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Grain Quality Determination by Near-Infrared Spectroscopy
(Part 4) Grain quality determination by near-infrared spectroscopy

Motoyasu NATSUGA

(Lavoratory of Agricultural Process Engineering, Faculty of Agriculture,
Hokkaido University, Sapporo 060, Japan)
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Table 1 Precision of chemical analysis
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Fig. 1 Relationship between Peak and Breakdown
of RVA (Chihoku n=18)
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Fig. 2 Relationship between Peak and Breakdown
of RVA (Horoshiri n=20)
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Fig. 3 Relationship between «-amylase activity and
RVA Peak (Chihoku n=18)
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Fig. 4 Relationship between a-amylase activity and
RV A Peak (Horoshiri n=20)
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Fig. 6 Correlation plot for @-amylase activity using
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Fig. 7 Correlation plot for RVA Peak using 2nd
derivative spectra

Standard Error of Calibration) =0.33 iZ{bZ5347
® SDD (Standard Deviation of the Difference) =
0.025 BT 2 LB TE 2KETIR B M7,
B2V THLIUL LD, DNEOESBIEICB W
T, X3OF ¥ ) T — a3 >D SEC 12 SDD D 2
~AERE, U7 BEOFYY T —varD
SECIiESDD DO 1~1.5BRETHD, Ihs ik
Biora—7 39— VYEROBEREI»EY
FLoTwl, TR RVAY—7KEDOF+) 7
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Table 2 Calibration list for «-amylase activity of wheat (Chihoku)

ARZ MV K £ (nm) Fr)Tv—vayr WErE
1 2 3 4 SEC r? Bias  SEP r?
2 KkMs R 1,652 466 0.37 0.51 —0.16 0.57 0.11
1,652 466 476 0.34 0.60 —0.14 0.58 0.12
1,652 466 576 1,800 0.31 0.67 —0.11 0.54 0.23
1,834 470 0.39 0.46 —0.13 0.48 0.26
1,834 470 570 0.33 0.61 —0.08 0.49 0.24
1,834 470 570 922 0.29 0.71 —0.02 0.49 0.31
1,888 528 0.39 0.46 —0.14 0.50 (.23
1,888 528 1,806 0.34 0.60 —0.19 0.51 0.17
1,888 528 1,806 916 0.33 0.62 —0.20 0.50 0.21
2,026 528 0.38 0.46 —0.16 0.54 0.16
2,026 528 1,806 0.34 0.60 —-0.20 0.53 0.13
2,026 528 1,806 484 0.33 0.62 —0.22 0.56 0.08
2,236 466 0.40 0.42 —0.15 0.51 0.15
2,236 466 574 0.34 0.58 —0.16 0.55 0.13
2,236 466 574 1,800 0.32 0.65 —0.14 0.52 0.18
PLS 0.30 0.70 —0.17 0.57 0.21
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Table 3 Calibration list for RVA peak viscosity of wheat (Chihoku)
AT PNV R & (nm) Fr)TL—var MEE
1 2 3 4 SEC r? Bias SEP r?
2 Rfysr EIR 1,490 470 101 0.49 62 119 0.22
1,490 470 570 83 0.66 49 116 0.25
1,490 470 570 1,798 70 0.76 51 114 0.28
1,610 536 109 0.40 68 131 0.06
1,610 536 1,148 93 0.58 54 155 0.00
1,610 536 1,148 762 81 0.68 43 154 0.00
1,956 1,806 101 0.48 28 120 0.18
1,956 1,806 488 89 0.61 67 151 0.01
1,956 1,806 488 654 70 0.76 47 140 0.07
PLS 74 0.75 61 119  0.27
n =41 / 600 n =41 /
5 o} SEC=0.33 i SEC=83 ° /// o
r2 =0.61 /;/’ ° | r2 =0.66 }9/.0
o o -]
- ’ ° - o P o 0,% 0
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° / ° °
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'/a ° o /
0 ] 1 1 i 0 , 1 . i : 1
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b2 iE LE5HE
K8 a—7 77— ¥@EHOFr) T Vv—var E9 RVAE—70DF% V7V —v =z (1,490, 470,
(1,834, 470, 570 nm) 570 nm)
Fig. 8 Calibration for «-amylase activity (1,834, 470, Fig. 9 Calibration for e-amylase activity (1,490, 470,
570nm) 570nm)
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Fig. 10 Spectrum of wheat(Chihoku) whole grain
(lower) and its 2nd derivative spectra
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Table 4 Calibration list without averaging

BE (nm) Fy)Tr—vav HREE
Al #EE (%)
1 2 3 4 SEC r? Bias SEP r?
royy 968 1,558 0.40 0.99 —0.10 0.41 0.99 10.56—25.82
968 1,558 1,894 0.35 0.99 —0.11 0.41 0.99
968 1,558 1,894 700 0.33 0.99 —0.13 0.38 0.99
1,154 966 0.42 0.99 —0.09 0.37 0.99
1,154 966 1,896 0.37 0.99 —0.10 0.36 0.99
1,154 96 1,896 1,564 0.33 0.99 -0.11 0.35 0.99
1,342 968 0.48 0.99 —0.07 0.45 0.99
1,342 968 1,560 0.38 0.99 —0.09 0.44 0.99
1,342 968 1,560 1,896 0.35 0.99 —0.11 0.41 0.99
1,410 1,144 0.41 0.99 —0.09 0.39 0.99
1,410 1,144 968 0.34 0.99 —0.09 0.34 0.99
1,410 1,144 968 1,076 0.32 1.00 —0.08 0.33 0.99
FR7 968 1,224 0.53 0.99 —0.04 0.54 0.99 10.65—31.47
968 1,224 2,260 0.47 0.99 0.00 0.50 0.99
968 1,224 2,260 448 0.46 0.99 0.00  0.50 0.99
1,154 964 0.59 0.99 —0.06 0.59 0.99
1,154 964 2,054 0.47 0.99 —0.05 0.51 0.99
1,154 964 2,054 2,262 0.44 0.99 —0.02 0.47 0.99
1,342 964 0.56 0.99 —0.06 0.57 0.99
1,342 964 2,260 0.46 0.99 0.00 0.52 0.99
1,342 964 2,260 1,270 0.43 0.99 0.01 0.47 0.99
1,410 962 0.55 0.99 —0.09 0.54 0.99
1,410 962 1,032 0.49 0.99 —0.06 0.50 0.99
1,410 962 1,032 2,262 0.43 0.99 —0.03 0.47 0.99
77 % 968 754 0.65 0.99 0.31 0.67 0.99 9.60—33.41
968 754 1,408 0.56 1.00 0.34 0.62 0.99
968 754 1,408 1,272 0.51 1.00 0.33 0.63 0.99
1,154 2,162 0.65 0.99 0.20 0.87 0.99
1,154 2,162 924 0.60 0.99 0.22  0.74 0.99
1,154 2,162 924 2,256 0.58 0.99 0.21 0.74 0.99
1,342 1,048 0.71 0.99 0.20 0.69 0.99
1,342 1,048 1,412 0.62 0.99 0.20 0.62 0.99
1,342 1,048 1,412 2,260 0.57 1.00 0.17 0.59 0.99
1,410 928 0.69 0.99 0.29 0.82 0.99
1,410 928 1,226 0.56 1.00 0.31 0.78 0.99
1,410 928 1,226 2,256 0.51 1.00 0.29 0.73 0.99

Fr) v —yarBubABNLTEY, SEC=
0.29, SEP=0.33 7257z, 7z, 968 nm % {F-7- 4
FROXF+ VIV 7Vv—yaYBF3FRICEIEHBDELY
SECIX/N& > Tw5sH, SEPIFKEL{Z-T
BY, Chid4BERTRERMoSEREHICL 2
FHHEEDET, Wb®bF—N—T7 49T 4>
BELTWEHDEEZ LN,

[ 272]1TiE, 1,410nm 2F 1 ERC L 3HE

DF ¥ VT Vv—varyI3MENTEH, SEC=0.37,
SEP=0.537T, [®uy V], [FRZ7]EDF>V) T
Vv—yaryOREEREL -,

PUbegzeddl, WFhoRETS, FHLE
AR FNVERAWEFYY) TV —va VOEBEE
BEN Tz,

INSOBEEFE2HRY THELANESLNE
DKBZDFXY TV —v a2 DEEDSECS0.10
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Table 5 Precision of chemical analysis for moisture

L3 3 fEL BRSO o 1o 08, FERSHH Y AL 2 &,
FIRBEONTY FOTRTVWENTOMETH B

R FikZ 5773 2k, IEEREORES SDD=0.20~0.38 TH 5
SDD(%) 0.38 0.26 0.20 ZEREERERBTNLWEIRFLAREETHL W2 D,
JoEEw X i, BHEERCHES WSRO
KIFTOLNFFEE X, 20%LATH5+£0.5%, 20%L1 E
BE1.0% LT3 b0BHF, IN%E, KIFFORIE
BDONNTY XU E L2EHATHLLEZ L L,
F6 FYARZMPVEAVEFPYIv—var—E&
Table 6 Calibration list with averaging
#E (nm) FrUTr—var HREE
sl #iF (%)
1 2 3 4 SEC r? Bias SEP r?
Favy 963 1,894 0.28 1.00 —0.04 0.41 1.00  10.60—25.52
' 968 1,894 698 0.21 1.00 —0.16 0.34 1.00
968 1,894 698 772 0.19 1.00 —0.29 0.45 0.99
1,154 1,814 0.30 1.00 —0.27 0.49 0.99
1,154 1,814 1,490 0.25 1.00 —0.20 0.44 0.99
1,154 1,814 1,490 522 0.23 1.00 —0.02 0.48 0.99
1,342 968 0.39 0.99 0.04 0.43 0.99
1,342 968 1,896 0.28 1.00 —0.06 0.41 1.00
1,342 968 1,896 696 0.23 1.00 —0.15 0.38 1.00
1,410 1,146 0.23 1.00 0.07 0.32 1.00
1,410 1,146 650 0.20 1.00 —0.11 0.32 1.00
1,410 1,146 650 724 0.19 1.00 —0.07 0.29 1.00
Fk7 968 1,970 0.36 1.00 0.24 0.44 1.00 10.68—31.05
968 1,970 1,512 0.29 1.00 0.05 0.33 1.00
968 1,970 1,512 912 0.27 1.00 —0.24 0.35 1.00
1,154 1,690 0.44 1.00 0.00 0.79 0.98
1,154 1,690 924 0.33 1.00 —0.28 0.77 0.98
1,154 1,690 924 ,226 0.33 1.00 —0.31 0.65 0.99
1,342 964 0.45 1.00 —0.14 0.53 0.99
1,342 964 1,978 0.33 1.00 —0.14 0.45 1.00
1,342 964 1,978 ,900 0.27 1.00 —0.09 0.34 1.00
1,410 964 0.40 1.00 0.04 0.47 0.99
1,410 964 1,982 0.31 1.00 —0.21 0.44 1.00
1,410 964 1,982 ,264 0.26 1.00 0.10 0.38 1.00
g7 % 968 1,962 (.49 1.00 —0.07 0.59 0.99 9.75—133 .41
968 1,962 1,800 0.41 1.00 —0.15 0.54 1.00
968 1,962 1,800 572 0.36 1.00 —0.20 0.63 0.99
1,154 1,044 0.51 1.00 —0.05 0.60 0.99
1,154 1,044 1,514 0.44 1.00 0.07 0.57 0.99
1,154 1,044 1,514 768 0.33 1.00 0.15 0.59 0.99
1,342 1,050 0.57 1.00 0.04 0.66 0.99
1,342 1,050 1,516 0.41 1.00 0.17 0.58 0.99
1,342 1,050 1,516 ,048 0.24 1.00 0.15 0.60 0.99
1,410 1,054 0.49 1.00 0.05 0.64 0.99
1,410 1,054 1,518 0.37 1.00 0.11 0.53 1.00
1,410 1,054 1,518 ,690 0.31 1.00 0.13 0.55 1.00
456 968 914 0.70 0.99 —0.02 0.75 0.99 9.75—33.41
968 914 2,260 0.57 0.99 —0.04 0.69 0.99
968 914 2,260 438 0.48 0.99 —0.20 0.71 0.99
1,410 1,148 0.74 0.99 —0.03 0.84 0.98
1,410 1,148 638 0.61 0.99 —0.04 0.76 0.99
1,410 1,148 638 ,272 0.55 0.99 —0.05 0.73 0.99
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HIEEOERERET Z O 1/3 10k B, EFRADH
BT, FHLIEARZ bV TR F v U T —
varvORER, Ih50KAOATRREEITIE
s 28ETH> 72,

% 7z, Downey™ i3, 13.6~20% D&k /NE DTk
shaHeE & B HEREIX SEC=0.24, SEP=0.36
THY, —75, HROAKSEORE IR UsksEEEH
THEHESEZE MY 0.46~0.67%TH 5 DT, FEHRNIN
EOHBEENENTLE LTV, &g THE
SN HEEIL, ADEE L Downey K L2 D LD
L4, D, BEREBEEZETHDL, Lizdo T,
EFRG IR & B @ASHINEORERE X, TR
DKGFEOWERE L VEATBY, KkFEFELT
THERMTRETHZ EEZ SND,

—%, @FHFEHY, FEYXZ MV TER L
Fr VIV —varvORBERISHET L ER L
Fr) 7V —yvar KLU TRBESEL ST, IR
X, EROBETIEMAC L 2BE BR, k&3
) AR PMIZKESENBDEELON
3, ¥, 2P TEIALBENRAETESK
TRBELDELERIE, 28 O/NESRBTE
SnlFr YT —v a v ORERLEETH- 72,
SR TIRAKGFIZ S X7 BrHEAGTOMEIIZE
BT 00RCHOONEDT, & TERL
kv V7 v—varEFALTORVERRLE
2, ZITRASEEEHRBENTHY, HEEE
EBiaL, MEIJERERLLFY Y T —va v
BHEEE NG,

B 12~14 12, /BB Lz, P LIz X227 b L
TR LIzF v ) 7L —3 a3 v OLEHE & TR
KB X A HEEOBRE R LD TRLU,

BB, FETE, IEOKSO LRI 33%EE
TH272DT, BWEHWAIERTORERE * 1R
THELENHZLDOEEDbRS,

B, XoffE, EMHNREICEAHE

1. B By

LA, BRI & 2 kORISR & 1,
WL OPDQHEREBESTERE TV, N6
MRCINTHEBERZZNEZEE S bwEahnT
VB T, EEIEHIOREIE L TAWAERE
ERL, WX OB & GRS GEOR
BTV, KRORWOHEEREE O L ORFEM 25k
L7z,

30} Is]Eczgéw /
r2 >0.99 /
g
2 e
= | ~
10 ,//
0 . . ] ] . ]
0 10 20 30
{EF %)

12 hFE ((Re vy ]) kSofEsfiEe NIR FH
fEOIERE (1,410, 1,146, 650, 1,724 nm)

Fig. 12 Relationship between lab. analysis value and

NIR estimated value for wheat

moisture(Horoshiri) (1,410, 1,146, 650, 1,724

nm)
n =37 /
g0l SEC=0.29 9
r2 >0.99 W
o A
g i
z '/.
L ’/d
&
104 i
| /./
. ] A 1 N
0 10 20 30
L2 AHTE%)

