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Development of Prediction Model for Moisture and Protein
Content of Single Kernel Rice using Spectroscopy
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ABSTRACT

The objectives of this study were to develop models to predict the contents of moisture and protein of single

kernel of brown rice based on visible/NIR (near-infrared) spectroscopic technique. The reflectance spectra of rice

were obtained in the range of the wavelength 400 to 2,500 nm with 2 nm intervals. Multiple linear regression(MLR)

and partial least squares (PLS) were used to develop the models.

The MLR model using the first derivative spectra(10 nm of gap) with Standard Normal Variate and Detrending

(SNV and Drt.) preprocessing showed the best results to predict moisture content of the single kernel brown rice.

To predict the protein content of a single kernel of brown rice, the PLS model used the raw spectra with

multiplicative scatter correction(MSC) preprocessing over the wavelength of 1,100~ 1,500 nm.

F 2. goj(Key Words): =2 9] d(Near-Infrared), ¥ v|(Brown Rice), &4=-8 (Moisture Content), T8zl
(Protein), t}=3]HAEA (Multiple linear regression), 4-%-# A X4 (Partial least

squares)
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Table 1 Calibration and validation sample sets of each constituent

Calibration Set Validation Set
Constituents No. of No. of )
o0 Max. Min. Mean 00 Max. Min. Mean
samples samples
Moisture(%) 310 21.60 11.41 16.58 157 23.69 11.59 16.64
Protein(%) 309 14.75 6.17 9.63 154 15.66 6.45 9.61




EREAYE o148 99 29 58 9 9¥d ¥ A5=23 A

Z 25 2 AAAER PHY AFEFS ujdY
o Skg® YFF F ALAZ L n@sged, T
B9 AFLEE AT(X1T)Z 43 A9E
H U AE SAE AstY A2AF DY AEE H|

P AER A2 2447 T4 =EAA
FEY L E AL EE}ES ).

(1) 2HEY

29EY £FE Aste] THYH EFEA7)
(NIRSystems, Model 6500, Silver Spring, USA)E o] &
&3tk & Aol A= 400~2,500nm ) 17 o of
A 2im HF02 AHERHE FA8QoH, 239
A RFEA7)Y FEE Aol 3§ Tz
NSAS(NIRSystems, Silver Spring, USA)E o] &3}
o 2 ARY AHEYL ZHMH BEFEAY)
o} 43 A] & A+ %] (Horizontal Setup Module)& ¥ &3}
o WA} 2 EYE AU A5 F4E R
8 FAkseansle]l 3 F FFY 2AEPL F
F=(log(IR)2 A@AA FFH AUz AF3H
. =8 29 9AE AFSA S8 Akl
NEUE Aztste] £HA 2 HA o] HeQT

(2) g+g 53

ALAZLY BEF 2, AF, $39 3FF
HE v o] EE YEHE AL2oA 244t =2
Blo] H2o] Lo ZHIAEF 3 ¥ uF EY
AP7g AHEsted A@EATh A" o) Fo
A 3erA EaA g% 7)(RS-2000, Kett Ltd., Japan)9}
SAAPor RS MEstgon, ddd dAve
Z FFHE 100gd 6719 AEFoR 2Estd ¢
F& JA 10~-21%7) H 525 =&tk A
F&9 vl ARE A2A 22A7 1, 25
£9 vl F2FE7NM FEE5AA Y, T
719 $E423L 57} 25T, ANEEE 85%S
dact. Az 4 FEAFF ML BFer 9y
42 A)(CR-800E, Shizuoka Seiki, Japan)E ©]&3}o]
5099 || S S, YFTFEo|

53 g5go) £9€ AvlE uldge] YBao A
AT nstol AP SRS VEAY
2 AFE Aul AN Ao HelA 1A BE B
AA Feol Jeol ELHES Gt 1Y 5
23 #3 7](DC-50, Shizuoka Seiki, Japan)E ©o]-&3}
o $8Ye AAS] ¢AY Arle vt AHEY
& &3

A9EY 570 459 ABE B5e U Bud
23 08I Y ARY $AE 548 3
135CY $719.86] ARE 24A7H AZAIZTHIZS
=) A28 AEE dAACIHAA 122 5
Jstel A& F ARY 2AE FA st Ao
Z EEFSEL 1055907 ENSER A (DS
olg 3t} BEe BABAT(ARESE, 1987).

