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Table. 1. The effect sample mixture on milling waxy and non-waxy rice alternately.

Factor D.1f. S. S. M. S. F

Total 19 126 13.6 67

Sample Weight 3 41 13.6 67 |2.83n.s.

Replication 4 27 6.750 |1.4 On.s.

Error 12 58 4.833

Sample weight : 5, 10, 15, 20g
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Table. 2, Acids used

for neutralization.

Acid type Molecular formula Tailing percent
Sulphuric acid H2S04 3.7
Hydrochloric acid HCI 2.9
Nitric acid HNO 3 2.9
Phosphoric acid H3:PO« 0.3
Perchlolic acid HCIO- 4.0
Succinic acid H2C4+H4+ 04 3.3
q‘artaric acid H2C4H40s 3.1
Etric acid H366H507 0
Oxalic¢ acid H2C204 2.4
Acetic acid CH3COOH 2.8
Formic acid HCOOH 3.9
Lactic acid CH3 (OH) COOH 14.8
Boric acid | HsBO« 11.4

Tailing percent =% X100
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Fig.3. Process of amylose determination.



Table. 3. Results of limited volume for analysis.

. Varieties ’
Samplt(am\;)elght Norin20 | Kitahikari Sensitivity
Amylose C. V. I Amylose C. V.

content content
10 20.5 2.01 21.5 2.35 9.0
25 20.1 1.20 21.1 1.02 9.0
50 20.3 0.75 21.7 0.8 2 5.0
75 20.1 0.48 21.3 0.46 5.0
100 20.0 0.42 21.0 0.41 5.0
150 20.0 0.40 21.4 0.38 4.0
200 20.2 ‘ 0.42 21.8 0.43 3.5
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Variations in absorption curves caused among differently treated amylose.
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Fig.6. Comparison of amylose content deter-
mined by two analytical methods.
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Fig.8. Comparison of starch content deter-
mind by chemical and NIR method.
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Fig.9. Comparison of protein content deter-
mined by chemical and NIR method.
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Fig. 10. Comparison of ash content determined
by chemical and NIR method.
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Fig. 11. Comparison of spectra between coarse
and five rice flour.
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Fig. 13. Relationship between hardness and
adhesiveness with respect to the
clearance below the plunger.
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Table. 4. Effect of grain number on the determination of hardness

and adhesiveness.

Mean | aortaion | CV
1 grain
Hardness (H) 2.21 0.57 25.8
Adhesiveness (—H) 0.7 7 .20 26.0
2 grains
Hardness (H) 4.4 1 0.55 12.5
Adhesiveness (—H) 1.12 0.19 17.0
3 grains
Hardness (H) 6.8 1 0.6 4 9.4
Adhesiveness (—H) 1.4 4 0.19 13.
4 grains
Hardness (H) 7.8 4 0.8 10.2
Adhesiveness (—H) 1.47 0.19 12.9




Table.5. Statistical examination of cooking methods.

Analysis of variance (F test)

Treatment Hardness (H) Adhe(s,i-\rflrl)ess H/—H ‘ —H/H
Electric rice cooker 2.43 2.07 2.21
Receptacle 1.96 1.99 3.95 2.73
Sample weight 6.49% 4.40 3.06
Water quantity 4.12 19.35% * |22.20% % |18.20% *
Variety 2.77 5.90 % J 9.26% 7.09%
Boiling period 1.13 2.94 3.70 3.53
Water absorption period
Steaming period 3.14 2.33 2.21

Keeping period

% . % % . Significant at the 5% and 1% levels, respectively.
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Fig. 17. Comparison of NIR spectra between
two retrograded rice.
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spectra between two retrograded rice.
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Fig.24. Amylogram.

Table. 6. Correlation coefficient for

Amylogram characteristics.

Maximum ¥
viscosity 0.287
Minimum % %
viscosity -0.014 0.420
Final * % * % * k
viscosity —0.510 —-0.421 0.421
Breakdown * * * * X
(B) 0.317 0.886 =0.090 —0.467
Consistency * % * * % * %
(C) —0.,548 —0.321 0.259 0.983 0.493
* % * X X ¥ * % X X
B/C 0.505 0.638 | —0.148 | —~0.817 0.782 | ~0.849
C/B X X X % * X * X X X X %
—-0.481 —0.625 0.167 0.797 -0.777 0.828 -0.797
Gelatinization Maximum | Minimum Final Breakdown | Consistency B/C
temperature viscosity viscosity viscosity (B)

%, % % ! Significant at the 5% and 1% levels, respectively
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Fig.27. Amylose content of rice from different areas in Japan.

