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ABSTRACT 
 
 Two varieties of Egyptian rice (Oryza sativa L.) namely Sakha 101 
(Japonica) and Giza 182 (Indica) were employed in this study. Rice grains were 
stored for 9 months in three types of bags (polyethylene, polyethylene plus carton and 
polystyrene cup) at room temperature. The work to be described here was performed 
to figure out the best materials raw, parboiled and for packaging quick cooking rice 
grains in order to keep the physical and technological properties of the 
aforementioned rice. The results of this study can be summarized as follows: the 
physical properties of brown and white rice were varied from one variety to another. 
The water uptake and sedimentation values of brown, white and quick cooking of both 
raw and parboiled rice at 77oC and 82oC were varied according to of the tested rice 
varieties. In general, quick cooking white rice of Sakha 101 variety had the highest 
values of water uptake at both 77oC and 82oC as compared with those found in the 
other samples. On contrary, sedimentation value at 77oC and 82oC was decreased as 
affected by the previous mentioned conditions. Furthermore, the quick cooking white 
rice of the two tested varieties (Sakha 101 and Giza 182) had the highest values of 
alkali spreading values compared to the other rice samples. Generally, alkali-
spreading values decreased after subjecting the two mentioned rice varieties to 
parboiling process. In addition, the alkali spreading values remain, without significant 
changes as a results of using different packaging materials or storage period. Quick 
cooking parboiled brown rice of Giza 182 variety had the lowest gel consistency in 
comparing to the other rice samples. However, parboiling and storage for 9 months at 
25 + 2oC led to decrease in the viscosity of rice flour. Dealing with data presented in 
this study it can be concluded that storage of rice grains in polyethylene plus carton at 
room temperature was superior compared to those of polyethylene ad polystyrene cup 
in terms of maintaining storage stability, which in turn play an active role for improving 
the export of Egyptian rice over-seas, hence, increase the national income and finally 
develop the Egyptian economy. 

 
INTRODUCTION 

 
 Rice is considered one of the most important cereal crop in the Afro-
Asian continents. Whereas, it constitutes the essential food of over half (54 
percent) of the worlds population. In addition, this crop is very important not 
only for local consumption, but also for exportation (El-Abd, 1999). In Egypt, 
rice is considered a stable food after wheat and the second export crop after 
cotton.  Tungtrakul and Hasegawa (1998) used low density polyethylene 
(PE), nylon (Ny), polyvinylidene chloride coated nylon (KNy) and aluminum 
laminated (AI) for packaging and storing  of rice at 10, 20 and 30oC. When 
gas permeability is concerned, AI film gave the lowest permeability 
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especially, with respect of aroma retention. But AI not allow to moisture and 
oxygen transfer. Moreover, moisture generated by respiration and onset of 
anaerobic respiration  led to undesirable odor to develop. Therefore, AI 
cannot be practically used. Out of the other three films, it was found that O2 
permeability of PE is 242 times greater than KNy  and 76 times greater than 
Ny. KNy scored the highest when tested for flavor by sensory panels after 6 
months of storage.  A major deterrent that face the maximum utilization of 
brown rice is its short shelf life which reach only 3-6 months because of the 
rancid off flavors and off-odors that improved very quickly in this rice as its oil 
rapidly deteriorates (Chrastil, 1994). Quick-cooking rice requires significantly 
less cooking time than raw milled rice, (15 to 20 minutes). Various methods 
are employed to fissure raw rice or to dry cooked rice to produce a porous 
structure. Dry-heat methods include heating milled and brown rice at 77 to 
82oC for 10 to 30 minutes or at 272oC for 17.5 seconds to fissure the grain 
(Juliano and Sakurai, 1985). Parboiling is a hydrothermal process in which 
the crystalline form of starch changed into an amorphous one due to the 
irreversible swelling and fusion of starch (Abou-Gharbia et al., 1990). The 
major determinations of storage risk are moisture, temperature, and type of 
storage bags and time of store. Hong et al. (1994) stated that, milled rice 
grains, which packed in polyethylene bags with vacuum of CO2 or air and 
stored at different temperatures, did not changed significantly during 12 
months of storage. In addition, properties of cooked rice were improved when 
stored at 5-10oC than at ambient temperature. Storage decreases 
cohesiveness, increases the volume of cooked rice and results in firmer 
texture (Chrastil, 1994). The present work was carried out to study the effect 
of some packaging materials (polyethylene, polyethylene plus carton and 
polystyrene cup and storage time at room temperature 25 + 2oC on the 
physical and technological properties of raw, parboiled and quick cooking rice 
varieties [Sakha 101 (Japonica) and Giza 182 (Indica)].  

 

MATERIALS AND METHODS 
 
Materials: 
1. Two varieties of Egyptian rice (Oryza sativa L.) namely Sakha 101 (short 

grain japonica) and Giza 182 (long grain Indica) were employed in this 
study. They were selected paddy or white type of rice of higher grain 
production per feddan. Rice samples were obtained from the Rice 
Research and Training Center (RRTC) that located in Sakha at the 
Governorate of Kafr El-Sheikh, Egypt. Upon collecting rice samples, they 
were transferred to the Laboratory of Food Science and Technology 
Department, Faculty of Agriculture Kafr El-Sheikh, University, Egypt. 

2. Three different types of packaging materials were used for packaging rice 
samples (brown, milled, parboiled brown, parboiled milled, quick cooking 
brown, quick cooking milled, quick cooking parboiled brown and quick 
cooking parboiled milled rice grains of the two tested (Sakha 101 and Giza 
182) varieties). These types of packaging materials were polyethylene, 
polyethylene plus carton and polystyrene cup. The packaged rice samples 
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were stored at room temperature (that varied from 28 + 2 to 20 + 2 during 
summer and winter time, respectively) for nine months. Representative 
samples were withdrawn at regular intervals (once a month) for further 
technological and analytical processing. 

 
Methods: 
1. Preparation of parboiled paddy rice: 
 Parboiled rice were prepared following the procedure of Singh et al. 

(1999), modified by boiling the samples at 100oC for 20 minutes, then 
steamed under pressure (1.5 kg/cm2) at 121oC for 15 minutes. Parboiled 
rice was dried in an air oven at 55oC until constant weight was reached. 

2. Preparation of quick cooked rice: 
 Quick cooking process was carried out through three major steps: 

(soaking, cooking and drying) as described by Damir (1991). 
3. Physical and technological properties of rice samples: 
 Water uptake and sedimentation values at 77oC and 82oC were 

determined following procedures of Simpson et al. (1965). Furthermore, 
alkali spreading value was performed using the method described by 
Bhatttacharya and Sowbhagya (1980). Gel consistency was performed as 
described by Cagampang et al. (1973), where Kernel Elongation 
percentage of rice grain was measured using the method of Tomar 
(1985). On the other hand, pasting viscosity of rice flour was carried out 
using Brabender amylograph as described by A.A.C.C. (1995) 
procedures. 

Statistical analysis: 
 Data of physical and technological properties were subjected to 
analysis of variance and the means were further tested using the least 
significant difference test (LSD) as outlined by Stell and Torrie (1980). 

