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SUMMARY 

1 .  Mushiness  in sand crab s  is the r esult o f  b r eak down o f  the f le sh 
prot eins by  pro t eo lytic enzymes from the hepatopancreas . 

2 .  O n l y  unc o ok e d  and und e r c o ok e d  c r ab s  w e r e  f o u n d  t o  d e ve lo p  
mushiness . 

3 .  The length o f  cooking t ime is  imp or t ant in the deve lopment o f  
mu s h iness . A minimum o f  1 0  minut es ' cook ing was found t o  b e  
nec e s sary t o  halt the pro t eo lytic proces ses ; this time had t o  b e  
in c r e a s e d b y  s e ve r a l  minu t e s  when c r ab s  w e r e  cold prior t o  
cooking . Overcooking did no t r es ult in mushy f lesh . 

4 .  The practice o f  spiking crab s  t o  r ender them ina c t i ve and prevent 
c law lo s s  during cook ing ac c e lerat ed the det erior a t ion in qua lity 
of unco oked crab s  st ored on ice . The rate o f  d e terior ation is 
dependent on the severity of the t echnique emp loyed . 

5 .  

6 .  

B a ck i ng o f  crab s  did no t incr eas e 
c r ab s  wh en c au t i o n  w a s  ex e r c i s e d 
dige s t ive organs from the meat . 

flesh breakdown in unc o oked 
in r emov ing all trac es o f  

No differenc es in quality were  found for crab s  
t r aw l ing net s when they were s tored cooked . 
crab s  caught by  trawling method s  were o f  poor er 
c aught crab s  after 3 d ays ' s t orage on ice . 

c aught by p o t s  or 
However unco oked 

quality than p o t-

7 .  Cooked crab s  s t or ed o n  ic e for 5 days retained ac cep t ab le t extur e .  
wh i l e  unc o ok e d  c r ab s  we r e  r e j e c t e d  a fte r 3 d ay s ' s t o r a g e .  
T r a n s f e r  o f  c r ab s  s t o r e d  i n  b r i n e  t o  ice r es ult ed in r ap id 
deteriorat ion in flesh quality . 

8 .  Unc o oked crab s  s t or ed fro zen at  - 2 8°C wer e  o f  unacceptab le quality 
after 1 week. Cook ed crab s  under the same conditions r emained 
edib le for at  leas t  4 months.  

9 .  S o f t - s h e ll ed crab s  which had r ec ently moulted d i d  no t exhib it 
lower quality than ful l-bodied crab s provided they wer e  cooked 
soon aft er captur e . Unc o oked p o s t -moult crab s  had lower indices 
of qua lity than int er-moult crab s  held under similar condit ions . 

1 0 . C r ab s  infec t ed with the paras it i c  b a rnacle Saaautina granifera 
showed no d e fec t s  in quality compared with healthy c r ab s . 

1 1 .  Crab s  which had b e en s t arved for 5 days had higher pro t eolytic 
ac t ivity but lower tis sue weight in the hepatopancr e as t han fed 
crab s . The proteo lyt ic  po tential of the two was considered to b e  
similar . 

1 2 . His tological s tudies showed that  maj or components o f  mus c le tis sue 
are destroyed during development o f  mushy flesh. 
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1 3 .  The pro teo lyt ic enzymes o f  hep a t opancreatic e xtrac t s  have a pH 
o p timum of around 7 .5 .  The hea t  s t ab ilities  of these enz ymes at 
5 0° , 60° and 7 0°C wer e  d e t ermined . 

1 4 .  The hepatopancr eas contains s e ven maj or fr ac t io ns with pro t eolytic 
a c t i vi t y  s ep a r ab le by i o n  e xchange  c h r o ma t o g r aphy . Enzyme 
c h a r a c t e r i s a t i o n  s t u d ie s  reve aled the presenc e  o f  a r ange o f  
s p e c i f i c  e n z y m e s e g . a c i d  p r o t e a s e . c a r b o xy p e p t i d a s e s . 
endopept idase s . t ryp s in , chymo tryp sin . e las t as e  and co llagenas e .  

1 5 . The maj or enzyme fractions which are  act i ve in hydro lysing raw 
crab f lesh have b een identi f ied : thr ee peak s  from ion e xc hange 
c h r o m a t o g r aphy exhib ited high activity . One peak contained a 
r e la t i ve ly h e a t - s t ab le . h i g h l y  a c i d i c  e n z yme  w i t h  t r yp s in 
ac t ivity . 



1 

PART 1 

INTRODUCTION 

General Back.ground 

Plan of Operation 



2 

GENERAL BACXGR.OUND 

The fishery b ased on the sand crab or b lue swimmer Portunu.s pe"lagicus 
(Linnaeus )  is of sub stantial economic importance to the s e afood industry 
in Australia . Approximate ly 90 0 tonnes ar e c aught c o mmercially each year 
( P o t t er et ai • •  1987 ) . O f  these 1 40 tonnes are caught in South Aus tralia . 
ab o u t  1 80 t o nn e s  in New Sou t h  Wa l e s  and mo s t  o f  t h e  remainder  in 
Queensland . The fishery varie s considerab ly b e twe en S t at es . For examp le 
the fishery in South Austra lia is at present largely "exper iment al" with 
only a sma l l  numb er of c r abb ers ( 10 or les s ) . b o th male and female c r ab s  
are taken . no commercial sale o f  trawl-caught crab s  i s  permit t ed and the 
c r ab s  are large ly s o ld by weight . By contr as t . in Que ensland a large 
numb er of pro fes s ional crabb ers are invo l ved . only males can be t aken . 
ther e is no restric t ion on the sale o f  t r awl-caught c r ab s  and the most 
common mark e t ing mode is b y  b ody. 

In add ition t o  the c o mmercial c atch . that t ak en by  recr eational f ishermen 
throughout Australia is also quit e import an t .  While individual ama t eurs 
c atches may be small . their co mb ined c atch may r ep r esent a s igni f icant 
proport ion of the t o t a l  catch .  

In  r ec ent years this fishery has incr e as ing ly e xp e r ienc ed a prob lem o f  
det eriorat ion o f  the crab flesh . commonly cal led mushiness . The normally 
f i r m  and r e s i l i e n t  c r ab mu s c le lo ses  int egrity and b ec omes s o ft and 
friab le. A mushy crab is ext ernal ly ind ist inguishab le from one with firm 
f lesh and hence the d e fect  c anno t be detec t ed at the p o int of sale . This 
c au s e s  s e ve r e  d i s ap p o i n t m en t  f o r  t h e  c o n s u me r  and p r o du c e s  b uy e r  
r e s i s t ance to  the product . For  r es t aurateurs the prob lem i s  anno ying and 
o ft en very emb arras s ing . I deally buyers would like as sur ance that  the 
c r ab s  they purchas e wil l  b e  firm and no t mu shy . 

The prob lem o f  mushiness  in the f lesh o f  the crab has b e en widely known. 
and mo s t ly ignored . for many years . However . with progr e s s ively larger 
catches and higher prices for crab s  each year . the prob lem has b ecome one 
wh i c h  c an no longer b e  ignored . as the economic lo s se s  which may b e  
sustained are quit e sub s t antial. 

Hence  this pro j ect  was undertaken t o  inve stigate  the prob lem of mu shin es s .  
it s inc idence .  causes  and r emed ies . The find ing s are pr esen t ed in this 
report . 
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PLAN OF OPERATION 

The main ob j ec tives  o f  the proj ect wer e  as fo llows:  

1. To document the incidence of the mushy flesh problem. 

2. To establish the major cause(s) of the mushiness. 

3. To develop fishing/handling procedures to prevent or minimise the 
occurrence of mushy flesh. 

4. To disseminate all knowledge gained and techniques developed to 
appropriate sections of the industry. 

The proj e c t  was carried out in four stages , roughly corr espond ing to these 
four ob j ec tives . 

one , documentation o f  the inc id enc e o f  the prob lem was appro ached 
from s everal angles . 

A 600  x 420mm colour p o s ter describ ing the prob lem and inviting comments , 
in f o rma t io n , the o r i e s  and s u g g e s t io n s  o n  c au s e s was d is tributed to 
Queensland D P I  offic e s . se afood wholesalers . fishermen ' s co-oper ati ves . 
f i sh m arkets and s ome s eafood retailers throughout the maj o r  crabb ing 
areas o f  southern Queens land . A fact- f ind ing tour o f  these c entres was 
als o  undertaken by  Dr D ionysius and Mr S lattery and included interviews 
with representatives from all sectors of the industry at the following 
lo c a tio n s :  Ro ck h ampton, Yeppoon, Glad stone . Tannum S ands . Bundab erg . 
He r ve y  Bay , T in C an Bay , Maryb orough, Burrum Head s  and Brisb ane . A 
qu e s t io n n a i r e  a n d  p r e s s r e le a s e s  to lo c a l  n e w s p ap e r s  we r e  a ls o  
dis tr ibut ed . Thes e . tog e ther with a reduced vers ion o f  the p o s ter a re 
inc luded in Appendix 1 .  

From the information gathered from these s ourc es it was c learly evident 
that a maj o r  prob lem exi s t ed ,  and that a quick s o lution to  the prob lem was 
needed.  The theorie s  put forward by  people in the industry wer e  numerou s 
and var ied . Mo s t  o f  the suggestions wer e  related t o  poor handling and/or  
s torage  cond itions p r io r  to cook ing . Many ama t eur f ishermen held  the 
b elie f that o vercook ing was the prob lem .  Some c au s es nominated for the 
mushy flesh were: 

( i) 
( ii) 
( iii) 
( iv) 
( v) 
( vi) 
( vii) 
(viii) 
(ix) 

(x) 
(xi) 
(xii) 

o vercooking 
o verheating dur ing p o s t-captur e ho ld ing e . g .  in direc t  sunlight 
s torage of uncooked c rab s near o0c .  
s t or ag e  o f  unco oked crab s  in r efriger ated b rine 
moult s t age o f  the crab 
undercooking o f  c o ld-s tor ed crab s  
harvesting o f  dead crab s  b y  trawling method s  
damage t o  d ig e s ti ve organs  b y  cru shing in tr awl ne ts 
ac c idental ruptur e o f  d igest ive organs during k illing proc edur es 
e.g. ' sp iking ' 
fr eezing o f  gr een crab s  
s t res s-induced changes dur ing c aptur e 
"b ack ing" o f  crab s . i . e .  r emo val o f  carapace  

Stage 
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A t r ip t o  Ad elaid e  b y  D r  D eeth t o  ob serve the South Aus t r alian crab 
f ishing indus try also yielded valuab le informa t ion . To c o incide with t his 
vis i t . a round-tab le meeting of c r ab fishermen . seafood p ro c es sors . South 
Australian f isher ies o f fic er s  and r esearch s c ien t is t s  from CS IRO and D S IR 
(New Zealand) was held . P ertinent p o ints  from this d is cussion were that 
ther e  was con s ider ab le int er es t  and concern ab out the prob lem in South 
Aus t r alia and that mo st  o f  the f ishermen seemed t o  have encount ered it . 
They b el ieved it was much mor e  prevalent in the summer months . it was 
r ela t ed to moulting , that freezing green crab s  was a d ef init e c ause and 
that the t ime and hand ling b etween c apture and cook ing was par amount . O f  
int er es t  was their concern ab out t h e  optimal k il ling metho d s . I t  appeared 
that the S o uth Austra lian crab was les s  sen s it i ve t o  drowning in fr esh 
wat er than is the Queens land crab .  They als o appear t o  disc ard their 
c l aws  mo r e  r ead ily wh en p u t  on ic e. I t  s h o u ld b e  no t ed that  the 
Queensland sand c r ab Portunus pe lagicus. is kno wn as the b lue swimmer or 
b luey in South Australia. Oval ipes austra liensis is co mmonly known as the 
sand crab in S outh Austra lia. 

In two 
c o r r es p o n d in g  
invest igated t o  
mushines s .  The 
report . 

and t h r ee .  t h e  exp er imen t a l  s ec t ions o f  the proj ec t  
t o  ob j ect ives 2 and 3 .  many o f  the ab o ve fac t or s  wer e 
det ermine what ro le. if any, they played in the onset o f  

result s o f  this work are pres en t ed in Parts  2 and 3 o f  the 

P a r t  2 describ es the t echno logic a l  aspec t s :  the exper imental des ign . 
r es u l t s  and discus s ion o f  trials  inc luding fro z en s t orage. s t orage in 
r ef r ig er a t ed b r in e .  s p ik ing. s t o r age on ice.  c o oking cond i t ions and 
t extural analysis . The reco mmendat ions on correc t  st orage and hand ling 
cond i t ions pres ented in Part 5 o f  this report are b ased on thes e  f inding s .  

In P art 3 ,  the b io chemical  b a s is o f  the mushines s prob lem was examined .  
T he d igestive enzymes invo lved in the pro c es s  wer e partially pur if ied and 
c h a r a c t er i s ed , and o t her imp o r t an t  p a r am et er s s u c h  a s  t emp er a t ur e  
s t ab ility , pH-ac tivity pro file. and each enzyme 's ab ility to  degrade crab 
f lesh wer e determined . 

4 in which ob j ec t i ve 4, d is semination o f  f ind ings , was addr es sed is 
discussed in det ail in Part 6 o f  th is repor t .  

stages 

Stage 



5 

PART 2 

TECHNOLOGICAL ASPECTS 

Introduction 

Materials and Methods 

Results and Discussion 
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INTRODUCTION 

P o s t -mortem s o ft ening oc curs in the flesh o f  several animal s pecies . In  
b eef  it  is r elated t o  the desirab le increase in t endernes s  while in  many 
o ther meat s it is regarded as a defec t .  For  examp le t he we l l  known d efec t  
in pork . r e ferred to  a s  P S E  (pale . s o ft and exudat ive ) is o f  maj or conc ern 
to the pig meat industry. 

T h e  f l e s h  o f  s ev e r a l  s e a f o o d  s p e c i e s  s u f f e r s  f r o m  the s o f t en in g  
phenomenon. In s ome cases the ext ent o f  s o ft ening r enders the f lesh 
ined ib le while in extreme cases ext en s ive degr adation o f  the f lesh oc cur s  
with resu l t ant serious lo s ses  for the indu stry. Mu shine s s . pr e viou s l y  
r e p o r t e d  in c r u s t a c e a  s u c h  a s  t h e  f r e s hw a t e r  p r awn Maar o b r aah i um 
r o s en b e rg i i  ( Ti l lman and F inne . 1 983 ) . is  an examp le o f  the former 
s i tu a t i o n  wh i l e  t h e  d e g r ad a t ion cau s ed by b e lly b ur s t ing in c apelin 
( Gildb erg and Raa . 1 980 ) exemp lifies  the lat t er. The mushines s in the 
sand crab addr es sed in this proj ect is of the former type. 

Almo st without excep t ion.  post -mort em s o ft ening has b e en attribut ed t o  
pro t eo lysi s  o f  flesh pro t e ins by  pro t eo lyt ic enzymes .  The incr ease in 
t endernes s c au sed by aging o f  b e ef is c au sed  by endogenou s  flesh enz ymes 
while the s o ft ening in many o ther cases  is due t o  the action o f  enzymes 
originating from digestive organs.  

The organ a s s o c iated with digestion in  the  decapods is the  hep a topancr eas . 
I t  i s  a d iv i d e d  o r g an s i tu a t ed  l a t e r odorsally from the stomach and 
c o n t aining  s imp l e .  b lind-end ing diverticula which open int o  secretion 
d u c t s  ( van We e l . 1 95 5 ) . In t h e  p o r t u n i d  c r ab h e p atopancreas . the 
digestive enz ymes ar e synthes ized by "F -c ells"  which tr an sform int o "B
cells 11 ( Barker and Gib son . 1 97 8) . The d ig e s t ive j uic es are r eleas ed b y  
the B-cells  v i a  the hepatopancreas tubule s  and c o l lect ing duct s into  the 
gut at the j unction of the mid gut and the pyloric stomach wher e they mix 
intimately with ingested food b y  the gas t r ic mil l  ( Johnson.  1 980 ) . 

I n  t h e  s an d  c r ab P o r t un u s  pe Z ag iau s t h e  h epatop anc r eas has s everal 
distinct lob es on each s ide of the body and is in c lo s e  contact  with the 
c e p h a l o t ho r a c i c  mu s c l e .  I t  is t h er e f o r e  s t r a t e gi c a l l y  l o cated t o  
contaminat e  the surround ing mus c le with i t s  conten t s  should the membran e  
surrounding the organ b e  damaged. 

The e f fe c t  of the hepatopancr eas on  the int egr it y of muscle tis sue has 
b een inv e s t i g a t e d  f o r  s eve r a l  c r u s t a c e a .  Wes s els and Ol ley ( 1 97 3) 
reported digestion o f  the meat in the carapace o f  the rock lob s ter Jasus 
ZaZandii by hepato panc reatic en zymes dur in Q; fr eezin Q; and f ro zen s t oraQ;e :· 
Th ey f o u n d  t h a t  o v ern iQ;h t  s t arvat ion prio r t o  freezin Q; impro ved the 
quality o f  the me at and r ed uced the formation o f  pro t eolytic enz ymes : 

S tud ies on  the freezin � o f  mud c rab SayZ Za serrata a ls o  r evealed the 
imp o r t an c e of the dige s t ive organs in the onset of mushy f lesh. In 
exp eriment s  to  d etermine optimum condit ions for fre e z ing. the visc era were 
r emoved b y  c a r ap a c e  removal or vacuum evisceration. The concomit ant 
rupturing o f  the gut and release of diges t ive j uices  throughout the b o d y  
cavity resulted i n  mushy f lesh i n  these  s a mples ( Gil les pie e t  al  • •  1983). 
The r esult s  o f  b lanching trials showed that mushines s wil l  o ccur . even on  
fro zen storage . if the cooking t ime i s  insufficient to  inactivat e the 
dige s t ive enzymes. S imilar advice was provided by Howgate ( 1 984) . who 
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reco mmended that mud cr abs and sand crab s  be cooked alive or very s o on 
after death in order to  o bt ain the best-flavo ured me at o f  the highest 
yield for c anning purp o s e s .  

