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S ix  la b o r a to r ie s  b a v e  co lla b o ra tiv e ly  te s te d  
a m e th o d  to  d e te r m in e  w h eth er  sh u c k e d  o y s­
ters h a v e  b e e n  fr o ze n  a n d  th a w ed  a t  a n y  t im e .  
T h e  m e th o d  u t i l iz e s  th e  d iffer in g  e le c tr o p h o ­
r e tic  m ig r a t io n  r a te s  o f  variou s fo r m s o f  m a lic  
e n z y m e  a c t iv ity ,  so m e  o f  w h ic h  are  n o t  p r e se n t  
in  th e  t is s u e  f lu id  u n t i l  a fter  t h e  t is s u e  h a s  

;i fr o ze n  a n d  th a w e d . T h e  te c h n iq u e  is  
e n z y m o g r a p h y , w h ic h  c o m b in e s  e lec tro p h o re ­
s is  a n d  a sp ec ific  h is to c h e m ic a l m e d iu m . F ive  
la b o r a to r ie s  t e s te d  C ra sso s trea  v irg in ic a , o b ­
ta in in g  m a r k e d ly  d iffe re n t p a tte r n s  for  th e  u n ­
fr o ze n  o y ste r s  c o m p a r ed  w ith  th e  fr o ze n  a n d  
th a w e d  o y ste r s . T h e  s ix th  la b oratory  te s te d  
C. g ig a s , a n d  w a s  s im ila r ly  su cc e ss fu l in  d is ­
t in g u is h in g  b e tw e e n  t h e  sto r a g e  tr e a tm e n ts .  
In  sh u c k e d  o y s te r s  s to r ed  u p  to  3 w eek s a t  4°C, 
n e ith e r  a u to ly s is  n o r  b a c te r ia l a c t iv ity  a ltered  
t h e  e n z y m o g r a p h ic  p a tte r n s . T h e  m e th o d  h a s  
b een  a d o p te d  a s  o ffic ia l first a c tio n .

Occasionally, shucked oysters th a t have been 
partially frozen during improper storage proce­
dures are m arketed as fresh-shucked oysters, al­
though they have a  shorter shelf-life and a  greater 
ratio of fluid to  solids than  the unfrozen animal. 
A t the request of the oyster industry (F. McGin­
nis, private communication, 1969), an  objective 
te st (1) was developed1 to determine whether 
s' ‘ked oysters, fresh or spoiled, have been fro­
zen and thawed, or superchilled (—2, — 5°C) and 
thawed, a t any time. The test has since been sub­
jected to a  collaborative study, the results of 
which are reported here.

C o lla b o ra tiv e  S tu d y
Differing electrophoretic migration rates of 

variously soluble forms of malic enzyme (EC 
1.1.1.40) are the basis for the test. A normally 
soluble form of malic enzyme (free M E) activity  
is present, b u t no t always in detectable amounts, 
in the tissue fluid of unfrozen oysters. Additional, 
la ten t forms are solubilized by freezing and thaw ­

1 The te s t was developed a t  A tlantic  Fishery P roducts Tech­
nology Center, N ational M arine Fisheries Service, Gloucester, 
M ass. 01930.

ing the tissue, as they are by any gross disruption 
of cellular structure, such as homogenization. The 
solubilized la ten t forms are readily visualized by 
enzj’mography, the coupling of polyacrylamide 
gel electrophoresis, and a  specific histochemical 
medium.

Because the method requires th a t the centri­
fuged tissue fluid (CTF) be obtained from whole 
oyster m eats, the problem of uniform sampling 
arose, further compounded by the difficulty of 
arranging for the collaborating laboratories to 
conduct their studies simultaneously, on similarly 
fresh and on similarly stale samples. One labo­
ratory, therefore, tested 36 coded shucked oysters 
(Crassostrea virginica), whose individual storage 
history was unspecified; 3 other collaborating 
laboratories were sent 4 lots (9 oysters each, for 
triplicate multiple samplings) of similarly coded 
oysters; and 2 more laboratories collected and 
treated their own test animals, one set of which 
was C. gigas. The 4 treatm ent variables were fresh- 
unfrozen, fresh-frozen/thawed, stale-unfrozen, 
and stale-frozen/thawed. Stale oysters were those 
th a t had been frozen and thawed or left unfrozen, 
and then stored a t 4°C 3 weeks.

For detailed instructions see the first paper re­
porting the te st (1). Keep these 3 requirements 
especially in mind: (I ) Prepare the polyacryl­
amide formularies according to specifications in the 
method rather than  purchasing them, so th a t the 
buffer systems may be made more sharply dis­
continuous than  those in commercially available 
formularies. (2) Keep the gels cool during the 
electrophoresis, either by putting the entire bath  
assembly in a  cold room or a refrigerator, or by 
circulating iced water through cooling coils. (3) 
Incubate gels in the histochemical medium no 
longer than 30 m in  in a  dark place, and then rinse 
immediately. (4) Centrifuge only whole shucked 
oysters. (Never mince or homogenize the meats. 
Any mechanical disruption of the tissue will pro­
duce results similar to those obtained by freezing 
and thawing the tissue.)
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T ab le  1. V ariables in t e s t  p roced u re  for m a lic  en z y m e  en zy m o g ra p h y  o f o y sters

O p e ra t io n Lab. 1 Lab. 2 Lab.  3 Lab.  4 Lab.  5 Lab.  6

S p e e d  o f  c e n t r fg n ,  20,000 
X g

E lec t roph .  v o l tag e  1 mA/col. /30 min  
+ 2  m A /co l . /2  h r

2,500 s a m e  a s  1 s a m e  a s  1 14,500 s a m e  a s  1

s a m e  a s  1 s a m e  a s  1 1 m A /co l . /30  m in ,  1 m A / c o l . / l  hr, s a m e  a s  1 
+ 2  m A /co l . /15  m in ,  3 m A /c o l . /2  hr 
+ 5  m A /co l . /75  min

T e m p . 4°C s a m e  a s  1s a m e  a s  1 ro o m  s a m e  a s  1
t e m p .

