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Abstract

Project Code : : MRG5280115

Project Title : Drying of paddy by Infrared ray, hot air and tempering

Investigator : Assistant Professor Juckamas Laohavanich, Ph.D.
Faculty of Engineering, Mahasarakham University
Assistant Professor Seree Wongpichet, D.Eng.
Faculty of Engineering, Khon Kaen University

E-mail Address ..

Juckamas.l@msu.ac.th
Project Period :

16 March 2009 to 15 March 2011
Abstract:

This research aims to study the changes of moisture content and milling
quality of paddy after drying by infrared ray, hot air and tempering. The appropriate
drying condition was determined. The parameters used in this study are as
followings: 1) the initial moisture content of paddy (X;) of 20 25 and 30%wet basis 2)
the infrared drying time (X,) of 2, 4 and 6 minutes 3) the hot air temperature (X3) of
40 50 and 60 °C 4) tempering time (X4) of 0 30 and 60 minutes and 5) hot air drying
time (X5) of 0-300 minutes. The results found that X; and X, were the main factors
affecting in the changes of moisture content and milling qualities of paddy followed
by X3 and Xs. While, there was a slight effect by X; on change in moisture content
and milling qualities. For the appropriate drying process determination, the response
surface methodology (RSM) was used to develop the mathematical model in form of
the second order polynomial equation. The models were able to describe the
change in milling quality which was presented in terms of the percentage of relative
head rice yield (RHY) and the percentage of relative whiteness (RW) with higher
coefficient of determination (Rz) of 0.940 and 0.914, respectively. In summary, this
drying process is appropriate for drying paddy with X1 higher than 25% wet basis,
with X, lower than 4 minutes. Then, the paddy can be dried with hot air drying
immediately using X5 lower than 50 °C. This drying process for the whole process is
no longer than 180 minutes to reduce the moisture content down to 15% wet basis.

Keywords : Paddy Drying Infrared Tempering Hot air
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M13197 1 ARdeRuNINNITET LN UNSEUIUNTa UL lUNTAERUB UL T UEeN

IUSIADUNT A WMULUDSFT havauSou

X o
AUTUVIUFDN

walasse (min)

Buvlsnsa (min) gamglianfou | watlumseuusie | dudi (%) | arwwnm
s (%owb) () #awaufou (min) draens
2 0 0 34.37 46.50
20 2 30 0 33.44 44.70
2 60 0 34.21 43.90
4 0 0 32.13 45.90
20 4 30 40 0 31.68 44.70
4 60 0 32.15 43.90
6 0 0 30.10 45.10
20 6 30 0 28.56 44.80
6 60 0 29.10 43.70
2 0 0 31.52 45.90
20 2 30 0 32.57 44.30
2 60 0 32.06 43.70
4 0 0 31.68 44.90
20 4 30 50 0 33.11 44.10
4 60 0 32.37 43.70
6 0 0 28.81 44.80
20 6 30 0 28.37 45.20
6 60 0 28.82 43.90
2 0 0 22.96 45.10
20 2 30 0 23.53 44.30
2 60 0 24.11 44.80
4 0 0 23.44 44.70
20 4 30 60 0 24.68 44.10
4 60 0 25.68 43.80
6 0 0 23.93 43.70
20 6 30 0 24.27 44.90
6 60 0 24.45 42.70




M13197 1 (#8) ANRREANNINNITATIILBHIUNTEUIUNITOURASIUNITNAGBUB ULIY

1 UABNAILTIADUNT A WNUUDIII havausau

armdiudaiden | Sursise (min) | maesie (min) | gamglisudeu | wadlunseuwds | dudn %) | Arwem
s (%owb) () #awaufou (min) draens
2 0 120 44.44 43.90
25 2 30 120 44.59 42.70
2 60 120 44.99 41.30
4 0 120 46.48 43.20
25 4 30 40 120 47.28 41.30
4 60 120 46.25 41.50
6 0 120 40.82 42.10
25 6 30 120 41.72 41.70
6 60 120 41.57 40.30
2 0 120 41.53 44.30
25 2 30 120 42.31 42.50
2 60 120 41.77 42.00
4 0 120 43.15 43.20
25 4 30 50 120 44.84 42.10
4 60 120 44.28 41.30
6 0 120 37.78 41.90
25 6 30 120 38.65 41.10
6 60 120 37.75 40.30
2 0 120 38.45 44.70
25 2 30 120 38.00 42.60
2 60 120 37.09 42.30
4 0 60 42.28 42.70
25 4 30 60 60 42.47 41.30
4 60 60 41.46 40.80
6 0 60 36.47 42.60
25 6 30 60 37.84 41.00
6 60 60 36.15 41.00




