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Grain Quality Determination by Near-Infrared Spectroscopy
(Part 2) Determination of constituent content of grain
by near-infrared spectroscopy

Motoyasu NATSUGA
(Department of Agricultural Process Engineering, Faculty of Agriculture,

Hokkaido University, Sapporo 060, Japan)
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Table 1 Sample identity

Variety Year District n Remarks

Horoshiri 1988 Shimizu 40 After Preliminary drying
Others 20 Product

1989 Shimizu 30 After Preliminary drying

Chihoku 1988 Otofuke 30 Receipt
Shimizu 15 After drying
Bihoro 2 After drying
Others 13 Product

1989 Shimizu 4 After Preliminary drying
Otofuke 20 Receipt
Makubetsu 6 Receipt

Takune 1988 Makubetsu 60 After drying

1989 Makubetsu 15 Receipt
Otofuke 15 Receipt
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Fig.1 Optical system of NIR analyzer

Table 2 Filter list

Wavelength Identity
(nm)
2,310 Oil, Fiber
2,230 Reference for oil
2,180 Protein, Starch
2,100 Moisture, Starch
1,940 Moisture
1,680 Reference, Alcohol
1,759 0il
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Fig.2 Cumulative particle size distribution of the
wheat cultivar Chihoku by Udy cyclone-mill
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Table 3 Comparison of parallel measurement
between chemical and NIR analysis

SDD(%)
Moisture Protein Ash
Chemical analysis 0.030 0.103 0.012
NIR analysis 0.023 0.066 0.011
1 . 0 - — e — —_&:«—H— ——l
08k / o—o Horoshiri r2
) o o——e Horoshiri SEC
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Fig.3 Relationship between included filter(s) and r?+
SEC (wheat moisture)
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Table 4 Calibrations for wheat moisture
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DERHRAL EHD Y 7 H 9 ~17%, K538
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Creation Validation

Year Variety r’ SEC Year BIAS r’ SEP Range(%)
1988  Horoshiri 0.99 0.06 1988 0.00  0.99 0.07 9.45-13.46
Chihoku 0.99 0.10 0.03  0.99 0.08 8.30-12.03
Takune 0.95 0.10 0.02 0.92 0.08 10.51-12.32

All samples 0.99 0.11 0.02 0.98 0.12 8.30-13.46

1988  Horoshiri 0.99 0.07 1989 —0.24 0.88 0.11 9.15-10.48
(All)  Chihoku 0.99 0.09 —0.08 0.95 0.13 8.67-11.40
Takune 0.95 0.09 —0.16  0.97 0.10 9.10-11.18

All samples 0.98 0.11 —0.22 0.86 0.18 8.67-11.40

1988  Horoshiri 0.99 0.10 9.15-13.46
+ Chihoku 0.98 0.11 8.30-12.03
1989  Takune 0.99 0.10 9.10-12.32
All samples 0.98 0.14 8.30-13.46
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Fig.4 Relationship between lab. analysis value and
NIR estimated value for wheat moisture

Table 5 Calibrations for wheat protein
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Fig.5 Relationship between included filter(s) and r?«
SEC (wheat protein)

Creation Validation

Year  Variety r? SEC Year BIAS r? SEP Range(%)
1988 Horoshiri 0.88 0.14 ~0.01 0.91 0.14 10.36-11.68
Chihoku 0.98 0.09 ~0.01 0.95 0.12 9.22-11.47
Takune 0.96 0.10 0.03 0.97 0.11 12.89-14.97

All samples 0.99 0.13 0.00-  0.99 0.13 9.22-14.97

1988 Horoshiri 0.90 0.14 —-0.11 0.93 0.12 13.02-14.20
(All)  Chihoku 0.96 0.10 0.12 0.98 0.10 10.00~12.24
Takune 0.97 0.11 0.03 0.99 0.11 12.11-16.77

All samples 0.99 0.13 0.04 0.99 0.17 10.00-16.77

1988 Horoshirt 0.97 0.16 10.36-14.20
+ Chihoku 0.97 0.11 9.22-12.24
1989  Takune 0.99 0.10 12.11-16.77
All samples 0.99 0.14 9.22-16.77
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Fig.6 Protein content distribution of the wheat
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Fig.7 Protein content distribution of the wheat
cultivar Chihoku
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Fig.8 Protein content distribution of the wheat
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Fig.9 Relationship between lab. analysis value and
NIR estimated value for wheat protein
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Table 6 Calibrations for wheat ash

Creation Validation
Year  Variety r? SEC Year BIAS r? SEP Range(%)
1988  Horoshiri 0.67 0.03 1988 0.01 0.40 0.05 1.37-1.70
Chihoku 0.17 0.05 0.01 0.10 0.07 1.35-1.55
Takune 0.02 0.04 0.01 0.07 0.04 1.64-1.80
All samples 0.85 0.05 0.01 0.75 0.06 1.35-1.80
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Fig.10 Relationship between lab. analysis value and

NIR estimated value for wheat ash
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Table 7 Sample identity

Variety n

Inside of Hokkaido Kitahikari 5
Shimahikari 1

Tomohikari 15

Michikogane 20

Yukihikari 75

Kuikul25 8

Joiku397 4

Outside of Hokkaido  Akitakomachi 6
Kiyonishiki 2

Koshihikari 2

Sasanishiki 19

Mutsuhonami 3

Koshijiwase 6

Total 166
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Fig.11 Cumulative particle size distribution of
brown rice by Udy Cyclone-mill
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Table 8 iZ{bZHIE DR E 2 EH#N2= (SDD) &
LTE Lo,

