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grain depending upon production districts and different harvest years
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Fig. 1 Wheat processing flow chart and sampling
position

16% T 16 HEFEirE s h, SO LEREE
AL TEENET >, JOROEE (k) &
BEZENTNERIL T2, £TROEIGERERITEFT
670 HTH o'z,

3} HIEFE

AT L [/ U <, $## 13 UDY Cyclone-mill
%, % fz, E KA 5 #7 5 1& DICKEY-john IN-
STALAB 600 € 7 (IL610) % fivtz, & 2232
BERIIEMEETRL,

c. BWRRUEE
INEOERFASLERIC B 2 ¥ LS BERA
DOHEREE LRI LICH 2~T TR LT

B2 wrRLizEdi, Wm0y 37858 E
o D2&ENKEL, BEREI0.93%TH o7z
NS LIy VN7 BERCESDENHD
ZEETRLTWS,

M3k THEREDy Sy BRESFER LK
bOT, EEEEN0.UBENS { BoT W5,



HE SERNTIE X 2B ORERE

379

30
n =68
Mean =11.7
§.D. =0.93
20
g [ Rangesd.y
g
B
&
10F
10 11 12 13 14
5280 BSR(%DM)
Protein content (%DM)

2 FRIOBDNEDS 2 BOSH
Fig. 2 Protein content distribution of wheat after
receipt
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Fig. 3 Protein content distribution of wheat after
preliminary drying
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Fig. 4 Protein content distribution of wheat after
half-dried storage
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Fig. 5 Protein content distribution of wheat after
finish drying
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Fig. 6 Protein content distribution of wheat after
separating (screenings)
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Fig. 7 Protein content distribution of wheat after
separating (product)
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Table 1 T-test for wheat protein among each processing

WZU% TR FETER GLURRE RERHIRE RRisRas

yynyEEE (%BDM) 117 11.8 11.9 11.9 11.5 11.9
R 11.7 0
FhEzRS 1.8 4.07* 0 t(5 %, 664) =1.94*
RN A Ty 721 4.33** 0 t(19%,664) =2.58**
ft B R 1.9 9.88* 7.67* 2.96** 0
RRH 2 E 11.5  8.82** 15.87** 18.16** 21.3** 0
el 1.9 10.23* 8.11** 3.33** 0.36 21.76** 0
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Fig. 8 Rice processing flow chart and sampling
position
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Fig. 9 Protein content distribution of brown rice
among each farm
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Fig. 10 Protein content distribution of brown rice
after receipt
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Fig. 12 Protein content distribution of brown rice
after finish drying
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Fig. 13 Protein content distribution of brown rice
after hulling
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Fig. 14 Protein content distribution of brown rice
after separating (product)
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Fig. 15 Protein content distribution of brown rice
after separating (product)

PRBEBEOXKRS 7 BRI I3 r Lz & )i
EBTITHRTHol, ZOXK%EHIEL95 mm
OREFIE L H v T8 (BRO% W) LF GRE
KD ) WA LTz, ZOFR, M4 WKRLEE
1T, RLEAIROBSIE Y v o BT I.6%
&Y, —H, HIBERLELSEBES 7
B 10.1% o7z, AOBRABORBM BT ER

R2 LKy A7 BERBOBRRABMEEMOVEOEOBRE

Table 2 T-test for brown rice protein among each processing

wRUER  TEERE CLUERE REBVR  AERSE RRIRAR

5 7 EEE(%DM) 9.8 9.6 9.6 9.7 10.1 9.6
i irk 9.8 0
Tt % 9.6 4.51** 0 t(5%,511) =1.96*
T R 9.6 5.09** 1.08 0 t(19%,511) =2.58**
WEO 1% 9.7 0.96 6.58* 7.66%* 0
RLER %R 10.1 8.28** 23.72%* 24.80** 17.14*+ 0
boRe Flite i 9.6 4.86%* 0.65 0.43 7.24** 24.37%* 0
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Fig. 16 Soybeans processing flow chart and sam-
pling position
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Fig. 17 Protein content distribution of soybean
after receipt
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Fig. 18 Protein content distribution of soybean
after drying
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Fig. 19 Protein content distribution of soybean
after shape separating (screenings)
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Fig. 20 Protein content distribution of soybean
after shape separating (product)
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Fig. 21 Protein content distribution of soybean
after gravity separating (screenings)
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Fig. 22 Protein content distribution of soybean
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Table 3 T-test for soybeans protein among each processing
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Fig. 25 Oil content distribution of soybean after

receipt
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Fig. 26 Oil content distribution of soybean after

drying
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Fig. 27 Oil content distribution of soybean after
shape separating (screenings)

5,

B 27 EHiEEE e OBORESROSH 2T L
T2bDTH L, F114.0%, EHRRE0.15%, #i
E1.0%Thotze ¥ 82 BB RREENED
BB L D BOFREP -2, BEOSSIIRE
BRI O E B DY 16.4% & Mg U TG I

