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ABSTRACT 

Scanning electron-microscopy (SEM) revealed that, for starch granules rela- 
tively susceptible to amylase, numerous pin holes could be observed on the surfaces 
of granules attacked by amylase. We also observed that the pores penetrated into 
the inner layers of granules during the enzyme action and some of the granules 
exhibited a terraced or step-shaped appearance in their inner portions_ These internal 
characteristics are most probably indicative of layered internal structures of the 
granules. The other characteristic observations by SEM were striated structures 
on the surfaces of starch granules of banana, lily, and lotus attacked by pancreatin. 

INTRODUCTION 

Optical microscopy of an aqueous suspension of starch granules, for example 
those of potato, canna, lily, and lotus, shows the presence of layering (growth rings) 
within the granules. Starch granules show, in general, “Maltese cross” polarization 
patterns; the arms of the polarization cross also intersect the growth-rings perpendi- 
cularly_ These observations mean that there is a high degree of molecular orientation 
within the granules, and it has long been supposed that the growth-rings are con- 
centric shells of alternating refractive index”‘. 

Although the growth rings have been observed by transmission electron- 
microscopy (TEM) of thin sections of native3s4 and acid-treated’ maize-starch 
granules, TEM of the growth rings has been contradictory. Recently, scanning 
electron-microscopy (SEM) of enzymically6-18, chemically”, and physically” 
modified starch-granules revealed internat, terraced or step-shaped characteristics. 
These characteristics are the most likely indication of layered, internal structures of 
the granules. 

This paper deals with observations by SEM of layered, internal structures of 

starch granules of maize, lily, and lotus attacked by pancreatin, potato-starch 

*Dedicated to Professor Roy L. Whistler. 
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granules pretreated with acid and attacked by glucoamylase, and striated structures 
of the outer portion of starch Sranules of banana? lily, and lotus attacked by pancreatin. 

~IATERIALS AKD .\IETfIODS 

Srtrr-ck~. - Banana-starch granules were prepared by the method of Fujimoto 
ct nl.“’ from commercial green banana (I\~KW~ cct~*ettr/i_dzii L.), with or without ethylene 
gas treatment. Starch granules of potato, lily, and lotus were prepared from commer- 
cial tubers of potato (Sokwwr tdxv-osrm L., cultivar Danshaku), bulbs of lily 
(Lilittttt spp.), and tubers of lotus (Ndutttbo tzitcifht Gnertn), respectively, by a general 
procedure for tuber starches”. Corn-starch granules were prepared from commercial 
dent maize CZccr n~r_t-s L.) by the method described previousIy’3. 

Prrprm~tion of stm-c11 grccnirlc~s cUtnckcil I,?* flt~I_l*lmc~s, specimcw mowtitlg, a& 

SE.\I_ - Starch granules were attacked by amylases under the conditions reported 
previously’3. Procedures for specimen mountin g and SEM \vere followed as described 
earlier ‘5.‘7~‘8. except that starch g-anules were coated with 100-200 A of a gold 

layer by ion sputtering with the use of an Ion Coater IB-3 from Eiko Engineering 
Co. Ltd., Japan. 

RESULTS AND DISCUSSION 

SEA1 of th itttw. c’otmtttric shells of src~tdt ptttdes ctrtrtckeri b_r nttt_dmc. - 

Fig. 1 shows one of the typical vie\\s by SEivf of maize-starch g-anules attacked by 
prtncrenlin. Attack usually started with small pits on the surfaces of the granules. 
the pits increased in number and in size. and pores penetrated into the inner portions 
of the granules toward the center. For some of the granules, it was possible to observe 
the inner portion. which appeared terraced or step-shaped. At the higher magnifica- 
tion (Fig. lb). radial or onion-like layering in the = CTranule is clear!y visible_ The 

Fig. I _ Scanning elcctI-cn-Fhotomict-ogmms (SEM) of mnizc-starch granules :tttackd by pnncreatin. 

a and b: dcgrad~~tion. X”,. 



Fig. 2. SElM of potato-starch granules pretreated with hydrochloric acid and attacked by gluco- 
amylase. a and b; degradation by glucoamylase, 16 “/“. 