1. BB IUER
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Table 8 Precision of chemical analysis

SDD(%)
Moisture Protein Free fat acidity
Brown rice 0.060 0.055 1.11
Milled rice — 0.062 1.09

Table 9 Calibration results

Brown rice Milled rice
r2 SEC r* SEC

0.93 0.14 0.70 0.11
0.94 0.19 0.94 0.17
Free fat acidity (meal) 0.16 5.9 0.29 6.7
Free fat acidity (grain) - - 0.49 5.8

Moisture
Protein
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Table 10 i {bLF 347 ORFE % FH#EER= (SDD) &
LTEEDT,

1. BREbBIUER

Fr V7 Vv—varZHERLEROBIRERZT
NTA. LAKTH2, Tbb, 7415 1K»
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BnEEIE3IKRET S,

Fr V7 v—varix2RE, BLUEBRICE

Table 10 Precision of chemical analysis

Moisture Protein Oil

SDD(%) 0.090 0.154 0.064

Table 11 Calibration results

KL, EHEOF» )V Tv—va i ERNHLEMYE
5 M ORET 1T o 72, fER % Table 11 35 & Uf Table
121 &7z,

%7-,1,759nm OF F¥ a7 4 VY OREETE
Tt 570, 2B E2AVEFY ) Tv—yvavEk,
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ZITHRIZE 3 DTER L, BEOKE 2T 72,

a, K4
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v a ¥k SEC=0.20 (2,310, 1,940, 1,680 nm) T

Sample Tokachi(n=20) Kamikawa(n=231) All sample(n=51)
Constituent r? SEC r? SEC r’ SEC
Moisture 0.95 0.26 0.97 0.13 0.98 0.20
Protein 0.96 0.22 0.98 0.14 0.97 0.19
Oil 0.97 0.13 0.96 0.15 0.97 0.15

Table 12 ANOVA results for calibrations classified by growing district

Calibration for Tokachi

Calibration for Kamikawa

Moisture

Protein 0il

Moisture  Protein Oil

Estinated for Tokachi —
Estimated for Kamikawa NS

— * % * % NS
* % — — —

% % Significant at 1%

NS: Not significant
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RpHE 1989 EBE/NED T8 7 2, & 1990 FFREN
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Table 13 Moisture and protein content distribution of whole grain samples

Grain (variety) ‘Wheat Brown
Horoshiri Chihoku Takune rice
number of samples 10 10 10 10
Whole grain Min. 11.9 9.4 10.6 14.4
moisture(%) Max. 13.3 12.6 13.2 16.1
Mean 12.9 11.4 12.2 14.9
Protein(%) Min. 11.1 9.2 13.8 6.4
Max. 13.4 13.3 19.5 10.9
Mean 12.3 11.3 16.6 8.3
Table 14 Specification of milling machine
Milling machine UDY RETSCH FALLING NUMBER
Cyclone Ultra centri- Laboratory mill
Name . .
sample mill fugal mill
Model 3010-018 183000/ZM-1 3100
Power source (V) 14 100 16100 1 ¢ 200
Rotation (rpm) 10,400 15,000 16,800
Screen mesh (mm) 0.5 0.75 0.8
Sample feeder equipped - equipped
Milling speed (Wheat) (g/min) 30 60 60
(Brown rice) 8 60 60
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Table 15 Set up temperature, and actual temperature and
relative humidify of each environment

Set up temperature tC) 10 20 30

Actual temperature ¢C) 9.8 21.4 31.1

Relative humidity (%) 49.6 57.5 59.9
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Table 16 Mean particle size of each sample (zm)

Milli t
tl 1ng Whea Brown Mean by Mean by
. . Crmp- . . rice temp. milling machine
Milling machine C) Horoshiri  Chihoku Takune
10 36.6 22.0 38.5 50.2 36.8
UDY 20 37.8 22.1 42.0 47.5 37.4 36.9
30 38.3 21.2 41.9 44.8 36.5
10 76.2 33.8 64.9 110.8 71.4
RETSCH 20 71.8 31.0 63.3 111.1 69.3 69.5
30 61.7 30.6 66.4 111.9 67.6
10 61.3 35.7 58.7 97.3 63.2
FN 20 58.9 30.7 58.6 97.0 61.3 61.4
30 55.1 31.3 56.3 96.0 59.7
Mean by sample 55.3 28.7 54.5 85.2
100 100 ——
——
upyY R
¥ / _—
80 80+ 1y /
s — A :
= £t / 6
2 60 5§ sol / / RETSCH
Py S ;
g . - / /
= 2 ;
= 40 5 400/ ./
2 E -
3 El - / /
20 20 // A
0 A l ‘N ‘ O 3 l 3 l
0 200 400 0 200 400

Particle Size(un)

Fig.28 Cumulative particle size distribution of the
wheat cultivar Chihoku milled by three types
of milling machines

MFHEREE SR I RIZ T HEL, BYOEE - BE
PP OEIHE T2 EhE o T,
ZITRBRE I EARYEREI L OaEbE
W, Fh o OMPREE 10, 20, 30°CO 30 RO
BER—AV—7 LB L, BN TE L2 BNER,
Fhiksy o o7 BER L 2HELH L LCEN
B3R 21T - F2o R % Table 17 iR L 72,

Particle Size(um)

Fig.29 Cumulative particle size distribution of
brown rice milled by three types of milling
machines

