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DISCUSSION 

This study showed that extrusion of rice to noodles can 
lower the in-vitro rate of starch digestibility and blood glucose 
response in normal and diabetic volunteers. 

The reduction of glycemic response to rice noodles com
pared to milled rice of the same variety was seen in diabetic 
volunteers both in Toronto and in the Philippines where dietary 
habits are widely different. This partly agreed with the results 
of Komindr et al. (1988) in their study of extruded rice noodles 
but contradicted the results of others which showed higher 
digestion and glycemic response in humans (NIDDMI and ani· 
mals (rats) after extrusion of wheat products (23, 24). The 
contradiction may be due to differences in the extrusion tem
perature and moisture content, and composition of the ex
truded food. Wheat differs in chemical composition compared 
to rice with wheat containing higher protein, available carbohy
drate and crude fiber (45). 

The similarities of trends between two groups from the 
same population (normal and diabetics in Toronto) and two 
population groups (diabetics in Toronto and the Phiiippinesl 
showed a real effect of extrusion of rice to noodles on starch 
digestability and glycemic response. Filipino diabetics who are 
regular rice eaters showed a 25% reduction in glycemic re
sponse in rice noodles compared to milled rice. while among 
Tor onto diabetics. who are not regular rice eaters the reduction 
was 2l%. This observation indicates a real lowering effect of 
extrusion digestability and glycemic response. 

The differences in digestibility and glycemic response of 
noodles and milled rice could be due partly to differences in 
some of the physicochemical properties of rice noodles relative 
to milled rice (Table 3). The lower gel consistency and lower 
amylograph viscosity of rice noodles compared to milled rice 
seen in the present study are reflective of pregelatinization and 
some breakdown of starch in rice noodles during extrusion and 
retrogradation upon cooling (Khandher 1986). Retrograded starch 
has been shown to be resistant to hydration because of the 
reformation of hydrogen bonds between amylose molecules 
and the return of the crystallinity of the structure. Yatomi et al 
(1988) showed that upon heating, pregelatinized rice has a 
lower ·degree of gelatinization than untreated rice. However. 
starch gelatinization is required during extrusion as the gelati
nized starch acts as a binder. and degree of gelatinization can 
range from 7 to 95% in commercial noodles. Matsunaga and 
Kainuma (19861 showed that degree of gelatinization (indexed 
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by enzyme hydrolysis by BAP) of retrograded starches not 
stored (0 cycle) was 88% compared to 31.5% in retrograded 
samples stores (10 cycles). Another study by Matsukura et al 
( 1983) showed that Chinese noodles stored 40 days had lower 
degree of gelatinization compared to noodles stored 30 days 
(40% vs 30% hydrolysis). 

Retrogradation is a crystallization process that arises be
cause of the strong tendency for hydrogen bond formation 
between hydroxy groups on adjacent starch molecules (1 3). 
Electron micrography of both raw and cooked noodles showed 
a honeycomb-like fibrillar network of retrograded starch, with 
protein material interwoven with the starch strand network 
(64). Resistance of retrograded starch to enzyme hydrolysis is 
well documented (1 7, 18, 48, 49, 50). Englyst and Cummings 
(1987) showed that 9, 18 and 14% of total carbohydrates fed 
were recovered in ileostomy effluents from freshly cooked, 
cooled and reheated potato, respectively. Differences in the 
rate of digestibility of rice noodles and milled rice can therefore 
be partly explained by starch retrogradation. This was reflected 
in the result obtained from the Slade test for starch retrograda
tion (Table 4). Freshly cooked noodles have more retrograded 
starch compared to milled rice and these differences were 
more prominent during storage. Other studies have shown re
duction of digestibility of cooked rice stored at refrigerator 
conditions but the rice samples used in those studies were not 
characterized for amylose content and physicochemical proper
ties (17, 18, 48, 49, 50, 56). 

CONCLUSION 

This study indicates that extrusion of rice to noodles can 
decrease the rate of in-vitro digestability and glycemic responses 
of normal and diabetic subjects. This may be related to 
retrogradation of the gelatinized high amylose rice starch during 
extrusion as indicated by the high amylograph setback and 
consistency of milled rice compared to rice noodles. Upon 
storage, the greater reduction in digestibility in rice noodles 
versus milled rice further suggest that the starch in rice noodles 
are more prone to retrogradation. 

High amylose rice noodles may therefore be considered as 
lower Gl food and can therefore add variety in planning diets 
not only for people with chronic diseases such as diabetes, 
hyperlipidemia and obesity but also normal individuals. 
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