 

RESULTS AND DISCUSSIONS 
 

 Physical and technological properties of different treated varieties of 
brown  and white rice were carried out to figures out the natural and qualities 
of the rice grain samples (Sakah 101 and Giza 182). 
Water uptake value at 77oC and 82oC: 
 The values of water uptake for different rice samples at 77oC and 
82oC are presented in Tables (1, 2, 3 and 4). It should be noted from these 
tables that, water uptake values at 77oC and 82oC were higher in white rice 
samples than those of brown rice one. This may be related to the removal of 
protein, lipids and minerals from brown rice samples, thus the decrease in 
water uptake that occurred at 82oC was relatively higher than that of 77oC, 
regardless to the rice varieties. Dharmaputra (1997) found that, water uptake 
could be easily bound by carbohydrate compared to lipid or protein. Apparent 
also from the same tables that, water uptake whether at 77oC or 82oC was 
decreased as a function of parboiling process for all rice samples. 
Furthermore, quick cooking white rice of Sakha 101 had relatively the highest 
water uptake value at 77oC and 82oC among all of the tested rice samples. In 
this relations, Lee et al. (1995) reported that, cooking time reflects the water 
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absorption. Furthermore, faster rate of water uptake indicts a shorter cooking 
time. However, water uptake increased during storage for all cooked rice 
samples. On the other hand, quick cooking of white rice (Sakha 101 variety) 
exhibited the highest water uptake at 82oC when stored in polyethylene plus 
carton for 9 months (520 ml HOH/100 g samples). The obtained results are in 
line with those reported by (Farag et al., 1996 and Perdon et al., 1997). 
 El-Kady and El-Hissewy (1999) reported that amylose dispersion that 
decrease on storage, is responsible for greater absorption and retention of 
water, hence resulting in the expansion value of rice grain. 
 
Table (1): Changes in water uptake of raw, quick cooking parboiled and 

quick cooking parboiled brown rice of Sakha 101 variety at 77 
and 82oC during storage for 9 months at room temperature. 

Treatments 
Storage 
period 

(month) 

Water uptake at 77oC 
(ml HOH/100 g rice) 

Water uptake at 82oC 
(ml HOH/100 g rice) 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**         
* 

230 o 
252 n 
267 k 
279 h 
307 c 
295 e 

**         
* 

230 o 
259 L 
277 i 
293 f 
318 a 
312 b 

**         
* 

230 o 
256 m 
272 j 
286 g 
306 c 
300 d 

**         
* 

282 o 
314 n 
336 k 
355 h 
380 e 
376 f 

**         
* 

282 o 
323 L 
352 i 
376 f 
408 a 
403 b 

**         
* 

282 o 
317 m 
341 j 
362 g 
391 c 
385 d 

Quick 
cooking  

rice 

0 
1 
2 
3 
6 
9 

252 n 
277 m 
295 j 
310 h 
331 e 
327 f 

252 n 
286 k 
311 h 
331 e 
358 a 
353 b 

252 n 
280 L 
300 i 
317 g 
341 c 
336 d 

310 o 
339 n 
361 k 
380 h 
395 f 
401 e 

310 o 
348 L 
377 i 
401 e 
433 a 
428 b 

310 o 
342 m 
366 j 
384 g 
416 c 
410 d 

Parboiled 
rice  

0 
1 
2 
3 
6 
9 

223 n 
238 m 
252 j 
264 g 
280 e 
278 e 

223 n 
244 k 
262 h 
278 e 
302 a 
293 b 

223 n 
241 L 
257 i 
271 f 
290 c 
287 d 

256 L 
279 k 
295 j 
311 g 
331 d 
328 de 

256 L 
285 k 
306 h 
325 e 
352 a 
346 b 

256 L 
282 k 
301 i 
318 f 
340 c 
337 c 

Quick 
cooking 

parboiled 
rice 

0 
1 
2 
3 
6 
9 

232 m 
255 L 
271 j 
284 h 
303 e 
299 f 

232 m 
264 k 
287 h 
305 de 
330 a 
326 b 

232 m 
258 L 
276 i 
291 g 
313 c 
308 d 

277 n 
304 m 
324 j 
341 h 
364 e 
360 f 

277 n 
313 k 
340 h 
362 ef 
392 a 
387 b 

277 n 
307 L 
329 i 
348 g 
375 c 
369 d 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 
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Table (2): Changes in water uptake of raw, quick cooking parboiled and 
quick cooking parboiled white rice of Sakha 101 variety at 77 
and 82oC during storage for 9 months at room temperature. 

Treatments  
Storage 
period 

(month)  

Water uptake at 77oC  
(ml HOH/100 g rice) 

Water uptake at 82oC  
(ml HOH/100 g rice) 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**         * 
262 o 
288 n 
307 k 
324 h 
346 e 
366 c 

**        * 
262 o 
294 L 
317 i 
338 f 
367 c 
391 a 

**         * 
262 o 
291 m 
312 g 
331 g 
355 d 
376 b 

**         * 
317 p 
347 o 
369 L 
390 i 
416 f 
439 c 

**         * 
317 p 
353 m 
380 g 
405 j 
438 d 
465 a 

**         * 
317 p 
350 n 
375 k 
398 h 
426 e 
451 b 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

287 b 
318 o 
340 L 
359 i 
384 f 
405 d 

287 b 
327 m 
356 j 
380 g 
411 c 
438 a 

287 b 
321 n 
345 k 
366 h 
394 e 
417 b 

348 o 
383 n 
409 k 
432 h 
416 j 
486 d 

348 o 
392 L 
425 i 
453 f 
489 c 
520 a 

348 o 
386 m 
414 j 
439 g 
472 e 
499 b 

Parboiled rice  

0 
1 
2 
3 
6 
9 

254 o 
280 n 
299 k 
316 h 
338 e 
358 c 

254 o 
286 L 
309 i 
330 f 
359 c 
383 a 

254 o 
383 m 
304 j 
323 g 
347 d 
368 e 

294 o 
324 n 
346 k 
367 h 
393 e 
416 c 

294 o 
330 L 
357 i 
382 f 
415 c 
442 a 

294 o 
327 m 
352 j 
375 g 
403 d 
428 d 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

265 p 
296 o 
318 L 
337 i 
362 f 
383 d 

265 p 
305m 
334 j 
358 g 
389 c 
416 a 

265 p 
299 n 
323 k 
344 h 
372 e 
395 b 

316 p 
351 o 
377 L 
400 i 
429 f 
454 d 

316 p 
360 m 
393 j 
421 g 
457 c 
488 a 

316 p 
354 n 
382 lk 
407 h 
440 e 
467 b 

PE: Polyethylene     PE + C: Polyethylene plus carton     PSC: polystyrene cup. 
** Each value was an average of three determinations. 
*Values followed by the same letter in column are not significantly different at P < 
0.05 

 
Table (3): Changes in water uptake of raw, quick cooking parboiled and quick 

cooking parboiled brown rice of Giza 182 variety at 77 and 82oC 
during storage for 9 months at room temperature. 

Treatments  
Storage 
period 

(month)  

Water uptake at 77oC  
(ml HOH/100 g rice) 

Water uptake at 82oC  
(ml HOH/100 g rice) 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
202 p 
220 o 
236 L 
249 i 
267 e 
265 f 

**        * 
202 p 
227 m 
246 j 
263 g 
288 a 
283 b 

**        * 
202 p 
224 n 
241 k 
256 h 
276 c 
273 d 

**        * 
244 b 
296 k 
287 m 
304 i 
326 e 
323 f 

**        * 
244 b 
285 n 
298 j 
319 j 
348 a 
342 b 

**        * 
244 b 
271 o 
293 L 
312 h 
336 c 
333 d 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

217 n 
240 m 
258 j 
273 h 
294 e 
290 f 

217 n 
249 k 
274 h 
294 e 
321 a 
317 b 

217 n 
243 L 
263 i 
280 g 
304 c 
297 d 

265 o 
294 n 
316 k 
335 h 
360 e 
356 f 

265 o 
303 L 
332 i 
356 f 
388 a 
382 b 

265 o 
297 m 
321 j 
342 g 
371 c 
365 d 

Parboiled rice  

0 
1 
2 
3 
6 
9 

190 n 
208 k 
221 j 
232 h 
248 e 
246 f 

190 n 
215 m 
232 h 
247 ef 
270 a 
265 b 

190 n 
212 L 
227 i 
240 g 
258 c 
255 d 

220 p 
243 o 
259 L 
274 i 
294 e 
291 f 

220 p 
 249 m 
270 j 
289 g 
316 a 
310 b 

220 p 
246 n 
265 k 
282 h 
304 c 
301 d 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

199 o 
222 n 
238 k 
251 i 
270 e 
266 f 

199 o 
231 L 
254 h 
272 e 
297 a 
293 b 

199 o 
225 m 
243 j 
258 g 
280 c 
275 d 

239 o 
266 n 
286 k 
303 i 
326 e 
322 g 

239 o 
275 L 
302 i 
324 f 
354 a 
351 b 

239 o 
269 m 
291 j 
310 h 
337 c 
331 d 

PE: Polyethylene        PE + C: Polyethylene plus carton          PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 
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Table (4): Changes in water uptake of raw, quick cooking parboiled and 
quick cooking parboiled white rice of Giza 182 variety at 77 
and 82oC during storage for 9 months at room temperature. 