With t h e  emergence  o f  the aquacultur e indus try , much attention has been 
p a id t o  t h e  r e ar in g . h and l in g  and s t orage o f  the freshwater prawn, 
Macrobrachiwn ros enbergii. In 1 9 80 ,  the (USA)  National Aquacultur e P lan 
recognised mushines s as a pro blem r e quiring att ent ion and one which was 
giving US wholesalers a negative o p inion o f  this shrimp (Rowland e t  a Z  • •  

1 9 82 ) . Research reports  have appeared on many aspe c t s  o f  it s handling and 
quality , inc lud ing the effects  o f  freez ing (Nip and Moy ,  1 97 9 ;  Miyaj ima 
and Co bb, 1 97 7 ) , thawing and subs e quent chil ling (Nip and Moy . 1 9 81 ) . 
s torage on ice (Angel  et a Z . .  1 9 81 and 1 9 85 ;  Wat ers  e t  aZ..  1 9 81 ) . and 
purging o f  ice-chil led prawns (Nip et a Z  • •  1 9 85b ) . The onset o f  mushines s  
h a s  be en a t t ributed  t o  the migration o f  pro t e o lytic enzymes  from the 
cephalo thorax (Rowland et az . •  1 9 82) . 

Ano ther recognized factor in the onset o f  mushines s  in some species is 
p a r a s i t i c  in f e c t i o n . A my xo s poridian paras it e  (Kudoa s p . )  has be en 
a s s o c iated with severe textur al d e fec t s  and po or keeping quality o f  the 
Paci fic whi t ing, Merluccius productus� which have limit ed the co mmercial 
exp l o itation of the species  (D as sow et a t  • •  1 97 0; Eric kson et a t  • •  1 9 83 ) . 
Si mi l arly a myxo sporidium has b e en as s o c iated with the e xt r emely s o ft 
flesh encountered in Australian yel lowt ail kingf ish when cooked (Les t er . 
1 9 82b ) . Wh il e s an d  c r a bs are known to  be ho s t s  for s o me paras it es 
(Phil lip s and Cannon, 1 9 7 8; P o t t er e t  a l . .  1 9 87 ) . no inves t igation o f  
their a s s o c ia t ion with mushines s  has been c arried out . 

The s t ag e  o f  ec dys is c an affect the t e xt ur e  o f  f lesh fro m crustaceans.  I t  
h a s  be en s ug g e s t ed t h e  t h e  me a t  o f  p o s t - mo u lt c r abs  may b e  mo r e  
susc e p t ib le t o  proteolys is by leaking hepatopancreas enzymes than would 
the meat o f  inter-mo ul t  cr abs (Gil les p ie et a l  • •  1 9 83 ) . The e f fect o f  
moult ing o n  the flesh o f  the sand crab is no t known . 

Quant i fic ation o f  t e xtur al changes in foods is us ually approached in two 
ways : sub j e c t ively through the use  o f  sensory p anels  and o bj ec t ively with 
the aid o f  t e xtur e meas ur ing devic e s . Both method s have been s ucces sfu l ly 
used for measur ing the t e xture o f  the p r awn M. rosenbergii (Angel  e t  at • •  

1 985 ;  Nip et a t  • •  1 9 85b ) . While the correlations b etween the two measur es 
c an b e  low ,  b o th c an b e  valuable t o o ls for evaluating t ext ural changes in 
prawns (Ange l  e t  a t  • •  1 9 85 ) . The u s e  o f  these  as s e s s ment s o f  the t extur e 
o f  s and crab meat has no t previous ly b een report ed . 

In add it ion to  asses s ment o f  the macro t e xtural changes in the d evelopment 
o f  mushines s , it is also  instruc t ive to  as s e s s  the micro effects . Because 
o f  t h e  ap p ar en t  p r o t e o lyt i c  b r e a kd o wn o c c u r r in g  dur ing mu s h in e ss 
deve lopment.  an ind e x  o f  the e xt ent o f  proteo lys is would appear t o  be 
valuable . Such an ind e x  has not b e en used in r eported s tudie s  on po st
harves t s o ft ening in cru s t aceans.  A s econd method of observing changes at 
t h e  mi c r o  l ev e l is through his t o logy . This approach was adopted by 
Rowland et aZ. ( 1 982) in a study o f  proteo lysis  in M .  rosenberg i i  t ails. 
They were able  to  o bs erve br eakdown o f  the Z lines and incr eas ed gaping 
between myo fibr e s  ind icative o f  breakdown o f  p ro t eins in the sarcoplas m .  
Co n s id er a ble h ist o l o g ical change w a s  ob served dur ing t h e  progress  o f  
proteo lys is . 
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The e f fe c t s  o f  various handl ing proc edures o n  the develo pment o f  mushines s 
have b e en addr es sed in this proj ect . Bec ause  flesh b r e akdown occur s  after  
ruptur e  o f  the  hepatopancreas . s ome typ e s  o f  physic a l  t r auma likely t o  
have this e f fect  have b een e xamined . 

1 .  The practice o f  spiking to  destroy the aut onomic nervous sys t em 
and t h u s  p r ev e n t  c l aw lo s s  c o u l d  l e ad t o  phy s ic a l  rup t ur e  o f  the 
hepatopancreas . 

2 .  Some  c rab bers remove the carapace o f  the c r ab b e fore c o ok ing . 
This usually o ccur s  at sea . and is c arrie d  out on crabs with damaged 
shells . 

The r e  a r e  two m e t h o d s  o f  m e a s u r in g  t h e  s iz e  o f  a c r ab in 
Queens land according to the F isheries  Act , 1 976 . "Crab s  shall  b e  measur ed 
acro s s  the greatest dimens ion o f  the carapace  but in s ome cases  where the 
c ar a p a c e  is m is s in g  o r  d ama g e d  s h a l l  be measured from the ant erior 
e xtremity o f  the fourth ab domina l segment thereof".  Some f ishermen remove 
the carapace o f  smaller crab s  in order to e xp lo it a d iscrepancy in the 
correlation between these two measur ements ; i . e . s ome c r ab s  il legal by the 
f ir s t  measur ing method may be legal b y  the second . 

3 . Crab s are c aught in po t s  or by  t r awling . Tho se caught in traw l  
ne t s  a r e  sub j e c t ed t o  more trauma a s  they c an suffer crushing in the net 
by  the weight o f  the rest of the haul and c an be damaged when dropped out 
of the net onto the sorting tray. 

An important aspect addres sed in this part is that of cook ing 
condit ions . During the surveys in s t age  one , the mo s t  common causes  o f  
mushines s  given by various people wer e  und ercooking and overcooking . This 
h a s  n o w  b e en inv e s t ig a t e d  in r e l a t ion to  the heat-st a bility o f  the 
hepatopancreatic enzymes and the ac cep t ab ility o f  the cooked meat . 
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MATERIALS AND METHODS 

Crabs 

Crabs were mo st ly caught in pots  or dil lies . P o t s  wer e  
b ait ed with fish frame s ,  s e t  and retrieved a f t e r  1-2 hour s . O n  r emoval o f  
crabs from the pots . they were p laced i n  i c e  in t h e  dinghy and t aken 
a s h o r e  1 - 5  hour s a f t e r  c ap tu r e .  Sub s e qu e n t  hand l in g  and s t o r ag e  
conditio ns were a s  stated in the various trials descr i bed below . 

Some crab s  were caught in trawl nets . The net s were  
usua l ly trawled for  1 hour be fore being hauled abo ard and empt ied o nt o  the 
sorting tray . Crabs caught were p laced in ice as soon as po s si ble  or  
treated in  various ways as  out lined below . 

For  s ome experiments  crabs were purchas ed at r andom 
from the Que ens land F ish Board . In general the his t o r y  o f  these crabs was 
not known although the t ime s ince captur e  co uld be as sumed to be 1-2 days . 

On o c cas ions , special batches o f  crabs were e xamined . 
Thes e  wer e  usually o bt ained fo llowing information that they were  s uspe ct ed 
o f  being mushy or o thers from the s ame bat ch (or fisherman) we re mushy.  

Text ural The meat used for t e xt ural ana l ys e s  was the muscle 
a s s o c i a t ed w i th t h e  sw imming a p p en d a g e  lo c a t e d  in t h e  p o s t e r i o r  
cephalothorac ic segment.  This  mus c le pro vided a relatively large s amp le 
of even consistenc y .  

as s e s sment was c arried o ut by either an e xpert p ane l o f  three or 
an untrained p ane l of 35 d epending on the number o f  crabs and the amo unt 
of meat  available for eval uation. The t e xt ure was graded in hal f-unit 
intervals  ac cording to the fo l lowing s cheme . 

T e xt ur e  Grad e  

Ver y  firm 5 

F irm 4 

S lightly f irm 3 

Weak 2 

Mushy 1 

Text ur al de terioration was quite evident but not  o f  serio us conc ern in 
meat with grades between 4 and 3 .  However any crab meat s cor ing 3 or les s 
was considered to  be serious l y  a f fec t ed and wo uld be e xpected to  cause 
consumer dis satis fac t ion . Hence in this wor k, a grade o f  3 . 25 was cho sen 
as the limit o f  ac ceptability.  

F lavo ur of  the  crab meat was  also  as ses sed by the  untrained sensory pane l . 
A five-p o in t  scale was used . with a range o f  s cores from 5 for s weet-

Pot- caught. 

Trawl-caught. 

Randomly purchased. 

Special samples. 

Physical analyses 

analysis .. 

Sensory 

description 
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t a s t ing meat , t o  1 for bit ter o r  o ther det ect able o f f-f lavour s . Overall 
accept ability , scored from 5 to 1 in decreas ing order o f  preference , was 
also  r ecorded by the p ane l . 

Mechanical asses sment o f  t exture was performed using a mod i f ied  L . E . E . 
K r amer s h e ar cell  att ached t o  a Mod e l  1 13 0  Instron Univer s a l  Testing 
Ma c h in e . D u e  t o  t h e  l imit e d  amount o f  m e a t  p r e s en t  in  t h e  cr a b  
cephalo thorax a mounting blo ck was inserted int o  the shear cel l  t o  ho ld a 
p lug o f  meat 1 6  mm. x 25  mm x 2 5  mm. Two 3 mm shear blades penetrat ed the 
meat perpendicular to the muscle f ibres and acro s s  the fibr e  gr ain, and 
wer e  driven by a 1 Newton force at  20 mm per minut e . The recorder char t 
speed was 1 0 0  mm per  minut e and the s cale was x 1 .  The area und er the 
shear force curve was measured us ing a Tamaya D igit a l  Planime t er and the 
data adj u s t ed for weight of meat loaded t o  give wor k  done in N cm/g. 

t u  r e  m e a s u r emen t . D u r in g  c o o king trials and s t orage trials . 
t emp eratur e o f  crabs was monit or ed u s ing a thermocouple insert ed und er the 
she l l  int o  a central position within the flesh . The thermo coup le was 
connec t ed t o  a digit al thermometer . 

Chemical 

o f  The meat was separated from the shel l and 
homo genis e d  with an e qual weight o f  water in a Waring blendor (40 s ,  high 
speed ) . Ten g o f  homo g enat e was centrifuged at 1 5 0 00 g for 3 0  min , and 1 
mL o f  the supernat ant r emoved for determinat ion o f  protease  ac t ivity . One 
g o f  homo g enate was used t o  d e termine t o tal nitrogen content and a further 
20 g o f  homogenat e  was blended with 20 g of 24% trichloroacetic ac id (T CA) 
and f i l t ered through Whatman ' s  No . 5 42 filter pap e r . The f iltrate (0 . 2  mL 
correspond ing to 0 . 017  g o f  mus cle )  was utilised in the F o lin-Cio calteu 
a s s ay ,  wh i l e  1 0  mL (0 . 83 g o f  muscle)  was ana lysed  for non-pro t ein 
nitrogen . 

In trials where bo th proteolyti c  act ivity and t exture o f  the meat were 
measur ed , the crabs were bro ken in half and one hal f cooked in a p lastic 
bag u s in g  s t an d a r d  co o king co nd i t i o n s . P r o t e o lyt i c  a c t i vi t y  was  
determined on the unco o ked half , while textur e and P . I .  meas ur e ment s wer e 
done on the coo ked hal f . 

Hepatopancreas prep arat ions for prot eas e activity were o bt ained by f irs t ly 
homo g enis ing the t i s sue  with an e qual vo lume o f  wat er in a Waring blendor 
(60 s ,  high speed) . and then c entrifug ing for 1 5  min at 45000  g. The 
supernatant was as s ayed by the s t andard me thod (se e  below ) . 

Protease  Protease  activity was measur ed us ing 0 . 17 %  azocas ein as 
subs trate . The pro ced ur e  fo llowed that o f  Jensen et al. (1 9 80 ) , and one 
unit o f  activity was d e f ined as the amo unt o f  enzyme required to produce 
an increase  in absorbance at 3 6 6  nm of 0 . 0 1  per h under the s t andard as say 
cond i t ions . 

Total  To tal  protein (TP )  was d e t ermined by the Kj e ld ahl method 
(AOAC,  1 9 84) which evaluated total  nitrogen (TN) and t o tal non-prot ein 
nitro g en (TNPN) . Total prot ein was thus determined by the formula : 

TP (% ) = (TN% - TNP N%) x 6 . 2 5 

Tempera 
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assay. 
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F o lin-Ciocalteu The Dulley and Grieve ( 1 97 5 ) mod i f ic a tion of  the  
Lowry ( 1 95 1 )  method for  p r o tein determination was applied t o  the  TCA 
e xtract to  determine the amino ac id cont ent expres s e d  as p .p . m .  tyro s in e  
e quivalent s . 

index . The proteolysis ind ex (P . I . )  was used t o  
indication o f  the degree o f  protein b r eakdown within the meat . 
d e termined b y  the fo llowing formula : 

P . I . = 

TP% 

Standard methods 

g ive an 
I t  was 

Crab s  were cooked in s e awater or salt water (appro x . 3 % )  in a conventional 
pr awn cooker ( 1 40 L capacity) heated by a gas burner fit t ed with a 4 cm 
I . D . n o z z le . Tho s e  c o o ke d  on b o ar d  t h e  t r awle r had  an i n t e rn a l  
t emp eratur e prior t o  coo king the s ame a s  seawater . while crab s  removed 
from storage were d e frosted and/or  warmed up to an int ernal t emperatur e o f  
1 0°c t o  1 s0c p r ior t o  cooking.  F o r  ic ed or  r efrigerated c r ab s  this took  
o n  average 3 0  minutes . while fro zen crab s  r e quired s everal hour s . The 
co o king t ime referred to  in thes e  investigations is the t ime fro m when the 
wat er returned to  the b o il after introduc t ion of the crab s  unt il crab s  
were r emoved . I t  should b e  noted that crab s  kept in s t orag e  t ak e  longer 
to r e tu r n  to the b o il than tho s e  at sea  t emperature .  and that their 
int ernal temperature at this t ime is als o  lower .  Coo ked c r ab s  were cooled 
by f lushing with c o ld wat er after removal from the coo ker . 

The s t andard cooking t ime for these  studies was 1 0  minut es . In  some 
trials the coo king t ime was varied . and thes e  variat ions ar e no ted in the 
s tudies conc erned . 

trials 

Live freshly c aught crab s  were killed b y  inserting a t apered 
s t ainle s s  steel  spike through the oral aperture in a ventral d irec t io n .  
qu i c kly moving  i t  lat e r a l ly unt i l  a b r e a king o f  in t e rnal s keletal 
s tructures is felt . This is  intend ed t o  d e stroy the supr ao esophageal 
ganglion (Gillespie e t  aZ • •  1 983 ) . 

In one trial. crab s  were spiked u s ing a vigorous t echnique . or  left intact 
and s tored on ice  for up to  4 d ays . Bat ches of t en fro m b o th treatment s 
were removed at  d ays o. 2 and 4 .  cooked b y  the standard method . and then 
analys ed for P . I . and texture . 

In a s econd trial. c rabs were spiked using a g entler t echnique . Again . 
crab s  were stored on  ice and b at ches o f  t en r emoved aft er o. 1 .  2 and 4 
days ' s t orage . In  addit ion t o  sensory t e xt ur e  evaluations on the cooked 
f le s h . t h e  me c h an i c a l  a s s e s s m e n t  o f  t e xt u r e u s ing  t h e  Instron was 
performed . P . I . values were als o  determined . 

The e f f e c t s  o f  c o o king t ime o n  the chemical and phys ical 
p arameters o f  crab flesh were s t udied in a trial where cr abs were c ooked 
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for times r anging from 4 t o  1 2  minut es , and then s t or ed o n  ice for 2 days . 
Ten crab s  were used for each t ime point . D at a  for int ernal temperat ur e  o f  
the c r ab during cooking , s ensory g r ade , shear force and P .I .  o f  the meat , 
and proteas e  ac t ivity in the hepatopancreas were me as ur ed . 

In another c o oking trial , freshly c aught crab s  were c o o ked for t i me s  o f  5 ,  
1 0 . 15  or  2 0  minut es , and aft er overnight storage at s0c the meat was 
presented to an untrained taste  panel for as s e s s ment o f  t extur e , flavour 
and o veral l  accept ab ility . 

F reshly c aught c r ab s  had their carapaces removed i . e .  "b ac ked" 
after they b ec ame inactive . Thes e  crab s  ( 1 0 in t o t al)  were s tor ed on ice 
for 3 h, cooked by the s t andard method , and then analys ed for t extur e and 
p .I . 

