temperatu re d u ri ng  each tr ia l .  

Data logged from each tri a l  was down loaded from the d ata logger and transfe rred to a 
spreadsheet p rog ram ( M icrosoft - Exce l 5 . 0) .  Standard format g raphs  were p roduced 
from the sets of d ata to a l l ow eva luat ion of each mod ificat io n .  

Diagram 2: Exp loded view of p rototype box a n d  thermocoup le pos it i on i ng  for 
perfo rmance test ing  

1 :- On top of simulated prawn pack in bottom inner. 

2:- On top of simulated prawn pack in middle inner. 

3:- On top of simulated prawn pack in top inner. 
4:- Air space between top inner and interior box wall. 
5:- Under coolant in middle (coolant) section. 
6:- Centre of exterior box lid (ambient air temperature). 

Preliminary trials. 

3 
2 

)1 

P re l im i na ry tri a l s  of the p rototype package were u ndertaken to determ ine  the 
performance of various  s izes of ge l  coo lants .  Ge l  coo l ants weigh i ng  250g , 500g and 
750g , both with and without  3mm Bubb le-Wrap™ p last ic i nsu lat ion were tria led . 
Coo lants were frozen to -30°C in  an  ind ustri a l  freezer (24h rs) , then tempered ( by leaving  
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coo lants in amb ient temperatu re a i r) to -5 °C befo re p lac ing them i nto the p rototype box. 
The effectiveness of each coo lant was determ ined v ia thermocoup les and d ata logg ing 
eq uipment as p rev ious ly described . Data from these tria ls  i nd icated that  the 500g 
i nsu lated coo lant  wou ld g ive best resu lts with the new system.  

Prototype performance testing 
To esta b l ish the effectiveness of mod ificat ions made to the p rototype desig n ;  rep l icated 
tria ls  were perfo rmed . An exhaustive range of desig n mod ificati ons were tria led , however 
for s imp l ic ity o n ly the major  changes have been i ncl uded in Tab le  1 .  For  each tr ia l ,  
frozen a n d  p re-tem pered 500g i nsu lated coo lants were p laced i nto the mod ified box, 
wh i le thermoco u p les and d ata logg i ng  eq u i pment were aga in  u sed to record temperatu re 
p rofi les over a 36 hou r  period. Data co l lected from tria ls  of each mod ificat ion  to the 
p rototype was eva l uated aga inst the i nterim box and the unmod ified p rototype box. 

Table 1: Majo r  mod ificat ions tested 
1 )  D ifferent th ickness i n  base mater ia l  under  the coo lant  i n  the m id d le sectio n  and  
effect o f  ra is ing  the  coo lant off  the  base.  

2)  A i r  gaps of vary ing  depths u nder  the bottom i n ner  box and above the top i n n e r  
box. 

3)  S ize and freq uency of the ho les around the edge  of the base i n  the m idd le  
sectio n .  

4) Shape of m idd le sect ion  base.  For  examp le ,  a fl uted base versus  a flat base 
ve rsus  a base with g rooves i n  a chocolate b lock config u ration etc. 

5) Removal  of the d iv id i ng  wa l l  in the m idd le sect ion and varyi ng the th ickness of 
th is  wa l l  

6 )  Vary ing  the t.h i ckness o f  the d iv id ing  wa l l  i n  the base sect ion w h i le ma inta i n i ng 
the overa l l  box d i mens ions thereby i ncreas ing  the a i r  flow down the s ides of the 
i n ner  boxes . 

Final prototype testing (commercial export tests). 
To test the performance of the fi na l  p rototype ,  five sh ipments of 60  kg ( l ive p rawn 
weig ht) were d ispatched to the Japanese markets from two domestic p rawn fa rms. 
P rawns were h a rvested , cooled and packed i nto i n ner  boxes us ing standard com mercia l  
p ract ices. I n ne r  b oxes were then p laced i nto the fi na l  p rototype box with the i nsu lated 
ge l  coolants . Sma l l  d ata loggers (Cox Tracers and H asti ngs Stowaway XTl 's) were used 
to mon ito r i nterna l  box temperatu re as wel l  as outer amb ient a ir  temperatu re . Data 
loggers were removed and retu rned v ia ma i l  on  u npacki ng and sale in Japa n .  
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Results 

Figure 1: Temperatu re record of i nsu lated and un i nsu lated water based ge l  coo lants . 
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F ig u re 1 dep icts the temperatu re data for both i nsu lated and un i nsu lated forms of gel  
coo lants . At an  amb ient  a ir  temperatu re of 20 °C ,  u n i nsu lated 250g, 500g and 750g gel  
coo lants ma inta i ned their  coo l i ng capacity for 1 2h rs ,  1 8h rs and 20  hou rs respective ly .  
The use of p last ic i nsu latio n  (3mm Bubb le-Wrap™) with 500g packs extended coo lant  
l ife for a n  extra 6 h rs ,  from 1 8h rs to 24h rs .  As l ive p rawn cons ig n ments take 
approx imately 30 hou rs to reach the market floor  in Japan ,  at wh ich t ime the p rawn 
temperatu re shou ld  be a ro u n d  1 5 ° C ,  it was decided to use the 500g i nsu lated. coo lant  
as the standard coo lant  for the prototype testi ng of  the box .  

Prototype testing 
The test i ng  of the i nter im box was ca rried out us ing the methods described on  pages 2 
and 3 .  These resu lts a re s h own i n  F ig u re 2 .  As can be seen from th is  fig u re, the i nner  
pack  temperatu res vary u p  to  1 . 5 °C .  Wh i le th i s  resu lt is  a n  improvement on  the o rig i na l  
1 Okg p ackage (wh ich showed interna l  temperatu re var iat ions o f  up  to  3 °C ) ,  scope 
rema ined to fu rther  imp rove the temperatu re stab i l ity . 
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Figure 2: Tem peratu re record of i nterim box. 
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The fi rst p rototype des ign (F i g u re 3) p rod uced i n ner  pack temperatu re var iat ions of u p  to 
5 ° C .  Th is  box had no  a i r  c i rcu lat ion systems o r  mou lded po lystyrene i nsu lat ion i n  the 
des ig n .  Resu lts from tria l s  on  th is box i nd icated that mod ifications  were needed . 
Temperatu re records  of some of these mod ificat ions a re shown i n  F ig u res 4 a n d  5 .  

After more t h a n  2 0 0 0  hou rs o f  test ing a n d  mod ificat ions (Tab le  2) , a p rototype  box was 
p rod uced that conta ined i nne r  pack temperatu re variations  of app roximate ly 1 ° C .  Th is 
box a lso a l l owed g reater opportu n ity to effectively market the p rod uct i n  that i t  has  the 
capacity to be d iv ided i nto 2 self conta i ned mod u les at any stage of the market i ng  cha i n .  

F rom the  fi na l  des i gn  R-max p rod uced a mou lded p rototype box. Comp lexit ies i n  the 
des ig n resu lted in some mechan ica l  teeth ing  p rob lems in the man ufactu ri n g  p rocess 
re lated to the extract ion of the box from the d ie .  This p rob lem was overcome by 
mod ifying the ang les of the i nter ior wa l l s  and  re i nforc ing the corners in the  coo lant  
sectio n .  

Final prototype testing (commercial export tests) . 

The mod ified boxes were tested and gave comparab le  resu lts to the fi na l  p rototype box. 
A commercia l  ru n of boxes was p rod uced and these were taken to two domest ic p rawn 
farms where they were packed and sh ipped a long with sh i pments of the same p rawns i n  
t h e  standard i nter im boxes . 

C E N T R E  F O R  F O OD T E C H N O L O GY 

Bri b i e  Isla nd 
Aq uacultu re 
Resea rch Centre 

6 



National Seafood Centre Project 92/125.32 

Figure 3: Tem perature record of the origina l prototype box. 
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Figure 4: Temperature record of the prototype with no ho les aga inst m idd le  wa l l  of 
coo lant section. 
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Figure 5: Tem perature record of the prototype with a "choco late-b lock" coo lant base. 
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Figure 6: Tem perature record of the fina l prototype box after a l l  mod ificat ions. 
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The commercia l ly p rod uced boxes , wh ich were packed and shipped to Japa n ,  conta i ned 
temperatu re loggers and a typ ica l  temperatu re record of a shipment is  shown in F igu re 
7. I t  can be seen from th is g raph  that it i s  poss ib le  to determ ine the externa l  cond it ions 
(temperatu re) of the sh ipment and  the resu lt ing effects on interna l  temperatu re wh ich 
shows the effectiveness of the new mod u le in ma inta i n i ng stable temperatu res . 

Figure 7: Temperatu re record of a commerc ia l  sh ipment i n  the  prototype box to Japan. 
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Objective 1 of th i s  p roject soug ht  to eva l uate the temperatu re stab i l ity of the new 
package .  I n  do i ng  so it became necessary to make a n u m ber  of mod ificat ions to the 
package and eva l u ate the effects of the mod ificat ions on  the performance of the 
package .  The p rototype testi ng p roved to be a far more extens ive p rocess tha n  o rig i na l ly 
ant ic ipated . With the n umber  of mod ifications ,  g reater than  2000 hou rs of test ing was 
req u i red to ach ieve a p rod uct with a h i gh  leve l of temperatu re stab i l ity . 

