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Table 1. Type, group and variety names of rice used in this experiment
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Entry No. Type Group® Variety name Entry No.  Type Group® Variety name

1 Japonica A Koshi\ari 28 Japonica B Taichung 189

2 Japonica A Akitakomachi 29 Japonica B Taichung 178

3 Japonica A Nipponbare 30 Japonica B Kaohsiung 139
4 Japonica A Kinuhikari 31 Indica C IR8

5 Japonica A Hokuriku 100 32 Indica C 1IR26

6 Japonica B Taikeng 1 33 Indica C IR36

7 Japonica B Taikeng 2 34 Indica C IR50

8 Japonica B Taikeng 3 35 Indica C IR64

9 Japonica B Taikeng 4 36 Indica C IR72

10 Japonica B Taikeng 5 37 Indica B IR3941-25-1

11 Japonica B Taikeng 6 38 Indica C POKHARELI
12 Japonica B Taikeng 7 39 Indica D Taichung native 1
13 Japonica B Taikeng 8 40 Indica D TaichungSen 10
14 Japonica B Taikeng 9 41 Indica D ChianungSen 6
15 Japonica B Taikeng 10 42 Indica D ChianungSen 8
16 Japonica B Taikeng 11 43 Indica D ChianungSen 11
17 Japonica B Taikeng 13 44 Indica D TainungSen 12
18 Japonica B Taikeng 14 45 Indica D TainungSen 14
19 Japonica B Taikeng 15 46 Indica D TainungSen 18
20 Japonica B Taikeng 16 47 Indica D TainungSen 19
21 Japonica B Tainung67 48 Indica D TainungSen 20
22 Japonica B Tainung 68 49 Indica D TaichungSen 17
23 Japonica B Tainung 69 50 Indica E DELLA
24 Japonica B Tainung 70 51 Indica E LEMONT
25 Japonica B Chianung 242 52 Indica E L202
26 Japonica B Hsinchu 56 53 Indica E CALROSE 76
27 Japonica B Taipei 309 54 Indica E NATO

* A: Japanese rice; B: Taiwan japonica rice; C: IRRI rice; D: Taiwan indica rice; E: America rice.
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Table 2. The names, symbols and types of amino acids
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L e Histidine HIS DT R i

i Trptophan TRP W s FERENE - HEIR
il Threonine THR W k> W RERREER
RN Isoleucine ILE WE > sk > IR - RERLIE

o e Leucine LEU DT P FERRME - RRRAIR
IR R Phenylalanine PHE T it JERYE - HEE

FR o i Methionine MET DT W s FEREYE - SRR
4 e it Cysteine CYS FELTE > Wit STRERE
[iriing Tyrosine TYR T Wi HEE

K% el Aspartic acid ASP FELTE - BRI 5 R

Bk Glutamic acid GLU FELTE - B - R

PNES i Asparagine ASN LT > i ~ Btk

i Serine SER RN ol o AR o SOELRE R
BRI Glutamine GLN LT I -

i Proline PRO LT o Pt - FERENE - AREER
H R Glycine GLY FENTE » B o JERRME 0 RERAIR
RERGE Valine VAL LT > B > FERRME > RERATE
i3 Alanine ALA LT I ~ FERBME - RERATE
FaRG: Arginine ARG FLFERPBLT) ~ Wi - B4
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(stepwise regression analysis) * #& LA T LA 18 FERG B & B3 RWRAEZ 2 AT1 71 o T2 300 of PR e B i
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Table 3. Comparsions of 18 amino acids of milled rice between indica and japonica rice varieties

Amino acid * Japonica rice’ Indica rice’ Value of t test
(mg/g) (mg/g)
LYS 2.17+0.17 228 +£0.31 -1.68
HIS 1.49+0.13 1.45+0.20 0.92
TRP 0.17 £0.06 0.19+£0.07 -1.46
THR 1.64 £0.17 1.59+0.22 0.88
ILE 2.51+£0.30 2.56 +0.37 -0.50
LEU 4771044 4.73£0.70 0.26
PHE 3.63+0.34 3.59+0.53 0.35
MET 1.31+0.15 1.27+0.24 0.74
CYS 036 £0.14 0.64+0.12 -7.70%*
TYR 1.53+£0.15 1.57+£0.25 -0.69
ASP 5.31+0.49 5.22%0.76 0.51
GLU 10.92 + 1.00 10.8 +1.68 0.33
SER 1.95+0.28 1.71£0.26 3.29%*
PRO 2.58+£0.23 2.66 +0.41 -1.00
GLY 2.38+0.20 2.38£0.30 -0.07
VAL 3.56 £ 0.33 3.69+0.57 -1.05
ALA 2.97£0.25 3.04+0.39 -0.88
ARG 5.36+0.92 5.14+1.25 0.73