Treatments  
Storage 
period 

(month)  

Water uptake at 77oC  
(ml HOH/100 g rice) 

Water uptake at 82oC 
(ml HOH/100 g rice) 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
227 o 
252 n 
271 k 
288 h 
310 e 
330 c 

**        * 
227 o 
258 L 
281 i 
302 f 
331 c 
355 a 

**        * 
227 o 
255 m 
276 j 
295 g 
319 d 
340 b 

**        * 
274 o 
303 n 
325 k 
346 h 
372 e 
395 c 

**        * 
274 o 
309 L 
336 i 
361 f 
394 c 
417 a 

**        * 
274 o 
306 m 
331 j 
354 g 
382 d 
407 d 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

245 b 
274 o 
296 L 
315 i 
340 f 
361 d 

245 b 
283 m 
312 j 
336 g 
367 c 
394 a 

245 b 
277 n 
301 k 
322 h 
350 e 
373 b 

301 k 
334 j 

360 f-i 
383 ef 
412 d 
437 bc 

301 k 
342 h-j 
375 fg 
403 de 
439 bc 
470 a 

301 k 
337 ij 

365 f-h 
390 f 

423 cd 
450 ab 

Parboiled rice  

0 
1 
2 
3 
6 
9 

222 o 
247 n 
266 k 
283 h 
305 e 
325 c 

222 o 
253 L 
276 i 
297 f 
326 c 
350 L 

222 o 
250 m 
271 j 
290 g 
314 d 
335 ab 

272 n 
301 L 
323 i 
344 j 
370 e 
393 b 

272 n 
292 m 
319 j 
344 j 
377 d 
404 a 

272 n 
304 k 
329 h 
352 f 
380 c 
405 a 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

223 p 
252 o 
274 L 
293 i 
318 f 
339 d 

223 p 
261 m 
290 j 
314 g  
345 c 
372 a 

223 p 
255 n 
279 k 
300 h 
328 e 
351 b 

269 p 
302 o 
328 L 
351 i 
380 f 
405 d 

269 p 
311 m 
344 j 
372 g 
408 c 
439 a 

269 p 
305 n 
333 k 
358 h 
391 e 
418 b 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 

 
Sedimentation value at 77oC and 82oC: 

Sedimentation values are interrelated with water uptake. The 
sedimentation test is a measure of the insoluble solids lost in the treating 
solution (cooking solution) at a specified temperature. The results in Tables 
(5, 6, 7 and 8) indicated that, sedimentation values at 77oC and 82oC were 
higher in white rice samples than those of brown rice. Furthermore, 
sedimentation values at 82oC were higher than those of 77oC for different rice 
treatments and varieties. Considerable reduction was recorded upon 
subjecting the different rice varieties to parboiling process, the reduction in 
sedimentation values that occurred at 82oC was higher than that at 77oC. 
However, Gariboldi (1974) found that, raw rice samples had more dissolved 
solids than that of the parboiled ones. Moreover, parboiled brown rice of Giza 
182 had the lowest sedimentation value among all of the tested rice 
treatments (7.3 ml sed./100 g rice). sedimentation values decreased during 
storage for all of the cooked rice samples. These results may be due to the 
amount of amylose which was soluble in boiling water and decreased during 
storage of rice. These results probably reflect the increase in water 
insolubility of rice starch and protein during aging as reported by (Zhout et al., 
2002). Results indicate that the highest percentages of means for sedimentation 
values were recorded for control samples (zero time). Generally, the reduction of 
sedimentation value of rice samples was relatively higher when storage was 
carried out in polyethylene than those of polystyrene cup and polyethylene plus 
carton. The obtained values are found to be in the range of that reported by  
Biliaderis et al. (1993) and Ohtsubo et al. (1993). 
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Table (5): Changes in sedimentation value of raw, quick cooking parboiled and 
quick cooking parboiled brown rice of Sakha 101 variety at 77 and 
82oC during storage for 9 months at room temperature. 

Treatments  
Storage 
period 

(month)  

Sedimentation value at 
77oC  

(ml sed./100 g rice) 

Sedimentation value at 
82oC  

(ml sed./100 g rice) 
PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
14.5 a 

14.2 ab 
13.5 bc 
12.5 d 

11.9 d-f 
11.0 f 

**        * 
14.5 a 

14.3 ab 
13.8 ab 
12.7 cd 
12.4 d 

11.7 d-f 

**        * 
14.5 a 

14.2 ab 
13.6 ab 
12.6 cd 
12.1 de 
11.3 ef 

**        * 
17.9 a 

17.6 ab 
16.7 cd 
15.5 ef 
14.5 gh 
13.6 i 

**        * 
17.9 a 

17.7 ab 
17.0 bc 
16.0 de 
15.4 ef 
14.6 gh 

**        * 
17.9 a 

17.5 ab 
16.9 bc 
15.8 ef 
15.1 fg 
14.2 hi 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

15.6 a 
15.2 a 

14.4 ab 
13.3 bc 
12.6 cd 
11.6 d 

15.6 a 
15.3 a 

14.7 ab 
13.7 bc 
13.1 cd 
12.3 d 

15.6 a 
15.2 a 

14.5 ab 
13.4 bc 
12.8 cd 
11.9 d 

19.1 a 
18.8 ab 
17.8 c 
16.5 ef 
15.4 h 
14.4 j 

19.1 a 
18.8 ab 
18.1 c 
17.0 d 
16.3 fg 
15.4 h 

19.12 a 
18.7 b 
18.0 c 

16.8 de 
16.0 g 
15.0 i 

Parboiled rice  

0 
1 
2 
3 
6 
9 

9.8 a 
9.6 ab 
9.0 a-c 
8.1 b-d 
7.6 cd 
6.8 d 

9.8 a 
9.7 ab 
9.3 a-c 
8.5 b-d 
8.1 cd 
7.5 d 

9.8 a 
9.6 ab 
9.1 a-c 
8.2 b-d 
7.8 cd 
7.1 a 

11.3 a 
11.1 ab 
10.3 d 
9.2 fg 
8.3 i 
7.4 j 

11.3 a 
11.1 ab 
10.6 cd 
9.7 e 
9.2 fg 
8.5 hi 

11.3 a 
11.0 a-c 
10.5 d 
9.5 ef 
8.9 gh 
8.1 i 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

10.5 a 
10.2 a 
9.5 ab 
8.5 bc 
7.9 c 
7.0 c 

10.5 a 
10.3 a 
9.8 ab 
8.9 bc 
8.4 c 
7.7 c 

10.5 a 
10.2 a 
9.6 ab 
8.6 bc 
8.1 c 
7.3 c 

12.5 a 
12.2 a 
11.3 b 

10.1 de 
9.1 f 
8.2 g 

12.5 a 
12.2 a 
11.6 b 
10.6 c 

10.0 de 
9.2 f 

12.5 a 
12.1 a 
11.5 b 
10.4 cd 
9.7 e 
8.8 f 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 
 

 
Table (6): Changes in sedimentation value of raw, quick cooking parboiled and 

quick cooking parboiled white rice of Sakha 101 variety at 77 and 
82oC during storage for 9 months at room temperature. 

