
  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
   

 
  
  
  

                 
  

 1   2  3  4  

 
١. )        danoush.h.72@gmail.com( 

٢.     )   nasiri@shirazu.ac.ir ( 

٣.    )   dzare@shirazu.ac.ir( 

٤.       )   @shirazu.ac.irfazaeli( 

  
   

                        
   .        15  30  45        50  60   70 

       20 25   30        15   
        38      .          

                   .        
    .        45    70    

30       3/16         59/17     30      70 
    25     .           

    .                  
         .        

       .              
  .                  

  
:    

      
  
*  :r.ac.ishirazu@nasiri 

1233



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
                  

  
  

) Oryza sativa L.   (                
      .             

    2017           3/506           1/3 
     ]19[.   

                     
         .         

                   30   40 
           ]7[ .            

               .         
                      .

                  .         
                .      

                .     
       -          .  
          )            (
                ]14[.           

                     
                 ]37 40[.   

                    
                 ]15[.         

      Ĥ            .       
        .           

                         
            .  

                        
    .                   

                         .
                ]4[.   

         1         100      
                       

1234



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
                    

 ]8 18[.         20           
               .         

                               
  .                  

        ]12[.           
           ]6[ .       ]39[.   

                     
                          

     (   )               
  .    
  

    
   

                 (  )   (  ) 
       .  1397            . 

           54/10       83/12       
 .           4     4   

             ]1 [.   
  

     
                     

        .          
            12           

   .    500           .     
   :    15  30  45       50  60   70   

  .                      
.  

    :          15  30  45     50  60  
70        20  25   30       100     .  

      Ultrasound Generation   300W   ).   (     
        15         ]5[.           

1235



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
               38         

]31[.  
  
    

           10          
         24       105    

  ]30[.           AND  GF-600    )
     (001/0  ±         600       .       

      1       ]13[.  

)1 (  =
−

 

       wbMC            wm        )g   (dm    
)   g.  (  

  
  

                      
              500        .  

   1    StarchMaster2-RVA     )Pereten       (
  .      4       25          .        

                           
      .  10      960          160        

 .              2         50      
        2         95         

   3                 .     50        
  5               ]9  35[  .               
                 ]26[.   

  
     
5/0          )  150      150  
    15            .         

     .                
         15           .    

         .         15   

 
  1 Rapid visco analyser 

1236



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
   4                        .

           02/0             2 
  .  

)2 (  = ( − ) × × ×
14

× 1000 
    P     1V   2V               

  N          F          5/95 
     W       ]2[.  

  
   

              Design expert   .    
            .         

        5             Excel  
.  

  
    

   
            1           

         05/0          .     
                               .

                     .  
  

 1-        

 
  

P

4  78 /4  0001 /<  
 ) 

 (  
1  20 /0  0001 /<0  

 ( )   1  09 /0  0001 /0  
( )   1  04 /0  049 /0  

  1  28 /0 -  0001 /0<  
       7976 /0  

2R    9441 /0 
2R-Adj     9377 /0  

CV%     77 /1  
2R    2R-Adj     CV     

1237



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
  

    1                    45    
  30       70      .          

                .   
                   .20  

                   
                       .

        ]22 24 32 38[ .       45   
          .                   

     ]29[.  
  

  

٢۴ ٨٢ c ٢۵ ۴۴ b ٢۶ ٩٧ a

١٩ ۴٢ C ٢٠ ۴٠ B ٢٠ ٨٧ A

٠ ٠٠

۵ ٠٠

١٠ ٠٠

١۵ ٠٠

٢٠ ٠٠

٢۵ ٠٠

٣٠ ٠٠

١۵ ٣٠ ۴۵

 
 

)
 

 
(

  )(

25,56 c 25,62 b 25,87 a

19,69 C 20,38 B 20,66 A

0,00
5,00

10,00
15,00
20,00
25,00
30,00

50 60 70

 
 

)
 

 
(

  ) (

23,68 c 25,37 b
28,25 a

18,53 C 20,40 B 21,76 A

0,00

10,00

20,00

30,00

40,00

20 25 30

 
 

)
 

 
(

  )(

1238



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
  1-           

       )   5     (  

  
                        
               .      
                       