N : Number of samples, M : Mean value of amylose content,

R :90% confidence interval, C : Coefficient of variation

Table. 7. Amylose content in rice.

T Mean 90% Coefficient
Years Area Sample amylose Stand:.ard Confidence of
content deviation interval variation(%)

1969~1971

Honshu 19 19.5 1.19 17.6~21.5 6.1

Hokkaido 37 22.8 1.05 21.1~24.5 4.6
1980~1983

Honshu 178 19.9 1.6 8 17.1~22.7 8.4

Hokkaido 56 23.0 1.80 20.0~26.0 7.8
Total

Honshu 197 19.9 1.6 4 17.2~22.6 8.2

Hokkaido 9 3 22.9 1.5 4 20.3~25.5 6.7
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Table. 8. Degree of polymerization (DP) and limiting viscosity.

Area DP L_lmlm,lg Average length

(Variety) A Amylo- viscosity of unit chain
mylose | pectin (g/d.25C DMSO)

Honshu
Koshihikari 560 2950 1.18 18.2
Sasanishiki 500 2940 1.25 19.0
Kinmaze 460 2520 1.06 19.2
Norin22 570 3080 1.3 2 19.5
Mean 523 2873 1.2 0 19.0

Hokkaido
Horyu 490 3220 1.11 18.9
Shiokari 470 3130 1.1 2 17.7
Yukara 45 2760 1.08 18.8
Norin.22 433 2530 1.01 18.9
Mean 46Q 2910 1.0 8 18.6
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Fig.28. X-ray diffractograms of rice starch.
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Table. 9. Swelling power and solubility.

A Honshu Hokkaido
rea T

Swelling power Solubility |Swelling power Solubility
Mean 15.8 8.9 14.2 11.0
Standard .
deviation 1.29 2.23 1.0 7 2.7 3

o .

0% confidence 13.5~18.1 |5.0~12.8 | 12.3~16.1 |6.2~15.8
interval
Coefficient of
variation (%) 8.2 25.1 7.5 24.8

500mg Starch/25ml water,30min, 3000rpm-15min.
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Table. 10. Amylogram characteristics of Honshu and Hokkaido rice.

Gelatini-
Area zation ) Maximum | Minimum | Final Break down|Consistency B/C
ttﬁr:é)era viscosity | viscosity | viscosity (B) (C)

Hokkaido

Mean 64.1 694 294 1239 390 967 0.4

C. V. 3.0 18 18 19 31 25 31
Honshu

Mean 64.9 824 280 811 544 626 0.9

C. V. 1.9 15 27 37 17 17 J 25
Table. 11. Maximum viscosity of rice flour from different areas in Japan.

)
Area Samples x::inm}lm g;:;dt?;: gon?i(t)iﬁlce C. V.
viscosity interval

Hokkaido 58 397 91 245549 23
Tohoku 42 502 61 399~605 12
Hokuriku 20 640 48 557 ~723 8
Kantd 26 590 65 480~700 11
Chabu 23 547 91 391~703 17
Kinki 6 641 58 527~1753 9
Chagoku 22 554 6 3 446~ 662 22
Shikoku 10 595 112 504—~686 19
Kyusha 29 597 119 392';799 20
Honshu 178 569 92 418720 16
Total 234 527 117 335~709 22
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Fig. 32. Distribution of protein in rice grains.
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Table. 12. Protein content of rice from different areas in Japan.

7

Area Sample ll:dreoatl;in gxm?;g gon%?dfnce C. V.

content interval

Hokkaido 56 8.4 1.2 6 6.3~10.5 15.0
Tohoku 42 7.9 1.1 14 6.0~9.8 14.4
Hokuriku 20 8.1 0.56 7.1-9.1 6.9
Kanto 26 8.3 0.56 7.3~9.3 6.7
Chubu 23 8.7 0.91 7.1~10.3 10.5
Kinki 6 8.4 0.53 7.4—9.4 6.3
Chugoku 22 8.1 0.7 2 6.9~9.3 8.9
Shikoku 10 8.5 0.96 6 .8~10.2 11.3
Kyushn 29 8.8 0.65 7.7-9.9 7.4
Honshu 178 8.3 0.89 6.8~9.8 10.7
Total 2314 8.3 0.99 6.7~9.9 11.9
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Table. 13. Comparison of amino acid composition in 4 rice varieties.

