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Analysis of the transmission spectra of dried material obtained from 
the principal anatomical elements of various kinds of grain has shown 
that the embryo has a selective response in the near infrared, which 
should be taken into account in selecting a radiator and in checking 
the temperature regime during the heating process. 

Recen t ly  cons ide rab le  p r o g r e s s  has  been made in 
the use  of i n f r a r e d  r ad ia t ion  as a m e a n s  of heat ing 
g ra in  for  va r ious  purposes .  

However,  the l i t e r a t u r e  [1, 5] r e f e r s  to a n u m b e r  
of d i f f icul t ies  a ssoc ia ted  with a lack of i n fo rma t ion  on 
the spec t r a l  p r o p e r t i e s  of g ra in ,  which need to be 
taken into account  in  choosing the type of i n f r a r ed  r e -  
d ia tor  and the opt imal  hea t ing  condi t ions .  

The choice of i n f r a r e d  r a d i a t o r  should be based  on 
the method of accura te  se lec t ion  of the spec t ra l  r eg ion  
of the r ad ia t ion  employed r e l a t i ve  to the spec t ra l  t r a n s -  
m i s s i o n  p r o p e r t i e s  on the t r ea t ed  m a t e r i a l .  Espec ia l ly  
impor t an t  is  the choice between "bright"  and "dark" 
rad ia t ion .  This  p r o b l e m  can be se t t led  by examin ing  
the t r a n s m i s s i o n  spec t ra  of the g ra in  and the absorbed  
water .  

We inves t iga ted  the opt ical  p r o p e r t i e s  of d ry  g r a i n  
material during the 1962-1963 period using a UR-10 

spectrophotometer in the range 5000-400 cm -I (2-25 

~) and an IKS-14 instrument in the range 13 333-5000 

em -i (0.75-2 p). Grain has three principal anatomical 

elements: the seed coat, the farinaceous part or endo- 

sperm, and the embryo. After dampening, the grain 

was separated into its anatomical elements, which 

were then dried to constant weight in a desiccator 

with silica gel at 35 ~ C. 

In order to decide upon the method of preparation 

of specimens of the anatomical components for analy- 

sis we used the seed coats of corn [3]. Two methods 

were compared: compressing the test material in a 

certain concentration into KBr pellets and the prepara- 

tion of a "transparent" film. From the seed coat re- 

moved from the macerated grain we cut out the part 

that was thinnest and most transparent in visible light 

in the form of a strip somewhat wider than the spec- 

trophotometer beam. The strip was smoothed and 

dried under ordinary room conditions. Then in order 

to remove as much as possible oftheresidualmoisture 

the film was placed in a desiccator with silica gel for 

about 24 hours, until its weight became constant. The 
film thus dried was mounted in a cell resting on black 

lightproof paper in which an opening was cut to match 

the width of the spectrophotometer beam; this pre- 

vented twisting of the film during analysis due to ther- 

mal deformation. 

After the transmission curve D(e) had been re- 

corded, the film was finely ground in a vibratory ball 

mill at 3 000 vibrations/min for 5 rain. The dry material 

thus obtained was molded into pellets with ground po- 

tassium bromide. The concentration of test material in 

the pellet was selected so that under optimal instru- 

ment operating conditions it was possible to obtain a 

well-resolved transmission spectrum. The optimal 

concentration was 0.9%. 
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Fig. 1. In f ra red  transmission 
spec t r a  of the p r inc ipa l  a na t om-  
ical  e l emen t s  of wheat g ra in :  
a) seed coat, b) endosperm,  

c) embryo .  

A comparative anMysis of the spectra thus obtained 
shows that in order to obtain the speetral transmission 
curve of dry grain material with the object of select- 
ing the optimal infrared heating conditions preference 
may be given to the method of pelletizing the test sub- 
stance with potassium bromide. 