P o t- vs crab s . Crab s  c aught by pot  and t r aw l  t echniques o n  
the s ame day and in the s ame area wer e  kept at s0c in b o th c o oked and 
uncooked s t ates  for periods o f  3 or 7 days . On removal fro m  cold s t or age , 
the uncooked c r ab s  were c o o ked by the s t andard method ,  and t ogether with 
the cooked crab s , were analysed for P . I .  and t extur e. A t o t al o f  80 crab s  
( 1 0 per treat ment ) was used in the trial . 

trials 

Brine /ice S ever al trials were conduct ed on  the e f fect  o f  s t o r age 
of uncooked c r ab s  in brine or  ice , or a comb inat ion o f  b r ine s t or age 
fo llowed by ice . The brine cons isted of refrigerated seawater held at a 
temperatur e o f  0 . 2° t o  1 . 8° C .  Batches o f  1 0  unc o oked c r ab s  were k ep t  in 
b r ine or on ic e for appropriat e  times (up to 3 days for b r ine . S days for 
ic e ) . They were then c o oked and analysed for P . I . and t exture .  For 
brine /ice comb inat ions . crab s  were removed from brine aft er 1 ,  2 or  3 d ays 
and sub se quen t ly held on ice for a further 2 days b e fore cooking and 
analysis . For  comparison , freshly c aught crab s  were cooked and stored for 
up to  5 days on ic e prior t o  analys is . A t otal o f  4 1 8  c r ab s  was u s e d  in 
these  trials . 

F r o z en Fro zen storage trials were conduct ed on trawl-caught 
c r ab s , b o th c o oked and unc o oked . Within 1 2  h of c apture the c r ab s  were  
fro z en b y  p l ac ing them in a b last  freezer o vernight , at a temper at ur e  o f -
370c .  The fol lowing morning the crab s  were glazed  by  d ipping them in 
f r e s h  wa t e r . They were then stored at -28° C in cartons s e aled with 
p lastic sheet s . At selected t imes b at ches of 1 0  crab s  from b o th cooked 
and uncooked lo ts  were removed , thawed , and kept for 0 or 2 days on  ice . 
Crab s  with no i c e  storage time were cooked ( i f  uncooked ) ,  and analysed for 
P . I .  and t ext ure within a few hours o f  thawing . C r ab s  which were s t or ed 
on ice for 2 days following thawing were sub se quent ly cooked ( i f  uncooked ) 
and analys ed . 

studies 

During the c our s e  o f  this proj ect  it was p o s s ib le t o  examine the e f fe c t  o f  
s o me phys io logical charac t eristics  o n  the quality o f  the flesh. While 
proces s ing c r ab s  for o ther trials . any which were in the pre- or po st-

Backing. 

trawl-caught 

Storage 

storage. 

storage. 

Physiological 



1 3  

moult s t ages o f  ecdys is , o r  any which were infec t ed with the paras it ic 
b arnac le , SaccuZina granifera . were noted for c lo ser examination . 

i s . C r ab s  in pre-moult or post-moult s t ages o f  the cycle  wer e  
identi fied by their charact eristic c arapace appearanc e . Such c r ab s  were 
found in b at ches of unco o ked crab s  in brine /ice  st orage trials , and in 
b atches o f  cooked crab s  in freezing and pot vs trawl trials . A t o t a l  o f  
3 0  po s t -moult crab s  (1 6 cooked , 1 4  unco o ked ) ,  and 3 pre-moult crab s  ( a l l  
coo ked ) were ident i fied . Z-s core analys is ( see  statistical methods ) was 
used to c o mp are the phys ical and chemical parame t ers o f  these  c r ab s  with 
o thers in the same treatment . 

Paras itic infection . Twe lve crab s  paras itised with SaccuUna granifera 
w e r e  c o o ke d  and t h e n  s t o r e d  o n  i c e  f o r  2 d ay s  p r io r  t o  ana lysis . 
Unparasitised crab s , treated in the s ame way , were used as contro l s . 

trial . Ten crab s  were held in two ponds and fed for two 
days to al low them  to s t ab ilise fol lowing c aptur e . F ive crab s  in one pond 
were then starved for 5 days while the o thers were s t i l l  fed . All  crab s  
were then kil led , hepatopancreases removed , weighed and homo genis ed , and 
the protease act ivit ies o f  the homogenates measured . 

The mu s c l e a s s o c i a t e d  w ith the po s t erior c ephalo thoracic segment was 
removed from uncoo ked crab s  stored on ice for 1 or 5 days . S amp les  o f  
t i s s u e  w e r e  kep t  f o r  f r e s h  f r o z en s e ct io ning o r  placed i n  f ixative 
( Bouin 's or  1 0% buf fered formalin ) .  Ten µm fresh fro zen sect ions were 
fixed in alcoho l  and s t ained u s ing haematoxylin and eo sin . Tis sue f ixed 
in Bouin ' s  fluid o r  formalin was emb edded in p araf f in ,  sect ioned at  7 µm, 
and s t a i n e d ; t h e  f o rm e r  with pho spho tungstic ac id haematoxylin , PTAH 
(Bancro ft , 1 977 ) and the latt er with Heidenhain ' s  iron haematoxylin and 
c ount e r  s t a in e d  w i t h  e o s in .  Phot omicro gr aphs were ob tained u s ing the 
Olymp ia "Vanox" micros cope fitted with Olympus Phot omicrographic E quip ment 
C-3 5A attachments .  

Statistical methods 

o f  varianc e .  S t atistical treatment o f  the data in mo st o f  the 
t r i a l s  d e s c r ib e d in  t h i s  s e c t io n  w a s  c arried out using analys is o f  
variance .  This enab led the data to  b e  tested f o r  the s ignificanc e o f  the 
difference b etween treat ment means . Least s igni ficant d i f ferences (LSD )  
were used t o  ident ify which treatments dif fered s ignifican t ly . 

Where numb ers  o f  crab s  in a particular s tudy were  limit ed , eg . 
in pre- and po s t -mou l t  crab s tudies , the individual value for a parame t er 
w a s  c o mp ar e d  with t h e  me an f o r  t h a t  g r o u p  o f  d at a , a s s u ming t h e  
distribution o f  data  t o  b e  nor mal . The numb er o f  s t andard deviations 
which that value lies b e low or above the mean of the distribution is kno wn 
as the Z-s core . The average Z-s cor e for all  the individual values gives 
an ind ication of how much that charac t eristic differs from normal values . 
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RESULTS AND DISCUSSION 

The internal t emperature pro file o f  crab s  c o oked for 1 0  min is  shown in 
F igure 1 .  This pro f ile is the average o f  3 3  t ime-temperat ure measur ement s 
on crab s  warmed in air for approximately 3 0  min after removal fro m ic e 
storage . The temperat ure grad ient is ab out 5 . 5°C per min , and while the 
in t e r n a l  t e mp e r a t u r e  o f  t h e  c r ab o n  imme r s i o n  va r i e d  with storage 
c on d i t ions and duration of  warming-up t ime , the gr adients were always 
s imilar to that shown in F igure 1 .  This  sugge s t s  that iced crab s , i f  
c o oked immediately , should have their c o ok ing time ext ended b y  s e veral 
minut es to  approxi mat e the standard procedure . Fro zen crab s  would need 
their cooking t i me e ven further ext ended , po s sib ly by ano ther 5 minut es . 

F igure 2 shows the data for P . I .  and gr ade o f  vigorous ly s piked crab s  and 
und amaged crab s  stored unco oked on ice for up to 4 days . There is a 
s ignificant difference ( P <0 . 0 1 )  b e tween P . I .  values for spiked and int ac t  
c r ab s  o ve r  t h e  t r i a l  p e r i o d . Wh i l e  t he grade o f  spiked crab s  was 
s igni ficant ly lower at day 0 ( P <0 . 0 1 ) , the r ate  o f  det erior ation was no 
g r e a t er t h an f o r  und a ma g e d  c r ab s  aft er that time .  The presence o f  
signi ficant changes in flesh quality at day 0 indicat e that the spiking 
technique was effective in produc ing flesh d amage in the coup le o f  hours 
b e tween spiking and analys is . 

F igure 3 shows the P . I . ,  gr ade and shear forc e  data for crab s  spiked using 
a gen t ler technique . This treat ment still  r esulted in a det eriorat ion in 
qual ity but at a s lower r ate  than the ab ove tr ial . The gr ades o f  c r ab s  
were  again s igni fican t ly lower ( P  <O . 0 1 ) than undamaged crab s , while the 
P . I . did no t show such a c lear separation . The me at fro m th is tr ial was 
also analysed for shear forc e , which showed a good correlat ion with the 
s en s o ry g r a d ing ( r = 0 . 7 3 ,  P <0 . 0 0 1 ) . S z c zesniak and Torgeson (1 9 65 )  
r ep o r t ed c o r r e l a t i o n s  b e tw e e n  t h e  K r am e r  s h e ar p r e s s  and s en s o r y  
tende rnes s o f  b e ef,  pork and chicken meat r anging fro m -0 . 42 t o  -0 . 9 8 ,  but 
f o r  t h e  mo s t  p art  highly s ignificant corre lations have b e en found b y  
d i fferent lab o r atories . 

The e f fec t s  o f  c o oking t i me on the chemical and phys ical paramet ers o f  
crab flesh are shown in F igure 4 .  With increasing cooking t i me there was 
an impro vement in the me asur ed parameters,  i . e .  P . I .  values decreased,  and 
textural indic es ( grade and shear forc e ) increased in value . S ignificant 
d i f f e r en c e s  o c c u r r e d  b e t we en 6 and 8 minu t e s  for she ar for ce  dat a  
(P <0 . 0 5 ) , and b e tween 8 and 1 0  minutes for P . I .  data ( P <0 . 0 5 ) . The 
correlation b e tween she ar for ce  and grade (r = 0 . 69 ,  P <0 . 0 0 1 )  is  similar 
to  the value obt ained in the spiking trial . The increase in she ar forc e  
values associat ed with increased c o oking t i me agr ees with d at a  ob t ained b y  
Ahmed et aZ . ( 1 972) f o r  shrimp ,  and F ind lay and S t anley ( 1 9 8 4) f o r  s c allop 
meat . 

Crab te.ml?erature during cooking 

Sp:ilcing 

Cooking 
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F igur e 4 also  sh.ows the effect o f  cook ing t i me on the prot eas e  ac t ivity in 
the c r ab 's hepatopancreas . There was an overall lo s s  o f  act ivity with 
increased cooking, with a significant drop ( P <0 . 0 1 )  fro m  8 to  10 minut es . 
Nearly all proteo lyt ic act ivity was lo s t  aft er 1 0  minut es ' cook ing , which 
corresponds to an int ernal temperature in the c r ab o f  ab out so0c .  This 
dramatic drop in act ivity oc curring at 8 to 10 minut e s  was p aralleled by  
the s ignificant fall in  P . I .  o f  the meat . The inferenc e fro m this is that 
the hepatopancreas enzymes are responsib le for pro teo lys is in the flesh . 
These  f indings provide an excellent b asis  for formulat ing reco mmendat ions 
on correct  cooking procedures . 

The result s  o f  sensory evaluation o f  crab meat c o oked for various t i mes 
are shown in Tab le 1 .  

TABLE 1 

Sensory evaluation scores of cooked crab meat 

Trait Cooking t i me ( min) 
5 1 0  1 5  2 0  

t exture 3 . 1 5a 3 . 7 4b 4.1 2b 3 . 7 9b 

flavour 4 . 0 6  4 . 2 9 4 . 2 1  3 . 8 5  

overall 
ac cep t ab ility 3 . 53x 4 . 2 9xy 4 . 53 y z  4 . o oz 

(Mean scores  followed b y  a different let t er are s igni f ic antly d i f ferent at 
the 5% level) 

There was a significant dif ference  in t extur e score  ( P <O . 0 1 )  when the 
cook ing t i me was ext ended from 5 to  1 0  minut es . Further increases in 
cook ing t i me d id no t a f fect the t extur e, and c ert ainly d id not  lead to 
mushines s . The panel d id no t detect any flavour changes , but d id record a 
g r a d u a l  c hang e in o v e r all a c c ep t ab ility which , like t extur e ,  had an 
opt i mu m  s core at 1 5  minut e s' co oking time . 

Tab le 2 b elow shows the e f fect o f  b acking crab s  on  P . I . and gr ade . The 
result s  are compared with tho s e  for crab s  which had b een stored on  ice for 
2 4  h ,  o r  spiked and stored on ice for 3 h b efore c o ok ing and analysis . 

Baclcing 
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TABLE 2 

P . I . and grade of backed. spiked and ice-stored crabs 

Treatment P . I .  Gr ad e  

b acked 2 . 86a 

spiked 8 . 23b 

ice  s t or age 

(Mean values fo l lowed b y  a d i f fer ent let t er are s ignificantly d i f ferent at 
the 1% level)  

The r esult s show that removing the c arap ac e  from freshly c aught c r ab s  did 
no t c ause as much d amage as s p ik ing . Ward ( 1 9 82 )  and Ward et a Z . ( 1 9 85 )  
f o und t h at b lu e  c r ab s .  Ca Z Zin e c t e s  sapidu s . wh i c h  w e r e  b acked and 
evis c erated prior t o  b o iling showed no dif ferenc es in b ac t erio logical . 
Instron or t as t e  p anel d ata.  o r  t o t al yield . c o mp ared with who le crab s . 
I f  the b acking proc edure is  t o  b e  c arried out . d iligent r e moval o f  the 
viscera  and effective washing mus t  be performed t o  r emo ve all trac e s  o f  
d ig es t ive enzyme s . 

Pot- �s crabs 

A comp arison o f  the c r ab s  c aught by  different t echniques was c arried out 
aft er batches from b o th pot and trawl  methods . s t ored cooked and uncooked . 
were kept on ice for 3 and 7 days . The r esult s o f  P . I . and t extur e 
det erminat ions are presented in Tab le 3 .  

TABLE 3 

Grade and P . I . of pot- and trawl-caught crabs stored on ice 

Treatment S t or age t i me ( d ays ) 
3 7 3 7 

Gr ad e  P . I . 

c o oked pot-c aught 4 . 62a 4 . 2 9a 7 . o oXY 7 . 9sXYZ 

t r awl-caught 4 . 48a 4 . 55a 5 . 67x 5 . 3 1x 

unco ok ed pot-caught 3 . 2 4b 2 . 68c 8 . 27xy z 9 .  llYZ 
trawl-caught 2 . 3 5d 2 . 6 2c 10 . 42z 1 0 . 56z 

(Me an scores fo l lowed b y  a different letter are s igni f ic an t ly different at 
the 5%  level )  

4.37.?. 

trawl-caught 

I 
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There were  no  s ignificant d i fferences  in the t extur e  or  chemical  quality 
of pot- and trawl-caught crab s  which had been cooked and s t or ed for 3 or 7 
days on ic e . However for unc o oked crab s , the grades o f  trawl-caught c r abs 
after 3-d s t orage were s ignificant ly lower than pot-caught speci mens , and 
P . I .  value s  were higher . This poor er keep ing quality o f  unco ok ed t r aw ler 
crab s  cannot  b e  explained by differences in locat ion or  t i me o f  capt ur e ,  
a s  a l l  crab s were caught o n  the same day and i n  t h e  same area . The 
p o s s ib i l i t y  ex i s t s  t h a t  t h e  c r ab s  a r e  d a ma g e d  d u r in g  the trawling 
o p e r a t i o n . e s p e c ially d ur ing retrieval and sorting . E f fe c t s  such as 
crushing may damage internal o rgans , r e leas ing dige s t ive enzymes which can 
then act o n  the flesh d ur ing the storage period . The shock o f  c ap t ur e  may 
also  lead t o  the mob ilisation o f  enzyme sys t e ms . 

Brine/ice 

The r es ults  o f  several trials invo lving s t or age in b r ine , on ice , and in 
b rine /ice c o mb inat ions , are shown in F ig ur e  5 .  Cooked crab s  kept on ice 
retain good quality over the 5 -d s torage period , while unc o oked crab s  kept 
on ic e wer e  unacceptab ly mushy i f  st ored for longer than 3 days . Crab s  
s t ored unc o oked in b r ine wer e  o f  s i milar quality t o  tho se in ice s t or age . 
However upon removal fro m b r ine and trans ferral to  ice  s t orage , the rat e 
o f  deterioration was fas t er than for ic e alone . While the mechanis m for 
t h i s  is unknown , t h e  c h an g e  in o s mo t i c  p r e s s ur e  a c c o mp anying t h e  
t r an s f e r r a l  t o  ic e may r e s ul t  i n  me mb r an e  d a ma g e  a n d  r e l e a s e o f  
hepatopancreatic enzymes . The f lesh wo uld there for e deteriorat e at  a 
faster rate than that o f  crab s  s t ored o nly on ic e . As a conse quenc e o f  
these  findings  it i s  r e c o mmended that crab s  which have been stored in 
b r in e  should b e  cooked upon r e moval . 

The res ult s o f  the s tatistical treatment o f  the dat a for b r ine and /or ic e 
s t orage o f  uncooked crab s  are shown in Tab le 4 .  

storage 

immediately 

I 
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TABLE 4 

Differences between means of texture scores and P . I . values for brine 
and/or ice storage of uncooked crabs 

( T r e a tments fo llowed by d i f fer ent lett ers have s ignif ic ant ly d i f fe r ent 
mean s  at the 5 %  leve l )  

Treatment ( d ays i n  brine . days 
on ice )  arranged . in descending 
order of texture score 

o .  oa 

o . lb 

1 .  ob c  

3 . oc d  

2 .  0c d  

o . 2de  

o . 3 e f  

Treatment ( days in b r ine . days 
on  i c e )  arranged in ascending 
order o f  P . I .  value 

1 .  0V 

o .  0V 

o .  2VW 

2 .  0VW 

o . lvw 
o . 3W 

3 .  QWX 

limit o f  acceptab ility 

3 .  
o . 
o .  
2 .  
1 .  

2eg  

4fg  

5fgh 

2gh 

2h 

rej e c t ed 

0 .  4XY 

3 .  2XY 

2 .  2YZ 

1 .  2YZ 

0 .  5Z 

I t  c an b e  seen that all  unco oked crab s  which have had b r ine/ice s t or age 
wer e  rej ected on the basis of t ext ure.  As well . uncooked crab s  kept for 
mor e  than 3 days on ice . treatments o .  4 and o . 5 .  were unaccep t ab ly 
mushy . Tab l e  4 also  shows that the treatmen t s  r ej ected on t exture s c or e  
correspond t o  the treatments with the highes t  P . I .  values .  Henc e c r ab s  
with P . I .  values abo ve 7 . 8 will b e  rej ected ( see  F igure 5 ) . 