M13197 1 (#8) ANRREANNINNITATIILBHIUNTEUIUNITOURASIUNITNAGBUB ULIY

1 UABNAILTIADUNT A WNUUDIII havausau

armdiudaiden | Sursise (min) | maesie (min) | gamglisudeu | wadlunseuwds | dudn %) | Arwem
s (%owb) () #awaufou (min) draens
2 0 240 41.44 43.10
30 2 30 240 43.43 42.00
2 60 240 42.84 41.50
4 0 180 42.66 41.50
30 4 30 40 180 42.03 40.00
4 60 180 41.06 40.30
6 0 180 41.26 40.50
30 6 30 180 43.44 39.10
6 60 180 43.14 38.70
2 0 180 42.89 42.80
30 2 30 180 43.51 41.00
2 60 180 42.43 40.70
4 0 120 42.87 42.60
30 4 30 50 120 42.70 41.20
4 60 120 40.73 40.50
6 0 120 39.07 40.20
30 6 30 120 38.22 38.70
6 60 120 38.70 38.30
2 0 120 40.37 43.10
30 2 30 120 41.17 41.80
2 60 120 40.65 41.30
4 0 120 39.84 42.70
30 4 30 60 120 39.61 42.10
4 60 120 38.22 40.60
6 0 120 34.75 39.70
30 6 30 120 36.57 37.30
6 60 120 36.69 37.50

WDILASIZUHNANITANEIANNNITOULIAINIENTEUIUNSNNA A UTUTURBUT
Fuun15anANNTUIINTLAUAMNTUTUAUAIIY (20-30 %wb) AuTiANTUMEeUsTUIM
12-15 %wb dudunsumellaziinan1snaaauntaluIas1eiiuiIneudusdieasune
a a ) ' A | a a P A
avisnavessiulsineg Tunisneaeundmasienisidsunuaweinuninnisdvestnilien
NAdoU 1AAsN1TIATISUNURINOUAUDY (Response surface methodology, RSM) lag
JEAUVDIAILUSANAFDU (X) N9 ANTUSUANYDIT1 UGB LIanlun1sauLiIniesed

uns A wUessuwarnsaunie azdastanusulmduansia (Coded value, x) mu
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o Coded value, X;
AU INAEDY
-1 -0.5 0 0.5 1

1) PLTUEUEY X, W30 MC (%wb) 20 - 25 - 30
2) T2U3LIADULINAIITIEDUNTILIA X, %30 IR (min) 2 - 4 - 6
3) gaumgiliausou X, 38 HA (°C) 40 - 50 - 60
4) szezaNIUDTi X, %39 Terp (min) 0 - 30 - 60
5) S2ZIANDULIMEANTIU X; %39 HA time (min) 0 60 120 180 | 240

Tunishasizinndeulunisouniefimunzay Taeldnisiiasziituiia
nauALDd (Response surface methodology, RSM) ie@inundvsnavesiaulssusag 7
fvundiiinasienmnmmsd deinsaisaunisuaninuduiusuesiaudseine Tudnuas
auN1sILEulAINaED mmgmwuammiﬁ 2 T FremsuduansHavesfaulsnaaeuny
auns? 3 azuanInsasuulaswesituinnevauesdudnuay aduimiiiisusuiegsin
Frededildinunisvaaau Usznoume anlesifundudnduivs (Relative head rice yield,
RHY) wag AnUasidudnnuunitniansduing (Relative whiteness, RW) sauandluaunis

[

D!