Williams 5203 ¥ > /8 7 E 78 14.3~20.1% DM
DHFITEN—RLy FX7Y > 7 (HRS) /NE 4
BEBREE LT, s BEORFETHR 2T, B
BRI, £ORRE, B L FINIEH2 D
DD, EEICRI VNI EEREEHRNTRER
EOMENH S L L TwE, KEROBERLFAMKT
H0, BHEREE—EHTER TR WESYH 525,
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Fig.30 Relationship between milling temperature
and mean particle size

Table 17 Multiple correlation coefficient of mean
particle size, whole grain moisture and

protein
Milling Wheat Brown
machine Horoshiri Chihoku Takune rice
UDy 0.46* 0.70**~ 0.72%** 0.93***
RETSCH 0.82** 0.24 0.69*** 0.75***
FN 0.77*** 0.59*** 0.35 0.50**

r(27,5%)=0.36* r(27,1%)=0.47** r(27,0.19)=0.57***

EERMICITER TH o2, ThbbY V7 HER
BEO ERESE» S RD, KRB DRI
S Bote LinL, Zy X0 BEREASIREL
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b. BYIOMEE - A L RRA R DX
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FERRERRIZT I L BBD SN,
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BAEBKEDPo I LI E B,

WS T L okBEA 12, UDY BRbKE B
T FN, RETSCH DIEiz/N& o7z, RETSCH
T, A7V —7 2 @B IEHRERORRE, 20
FERAZV-—VORABHERET S, —H, UDY L
FN Ti&, R 27V —> &@il L I8 o8eh,
A7y AL THEINS, Light> TEKR
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Table 18 Moisture changes of each sample by milling (%)

Milling ~ Milling Wheat Brown  Meanby Mean by
machine temp. rice temp milling
C) Horoshiri  Chihoku Takune : machine
10 —2.5 —2.6 —2.7 —-3.5 —2.8
UDY 20 —3.0 —2.5 -2.8 —4.3 —3.1 —3.2
30 —-3.1 —2.9 —3.4 —4.7 —3.5
10 0.0 0.0 0.0 —0.1 0.0
RETSCH 20 —0.1 —0.1 —0.3 —0.5 —-0.3 —0.2
30 —0.5 —0.3 —0.4 —0.5 —0.4
10 -0.9 —0.6 —1.0 —1.5 —1.0
FN 20 —1.0 —0.8 —1.5 —2.2 —1.4 —1.4
30 —-1.6 -1.1 —1.9 —2.6 —-1.8
Mean by sample —1.4 —1.2 —-1.6 —-2.2
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Fig.31 Relationship between milling temperature
and moisture change
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Table 19 The estimation of whole grain moisture content from milled whole meal moisture content

Wheat

o . B .
Milling - Milling Horoshiri Chihoku Takune rown rice
machine temp. (°C)

r  SE(%) r  SE%) r  SE®%) r  SE%)

10 0.39 0.23 0.89***  0.24 0.73* 0.36  0.43 0.30

UDY 20 0.27 0.24 0.71% 0.35 0.77**  0.27 —0.07 0.31
30 0.46 0.13  0.49 0.45 0.43 0.30 —0.17 0.34

10 0.94%*  0.14 0.99***  0.09 0.99***  0.13  0.99*** 0.08

RETSCH 20 0.97***  0.08 0.99***  0.07 0.97*** 0.18  0.93*** (.18
0 0.62 0.34 0.99*** 0.1 0.96***  0.19  0.95*** 0.13

10 0.88***  0.21 0.97*** 0.21 0.96*** 0.17 0.87** 0.16

FN 20 0.87**  0.20 0.94***  0.27 0.89***  0.26  0.85**  0.18
30 0.64* 0.16 0.96***  0.16 0.84**  0.25 0.60*  0.27
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Table 20 Standard error of calibrations for protein® (%)

O . hy
Milling Milling  Measuring Wheat Brown rﬁggzn bril I\ﬁf;lrilnby I\ﬁfi?lrilnby
machine  temp. (°C) temp. (°C) . ] rice uring g ng
Horoshiri Chihoku  Takune temp. temp. machine
10 0.14 0.20 0.17 0.21 0.18
10 20 0.15 0.18 0.22 0.18 0.18 0.21
30 0.15 0.19 0.21 0.22 0.19
10 0.20 0.28 0.21 0.24 0.23
uDy 20 20 0.16 0.33 0.30 0.19 0.24 0.21 0.21
30 0.14 0.32 0.24 0.27 0.24
10 0.19 0.28 0.16 0.17 0.20
30 20 0.21 0.30 0.16 0.23 0.23 0.19
30 0.23 0.33 0.10 0.21 0.22
10 0.19 0.22 0.17 0.22 0.20
10 20 0.18 0.18 0.18 0.16 0.18 0.18
30 0.13 0.16 0.17 0.25 0.17
10 0.13 0.15 0.24 0.22 0.18
RETSCH - 20 20 0.22 0.24 0.12 0.22 0.20 0.19 0.18
30 0.21 0.11 0.15 0.13 0.15
10 0.17 0.14 0.15 0.28 0.18
30 20 0.17 0.12 0.13 0.23 0.17 0.19
30 0.16 0.16 0.10 0.20 0.15
10 0.15 0.24 0.27 0.23 0.22
10 20 0.17 0.24 0.28 0.20 0.22 0.21
30 0.14 0.15 0.29 0.22 0.20
10 0.10 0.33 0.21 0.27 0.23
FN 20 20 0.08 0.24 0.26 0.20 0.20 0.21 0.21
30 0.10 0.23 0.15 0.17 0.16
10 0.17 0.24 0.28 0.21 0.22
30 20 0.12 0.29 0.18 0.25 0.21 0.23
30 0.15 0.41 0.24 0.27 0.27
Mean by sample 0.16 0.23 0.20 0.22

1) SEC of calibrations obtained for the combination among species and varieties of grain, mill, milling

temperature, measuring temperature.