Amino Acid

Sasanishiki

Nihonbare

Ishikari Yukihikari

IS

Aspartic acid 9.

w

Threonine
Serine
Glutamic acid 2
Proline
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Lencine
Tyrosine
Phenylalanine
Histidine
Lysine

N W N bR R 00w NN U= ey G,
BN 00 W W 00 W N~ NN 0 0 =T U e

Arginine

9.

w

NW N S A0 W NN — Ry O G

[51]

9. 9.

ol
w

w
w

O W W YN =W WwW 0w~ NN Rea
N W N U R 00 W N U= N Ry G
(=2 T - = R R = I N - B = o i L
W N U A 0 W NN U = R NG
© 00 N D 00 AN = NN OO W W

4O, BEBEXEEBLIEBTHY VL, & =
AL 8RBT L LN, B LICAREXRD
MR R FAEESOL L ErFHITLEND,
LA LRk & KRB ICFE T 2880 RR
COWTRIF L bzt < v, SHERS
OBHLEEIL) D EARLBEENHYD, B ik
BIET7 IS ammdElSELI L
HTw IR LICEE LI, 2R ORE
PRET L, MbERoORMICA T 2%EAS 4 (3Ca
> Mg™™> Hg**>Fe't DIETHHZ E%RL
720 U v iKRROEER P TEAERIRDE
, BLITHANLYTA, =721 TA, B X
HEEMICLAERLRENWS-0Z Y s T
W3, SHHESKS L BB OBBILIED R
BoPICT 52 L IIRWER2 M &35 ETHE
Brih,

I FE THRE S NIRRT O EMR 5 BRI
3K FREFTBEERPHLN 2L Dpv e
AETH->T, NHBHHRICIBRE L -RBICHAYS
NTOAKEaRDERIZIZEAE S, 22TR
bk & R OBMEE A L 2T B o icdtigE

FEK & A FEK 2 89~ 91 %184 A KIC L Tt
W L2, HEREKNZ1980, 19834EM 2 »4EITh
720 AMI36R, 44RFE, AFF2035, ALipE 5 HRT
#, 158FE, AF8LEE AV, B2 05T
(3FiEe, AEILKRESIC L Bk %E Vs,

VR TTOERRRER, 2, FRUY
L, RPTRITLAIREKERE, 2o, 8,
FERIER, TLFL o 7L —Ail L BEFRE
i AN T AITBILER, TrFLr7L—
LI AEFIREEETER L,

Table 141319834F, JLigdEE RIRWE "1 7
)y LEWBHNFE Y= %, XKD
PR O3 2 R L TR L, e B8
#F100~95% MNo.1, 2) IIRK, BROEBFITH
D, 95~89%MNo.3, 4) IIWBE LIKIFTH Y,
89~83% (No.5, 6) (FMELT LRI IZH /Nl
MEFTH 5, BEEFIIROBIZEIIZD
NEDEAFLEECR T T2 ey nyrsbhy
272, ETEEOKEVCERBETIIZ TR T4,
AN, ey, Y, g, WER AN TLD
&7, =73 mh, 7 ) OETEIFIZK



Tadle. 14. Distribution of inorganic component in Hokkaido and Honshu rice.

Area Sample | Milling Inorganic component (ppm)
(Variety) number | percentage P K Mg Ca ‘ Mn Fe Zn
Hokkaido 1 100~97.6 | 10400 | 17250 4880 156 193 108 53
(Ishikari) 2 97.6~94.4 | 10040 | 16930 4870 138 138 78 58
3 94.4~91.8 8170 | 15450 4820 121 103 62 52
4 91.8~88.6 7830 | 11700 4560 104 70 46 49
5 88.6~85.0 6570 6270 3600 88 40 44 40
6 85.0~82.3 3710 3000 1190 86 21 26 32
7 82.3~73.6 2510 1610 270 90 14 22 26
8 73.6~64.5 1320 890 20 78 09 18 23
9 64.5~ 0 860 580 10 68 08 13 18
Honshu 1 100~97.1 9610 | 17340 5070 166 230 97 61
(Sasanishiki) 2 97.1~94.8 8750 | 16710 5090 140 165 67 65
3 94.8~92.3 8460 | 15640 4950 122 133 53 60
4 92.3~88.6 8010 | 12200 4810 112 120 46 58
5 88.6~84.7 6840 6410 4040 94 76 39 45
6 84.7~80.4 4870 3150 2250 86 44 26 41
7 80.4~75.5 2810 1290 310 88 23 25 32
8 75.5~64.8 1450 760 40 80 17 19 28
9 64.8~ 0 980 330 10 62 11 13 22

Tadle. 15. Correlation coefficient for inorganic components and physicochemical properties.