K13 NZFE (Fx 7)) KFDESHEE NIR FHIE
DOHEE (968, 1,970, 1,512 nm)
Fig. 13 Relationship between lab. analysis value and
NIR estimated value for wheat moisture
(Chihoku) (968, 1,970, 1,512 nm)
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%7 HAFH—E
N o'/° Table 7 Sample list
1] AN e No. WHF _ AVKiAE: G T
pd 191 9112 255397 AvdpEibEEr 1
L ‘,o‘ 2 91 91.12 iFmb 224 At HE K BT 1
= o 391 9112 0o3Br®  HRE 1
s ; 4 91 91.12 &omBY HRE 1
% 20 Ve 5 01 91.12 X2 %b  HKHBRBEEN 1
= e 6 9 912 HzOE iz 1
g i v 7091 9LIZ¥¥=vE  HEAM 1
,.'/ 8 91 91.12a2a3t#HY Frif R 1
& 9 91 91.12 o il 1
10 /./ 10 91 91.12 MEKFE IR 1
/' 1 91 91.1277tAY IR HE 1
A . 12 91 9l.12aveHVY IR 1
/ 13 91 91.12 2vtAY B R PR ERR 1
- 14 91 91.12 HEH B IR S HED 1
00 . 1 ! 1 . i 15 91 91.12%¥=tHV ZEELSSH 1
10 20 30 16 91 91.1223tAHVY L 5 VEL AT BT 1
. 17 91 9l.12 ¥=Ex Fi L 2 5 R T 1
L2 AIEC 18 9l 9112 avtAy  EURmLE 1
. ) . 19 9l 91.12 HARS BB AR 1
14 /IE (5 7 &) KyofbEssrE s NIR THIE 20 91 91.12 #XktHY R SR T 1
DOHEBI (1,410, 1,054, 1,518 nm) 21 91 92.09 ¥XtHVY BEBXEKT 2
Fig. 14 Relationship between lab. analysis value and 22 91 92.09 zIvtH 3 zg@gg@ }
N . £ ‘st 23 91 92.09 ¥t
TIRk es“”fl‘ti‘iovallu& O ‘g’fgat )m‘”s ure 24 91 92,00 MAFTA  LBEELET 1
(Takune) (1,410, 1,054, 1,518 nm 25 91 92.09 kLA LRBEEEE 1
. 26 91 92.09 7 FVik NS 1
2. RBFH & 27 91 92.00 FH F LIRS 1
S sk 28 91 92.09 HAES LB AN 1

a. B 29 91 92.09 HARE B IR AR 1

RSk B 2 7 IR U Iz HEEEREHE 1991 FEED 30 91 92.09 HLHEOMBY  BHIEFGRT 1

> S 5, = 31 91 92.09 IvEAY AR 1
YK ATRE L 1992 SEBEO K 14 HE, F61FEE M ey Emman
ZHwWIz, 33 91 92.00 EEELE HLEEITE 1

< (=]

IR NIOBEERACKE (ERME MCM M 3 Bl ey R
-250 B) W TITo 72, 1BREFHEIE 90.4~90.6% 36 91  92.09 HLHE ) L R 5 B 2
L7 37 91 92.09 I¥EAHY KR 1

-e 38 91 92.00zveHY HBRTEEE 1

b, #3#B DM 39 91 92.09 = F EWARIE 1

# 8 IREATOBEA—BE AL, WEHER 09 e.wursizh EWE !

X . e 4 91 92.09 yH=v* & IRIRRED !
KD 36, B 25 TH B, FPERNIFS DT 42 91 92.09 yH=vE (LR B T 1
s e HELS | et g 43 91 92.00 HE7 I kb KHEEKEN 1
B WRHEL, UITOFIEEVHETT> 1, 4 9 9200 honBh AR B 1
1) X% 45 91 92.09 ®EVHD JEHEEAE) 1
a) &4 46 91 92.09 ¥ Jb g E RN D 1

5 N 47 91 92.09 =5 & 397 b EJ1E 1

FhiDAs% 10 g Ri—135°C—24 h Z=CHIEL, 48 92 92.12 IATHE HEAIR 1
WAL 1RO § . . 49 92 921233tV RS 1

5 g B —105°C— 5 h kDB L 7z, 50 92 92122ty AR 1
b) FHE 51 92 92.12 AETA RER 1
yors N G OEERHIEL . 52 92 9R.I2T7FVik NI 1

PRI 2B <K 1,000 D EREHIE L7 R A i h

c) RIESH 54 91 92.12 HARE B IR 1

=3 H[=|

RRARBRPTAAE 7 v R, xS % U PR WEE :

N A2 av
*E21.8mmUTH522mmETHOO.Imm & 57 92 9212 FXtHY SR 1

o 1 . . » 58 92 92.12 ¥IE HER 1
OREWZ XD 7 MA 3T L, RESMERD, 20 9 ol geeux g .

d) Mo 60 92 92,12 ¥H=vF i 1

BB IR, B2k 1,000 K % B S8 61 92 92.12hEklFb  KHR 1
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x®8 HEoHHEE B EHER RS-1000 2 B TR, Rk, FEK,
Table 8 Items of instrument analysis W, HORICFIER L2, FRANC L O,
No. Hi% HE . By, Heok, PR R, TOK, R, $H
e _— CEhERAEL, EREETELL,
2 135°C e) Mgl
3 gf;;ﬁ s BRI RO [KORENHE %O o
A .0 mm
5 1.8mm< RV, SKEERS T EWT, 0K 500 BRI
6 1.9mm< e BREEREEL, UTOR TR : B
7 2.0mm<
8 2.1mm< L7z,
o 2.2mm< WIS = R X 0.5+ FlI ()
11 HHRR R ) Blsnfei
= ST A5 OFFHED IR, SILTHE, @I,
14 e HILTIhEEHEL, LIFORciE - THLF s
15 o A ”
16 #ink ERdLL. \
17 W Al e = ST hEx0.1
18 sl : LT X 0.5+ AT h @
20 ] 15 g) AE
. nFn " oy R RFTE A A C-100 2% A Ol
23 ? EL,
24 g N
25 OE C-109 h) @A
26 [EE L EHES C-100 DHIER L VIZFEEL- T KO L
a a B3 5), a GREED, b GEEH) B2 /1y
%g TE ¥E A A THREEEAZES CR-200b THIEL, ITOR
31 AEE TEETEHL 2,
gg FowiE BE=/ar+b? 3)
34 FIx TR i) By
35 FHH BEREHEES 4 X A —% QS-101D # (ZKH) #
36 YR BHE NIR ‘ . R
37 BAX GRS v, KR OHOERELHEL, BHE L Lk,
38 Ky 135°C i) AmE
39 105°C -
40 FHER Peb + =Y AREREFRE TS 7 2 VR 2 AV, K14
41 HE C-100 s P .
42 i 3 7 oo@%%w)tc
43 a k) HEoiEME
i L B 30 7 BB RBROBTA R HE L, %0
46 BN ‘ EHELZHET L0, LHKOBR 200 ki
h %gﬁﬁ? P e 0.25% 1) TZ (Triphenyl tetrazolium chloride)
49 v AEIOmL ZME v v — Vv 2 255°COERBHI
20 T 120K 2h o retk, BORIEERELREL, UFO
52 ERE = Rz E Y TZEERD, ZhEBEOE.REL Lz,
53 S NTERE NIR e .
5 A TZ fif = (S adsox S k)
55 A2 JHEERIEL X 100 (4)
o A Al BRI IRCEEENLBEE L EL,
58 SEYFEARATFIAY e—égfg FESEVWELR I THEEEE 0.5 L LT,
59 TIiurss7 "E o
60 Tvessyy 1) BRRHRRE
61 Zso_AE B2HOI-B LRBICR DT,
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m) FETFBE UHIFR
RB\FERGA TR KL, o
¥y — VIR 200 KL R AR, BEAKEEEIMNZ T
200COEBIBRFUMED, T2ERUMICREL 2214
TRFD, LEEMANCHFU LG ERFERL L
2o

n) ¥y sHE

FE23HI-B LEKICRD 12,

2) ®Ek

a) IBESE
EBREIOIKEZECN T 2EREOBEXERD
HEREESE L L,

b) 7K4r

Yok ERRICR D 720

C) HEBSHT
ERTBERSIA o F Y Ry Y SR R PS4 R
TV —FEROTHRRERL, BR+ERo0RAE
=R,

d) BE

Tk E AR KD T2,

e) B

Tk EERRIERD T2,

1) BRE
PSS 4 A X —5 QS-101D & (RHEKA)
ZHW, THERBCKDI,

g) MEFRER
BRFAEREEFIREL T > T 3 BHFE
FEROHAFES RV, A 400 K% BF2FR
(LAvh), EE60.5 57 ), ERZER (0
HY P ARTHEL, BERERLEH LI,
h) R

i, hoEgkER

EX80mm, EE4A0mm OMHEBEEE» KA
K 10g kAN, DIOROBEKERZ2HFLT
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EHTEEBIEAL, T5°COKEBERSL D DIERH
12 20 S FEMEVKER T %, 20430 b —E—A %
VA —F—NALDEYVHL, EBK—VE—H
EOLTEROBL, TIERIAEID 2 LI,
TR & 0 IMFABKEERD 12,

HER KR = KRGk ER /O EE (5)
i, e b OB HERY

P E—ANRE SRR AR T TR

BL, SHIREEARNZT200mL IZERT 2, Z
6 20me BTN I HEEBCERL, IhER
R DR ERF ST DI CIERE LIz — T
MIZ20h AR, SBKA—7DEE% 105°CE L
TAh#EEL-0bERMEZPHEIL, FOE%
10 5% U THRERIE 200 me OB HERMER 2K
77

ili. KEREED I — FEGRE

ART7 T AANIZE > REEE OB oL ¢
BEY RRET S, D A0me X 0.2% 3 — FIER
(2.0g1,+20 g KI/1000 m& H,0) 4mé & 1N Kt
Blml L% 100me DARAT7TANTREMEREE
TRIGSERE, ZhE2EEKTI0mL IZERT
5,3 FEH2me & 1 NEfE 1 mé & #R¥AKT
00me CHFERL-bDE TS > 2 £ L, HIZ8ERR
RIS 101 B 2 BV TR 600 nm 2817 %
FERRAHOWNEEHEL, InEI—FEOREE
L7z,

i) AHE

Tk e R R DTz,

i) yrioE

Yok L ERR IR D Iz,

k) 77RFaax—%

TOAF YR, HXbD, ¥, ZL, 33,
&ML L, 2L TR 2UHNLEETH
D, IREZHEETA2OCHEINLEEST 7 X
Fau A= Ths, AEHIBR R UK E B
EUEBEX2.0g 2RV, —~ENKE THREKE,
HIE Uiz, HIE ISR a1, A, A, A,
B A/A ZHEL A, A, BREFIOF L L
DLV EEFRLZTHRL, A3 2HHED*
Lel ol iRy, AJ/A, BES LY Ok %
T, M1ZF 7 AF 2uax—FDOsgEihsesxRL
72o

1) RVA

7iur3 7k ABOBECREITNEDT
T OBt R RIE T - KA NI E Y
FERI7+ 54 IcE D E—7EEEAFEL
Too ZOOWE IS FR R BB I L TIT o T,

m) 73iw—2x

b7 o BEESREE IR L, KTV 7D
TIin—RE7iusFroeblte7 su—2
PREEICHTE LU, HERET S v — &t —t
FF oA FTITo 720
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Az
A
Ay \
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15 F7AF2ui—FOEBMER (F7AF 7
77 AN)

Fig. 15 Recorded curve of Texturometer(Texture
profile)

n) 7susy s

JEHEE N PR R SER R L, T I RV
71077 L0REHEMY)ETVv—0 5Ty
(BD) % #IE L7z,

c. BB

BIRIF O 28 U T RKRRB R EM L 2,

1) REE O3 L) OEE

NI OFE» HEC, JLEE R RN 5
HRDEREEEL, U ~BEEEAL, BIXE
RRBRO A NVDEHFREZ LT, ANV DOFY
iz 41.0 A2 o7z,

2) IRER Ak

RO FEE U TiTo 12,

KRR BT BB SRR A RC-187F & (1.8 2 4K
X, 600 W) % 8HMWK,

KBRS A NVDRB T 5D LETSREEL
THBEk Lkg BRI, BRI —EFIETITY, 1
E7kBE, 1B IEAEL, BEXEED 1.3
BOKREMZKIRU 72, REBFEZ 26BRIE L, #
D% 8 B ORERER CRKRHZ B R B LTz, KEREF
Midds L% 3B50MTHY, FOH0H/EESLT
KER B CHE U, 70BN 1 BRgEeRa s
BAtA L 7z,

3) RUREHE

NIt OFE CHEU T, THEEB 3R EXAE,
WEREAER, &Y, WS, #HY, BETHED 5EHE
L, WEEE [HAR] 2EEENRE UM
ETTo T s S b0 T+ 3 O L L,
FOMOEEHTIE =5 & Lz,

ARFABRIIF R IBPSERLUI,

d. BSHE

KDREMMTETE LT AL STHREN TV S 4
B EE LT,

R BHRBBCANVEEHE

Table 9 Panel list of sensory testing

No. At 2RAv o IohE 40 ELLE REERE
1 1991.12.10 41 18 11 17
2 1991.12.11 44 20 11 10
3 1991.12.12 48 14 13 6
4 1991.12.13 38 14 11 1

/NEY EHg 42.8 165 11.5 8.5

HE (%) - 38.6 26.9 19.9

5 1992.09.01 37 16 13 5
6 1992.09.02 40 18 13 8
7 1992.09.03 36 15 15 4
8 1992.09.04 38 16 9 6
9  1992.09.07 44 20 11 13
10 1992.09.08 47 27 10 18

ANEF FHg 403 18.7  11.8 9.0

HE (%) - 46.3  29.3 22.3

11 1992.12.21 34 10 6 15
12 1992.12.22 44 11 5 21
13 1992.12.24 47 11 2 12
14 1992.12.25 36 9 4 6

NEE g 403 10.3 4.3  13.5

HE (%) — 25,5 10.6  33.5

iy 41.0 15.6 9.6 10.1

HE (%) — 38.2  23.3  24.7

= 574 219 134 142
HE (%) - 38.2  23.3  24.7

D5 OEMEER (T, ¥57), =va,
BRESUME (T, ¥ XA45) O 3IHELRAE
HEFIAL CROES RZHEL, KOBRKFMER
BHT5, MEBROZ EH WML TITI,

flio 1 Bk, HEEERRE (OIF, r—3-) 0f
BROHTENE, R E AP TEERIMEL - BE
BB Z AR I IS U, KOKREOKEEHEL
TREFMEOEH 2175,

W ORI b i s R 5 L CEIE
BUHRL I,

e. RN

AT A7 b v OEIE I IE NIRSystems #5
NIRS6500 % Fv>7z o #li7E Ik Spinning Sample Mod-
ule & Reflectance Detector Module %Ay, ¥3E
VBRI EFTIE L TREE— FTiTo 7, HiEH
B TR %2 & 9 T 400~2,500nm & L, 2nm [
BpT 120 EEH# R ¥ v > (1.8scans/sec) L, ¥
EERDIz,