40
n =82
Mean =16.4 R
3 A
. OF 0. -0.08 H
= H
&KE Range=0.4 ;
- #]
3 §' 20 i
= i
i
10} 7
A
4
/
ol N 1 " i A 1t I 1
12 13 14 15 17 18
BEETE B (%DM)
Qil content(%DM)

X 28 HfEEAEROKEORBEDOS A (E&H)
Fig. 28 Oil content distribution of soybean after
shape separating (product)
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Fig. 29 QOil content distribution of soybean after
gravity separating (screenings)
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Fig. 30 Oil content distribution of soybean after roll
separating (screenings)
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Fig. 31 Oil content distribution of soybean after roll
separating (product)
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Fig. 32 Oil content distribution of soybean after
gravity separating (product)
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Table 4 T-test for soybeans oil/fat among each processing

FEESR (%DM) 16.6 16.3 14.0 16.4 16.3 16.4 16.0 16.4
gl g3 16.6 0
LA 23 16.3  14.30** 0 t(5%,644) = 1.96*
EAe st YT 14.0 111.36**  98.30** t(1%,644) = 2.58**
RESEANR RS, 16.4 9.87** 4.49** 102. 0
HEERRE 16.3  12.12** 2.20*  100.95 2.28* 0
HrEEE R R 16.4 10.61** 3.73** 102. 0.76 1.53 0
ZABDBEFMRE  16.0  25.25%*  11.09** 87 15.58**  13.29** 14.82** 0
Z AW D BEAMRR 16,4 11.21*+ 3.13%* 101. 1.36 0.93 0.60 14.22** 0
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RS5 1991 4, 1992 E-HHIAENE (FR2) OF v
N BEEST
Table 5 Protein content distribution of Tokachi-
grown wheat (Chihoku) in 1991 and 1992

1991 1992 TR oE

JA yUNRIBE yo8sE 1992-1991
(%DM) (%DM) #(%DM)

B tH 11.4 12.2 0.8
oAl W 11.6 12.0 0.4
= il 12.4 12.7 0.3
i) B 12.1 12.3 0.2
X iE 12.2 12.3 0.1
I [} 12.1 12.2 0.1
#h H 11.9 11.9 0.1
K 37 11.9 12.0 0.1
B A 12.2 12.1 0.0
L A 11.6 11.6 0.0
2 & 11.7 11.6 —0.1
PN il 12.1 11.9 —0.1
3 3 12.2 12.0 —0.2
+ 7 12.0 11.7 —0.3
# = 12.0 11.7 —0.3
il % 11.6 11.2 —0.4
i Vi 12.5 12.0 —0.6

D17 B 5 1991 FIEEFF 831 SOk %, 1992
EIXEET 845 S OBR /7,

c. BlEH*®

I R & FRRITAT o 7,

3. BRRUEZE

a, E (B MosrRoBE8ERH

BEMDY 7 BEES 1992 F L 1991 FO ¥
VNIBEEDEDOKEVHEIZELSRIRL, %
7o, BEWMOY VR BEEOERSMER
33~49 R Lz, 1991 FED w8 7 BERITEE
BT 11.4% 2> SiEARTD 12.5% 2 T, 1.1%DEH
Bowohts, %/, 1992 FZHEFIETO 12.7% 5 5
IR D 11.2% % T, 1.5%DESED Shlz,

B 50 13 1991 FEOEFEEID Y > 7 BEEDLSN
ERLIOOT, KX 13.4% T, /M 10.9%,
FHIR12.0%THoT, F 1z, B19 4 1992 4 D
ERHOF NNV BEBOSHERLIDDT, &
K13.1%, ®/N10.7%, FH12.0%ThHol. &
B> i3 20 FEo7F—5 2, NEDY VNI E
SRIEHE 0.5%, EXFLVESRIN2%LEH T3
ELTWwAH A, JugE 1Bt 2 /N E i 1991,

20
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X Mean =11.4
S.D. =0.29

Range=1.1

1992 n =50
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Fig. 33 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Toyokoro)
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Fig. 34 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Nakasatsunai)
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Fig. 35 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Sarabetsu)
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Fig. 36 Protein content distribution of Tokachi-

grown wheat (Chihoku) (Shikaoi)
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Fig. 37 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Taisho)
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Fig. 38 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Kawanishi)
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Fig. 39 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Tkeda)

20
B 1991 n =50
- Mean =11.9
2 §.D. =0.27
w8 L Range=1.2
& g 10 1992 n =50
i Mean =12.0
i S.D. =0.25
Range=0.9
0 I 1 {
10 13 14 15
& 287 BE B (%DM)
Protein content (%DM)

