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Spectral Reflectance of Rice Grain and its Application to
Develop a Whiteness-meter of Milled Rice
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Summary

Spectral reflectance of paddy, brown rice, milled rice, greenish grain, yellow grain and denatured grain were mea-
sured over the range of 340 to 820 nm with “Double Beam Spectrophotometer(Model UV —180)". Variation in the
reflectance depending on milling degree of milled rice appeared greatest over the range of 420 to 500 nm, and that
between white rice and other rice samples appeared greatest near 500 nm.

On the basis of the above results, a whiteness meter to measure milling degree of rice was manufactured using
tungsten lamp, photodiodes and amplifier, and its performance was compared with the existing whiteness meters

(KETT and Z-1I optical sensor). There were very high correlations among those whiteness meters.
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Table 1. Samples used for the measurement of spectral reflectance

VARIETY M.C.(%)* WHITENESS DEGREE BY KETT AND MILLING TIME**

14.0 22.0(30), 27.1(70), 32.1(110), 39.5(150), 42.8(190)

KOSIHIKARI 16.0 21.2(36), 27.2(93), 31.5(126), 36.4(180), 39.5(223)
18.0 22.0(43), 28.5(97), 30.9(122), 36.5(195)
138 25.3(30), 31.2(57), 37.5(100), 42.2(150)

NIHONBARE 16.0 25.7(28), 31.2(52), 38.3(90), 44.1(145)
175 24.9(32), 32.0(60), 37.4(90), 42.2(140)
14.0 29.1(35), 33.2(65), 40.5(111), 47.5(195)

IR-8 16.0 27.9(35), 34.5(70), 40.0(110), 48.1(199)
18.0 27.8(30), 36.8(95), 40.8(120), 47.8(195)

Note * Measured by KETT moisture meter

% % The numbers in parentheses are milling time in sec.
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Fig.1. Cutaway view(A) and circuit diagram(B) of the experimental whiteness meter(PHOTQ)
developed in this study
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Fig. 2. Characteristics of spectral response of the photodiodes used for reflectance(A)
and transmittance(B).
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Fig. 3. Spectral reflectance of milled rice depending on milling degree.
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Fig. 4. Spectral reflectance of white rice,
brown rice, greenish grain and paddy.

Ak
T

REZFH

FF % U580 B MA0l o)A 9%E =
A7) AsAE Ae) #3E sehHoz g
e A BHeold BF % 4¥ $% ge A28
Arg-sho] WALE ) Aol & ZAFSHOIobAA R, AT R
A4 REoz AVE SR FF R Yol o

siaol G2 22wt B4

& B3te e ZAFYT
WA 2 FENIN FE Yol mE WSS B

WAVELENGTH, NM

Fig. 5. Spectral reflectance of sound,
colored and denatured white rice.

B(aY6), 4 FF L5 ¥ §FH WAL Aol
e 93 A48 BV gle Aog gusn, o] Z
F¥ Massie 9F Norris(1965) 7} " E & vl¢} At
Ze FLegldM FFo e PALEY RolE
AMRT] 98 $5E 16% < 2 FF9 @Y AL
&€ 389 78 242 420nme} 500nmeN N 2AME 2
T} % 29} o] FFLho) ogte] xhej7t YA
ols} e atolE 4 AlEY A FH&e ZAA
A7l WEol A& Holol] ¢ AUA, EE

Table 2. Reflectance of brown rice by rice variety at wavelength of 420 and 500nm.

Variety M.C.(%, wb.) Wave length(nm) Reflectance( %)
NIHONBARE 16.0 4207500 16.5/26.5
KOSIHIKARI 16.0 4207500 145/22.2

IR—-8 16.0 420,500 . 175/27.3
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Fig. 6. Spectral reflectance of brown rice having different moisture contents.
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Table 3. Standard deviations and coefficients of variance of whiteness meters.

Items | AVG. WHITENESS DEGREE STD DEVIATIONS COEFF. OF VARIANCE(%)

PHOTO(V) * * | KETT | Z-1I PHOTO KETT | 2z-1I PHOTO KETT | 2z-1I

Sampls REFL. | TRAN. | C—3 | OPT. | REFL. | TRAN. | X—3 | OPT. | REFL. [TRAN.{ C—3 | OPT.
1(BR) 135 | 280 | 196 | 50.72 | .041 | .067 | .609 |.0411 | 302 | 237 | 311 .81
2(2ls) * 182 | 341 | 253 | 5664 | .026 | .114 | *664 | .370 | 143 | 334 | 262 .65
3(30s) 211 | 354 | 298 | 5982 | .030 | .686 | .677 | .441 | 140 | 244 | 227 | .74
4(40s) 231 | 370 | 318 | 6138 | .049 | .096 | .600 | .401 | 2.14 | 259 | 1.88 .65
5(50s) 263 | 368 | 363 |6419 [ .035 | .132 | .990 | .233 | 132 | 359 | 273 .36
6(57s) 273 | 388 | 382 | 6530 | .042 | .093 | .543 | .235 | 153 | 210 | 112 .36
7(70s) 299 | 394 | 416 | 6678 | .047 | .128 | .741 | .295 | 158 | 325 | 178 .44
8(92s) 314 | 417 | 426 | 6758 | .033 | .078 | .603 | .265 | 106 | 1.86 | 142 .39
9(150) 343 | 459 | 470 | 6893 | .026 | .133 | .953 | .354 | .75 | 290 | 203 .51
AVG. .037 | .170 | .709 | 334 | 158 | 275 | 214 .55

