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Short Communications 

The effect of inorganic ions on the 
crystallization of amylodextrin 

There are three modi f icat ions of the crysta l l ine s t ructure of starch grannies ~ The 
A - t ype  have been found in cereal starches, tl~e B- type  in tuber  .s!~rche~-; and the 
C-type,  a mixed  A- and I3-type, in hean and root  starches,  thougt~ some ,:~ <,.-cp.t%~>~i 
cases have also been %und '%-c'. 

As is wel l  known,  s tarchy mater ials usuallv~ give. B-type., crv~tals . . . .  c, nei~ thev~ ar~_ 
re t rograded  at  room i e m p e r a t u r e  v, a l though A- type  crys ta ls  have hee~ , ,1 ) t~e( t  uh<,e~ 
some condi t ions v->. Therefore,  it  was considered tha t  the  cryslalli1~e type  of native, 
s ta rch  granules might  he control led b3  the condit ions of crystallizatioJ~ of the starch3; 
mate r ia l s  in the  plant .  In this communicatioi% the effect of various_; ino;:£a~ic ions 
on the crystallizatiol~ of amylodextrJn  Js repor ted.  

The amvlodextril~~ "~<~, ..ed in this exper imen t  was ob ta ined  from ;~ .... .;pecific kind o~ 
swee t -po ta to  s tarch syrup  as repor ted  in the  previol~s paper  ~J. The degree of poly-  
mer iza t ion  of the  amylodex t r in  was ,-e.6. I t  was a ]inear molecule and was i~vdr )}vzed 
comple te ly  b y  crys ta l l ine  swee t -po ta to  ,8-amylase to mal tose  al~d a small amount  of 
glucose. Thi~ mater ia l  could be crystal l ized easi ly as the Ao, 1):~- a.~d C-i'.:p~ u t " l d e r  

different  condit ions,  hu t  the  degree of crys ta i l inJ ty  was higher  titan tha t  )i~ nativ,- 
(/111] a.chon lJ~?es starch granules as judged by the Jntelssities of the ~'":- " " 

To x.I  g of the an-Jy]octexi:rha (x:.o g on a d ry  basis) in a 5-mI eouJcal flask, z. 5 m] 
water  was added.  The amv]odex t r in  was dissolved b y  immersion of t}qe flask i> ge~:~.t]y 
boil ing wate r  wi th  shaking for >5 mJs. The clear solution thus  o])tailsed wa!5 cooled 
for several  minutes  irJ a batln of cold wate r  kep t  ai: the  crysta l l izat ion t empera tu re .  
The solut ion was stilI clear. An app rop r i a t e  amoun t  (o.3-4 mmoie~-, as a d'.:;:' powder) 

. . . . . . . . . . . . . .  z" ] of a salt  was added !:o 1he solutJo;i. Af te r  the  sal t  was dissolved, lhc fla~k wa,.: ~lgh dy  
s toppered  and different flasks were placed in incuhators  s t  a cons tan t  t empera tu re  
(7.5 -~q_- 0.5 °, ze° ~ o...) and ee ° ~{: 0.5 °) for 5 days.  The prec ip i ta ted  arhy]odextrh? 
was collected hy  f i l t rat ion on a sucikm filter and t r ea ted  successively ,,rill? 3<) m] 60 '!'~ 
methanol  and 50 m] S,.) % methano]  to remove the mothe r  l iquor and !he added  salt .  
The prec ip i ta te  was d e h y d r a t e d  with absolute  alcohol and  washed with e ther  on the 
suction filter. The resul t ing anaylodextrin powder  was examined by  an X-r%. diffracto- 
mete r  (Shimadzu GX-I1) .  X- rays  were Cu K~ e l iminat ing  I(;~ v, ith a nickel filter. 
The  high tension vol tage  was 35 ]<\r a.lad the cui:reJ?t lb~ 1TU~,. 

As shown Jn curve I of Fig. I, a. B.-type amylodex t r in  was ~OrlTied whl}]t crystal-  
l ized from a pure  aqueous solution under  the condit ions descr ibed al>ove. On the other  