SAEHI KRR & 7 D%y, FEXALE ZOHERV
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Joo BIE 5 [E, #ME 3ERE DR L THIERITY, %
DY ZNEFNOFHBOFEH AT bk Lz,
AE OB UDY  Cyclone-mill & 7 13010-
109 (220V 50Hz) TIF- 7

3. BRRU=zE

a, W[ L ANRER
FI0RBFRABROBERLE DT, 7 — 5 3RS
THUHDIERZ R L 720

1) BWHABRER

a) EWHBROEEE
REAROEREEHH T 200, SHHEED
SRS EE LT, IS, B
TORTERSNIHMEHETDH 5,

BRFZEOFSH (SSE : Sum Square of Error) (54
BAMFRICE T 2 BEEHOY A

SSE= %, 5 (xy—%)* (6)
IIT xiKT—%
n T BURHE
m; L (BERFEBROZRAEC BT 285 V)

BRI ORRAEh B 5 KEE)
HMEDANMESEL (MSE © Mean Square of Error)
(MM B T 2 BREZTEIO 580

SSE
(m;,— 1)

MSE= @

iMs

¥R (SE : Standard Error)

sE=,/MSE (®)
Ne
ZIZT nBRKES (Effective Number of
Replications)

ne="",— (9)

BREPRINCE LD OTHLOFMEL & b
HEZT 0.2 TH Y, #EBSIIC X 2 RKFHE
HHOHEOBRERUVBRANEHC & 2 AvkFHiEHE
HOHEOBEIZZIOFREAZ LD IIAIL LR
b,

b) BRRBROEROBKE

FMEE O RITo & 2 5, JFHEHE
ELRBBMEIUTEEE 57, %72, WThOFHE
HETH, HER (WREBEHRED £ 0.5~0.6
L EOEBHNIZBHRES UL TEELRZNRS

Nize — M [asen V], T99=vF] 3R
NEWEIATED, FMIZIZINSOREDSTA
TWLBA, BEEELDAWKSE S &S o REEr
bInsoRESRONG, ZhoDE L FREk
DNER IRER K DIMEE B 1= O I ST 2%
Br¥iahizbDEFEZGNEY, F—METY
BEECHIRESH 229 Z BRI NERE D
Ezohsd,

c) RWRERBROBA T & SFMEE & OBER

BRI G & 58 E RSB, RECROAE, & D,
WS, BiD I3 F N F i r=0.53%%%, [ 72+,
0.64***, —0.33*%,0.62*** ¥ VTN HEREK0.1%
TEERHERE N, IhBORWREBR O
o ¥ BRI T B, TRbB, SR VIS
B, BEOPRL, HBoobskerRAK YKL
Twb,

DX, BETHA LY OFMEHCED & 5 2%
EEZTTOLEHIZ 10, BETHE & O
EHH & O CEMBESH #17 o e BRITE 12 1R
Uiz & 92, IRECKEDOR D MR TRETHE D 64%
2, 7z, K0 EABICED BINb 5 LEEATHED
0% WHETE, Zhs DEREHBIT CHER
HEETENTAWRRETHESEERSHETE S
bOrEZLHNS,

2) HEERSHTIE & RuRABET

a) LHKOEBBSTEE ARRBROFMER & 0

BEf%

SR OB SITE & ARABROFMEE & OBR
T, ¥ V7B EREFHIIC r=—0.43*** DGk
EOI% THEEZAOHBENE o, KDy ot
ZERODVWTRAREADOHEEND L Z L 8H5h
TR Y2, ZO/ER LTz,

¥/, ZHKHEESTTOBNEEG EBOXINEED
B r=0.46*** DREKRF 0. 1% TCHEREDOHE
BRESN, X 5IHRETEHE L ORI ERES % TH
BRIEOHEEMES N, TAREBRESOE WK
KIFEZNEPBE L & S OBARNMESERL, #
ORETHRATMBEL o bDrEZ NS,

LFEO Z L ixEHAPENLE L CHEROBERMT
HHeBwTb BN ST, Thbb, BHEDD
(BEFE), BE, ZXEIIRHAIE, RECRIE,
BATE L EE S LOMEESED s,

LRSI, KPR, BEER L E3 7 LR
VLWL, XREEROEFIIFHESEL L VEFRSD
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Table 10 Results of sensory test

LEISES RERA
va [~}
No. IRfiL i AR B A FD gt f0 @Awme
59 1 EJRE vy=vx 0.00 0.34 0.26 —0.21 0.18 0.48
40 2 EHE uvrdihn 0.50 0.28 —0.03 —0.54 0.62* 0.46
8 3 HBER aveny 0.74* 0.53 0.21 0.05 0.61* 0.46
4 4 BHEE OrBY —0.32 0.15 0.12 0.12 0.14 0.40
38 5 HE\E gy —0.30 0.08 0.03 —1.03** 0.24 0.39
58 6 wBEE VA 0.07 0.56 0.35 0.03 0.09 0.37
18 7 BB ayveav —0.50 0.03 0.32 —0.55 0.74* 0.35
61 8 FBHE bELIEb 0.55 0.30 0.17 —0.33 0.07 0.30
50 9 fERE avchy —0.51 0.05 0.20 —0.23 0.33 0.29
47 10 Je#EE 55 397 0.14 0.36 —0.16 —0.35 0.12 0.27
60 11 e =y —0.07 —0.16 0.23 —0.21 0.42 0.26
6 12 WmR dxos —0.47 0.17 0.49 —0.56 0.46 0.24
56 13 ¥EER oseAv —0.38 0.41 0.25 —0.45 0.57 0.24
22 14 EHEE avehy 0.00 0.29 0.14 0.05 0.11 0.21
15 15 Z=HEE Y<ch) 0.59* 0.03 0.20 —0.29 0.38 0.20
5 16  BEE bbb 0.56* 0.54 0.58* —0.39 0.26 0.19
7 17 FHWRE Yv=—vF 0.80%* 0.15 0.11 —0.26 0.09 0.14
28 18 EHEIR ABEEE 0.18 0.24 0.39 —0.23 —0.11 0.13
44 19 BHEE DohBD 0.00 —0.05 0.16 0.21 0.07 0.12
46 20 dr#E B 1.11** 0.36 —0.28 —0.70* 0.51 0.12
37 21 IR aveHy —0.78%* 0.08 0.09 —0.53 0.00 0.11
9 22 BELUR  #oE 0.37 0.57 0.03 —0.54 0.07 0.11
34 23 EBFB  a3uhy —0.07 0.44 —0.14 —0.09 —0.13 0.07
3 24 HERE O3B LD 0.34 —0.09 0.00 —0.68* 0.15 0.05
17 25 MR ywEa 0.82** 0.34 0.41 0.12 —0.29 0.05
30 26 EHIR HubDOLBY 0.47 0.62* 0.21 —0.09 —0.29 0.05
43 27 BKAERE bHERIEBL 0.00 0.27 0.26 —0.51 0.00 0.03
39 28 EHE  vy=—v¥ —0.19 0.18 0.03 —0.53 —0.05 0.02
19 29 WHER O&ER 0.000 0.00© 0.00© 0.000 0.000 0.00
29 30 WEER HEES 0.00 0.00 0.00 0.00 0.00 0.00
55 31 WEEBE AR 0.00 0.00 0.00 0.00 0.00 0.00
31 32 F\BHE oy 0.36 —0.27 —0.06 —0.41 —0.19 0.00
14 33 EEE  HerE 1.08** 0.33 0.20 —0.29 0.19 —0.05
23 3 BRE vty —0.09 0.06 0.20 —0.41 —0.31 —0.05
45 3B Jt#E wIU»D 0.00 —0.21 —0.16 0.57 0.03 —0.06
12 36 FHE oAy —0.32 0.34 —0.37 —0.29 0.66* —0.08
1 37 db¥EiE =55 397 0.37 0.57 0.30 —0.02 —0.07 —~0.08
21 38 WwWHEE ¥XeAhHY —0.32 0.17 —0.29 —0.15 —0.23 —~0.08
25 39 EER FvurA 1.02%* 0.38 0.26 0.16 —0.04 —~0.12
11 40 \WHE Trrhy —0.34 —0.26 —0.08 —0.37 0.20 —0.16
24 41  [EBR  PEFHTER —1.09** —0.52 0.03 0.37 0.22 —0.19
2 42 db¥EE Eows 224 —0.24 0.08 0.05 —0.50 0.13 —0.19
26 43 BEER  THvUk —0.11 —0.51 —0.24 0.45 —0.32 —0.25
54 4  WHEE HERB —0.29 —0.10 —0.17 0.14 —0.20 —0.28
41 45 EFE vy =vF —0.22 —0.49 0.26 0.00 —0.65* —0.28
27 46 LR HHE —0.50 —0.06 —0.03 —0.20 —0.06 —0.28
16 47 EEE ayvvhy —0.56 0.08 0.26 —0.37 0.00 ~0.32
48 48  HEARIR AT Ut —1.156%* —0.36 —0.49 —0.58 0.06 —0.36
33 49  EILE EEE4L —0.83** —0.32 —0.24 0.02 —0.29 ~0.41
32 50 f®/HE Tosrhy —1.97** —0.57 —0.12 —0.58 —0.11 —0.42
20 51 fmERE F#xXe2Y —1.08** 0.26 —0.24 0.12 —0.24 —0.43
52 52 LBR  TFViE —0.46 —0.41 0.10 0.12 0.15 ~0.44
57 53 KRR FXthY —0.58* —0.13 —0.05 —0.14 0.29 —0.45
13 54 BB a3 bhY —1.38** —(0.89** 0.05 —0.26 0.11 —0.49
42 56 R Sy =¥ —0.83** —0.43 —0.37 —0.44 —0.40 ~0.49
53 56 @] rero —0.06 —0.39 0.08 0.23 —0.48 ~0.50
36 57 HEE  #HER —2.09** —1.00** —0.31 0.05 —0.36 ~0.57
49 58 RIFIE ayvhv —1.30** —0.95** —(.48 0.21 —0.46 ~0.57
10 59  ElR  EEE4LE 0.16 0.03 —0.49 0.05 —0.14 ~0.65
51 60 ABR  HEFHTEH —1.32**  —0.95** —0.69** —0.14 —0.29 ~0.75
35 61  HeRIE  RA —0.05 —0.86** —0.50 0.26 —0.37 —0.81

RO L B FNEFNREC 1 B S U THEETHL I L 2T,
THMEO** L * X Z TN 1 % L 5B THAR (O) L EEENHLI LETRT,
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Table 11 Standard error of sensory testing

(SRS SHER 0.21
IRBRK S 0.21
&D 0.19
] 0.23
#iv 0.21
=i 0.22

EHIIL, bEEENESINT S, ZibEFKE
W EBESHENT 5, Lizo TEHE, BEHE LM
B, MEHii- oM EBERHEBB IR DL
Eiehb,

LD EiE, KDY w828 ¥ ORSHIE &
FEfRIZ, KOTBERONEEMI X > THHKD
SESHENRTHL I ERTREL TV,

b) HBEKOBEERSE & AR OFMEE &

DR

FEROBBHHT L RWRHBROFHIEE & OBfF
Tid, 27, 787 B LBEFHMIC r=—0.46**
OERF AN TEEZACHEBBE S Wi, I
Bk EFEROMERT, —BZEbhTHwaXkDY
Vo B RROEDOHESEN T S,

DWT, FERFEERE & REEHE, KESKABITh
Fhr=—0.47*%r=—0.44*** DL TR b BEHE=
0. 1% TEELADHEELE S - h TR LT
EXOBEORVII AN RSN E 2 ER
TdH D30, H VR NALEYITHAEE O fk s
Iz X - THE U EREREL S o kB S
TERENDDDTH 3, LIz - T, BERFEEE S
B EREEOF D BB 2D, BETHESEL &
LI EWEZENDD, SEOBRTIIEHERE &
FEOVCREELEENR S s ot, FEEER
FEXONR L bEESHEBESR &N, KREKHMN

BOHLAERRHEESES N BHETHTH 2,
BHOD L EE, BLERBEKONAE, KK
OB, BEFE & AR 1 % T TEERMEED
Bohf, IhsBuFidKEeFERE, HENE
WeHBETEHfib B ko dbDEeHFEL NG,
BRABRORD &, ¥ &7 7 OMbEEL
LHELTWBEEFZHND RVADY — 7 #iE
B, 73us 5 L,0RESHE, Tv—2Foriky
LIZEBREENR SRR, TRIE, KERE
O R UTTF v 7 OB 2 HIE Uz
E»rOHETZ L IRETHL I LERLTNRS
EFEZoND,

iz, TI0—RDEEHLBWFEBROR D i
BRI X TERAOEENE S h, ZhiifEE
DFEFD L —F L7288, AU 7 I0—AD&6EHt
PHEL TWE EFEZ6NREREEDI - FER
B LARFEBROMD CEERLHENRE s s -
Tre THUE, REREMEC LB I—FEGEICZ, 7
IO —AEEDEVIZLIEGEORV LERICT
VT DR NDEEENFE 252 57:0TH
LrELZLNS,

3) AUHROFMEE L &SR s T OEHE
RYEBATMERBEIT THETE 228 %
Mt 570, AWRBROFMER & EEMToHE
EEE 2 HBEEHC, BRRETEE HHNERE L
TEMEEST 2Tz, ERERER 13 WRLT,
Dy BRHOLERTIE 2 DOHRAE
BEbBEIRRTEET, F5FIE 48.4%, FHH
BEIF0.24 ThHotzo UL, Bib EEWEREND
LEEZONATIU—ADEFHEEYORDY
CHRBEEBICHOCTH Y VRV EOAGHREL1% T
FET, 7Ivo—ARBEREEORPoT, IR
TI—RAWR LMD OEEDBENENLDTH
5EEzZoNh%, ALCa—FPEAED LI

RI12 RURFEEROMKETHE & hOFHEEE & o BT

Table 12 MLR between overall flavor and other items of sensory test

HE B
HE r rt fEeERE
1 2 3
2 RERCKRAEIr FD 0.78*** 0.61 0.21
2 Kipex IRERA S>>+ 0.80*** 0.64 0.20
3 RED e EH* KRR+ 0.80*** 0.65  0.20
3 HEper HH IRERASHE > 0.84*** 0.70  0.18

*E, 0 1% THRHMNCERTH L LETT,
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Table 13 MLR between overall flavor and instrument analysis
H N
T r r? AR
1 2 3
2 Hh D *xr PRZAVA Wi 0.70*** (.48 0.24
2 TId—R VLAV W 0.46***  0.21 0.29
2 I—FEEE P A4 - bk 0.46***  0.21 0.29
2 RVAE—7Z PPV Ak 0.46*** (.21 0.29
2 T Iiur T UmEE VAV A S 0.46***  0.21 0.29
2 TFIAFauA—% A3/AL1* PAVAVA - bl 0.52***  0.27 0.28
3 FED *xx P2V bk i i 0.79***  0.62 0.20
AR R ZQEBENTN01%, 1%, S THHHNKERTHL I LE2RT,

