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About the acid  phosphatase t e s t  as a c r i t e r i o n  f o r  the 

heat treatment o f  haras and shoulders

1. In troduct ion

For checking co rrec t  heat treatment o f  cooked hams and 
shoulders, coagu lation  t e s t s  are cu rren t ly  used (*1, 2 ) «  
However, apart from d i f f i c u l t i e s  in  in te rp r e ta t io n ,  
these methods o ften  g iv e  f a l s e  r e s u l t s .  Basing h im se lf  
on e a r l i e r  work o f  Kormendy and Gantner (4 ) ,  Lind , 
su ccess fu l ly  used the a c t i v i t y  o f  the meat ac id  phospha
tase as an in d ica to r  f o r  the heating  ra te  (6a, b ) .
A sample from the centre o f  the product i s  mixed w ith  a 
b u f fe r  so lu t io n  (pH 6 ,5 )  and incubated f o r  1 hr a t 37°C 
w ith  phenylphosphate as a substra te .  The phenol, se t  
f r e e ,  i 3 determined c o l o r i n e t r i c a l l y  and i s  a measure 
f o r  the enzyme^s a c t i v i t y .  In  the re le va n t  temperature 
range there  is  a l in e a r  re la t io n s h ip  between the cen tre -  

temperature reached and the lo g  o f  the a c t i v i t y .

Ye t,  only l i t t l e  systematic work i s  done on the capa
b i l i t i e s  6f th is  t e s t .  The experiences reported  by 
Suvakov c .s .  (7 )  l a s t  year , were qu ite  d isapp o in t ing .

In  th is  repor t  we mention some r e s u l ts  o f  our work, 
con s is t in g  p a r t ly  o f  model experiments and p a r t ly  o f  

experiments w ith  in d u s t r ia l  hams and shoulders.
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2. M a te r ia l  and methods

a ) Model experiment«

Two hams from one p ig  were arteryt-pumped w ith  10 % o f  
a brine (15 % s a l t ;  0,15 % NaN02 ; 0,3 KN03 and 3 % 
d e x t ro s e ) .  The br ine used f o r  the r ig h t  ham contained, 
in  add it ion , 5 % of/fe polyphospiiate preparation .
A f t e r  d ra in ing  and deboning, the hams were d iv ided  
in to  5 pa rts :

part  1 K. quadriceps fem oris;
part 2 Mm. biceps fem oris, semitendineus and g lu teus 

s u p e r f i c i a l i s ;  
part  3 Mm. g lu t e i ;

part  4 Mm. semimembranosus, g r a c i l i s tand adductores 
part  5 re s id u a l  muscles.

Each part was sep ara te ly  passed tw ice  through a meat 
mincer w ith  a 2 mm holed p la t e .  .Yith a l l  thus t rea ted  
port ions  50 g  cans (58 x 32 mm) were f i l l e d  which 
were heated a t  7 temperatures, va ry ing  between 64,1 
and 67,1 °C w ith  0,5 °C in t e r v a ls .  Cans f i l l e d  w ith  
the same m ater ia l  were even ly  d is t r ib u te d  over these 
temperatures. Res idqa l cans, i f  any, were spread over 
the temperatures in  the middle o f  the range. The 
heating was ca rr ied  out in  a waterbath, the tempera
ture r i s e  o f  which was programmed in  a way s im i la r  to  
that o f  the cen tre  part  o f  a canned ham being p a s teu r i 
zed. The f i n a l  temperature to  be reached was maintained 
f o r  30 minutes. The cans were stored under r e f r i g e r a 
t io n  and analysed between 2 and 9 weeks a f t e r  cooking. 
The U.S.D.A. —f lo c c u la t io n  t e s t  (1 )  which was done on 
a 10 x reduced sca le  and the C o re t t i  t e s t  (2 )  were 
ca rr ied  out. The phosphatase a c t i v i t y  was measured 
w ith  Lind s method (6 a ) ,  provided that about 7,5 to  
8 grammes o f  the sample were homogenized during 30 
seconds w ith  4 times the weighed quantity  in  m i l l i l i 
t e r s  bu f fe r  so lu t ion ,  by means o f  an Ultraturrax-homo- 
g e n iz e r  (Janke & Kunkle; 24 000 rpm), a f t e r  which

694



th ree  10 ml port ions ( f o r  a du p lica te  and a blank 

determ ination ) were p ip e t ted .

b) Experiments w ith  hams and shoulders

From 4 meat fa c t o r i e s  and the t e ch n o lo g ica l  sec t ion  

o f  the Netherlands Centre f o r  Neat Technology 39 
cooked hams and 31 d i t t o  shoulders ( f l a t  and A.M. 

