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Kvantitativni stanoveni kyanofennieh vlastnosti rostlin 

V pr~ei je pops~na metoda vhodnA k s6riov~m stanovenim pro genetick~ pokusy. 
Kolorimetrick6 stanoveni HCN (lfenyl-3methyl-5pyrazolonem a pyridinem, 
fenolftalinem nebo Na-pikr&tem) dovoluje zpracovat vzorky uvolfiujicl 0,2~g 
a~ 20 ~tg HCN. P~ed w glykosidu me,no prov6st stanovenl obsahu oleje 
v semenech. Analysa variance kyanogennlch vlastnostl jednotliv:~ch semen dvou 
odrfld lnu s prflm6rn~m obsahem 0,4 a 0,9 ~zg HCN ukazuje, ~e je merino zachytit 
rozdily mezi rostlinami i rozdily mezi tobolkami t6~o rostliny. 

S u m m a r y  

A me thod  suitable for serial determinat ions  in genetic experiments  is" 
described. Colorimetric de terminat ion  of  HCN (by 1-phenyl-3-methyl-5-pyra-  
zolone and  pyridine, phenolphthal in  or sodium picrate) facilitates processing 
of  samples releasing 0.2/~g to 20 #g of HCN. Before hydrolysis  of the  glycoside 
the oil content  in the seeds can be determined.  Variance analysis of the 
cyanogenic  propert ies of the par t icular  seeds of two sorts of flax with an average 
H C N  conten t  of  0.4 and 0.9 #g shows tha t  the differences between plants  and  
between capsulae of the same p lan t  can be determined.  

I n t r o d u c t i o n  

In the species of plants forming eyanogenetic glycosides four types are encountered 
1. The plant contains the glycoside and simultaneously also the corresponding hydrolysing 

enzyme. 
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2. The plant  contains the glycoside only. 
3. The p lan t  contains the  hydrolysing enzyme only. 
4. The plant  contains neither glycoside nor enzyme. 

The typical eyanophoric properties described by I~hRANDE (1909) are shown by the  p lants  only 
in the first case. Through the influence of the vapours  of certain substances  (chloroform, ether, 
toluene etc.) or on in jury  and wilting, hydrolysis  of the  glycoside occurs and the  plant  releases 
I-ICN. 

Cleavage of the glycoside with the  aid of a foreign enzyme from another  p lant  can also be 
performed with the  second group of plants.  

Wi th  the  third type of p lants  obviously only the  enzyme can be evaluated.  
All four phenotypes  ment ioned can be found in the populat ion of the  same type  or sort of 

culture plants,  as was observed by COnXILL (1940) with Tri]olium repens L. 
In  other types,  the  glycoside is found predominant ly  only in certain organs, for example in the  

leaves of Sambucus nigra L. (Bou~QUELOT, DANJOV, 1905). A characteristic and  essential par t  of 
the  quant i ta t ive  evaluat ion of the  cyanophoric properties of plants,  therefore, is represented by the  
problem of the  release of I-ICN. Absorption and determinat ion of I-ICN is predominant ly  an  
analytical  problem. 

Method 

The methods most widely used for the determination of cyanogenetic 
glycosides in plant material were reviewed by  ROSENTHALER (1932) and 
SEIFERT (1955). Most authors recommend the release of HCN with the a id  of 
the enzymes contained in the sample. HCN is transferred into the absorption 
solution with the aid of a stream of air or nitrogen in contrast to the older 
methods employing steam. Such a method adapted in detail to the material was 
described by  Li~EDTI4E (1952, 1953) for flax seeds or seedlings. Samples of 
several grams are usually employed, amounts lower than 1 g are only used 
exceptionally. For serial analysis of particular seeds, leaves etc. another 
method must be chosen. 