X 40 +shITENE (FKR2) OF RO BERDH

(REP)
Fig. 40 Protein content distribution of Tokachi-

grown wheat (Chihoku) (Kino)
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Fig. 41 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Makubetsu)
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Fig. 42 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Satsunai)
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Fig. 43 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Ashoro)
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Fig. 45 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Otofuke)
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Fig. 46 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Shihoro)
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Fig. 44 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Honbetsu)
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Fig. 47 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Memuro)
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Fig. 48 Protein content distribution of Tokachi-
grown wheat (Chihoku) (Urahoro)
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Fig. 49 Protein content distribution of Tokachi-
grown wheat (Chihoku) {(Shimizu)
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+£6 MR D 1991 F£D AMeDAS 7—%
Table 6 AMeDAS data of Tokachi region in 1991

A B FEEREAR (mm) HESE (O FEHERM ()
. " 14H 5A 68 7H 8A|4H 5HA 6H 7H 8HA|4H 5H 6B 7A 8A
2 T= 0N pes 44 35 7 167 191 11 190 423 493 530 | 188 219 127 71 114
b=2] % % 42 26 8 130 151 11 300 475 521 561 (179 211 122 91 110
AL EALA 7233 31 230 202 [ 11 325 480 501 540 | 184 208 109 59 107
L OB ] 47 20 4 138 151 10 323 479 519 549 | 183 214 126 76 103
2 F B & 54 30 20 116 129 | 11 339 494 535 580 (165 191 96 67 89
i 22 i} H 37 19 13 125 150 | 20 321 489 525 560 | 185 217 139 91 116
VN ¥ By % 50 38 46 163 143 0 327 490 517 562 (172 216 126 76 99
E=2 = IF = 49 29 56 200 141 | 21 358 507 533 578 | 177 218 122 68 109
+ L R e vl 59 39 63 168 133 | 12 323 474 493 544 (172 201 112 72 93
%S 1N il 34 34 51 104 114 | 32 347 515 337 578 | 183 204 126 74 102
n 75 3 = 49 29 56 200 141 | 21 358 507 533 578 | 177 218 122 68 109
= A BR A 47 20 4 138 151 10 323 479 519 549 | 183 214 126 76 103
i34 BB B 47 27 84 182 56 ] 12 348 496 510 564 | 175 227 123 70 103
KX IE H O Ih | 42 26 35 176 146 | 21 358 511 544 586 198 240 156 93 115
& B B % 50 38 46 163 143 0 327 490 517 562 172 216 126 76 99
Ed Al E 1 51 26 27 220 190 | 21 336 480 505 542 | 188 219 127 71 114
5 b 1y B 50 42 50 222 173 ] 11 364 520 529 581 | 177 218 124 71 116
RT 191 EFEABENE (Fh27) OF UG8 KRE4HOHEE

Table 7 Relationship between protein content and meteorological conditions of Chihoku in 1991

4~8H 5~8H 6~8H 7~8H 38 B

EHEREKE 0.28 0.32 0.32 0.13 —0.18

HEKE 0.56* 0.54* 0.37 0.14 0.45

TEE H B 0.24 0.28 0.22 0.12 0.18

r(5%, 15)=0.48* r(1%, 15)=0.61** r(0.1%, 15)=0.73***

£8  HEEHIATD 1992 20D AMeDAS 7— %
Table 8 AMeDAS data of Tokachi region in 1992

A B HERKE (mm) HESE O O R (h)

" |48 5H 6H 7R 8B |4H 58 6A 7H 8H |48 5H 6H 7H 8A
= =N # (3% 117 118 52 228 0 34 219 481 528 | 154 124 69 52 99
il b 5 37 81 107 53 195 | 10 160 298 548 571 | 151 134 76 53 107
AR EAA 66 100 93 69 243 0 162 312 547 559 (153 119 71 69 9
AL WO N 36 96 103 57 186 | 10 181 326 544 568 | 159 122 73 57 97
pics F OE % 27 91 91 66 184 0 219 403 571 591 ) 125 130 95 66 102
#h H o o 36 87 93 38 153 | 10 175 349 554 571 | 157 131 87 38 109
EN ¥ B ] 50 9% 99 72 141 0 19 368 551 572|163 139 93 72 102
IF = #F = 4 93 76 55 174 | 21 220 383 568 587|170 131 8 55 112
* L S 3r 78 77T 64 167 0 163 329 535 558 ) 140 128 90 64 88
¥:N b3 [N il 28 67 8 39 151 0 220 402 575 592|130 141 97 39 115
n mOEF = 4 93 76 55 174 | 21 220 383 568 587 ) 170 131 8 55 112
E-2 Al B W 36 96 103 57 186 | 10 181 326 544 568 | 159 122 73 57 97
-3 & B B 48 93 8 8 171 0 202 369 558 573|153 142 88 84 98
X E W Ik 3¢ 92 98 33 132 | 11 230 394 577 593 | 166 163 104 33 117
1 B OB % 50 9% 99 72 141 0 19 368 551 572|163 139 93 72 102
Ed Al E J 3 79 104 62 197 0 151 290 549 564 | 168 129 84 62 109
5] & = 68 115 76 92 209 | 10 217 387 574 583 141 135 87 92 93
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RI9 1992 ETBENE (F52) OF 7 HaR LSRR EDHE