The package now encompasses a h i gh  leve l of temperatu re stab i l ity with the use of ge l  
pack  coo lants of  assorted s izes , used to  ach ieve d ifferent performances i n  terms of  t ime 
i n  trans it and  seasona l  temperatures . The fina l  emphas is  i n  mod ifying  the  box  was to 
ach ieve adequ ate a i r  flow a round  the i nterna l  packages ,  across the base , at the s ides 
and  across the top of the i ntern a l  packs . The ma in  a im was to p revent temperatu re 
stratifi cat ion betwee n  the upper  and  lower boxes . The top boxes tend  to be cooled d u e  
t o  the i r  c lose p rox im ity t o  t h e  coo la nt ,  w h i l e  t h e  m i d d l e  and bottom boxes a re subject to 
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heat enteri ng from the outs id e .  Therefore it is essentia l  to ensure adeq uate i nterna l  
a i rf low and  heat transfer  t o  t he  coo lants i n  the upper compartment. 

H av ing  ach ieved a p rototype  d es ig n that worked and a temperatu re d ifferen ce of l ess 
tha n  1 °C between the top and  bottom packs , we then p roceeded to p rod uce the 
man ufactu red p rod u ct, wh ich a lso p roved to be a cha l lenge .  

I n  the po lystyrene mou ld i ng  p rocess, heat ing and coo l i ng  of  the mou ld are crit ica l to the 
strength, d u rab i l ity and  appeara n ce of  the expanded materia l .  Because of  the i ntr icate 
natu re of the des ig n, the heat in g  and coo l i ng  of the d ie p roved to be an e n g ineer ing 
cha l lenge .  As a resu lt ,  a number  of mechan ica l  mod ificat ions were made to the d ie to 
ensu re adequate bead bond i ng and fac i l itate the removal  of the mou lded box from the 
d ie. 

The fi n a l  commerc ia l  samp le  was eva l uated with sh i pments to Japan  in J u ne 1 997 .  
Feed back from the J apanese i nd i cated that the  mod u le was outstand ing  and very 
su itable i n  terms of its therma l  p roperties and market advantages, as the mod u le cou ld 
be sp l it i nto sma l le r  3 kg u n its . The capacity to adj ust the coo lants to compensate for 
changes i n  the env i ro n menta l  tem peratu res i n  Japan and Austra l i a  was acknowledged , 
especia l ly as Japan m oved fu rther  i nto summer. I n  the past ,  th is h as been a p ro b lem as 
i ncreased morta l ity can occu r i n  u pper  or  lower areas of the box th rough  excess coo l i ng  
(top)  o r  excess ive heat entry (bottom) d u ri ng  the Japanese summer. 

The commerc ia l  s h i pments were received wel l  by the Japanese.  Apart from the above 
ment ioned featu res ,  the co lou r, shape ,  labe l  and genera l  aesthetics of the package were 
a lso cons idered to be very good . I t  i s  expected that the new package wi l l  be i n  use by 
Kuruma farmers in 1 998 after exist ing  packag ing stocks have been dep leted . 
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Improving Packaging Technology, Survival and Market Options for 
Kuruma Prawns 

OBJECTIVE 2: Ascerta i n/confi rm u p per  lethal  temperature l i m it for Kuruma 
prawns. 

David Hewitt. 

I ntrodu ction 

The metabo l i c  rate of po ik i lothe rm ic (co ld  b looded) an ima ls  su ch as p rawns  i ncreases 
with i ncreas ing  temperatu re .  The metabo l ic  rate of Penaeus esculentus and 
P. monodon has been fou n d  to i ncrease l i nearly between 20  and 35°C (Sub raman ian  
and Krishnamurthy ,  1 986 ;  Da l l ,  1 986) . Th i s  r ise i n  metabo l i c  rate with temperatu re i s  
accompan ied by a demand for add it iona l  energy. In the a n i m a l  itse lf, these add it iona l  
energy req u i rements a re exp ressed as i nc reases i n  food u ptake and  oxygen  demand 
for the  oxid ation  of  n utrients i n  the food . As the temperatu re reaches the u p pe r  thermal  
l im it for the an ima l ,  morta l i t ies occur  wh ich a re attr ib utab le  to the fa i l u re of enzyme 
systems ,  denatu ration  of p rote ins  and/or  asphyxiat ion . H owever ,  even before the 
thermal  l i m it is  reached other  factors can act to red uce the overa l l  con d it ion  of the 
p rawn and therefore its ab i l ity to to lerate further stress such as ha rvesti ng , p rocess ing 
and transport. 

I n  1 995, Ku ruma p rawns  (Penaeus japonicus) that were p rod uced i n  north  Queens land 
under  h ig h  g rowout temperatu res and transported to the Tokyo markets , attracted low 
p rices d ue to h i g h  morta l i t ies d u ri ng  sh i pment .  Events of th is  natu re have h i g h l i g hted 
the need to i nvestigate the effect of warm amb ient pond  cond it ions  on s u rviva l .  
Ta iwanese farmers be l ieve that su rviva l is  affected when  Kuruma p rawns a re g rown 
under  cond it ions  where pond temperatu res may rise above 32°C . H owever ,  even 
before su rv iva l  i s  affected ,  the cond it ion of the p rawn in terms of metabo l i sm may be 
impacted enoug h to ensu re that su rviva l after p rocess i ng , packing  and t ra nsport is 
d ramat ica l ly red uced . 

The a i m  of the p resent study was to determ ine  whethe r  Kuruma p rawn s u rv iva l  was 
affected by temperatu res eq u iva lent to those experienced in ponds  located i n  north 
Queens land . By sett ing  the temperatu re l i m it fo r harvesti ng  just be low the temperatu re 
at wh ich su rv iva l  d rast ica l ly d ecl i ned it was poss ib le to determine whether  these p rawns 
wou ld  h ave a h i g h  leve l of su rv iva l  d u ri ng  transport and  if p rocessing  and  packing 
mod ifi cat ions  cou l d  imp rove su rviva l .  
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Materia ls and methods 

Live Kuruma p rawns  (wet body weig ht 1 5.6 ± 0 . 2g )  were obtained from a com merc ia l  
p rawn farm , ma i nta i ned i n  a twe lve tonne  tank eq u i p ped with a sand bottom and a sub 
sand fi lte r and fed a commercia l  Kuruma p rawn feed (CP J005 japonicus grower) . After 
a two week period to recover from the stress of transport ,  p rawns were transferred i n  
g ro u ps of  e ight to 250L  b lack po lyethy lene tanks eq u i pped w i th  sand bottoms and  sub 
sand fi lte rs .  P rawns were ma inta i ned for a one week per iod at amb ient temperatu res 
(approx .  20°C) , then s lowly boug ht up  to the req u i red temp e ratu re by ra is i ng  water 
tem peratu re at a rate of approxi mate ly one deg ree per day .  

Experi menta l  temperatures ranged from 28°C to  36°C i n  two deg ree i ncrements with 
two tanks ( rep l icates) per temperatu re .  To ach ieve the req u i red expe rimenta l 
temperatu res ,  heated water (36°C) from a header tank was p roport ionately m ixed i n  a 
sump ( located between the expe rimenta l tanks) with 28°C water from anothe r  header 
tank. Air  l ifts cycled water from the sump to exper imenta l  tanks and then back to the 
s u m p ,  with overflow d ra i n i ng to waste . A 300W immers ion heater was i nsta l led i n  the 
sump  to contro l  smal l  fl uctuat ions  in water temperatu re . 

To a id  feed i ng and  mon itori ng ,  the photoper iod was reversed when p rawns were fi rst 
stocked i nto the experimenta l tanks . The da rk ( n i ght t ime) per iod began at 05:00h rs 
and  ended at 1 7:00h rs .  P rawns  were fed at 08 : 00h rs ,  1 2:00 h rs and 1 6 : 00 h rs with 
40% ,  40% and 20% respective ly of the tota l da i ly ratio n .  Feed rate was adjusted so 
that a s l i ght excess of feed rema ined before the next feed ing  t ime .  This res i dua l  feed 
was then removed before fresh feed was app l ied . Feed consumpt ion was measu red 
on two occas ions  for a five d ay period . The feed app l ied was weig hed at each feed ing  
per iod and  leftover feed was s i phoned from tanks pr ior  to  the next feed ing  t ime and 
d ried at 1 05°C . A correct ion factor was app l ied for we ig ht loss of feed caused by 
leach i n g .  To d eterm ine  the d ry matter weight loss of the feed , p re-weig hed feed pe l lets 
were g ent ly ag itated i n  d ist i l led water at various temperatu res for u p  to twe lve hours ,  
t hen  d ried and  weig hed . Th i s  generated a curve of  d ry matter loss over t ime  that 
covered the fou r  h o u r  period the food rema ined u neaten . 

M o rta l i t ies d u ri ng  the accl imat isat ion period were removed from the tank and rep laced 
with p rawns from the sump tank that had the same temperatu re h istory .  When each 
tank had reached its experimenta l temperatu re (ap p rox.  one week) the exper iment was 
started and observations were made for a fou r  week period . Al l  tanks were exam ined 
twi ce d a i ly ( n ig ht t ime period in exper imenta l room) for mou lts and  d ead p rawns ,  the 
p resence of both was recorded and morta l i t ies were rep laced (as above) to neg ate any 
poss i b le dens ity effects . D ifferences in food consumpt ion were determ i ned us ing  a one 
way ana lys is of vari ance .  