As will be ment ioned later, release of I~ICN first proceeds rapidly. For example more than  50% 
of HCN is released within 1 hr. from the cotyledons of flax. Standing for several hours  before 
removal  of I-ICN therefore cannot  be recommended since an equil ibrium is established which 
inhibits  fur ther  cleavage of the  glycoside. A comparat ively large volume of the  reaction mixture  
also is unfavourable  since the  HCN concentrat ion in the solution is higher t ha n  in the  air above 
the  solution. Deta i led 'da ta  were given by ROBBIE (1946). I t  therefore will be bet ter  to preserve 
a small volume and  to remove the I-ICN released r ight  from the start .  For the  t ransfer  of :HCN 
released into the  absorption solution first vessels were employed which arc based on the  principle 
suggested by KRi~GE~ (1935). Forced air circulation in the closed space in these vessels replaced 
expulsion of HCN by aeration. The vessels are shown in Fig. 1. 

In  Fig. 2 the a m o u n t  of 1LICN absorbed in dependence on t ime is compared on forced circula- 
t ion (1) and  with free diffusion (2) in a s ta t ionary  vessel. The a moun t  of HCN absorbed in 12 hr. 
in both cases was t aken  as 100%. For evaluat ion of the  total  a moun t  of I-tCN, after an adequate  
reaction time, free diffusion of HCN into the absorption solution is usual ly sufficient. The ab- 
sorption conditions can be improved by a relative increase in the  level of the absorption solution 
and by bringing the  sample closer. 

The following circumstances mus t  be taken  into consideration for preparing the sample and  
hydrolysis of the  glycoside: Fresh tissue, e.g. leaves release I-ICI~I on injury or wilting. The 
glycoside content  of flax seedlings was lowered by about  30% by air drying. I t  was found on the 
other h an d  tha t  torn off leaves (Linum usitatissimum L., Tri]olium repens .L.) do not  release even 
traces of t tCN within 24 hours  if stored in a humid  a tmosphere  without  wilting (in a closed re- 
action vessel with absorption liquid). The glycoside is easily hydrolysed, for example,  by  toluene 
vapours  or by immersion of the  sample (leaf) into toluene for about  2 minutes .  Shortening of the 
t ime to 1 minute  lowered the  results with flax cotyledons by about  4% as compared to 2 rain. 
immersion into toluene, if cleavage was carried out  for 4 hr. only. The differences were equalized 
after  12 hr. cleavage. Completeness of hydrolysis is doubtful  when whole organs (leaves, seeds) 
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are analyzed without  homogenisat ion,  t tomogenisa t ion  of fresh or dried tissues should be per- 
formed after inact ivat ing the  enzymes. This, however, would complicate the  method.  
The following tests  were therefore under taken:  
1. 20 flax cotyledons (the normal  sample was 1 cotyledon) were dried after 12 hr. of I-ICN release 

by  cleavage of the glycoside with its own enzyme, ground and  placed in a new absorption 
vessel and  the sample wetted with citrate buffer (pH 6). No HCN was found in the absorption 
liquid after another  12 hr. 

2. 20 flax cotyledons were inact ivated by boiling for 10 rain. After drying and grinding the leaves 
gave a negative reaction for HCN. 

3. The sample from the second tes t  gave a strongly positive reaction after adding the sample from 
the first test.  

I . . . .  , , , , , ! 
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Fig. 2. 

Fig. 1. Schematic design of the absorption vessel. By oscillation around axis 0 the  absorpt ion 
fluid A is set in motion which in one l imiting position sucks up gas from the reaction 
space V through tube  K. At  the  reverse movement  the capillary forces holding a short  
column of absorption liquid in tube K propel the bubble through the total  volume of the  
absorption fluid before re turning to the  reaction space V. 

A sample after normal  analysis therefore did not  release any  HCN but  it contained an active 
enzyme. Analogous results were obtained with flax seeds which had  been previously pressed and  
deprived of oil by extraction. Decomposit ion of the  glycoside and  release of t tCN apparent ly  
occurs to a sufficient extent  even without  homogenisation.  

The a m o u n t  of I-ICN released by the enzymes from the sample therefore can be considered a 
suitable measure  of the cyanophoric properties of the  plant  and in most  cases also of the  content  
of the  cyanogenetic glycoside. 

Wi th  material  containing the glycoside only (Sambucus nigra L., certain plants  of Tri]olium 
repens L.) the  sample can be dried and ground or homogenized. The determinat ion is carried out  
after addition of the sap or extract  of material  f rom which HCN was removed or of p lants  contain- 
ing only the  enzyme. In  any  case the  procedure is more complicated and less suitable for serial 
determination,  especially with small samples. 