Treatments  
Storage 
period 

(month)  

Sedimentation value at 
77oC  

(ml sed./100 g rice) 

Sedimentation value at 
82oC 

(ml sed./100 g rice) 
PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
16. 5a 
16.0 a 

15.4 ab 
14.1 bc 
13.0 cd 
11. 8d 

**        * 
16.5 a 
16.2 a 

15.6 ab 
14.6 bc 
13.9 cd 
13.1 d 

**        * 
16.5 a 
16.1 a 

15.4 ab 
14.3 b 
12.4 cd 
12.3 d 

**        * 
19.2 a 
18.5 bc 
17.5 d 
16.25 f 
15.3 g 
14.0 i 

**        * 
19.2 a 
18.8 b 
18.2 c 
17.0 e 
16.0 f 
14.8 h 

**        * 
19.2 a 
17.6 d 
16.8 e 
14.5 h 
13.3 j 
12.9 k 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

17.2 a 
16.4 a 

16.1 ab 
14.7 bc 
13.6 cd 
12.3 d 

17.2 a 
17.0 a 

16.3 ab 
15.2 bc 
14.4 cd 
13.5 d 

17.2 a 
16.9 a 

16.1 ab 
14.9 bc 
13.8 cd 
12.8 a 

20.1 a 
19.5 ab 
18.6 b-d 
17.3 e-g 
16.5 fg 
15.2 h 

20.1 a 
19.7 ab 
19.2 a-c 
18.1 c-e 
17.2 e-g 
16.1 gh 

20.1 a 
19.6 ab 
18.9 a-d 
17. 7d-f 
16.6 fg 
15.4 i 

Parboiled rice  

0 
1 
2 
3 
6 
9 

10.8 a 
10.4 a 
9.9 ab 
8.8 cd 
7.9 de 
6.8 f 

10.8 a 
10.6 a 

10.1 ab 
9.2 bc 
8.6 cd 
7.8 d-f 

10.8 a 
10.5 a 
9.9 ab 
8.9 bc 
8.1 de 
7.1 ef 

12.4 a 
11.8 b 

10.9 b-d 
9.7 g 
8.7 h 
7.5 i 

12.4 a 
12.0 ab 
11.5 bc 
10.4 ef 
9.5 g 
8.4 h 

12.4 a 
11.9 ab 
11.2 cd 
10.0 fg 
8.9 h 
7.6 i 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

12.3 a 
11.8 ab 
11.2 b-d 

9.9 e 
8.5 f-h 
7.7 h 

12.3 a 
12.0 ab 
11.4 a-c 
10.4 c-e 
9.7 ef 

9.2 e-g 

12.3 a 
11.9 ab 
11.2 b-d 
10.1 de 
9.2 e-g 
8.1 gh 

14.8 a 
14.1 b 
13.1 e 
11.8 h 
10.7 j 
9.4 L 

14.8 a 
14.3 b 
13.7 c 
12.5 f 
11.5 i 
10.3 k 

14.8 a 
14.2 b 
13.4 d 
12.1 g 
10.9 j 
9.5 L 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 



El-Bana, M. et al. 

 
2680 

Table (7): Changes in sedimentation value of raw, quick cooking parboiled and 
quick cooking parboiled brown rice of Giza 182 variety at 77 and 
82oC during storage for 9 months at room temperature. 

 
 

Storage 
period 

(month)  

Sedimentation value at 
77oC  

(ml sed./100 g rice) 

Sedimentation value at 
82oC  

(ml sed./100 g rice) 
PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**         * 
11.5 a 
11.2 a 

10.5 ab 
9.5 bc 
8.9 cd 
8.0 d 

**         * 
11.5 a 
11.3 a 

10.8 ab 
9.9 bc 
9.4 cd 
8.7 d 

**         * 
11.5 a 
11.2 a 

10.4 ab 
9.6 bc 
9.1 cd 
8.3 d 

**         * 
14.2 a 

13.9 ab 
13.0 d 
11.8 f 
10.8 h 
9.9 j 

**         * 
14.2 a 

13.9 ab 
13.3 c 
12.3 e 
11.7 f 
10.9 h 

**         * 
14.2 a 
13.8 b 
13.2 cd 
12.1 e 
11.4 g 
10.5 i 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

12.3 a 
11.9 b 
11.1 c 
10.0 e 
9.3 gh 
8.3 gh 

12.3 a 
12.0 ab 
11.4 c 
10.4 d 
9.8 ef 
9.0 h 

12.3 a 
11.9 b 
11.2 c 

10.1 de 
9.5 fg 
8.6 fg 

15.5 a 
15.1 ab 
14.1 c 
12.8 ef 
11.7 h 
10.7 i 

15.5 a 
15.1 ab 
14. 4c 
13.3 d 
12.6 fg 
11.7 h 

15.5 a 
15.0 b 
14.3 c 

13.1 de 
12.3 g 
11.3 h 

Parboiled rice  

0 
1 
2 
3 
6 
9 

7.3 a 
7.1 a-c 
6.5 d 
5.6 ef 
5.1 g 
4.3 h 

7.3 a 
7.2 ab 
6.8 b-d 
6.0 e 
5.6 ef 
5.0 g 

7.3 a 
7.1 a-c 
6.6 cd 
5.7 ef 
5.3 fg 
4.6 h 

8.2 a 
8.0 ab 
7.2 c 

6.1 de 
5.2 fg 
4.4 h 

8.2 a 
8.0 ab 
7.4 bc 
6.5 d 
6.0 de 
5.3 fg 

8.2 a 
7.9 ab 
7.4 bc 
6.4 d 
5.8 ef 
4.9 gh 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

7.8 a 
7.5 a-c 
6.8 de 
5.8 fg 
5.2 g-i 
4.3 j 

7.8 a 
7.6 ab 
7.1 b-d 
6.2 ef 
5.7 fg 
5.0 hi 

7.8 a 
7.5 a-c 
6.9 cd 
5.9 fg 
5.4 gh 
4.6 ij 

9.0 a 
8.7 ab 
7.8 cd 
6.6 ef 
5.6 g 
4.7 h 

9.0 a 
8.7 ab 
8.1 bc 
7.1 de 
6.5 ef 
5.7 g 

9.0 a 
8.6 ab 
8.0 bc 
6.9 e 
6.2 fg 
5.3 gh 

PE: Polyethylene    PE + C: Polyethylene plus carton      PSC: polystyrene cup. 
** Each value was an average of three determinations. 
*Values followed by the same letter in column are not significantly different at P< 0.05 

 
Table (8): Changes in sedimentation value of raw, quick cooking parboiled and 

quick cooking parboiled white rice of Giza 182 variety at 77 and 82oC 
during storage for 9 months at room temperature. 

 
 

Storage 
period 

(month)  

Sedimentation value at 
77oC  

(ml sed./100 g rice) 

Sedimentation value at 
82oC  

(ml sed./100 g rice) 
PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**         * 
14.9 a 

14.5 ab 
13.9 a-d 
12.7 ef 
11.7 g 
10.5 h 

**         * 
14. 9a 

14.6 ab 
14.0 a-c 
13.0 de 
12.3 e-g 
11.5 g 

**         * 
14.9 a 

14.5 ab 
13.8 b-d 
12.7 ef 
11.8 fg 
10.7 h 

**         * 
17.4 a 
16.7 b 
15.7 d 
14.4 fg 
13.5 h 
12.2 i 

**         * 
17.4 a 

16.9 ab 
16.4 bc 
15.1 e 
14.1 g 

13.4 gh 

**         * 
17.4 a 

16.8 ab 
16.0 cd 
14.7 ef 
13.5 h 
12.1 i 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

