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R E S U L T S  A N D  D I S C U S S I O N
1. M o r p h o l o g i c a l  c h a n g e s  o f  s t a r c h  
g r a n u l e s ( p o t a t o  s t a r c h  a n d  c o r n  s t a r -  
c h ) d u r i n g  h e a t  t r e a t m e n t :
P o t a t o  s t a r c h  g r a n u l e s  a r e  f o u n d  g e n 
e r a l l y  r o u n d  o r  e l l i p t i c a l  i n  s h a p e ,  
t h e  s u r f a c e s  o f  w h i c h  a r e  r e l a t i v e l y  
s m o o t h .  T h e i r  s i z e  v a r i e s  f r o m  lOjum 
t o  l O O u m ,  w i t h  a n  a v e r a g e  o f  6 5 p m .  
( F i g . l . )  T h e  h i l l u m  a n d  c o n c e n t r i c  
r i n g s  c o u l d  b e  c l e a r l y  s e e n  u n d e r  t h e  
l i g h t  m i c r o s c o p e .  C o r n  s t a r c h  g r a n u l e s  
a r e  g e n e r a l l y  p o l y h e d r a l  i n  s h a p e ( F i g .
2 .  ). T h e i r  s i z e  v a r i e s  v e r y  l i t t l e , b e 
i n g  f r o m  5 p m  t o  2 6 p m ,  t h e  a v e r a g e  o f  
w h i c h  i s  1 5 p m .  N o  c o n c e n t r i c  r i n g s  
w e r e  o b s e r v e d  u n d e r  t h e  l i g h t  m i c r o 
s c o p e  .

W h e n  p o t a t o  s t a r c h  w a s  h e a t e d  t o  5 0 ° C  
i n  w a t e r ,  a  l o n g i t u d i n a l  t h i n  t u b e  
a p p e a r e d  a t  t h e  c e n t r e  o f  s o m e  g r a 
n u l e s ,  e v e n  t h o u g h  n o  e x t e r i o r  c h a n g 
e s  c o u l d  b e  o b s e r v e d  a t  t h i s  t i m e .
I n  t h e  t u b e  a  s p o n g e - l i k e  s t r u c t u r e  
c o u l d  b e  c l e a r l y  s e e n ( F i g . 3 . ) .  A s  t h e  
h e a t i n g  t e m p e r a t u r e  r o s e ,  t h e  d i a m e 
t e r  o f  t h e  t u b e  g r a d u a l l y  b e c a m e  b i g 
g e r  w h i l e  t h e  g r a n u l e s  s w e l l e d .  W h e n  
t h e  h e a t i n g  t e m p e r a t u r e  r o s e  t o  6 2 ° C ,  
c l o s e l y  d i s t r i b r t e d  p o r e s  a n d  i r r e g u 
l a r  h o l l o w s  a p p e a r e d  o n  t h e  s u r f a c e s  
o f  t h e  g r a n u l e s ( F i g . 4 . ) .  A l m o s t  a l l  
o f  t h e  i n t e r i o r  s t r u c t u r e  a p p e a r e d  
s p o n g y ( F i g . 5 . ). T h e s e  p o r e s  g r a d u a l l y  
e x p a n d e d  w i t h  t h e  r i s i n g  o f  t h e  h e a t 
i n g  t e m p e r a t u r e .  A t  7 0 ° C ,  s o m e  o f  t h e  
e x p a n d e d  p o r e s  u n i t e d  i n t o  b i g g e r  o n e s .  
I n  a d d i t i o n ,  m o r e  i r r e g u l a r  h o l l o w s  
a p p e a r e d  w h i l e  f o l d s  c o u l d  b e  c l e a r l y  
s e e n ( F i g . 6 . ). T h e  m o d i f i e d  g r a n u l e s  
n o w  f o r m e d  a  s p o n g e - l i k e  m a s s .  W h e n  
t h e  h e a t i n g  t e m p e r a t u r e  f i n a l l y  r o s e  
t o  8 0 ° C ,  t h e  s t a r c h  g r a n u l e s  c o m p l e t e 
l y  l o s t  t h e i r  g r a n u l a r  s h a p e .  T h e  
s p o n g e - l i k e  m a s s  c o n n e c t e d  w i t h  e a c h  
o t h e r  t o  f o r m  a  s p o n g e - l i k e  b o d y ( F i g .
7 . ) .