RHY = 110.07+(16.622X,)-(.445X)-(3.38 75X, *X,)-(4. 194X, *X5)+(5.45X,*Xs)
1(3.728X,X)+(6.656X,%X5)+(9.96X5Xs)-(14.6 18X, )-(3.841X, )-(2.853X,")

R® = 94.00 %
RW = 96.958+(8.277X,)-(2.188X,)-(0.39X5)(2.012X)-(7.164X5)-(4.251X,*X,)
L(0.305X,*Xo)-(0.557X,X5)+(2.605X,*Xe)-(4.448X, ) +(0.6 27X, )+(6.662Xs )

R*=91.4 %
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Thdudwunltunswasuasiiauldiluseged
nMswasuulasesiiuinouausuaninsiasuulaswesesifuidudig
Fuvitng (RHY) 9100wt 4.8 11 Tnenuiiseduvesinuds X, viemnududidensududl
Msasuwlaniintuieouiudnsradslunsdd X, fAge drunsil X, fiendnuing
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IR 2 R4 IR6
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SEAULIATUNNTBULTIAR8SIE@DUNTISA (IR) 2 4 way 6 Wil hudenduues
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MC 20 MC 25 MC 30
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FEAUAMUTUSUAU (X;) 20 25 wag 30 %wb Tuientuwes SLezlIaIaulie

mesaddunssn X, fu gamgiiauiou X; Nsveziarlunismandesse 60 wii
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MC 20 MC 25 MC 30
2NN 19 NFINURINDUANDILARINISUAs UL YA UBSIEUARUTdUNNS (RHY) 7
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(RHY) taztlasidusanuyniduims (RW)

RHY = 110.07+(16.622X,)-(4.885X5)-(3.3875X,*X,)-(4.194X,*X5)+(5.45X,*Xs)
1(3.728X,X)+(6.656X,Xo)+(9.96 XX o)-(14.618X, -(3.841X, )-(2.853X5")
fien R = 94.00 %
LA
RW = 96.958+(4.277X,)-(2.188X,)-(0.39X3)-(2.012X,)(7.164X5)-(4.251X,*X,)
L(0.305X,*Xo)-(0.557X,X5)+(2.605X,*Xe)-(4.448X, ) +(0.6 27X, )+(6.662Xs )
fien R =914 %
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AMARNUIN

WUIN .
HANSNAFBUNIIUREUWUAIANULAE UM TVeITUFNIINNNTANANTUMEY T93

BuN5L5A WUaI39 wazausau

AN N.1 HANITNAADUNITHATULUAIALTUYDITIUFDNINNNITARAIIUTUAIE

v

$983uns 1A WNWBs3e wavausou

Moisture content of paddy after dried by infrared ray (%db)
IR Drying Initial moisture content 20%wb Initial moisture content 25%db Initial moisture content 30%db
time (min) Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average
0 20.56 20.09 20.52 20.39 26.13 25.84 26.74 26.23 31.51 30.24 30.83 30.86
2 18.43 18.21 1909' 18.57 23.85 23.55 24.59 24.00 27.64 26.27 28.50 27.47
4 17.77 16.65 17.17' 17.20 21.88 21.69 22.12 21.90 24.34 25.50 2451 24.79
6 16.45 15.94 16.38 [ 16.26 20.05 19.80 20.05 19.97 23.48 23.32 22.87 23.22

A1TNHUIN N.2 KaNITVAgeUNSiUBuLUaIumM)Ireet1UFaNIINNITAnAUTUME

v

$983uns 1A WNWBsse wavausou

Grain temperature of paddy after dried by infrared ray (C)
IR Drying Initial moisture content 20%db Initial moisture content 25%db Initial moisture content 30%db
time (min) Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average
0 28.00 28.00 28.00 28.00 27.00 27.50 28.00 27.50 27.00 27.00 28.00 27.33
2 42.00 40.00 42.00 41.33 45.50 42.00 42.50 43.33 43.00 44.00 40.00 42.33
4 51.00 51.00 51.50 51.17 49.00 47.50 48.50 48.33 48.00 49.00 48.00 48.33
6 55.50 55.00 57.50 56.00 53.00 51.50 53.00 52.50 52.00 52.00 49.50 51.17




WU .
HANSNAHOUMAMAINNTAYRITILUTONAINM T UM TIEBUNT IR WNeTse wag

AUSAUINNNITANANUTUNIY SIFDUNTUIA NUUDTII wazauSou

A13°991 WU 2.1 AAINATSEYRsUR NN TRULIReTIEBUNT LA nuUaTEe

Lazausau

arwdudradaon | Suvisusa (min) | wuwedts (min) | gomgiaadeu | narlumsouwdke [dradfen | $nndeesan [dmndesdn |rmmsan | dudn (@ | dudn @) | dnvin ) kl AUV
Gudu (%wb) ) dwanfau (min) (€] (@) (@) (@) (%) dmans
2 0 0 115.00 82.66 70.51 73.38 39.52 34.37 29.44 8.07 46.50