RVADQY—7, 730/ LDREMELZEDO
RbVIcHWTH 7 S a—R LK, BERIIZS
Binoti, THET S u—RA LR HD OREER
ERIhsOBEIMITIHENTZDTHL EELS
nhs,

ARWHBROK Y ORb b iz, HHEETIEE TR
ot Ay A, B EEIE, AJA, 3ER
EERTHRELRD, 53 27.3%, #HUEHE0.28
DERBB SN, ¥ &y v 7 Hic L 5EH
BEOERX DL ST,

WUy Xy B L BRI RN 2 T EAREAS AT
OFERIT, Wy, yoo32HE, BEMEL 3T
ERE 0 1% THEET, 453 62%, HHEH20.20
DFERBE S W, ERER LOTREERa R,
HERHERE 12 D T RET CEEIC R $ 5,

b, BRSEICL 2RHKOHE LBEOEL

RURSHET OFHIEE & R STHIC I, 57
Eb—I3—TERFRr=0.41"**r=0.45*** OfF
B 0.1% CHERMHEBEN, £/, ¥y XA idr=
0.39** DEME1% T, £z, =V I r=0.31*
OfERE 5 % TEERHERR S iz,

F—g DA 3EEDY Y, Y XAH, =V
LEFRI IR & ) BRBATHEHEL T
b, £IT, IN5ZEBEXD 3 WLIXKECKkD
BT 2EENTELTVwE LE L, RTEDARE
HEEME & BERAIMTOFE D 5 0 IENE % SR
12, RSRIB-ETHI % B i uc ST 217 - 72,
BREZRUCRLEZEI K ThoBEoRs
RETHIOMERERAE L, Lied 2T, A
5 OB ST L DRBEROABROBHR ST D A
AT, BHOB%SHETOHEME L b TEHE
PITZEREL D BBELA LT 228, £ oEsER

R4 BETHE & BT BB & 2 BB
Table 14 MLR between overall flavor and sensory
tester, instrument analysis

RIS BEan r o e
W R 0.56*** (.31 0.27
IR BREE 0.5 0.26  0.28
=var B 0.43**+ 0.19  0.30
~va EF(E) 0.36*** 0.13 0.3l
VRL A BN 0.56*** 0.32  0.27
Y ARF H* T () 0.43*** 0.18  0.30
f—3 B 0.50*** 0.25  0.28
b—g—* @K 0.50* 0.25  0.28

MR IOESENENR0.1%, 1%, 5% THE
HFIZHETH S Z EERT,

Z30.2725 0.31C, BWRBROKY L5y
BTHELNLAERERZED 0.24 LV idFH o7z,

BoRBERALI YA DIIE, AKEHOE
DICHET ARERERD ANDILERDHE LD EHL
ShpH, HFY LXK, BRKOY R 7EEE
BELAOHBBENRTHE L0, FOMOEH
LEESHESESLTOURY, I, T
RERL THID THIET 20 THY, KBk TOE
DT AMBOTIRT-oTE LT, TkHLWI
BERORETORB TR I L TwiEWLL
HEEZOND, BERSETOMERE 2R L3¢
57D ES B I OETOEMBRSEE LS,

¢, ERADIC L 2EERBESTHENHRE

b, OFEZIZLD, BRI TORKSHE OES
BHETE 72, 22 TDEEKA S HE
NIRS6500 12 & 2 M8 ORWRETHEOHEE & #E
BEOM LDRAALEfTo 72,

15 1, AP A EFAK 2O LT3 AR THY
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V7v—varEERL, B O 305k CWBEE %
[TolfRERLILDOTH S,

HEEMMEHAW Y ) T —y g VIR &
Fik, KTOFETIER L), Thbb, £3°, ¥+
D7V =Y a v HADARY P VORERE L BWRBE
FHG L OB T EITY, Yoy b (HEEX
gz, MEBEMEREZYEIIZE 572 b D) BIERL 72,
DER, ZOHBEZey b saOEBERTE—
I7DHL, TELRIZEobRbOEMELE,
Zhit, SR —213/ 4 ADOEREMSH 255
ThHbe THOLTHHBLILEEZSE IBEEICLT,
EHEINETE 2, BIEEPREL.

DEWR, BEEERDOMHEINOEROBHES R
HBEID, VI FIVARI I NVIZEDF YT
V—a YOVER BT oo 2 RS AT P VI
F2%x )7 v—varTRELLELEEE TR
FWT, 83EEDAEHMINE THE L /2,

DWTPLS #AWleFy ) T —va b A
WIEEK L7z, ¥, BEMBESTTICL2F+ ) T —
vay, PLSZAWVF v Y T —va vy OERIC
i NIRS6500 B D ¥ 7 » w7 T &H % NSAS
(Near-Infrared Spectral Analysis Software) %
FERLZ,

BIRABROMEFMOE#IEIIRIL IR
E3120.22THBDT, F¥v ) T Vv—yarp
SEC RUMREED SEP 12 Z OB TE 2170w
DOBLEE LWV, BHECLZF ¥V v —vay,
PLSWKK & BF+Y 7L—va> & s SECIX0.22
5 0.30 T, TRLVBEXOTB—RICEENR
Polz, THIRAWEBRET I IRBCILWEETH
FLRABHMERESENR TS Z L RERT 5,
Efe, B UTHEIE L AHRO E £ HIE L35S
LTOVEBEXRE, o, JHIIBERORIE ¥V ITk
EFELUTHEL ), BOBELEROETEOH
BoEEZLobEbSY, HBIEEOIESDE
BREDSEHTHALIEEION D,

BRUL-ERRBOROBOF vV 7T —va v
T2 2,100 nm & 2,180 nm DITFHRAED 2 @R
TRKEOEHREMATZ D > Twh, 2550
THUIEI12, 2,100nm & 2,180 nm X% > <7
Be#ERy2EETHY, b, O, WEOARERSHT
SrofEMIc I OBRENMZ 5 L BROHE TR
ERELET 2 DERE—FKT 3,

TTCREwRUIEDE, MYy 782HoN
HRRRETMMIIEERCHETE S, £, F2
WP TR L&, ERASHEE LD 8y

x5 BEAFMF+V Iv—var—&
Table 15 Calibrations for overall flavor

Fy) T v—yvav WREF
ARz b TiE MR PR e SEC r ©  BIAS  SEP r r2
1 2 3
RS FEREIR Wk BE 1650 2,000 574 0.25  0.64*** 0.41 —0.103 0.30 0.46*** .21
W A 1,650 2,090 466 0.29  0.46°** 0.21 —0.113 0.3¢ 0.4  0.02
WK B 2,004 2,180 440 0.25  0.63*** 0.40 —0.064 0.30  0.45*** 0.20
Bk LB 2,022 2,200 778 0.22 0.74*** 0.54 —0.077 0.25 0.68*** 0.46
B FEGER WK B 1,650 2,000 572 0.27  0.55*** 0.30 —0.111 0.3¢ 0.27*  0.07
Tk 4K 1,650 2,000 576 0.27  0.57*** 0.3 —0.122 0.3 0.32*  0.10
WAk BF 2,100 2,180 426 0.25  0.65*** 0.42 —0.087 0.28  0.56*** 0.31
WK &R 2,002 2,200 450 0.27  0.57*** .33 —0.112  0.27  0.62*** 0.38
2 %5 PLS 5% S ) 0.24  0.66*** 0.44 —0.086 0.30 0.45*** 0.20
Tk oK 0.27  0.48*** 0.23 —0.084 0.3¢ 0.14  0.02
BEK R 0.24  0.66%** 0.43 —0.070 0.30  0.47*** 0.22
BEE S 0.26  0.55*** 0.31 —0.110 0.30 0.48*** 0.23
=t PLS e 1 0.29 0.33* 0.1 —0.080 0.36 0.07  0.01
bw S ) 0.27  0.50*** 0.25 —0.118 0.32  0.34** (.12
Bk W 0.30 0.26*  0.07 —0.084 0.35 0.06  0.00
BEk ok 0.25  0.60*** 0.36 —0.112 0.28 0.55*** 0.3

EET SIS
’

, i OMBEMRES E TN 0.1%, 1%,

5% CHETHIICER TH B Z E2RT,
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g6 HHOFr YT V—var—E
Table 16 Calibrations for Cohesiveness

Fy)T—yav WREE
ARZ MV KR MR PR %R SEC r ©» BIAS  SEP r P
1 2 3

9% EMEE OBk O BF 512 794 1,050 0.33 0.49%** 0.24 015  0.24 0.18  0.03
Tk 4R 2,410 2,342 1,618 0.28  0.67*** 0.45 0.22  0.24 0.31*  0.10
BEX MR 614 830 1,744 0.30  0.58*** 0.34  0.16  0.28 0.40** .16
BECK SR 842 2,446 2,154 0.28  0.66*** 0.43 0.14  0.25 0.50*** 0.25

2kBS  PLS Tk B 035 020 0.04 016 021 0.25  0.06
Sr S ) 0.3 0.32* 0.1 0.19  0.23 0.22  0.05
Bk BR 0.35  0.17  0.03 0.15  0.20 0.41*** .17
BEE Sl 0.32 0.44** 0.19  0.18  0.20 0.44*** 0.19

w3 2 BRI ENEN0.1%, 1%, 5% CHEMIICEETHS I LETT,

BRIBERCHETE 20T, Y sSEHRasEk
TRERSHEETENIRKBSTM L BER
ETEBEEZOND, ¥ 2 TAWRESTHE & [
OFIETREFEMOKD OF v+ ) T —v 3 24F
BLize BRERIGICR L, 25, ZOF ¥V
TVv—va ik AHEBELER SR L RS
2% B TRWESTH % B AL LT ERES
BT ot BRIIRIT IR L L S 1o, ks
T0.27~0.29 T, RER ST 2 EHE+ v U T —
vavlcbDikD bEERL -7, ThiE, Ik
SRR L - TR 2RER(HETET
WEWIEERRLTWEbDEEZ SRS,

UEDZ Edd, ERNGHED A TIIRREE

£17 NIRW L 2HD PV 87 BOHEEL S DB
A OHEE

Table 17 Estimations for overall flavor with NIR
estimation of cohesiveness and protein
content

12y Fy)F—vay ERBEDOBER

AR MV K NR PR r 2 R

2R EHE XK i 0.46*** 0.21 0.29
B S e A 0.50%** 0.25 0.28
BEk MR 0.46%* 021 0.29
BEE £k 0.59* (.34 0.27
2RMS PLS K BB 0.48*** 023 0.29
LK £ht 0.53*** (.28 0.28
BHX BR 0.48*** (.23 0.29
BEX 2K 0.53*** 0.28 0.28

WEEDO* L * 3 F0EN 1 %8B L 5% THIMCEE
THEILETRT
BRI D*** i3, 0. 1% THETHA I LETRT,

FHAOBERWHERIES TR L, AT 57
BHABOEREED OBRERD Ak EORBIF
BROBBETHBEELZ SN,

C. RDEZR, WEAEHNRBICSAsHEL
RENEBDHE

1. B =]

KOAWRBER, EHHC X > TEHY 200k
Wb 5, £F, ERAEDRKICE 2 ZHE TR,
INREL 1o % AL REIR L 7ok G B R L 72k
£ D BEWENE B L Wb TV 5539 &R 56 |3
Bl oA o TR L 72 Bk 38 2 1R sk
THIRT 2B THET 2 BRETERICOWTR
L, ERbORENCERT KR ORI FAE,
BRI, KSR O B IRRAE R U RS O $ 381
REBAERETORRTH S Z &, BKRILEWNEE
BT 555, VKSR UCBEERBENEGIE C AR
METT 5L, HEAROARKE TSR
FHBIME <, ARPETT 2 BAIIRFETE
S5%DBAME BT 3, L EOFEREEL,

—7, FEAELARCEELE 2 BRSNS
D, BF 39 SEOLKROADIEEZLT 8 HFM
DEFRRBR TV, KROKRBFECRITTHELR
EL, KEOKY, FEbD, SEEREEOB
HER RO, WOERL EOREDHRY
WEDERT B 2RBIE L,

IDX S, B EEFRAESKOME, A%
228 3rhThillflcisng 2 L%
<, WH BN T L 2z dn v, 22T,
RETIR, GHEEERERY, EERAE AR
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EEACEZ L&, PO L3 CHEREHT 5,
F72, ENDULFAARTZ pNICED L I ICEEL,
Fiz, Blo TR AT Mvd o EOEE 3
TE 22, BEtEfT-o72,

2. EBRAZE

a, #HESH

AR 1991 AL EE RN E 225 125)]
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Table 18 Results of drying for Kuikul25

- - % 5 , e ELeran
— PMEE  RRE g EER BER RS
kg)  (m¥fsep)  amt B BT (h) (%/h) 0
O (%) (%)
BEABREEE 818 0.92 17.6 25.6 17.3 29.5 0.28 20.8
BN SR 818 0.98 31.4 25.6 15.0 16.5 0.64 30.7
TR K18 678 2.50 53.1 25.6 16.0 12.0 0.80 29.8
B SRR R - — 15.0 25.6 16.9 15.0v 0.582 -
1) ERBERO T 1, B D O T SR
2) HRGBOLEINES L CEREOBIEZATh (B) BXU (%/B)
£19 ZFH 125 BREHIORRT — 5
Table 19 AMeDAS data during natural drying of 40
Kuikul25
A i HHEE  OBEE RkE 30 -
191% 3y B BE T BE o
H H (O (O €O (% (% S
9 17 16.2 22.6 9.9 69 34 10.1 0.0 &
18 17.0 23.6 11.0 70 42 8.0 -
19 15.7 20.1 10.1 67 42 1.0 — 10
20 16.3 21.0 13.3 66 51 2.0 0.0
21 13.7 21.0 11.0 78 60 0.2 2.5
1 1 1 A
22 15.2 21.7 10.6 90 68 2.4 56.0 0 10 20 30 m 50
23 15.4 20.1 11.5 85 61 2.8 0.0
8RR hr)

24 159 21.2 11.4 79 48 7.2 3.5
25 155 19.7 9.5 70 40 9.7 1.5
26 14.0 21.2 6.7 64 32 11.1 -

27 13.7 149 11.3 8 63 - 13.5
28 16.4 22.3 12.7 92 80 0.4 17.5
29 12.9 17.6 85 74 47 7.1 1.5
30 14.2 203 7.9 72 32 7.6 0.5