** Significant at 1% level of probability.
* The three letter abbreviations of amino acids.

* The vaules that in the columns were the means and standard deviation, respectively.
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Table 4. Comparsions of different types of 18 amino acids of milled rice between indica and japonica rice varieties

2000

Type of amino acid Japonica rice’ Indica rice”’ Value of t test
(mg/g) (mg/g)

Essential 26.59 +2.46 26.48 +4.10 0.13
Non-essential 29.43 £2.59 29.54 £4.21 -0.12
Sulfur-containing side chain 1.66 £0.19 1.90 £0.30 -3.58%*
Aromatic-containing side chain 5.32+0.48 5.34%0.78 -0.11
Aliphatic-containing side chain 16.19£1.45 16.40 £2.32 -0.42
Neutral 27.45+2.54 27.41+3.85 0.05
Acidic 16.23 +1.45 16.03 £2.41 0.39
Basic 9.01 £1.09 8.86 +1.68 0.38
Polar 30.72+2.78 30.39 +£4.69 0.32
No-polar 23.86 +2.14 24.11+3.42 -0.32

** Significant at 1% level of probability.

y

The vaules that in the columns were means and standard deviation, respectively.
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Table 5. Multiple comparisons for 18 amino acids of milled rice among different types of rice varieties

Amino acid® Japanese rice’  Taiwan Japonica ric’ IRRI rice’ Taiwan indica rice’ America rice’
(mg/g) (mg/g) (mg/g) (mglg) (mg/g)
LYS 2.29 2.14 242 222 2.18
HIS 1.56 1.47 1.54 1.38 1.44
TRP 0.19 0.16b 0.16b 0.18b 0.26a
THR 1.75 1.62 1.71 1.53 1.56
ILE 2.59 2.50 2.76 2.46 2.46
LEU 4.99 4.72 5.11 4.50 4.62
PHE 3.75 3.60 3.87 3.44 3.47
MET 1.39a 1.29a 1.38a 1.28a 1.05b
CYS 0.26b 0.38b 0.63a 0.61a 0.69a
TYR 1.54 1.53 1.64 1.50 1.61
ASP 5.51 5.27 5.67 497 5.06
GLU 11.13 10.88 11.70 10.22 10.64
SER 2.12a 1.92ab 1.80bc 1.60c 1.81bc
PRO 2.69 2.55 2.90 2.56 2.50
GLY 2.48 2.35 2.53 2.28 2.36
VAL 3.70 3.53 3.98 3.55 3.54
ALA 3.08 2.94 3.27 2.93 291
ARG 5.58 5.31 5.33 5.06 5.01
TOTAL 58.1 55.61 59.98 53.76 54.67

* the three letter abbreviations of amino acids.

¥ Means with the different letter of a row are significantly different at 5% level by LSD test.
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Table 6. Multiple comparisons for different types of 18 amino acids of milled rice among different types of rice varieties

Type of amino acid Japanese rice’ Taiwan Japonicaric®  IRRIrice’ Taiwan indicarice’  America rice’
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
Essential 27.79 26.35 28.25 25.60 25.59
Non-essential 28.80 27.82 30.14 26.69 21.57
Sulfur-containing side chain 1.65b 1.66b 2.0la 1.89ab 1.74b
Aromatic-containing side chain 5.48 5.29 5.66 5.12 5.33
Aliphatic-containing side chain 16.84 16.05 17.65 15.73 15.90
Neutral 28.73 27.20 29.46 26.31 26.55
Acid 16.64 16.15 17.38 15.20 15.69
Basic 9.43 8.92 9.29 8.67 8.63
Polar 3243 31.72 30.52 29.09 29.99
No-polar 24.87 23.66 25.96 23.19 23.17