C ENT R E  F O R  F O OD T E C H N O L O GY 

Bri b ie Is land 
Aq uaculture 
Research Centre 

12 



N ation a l  S eafood Centre P roject 92/ 1 25. 32 

Resu l ts 

Ana lys i s  of exper imenta l d ata i nd icated that there were no  d ifferences i n  the s u rviva l of 
Ku ru m a  p rawns at 2 8 ° C ,  30°C and  32°C but there was 1 00% morta l i ty of p rawns at 
34° C  and  36°C before the end of the exper iment (F ig u re 1 ) . Accu rate p rawn g rowth 
rates cou ld not be measu red d u ri ng  the tri a l  because of the rep lacement techn iq ues 
that were used when morta l it ies were encountered (See : Materia ls and  Methods ) .  The 
m o u lt i n g  rates for Kuru m a  p rawns were observed to be h ig hest at 32 °C ,  2 8 ° C  and 
30°C , l ower at  34°C and  very low at 36°C (F igu re 2 ) .  The shape of the mou lt i ng  cu rves 
a lso d iffered with temperatu re .  At 3 0 ° C  and 32°C where surv iva l  was not s ig n ifi cantly 
d ifferent ,  there was a constant rate of mou lt ing . I n  contrast, at 2 8°C there was a 
deg ree of mou lt synch ro n isat ion with 69% of prawns mou lt i ng with i n  a 9 d ay period , 
fo l l owed by a 8 day period where o n ly one i nd ivid ua l  mou lted , fo l l owed aga i n  by a 9 
d ay pe riod where 69% of p rawns m o u lted . 

Figure 1 .  Effect of water temperatu re on  the su rviva l of Kuru m a  p rawns .  
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G rowth rate in p rawns is a comb i nat ion of mou lt ing rate and mou lt i ncrement and 
a lthoug h m o u lt i ng  rate was h igher  i n  the  th ree lowest experimenta l temperatu res 
without  a knowledge of m o u lt i ncrement ,  g rowth rate can n ot be estimated . 
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Figure 2. Effect of water temperatu re on the rate of mou lt i ng  of Kuruma  p rawns .  
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Food consu m pt ion i nc reased s ign ificant ly (p<0 . 0 1 )  from 28°C to 30°C , was not 
s ig n ificant ly d ifferent between  30° C ,  32°C and 34°C (p>0 . 05 )  but  was s ign ifi ca nt ly lower 
at 36°C ( F ig u re 3 ) .  

Figure 3. Effect of water temperature on the food consu m pt ion of Kuruma p rawns 
(mean ± 1 S E) .  
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Discuss ion 

U pper  letha l  water temperatu res for Penaeid p rawns genera l ly vary between species .  
Ta iwanese p rawn fa rmers suggest that 32°C is  a cr it ica l  bottom water temperatu re i n  
Kuruma  p rawn cu ltu re as morta l it ies beg i n  a t  th is  po i nt .  O ' Brie n  ( 1 996) found  that 
j uven i l e  P. esculentus showed satisfactory surviva l at temperatu res u p  to 30°C when 
sa l i n ity was between 1 5  and 45 parts per thousand (ppt) but the u p per  temperatu re 
cou ld be ra ised to 35°C if stress cou ld  be avo ided by keep ing  sa l i n ity between 25 and  
45ppt .  The trop ica l  p rawn P. monodon suffered no  morta l ity between 23°C and  34°C 
b ut temperatu res be low 23°C caused morta l it ies ( Deeri ng 1 99 1 , u n p u b l ished d ata ) .  

I n  th is  study ,  us i ng  a laboratory sca le  system ,  morta l i ty d id n ot i ncrease s ign ificant ly 
u nti l temperatu res of g reater than 32°C were reached . H owever ,  this work was 
performed in the absence of the water q ua l ity stress factors wh ich a re part of the 
norma l  g rowout pond  env i ronment .  Such factors as d i u rna l  f l uctuations  in d isso lved 
oxygen , pH and temperatu re may wel l  reduce the tem peratu re that can be to lerated by 
the p rawns .  

As  p revious ly i nd i cated i t  was not poss ib le to  measu re g rowth o f  t he  p rawns  i n  th is  
study .  Althoug h ,  when taken together ,  the mou lt ing  and  the food consumpt ion d ata 
suggests that p rawns were sti l l  g rowing wel l  at temperatu res up to 32°C ; but at 34°C a 
h i gh  level of food consumpt ion d id not resu lt i n  a h i gh  g rowth rate as mou lt ing was low. 
Th is may be d ue to a red uct ion i n  the d igesti b i l ity of the feed at h i gher  temperatu res but 
is  mo re l ikely a resu lt of a d ramat ica l ly i ncreased metabo l ic load . The two deg ree 
i ncrease to 36°C resu lted in a s ign ificant d rop  in food consumpti on ,  mou lt i ng  and 
u lt imate ly ,  su rv iva l .  

The u p per  letha l  water temperatu re to lerated by Austra l ia n  Kuruma  p rawns needs to be 
known so that pond  management and desig n strateg ies can be put  in p lace to p revent 
such h i g h  bottom temperatu res eg . deeper ponds ,  g reater water exchange rates .  
H owever ,  the temperatu re wh ich is  to lerated in  the pond , and  that from wh ich p rawns 
can be ha rvested and  sti l l  su rvive, may not be the same.  I t  is a common experience 
that Ku ruma p rawns harvested from ponds i n  southern Queens land under  h i gh  
temperatu re con d it ions  ( pond  tem peratu res over 27°C) exh i b it h ig her  morta l it ies d u ring  
l ive transport than p rawns taken from 23°C ponds .  

The mou lt ing  of  K u ru m a  p rawns i n  ponds has freq uent ly been observed to  be a 
synchron ised event ,  with the majority of p rawns mou lt i ng  over a th ree day period . Th is 
synch ron isat ion was observed at the 28 °C temperatu re in  th is  study ,  but not at the 
h i g her  temperatu res . There appears to be a b reakd own of the p rocess at e levated 
temperatu res b ut the reason for th is  is unknown . When p rawns mou lt in synchrony 
harvests can be o rg a n ised/t imed to target i nter-mou lt p rawns. Research has shown 
that stage B (ea rly p ost mou lt) prawns are most l ike ly to suffer morta l ity d u ri ng  transport 
(Hewitt ,  u n p u b l is hed d ata) . If mou lt ing is not synch ron ised , there wi l l  a lways be a 
constant p roport io n  of p rawns i n  the post-mou lt stage ,  p utti ng  a g reater onus on 
manua l  sorti ng , i tse lf n ot 1 00% effective , i n  order  to m i n i m ise transport morta l i ty .  Th us ,  
the b reakdown of  m o u lt synchron isat ion as a resu lt of  i ncreas ing pond temperatu res 
may h ave h ad a m aj o r  bear ing on the h i gh  level of morta l ity seen d u ri ng  th is  work.  
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I m proving Pac kaging Technology, Surv ival and Market Options for 

Kuruma Prawns . 

OBJECTIVE 3 :  Determ i ne i f  mod ifi cations to the preparation  and  packa g i n g  
operations are l i kely to i m p rove the surv ival rate of packaged prawns from h i g h  

ambient  tem peratu re growout cond iti o ns.  

Stuart Frost, David Hewitt, Bruce Goodrick and Stephen Grauf 

I ntroduction 

S u rv iva l ,  appearance and  q ua l ity a re crit ica l factors affect ing  the market p rice for l ive 
Kuru m a  p rawn (Penaeus japonicus, Bate) export .  P remi u m  p ri ces for th is  p rod u ct a re 
ach ieved when the su rv iva l  rate of p rawns arriv ing at the market is  re l i ab ly i n  excess of 
95% (Good r ick et a l . , 1 993 ) .  Ensuring  h igh  p rawn su rviva l rates at the m arket is 
pa ramount to the v iab i l ity , p rofitab i l ity and futu re expans ion of th is  sma l l  i ndust ry .  

When expo rted , Kuruma  p rawns a re norma l ly cooled i n  seawater t o  a po int at wh ich 
they a re unab le  to r ig ht themse lves ( 1 0- 1 4°C)  and then packed with ch i l led d ry sawd ust 
i nto cardboard cartons ( S h igeno  1 979) . Once anaesthetised by the co ld , h a n d l i ng  
them d u ri ng  pack i ng  has n o  effect upon the i r  resp i rat ion rate (Paterson , 1 993a) . When 
packed i n  th is  m a n ner  and  p rovid i ng  that  temperatures of  1 2- 1 5 ° C  a re ma inta i n ed ,  the 
p rawns can s u rvive for u p  to 30  hou rs out of  water (Good r ick et  a l . , 1 993) . H owever ,  
Ku ru m a  p rawns may need to be  cooled to lower temperatu res i n  wi nter than in 
summer .  The a b i l ity of l ow temperatu res to immob i l ise Kuruma p rawns (and hence 
ma inta i n  the i r  s u rv iva l  d u ri ng  l ive export) is  re l ated to the p rawns  hab it of b u ry i ng  i nto 
(and  rema i n i ng i n )  the substrate d u ring  per iods of extreme co ld (Paterson 1 993b) . Th is  
ra ises the q uest io n  of what happens  when the p rawns a re g rown i n  trop ica l  reg i ons .  