10 1t 13.1 183 7.6 78 57 8.5 -
2 151211 7.8 78 60 8.5 -

Fiy 15.0 20.5 10.1 76 52 5.4 6.0
3 17.0 23.6 13.3 92 80 11.1 56.0
=& 12.9 14.9 6.7 64 32 0.4 0.0

e R RS R  EEREERE 17.6CT, B
20.5h EL, HEEEIX0.28%/h £ BEBERANE
IR T 1.8 OB 2 LT L L, B
iR 20.8CTH - T

IBTARIE D LKA L, BREIED 16.2%, &
B KR 15.6%, BRI AT ES 15.9%,
BEARGEEEN 16 2% Th o1,

b. IFEOEEEHER

18 wHESE L KRAEOENREDELE
TRUTz. HEAERBELMBLHEINTW Y

Xi6 (7% 125] OFEAKREZETOREDOEL
Fig. 16 Grain temperature changes during batch-

dehydrated air drying of Kuikul25
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Fig. 17 Grain

temperature changes

during

recirculating-heated air drying and batch-
heated air drying of Kuikul25
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Fig. 18 Indoor temperature changes of non-

controlled and controlled warehouse during
storage experiment
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Table 20 Analysis results for brown rice of Kuikul25 (before storage)
Vi THE BrE
BAR v b B 3
PB-1D 135°C 105°C <1.8 1.8< 1.9< 2.0< 2.1< 2.2< Mean
(%) (%) (%) (2) (%) (%) %% (%) (% (%) (mm)
EE A 15.5 17.2 162 20.9 0.0 0.5 100 23.4 595 6.6 2.1
HER K182 14.9 16.7 15.6  20.4 0.1 0.7 126 26.4 56.7 3.5 2.1
TERA K T804 15.2 16.9 15.9  20.4 0.1 1.0 13.0 31.3 50.5 4.1 2.1
BE AR 15.5 7.2 16.2  20.6 0.1 0.6 10.9 26.1 575 4.7 2.1
HARE ikl
-2k A R OAPE R EEN O BR RGN B RY OB B fER
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
EHRM % 93.0 2.2 0.0 4.2 0.1 0.1 05 0.0 24 05 29
BENKER 937 1.9 0.0 4.1 0.0 0.1 0.0 0.0 15 0.4 1.9
B KR 93.0 1.8 0.0 5.0 0.0 0.1 0.0 0.0 1.9 0.1 2.0
HEAREEE  93.0 1.8 0.0 4.9 0.0 0.1 0.0 00 09 0.0 0.9
TR il - S
FIRTEN B e = -y
A b & w i fesy W ER ©) EE (g/ﬁﬂ ) HoOEME
(%) (%) (%) (kgfh)  (kegl)
=Py 7A ] 1.3 75.3 24.0 61.8 3.7 5.0 14 .4 61.7 824.4 51.3
BERANES 2.7 76.7 207 59.3 4.1 5.3 13.9 65.2 821.7 45.1
EEAASER 0.0 78.0 22.0 61.0 3.9 5.2 14.1 70.3 821.0 47.4
HEABEES 0.7 73.3 260 62.7 4.0 5.4 14.0 67.5 817.7 45.8
INSTALAB 600
N Ky vuRoE 5N IE Be fhEs s RFEH  FIHE
R i Gs%M)  (mgKOH) (%) (%)
(%) (%) (%)
HRE 11.0 8.4 8.0 58.5 22.0 22.7
BHENAERE  10.3 8.3 7.8 60.9 21.5 22.0
Rk 10.4 8.3 7.9 60.6 26.2 26.7
BHEARGEZE 104 8.2 7.8 63.1 21.3 21.8

HBETD3IHAM, BlEBRenEr»o7,

O oEE TR BT 2 BXRE 0L
L, BEMEMLE, INdid, TREEFONTH
DL, RREEONOERA ML, % OREE
BERENEOL, HEMNENLZbDeE L 5N 5,
EEIRERRS o7,

F24 CEHKOIBEDOAHTRRER L, &8, &
BTIRTKIEE DRSO > b0EkR 51, ¥
Ebhbv16:0 SVEFUEE), 18:0 (RFT7 V¥
), 18:1(Fv4 VB, 18:2(V / —VER), 18
3 (Vv KDOWTHRE L7,

SIRE O#EKIE, T 5 OINEERERO L HKISHE
OGRS & 1 iZ—B L7z,

B 19 i figfs®eE & £08E (TL) 0 FFA & TG
DH (FFA/TG) OBMRERLZ: DT, IRIFBE
PIINY % & FFA/TG b E#BAN ML 7z, I8
PHEEEE 1, ZKIEE DS b OPHEIEE S Y N—-FiZ
X DK RS MERE LT, BRI OBERL
72bDTHB, Lid-> TENERE X FFA/TG t
LIXAEEERH D, Zh o OENEINT 3 L EKOEF
DRBT 2 EEbRS,

D&z, EIHEERE & SASE OIS IR L DR S
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Table 21 Analysis results for milled rice of Kuikul25 (before storage)
77 b BESE VG Hep HE BNE BEREE INSTALABG600
Ty b ¥ &KEr AV ]
PB-1D 135°C 105°C as-is(%) (15%M)
(%) (%) (%) (%) %) (%) (=) (%) (%) (%) (%)
BRER 90.5 14.7 16.8 157 3.5 30.9 100.9 24.0 10.6 7.6 7.2
HENKEER 90.5 14.2 16,5 15.4 3.6 31.4 103.6 25.5 10.9 7.7 7.3
TEERAAK ek 90.5 14.4 16.6 155 3.4 31.6 105.8 25.9 11.0 7.8 7.4
HEAREE R 90.5 14.8 17.0 159 3.3 31.3 105.3 24.8 11.1 7.7 7.3
BERE R wOBR OB TERsEEE AME RETK TIiarss7
iRk ER EHERS 93— FEAE REWE Sv—2rFvy
(%) (g/200 m&) (=) (mgKOH) (g/8) (%) (%) (BU) (BU)
B R R 82.8 0.26 0.16 30.3 828.5 66.0 19.4 460 199
RN KT 84.6 0.29 0.14 21.7 830.6 65.4 18.9 478 210
TEERAK SRR 84.8 0.30 0.14 23.9 824.4 65.6 18.8 468 200
HiEAREE R 80.5 0.28 Q.15 25.7 822.4 65.8 18.8 485 219

ME{Tol, FHREERB WRLI,

Yasumatsu 53 i, ¥ 6 # H Tl EARE &
% o TEHE U - TERERS RSB O BE R BERH AR I3 213
ol LTWw, Linl, KL T, #2517
ALk o, 90 AREEOIIFEEE & RN
BB REEIEREE L ORIIC 181 0 L fERE 5 % °F
BLEOMHEAN, BI1LRBRIXTEERZED
HEBEAS, 182 LfEME 1 B THERADOHE,
18:3 LB 5 N TERELAOHBENE s,
Thebb, IRIFBENERET 2L 18:2 & 183
WAL, 181 1 288% AN E S hiz, Thi,
HEERE B R ORI S BER I L DB &
, FFIEEREE O AMICEL L T T EERLT
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OEMOKBRTHZ EHE 2615, LrL, F0OM
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ffFonizdbobwnz 3,
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Table 22 Analysis results of storage experiment for brown

rice of Kuikul25 (1)

WS ¥R SRR R A RRAZRE R TERARA RS> LEH B R
135°C 105°C L a b FEIE

[0=D) (25) [€29) (%)
iR B 0 17.2 16.2 51.7 .3 .4 15.7 14.4 61.7
i B 6 16.9 15.9 53.0 .2 .1 15.4  13.7  60.1
HE W BHIAR 9 17.3 16.3 53.2 .3 .2 15.6 15.1 47.8
TEUR wE [} 17.2 16.2 51.7 .3 5.4 15.7 14.4 61.7
R wE 6 17.3 16.3 52.4 .3 .3 15.7 14.1 61.1
B i 9 17.3 16.3 53.3 .2 5.3 15.6 15.0 41.1
(EHE (< 15°C) ; 0 17.2 16.2 51.7 .3 .4 15.7 14.4 61.7
1SR (<15°C) 6 16.9 15.9 53.1 3 1 15.5 14.6  58.1
{8 (<15°C) 9 17.1 16.1 53.2 .3 .2 15.6  15.1 _ 62.8
1B (<15°C) 0 17.2 16.2 51.7 .3 5.4 15.7 14.4 61.7
1B (<15°C) 6 17.3 16.3 53.1 .3 .2 15.5 14.2  63.3
1B (<15°C) 9 17.3 16.3 53.1 .4 .3 15.7 _15.3 __ 60.9
R0 °C) 0 17.2 16.2 51.7 3.3 5.4 15.7 14.4 61.7
A sE(0°C) 6 18.2 17.2 52.6 3 1 15.5 14.9  60.3
HRA(0°C) 9 18.8 17.8 53.3 .3 .3 15.6 14.9 " 53.1
KA (0°C) 0 17.2 16.2 51.7 3.3 4 15.7 14.4  61.7
K £ (0°C) 6 17.1 16.1 52.4 3.2 1 15.4 14.6  62.4
KA (0°C) 9 17.2 16.2 52.7 3.3 .2 156 14.6  63.4
HBIER (—15°C) 0 17.2 16.2 51.7 3.3 5.4 15.7  14.4 61.7
HBIEHR (—15°C) 6 16.3 15.2 51.9 3.4 5.0 15.4 14.7  60.1
B (—15°C) 9 16.4 15.3 52.6 3.3 5.0 15.4  14.6  58.2
AEEE (—~15°C) [ 17.2 16.2 51.7 3.3 .4 15.7 14.4 61.7
BB (—~15°C) 6 17.2 16.2 52.1 3.3 .0 15.4 14.5  61.9
a4 —15°C) 9 17.0 16.0 52.5 3.4 2 15.5 _14.7 __61.8
0 16.9 15.9 51.7 3.2 5.8 16.1 14.1 70.3
il 6 16.7 15.6 52.4 3.2 2 15.5 14.3  68.5
FE&;&J@‘J?@M‘: 9 16.9 15.8 53.0 3.3 .5 15.8 150 _60.4
TEEA K ITEIR [y 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
TEBRFK STHER 6 17.1 16.1 52.8 3.3 2 15.6 14.3  67.6
TEBRF K ST HEAR: 9 16.9 15.9 52.7 3.2 .5 15.8  15.0 51.8
TEE K Sk 1B (<15°C) 0 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
[ W sl ] 1B (<15°C) 6 16.5 15.5 53.1 3.3 .3 15.7 14.8 68.2
FEBRFK ST 1B (<15°C) 9 16.9 15.9 53.0 3.4 .5 15.9 15.0 73.4
AR K II IR 1B (<15°C) 0 16.9 15.9 51.7 3.2 5.8 16.1 14.1 70.3
AL TIER B (< 15°C) 6 17.0 16.0 52.8 3.4 5.3 15.7 14.4 64.8
TRERT K SRR 1B (<15°C) 9 16.9 15.9 52.9 3.3 5.5 15.8 15.0 72.4
TET K TTE IR K (0°C) 0 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
TERA NI TREER AL 0°C) 6 18.8 17.8 53.0 3.3 .4 15.7 14.5  36.1
TEBRFKFTELR A 0°C) 9 18.7 17.7 52.7 3.3 .5 15.9  14.7 __ 43.6
TEBE UK IR RHC0°C) 0 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
TEERINA FT R R C0°C) 6 16.8 15.8 52.6 3.3 .2 15.6 14.5 72.7
TR KSR A0 °C) 9 16.7 15.7 52.6 3.4 .4 15.8 14.9 73.8
TEBRFA STHELR ABIKIR (—15°C) [ 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
BTN ST HENR ABIK IR (— 15°C) 6 16.8 15.8 52.2 3.3 5.3 15.7 14.0  72.1
TEBREAK SRR ABIEIR (—15°C) 9 16.0 15.0 52.5 3.3 .2 15.6 14.4 68.7
PETAR A ST BB (= 15°C) 0 16.9 15.9 51.7 3.2 .8 16.1 14.1 70.3
TEBRR A S TR 6 16.9 15.9 51.9 3.3 .2 15.6  14.1 72.2
PEERR A FTHERR SR (— 15°C) 9 16.8 15.8 52.2 3.4 .3 15.7 14.3 74.1
R UK SRR SR [ 16.7 15.6 51.4 3.2 5.7 16.0 13.9 65.2
TR UK SRR TR 6 16.6 15.6 52.7 3.3 .2 15.5 14.3  62.8
HEESUK SR IR 9 16.9 15.9 52.8 3.2 .5 15.8 14.7 _61.1
R KR HR 0 16.7 15.6 51.4 3.2 5.7 16.0 13.9 65.2
TR K Sy R iR 6 16.8 15.8 52.4 3.3 5.4 15.7 14.3 67.7
HE K SRR R 9 17.0 15.9 52.8 3.1 5.5 15.8 14.7 61.9
AT K ST 8GR B (<15°C) 0 16.7 15.6 51.4 3.2 7 16.0 13.9 65.2
IR {BH(<15°C) 6 16.5 15.5 52.7 3.2 5.2 15.5 14.5  62.5
BRI 1B (< 15°C) 9 16.8 15.8 52.9 3.3 5.4 15.8  14.9  68.8
iR R A T T AR (& (< 15°C) 0 16.7 15.6 51.4 3.2 7 16,0 13.9  65.2
BT A S B (iR (< 15°C) 6 16.9 15.9 52.4 3.3 .3 15.7  14.2 63.7
FFIE I STE IR 18 (< 15°C) 9 16.9 15.9 52.6 3.1 .4 15.7 _ 14.7 _ 62.2
TR UK TSR 0 16.7 15.6 51.4 3.2 5.7 16.0 13.9 65.2
HRE R A TT R 6 18.9 17.9 52.7 3.3 5.3 15.7 14.4 45.1
Wi NI e R 9 18.5 17.5 53.0 3.1 .2 15.6 14.8 26.2
BREE LXK T R KA(0°C) 0 16.7 15.6 51.4 3.2 7 16.0 13.9  65.2
BRI FK SRR Ik £3.(0°C) 6 16.7 15.7 52.3 3.2 .2 15.6 14.2  67.7
T £ 52 K ST AR IR0 °C) 9 16.5 15.5 52.3 3.2 .4 15.7  14.6 75.7
FRIE A SR B (—~15°C) 0 16.7 15.6 51.4 3.2 5.7 16.0 13.9 65.2
FRIE AKX ST ABIEHE (—15°C) 6 16.7 15.7 51.9 3.2 1 15.4 14.1 65.0
P S AR (— 15°C) 9 15.2 14.2 51.7 3.2 .3 15.7 14.4 62.2
IR A K TIHEER IBIEE (—~15°C) 0 16.7 15.6 51.4 3.2 5.7 16.0 13.9  65.2
TIE K SI8E0R HBIEH (—15°C) 6 16.4 15.4 51.9 5.3 15.7 14.0  66.2
TR K ST SR AR (2 15°C) 9 16.5 15.5 52.1 3.2 3 15.6 14.1 65.0
T [ 2 B B B AR TR 0 17.2 16.2 51.7 3.3 7 16.0 14.0  67.5
i AR R TR 6 17.1 16.1 52.8 3.2 .0 15.4 14.4 63.3
R R BRI wis 9 17.4 16.4 53.1 3.1 .4 15.7 _14.8  61.4
¥ A BRI HEAR R [ 17.2 16.2 51.7 3.3 7 16.0 14.0 67.5
BEATRIBE R iR [3 17.4 16.4 52.7 3.3 1 15.5 14.3  66.6
T R IR R 9 17.5 16.5 53.1 3.2 .4 15.7 14.8  27.3
AR RS IR (B3 (< 15°C) 0 17.2 16.2 51.7 3.3 7 16.0 14.0 67.5
R %p,%@ﬁg@ {E# (< 15°C) 6 16.8 15.8 52.8 3.3 .3 15.7 14.6  64.5
B85S 1B (<15°C) 9 17.3 16.2 53.0 3.4 .5 15.8  14.9  69.1
(iR (<15°C) 0 17.2 16.2 51.7 3.3 7 16.0 14.0  67.5
1B (< 15°C) 6 17.4 16.4 52.8 3.3 .3 15.7 14.3  64.3
1B (<15°C) 9 17.4 16.4 53.3 3.3 5.4 15.7  14.8  61.2
K (0°C) 0 17.2 16.2 51.7 3.3 7 16.0 14.0 67.5
KA (0°C) 6 18.9 17.9 52.6 3.3 .3 15.7  14.2 39.0
ARA(O0°C) 9 18.8 17.8 52.8 3.3 .4 15.8 14.8  35.2
SKE(0°C) 0 17.2 16.2 51.7 3.3 7 16.0 14.0 67.5
Sk (0°C) 6 17.2 16.2 52.4 3.3 3 15.7  14.2  66.0
ﬁﬁﬂ[&%ﬁm@ KA (0°C) 9 17.1 16.1 52.9 3.3 .4 15.7 14.7 80.7
L S R ABIEIR (—15°C) 0 17.2 16.2 51.7 3.3 7 16.0  14.0  67.5
T S HEER (—15°C) 6 16.8 15.8 51.8 3.3 .1 15.5 13.9  60.3
TH 102 SR U B BBIEIR (—15°C) 9 16.2 15.2 52.2 3.3 .2 15.5 14.1 54.0
ﬁfﬁ‘t‘,l}%ﬁﬁz@ AEER (—15°C) 4] 17.2 16.2 51.7 3.3 5.7 16.0 14.0 67.5
i RBIEMR (—15°C) 6 17.4 16.3 51.7 3.2 5.2 15.6 14.1 63.2
ABIEYR (—15°C) 9 17.1 16.1 52.1 3.3 5.5 15.8 14.3 68.8
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23 HHE 125 HIEABLRIER(2)