Y Means with the different letter of a row are significantly different at 5% level by LSD test.
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(appearance)¥2 LYS ~ TRP ~ ILE ~ CYS ~ TYR ~ PRO ~ VAL ~ f ALA % 8 M ERE R 2 FHRR IR EI
2 EHHRA ; H (aroma)fREL TRP ~ CYS ~ SER I Z HER(REAEEE I} » B BRI RS > FHRR (R B
EREE Z & HHRARRR 5 MK (flavor) B2 SER 2 1EFHRH » {HEZLYS ~ TRP ~ CYS ~ TYR ~ PRO ~ VAL K&
ALA 2 £ #HRE 5 #h1% (cohesion)BELYS ~ TRP ~ ILE ~ CYS ~ TYR ~ PRO - VAL & ALA % 8 féifi%
ERRIH 2 & FHRE ; MAFME (hardness)BR TE TRP ~ THR ~ CYS ~ SER ~ ARG %% 5 &G R [ 2 AHRR
(REAEEES » BEEH GG LS 2 1EAHR - ERREHEFF (overall sensory evaluation) HJEZLYS ~
TRP ~ ILE ~ CYS ~ TYR ~ PRO ~ VAL }& ALA % 8 f@ e 5 S MHEARAIR - HERRE L i ATRHEFF
il Z FHRR R B R -

BB REEEE S R E AW E R 2 BRR T By R A\ B RREEE Y
THEERE - QILYS ~ TRP ~ ILE B RIRAEEF[ EREE 2 &R - BBz 2k - HEERSREE
07 2 % WE R AR WA RAN S 24 0 IR E R R E A S A SRR 1F
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Table 7. Correlation coefficients of 18 amino acids of milled rice with eating quality of cooked rice in 54 rice varieties

Eating quality ~ Appearance Aroma Flavor Cohesion Hardness Overall
sensory

Amino acid” evaluation
LYS -0.44%* -0.42%* -0.46%* -0.50%* 0.39%* -0.48%*
HIS -0.07 -0.31* -0.07 -0.12 0.30* -0.09
TRP -0.29* 0.25 -0.30* -0.36%* 0.07 -0.32*
THR -0.07 -0.32% -0.05 -0.10 0.25 -0.07
ILE -0.30* -0.39** -0.17 -0.33%* 0.39%* -0.31*
LEU -0.16 -0.34%* -0.16 -0.20 0.34%* -0.18
PHE -0.15 -0.35%* -0.14 -0.18 0.34%* -0.17
MET -0.06 -0.32% -0.06 -0.11 0.41%* -0.09
CYS -0.64** -0.14 -0.66%* -0.64%* 0.26 -0.66%*
TYR -0.29* -0.27* -0.28* -0.36* 0.38** -0.32%
ASP -0.13 -0.35%* -0.12 -0.17 0.33** -0.15
GLU -0.14 -0.34%* -0.13 -0.18 0.32* -0.16
SER 0.25 -0.13 0.27* 0.22 0.05 0.26
PRO -0.34%#* -0.34%* -0.32% -0.35%* 0.39%* -0.34%%*
GLY -0.21 -0.36%* -0.21 -0.26 0.34%* -0.24
VAL -0.33** -0.38** -0.35%* -0.39%* 0.38%** -0.37%*
ALA -0.30* -0.38%* -0.30* -0.34%%* 0.39%* -0.33*
ARG -0.07 -0.28%* -0.10 -0.12 0.14 -0.10
Total protein -0.22 -0.36%* -0.21 -0.26 0.35%* -0.24

*, %% Significant at 5% and 1% levels of probability, respectively.
* The three letter abbreviations of amino acids.
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Table 8. Correlation coefficients of 18 amino acids of milled rice with eating quality of cooked rice in 24 indica rice varieties