15.2 a 
14.8 a 

14.3 ab 
13.1 c-e 
12.2 ef 
11.1 g 

15.2 a 
15.0 a 

14.5 ab 
13.6 bc 
13.0 c-e 
12.3 ef 

15.2 a 
14.9 a 

14.3 ab 
13.3 cd 
12.5 de 
11.5 fg 

17.8 a 
17.2 bc 
16.3 e 
15.1 g 
14.3 h 
13.1 j 

17.8 a 
17.4 ab 
16.9 cd 
15.8 f 
14.9 h 
13.8 i 

17.8 a 
17.5 ab 
16.8 d 
15.6 f 
14.5 h 
13.2 j 

Parboiled rice  

0 
1 
2 
3 
6 
9 

9.2 a 
8.8 ab 
8.3 bc 
7.1 de 
6.2 fg 
5.1 h 

9.2 a 
9.0 ab 
8.5 ab 
7.6 cd 
7.0 d-f 
6.2 fg 

9.2 a 
8.9 ab 
8.3 bc 
7.3 de 
6.5 ef 

5.5 e-h 

10.6 a 
10.0 bc 
9.1 e 
7.9 g 
6.9 h 
5.7 i 

10.6 a 
10.2 ab 
9.7 cd 
8.6 f 
7.7 g 
6.6 h 

10.6 a 
10.1 bc 
9.4 de 
8.1 g 
7.0 h 
5.7 i 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

10.2 a 
9.9 b 
9.1 c 
7.8 ef 
6.8 g 
5.6 i 

10.2 a 
9.9 b 
9.3 c 
8.3 d 
7.6 f 
6.7 g 

10.2 a 
9.8 b 
9.1 c 

8.0 de 
7.1 g 
6.0 h 

12.3 a 
11.6 b 
10.6 d 
9.3 fg 
8.2 h 
6.9 j 

12.3 a 
11.8 b 
11.2 c 
10.0 e 
9.0 g 
7.8 i 

12.3 a 
11.7 b 
10.9 cd 

9.6 f 
8.4 h 
7.0 j 

PE: Polyethylene     PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P <  0.05 
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Alkali spreading value: 
 Alkali spreading value is used as an inverse indicator of gelatinization 
temperature of rice starch granules. The gelatinization temperature is the 
temperature at which the starch granule begins to  swell irreversibly in hot 
water  with a simultaneous loss of crystallite (Irshad, 2001). Results of the 
alkali spreading. Results given in Tables (9 and 10) showed that, alkali 
spreading value of brown rice of the two tested varieties had lower values in 
comparing with white rice ones.  
 
Table (9): Changes in alkali spreading values of raw, quick cooking, 

parboiled and quick cooking parboiled brown and white rice 
of Sakha 101 variety during storage for 9 months at room 
temperature. 

Treatments 
Storage 
period 

(month) 

Brown rice White rice 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

** 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 

 
N.S 

 
 
 
 
 

** 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 

 
N.S 

 
 
 
 
 

** 
4.5 
4.5 
4.5 
4.5 
3.5 
3.5 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

 
N.S 

 
 
 
 
 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
7.0 
6.5 
6.0 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
6.5 
6.5 
6.0 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
7.0 
6.5 
6.5 

N.S 
 
 
 
 
 

Parboiled rice 

0 
1 
2 
3 
6 
9 

3.5 
3.5 
3.5 
3.5 
3.0 
2.5 

N.S 
 
 
 
 
 

3.5 
3.5 
3.5 
3.5 
3.0 
2.5 

N.S 
 
 
 
 
 

3.5 
3.5 
3.5 
3.5 
3.0 
2.5 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
5.0 
4.5 
4.0 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
5.0 
4.5 
4.0 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
5.0 
4.5 
4.0 

N.S 
 
 
 
 
 

Quick cooking 
parboiled rice  

0 
1 
2 
3 
6 
9 

5.0 
5.0 
5.0 
5.0 
4.5 
4.0 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
4.5 
4.5 
4.0 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
4.5 
4.5 
4.0 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.0 

N.S 
 
 
 
 
 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
N.S. Not significant 
 

 
As for brown rice, it seems to be require a longer time to cook. 

Moreover, the alkali spreading values decreased after subjecting the two 
mentioned rice varieties to parboiling process. These results may be due to 
the variation in terms of processing conditions for the rice varieties as clarified 
by Takano (1980). The resistance of parboiled rice to disperse in the alkali 
test may be related to the hardness of the grain as a result of the 
retrogradation that take place in gelatinized starch. The quick cooking white 
rice of the two tested varieties (Sakah 101 and Giza 182) had the highest 
values for alkali spreading values compared to the other rice samples. The 
alkali test value remains without changes in the different packaging materials 
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and during the first three months of storage. The obtained results are in 
agreement with those reported by Mutters (2000) and Teo et al. (2000). 
 
 
Table (10): Changes in alkali spreading values of raw, quick cooking, 

parboiled and quick cooking parboiled brown and white rice 
of Giza 182 rice variety during storage for 9 months at room 
temperature. 

Treatments 
Storage 
period 

(month) 

Brown rice White rice 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

** 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 

 
N.S 

 
 
 
 
 

** 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 

 
N.S 

 
 
 
 
 

** 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

 
N.S 

 
 
 
 
 

** 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

 
N.S 

 
 
 
 
 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

5.5 
5.5 
5.5 
5.5 
5.0 
4.5 

N.S 
 
 
 
 
 

5.5 
5.5 
5.5 
5.0 
5.0 
4.5 

N.S 
 
 
 
 
 

5.5 
5.5 
5.5 
5.0 
5.0 
4.5 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
7.0 
6.5 
6.5 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
7.0 
6.5 
6.5 

N.S 
 
 
 
 
 

7.0 
7.0 
7.0 
7.0 
6.5 
6.5 

N.S 
 
 
 
 
 

Parboiled rice 

0 
1 
2 
3 
6 
9 

3.5 
3.5 
3.5 
3.5 
3.0 
3.0 

N.S 
 
 
 
 
 

3.5 
3.5 
3.5 
3.5 
3.0 
3.0 

N.S 
 
 
 
 
 

3.5 
3.5 
3.5 
3.5 
3.0 
3.0 

N.S 
 
 
 
 
 

4.5 
4.5 
4.5 
4.5 
4.5 
4.0 

N.S 
 
 
 
 
 

4.5 
4.5 
4.5 
4.5 
4.5 
4.0 

N.S 
 
 
 
 
 

4.5 
4.5 
4.5 
4.5 
4.5 
4.0 

N.S 
 
 
 
 
 

Quick cooking 
parboiled rice  

0 
1 
2 
3 
6 
9 

5.0 
5.0 
5.0 
5.0 
4.5 
4.5 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
5.0 
4.5 
4.5 

N.S 
 
 
 
 
 

5.0 
5.0 
5.0 
5.0 
4.5 
4.5 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

N.S 
 
 
 
 
 

6.0 
6.0 
6.0 
6.0 
5.5 
5.5 

N.S 
 
 
 
 
 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
N.S. Not significant 

 
Gel consistency (mm): 

Gel consistency of rice is classified as hard (26 to 40 mm); medium 
(41 to 60 mm) and soft (61 to 100 mm) as reported by Cagampang et al. 
(1973). Data presented in Tables (11 and 12) show that, gel consistency in 
brown rice decreased in comparing with white rice. Moreover, gel consistency 
content decreased after subjecting the brown and white rice to parboiling 
process. Quick cooking parboiled brown rice variety of Giza 182 had the 
lowest gel consistency content (76.5 mm) in comparing with the other rice 
samples. However, gel consistency decreased with prolonging storage 
period. Gel consistency shows a slight hardening effect, particularly for 
medium gel samples, during progressive aging for several months (Perez and 
Juliano, 1981). These results are in accordance with those found by (El-Kady 
and El-Hissewy, 1999; Wiset et al., 2001 and Tan and Corke, 2002). 
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Table (11): Changes in gel consistency of raw, quick cooking, 
parboiled and quick cooking parboiled brown and white rice 
of Sakha 101 rice variety during storage for 9 months at 
room temperature. 