Table 9 Relationship between protein content and meteorological conditions of Chihoku in 1992

4~8HA 5~8H 6~8R1 7~8H 8 A
HEREkE 0.12 0.09 0.06 0.02 —0.01
AR —0.11 —0.11 —0.10 —0.10 —0.14
THE H BRI 0.40 0.22 0.20 0.19 0.13

r(5%, 15)=0.48* r(1%, 15)=0.61** r(0.1%, 15)=0.73***
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Table 10 Protein content distribution of Kirara 397
in 1991
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LA 2451 il 26
S| 8 11 1992 4ERER & 5 397 DERA Y Vs
T Al 12 46 9.9 Table 11 Protein content distribution of Kirara 397
X B ZHIKE 33 33 9.8 in 1992
HEHER HER 53 53 9.7 B # JA  JA EM FusEaR
F R F 47 47 9.6 n n F#9(%DM)
BE-LE-EE & E 16 BB R 42 42 9.6
é i 13 bal:l| T3 74 T4 9.6
3 7
55 ]
HEE 21 57 ?% i ?% %5 3.3
=T ] 30 30 9.3
CF 3 ok 22 22
WMl WA 60 60 9.2
#® N RN 25 25 S -
- > £ W E® 29 29 9.1
Af-mA A ¥ 38 - -
; ZREEE & 7
oA 17T 55 9.2 =
il 2
x | x B 7 — B 7 16 8.9
B E 32 - - .
dA 5 44 9.9 %ﬁ“i &L 78 78 - 8.8
mi-EE % W 3% L moE 5 o 8.8
B 14 50 9.2 o Al 6
B B 6 ol 26 32 8.7
THESE 6 W & W & 4
I 5 17 8.7 it =5 49 53 8.7
W & R 5 W E 9
It = 9 b % 24 33 8.6
W& 21 28 8.7 i #w A 34 34 8.6
8 i X 33 TEE THEE 44 44 8.6
REN 12 45 8.7 T % T 31 3l 8.5
& N HOIL 34 34 8.4 AT W 55 55 8.4
% K = B 30 30 8.3 B Al oA 12 12 8.2
=l e AN 8.3 = = & 48 48 8.2
T Al = B 2 Bl B 29 29 8.1
fOH 9 30 8.2 7 B #3232 78
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Fig. 53 Protein content distribution of Kirara 397 in
1991 (Kitamura)
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Fig. 54 Protein content distribution of Kirara 397 in
1991 (Ebetsu-Tobetsu)
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Fig. 55 Protein content distribution of Kirara 397 in
1991 (Sorachi-otomi)
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Fig. 56 Protein content distribution of Kirara 397 in
1991 (Iwamizawa)
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Fig. 57 Protein content distribution of Kirara 397 in
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Fig. 58 Protein content distribution of Kirara 397 in
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Fig. 59 Protein content distribution of Kirara 397 in
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Fig. 60 Protein content distribution of Kirara 397 in
1991 (Shizunai)
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Fig. 61 Protein content distribution of Kirara 397 in
1991 (Tsukigata*Urausu)
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Fig. 62 Protein content distribution of Kirara 397 in
1991 (Bibai)

20
n =50

15 Mean =9.2
" g $.D. =0.77
& ;_; 10 Range=3.0

5 l
0 |
5 7 9 51 13 15
B Ry BHER(%DM)

Protein content (Y%oDM)

63 1991 EPEE S 5397 DY VNI BEEENG E
1 - Bz
Fig. 63 Protein content distribution of Kirara 397 in
1991 (Kuriyama*Yuni)
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Fig. 64 Protein content distribution of Kirara 397 in
1991 (Takigawa)
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Fig. 65 Protein content distribution of Kirara 397 in
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Fig. 66 Protein content distribution of Kirara 397 in
1991 (Asahikawa)
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Fig. 67 Protein content distribution of Kirara 397 in
1991 (Fukagawa)
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Fig. 68 Protein content distribution of Kirara 397 in
1991 (Toma)
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Fig. 69 Protein content distribution of Kirara 397 in
1991 (Ashibetsu)
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Table 12 AMeDAS data regarding Kirara 397 in 1991