types o f  d i f f e r e n t  s i z e s )  were obtained, toge the r  w ith  
t h e i r  thermograms. Around the thermocouple lo c a t io n  a 
samnle o f  about 100 -  150 g was token, From th is  sample 
a port ion  o f  about 30 g, immediately surrounding the 
thermocouple, wa3 taken and fr e ed  from f a t  and connect!' 
ve t is su e ,  and g e la t in e .  A f t e r  the pH was measured the 
C o re t t i  .,nd the phosphatase t e s t  were ca rr ied  out in  
th is  p o rt ion  while  in  the other part  o f  the sample 
the U.S.D.A. t e s t  was peformed. The phosphatase t e s t  
was carr ied  out as described  under 2 .1 . (method B) as 
w e l l  as w ith  the o r i g in a l  method o f  Lind (method A ) .

3. Results

Table I  summarizes the re s u l ts  o f  an ana ly s is  o f  variance 
o f  the logarithm  o f  the phosphatase a c t i v i t y .

Temperature, muscle group and polyphosphate a l l  have a 
s ig n i f i c a n t  e f f e c t  on phosphatase a c t i v i t y  (P 0 ,001). 
S u rp r is in g ly ,  there i s  a ls o  a h igh ly  s ig n i f i c a n t  in te ra 
c t io n  e f f e c t  between muscle and polyphosphate. Th is 
im p lica tes  that in  one muscle group polyphosphate has

-J,
a la r g e r  in fluence on enzymic a c t i v i t y  than in  the other. 
Desp ite  o f  the known in h ib i t o r y  a c t ion  o f  phosphate on 
substrate  h yd ro lys is ,  ham part 1 (M. quadriceps) heated 
; n the presence o f  polyphosphate was found to  d isp la y  
a g r e a te r  enzymic a c t i v i t y  than in  i t s  absence. I t  must 

be concluded that polyphosphate n o t ic ea b ly  in h ib i t s  the 
heat denaturation  o f  the muscle p ro te in s ,  a phenomenon 

which i s  a ls o  mentioned by Kormendy and Gantner ( 5 ) .  For 
ham part 4 (M. semimembranosus) th ings were reversed , i . e .
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the in h ib i t o ry  e f f e c t  o f  phosphate outweighs the p ro tec 
t io n  aga inst denatu ia t ion  in  th is  case.

Sable I ,

Ana lys is  o f  variance o f  lo g  (phosphatase a c t i v i t y )

variance due to degrees
o f  freedom

sum o f  
squares

variance
estimate

7̂
temperature 6 1,4905 0.24P4 +++
muscle 4 0,5692 0,1423 +++
polyphosphate 1 1,2480 0,1248 +++
in te ra c t io n  temperature x 
muscle 24 0,2956 0,01232 ++
in te ra c t io n  temperature x 
polyphosphate 6 0,06372 0,01062
in te ra c t io n  muscle x 
polyphosphate 4 0^2511 0,0628 +++
in te ra c t io n  muscle x 
temp, x polyphosphate 24 0,1883 0,00785
t o t a l 139 3,764 0,02708 +++
w ith in  samples 70 0,7808 0,00558

= significant, P<0,01; +++ = significant, P<" 0,001

The s ig n i f i c a n t  in te ra c t io n  e f f e c t  o f  temperature and 
muscle on phosphatase a c t i v i t y  means, that heat dénatu
ra t io n  progresses more r e a d i l y  in  one muscle group than 
in  the other ( i n  the range between 64,1 and 67 ,1°C ).

The reg re ss ion  equations, obtained in  the model e x p e r i 
ments, do not d i f f e r  very  much from those f o r  hams and 
shoulders (see  Table I I ) .

There i s  a cons iderab le  d iscrepancy in  the s lopes o f  
the re g re ss ion  l in e s  between hams and shoulders. Th is  
n ecess ita tes  the use o f  d i f f e r e n t  equations f o r  ca lcu la 
t in g  the heating temperature from the enzymic a c t i v i t y ,  
a need a ls o  appearing from the standard d e v ia t io n  o f  
reg re ss ion  va lues . Lind found a reg re ss ion  equation f o r  

hams y  = -  5,71 lo g  x, + 77,4 w ith  which our r e s u l ts
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are in  reasonable agreement. However, h is  standard de
v ia t i o n  value 0,63 was cons iderably  lower. The reason 

f o r  th is  i s  l i k e l y  to  be the f a c t  that in  the Danish 
study only Pullman hams were invo lved , whereas in  o u t  

experiments hams o f  s ev e ra l  shapes and s i z e s  were taken. 
The low standard d ev ia t io n  found in  the model e x p e r i
ments can a ls o  be accounted fo r  by the small v a r i a b i l i t y  

in  the samples.