There i s  cons idered to  be a genera l  corre lat ion between warm amb ient cond it i ons  such 
as tem peratu res i n  the m id to h i gh  20 's and a red uct ion i n  the s u rviva l rate i n -t rans it .  
This has h i g h l ig hted the need to address the su itab i l i ty of cu rrent Ku ru m a  p rawn 
pack i ng  methods when a p p l ied in warm c l imates . Th is  study exam ines the effect of 
warm amb ient  pond  con d it ions  on s u rvival  as wel l  as the potentia l  to mod ify p reparation 
and packi ng methods to m i n i m ise the adverse effects of warm amb ient cond it i ons .  
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Materia ls and methods 

Raw Materials - Prawns 
P. japonicus used for experimentation  were obta ined from two sou rces : - Go ld  Coast 
Mar ine Hatcheries Pty Ltd , Woongoo lba  and Luxe Enterpr ises Pty Ltd , N i n g i ;  on the 
southern coast of Q ueens land . P rawns of either sex, rang i ng in we ig h t  from 6 . 8  to 1 8 .2  
g rams (average 1 1 . 1 +/- 2 . 6 1 g ) and  mou lt stage C-D 1 (Sm ith a n d  Da l l ,  1 985)  were 
used . P rawns were harvested and  transported i n  seawater ,  us ing  a n  i nsu lated 800L  
l ive transport tan k  (aerated v ia  bottled oxygen) , to  the  B ri b ie  I s l and  Aq uacu ltu re 
Research Centre laboratories . Trave l t ime between farms and the research laboratory 
ranged from 25 to 80  m i n utes . P rawns to be used for experimentatio n  were then kept 
in l aboratory sca le  seawater tanks ( 1  DOOL) with sand bases (5  cm deep ) .  The stocki ng 
dens ity per tank  was 40-45 p rawns per sq uare metre . Al l  tanks ut i l i sed a f low th rough  
water system , and  each  tank  conta i ned an sub-sand fi l te r  system .  Water sa l i n ity i n  
each tank  ranged from 28  p pt to  32  p pt ,  wh i le  water temperatu re was  contro l led to 
with i n  0 . 1 °C  v ia  temperatu re p rocess contro l lers .  

Acclimatisation 
A ser ies of seawater tan ks each conta i n i ng p rawns  (n=90) were b roug ht u p  to 
temperatures of 23 ° , 27° and  3 1 ° C ,  by i ncreas ing water temperatu re at a rate of 1 °C 
per  24 hour  per iod . P rawns  were then a l l owed to accl imat ise ( i n  tan k) for fou r  d ays at 
each respective temperatu re p ri o r  to harvest ing . D u ri ng  temperatu re i ncrement  and 
accl imat isati on ,  the p rawns were fed da i ly with commercia l  Ku ru m a  feed ( C P  J005 
japonicus g rower) . The feed pe l lets were broadcast by hand  i nto the tan ks each 
even i ng  and uneaten feed was removed the fo l l owing morn i ng . 

Harvesting 
As per  i ndustry p ract ises , p rawns were harvested after d usk .  P rawns  were removed 
from the tanks v ia  a 1 2m m  mesh net that had been p l aced between  the sand base and 
the fi lter . Each of the fou r  corners of the mesh net were removed from the sand and 
p u l led u p  fl ush aga i nst the s ides of the tank .  P rawns were then crowded by mov ing  the 
ends  of  the net towards the centre of the tank .  The net  was then p u l led u p  out  of  the 
tan k  wi th  the p rawn s  i n  s itu . Th i s  method removed a l l  p rawns  b oth those actively 
swi m m i ng or  sti l l  b u ried . The p rawns were then transfe rred i nto float i ng  harvest trays . 
When req u i red sma l l  batches of p rawns (n=40-45) were transferred from the ha rvest 
trays i nto 35L  mesh based p lastic tubs and carried a short d istance to the coo l i ng  
baths .  

Cooling regime 
Both standard commercia l  methods (contro ls) and mod ified methods  (treatments) were 
used to inact ivate the p rawns for packing . The 35L  mesh based tubs were p laced i n  
one of  a series of  temperature contro l led , aerated 1 20 L  seawater baths  for a period of 
1 5  m i n utes . Each bath i n  the ser ies conta i ned seawater (28ppt sa l i n ity) at d iffering 
temperatu res to a l l ow a temperatu re d rop of 4-?°C at each stage.  The coo l i ng  reg i mes 
(contro l s  and treatments) used for each batch of accl imat ised prawns are p resented i n  
Tab le  1 .  A treatment ut i l i s i ng  a food g rade aq uatic sedative (AQU l-S™) was a lso 
i nc l uded for th is  study .  
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Table 1 :  Coo l i ng  reg imes .  

Des c r i ption Ac c l i m itis ation Seawate r  Bath Te m pe ratures Final Storage 

Te m pe rature No. 1 No.2 No.3 No.4 Te rn pe rature 
( oC) (oC) (oC) (oC) (oC) (oC) 

Control  1 a  A rrb ient 1 8  - - 1 4  1 4  
Control  2 23 1 8  - - 1 4  1 4  
Contro l 3 27 22 1 8  - 1 4  1 4  
Control  4 3 1  26 22 - 1 6  1 7  
Treatrrent  1 3 1  26 22 - 1 6  1 4  
Treatrrent 2 3 1  26 22 1 8  1 4  1 4  
Treatrrent 3b 3 1  24 1 8  - 1 6  1 4  

• : C o ntrol ta ken from ambient  pond temperatures of 20°C as per commercial  harvest p roced u res,  no 
acc l i matisati o n  per iod p rov ided.  
b : AQ U l -S™ added to fi rst two baths at a rate of 3 0 p p m  (3 0 mg/L) . 

Packing, storage and survival 
After coo l i ng  i n  the fi na l  water bath , i nactive p rawns were then sorted to rem ove soft 
(post mou lt) a n d/or weak  an ima ls .  The sorted p rawns were then packed (n=30 )  i n  d ry ,  
ch i l led (4 °C )  hoop p i ne  sawd ust i nto 1 kg  standard cardboard ' i nner' boxes . D u p l icate 
boxes were p repared for each treatment .  The packed boxes were then stored i n  
temperatu re contro l led rooms for a period of  36 hours .  After 36 hou rs the s u rv iva l  rate 
of the p rawns  in each box was assessed . P rawns that showed strong  reflexive 
movements (k ick ,  ta i l  sp l ay and head a rch)  when u npacked were cou nted as a l ive . 
Mori b u n d  p rawns ,  that is those that showed o n ly feeb le movements of the legs and  g i l l  
ba i le r  were counted with t he  dead p rawns ,  as past experience showed that these wou ld  
not recover. 

Holding tank survival 
S u rviv ing  p rawns  from each treatment (post packing )  were p laced i nto 1 20 L  sand 
bottomed aq u ar iu m  tan ks (water temperatu re 25+/-0 . 5 ° C ;  28ppt sa l i n ity) ; each tank  
ho ld i ng  the s u rv iv ing an ima ls from one  d u p l icate of  each treatment .  The  tan ks ut i l ised 
a flow th ro u g h  system and  a sand substrate . P rawn su rv iva l was mon ito red d a i ly over 
a seven d ay per iod . The an ima ls were fed every even ing  with a commercia l  Kuruma 
feed a n d  water q u a l ity and  morta l it ies were mon itored and recorded each morn i ng . 
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Res u lts 

Figure 1 :  Effect of ho ld ing  temperature and mod ified coo l i ng  and packag i ng  reg imes 
on P. japonicus su rv iva l post 36 h o u rs d ry storage .  
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2 0 ° C  = Contro l 1 ;  2 3 ° C  = Contro l 2 ;  2 7 ° C  = Contro l 3 ;  3 1 °C" = Control 4; 3 1 °Cb= Treatment 1 ( mod ified 
coo l i n g  reg i m e ) ;  3 1 ° Cc= Treatme nt  2 ( mod ified coo l i n g  reg ime) ;  3 1 ° Cd= Treatment 3 ( mod ified coo l i n g  
reg ime ;  aquatic sed ative AQ U l -S™ added ) .  

The d ata i nd icates a s ig n ificant dec l i ne i n  post-pack ing survival as pond  temperatu res 
i ncrease from amb ient (20°C)  to temperatu res of 3 1 ° C .  Contro l treatment  prawns 
packed from water held at 20 °C ,  2 3 ° C ,  27°C and 3 1 °C  retu rned su rvival  rates of 83% ,  
79% ,  6 3 %  and  6 1  % respectively on  u npack ing after 36 hours d ry storage (F ig u re 1 ) .  