W h e n  c o r n  s t a r c h  w a s  h e a t e d  t o  5 0 ° C  
i n  w a t e r ,  t h e  a p p e a r a n c e  o f  t h e  g r a 
n u l e s  c h a n g e d  m u c h ,  w h e r a s  o n l y  a  
s m a l l  h o l e  a p p e a r e d  a t  t h e  c e n t r e
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(Fig.8.). As the heating temperature 
rose to 64°C, the granules were full 
of sponge-like structure, their vo
lume expanded greatly and irregular 
hollows appeared on the surfaces(Fig. 
9.)- At 70°C, the granules swelled 
further, forming more sponge-like st- 
ructures(Fig.10.)• When the heating 
temperature finally rose to 80°C, the 
characteristics of their appearance 
disappeared. These modified granules 
united together and formed a sponge
like mass(Fig.11.).
When sausage was added with corn st
arch and observed with scanning elec
tron microscope, the starch granules 
appeared much swelled and micro holes 
could be seen on their surfaces(Fig. 
14.). These suggested that the inter
ior sponge-like structure had been 
formed. In addition, protein could be 
seen sticking to the granules(Fig.16.) 
Fig.15 showed that starch granules 
were tightly wrapped up by fat and 
protein. Some of the muscular protein 
after being heated, coagulated to 
form granules and filaments, while 
others formed sponge-like structure 
further(Fig.14,18,20). Some of the 
muscular tissue could still be seen 
(Fig.14,16,17,18), wheras the struc
ture was different from the uncooked 
ones(Fig.12). It was supposed that 
the appearance of large pieces of 
muscular tissue was attribured to the 
incompletely grinding.

Scanning electron micrographs of po
tato starch sausage and corn starch 
sausage revealed similar structures. 
The microhraph of freeze-fractured 
face of a potato starch granule in 
the sausage revealed the interior 
sponge-like structure(Fig.20). How
ever the changes of its appearance 
were much less compared with those 
in Fig.7. What is the reason for the 
different appearance of the same type 
of starch granules at the same heat
ing temperature? This is probably at
tributed to the different quantity of 
water arround the granules. When 
starch granules were heated in water 
they could absorb as much water as 
possible and swell well showing great 
structural changes. However within 
the sausage they could not absorb

water as much as they can Beca,use

the limited of water content-
in gh

Fig.15 and Fig.19 revealed f®Jjd \>e  ̂
arch sausage from which it c e%iSie 
clearly demonstrated that ^

qtlas massed. Their hight and .
different. Muscular tissue
and starch granules existed 
ese fat masses. Combined to 
they form a uniform body*
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e§end 
Fl§ 1: °f figure:

Unroodified potato starch granule: Fig 2: unmodified corn starch gran
t s  -j-8 3: a potato starch granule heated to 50°C, showing the interior 

like strnrt-nrp• Fio 4: notato starch eranules heated to 62°C, showii
hiterior

structure; Fig 4: potato starch granules heated to 62°C, showing 
changes; Fig 5: a potato starch granule heated to 62°C, showingu6co J x -Lo u o o

.°r changes; Fig 6: potato starch granules heated to 70 C, showing 
ior r̂ 0r chages; Fig 7: potato starch granules heated to 80°C, showing 

changes; Fig 8: corn starch granules heated to 50°C, showing exterior 
t̂teri m" I'UonrTQo • n Q- onr-n Qtfirrh ofannles heated 64°C. showins ex

exter-
hid
fOf
itlo and

exte

rior changes; Fig 9: corn starch granules heated 64°C, showing exter- 
interior changes; Fig 10: corn starch granules heated to 70°C, show-

_  ̂ rior and interior changes; Fig 11: corn starch granules heated to 
l3: > showing exterior and interior changes. Fig 12: fresh lean pork; Fig 
P; nc°°ked fat; Fig 14: sausage with 5% corn starch: M: muscle; S: starch; 
6iti; ptein; Fig 15: sausage with 5% corn starch; F: fat; S: starch; P: prot
ein! 16: sausage with 5% corn starch(fat extracted); S: starch; P: prot- 
lig *8 17; the muscle tissue in sausage with 5% corn starch(fat extracted); 
P; pry: sausage with 5% potato starch(fat extracted); S: starch; M: muscle; 
Pr0te°teiri; Fi§ 19: sausage with 5% potato starch; S: starch; F: fat; P: 

ln; Fig 20: sausage with 5% potato starch; S: starch; P: protein.
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