20 2 30 0 115.00 83.01 69.34 74.03 38.46 33.44 30.93 7.81 44.70
2 60 0 115.00 84.68 67.66 74.50 39.34 34.21 30.57 8.85 43.90

4 0 0 115.00 83.44 42.97 71.42 36.95 3213 29.97 10.45 45.90

20 4 30 40 0 115.00 83.94 44.87 73.22 36.43 31.68 31.99 9.32 44.70
4 60 0 115.00 80.65 43.47 69.97 36.97 32.15 28.70 9.29 43.90

6 0 0 115.00 81.00 56.15 70.54 34.61 30.10 31.24 9.10 45.10

20 6 30 0 115.00 82.78 66.93 71.74 32.84 28.56 33.83 9.60 44.80
6 60 0 115.00 81.43 63.68 72.51 33.46 29.10 33.96 7.76 43.70

2 0 0 115.00 80.04 62.66 70.08 36.25 31.52 29.42 8.66 45.90

20 2 30 0 115.00 79.52 62.54 69.93 37.45 32.57 28.24 8.34 44.30
2 60 0 115.00 77.89 62.66 68.30 36.87 32.06 27.33 8.34 43.70

4 0 0 115.00 81.37 67.48 71.87 36.43 31.68 30.82 8.26 44.90

20 4 30 50 0 115.00 82.77 29.00 72.36 38.08 33.11 29.81 9.05 44.10
4 60 0 115.00 83.19 68.18 74.74 37.22 3237 32.63 7.35 43.70

6 0 0 115.00 80.66 66.29 70.46 33.13 28.81 32.46 8.87 44.80

20 6 30 0 115.00 81.20 62.42 72.49 32.62 28.37 34.67 7.57 45.20
6 60 0 115.00 82.24 65.16 72.11 33.14 28.82 33.89 8.81 43.90

2 0 0 115.00 81.54 35.18 70.55 26.40 22.96 38.39 9.56 45.10

20 2 30 0 115.00 81.05 37.73 70.00 27.06 23.53 37.34 9.61 44.30
2 60 0 115.00 80.73 40.22 69.51 27.73 24.11 36.33 9.76 44.80

4 0 0 115.00 81.41 61.91 71.63 26.96 23.44 38.84 8.50 44.70

20 4 30 60 0 115.00 81.25 67.45 71.70 28.38 24.68 37.67 8.30 44.10
4 60 0 115.00 83.24 67.92 71.88 29.53 25.68 36.83 9.88 43.80

6 0 0 115.00 81.59 62.72 71.29 27.52 23.93 38.06 8.96 43.70

20 6 30 0 115.00 82.39 64.93 72.25 27.91 24.27 38.56 8.82 44.90
6 60 0 115.00 84.85 65.56 75.14 28.12 24.45 40.89 8.44 42.70