~'~ " " ."~ crys ta l l ized  frorn NaC]. The X-ra?, pat tenqs hand,  C- or A- type  ...... \ , lodext .~ ,  was 
approached  the A- type  through the C- type with  increasing eoneent ra t%ns  of the  
salt ,  as shown in curve:- I I - V  of Fig. z. The same phenomenon was also observed to 
different degrees i~ var ious  o ther  salt  solut ions as shown in Table  t.  ".['}-c order  of 
effectiveness of the  sait>~ in producing  A- type  amylodex t r in  crys ta is  wan, Jound to 
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be Na + > Li +, NH~+ > K + > Rb + for the cation series (when tested as their chlorides) 
and I - >  S C N - >  B r - >  Cl->~ S0~ = in the anion series (when tested as their 
potassium salts). The orders of effectiveness was similar to the lyotropic series, 
though the order of Na + and Li+, and of I -  and SCN- were reversed in these series 1~. 
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Fig. I. X-ray-di f f f rac t ion  curves  of a m y l o d e x t r i n s  crysta l l ized f rom aq.  NaC1. Concen t ra t ions  
(mmoles  per  1.6 m l  wa te r  con ta in ing  I g amylodex t r in )  of NaCI were:  I, none  (B-type);  I I ,  
i (Cb-type§) ; I I I ,  1.5 (Co-type§); IV, 2 (Ca-type§) ; V, 3 (A-type),  The  concen t ra t ions  of amylo-  
d e x t r i n  were be tween  35.4 % and  38.5 % af te r  the  addi t ion  of the  NaC1. This  concen t ra t ion  change  
h a d  no effect on t he  c rys ta l l ine  type,  because  f rom an  aqueous  solut ion of a m y l o d e x t r i n  of below 

46% concen t r a t i on  a t  7.5 °, t he  B- type  c rys ta l  was  a lways  ob ta ined .  

T A B L E  I 

C R Y S T A L L I N E  T Y P E S  OF A M Y L O D E X T R I N  CRYSTALLIZI*3D F R O M  V A R I O U S  

I N O R G A N I C  SALT S O L U T I O N S  

Crysta l l iza t ion  t e m p e r a t u r e  was 7.5°; in some  cases  12 ° . 

Amount  added salt o ~. ? z 1.5 2 3 4 

f mmoles)* Crystalline type of am t,lodextrin 

NaC1 ]3 Cb Ce C~ A 
NaC1 (12 °) B A 
LiCI B Cb C~ A 
NH4C1 B Cb Ca A 
KC1 B Ch Cb Cb Ce Ca 
KC1 (12 °) B Ce Ca 
RbCI B Cb Cb C~ 
K I  B Ce Ca 
KCN B Cc Ca 
K B r  B Ce Ce Ca 
~zK~SO 4 B B B B B 
1/2 (NH4) 2SO4 B B B B B 

* m m o l e s  d ry  sa l t  added  to the  solut ion m a d e  by  dissolving i g a m y l o d e x t r i n  in 1.6 ml  water .  

§ C-type was  d iv ided in to  th ree  sub - types ;  Ca: nea r  A-type,  Ce: i n t e rmed ia t e ,  and  Cb: nea r  
B- type .  
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The crystalline types of freshly precipitated amylodextrin were not only influenced 
by salts as described above, but by the temperature of crystallizati©~ a~d the coJ?- 
centration of the amylodextrin ~a. When the crystal]izatJon was carried ou~,: at the 
higher temperature and at a higher amylodextrin concentration, the A-type a m y l o  
d e x t r i n  was_ f o r m e d  e v e n  a t  a l o w  o'.,al.t c o n c e n t r a t i o n  as. s h o w n  in  t}>'_ c a s ~ s  ,.~f "-i~!a,.C~ .... 

and KCI in Table I. 
An exceptional result was obtained with (NHa}~SO4, which did not l~ave any 

effect on the transition from the ]3- to the A-type. In fact, it ratl~cr showed the 
reverse effect for the transition tendency, since when the salt was added to a amylo- 
dextrin solution which would produce an A-type crystal without 1he salt, C- and 
B-type crystals were produced with increasing amount of (NH,a}zSQ:, ~nd the effects 
of other salts were abolished (see Table II). 

T A B L E  II. 

TIlE EFFECT OF AMM()NIU~I SULFATE ON TltI£ CRYSTALLIZATION OF AMYLODY~;~T2~2q 

Co~d~gio~zs of cwstallizatio*~ (NH~) :,S0~ added 
(mmnlC~ ~3 '#c 

0 :~. 

I g a m v i o d e x t r i n  d i s s o l v e d  i> ~.6 ml  w a t e r ,  ~2 ° ~ ~2,~ 
" 2 '2e 

3.5 ig 

I g a m y l o d e x t r m  a n d  3 m m o l e  Na,CI d i s s o l v e d  o A 
i l l  Z.6 m l  of w a t e r ,  7.5 ° 3 33 

* m m o l e s  d r y  salt. a d d e d  to  a s o l u t i o n  m a d e  b y  d i s s o l v i n g  ~ g a m y I o d e x i : r h  ir~ ~ .6 m] w a t e r ,  

From these results, it seems thai: the various salts in living plant organs might 
affect the crystalline types of native starch granules. 

7"he D, stitute of Scienti!~c and D~dustrial Research, 
Osa/¢a, U~Kversitv (.Japans) 
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