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Summary 

Twelve different varieties of rice including two flavorful varieties grown in the 
State of Maharashtra (India) have been studied with respect to the effect of storage, 
at ambient conditions, for 180 days on the physicochemical properties of the starch 
component as well as cooking quality. 

Zusammenfassung 

12 verschiedene Sorten von Reis aus Indien wurden im Hinblick auf die Auswir- 
kung einer Lagerung bei versehiedenen Umgebungsbedingungen far die Dauer 
yon 180 Tagen auf physikaliseh-ehemisehe Eigensehaften des St~rkeanteils und auf 
die notwendigen Garzeiten sowie die beim Garen eintretenden Verluste an Trok- 
kensubstanz bzw. die Wasseraufnahme untersueht. Die Viskosit~it der St~rke nahm 
bei allen Reissorten wfihrend der Lagerung zu. Beztiglich der Garungszeiten waren 
keine gr6f~eren Unterschiede zwischen den Sorten zu beobachten, w/ihrend die 
Wasseraufnahmen sehr unterschiedlich sein konnten. 
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In troduct ion  

Rice  is gene ra l ly  cons ide r ed  to be a t rop ica l  crop. I t  is the  p r inc ipa l  
ce rea l  food in As ia  and  in some  coun t r i e s  in Afr ica  and La t in  A m e r i c a  (1, 
2). In  m a n y  As ian  count r ies ,  the  average  i nd iv idua l  gets  ha l f  or more  of  his  
to ta l  ca lor ie  i n t ake  f rom rice (1). I nd i a  is one of  the  la rges t  r i ce -growing  
coun t r i e s  in the  world .  Nea r ly  a th i rd  of  the  cu l t i va t ed  area  in Ind ia  
be longs  to rice, and  th ree -qua r t e r s  of the  p e o p l e  in th is  c oun t r y  subs i s t  on 
it. 

The  i m p o r t a n c e  of  the  s to rage  of  r ice wi th  op t i m a l  r e t en t ion  of the  
nu t r i t i ona l  and  o rgano lep t i c  charac te r i s t i c s  does  not  need  any  emphas i s ,  
p a r t i c u l a r l y  in the  con t ex t  of the  p r e sen t  g loba l  food crisis.  There  are two 
a spec t s  of  s to rage  changes  in rice: (a) the  chemica l  and  b io -chemica l  
changes  u n d e r  d i f fe ren t  s to rage  cond i t ions ;  (b) the  changes  b r ough t  a b o u t  
b y  mic ro -o rgan i sms ,  insec t s  and  pests .  The  chemica l  and  b io -chemica l  
p roces se s  govern  the  changes  of  r ice on aging  w h i c h  in tu rn  m o d i f y  its 
cooking ,  ea t ing  and  nu t r i t i ona l  p rope r t i e s  and  thus  u l t ima te ly  in f luence  
814 
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its commerc ia l  value. The cooking  behaviour  of  rice is greatly affected by 
its age after harvest  (1, 3). Milled rice obtained from freshly harvested 
p a d d y  is less suitable both  for process ing and cul inary utilization whereas  
adequate  aging or s torage brings about  desirable propert ies  for these 
purposes  (4-7). 

The t endency  of rice kernels to stick together  and disintegrate is appre- 
ciably reduced  on storage for a few weeks  (8-10). Storage of  rice also 
results in improved  cul inary propert ies  such as drier surface, less solids 
lost in the cooking  fluid, larger vo lume  and firmer texture  of cooked  
kernels  (4-7). Curing of  rice causes similar changes  (11-14). Barber  et al. 
(15, 16) have also repor ted  the organolept ic  characterist ics of  milled and 
undermi l led  rice samples  on storage under  a wide range of conditions.  

