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Summary. The heat stability of the trypsin inhibitors commonly present in meat products has 
been investigated. This includes the naturally occurring inhibitors in meat or serum, and some of 
the soybean proteins usually added to minced meat and sausages. The stability of the inhibitors 
are investigated both alone, and when mixed with meat and other compounds. 

To test the inhibitory activity two methods were used. For quantitative measurement the 
Kunitz method was applied. For qualitative and semiquantitative investigation of inhibitory 
activity the casein precipitating method of Sandvik was adapted. The latter method is more 
sensitive than the first mentioned. 

Of the animal sera investigated in the present work the inhibitors in horse serum revealed the 
highest thermostability. After heating for 5 min at 100 ° C, the trypsin inhibitory activity was 10% 
of the original, while the inhibitory activity in the other animal sera investigated was lost after 
exposure for 5 minutes at 80---85 ° C, The inhibitors in the various soybean proteins were far more 
stable. The heat stability was shown to be pH-dependent. 

The inhibitory activity of the various soybean proteins was, however, destroyed when heating 
was carried out in the presence of meat or meat extract at 80--85 ° C for 2--5 rain. Substances 
added to the minced meat, such as starch, casein, milkpowder or skimmed milk, and spices did not 
have this effect on the heat stability of the soybean inhibitors. I t  was further shown that the factor 
in meat responsible for decreasing the thermostability of the trypsin inhibitors in soybeans is heat 
labile, it was precipitated by ammonium sulphate and was a high molecular weight compound as 
shown by gel chromatography. 

The significance of this phenomenon is discussed and a possible explanation is put forward. 
Zusammen]assung. Die Hitzestabilit/~t der iiblicherweise in Fleischprodukten vorhandenen 

Trypsininhibitoren wurde untersucht. Dies schlieist die natiirlichen Vorkommen yon Inhibitoren 
in Fleisch oder Serum ein und einiger Sojaproteine, die iiblicherweise Fleischbr/it und Wfirsten 
zugesetzt werden. Die Stabilit~t der Inhibiteren wurde sowohl fiir sieh als aueh mit Fleisch and 
anderen Verbindungen untersucht. Um die Hemmaktivit~t zu testen, wurden 2 Methoden ange- 
wendet; f/ir quantitative Messungen die Kunitz-Methode, fiir qnalitative und halbquantitative 
Untersuchungen die Casein precipitierende Sandvik-Methode, wobei die letztere Methode emp- 
findlicher ist als die erste. Von den untersuehten tierischen Seren besais der Inhibitor im Pferde- 
serum die h6chste Thermostabilit~t. Naeh 5 rain Erhitzung auf 100 ° C war die trypsininhibitori- 
sche Wirkung nur noch 10% der urspriinglichen, w~hrend die der anderen tierischen Seren nach 
5 rain bei 80--85° C vernichtet wurde. Die Inhibitoren der verschiedenen Sojabohnenproteine 
waren welt stabiler. Die Hitzestabilit~t ist pH-abh~ngig. Die in_hibitorische _A_ktivit~t der ver- 
sehiedenen Sojabotmenproteine wurde jedoch zerstSrt, wenn die Erhitzung in Gegenwart yon 
Fleisch oder Fleischprodukten bei 80--85 ° C fiir 2--5 rain ausgeflihrt wurde. Zu Fleisehbr/~t zu- 
gesetzte Substanzen wie St~rke, Casein, Milch- oder Magermilchpulver und Gewiirze haben keinen 
Einfluf} auf die Hitzestabilit~t des Sojabohneninhibitors. Es wurde weiter gezeigt, daiS der Faktor, 
der in Fleisch fiir die Abnahme der Thermostabilit/~t des Trypsininhibitors in Sojabohnen ver- 
antwortlich ist, hitzelabil ist; er wurde dutch Ammoniumsulfat ausgef£1lt und wies ein hohes 
Molekulargewieht, belegt durch Gelehromatographie, auf. Die Signifikanz dieser Phenomene wird 
diskutiert und eine m6gliche Erkl~rung daffir gegeben. 