For qualitative est imation of the  cyanophoric properties of plants  it mus t  be pointed out  tha t  
long reaction t imes (24 hr. or more) can lead to errors with plants  containing the  glycoside only. 

This t ime is sufficient for multiplication of contaminat ing  microorganisms which can cause re- 
lease of t tCN. This was found with Sambucus nigra L. leaves. 

Temperature ,  of course, influences the  course of the  reaction. At sufficiently long reaction 
t imes (12 h), however, it is not  necessary to main ta in  higher temperatures  (40 ~ C). Normal  room 
tempera ture  is satisfactory. 
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The  su i t ab le  p H  lies b e t w e e n  5 a n d  6 (emuls in ,  l i namarase ) .  The  ac t i v i t y  of  t h e  e n z y m e  in 
some  cases  ( l inamarase  w i t h  Trifolium repens L.) decreases  a t  p H  h igher  t h a n  6 (Cool" 1940). 

Determination of Hydro9en Cyanide 

Analytical determination of HCN is generally carried out after absorption 
in 0.1 N Na0H.  The selection of a suitable method is mainly determined by the 
sensitivity required. The amount of HCN released, for example, from a single 
flax seed is in the order of magnitude 
of 1 #g. From a series of colorimetrical 
methods for cyanide determination ~ PSrEl~ 

three methods suitable for serial analy- t0  

sis were chosen. 

The  m o s t  sens i t ive  a n d  specific m e t h o d  is 
t h a t  of  E p s t e i n  (EI'sT]~N, 1947), s o m e w h a t  
less sens i t ive  is t h e  s imple  p h e n o l p t h a l i n  m e t h o d  
(ROBBIE, 1946) a n d  t h e  s imp les t  b u t  leas t  ~ensi- 
t ive  is t he  p ic ra te  m e t h o d .  

o,5 

Fig. 3. 

C o m p a r i s o n  of  t he  s ens i t i v i t y  o f  t h e  g iven  
m e t h o d s .  E x t i n c t i o n  was  m e a s u r e d  w i t h  in ter -  ....o-"~ ~ 
ference  fil ters of  620 m #  (Eps te in)  a n d  545 m #  
(pheno lph tha l i n  a n d  picrate) .  5 to g~/-/CN 

The  sens i t iv i ty  of  t hese  t h r ee  m e t h o d s  is c o m p a r e d  in Fig. 3. All m e a s u r e m e n t s  were car r ied  
o u t  in 5 ml  t e s t  t u b e  c u v e t t e s  on  t h e  L a n g e  pho toco lo r ime te r  U K  VI.  a t  ident ica l  vo lume  of  t he  
r e ac t i on  m i x t u r e .  The  fil ters e m p l o y e d  are  g iven  in t he  legend  to t he  d i ag rams .  
:Remarks  to t he  pa r t i cu l a r  m e t h o d s .  

The  p icra te  m e t h o d  because  of  i t s  s impl ic i ty  is also emp loyed  as  a qua l i t a t ive  t e s t  of  t he  
e y a n o p h o r i e  p roper t i es  o f  t he  p l a n t s  (GuIGNARD, 1906). 

The  ana ly t i ca l  app l i ca t ion  of  t h e  red  i sopurpur ie  acid f o r m e d  wi th  t h e  p ic ra te  m e t h o d  was  
desc r ibed  in deta i l  e.g. b y  !VIOLLER a n d  STEF&NSOZ~ (1937). 

On  app l i ca t ion  of  a 5 m l  e u v e t t e  t he  p rocedure  is: 4 m l  of  1% picrie ac id  are  a d d e d  to 1 m l  
of  0-2 N N a O H  c o n t a i n i n g  abso rbed  H C N  a n d  t h e  m i x t u r e  is h e a t e d  in a boi l ing wa te r  b a t h  for 
10- -12  min .  Co lo r ime t ry  can  be pe r fo rmed  i m m e d i a t e l y  a f te r  cooling a n d  a d j u s t i n g  t he  vo lume .  
MOLLER a n d  STEI'X~SON (1937) r e c o m m e n d  m e a s u r e m e n t  of  abso rp t ion  a t  494 m #  where  p icra te  
is n o t  ye t  absorbed .  T he  a m o u n t  of  H C N  sui tab le  for d e t e r m i n a t i o n  in a 5 ml  c u v e t t e  is 10 - -20  ttg. 