The swelling capaci ty  of  old rice is more  than that  of  new rice (10, 17, 18). 
The freshly harves ted  and milled rice loses more  solids in the cooking  
water  than  stored rice (4, 6, 19-21). Cooking quali ty and digestibili ty 
improve  on storage (10). Al though  the starch content  remains practically 
constant ,  its phys icochemica l  characterist ics undergo  significant changes  
dur ing  storage (21, 22). Affinity for iodine and limiting viscosity increase 
with time. Reduc ing  sugars increase and non-reducing  sugars decrease on 
storage (10, 23-26). The amylase  activities have also been repor ted  to 
decrease on storage (10, 17, 27). 

S tored  rice has improved  water  absorpt ion  capaci ty  dur ing cooking  and 
is more  resistant  to breakage  dur ing  milling (28-30). The tensile s t rength of  
the grain also increases dur ing storage (31). 

The are m a n y  reports  on the compos i t ion  and cooking  quali ty of  several 
Ind ian  rice varieties (32-35). No informat ion has been provided in the 
l i terature on changes  in the cooking  quali ty and phys icochemica l  proper-  
ties of  main  rice const i tuent ,  i.e. starch, dur ing aging. I t  is with these views 
in mind  that  the present  work  on studies on quali ty changes  in rice 
varieties due  to storage was carried out. 

M a t e r i a l s  a n d  m e t h o d s  

For these studies, paddy samples of twelve selected varieties collected from the 
Rice Research Station, Konkan Krishi Vidyapeeth, Karjat, were subjected to stor- 
age, at room temperature, in loosely tied gunny bags, for a period of six months. 
These varieties were selected on the basis of preliminary examination of their 
proximate composition. At various intervals of storage, the following determina- 
tions were made: 
(1) Effect of storage on gelatinization temperature of starch was determined at 

regular intervals of four weeks on samples of rice varieties by the method of 
MacMasters (36). 

(2) Effect of storage on viscosity of starch was determined by using 5 % starch 
suspensions prepared from starch isolated at regular intervals, employing the 
Brookfield Synehro-lectric viscometer (RVT Model). Viscosity of the starch 
suspensions at 60 ~ when the gelatinization of the starch granules just begins 
and at 90 ~ when starch granules are completely gelatinized was determined. 

(3) Changes in the cooking quality were also determined on the basis of parameters 
such as volume expansion or the swelling index of the cooked grains, water 
uptake on cooking and increase in the length and breadth of rice kernel and loss 
of solids in cooking medium. 
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Table 2. Gelatinization temperatures* of rice starch during storage of rice. 

No. Name of variety Freshly 45 90 120 180 
harvested days days days days 

1. Taichung native 67-85 ~ 68-83 ~ 68-83 ~ 67-80 ~ 67-82 ~ 
2. Karjat-184 68-82 ~ 69-80 ~ 70-80 ~ 69-82 ~ 70-82 ~ 
3. IR-8 70-81 ~ 72-81 ~ 69-82 ~ 68-79 ~ 71-82 ~ 
4. Ratnagiri-24 69-85 ~ 69-80 ~ 72-85 ~ 79-84 ~ 71-84 ~ 
5. Pusa-2-21 72-84 ~ 71-84 ~ 70-84 ~ 72-82 ~ 71-83 ~ 
6. Karjat-7-3-A 71-84 ~ 70-83 ~ 71-85 ~ 70-84 ~ 73-85 ~ 
7. Jaya 68-84 ~ 66-80 ~ 68-82 ~ 67-81 ~ 66-80 ~ 
8. Pankaj 76-82 ~ 78-81 ~ 77-84 ~ 76-84 ~ 76-85 ~ 
9. Karjat-7-3-11-2 75-85 ~ 76-84 ~ 76-84 ~ 75-84 ~ 76-84 ~ 

10. Basmati-257 71.5-80~ 74-86~ 71-84~ 72-84~ 71-85~ 
11. Ambemohor 73-85 ~ 72-84 ~ 71-80 ~ 71-84 ~ 72-82 ~ 
12. Pusa-33 70-84 ~ 71-80 ~ 72-82 ~ 70-83 ~ 71-81 ~ 

* Results average of three determinations. 