           )2(.       ]6[           
                 .  

    ]9[.   
  

  
 2-       20    

       )   5     (  

  
                                

   )               (       
                            

        .                     .        
                    

                    ]6[.      
          .    

  
          

      7                    
        .      .    

                          
   ]16  36[.                    

         ]10[ .                 

25,41 b 25,98 a

20,12 B 20,49 A

0,00
5,00

10,00
15,00
20,00
25,00
30,00

0 20

 

 )(

1239



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
       ]17[  .              
       .                          
                   ]33[.  

7-      
     

) (  

  

)(  

  

)  (  
  

( )  

   0  0  0  14/16  
  0  0  0  80/13  
   30  45  70  23/16  
   25  30  70  53/16  
  0  45  70  17/15  
   0  30  70  59/17  
   0  45  70  68/16  
  30  45  70  38/16  

  
          

     3                     
                  

.        ]8[                
                .    

                      
              .         

                  
]25[.   

                           
               .       
             .          
         ]20  23[.            

     ]3 27[.  
                .     

                       
 .                       

        ]11[.               
        ]28  34[.                

             ]21[.   
  

1240



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
  

  

  
  1  2  3  4  5  6  7  8  

                        
   0  0  30  25  0  0  0  20  

   0  0  45  40  45  30  45  45  
  0  0  70  70  70  70  70  70  

 3-        

  
  

                   
              .      

            .       
              .      

   .           
 

:  
١ .     .    .   .   .    .1388    .

          .         
   48 :299-285.  

0

20

40

60

80

100

120

-500
0

500
1000
1500
2000
2500
3000

0 200 400 600 800 1000

 )
 

(

 
 

)
m

Pa
.s

(

 )(
1 3 4 6 7 Temperature

0

20

40

60

80

100

120

-500
0

500
1000
1500
2000
2500
3000

0 200 400 600 800 1000

 )
 

(

 
 

)
m

Pa
.s

(

 )(

2 5 8 Temperature

1241



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
٢ .   .1393  .   -       -   

 .       19052.  
٣ .    .      .  1395  .      

   .      53 )13(: 136-127 . 
٤ . .    .    .   .     1389 .              

             .        2:  105 -
91. 

٥ .   .    . .    )1397  .(                  
       .             

          .  .  
٦ .    .    .   .  1395         .

 .            47 :  138-127 . 
٧ .     .    .      .  . .  1396  .    

             .    .48)2 :(
304-299 .  

٨ .   .  .   .      .   1393       .
        27)1(: 23-15 .  

٩ .   .     .    .     .     .      .  1389   .
         .         

     13: 202-193 . 
١٠ .    .   .  ) .1394 .(      -       

Dunaliella salina     .   6)3(: 397-408. 
١١ .     .  .     .       .1392 .           

   .              .   .  
12. Anonymous. 2010. Development of an Induction  heated Rice Cooker Using Ultrasonic Waves. 

database on noteworthy contributions for science and technology. 
https://dbnst.nii.ac.jp/english/detail/1827 (accessed 2018). 

13. ASAE Standard. 2001. Moisture measurement-unground grain and seeds. American Society of 
Agricultural Engineers, 567-568.  

14. Bhattacharya, K. R. 2004. In E. T. Champagne (Ed.), Rice: Chemistry and technology (3rd ed., pp. 
329–404). USA: The American Association of Cereal Chemists, Inc.  

15. Bello, M., Tolaba, M. P. and Suarez, C. (2004). Factors affecting water uptake of rice grain during 
soaking. LWT - Food Science and Technology, 37(8): 811-816.  

