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Surface structure of starch granules* 

Fig. i . . \  c(irll starch section 1 5 , 5 o o  . 

Fig. 2. A collodion replica of o)rn s tarch I5,5oo • . 

The surface s t ruc tu re  ¢)f 
s tarch granules  is of indus t r ia l  
and lfiological impor tance .  Sur- 
face s t ruc tu re  in lh len tes  Sol-p 
t i r e  power of g ranules  and 
p r o l m b l )  influences chemical  
r eac t i v i t y  ~H granules  by af- 
fect ing }die ra te  ~1 chemical  
penetrati~m. Very l ikely the 
surface strklcttlre illi]llences t<} 
some degree ti le ra te  at which 
granules  nre enzymica l ly  di- 
geste~l. 

\Vhile s tarch granules  have  
been exal l l ined ex tens iveh ,  with 
l ight inicr(~scopes, the i r  fine 
s t ruc tu re  as r e \ e a l e d  by the 
e[e(ti-Oll m i c r o s c o p e  has  [)cell 
l i t t le  examined .  The pr inc ipa l  
re{iS(ill t ha t  s tarch g ranu les  
have  not been examined  a t  high 
magni l ica t i (m is t h a t  they  are 
tot) t h i ck  to be o b s e r \ e d  di- 
rec th '  ill lhe  eleetrtln bealil  
wi thout  undergoing  ex t ens ive  
da lnage :  idthotlgh sonic elec- 
tron micrographs  e l  whole  
granules  lmxe been pub l i shed  1. 

Evidence  now ob ta ined  by 
several  me thods  sugges ts  t h a t  
the surfaces of na t ive  s ta rch  
granules  are re lnarka l ) ly  
SlllOt)t h. Nulnerous observa-  
t ions of u l t r a - th in  sect ions have  
shown a r a the r  un i fo rmly  
smooth  out l ine  wi thou t  evi- 
dence of ex tens ive  wrinkles,  
crevices or pits.  This  has been 
t rue  especia l ly  of corn, oa t  and  
whea t  s ta rches  {seed starches)  
which have  been the p r i m a r y  
subjec ts  of examina t ions .  Sec- 
t ions were made wi th  a wedge- 
modified Spencer  Model 82o 
ro t a ry  micro tome using glass 
kn ives  mounted  in a rock ing  
knife-holder  adap t ed  for this  
mic ro tome  from the  design of 
])EMPSEY AND LANSING 2. [TNL1- 
al ly  granules  were e m b e d d e d  
for sec t ion ing  in a m i x t u r e  of 
20°  o lne thy l  m e t h a c r y l a t e  in 
n - lmty l  m e t h a c r y l a t e  e i the r  
d i rec t ly  or by  v a c u u m  em- 
bedding,  or by pass ing  t h r o u g h  
a wa te r -  a h:ohol- meth  acryla  t e 
sequence.  After sect ioning,  the  
specimen on its support ing  grid 
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was extracted by  submerging 
in toluene for IO minutes  to 
remove embedding material. 
An example of a smoothly  
rounded edge in corn starch is 
shown in Fig. I. 

Surface replicas of gran- 
ules were made by  both  the wet  
and the dry methods.  In the 
wet  method the usual  agar- 
collodion procedure was used. 
Granules were atomized onto 
a partially cooled and hardened 
2 % agar gel. After the granules 
had partially submerged in the 
gel a 1.5% collodion solution 
was drained across the gel and 
the fihn thus  formed floated off 
with water.  Specimens on grids 
were chromium shadowed at an 
18 ° angle. In  the dry procedure 
granules were atomized on 
acetone moistened collodion 
covering a glass slide. Granules 
were then removed from the 
hardened film by digestion with 
saliva for 24 h at 4 °°  C followed 
by a i % mal t  diastase solution 
for 24 h. On washing and 
drying the collodion was 
shadowed lightly with chro- 
mium and coated with a Ioo A 
layer of silicon dioxide (du Pon t  
Ludox) 3. After placing on a 
grid the collodion was removed 
by dioxane in a KELLENBERGER 
extrac tor  4. 

Figs. 2 and 3 show replicas 
of corn starch granules made by  
the two procedures. Similar 
surfaces are shown by commer-  
cial corn starch, nat ive granules 
teased from the flowery endo- 
sperm of corn grain and by  corn 
s tarch defat ted with 8o% 
methanol.  The surface of an oat  
granule is shown in Fig. 4. 
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Fig. 3. A silica replica of corn starch i5,5oo x .  

Fig. 4. A collodion replica of oat  s tarch 15,5oo × .  