Resul t s  and d i scuss ion  

The changes  in the phys icochemica l  propert ies  of  the isolated starches 
f rom these varieties are listed in table 1 and table 2. It  was found that  the 
viscosi ty values was observed for any of  the varieties stored beyond  four 
months .  Also, as demons t ra ted  in table 1, in all the varieties, viscosities of 
5 % starch suspensions  de termined  at 60 ~ were always greater than those 
at 90 ~ suggest ing that  for m a x i m u m  th ickening  effect, rice pastes should 
be used  below 90 ~ which  is beyond  the limit of gelatinization tempera-  
ture of  rice s tarch as is indicated in table 2. Of all the varieties, freshly 
harves ted  Jaya  had the lowest  value of  viscosi ty (at 60 ~ which  was 
found  to a lmost  double  by the end of storage for 120 days. In Ta ichung 
(native) the increase was about  1.5 fold dur ing 120 days. In  A m b e m o h o r  
and Basmati-257, over 120 days of  storage, the viscosi ty at 60 ~ improved  
by a lmost  1.25 folds. IR-8 had the highest  initial viscosi ty (at 60 ~ of 1084 
which  increased by about  1.4 folds at the end of only 90 days of  storage. 
The changes  in viscosi ty of  the various varieties observed here are difficult 
to explain  exclusively on the basis of  s tarch or amylose  content  of the 
variety as no such generalisat ions could be made  from the present  obser- 
vat ions  in this respect.  I t  is t rue that  the changes  are inf luenced by varietal 
differences in the grains, but  the probable  changes  in the crystalline 
s t ructure  of s tarch componen t s  as examined  by X-ray diffraction pat terns 
(37) dur ing  storage m ay  also be responsible.  

Changes  in the gelatinization tempera ture  ranges are reported in table 2. 
It is conc luded  that  storage of  rice has no effect on the gelatinization 
t empera tu re  range of  starch granules as is also observed in case of  other  
varieties of  rice (4). 

Changes  in the cooking  quali ty of rice dur ing storage s tudied with 
respect  to cooking  time, increase in length/breadth ratio on cooking,  water  
up take  and loss of  solids in cooked  m e d i u m  during cooking are shown in 
tables 3 and 4. As observed in table 3, the t ime taken for all the rice 
varieties to cook  increased gradual ly  dur ing the storage period. Fine 
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Table 3. Effect of storage on the t ime taken for cooking and increase in length/ 
breadth of cooked grains*. 

No. Name of variety Time taken for cooking 
(min) 

Ratio of increase in length to 
breadth on cooking** 

(A) (B) (C) (D) (E) (A) (B) (C) (D) (E) 

1. Ta ichungna t ive  18 18 19 20 20 2.00 2.50 2.66 2.80 2.80 
2. Karjat-184 18 18 19 20 20 2.00 3.00 3.00 3.80 3.80 
3. IR-8 16 16 16 17 19 2.00 2.00 3.00 4.00 4.00 
4. Ratnagiri-24 19 19 20 22 22 2.66 3.00 3.07 3.20 3.20 
5. Pusa-2-21 20 22 23 23 24 3.00 3.20 3.25 3.50 3.50 
6. Karjat-7-3-A 20 20 21 22 24 2.00 2.20 2.30 2.50 3.00 
7. Jaya 17 17 19 20 21 2.00 2.00 2.60 3.40 3.40 
8. Pankaj 18 18 18 22 22 1.66 2.00 2.00 2.25 2.50 
9. Karjat-7-3-11-2 19 19 20 22 23 2.00 2.00 2.50 2.70 3.00 

10. Basmati-257 20 22 22 23 24 2.00 3.20 3.33 3.90 4.20 
11. Ambemohor  20 22 21 23 24 2.00 2.00 2.50 2.60 2.60 
12. Pusa-33 19 19 21 22 23 2.00 2.00 2.20 2.50 2.50 