Table 23 Analysis results of storage experiment for brown rice of Kuikul25 (2)

kTR R TRE R XE AFREFZHE  RFROBIRY Lo REMEAD INSTALAB600 Jitagivagicidne SeIFyy  FEIFEX
AKEy  FoSPE F N Rg
(as-is) (15%)

D (96) (%) (95 (%) (mgKOH) (%) (%)

T AL DR B BARK 0 51.3 1.0 8.4 8.0 58.5 22.0 22.7
B 2RE R B B 6 49.8 10.3 8.1 7.7 70.5 27.2 28.2
ElIREEHR HE R BAfi 9 37.8 10.7 8.2 7.8 91.1 11.8 12.5
Bl #RnEhR HE R s 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
1 SRNEIR HR P 6 48.7 10.1 8.1 7.7 72.5 22.0 27.5
5 PREE IR iR e 9 48.3 10.7 8.4 8.0 74.0 10.8 10.8
B SREE IR &R (<15°C) BRI 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
B PRREAR (S (<15°C) Bt 6 49.9 10.6 8.1 7.7 74.3 28.0 28.8
B SRR B (<15°C) BRML 9 46.5 10.6 8.2 7.8 83.2 24.7 26.3
5 AREEAR (B (<15°C) T 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
Bl IREG R 1 (< 15°C) EE 6 47.0 10.2 8.1 7.7 72.1 22.8 23.8
1SRRG 1R {38 (< 15°C) et 9 42.3 10.8 8.3 7.9 77.1 9.7 10.8
E FREERR AKEH(0°C) Bl 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
B REERR ke (0°C) BT 6 48.6 10.8 8.1 7.8 70.6 20.8 22.5
(St A 2k (0°C) BE 9 48.5 10.8 8.2 7.8 91.6 3.7 6.3
R K#(0°C) HmE 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
] HKAHE(0°C) EE 6 49.4 10.6 8.2 7.8 65.2 26.8 27.3
B SREENR HKA(0°C) wEEr 9 48.5 10.8 8.3 7.9 75.0 26.0 26.2
B SREE FEIER (—15°C) B 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
B SREERE ARSI (—15°C) B 6 52.8 10.4 8.1 7.7 47.9 46.7 47.5
Bl FREE R AREIR (—15°C) B 9 55.2 10.5 8.4 7.9 66.5 21.5 24.0
ey HBIER (—15°C) EES 0 51.3 11.0 8.4 8.0 58.5 22.0 22.7
B PRRE AR IS (—15°C) st 6 51.8 10.5 8.0 7.6 48.9 41.3 42.0
2Rz BRI (—15°C) it 9 52.7 10.9 8.2 7.9 67.0 18.7 19.0
TERF KRR Wik B 0 47.4 10.4 8.3 7.9 60.6 26.2 26.7
TER AR B B 6 49.3 10.2 8.1 7.7 71.7 33.2 36.0
TEBRE A SRR B B 9 31.0 10.5 8.2 7.8 91.4 10.8 11.5
TR SRR B R 0 47.4 10.4 8.3 7.9 60.6 26.2 26.7
B FIERR W i 6 47.5 10.5 8.1 7.7 71.8 20.2 20.2
TEBRX SN BT st 9 30.7 10.5 8.2 7.8 86.9 5.5 6.5
TERAXITEEE KR (<15°C) B 0 47.4 10.4 8.3 7.9 60.6 26.2 26.7
B A ITHELE KR (<15°C) BEAZ 6 47.3 10.3 8.0 7.6 75.3 24.7 25.3
TEBRF A FIHEME KR (<15°C) BEfZ 9 37.6 10.6 8.2 7.8 89.6 28.8 28.8
BRI KR (<15°C) xS [5} 47 .4 10.4 8.3 7.9 60.6 26.2 26.7
TERAKITEERR KR (<15°C) S 6 46.1 10.5 8.2 7.8 75.8 24.2 25.3
TEBRF A ITHERE  {KIR (<15°C) @t 9 40.0 10.6 8.2 7.8 83.6 7.5 9.8
PEBRN A Syt RA(0°C) Bk 0 47 .4 10.4 8.3 7.9 60.6 26.2 26.7
TEREK SRR kAR (0°C) BRI 6 44.6 11.0 8.2 7.8 76.1 26.5 32.7
TERF A SRR ok E(0°C) BafR 9 43.0 10.7 8.1 7.7 108.5 0.8 1.5
MERIUK SRR NE(0°C) P 0 47.4 10.4 8.3 7.9 60.6 26.2 26.7
PEBZCKSIREE IKE(0°C) st 6 49.3 10.7 8.3 7.9 66.6 33.2 33.5
TEBR K FIBehE KA (0°C) [ als 9 47.9 10.5 8.1 7.7 81.6 9.0 12.3
B A FITERR  ABEER(—15°C) BH% 0 47.4 10.4 8.3 7.9 60.6 26.2 26.7
TEBRFA ST AB(ERE (—15°C) BHAK 6 48.7 10.4 8.2 7.8 53.8 42.7 43.8
TEBRA KT AB(EE (—15°C) BRY 9 54.2 10.6 8.3 7.9 80.1 22.0 26.5
TEBR AT ABIER (—15°C) EE2 [ 47.4 10.4 8.3 7.9 60.6 26.2 26.7
PERIFK IR BIER(—15°0) EET 6 50.1 10.5 8.3 7.9 47.2 31.7 32.7
VEBRIN A Jyuehs  #B{EHR (—15°C) ikt 9 48.8 10.7 8.3 7.9 71.2 30.0 30.8
UK TR Wi BRI 1) 45.1 10.3 8.3 7.8 60.9 21.5 22.0
BREFUK IR WR BRI 6 49.1 10.2 8.3 7.8 74.3 22.2 23.3
FRE UK SIRENR  HUR BRI 9 35.8 10.5 8.4 8.0 86.7 6.2 6.2
BRI WiR EE ] 45.1 10.3 8.3 7.8 60.9 21.5 22.0
RS TG BB oo 6 48.5 10.3 8.1 7.7 72.7 15.2 15.0
MR SIEER R st 9 27.2 10.6 8.2 7.8 84.0 6.8 7.0
WEAKIIEEEE  (EIR(<15°C) BRI 0 45.1 10.3 8.3 7.8 60.9 21.5 22.0
I IIEERR (BB (<15°0) BaM 6 47.8 10.3 8.3 7.9 80.8 24.0 25.5
UK IR BB (<15°C) BRM 9 37.8 10.5 8.2 7.8 93.5 4.7 5.0
BRESUK IR BIR(<15°C) oy [ 45.1 10.3 8.3 7.8 60.9 21.5 22.0
FEEUCK IR BIR (<15°C) @t 6 49.2 10.3 8.1 7.7 74.6 17.3 18.5
BRE K SR ARIR (<15°C) EEt 9 41.3 10.5 8.2 7.8 93.2 7.8 10.8
PRER AR KA (0°C) BT 0 45.1 10.3 8.3 7.8 60.9 21.5 22.0
RTINSk (0°C) B 6 46.9 11.3 8.2 7.8 78.0 11.3 11.7
K SIEEEE  IKEI(0°C) BH#K 9 32.4 10.6 8.2 7.8 124.6 0.0 0.8
WK IEERE KA (0°C) X2 0 45.1 10.3 8.3 7.8 60.9 21.5 22.0
FHEFCK IR kAR (0°0) et 6 50.3 10.1 8.2 7.7 68.4 25.0 26.5
HREF A SIFERR kA (0°C) wt 9 47.5 10.4 8.3 7.9 89.0 22.2 22.7
MEIUK /IR EER (—15°C) B 0 45.1 10.3 8.3 7.8 60.9 21.5 22.0
R KIS R (—15°C) BE 6 51.2 10.3 8.2 7.8 53.8 44.0 44.5
MR FUX S AEKE (—15°C) B 9 52.7 10.2 8.3 7.9 70.0 14.5 15.0
A IIEEER ABIER (—15°0) @t 0 45.1 10.3 8.3 7.8 60.9 21.5 22.0
A IIEERE  ABER (—15°C) oo 6 49.4 10.7 8.3 7.9 52.1 35.2 35.5
FK FIHE) BEE(—15°C) bt 9 52.0 10.5 8.2 7.8 74.0 7.5 11.0
TEAREER  BR BRI 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
TRENEREER  BR 6 47.5 10.2 8.1 7.7 72.8 18.8 23.0
HPRESNEREREHE KR B 9 28.4 11.1 8.5 8.1 98.5 4.3 4.3
HEAREEEE R et 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
AR B et 6 48.4 10.3 8.2 7.8 70.5 10.2 11.3
AR W et 9 45.1 10.9 8.5 8.1 83.0 4.7 6.0
TEAER LR BIR(<15°C) BEA 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
HEAREES ER(<15°0) B 6 45.7 10.2 8.1 7.7 80.5 18.3 19.2
TR EEEEEE  {KIR (<15°C) B 9 42.8 11.2 8.5 8.1 100.0 4.5 5.7
RSB EE KR (<15°C) et 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
A ABEEERE  BIR (<15°0) et 6 45.9 10.6 8.3 7.8 80.0 14.2 15.3
AREARRBEEAR (BB (<15°C) B e 9 42.6 11.1 8.4 8.1 96.8 4.8 5.0
HEABRBER KA (0°C) BRI 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
WBEAXRIEER kA (0°C) | 6 45.8 10.8 8.1 7.7 69.8 13.5 15.5
TREESERIBIEEMR KA (0°C) BAM 9 42.7 10.9 8.5 8.1 142.3 2.8 5.3
HE BN KA (0°C) EEr 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
AR ERBEEsR  kA(0°C) 2o 6 49.3 10.5 8.2 7.8 67.5 22.2 22.3
M EEXERBEERR k&R (0°C) it 9 43.1 11.0 8.4 8.0 85.5 18.3 19.0
REARERRE  ABER(—15°C) BRMZ 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
EABBER  BER(—15°C) B 6 50.0 11.0 8.2 7.9 53.3 31.7 33.0
EREEREEEE  ABEE (- 15°C) BHIKR 9 52.3 10.5 8.3 7.9 71.4 17.7 18.3
MREAREEER BIKE (—15°C) Eaa 0 45.8 10.4 8.2 7.8 63.1 21.3 21.8
R @R BIER (—15°C) wmEt 6 50.5 10.4 8.2 7.8 50.3 28.2 28.3
3 A fh i (B8 (—15°C) P 9 50.7 10.9 8.3 7.9 75.8 12.0 12.0
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Table 24 Analysis of brown rice lipids {mol ratio)
W =97 Irig i 2MEE FUZYEYR bl FFA/TG H. R
16:0 18:0 18:1 18:2 18:3 16:0 18:0 18:1 18:2 18:3 16:0 18:0 18:1 18:2 18:3 Densito 17:0
BERRzE HiR W 269 2.0 32.8 37.0 1.4 216 23 39 339 14 — — — — — 0.40 0.21 27.6
EpN-70 HiR G 19.8 2.2 36.7 39.6 1.8 225 2.1 36.1 381 1.2 236 2.4 352 37.7 1.1 0.62 0.25 74.0
B RRCIE &R (<15°C) Fa) 26,0 25 34.2 3.5 0.9 209 2.2 3.8 39.0 1.1 23.6 2.5 36.6 359 1.4 0.39 0.26 17.2
B RER K (0°C) Bl 17.2 2.8 38.6 40.1 1.4 22,6 2.0 3.9 385 1.1 232 3.1 3.5 3.6 1.5 0.35 0.20 75.0
BRI HBIEE(—15°C) LaES) 205 2.0 35.6 40.2 1.7 207 2.2 36.7 38.9 1.5 21.2 2.5 34.7 335 2.1 0.49 0.26 67.0
BEARETE ER b3 225 2.4 352 385 1.4 257 2.2 353 3.7 1.0 27.2 3.3 283 383 2.8 0.41 0.34 30.8
HEAREDE ®ER Bt 24.1 2.1 341 37.8 1.9 22.1 2.9 359 381 1.1 244 2.4 350 37.4 1.5 0.42 0.25 83.0
HERREEE  BR(<15°0) R a) 24.7 1.9 345 374 15 215 24 36.6 38.6 1.0 261 2.2 343 36.7 0.7 0.40 0.21 96.8
wEAREEZSE  KI00°0) piea) 26.3 1.9 336 36.8 1.3 20.1 2.2 36.8 39.3 1.6 27.9 2.2 31.3 36.2 2.5 0.52 0.33 85.5
BEAREGE BER(-150 ot 26.1 1.9 33.0 37.2 1.8 223 1.9 358 383 1.6 304 2.1 31.0 345 2.1 0.38 0.32 75.9
BENANEE R 7 22,7 2.2 3.0 38.2 1.9 235 2.2 36.0 3.9 1.3 25.7 2.7 29.6 40.2 1.7 0.42 0.27 29.7
BEAXER  ER La9) 26,1 2.0 34.3 3.7 09 204 23 3.2 3%1 11 — — — — — 0.34 0.22 84.1
BEAXEE EE(<15°0) st 20,9 2.2 35.6 39.1 2.2 209 21 3.2 395 1.3 285 2.5 34.0 33.7 1.3 0.47 0.36 93.2
BEAA TR KE(0°C) ) 21,5 2.0 35.6 39.0 1.8 248 1.9 346 37.1 1.6 27.4 2.5 34.0 345 1.5 0.40 0.26 89.0
BEAANEE  BERE(-15°0) i 27.1 2.0 32.6 369 1.4 242 2.2 336 384 15 264 3.1 32.0 36.4 2.0 0.39 0.31 74.0
EERAESE  ER W 26.7 2.3 32.8 366 1.6 224 2.2 359 376 1.9 284 3.7 27.0 388 2.2 0.40 0.26 29.5
ERAXEERE & wE 229 2.0 3.2 385 1.4 214 22 35 388 1.1 — — — — — 0.28 0.09 86.9
BRAAER KR (<150) wE 26,3 2.1 335 357 2.3 236 20 336 38.0 2.8 27.8 3.2 3.2 330 0.9 0.27 0.10 83.7
fEEAAk g KR(0°C) EE 25.0 2.0 33.7 386 07 2.9 23 3.1 88 20 — — — — — 0.23 0.12 81.6
EERAA R BEE(-150 Frgt 25.1 2.2 31.2 416 1.9 21.1 2.4 36.8 383 1.4 246 2.5 31.2 399 1.9 0.19 0.09 71.3
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Fig. 19 Relationship between free fat acidity and
FFA/TG ratio
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Table 26 Analysis results of storage experiment for milled rice of Kuikul25 (1)
WA StR WP R e R B Ky HE ELE ko)
135°C  105°C L a b
(A) (%) (%) (%) (%) (-)