0.23% DEITH - Tz

Z 2 TAPEOHHE T RRYORE - &E, B
B, BRI L AREOEY, RUMEERE R
SEC ke A ERBELRIUZI BV EAK LT, Lt
R RALSOF ¥ ) Tr—vavyDSECIEDWT
bEIRTH - 72

b. REFHIEMEO BIAS W RIZTHE

BIAS L5347 O FHHE S SRSk
FAUEMOPIEEELIIVIETH S, T4b
B, SEFRAPEEC & 2 PEEMEERTEL DS
CRRSINBGEEBIAS - (R4 FR) kD,
BB KRR INBHEE BIAS B+ (F7R) i



318 JLMERF BFHACE B19% B35

%2,BIASIZISEC L b iZFr VT v—vavd
BESRTIEETHD, BIAS#0 (Fo) 2z
PRERRLI L ERT,

BRI UDY 2w 20CTHR L 2358 %,
20°CTHELZEEDI0HDT—F 2ER LS
VIRIBOER YY) T —va iYL, oFED
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LA FE Y Y T —va YOBESELWI LD
shizizh, KECBLTHRMOREE - RET L
CEhZEhOF» ) v —ya vRERLE,

BIAS kDWW T HHaHEfTo7 L 25, SECO
BErEkic, BEEER BIAS kEEBEZBEELE
ZgIno Ttz

# 2 THREERE 10, 20, 30°CH 30 SO EE U
TN—FERERL, il v 0EDXxx ) 7
V—va Y EER LTz, UDY TEBE:L 200CTHIE
Lz, BoEE - REZL0Fy )V Tv—vay
EHOT, thoBB DS 7B EHEL 2D
BIAS % Table 21 {ZR L 7z,

Table 21 ® BIAS OS#AHi 21T o722 2 5, B
VOEE R, BRE, FEREDOWTRS BIAS
CERZEERPL 2, $EMOBEE - RELH
FsofAsEbEIZ LY, TEEABRD shls,

Table 21 Standard error of calibrations for protein® (%)

TbbIhid, HE0BH (22T UDY B
B 2ERHL CBRLEEECER L) 7
V—yva Y ERWT, OB THEL IZRED
B3l Boy 2 BRRET B L BIAS ¥4
CsZE®ml, RERCEYORE - SfE 2R
DEAESHLBIZEI D FDOBIASBRER S Z L %2R
LTw3,

MR X 5 BIASNORE»EH ¥ 2 HY
T, BHFHE TR 72508 % 200CCRIE L -l
BRDFX VTV —a VERWT, BRI LI
10, 30°CTRE DS v 7 Br#nFnHlE LK
@ BIAS %3k, Table 22 iz7 L7z, Table 22 @
BIAS 2809 % &, AIEREDAM BIAS &
ERER1 % TEESEELRIZL, BYMOREE - &
BRI BIASKEERBEELRIZS RV
LBz,

K43z DT, Table 22 & [F#iz BIAS 23K,
Table 23 IZ; R L7z, KFZDWTH, ¥V R7EHD
B L EkkIC, HIEREDLH BIAS KEEREE
PRIZUI,

UEDZ &ind, BYOREE - O LR &
LREDRWIZBIAS KEEL2RIZTLOD, Th
ZPROBRVIOEE - RERUVZIWEThOBFHEIC &
BEERF YV v —vavEBEWEI LKLY,
BEOEEPIRIR ZEVTRETH D Z LIED

Milling Measuring Wheat Brown rrltgzasgr?ri’g I\:Ineielll?nzy
machine temp. (C) Horoshiri ~ Chihoku Takune rice temp. machine
10 0.18 0.25 0.22 0.19 0.21
UDY 20 0.18 0.29 0.25 0.19 0.23 0.22
30 0.18 0.26 0.21 0.22 0.22
10 0.20 0.15 0.19 0.23 0.19
RETSCH 20 0.21 0.16 0.17 0.22 0.19 0.19
30 0.18 0.14 0.15 0.25 0.18
10 0.14 0.28 0.30 0.22 0.24
FN 20 0.14 0.26 0.25 0.22 0.22 0.22
30 0.14 0.27 0.21 0.27 0.22
Mean by sample 0.17 0.23 0.22 0.22

2) SEC of calibrations obtained for the combination among species and varieties of grain, milling machine,
measuring temperature, regarding the data with different milling temperature as a group.
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Table 22 BIAS of NIR estimated protein value® (%)

Millipg Measuring Wheat Brown rxzzgr?gg ernei?lril nzy
machine temp. ('C) Horoshiri ~ Chihoku Takune rice temp. machine
10 0.18 0.12 0.15 0.40 0.21
UDY 20 0.00 0.00 0.00 0.00 0.00 0.03
30 —0.08 —~0.07 —0.10 ~0.24 —0.12
10 —0.15 0.07 —1.16 1.27 0.01
RETSCH 20 —0.47 —0.19 —1.49 0.60 —0.39 —0.35
30 —0.66 —0.31 —1.66 —0.05 —0.67
10 —0.09 —0.16 —0.80 0.67 —0.09
FN 20 —0.31 —0.46 ~1.06 0.14 —0.42 —-0.37
30 —0.51 —0.51 ~1.18 —0.22 —0.60
Mean by sample —0.23 —0.17 —0.81 0.28