Figure 1 shows the infrared transmission spectrum 
of the dry material obtained from the principal ana- 
tomical components of wheat grain. The curves for 
other types of grain and seeds, for example, corn, 
peas, etc., are generally similar. 

The recording conditions for the UR-10 instrument 
were as follows: slit program 8, recording speed 150 
era-t/rain, total amplitude recording time 50 sec, re- 
cording scale 4 ram/100 cm -I, amplification 5.5, band 
pass  se t t ing 3, t ime  cons tan t  2. In all  cases  the con-  
cen t ra t ion  of the tes t  subs tance  was 0.9%. 

F r o m  the spec t r a  obta ined we see  that in the reg ion  
2700-1700 cm - t  alt th ree  components  have a b road  
band of good t r a n s m i s s i o n  of the same  in tens i ty .  In 
the reg ion  3600-2700 cm -1 t he r e  is  a s t rong  abso rp -  
t ion band, which also affects all  the components  in the 
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s a m e  d e g r e e .  However ,  in the sho r twave  r e g i o n  5 0 0 0 -  
3600 cm - l  the seed  coa t  g ives  the b e s t  t r a n s m i s s i o n ,  
the t r a n s m i s s i o n  of the e n d o s p e r m  being  somewha t  
r e d u c e d  r e l a t i v e  to tha t  of the s eed  coat .  In the s a m e  
r e g i o n  the e m b r y o  i s  c h a r a c t e r i z e d  by a s h a r p  d rop  
in t r a n s m i s s i o n  as  c o m p a r e d  with the  o the r  e l e m e n t s  
of the g ra in .  
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Fig. 2. Dynamics of the temperature regime in an 
individual grain heated by an infrared source {t in 

~ Tin see): i) for T4; 2) Ta; 3) T 5 (T4 is the 
thermocouple introduced into the embryo region; 
T 3 and T 5 are the thermocouples in the farinaceous 

part of the grain). 

It a p p e a r s  tha t  the  e m b r y o  p o s s e s s e s  enhanced  
t h e r m a l  s e n s i t i v i t y  to sho r twave  i n f r a r e d  r a d i a t i o n  
owing to i t s  d i s t i n c t i v e  b i o c h e m i c a l  s t r u c t u r e .  This  
can be  judged f r o m  the a b o v e - m e n t i o n e d  r e d u c e d  t r a n s -  
m i s s i o n  in the n e a r  i n f r a r e d ,  which  i s  ev iden t ly  a t -  
t r i b u t a b l e  to the  m o r e  in t ense  s c a t t e r i n g  and a b s o r p -  
t ion  of r a d i a n t  ene rgy  in the  e m b r y o .  Consequent ly ,  
the  shor twave  p a r t  of i n f r a r e d  r a d i a t i o n  of r e l a t i v e l y  
high s p e c t r a l  i n t ens i ty  p e n e t r a t e s  a much l e s s e r  d i s -  
t ance  into the e m b r y o  than, for  example ,  into the 
f a r i n a c e o u s  p a r t  of the g ra in .  Consequent ly ,  hea t ing  
of the i n t e r i o r  of the  gra in ,  to which the r ad i a t i on  does  
not p e n e t r a t e ,  mus t  depend m a i n l y  on hea t  conduction,  
which l e a d s  to a s u r f a c e  concen t r a t i on  of hea t  in the 
r eg ion  of the e m b r y o .  M o r e o v e r ,  b e c a u s e  of the  di f -  
f e r e n c e s  in b i o c h e m i c a l  s t r u c t u r e  we may  a lso  a s s u m e  
that  t h e r e  is  a d i f f e r ence  in hea t  capac i ty ,  which p r o b -  
ably  to some  extent  a l so  f a v o r s  a m o r e  r a p i d  i n c r e a s e  
in t e m p e r a t u r e  in the  e m b r y o .  Thus, in the  r e g i o n  of 
the e m b r y o  hea t ed  p r i m a r i l y  by shor twave  i n f r a r e d  
r ad ia t ion ,  a c o n s i d e r a b l e  concen t r a t i on  of hea t  d e v e l -  
ops  in the s u r f a c e  l a y e r ,  causing,  in the event  of o v e r -  
hea t ing ,  su r f ace  burn ing  and t h e r m a l  damage  to the  
r e l a t i v e l y  s m a l l  m a s s  of the e m b r y o .  