oW B EEFARE (mm) BHESE O HEHENE (b
5H 6A 7H 88 9A|5H 6H 7H 8H 9H|5H 6RH 7H 8H 9H
+ B 4+ B | 38 145 90 26 279 | 335 492 562 594 445 | 232 166 130 176 144
JE Il K A5 | 55 80 149 9 250 | 339 467 575 602 447 | 183 135 100 139 126
L R B JII | 49 75 127 26 129 | 340 538 572 606 457 | 202--166 115 156 138
W & AfEHE | 4 65 101 36 209 | 332 524 596 617 468 | 227 159 110 169 151
B o % M| 51 52 135 30 202 | 357 538 592 616 472 | 199 153 103 158 141
AR-HA A B | T4 42 156 76 147 | 338 521 579 612 482 | 229 126 93 147 149
W ) # )| 54 63 109 55 164 | 358 538 595 625 483 | 226 168 107 177 162
% IH % WM | 78 61 166 62 171|368 552 604 631 500 | 228 163 122 162 152
dt N % ®E | 51 43 117 97 122 | 353 533 587 617 496 | 243 164 116 175 177
TOMRE A | 74 42 156 76 147 | 338 521 579 612 482 | 229 126 93 147 149
ERR BREKN| 69 62 125 81 130|371 548 600 634 515|266 211 153 183 180
A28 % % % | 51 43 117 97 122 | 353 533 587 617 496 | 243 164 116 175 177
BRIERE B W\ | 45 30 90 128 721|353 524 581 617 507 | 231 145 90 157 172
e & W | 45 30 90 128 72353 524 581 617 507 | 231 145 90 157 172
T & REEER | 47 17 87 149 110 | 336 508 572 611 492 228 122 85 153 163
B ok B E | 4l 22 127 104 79| 324 507 567 594 488 | 237 137 83 150 173
F @ & Al | 42 97 96 57 155 | 376 568 624 643 495 | 213 177 114 187 147
B W % M| 50 45 154 196 121|298 503 565 608 526 | 219 143 57 129 153
20 20
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Fig. 71 Protein content distribution of Kirara 397 in
1992 (Shinshinotsu)
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Fig. 72 Protein content distribution of Kirara 397 in
1992 (Ebetsu)
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Fig. 73 Protein content distribution of Kirara 397 in
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Fig. 74 Protein content distribution of Kirara 397 in
1992 (Tobetsu)
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Fig. 75 Protein content distribution of Kirara 397 in
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Fig. 76 Protein content distribution of Kirara 397 in
1992 (Naganuma)

20
n =16
15 Mean =8.9
" g 0 S.D. =0.32
E Range=0.9
® g ang
= 5
0 4||||.|||
5 7 9 11 13 15
& o EE&E*%DM)
Protein content (%DM)

77 1992F & 6563970 N7 EEESH (BE
=)
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Fig. 78 Protein content distribution of Kirara 397 in
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Fig. 79 Protein content distribution of Kirara 397 in
1992 (Urausu)
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Fig. 80 Protein content distribution of Kirara 397 in
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Fig. 81 Protein content distribution of Kirara 397 in
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Fig. 83 Protein content distribution of Kirara 397 in
1992 (Shizunai)
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Fig. 84 Protein content distribution of Kirara 397 in
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Fig. 85 Protein content distribution of Kirara 397 in
1992 (Otoe)
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Fig. 86 Protein content distribution of Kirara 397 in
1992 (Asahikawa)
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Fig. 88 Protein content distribution of Kirara 397 in
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Fig. 89 Protein content distribution of Kirara 397 in
1992 (Sunagawa)

20
n =32
15 Mean =7.8
E;’ 10 S.D. =0.48
g Range=1.6
B
= 5
5 7 9 1 13 15
& v 137 B2 8(%DM)
Protein content (YoDM)

90 1992F & 55 397 DY NI EERME (FE)
Fig. 90 Protein content distribution of Kirara 397 in
1992 (Date)



402 IHEERFRFMIAEE FE 198 H45

70

n =749

60 Mean =9.2

$.D. =0.92

50 Range=5.6
& 40

8 g
£ 2
20
10
0
5 7 9 1 13 15

280 BERCADM)
Protein content (%DM)

91 1991 EX55 397 DY VNI BEREME (BE)
Fig. 91 Protein content distribution of Kirara 397 in
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K13 1992 FEXS55 97 BT ERT—7
Table 13 AMeDAS data regarding Kirara 397 in 1992

E oM EE FEEBEAE (mm) BHESE (O EEHEERE (h)