M131991 WUIN .1 (59) AMAMNTEYRIt1UFRNAINNITOULNA 8 TITBUNT A 1Ny

Wasse wazaudou

eonududten . gamglianiou | natlumseuuds |dnwden | dmnndessan |dnndesdn [dnassm | dudn @) | dudn () | v (%) El AL
Sud Yowb) Bunlsuan (min) | waodia (min) ) Fawauiou (min) (® © ® (©)] (%) s
2 0 120 115.00 81.92 68.28 72.00 5111 44.44 18.17 8.63 43.90
25 2 30 120 115.00 85.00 68.99 73.69 51.28 44.59 19.49 9.83 42.70
2 60 120 115.00 84.00 68.30 72.70 51.74 44.99 18.23 9.83 41.30
4 0 120 115.00 82.33 67.57 71.25 53.45 46.48 15.48 9.63 43.20
25 4 30 40 120 115.00 83.46 71.62 74.82 54.37 47.28 17.78 7.51 41.30
4 60 120 115.00 83.24 67.84 73.55 53.19 46.25 17.70 8.43 41.50
6 0 120 115.00 85.53 68.53 74.28 46.94 40.82 23.77 9.78 42.10
25 6 30 120 115.00 84.53 69.22 73.54 47.98 41.72 22.23 9.56 41.70
6 60 120 115.00 84.23 65.70 71.98 47.81 41.57 21.02 10.65 40.30
2 0 120 115.00 79.14 68.06 68.27 47.76 41.53 17.83 9.45 44.30
25 2 30 120 115.00 78.82 65.47 67.25 48.66 4231 16.17 10.06 42.50
2 60 120 115.00 81.07 55.94 66.97 48.04 41.77 16.46 12.26 42.00
4 0 120 115.00 86.57 96.98 74.50 49.62 43.15 21.63 10.50 43.20
25 4 30 50 120 115.00 81.57 65.76 72.10 51.57 44.84 17.85 8.23 42.10
4 60 120 115.00 82.15 63.44 71.83 50.92 44.28 18.18 8.97 41.30
6 0 120 115.00 83.94 64.89 72.55 43.45 37.78 25.30 9.90 41.90
25 6 30 120 115.00 83.94 64.89 72.55 44.45 38.65 24.43 9.90 41.10
6 60 120 115.00 83.53 61.35 71.89 43.41 37.75 24.77 10.12 40.30
2 0 120 115.00 84.29 30.23 72.45 44.22 38.45 24.55 10.30 44.70
25 2 30 120 115.00 85.00 51.30 73.56 43.70 38.00 25.97 9.95 42.60
2 60 120 115.00 82.56 54.17 70.56 42.65 37.09 24.27 10.43 42.30
4 0 60 115.00 86.73 37.15 70.52 48.62 42.28 19.04 14.10 42.70
25 4 30 60 60 115.00 86.22 42.25 73.44 48.84 42.47 21.39 1111 41.30
4 60 60 115.00 85.78 55.23 73.38 47.68 41.46 22.35 10.78 40.80
6 0 60 115.00 85.37 39.23 74.52 41.94 36.47 28.33 9.43 42.60
25 6 30 60 115.00 86.33 67.64 74.67 43.52 37.84 27.09 10.14 41.00
6 60 60 115.00 86.44 71.21 75.29 41.57 36.15 29.32 9.70 41.00

A137991 WUIN 2.1 (59) AMANTEYRIt1FRNAINNTTOULINA 8 SIFBUNT A LY

o %
19934 Llazausau

aradutaaen . . quugfianfou | vanlumseuwis [dhawfen | drandessa [ Fvndeudy | dnassu | dudn (@ | dudn %) | Fnvin (%) kil Awm
G oty | IR (in) | o (min) © Fawautou (min) © © ® © ) s
2 0 240 115.00 83.10 67.72 71.91 47.66 41.44 21.09 9.73 43.10
30 2 30 240 115.00 82.17 71.17 73.60 49.95 43.43 20.57 7.45 42.00
2 60 240 115.00 83.15 72.19 74.15 49.27 42.84 21.63 7.83 41.50
4 0 180 112.00 84.50 67.72 73.67 47.78 42.66 23.12 9.67 41.50
30 4 30 40 180 115.00 84.04 68.26 71.51 48.34 42.03 20.15 10.90 40.00
4 60 180 115.00 84.92 68.13 72.26 47.22 41.06 21.77 11.01 40.30
6 0 180 115.00 85.59 65.41 75.41 47.45 41.26 2431 8.85 40.50
30 6 30 180 115.00 85.34 63.50 76.91 49.96 43.44 23.43 7.33 39.10
6 60 180 115.00 86.04 67.25 76.93 49.61 43.14 23.76 7.92 38.70
2 0 180 115.00 81.00 64.67 72.20 49.32 42.89 19.90 7.65 42.80
30 2 30 180 115.00 80.93 68.33 76.04 50.04 43.51 22.61 4.25 41.00
2 60 180 115.00 84.23 63.25 73.91 48.80 42.43 21.83 8.97 40.70
4 0 120 115.00 79.07 64.52 70.65 49.30 42.87 18.57 7.32 42.60
30 4 30 50 120 115.00 81.55 65.29 72.12 49.11 42.70 20.01 8.20 41.20
4 60 120 115.00 85.05 52.90 74.27 46.84 40.73 23.85 9.37 40.50
6 0 120 115.00 85.84 53.11 76.51 44.93 39.07 27.46 8.11 40.20
30 6 30 120 115.00 84.78 47.34 65.32 43.95 38.22 18.58 16.92 38.70
6 60 120 115.00 84.04 47.71 74.32 44.50 38.70 25.93 8.45 38.30
2 0 120 115.00 83.36 68.38 70.48 46.43 40.37 20.91 11.20 43.10
30 2 30 120 115.00 83.27 18.68 69.83 47.34 4117 19.56 11.69 41.80
2 60 120 115.00 79.67 26.70 64.22 46.75 40.65 15.19 1343 41.30
4 0 120 115.00 84.92 38.33 68.52 45.82 39.84 19.74 14.26 42.70
30 4 30 60 120 115.00 84.02 37.61 72.05 45.55 39.61 23.04 10.41 42.10
4 60 120 115.00 83.08 55.52 71.00 43.95 38.22 23.52 10.50 40.60
6 0 120 115.00 83.50 34.21 72.45 39.96 34.75 28.25 9.61 39.70
30 6 30 120 115.00 85.24 36.52 72.96 42.05 36.57 26.88 10.68 37.30
6 60 120 115.00 85.94 38.44 74.52 4219 36.69 28.11 9.93 37.50