JE—

Inorganic component Protein | Amylose |Amylog-
Na K Ca Mg ‘ Fe Mn Zn | content |content [ramM.V.
* % * ¥ X% * % * % X% p
—-0.189 0.446 0.056 0.647 0.387 0.297 0.454 0.016 | —0.381 0.306
*
-0.216 0.321 | —0.109 | —0.146 | —0.078 | —0.174 | —0.022 0.1056 | -0.102 Na
* % * % X% K
=0.030 0.505 0.530 | —-0.023 0.53 | —0.014 | —0.005 | —0.070
Inorganic
0.108 | 0.028 | -0.009 | —0.023 | 0.0%8 | 0.055 |—0.098 | C@
** * % * % * % xx| component

\ 0.457 0.313 0.659 0.002 | —0.458 0.329 €

* ¥ F

0.161 | 0.59 | 0.040 | —0.202 | 0.200 | "€

0.167 0.022 | -0.214 0.212 Mn

* ¥ * 7

0.029 | —0.411 | 0.200 | “"
* % Protein
—0.307 | —0.047 content
Sample 284 %% Amylose
%, % % . Significant at the 5% and 1% levels, respectively. -0.789 content




Table. 16. Inorganic components of each in rice from Hokkaido and Honshu.

\

Area Inorganic Mean(mg%) Sta.nd:flrd C. V. configgl%e
element deviation interval

Hokkaido P 99 18 18.2 69~129

(n=81) K 101 21 20.8 66~136

Na 15.6 6.6 42.3 46~266

Ca 7.4 1.2 16.2 5.4~9.3

Mg 18.1 4.8 26.5 10.1~26.1

Fe 1.1 0.45 40.9 0.3~1.8

Mn 0.9 0.2 2 24.4 0.6~1.3

Zn 2.1 0.6 3 30.0 1.1~3.2

Honshu P 113 14 12.4 90~136

(n=203) K 92 17 18.5 65~119

Na 14.6 8.1 55.5 13~279

Ca 7.2 1.2 16.7 5.4~9.1

Mg 20.3 3.1 15.3 15.2~25.4

Fe 1.2 0.4 4 36.7 0.5~1.9

Mn 1.1 0.22 20.0 0.7~1 .4

Zn 2.3 0.15 19.6 1.6~3.0
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Fig. 33. Difference in texturograms between
Hokkaido and Honshu rice.

Table. 17. Comparison of texturograms between Hokkaido and Honshu rice.

Hardness (H) Adhesiveness (—H) H/—-H

Hokkaido Honshu Hokkaido Honshu Hokkaido Honshu
Mean (T. U. ) 4.16 3.82 2.24 2.89 9.82 6.89
Standard
deviation 0.17 0.36 0.48 0.45 2.7 1.74
C. V. (%) 4.1 9.4 21.4 15.6 27.6 25.3
90% confidence
interval 3.87~4.45 | 3.21~4.43 | 1.43~3.05 | 2.13~3.65 | 5.26~14.38 | 3.96~9.82




Table. 18. Comparison of soluble components between Hokkaido and Honshu rice

Cooking qualities Soluble components (mg%) Soluble ratio (%)
f -l
?é:gie ‘],Em:;ﬁed‘ szijl lg:::ﬂ:mh}'d A&y)lose B/AX100 Protein‘ Sugar | P | K | Mg | Amylose “protein P | K | M

Hokkaido

Mean 3.06 30.8 3374 2714 1013 3.3 271 48.0 | 7.6059.9] 7.1 4.5 0.32 | 8.1|36.1)38.6

C.v. 6.4 4.1 14.3 12.6 15.1 9.0 9.8 | 13.3 | 7.2 7.5) 3.1 U.2 7.2 | 4.6(10.5| 7.0
Honshe || T B T

Mean 2.99 30.9 2883 2274 692 30.4 27 35,1 | 4.5147.0] 6.0 3.6 0.27 | 7.3]49.031.3