A = Freshly harvested rice, B = Stored for 45 days, C = Stored for 90 days, 
D = Stored for 120 days, and E = Stored for 180 days. 
* Results mean of three determinations, ** Average of ten grains per determination. 

v a r i e t i e s  l ike  A m b e m o h o r  a n d  Basmat i -257  t o o k  a r e l a t i v e l y  l o n g e r  t i m e  to 
c o o k  t h a n  t h e  o t h e r  va r i e t i e s .  IR-8 r e q u i r e d  t h e  l eas t  t i m e  o f  16 min .  
C e r t a i n  c o a r s e  v a r i e t i e s  l i ke  J aya ,  P a n k a j  and  T a i c h u n g  N a t i v e  c o o k e d  
w i t h i n  18-19 ra in  w h i c h  c o u l d  be  r e s p o n s i b l e  for  t h e i r  p a s t y  t e x t u r e  

Table 4. Effect of storage on the water uptake by cooked grains and loss of solids in 
cooking water*. 

No. Name of variety Water uptake (g/100 g of rice) Loss of solids (g/100 g rice) 
(A) (B) (C) (D) (E) (A) (B) (C) (D) (E) 

1. Ta ichungna t ive  211 215 222 247 250 6.9 6.6 6.7 6.6 6.5 
2. Karjat-184 176.9 185 192 202 217 7.2 7.0 7.1 6.6 6.2 
3. IR-8 272.6 302 322 341 352 8.2 8.0 8.1 7.6 7.4 
4. Ratnagiri-24 207.4 217 221 242 245 6.7 6.7 6.6 6.4 6.0 
5. Pusa-2-21 251.9 258 269 285 302 7.1 7.0 6.6 6.2 6.0 
6. Karjat-7-3-A 230.4 244 258 265 282 6.0 6.0 5.8 5.6 5.6 
7. Jaya 238.8 245 259 286 298 7.2 7.0 7.0 6.8 6.8 
8. Pankaj 259.9 271 282 291 302 7.0 7.0 6.8 6.7 6.6 
9. Karjat-7-3-11-2 266.0 282 298 304 322 6.8 6.8 6.4 6.2 6.0 

10. Basmati-257 298.8 312 328 342 356 6.4 6.2 6.0 6.0 5.6 
11. Ambemohor  282.0 298 312 324 346 6.8 6.4 6.0 5.6 5.6 
12. Pusa-33 268.4 296 322 344 352 6.6 6.6 6.2 6.0 5.6 

A = Freshly harvested rice, B = Stored for 45 days, C = Stored for 90 days, 
D = Stored for 120 days, and E = Stored for 180 days. 
* Results average of three determinations. 
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a t ta ined  on cooking.  In  all the  cases,  wi th in  90 to 120 days, m a x i m u m  
values  were  r eached  in this respect .  The  effect  was  p r o b a b l y  due  to 
t o u g h e n i n g  of  the  grain  dur ing  aging, which  m a y  inf luence the  swell ing 
b e h a v i o u r  and  cook ing  t ime  in turn.  There  was  also a g radua l  increase  in 
l eng th /b read th  ratio of  the  cooked  rice grains  dur ing  aging. Over  a per iod 
of  120 days,  the  ratio of  increase  in length  to increase  in b r ead th  of  the  
cooked  grains,  inc reased  in the range  of  20 % to 110 %, the  m a x i m u m  be ing  
in the  case  of  Basmati-257, fol lowed by  IR-8 where  an increase  of  110 % 
was  observed .  