M13197 WUIN 2.2 AMNINNITEVRITIURINS1 B UNB T AU ULNIBUNITNAN I TBULIY

) o aa = %
AU IUNIIIA NULUDIIN LLazauIau

Aty | $nwBen | dnndes | dndes | des |dudn (@ dudn 4129 5 AUV
draUden (@ |5 (@] u (9 |5 (9 (%) (%) (%) d1aans
Fudu (%wb)

20.00 115.00 82.30 41.20 72.71 41.73 36.29 26.94 8.34 44.30

25.00 115.00 85.49 74.86 76.63 46.32 40.28 26.36 7.70 43.10

30.00 115.00 84.58 70.71 74.83 43.92 38.19 26.88 8.48 42.90

¢ v

o/ L -4

A15199 Wuan 2.3 Jadenedauilianlasduailantanisrunuanuasidudduditdunns

LAZAIAIUVIITIVENTHUNNS

iy Bunsuan wuwels | gamgiiaudou | valums | dudn %) |mmvndnms| dudriduing Ay | dudnduing AU
FraFenudu sunisdiuay (%) drmsduivg | v (%) | dnasduing
Sou (%) siwe (%)

X1 X2 X3 X4 X5 RHY RW RHY RW RHY_Prd RW_Prd

-1 -1 -1 -1 -1 34.37 46.50 94.70 104.97| 94.30 102.61
-1 -1 -1 0 -1 33.44 44.70 92.16 100.90| 94.30 100.60
1 1 -1 1 1 34.21 43.90 94.26) 99.10) 94.30 98.59
-1 -1 0 -1 -1 32.13 45.90 86.86) 103.61 83.22 102.61
-1 -1 0 0 -1 31.68 44.70 89.74 100.00| 83.22 100.60
-1 -1 0 1 -1 32.15 43.90 88.35 98.65 83.22 98.59
-1 -1 1 -1 -1 30.10 45.10 63.26 101.81 66.43 102.61
-1 -1 1 0 -1 28.56 44.80 64.84 100.00| 66.43 100.60
-1 -1 1 1 -1 29.10 43.70 66.45 101.13] 66.43 98.59
-1 0 -1 -1 -1 31.52 45.90 88.54] 103.61 91.64] 102.07
-1 0 -1 0 -1 32.57 44.30 87.29] 100.90| 91.64] 100.06
-1 0 -1 1 -1 32.06 43.70 88.59 99.10 91.64 98.05
-1 0 0 -1 -1 31.68 44.90 87.29] 101.35] 84.28 102.07
-1 0 0 0 -1 33.11 44.10 91.25 99.55 84.28 100.06
-1 0 0 1 -1 32.37 43.70 89.18] 98.65 84.28 98.05
-1 0 1 -1 -1 28.81 44.80 64.60 100.90] 71.22 102.07
-1 0 1 0 -1 28.37 45.20 68.00 99.55 71.22 100.06
-1 0 1 1 -1 28.82 43.90 70.76 98.87 71.22 98.05
-1 1 -1 -1 -1 22.96 45.10 82.93] 101.81 81.29 101.53
-1 1 -1 0 -1 23.53 44.30 78.69 101.13] 81.29 99.52
-1 1 -1 1 -1 24.11 44.80 80.18| 98.65 81.29 97.50]
1 1 0 -1 1 23.44 44.70 79.38 10113 77.66, 101.53
-1 1 0 0 -1 24.68 44.10 78.16 102.03| 77.66 99.52
-1 1 0 1 -1 25.68 43.80 79.41 99.10 77.66 97.50]
-1 1 1 -1 -1 2393 43.70 65.94 98.65 68.32 101.53
-1 1 1 0 -1 24.27 44.90 66.88 101.35] 68.32 99.52
-1 1 1 1 -1 24.45 42.70 67.38 96.39 68.32 97.50]