A l t h o u g h  H C N  is i so la ted  f rom t h e  sample  by  diffusion a nonspecif ie  r eac t ion  also m u s t  be 
cons idered  s ince I{aS in te r fe res  a n d  ace tone  a n d  ace t a ldehyde  also cause  colour ing  (M6LLER a n d  
SETFA~SON, 1937). 

The  p h e n o l p h t h a l i n  m e t h o d  was  descr ibed in deta i l  by  AOBBI~: (1946) who  also ci ted older 
references .  The  m e t h o d  is based  on t he  pr inciple  o f  t he  ox ida t ion  of  colourless  p h e n o l p h t h a l i n  to 
p h e n o l p h t h a l e i n .  Q u a n t i t i e s  of  H C N  of  1 - - 1 0  # g  are  su i tab le  for t he  d e t e r m i n a t i o n  a t  a r eac t ion  
v o l u m e  of  5 ml  a n d  m e a s u r e m e n t  in a 5 ml  t e s t  t u b e  cuve t t e .  

P r e p a r a t i o n  of  t he  r e agen t  accord ing  to ROBBIE (1946): 50 m g  of  p h e n o l p h t h a l i n  are  d isso lved  
in  10 ml  e thano l  a n d  a f te r  d isso lv ing  990 ml  of  0 .01% a q u e o u s  CuSO 4 . 5H20  are  added.  The  
wa t e r  e m p l o y e d  for p r e p a r a t i o n  of  t he  s ample  or t h e  r e a g e n t  shou ld  no t  con t a in  t races  of  copper .  

A t  r o o m  t e m p e r a t u r e  t h e  r e a g e n t  is s table  for severa l  days ,  in t he  ref r igera tor  for severa l  
m o n t h s .  

P h e n o l p h t h a l i n  c an  be p r epa red  f rom p h e n o l p h t h a l e i n  b y  r educ t ion  w i th  zinc powder  a t  boi l ing 
t e m p e r a t u r e  in a lkal ine  so lu t ion  ( N a O H  or K O H ) .  
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The  g rea t e s t  d i s a d v a n t a g e  o f  t h e  m e t h o d  is t he  ins t ab i l i ty  of  t he  colour  formed.  The  t r a n s f o r m -  
a t i on  o f  p h e n o l p h t h a l i n  to  p h e n o l p h t h a l e i n  proceeds  even  af te r  t h e  t e r m i n a t i o n  of  t h e  m a i n  
reac t ion .  Convers ion  of  u n r e a c t e d  p h e n o l p h t h a l i n  is g rea te r  in t he  presence  of  excess  of  t h e  
reagen t .  The  r eac t ion  m e c h a n i s m  a s s u m e d  proceeds  t h r o u g h  r educ t i on  of  copper  to  copper/I]-  
-cyanide .  I t  was  a t t e m p t e d  in  th i s  work  to r e m o v e  copper  b y  ve r sene  af te r  t e r m i n a t i o n  of  t h e  
m a i n  reac t ion .  Only  pa r t i a l  success  was  achieved .  Add i t i on  of  ve r sene  ( E D T A - C h e l a t o n  I I I ,  La-  
ehema)  inh ib i t s  f u r t h e r  t r a n s f o r m a t i o n  of  p h e n o l p h t a l i n  b u t  t h e  ve r sene  excess  on  t h e  o the r  
h a n d  causes  g r a d u a l  decrease  of  t he  i n t e n s i t y  o f  colorat ion.  The  colour  is s tab le  for  severa l  
h o u r s  on ly  a t  su i tab le  versene  concen t r a t i on  (probably  w i th  r ega rd  to  u n r e a c t e d  Cu") .  

However ,  t h e  colour  r e m a i n s  essen t ia l ly  u n c h a n g e d  for 5 - - 1 0  rain.  even  a t  s l igh t  ve r sene  
excess  a n d  t h e  t ime  of  m e a s u r e m e n t  need  n o t  necessar i ly  be m a i n t a i n e d  as a c c u r a t e l y  as w i th  t h e  
or iginal  m e t h o d  where  m e a s u r e m e n t  was  requ i red  a f te r  exac t l y  1 min .  