16. Buggenhout, J., Brijs, K. and Delcour, J. A. 2013. Impact of processing conditions on the extractability 
and molecular weight distribution of proteins in parboiled brown rice. Journal of Cereal Science, 58(1): 
8-14. 

17. Derycke, V., Veraverbeke, W. S., Vandeputte, G. E., De Man, W., Hoseney, R. C. and Delcour, J. A. 
2005. Impact of proteins on pasting and cooking properties of nonparboiled and parboiled rice. Cereal 
Chemistry, 82(4): 468-474. 

1242



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
18. Dolatowski, Z. J., Stadnik, J. and Stasiak, D. 2007. Applications of ultrasound in food technology. Acta 

Scientiarum Polonorum Technologia Alimentaria, 6(3): 88-99. 
19. FAO. 2018. World food situation, FAO cereal supply and demand brief. 
20. Fitzgerald, M. A., Martin, M., Ward, R. M., Park, W. D. and Shead, H. J. 2003. Viscosity of rice flour: 

A rheological and biological study. Journal of Agricultural and Food Chemistry, 51(8): 2295-2299. 
21. Gelencsér, T., Juhász, R., Hódsági, M., Gergely, S. Z. an d Salgó, A. 2008. Comparative study of native 

and resistant starches. Acta Alimentaria, 37(2):, 255-270. 
22. Horigane, A. K., Toyoshima, H., Hemmi, H., Engelaar, W. M. H. G., Okubo, A. and Nagata, T. 1999. 

Internal Hollows in Cooked Rice Grains (Oryza sativa cv. Koshihikari) Observed by NMR Micro 
Imaging. Journal of Food Science, 64(1): 1-5.  

23. Jagtap, P. S., Subramanian, R. and Singh, V. 2008. Influence of soaking on crushing strength of raw 
and parboiled rice. International Journal of Food Properties, 11(1): 127-136. 

24. Kashaninejad, M., Maghsoudlou, Y., Rafiee, S. and Khomeiri, M. 2007. Study of hydration kinetics 
and density changes of rice (Tarom Mahali) during hydrothermal processing. Journal of Food 
Engineering, 79(4): 1383-1390. 

25. Lida, Y., Tuziuti, T., Yasui, K., Towata, A. and Kozuka, T. 2008. Control of viscosity in starch and 
polysaccharide solutions with ultrasound after gelatinization. Innovative Food Science & Emerging 
Technologies, 9(2): 140-146. 

26. Liu, Q. 2005. Understanding starches and their role in foods. Food Carbohydrates: Chemistry, Physical 
Properties and Applications, 30: 309-355.  

27. Luo, Z., Fu, X., He, X., Luo, F., Gao, Q. and Yu, S. 2008. Effect of ultrasonic treatment on the 
physicochemical properties of maize starches differing in amylose content. Starch‐Stärke, 60(11): 646-
653. 

28. Marlatt, K. L., White, U. A., Beyl, R.A., Peterson, C.M., Martin, C.K., Marco, M.L., Keenan, M.J., 
Martin, R.J, Aryana, K.J. and Ravussin, E. 2018. Role of resistant starch on diabetes risk factors in 
people with prediabetes: Design, conduct, and baseline results of the STARCH trial. Contemporary 
clinical trials, 65: 99-108. 

29. Miah, M.K., Haque, A., Douglass, M. P. and Clarke, B. 2002. Parboiling of rice. Part I: Effect of hot 
soaking time on quality of milled rice. International Journal of Food Science & Technology, 37(5): 
527-537. 

30. Mohapatra, D. and Srinivasa Rao, P. 2005. A thin layer drying model of parboiled wheat. Journal of 
Food Engineering, 66(4): 513-518.  

31. Nassiri, S. M. and Etesami, S. M. 2011. The best method for rough rice drying based on operational 
energy and head rice yield quality. Journal of Agricultural Machinery Science, 7(4): 339-345.  