5H 6H 7H 88 9H 10A|5A 6H 7H 88 9A 10A|5HA 6H 7H 8H 9AH 108
BN JE | 66 63 169 166 243 70 | 294 489 616 621 413 140 | 187 166 127 119 126 120
#OF F  FE | 62 51 71 185 200 73247 435 599 605 431 218|206 107 108 100 120 153
W E GMNEHE | 70 37 162 128 329 66| 244 458 593 603 371 127|171 113 71 96 117 132
W B H % (106 28 116 160 240 90215 437 581 600 383 1511177 90 8 91 136 128
F O OBE N | 71 27 146 134 246 83256 468 598 604 386 129|158 107 85 91 114 135
THE B O 74 32 148 141 305 72 |263 462 602 607 412 152 (176 115 110 111 144 154
L H BEEW® | 89 27 69 189 154 107 | 223 431 580 600 383 154|153 120 100 95 98 115
BN o | 74 32 148 141 305 72263 462 602 607 412 152|176 115 110 111 144 154
= % BARE (101 3 79 181 216 80264 459 616 625 447 204 {193 122 132 127 161 166
WER A 126 42 94 188 229 79| 241 445 595 610 434 157|188 111 114 125 153 157
# O OMW % M (122 98 138 313 290 38206 412 577 616 423 192|166 85 108 89 126 149
% EE ANBHE | 70 37 162 128 329 66 |244 458 593 603 371 127|171 113 71 96 117 132
B # K M| 59 51 173 162 231 59 | 244 447 586 590 339 92 | 140 116 97 114 123 126
B OJ O NIl | 74 32 148 141 305 72 {263 462 602 607 412 152 [176 115 110 111 144 154
B B R B |9 40 8 157 152 95218 436 592 610 438 193 {178 106 104 108 146 163
LB FHEE 126 42 94 188 229 79 | 241 445 595 610 434 157|188 111 114 125 153 157
MW BN | 7L 27 146 134 246 83 | 256 468 598 604 386 129 [158 107 85 91 114 135
B0 R B | 134 99 125 399 266 54| 209 438 589 604 380 124 | 186 109 108 100 144 148
B & R R (101 35 79 181 216 80 | 264 459 616 625 447 204 | 193 122 132 127 161 166
HE4S E N | 71 27 146 134 246 83 {256 468 598 604 386 129 [ 158 107 85 91 114 135
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Table 14 Relationship between protein content of Kirara 397 and meteorological condition in 1991

5~9H 6~9H 7~9H 8~9H 9H
HEREkE —0.29 —0.37 —0.03 —0.13 —0.63**
A 0.15 0.20 0.30 0.47* 0.62**
B H R 0.21 0.05 0.16 0.38 0.74**

r(5%, 15)=0.47* r(1%, 16)=0.59**
L, SRR 7ADE»S 8 HERETAK—
ZHESEOFETRE - BEO M IIE,IE
SR EDIEBL T, LidoT, #IFEIZ 10
HEE, ¥IZR5 HEETFEL DENL, KOMFEWR
X, AR—Y 7 ERREOFEREL ZITEE -
R - BER - HiE « T8 - #5E TR0 FLES
Shpotetzd, FRIIFLWRRE Rk, Jk
WESEOFEHINEIZ 102 X472 ) 500 kg T [E4F
Wik ] #2otz,

1992 F4B» 510 ETORRIEEHKE
<, Bz, TERA»S 9 HEAIETIE, AKx—V
I EESERHBORE L VEER - EBOH» 5k

r(0.1%, 16)=0.71***

& BAE S, WIRE, FELD THEE
Bopoied, FIZRFELY 12 HEEEN:, ¥
7o, BREGHIFECRSSFRL, BIENCEERLRIT
U7zo ROTEMIE, HFEEGD 2 52 TE
B BB L0, RRENERL, X561
BRHDEL WRED 5 ZRHOREZE ILLRER
WBEALL, ILEEFHOD 10a L7 INE X 445
kg, {EHIEEBI D [BELWARR] k-7,
T LI, BLR2EBOKKT—FICED
E, FUNVBEERLEGRT —5 L OMHBES %
{TolfBRERLIZBDTH S,

191 T, Fr " 78&e8r8~9 A0HEE
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Table 15 Relationship between protein content of Kirara 397 and meteorological condition in 1992

5~9H 6~9H 7~9H 8~9H 98
BEREAE —0.31 —0.39 ~0.38 —0.34 —0.31
BHESUE —0.12 -0.07 —0.04 0.03 0.04
TS H R ~0.09 —0.03 —0.01 0.05 —0.01

5~10H 6~10A 7~10H 8~10H 9~10H 108
mEEkE ~0.27 —0.37 —0.36 —0.30 —0.20 0.49*>
BE SR ~0.13 —0.09 —0.06 —0.03 —0.02 —0.08
MEORRH —0.10 —0.05 —0.03 0.00 —0.05 —0.09