The  resu l t s  of  abso rp t ion  m e a s u r e m e n t s  of  a s t a n d a r d  con t a in ing  10 ~ug of  H C N  a n d  di f ferent  
c o n c e n t r a t i o n s  of  versene  a n d  w i t h o u t  ve r sene  are g iven  in tab le  I.  Abso rp t i on  inc reased  b y  a b o u t  
5 ~ a f te r  10 m i n u t e s  w i t h o u t  t h e  add i t i on  o f  versene ,  on add i t ion  of  1 ml .  of  0.0009 M versene  
t h e  abso rp t i on  c h a n g e s  d u r i n g  t h e  s a m e  per iod  were smal le r  t h a n  0 .2% . The  add i t i on  of  0.001 M 
versene  so lu t ion  to s amples  c o n t a i n i n g  u p  to  10/~g H C N  therefore  c an  be  r e c o m m e n d e d  u n d e r  
t h e  r eac t ion  cond i t ions  m e n t i o n e d  below. T he  r eac t ion  is n o t  specific (ROBBIE, 1946), b u t  t h e  
p resence  of  in te r fe r ing  s u b s t a n c e s  in  th i s  s ample  is w i t h o u t  effect if t he  isola t ion of  H C N  is car r ied  
ou t  b y  diffusion in t h e  gaseous  s t a te .  

Tab le  1 

Concentration % absorption after 
of versene 1' 2' 3' 5" 10' 20' 30' 

55.8 56.2 56.5 57.l 57.4 57.8 58.3 
8.1ff-~.~r 56.3 56.5 56.6 56.66 56.7 56.73 
9.10-diYl 56.0 56.07 56.07 55.8 55.3 55.1 

W i t h  5 m l  of  t h e  reac t ion  m i x t u r e  t h e  p rocedure  is: 2 m l  of  0.07 M H3BO 3 are  a d d e d  to  1 m 
of  0.1 l~I N a O H  con t a i n i ng  abso rbed  H C N  (to p H  10 .5- -11)  a n d  t h e n  1 ml  of  t h e  p h e n o l p h t h a l i n  
reagen t .  Af t e r  e x a c t l y  1 ra in  1 ml  of  0.001 M versene  so lu t ion  (Chelaton I I I )  is added .  The  ab-  
so rp t ion  is m e a s u r e d  in  5 m l  t e s t  t u b e  e u v e t t e s  u s i n g  an  in ter ference  filter 545 m #.  

The  m e t h o d  of  EPSTEIN (1947) is v e r y  sens i t ive  a n d  re la t ive ly  specific. A cer ta in  d i s a d v a n t a g e  
is t h e  n a r r o w  conce n t r a t i on  r ange  su i t ab le  for  m e a s u r e m e n t .  A c o n t e n t  o f  a b o u t  0 .2 - -1 .2  ~tg o f  
t t C N  is m o s t  f avourab l e  wi th  a 5 m l  t e s t  t u b e  cuve t te .  De ta i l s  on t he  m e c h a n i s m  a n d  t h e  re- 
ac t ion  condi t ions ,  t h e  p r epa ra t i on  of  t h e  r e agen t  a n d  t he  accu racy  of  t h e  m e t h o d  are  g iven  in t h e  
p a p e r  o f  EPSTEIN a n d  in S t a n d a r d  M e t hods  for t h e  E x a m i n a t i o n  of  W a t e r  (1955). 

The  m e t h o d  is based  on t h e  pr inciple  of  t h e  convers ion  o f  cyan ide  to ch lo rocyane  b y  a chlor- 
a m i n e  solu t ion .  Chlorocyane  f u r t h e r  r eac t s  w i t h  pyr id ine  a n d  t he  g lu t acon -a ldehyde  g ives  a b lue  
colour  w i th  1 -pheny l -3 -me thy l -5 -pyrazo lone .  