32. Ogawa, Y., Kuensting, H., Nakao, H. and Sugiyama, J. 2002. Three dimensional lipid distribution of a 
brown rice kernel. Journal of Food Science, 67(7): 2596–2599.  

33. Oli, P., Ward, R., Adhikari, B. and Torley, P. 2014. Parboiled rice: understanding from a materials 
science approach. Journal of Food Engineering, 124: 173-183.  

34. Puspitowati, S. and Driscoll, R.H. 2007. Effect of degree of gelatinisation on the rheology and 
rehydration kinetics of instant rice produced by freeze drying. International Journal of Food Properties, 
10(3): 445-453. 

35. Rao, S. R. and Juliano, B. O. 197). Effect of parboiling on some physicochemical properties of rice. 
Journal of Agricultural and Food Chemistry, 18(2): 289-294. 

36. Sareepuang, K., Siriamornpun, S., Wiset, L. and Meeso, N. 2008. Effect of soaking temperature on 
physical, chemical and cooking properties of parboiled fragrant rice. World Journal of Agricultural 
Sciences, 4(4): 409-415. 

37. Siebenmorgen, T. and Qin, G. 2005. Relating rice kernel breaking force distributions to milling quality. 
Transactions-American Society of Agricultural Engineers, 48(1): 223.  

38. Takeuchi, S., Maeda, M., Gomi, Y., Fukuoka, M. and Watanabe, H. 1997. The change of moisture 
distribution in a rice grain during boiling as observed by NMR Imaging. Journal of Food Engineering, 
33(3-4): 281–297. 

39. Yildrim, A.  and Oner, M. D. 2015. Electrical Conductivity, Water Absorption, Leaching and Color 
Change of Chickpea (Cicer Arietinum L.) During Soaking with Ultrasound Treatment. International 
Journal of Food Properties, 18(6): 1359-1372. 

1243



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
40. Zhang, Q., Yang, W. and Sun, Z. 2005. Mechanical properties of sound and fissured rice kernels and 

their implications for rice breakage. Journal of Food Engineering, 68(1): 65-72. 
 
 

  
  
  
  
  
  

1244



National Congress on Biosystems Engineering and Agricultural Mechanization th13 
Tehran, 15-17 September 2021  

 
Effect of ultrasound waves on rheological and protein content of parboiled rice 

 
4Mahboobeh Fazaeliand  3iush ZarerDa, *2Seyed Mehdi Nassiri, 1Zahra Hamzavi 

 
1. Department of Biosystems Engineering Department, Shiraz University, Shiraz, Iran 
2. Department of Biosystems Engineering Department, Shiraz University, Shiraz, Iran 
3. Department of Biosystems Engineering Department, Shiraz University, Shiraz, Iran 

4. Department of Food Science and Engineering, Shiraz University, Shiraz, Iran
  

Abstract 

Effect of ultrasound waves on moisture uptake, apparent viscosity and protein content of two parboiled rice cultivars 
were studied. Paddy were soaked for 15, 30 and 45 min at 50, 60 and 70 oC temperature under 20, 25 and 30 kHz 
frequency, steamed for 15 min and dried at 38 oC. The outmost moisture uptake took placed at higher levels of 
experiment main factors. Maximum protein for Lenjan and Fajr cultivars were measured 16.3 and 17.59, respectively at 
45 min, 70 oC and 30 kHz, and 30 min, 70 oC and 25 kHz correspondingly. Apparent viscosity of parboiled rice flour 
was decreased with respect to control but followed different trends for both cultivars. This is a suitable rice kernel 
processing for those cultivars like Lenjan with a high amount of soluble solids during cooking, for preventing solid 
leaching production while cooking. Overall, parboiling with ultrasound waves reduced socking duration for required 
moisture uptake. This method might be suitable for indigestible rice starch for those suffering from diabetic issues and 
that needs more studies.  
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