Introduction 
Naturally occurring trypsin inhibitors have been found in various materials of vegetable and 

animal origin [1]. I t  has been suggested that some of these inhibitors cause growth retardation, 
pancreatic hypertrophy, and lead to decreased food utilization when present in an active state in 
animal feed. The importance of heating soybean protein in order to destroy the trypsin inhibitory 
activity has been reported by numerous investigators [2--6]. 

There is great divergence in the results concerning the thermostability of the soybean trypsin 
inhibitors. The discrepancies may be partly due to the fact that soybeans contain several different 
inhibitors, which vary in stability to heat, stability to acid, digestibility by pepsin, as well as in 
molecular weight, cystcine content and inhibitory spectrum. Thus, the Kunitz inhibitor is reported 
to be unstable to heat, while the Bowman-Birk inhibitor is heat stable. Secondly, the amounts and 
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relative proportions of the various inhibitors in different soybean varieties differ, and  variat ions 
also occur during the  matura t ion  process. Thirdly, the conditions under  which the experiments are 
performed are of importance, particularly moisture and pH. The terms "hea t  labile" and "hea t  
s table"  are also not  precisely defined. 

Soybean proteins are added to various meat  products, such as minced meat  and sausages. 
Preliminary investigations have shown t h a t  the inhibitors present  in soybean protein were more 
heat  stable t han  those present in meat  [7]. The posibility was therefore considered of detecting 
inhibitory act ivi ty in processed products, such as sausages, due to added soybean protein, and  
thus use the  more heat  stable inhibitors as indicators for the  presence of soybean protein. Kot te r  
et al. [8] reported, however, t h a t  trypsin inhibi tory aet ivi ty could not  be detected in gently heated 
Frankfur ter - type sausages containing soybean protein. The question arose, therefore, as to whether  
factors in minced meat  could influence the heat  stabil i ty of the  soybean t rypsin inhibitors. 

The aim of the  present work was to s tudy the heat  stabil i ty of the t rypsin inhibitors commonly 
present in meat  products, such as the natura l ly  occurring inhibitors in meat  or serum, and  some 
of the soybean proteins used, bo th  alone and  when mixed with meat  and other compounds. 

Materials and Methods 
Enzymes and Inhibitor-Containing Proteins. Trypsin from hog pancreas (crystallized, ba tch  

No. 36467) was obtained from Koch-Light 1. Soybeam trypsin  inhibitor (SBTI) (Type II-S, crude 
lot 56B-1970) was obtained from Sigma S. The following brands  of commercial soybean proteins 
were tested. Promine D from Central soy 3, Soyamin-90 from Lueas Meyer ~, and  Ipso 1Kr from 
Fu ju  OiP. Soybeam flour B (Tanzania B) was obtained from a village in Tanzania (for Ref. see 
Holm et al. [9]). 

Ext rac ts  of the  soybean proteins were prepared by  making 2.5 or 10% suspensions in saline, 
or in a phosphate  buffer, as indicated in each case. The suspensions were left overnight  a t  4 ° C and 
filtered before use. Ext rac t s  of minced meat  with, or without,  commercial soybean protein and  
meat  extracts  were prepared by  taking two par ts  of the meat  material  and one par t  of saline. After 
thorough blending, the mixtures were left overnight  at  4 ° C, and centrifuged a t  15.000 g for 20 
rain. The supernatant  liquide were kept  at  4 ° C, or frozen, unti l  used. Whole blood samples of 
cattle, horse, pig and  sheep were allowed to coagulate, and  the serum was collected after centri- 
Iugation. I t  had  previously been shown tha t  storage of sera from the animal species tested in this 
investigation for some months  at  low temperatures  did not  influence the inhibitory act ivi ty [10]. 
In  the heat ing experiments,  the sera were diluted 1 : 2 or 1 : 4 with saline. 