R e a g e n t s  requ i red  accord ing  to t he  pape r s  ci ted:  
1) 1% a q u e o u s  ch lo ramine  T-solut ion,  f resh ly  p repa red  eve ry  day ,  
2) py r id ine -pyrazo lone  r eagen t :  100 ml  of  py r id ine  are  a d d e d  to  500 ml  o f  a f i l tered s a t u r a t e d  

(at  75 ~ C) a q u e o u s  1 -pheny l -3 -me thy l -5 -pyrazo lone  so lu t ion  (0.1 g of  b i s -pyrazo lone  was  
p rev ious ly  d issolved in  100 ml  o f  pyr id ine) .  T he  r e a g e n t  is n o t  s table  a n d  shou ld  n o t  be older  
t h a n  3 days .  I t  is be t t e r  to  p repa re  a f resh  r eagen t  daily.  A s l igh t ly  p ink  coloured r eagen t  does 
n o t  affect  t h e  d e t e r m i n a t i o n .  T he  1 -pheny l -3 -me thy l -5 -pyrazo lone  e m p l o y e d  for p r epa r ing  
t h e  r e a g e n t  shou ld  be twice recrys ta l l i zed  f r o m  95~o e thano l  (m.p.  127--128~ P r e p a r a t i o n  o f  
bis- (1 -phenyl -  3 -methy l -5-pyrazo lone)  : 0.1 me1 (17"4 g.) of  recrys ta l l ized  pyrazo lone  is d issolved 
in  100 ml .  o f  95% e t hano l  a n d  0.25 reel  (25 g) o f  f resh ly  dist i l led p h e n y l h y d r a z i n e  are  added .  

Th i s  m i x t u r e  is h e a t e d  u n d e r  ref lux for 4 hr .  T he  insoluble  pa r t  is f i l tered while sti l l  h o t  a n d  
w a s h e d  severa l  t i m e s  w i t h  95~/o e thano l .  T he  o b t a i n e d  b i s - (1 -pheny l -5 -methy l -5 -pyrazo lone)  

h a s  t h e  m.p .  > 320 ~ C. 
T h e  m e t h o d  of  d e t e r m i n a t i o n  can  be  as  follows: to  1 m l  o f  0-1 N N a O t t  c o n t a i n i n g  abso rbed  

~ICN, a re  a d d e d  1 ml  o f  0.2 M K H 2 P O  4 a n d  t h e n  0.2 ml  of  1% ch lo ramine  T,  t he  vessel  is r ap id ly  
closed a n d  shaken .  Af t e r  1 rain 3 ml  of  t h e  pyr id ine -pyrazo lone  r e a g e n t  are  a d d e d  r ap id ly  a n d  



Q U A N T I T A T I V E  D E T E R M I N A T I O N  OF  C Y A N O G E N E S I S  315 

. t  

SAMPLE" L_~ 

t h e  m i x t u r e  is shaken .  I f  t h e  s ample  con t a i n s  CN' ,  a p i n k  colour  appea r s  i m m e d i a t e l y  wh ich  
s lowly changes  to  clear  blue.  T he  m a x i m u m  colour a p p e a r s  accord ing  to  E p s t e i n  a f t e r  20 rain  a t  
25 ~ C. The  ve loc i ty  of  co lora t ion  d e p e n d s  on t e m p e r a t u r e  a n d  pH .  The  colour  is s table  for 30 rain.  
a f t e r  a t t a i n i n g  t he  m a x i m u m .  T he  su i tab le  t i me  for m e a s u r e m e n t  is bes t  d e t e r m i n e d  empir ica l ly .  
Abso rp t i on  was  a lways  m e a s u r e d  in  5 ml .  t e s t  t u b e  c u v e t t e s  u s i n g  a 620 m # in ter ference  filter. 

All  t h r ee  m e t h o d s  descr ibed  are  g iven  for m e a s u r e m e n t  in  5 m l  t e s t  t u b e  c u v e t t e s  w i t h o u t  
d i lu t ion ,  for m e a s u r e m e n t  o f  t h e  whole  sample .  T he  concen t r a t i on  r anges  su i tab le  for t he  pa r t i cu-  
lar  m e t h o d  p e r m i t  d e t e r m i n a t i o n  f rom a b o u t  0"2/~g to  a b o u t  20/~g of  HCN,  p rov ided  t he  sui t -  
ab le  m e t h o d  is se lec ted  accord ing  to  t h e  H C N  c o n t e n t  in  t h e  ana lyzed  m a t e r i a l  

Techn ica l  a r r a n g e m e n t  of  t he  de t e rmi na t i on .  Cleavage  o f  t h e  glycoside a n d  t h e  colour  r eac t ion  
was  pe r fo rmed  in 16 • 100 m m  t e s t  t u b e s  closed b y  a r u b b e r  s topper .  

