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Akt iv i ta  tryps in- inhibi toru v semeneeh  n~kter~eh sort a druhd soje a korelaee  
m e z i  akt iv i tou  tryps in- inhibi toru a obsahem t u k u  

1. Byla zji~t6na vysok~ positivnl korelace mezi akt ivi tou t rypsin- inhibi toru 
a obsahem tuku  u jednotliv:~ch odrfld a druhfl. 

2. Korelace mezi akt ivi tou t rypsin-inhibi toru a obsahem tuku  uvnit~ jednotli- 
v~ch odrfld nebyla  prflkaznh. 

3. Osemeni neobsahuje trypsin-inhibitor .  
4. Podle akt iv i ty  t rypsin- inhibi toru a obsahu tuku  lze rozd~lit sledovan6 

formy do 3 skupin, odpovidajicich zkouman:~m druhfim: Glycine hispida, Gly- 
eine gracilis a Glycine ussuriensis. V:~jimku tvo~i odrflda Sioux, kter& podle sledo- 
vans~ch chemick~ch znak~ zapad~ do okruhu G. graeilis, a6koliv morfologicky 
pa t t i  mezi G. hispida. 

Summary 

1. A highly positive correlation has been found to exist between the activity 
of the trypsin inhibitor and the oil content of some varieties and species of 
soybean. 

2. No correlation could be demonstrated between the activity of the trypsin 
inhibitor and the oil content within individual varieties. 

3. The seed coat contains no trypsin inhibitor. 
4. According to the activity of the trypsin inhibitor and the oil content 

the examined forms can be divided into 3 groups corresponding to the species 

* Present address: ]3i )logick:~ ds tav ~SAV, l~a cviSi~ti 2, Praha-Dejvice.  
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tested: Glycine hispida, Glycine gracilis and Glycine ussuriensis. The variety 
Sioux forms an exception in conforming to the chemical characteristics of the 
Glycine gracilis group although it belongs to G. hispida morphologically. 

Introduction 

I t  is known that  the nutritive value of the natural  soybean protein is much 
lower than that  of animal protein. The protein efficiency ratio for soybean 
protein (PER) is 0.5--1.5 (EYE,SON and STEE:NBOCK 1944); the P E g  value 
for hen's egg white is approximately 4 (BLOCK and MITCHELL 1946--47), The 
low P E g  of soybean protein can be explained in various ways: 

a) by the low content of sulphur-containing amino acids (MITCHELL and 
BLocK 1946); 

b) by the presence of toxic soyin (LIENER and PALLASCH 1952); 
C) by the presence of the heat-labile trypsin inhibitor (hereafter designated 

as TI). 
HAM and SA~STEDT (1944) and BOWMAN (1944) independently found a sub- 

stance in soybeans which inhibits trypsin; KUNITZ (1946, 1947) described its 
purification and physicochemical characteristics. On the basis of the thermo- 
lability of TI (GAITONDE and SOHONIE 1952, FRAN]~K 1957) and the increase 
in the nutritive value of soybeans after heating, it can be deduced that  the 
presence of TI may be one of the most important causes of the low nutrit ive 
value of soybean protein. 

I t  was the objective of the present s tudy to find out whether there is any 
difference in the TI content among the different varieties and species of 
soybeans and whether there is any correlation between TI  and the content 
of other chemical components of the seeds, An established correlation would 
facilitate the breeding and selection of varieties with low or high TI contents. 

Material and Methods 

For the present work, varieties with large differences in oil and protein content were selected. 
The majority of the varieties from abroad were not suitable for testing, as the plants had good 
vegetative growth but  did not flower. The Sioux variety, whic h grows in the most northern parts  
of the U.S.A. and which is even0more matutinal  than our varieties, formed an exception. Glycine 
ussurlensis ripened at the same time as our varieties, Glycine gracilis ripened very late and had 
to be transplanted into pots for ripening in a green-house. For a survey of all varieties tested, 
the time and method of their sowing and the time of flowering and ripening, see GIcg>rE~ (1959). 