Merthiolate was usually added to all extracts  and  sera to a fmal concentration of 1 : 10.00O. 
Heating. The material  to be heated was transferred, in aliquots of 0.2 ml, to thin-wMled 1 ml 

glass ampoules. After sealing, the ampoules were stored in an  ice ba th  until  heated. Heat ing was 
carried out  in a Haake u l t ra thermosta t  containing glycerol. During heating the ampoules were 
completely submerged in the glycerol bath ,  after  which they were rapidly cooled in an  ice bath .  

Assay o/ Inhibitory Activity. A slight modification of the  casein digestion method of Kuni tz  [11 ], 
as previously described by  Fossum [12], was used to determine the  act ivi ty of the  inhibitors against  
swine trypsin.  0.3 ml of 0.5 M Tris-HC1 buffer, pH 7.0, and distilled water  were added to the  tubes 
to give a final volume of 1 ml, after  addit ion of the enzyme in the absence, or presence of inhibi- 
tor-containing materials. The enzyme-containing solution wi thout  inhibitors, with non-heated 
inhibitors, or with  inhibi tory material  exposed to various degrees of heat  t rea tment ,  was routinely 
incubated in a water ba th  for 2 rain at  37 ° C, after which the  substrate  (1 ml of a 2% solution of 
casein of Hammers ten  quali ty in 0.1 M phosphate buffer, pH 7.6) was added to s tar t  the reaction. 
After 20 minutes a t  37 ° C, the reaction was stopped by  adding 3 ml of a 5% solution of trichloro- 
acetic acid (TCA). The aetivivity of the enzyme was determined by  reading the absorbance of the  
superna tan t  liquid a t  280 mn using a Beckman DU speetrophotometer.  The percent inhibit ion 
caused by  various amounts  of the  inhibitor-containing materials was calculated for each series of 
unheated  and heated material.  

An amount  of t rypsin  (0.025 ml of a 0.1% solution) resulting in a final optical density change 
of 0.500--0.600 in the absence of inhibitor under  the  conditions described, was used. 

The inhibitory act ivi ty was also tested by  the  agar casein precipitating method (CP-method) 
of Sandvik [13] adapted for the determinat ion of proteinase inhibitors, as in the crosswise casein 
precipitating inhibition test  (crosswise CPI-test) [12]. Fil ter  paper strips (Sehleicher & Schiill, 
No. 2043) moistened with the  inhibitor-containing material  were placed on an agar layer (2 mm 
deep) containing 1% sodium caseinate (pH 6.5) in 1.4% agar (Bacto-Agar, Difeo), wi th  0.01% 
merthiolate and 0.003 M MgC12, and  incubated for about  3 h a t  37 ° C. After removal of these strips, 
similar strips moistened with a solution of swine t rypsin were applied to the  surface of the agar a t  
r ight  angles to the direction of application of the inhibitors. The t ight ly  covered plates were ineu- 

Koch-Light  Laboratories Ltd. Colnbrook, Buckinghamshire,  England.  
2 Sigma Chemical Company, St. Louis, Mo., U.S.A.  
3 Central soya, 66 I~ue Royal 1000 Briissel. 

Lucas; Meyer, Hamburg  28, Germany. 
Fu ju  Oil, Osaka, Japan.  

10 Z. Lebensmitt..Untersuch., Band 154 



146 

bated at 37 ° C for 6--18 h. Proteolytic activity is indicated by white zones in the clear agar, while 
inhibition is indicated by interruption of the white precipitation zones, or by a certain degree of 
narrowing of the white zones, depending on the inhibitory activity, in the region where application 
of inhibitor and enzyme overlap (Figs. 1 and 4). Enzyme concentrations corresponding to 10--100 
CP-units per 0.025 ml were usually used [13]. 

The inhibitory activity was tested immediately after the series in each case was heated and 
cooled. 

Results 

The  t r y p s i n  i n h i b i t o r y  a c t i v i t y  of va r ious  a n i m a l  sera  af ter  h e a t i n g  for 5 m i n u t e s  
a t  d i f ferent  t e m p e r a t u r e s ,  as t e s ted  b y  t he  crosswise CPI - t e s t ,  is shown  in  Fig.  1. I t  
c an  be  seen t h a t  a f te r  h e a t i n g  for 5 m i n  a t  100 ° C the re  is sti l l  i n h i b i t o r y  a c t i v i t y  in  
t he  horse  se rum,  whi le  t he  i nh ib i t o r s  i n  the  o the r  a n i m a l  sera t e s t ed  are  all  i n a c t i v a t e d  
a t  85 ° C. 