Fig. 3. SEM of banana-starch granules and those attacked by pancreatin. a: green banana. b: green 
banana; dearadation, 3 I %_ c; yellow banana, d; yellow banana, degradation, 30%. 
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SEM studies showed the layered. internal structures of starch granules of normal 
~~~.~izc’l~l~~‘S c _ se\ ernl maize mutants’ ‘.“*’ ‘. ~nung beans’ ‘_ s\\wt potato, lily 

( Fig. 4~1). and lotus (Fig. 5dj. Siniilar observations have been made by others”- lo- 
12-I-k on starch granules of normal maize. barley. rice, tapioca, whear. and wrinkkd 

pea attxked by amylasc or physicall_ modified. The layered, internal structures of 

~tru‘Cll gr-anules \veI-t2 :tlso visible in gertninating weds of bnrley”-lo. nirtizcl’.‘“, 
pearl iiiillet’4_ rice’“. and u kati-‘~. 

The concentric shells of potato-starch granules are obvious by light microscopy. 

ho\\cvcr. SE>1 provides little or no cvidcnce of the structures’0*24 except after pre- 

trer~tnicnt of potato-starch granuics with acid and/or a~nvlase~~. We shooed such 

structure3 by SEkI of potato-starch granule5 isolated from digestive tracts of rats 

fed rt diet containing potato-starch granules as the sole. source of carbohyciratc’“, 

mid nlso potato-starch _ wuiulcs pretreated with hydrochloric acid (11. 4s h, 37’) and 

attacked by gl~~coa~n~iasc (Figs. 2u and Zb). 

SI5.U I$ illC orrfi’l-. srt%trcd sIl-riclrlr~C~.\ Of Jrilr-cll glvrtllrl~~_$ fitfclc.xL’Ll hl. LIlll~-lrr.\c. - - _ 

Fig. 5, she\\ > banana-starch granules isolatccl front the pulp of green fruits. The 
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Fiar -_. 3. - SEM of lotus-sttuxh gxnules nnd those attnehed by pancreatin. a: n,tti\c. b. c‘. and I!: 
dcgradntion. 51 “/ ‘I. 

p-anules have smooth surfaces. arc irregular-i>- shaped. and are a misturtz of ilat and 

elongated 011th~ ‘. Banana-starch granules isolated from the pulp of ripenccl fruit> 

(green bnnanus xvcre tre:llcd \i ith eth~ lent ’ gas t‘ol- 24 I1 ancl kept t-<x- s day3 xt 20-z! -1 

showed characteristic striated Structures on the sur-face< (Fig. 3c). \\ hich were dniilar 

to those of pxn ban:ina-st3i-cl~ granule:, attxketi by ptncre;ttin ( Fig. 3h). These 

striated ~trttctttre5 of ripened llan~tna-starcll gKlIllllCS \\cre LtCCCIltCd by tI~t‘;ltIllCIil 

\vith pancreatin (Fig. M). Thus the crevices of the striated \trttcture~ et’111 to lx 

more susceptible to amylase attack. The striated structured \\erc ~~bsx~tx1 h> SE\1 

for- 5ome parts of the outer portion of ~\r:ircl~ g-antiles of lilv (I-ifs. 4~ and 42) and 

IO~LI~ (Fig\. 5b :tnd 5c) attacked by pmicrcatin. 

Tho5e st:trch gmtiules that slio~~ctl the 5triatcd charactcri5tics on the outer 

portion upon attack h?; pmcre:ttin had \nrious irregular sh:tpeh. F~-cncl~‘~ produced 

‘-optical map“ of various irrcguI;irly 4iapxl 5tareh-granu!es and stated that the 

molecular xrrangemcnt of chain is buch that their Ions :t’ie:, are perpcntficulrir to the 

surface of the y-mule for these non-~phericrtl granub. The appxtrunce of the 4tri;tta-i 
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structures on the outer portion of such starch granules may be accounted for by 
removal of some of the surface layers of the original granule by enzyme attack, be- 
cause we observed surface striations only on starch that had undergone a significant 
degree of enzymic erosion. 

A large proportion of starch granules attacked by the enzyme did not show 
either the outer-striated or the inner-shell structure on the same granuIes, except those 
shown in Figs. la, lb, and 5d. The present evidence is thus not yet conclusive as to 
whether these two kinds of observations are necessarily reIat,-d or not. Further work 
is necessary to elucidate the relationship of these structures to the architecture of 
starch granules. 
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