H is to c h e m .  m e d i u m  m ix ed  < 1  h r  be fo re  s a m e  a s  1 s a m e  a s  1 m ix ed  24 h r  b e fo re  s a m e  a s  1

s a m e  a s  1 

s a m e  a s  1
u se ,  e x c e p t  p-n it ro  
b lu e  té t ra z o l iu m  
a d d e d  ju s t  befo re  
u s e

u s e ,  e x c e p t  p -n i t ro  
b lue  t é t r a z o l iu m  
a n d  p h e n a z in e  
m e t h o s u l f a t e  
a d d e d  ju s t  be fo re  
u s e

T ab le  2. R esu lts  o f co llab ora tive  stu d y  of m alic  
e n z y m e  en zym ograp h y  to  d eterm in e  w hether  

s h u c k e d  o y s te r s  h ave  b e en  frozen  and thawed

Lab. S a m p le s
C orrec t

iden t i f ic a t io n s P e r  c e n t

1 12 12 100
2 12 12 100
3 12 0 0«
4 16 16 100
5 36 36 100
6 12 12 100

°  L a b o ra to r y  3 p e r fo r m ed  th e  e l e c t r o p h o r e s i s  a t  room  
t e m p e r a t u r e .  All o th e r  l a b o ra to r ie s  coo le d  th e  g e l s  a s  
s p e c i f i e d  in t h e  m e th o d .

A few unavoidable minor changes in procedure 
a t  some of the laboratories proved the te st to  be 
gratifyingly flexible in some areas (Table 1). 
(Since the method was first published, the Asso­
ciate Referee has found th a t the substrate con­
centration in  the histochemical medium can vary 
substantially, and th a t 0.1 M  potassium malate, 
one-fourth the original concentration, produces a 
creditable pattern  of activity  on the gels.) One 
laboratory, however, neglected to cool the gels 
during electrophoresis (Table 1) and failed to  get 
a  pattern  of enzyme-active bands on any gel (Ta­
ble 2). Very little heat can partially  inactivate 
most enzymes, and 3 hr of unrefrigerated elec­
trophoresis will generate no small am ount of heat.

R e su lts  a n d  R e c o m m e n d a tio n

W ith one exception the collaborating laborato­
ries were able clearly to distinguish between un­
frozen oyster m eats and those th a t had been fro­
zen and thawed, solely on the basis of the malic 
enzyme (M E) enzymograms (Table 2). There 
were no failures other than  in the single labora­

to ry  th a t did no t cool the gels during electropuo- 
resis, as specified in the method. Because malic 
enzyme activity is thermolabile, the la ten t forms 
more so than the free form (2), the lack of band 
deposition on the gels in this case was probably 
due to  some heat-inactivation of the enzyme 
forms during electrophoresis. The unanimous suc­
cess of the other collaborating laboratories, all of 
which either refrigerated the bath  assemblies or 
cooled the gels by circulated ice water, supports 
th is inference.

In  the 5 successful laboratories the unfrozen 
oysters, whether fresh or aged (up to 3 weeks a t 
4°C), never produced more than  a  single band 
(free M E), which was often missing or very faint. 
T he frozen and thawed oysters, by contrast, con­
sistently produced a  very broad band (at the  site 
of free M E ), plus 2 thinner accessory bands and 
a  th in  cathodal band. Figure 1 represents the col­
lective results with C. virginica; the pattern  for 
oysters superchilled ( —2, — 5°C) and thawi. s 
identical to the frozen/thawed pattern, as de­
scribed earlier (1). W ork with C. gigas produced a 
single faint band for unfrozen oysters, and 1 
broad band plus a thin cathodal band for frozen 
and thawed oysters.

Because the possibility of technical error should 
be guarded against, it is recommended th a t for 
any questionable lo t of shucked oysters a few be 
frozen and thawed and tested against some th a t 
were untreated. If the resulting M E enzymo­
grams are alike, the lo t in question has indeed 
been frozen and thawed a t  some point, inadver­
ten tly  or otherwise; if the enzymograms are 
m arkedly different, the lo t has not been frozen 
and thawed a t any time.
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FIG. 1— R epresentation of m alic enzym e enzym ogram s  
o f centrifuged tissu e  fluid o f oysters, C rassostrea vir­
ginica, frozen (X) or superch illed (SC) and thawed, and 

unfrozen (fresh, F).

The method has proved valid with both C. 
virginica and C. gigas, the 2 major oysters of 
American commerce. I t  can be used successfully 
either with fresh or w ith very stale oysters; nei­
ther autolysis nor bacterial action significantly 
alters either the fresh or the frozen pattern . On
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the basis of the clear-cut results obtained in the 
collaborative study and presented here, therefore, 
it  is recommended th a t the method be adopted as 
official first action.
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