Treatments  
Storage 
period 

(month)  

Brown rice White rice  

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
90.5 a 
89.5 b 
88.0 d 
87.3 e 
85.5 fg 
82.3 i 

**        * 
90.5 a 
89.6 b 
88.8 c 
88.0 d 
85.8 f 
83.0 h 

**        * 
90.5 a 
89.0 bc 
88.0 d 

87.4 de 
85.0 g 
82.5 hi 

**        * 
95.5 a 
94.3 b 
93.5 c 
92.0 f 
90.2 i 
88.5 k 

**        * 
95.5 a 
94.0 b 
93.0 d 
91.5 g 
90.0 i 
88.3 k 

**        * 
95.5 a 
93.0 d 
92.5 c 
91.0 h 
89.1 j 
86.2 L 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

85.0 a 
84.0 b 
82.3 cd 
81.8 d 
79.5 ef 
76.9 g 

85.0 a 
84.1 b 
82.5 c 

82.0 cd 
79.8 e 
77.2 g 

85.0 a 
84.3 b 
82.0 cd 
81.7 d 
79.1 f 
76.3 h 

90.0 a 
88.5 c 
87.3 d 
86.5 e 
85.0 g 
83.2 i 

90.0 a 
89.5 ab 
88.2 c 
87.3 d 
85.8 f 
82.9 i 

99.0 a 
89.1 b 
88.0 c 
87.5 d 
86.0 f 
84.2 h 

Parboiled rice  

0 
1 
2 
3 
6 
9 

83.0 a 
81.9 b 
80.3 g 
78.7 i 
76.5 k 
73.7 n 

83.0 a 
82.0 b 
81.1 d 
80.8 e 
78.7 i 
76.0 L 

83.0 a 
81.5 c 
80.5 f 
80.0 h 
77.6 j 

75.1 m 

89.0 a 
88.0 b 
86.4 d 
85.5 e 
84.0 g 
81.7 j 

89.0 a 
87.2 c 

86.0 de 
84.9 f 
83.3 h 
82.5 i 

89.0 a 
88.0 b 
86.3 d 
84.8 f 
83.1 h 
81.2 j 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

78.0 a 
76.7 b 
74.8 e 
73.9 f 
71.7 h 
69.1 jk 

78.0 a 
76.8 b 
757 d 
74.5 e 
72.1 g 
69.3 j 

78.0 a 
76.2 c 
74.8 e 
74.0 f 
71.3 i 
68.8 k 

87.0 a 
85.8 bc 
84.7 d 
83.6 e 
82.0 h 
79.8 jk 

87.0 a 
86.2 b 
84.9 d 
84.1 e 
82.5 g 
80.1 j 

87.0 a 
85.4 c 
84.0 e 
83.1 f 
81.5 i 
79.5 k 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 
 

Table (12): Changes in gel consistency of raw, quick cooking, parboiled and 
quick cooking parboiled brown and white rice of Giza 182 variety 
during storage for 9 months at room temperature. 

Treatments 
Storage 
period 

(month) 

Brown rice White rice 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
86.0 a 
85.0 b 
83.5 c 
83.0 e 
81.6 d 
78.2 f 

**        * 
86.0 a 
85.1 b 
84.3 b 
83.5 c 
80.5 e 
77.5 f 

**        * 
86.0 a 
84.5 b 
83.5 c 
83.3 c 
80.0 e 
78.0 f 

**        * 
92.0 a 
91.1 c 
90.2 d 
89.4 e 
87.3 g 
84.9 i 

**        * 
92.0 a 
91.5 b 
90.0 d 
89.5 e 
88.0 f 
86.0 h 

**        * 
92.0 a 
91.0 c 
90.0 d 
89.2 e 
87.0 g 
85.2 i 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

80.0 a 
78.9 ab 
77.3 cd 
76.7 d 
74.5 e 
71.6 f 

80.0 a 
79.0 ab 
78.1 bc 
77.2 cd 
74.8 e 
72.1 f 

80.0 a 
77.4 cd 
77.3 cd 
76.7 d 
74.2 e 
71.5 f 

86.0 a 
84.8 bc 
83.5 d-f 
82.9 fg 
81.5 i 
79.0 j 

86.0 a  
85.4 ab 
84.3 cd 
83.6 d-f 
82.0 hi 
79.3 j 

86.0 a 
85.0 bc 
83.9 de 
83.2 e-g 

81.6 i 
79.4 j 

Parboiled rice  

0 
1 
2 
3 
6 
9 

81.0 a 
80.0 b 
78.5 e 
78.0 f 
76.5 h 
73.5 k 

81.0 a 
80.1 b 
79.0 d 
78.4 e 
77.0 g 
74.0 j 

81.0 a 
79.5 c 
78.5 e 
77.0 g 
75.5 i 
72.6 L 

88.0 a 
87.1 c 

86.2 de 
85.1 g 
83.6 i 
82.4 k 

88.0 a 
87.4 b 
86.3 d 
85.7 f 
84.1 h 
81.3 L 

88.0 a 
87.2 c 
86.0 e 
85.1 g 
83.3 j 

80.4 m 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

76.5 a 
75.2 b 
74.4 d 
73.5 f 
71.5 i 

69.0 m 

76.5 a 
75.3 b 
74.2 e 
73.1 g 
71.1 j 
69.6 k 

76.5 a 
74.7 c 
73.4 f 
72.6 h 
71.5 i 
69.2 L 

79.0 a 
77.9 c 
76.8 d 
75.6 g 
74.1 i 
72.0 k 

79.0 a 
78.2 b 
76.9 d 
76.1 f 
74.5 h 
72.5 j 

79.0 a 
77.8 c 
76.4 e 
75.5 g 
74.0 i 
72.2 k 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05 
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Elongation (%): 
Elongation percentage is defined as the ratio of length of cooked rice 

grain to the length of milled rice grain (El-Akary, 1992). The elongation 
percentages of cooked rice presented in Tables (13 and 14) show higher 
values for white rice than brown rice and short grain variety (Sakha 101) than 
that of long grain variety (Giza 182) for all treatments. This was expected 
because of the large amount of water that added to short grain samples. 
Moreover, the elongation percentage of quick cooking white rice of the Sakha 
101 variety was the highest among all of the studied rice samples. Moreover, 
it was decreased upon subjecting rice to parboiling process. The decrement 
means were 73.9% and 69.4% for quick cooking white rice and quick cooking 
parboiled white rice of Sakha 101 variety, respectively. Hardness of rice 
seems to correlate negatively with its elongation percentage. Furthermore, 
elongation percentage increased by increasing the storage period. These 
results may be due to the changes in the branched fractions of starches that 
have great effect on elongation percentage (Chinnaswamy, 1993). These 
results are in accordance with those of Daniels et al. (1998) and Pearce et al. 
(2001).  
 

Table (13): Changes in elongation percentages of raw, quick cooking, 
parboiled and quick cooking parboiled brown and white rice of 
Sakha 101 variety during storage for 9 months at room 
temperature. 

Treatments 
Storage 
period 

(month) 

Brown rice White rice 

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
69.1 h 
70.1 g 
71.4 f 
73.1 e 
76.4 d 
79.9 b 