r(5%, 18)=0.44* r(1%, 18)=0.56** r(0.1%, 18) =0.68***

®16 199EEE S 5397TORMBO Y V7 EERE L

k-3

Table 16 Protein content of Kirara 397 of each

district in 1991 and soil condition

R 17 1992 FEpEE 5 5 397 DRHEB O ¥ ‘//f?Eﬁi
b
Table 17 Protein content of Kirara 397 of each
district in 1992 and soil condition
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- G0 + i I | 9.6 (EATRSR £
it At 10.3 BHRR L B i 9.3 BRS
TR 7 9.9 chRR A £ &g 9.3 75 4 Bt
2R 9.8 B £ won 9.2 IRt
HER 9.7 f@ﬁﬁi = = o1 y—
T % 9.6 KB P P,
R 5 - B 9.6 TR 5 H 4 kA 8.8 754 it
B o% 9.5  KIFHEmFRL e 8.8  BEEMmL
B W 9.3 Bttt W 8.7  BuiEt
n ) t - e
iﬁgﬁﬂ gi ﬁiﬁ;ﬁ W & 8.7 7o4{EME
: B A 8.6  [KfiEHt
(L 9.2 iBEmkE %W 8.6 Bkt
w 8.7  iBfafEHL THEE 8.6 75 4 (G
N O 8.7 275 4 (B T T 8.5  iBf{SHil
A I T
: Bl 8.2  #BEfEHL
% 8.3  [K{SHt = & 8.2  BtafEt
B 8.3  KufEdit w o 8.1  iBfaiEiit
+ 8 8.2 TR H - (e 7.8 B+
P AVA b7 AV - ¥-¥
o " Y457(%DM) B R " T (%DM)  BERE
774+ 137 8.4 0.04 754+ 205 8.8 0.04
Pk i 154 8.9 0.08 KBS R - 138 9.0 0.05
Rt 234 9.8 0.05 PE et 171 9.5 0.04
Bt 105 9.0 0.07 . BEi+ 293 8.4 0.03
Z DAt 119 9.4 0.06 Z Dt 34 8.6 0.08
& & 749 9.2 0.92 4 & 841 8.8 0.67
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T[EEDOHIIr=0.47%, 9 BOBEEKE, BY
KR, BEOERBME 0B icr=—0.63* r=
0.62**, r=0.74*** 1B 5 h, BESHEIE2PWVLT
AR, BIE, 26 ORER L -8 Lk, L
L, MEHRBEEIZ D WTEEEY L3S0 RKE
Elxotze —H, 1992 FEBEL CidwihoEE
EHBELMHEREs b Tz,

IhedDZ i, [REHLS e, 3788
BICKEZEELES2 5 L% 2 o BEEEM, L
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SHE SR ET I BLERH S,

d. 9 >N\oBEENHEME L HEORE
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HREEABBREOLEELERY » o> KM O
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23, BRTEBTINEINLTKITY V7 HABE
WEnbRTW3, Zhix, Bioks LERIE
HOEEMOBIRELTT v ETHREZSERL,

TEPOERENSS L &Y, MRS RicEHE
ENBELETHBY, £, LELAKOBFRIZD
W, BRIFETRELICKORERSRDLS S &
WhTWwa2, 22T, #£16, 1710m U 7o #ils
O ER B LB T/ 25,
FIBL 19T & DT, 1991 F, 19924 b
B IR TIERB Y N7 BSBCEBRREY
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FE I 7 EBERDOS WIECRR T > BEE
Tzt > 75 4L, 1992 T REKR > K
BEHE> 754 L >BEERTE LD, RIFEOD
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PR BB CINE SN 2ZKTHD, EROWSE
DERBHER SNz L v B,

L7eid-> T, AEOHEHICBLTE, kDy v
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K18 1914EEEZSH 397 DY VXV EEGEOTERMOFTHEOEZORE
Table 18 T-test for protein content of Kirara 397 among soils in 1991

774+ K Kb+ ® K * gt z D b
754+ 0 t(5%,744) = 1.96**
K k£ 5.54** 0 t(1%,744) = 2.58**
xRt 17.35** 11.72%* 0
1B Et 6.02%* 1.02 9.25%* 0
oLk 10.92** 5.88** 4.43** 4,39** 0
L2 RENETNLIRE S BOBRECELFERCEREN DD Z L E2RT,
R19 19924FEE 55 397 05 VAR BEEEDOEROBHEDEORE
Table 19 T-test for protein content of Kirara 397 among soils in 1992
754+ R gt B OB O+ BefEH+ z 0
794+ 0 t(5%,836) = 1.96*
K&K 1 3.09** 0 t(1%,836) = 2,58**
Rt 12.55** 8.39** 0
BiaEs L 8.37** 10.68** 21.43** 0
Z Db 2.40** 4.09** 9.28** 1.76* 0

= r R ERENR]1 %L 5 NOBEHRETETIERIC

BESHD I EETRT,
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Summary

Grain Quality Determination by Near-Infrared
Spectroscopy

(Part3) Changes in the distribution of constitu-
ent contents of grain made through the drying and
preparation process, and changes in the constituent
contents of grain depending upon production dis-
tricts and different harvest years.