Fig. 1. The effect of heating upon the trypsin inhibitory activity in sera from various animal species 
as tested by the crosswise casein precipitation inhibition test (Crosswise CPI-test). From left to 
right the sera, previously diluted 1 : 4 were heated as follows: unheated, heated at 60 °, 65 °, 70 °, 
75 °, 80 °, 85 °, 90 °, and 100 ° C for 5 rain. The animal were (downwards) : pig, horse, cattle and sheep. 

The enzyme used was swine trypsin (0.005 mg per ml) 

100- • 9O. ~ ~  
80- 

70- 

60- 

"~ 50- 

~0- - 

(~ 30 -  \\ ,\ ~. 

3 6 9 15 20 30 
HEATING FIME ( M I N U T E S )  

Fig. 2. The effect of heating for various periods of time at 100 ° C upon the trypsin inhibitory 
activity in Tanzania B (5 mg per ml) (x x), SBTI (0.5 mg per ml) (A A ), Promine 
D (50 mg per ml) (o o), and Ipso MR (50 mg per ml) (@ @), at pH 6 (whole lines) 
and pH 9 (interrupted lines) as tested by the Kunitz method. Solutions of the inhibitor-containing 
material were made in 0.2 M phosphate buffer. The residual inhibitory activity is expressed as per 

cent of the inhibitory activity in the unheated materials 

B y  t he  K u n i t z  m e t h o d  i t  was  f o u n d  t h a t  the  i n h i b i t o r y  a c t i v i t y  in  horse  se rum,  
a f te r  h e a t i n g  a t  100 ° C for 5 ra in  was  ] 0 %  of t he  or iginal .  

Fig.  2 shows the  effect of h e a t i n g  for va r ious  per iods  of t i m e  a t  100 ° C u p o n  t he  
t r y p s i n  i n h i b i t o r y  a c t i v i t y  of four  d i f ferent  s o y b e a n  ma te r i a l s  as t e s t ed  b y  t he  K u n i t z  
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method .  The hea t ing  was carr ied  out  in 0.2 M phospha t e  buffer a t  p i t  6.0 and  9.0. 
The remain ing  inh ib i to ry  ac t i v i t y  is expressed as pe r  cent  of t he  t r yps in  inh ib i to ry  
a c t i v i t y  in the  unhea t ed  mater ia l .  I t  can be seen t h a t  the  inhib i tors  in all  t he  samples  
are  far  more  s table  a t  p i t  6.0 t h a n  a t  p H  9.0. I t  can also be seen t h a t  the  s tabi l i t ies  
of the  inhib i tors  in the  var ious  mate r i a l s  differ considerably ,  the  inhib i tors  in Tan-  
zania  B soybean  being more  s table  a t  bo th  p t I s  t h a n  the  inhib i tors  in the  o ther  
samples  of soybean  p ro te in  tes ted .  

The  influence of the  inh ib i to ry  a c t i v i t y  of S B T I  upon  t r yps in  af ter  hea t ing  for 
var ious  per iods  of t ime  a t  different  t empe ra tu r e s  is shown in Fig.  3. I n h i b i t o r y  act i-  
v i t y  is stil l  p resen t  a f te r  hea t ing  for 30 min  a t  120 ° C, while a f te r  hea t ing  for more  t h a n  
I5 rain a t  130 ° C no inh ib i to ry  ac t i v i t y  could be d e m o n s t r a t e d  b y  the  Kun i t z  method .  
Tes ted  b y  the  crosswise CPI- tes t ,  the  a c t i v i t y  of inhib i tors  could stil l  be de tec ted  af ter  
a hea t  t r e a t m e n t  of 20 rain a t  130 ° C. 
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Fig. 3. The effect of heating for various periods of time at 40 ° C (x x), 60 o C (o o), 
100°C (A z~), 120°C (O 0), and 130°C (® ®) upon the trypsin inhibitory 
activity of SBTI (0.5 mg per ml in saline) as tested by the Kuuitz method. The residual inhibitory 
activity is expressed as per cent of the inhibitory activity in the unheated SBTI-solution 