3) BIAS in the case of using each varietal calibrations obtained from the data of UDY -milled and measured

at 20°C

Table 23 BIAS of NIR estimated protein value? (%)

Milling Measuring Wheat Brown rxzzgr?gg I\/rﬁ?ﬁnzy
machine temp. (°C) Horoshiri  Chihoku Takune rice temp. machine
10 0.18 0.12 0.15 0.40 0.21
[835)'4 20 0.00 0.00 0.00 0.00 0.00 0.03
30 —0.08 —0.07 -0.10 —0.24 —0.12
10 0.36 0.34 0.13 0.44 0.32
RETSCH 20 0.00 0.00 0.00 0.00 0.00 0.04
30 —0.22 —0.15 0.03 —0.49 —0.21
10 0.25 0.07 0.15 0.50 0.24
FN 20 0.00 0.00 0.00 0.00 0.00 0.03
30 —0.23 0.07 —0.07 —0.35 —0.14
Mean by sample 0.03 0.04 0.03 0.03

4) BIAS in the case of using each varietal calibrations obtained from the data milled by each milling

machine and measured at 20°C

5% (O S
¢, HiEBENEEMD BIAS c RixT#HE
Table 22 & Table 23 ZRL 7z & 52, BYWOE
e MELORRICE 2NEORELIY RV
2T, HIEFBEENBIASKRIZTRHENTEDOS>N
720 Fig.32 iz, Table 22 L Table 23 KB} 5% ~

NRI7BEADOREERE Z £ D BIAS OF#E%
~L 7z

Fig.32 iw X i, iRt tRic L o Rz >
N7EEER, UERESE RS, LESHEEL
DELERENT, #IT, dIRAMEICE Y RD
TekMER, BIERENEG 85 L, EIHEL
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Table 24 BIAS of NIR estimated moisture value® (%)

Milling Measuring Wheat Brpwn rx:\?rti)rfg l\fnei?lrilnzy
machine  temp. CC)  porochiri  Chihoku  Takune rice temp.  machine
10 —0.17 —0.17 —0.18 —0.15 —0.17
UuDY 20 0.00 0.00 0.00 0.00 0.00 ~—0.05
30 0.02 —0.04 0.00 0.06 0.01
10 —0.08 —0.09 —0.14 —0.03 —0.09
RETSCH 20 0.00 0.00 0.00 0.00 0.00 —0.01
30 0.09 0.06 0.01 0.05 0.05
10 —0.11 =0.15 —0.07 —0.12 -0.11
FN 20 0.00 0.00 0.00 0.00 0.00 —0.01
30 0.18 —0.01 0.04 0.17 0.09
Mean by sample —0.01 —0.04 —0.04 0.00

5) BIAS in the case of using each varietal calibrations obtained from the milled by each milling machine and

measured at 20°C

Table 25 Calibrations for wheat

Constituent Sample Calibration
Variety Year n Range Year Equation
Max. Min. Range r* SEC
%) (%) (%) (%)
Horoshiri 1988 60 13.5 9.5 4.0 1989 M(%)=13.46—0.199 X320+0.195 X;400 0.99 0.07
Moisture Chihoku 1988 60 12.0 8.3 3.7 1989 M(%)=11.75—0.194 X;3,010.199 X4 0.99 0.09
Takune 1988 60 12.3 10.5 1.8 1989 M(%)=11.92—0.171 X;5,010.174 X040 0.95 0.09
All samples 1988 180 13.5 8.3 5.2 1989 M(%)=11.58—0.185 X;5:0170.192 X;e40 0.98 0.11
Horoshiri 1988 60 11.7 10.4 1.3 1983 P(%)=10.85+1.211 X3150—0.885 X3100—0.443 X140 0.90 0.14
Protein Chihoku 1988 60 11.5 9.2 2.3 1989 P(%)=16.37+1.270 X;180—1.019 X3100—0.334 X680 0.96 0.10
Takune 1988 60 15.0 12.9 2.1 1989 P(%)=13.57+1.171 X5150—0.917 X3100—0.325 X680 0.97 0.11
All samples 1988 180 15.0 9.2 5.8 1980 P(%)=13.34+1.160 X35—0.887 X;100—0.370 Xi6s0 0.99 0.13

Fpr Y TVv—vay
INEEERDF vV v —varick s, ks
YRIIBZBOWEME LLESFE L OBFE 2
Fig.35 & Fig.36 R 72,
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Fig.33 Relationship between lab. analysis value and
NIR estimated value using each varietal
calibration (the wheat cultivar Chihoku-
moisture)
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Fig.34 Relationship between lab. analysis value and
NIR estimated value using each varietal
calibration (the wheat cultivar Chihoku-
protein)
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Fig.35 Relationship between lab. analysis value and
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Fig.36 Relationship between lab. analysis value and
NIR estimated value using all wheat calibra-
tion (protein)
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Table 26 Estimation accuracy of wheat using each
varietal calibration