A b at ch o f  t we l ve un c o ok e d . b r in e - s t o r e d  c r ab s  p u r c h ased  from the 
Que ens land F ish Board was analys ed for P . I . and p rotease act i vity o f  the 
flesh. Whil e  the exact  history o f  these  c r ab s  was not known . they had 
b een s tored for 1 or  2 days in brine on board a trawler . The resul t s  o f  
chemical analys e s  are shown i n  Tab le 5 .  
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TABLE 5 

P .I .  and protease activity of uncooked crabs stored in brine 

S amp le 

1 
2 
3 
4 
5 
6 

mean 

p . I . 

2 . 2  
3 . 6 
2. 9 
2 . 9  
2 . 1  
3 . 5  

2 . 9  

S t orage t ime 
1 

Pro teas e  
(units /g )  

8 . 4  
1 1 . 8  

9 . 6 
6 . 0  
2 . 6  
8 . 8  

7 . 9 

( d ays ) 
2 

p . I . Pro t eas e  
(units /g )  

1 0 . 2  7 7  . o 
6 . 8  3 2 . 4  

1 4 . 3  99. 4 
1 4 . 1 1 40 . 0 

6. 6 87. 2 
4 . 8  3 9 . 6 

9 . 5 7 9 . 3  

The result s indicate a dramatic increase in P . I . and pro teas e  ac t i vity 
when the brine s torage t ime is increased from 1 to 2 days . What ever the 
pro ces s invo l ved . large amount s of pro tease  must  enter the f lesh in a 
short period o f  t ime and produce extens i ve degradat ion o f  mus c le pro t e ins . 
The correlation b e tween P . I . and pro teas e  act i vity was very high ( r  = 

0 .  93 ) • 

Frozen 

The e f fect o f  fro zen s t orage on  the qua lity o f  c o oked and uncooked crab s  
i s  shown i n  F ig ure 6. Uncooked crab s  wer e  rej ectab le on the basis  o f  
t ex t u r e  a f t e r  any t ime  in fro zen s t orage . The quality deteriorated 
further if the crab s  were s tored on ice for 2 days following thawing ; this 
was p articularly e vident in the P . I . d at a . Cooked crab s  retained an 
ac c eptab le leve l  o f  t ext ure throughout the 16 weeks  of the trial . and P . I .  
values were s ignificantly lower ( P <0 . 0 1 )  than for uncooked crab s  at  all  
t ime point s . S t orage o f  cooked crab s  on ice  after fro zen storage r esult ed 
in further s light decreases in t extural and chemical quality . 

The pro c e s s  o f  free z ing may damage the int ernal or gans . eg . by  rupturing 
membranes through ice crystal format ion . In uncooked crab s  prot e o lysis 
would then pro c e ed . as e videnc ed by  the e f fect  of the 2-d s t orage aft er 
thawing . Cooking should inact i vate the e nzymes and effect longer she l f  
l i f e  aft er thawing . Howe ver it must b e  s t r e s s e d  that cooking is 
nec essary . espec ially for crab s  which have j us t  b een remo ved from storage 
and may b e  s t i l l  fro z en at the t i me of c o oking . 

activity activity 

storage 

correct 
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P o s t -m o u l t  and p r e -mou lt crab s  inc luded in b r ine/ice s t o r age trials , 
freezing trials and pot vs trawl  t r ials were c o mp ared with the t otal p o o l  
o f  c r ab s  which had b e en subj ected to  the s ame treatment eg . uncoo ked post
moult crab s  which had b e en stored in brine for 3 days were  c o mpared with 
all unco o ked crab s  stored in b r ine for 3 days . The results are presented 
in Tab le 6 .  

TABLE 6 

Data for post- and pre-moult crabs from various trials 

Grade p . I • 

condit ion mean Z-s core  me an Z-s co r e  

Coo ked 
p o s t -moult (n= 1 6) 4 . 1 9 -0 . 1 1  8 . 3 3 -0 . 3 5 
pre-moult (n=3 ) 4 . 67 0 . 5 2  5 . 7 7  -0 . 24 

Unc o ok ed 
po s t -moult (n= 1 4) 2 . 2 0 - 1 . 89 1 0 . 5 5  0 . 9 8 

The low Z-s cores  for c o oked p o s t -moult crab s  indicate that these  crab s  
s h o w  n o  s ig n i f i c ant differences  in quality when c o mpared with cooked 
int er-moult c r ab s  stored under the same cond it ions in the trials . The 
findings for  c o oked pre-moult crab s  were s i milar . Uncoo ked po s t-moult 
crab s  however had much lower grades and higher P . I .  values than unco oked 
int er-moult crab s  s tored under the s ame condit ions . This means that the 
rate o f  deter ior ation in po st-moul t  crab s  is  even gr eater than expect ed ,  
i . e .  t h e  maxi mum s t o r a g e  t ime on ice b efore unac ceptab le limit s are 
reached would b e  1 or  2 days , r ather than the 3 d ays for int er-moult crab s  
. (F i g u r e  5 ) . The lower meat c ont ent in the c ephalothorax o f  recently 
moult ed crab s  would a l low for eas ier penetration of hep atopanc reas enzymes 
into  the f lesh ( Gil lespie et a Z . , 1 9 83 ) . Unc o o ked p o st-moult c r ab s  would 
therefore have greater proteo lysis than correspond ing unco o ked int er-moult 
crab s ,  while effec t ive cooking would stop any pot ential for ac c elerat ed 
degradation o f  the f l esh o f  cooked po st-moult  crab s  compared with cooked 
int er-moult crab s . 

infection 

D at a  for crab s  paras itised with SaccuZina granifera , and unpar as itised 
crab s , all stored for 2 days on ice  after c o ok ing , were comp ared u s ing the 
Student ' s  t -t es t . The result s are shown in Tab le  7 .  

Kcdysis 

averaged averaged 

Parasi.tie 
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TABLE 7 

Grade and P .I .  of parasitised and healthy crabs 

Grad e  P . I .  

paras it ised  crab s  (n= 1 2 )  4 . 7 0 5 . 8 4 

healthy crab s  (n= 1 2 )  4 . 3 9  6 . 65 

t value 1 . 5 2 (NS ) 1 . 06  (NS ) 

(NS means  that the t value is not s ignifican t )  

The resul t s  show that there were n o  s ignificant d i f ferenc es in quality 
b e tween paras itised and unparasitised crab s  under the hand ling condit ions 
used . 

Tab le 8 b e low shows the mean pro t eas e ac tivity in the hepatopancreas o f  
crab s  which  have b e en fed o r  st arved for 5 days . 

TABLE 8 

Protease activity in the hepatopancreas of fed and starved crabs 

Treatment 

s tarved 
(n=5 ) 

fed 
( n=5 ) 

Pro t e as e  act ivity ( uni t s /mL ) 

(Mean values followed by  a dif ferent letter  are s ignifican t ly different  at 
the 1% level )  

C r ab s wh i c h  had  b e en s t arv e d  c o n t a in e d  s ign i f i c an t ly more pro t eas e 
act ivity than fed crab s . However the weight o f  hepatopancreas was r educ ed 
( 20 g vs 3 0  g ) . and the j uices were darker in co lour . The net r esult is 
that both group s o f  crab s  had an equival ent potential for proteolysis . The 
pos s ib le weight lo ss  dur ing s t arvation would argue against  this practice  
during ho lding o f  live crab s . 

Feeding/starvation 
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A h igh-powe r  ( x  1 00 0 ) m i c r o g r aph o f  g o o d  qua l i t y  mu s c l e  from a cr ab s t o r ed 
f o r  1 d ay o n  i c e  and s t a in e d  w i t h  H e i d enh a in ' s  iro n h a ema t oxy l in and e o s in 
( F i g u r e 7 )  s h o w s  t h e  u l t r a s t r u c t u r e o f  u n d ig es t e d mu s c l e , w i t h  t h e  
s ar come r e s  d is p l ay ing f e a tur e s  s u ch a s  Z l in e , A b an d  and M l in e  ( L e s t e r  
Dav e y , 1 9 83 ) . Th e lower power ( x  40 0 )  v iew ( F igur e 8 )  s hows t h e  low 
c o n n e c t iv e  t is s u e co nt ent of s an d  cr ab mus c l e  as no t e d by Myk l e s  and 
Sk inner ( 1 9 83 ) . In F igu r e  9 ,  norma l mus c l e  t is s ue ( a ) ,  t og e th e r  w i t h  
h ig h l y  d ig es t e d t is s u e ( b )  is i l lus t r a t e d  ( magn i f . x 40 ) . Th i s  t is s u e ,  
wh ich was s t a in e d  w i t h  h a ema t oxy l in and e o s in ,  was d i f f i c u l t  t o  d is p l ay as 
i t  t en d e d  to was h o f f  the s p e c imen dur ing f ix ing pro c e dur e s , an d o f f  t h e  
s l id e  dur ing d ewax ing a n d  s t a in ing,. In t ight ly p a cked mu s c l e , p r o t eo ly t i c  
e n z ym e s  a c t  o n  t h e  s ur f a c e  o f  t h e  exp o s e d me a t , p en e t r a t ing inwar d s . 
F i g u r e  9 s h o ws a d e c r e a s ing l ev e l  o f  d ig e s t io n  p r o g r es s ing a lo ng t h e  
mu s c l e f ib r e  ( b to c ) . I t  is  a l s o l ik e l y t h a t  t h e  enzymes mov e  a lo ng 
ar e a s  o f  l e s s d ens e t i s s ue s u ch as t h e  s ar co p l as m  b e twe en f ib r es , c au s ing 
a weak en ing in conne c t iv e  t is s u e . Th i s  wo u l d  exp l a in t h e  t e ar ing ( d ) s e en 
b e tw e en t h e  p art i a l ly d ig e s t e d f ib r e  and t h e  int a c t  one ad j a c en t . Fur t h e r  
int o  t h e  t is s u e  t h i s  s i t e  is unaf f e c t e d  ( e ) . A co l l ag eno lyt i c  enzyme s u ch 
as t h a t  f o und in t h e  h ep a t o p an c r e as o f  t h e  f idd l er c r ab ,  Uca pugilator 
( E i s en et a l . ,  1 9 7 3 ) , o r  t h e  f r es hwat e r  p r awn , Macrobrachium ro senbergii 
( N ip et a l . ,  1 9 8 5 a )  cou l d  b e  r es p o ns ib l e  f o r  th i s  g ap ing b e twe en f ib r es . 
C o l l ag enas e and e l as t as e  a c t iv i t i e s  wer e  d e t e c t e d  in c r ab h e p at o p an c r e as 
ext r a c t s  in t h i s  pr o j e c t  ( s e e P a r t  3 ) . F ig u r e 1 0  s hows a m i c ro g r aph o f  
degr a d e d  mu s c l e  af t e r 5 d ays ' s t o r ag e  o n  i c e  ( x  40 0 , H e i d enh a in ' s  i ro n  
h a emat oxy l in and e o s  in) . Th e A b ands h av e  no t s t a ine d ,  an d t h e  Z l ines 
ar e th i c k e r  an d d arker . 

F i g u r e 1 1  i s  a h i g h - p o w e r  v i e w  ( x  1 0 0 0 )  o f  und amag e d  t is s u e  ( 1 -d ay 
s t o r ag e )  s t a in e d  w i t h  PTAH , s how ing t h e  d if f er ent s t a in ing p a t t e r n  w i t h  
th i s  r e ag ent . Th e A b an ds ar e ev id ent but th e Z l ines a n d  M l ines a r e  no t 
c l e a r l y d i s c e r n i b l e . The conne c t iv e  t is s u e b e tw e e n  mu s c l e  f ib r e s  i s  
in t a c t . D amag e d  t is s u e  s hown a t  t h e  s ame power and w i t h  t h e  s am e  s t a in 
c an b e  s e en in F igur e 1 2 .  Th e r e  is incomp l e t e  s t a in ing o f  t h e  A b an d s  
wh ich t ow a r d s  th e end o f  t h e  f ibr e a l l ows a v iew o f  t h e  Z l ines . Gap ing 
b e tw e e n  f ib r e s  has a l s o o c curr e d . C o l l ag en is s t i l l  p r e s ent as t h e  darker 
s t a i n i n g  m a t e r i a l  l in ing t h e  mus c l e  f ibr e and amo ng s t  the c o nne c t iv e  
t is s u e ,  but s ome weaken ing mu s t  h av e  o c cur r e d  t o  r es u l t  in the g ap ing . In 
t h e  l a t er s t ag e s  of mu s h ines s s e en in F igur e 1 3 , the A b an d  h as no t 
s t a in e d  wh i l e  s t a in h a s  co l l e c t e d  in t h e  r eg io n  o f  t h e  Z l in e s . The 
c y t o s k e l e t a l  l a t t i c e wo r k  is s t i l l  e v i d e n t . T h e c o nn e c t iv e  t is s ue 
o r ig in a l ly p r es ent b e tw e en f ib r es h as a l s o  b e en r emov ed . Row l and et a l . 
( 1 9 8 2 )  f ound s imi l ar c h ang e s  w i t h  mu s h ines s in M .  ro senbergii ,  and r e l a t ed 
i t  t o  h e p a t o p ancr eas d amag e .  Th ey co nc l u d e d  t h a t  t h e  darken ing o f  t h e  Z 
l in e s  was du e t o  t h e i r  b e ing no l o ng e r  int a c t ; t h e  s p a c e  l e f t  in t h e  
t i s s u e t r ap s  s t a in ,  wh i l e  g ap ing b e tw e en myo f ib r es ind i c a t es d eg r ad a t io n  
o f  p ro t e in s  i n  t h e  s ar co p l as m . 

c a 2+ - a c t iv a t e d  p ro t e a s e s  in pork ( Dayt o n  et al . ,  1 9 7 6  a an d b )  and c r ab 
(Myk l e s  and S k inner , 1 9 83 )  mus c l e  wer e f o und t o  d i s s o lve myo f i l amen t s  and 
r e l e as e a - a c t in in f r om Z l ines , g iv ing a p a t t ern o f  b r e akdown s im i l ar t o  
t h a t  o b s e rv e d  in t h e  s an d  c r ab . Howev e r  t h e  f ind ing o f  l o w  p ro t e as e  
a c t iv i t y  e n d o g e n o u s  t o  c r a b mu s c l e  ( s e e P a r t  3 )  ind i c a t es t h a t  t h e  
maj o r i t y  o f  p ro t eo lys i s  h a s  o r ig ins i n  t h e  d ig es t iv e  o r g ans . 

Histology 



F IGURE 7 .  

FIGURE 8 .  

Micro graph o f  crab muscle aft er 1-d storage  o n  ice 
(x 1 0 0 0 ; Heidenhain 's iron hae matoxylin and eo s in 
stain) 

Micrograph of c r ab muscle aft e r  1-d stor age on ice 
(x 40 0 ; Heidenhain 's iron haematoxylin and eo s in 
stain) 



FIGURE 10. 
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Micrograph of crab muscle after 5-d storage on ice 
(x 40; haematoxylin and eosin stain) 

Micrograph of crab muscle after 5-d 
storage on ice (x 400; Heidenhain's 
iron haematoxylin and eosin stain) 



FIGURE 1 1 . 

FIGURE 1 2 . 

3 1  

Micrograph o f  crab muscle after 1-d s tor age o n  ice 
(x  1 000 ; PTAH stain)  

Micro graph o f  crab muscle aft e r  5-d s t o rage on ice 
(x 1 0 00 ; PTAH stain) 



FIGURE 13 . 

3 2  

Micrograph o f  crab muscle after 5-d storage 
on ice (x 1000 ; PTAH stain) 
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Iffl..'RODUCTION 

A large number o.f studies have investigated the role that proteolytic 
enzymes play in the spoilage of fish a,:1,l <::rustacea $ In a review on 
eutolys:i.s in fish. Mukund,Sl.n e.f; al. (1986) stressed that gut enzymes, and 
proteases in particular~ are an integral part of the d.egradative process. 
and noted that the prevention of auti:>1.ysis in fresh fi3h is not an easy 
task;!, 

Most of the work on crust:acea. has centred on species such as Antarctic. 
krill. Euphau8ia superba, various members of the lobster family. and tb.e 
freshwater prawn. Macrobrachium rosenbergii. Because of the economic: 
importance of these species, the maintenance of top quality is essential 
to the well-being of the industry. 

Kawamura et al~ (1981). in studies on Antarctic krill. found that 
cephalot:horacic proteases were responsible for the high degree of 
autolysis in whole-bodied animals. In another study w contamination of 
fresh krill muscle with hepatopancreas or stomach was shown to greatly 
increase the amount of water-soluble protein, with subsequent loss of gel
formin.g ability of the muscle (Shibata and Ozaki~ 1983). Ellingsen and 
Mohr (1979)~ when reporting a new process for the large-scale production 
of free amino acids from Antarctic krill~ concluded that autolytic 
processes» and in particular proteolysis and lipolysis. are predominant 
during the first week of storage of fresh krill at chill temperatures. 
The efficiency of the digestive system in this crustacean has led to the 
finding by Mohr's group that the proteases may provide a new system for 
the effective enzymatic debridement of necrotic ulcerations (Hellgren et 
at.. 1986). 

The specific proteases in krill have been characterised by several groups. 
Using homogenates of whole krill. Nishimura et aZ. (1983) found that 
carboxypeptidases A and B. aminopeptidase» trypsin and cathepsin A were 
present. Specific inhibitors and the use of gel filtration for molecular 
weight determinations aided the characterisation of protease types. 
Kimoto and others (1981. 1983) undertook enzyme characterisation studies 
in order to determine the proteolytic mechanisms acting during storage or 
food production. They found not only neutral and alkaline proteinases. 
including three serine enzymes. but two major acid proteinases maximally 
active at pH 3 using haemoglobin as substrate. 