For this experiment the following varieties were used: Krom~i~sks ~lutgL (further Krom~i~),  
Dieckmanova 6ern~ (further D. ~.). Brfllmayerova Giesensk~ (BG2). These varieties were 
obtained from the Research Inst i tute for Cereal Culture at Krom6~i~. The Sioux variety, Glycine 
gracilis, and the wild soybean Glycine ussuriensis (uss) were obtained from the Agriculture 
Research Service, Beltsville, U.S.A. The tested varieties and species were cultivated in the 
Genetic Garden in Prague in 3 repetitions of 10 test  plants. The seeds were ground three times 
in a splce-mill in order to grind the meal as finely as possible. I t  was necessary to do this under 
s tandard conditions to avoid rather considerable errors in the determination of TI activity. 
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The soybean meal  t hus  obta ined  was divided into two par t s ;  one pa r t  was used for the deter- 
mina t ion  of  T I  content ,  the other  for t ha t  of oil content .  

De te rmina t ion  of  T I  content :  

For  the de te rmina t ion  of  T I  act ivi ty  the me thod  of  SMETANA, SLAViK (1952) in FP~N~K'S 
(1958) modification was used. 

P repara t ion  of T I  extract :  

The soybean meal  was ex t rac ted  in Soxhlet ' s  appa ra tu s  wi th  pe t ro leum ether  for 4 hours .  
Amoun t s  of  0"5 g. of  the defat tcd meal  were ext rac ted  at  l abora to ry  t empera tu re  for 60 rain. 
in 8 ml. acetate buffer (pH 4). After centrifuging for 5 min.,  1 ml. of  the ex t rac t  was  made up  
to 100 ml. wi th  distilled water .  

P repara t ion  of  t ryps in :  

F i f ty  rag. crystalline t ryps in  (Organofarma) was dissolved in 50 ml. 0.01~ HC1. One ml. 
of  this solution was diluted to 50 ml. wi th  distilled water  before incubat ion  so t h a t  1 ml. con- 
ta ined 20 ~zg. t rypsin .  This  concentra t ion was  found to be mos t  sui table under  the given in- 
cubat ion  conditions. 

P repara t ion  of  casein: 

Amoun t s  of  3"7 g. casein (Hammars t en )  were dissolved in 95 ml. 0.dN NaOH.  Six and  
25/I00 g. boric acid was added to this  solution and the volume made up  to 250 ml. wi th  distilled 
water .  The p H  of this casein solution was 7.8. 

Incuba t ion  was carried ou t  in a wa te r -ba th  a t  37 ~ C. Thinwalled tes t - tubes  contained 1 ml. 
T I  solution, 1 ml. t ryps in  and 1 ml. casein. The incubat ion  period was 30 min. After incubat ion,  
the  remaining casein was precipi ta ted out  of the solut ion wi th  3 ml. 5% trichloracetic acid and  
after  20 min. the precipi ta ted prote in  was filtered off. To 3 ml. of  the filtrate was added 1 ml. 
2N N a O H  and 2 ml. Biuret  reagent .  The colorimetrie es t imat ion was carried out  in the Lange 
colorimeter using a VG9 filter. For  the b lank test  3 ml. distilled water ,  1 ml. 2N N a O H  and  
2 ml. Biuret  reagent  were used. There was  no need to take into account  the bal las t  proteins  as the  
ext inct ion of the b lank and  of  the incubated  sample wi thou t  t ryps in  (replaced wi th  1 ml. distilled 
water)  was the same. The a m o u n t  of uninhibi ted  t ryps in  was given by  the  a m o u n t  of undiges ted  
casein as read on the cal ibrat ion curve. The degree of  t ryps in  inhibi t ion was calculated b y  
sub t rac t ing  the uninhibi ted  t ryps in  f rom 20 ~g. (the original a m o u n t  of t rypsin) .  The TI  act iv i ty  
was expressed by  the degree of t ryps in  inhibit ion mult ipl ied by  100 (the ex t rac t  was  di luted 
1 : 100). Two tests  were made f rom each plant .  
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Results and Discussion 

As it was one of the objectives of the present work to clarify the relation 
between TI and other chemical characters of soybean, both the TI and the 
oil content were tested, I t  was assumed tha t  since TI has the character of 
a protein it will have a positive correlation with the protein content. On the 
basis of the negative correlation between the oil content and the protein 
content of soybean (JOHNSON, ROBINSOn and CO,STOCK 1955) a hypothesis 
was propounded tha t  there will be a negative correlation between the oil 
content and the TI content, 

The TI and the oil content found in different varieties and species are 
shown percentually in Table 1. The variety BG2 was used as standard x = 
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Table  1. P e r c e n t u a l  express ion  o f  the  ac t i v i t y  of  t he  t r y p s i n  inhib i tor  a n d  the ,o i l  c o n t e n t  o f  
va r ious  var ie t ies  a n d  species 

Var ie ty ,  species  Ac t i v i t y  of  T I  Difference Oil c o n t e n t  Difference 

D . ~ .  