EI Rt i B 0 90.5 6.8 15.7 30,9 1009 58.1 0.6 8.5
EREE iR BERR 9 90.4 7.0 15.9  30.9 98.7 59.2  —0.5 9.1
BREG R HiR it 0 90.5 6.8 15.7 30.9 100.9 58.1 —0.6 8.5
BRI Wi Lol 9 90.4 6.9 15.8 32.0 93.4 591 —0.5 8.9
B AR B (<15°C) BAmk 0 90.5 6.8 15.7 30,9 100.9 58.1 —0.6 8.5
ERER BB (<15°C) BEAR 9 90.5 16.8 15.7  31.4 95.9 5.1 —0.5 9.0
BRE R {8 (<15°C) i) 0 90.5 6.8 15.7 30.9 1009 58.1 —0.6 8.5
BHARE R iR (<15°C) fixa) 9 90.5 17.0 15,9 31.1 9%.3 585 —0.5 8.9
ShiN-Asd KE(0°C) fialid 0 90.5 6.8 157 30.9 100.9 58.1 —0.6 8.5
S A K (0°C) iizlind 9 90.6 8.2 17.1 298 9.4 579 —03 94
B AR K (0°C) il 0 90.5 16.8 157 30.9 100.9 58.1 —0.6 8.5
SR A K (0°C) EH 9 90.4 16.8 157 31.1 100.6 58.6 —0.5 8.9
BN R REE (—15°C) AR 0 90.5 6.8 15.7 30.9 100.9 58.1 —0.6 8.5
BRER HBEHE (—15°C) AR 9 90.5 15.9  14.8 315 88.0 58.7 —0.5 8.8
R MR (- 15°C) sl 0 90.5 16.8 15,7 30.9 100.9 58.1 —0.6 8.5
[SEi A HBIEIR (= 15°C) it 9 90.6 16.6  15.5  30.9 97.5 59.3 —0.5 8.8
TR KRR iR Faf 0 90.5 6.6 15.5 31.6 105.8 58.8 —0.7 8.9
TERRNKIERR Wil Faf 9 90.6 16.8 15.7 31.5 104.0 596 —0.6 9.2
TEBRNAK LR iR o) 0 9.5 16.6 155 31.6 1058 58.8 —0.7 8.9
ERAK R iR et 9 90.5 6.8 157 31.7 101.7 59.9 —0.6 8.9
TEBRF K ST &R (<15°C) [l 0 90.5 6.6 155 31.6 105.8 58.8 —0.7 8.9
TEBRN AT 1BIR (<15°C) [ 9 90.5 6.6 15,5 31.1 104.0 59.8 —0.6 9.0
TERR KT8 {E# (<15°C) TH 0 90.5 16.6 15.5 31.6 105.8 58.8  —0.7 8.9
TERAK R BB (<15°C) Eit 9 90.6 16.7 15.6 31.4 104.6 60.0 —0.6 8.9
TERIAK ST KeZ(0°C) A 0 90.5 16.6 155 31.6 105.8 58.8 —0.7 8.9
TERAK 8% K (0°C) BRI 9 9.5 18.1 17.0 311 1054 58.8 —0.5 9.2
TR K TR IRE(0°C) s 0 90.5 6.6 15.5 31.6 1058 58.8 —0.7 8.9
TERR AR KE(0°C) wE 9 90.4 6.4 153 32,1 104.8 59.4 —0.6 9.0
TEERAK ST et HBER (—15°C) B 0 90.5 16.6 15.5 31.6 105.8 58.8 —0.7 8.9
TERAK IR &R (—15°C) B 9 90.5 15.7 146 31.9 97.4 594 -0.6 8.8
TRBRE KT B (—15°C) st 0 90.5 6.6 155 316 105.8 58.8 —0.7 89
TEBRZA TR ABKIE (—15°C) i 9 90.5 16.6 15.4 31.6 105.4 59.5 —0.6 8.9
BB AT Hig P 0 90.5 6.5 154 31.4 1036 58.2 —0.7 8.5
BREAA TGS HiR [l 9 90.5 16.7 156 31.3 98.6 596 —0.6 9.0
WA KIS Wi TH 0 90.5 16.5 154 31.4 103.6 58.2 —0.7 8.5
HEAKTESE Wi TH 9 90.6 6.5 15.3 31.2 9.9 593 —0.6 9.0
BTN B3R (<15°C) Bk 0 90.5 6.5 15.4 31.4 103.6 58.2 —0.7 8.5
HERAER iR (<15°C) BRI 9 90.5 16.5 154 31.4 99.0 591 —0.6 8.9
B R K IR {BIR(<15°C) Ll 0 90.5 16.5 15.4 31.4 103.6 58.2 —0.7 8.5
FelB A K IR 1B (<15°C) EH 9 90.5 16.4 15.3 31.4 99.2  59.3 —0.6 9.0
e WALA S KE(0°C) M 0 90.5 16.5 15.4 31.4 103.6 58.2 —0.7 8.5
HEAKITEE Ki(0°C) BRI 9 90.6 18.3 17.2  30.7 98.1 587 —0.4 9.1
BB R K TR K (0°C) eopay 0 90.5 16.5 15.4 31.4 103.6 58.2  —0.7 8.5
BEAK SR K (0°C) sy 9 90.5 16.3 15.1 31.6 102.6 59.0 —0.6 8.9
K TR &R (—15°C) BAk 0 90.5 16.5 15.4 31.4 103.6 58.2  —0.7 8.5
HEXAITEE BER(—15°C) Bk 9 90.5 15.0 13.8  31.9 95.3 59.7 —0.6 8.6
BB Tk TR #HEIR (- 15°C) i 0 90.5 16.5 154 31.4 103.6 58.2 —0.7 8.5
FE A AR FRIER (= 15°C) TH 9 90.4 6.2 15,1 31.7 102.2 59.6 —0.6 8.9
HE RIS Hg BAk 0 90.5 17.0  15.9 31.3 105.3 58.7 —0.7 8.7
HEARBLE i Btk 9 90.5 6.9 15.8 31.1  100.8 59.3 —0.6 9.1
HERIEELE iR iy 0 90.5 7.0 15.9 31.3 105.3 58.7 —0.7 8.7
HEAREEE iR fixs) 9 90.5 7.1 15.9 31.4 98.6 59.3 —0.6 9.0
HEARBELE iR (<15°C) Bak 0 90.5 17.0  15.9 31.3 105.3 58.7 —0.7 8.7
HENREES &8 (<15°C) B 9 90.5 17.0 15,9 31.4 100.7 59.7 —0.6 9.0
HERRBEER BB (<15°C) el 0 90.5 7.0 159 31.3 105.3 58.7 —0.7 8.7
HERREEER BB (<15°C) piiEa) 9 90.5 17.0 159 31.6 102.8 59.2 —0.5 9.0
HEREBLE KE(0°C) Bk 0 90.5 17.0 15,9 31.3 105.3 587 —0.7 8.7
HEAREER KE(0°C) BAk 9 90.4 18.3  17.2  30.9 102.2 59.1 —0.5 9.1
HER R KA (0°C) Bl 0 90.5 17.0  15.9 31.3 105.3 58.7 —0.7 8.7
BEARBER K (0°C) Rl 9 90.5 16.8 15,7 31.1 104.6 59.1 —0.6 9.0
HER RGN AER(-15°0) Ealid 0 90.5 7.0 15.9 31.3 105.3 58.7 —0.7 8.7
HERREEE B (-15C) [l 9 90.5 15.7 14.6 31.2 90.1 58.9 —0.6 8.7
HEAREGE BEE (—-15°C) i) 0 90.5 7.0 15.9 31.3 105.3 58.7 —0.7 8.7
HEARIELLE HEE(-15°0) ko) 9 90.5 6.9 158 30.9 102.8 58.9 —0.6 9.1
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Table 27 Analysis results of storage experiment for milled rice of Kuikul25 (2)
L2 9ap 5 92 FrERe HrEdER 6@ INSTALABS600 AR BERSRR
¥E Ao PZAVE - oA E BEHERES 3-—F
as-is  (15%)

B2EaE
—)  (mgKOH)

(A) (%) (%) (%) (%) (g/200me)  (
BRER HiE B 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
BHRER HiR B 9 9.1 12.4 7.4 7.2 72.1 0.27 0.18 25.0
BT RRG i st 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
B R KR paga) 9 8.9 12.3 7.5 7.3 64.8 0.28 0.16 38.6
BRI i (<15°C) ialisd 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
EIRG {E#E (<15°C) ialisd 9 9.1 12.5 7.6 7.4 66.3 0.27 0.18 36.5
ERER BB (<15°C) Fd 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
BRI E# (<15°C) Bt 9 8.9 12.5 7.5 7.3 66.1 0.26 0.17 40.4
S 72: K (0°C) BB 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
HARR kA (0°C) [l 9 9.4 12.7 7.6 7.4 71.6 0.30 0.18 69.8
BRI K& (0°C) i) 0 8.5 10.6 7.6 7.2 82.8 0.26 0.16 30.3
B RACAR kE(0°C) Lia) 9 8.9 12.3 7.7 7.4 70.9 0.29 0.17 31.4
B R AR (—15°C) e 0 8.5 106 7.6 7.2 82.8 0.26 0.16 30.3
BRI ABEE (=15°C) B 9 8.8 12.5 7.5 7.3 72.2 0.28 0.18 36.4
EIARRZ AR AER (—15°C) F5a) 0 85 106 7.6 7.2 82.8 0.26 0.16 30.3
BREGIR JRER (—15°C) k) 9 8.9 123 7.6 7.4 53.0 0.32 0.21 31.1
RERAK G R BAM 0 8.9 11.0 7.8 7.4 84.8 0.30 0.14 23.9
EHRAKX e BR B 9 5.2 12.6 7.8 7.6 61.8 0.27 0.18 25.7
BRAXER TR it 0 8.9 11.0 7.8 7.4 84.8 0.30 0.14 23.9
ERAKIER BR o) 9 9.0 12.4 7.8 7.6 56.1 0.29 0.18 31.7
ERAKNESR  RR(<15°C) BRAR 0 8.9 11.0 7.8 7.4 84.8 0.30 0.14 23.9
BRAXDEE  ER(<150) B 9 9.0 12.6 7.6 7.4 60.1 0.25 0.19 32.0
EEAX g BR(<150) it 0 89 11.0 7.8 7.4 84.8 0.30 0.14 23.9
TR EE  BR(<150) Liga) 9 89 12.6 7.8 7.6 66.0 0.24 0.18 31.4
BRAXIEHE  KE(0°C) B 0 89 11.0 7.8 7.4 84.8 0.30 0.14 23.9
ERAXNEE  KE(0°0) BRRR 9 9.2 13.1 7.5 7.4 59.8 0.31 0.19 26.5
ERAKNEE  KE(0°0) Eiss) 0 8.9 11.0 7.8 7.4 84.8 0.30 0.14 23.9
TERAKIERE  KE(0°C) B 9 9.0 12.7 7.5 7.3 65.7 0.30 0.21 29.0
R IEE  BER(-15°C) e 0 89 11.0 7.8 7.4 84.8 0.30 0.14 23.9
BRAKNEE  BER(-15°0) )i 9 8.8 12.3 7.5 7.3 76.6 0.27 0.19 23.2
fas A e BER(-15°0) oo 0 8.9 11.0 7.8 7.4 84.8 0.30 0.14 23.9
BRAKDEE  BERE-150) Fial 9 9.0 12.5 7.6 7.4 60.3 0.33 0.23 26.9
BEAXNEE  FR BRI 0 8.6 109 7.7 7.3 84.6 0.29 0.14 21.7
BEAKNEE ER Bt 9 9.1 12.5 7.6 7.4 61.6 0.27 0.18 26.1
BEAAEE HR L) 0 8.6 10.9 7.7 7.3 84.6 0.29 0.14 21.7
BEAKNEE HE L3} 9 9.0 12.5 7.7 7.5 65.6 0.28 0.18 32.9
BEAKNEE  BR(I50) Bk 0 8.6 109 7.7 7.3 84.6 0.29 0.14 21.7
BEAASEE  BERKIS0) B 9 8.9 12.7 7.3 7.2 60.9 0.29 0.19 33.0
BEIANEE  BER(<15°0) ozl 0 8.6 10.9 7.7 7.3 84.6 0.29 0.14 21.7
BEIAKOEER  EER(<150) EH 9 9.0 12.4 7.6 7.4 61.4 0.28 0.18 31.1
wEAANER  KE(0°0) B 0 8.6 109 7.7 7.3 84.6 0.29 0.14 21.7
BERANER  KE00°0) B 9 9.1 12.6 7.8 7.6 58.3 0.27 0.17 60.1
BERASER  KE(0°0) st 0 8.6 10.9 7.7 7.3 84.6 0.29 0.14 21.7
HENKTERE  KE00°C) it 9 9.0 12.5 7.7 7.5 67.1 0.29 0.20 27.2
BERAER  BER(-1570) [l 0 8.6 10.9 7.7 7.3 84.6 0.29 0.14 21.7
BERAER  BEE(150) FAR 9 $.6 12.1 7.8 7.5 62.5 0.29 0.21 18.6
mERA R 8ER(-15°0) iy 0 8.6 10.9 7.7 7.3 84.6 0.29 0.14 21.7
_BES e ISR (—15°C) LiEa) 9 8.9 12.4 7.9 7.6 66.4 0.28 0.22 22.0
HEAREEE BE AL 0 8.7 1.1 7.7 7.3 80.5 0.28 0.15 25.7
GEAREEE EE R 9 9.1 12.8 7.5 7.3 59.7 0.26 0.16 26.3
BEAREEE "R i 0 8.7 1.1 7.7 7.3 80.5 0.28 0.15 25.7
pEAREEE BE fia) 9 9.0 12.6 7.6 7.4 60.2 0.26 0.16 33.5
wERREEE (ER(<15°0) il 0 8.7 11.1 7.7 7.3 80.5 0.28 0.15 25.7
HEAREEE  ER(<150) )i 9 9.0 12.5 7.7 7.5 59.4 0.25 0.16 29.5
BEAREEE BR(<15°0) i) 0 8.7 11.1 7.7 7.3 80.5 0.28 0.15 25.7
HEARESE  HSREK15°0) fiosa) 9 9.0 12.8 7.5 7.3 60.0 0.26 0.16 28.6
BiERREEE  Ka(0°0) BRI 0 §.7 1.1 7.7 7.3 80.5 0.28 6.15 25.7
HEARBEE KA(0°C ()i 9 9.1 13.0 7.7 7.5 59.0 0.30 0.17 49.2
HERRELE  KE(0°0) Fick ) 0 8.7 11.1 7.7 7.3 . 80.5 0.28 0.15 25.7
HEXRELE  KE(0°0) sl 9 9.0 12.6 7.7 7.4 53.0 0.29 0.19 29.5
BEIARBEE BER(-150) PR 0 8.7 11.1 7.7 7.3 80.5 0.28 0.15 25.7
HEAREEE BER(-150) B 9 8.7 12.4 7.6 7.4 63.4 0.28 0.21 23.2
BEAREGE  BER(-15C) L) 0 8.7 11.1 7.7 7.3 80.5 0.28 0.15 25.7
pEAREEE  BER(-15C) fia) 9 9.1 12.7 7.7 7.5 66.0 0.28 0.22 26.9
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Table 28 Sensory test results of storage experiment (before storage)