y 

Fig. 4. The effect of heating at various temperatures on the inhibitory activity in (downwards) : 
Minced meat, minced meat with 2 % Promine D, and a 2 % solution of Promine D in saline (pI-I 6.4) 
as tested by the crosswise CPI-test. From left to right as marked by arrows, the materials were 
heated as follows: unheated, heated at 60 °, 70 °, 75 °, 80 °, 85 °, 90 °, 95 °, and 100°C for 5 rain. 

The enzyme used was swirte trypsin (0.005 mg per ml) 

The effect of hea t  t r e a t m e n t  a t  var ious  t e m p e r a t u r e  on the  i nh ib i t o ry  ac t i v i t y  in 
minced  mea t  (made f rom bovine  meat) ,  in minced  mea t  wi th  2 % Promine  D added ,  
and  in a 2 % solut ion of P romine  D, as t e s t ed  b y  the  crosswise CPI- tes t ,  is shown in 
Fig.  4. I t  can be seen t h a t  no i nh ib i t o ry  ac t i v i t y  could be d e m o n s t r a t e d  in ex t rac t s  
f rom minced  mea t  a f te r  hea t ing  for 5 minu tes  a t  95 ° C. The  inhib i tors  in the  same 
10" 
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minced meat  product, but  with Promine D added, were even less heat stable than those 
in minced meat  without Promine D, while the inhibitory activity in Promine D alone 
was not influenced by heating for 5 rain at  100 ° C, (as far as can be demonstrated by  
this method under the conditions used.) 

The same results as were obtained with Promine D, were also observed following 
containing heat  t rea tment  of minced meat  IPSO ~1~, Soyamin, Tanzania B and 
commercial SBTI, as well as heat t rea tment  of solutions of these soybean proteins. 

Substances added to the minced meat,  such as starch, casein, milk powder or skimmed 
milk, and spices did not have any effect in the heat  stability of the soybean inhibitors. 
When extracts from ground cattle meat,  however, were added to solutions of the soybean 
proteins, the thermostabil i ty of the inhibitors decreased. Ground meat  from various 
animals, such as horse, pig, sheep, hen, rabbi t  and also various fish species had the 
same effect upon the thermostabil i ty of the soybean inhibitors as had bovine meat.  
Blood serum from the same animals did not show this effect. 

By the Kunitz method it was shown tha t  the inhibitory act ivi ty in unheated 
mixtures of the various soybean products and ground, or minced meat,  was equal to 
the sum of the inhibitory activity in each of the components. 

By  chromatography of meat  extract  on a Sephadex G-100 column it was shown 
tha t  the factor responsible for decreasing the thermostabil i ty of the soybean trypsin 
inhibitors was eluted in the void volume. The factor could be precipitated by ammonium 
sulphate. Heating the factor at 80 ° C for 5 minutes lead to inactivation of the thermo- 
stability-destroying effect. 