(1) Changes in the distribution of constituent
contents of grain made through the drying and
preparation processes

It is essential for producing quality grain to find out
changes in the distribution of quality-related constitu-
ent contents of grain through the drying and prepara-
tion processes, to know what kind of mechanisms
affect these changes, and then to rationalize each
process. With this in mind, research was done to
make clear the changes. The research focused on
constituent contents such as protein and oil in wheat,
rice and soybeans, which are important indices of
grain quality. Results were as follows:

1) Through the drying and preparation process of
wheat, its initial wide distribution of protein content
became narrower and more uniform after the prelimi-
nary drying.

Through the fine preparation process, under-
developed kernels were removed as screenings, and
the standard deviation of protein content distribution
after the fine preparation process became smaller
than that after the finish of the drying process. Asa
result, wheat quality was improved.

2) The protein content of rough rice when entered
the drying and preparation process varies depending
on the farm or field, and, accordingly, differences in
taste quality among them would be expected.

Protein content distribution, which initially had
wide distribution, became narrower and more uni-
form after the preliminary drying.

Hulled brown rice was separated into protein- poor
product and protein-rich immature kernels through
the separating process. Good-tasting rice could be
sorted through the separating process.

3) Initial wide distributions of soybeans’ protein
and oil content became narrower after drying because
these substances were mixed well through the drying
process. Also, soybeans’ protein and oil content
distributions of refined soybeans separated as product

were narrow enough for the final product.

Screenings separated through the shape separating
process had a higher protein content than a product
put through the shape separating process and it was
found that these separatings were sufficiently useful
for protein extraction. Also, screenings through the
roll separating process were sufficiently useful for
protein and oil extraction.

(2) Changes in protein content distribution of
wheat grown in the Tokachi region of Hokkaido
depending upon production districts and different
harvest years

Over two years from 1991 to 1992, using the wheat
cultivar Chihoku grown in the Tokachi region of
Hokkaido, investigations regarding the differences in
the constituent content distribution among production
districts, and differences in the constituent content
distribution among production districts, and
differenses depending upon harvest years, were car-
ried out. Results were as follows:

1) The district-averaged protein contents in 1991
were 11.4% for Toyokoro-cho as the lowest and
12.5% for Shimizu-cho as the highest, the difference
being 1.1%. In 1992, they were 12.79 for
Sarabetsu-cho as the highest and 11.2% for
Urahoro- cho as the lowest, a difference of 1.5%.

The protein content distribution of Tokachi- grown
samples in 1991 was 13.49% maximum, 10.99 mini-
mum and 12.09% average. In 1992, the distribution
was 13.1% maximum, 10.79% minimum and 12.0%
average. Regarding protein, it could be said that
production had been stable for the whole Tokachi
region.

The ANOVA results for protein content distribu-
tion among agricultural cooperatives showed that the
production district (i.e. the agricultural coopera-
tive) significantly affected protein content distribu-
tion at a 1% level. A t-test for district-averaged
protein content showed that the difference was
significant when it exceeded 0.1%.

2) Regarding the relationship between the protein
content of wheat and meteorological conditions in
1991, there were significant positive correlations
between protein content and accumulated air temper-
atures during April to August and during May to
August, r=0.56* and r=0.54*%, respectively, at a 5%
level, but in 1992 there were no significant correla-
tions. There are many factors affecting wheat
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growth including soils, meteorological conditions,
fertilization and so on. Therefore it was concluded
that the effects of those factors on protein content
may differ from year to year. As a result, there
occurred two cases, in one of which changes of pro-
tein content distribution could be explained by mete-
orological conditions, and in the other they could not
be explained in this way.

3) The protein content distribution of the wheat
cultivar Chihoku produced in the same district (the
same agricultural cooperative), differed-0.6-40.8%
among 1991 and 1992. To produce quality wheat for
the whole Tokachi region, it is considered that farm
management which includes more careful fertilization
is neccessary.

(3) Changes in protein content distribution of
Hokkaido-grown brown rice depending upon pro-
duction districts and different harvest years

Over two years from 1991 to 1992, using the Hok-
kaido-grown brown rice cultivar Kirara 397, investi-
gations were carried out regarding the differences in
the constiuent content distribution depending upon

production districts and harvest years. Results were
as follows:

1) There were differences in protein content distri-
bution among production districts. The difference
between the maximum and minimum district-aver-
aged protein content was 1.8%, and, accordingly,
differences in taste quality would be expected.

2) Averaged protein content was 9.29% in 1991 and
8.8% in 1992, while the difference between these
years was statistically significant at a 19 level.

3) It was difficult to explain the differences among
districts by meteorological conditions.

4) Regarding the relationship between soil condi-
tions and protein content, protein-rich districts fre-
quently had peaty soils, which is usual in Hokkaido.
It was concluded that, within the scope of this study,
the protein content of brown rice was affected by soil
conditions rather than meteorological conditions.

5) To more firmly establish the status of cultivar
Kirara 397 as a good-tasting rice, soil improvements
should be advanced. Also, it will be expected that
the rice should be shipped after sorting depending on
the protein content in the near future.