Eating quality ~ Appearance Aroma Flavor Cohesion Hardness Overall
sensory
Amino acid” evaluation
LYS -0.52%* -0.59%* -0.58** -0.60** 0.37 -0.58**
HIS -0.29 -0.46* -0.33 -0.36 0.31 -0.33
TRP -0.46* 0.09 -0.41* -0.53** 0.07 -0.51%**
THR -0.32 -0.54%* -0.34 -0.34 0.24 -0.31
ILE -0.40* -0.48* -0.44* -0.46* 0.36 -0.44*
LEU -0.31 -0.46* -0.35 -0.37 0.33 -0.35
PHE -0.30 -0.48% -0.33 -0.35 0.34 -0.33
MET -0.25 -0.52%* -0.33 -0.31 0.43* -0.29
CYS -0.22 -0.18 -0.18 -0.27 0.25 -0.22
TYR -0.34 -0.39 -0.38 -0.43* 0.34 -0.39
ASP -0.31 -0.50%* -0.35 -0.37 0.32 -0.35
GLU -0.26 -0.45* -0.30 -0.32 0.31 -0.30
SER -0.17 -0.36 -0.17 -0.18 0.06 -0.15
PRO -0.42* -0.50%* -0.42% -0.41* 0.38 -0.41*
GLY -0.38 -0.52%* -0.42%* -0.44% 0.34 -0.42*
VAL -0.37 -0.56%* -0.44%* -0.46* 0.35 -0.43*
ALA -0.37 -0.51%* -0.41%* -0.42% 0.37 -0.40
ARG -0.18 -0.41* -0.29 -0.34 0.15 -0.29
Total protein -0.32 -0.49%* -0.37 -0.39 0.32 -0.37

*, ** Significant at 5% and 1% levels of probability, respectively.
* The three letter abbreviations of amino acids.
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Table 9. Correlation coefficients of 18 amino acids of milled rice with eating quality of cooked rice in 30 japonica rice varieties

Eating quality =~ Appearance Aroma Flavor Cohesion Hardness Overall
sensory
Amino acid’ evaluation
LYS -0.15 -0.15 -0.13 -0.24 0.39* -0.21
HIS -0.17 -0.08 -0.19 -0.28 0.42* -0.27
TRP 0.21 0.45%* 0.05 0.12 -0.03 0.27
THR -0.11 -0.04 -0.11 -0.25 0.40* -0.21
ILE -0.37* -0.27 0.29 -0.43* 0.53%* -0.40*
LEU -0.21 -0.13 -0.22 -0.35 0.44* -0.33
PHE -0.24 -0.13 -0.23 -0.38* 0.42* -0.37*
MET -0.08 0.03 -0.01 -0.28 0.46%* -0.22
CYS -0.26 -0.26 -0.23 -0.16 0.22 -0.25
TYR -0.33 -0.07 -0.26 -0.53** 0.53%%* -0.42%
ASP - -0.19 -0.12 -0.18 -0.31 0.44%* -0.29
GLU -0.26 -0.16 -0.23 -0.39* 0.43* -0.40%*
SER -0.01 0.06 -0.05 -0.17 0.29 -0.11
PRO -0.17 -0.06 -0.16 -0.31 0.40* -0.30
GLY -0.15 -0.10 -0.17 -0.26 0.39* -0.26
VAL -0.26 -0.16 -0.27 -0.39* 0.44* -0.39%
ALA -0.22 -0.16 -0.21 -0.34 0.41* -0.33
ARG -0.28 -0.09 -0.35 -0.25 0.22 -0.35%
Total protein -0.26 -0.13 -0.22 -0.38* 0.45%* -0.38%*

*, ** Significant at 5% and 1% levels of probability, respectively.
* The three letter abbreviations of amino acids.
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Table 10. Correlation coefficients of different types of 18 amino acids of milled rice with overall sensory valuation of cooked rice

in 54 (24 indicia, 30 japonica) rice varieties

Type of amino acids 54 varieties 24 indica varieties 30 japonica varieties
Essential ) 0.06 0.22 -0.39*
Non-essential 0.09 0.31 -0.35
Sulfur-containing side chain -0.30* 0.23 -0.36*
Aromatic containing side chain 0.08 0.31 -0.36*
Aliphatic-containing side chain 0.02 0.26 -0.37*
Neutral 0.08 0.27 -0.32
Acidic 0.14 0.32 -0.37*
Basic 0.06 0.14 -0.36*
Polar 0.11 0.27 -0.40%*
No-polar §.04 0.26 -0.35

* Significant at 5% level of probability.
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Table 11. The best regression equations of 18 amino acids of milled rice for overall sensory evaluation of cooked rice varieties

Step Variable Parameter Standard Sum of F Value Probability
enter’ estimate error squares > F value

All variety (N=54)

Intercept 0.817 0.2316 0.4073 12.45 0.0009

1 ASP 0.543 0.1210 0.6582 20.12 0.0001

2 SER 1.042 0.1337 1.9866 60.72 0.0001

3 PRO -0.808 0.2286 0.4088 12.49 0.0009

4 ILE -0.316 0.1604 0.1269 3.88 0.0548

5 LYS -1.270 0.2902 0.6270 19.16 0.0001

6 TRP -2.033 0.4717 0.6077 18.57 0.0001
R’=0.826

Indica varieties (N=24)