**        * 
69.1 h 
70.3 g 
71.8 f 
73.7 e 
77.4 c 
81.4 a 

**        * 
69.1 h 
70.2 g 
71.6 f 
73.3 e 
76.8 cd 
80.5 b 

**        * 
72.1 h 
73.3 j 
74.7 f 
76.6 e 
81.7 c 
85.5 b 

**        * 
72.1 h 
73.2 j 
74.9 f 
77.8 d 
81.7 c 
86.5 a 

**        * 
72.1 h 
73.3 j 
74.7 f 
76.8 e 
81.4 c 
85.8 b 

Quick cooking  
rice 

0 
1 
2 
3 
6 
9 

70.2 i 
71.3 h 
72.7 g 
74.4 f 
77.5 e 
80.2 c 

70.2 i 
71.4 h 
73.0 g 
74.9 f 
78.9 d 
83.1 a 

70.2 i 
71.4 h 
72.9 g 
74.7 f 
78.3 d 
82.2 b 

73.9 j 
75.1 i 
76.6 h 
78.6 g 
83.3 e 
87.8 c 

73.9 j 
75.1 i 
76.7 h 
78.9 f 
83.9 d 
88.8 a 

73.9 j 
75.1 i 
76.7 h 
78.7 fg 
83.5 e 
88.2 b 

Parboiled rice  

0 
1 
2 
3 
6 
9 

66.2 i 
67.1 h 
68.3 f 
70.0 e 
73.1 d 
76.0 b 

66.2 i 
69.3 h 
68.7 f 
70.6 e 
74.1 c 
77.9 a 

66.2 i 
67.2 h 
68.5 fg 
70.2 e 
73.5 cd 
76.5 b 

68.3 h 
69.3 g 
70.6 f 
72.3 e 
76.9 d 
81.0 b 

68.3 h 
69.5 g 
60.9 f 
72.8 e 
77.8 c 
82.1 a 

68.3 h 
69.4 g 
70.4 f 
72.5 e 
77.1 d 
81.4 b 

Quick cooking 
parboiled rice 

0 
1 
2 
3 
6 
9 

66.9 h 
67.9 g 
69.2 f 
70.9 e 
74.2 d 
77.7 b 

66.9 h 
68.1 g 
69.6 f 
71.5 e 
75.1 c 
78.8 a 

66.9 h 
68.0 g 
69.2 f 
71.0 e 
74.7 cd 
77.3 b 

69.4 i 
70.6 h 
72.0 g 
73.9 f 
78.1 e 
81.7 c 

69.4 i 
70.5 h 
72.2 g 
74.2 f 
79.0 d 
83.8 a 

69.4 i 
70.6 h 
72.0 g 
74.0 f 

78.5 de 
83.1 b 

PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05Z 
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Table (14): Changes in elongation percentages of raw, quick cooking, 
parboiled and quick cooking parboiled brown and white rice 
of Giza 182 variety during storage for 9 months at room 
temperature. 

Treatments  
Storage 
period 

(month)  

Brown rice White rice  

PE PE + C PSC PE PE + C PSC 

Raw rice 

 
0 
1 
2 
3 
6 
9 

**        * 
58.0 h 
59.0 h 

60.3 fgh 
62.0 efg 
64.4cde 
67.5 ab 

**        * 
58.0 h 
59.2 h 
60.7 ab 
62.6 c-f 
65.1 bc 
68.7 a 

**        * 
58.0 h 
59.0 h 
59.9 gh 
62.3 d-g 
64.8 cd 
69.0 a 

**        * 
63.1 i 
64.3 h 
65.7 g 
67.4 f 
71.2 e 
75.3 c 

**        * 
63.1 i 
64.3 h 
65.8 g 
67.8 f 
72.1 d 
76.6 a 

**        * 
63.1 i 
64.2 h 
65.6 g 
67.5 f 
71.6 e 
76.0 b 

Quick 
cooking  

rice 

0 
1 
2 
3 
6 
9 

59.3 i 
60.4 g 
61.5 g 
63.3 f 
65.9 e 
69.2 c 

59.3 i 
60.5 h 
62.0 g 
63.9 f 
66.8 d 
70.6 b 

59.3 i 
60.3 h 
61.8 g 
63.5 f 
67.3 a 
69.9 bc 

65.1 i 
66.2 h 
67.5 g 
69.2 f 
73.6 d 
79.0 ab 

65.1 i 
66.3 h 
67.8 g 
69.8 e 
74.5 c 
79.2 a 

65.1 i 
66.3 h 
67.7 g 
69.5 ef 
74.0 cd 
78.6 b 

Parboiled 
rice  

0 
1 
2 
3 
6 
9 

54.0 g 
54.9 f 
56.1 e 
57.7 d 
60.0 c 
63.0 b 

54.0 g 
55.0 f 
56.3 e 
58.0 d 
60.9 c 
64.1 a 

54.0 g 
54.0 g 
56.0 e 
57.8 d 
60.3 c 

63.5 ab 

57.2 g 
58.1 fg 
59.3e-g 
61.0 d-g 
64.9 a-e 
68.6 ab 

57.2 g 
58.4 fg 

59.8 d-g 
61.5 c-g 
65.8 a-c 
70.0 a 

57.2 g 
58.2 e-g 
59.5 e-g 
61.2 c-g 
65.4 a-d 
69.5 a 

Quick 
cooking 

parboiled 
rice 

0 
1 
2 
3 
6 
9 

54.9 j 
55.8 i 
56.9 h 
58.5 g 
61.4 e 
64.6 c 

54.9 j 
56.0 i 
57.3 h 
59.0 f 
62.2 d 
66.0 a 

54.9 j 
55.8 i 
57.0 h 
58.7 g 
61.6 c 
64.9 b 

58.1 h 
59.1 g 
60.4 f 
62.1 e 
65.4 d 
70.3 b 

58.1 h 
59.3 g 
60.8 f 
62.7 e 
67.2 c 
71.4 a 

58.1 h 
59.2 g 
60.6 f 
62.3 e 
66.6 c 

71.0 ab 
PE: Polyethylene PE + C: Polyethylene plus carton  PSC: polystyrene cup. 
** Each value was an average of three determinations. 
* Values followed by the same letter in column are not significantly different at P < 0.05Z 

 
Pasting characteristics of rice flour: 
 Pasting characteristics of the tested rice samples are presented in 
Table (15). The values of transmission point, temperature at maximum 
viscosity oC, viscosity at 95oC, viscosity at 50oC and set back viscosity 
increased after parboiling for rice variety (Giza 182) by about (69-81oC and 
79.5-82.5oC); (94.5-94.5 and 91.5-94.5oC); (555-630 and 320-530 B.U); 
(1000-1090 and 875-920 B.U) and (200-540 and 330-430 B.U); respectively. 
In addition, maximum viscosity decreased after parboiling the two rice 
varieties by about (800-550 and 545-490 B.U), respectively. The drop in 
starch paste viscosity was occurred as a function of cooking at 94oC may 
clarify the degree of disintegration of gelatinization granules as reported by 
(Zhout et al., 2002). The viscosity of the cooked starch pastes cooked at 
50oC may clarify the degree of reassociation (retrogradation) of amylose 
(Singh et al., 1990). The difference in viscosity value that recorded between 
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hot paste and paste cooled at 50oC may be referred to the set back value as 
reported by (Singh et al., 1990). From the amylograph curves for the flour of 
the tested rice variety (Giza 182), which stored from 0 to 9 moths, it should be 
observed that, there was a reduction in transmission point, maximum 
viscosity, temperature at maximum viscosity, and viscosity at 95oC and 
viscosity at 50oC. These changes may be occurred as a function of several 
factors such as contribution of a starch granule associated with protein or 
changes in cell wall compounds in addition to the changes in the rice starch 
itself (Yamamoto and Shirakawa, 1999). Finally and based on the 
aforementioned results it can be concluded that, storing of rice grains in 
polyethylene plus carton at room temperature is superior then those stored in 
polyethylene or polystyrene cup in terms of maintaining storage stability, 
which in-turn play an active role for improving the export of Egyptian rice 
over-seas, hence, increase the national income and finally develop the 
Egyptian economy. 
 
Table (15): Changes in pasting characteristics of raw, quick cooking, 

parboiled and quick cooking parboiled brown and white rice 
of Giza 182 variety during storage for 9 months at room 
temperature. 

                      
Nnnnnnnnnnnnn                                                                                                                                                                                                                                                                                                                             

Storage 
period 

(month) 

T.P.  
oC 

Maximum 
viscosity  

B.U 

Temp. at 
maximum 
viscosity 

oC 

Viscosity 
at 

95oC B.U 

Viscosity 
at  

50oC B.U 

Set back 
viscosity 

B.U. 