Olley et al,. (1973) examined the hepatopancreatic proteases responsible 
for deterioration of the flesh of the rock lobster Jaeus taZandii. 
Electrophoretic analysis revealed the presence of at least nine fractions 
with proteolytic activity. 

In a comprehensive study of the digestive enzymes of the American lobster. 
Bomarus americanus. Brockerhoff et al. (1970) sepprated seven proteolytic 
enzymes by ion exchange chromatography two acid proteinases ~ 
carboxypeptidase A. and four neutral proteinases. including a highly 
acidic enzyme with trypsin activity. Earlier studies on crayfish were 
also aimed at determining the various proteolytic enzymes present in the 
gastric juices and hepatopancreas (de Villez. 1965; Kleine~ 1967; 
Pfleiderer et ai •• 1967). 
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A group of researchers working at the University of Hawaii have partially 
characterised the enzymes thought to be responsible for the autolysis in 
M. rosenbergii. Collagenase, together with trypsin and chymotrypsin-like 
enzymes, are primarily involved (Baranowski et at.. 1984; Nip et at •• 
1985a) • These enzymes are all thought to originate from the 
hepatopancreas and that endogenous flesh proteases play no part in the 
degradation (Angel et at •• 1985). 

The degradative effects of gut proteases on muscle tissue have also been 
observed in some species of fish. The phenomenon of belly bursting in 
capelin. Mattotus vittosua. was found to be most frequent in fish with 
high protease activity. although other factors such as post-mortem pH and 
the type of food ingested may also be important (Gildberg and Raa. 1980). 
A trypsin-like enzyme isolated from the digestive tract of capelin was 
found to hydrolyse myofibrillar components of fish muscle (Hjelmeland and 
Raa. 1980). These authors suggest that the belly bursting is caused by 
leaching of digestive enzymes such as trypsin, with subsequent hydrolysis 
of the surrounding belly tissues. Raa and Gildberg (1976) described the 
production of an acid silage from the viscera of cod. Gad.us morhua, 
utilising the proteases and lipases present in the starting material. The 
soluble fraction from this silage is rich in protein and has possible uses 
as a food additive. Autolysis in silages prepared from whole fish is 
primarily due to gut enzymes which are distributed throughout the fish 
mass after the grinding process (Meinke and Mattil. 1973}. Proteolytic 
enzymes from cod viscera have also been applied to deskinning of other 
seafoods such as squid (Raa. 1984). 

In addition to the numerous reports of quality changes in fish and 
crustacea effected by gut enzymes. there is some evidence in the 
literature that endogenous muscle enzymes could also lead to problems. 
Konagaya (1985 a and b} has reported that the softening in the flesh of 
chum salmon, Oncorhyncus keta. caught during spawning migration is due to 
acid proteases present in the muscle. The level of proteolytic enzymes 
such as cathepsin Dis several-fold higher in spawning salmon than that in 
fish caught during feeding migration. Cathepsins have also been partially 
purified from Chinook salmon, Oncorhyncus tshar.vytscha (Ting et at •• 1968). 
The enzymes thought to be responsible for autolysis in the muscle of carp, 
Cyprinus carpio. have been studied by Makinodan and co-workers (Makinodan 
et at •• 1979, 1982). Although a number of enzymes including cathepsin D 
and a neutral proteinase have been isolated, their possible role in the 
autolytic process is still unclear. 

The mushiness of Pacific whiting, Mertuccius productus. has often been 
associated with a myxosporidian parasite (Dassow et at.. 1970), and 
despite the detection of cathepsins Band C in the muscle, it is uncertain 
whether these enzymes' activities reflect an immunological response to the 
parasite or their natural occurrence. In addition. the parasite may be 
responsible for the high levels of acid protease activity (Erickson et 
at.. 1983). 

In crustacean systems. some studies have looked at the proteases 
responsible for muscle atrophy during the pre-moult period of crabs and 
lobsters. Mykles and Skinner (1983. 1986) have found a number of calcium
dependent proteinases in the claw muscle which are active in myofibrillar 
protein turnover. These enzymes may play a role in both moulting and non
moulting animals, and possibly in autolytic digestion post-mortem. 
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The results in Part 2 of this report. on the technological aspects of 
storage and handling procedures. have strongly implicated the enzymes of 
the hepatopancreas in the onset of mushiness in the flesh of the sand 
crab. In particular. trials on spiking and cooking times and temperatures 
stress the need to fully inactivate these digestive enzymes before 
significant proteolysis occurs. The literature has many examples of the 
damage that may arise from the infiltration of such enzymes into the 
surrounding flesh. However. little is known of the biochemistry of 
proteases in crabs. and in particular the sand crab. Portunus petagicus. 
Knowledge in this area was considered to be an integral part of the 
project. and the studies described herein have been undertaken with this 
objective. 
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Chetrlcals 

The followin.g chemicals ;.,ren~ obtained from Sigma Cheinical Company. St 
Louis. Mo q U .s .A. : L-alanine. p···nitroanilide azocasein~ N-·benzoyl--L
tyrosine ethyl ester (BTEE) ® a-·chymotrypsin (type II). collagen (type I. 
insoluble)$ hydroxy-·L-proline. L_,_leucine p·-nitroanilide, piperazine. N·
succinyl--L-alanyl-L-alanyl-L-alanine p-ni troanilide. N-·a-p-tosyl--L
arginine methyl ester (TAME) and trypsin (type XII - S). Haemoglobin and 
Folin-Ciocalteu 1 s phenol reagent were from Merck. Darm.stadt. West Germany: 
furylacryloyl-L-alanyl-L-lysine (FA.AL) and furylacryloyl--L-phenylalanyl-L
phenylalanine (FAPP) from Calbiochem. La Jolla. Ca •• U.S.A.; chloramine T 
( technical grade) from Ajax Chemicals» Sydney~ Australia; and 4-
dimethylaminobenzaldehyde from BDH Chemicals Ltd~ Poole9 England. DEAE
Sepharose CL-6B. PBE 94 resin 9 Polybuffer 7 4 and Pharmalyte 2 .5-5 .O were 
purchased from Pharmacia Fine Chemicals. Uppsala. Sweden. All other 
laboratory chemicals were of analytical grade or the highest purity 
available. 

The hepatopancreas from fresh sand crabs was excised and contaminating 
viscera removed. The organ was then homogenised in a Waring blender for 1 
min at high speed. and the homogenate centrifuged at 48000 g and s0 c for 
30 min. The supernatant was used immediately or stored frozen at -20°c. 

All enzyme assays were performed at 37°c. Except where otherwise stated, 
one unit of enzyme activity is defined as the amount of enzyme required to 
produce a change in absorbance of O .01 per minute at the appropriate 
wavelength. 

Trypsin. The standard assay used tosyl-L-arginine methyl ester (TAME) as 
substrate at 1 mM final concentration and 0.1 M Tris-HCl buffer. pH 7 .5 
containing 20 mM Cac12• according to Walsh (1970). 

Chyme trypsin. Benzoyl-L-tyrosine ethyl ester (BTEE, 1 mM final 
concentration) was used as substrate in chymctrypsin assays employing 0.1 
M Tris-HCl buffers pH 7.8 containing 20 mM CaC12 • according to Walsh and 
Wilcox (1970). 

Leucine aminopeptidase. To the assay cuvette was added 2 mL of O .1 M 
Tris-HCl buffer~ pH 7 .50 9 and 50 µL of 118 mM L-leucine p-nitroanilide. 
prepared in methanol. After equilibration in the spectrophotometer for 
several minutes. the reaction was initiated by the addition of an aliquot 
(usually 100 µL) of enzyme. The rate of change in absorbance at 405 nm 
was measured for several minutes. 
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a-Aminoacyl-peptide hydrolase. The assay conditions used follow those for 
leucine aminopeptidase. except that L-alanine p-nitroanilide was used as 
substrate at a final concentration of 1.5 mM. A 200 pL aliquot of enzyme 
was routinely used to start the reaction. 

Carboxypeptidase A. The assay was based on the method of Riordan and 
Holmquist (1984) : 1 mM furylacryloyl-L-phenylalanyl-L-phenylanine (FAPP) 
substrate was dissolved in assay buffer (0.05 M Tris-HCl. 0.5 M NaCl. pH 
7.5). and the decrease in absorbance at 350 mm followed after the addition 
of 50 pL of enzyme to the cuvette containing 0.6 mL of substrate. 

Carboxypeptidase N. Carboxypeptidase N activity was measured with 
furylacryloyl-L-alanyl-L-lysine {FAAL. 0.5 mM) as substrate. using the 
method of Skidgel and Erdos (1984). A wavelength of 336 nm was used to 
follow the reaction. 

Elastase. The measurement of elastase activity employed a modification of 
the Geiger method ( 1984). The substrate. succinyl-L-alanyl-L-alanyl-L
alanine (1 mM). was equilibrated at 37°C in 2.5 mL of 0.2 M ethanolamine 
buffer. pH 7.8. containing 0.05% w/v Triton X-100. Enzyme solution (200 
pl.) was then added to start the reaction. which was followed at 405 run. 

Collagenase. Collagenase determinations were based on the measurement of 
hydroxyproline release from collagen during a 4-h incubation at 37°c. A 
0.2% collagen solution was prepared by dissolving 200 mg collagen in 2N 
NaOH. adjusting the pH to 7.5 with HCl. and diluting to 100 mL with 0.1 M 
Tris-HCl. 20 mM CaC14• pH 7.5. Any undissolved collagen was removed by 
low-speed centrifugation for 10 minutes. The incubation mixture contained 
2.0 mL of substrate and 0.5 mL of enzyme solution. The hydroxyproline 
released during the reaction was measured using the method of Woessner 
(1961). One unit of activity produces a change in absorbance at 557 nm of 
0.001 under the assay conditions. 

Acid protease. The method of Lenney (1975) was modified to measure acid 
protease activity. To 0.4 mL of 1% acid-denatured haemoglobin in 0.05 M 
citrate buffer. pH 3.4. was added 0.25 mL of sample. Following incubation 
at 37°C for 3 h. the reaction was stopped by the addition of 0.65 mL of 
24% trichloroacetic acid. The supernatant obtained after centrifugation 
at 1600 g for 10 min was read at 280 nm. One unit of acid protease 
activity produces an increase in A280 of 0.01 per hat 37°c. 

General proteolytic activity. Details of the general protease assay using 
azocasein as substrate are given in Part 2 of this report. 

Proteolytic activity against crab flesh. Raw crab flesh from the main 
swimming muscle was thoroughly homogenised in a Waring blendor. To 10 g 
of flesh was added 3 mL of concentrated enzyme (ion exchange 
chromatography. peaks 1-7). and after mixing. each flask was incubated at 
5°C for 2 days. TCA-soluble material was obtained by filtration after 
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11.25 g of the mixture was homogenised with 30 mL of 16.5% trichloroacetic 
acid. Analysis with Folin-Ciocalteu's reagent was performed on 200 µL of 
the filtrate. One unit of activity releases one µg of tyrosine 
equivalents per g of flesh in 48 h at 5°c. Buffer (0.1 M Tris-HCl. pH 
7.5) was included as a control. 

In another experiment. the effects of commercial trypsin and collagenase 
preparations. and hepatopancreas homogenate. on the release of peptide 
material from homogenised crab flesh were studied. To 20 g of flesh. 1 g 
of one of the following solutions was added : trypsin (0.3 mg/mL); 
collagenase (0.05 mg/mL); hepatopancreas extract; or water in the presence 
and absence of O. 8% sodium azide. Each mixture was stored at 5°c. and 
samples removed for P .I. determinations on days o. 1. 4 and 7. Total 
viable counts (TVC) were determined on control samples on days 1 and 7. 

Proteolytic activity of crab muscle and hepatopancreas. Crab muscle was 
excised and all contaminating tissues. including discoloured muscle. was 
thoroughly removed from the sample. The tissue was homogenised in a 
blendor with three parts of water• and then centrifuged for 30 min at 
48000 g. A 1-mL sample of supernatant was used in the azocasein enzyme 
assay. CaC12 (5 mM). or EDTA (5 mM) was added in some assays to test 
their effects on activity. 

For the measurement of activity in hepatopancreas. a 50-fold dilution of 
extract in water was prepared. and 200 µL of this used in the standard 
protease assay. 

Iou exchange chromatography 

The enzyme extract was dialysed against column starting buffer. 0.02 M 
Tris-HCl. pH 7.0. and then centrifuged at 48000 g for 30 min to remove any 
precipitate. The dialysed extract. 10 mL in volume. was loaded onto a 
column (dimensions 30 cm x 1.6 cm) of DEAE-Sepharose CL-6B equilibrated 
with starting buffer. Protein was eluted with a 0-0.8 M NaCl gradient in 
0.02 M Tris-HCl buffer. pH 7 .o. using a flow rate of 30 mL per hour. 
Total gradient volume was 600 mL. and fraction size 5 mL. Following 
completion of the gradient. a residual peak of activity was eluted with 
0.8 M or 1.0 M NaCl in starting buffer. All chromatographic procedures 
were performed at 5°C. Salt concentrations of column fractions were 
determined with the aid of a TPS conductivity meter. and activity 
measurements with the standard azocasein assay. 

For one purification. the digestive juices which collected overnight from 
storage of crabs at 5°c were used. The juices were pooled and centrifuged 
(48000 g. 30 min). and 5.5 mL of supernatant loaded on the DEAE-Sepharose 
column. All other chromatographic procedures were unchanged. 

Pooling of enzyme fractious 

Following the measurement of enzyme activity. fractions from ion exchange 
chromatography were pooled according to the activity profile. The 
resultant seven peaks. numbered 1 to 7 in order of elution from the 
column. were concentrated to 10 mL using an Amicon ultrafiltration unit 
and PM-10 ultrafiltration membrane. The concentrated peaks were dialysed 
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against 0.1 M Tris-HCl buffer. pH 7.5. and stored s.t s0 c for use in 
subseqnent biochemical investigations. 

The enzymic activity of cn,de hepatopancreatic extract in the pH rru1ge 2 
to 10 was tested using 0.3% casein substrate in an hour-long incubation at 
37°C. The following buffers~ all 0.1 Min concentration were used: pH 2~ 
citric acid-HCl; pH 2.eS-6.0~ citrate; pH 6.5 and 7 .o. phosphate; pH 7 .5·-·9* 
Tris-H.Cl; pH 10.0 9 carbonate. Substrate was prepared by slowly dissolving 
casein in hot O. 02 N HCl and diluting to give a final concentration of 
1.0%. The assay method was as follows : to 1 mL of substrate was added 
0.2 to 0.8 mL of enzyme~ followed by buffer to give 3.0 mL final volume. 
After 1 h the reaction was stopped by the addition of 3 mL of 10% TCA, and 
the mixture filtered through Whatman 1s No. 1 filter paper. The absorbance 
of the filtrate at 280 nm was then determined. One assay unit is defined 
as an increase in absorbance of 1.0 per h under the assay conditions. 

Temperature stability studies 

Temperature stability was determined by preincubating enzyme extract or 
column peaks at temperatures of so0 • 60°. 65° and 70°C for time periods of 
up to 1 h prior to activity measurements using the azocasein assay. For 
accuracy 9 tubes were pre-heated before addition of enzyme in the 
preincubation step. and immediately placed on ice upon removal from the 
water bath. A 50-fold dilution of enzyme extract was used in these 
experiments. with 200 µL needed for the assay. Aliquots of 100 µL were 
adequate for studies on the column-purified enzyme peaks. 

In experiments to determine the enzymic activity of hepatopancreas 
proteases at cold room temperatures, the standard azocasein assay 
conditions were varied so that the incubation was carried out at 2° and 
6°c. as well as at 20° and 37°c. 

Cbrom.a.tofocusing of ion ex:change chromatography peak 6 

The isoelectric point of the trypsin-like enzyme of peak 6 from DEAE
Sepharose chromatography was determined on a chromatofocusing column 
employing PBE 94 exchange resin. piperazine-HCl. 25 mM. pH 5 .50 as 
starting buffer. and a ten-fold dilution of Polybuffer 7 4. pH 3 .50, as 
eluting buffer. The enzyme solution was dialysed against starting buffer 
and a 5 mL sample loaded onto the ion exchange column (dimensions 17 cm x 
1.6 cm) which was equilibrated with starting buffer. Eluting buffer. 
total volume 330 mL~ was then used to establish the pH gradient and 10-min 
fractions. approximately 5 mL each in volume. were collected. At the 
completion of the gradient, 1 M NaCl was used to elute protein still bound 
to the column. Measurements of pH~ absorbance at 280 nm and trypsin 
activity were then made on column fractions. 
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'rhe pH-activity p:n,fillft of a crude extract: of hepatopancreas is shown :tn 
Figure 14. Maximal activity occtn:-s a:r:ound neutral pH; however significant 
activity is still present in the alkaline range~ and a small but 
discern.able peak of acid protease activity also occurs at pH 3 .5~ Based 
on these findings M routine assaying employed a buffer system at pH 7 .5 and 
for measurement of enzymes active in the acid range a buffer at pH 3~4 was 
used. 

The pH of flesh in the sand crab is normally around pH 7 .5 to 8.0 and 
rises during storage. The neutral and alkaline proteases would therefore 
be expected to play a major role in any degradative processes in the 
flesh. In mammalian systems the pancreatic enzymes trypsin and 
chymotrypsin are most active in this pH range. Acid proteases such as 
cathepsins~ while having an important function in the acid environment of 
the stomach and other digestive organs~ would not appear to be significant 
in flesh digestion. The pH of hepatopancreatic extract was found to be 
6.2. 