BERIREIrOF Vv —VvareEETLH Comstituen | Measured  Used BIAS SKEW  SEP
DRV UL, SEFHTHET 2BE1R, & verety | clibration 04 "
Blriexy VT v—yvarkfio#z s, /A Horoshiri  Horoshiri — — —
ELEOF v ) TV — a v EEET 2 HHEE Chihoku 0.0  1.06  0.08
%ﬁﬂiénﬁib“t%i 513, Takune 0.13 0.92 0.06
b, IHEEN* v ) TV =y aYitE2 58 Chihoku  Horoshiri —0.35  0.93  0.09
1989, 1990, 1991 @E@Wﬁ@}ﬁ@ﬁ&é%ﬁﬂ% Moisture Chihoku — — —
v, 1992 i I £ 1T> TR L& %+ U 7 Takie  -013 08 008
v—va v EReT, %W@E}E@%ﬁﬂ@ﬁﬁﬁ@@ Takune Horoshiri —0.10 1.03 0.09
HiE 21T, 7 OWEMOR R L7, R LI G e e b
INEEEMN*> ) T v—¥arO—&% Table 26 Takune = — —
IR L7z,
1 ) 7.k 5} Horoshiri  Horoshiri — _ —
. Chihoku 0.24 0.92 0.19
KGDFr) TVv—varyOREREO—HE Takune 0.07 0.8 0.4
Table 27 \Z 7R U 7z, ST ORER, 3K, INE(TF
27 0) & b2 RThOREBDFIEDMIC fak Chtoks  Horoshii 024 0.8 0.1
Protein Chihoku —_— — —
z O/ )7 3> N SIET 5
1RV THRBEIRRD SN, WEED Takune 0.12 0.84 0.10
FEOEIIX0.1IBLTTH-, L L, BIAS
1+0.1% 00N, SEP 3B KT0.14%THD, K& Takune  Horoshiri ~ —0.21 0.99 0.11
DREREE £ LT RERLFESTH B LHKT LIz, ool 00 L0
akune — h— —
eI eSS, KFOFv ) Tv—yaryidF
EHEDZ ORE TREERCERESH S 100,
Table 27 Calibrations for each harvest year
Grain Constituent Sample Calibration
Year n Range Year Equation
Max. Min. Range r?  SEC
%) (%) (%) (%)
1989 30 11.9 10.6 1.3 1992 M(%)= 11.12—0.151 Xy310+0.157 Xy000 0.87 0.12
Moisture 1990 30 12.0 10.9 1.1 1992 M(%)= 11.01—0.147 X;3:6+0.153 X;es0 0.90 0.09
1991 30 12.1 10.2 1.9 1992 M(%)= 11.34—0.149 X;316+0.154 X,eu0 0.93 0.11
Brown rice
1989 30 8.3 5.7 2.6 1992 P (%)= 1.25+1.173 X5150—0.748 X3100—0.581 X680 0.96 0.17
Protein 1990 30 9.2 5.5 3.7 1992 P (%)= 6.79+1.112 X;150—0.815 X;160—0.360 Xyee0 0.98 0.13
1991 30 9.3 5.7 3.6 1992 P (%)=—0.98+1.251 X;150—0.744 X5100—0.728 X680 0.98 0.16
1989 30 10.2 8.8 1.4 1992 M(%)= 9.78—0.166 Xz310+0.180 X040 0.94 0.09
Moisture 1990 30 10.3 8.2 2.1 1992 M(%)= 10.01—0.175 X;3310+0.188 Xy9s0 0.94 0.12
Wheat 1991 30 10.0 8.7 1.3 1992 M(%)= 9.33—0.161 Xu310+0.178 X940 0.87 0.11
(Chihoku)
1989 30 11.7 9.2 2.5 1992 P (%)= 11.27+1.252 X;150~0.980 X100 —0.324 X680 0.97 0.10
Protein 1990 30 11.5 8.0 3.5 1992 P (%)= 14.25+1.287 Xz150—1.036 Xp100—0.315 X150 0.98 0.11
1991 30 11.5 7.9 3.6 1992 P (%)= 15.81+1.191 X;150—0.998 X310 0.225 X6s0 0.98 0.11
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Table 28 Estimation accuracy of moisture calibra-
tions obtained from each harvest year

Estimated Measured Used BIAS SKEW  SEP
grain variety calibration (%) (%)
1989 89 Cal — —_— —
90 Cal 0.00 0.98 0.13
91 Cal —0.03 0.98 0.14
1990 89 Cal 0.08 1.02 0.12
Brown
1 90 Cal B —
rice
91 Cal 0.02 1.00 0.12
1991 89 Cal 0.07 1.02 0.12
90 Cal 0.03 1.00 0.12
91 Cal —_ —_— —_—
1989 89 Cal —_ —_— —
90 Cal 0.01  1.04 0.09
91 Cal —0.03 1.00 0.09
1990 89 Cal —0.01 . 11
Wheat a 0 0.96 0
) 90 Cal —
(Chihoku)
91 Cal —0.03 0.96 0.11
1991 89 Cal 0.00 1.02 0.11
90 Cal 0.01 1.07 0.11
91 Cal —_— —_— —
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DEATORER, XK, IE ((Fk27) tbZh
ZhOPEBOEHEDMI BEBRK 1 %It nT
FEEESRD SN,
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Fig.37 Relationship between lab. analysis value and
NIR estimated value for 1990 samples using
calibration obtained for 1989 samples (brown
rice-protein)
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Fig.38 Relationship between lab. analysis value and
NIR estimated value for 1991 samples using
calibration obtained for 1990 samples {(brown
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Fig.39 Relationship between lab. analysis value and
NIR estimated value for 1991 samples using
calibration obtained for 1990 samples (the
wheat cultivar Chihoku-protein)
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DEFZHND,

c. BEROREILORE

1990, 1991, 1992 FEOEKEE HIE 217> TIER
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Table 29 Estimation accuracy of protein calibra-
tions obtained from each harvest year