C. V. 2.5 11.6 14.9 13.4 14.6 12.9 14.7 | 18.2 | 9.8| 9.8 10.6 8.6 | 53] 5.3|13.1
Tl | | B T T

Mean 3.02 30.9 3161 2494 853 34.2 44 ) 415 ) 7.8153.4] 6.8 4.1 0.30 | 7.7/51.9] 36.0

C.V. 5.0 8.4 16.4 15.6 ‘ 24.3 14.5 16.5 | 21.9 4.8 6.9 173 11.0 | 6.9|13.5|22.8
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Table. 19. Relationship between amylose content and each eating characteristic.

Correlation coefficient

Regression equations

Texturogram .
Hardness (H) r=+0.744 ** Y=+4+0.086X +2.07
EAmmgwm%s«4n r=-0.679 ** Y =—0.136X +5.60
H/- r=+0.660 ** Y =+40.63X —5.62
Amylogram
Maximum, viscosity r=—0.789 ** Y = —39X +1330
Cookjng qualities
—Water up take ratio | r=+0.110 Y=+8.98X+2.84
| Expanded volume | r=+0.551 ** Y =+40.47X +20.5
L Total solid r=+0.647 ** Y =+182X —619
Sensory test
—Synthesis r=—0.946 ** Y =-0.52X +11.31
—Adhesiveness r=—0.908 * Y=—0.48X+10.49
| Hardness r=+0.885 ** Y =+40.31X —6.76

%, % % ! Significant at the 5% and 1% levels, respectively.
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Fig. 34. Relationship between amylose content
and eating quality.
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Table.20. Relationship between protein content and eating quality.

Correlation coefficient Regression equations
Texturogram
Hardness (H) r=+0.350 ** Y = +0.13X +2.9
Adhesiveness (—H) r=-0.603 ** Y =-0.38X +5.7
H/—H r=+0.648 ** Y =+1.94X 7.7
Amylogram
Maximum viscosity r=—0.047 Y=-5.6X+563
Amylose content r=-0.307 ¥ % Y=-0.7X +26.8
Cooking qualities
{Water up take ratio | r=+0.132 % Y=+0.03X+2.8
Expanded volume r=+0.731 Y=+2.0X+13.5
Total solid r=+0.383 * Y = +309X +622
Sensory test
Synthesis r=-—0.530 Y=-0.93X+7.9
{Adhesiveness r=-0.585 ¥ Y=-0.98X +8.4
Hardness r=+0.723 ** Y=+40.81X—-6.8
%, %% . Significant at the 5% and 1% levels, respectively.
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Fig. 35. Relationship between eating quality
and protein content of rice.
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Table.21. Correlation coefficient for soluble components and eating quality of rice.

Soluble components

Carbohyd-

Solid rate Amylose | Protein Sugar |- P K
Cooking qualities

Water uptake ratio -0,153 | —0.176 | —0.017 0.173 | =0.015 [ —0.063 0.165

¥ % * % X % * * %
Expanded volume 0.649 0.598 0.523 0.444 0.487 | —0.281 0.328
* % X % * % * % * * % *
Amylose content 0.647 0.610 0.855 0.796 0.743 | —0.536 0.845
* * % X % ¥ % ¥ % ¥ %
Protein content 0.388 0.261 0.656 0.844 0.681 | —0.764 0.748
Amylogram o X % X % * % * * % X % *
Maximum viscosity —0.747 | —0.711 | —0.759 | —0.518 | —0.695 0.362 | —0.590
o * *
Final viscosity -0.194 | —0.226 0.098 0.372 0.147 | —0.191 0.376
¥ % X % * % * * % X % * %
Breakdown —0.572 | —0.507 | —0.759 | —0.645 | —0.787 | 0.470 | —0.728
' ¥ % *
Consistency -0.138 | —0.168 0.136 0.466 0.227 | —0.190 0.415

X, Kk

. Significant at the 5% and 1% levels, respectively.
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Fig.36. Relationship between total solids and
soluble carbohydrates in rice.
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Fig.39. Influence of amylose content on
retrogradation of rice.
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Fig. 40. Relationship between amylose content
and degree of retrogradations deter-
mined by iodine method.
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Relationship between amylose content and degree of

retrogradations determined by glucoamylase method.
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Fig. 42. Relationship between amylose content
and texturogram of retrograded rice.
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