1 m l  of  0"1 N N a O H  (wi th  t h e  p ic ra te  m e t h o d  0.2 N NaO'H) was  p i p e t t e d  on to t he  b o t t o m  of  
t h e  t e s t  t u b e  for H C N  absorp t ion .  

The  sample  (fresh leaf  a f t e r  t h e  ac t ion  of  to luene ,  a seed depr ived  o f  f a t  b y  p res s ing  a n d  
ex t r ac t ion ,  pa r t  of  a leaf, or a weighed  a m o u n t  of  a g r o u n d  seed) was  p laced  in a vessel  m a d e  f r o m  
a po lyv iny lch lor ide  foil a n d  b o t h  p u t  in to  a t e s t  t u b e  above  t he  s o d i u m  h y d r o x i d e  so lu t ion .  
A smal l  a m o u n t  of  buffer  (0.2 M Na2I-I]?O 4 -t- 0.2 iV[ KH2PO4,  1 : 1) was  added ,  if  t he  s amp le  was  
e x t r a c t e d  seed, t h e n  t h e  t e s t  t u b e  was  closed w i t h  t h e  rubbe r  s topper .  H y d r o l y s i s  p roceeded  in 
a t h e r m o s t a t  or  a t  r o o m  t e m p e r a t u r e .  I t  is be t t e r  to leave  t h e  s amp le s  in  t h e  t e s t  t u b e s  over  n igh t ,  
i.e. for 16 - -18  hr .  The  s amp l e s  were r e m o v e d  a f te r  t h i s  t ime  a n d  H C N  a b s o r b e d  in  t he  a lkal ine  
so lu t ion  was  d e t e r m i n e d  b y  one of  t h e  m e t h o d s  descr ibed.  

The  po lyv iny lch lo r ide  vessel  e m p l o y e d  a n d  i ts  a r r a n g e m e n t  in t h e  t e s t  t u b e  can  be  seen  
in  Fig.  4. 

The  vesse ls  were m a d e  f r o m  polyv iny lch lor ide  foils of  0.5 m m  th ickness .  I n  t h e  cen t re  o f  
a 11 • 70 m m  s t r ip  a p la te  of  6 m m  d i ame te r  a n d  1 m m  d e p t h  w a s  first  imp-  
ressed  (in t h e  cold). B o t h  ends  of  t he  foil s t r ip  were b e n t  in  t he  w a y  s h o w n  in  
t h e  F igure .  T he  sample  is p laced  on  t h e  pla te ,  t h e  b e n t  ends  keep  t he  sample  in  
a su i t ab le  pos i t ion  in t he  t e s t  tube .  

T h e  fol lowing process  p roved  su i t ab le  for t h e  e x t r a c t i o n  of  single smal l  
seeds:  t h e  pa r t i cu l a r  seeds  were first  p ressed  b e t w e e n  filter pape r  in  a labora-  
t o r y  hyd rau l i c  press ,  T he  p a p e r  w i t h  t h e  p re s sed  seed for e x t r a c t i o n  was  he ld  
b e t w e e n  t h e  t h r e a d s  o f  a spiral  coiled f rom s ta in less  steel  wire of  abou t  0"7 m m  
th ickness .  T h u s  20 a n d  more  seechs can  be e x t r a c t e d  s imu l t aneous ly .  The  seeds 
are  in  good cond i t ion  for H C N  de t e rmina t i on .  The  oil c o n t e n t  c an  also be de- 
t e r m i n e d  b y  dif ferent ia l  we igh ing  before a n d  a f te r  ex t rac t ion .  The  seeds  were 
e x t r a c t e d  w i t h  pe t ro l  e the r  in t he  Soxhle t  a p p a r a t u s  for 4 hr .  i m m e d i a t e l y  
a f t e r  press ing .  