Mod ified coo l i ng  and pack ing  operat ions showed no rea l  i ncreases in  su rviva l rates for 
p rawns from h i gh  amb ient  water temperatu res (F ig u re 1 ) .  Prawns  he ld at 3 1 ° C  and 
g rad u a l ly coo led to fi na l  sto rage  temperatu res of  14 ° C  o r  1 ?°C resu lted i n  l ow s u rv ival  
rates rang i ng  between 43% to 61 %. The add it ion  of AQU l-S™ to the coo l i ng  water 
(Treatment 3)  retu rned the h ig hest surviva l rate of 6 1  % ;  the same su rv iva l  rate 
ach ieved fo r the 3 1 °C contro l .  M od ifying the packag i ng  reg ime to i nc l ude  a fi na l  
storage tem peratu re of  1 4  ° C  (Treatment 1 )  gave the lowest surv iva l rate of  43% after 
36 hou rs d ry storage .  The p rawns ,  when cooled more g rad ual ly by the add it ion  of an 
extra coo l i ng  step in  conj u n ct ion with a fina l  storage temperature of 1 4  °C  (Treatment 2) 
retu rned a s u rv iva l  rate of 53% . 
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Figure 2: Surviva l of P.japonicus he ld  i n  seawater tan ks after 36 h o u rs d ry transport .  
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A h ig h  n umber  of m o rta l it ies occu rred with i n  the fi rst 48 hou rs for p rawns he ld i n  
seawater tan ks fo l lowing  36 hours storage (F igu re 2) . P rawns from h i gh  amb ient 
temperatu res (3 1 °C )  and subjected to mod ified coo l i ng  and  pack i ng  reg imes showed 
the most s i gn ificant morta l it ies . P rawn surv ival  for Treatments 1 ,  2 and  3 was red uced 
to less than  1 0% after 48 hours. The same deg ree of morta l ity was not seen in contro l  
treatment p rawns .  

Table 2: Stage of  m o u lt of  P.  japonicus morta l it ies post 36 hou rs dry storage .  

Treatment  Pond  Tem peratu re Morta l i ties % Post % Pre-
(oC) (n ) mou lt mou l t  

(8-C) (DO - 04) 
Contro l  1 Amb ient (20°C) 25  90  1 0  
Contro l  2 23  1 1  3 5  65  
Contro l  3 27  25  90  1 0  
Contro l  4 3 1  1 5  85  1 5  

A study  of the morta l it ies from Contro ls  1 ,  3 and 4 revea led that a l a rge  p roport ion of 
p rawn s  (>85%)  had j ust u n dergone a mou lt event ie. B-C (early post mou lt) . M o rta l it ies 
from the second contro l  g roup  (Contro l  2)  were class ified as DO - 04 (p re-mou lt) , th is  
i nd i cat i ng  that the p rawn s  were about to undergo a mou lt event .  
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Discuss ion 

The no rma l  method of p repari ng  Kuruma p rawns for pack i n g  and  transport i nvo lves 
coo l i ng  them in a series of water baths to a l l ow a 6 °C  temperatu re d rop at each stage 
and a fi n a l  storage temperatu re of approximately 1 4- 1 5 ° C  (Sh igen o ,  1 979) .  Th is 
method genera l ly returns s u rviva l rates in excess of 95% (Good rick et a l . ,  1 993 )  . The 
poor s u rv iva l  rates obta i ned for the mod ified coo l i ng  treatments suggest that a fi na l  
storag e  temperatu re of  1 4  ° C  may i n  fact be detrimenta l when pack ing  from h igh  
amb ient  pond  temperatu res ,  as seen by the  resu lts obta ined for Treatments 1 ,  2 ,  and  3. 
G rad u a l ly coo l i ng  the p rawns from 3 1 °C  to 1 4  ° C ,  by the add it ion of extra water baths 
(Treatment 2) resu lted in o n ly a s l i ght i ncrease i n  s u rviva l .  H owever, th is  t reatment 
a lso had a fi na l  storage  temperatu re ( 1 4° C) 3°C lower than the h i gh  amb ient  contro l  
samp le .  Samet et  a l . ,  ( 1 996)  found that long  coo l i ng  per iods ( i n  excess of 5 hou rs) 
p ro longed i n -trans i t  s u rv iva l .  P re-coo l i ng  t imes such a s  these a re not v iab le  for 
Austra l i an  exports d ue to the short tu rn a round req u i red from po in t  of ha rvest to a i r  
fre ig hti n g . H owever the fi nd ings  from the p resent study and those of 
Samet et a l. ,  ( 1 996) d o  suggest that extra coo l i ng  stages have some effect i n  
i ncreas i ng  i n -trans it su rv iva l  rates .  

The use of  aq uat ic  sedatives , such as AQU I S™, when added to  coo l i n g  water shows 
some p rom ise for i ncreas i ng  p rawn surviva l when packi ng  a n d  transport i ng  from h i gh  
amb ient  temperatu res . Concentrations o f  30ppm increased s u rviva l s l i g htly (Treatment 
3) desp ite storage at 1 4° C  which was detr imental to other  treatments . Resu lts a lso 
i nd i cate that the sedatives may p rovide a b uffer for g reater i n it ia l  temperatu re d rops 
d u ri ng  p rawn cool i n g . 

Contro l  samp les of p rawns  retu rned lower su rv iva l  rates than  ant ic ipated . Observat ion 
of the morta l it ies from each control treatment revealed that a la rge percentage of 
p rawns  had j ust undergone  or were about to u ndergo  a m o u lt event (Tab le  2) . D u ri ng  
the  fin a l  stages of  a m o u lt event ,  a p rawns'  metabo l i sm i ncreases and its energy 
reserves become dep leted leaving the p rawn s ig n ifi cant ly weakened ( Da l l ,  1 986) .  
When  these factors a re added to  the stress i ncu rred th rough  e levated pond 
temperatu res , ha rvesti ng , hand l i ng  and packi ng , the an ima l s  chances of  s u rv iva l a re 
d ramatica l ly red uced . Th is  may suggest that the normal  p ract ise of g rad i ng  out  soft 
she l led an ima ls  p ri o r  to pack ing does not e l im inate p re-mou lt p rawns  wh ich  are 
metabo l i ca l ly stressed a n d  a re l i kely to i ncur  h i g h  mortal i t ies . Th us ,  the deve lopment  of 
more d iscern i ng  methods that estab l i sh  the cond it ion of the p rawn p rio r  to pack i ng  and  
transport shou ld  ass i st g reatly i n  i ncreas i ng su rv iva l  rates . 

The p ract ice of ho l d i ng  post-transport Kuru m a  p rawns  a l ive i n  aq uar ium tan ks for the 
Japanese restau ra nt t rade is  not an u ncommon one. H owever ,  the su rv iva l data 
col lected d u ri n g  th is  study wou ld seem to suggest that th is  p ractice wou ld  be expens ive 
due  to the morta l it ies that occur .  For a l l  treatments , h ig h  deg rees of morta l it ies 
occu rred with i n  the fi rst 48 hou rs after unpack ing  and i ntrod u ct ion i nto the tan ks. Th is  
wou l d  seem to suggest that p rawns ,  s ig n ificantly weakened th rough  the stress of 
packing  and  transport ,  h ave l ittle chance of s u rviva l even when he ld  under  o pt imum 
cond it ions .  As  p revious ly i nd icated h igh  amb ient pond temperatu res and stage of 
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mou lt a lso have serious imp l i cations with rega rd to transport and  post-transport 
su rv iva l .  To obta i n  better transport and post-transport su rviva l rates a more d eta i l ed 
p rawn h i story is  req u i red . Aspects such as g rowout pond temperatu res , p reparation 
and p acking  treatments as wel l  as phys io log ica l parameters , fo r i nstance ,  stage of 
mou lt and  genera l  overa l l  cond it ion of the p rawn , shou ld be of g reat benefit i n  
p red ict i ng futu re s u rviva l .  
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I mproving Packaging Technology, Survival and Market Options for 

Kuru ma Prawns. 

O bjective 4 : - Esta b l is h  the potentia l  feas ib i l ity of transportin g  l ive Kuruma 
p rawns from one locatio n  to another to optim ise  g rowout cond itions and 

opti m ise qua l ity th rough  c l imatic ag istment. 

Stuart Frost, David Hewitt, Bruce Goodrick and Stephen Grauf. 

I ntrod u ctio n  

I n  Aust ra l i a  l ive Kuru m a  p rawns (Penaeus japonicus) are norm a l ly s h i p ped long 
d istan ces v ia  a i r  fre ig ht ,  a method of  trans it that has been we l l  esta b l ished now for a 
n umber  of years .  The p rawns a re transported l ive us ing  mod if ied trad iti ona l  Japanese 
tech n i q ues , where they a re fi rst cooled in water at 1 0° C  - 1 4° C  to red uce activ ity and 
then packed w i th  dry sawd ust i nto cardboard cartons  (Sh igeno ,  1 979 ;  
Good r ick e t  a l . , 1 993 ) .  Th is  system is  app l i cab le  on ly to  sma l l  q u ant it ies of  p remi u m  
p ri ced a n ima ls .  Th us ,  t h e  b u l k  t ransportat ion  o f  la rge  n u mbers o f  these an ima ls  by 
other  means has not been fu l ly i nvestigated , with l itt le  p u b l i shed info rmat ion ava i l ab le .  

For  short d istance and  over land transportation  of  l ive p rawns ,  water is  the most 
common  med i um used i n  e i ther c losed or open systems ( Richards-Rajad u ra i ,  1 989) . 
Bu l k  wet transportat ion  of l ive penae ids is  l im ited by the a n ima l ' s  metabo l ism and 
transport env i ron ment in  wh ich they a re sh i pped . The cr it ica l  factors affect i ng  surv iva l  
d u ri ng  transport may be  l i sted as :  oxygen supp ly ,  accum u lati on  of toxic metabo l ites 
(C02 ,  ammon ia  etc) , p H  and  temperatu re of water, stress and  i nj u ry ,  stock ing  dens ity , 
and  t ime period he ld  i n  t rans it ( Robertson  et a l . ,  1 987 ;  R ichards-Raj ad u ra i , 1 989) .  
These factors , if contro l led have the ab i l ity to  i ncrease s u rv iva l ,  a l l ow i n creased pack ing 
dens it ies ,  and  red uce t ransport costs . 