M,(103)= 100 — 1.0122{100 — M, (135)} ------ )]

o714,

M, (105)
method

M, (135) : wet-basis moisture content of 135T
method

: wet-basis moisture content of 105T

(3) ey ¥ 53

Y ARY U BRE $4E S| BY
Azy ANEE dioz AFTALEAT|(Auto
Nitrogen Analyzer, NA-1500, Italy)E o]&-3lo] &3
At AFALEN e AEE A2AN F 24

£ AzRE Az §3E F3%0, ¥
0.5~100 mgQl A Fe) A5 A FFE 4
2 4 T, 53 HE 0.01~100%0)ch.

WA, BZEUE o83l 7| FS AR F 9
o NES A4 BFE SPHAT £ 4FAAE
71718 &E At £3t) BEEEIAEA BBOT
(Fison Ins., Italy, 2,5- Bis-(5-tert.-butyl-benzoxazol-2-yl)
-thiophen ; C;H,N,0;8)8 o &80 d, o A A
2tA 3~4 g W 9ol A 6719 BBOTE o] g3to] 4
TN AASslT =8 4¥Rs 2 A
Mg 2 F52F 712gY MFE 238 A8
o] 108 % ¥ BBOTZA 7|&& BASHAG. A

X

~51—



2571 A S A A23Y A1E 19989 24

B 9z g3ko A0.A.C.(American Association
of Official Analytical Chemistry)9] 7|&¢] wg} A%
ALRAINN BPHE A2 PR 45 5958

Fatol garaISITh

Ch 29 JHe

Z AE9 37 €= A

AFHE BRI
o, 359 AFRY AgGE) FAM 2719
Y REE AES 2T mYR 29
HE 249 LA A wEs AlgEg o,
5 2429 HFF 7t 18 A
BEY & 282 thF A 244 (Multiple
MLR), &2 A2}%4(Partial
Least Squares; PLS)& o] 8-3ko] A5t th 4]
A 229 e 2 3jA NEWISI 4.0(NIRSystems,
Silver Spring, USA)2, PLS g2 A} X g2 79l
GRAMS/32(Galactic Industries, Salem, USA)S- A} &3}
st

4 249 o5/d5 & 234 22HStandard Error
of Calibration, SEC), AZ&% 9 3}(Standard Error of
Prediction, SEP), ¥ 2}(bias)E o] &3t} A&}
g3, 299 45 AFY LASEPE AFH
o #8hEA gk B P(mean)0 2 i 2] ©
2} 91(SEP/mean) & o] g5t £4i85it}.

Z 29& EE) A8 94 AdEY, 2E
2(eap) R BES TS AGAZ 134 L 23} )
T 2H4EY S AT AL 2HE-L N8
YAt} vy P oz Qste FFE 9 Hos) @A
Bt FFEY Aolt Yol Abek(scattering) 0 2 9
Ao, AL AHEY Mo HHE JtA L
gehA & TN E AAE Yo RN GRS R
7 (Multiplicative Scatter Correction ; MSC)3} ¥ 2 3
5+ #}(Standard Normal Variate and Detrending; SNV &
Dir)E o] $-5H9ic

0F3H 29 WFA(stepwise method)

o
Do rlo
-
rlr
4

Linear Regression;

o] g3t Ao, ouEY FARe B F
(1994) 39 4+ d34g Fusts A 6719 B3
S YT + UEE 438U 43 29 03
Fo 2FATRYL w1, 3R oy}t won,
a9 HFo2 FAHE 2Rz A3t

PLS 2d& WX F(cross validation)g )£t
o Jistd o, #HMEJe 49} PRESS(Prediction
Residual Error Sum of Squares)gt-& @23t1 23 A
T4 APF 23 vadte HAsAT. BEHY
F7} F7hshd PRESSghe: sy BE o) 271 Y
F@oH AFA 5580 o2, FH|E &
4% F-35e FYstn F-3%9 ggo] 07597
ol H& HE 9 +& 249 HA A9 52 FA
3ttt H2 9 PLS Rl 9 AAAF) £
2dE A3 oH, AP A fAS 3E U
d dols 33F LA ¥ 2dE AFso
ZAATY BRF QX7 FAS 2 A E AS
e HH F71 A2 1E HH 2d2 A8
thold, AF AT Fou aFR ext 2 2y
< AdsRt. PLS 29 sde] ALgR s o
ZHe= SECV (Standard Error of Cross Validation)Z o)
&3t