Ion exchange chromatography 

Separation of the proteolytic enzymes present in crude extracts of 
hepatopancreas was effected by chromatography on the anion exchange resin. 
DEAE-Sepharose CL-6B. Earlier attero.pts using gel filtration on Sephadex 
G-150,, ACA 44 and ACA 54 in 0.1 M Tris-HCl buffer at pH 7.5 proved 
unsuccessful. with most of the activity eluting in one large peak. With 
the ion exchange resin however,, good separation of activity peaks was 
obtained. A typical elution profile is shown in Figure 15. Seven major 
peaks of activity were eluted at salt concentrations varying from 0.15 M 
(peak 1) to 0.8 M (peak 7). The elution volumes of the pooled peaks and 
their absorbances at 280 nm are shown in Table 9. 

Pooled peaks from DEAE-Sepha.rose chromatography 

Activity peak Elution volume (mL) Azao 

1 130-160 0.70 
2 161-205 1.29 
3 215-295 1.89 
4 340-380 0.75 
5 390-450 0.08 
6 465-540 0.06 
7 575-670 0.03 
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It is noteworthy tl1.at peaks 6 and 7 required high salt ,:onceut:cations to 
effect their elution., indicating that the etu:ymes have a highly acidic 
character. 'Irhe activity :it1 pe81c: 6 was obviously aasociat:ed with a protein 
peak. as indicsted by the 280 nm absorbance profile. I11 contrast. peak 7 
has a very low abso:d:;a:r1ce associated with its very high protease activity,. 
Severad indications are present however. which show that a prote:i.n is 
invol.-.1ed in this fraction; ultrafiltration. resulted in. an in.crease in A280 
from O .03 to O * 20 ~ and an ultraviolet absorption spectrum of the 
concentrate revealed the typical profile. with a mrodmum ahscrbance at 280 
nm. 

The pooled activity peaks were concentrated by ultrafiltration for further 
use in enzyme characterisation studies. Some losses were incurred during 
this step. but the majority of the enzyme activity was retained in the 
concentrate. Because of the possibility of autolysis during storage the 
subsequent studies on a particular enzyme preparation were performed as 
quickly as possible. 

In later preparations the chromatography step was performed with a longer 
bed of resin (3 8 cm cf. 30 cm) and smaller fraction size (3 mL instead of 
5 mL). These changes resulted in a slightly different activity profile 
(Figure 16). Peak 2 was now partially separated into two parts (2A and 
2B). and peak 5 surprisingly eluted closer to peak 6. The protein profile 
was also altered; a number of peaks eluting early in the profile were 
absent. as was a large peak which preceded activity peak 4. However the 
number and relative activities of the enzyme peaks remain unchanged. 
suggesting that these proteins are not associated with any major 
proteolytic fractions. The differences may reflect changes in 
hepatopancreas preparations. eg. the inclusion in earlier extracts of some 
other digestive organs§ or seasonal changes in protein composition. The 
preparation used to give the results of Figure 16 was from crabs caught in 
July~ the "off" season» when it could be expected that lower activity 
would result in a reduction or loss of some proteins related to metabolic 
function. 

Ion exchange chromatography of digestive juices revealed no major 
differences in the protein elution profile. or the activity profile. 
compared with hepatopancreas extract. The levels of enzyme activity were 
also similar. 

Temperature stability studies 

Enzyme extract. The stability of extract proteases to incubation 
temperatures of 50°~ 60° and 70°C is shown in Figure 17. Treatment for 1 
h at so0 c resulted in only a 5% reduction in activity 3 and at 60°c only 
40% activity was lost over the same time period. Incubation at 70°C 
resulted in much more rapid loss of activity. However. almost 40% of the 
original activity was still present after 5 minutes. and 15% after 20 
minutes. The retention of this amount of activity is critical when it is 
remembered that in normal cooking practice the internal temperature of the 
crab only reaches 70°C towards the end of the cooking process (see Part 2 
of this report). 

The activity of extract proteases at different temperatures is shown in 
Table 10. 
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Acti:rit,· of hepato·pa11creaa extract at: ·various teaperatn:t·es 

Temperature 

37 
20 

6 
2 

% Ac.,tivity 

100 
47 .1 
27.6 
15.4 

The results indicate that appreciable activity is present at 6° and. 2°c$ 
temperatures approximating cold room or ice conditions~ 

Pooled activity Eeaks. The existence of one or more heat-·stable proteases 
was investigated by studying the heat stability of concentrated peaks from 
DEAE-·Sepharose chromatography. Samples of peaks 1 to 7 (Figure 16) were 
incubated for 15 and 30 min at 60°. 65° and 7o0 c. The results are shown 
in Table 11. 

TAm..E 11 

Heat: stability of DEAE-Sepharose chroms:tography peaks 

% Original activity 
Peak 6o0 c. 15 min 60°c, 30 min 65°c. 15 min 65°Cs 30 min 70°c. 15 min 

1 17.0 15.3 7.0 6.1 4.7 
2A 22.9 19.1 9.5 7.4 2.1 
2B 42.6 31.4 18.1 13.3 4.7 
3 43 .6 37.0 22.6 19.3 9.1 
4 29.2 24.9 13.7 12.2 2.8 
5 41.9 32.4 8.1 5.6 4.1 
6 80.9 77.9 17 .7 8.5 6.0 
7 59.7 40.3 8.8 4.4 7.8 

For all peaks. greater than 90% of the activity was lost during the 70°, 
15 min heat treatment. This contrasts with the results of extract 
incubations (see Figure 17). The increased stability shown by crude 
extract proteases probably arises from the protection against denaturation 
afforded by the presence of high concentration of protein. The results 
for treatments at 6o0 c show that several enzymes retain significant 
activity. even after 30 minutes. Of particular interest is peak 6. which 
still had 78% of its original activity after 30 minutes. However at 65°C~ 
only 18% activity remained after 15 minutes. The inactivation temperature 
for this enzyme would appear to lie between 60° and 65°C. The importance 
of this enzyme will be discussed in a later section in relation to its 
activity towards crab flesh. 
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e characterisation 

The identification of specific e11zymes was carried out usin.g artifid.al 
substrates characteristic of the ve.:d.ous protease enzymes describ,ed in the 
literature. Each activity peak from DRAE-Sepharose chromatography was 
tested for all of the enzyme activities described in the Materials and 
Methods section, The en.zymes found to be present are listed in Table 12. 

Proteolytic enzyme activities of activity peaks from DEAK-Sepbarose 
chroaatography 

Activity peak 

1 

2 

3 

4 

5 

6 

7 

Total activity 
vs azocasein (units) 

4120 

10760 

17200 

7620 

5600 

6520 

6240 

Specific enzymes 
Enzyme A c t i v i t y 

(units/mL) 

acid protease 
amino acid arylarnidase 

acid protease 
elastase 
collagenase 

acid protease 
chymot:rypsin 
carboxypeptidase A 
carboxypeptidase N 
leucine aminopeptidase 

trypsin 

55 
144 

90 
310 
158 

68 
110 
166 

1140 
14 

184 

(no specific enzyme activities 
detected) 

trypsin 

trypsin 

2780 

397 

The number of enzymes detected is indicative of the role the 
hepatopancreas plays in the digestion proce'ss. and although the list is 
not exhaustive. representative enzymes from the major groupings of 
proteases. i.e. exopeptidases. endopeptidases. acid proteases and 
connective tissue proteases were identified in the peaks. Peak 3. the 
fraction which had the greatest activity towards the protein substrate 
azocasein. also contained the largest number of specific enzymes. Acid 
proteases were identified in peaks 1. 2 and 3., and while time did not 
permit further characterisation. it would be expected that the major 
classes of cathepsins are present in hepatopancreas preparations. As 
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11 " 1 prooao .... y are :not invo l,red in the 

Enzymes with trypt:ic activity were detectec. in peaks 4. 6 ar:id 7. The good 
separation of these activity peaks on the column (see E'igure 15 ax,d Table 
9) suggests that cross-contamination of enzymes is not responsible for the 
presence of thre,~ separate ac·tivitiea ~ More likely is that autolysis 
products which are still active towards the substrate TA1"lE ~ and possess 
different ionic charges at pH 7.0$ are eluted at different times from the 
column. Reports of the existence of autolysed derivatives of trypsin 
appear in t:he literature (Maroux and Desnuelle~ 1969; Schroeder and Shaw. 
1968). A third explanation concerns the relative activities of these 
three peaks towards azocasein and. TA.t"'fE (Table 12). wnile peak 6 has very 
high activity towards TAME s the other peaks have less than 15% of that 
level towards the artificial substrate. In contrast 5 all peaks have 
similar activities towards azocasein9 a general protease substrate (7620. 
6520 and 6240 units for peaks 4. 6 and 7. respectively)~ The tryptic 
activity may therefore be secondary to the major functional activity. as 
yet unidentified,. in these peaks. Peak 6 ~ however. may contain only a 
homogeneous solution of trypsin~ for its very high activity against TAME 
is coupled with a low A280 (Table 9). The resulting high specific 
activity is indicative of. and a prerequisite for. a pure enzyme 
preparation. 

Proteolytic activity against crab flesh 

The activity of each column peak towards raw homogenised crab flesh is 
shown in Table 13. 

Activity of DEAE-Sepharose column peaks towards raw crab flesh 

Activity peak 

1 
2 
3 
4 
5 
6 
7 

Total activity vs azocasein 
(units) 

4120 
10760 
17200 

7620 
5600 
6520 
6240 

Total activity vs 
crab flesh (units) 

510 
4230 
4110 

900 
690 

2530 
1200 

wnile all enzyme peaks exhibited some activity. the enzymes of peaks 2, 3 
and 6 showed very high levels. The results reveal that while the standard 
azocasein assay gives an indication of activity towards protein 
substrates. it does not accurately reflect the activity that each enzyme 
has in degrading crab flesh. As an example. peaks 5 and 6 have similar 
activities using azocasein (5600 and 6250 units. respectively). yet 
markedly different activities towards crab flesh (690 and 2530 units. 
respectively). 
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Peak 2 contains acid protease. coJ.lagenase and elastase activities. None 
of these activities would produce extensive proteolysis in post-mortem 
flesh (see General Discussion), and it therej:ore appears probable that a 
non· .. specific protease. capable of hydr.olysing azt)casein and crab flesh~ is 
present :in this fracti,m. 

Peak. 3. as well as exhibiting acid protease activity~ has a number ,;,f exo .. -
and endopeptidase activities~ and their combined action 011 a protein 
substrate would produce extensive hydrolysis. Such a result is seen in 
the activity of this peak towards azocasein and crab flesh (Table 13). 

Peak 6$ which has high trypsin activity. is of particular interest as it 
is also relatively stable to high temperatures. This thermal stability. 
coupled with its ability to degrade the crab flesh makes it a prime 
candidate for causing the mushiness. The enzymes of peaks 2 and 3 cannot 
be ignored either. for although they are more labile (Table 11) ~ their 
flesh-degrading ability with even minimal residual activity may be 
significant. 

The effects on P.I. of hepatopancreas. trypsin and collagenase action on 
raw crab flesh are shown in Figure 18. The controls containing water 
showed only a slight rise in P .I. over the 7-d storage time. In the 
absence of sodium azide. the TVC rose from 7 x 104 per g of flesh to >3 x 
108 %erg over 7 days. whi~e in its presen~e th: count in~reased to only 5 
x 10 per g. The P .I .-time curves were identical for tne two controls» 
indicating that contamination with psychrotrophic bacteria did not affect 
the level of degradation in the flesh. Collagenase also did not alter 
significantly the P .I. values compared with controls. This does not 
exclude the possibility that collagenase is at least partly responsible 
for mushiness in vivo however. since the degradation products of its 
action could be further attacked by other proteases in the hepatopancreas. 

The presence of trypsin or hepatopancreas homogenate had a dramatic effect 
on the chemical quality of the flesh. Three enzymes with trypsin-like 
activity have been found in the hepatopancreas (see earlier results). and 
peak 6 enzyme in particular had high activity towards crab flesh (Table 
13) • These results implicate the trypsins as being at least partly 
responsible for the degradative ability of hepatopancreas. 

Proteolytic activity of crab muscle and hepatopancreas 

The protease activities of muscle and hepatopancreas are shown in Table 
14. 

Sample 

muscle 

hepatopancreas 

TABLE 14 

Proteolytic activity of crab tissues 

Additions (mM) 

none 
CaC1 2 (5 mM) 
EDTA (5 mM) 

none 

Activity 

16.8 units/g 
20.8 
8.0 

31750 units/mL 
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The results en crab mus(:le show that there axe some endogenous proteases 
p1:esent ~ although at ve1:y low levels of activity at pH 7 *5. '.l:'he 
activation with calcium ions and inhibition with EDTA suggests that 
calcium-dependent protease (s) are at least: partly :Lnvob,ved. In contrast 
to n:ruscle $ h-epat.opca..ncreas has highly active p:coteases. and hence 
contamir1ation or infiltration of muscle with even minute amounts of 
hepatopancreas will greatly enhance the possibility of flesh degradation 
if correct handling procedures are r.1.ot :followed. 

Chromatofocusing of peak 6 from ion exchange chromatography was attempted 
using a pH gradient from 5.0 to 3.4. The results, shown in Figure 19~ 
reveal that all proteins including the trypsin-like enzyme were still 
bound to the column at pH 3. 4, and eluted only after washing with 1 M 
NaCl. A pH gradient with a lower end point (Pharmalyte pH 5.0-2.5) was 
also tried; however despite the elution of proteins at around pH 3.0 and 
in the 1 M NaCl wash,, all tryptic activity was lost. Further studies 
showed that trypsin was inactivated at pH values below 3. 5. Although 
inconclusive~ the results indicate that the trypsin of peak 6 has a highly 
acidic character., with an isoelectric point below 3 .4. This finding is 
supported by its tight binding to DEAE-Sepharose. where O. 65 M Na.Cl is 
necessary for its elution {Figures 15 and 16). 

Trypsin-like enzymes with extremely low isoelectric points have been 
purified from American lobster. Bomarua americanus (Brockerhoff et aL. 
1970). and Antarctic krill. Euphausia auperba (Kimoto et al •• 1983). The 
discovery of a third enzyme with these properties suggests that they may 
belong to a group of trypsins peculiar to crustacea. Unlike these 
enzymes. most trypsins of mammalian origin have isoelectric points around 
7. 
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PART 4 

GEREBAL DISCUSSIOR 

Technologica1 aspects 

Biochemical aspects 
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The quality of seafood is dependent on the procedures used during handling 
of the catch. and the storage conditions under which the catch is held 
until the product is sold to the consumer. During the first stage of this 
project• the documentation of the incidence of mushiness. it was found 
that the handling and storage techniques used by industry personnel were 
numerous and varied. No standard guidelines were consistently adhered to. 
with the result that many of the practices were the result of 'father to 
son' passing-on of information. Many of the suggested causes of mushiness 
put forward by fishermen were based on trial and error experimentation. 
but almost as many were anecdotal. In the technological part of the 
project. studies were undertaken to determine which of the numerous 
handling and storage techniques had a deliterious effect on the quality of 
the flesh. Physiological characteristics were also examined. 

Perhaps the most popular reason given for the cause of mushiness was 
overcooking. The findings reveal that in fact the opposite is true. 
Overcooking will~ result in textural defects. but rather enhance the 
sensory characteristics. so that crabs cooked for 15 minutes were more 
acceptable than those cooked for 5 or 10 minutes. Undercooking on the 
other hand may lead to problems if the product is subsequently stored for 
too long. These findings form the basis for recommendations on cooking 
times (see Part 5). The improvement in textural and chemical quality of 
the flesh with increased cooking time is paralleled by a decrease in 
proteolytic activity in the hepatopancreas; the inference from this is 
that enzymes from the digestive organ are involved in mushiness. 

The practice of spiking is commonly used by commercial crabbers to prevent 
claw loss during cooking and thus present a more appealing product. In 
experienced hands the technique may result only in damage to the nervous 
system. but when used by novices other internal organs may be ruptured. 
In nearly all instances during trials on spiking the yellow fluid 
characteristic of hepatopancreatic juices (see cover photograph) was 
observed to leak from the mouthparts. It could reasonably be expected 
that these digestive fluids also penetrate the flesh. the degree of 
infiltration dependent on the severity of damage to the hepatopancreas and 
the method of storage. i.e. mouthparts facing downwards. or otherwise. 
The results of spiking trials clearly indicate that the practice effects 
greater deterioration in quality of ice-stored. uncooked crabs. Again. 
hepatopancreatic proteases are suggested as having an involvement. While 
spiking can be used to inactivate lively crabs or to prevent claw loss. 
the crabs must be cooked immediately afterwards. 

Backing of crabs has been suggested as a means of improving the keeping 
quality until the crabs can be cooked. The results show that the method 
can be used but total removal of hepatopancreas must be ensured or the 
problem will only be exacerbated. Precautions against desiccation of the 
meat should also be taken. 

Trawler fishermen have often been nominated. without valid reason. for 
producing the majority of mushy crabs. The findings of comparative 
studies involving pot-caught and trawl-caught crabs reveal that if the 
catch is cooked and stored on ice. no differences in quality will result. 
Uncooked crabs. if trawl-caught. do have poorer quality. This is possibly 
related to damage during. or stress of capture. and the hepatopancreas is 
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one possible source of the increased enzyme activity :i.:n the flesh. 
However the activation of endogenous muscle enzyme systems may also be 
responsible. Whatever the CE!::.ise of the probl.emw it can be overcome by 
con:ect cooking w 

Storage t:ria.ls revealed that cook.ad crabs may be stored o:u ice for up to 5 
days and still retain acceptable texture. Uncooked crabs lasted on.ly 3 
days,, while any uncooked crabs which were held in. brine could not be 
transferred to ice without greatly accelera.ting flesh degradation. Brine 
storage a.lone of uncooked crabs produced good quality flesh. The 
temperature of brine tanks on board trawlers may be even lower than that 
used in these trials (0 .2° to 1.8°c) ~ an.d give even better quality flesh. 
Bremner (1985) presents a formula which relates the deterioration rate in 
seafood to the square of the storage temperature. These results 
notwithstanding. the practice of storing uncooked crabs in brine should be 
discouraged because of the likelihood of some cold storage after removal 
from brine and before cooking@ No such problems could be envisaged for 
the storage of properly cooked crabs in brine. 