Gk Bk KEE

S vkl ) & b)) RETHE
SN 741 0.00©@ 0000 0000 0.000 0.000 0.000
ERAK IR 0.21 0.32 —0.11  —0.30 0.51* 0.35
HEARERE —0.38 0.38 0.02  —0.02 0.15 0.43
BEAXIIEE  0.04 0.28 0.20 0.26  —0.02 0.00

1) ARFROBED L id, ¢ DBEEMEHNC IR L 5B THETH L ZLETT,
2) FHfimONE, ZOHEAVERESE (O) LHFNCERERENDH D I L2TT,

229 HTEARARHABER (9 ARG

Table 29 Sensory test results of storage experiment (after 9 months storage)

BRI R FEX KRERK

S8 & &Y B D RATHE
Wik —0.640 —0.310 —0.620 0.240 0.08Q —0.500
EiR (<15°C) —0.11* -0.26 —0.35 0.14 —0.51* —0.56
Keg (0°C) 0.00* 0.00 0.00%* 0.00 0.00 0.00*
BEE(-15°0) 0.17** 0.40** 0.03** 0.05 0.05 0.25**

1) ANRBEBROEED L, T OHEESHEHNC L% L 5B THETH S I L BT T,
2) FHlR O &, ZOEAVHER (O) LHFNCERRENHS Z L 2RT,
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Fig. 20 Correlation plot for free fat acidity using 2nd
derivative spectra
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Table 30 Calibrations for Free fat acidity

ARZ MV K xR B Fr) T v—vay MEE
R SEC rd r? BIAS SEP r r2
1 2 3
2RMey  EHE Tk 2K 972 2,310 906 6.7 0.93*** (.87 1.3 9.9  0.80** (.64
¥k R 972 2,310 906 2,448 5.7 0.95*** 0.91 0.5 8.5 0.87*** (.75
K £k 1,168 2,310 2,438 5.9  0.95%** 0.90 0.5 8.9 0.87*** 0.75
¥k &k 1,168 2,310 2,438 2,136 5.1  0.96*** 0.93 1.0 7.0 0.91*** 0.83
K ek 2,308 1,162 1,690 6.3 0.94*** 0.89 0.0 9.2 0.83*** 0.70
K efr 2,308 1,162 1,690 2,448 5.4 0.96*** (.92 —0.7 8.1 0.83*** (.78
2 KPRy PLS 3k &H 5.6  0.96*** 0.92 1.6 7.5 0.89*** (.80

1) =i, HBRED 0. 1% THEETHE Z L E2TT,

1) RVADE =L T v—20 87 v gD T
MR, BMERHORBAZEICE ES & 2
HALTHRWI EZ2H-72,

2) RVADUEC—JHE L ¢—7 3 7 —¥iEIIZ
EWHESR s hte,

3) BRPEMERABA SR FEE/NEDRVA
Y — 7 MEOSAREIL L, FRERE T OZEN D0
BEEDHRD & 5z,

4) SERASHET & D b 2EEORE TRVA
- HERY a—7 37— CEMSHEETEET
BB, EWHRINFHED A & BHUEEEOS 2/
EOZEINIE Lo 7o, IRIEEC LD T
55380 217w, 5Eb LWNED & RVA HIE
5, 2EBREGERETTZITHERE DS ERHSTATRE
ThdEEIDND,

5) LRI IEHEIC & B DR DK E RS XA
KRN TV I ASHEROBE - FZL L
THBEEZON, BAIRTHAILBELEL
Twie, L7edt- T, IEFRAa ki EiaE T
OKRSEFHE LT, HAERTETH S 2,

B. X0&E, BRI RBIZSZA 3%

KDEHE, EMSRECEZ 2BERML D,
SEEHOXEFNEL CRIEFEBR 2 EHBL, BL2 D
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Grain Quality Determination by Near-Infrared Spectroscopy
(Part4) Grain quality determination by near-infrared spectroscopy

(1) Wheat quality changes through the drying
process
The gelatinization characteristics of wheat

starch are very important in understanding the
processing suitability of flour. Accordingly,
comparisons were undertaken among near-
infrared reflectance spectroscopy, enzymatic
methods and direct measurement of gelatinization
characteristics, to establish a simple method for
detecting low-amylograph wheat.

Timing of the harvest is also important in
preventing the production of low-amylograph
wheat, and an accurate moisture meter in high
moisture regions is necessary for this. Accord-
ingly, an investigation of the applicability of
near-infrared reflectance spectroscopy as a mois-
ture meter was carried out. Results were as
follows;

1) There was extremely high correlation
between peak viscosity and breakdown of
Rapid Visco Analyzer (RVA), and according-
ly both parameters could be used as indepen-
dent variables for prediction of gelatinization
characteristics.

2) There was high correlation between peak
viscosity of RVA and a-amylase activity.

3) Peak viscosity of RVA of raw-wheat at
receipt in the drying and preparation facil-
ities had wide distribution, and the necessity
of selection at receipt became clear.

4) Both peak viscosity of RVA and a-amylase
activity could be estimated with definite
accuracy using near-infrared reflectance
spectroscopy. Though it was difficult to
screen wheat with only near-infrared re-
flectance spectroscopy, when combined with
the direct measuring method, it was useful in
detecting wheat which had inferior gelatin-

ization characteristics.

5) Whole grain moisture estimation by near-
infrared reflectance spectroscopy is conclud-
ed to be more accurate than the usual mois-
ture meter in high moisture region, and near-
infrared reflectance spectroscopy is suffi-
ciently applicable in high moisture regions.

(2) Effect of variety and production district on
rice quality
To understand the effect of variety and pro-

duction district on rice quality, sensory tests
[palatability tests] were carried out with col-
lected rice (29 varieties, 61 samples) throughout
the country. These were followed by investiga-
tion of near-infrared reflectance spectroscopy and
other methods, including those regarding the pos-
sibility of improving the accuracy of rice taste
estimates.

1) There were significant correlation between
over-all flavor and milled rice appearance,
cooked rice appearance, aroma, hardness,
and cohesiveness in sensory tests, as r=
0.53**, 0.72***, 0.64***, 0.33**,0.62***, respec-
tively. These results were consistent with
other sensory tests, and panels evaluated rice
which had a good appearance, fine aroma,
and high cohesiveness, as good taste. Also,
the over-all flavor of sensory test could be
explained up to 709§ by the factors of co-
hesiveness, appearance and aroma.

2) Regarding the relationship between evalua-
tions using instruments and each items of the
sensory test, firstly, there were significant
negative correlations between protein con-
tent and the over-all flavor, and aroma in the
sensory tests. These were consistent with
the general saying that the taste of rice has a
negative correlation with protein content.
Secondly, there were positive correlations
between the brown rice sound kernel ratio
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3)

4)

5)

and milled rice appearance, and over-all fla-
vor. It was considered that a high ratio of
brown rice sound kernel caused good milled
rice appearance, and accordingly it caused
good over-all flavor. This result was con-
firmed by optical instrument evaluations of
characteristics such as color and transpar-
ency, and it was suggested that rice quality
can be estimated by its optical characteristics
within visible range.

Regarding the relationship between instru-
ment evaluations of milled rice and each item
in the sensory tests, there were significant
negative correlations between protein con-
tent and over-all flavor and aroma, and these
Next,

there were significant correlations between b

were the same as with brown rice.

value of color, saturation, transparency, and
milled rice appearance, cooked rice appear-
ance, and over-all flavor in the sensory tests.
These factors affected appearance the same
as with brown rice, and it was considered that
finer appearance caused good over-all flavor.
No significant correlations were observed
between cohesiveness in the sensory tests and
ground sample parameters such as the peak
viscosity of RV A, the maximum viscosity and
breakdown of amylograph. Therefore, it
was difficult to estimate the cohesiveness of
cooked rice with the gelatinization character-
istics of its starch. There was a significant
negative correlation between the amylose
content ratio and cohesiveness, and this is
consistent with Inatsu’s research.

Over-all flavor in the sensory tests could be
estimated using cohesiveness obtained in the
sensory tests and instrument-estimated pro-
tein content with 0.249% standard error, but
estimation accuracy using the gelatinization
characteristic value of starch with
instrument-estimation instead of cohesive-
ness was poor.

The taste evaluation values of four tasters,
which had a significant positive correlation

with over-all evaluations in the sensory tests,
were improved by adding information about
saturation and translucency of milled or coo-
ked rice, but were worse than the evaluation
combining cohesiveness and protein content.
6) In the over-all estimation by near-infrared
reflectance spectroscopy, the calibration
made with wavelengths in the visible region
added to wavelengths for protein content was
good, and it was consistent with result b)
above. The evaluation of cohesiveness
failed to provide good results, and it was
found that adding information about flavor is
necessary to improve evaluation accuracy.
(3) Effect of drying and storage methods on
rice quality, and evaluation of quality
changes.

To evaluate rice quality changes under vari-
ous drying and storage conditions, an investiga-
tion was carried out using Hokkaido-grown
‘Kuikul25’, under four drying conditions including
natural drying, batch heated air drying, recir-
culated heated air drying, and batch dehydrated
air drying, under four storage conditions includ-
ing temperature uncontrolled storage, tempera-
ture controlled storage, freezing storage and
ultra-low temperature storage, with two forms
including open-air (in a synthetic resin bag) and
airtight (in a polystyrene tank). Results were as
follows;

1) The fissured kernel ratio of brown rice after
drying was high in natural drying. It was
considered to be caused by repeated absorp-
tion and desorption during several rainfalls
while drying. Naturally dried brown rice
had lower transparency. It was considered
to be caused by later ripening while drying.
2) Regarding brown rice quality after six
months storage, moisture content increased
under all drying conditions with ultra-low
airtight temperature storage. Germination
vigor and ratio increased under all drying
conditions with most storage temperature.

Free fat acidity increased in most conditions
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3)

4)

5)

with all drying conditions using ultra-low
temperature storage. This was considered
to suggest that any storage conditions except
for ultra-low temperature storage were not
adequate for preventing an increase of free
fat acidity.

Regarding brown rice quality after nine
months storage, germination vigor and ratio
that had increased after six months storage
Under

all storage conditions except for ultra-low

decreased after nine months storage.

temperature storage, both germination vigor
and ratio decreased compared with condi-
tions before storage, but under ultra-low tem-
perature storage, these were maintained
Also,

transparency decreased and whiteness in-

almost the same as before storage.

creased.

Analysis of brown rice lipid after nine months
storage was carried out and the result was
consistent with fat acidity composition
studies of lipid in Hokkaido-grown brown
rice by Taira et al. Also, as free fat acidity
increased, the FFA (Free Fat Acidity)/TG
(Triglyceride) ratio increased linearly. In a
correlation analysis between FFA and fat
acid composition, there was a negative corre-
lation with 18:0 at 594, a positive correlation
with 18:1 at 1%, a negative correlation with
18:2 at 19, and a negative correlation with
18:3 at 5% respectively. That is, there was a
tendency that as FFA increased, 18:2 and 18:
3 decreased, while 18:1 increased. It was
considered to show that unsaturated fat acids
in free fat acids were oxidized, and they were
changing into saturated fat acids.

In milled rice after nine months storage, fist,
moisture contént increased using open-air
freezing storage. This was followed by an
increase of brown rice moisture content.
Also, FFA, increased using open-air freezing
storage was considered to be a reflection of
an increase of brown rice FFA. In cooking

characteristics, water-uptake ratio decreased

6)

7)

8)

under all storage conditions.

Results of the sensory tests before storage
showed that, using natural drying as a refer-
ence, there were no significant differences
except for s significant difference with recir-
culated heated air drying at 5%.
recognized equal taste quality with the four

Panels
drying conditions. It was considered that
while there were some factors causing deteri-
oration of taste quality, the range of quality
changes in a scope of this study did not
exceed the level which causes significant
difference of taste quality.

In the sensory tests of naturally dried rice in
airtight storage after nine months storage,
milled rice appearance was best of all under
ultra-low temperature storage, and the order
of quality was freezing storage, controlled
storage and uncontrolled storage, respective-
ly. The same results were obtained with
cooked rice. Sensory tests for cohesiveness
showed no differences among storage condi-
tions except for a bad evaluation for
Over-all flavor can be
The

differences in over-all flavor were considered

controlled storage.
equated with milled rice appearance.

to be caused by both differences of appear-
ance and aroma. Regarding quality evalua-
tion of storage conditions, ultra-low tempera-
ture storage was excellent. In regard to
energy use, there are usually some draw-
backs, but using the severe cold in winter of
Hokkaido positively, energy can be saved
and less deterioration in taste quality can be
expected. Further investigations regarding
such methods will be necessary.

FFA was found to be important as an index
of quality changes in brown rice during stor-
age, so the FFA of brown rice was estimated
using near-infrared reflectance spectroscopy.
As a result, the highest accuracy of SEC=5.1
was obtained in the calibration using four
wavelengths of which the first wavelength

was 1,168nm. It was difficult to evaluate
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small quality changes caused by drying and
storage methods using near-infrared re-
flectance evaluation, but near-infrared re-
flectance evaluation was effective in deter-
mining larger quality changes during storage
caused by increased FFA. Therefore, near-
infrared reflectance spectroscopy is appli-
cable for monitoring quality changes during
storage of whole grain of brown rice, and in
providing for measures such as lowering the
warehouse temperature when an indication of
increasing FFA appears.