4. A9 1%

7h. ©E Hole H4eg 5F 2Y Y

SHNA EFEAYOET BY drle FreS
&43t7) getel 3 8A =d3} PLS 2AL A
gtk 299 e 2w, g3sd 2de
1,100~1,400nm, PLS 2.2 1,100~ 1,500nm 2} =}3+
AN AZEY AAAS} 51, AZR oR Y @
A7b @A Gk $1 10270, QF 10370, 33
105/0(F 310719 AHEge Eqshe] St A
Uiz vy dold ¥4 234 4FA 2
9 PLS 29 gstgon, 4 £ 3E5E
olgate e ARY L AU mde AZ
e B4 5270, YF S, 2% 53709 29 EYo]
ol $ =itk

~52~



FREAYE ol 48 @Y 29 58 4 99 §F AFE

9 ol Fg 45
M A, 44, 13 2 22} U]
3 2d % 83 g %iﬂalf’ﬂ ’2}4&3101 n
AR AR ASFE 0988 o)}, AAF LAk 0270
% o3t 5% AE 2o FH B3] 2F
AEzE AHT 14 o AHEYS o]§F &
42 EFO daddel AFRY H4 ARAT
09872 %3, Ao AFH 237} 0.189%=F o,
242 2997 118% o)atE b 43ttt
(£ 2). 13} vj2 2HEGS oj§8 2dL 1166
m - 1,174nm - 1,262nm - 1,300nm - 1,364nm - 1,388
nm2| 67} mHgo] AHGE R o, LE &AL 4
)% 2t

Moisture content(%) =
14.975 — 19.262 W, 355 — 163.749W 309+ 81.093 W55,
+ 97.891W,,7,+35.703W 35, — 66.252W g5+ -+ 2)

1714, W, = dlog(1/R( 1))

1,100~ 1,400nmo] s} FAojy] &£4£% B9 2
HYM FF 2HEHL 1,190mmo] 22 2] (2)o] A
£ L174nm7} =30 o F4 ggold, Jlg o
2 o3 ol s RAERE FE R @
gk &2y dvje g £38 R9E 28
4 10nmz 1x v AHNEYHS o] §3 T A
29 2n2 HFEY 3 BEY &S dF
o Aol AEX 9] BAE 29 15 Zrt

PLS 292 £33 Azl dA Q] AAHZA

A BAE 3t g8 F34%50) $4E 2

q Ad

02 $uE9 oy, REAEY A A= A4 F
AAF7E 0988, o) AFH 23171 0.225%2 e}
%t

4 20}

3

€ 18 ¢+

2

§ 1

P 16 }

2 |

°

S 14}

= Y = 0.960X + 0.651
2 R?=0.991
o | SEP = 0.189
3 12 bias = 0.067
o n=53

10

10 12 14 16 18 20
Measured Moisture Content (%, w.b.)
Fig. 1 Comparison of measured and pre-
dicted values of moisture contents of
Chucheong using MLR model (Model
conditions: 1st derivative, 6 wave-

lengths).
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Table 2 Validation results of MLR models for the moisture content of single kernel brown rices

SEP
Varieties n R? SEP bias (%)
mean
Dongjin 52 0.987 0.148 —0.060 091
Ilpum 52 0.992 0.137 —-0.026 0.83
Chucheong 53 0.991 0.189 0.007 1.18

* Model conditions : 1st derivative(gap = 4nm), Standard Normal Variate and Detrending
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Table 3 Validation results of PLS models for protein content of single kernel brown rices

SEP
Varieties n R? SEP? bias (%)

mean
Dongjin 51 0.857 0.463 0.014 442
Ilpum 52 0.887 0.479 -0.151 455
Chucheong 51 0.837 0412 -0.184 5.22

* Model conditions: 1st derivative(gap = 4nm), Standard Normal Variate and Detrending
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Predicted Protein Content (%)

9 R?=0.887
SEP = 0.479
bias = - 0.151
n =52
7 A 1 L
7 9 11 13 15

Measured Protein Content (%)

Fig. 2 Comparison  of and
predicted values of protein contents of
llpum by PLS model(Model conditions:
1st derivative, 1,100~1,500nm, 13

factors).
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