In o r d e r  to con f i rm  th i s  conc lus ion  we c a r r i e d  out 
addi t ional  e x p e r i m e n t s  to m e a s u r e  the  d y n a m i c s  of the  
t e m p e r a t u r e  r e g i m e  in the  d i f f e r en t  p a r t s  of d r y  g r a i n  
hea ted  with i n f r a r e d  r ad i a t i on .  

i. We introduced into the region of the embryo and 
the endosperm miniature copper-constantan thermo- 
couples, arranged at the same depth. The spectral in- 

tensity distribution of the source was selected with the 

maximum in the region 1-2 #. The variation of tern- 

p e r a t u r e  in the r e g i o n  ad j acen t  to the t h e r m o c o u p l e s  
was  r e c o r d e d  as  a funct ion of t i m e  by m e a n s  of a Z e i s s  
loop g a l v a n o m e t e r  with an au toma t i c  p h o t o r e c o r d e r .  
The na tu re  of the c u r v e s  ob ta ined  (Fig.  2) i n d i c a t e s  
tha t  the t e m p e r a t u r e  in the  r eg ion  of the  e m b r y o  is  
h i g h e r  than tha t  in the r e g i o n  of the  f a r i n a c e o u s  p a r t  
of the  g r a in .  The t e m p e r a t u r e  d i f f e r e n c e  in the  e x -  
ample  p r e s e n t e d  is  8 ~ C. T h e r e  i s  a l so  qui te  a con-  
s i d e r a b l e  d i f f e r e n c e  in the  t i m e s  r e q u i r e d  to  hea t  the  
e m b r y o  and the f a r i n a c e o u s  p a r t  of the  g r a i n  to the  
s a m e  t e m p e r a t u r e :  in the  given e x a m p l e  the  e m b r y o  
r e a c h e d  a t e m p e r a t u r e  of 58 ~ C a l m o s t  20 s e c  be fo re  
the  r e s t  of the g r a in .  The s l igh t ly  h i g h e r  t e m p e r a t u r e  
in the r e g i o n  of t h e r m o c o u p l e  No. 3 i s  a t t r i b u t a b l e  to 
the  p r e s e n c e  on the su r f ace  of the  g r a i n  tu rned  t o -  
wa rd  the r a d i a t o r  of a r e l a t i v e l y  l a r g e  f ia t  s u r f a c e  
p e r p e n d i c u l a r  to the r a d i a n t  flux. 

2. A c e r t a i n  amount  of co rn  was  i r r a d i a t e d  under  
condi t ions  s i m i l a r  to those  d e s c r i b e d  above.  The g r a i n  
was  a r r a n g e d  in a s i m p l e  l a y e r ,  u n i f o r m l y  on a f la t  
su r f ace ,  with the e m b r y o  t o w a r d  the r a d i a t o r  and h e a t -  
ed unt i l  v i s i b l e  bu rns  a p p e a r e d .  O b s e r v a t i o n s  showed 
that it is primarily the embryo that is overheated as 
indicated by the fact that the burns are located chiefly 
in this region of the grain. Figure 3 (9, 10, 11, 12) 
shows the irradiated grain with burns in the region of 
the embryo. 

Fig. 3. Grain irradiated with a "dark" 
radiator with uniform burns over the 
entire surface turned toward the radi- 

ator (i, 2, 3,4); unirradiated grains 
(5, 6, 7, 8), and grain irradiated with 

a "bright" radiator with burns in the 
region of the embryo (9, i0, ii, 12). 