Note : *  Milling time in sec

* * The name designated for the experimental whiteness meter(Qutput were read in volts)
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Table 4. Correlation coefficients between whiteness meters.

Whiteness meters PHOTO(R) PHOTO(T) KETT -1
PHOTO(R) 1.0000 9.9658 0.9991 0.9860
PHOTO(T) 1.0000 0.9612 0.9493

KETT 1.0000 0.9859
Z—1 J 1.0000
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Table. 5. Whiteness degress measured with four whiteness meters.

MM WHITENESS M WHITENESS M WHITENESS M WHITENESS M WHITENESS
VARIETY PHOTO* | KE T |PHOTO#* | KE T {PHOTO#* | KE PHOTO* | KE PHOTO* | KE

() [(sed) [ R | T [TT [Z=1|Csed | R | T | TT |Z-1{Csec) | R | T | TT |2~ 11| (sec> | R [T TT [2- 1] (sec) RLT TT -1
40| 0 | 122246179 4873 | 30 | 149 289 220 5301 | 70 | 1.95 3.31 27.28 5793 | 150 | 230 3.36 32.7 61.67 | 150 | 2.81 359 39.5 6599
KOSIHIKARI | 160 | 0 | 114 264 174 4832 | 36 | 146313212525 | 93 (195371 272 57.82 | 126 |2.25 368 3115 60.58 | 180 | 259 3.70 36.4 6345
180 | 0 | 113244 170 47.73 | 43 | 156 320 220 5301 | 97 | 1.98 351 28.5 58.07 | 122 (225 3.72 30.90 60.04 | 195 | 2.66 4.02 3645 64.15
138 [ 0 |131 2861955075 | 30 (1822812528 5347 | 57 | 219 331 3125 61.15 | 100 | 2.68 373 37.55 64.92 | 150 | 309 4.08 4223 67.63
NIHONBARE | 160 | 0 | 139 244 2055198 | 28 | 178 3.14 2565 57.15 | 52 [217 325 3120 60.90 | 90 | 2.70 342 385 65.09 | 145 |3.11 381 44.08 6852
175 ( 0 | 133302 192 5054 | 32 179 347 25.10 5688 | 60 | 226 3.79 320 61.37 | 90 |2.64 394 3749 64.23 | 140 [ 299 4.40 4220 6643
140 | O | 153 0672305396 | 35 | 2.00 1.00 291 5580 | 65 | 230 127 33.23 62.5 | 111 | 2.83 154 405 6741 | 195 | 334 1.67 475 7188
IR~G 160 | 0 | 158 170232 5414 | 35 | 195 112 28.13 5024 | 70 {233 11.36 34.48 6339| 110 [2.79 161 39.95 67.09 | 199 | 340 1.88 4812 72.88
180 | 0 | 154 0.61233 5381 | 30 | 193 103 27.8 58.77 | 95 |253 148 368 6512 | 120 | 2.84 147 40.75 67.57 | 195 | 3.33 1.75 480 71.68

* . Rand T stand for reflectance and transmittance, respectively.
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Fig. 7. Change in whiteness degree of milled rice

with milling time by rice variety.

Table. 6. Relative whiteness indices of final white rice®.
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Variety KOSIHIKARI NIHONBARE IR—8
Whiteness MC. 140 16.0 180 | 138 16.0 175 | 140 16.0- 180
meter
PHOTO (R) 2.30 227 235 | 236 2.24 225 | 218 215 2.16
KETT 221 2.09 204 | 217 2.15 220 | 207 2.07 2.06
Z—-1 1.35 131 134 | 133 1.32 131 | 133 1.35 1.33

* Milling degree of the final white rice is about 10 Bundo by visual inspection.
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Table. 7. Whiteness degrees and relative whiteness indices of brown and white rice.

Whiteness
meter PHOTO(R) KETT Z—1
Items
Brown rice AWD. 1.3522 20.1111 51.1067
SD. 0.1614 2.3881 2.3729
AWD 3.0356 42.7200 68.0678
SD 0.2815 4.3700 3.2456
White rice cv.(%) 927 10.23 4.77
ARWL 2.2511 2,1289 1.3300
SD. 0.0731 0.0549 0.0141
cv.(%) 325 2.58 1.06

Note : A. W. D : Average whiteness degree, AR.W.I. ; Average Relative Whiteness Index
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