The studies on frozen storage of crabs have produced some clear-cut 
findings. As with many other trials, problems occur with uncooked crabs~ 
and the results suggest that it is the freezing and/or thawing process 
itself~ and not the length of storage time which is critical~ since even 
after one week at -28°C the flesh quality was unacceptable. It would be 
expected that storage for even one day would be enough to produce 
mushiness$ and it is therefore recommended that uncooked crabs should not 
be frozen. 

A popularly held belief is that crabs with soft shells will also have soft 
flesh. This has been shown to be incorrect for crabs which have been 
cooked prior to storage. while problems may arise with storage of uncooked 
post-moult crabse The conclusion from these results is that it is not the 
presence of lower amounts of flesh which bring on the mushiness* but the 
conditions under which those crabs are held. Bremner (1985) found no 
defects in the texture of moulting scampis Metanephrops andarrtanicus. 

A similar conclusion may be drawn from the studies on "hermaphroditic 
crabs" infected with Saccutina gra:nifera. As noted by Phillips and Cannon 
(1978). some yellow discolouration of the flesh was often found. but the 
textural and chemical quality of the flesh was not affected. Any 
mushiness found in parasitised crabs must arise from incorrect handling 
and/or storage procedures. and not as a result of the parasite's presence. 
A myxosporidian parasite similar to that which causes proteolysis in 
kingfish (Lester. 1982a) has also been found in the sand crab population 
of Moreton Bay (Potter et at.. 1987). While it is present at only low 
levels (1%) within the crab population,. its occurrence could explain the 
infrequent appearance of individual highly mushy crabs in treatments where 
the rest of the batch was of good quality. Another parasite identified as 
PoZyprocephalus sp. was found in two crabs intended for histological 
examination. 

In all trials where mushiness was found to occur,. it was evident in 
uncooked batches only. Hence,. in studies on handling (spiking. pot 118 

trawl methods). storage (brine/ice and frozen storage) and physiological 
traits (post-moult) the rate of deterioration in quality was significantly 
greater in uncooked crabs than in cooked crabs. These findings are 



57 

supported by the cooking trial data (Figure 4); an increased time of 
cooking resulted in an improvement in the textural and chemical properties 
of the flesh. The biochemical processes which effect the undesirable 
change in quality are stopped with adequate cooking. Therefore whatever 
the mechanism by which these changes are initiated. correct cooking 
procedures can effectively stop its progression. The message is clear and 
simple: if crabs are cookecl as soon as possible after capture. and cookecl 
well. the pro'blea of -shin•ss trill 'ri.rtually disappear. 

Several findings point to the involvement of the hepatopancreas and its 
proteolytic enzymes in the processes of flesh degradation. The results of 
the cooking trial (Figure 4) suggest that enzyme inactivation accompanies 
improvement in texture. and while it may be guilt-by-association. 
hepatopancreatic enzyme activity is almost fully lost at the same time (10 
min) as there is a significant decrease in the P.I. of the muscle. 
Spiking was observed to rupture the hepatopancreas and release the orange
coloured juices characteristic of this organ. This procedure also led to 
decreases in quality greater than in undamaged crabs under identical 
conditions. with the severity of the execution affecting the rate of 
deterioration. It is likely that digestive juices can infiltrate the 
flesh more quickly once the organ's membranes have been ruptured. The 
brine data of Table 5 show the differences in protease activity and P.I. 
of the flesh after storage for 1 or 2 days. While 1-day storage yields 
low P.I. values and activities approximating normal levels in muscle (see 
Part 3). 2-day storage gives high P.I. values and protease concentrations 
up to 8 times the normal level. Either endogenous enzyme systems are 
greatly activated by some means. or there is an influx of protease into 
the flesh. The likely source of exogenous proteases is the 
hepatopancreas. It is also possible to explain the results of freezing 
trials in terms of damage to hepatopancreas membranes and subsequent 
proteolysis by the released enzymes. These interpretations. backed by 
literature reports of hepatopancreas involvement in tissue degradation in 
species including krill (Kawamura et at.. 1981). lobster (Wessels and 
0lley. 1973). prawn (Rowland et at •• 1982) and capelin (Hjelmeland and 
Raa. 1980) point strongly to this organ and its proteases as being 
responsible for mushiness in the flesh of the sand crab. 
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The prnteclyt:ic enzymes of the digestive system have been found to be 
responsible for t~tur,1al defects in the flesh of species such as p:nrv.>ns. 
kd.11.,. lobster$ mud crab~ cod and capelin. In a.11 of these studies the 
conditions of storage and/or handling led to enzym~ :n;!lea.se from the 
digestive organs and infiltration of the surrounding flesh~ resulting b. 
autolytic digestion. The results presented in this report strongly 
implicate the enzymes from the hepatopancreas as the ea.use of mushiness in 
the flesh of the sand crab. Portunua pelagiaus. The characterisation of 
proteases of the hepatopancreas has been undertaken to augment the 
technological studies. with an aim to understanding the biochemical 
processes invol~ed in the degradation. 

The post-mortem pH of crab meat is slightly alkaline and it could 
therefore be expected that proteases with optimum activity around pH 7 or 
above would be largely responsible for muscle protein hydrolysis. Most of 
the enzymes from the hepatopancreas fall into this category; the extract 
has an optimum activity around pH 7.5~ with a much smaller activity peak 
in the acid range (pH 3 to 4). While recognising that acid proteases 
endogenous to muscle have been reported (Ma.kinodan et ai •• 1982; Ting et 
al •• 1968; Konagaya. 1985b). their activity would be restricted to 
intracellular metabolism of living animals~ when a microenvironment of low 
pH could be maintained. Upon death these favourable conditions would 
rapidly disappear as a pH around neutrality was established throughout the 
tissue. 

A wide variety of protease types was found in the hepatopancreas : acid 
proteases~ serine endopeptidases (chymotrypsin and trypsin). 
aminopeptidases ( aminoa.cyl a.rylamidase and leucine aminopeptidase). 
carboxypeptidases (A and B) and connective tissue proteases (collagenase 
and elastase). This is to be expected of course. in view of the organ's 
role in metabolism. After death however. the tight regulation of these 
enzymes is lost~ and catabolic processes predominate. It has been shown 
that some of these enzymes are very active in the degradation of crab 
flesh. One enzyme activity in particular, peak. 6 from DEAE-Sepharose 
chromatography. which has high levels of trypsin activity. has attracted 
attention for several reasons; firstly. the peak. has significant activity 
towards crab flesh~ even at s0 c; secondlyD commercial trypsin preparations 
have been shown to produce extensive proteolysis in crab flesh; and 
thirdly. the enzyme(s) of peak 6 have significant thermal stability. 
These factors combined point to trypsin as being one of the causative 
agents in mushiness. This peak. most likely is a homogeneous solution of 
trypsin & a conclusion supported by the high specific activity of the 
fraction towards TAME. The enzyme is also distinguished by its very low 
isoelectric point (<3.4) .. an unusual property for an enzyme with trypsin 
activity. In fact.. it is unusual for any protein to be so acidic in 
character. 

The importance of proteases which specifically attack connective tissues 
viz. collagenase and elastase. should not be overlooked in this 
discussion. While the amount of connective tissue in crustacea may be 
very low (stroma protein comprises only 3 .1% of total meat protein in 
Poz,tunue pel,agicus [Badawi~ 1971]). it serves as a binding agent around 
the bundles of muscle fibres. When this coating is removed by enzymes 



such as cc,llagenase. the myofibril is '\rt1.l11erable to attack by other 
spec.:u:::i.c proteases. Hence$ while conriective tissue proteases cannot. 
because c,f their specificity~ produce ext~nsive proteolysis. they may be 
the initiators of tbe entire processa Nip 9t a1" (1985a} found a 
colLagenase to be responsible for te-.1:tural changes in 'fH'."aw:ns during ice
chilled storage. Our results showed that r;ollagenase a11d elastase were 
present in the hepatopancreas (peak Zs DEAE-Sepharose c:h:r.o:matography}. 
Their action would have enhanced the hydrolytic capability of the putative 
non.·-specific protease of this fraction. with the result that peak 2 ii:1 

very active i:o. the degradation of cra.b flesh. 

All peaks from ion. exchange chromatography were capable of breaking down 
crab flesh,, yet in some peaks specific enzymes responsible for the 
proteolysis were not identified. In peak 2 only acid protease. 
collagenase and elastase were identified~ and these enzymes would not be 
expected to effect the extensive proteolysis that this peak exhibits 
against azocasein and crab flesh. Similarly© no specific proteases were 
found in peak 5 which was active against both the abovementioned 
substrates» albeit weakly against crab flesh. The conclusion to be drawn 
from these findings is that one or more non-specific enzymes with neutral 
protease activity are present in these peaks. In fact most of the peaks 
may contain non-specific proteases$ whose role in vivo may be one of 
metabolic protein turnover. 

The enzymes studied in this report were obtained from a homogenate of 
hepatopancreas tissue~ and would therefore contain all the enzymes present 
in the organ. The studies on tissue proteolysis also used this same 
collection of enzymes» and it could be argued that the digestive fluids 
often seen leaking from the crab on storage may have a different 
composition of proteins and enzymes. However~ chromatographic analysis of 
the fluid passively leaked from the crab on storage revealed no 
differences in protein composition compared to homogenate. Moreover& all 
enzyme peaks were present$ and the relative levels of activity were also 
identical to homogenate activity peaks. The argument therefore holds that 
whatever the origin of the digestive fluid entering the flesh, its effect 
on the flesh will be the same. 

The studies on temperature effects and activity show that proteolytic 
enzymes are still active at cold storage temperatures. ie. o0 to s0c. If 
contamination of flesh with hepatopancreas has occurred. and enzyme 
activity has not been totally removed by cooking. then degradation will 
continue unabated under these conditions. Even at temperatures below o0 c, 
proteolysis may still proceed. Lovern and Olley ( 1962). in studies on 
lipid hydrolysis in fish flesh, showed that the enzymatic reactions 
continued be.low o0 c~ with a maximum around -4°C. These findings further 
emphasise the need to fully inactivate the proteolytic enzymes prior to 
cold storage at any temperature. 

Neutral proteases endogenous to muscle tissue of fish and crustacea have 
been reported in the literature. and it is possible that limited 
proteolysis could result from their action; the decrease in textural 
quality of raw separated crab meat over time could be caused by such 
enzymes. However. their level of activity is very low compared to 
hepatopancreas enzymes (approx. 0.05%). Makinodan et at. (1979) commented 
that the lack of investigation into the neutral proteinases of muscular 
tissue is possibly due to difficulties in the detection of enzyme 
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activity. It is clear that only slight contamination with. or diffusion 
of hepatopancreas enzymes into the crab flesh would greatly increase the 
proteolytic activity in the flesh. The studies reported here strongly 
suggest that it is the enzymes of the hepatopancreas that are responsible 
for the onset of mushiness. as the dramatic textural changes observed in 
the numerous trials could not have been effected by the very low levels of 
endogenous muscle proteases. 

In summary. it has been shown that several of the fractions separated by 
ion exchange chromatography are important in the degradation of crab 
muscle. These include peak 2. which contains collagenase and elastase. 
peak 6 which contains trypsin. and peak 3. with a mixture of protease 
types. The significance of peak 6 increases in undercooked crabs. This 
can be seen in Table 15. where the activities of peaks towards crab flesh 
following heat treatment of peaks (30 min at 60°C) have been calculated. 
using data from Tables 11 and 13. 

TABLE 15 

Peak activities against crab flesh following heat treatllellt (60°C/30 ain) 

Peak 

1 
2 
3 
4 
5 
6 
7 

Activity va crab flesh 
(units) 

78 
1057 
1520 

224 
223 

1970 
483 

% of total remaining 
activity 

1.4 
18.8 
27.0 
4.0 
4.0 

35.0 
8.6 

Following this heating regime. peak 6 accounts for 35% of the total 
activity remaining. compared with 18% in fully active., ie. unheated 
preparations of enzyme. 

It is interesting to speculate that trypsin activity may be used as an 
indicator of the mushiness potential of crab flesh. There are several 
good reasons for this : the enzyme is highly active against crab flesh. 
its activity is easily measured. and as already stressed., the enzyme is 
relatively heat-stable. This means that in cases of undercooking. where 
mushiness potential is high. or indeed in any instance where 
hepatopancreas enzymes are present in the flesh. trypsin activity levels 
could be measured. and offer an indicator as to the likelihood of 
mushiness. 
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PAltT 5 

RECOMM]fflDATIONS 
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'rhe recommendations on correct storage· and handling of sand crabs 
co:nta.i:ned in this section are based on the 1:esearch findings presented in 
Pa.rt 2 of this report. T'ne aim of these recommendations is to provide the 
fisherman~ wholesali,;r~ retailer and (!onsumer with informaticrn en 
p't·ocedures which will ensure a product of good quality. 

L tJnless crabs are required in an uncooked st:a.te for a specific 
purpose~ they should be cooked as soon as passible riftet." capture. 

2* Correct cooking procedure is essential if mushiness is to be 
prevented. 

The recommended cooking times are as follows: 

small crabs 
large crabs 

10 to 12 minutes 
12 to 14 minutes 

(Cooking time starts when the water returns to the boil) 

If crabs are cooked immediately on removal from cold storage (around s0 c). 
the cooking time should be increased by 3 to 5 mi..~utes. 

Undercooking of crabs may result in mushiness~ for while the crab 
outwardly appears cooked. the digestive system responsible for the onset 
of mushy flesh may not be fully inactivated e Overcooking of crabs (20 
minutes or longer) will not cause mushiness$ but some sweetness of the 
flesh may be lost. 

L Immediately after capture. crabs should be put on ice or kept 
moist in a cool. shaded area eg. covered with a wet bag. 

2. Crabs which have been spiked should be cooked immediately 
afterwards. Degradative processes can cause extensive damage within hours 
of spiking if the crabs are left uncooked. 

3. Crabs which have had their carapaces removed (nbacked") can be 
kept uncooked provided care is taken to remove all traces of internal 
organs. Failure to do so will accelerate the degradative processes. 
Precautions against desiccation of the flesh should also be taken. 

If the carapace is damageds backing of the crab is recommended if cooking 
cannot be done immediately. 

Crabs should not be stored in an uncooked state. Mushiness only occurs in 
uncooked and undercooked crabs. 
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1. Cooked crabs may be stored on ice for up to 5 days and still 
retain acceptable texture. 

2. Cooked crabs may be stored in refrigerated brine for several days. 
Uncooked crabs should not be stored in brine. 

3. Cooked crabs may be stored frozen. preferably at -20°c or lower. 
for at least 4 months. Although still of acceptable quality after this 
time. the flesh has a stringy texture. To prevent dehydration. the crabs 
should be glazed in fresh water and stored in air-tight containers. 
Uncooked crabs should not be frozen. 
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PART 

DISSEHI'NATION OF FINDINGS 
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Dissemination of the findings from this project has been approached with 
the aim of reaching as wide a.n audience as possible. A leaflet providing 
recorn:mendat ions on correct handling procedures has been prepared for 
distribution. QDPI fisheries libraries are assisting in this distribution 
throughout Queenslan.do The Queensland Comm.ercial Fishermen 1 s Organisation 
a co-operating in the distribution of leaflets to all professional 
crabbers in Queensland. The leaflet is shown in Appendix 2, 

Preliminary findings were published in the January 1987 edition of The 
Queensland Fisherman, and it is anticipated that a full article will 
appear in an upcoming edition of the same journal. Arrangements have been 
made for an article to appear in the Menu newsletter produced by the 
Restaurant and Caterers Association of Queensland. 

A radio-talk discussing the major findings has been produced through the 
QDPI Information Branch and copies of the presentation have been sent to 
metropolitan and country radio stations. A transcript of this radio-talk 
is attached in Appendix 2. An earlier radio-talk publicising the research 
and releasing some early findings was prepared in mid-1986. A number of 
metropolitan radio stations have also broadcast short interviews on the 
subject eg. the ABC's 1 Statewide 1 programme and FM 104. 

Publicising the results to the scientific community commenced in May 1987 
when major findings were presented at two conferences. The technological 
aspects were displayed in poster format at the annual conference of the 
Au s t r a 1 i an M a r in e S c i en c e As s o c i at ion in Towns v i 11 e , while the 
enzymological data were presented to the Australian Biochemical Society 
conference in Perth. These posters, in reduced form, are shown in 
Appendix 3. It is anticipated that two full papers on the technological 
and biochemical aspects will be submitted to appropriate scientific 
journals in the near future. A full article for publication in Austratian 
Fisheries is also in preparation. 
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QUESTIONNAJRE_-_MUSHINESS _IN_SAND_CRAB~ 

Department of Primary Industries Food Research Officers are investigatirg 
the prob1.em of mushiness in sand crabs. They are seeking any information 
which might help in finding a solution to the problem. If you have any 
information could you please complete t:11.ts questionnaire and ret1..rrn it to: 

Mr. Steve Slattery, 
Queensland Food Research Lal:ioratories, 
19 Hercules Street, 

Name/Business: 

Address: 

Phone Number: 

L O::cupation: 

Hamilton, Q. 4007 
Phone 268 2421 

FISP£RMAN 

MARKETING 

RETAILER 

RESTl\U:RATEUR 

CONSUMER 

2. Have you encountered mushiness in sand crabs? 

YES 

NO 

If yes, which of the following would you consider is/are the possible 
cause(s) of the mushiness? 

PARTICULAR AREA 

PARTICULAR BATCHES 

SEASONAL 

CATCHING METHOD 

HANDLING METHOD 

COOKING METHOD 

MOULT STAGE 

OTHER (Please explain) 

Comments 

4. Can you give any other information which you think is relevant? 

Your co-operation is much appreciated. 