v

AN51991 WUAN 0.3 (fa) Jadenadauriianlanduailantanisaunuanlasiduaaudnn

HUNNTHALAIANUVIIVIIENITHUNNS

iy Bumsusa wmuwedte | qumgfiandeu | wadluns | #udn (%) [mmmvmdmas| dudnduing e | dudnduing AU
drwdeniudu auwvisdinau (%) drmsduing | v (%) | dasduing
Sou (%) g (%)
X1 X2 X3 X4 X5 RHY RW RHY RW RHY_Prd RW_Prd
0 -1 -1 -1 0 44.44 43.90 110.34 101.86 111.55 101.16
0 -1 -1 0 0 44.59 42.70 110.70 99.07 111.55 99.15
0 -1 -1 1 0 44.99 41.30 111.70 95.82 111.55 97.13]
0 -1 0 -1 0 46.48 43.20 103.10 102.78, 106.23) 101.16
0 -1 0 0 0 47.28 41.30 105.05 98.61 106.23| 99.15
0 -1 0 1 0 46.25 41.50 103.71 97.45 106.23| 97.13
0 -1 1 -1 0 40.82 42.10 95.46 103.71 95.21 101.16
0 -1 1 0 0 41.72 41.70 94.34 98.84 95.21 99.15
0 -1 1 1 0 41.57 40.30 92.07 98.14 95.21 97.13]
0 0 -1 -1 0 41.53 44.30 115.39 100.23) 111.66 98.97
0 0 -1 0 0 42.31 42.50 117.37 95.82 111.66 96.96
0 0 -1 1 0 41.77 42.00 114.83 96.29 111.66 94.95
0 0 0 -1 0 43.15 43.20 107.12 100.23, 110.07 98.97
0 0 0 0 0 44.84 42.10 111.33 97.68 110.07| 96.96,
0 0 0 1 0 44.28 41.30 109.93 95.82 110.07 94.95
0 0 1 -1 0 37.78 41.90 104.96 99.07 102.77| 98.97]
0 0 1 0 0 38.65 41.10 105.44 95.82 102.77 96.96
0 0 1 1 0 37.75 40.30 102.93 94.66 102.77| 94.95
0 1 -1 -1 0 38.45 44.70 101.33 97.68 104.10) 96.78
0 1 -1 0 0 38.00 42.60 103.58 96.75 104.10) 94.77
0 1 -1 1 0 37.09 42.30 103.21 93.50 104.10) 92.76;
0 1 0 -1 -1 42.28 42.70 93.80 97.22 102.90) 100.23
0 1 0 0 -1 42.47 41.30 95.96 95.36 102.90) 98.22
0 1 0 1 -1 41.46 40.80 93.71 93.50 102.90) 96.20
0 1 1 -1 -1 36.47 42.60 90.54 98.84 94.35 100.23
0 1 1 0 -1 37.84 41.00 93.95 95.13 94.35 98.22
0 1 1 1 -1 36.15 41.00 89.74 95.13 94.35 96.20;




] ' {] Y o & ' I v ' o s B dY v
A13199 WUIN 2.3 (M) Yavenadautlautuasdunilantanssaunuatuasigunnunl
o v ¢ ' v v v ¢
-2
SAUNNTUATAIAITUYIIYIITEITAUNND
Ay Bumsisn wmuwesie | aamglanfou | vanluns | dudn %) [mmwenadnms| dudnnduing v | dudhaduing AN
drdanizudu unedaeau (%) dnarsduing | viwne (%) | drasdusing
3ou (%) g (%)
X1 X2 X3 X4 X5 RHY RW RHY RW RHY_Prd RW_Prd