Estimated Measured Used BIAS SKEW  SEP

grain variety  calibration (%) %)
1989 89 Cal _—_ — —
90 Cal —0.18  0.97 0.16
91 Cal 0.04 1.05 0.14
1990 89 Cal 0.16  1.00 0.12
Brown
. 90 Cal _— — —
rice
91 Cal 0.23 1.03 0.15
1991 89 Cal ~0.06 0.96 0.16
90 Cal ~0.23 0.9 0.19
91 Cal _— —
1989 89 Cal -_ — —
90 Cal 0.05 1.06 0.10
91 Cal —0.02  1.00 0.11
1990 89 Cal —0.01  0.99 0.13
Wheat
. 90 Cal _—_ — —
(Chihoku)
91 Cal —0.07 0.94 0.13
1991 89 Cal 0.12  1.02 0.14
90 Cal 0.17  1.06 0.14
91 Cal _— — —

EFRANGHENC & ZHEMEIEKAS, ¥ 7EE b
{EEDE L D B RR SN, SO ORE,
FLALOREBERALOMICERE 1 Y TERELE
BRI,

EEMOE (BIAS) WA TI/INE L, TXRTHR
K=0.41%ThH-TDtl, ¥ 7BETEEK
TERA-LIT%DERR NIz, F, KFITRX
X, /INEE b BIAS B—E OIS, &8
ZHETREK, IEEH—EOMEAT, TEREED
HL R BIFE L BIAS iTA % { R o Tz, HREOIHEE
FEH BIAS 125 2 2 BRIEAL 2 X 2 WRAT
BEZ20.2%TH2. LId>T, 2hll oz izfl
ERBROREROLHL, HRBORPERS OB
X aRER(LR Yok 3, ERASTEBESEOR
RECOEELEZ NS,

BRELOEEPEL L TEEORVHIERTS
Teizid, IR & 3 HIE & BRI EHRY
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Table 30 Calibrations obtained for each year

Grain Constituent Sample Calibration
Year n Range Year Equation
Max. Min. Range " SEC
%) (%) (%) (%)
1990 80 11.0 9.9 1.1 1990 M(%)=10.85—0.149 Xs3010.159 X100 0.89 0.09
Moisture 1991 25 11.0 9.8 1.2 1991 M(%)= 9.52—0.136 Xp0+0.151 X100 0.99 0.03
1992 90 12.1 10.2 1.9 1992 M(%)=10.81—0.145 Xy31010.152 X4 0.92 0.11
Brown rice
1990 80 9.7 5.8 3.9 1990 P (%)= 4.54+1.118 X315~ 0.280 Xz100—0.312 X550 0.9 0.21
Protein 1991 25 8.5 5.9 2.6 1991 P (%)= 2.07+1.251 Xo1so—0.823 Xp1po—0.562 Xyeo  0.96 0.17
1992 90 9.3 5.5 3.8 1992 P (%)= 1.12+1.188 Xp150—0.770 Xp100—0.557 X 1680 0.96 0.17
1990 111 10.8 8.1 2.7 1990 M(%)= 9.98—0.171 Xus1o+0.184 X1pu0 0.92 017
Moisture 1991 60 10.7 8.2 2.5 1991 M(%)=11.43—0.142 Xp3:0+0.141 X040 0.94 0.10
1992 90 10.3 8.2 2.1 1992 M(%)= 9.76—0.169 Xz0+0.183 Xy04 0.93 0.10
Wheat
(Chihoku)
1990 111 12.0 8.1 3.9 1990 P (%)=15.20+1.319 Xorso—1.071 X3100—0.299 X155 0.98 0.17
Protein 1991 60 12.6 8.4 4.2 1991 P (%)=18.1341.324 Xzs0—1.090 X3100—0.332 X600 0.93 0.23
1992 90 11.7 7.9 3.8 1992 P (%)=13.63+1.246 Xauso—1.005 Xz100—0.289 Xies0 0.98 0.12
Table 31 Estimation accuracy of protein calibra- HEMEOF 2y 7875 2 ERBEMTORT Y
tions obtained for each year 2, HEREHI HRW (A—FeL v Rew 4> 5)/
Estimated . Calibration BIAS SKEW  SEP HRS (Ov—Fevy FeX 7Y 7)) ARV SRW (VY
ain Constituent year ©%) ©%) N i
il ThoVy R e T4V F)/WW (F2RF Y kY
Moisture 1990 —0.31  0.92  0.13 A4 M)/DU (FaZh) B ohTna,
W -0l 092 0. DHSET bIVIFRERAHIEE X BNEDS
Brown o ve s on VI BREPREECE > T bOLBDAD
: N - . N -
rice Protein 1990 177 o098 o021 D, FORHTETAVIRVCAFFTTITHObIR TN
1991 —0.94 1.02  0.18 255 EHESRNC X 3 BENRSABREORE
1992 002 0.9 0.7 Fxv I BNRETHD, RERROESE, KLY
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Summary

Grain Quality Determination by Near-Infrared
Spectroscopy

(Part 2) Determination of constituent content of
grain by near-infrared reflectance spectroscopy

A. Determination of constituent content of grain
by near-infrared reflectance spectroscopy

1. Moisture, protein and ash content of Hokkaido-
grown wheat

In order to improve quality of domestic grain, it is
necesary to have constituent content analyzers, which
are easily operable at the farming stage with high
accuracy. Near-infrared analysis has these advan-
tages. To establish a method for determining constit-
uent content of wheat, a calibration study was carried
out over two years from 1988 to 1989. Results were as
follows:

1) Moisture investigation yielded the results: r?
greater than 0.98 and SEC less than 0.14, results
sufficient for practical use. Each varietal calibration
had better accuracy than all-samples calibration.