Discussion 

The present investigation shows 1) tha t  there are great differences in the thermo- 
stability of the natural ly occuring inhibitors present in various sources, and 2) tha t  
the thermostabfl i ty of the inhibitors is dependent upon environmental conditions. Of 
special interest is tha t  the thermostabil i ty of the inhibitors in soybean protein are so 
markedly influenced by the presence of certain proteinous compounds present in meat.  
Many of the natural ly oceuring proteinase inhibitors are remarkably  resistant to 
heat  [14-20].  Since meat  contains appreciable amounts of trypsin inhibitory com- 
pounds from serum, it  was considered important  to determine the thermostabil i ty of 
these inhibitors. Of the animal sera investigated in the present work, the inhibitors 
in horse serum revealed the highest thermostability. After heating for 5 rain at  100 ° C 
the trypsin inhibitory activity was 10 % of the original. The trypsin inhibitory activity 
of the other animal sera investigated was lost after heating for 5 min at  80 ° C (cattle) 
and 85 ° C (pig and sheep). The trypsin inhibitors found in meat  are considered to be 
the same as those found in serum, based on electrophoretic, inhibitory spectrum and 
thermostabil i ty studies [10]. I t  was also confirmed by Nordal and Fossum [7] tha t  
the inhibitors in meat  of bovine origin were destroyed by  boiling for a short time. For 
human serum, Shulman [21] found tha t  the inhibition of trypsin (and ehymotrypsin) 
decreased to 10 % of the original value in approximately 20 rain at 60 ° C. When diluted 
serum (1 : 10) was heated at 100 ° C, the trypsin and ehymotrypsin inhibitory activity 
decreased to approximately 5 % within 10 minutes. Some inhibitory activity could be 
detected even after 30 minutes of heating at  100 ° C [21]. 

Soybeans contain different proteinase inhibitors, which vary  considerably in 
properties, as for instance, heat  stability [1, 22]. In  the present work the thermostabi- 
lity of proteinase inhibitors in various crude soybean proteins has been investigated. 
I t  was confirmed that ,  after boiling for several minutes, much of the inhibitory 
activity was still present. The inhibitors were more stable when heated in neutral 
surrounding than when exposed to heat  at  higher pHs. Thus, for the two commercial 
soybean proteins investigated, approximately 45 % of the original activity was retain- 
ed after heating a t  100 ° C for 10 mill at  p i t  6.0. The inhibitors in Tanzania B and 
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S B T I  materials were far  more stable. Wallace et al. [23] also found tha t  the inactiva- 
t ion of the t ryps in  inhibitor increased when increasing the p i t  f rom neutra l i ty  to 9.9. 

Soybean proteins are often used as stabilizing agents in the product ion of various 
mea t  products.  The small amounts  added ( 1 - 2 % )  contr ibute to a considerable 
increase in the inhibi tory ac t iv i ty  of the raw product .  Due to  the thermostabi l i ty  of 
the inhibitors, it could be possible t h a t  the inhibitors under  certain conditions, might  
lead to  a l imentary  disturbances. I t  was shown, however, t h a t  the  presence of in- 
hibitors in heated products  could not  be used as an indicator for the addit ion of 
soybean products.  After  gentle heating (90 ° C for 5 rain) of a mixture  of meat  and 
soybean protein, no inhibi tory act ivi ty  could be detected by  use of the casein preci- 
p i ta t ion inhibition test  (CPI-test), which has been found to be very  sensitive for the 
determinat ion of inhibi tory act ivi ty  [12]. 

This result  is in agreement  with Ko t t e r  et al. [8], who concluded tha t  "owing to 
technological influences, however, no act ivi ty  on the  pa r t  of t ryps in  inhibitors could 
be detected in canned Frankfur ther - type  sausages, even where 1.5 % soya protein 
(Promine D) was added and the products  were gent ly  heated".  The difference in the 
heat  stabilities of the  soybean protein inhibitors in the absence, and in the presence, 
of meat  and mea t  extracts  is enigmatic. 

Biological material,  like enzymes and inhibitors, are usually more stable against  
heat  in the  presence of other  proteins than  in a pure state. The fact  t ha t  serum or 
casein did no t  have this effect indicated a special mechanism of action. The chroma- 
t og raphy  studies, the observat ion t h a t  the  factor  responsible for the effect was preci- 
pitable by  ammonium sulphate, and the heat  lability of the factor, indicated tha t  it 
was a proteinous component .  A possible explanat ion for the phenomenon m a y  be tha t  
the heat  stable soybean inhibitors, for example the Bowman-Birk  inhibitor, contain 
several disulfide bonds in the  molecule. These apparent ly  stabilize the molecule [22]. 
Some animal  organs, for instance meat,  contain protein rich in SH-groups.  I t  is pos- 
sible t h a t  these groups interact  with the  disulphide bonds in the inhibitor, and thus 
render the inhibitor molecule more sensitive to heat.  
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