Twofold magnification. 

3. The spectral distribution of the radiation energy 
of the source was selected with the maximum radiation 
intensity in the region 4.5-5 p. In this case the burns 
appear primarily in that part of the grain that is clos- 
est to the radiator, more correctly, on the part of the 
surface perpendicular to the radiant flux. Burns ap- 
pear simultaneously on the seed coat and the endo- 
sperm and in the region of the embryo, which con- 
firms that the spectral transmission curve is identi- 
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cal  fo r  all  the  componen t s  in the  a b o v e - m e n t i o n e d  
r eg ion .  Gra in  thus  i r r a d i a t e d  i s  shown in Fig .  3 (1, 2, 
3, 4), which for  c o m p a r i s o n  (5, 6, 7, 8) a l so  shows 
g r a i n  not sub j ec t ed  to i n f r a r e d  hea t ing .  

F r o m  ana lyz ing  the s p e c t r a l  t r a n s m i s s i o n  c u r v e s  
ob ta ined  fo r  the  seed  coat ,  e n d o s p e r m  and embryo ,  
as  wel l  as  the add i t iona l  e x p e r i m e n t s  con f i rming  the 
s e l e c t i v e  r e s p o n s e  of the  e m b r y o  to the  sho r twave  
p a r t  of the i n f r a r e d  r ad i a t i on ,  we conc lude  that  to 
equa l i ze  the  t e m p e r a t u r e  d i f f e r e n c e s  tha t  deve lop  in 
the  r a d i a n t  hea t ing  of g r a i n  i t  i s  n e c e s s a r y  to s e l ec t  
a s o u r c e  with m a x i m u m  r a d i a t i o n  in t ens i ty  in the 
r e g i o n  in which  a l l  the componen t s  have the s a m e  
t r a n s m i s s i o n .  In the  ca se  of m o i s t  g r a i n  i t  is  a l so  
n e c e s s a r y  to t ake  into account  the  s p e c t r a l  p r o p e r t i e s  
of the  w a t e r ,  which have a def in i te  e f fec t  on the  h e a t -  
ing p r o c e s s .  A c o m p a r i s o n  of the  s p e c t r a l  t r a n s m i s -  
s ion c u r v e s  fo r  the  p r i n c i p a l  a n a t o m i c a l  e l e m e n t s  of 
g r a i n  and w a t e r  shows tha t  f r o m  the s tandpoin t  of un i -  
f o r m  deep hea t ing  of the  g r a i n  i t  i s  b e s t  to use  a r a d -  
i a t o r  with a m a x i m u m  r a d i a t i o n  in t ens i ty  in the  r eg ion  
2700-1700  cm -1. In th is  c a s e  owing to the good t r a n s -  
m i s s i o n  the r a d i a n t  e n e r g y  i s  c o n v e r t e d  into hea t  
at a r e l a t i v e l y  g r e a t  depth in al l  the  componen t s  of the  
g ra in ,  which g ives  m o r e  u n i f o r m  hea t ing .  