~ QUEENSLAND DEPARTMENT OF PRIMARY INDUSTRIES ITEMS For pictorial and further information, contact: 
Information and Extension Training Branch, 
DPI, 41 GeorgeSt,Brisbane,Old 4000. 
Phone(07) 2244265 
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~-1USHY SANDCAA.BS l?OSE PROBLEM _"' _______________ _ 
scientists at t,he Queensland Depar·tment of Primary Ind;;i.str:i.es a:;;;;e asking people 

to help t:,.'lam. collect: i.nfc:ir::aation or1 the increasingly conwmi problem of 

Dr Hiltct\ Deeth, supervising chemist at the DPI t s :&"ood Research Laboratory, said 

that a "mushy" sandcrab was on.et.hat had soft and crumbly fle:sh, but appeared 

norma.l from the o,:i.tside. 

"Restaw:a/tetirs and other retailers are disappointing some of their customers by 

s.upplying them with mushy crabs," Dr Deeth said, "but, unfor•cunately, they ha·.re 

no _way of identifying tl1e undesirable crabs be.fore sale. 

"Consu.,'ners are now demanding assurance mat tile sandcrabs they buy will be firm. 

"If that assurance could be given., demand for sandcrabs would increase." 

Dr Deeth said that DPI research officers had begun to investigate possible 

causes of mushiness in sand crabs, and, as a first step, they needed more 

detailed ;j.nfonnation on the problem's frequency of occurence. 

"Some restaurant owners claim tllat, at times, an entire lot of purchased crabs 

can be mushy, while sandcrab fishermen and consumers have reported both good 

quality and mushy crabs in the same batch," he said. 

"We need to define the extent of the problem, so we are asking anyone with 

relevant knowledge to contact staff at th~ DPI Food Research Laboratory in 

Hamilton." 

Dr Deeth said that, at present, there were only theories to explain the cause of 

the mushiness. Possible causes included post-capture handling, incorrect cooking 

or cooling, and possibly even the crab's moulting habits. 

He said that the research project would be partly funded by a grant from the 

Fishing Industry Research Trust Account. 

Y1EDIA CONTACT: Dr Rilton Deeth (07) 268 2421 

Queensland Depar~~e~t of ?rimary =~dust~ies 1 July 1985 



(J)PI leaflet: 9 Proced.ures for handling sand crabs~ 

Radio-talk transcript 



OuEENslANd 
DEpARTMENT of 
PRIMARY 
INdUSTRIES 
LEAFLET 

replaces QL86008 

PROCEDURES FOR HANDLING SAND CRABS 
Officers of Food Research & Technology Branch 

These notes are based on the f i ndings of resear ch work carried out at the 
Queensland Food Research Laboratories, Hamilton, Brisbane. The two year 
project "Investiga tion of Mushiness in Sand Crabs " was fund ed by the 
Fishing Industry Resear ch Trust Account. The r ecommendations are aimed a t 
providing the co nsumer with a top quality product. 

Handling 

• store on ice immediatel y after capture 

• do not store uncooked crabs in brine 

• cooked crabs may be stored i n refrigerated br ine for several days 
with no apparent defects in meat quality 

• physical damage e.g . spiking the brain, or crushing, may lead to 
mushiness in the flesh if the crab is not cooked within several hours 

• do not freeze uncooked crabs 

• cooked crabs can be stored frozen , preferably at -20°c or lower, in 
an air-tight container; glazing will help prevent dehydration under 
these conditions 

Cooking 

• cook the crabs as soon as possible after capture 

• recommended cooking times: 

small crabs - 10 to 12 minutes (after the water returns to the boil) 
large crabs - 12 to 14 minutes 

If the crabs have just been removed from cold storage, increase the 
cooking time by 50% 

• Undercooking may lead to mushiness 

• Overcooking will not cause mushy f'lesh 

The flesh becomes slightly tougher with prolonged cooking (20 minutes 
or longer) 

For further information contact : Dr David Dionysius 
Queensland Food Research Laboratories 
19 Hercules Street 
Hamilton Q 4007 (07) 2682421 

Queensland Department of Primary Industries 
Brisbane 



Introduction to interview -~-.... ---
For many years people who eat seafood h.ave been baffled a11d annoyed ,,ver 
the mushiness in the flesh of some cooked sand erabs. The blame was 
usua.lly levelled at dad the fisherman9 for ove:r.c0oking the c:rab. or the 
fish shop* But a research program conducted by the Queensland Department 
of Primary Industries has let these people off the hook. DPI chemist. Dr 
David Dionysius has 1:eleased the results of two years research into 
mushiness in sand crabs. 

Interviewer: 
crabs and that 
transpired since 

David. we've spoken pre·viously about mushiness in sand 
the D .P ~I. is investigating the problem. tmat has 

we last spoke? 

Dr Dionysius: Firstly Johns i.f I could describe what mushiness is. 
It's a condition where the flesh becomes soft# and loses its integrity$ 
and in the worst cases. feels just like tooth paste. It occurs only in 
the body meat, and not in the claws* 

We've done a lot of research on a number of handling and storage 
techniques commonly used by crabbers. eg& storage of cooked and uncooked 
crabs in refrigerated brine. frozen storage, storage of uncooked crabs on 
ice. and also various cooking conditions. 

Interviewer: With what results? 

Dr Dionysius: In all of these cases there was some detrimental effect 
on flesh quality. 

Interviewer: W'e 've spoken before about overcooking and mushiness. 
What are your findings on overcooking firstly? 

Dr Dionysi~s: We've shown that overcooking will not cause mushiness in 
the flesh. Even if you cook the crab for 20 minutes it won 1 t go mushy. 
In fact the flesh is perhaps a little tougher than usual. But it does 
possibly lose a little of its flavour if cooked for this long. 

Interviewer: 
problem? 

Is there a simple remedy which can stop the mushiness 

Dr Dionysius: Yes there is. If you cook the crabs as soon as you 
possibly can» and cook them well., you shouldn't have any problems. By 

proper cooking9 I mean at least 10 minutes after the water returns to the 
boil. Undercooking them may lead to problems. 

Interviewer: 
nice crabs. 
fresher? 

The fisherman's out in the boat; he catches a couple of 
What can he do. what measures can he take to keep them 

Dr Dionvsius: Well he should put the crabs on ice as soon as they're 
caught. and keep them out of the sun. 



Interviewer: 
he do? 

Not everyone carries ice in the little tinnie. What can 

Dr Dionysius: If you don't have any ice. put them in the shade. 
covered with a wet bag or cloth. Once you get back to shore. cook them as 
soon as you can. and you should end up with good quality crabs. 

Interviewer: Now what's actually causing the mushiness? This is the 
thing we want to get at. 

Dr Dionysius: It's the crab's digestive enzymes which can degrade the 
meat if the internal organs are ruptured or damaged in any way. Correct 
cooking can inactivate these enzymes. but if they're kept uncooked. or not 
cooked properly. then some problems may arise. 

Interviewer: You 're talking about ruptured enzymes. Is this damage 
done by the fisherman. with a spike or that type of thing? 

Dr Dionysius: Yes that's one way. Or perhaps even freezing or some 
sort of damage like that may end up in rupturing the membranes. 

Interviewer: 

Dr Dionysius: 
them to kill the 
spike them. Don't 
you cook them. 

So you recommend not doing that? 

It can be done. but we recommend that if you do spike 
crab then you should cook them very quickly after you 
let them go for any length of time after spiking before 



~hiness in the sand crab,. Po~ ptila.g~,. a poster presented at 
the Australian Marine Science Association Annual Conference. 
Tcwnsville. May 1987. 

•Proteases of the sand crab,. Po~e pe'Lag~"' .. a poster presented at 
the Australian Biochemical Society Annual Conference. Perth. May 1987. 
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®/iUSM!M-ESS IN SANDCRAlJS(BLUE SWiMfHZR)CAUSES .4 

LOSS OF PfHJDUCT IMAGE WITH CONSEQUENT BUYER 

RES iSTANCE TO THE PRODUCT. TH IS LEADS TO 

SUBSTANTIAL ECONOMIC LOSS IN THE FISHERY. 

@MUSHINESS ,WHICH RESULTS FROM TISSUE DEGRADATION 

BY THE CRAB'S HEPATO?ANCREATi C PROTCOL YTI C 

ENZYMES ,IS MOST COMMONLY CAUSED BY POOR HANDLING 

TECHNiQ-UES. 

@THESE INVESTiGATIONS WERE UNOE!'HAKEN TO IDENTIFY 

HANDLING TECHNIQUES w'H!CH LEAD TO MUSH!NESS. 

RESULTS 

A. ~~-.:=: 
a&-e cookod on le@ O 

o-ouneooked on ice 

10 .c, •••• ,:;on ic!b atto.- brlno 

FIGURE 1 A&B STORAGE CHANGES IN GRADE(A) AND 
P.I .(B) OF COOKED CRABS ON ICE AND UNCOOKED 
CRABS ON ICE AND IN 8:R I NE, 

D.. CONCLUSIONS 
" UNCOOKED CRABS HAVE A LIMITED SHELF LIFE 

WHETHER STORED IN ICE OR REFRIGERATED BRINE. 
CRABS SHOULD BE COOKED AS SOON AS POSS IBLE 
UNLESS SPEC IF !CALL Y REQUIRED UNCOOKED. 

e UNCOOKED CRABS SHOULD NOT BE FROZEN. 
FROZEN COOKED CRABS RETAIN THEIR QUALITY 
FOR LONG PERIODS IF GLAZED TO PREVENT DRYING. 

!N SE?Aµ,ATE TR!AlS FRESHLY CAUGHT CRABS WERE 

STORED 1. RffR ! GERATED BR I t~E ANtl ON 
(-3 TO l"c) 

2.FROZEN lH -2s~c, 

COOKED !N BOlliNG SEAWATER FOR 4 12 
COOLED AND STORED FOR 2 AT 

SPIKED TO PREVENT CLAW LOSS flY !NSERTrNG A 
STEEL SPIKE THROUGH THE ORAL CAVITY. 
THESE WERE STOP.ED AT s~c FOR UP TC 
4 DAYS. 

OBJECTIVE MEAS\JREl'!ENTS WERE MADE USfNG 
MOD!FlED KRAMER SHEAR CEL.L ATTACHED TO 
lNSTRON UNIVERSAL TESTING MACHINE. 

CHEMICAL - PROTEOLYTIC ACTiV!TY WAS DETCRM[NED OH 
HOMOGENISED TISSUE EXTRACTS US !NG THE 
SUBSTRATE AZOCASEIN. 

A PROTEOLYSfS lNOEX(P.!.) WAS CALCULATED 
FRO-M THE FORMULA-

100XTCA SOLUBLE PROTEIN §REAKDOWN ?RODUCTS(f.Ot,.!Nl 
TOT Al PRO TE IN ( KJELDAHL) -

EACH POINT 0-N THE GRAPHS rs THE MEAN OF DATA FOR AT LEAST 10 CRASS 
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FIGURE 2"A&B STORAGE CHANGES IN GRADE(A) 
AND ?.I .(B) OF COOKED AND UNCOOKED 
FROZEN CRABS. 

FIGURE 3 A&B (MANGES !N PtHS tCAL(A) AND CHEMICAd:S) 
PARAMETERS WITH COOKING TJME. 

" INACTIVATION OF PROTEOLYTIC ENZYMES OCCURS AFTER 
10 MlfWTES BOIL!NG.COOKIHG FOR A PERIOD OF 10 TO 

12 MINUTES AFTER THE WATER HAS RETURNED TO THE BOIL 
IS RECOMMENDED.LARGE AND COLD STORED CRABS REQUIRE 
12 TO 14 MINUTES. 

" SPIKING OF CRABS TO PREVENT CLAW LOSS DURING COOKING 
CAUSES PHYSICAL DAMAGE TO INTERNAL ORGANS MID 
RELEASES PROTEOLYTIC ENlYMES INTO THE FLESH. TH IS 
CAUSES PRO TE IN DE GRADATION DUR !NG SUBSEQUENT 

STORAGE UNLESS CRABS AR£ COOKED IMMEDIATELY. 

F l GURE 4 EFFECT OF $ TOR AGE ON THE 
GlUAUTY OF SPIKED CRABS. 

TH !S WCRK WAS SUPPORTED BY A GRANT FROM THE FISHIHG INDUSTRY RESEAAQi TRL5T ACCOUNT. 



F(JOD RES~AP.CH ANO TECHNOLOGY Bf4ANCH, (Hd 

eiHE SAND CRAB (OR Bi .. UE SWIMMER) FrSHERV !M OUE[NSL.4.N.J HAS SUFFENEO 
SlJSSTA.NTIAL ECONOniC LOSSES DUE TO THE OCCURRENCE OF !4USHH/ESS lN 
T,.J E FLESH OF THE CRAB. 

>%-STUDIES l:H OU~ LP-BO'K~TO~Y MAV{: SHOWN THAr THE ?RO&i..EM IS CAUSED SY 
P"ROiEOt.YTrc ENZYMES RELEASED FROM THE CRAB'S D!GESTPIE ORGAN, THE 
HEPATOPANCREAS. Srn!LAR FHtOiNGS HAVE BEEN OBTAINED SY WORKERS 
STUDYING TiSSUE DEGRADATION IN OTHER ClWSTACEA (1,2). 

@Tws WORK WAS UNDEATAKEN TO iDE:NTlFY THE ENZYMES RES PONS IBLE FOR 
THE ONSET OF MUSH !NESS IN CRAB FLESH. 
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FIGURE 1. ll£A£-SEl'+IAROSE CL·5B ION EXCHANGE CHROMOTAG•APHY OF SAND 
CRAB HEPATOPANCREAT!C HOMOGENATE AT PH 7-0. 
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FIGURE 2, CHRONATOFOCUS!NG OF FRACTION 6, DEAE· 
SEPMAROSE CHROMATOGRAPHY, ON ?BE 94 !ON EXCHANGER, 
PH 5,5-3,5. 

0. CONCLUSIONS 

eSEVEN MAJOR FRACT?ON.S WITH PROTEOLYTIC ACTIVITY HAVE SEEN SEPARATED FROM 
CRAB HEPATOPANCfH!AS BY ION EXCHANGE CHROMOTAGRAPHV. 

aQF THESE, FRACTION 2 WITH ONLY ACID PROTEASE AND E:LASTASE ACTiVITIES 
rceNrtFIED TO OATE, AND FRACTION 3, WHICH CONTA£NS A NUMBEJ? OF EXO- AND 
ENDOP!!PiiOASES, ARE THE MOST ACTIVE IN THE DEGRADATION OF RAW CRAB MfAT. 

@THE TRYPSINNUK.1.:: ENZYME OF FRACTION 6 ALSO HAS SIGNIFICANT ACTIVITY 
TOWARDS CRAB MEAT. THIS ENZYME HAS AN UNUSUALLY LOW ISOELECTR!C PO!NT 
(<J,5), THE TRYPSIN ISOLATED FROM THE AMERICAN LOBSTER, lilliiMliS, ll!lfilU.j;M&',, 
IS Al.SO AM ACIDIC PROT!JN (3), 

.;e!ON EXCHANGE CHf{OMATO{lRAPH'f OF A CLARIFIED HOMOGENATE OF GRAB HE?ATO-

PANCREAS WAS ?€RFORl'42I'.i ON DE.£1.f-SEPHAP.OSE CL-GD AT 
rfACL GRAJ.HENT rn-o.s M). 

7 .Q, LIS !NG A LINEAR 

~€N€l'V\L PIHJTEOL.YTJ:C ACTiVITf WAS MEASURED USING 0-24 AZOCASEHi AS SU-13-
STRATS Ai PH 7.5, ONE UN!i OF AC ... !VI1Y ORQlWCES Att fiiCREASE IN A355 Of 
Q.Ql PER HOUJ'< AT 37'C 

0UN-E Ul'iIT OP ACTIVITY TOWARDS HOMOGENISED CRAB MEAT RELEASES ONE !JG OF 
TYROSINE EQUIVALENTS PER G OF ME-AT rN 48 HOURS AT 5 3

(. ON€ UNiT OF 
ACID PROTEASE ACTIVITY (FH 3-4) PHODUCES Ml iNCREASE iN Ano OF 0.01 -PER 
HOUR AT 37°C. FOR ALL OTHER ACTI'lrTtES, ONE UNIT PRODUCES A CHANGE !H 
ABSORBANCE GF 0-01 PER MfNUTE AT 1'HE APPROPR!ATE WAVELENGTH (PH 7.5, 37~0. 

f¾HIWMATOFOCUS !NG WAS PERFORHl:D US ING PBE 9l! ION EXCHANG£R AND A PH 
GRADIENT (5,5-3-5) WITH POLYBUFFER 7£+, PH 3-5, AS ELUENT, 

TABLE l. 

ColU!Wl. 

fraction 

PROTEOLYTIC ENZYME ACT!VITiES OF PO-O-!..ED FRACTIONS F~OH l'lt.AE - SE?HA.ROSE 
CHROMA1'0GRAPHY OF CRAB- HEPATOPA-NCREATI C HOMOGENATE. 

Total activity 

~ azocase.1.I'l 

(U'U.ts) 

41.20 

10760 

17200 

7620 

5600 

6520 

6240 

'Total activity 

.::! crab rreat 

(I.Elits} 

510 

4230 

4110 

900 

690 

2530 

12.00 

--
acid protease 

amino acid arylanu.dese 

acid protease 

elastaee 

acid protease 

chym:,trypsin 

ca.rboxypeptidase A 

ca.rtx:!xypapti.da.sa N 

leuc~ aminopept1dase 

trypsln 

Substrate 

Hb 

alanine-NA 

Hb 

N-succrnyl-\ al.::.) 3-AA 

Hb 

!!TEE 

FA-phe-phe 

P'A.-a.1.a-lys 

leucine-NA. 

{no specific enz'_i'lre activities detected} 

(no specific em:yne activities detected) 

AbbrEv'iatioruu Hb, haerroglobin1 Ni\,4-nittoanilide1S'l'EE, S-benzoyl-tyrooi..-w ethyl esteri FA, N-(2-
furanecrylOylJ: 'ff.ME, tosyl-arg::.nine methyl ester. 
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