BG2 

Krom6~i~ 

Sioux 

gracil is  

USS. 

100.77 

100.00 

98.57 

84.84 

84.71 

64.47 

0"77 

1'43 

13"73"* 

0"13 

21"24"* 

100.73 

10O'00 

84.04 

75.12 

74'90 

34-75 

0"73 

15"96" 

8~92" 

0"22 

40"15"* 

T h e  BG2 v a r i e t y  is u sed  as a s t a n d a r d ,  x = 1544 T I  a c t i v i t y  un i t s ,  x = 17"61% oil. 

* Difference s ignif icant ,  for T I  va lues  3 .7%,  for oil c o n t e n t  va lues  6-3%.  
** Difference v e r y  s ignif icant ,  for T I  va lues  5 .6%,  for oil c o n t e n t  va lues  8 . 8%:  

1544 TI  units and x ~ 17.61% off. Analyses of variance showed that  the 
part  played by  repetitions is insignificant for variability as a whole; the  part  
played by  varieties and species, on the contrary, proved to be very significant 
(see Tables 2 and 3). 

The variation coefficient, calculated for the variability within the varieties 
was higher for TI values (5.99) than for oil values (4.27). This higher variability 
is caused in great part  by  methodical errors, as shown by the higher variation 
coefficient for TI  values (0.8) than for oil values (0.38) in analyzing a single 
sample. 

The values found for oil content correspond basically to the data  in the 
literature as far as the relative values are concerned, with the exception of 
the Krom~i~ variety. This variety had an oil content of x ~-- 14.8~o. On 
analyzing material cultivated at Krom~i~, an oil content of x ~--18.50% 
was found. Although the analysis was carried out on a mixture of seeds of 
this variety and although it was not possible to determine the actual variabi- 

Table  2. Ana lys i s  of  va r i ance  (ac t iv i ty  o f  TI)  

Source o f  va r i ab i l i ty  N S(x - -  x)  V F s 

Var ie t ies ,  species  
R e p e t i t i o n  
Er ro r  
To ta l  

3 
2 
6 

11 

17625140 
455040 
490560 

18570740 

5875046 
227520 

81760 

71"857" 
2"78 

285.93 

* v e r y  s igni f icant  
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Table  3. Ana lys i s  o f  va r i ance  (oil con ten t )  

Source o f  va r i ab i l i ty  N S(x - -  x)  V F s 

Variet ies,  species  
l~epe t~ ion  
Er ror  
To ta l  

3 
2 
6 

11 

5938.92 
96.14 

158.02 
6193.08 

1979.64 
48.07 
26.33 

75.18" 
1.82 

5.13 

* ve ry  s ignif icant  

lity, the highest values of percentual off content of the material cultivated 
in P rague  did not reach 18.50% (maximum 16.60%), 

On preparing TI from the D .C ,  variety it could be seen that  a part of the 
melanin from the seed coat was dissolved in the acetate buffer. I t  was there- 
fore investigate4 whether this coloration was not the reason for the apparent 
rise in T[ in the colorimetric estimation. In the control test, beans were used 
without seed coat and thus prepared, tested for activity. A significant differ- 
ence was found in the TI activity of soybean meal prepared from beans with 
seed coats and meal from beans deprived of coats. The extract prepared 
only out of seed coats did not contain TI. This shows that  the dissolved 
melanin did not affect the values found. The difference in TI content was 
similarly investigated in soybean meat from G. ussuriensis with seed coats 
and without them (see Table 4). Here it was possible to peel off the seed 
coat in only 500//0, as compared with the variety of D. ~. where the seed coat 
peeled off completely. Low values  of TI activity in the ease of G. ussuriensis 
can be explained part ly by  the fact that  the ratio between the seed coats 
and other parts of the beans was greater than in G. hispida and, G. gracilis. 