Penae id  metabo l i c  waste p roduct ion can be contro l led v ia  a n u m ber  of phys ica l  
methods  and by the use of su itab le chemica ls  that remove these waste p rod ucts . The 
loweri n g  of trans it water temperatu re reduces activ ity and metabo l ic  rate , th us  oxygen 
consu m pt ion  is reduced as  is  the accumu lat ion of carbon  d i ox ide and ammon ia .  
Aq uat ic sedatives when used  correctly can a l so  red uce activ ity and  metabo l ism thereby 
red uc i ng  the amount of carbon  d iox ide and ammon ia  excreted . Chem ica l  buffers may 
be added to trans i t  water to ma inta i n  constant p H  leve ls ,  wh i le water con d it ioners may 
be add ed to remove accum u lated ammon ia  and n itr ites .  

There is  cons idered to be a genera l  corre lat ion between warm amb ient g rowout 
cond it io n s  such as temperatu res in the mid to h i gh  20 's  and  a red uct ion  i n  the su rvival  
rate in t rans it .  Whether  th i s  i s  re lated to h igher  packi ng  a n d  transport temperatu res or 
to an  i ntri ns i c  cond it ion  of the p rawns  at these temperatu res is uncerta i n .  Th us ,  there 
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i s  a need to determ i ne and  formu late a strategy if Kuruma  p rawns a re to be g rown in  
warmer  c l imat ic cond it i ons ,  such as i n  no rthern Queens land . I t  i s  a lso necessary to 
determ ine  whether it is poss i b le and  feas ib le  to transport these p rawns i n  b u l k  to 
a lternate s ites i n  coo ler  c l imat ic  areas for "cond iti on ing" .  Austra l i an  Kuru m a  p rawn 
farmers have exp ressed an i nterest in transport ing la rge n u m bers of p rawns  from one 
a rea to another to take advantage of  opt imum g rowout and  c l imat ic  cond it ions .  The 
p resent study was conducted to estab l ish  the feas ib i l ity of tra nsport i ng  la rge  q u antit ies 
of Kuru m a  p rawns in a closed system for per iods up to 1 2  h o u rs .  

Materia ls and  methods 

Preliminary Trial 
To study the effect of p rawn activity d u ring  transport,  l ive Ku ruma p rawns  (Penaeus 

japonicus) were co l lected from a loca l  commercia l  p rawn fa rm (Moreton Bay P rawn 
Farm)  and  ma i nta i ned at a dens ity of 40-45  p rawns/m2 in a series of seawater tanks 
eq u i pped with sand b ases and  sub-sand fi lter systems .  Amb ient tan k  water 
temperatu re was b roug ht up to 27-28°C at a rate of 1 °C/day to rep resent the h i gh  
amb ient  g rowout cond it ions  ach ieved i n  north Queens land . Sma l l  batches of p rawns 
( n= 1 5-30 ;  1 6 . 3  +/- 0 . 5g m  wet body weig ht) were then harvested , we ig hed and  p laced 
i nto 4 L  round  bottom p last ic vessels with enoug h seawater ( 1 9 °C) to p rovide  a 
transport dens ity of 500g of p rawns I 1 L water ( 1  : 2  rat io) . B ottled oxygen was supp l ied 
to each vessel ;  and  vesse ls  were subjected to 30 hours s imu l ated transport u nder 
con d it i ons  of constant l ig ht o r  constant da rkness.  Water qua l ity (ammon ia 
concentration )  and  p rawn su rv iva l  i n  each vesse l  was mon itored and recorded at 6 
hou rly i nterva l s .  

Transport Trials 

Pond reared P. japonicus (2 1 . 9+/- 5 . 6  g wet weig ht) were co l lected from the same 
commerc ia l  p rawn farm as above . P rawns  were removed from the g rowout ponds 
(water temperatu re 26-28°C)  v ia  ba ited traps ,  p l aced i nto wooden ha rvest trays , and  
transported to the laboratory i n  a 800L  l ive transport tank .  D u ri ng  transport , tan k  water 
was aerated via a sma l l  1 2v DC cu rrent aq ua ri u m  p u m p .  Bottled oxygen  was a lso 
supp l ied us ing a i r  l i nes and a d iffuser system.  U pon  a rriva l ,  trays conta i n i ng  the 
p rawns  were transferred to a sma l l  laboratory sca le  seawater tank  (25°C)  for a b rief 
per iod (45 m i n utes) befo re each of the fo l lowing  th ree (3) treatments was app l ied . 

• 1 :  Effect of low temperatu re ,  l ow dens ity 
D u p l icate g ro u ps of p rawns  (each n = 1 5)  were removed from the ha rvest trays , we ig hed 
and  p l aced i nto a pa i r  of 4L rou nd bottom p last ic vessels with enoug h seawater ch i l led 
to 1 4° C  to p rov ide a transport dens ity of 1 00g of p rawns / 1 L  water ( 1 : 1 0  ratio) . Bottled 
oxyge n  was s u p p l ied to each vesse l  and the i nterna l  water temperatu re ma inta i ned by 
p lac ing each vessel in a 1 4° C  water bath . Vessels conta i n ing p rawns were then 
subjected to 1 2  hou rs s imu lated transport. Water qua l ity was mon itored at 2 hou rly 
i n terva ls  whi le p rawn su rviva l in each vesse l was recorded after 1 2  hours .  

C E N T R E  F O R  F O O D T E C H N O L O GY 

B ri bie Is land 
A q uacu ltu re 
Resea rch Centre 

25 



N ation a l  Seafood Centre P roject 92/ 1 2 5 .  32 

• 2: Effect of l ow temperatu re ,  dens ity , and aq uat ic sedative 
D u p l icate g roups  of p rawns (each n= 1 5-30) were removed from the ha rvest t rays , 
we ig hed and  p laced i nto seawater (25°C)  dosed with the aq uat ic  sedative AQ U l -S™ 
( I nst itute of Crop  and  Food Research I nc . , New Zea land)  at a rate of 30mg/L .  A 25 
m i n ute contact t ime was a l l owed fo r anaesthesia to occur .  P rawns were then rem oved 
and  p laced i nto a pa i r  of 4 L  rou nd bottom p lastic vessels  with enough  seawater ch i l led 
to 1 4  °C to p rovide transport dens it ies of 1 OOg of p rawns I 1 L water ( 1 :  1 0  rat io)  and 
250g of p rawns  I 1 L water ( 1  :4  rat io ) .  Th is  water was a lso d osed with AQ U l -S™ at a 
rate of 20mg/L . Oxygenat ion ,  temperatu re ma intenance ,  and  water q u a l ity m o n ito ri ng 
were fo l lowed as p rev ious ly descri bed . 

• 3 :  Effect of low tem peratu re ,  h i g h  dens ity , aq uat ic sedative and  water cond it ioner  
Dup l i cate g roups  of p rawns (n=30)  were removed from the harvest t rays , and  treated 
with the aq uat ic sedative AQU l -S™ as described above . P rawns were then removed 
and  p laced in 4 L  round  bottom p l ast ic vesse ls  with enoug h seawater ch i l led to 1 4  °C to 
p rov ide a transport dens ity of 250g of p rawns I 1 L water ( 1  :4 rat io) . The water 
cond it ion i ng  p rod uct P rime™ (SeaC hem Laboratories I nc . , Stone M o u nta i n ,  GA) was 
added to the ch i l led transport water at the maximum recommended d osage of 5 d rops 
per  4 . 5 L . Oxygenat io n ,  temperatu re ma intenance ,  and water qua l ity mon itor i ng  were 
fo l l owed as p rev ious ly descr ibed . 

Res u lts 

Table 1 :  S u rv iva l  of l ive Kuruma  p rawns i n  s imu lated wet transport at 1 9 ° C  and 
stocking  dens ity of 500g/L ( 1  : 2 )  u nder cond it ions  of constant l i g ht and constant 
darkness . 

Time Constant l ight  Constant darkness 
( hou rs) % Al ive % Al ive 

0 1 00 1 00 
6 95 8 1  
1 2  8 1  7 1  
1 8  76 7 1  
24 7 1  62 
30  38  1 9  

Table 2: Changes i n  transport water tota l ammon ia concentrat ion d u ring transport of 
l ive Ku ruma p rawns u nder  l ig ht and da rk cond it ions .  