NaOH~ 
Fig.  4. A b s o r p t i o n  vessel  w i t h  sample .  

Results and Discussion 

The whole procedure for determination consists of these operations: 

1. The fresh leaves are placed into toluene for 2 min. Seeds containing oil are 
pressed and extracted. 

2. Cleavage of the sample is carried out in a test tube above hydroxide in 
a thermostat  or at room temperature. 

3. After removal of the sample the CN' content is determined by one of the 
given methods. 

Results obtained with flax are given for complete evaluation of the described 
determination of the cyanogenie properties of plants. 114 seeds of flax of two 
different varieties (Concurrent and Diadem) which were harvested in the same 
year, were analyzed. The seeds came from 42 capsulae from 16 plants. The 
results of variance analysis of the values found are given in Table I I I .  The 
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amount of HCN released is expressed in/~g without recalculation for the size 
of the seeds. HCN was determined by the method of Epstein. 

Table  2 
Var iance  ana lys i s  of the~ HCiN con t en t  in  f lax seeds 

Variability S(x -- x) ~ N V F 

Total 13.2470 113 

between varieties 
between plants within 

the variety 
between all plants 
between the eapsulae 

of the same plant  
between all capsulae 

5.97561 

3.03272 
0.00833 

2.58527 
11.5936 

1 

14 
15 

26 
41 

5.97561 

0.21662 

0.09943 

Residual 1.6534 72 0.02296 

*'260.21 

**9.43 

**4.33 

Concur ren t :  x ~ 0-903/~g ILICN 
D i a d e m :  x = 0.445 # g  I-ICN 
V a r i a t i o n  coeff icient  v ~ 22.5% 

s = 0 . 1 5 1 5 / ~ g H C N  
sx = 0.02006/~g HCN 

Variance analysis shows that  not only can differences between the varieties 
be determined by the method described but even differencies between 
plants of the same variety and also differencies between the capsulae of the 
same plant appear highly significant. I t  must be emphasized that  the residual 
variance, which was a measure for variability of the other components, does 
not comprize methodical errors only but also the differences between seeds 
from the same capsular. This means that  the methodical errors of the determin- 
ation itself will be lower still. 

I f  the cyanophoric properties of the material are charaterized by the amount  
of HCN released under the given conditions, then the method described is 
suitable for serial determinations in genetic experiments. 

The decomposition of the glycoside was quantitative at sufficiently long time 
of hydrolysis of the material under investigation. Characterization of the 
individua by the amount of HCN released, however, could lead to erroneous 
conclusions on the amount of glycoside in this sample in the presence of any 
type of inhibition or deficiency of the hydrolysing enzyme. 
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Koa~geeT~eH~oe onpe~eaeu~e ~a~mrenH~,x cnoficTn paeTen~fi 

B pa6oTe onncaH MeT0~I, noAxo~nlnf i  Ram cepl~fi~bix onpe~eaen , f i  B rei4eTHgecHnx 
ont~wax. I~oaopnMeTp~qecRoe onnpe~leae~,e HCN (~-~eHHa-3-MeTna-5-nnpaaoaoi4oM H nn- 
pn~II4HOM, ~eHoz[(~Ta~IHOM I4aI~ Na-nI~KpawoM) I403BOa~ew o6pa6owawB npo6~I, B~i~ea~m- 
mile 0,2/~g - -  20 #g HCN. ~o  pacme~aei4H~ ra,KoaH~a ~O3M0~I40 ycTaUOBHTL co~lep~anHe 
Mac~a B ceMeHax. AHa2IH3 BapsaHK~ ggaHoreHHblX CBOI~GTB 0TXeJIBHblX C0MItH ~BNX COpTOB 
~ a  C cpe~H~M c o x e p ~ a ~ e M  0,4 g 0,9 #g HCN y~a3~Baew Ha TO, ~TO BOZ~0~HO onpe- 
~e~HTB paaai4,~ Mem~Iy pacweHHgMg ]4 pa3a~H~Ig Merely ~0p060'~I~aM~ O~IHOFO I4 TOF0 ~ e  
pacTeHgg. 