In  table  4 obse rva t ions  on the  wa te r  u p t a k e  by  cooked  grains and  loss of  
solids in the  cooked  m e d i u m  dur ing  s torage are included.  I t  is c lear  tha t  in 
a lmos t  all the  rice variet ies,  the  loss of  wa te r  solubles  dec reased  as the 
aging per iod  increased.  Over  a per iod of four  months ,  the  loss of solids 
r anged  b e t w e e n  94.45% to 82.35% wi th  r e spec t  to the  values  at the  
beg inn ing  of  s torage  t a k e n  as 100 %. Obse rva t ions  on o ther  var ie t ies  have  
also ind ica ted  aging to resul t  in decrease  in wa te r  solubles,  the loss be ing  
of  the  order  of  40 % to 70 % over  a per iod of  eight  m o n t h s  (4). This  m a y  
p r o b a b l y  be  due  to the  ha rden ing  of  the  grain wi th  dec reased  capac i ty  to 
leach out  the  s ta rch  and  also a decrease  in the  wa te r  solubles,  such  as 
r educ ing  sugars  or others,  as aging proceeds ,  which  m a y  be  due  to the  
co r r e spond ing  changes  in act ivi ty  of  enzym es  l ike amylase  dur ing  s torage  
(27). 

Also, assoc ia ted  wi th  aging, an  increased  u p t a k e  of  wa te r  by  the  rice 
grains  was observed .  In  this respect ,  of  all the  variet ies,  Basmati-257 had  
the  h ighes t  wa te r  u p t a k e  va lue  of  356 g per  100 g of  rice fol lowed b y  Pusa-  
33 and  IR-8 rice var ie t ies  wi th  352 g pe r  100 g of  rice. The  wa te r  u p t a k e  
values  inc reased  b y  abou t  18 % to 25 % in the  di f ferent  var ie t ies  dur ing  120 
days  of  s torage.  They  were  found  to increase  con t inuous ly  even  at the  end  
of four  m o n t h s  of  s torage  as aga ins t  o ther  pa ramete r s ,  wh ich  s eem to reach  
a m a x i m u m  a round  90 to 120 days  of storage.  

The  wa te r  u p t a k e  d e p e n d s  u p o n  the  abil i ty of  the  grain to abso rb  wa te r  
and  hold  it wh ich  in tu rn  d e p e n d s  u p o n  the  na ture  of  the s tarch  granule  
and  the  gross  s t ruc tu re  of  the  grain. 

The  foregoing  obse rva t ions  indicate  tha t  there  was no posi t ive  correla- 
t ion b e t w e e n  the  a m y l o s e  con ten t  (38a) and the  changes  in cook ing  qual i ty  
of  r ice dur ing  storage.  Decrease  in the  act ivi ty  of  a -amylase  dur ing  storage,  
pe rhaps ,  m a y  be  the  con t r ibu to ry  factor  for the  i m p r o v e m e n t  in the  
cook ing  qual i ty  of  rice. I t  appea r s  that  the  changes  in the  crystal l ini ty  of  
s ta rch  dur ing  aging resul ts  in cooked  kerne ls  wh ich  have  dr ier  surface,  
la rger  vo lume ,  less cohes ive  charac te r  and  f i rm t ex tu re  (4, 6, 7, 38b). I t  is 
also obse rved  tha t  the wa te r  u p t a k e  b y  the  cooked  kerne ls  i m p r o v e s  on 
aging toge the r  wi th  an increase  in the  v iscosi ty  which  seems  to be  the  
c o n s e q u e n c e  of  a decrease  in the  loss of  solids in the cook ing  water .  The  
reduc t ion  of  the  loss of  solids, m a i n l y  starch,  in the  cook ing  wa te r  m a y  be 
due  to the  i m p r o v e m e n t  of  the  granular  na ture  of  starch,  and  also 
dec rea sed  levels  of  amylase ,  ]eading to the  fo rma t ion  of lesser  a m o u n t s  of  
so luble  solids l ike reduc ing  sugars.  

All the  foregoing obse rva t ions  indicate  tha t  the  s torage  changes  are 
rap id  in the  first th ree  m o n t h s  wh ich  s eems  to be  the  o p t i m u m  per iod  to 
br ing  a b o u t  i m p r o v e m e n t  in the cul inary  proper t ies  of  rice. 
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