In  Table I  the within-sample variance was g iv en .  The 
r e l a t i v e  standard d e v ia t io n ,  ca lcu la ted  from i t ,  is  
17 % ( f o r  an o v e r a l l  phosphatase a c t i v i t y  o f  107 umol 

per kg o f  meat). Gantner and Kormendy (3 )  obtained a 
va lue o f  11,5 % f o r  a s e r ie s  o f  10 determ inations in  the 
same sample on one day. Considering the e f f e c t  on phospha
tase a c t i v i t y  o f  various fa c to r s ,  i t  could be questioned 
whether i t  is  worthwhile to  improve the r e p r o d u c ib i l i t y  
by modify ing the determ ination  procedure. Anyhow, from 

t r i a l  experiments i t  seems that rep la c in g  phenylphospha- 
t e  by paranitrophenylphosphate as a substrate , apart 

from s im p l i fy in g  the procedure, can lead to  a b e t te r

r e p r o d u c ib i l i t y .
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The meat pH may not in f lu ence  the pH o f  the re a c t io n  mix
tu re .  The b u f fe r  so lu t ion  should have adequate b u f fe r  ca
p a c i t y .  In  the Danish method th is  requirement i s  not 
f u l f i l l e d .  A. la r g e r  amount o f  bu f fe r  so lu t ion  i s  th e re fo re  
to  be p re fe r red  (a ls o  see Gantner and Kormendy ( 3 ) .  A h ig 
her s e n s i t i v i t y ,  achieved by using a bu ffe r  o f  pH = 5,5 -  
the eptimum fo r  substrate h yd ro ly s is  might a lso  b en e f i t  
the r e p r o d u c ib i l i t y  in  our opinion.

The r e su lts  o f  the coagu lation  t e s ts  (Tab les  I I I  and IV )  
r e v e a l  that the U.S.D.A. -  t e s t  has proved to  be le s s  
s a t i s fa c t o r y .

Table I I I .
Results o f  coagu lation  t e s t s  f o r  the model experiments

t S S S f -  T b er  h e a te d  bel0W 65 ’ 6 ° C (1 5 ° ° F )
ture  samples acc. to  U .S .D .A .- te s t  acc. t o  C o r e t t i -
in  °C

number %
t e s t

number %

64,1 25 20 75 14 56
64,6 26 19 73 11 42
65,1 29 23 78 4 14
65,6 31 22 71 *5 16
66,1 31 19 61 1 3
66,6 27 14 52 0 0

67,1 25 11 44 0 0



Regress ion  equations, s t a n d a r d  d e v i a t i o n s  o f  r e g r e s s i o n  a n d  c o r r e l a t i o n  c o e f f i c i e n t s
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Table IV .

Results o f  coagu lation  t e s ts  f o r  39 hams and 31 shoulders

centre 
tegparature 

( in  °C) between
num
ber

heated 
acc. to  U. 

t e s t
number

below 65,6 °C (150°F) 
S .Û .A .-  acc. to  C o r e t t i -  

t e s t
% number %

61,0 i 1 1
64,5 -  65,5 7 4 57 0
65,6 -  66,5 28 15 54 1 '
66,6 -  67,5 8 2 25 0
67,6 -  68 ,^ 6 2 33 0
68,6 -  69,5 13 3 23 ■ 0
69,6 -  72,0 7 1 14 0

'ex cen tr ic  lo ca t ion  o f  the tehrmocouple

This t e s t ,  according to  our experience, i 3 completely 
unsuitable f o r  checking an adequate heai treatment. The 

C o r e t t i - t e s t  i s  more s a t i s fa c t o r y .  I t  o f ten  occurs, howe
v e r ,  that products heated below 65,6 °C (150°F) are not as 
such recogn ized . Contrary to  the r e su lts  o f  th is  study, in 
current work we do not ( in frequently meet w ith  hams and 
shoulders which d isp lay  a p o s i t i v e  C o r e t t i - t e s t  in  s p i t e  o f  
more than adequate heat treatment (68 -  70 °C ).

4. Conclusion

The phosphatase t e s t  is  a va luable t o o l  f o r  c o n t r o l l in g  
the p as teu r iza t ion  o f  hams and shoulders. I t s  accuracy i s ,  
however, impaired by s e v e ra l  fa c to rs  that remain unknown 
In q u a l i t y  c o n tro l  work. There is  a 5 % chance f o r  e ham 
to  be condemned as being heated to  an in te rn a l  temperature 
below 65,6 C (150 F ) ,  when a c tu a l ly  th is  temperature was 
67,4°C. The same can be said f o r  shoulders, a c tu a l ly  
heated to  67,8°C.
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