2) Protein investigation obtained results, r? greater
than 0.96 and SEC less than 0.16, concluded to be good
for practical use. In certain varieties constituent
content distribution differed from year to year.

3) Ash investigation did not give good results for
each varietal calibration. All-samples accuracy was
r?=0.85 and SEC=0.05, sufficient only for variety
identification.

2. Moisture, protein content and free fat acidity of
brown and milled rice

An accuracy study was carried out regarding deter-
mination of constituent content of major constituents
of brown and milled rice using near-infrared re-
flectance analysis. Results were as follows:
1) Moisture investigation obtained results, r?=0.93
and SEC=0.14 for brown rice and r?=0.70 and SEC=
0.11 for milled rice, adequate for practical use.
2) Protein investigation obtained results, r?=0.94 and
SEC=0.19 for brown rice and r*=0.94 and SEC=0.17
for milled rice, adequate for practical use.
3) Free fat acidity studies indicated the possibility of
determination of acidity by near-infrared reflectance
spectroscopy in whole grain milled rice, but results
were poor. Further investigation is necessary to deter-
mine free fat acidity, including wavelength selection.

3. Moisture, protein, and oil content of Hokkaido-
grown soybeans

An investigation regarding the accuracy of deter-
mining constituent content of major constituents of
soybeans was carried out. Results were as follows:
1) Results, r2=0.98 and SEC=0.20 for moisture con-
tent and r?=0.97 and SEC=0.15 for protein content,
were adequate for practical use.
2) Option filter of 1,759 nm was effective in improv-
ing the accuracy of oil determination, and its effec-
tiveness was also recognized for Hokkaido-grown
soybeans.
3) Calibrations obtained for each district showed the
possibility of statistical differences. However, it was
more practical to use all-samples calibration than
district calibrations.
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B. Factors affecting measured values in determin-
ing constituent content of grain by near-
infrared reflectance spectroscopy

1. Effect of kind, variety, and milling condition of
grain on granularity and moisture content

Using three varieties of wheat and brown rice as
samples and three kinds of milling machines, in
milling temperatures of 10, 20, and 30°C as milling
conditions, an investigation wsa carried out regarding
the effect of these factors on granularity and mois-
ture content. Results were as follows:

1) At the 19 level, factors such as kind and variety of

grain, milling machines, and milling temperature all

significantly affected granularity and moisture con-
tent.

2) Granularity was coarse in brown rice and fine in

wheat. The higher the milling temperature, the finer

the granularity.

3) Moisture and protein content of whole-grain

affected granularity. The higher the moisture content,

the coarser the granularity, and conversely, the
higher the protein content, the finer the granularity.

4) Moisture content decreased by milling, and the

higher the milling temperature, the greater the mois-

ture reduction.

5) Accuracy in determining moisture content of

whole-grain from meal moisture content was poorer

than that of electro-resistance moisture metering.

2. Effect of granularity and measuring tempera-
ture on the accuracy of calibration

An investigation was carried out regarding the
effect of granularity and measuring temperature on
the accuracy of calibration in determining constituent
content of grain by near-infrared spectroscopy.
Results were as follows:
1) The kind and variety of grain, milling machines, or
differences in granularity caused by milling or
measuring temperature did not affect the SEC of
calibration.
2) Differences in granularity caused by kind and
variety of grain and milling machines, affected the
BIAS of measured values. However, using adequate
calibration for each kind and variety of grain and for
each milling machine, the effect of granularity could
be eliminated.
3) Measuring temperature affected the BIAS of cali-
bration, this was thought to have been caused by
changes in sample temperature. Temperature depen-

dency of BIAS was about —0.29%/10°C for protein
content, and about 0.19%/10°C for moisture content.
That is to say, the higher the measuring temperature,
the higher the estimated NIR value in the case of
protein content, and conversely in the case of mois-
ture.

4) To obtain sufficient accuracy in determining con-
stituent content of grain by NIR spectroscopy, it is
important to use specific calibration for each kind
and variety of grain, and also to keep measuring
conditions, such as milling machine, environment
temperature, and so on, the same during calibration.

3. Effect on calibration of variety, harvest year,
and the instrument’s changes with the passage
of time

Studies of the effect of variety and harvest year on
the accuracy of calibration in determination of con-
stituent content of grain by near-infrared spectros-
copy were carried out using three varieties of

Hokkaido-grown wheat. First, the calibration differ-

ences among varieties, and the applicability of each

varietal calibration to other varieties were studied.

Second, the effect of harvest year on the accuracy of

calibration was studied using brown rice and wheat,

over three years. Third, the instrument’s changes with
the passage of time were studied using calibration
obtained for each year. Results were as follows:

1) Tere were statistical differences among varietal

calibrations for wheat. Error became large when a

certain varietal calibration was applied to other

varieties.

2) Specific varietal calibration is adequate for such

laboratory studies and experiments as require high

accuracy, while all-samples calibration is sufficient
where simplicity is required, as in the farming stage.

3) Harvest year significantly affected moisture cali-

bration, but the difference is negligible for practical

use.

4) Harvest year significantly affected protein calibra-

tion, and there were two cases, one affecting BIAS

only, and the other both BIAS and SKEW. According-
ly, to obtain accurate estimation, it is necessary to

calibrate using samples collected over a period of a

few years.
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5) There were differences among calibrations
obtained for each year exceeded the differences in
calibrations of harvest year. Therefore it is necessary
to check the instrument’s accuracy daily, using refer-
ence samples.