The correlation between oil content and the TI activity within the BG2 
and D.C. varieties was insignificant: 

variety BG2: r • 3Sr ~ 0"0559 ~= 3.  0"596 
t (28) = 0.09 P > 0.90 

Table  4. The  difference be t ween  t he  ac t iv i ty  of  T I  in s o y b e a n  mea l  w i th  seed  coa t s  
a n d  w i t h o u t  t h e m  

The  difference is v e r y  s igni f icant  in  b o t h  cases  

S oybean  mea l  w i t h o u t  S oybean  mea l  w i th  
Var ie ty ,  species seed  coa t s  seed coa ts  Difference 

x =[= 38 x x • 3s x 

D . ~ .  

USS.  

1618 :[: 3 ,  5.82 

1036 • 3 .  11.75 

1579 • 3 .  4.48 

960 • 3 �9 10.37 

t ( 8 )  = 5.14 
p 0.01 

t(8) = 4-97 
p 0'01 
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variety D. 6.: r ~ 3Sr ---- 0"0246 i 3 .0"586 
t (28) ~- 0-04 P > 0"90 

The correlation between average values of varieties and species is very 
significant: 

r • 3Sr ---- 0"97 • 3 .0 .1212 P ~ 0"01 

bx ~ 3SD x ~ 0"0184 • 3 .  0.0029% oil/TI unit P ~ 0.01 

by -{- 3Sby ~--- 51"71 -~- 3 . 26.47 TI units/% oil P ~ 0.10 

The difference between the significance in the correlation among varieties 
and species and the lack of significance within the varieties and species can 
be explained by  the fact that  in calculating the correlation between the 
varieties and species, average values were used which diminished the influence 
of methodical errors. On calculating the correlation within the varieties the  
methodical error was possibly so great and the number of analyses so small 
that  a correlation could not be established. The lack of significance in correla- 
tion within varieties can also be caused by  high variability which masks the 
existing genotypic correlation. This, however, would not be in accordance 
with the findings (W~BER and WOO~THu 1952) that  in soybeaffs the genotypic 
correlation is higher than the phenotypic one in the majori ty of characters. 
Authentic conclusions could only be reached if a genetic analysis were carried 
out and values determined for a genotypic and a phenotypic correlation. 

In  generalizing the results we must, in view of the low number of tested 
varieties and species, take the strikingly high value of the correlation coef- 
ficient with certain reserve. I f  correlation had been calculated only within 
the varieties of G. hispida, it would probably not have been so high, never- 
theless, such a high correlation is rather surprising, 

According to its oil content and TI  activity the material tested can be 
divided into three groups: 

a) with high off content and TI  activity - -  BG2, D. 6, Krom~i~;  
b) with average TI  activity and low oil content - -  Sioux, G. gracilis; 
c) with low TI activity and minute oil content - -  G. ussuriensis. 

These groups correspond to the 3 examined species: G. hispida, G. gra- 
cilis, G. ussuriensis, only the Sioux variety belongs to the G. gracilis group 
as far as its chemical characters are concerned but  it belongs to G. hispida 
morphologically, 

The original hypothesis that  there is a positive correlation between the oil 
content and the TI  activity was proved to be false. 
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I .  YcTanoeYteHa sHcoI<aa nOZtO~UTe~bHaa i<ope~m~rm M e ~ x y  aKTIIBHOCTbIO Tpnncnu- 
nnrH6nTopa H coRep}gallneM ~Hpa y OTReabHblX COpTOB ~t BHROB. 

2. Hopeaa~ua MerRy aI<THBIIOCTbIO TpnncHU-14UrHSnTopa H coRep~a11~leM ~Hpa B npeRe- 
JIax OTReJISH~IX COpTOB He aBYt~eTCa ROCTOBepHofi. 

3. 06oaoqna ceMeaH Ile Co;Iep~HT TpnncHH-HIIrnSnTOp. 
~. l ]o  aRTHBHOCTH TpIIIICHH-HHFH6HTopa H co;~epmaH~m m~pOB BO3MO~I~H0 u3yqeHnHe  

(~OpMbI pasReriHwb B wpH r p y n n ~ ,  owBeqatoiKHe II3yqeHHI~IM BgRaM: Glycine hispida, 
Glycine gracilis ~ Glycine ussuriensis. HcHxtioqegae COCTasaueT COpT S i o u x ,  nOTOpLIfi 
riO H3yqeHHLIM XHMHqeeKHM eBOI]CTBaM np~maRJIe~HT B ~IgariaaoH G. gracilis, X0Ta Mopd~o- 
aorHqecKH npHita~:Ie~HT K G. hispida. 