C onstant  l i g ht Constant darkness 
Time Tota l ammon ia Tota l ammon ia  

(ppm)  (ppm) 

0 0 0 
6 1 0  1 0  
1 2  2 0  1 5  
1 8  38  1 9  
24 53  29  
30 9 1  83 
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P re l i m i n a ry data co l lected showed that Kuruma p rawns  he ld under  cond it ions  of 
constant  l i ght d u ri ng  s imu lated t ransport retu rned su rv iva l  rates of 9 5 % ,  8 1  % and  38% 
over 6 ,  1 2  and 30 hou rs respectively (Tab le 1 ) .  Su rv iva l rates fo r p rawns transported 
under  cond it ions of com p lete darkness were s ign ificantly poorer; with 8 1 % , 7 1  % and 
1 9% for the same t ime per iods .  A study of the morta l it ies from th is t reatment revea led 
that can n i ba l i sm had occu rred . Cann iba l ism was a lso observed in l i ght transported 
p rawns ,  a lthough to a m uch lesser extent .  Decreases in transport water p H  was 
observed to be more rap id for p rawns transported i n  the d a rk .  The oppos ite was 
observed fo r tota l  ammon ia  concentrat ion s .  The transport water for p rawns stored 
under  l i g ht  cond it ions showed very rap id i ncreases i n  ammon ia  concentratio n ,  with 
1 Oppm , 20ppm and 9 1  p p m  recorded after 6, 1 2  and 30 hours (Tab le 2 ) .  

Figure 1 :  Effect o f  various  transport parameters on  water ammon ia  concentratio n .  
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Figure 2: Effect of various t ransport parameters on water p H .  
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F ig u res 1 and  2 show data co l lected from the transport tr ia l s .  Altho u g h  not shown , the 
s u rv iva l  rate for a l l  treatments ,  i nc l ud i ng the contro l ,  was 1 00% after 1 2  hou rs s imu lated 
t ransport .  Water q ua l ity parameters d id ,  h owever, vary between treatments . Tota l 
ammon ia  levels were h i ghest ( 1 6ppm ammon ia )  i n  the low temperatu re ,  h i gh  dens ity 
( 1  :4)  treatment to wh ich the water cond it ioner P rime™ was added , l ower in the contro l  
samp le  he ld  a t  1 :  1 0  stock ing  dens ity a t  25 °C ( 1 2ppm ammon ia ) , and  l owest i n  samp les 
he ld at stock i ng  dens it ies of 1 : 1 0  at 1 4- 1 6 ° C .  Ammon ia  leve ls  in the water cond it ioner  
t reated samp le appeared to stay be low those of  the contro l  for the fi rst 1 0  hou rs of 
t ransport before r is i ng  sharp ly .  Water p H  for the contro l  samp le  decreased rap i d ly for 
the fi rst fou r  h o u rs ,  but  after th is  period , rose to a s im i la r  leve l of othe r  treatments . Data 
co l lected a lso  s howed that there was l itt le s ign ificant d ifference between treatments i n  
rega rd to transport water p H .  

Discuss i o n  

P re l im i na ry d ata suggests that acceptab le  su rviva l rates a re ach ieva b le when Ku ruma 
p rawns a re transported 'wet' under  cond it i ons  of constant l i ght fo r per iods u p  to  1 2  
hou rs .  D u ri ng  d ay l i g ht  h o u rs the natura l  p rotective i nsti nct of the  Ku ruma p rawn is to 
b u ry i nto the s u bstrate and  rema in  q u iet . When in th is  rested state the an ima ls '  
metabo l i c  and  resp i ration  rates are s ign ificant ly red uced (Egusa , 1 960 ) .  However, i f  
the p rawn is  u n a b le to bury itse lf, stress occu rs .  U nder  stressfu l cond it ions such as 
th is ,  excess ive hand l i ng  and  escape from p redat io n ,  the resu ltant metabo l ic  and  
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resp i ration  p rocesses lead to g reater excret ion of waste prod u cts (eg C02 and 
ammo n ia ) .  

H ig h  ammon ia  leve ls  were seen i n  t rans it water for both treatments over the  30 hou r  
transport period . H owever ,  the more rap id accumu lat ion of ammon ia  seen for p rawns 
transported under  constant l i gh t  may i nd icate that the an ima ls were stressed d ue to 
be ing  u nab le  to b u ry .  Observat ions  made th roug hout  the study seem to suppo rt th i s  as 
p rawn s  were seen to be actively try i ng  to bu ry in the base of the transport vesse l .  

Ku ru m a  p rawns a re noctu rna l  b y  n ature a n d  norma l ly spend t h is period e i ther feed i ng  
or  actively search i ng  for food . I n  t he  present study ,  can n iba l i sm was  observed i n  
a n ima ls  tra nsported u nder  cond it ions  of  comp lete da rkness;  h owever the same deg ree 
of ca n n i ba l ism was not seen in a n ima ls  transported under  constant l i g ht .  Th is  
observat ion  wou ld suggest that p rawn activ ity and feed ing  behavio u r  was i nc reased by 
the 30  hour  per iod of constant d a rkness d u ri ng  transport .  Add it i ona l ly ,  the absence of 
other  food sou rces and the c lose q uarters i nvo lved in b u l k  transport wou l d  have 
a l l owed weak or i nj u red p rawns  to be p redated upon . 

The p rimary method of m i n im is i ng  the i nevitab le  decl i ne  i n  water q ua l ity d u ri ng  
transport is  to  red u ce the metabo l i c  p rocesses of  the an ima l .  Both the ch i l l i ng  of 
transport water and  use of anaesthet ics are effective means of red uc ing p rawn 
metabo l i sm and th us ,  the p rod uct io n  of toxic metabo l ites such as C02 and  ammon ia  
(R ichards-Rajad u ra i ,  1 989 ) .  Tria l  data shows that ch i l l i ng  trans it water to 1 4- 1 6 ° C ,  and  
ma i nta i n i ng  th i s  tem peratu re for the d u ration  of  transport ,  s ubstanti a l ly red u ced the  
accum u l at ion of  ammon ia .  A s im i l a r  fi nd i ng was a lso obta i ned , when the  aqu atic 
sedative AQ U l -S™ was added to the transport water. 

Contro l of ammo n ia in sh i pp i ng water is  essent ia l  because the toxicity of ammon ia  
i ncreases with i ncreas ing  p H  va lues .  Past use  of  ammon ia  oxid i s i ng  compounds  and  
bacter ia added to  transport water to  remove or  lower tota l  ammon ia  l eve ls  have p roved 
successfu l (Meade ,  1 985) . I n  the p resent study ,  the water cond it ioner  P R I M E™ was 
effective in ma inta i n i ng low ammo n ia leve ls for a per iod of t ime.  Ammon ia  levels were 
observed to be wel l  be low those of the contro l ,  (even with twice the dens ity of a n ima ls 
per l it re of transport water) for the fi rst 1 0  hours of transport ,  before ris i ng  sharp ly .  Th is  
wou ld  seem to suggest that the effectiveness of the cond it ioner  stopped at the 1 0  hou r  
per iod . H owever ,  i t  may be feas i b le to  i ncrease t he  requ i red d ose rate o f  the 
con d it ioner  to a l l ow for g reater effectiveness over long transport per iods o r  when h i gh  
dens it ies o f  p rawns  a re to  be sh ipped . 

No rm a l ly ,  resp i rati o n  resu lts i n  carbon  d ioxide p rod uct io n .  I n  a c losed system C02 can 
bu i l d  u p  to create leve ls  tox ic to the a n ima l  itse lf; and  th is  b u i ld u p  causes the water to 
become acid ic ,  resu lt i ng  i n  a d rop in p H .  I n  the p resent study there were l itt le  or no  
d ifferen ces i n  p H  d ata co l lected for a l l  treatments .  Data showed that carbon  d ioxide 
(C02) b u i ld up and the res u ltant pH decl i ne  was red u ced by bubb l i ng bott led oxygen 
cont i n u ous ly th rough  the transport water.  The effect of h i gh  oxyge n  concentrat ions i n  
t he  s h i p p i ng  water had  no  adverse effects on  t he  p rawns .  Th is  observat io n  i s  
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supported by Robertson et al ( 1 987) who found that supersatu rated oxygen  l evels had 
no  detr imenta l effect on  i n -trans it su rviva l of P. setiferus. 

Transport tria ls  i nvo lv i ng  1 2  hour  sh ipments of pond reared P. japonicus res u lted in 
1 00% s u rv iva l  fo r a l l  t reatments stud ied . H i g h  transport dens it ies of 250g m/L ( 1  :4) had 
l itt le effect on p rawn s u rv iva l  though  s ig n ifi cant deteri o rat ions in water q u a l ity were 
observed . Resu lts suggest that even without contro l of the water temperatu re or 
q ua l ity , p rawns cou l d  be t ra nsported for per iods up  to 1 2  hou rs .  H owever ,  if extended 
per iods of transport such as  i nterstate trave l a re to be ach ieved ; temperatu re red uct ion ,  
the  use  of a naesthetics and  water cond it i oners shou ld  be cons idered . 
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Best P ractice M a n u a l  fo r use of the Adva n ced 

Packag i n g M od u le fo r Ku ru m a  P rawns 

Background 

Because of Austra l ia ' s  iso lat ion  from the Japanese market , the packag ing  system for 
Kuruma  p rawns needs to reso lve severa l issues .  The system must p rovide a stab le  
temperatu re and hum id env i ronment and a l low the p rawns to  be packed i n  a su itab le  
support med i u m .  The  system needs to  be i nsu lated from the externa l  env i ronment 
and  conta i n  coo lants to compensate for heat enteri ng the mod u le .  