It i s  c l e a r  f r o m  Fig.  4 that  the  b e s t  r a d i a t o r  f r o m  
the s tandpoin t  of u n i f o r m  hea t ing  i s  a l o w - t e m p e r a -  
t u r e  "da rk"  r a d i a t o r ,  the u se  of which  c o n s i d e r a b l y  
r e d u c e s  the e m b r y o  s e l e c t i v i t y  effect  in the n e a r  in-  
f r a r e d  and hence  r e d u c e s  the p r o b a b i l i t y  of t h e r m a l  
damage  du r ing  the t r e a t m e n t  of seed  gra in .  On the 
o the r  hand, in o r d e r  to e f f ec t ive ly  d e s t r o y  the h a r m -  
ful s a p r o p h y t i c  m i c r o f l o r a  ch ie f ly  found on the s u r f a c e  
of the  e m b r y o  [9] it  is  c l e a r  tha t  b r i e f  e x p o s u r e  to a 
h i g h - t e m p e r a t u r e  "b r igh t "  i n f r a r e d  r a d i a t o r  m a y  be 
m o r e  e f fec t ive .  However ,  in th i s  c a s e  it should be  
kept  in mind that  owing to the a b o v e - m e n t i o n e d  d i f -  
f e r e n c e  in the t r a n s m i s s i o n  of the  a n a t o m i c a l  c o m -  
ponents  in the n e a r  r eg ion  of the  s p e c t r u m  due to d i f -  
f e r e n c e s  in b i o c h e m i c a l  s t r u c t u r e  the u se  of a "br igh t"  
r a d i a t o r  m a y  h a r m  the embryo ,  even though the t e m p -  
e r a t u r e  of the r e s t  of the  g ra in  does  not r e a c h  the 
m a x i m u m  p e r m i s s i b l e  va lue .  

The r e s u l t s  ob ta ined  p e r m i t  the fol lowing conc lu-  
s ions :  

1. In spec i fy ing  the m a x i m u m  p e r m i s s i b l e  t e m p e r -  
a tu re  fo r  g r a i n  hea t ed  with i n f r a r e d  r a y s ,  in o r d e r  to 
avoid t h e r m a l  d a m a g e  to the e m b r y o ,  it is  n e c e s s a r y  
to t ake  into account  i t s  s e l e c t i v e  r e s p o n s e  to the s h o r t -  
wave componen t  of the  e m i s s i o n  s p e c t r u m  of the  sou rc e .  

2. In o r d e r  to check the m a x i m u m  p e r m i s s i b l e  
g ra in  t e m p e r a t u r e  the  t e m p e r a t u r e  p r o b e  should be 
in t roduced  into the e m b r y o  reg ion .  

3. In o r d e r  to ob ta in  m o r e  un i fo rm hea t ing  of all 
the componen t s  of the  g r a i n  and r e d u c e  the  t e m p e r a -  
t u r e  d i f f e r ence  be tween  the e m b r y o  and the e n d o s p e r m  
dur ing  r a d i a n t  hea t ing  it i s  n e c e s s a r y  to u se  a "da rk"  
l o w - t e m p e r a t u r e  i n f r a r e d  r a d i a t o r  with a s p e c t r a l  
e m i s s i o n  m a x i m u m  c o r r e s p o n d i n g  to the cen t r a l  p a r t  
of the high t r a n s m i s s i o n  band common  to al l  the  c o m -  
ponents  of the g ra in  (2700-1700 c m - I ) .  

4. If high-temperature "bright" infrared radiators 
are employed they should be used very cautiously with 
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F ig .  4. Combina t ion  of s p e c t r a l  
t r a n s m i s s i o n  c u r v e s  of the  p r i n -  
c ipal  a n a t o m i c a l  e l e m e n t s  of 
corn  g r a i n  and w a t e r  ( acco rd ing  
to Ashk inaz i  e t  al .  [1]), and the 
e m m i s s i o n  s p e c t r a  of "br igh t"  
and "da rk"  r a d i a t o r s  ( acco rd ing  
to Br~igel [2]): 1, 2, 3) for  w a t e r  
f i l m s  0.01, 0.05 and 0.6 m m  
thick,  r e s p e c t i v e l y ;  4) fo r  seed  
coat,  e n d o s p e r m  and e m b r y o ;  
for  "da rk"  r a d i a t o r ,  T = 525 ~ C; 
6) "b r igh t  ~ r a d i a t o r ,  T = 1950 ~ C 
(along the o r d i n a t e  ax i s  e ,  D(k) 
in %, along the axis  of a b s c i s s a s  

(k) in #)~ 

c o n s i d e r a t i o n  for  the  s e l e c t i v e  p r o p e r t i e s  of the  e m -  
b ryo .  
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