1 -1 -1 -1 1 41.44 43.10 108.52 100.47 110.45 100.13|
1 1 1 0 1 43.43 42.00 11373 97.90 11045 98.12)
1 -1 -1 1 1 42.84 41.50 112.19] 96.74 110.45] 96.11
1 -1 0 -1 1 42.66 41.50 112.30 99.77 111.51 101.52]
1 -1 0 0 1 42.03 40.00 113.94 95.57 111.51 99.51
1 1 0 1 1 41.06 40.30 111,11 94.87 111.51 97.49
1 -1 1 -1 1 41.26 40.50 105.72 100.47 101.27 101.52
1 -1 1 0 1 43.44 39.10 107.79] 97.44 101.27| 99.51
1 -1 1 1 1 43.14 38.70 106.45| 96.27 101.27| 97.49
1 0 -1 -1 1 42.89 42.80 111.71 96.74 115.61 96.38
1 0 1 0 1 43.51 41.00 11007 93.24 115.61 94.37
1 0 -1 1 1 42.43 40.70 107.52] 93.94 115.61 92.36
1 0 0 -1 0 42.87 42.60 112.25] 99.30 112.07| 98.80
1 0 0 0 0 42.70 41.20 111.82 96.04 112.07| 96.79
1 0 0 1 0 40.73 40.50 106.65 94.41 112,07 94.77
1 0 1 1 0 39.07 40.20 104.33 99.53 100.58 98.80
1 0 1 0 0 38.22 38.70 103.71 98.14 100.58| 96.79
1 0 1 1 0 38.70 38.30 100.07| 94.64 100.58| 94.77
1 1 -1 -1 0 40.37 43.10 108.04 94.41 106.42 92.36
1 1 -1 0 0 41.17 41.80 113.76 91.14 106.42 90.35)
1 1 -1 1 0 40.65 41.30 112.96 90.21 106.42] 88.34
1 1 0 -1 0 39.84 42.70 102.30 93.71 104.36| 92.36
1 1 0 0 0 39.61 42.10 100.07| 90.21 104.36| 90.35
1 1 0 1 0 38.22 40.60 101.32 89.28 104.36 88.34
1 1 1 1 0 34.75 39.70 90.99 92.54 96.59) 92.36)
1 1 1 0 0 36.57 37.30 95.75 86.95 96.59 90.35
1 1 1 1 0 36.69 37.50 96.06 87.41 96.59 88.34




WUN A

dunsuanAUasIduRdud12d§uWns (Relative head rice yield, RHY)

HRY = 110.07+(16.622X,)-(4.645X5)-(3.3875X,*X,)(6. 196X *X)+(5.85X,*Xs)
H(3.728X,%X5)+(6.656X,X5)+(9.96X5*X)-(14.618X, )(3.841X, )-(2.853X5 )
R’ = 94.00 %
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HA 40 HA 50 HA 60
A W.12 nsIMuRIReuaNeIkanInIsiUdsuwlatre wlesiduddudniduing fsedu
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a X a = f X eV v v o & a
AN W.13 ATINNUNIFBUEUBILAAINTITIUAYULUAIUD U UB TG UARUYIIANNNT NTLAU

Y Y o ada = Iz fa o 44
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a L a = f d cv v v o & o
AIMNN W.15 ASINNUNIFBUAUBILAAINITLUAYULUAIUDIUBT LG UARNUYIIAUNNT NTTaU

LADUMIAIESIFDUNTUIA 6 W7 TueRTUYeIAINTNILUBSIINU ANUTU

SUAU

AUNITHENIAIANU ST UAAINNVIITIIE1TTUANS (Relative whiteness, RW)

RW = 96.958+(4.277X)(2.188X,)(0.39X,){(2.012X){7.164X5)-(4.251X,*X,)
1(0.305X,*Xo)40.557X,*X)+(2.605X,*Xo)-(.448X, )+(0.6 27X, )+(6.662X5 )

R =91.4%
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AN K.16 NSINAURINOUAUDILAAINISIURULUAIUDIAIUYIITIIEITAUNNS ATLAU
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BUNTUIANUAIUTUSUAY
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seAuguginisauuiameganiou 60 °C  luilsiduvesianeuuramesed

BUNTUIANUANUTULSUAU
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AT W.19 NIIMNURINDUAUBILEAINITIUASULURIUDIAIUYVIITIENTAUNNS 1380

AUWMIAIUTIFIUNTUTA 2 W TUNINTUVDITEAUAINUTUSUAUNUTEAU
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