Ku ru m a  p rawn farmers reached a consensus that there is  a need for Austra l i an  
p rod uce rs to be techn ica l ly advanced and ident ified on a cou ntry bas is  as a s u p p l ie r  
of  q u a l ity p rod uce .  I t  was ag reed that a common i nner  package s ize wou ld  fac i l itate 
the p rod u ct ion  and use of imp roved outer packag ing . It was a lso suggested that 
sma l le r  net we ig ht ( ie .  6 o r  8 kg instead of 1 Okg) packages wou ld  offer g reater 
access to a b roader range of b uyers and hence strong p rospects for h igher  p ri ces 
(Kitada ,  Austrade Osaka ) .  I n  response t o  these issues a new generat ion  of 
packag i ng  mod u le  has been des ig ned by the Centre for Food Tech no logy (C FT) i n  
co-operati on  with Rmax ( H u ntsman Chemica l  Company Austra l i a  Pty Ltd ) .  Th is  
system d iffers from exist i ng  packag ing  i n  that it is compact ,  h as superio r  i n su l at ion 
and p rov ides g reater temperatu re stab i l ity wh i le  sti l l  be ing  comparab le  i n  cost .  The 
package itse lf conta ins  a n umber  of techn ica l i n novat ions a l l owing g reater contro l  of 
temperatu re as wel l  as the capac ity to vary the coo lant  system .  Th is  manua l  wi l l  
g ive i nstruct ions  on how t o  best use th is  box and  system .  

Pre paration 

Genera l  Cond itions 
The p rocess i ng estab l i shment wi l l  need to have Austra l i an  Quarant i ne  and  
I nspect ion  Serv ice (AQ I S) reg ist rat ion  as a l ive export fac i l ity and  good hyg iene 
p ract ices shou ld be ma inta ined . 

The con d it ion  of the p rawns to be packed is of vita l importance .  Cu rrent research by 
the Centre for Food Tech n o logy (CFT) and  B rib ie  I s l and  Aq uacu ltu re Resea rch 
Centre ( B IARC) wi l l  he lp  to estab l i sh  a Condition Index ( C l )  to assist i n  p red ict i ng  the 
surviva l of p rawns d u ri ng  tra nsport .  In genera l ,  operators shou ld ensure p rawns a re 
i n  a clean  hea lthy state , with a fi rm she l l  before i n it iat i ng the harvest ing operation .  

Note : Ca re shou ld be taken to m in im ise stress when hand l ing the prawns d u ring 
ha rvesti ng , g rad i ng  and pack in g .  
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Label l i n g  
Packi ng labe ls shou ld be affixed to  the outer box p ri o r  t o  the n ig hts packing  and  
conta i n  a l l  t he  info rmat ion req u i red by  AQ I S .  Labels shou ld i nc lude  a correct p rod uct 
descript ion and ident ificat ion of the exporter .  Label  desig n shou ld  a lso take accou nt 
of the Japanese cu ltu re and  make appropriate use of co lou rs .  

Coolants 

Freez ing coolants 
Gel  coolants a re recommended as they have a longer  d u ratio n  and  less chance of 
leakages .  Coo lants shou ld  be frozen flat and the most efficient and  space savi ng  
way to ach ieve th is  i s  to p lace the coo lants i n  stackab le  mesh trays .  Coo lants may 
a lso be frozen i n  the coo lant sect ion of the package wh ich can be stacked i n  the 
freezer ready for use .  The bottom coolant sect ion must however  be p laced on  a 
mesh base above the floor  to a l l ow venti lat ion  of the stack wh i le  the coolants a re 
freez ing . 

S pecific  Heat Effects 
Coolants a re frozen at -30°C and  p rawns are packed between 1 0- 1 4 ° C ,  therefore a 
temperatu re d ifference of u p  to 45°C can occu r .  I f  coo lants are p laced immed iately 
i nto the box from the freezer ,  the specific heat absorbed by the warm ing  coo l ants 
can rap id ly red u ce the p rawns body temperatu re and  be detrimenta l  to the su rv iva l  
of the p rawns .  Coo lants shou ld therefore be tempered to approxi m ately -5 °C  before 
the coolant sect io n  of the box is p laced on  the base .  Th is can be ach ieved by 
p lac ing the coo l ants on  a bench and measu ri ng  the temperatu re between two 
coo lant  packs u nt i l  -5° C  is reached . Genera l ly ,  it is adequate to sepa rate the 
coolants at  amb ient  temperatu res for 1 5  to 30 mins o r  leave the coo lants i n  the 
i nsu lated coolant  sect ion at amb ient temperatu res for 1 to 2 hours p rio r  to use .  

Choice of Coolants 
When select i ng  a s u itab le coo lant to use,  severa l factors must be taken i nto 
accou nt : -
• Ambient temperatu res both i n  Austra l ia  and Japan  
• S urface a rea of the coo lant  
• Nett we ig ht of the coo lant .  

The weight of  the coo lant w i l l  l a rgely govern the d u ration  of  the coo lant ,  wh i le 
surface area wi l l  determ ine  its coo l ing power .  I ns u l at ion such as bubb lewrap wi l l  
red uce the coo l i n g  power a n d  extend coolant l ife .  

Tab le 1 shows t h e  therma l  performance of some i nsu lated and u n i nsu lated water 
based coo lants . 
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Table 1 :  Therma l  perfo rmance of various coolants . 

Weight  Dimensions S u rface Area Insu lation Coolant  Life 
(g )  (mm) ( mm2) (Hours)  
250 1 25* 1 25*20 3 1 250 No  1 2  
500 1 80* 1 25*30 45000 No 1 8  
500 1 80* 1 25*30 45000 3mm bubb lewrap 24 
750  230* 1 25*30 57500 No 20 

Packing 

Prawn Packing 
After p rawns have been coo led i n  seawater to  a po in t  a t  wh ich they a re u n ab le  to 
rig ht themselves ( 1 0- 1 4°C) , they are packed with ch i l led d ry sawd ust i n to ca rd board 
cartons .  These i n ner packs are then he ld  at 1 2- 1 4°C p rior  to master carton packing . 
The master mod u le is loaded with 6 packs i n  a horizonta l config u ratio n  as shown i n  
F ig u re 1 .  

When  packed i n  th is manner  and p rovi d i ng  that i nterna l  temperatu res of 1 2- 1 5 °C  are 
mainta ined , the p rawns can survive for u p  to 30 hours out of water (subject to p rawn 
con d it i on , season ,  harvesti ng and p rocess ing ) .  

Figure 1 :  I n ner  packs are p laced i nto master modu le 

I n ner packs 

Master module 
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After the p rawns are packed , the coo lant  sect ion can then be put i n  pos i t i on  and 
taped i nto p lace.  The specified pre cond it ioned coolant i s  p laced i nto th i s  sect ion 
and  the l i d  fitted and taped (F ig u re 2 ) .  Care shou ld  be taken wi th coo lant  
cond it ion i ng to avo id morta l it ies d ue to  overcoo l i ng as described i n  the specific heat 
effects sect io n .  

Figure 2 :  L i d  and  coo lant  section  a re s lotted onto the base a n d  taped i nto p lace .  

Lid sect ion 

Base sectio n  

Master M od u le Storage 
As the m aster box conta i ns  a coo lant ,  i t  i s  best stored at 1 5-20° C  u nt i l  transfe r  to the 
a i rport .  Care shou ld be taken not to over-ch i l l  the box as th is may br ing the p rawn 
temperatu res d own to letha l  leve ls .  I t  is therefore recommended that the storage 
temperatu re of these master mod u les be mon ito red . 

Aircraft Cond itions 
I t  is  worthwh i l e  check ing w i th  you r  agent  to  fi nd out whether the sh ipment wi l l  be 
transported i n  a heated ho ld . I t  is  recommended that the sh i pment be transported in  
a non  heated ho ld . Even thoug h the boxes are stacked together ,  creat ing  an 
i nsu l at i n g  effect, th is  may sti l l  have an  i nfl uence on  the coo lants and  box 
temperatu re in the outer layers .  
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By send ing temperatu re loggers it is poss ib le to mon itor the in-trans it temperatu res 
and accord i ng ly adjust the coo lant  and ho ld ing cond it ions  (where poss i b le) to ensu re 
the p rawns rema i n  at optimum temperatu res th roug hout the j ou rney . 

Temperature monitoring of Shi pments 

P rev ious work has demonstrated the importance of mon itor ing prawn s h ipments .  By 
receiv ing deta i led temperatu re d ata , p roduct can be traced from the t ime of pack ing  
u nt i l  the po in t  of  sa le .  Th is i n formation shou ld  then  be cross checked with 
i nformation  from Japanese agents to determine what is actua l ly happen ing  to the 
p rod u ct .  

By us ing  temperatu re loggers ,  the l ife of  the coo lant can be determ ined and  the 
temperatu re of yo u r  p roduct checked on unpackin g .  F l i ght de lays ,  stopovers and 
a i rcraft ho ld tem peratu res can be mon itored and coo lant s ize can be adjusted for 
seasona l  temperatu res i n  Japa n .  

At t h e  t ime of p reparatio n  o f  th is manua l , temperatu re logg ing  of commercia l  p rawn 
sh i pments is be ing  mon ito red th rough  a D P I  New I n it iatives funded p roject and  
fu rther  i nformatio n  o r  techn ica l  assistance can be obta ined from Steve Grauf on  07 

340686 1 9 . 
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