Brown rice 
0 
9 

69.0 
61.5 

800 
435 

94.5 
88.5 

555 
315 

1000 
730 

200 
295 

Quick cooking brown 
rice 

0 
9 

69.0 
61.5 

1790 
440 

93.0 
88.5 

1420 
350 

2085 
850 

295 
410 

Parboiling brown rice 
0 
9 

81.0 
63.0 

550 
485 

94.5 
91.5 

630 
365 

1090 
800 

540 
315 

Quick cooking 
parboiling brown rice 

0 
9 

66.0 
63.0 

640 
460 

94.5 
90.0 

900 
360 

1580 
615 

940 
155 

White rice 
0 
9 

79.5 
63.0 

545 
400 

91.5 
88.5 

320 
315 

875 
500 

330 
100 

Quick cooking white 
rice 

0 
9 

76.5 
58.5 

510 
490 

92.5 
88.5 

355 
370 

610 
830 

100 
340 

Parboiling white rice 
0 
9 

82.5 
60.0 

490 
445 

94.5 
87.0 

530 
350 

920 
545 

430 
100 

Quick cooking 
parboiling white rice  

0 
9 

82.5 
60.0 

560 
400 

94.5 
87.0 

590 
310 

1040 
500 

480 
100 

T.P.: Transmission point oC B.U.: Brabender unit 
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ععتأأير بعض أأوع أأبخزعن تلأأا خعاصأألعن لأأخناعن نض   أأ عخن تالخ خ  أأ ع أأ باعن لأأ  ع عع عععع ع ع ع عع ع ع ع عع عععععع عع ع عععع عععع عع ع عععع ع ع عع عع ع ععععع ع ع ع عع ع ععع عععع
ععععخن مغصلعخن منضخخعنضل عسب    ع ععع عع عع ع عع ع ععع عع ععع عععع

ععععععععمحمدعن ضل  ع ععحل خععع–ععع*ع عاس بععع عع ع**ع عملتصبعبشدىعع–ععع عع ع عع ع ع**ععع عخعا دلعغ اىععع ع عع عع ععع ع**عع عع
عقس عتالخ خ   عنلاغذ  ععععع* ععع ع ععععع ع عع عععععع عمبااعن ضحخثعن ابعع-ع ع عععع ع ع ععععع عع ععنا  عضافبعن ش خعع عع عععع ععععع عع عع

عع**ع عقس عتالخ خ   عنلاغذ  ع ععع ع ععععع ع عع عععععع ععص  عن ابنا  ععاعع-ع عع عع ع عععع ععم  ععع  عععع-عع عفبعن ش خعاعع عع عععع عع
 

                                                                           أجرى هذا البحث لدراسة بعض الظروف التخزينيه على  اررز الخى و واللىلى  واللخبىو   
      ختلفة  ل                          شهرا( واستخداو لواد تعبئة    9  و      6  ،    3  ،    2  ،    1                                     خبخ  سريع  لثل التخزين عل  فترات )كل 

           واللخبىو         واللىلى                                                                             )البول  إيثيلين والبىول  إيثيلىين ك كرتىون والبىول  إسىتيرين( لتعبئىة اررز الخى و
    ف ن                                                                                  خبخ  سريع  لللح فظة عل  صف ت اررز الخبيعية والتكنولوجيىة ، واسىتخدو فى  هىذا البحىث صىن

                                      )صنف هندى( وهذان الصنف ن يىتو زراعتهلى       182                   )صنف ي ب ن ( وجيزه      101                لن اررز هل  سخ  
          لحصىول عى و                                                                      ف  لح فظة كفرالشيخ ، كلى  تىو الحصىول على  العينى ت لىن لركىز تىدرين اررز لىن 

     ربىيض                                                                              و ، وتو لع للة الصنفين ب لىل . كل  تو إجىرا  الخهى  السىريك لكىل لىن اررز البنى  وا    2001
   عة                                                                                  الخ و واللىل  لكىل لىن الصىنفين ، وتىو تخىزين عينى ت اررز على  درجىة حىرارل الىرفىة للىدل تسى

      شهور.
ععخف م ع صلعمصلاع لت ئجعهذهعن دبنس : ع عع ععععععع عع ععععععع ع عع عع ععععع  ععع

                                         ة لىررز البنى  واربىيض ، وترجىك هىذه ااختلافى ت                               وجدت اختلاف ت ف  الخواص الخبيعيى 
  ت                                                                                 تبع  للصنف اللختبر. وقد أثرت عللية ضرن اررز عل  الخواص الخبيعيىة لىه. ووجىدت اختلافى 

          يع  لىررز                                                                                ف  قيو الل   الللتص واللواد الصلبة الىير ذائبة لررز البن  واربيض اللخبو  خبخ  سىر
                                            و تبعى  للصىنف واللع للىة. وك نىت قيلىة اللى 5  82    و ،  5  77                                   اللىل  والىير لىل  عل  درجتى  حىرارل 

                                              و ع ليىة فى  اررز اربىيض اللخبىو  خبخى  سىريع  لصىنف  5  82    و ،  5  77                      الللتص عل  درجة حىرارل 
          عنىد                                                                           عند لق رنته  ببى ق  العينى ت. كلى  وجىد أن علليىة الىلى  تقلىل لىن نسىبة احتىوا  اللى     101    سخ  

    رل.                                                ن اللواد الصلبة الىير ذائبة عل  نفى  درجتى  الحىرا              و وكذلك تقلل ل 5  82    و ،  5  77            درجت  حرارل 
      لصىلبة  ا                                                                                  إض فة لل  سبق وجد أيض  أن عللية التخزين تزيد لن نسبة الل   الللىتص وتقلىل لىن اللىواد 
      البنىى                                                                                     الىيىىر ذائبىىة ب لنسىىبه لكىىل العينىى ت لوضىىك الدراسىىة. اختلفىىت قىىيو انتشىى ر القلىىوى لحبىىون اررز

         و انتش ر                                                                        لخبو  خبخ  سريع  اللىل  والىير لىل  تبع  للصنف واللع للة. كل  وجد أن قي          واربيض وال
       لتخىزين                                                                                   القلوى قد انخفضت بعد عللية الىل  وتزيد بعد عللية الخه  السريك. وجىد أيضى  أن علليىة ا
        البنىى                                                                                  والعبىوات ا تىى ثر لعنويىى  علىى  قىيو انتشىى ر القلىىوى. اختلفىىت قىيو تل سىىك الجبلىى  لحبىىون اررز

    ىلى           البنى  الل     182                                                                   واربيض واللخبو  خبخ  سريع  لررز اللىل  والخ و. فك نت ف  الصىنف جيىزه 
          فتىرات                                                                                   أقل لن ب ق  العين ت ، كل  وجد أن سيولة الجبل  قد انخفضت بعىد علليىة الىلى  وكىذلك أثنى 

  ز    ارر                                                                               التخىىزين. اختلفىىت قىىيو اسىىتخ لة الحبىىون بعىىد الخهىى  فىى  عينىى ت اررز اللختلفىىة. فك نىىت فىى 
   لى   إ                                                  أعل  عن ب ق  العين ت ، كل  وجد أن عللية الىلى  أدت      101                           اربيض اللخبو  ف  الصنف سخ  

      عللية                                                                                    انخف ض استخ لة الحبون بعد الخه  كل  تزيد استخ لة الحبون خلال فترات التخزين. وجد أن
        ة لخحىون                                                                          الىل  أدت إل  انخف ض لزوجة لخحون اررز عن الخ و وكىذلك التخىزين يقلىل لىن لزوجى

                      اررز )اللىل  والخ و(.
                                                                            وقد اتضح لن هذه الدراسة أن تخزين حبىون اررز فى  عبىول )البىول  إيثيلىين ك كرتىون(  

    ف ت                                                                                   تعد أفضل لن التخزين ف  عبىوات البىول  إيثيلىين أو البىول  إسىتيرين وذلىك لىن ن حيىة ثبى ت صى
   أو                       ررز فىى  صىىورل أرز لىلىى                                                             الحبىىون الخبيعيىىة والتكنولوجيىىة للتخىىزين. ب ىضىى فة إلىى  أن تخىىزين ا

                                                                                 اللخبىىو  خبخىى  سىىريع  يكىىون أفضىىل لىىن ن حيىىة ثبىى ت حبىىون اررز للتىيىىرات فىى  صىىف ته  الخبيعيىىة 
              والتكنولوجية.
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