Intercept 2.062 0.2397 0.7296 73.98 0.0001

1 ASP -0.594 0.2491 0.0561 5.69 0.0290

2 GLU 0.571 0.0907 0.3902 39.57 0.0001

3 ALA -3.781 0.3951 0.9033 91.60 0.0001

4 CYS 0.623 0.3210 0.0371 3.77 0.0690

5 HIS 4211 0.9116 0.2105 21.34 0.0002

6 TRP -5.006 0.4408 1.2722 129.00 0.0001
R=0.942

Japonica varieties (N=30)

Intercept 0.321 0.2346 0.0273 1.87 0.1826

1 TYR -0.440 0.1531 0.1208 8.27 0.0078

2 TRP 0.860 0.4106 0.0641 4.39 0.0457
R’=0.291

* The three letter abbreviations of amino acids.
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Table 12. The best regression equations of 18 amino acids of milled rice for overall sensory evaluation of cooked rice varieties

Variable Parameter Standard Sum of F Value Probability
used estimate error squares > F value

All variety (N=54)

Intercept -0.4914 0.0240 13.038 419.69 0.0001
PRIN1 -0.0258 0.0066 0.4816 15.50 0.0003
PRIN2 -0.2391 0.0202 4.3495 140.01 0.0001
PRIN3 -0.0847 0.0229 0.4270 13.74 0.0006
PRIN4 0.0735 0.0311 0.1736 5.59 0.0224
PRINS -0.2121 0.0386 0.9369 30.16 0.0001
PRING 0.1203 0.0536 0.1563 5.03 0.0299
PRIN7 0.1524 0.0590 0.2073 6.67 0.0131
PRIN9 0.3572 0.0760 0.6868 22.11 0.0001
R’=0.841
Indica variety (N=24)
Intercept -0.844 0.0149 17.100 3188.88 0.0001
PRIN1 -0.035 0.0040 0.4239 79.06 0.0001
PRIN2 -0.063 0.0121 0.1463 27.29 0.0004
PRIN3 -0.277 0.0227 0.7962 148.50 0.0001
PRIN4 -0.119 0.0233 0.1403 26.16 0.0005
PRINS -0.304 0.0256 0.7599 141.73 0.0001
PRING 0.166 0.0438 0.0774 14.44 0.0035
PRIN7 0.337 0.0542 0.2074 38.68 0.0001
PRINS -0.143 0.0594 0.0309 5.77 0.0372
PRIN9 0.312 0.1045 0.0477 8.90 0.0137
PRIN10 -0.277 0.1083 0.0350 6.53 0.0286
PRIN15 -1.284 0.3518 0.0714 13.32 0.0045
PRIN17 1.495 0.5932 0.0341 6.35 0.0304
PRIN18 -2.817 0.8198 0.0633 © 1181 0.0064
R’=0.991
Japonica variety (N=30)
Intercept -0.209 0.0204 1.3134 104.73 0.0001
PRIN1 -0.012 0.0057 0.0577 4.60 0.0419
PRIN2 -0.035 0.0145 0.0728 5.81 0.0237
PRING 0.088 0.0408 0.0580 4.62 0.0414
PRIN15 -0.576 0.2765 0.0544 434 0.0476
R’=0.431

* The three letter abbreviations of amino acids.
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Studies on the Differences of Amino Acids of
Milled Rice among Rice Varieties and its

Relationship to Eating Quality of Cooked Rice '

Yong-Pei WU’, Ai-Na Hsu®, Jaw-Shu Hsieh® and Yih-Ching Huang"

Summary

The aims of our research is to evaluate the differences of 18 amino acid contents of milled rice and its
relationships to eating quality of cooked rice among rice varieties, According to the results of analyses, the
cysteine content of japonica rice varieties was significantly higher than that of indica rice varieties. On the
contrary, the serine content of japonica rice varieties was significantly lower than that of indica rice varieties.
No significant difference was found in other 16 amino acids between both types of rice varieties. However,
significant differences existed among those five different types of rice varieties (Japanese rice, Taiwan japonica
rice, Taiwan indica rice, American rice and IRRI rice) in tryptophan, methionine, cysteine and serine contents
by multiple comparisons tests. Also, the content of amino acids with sulfur-containing side chain was
significant different among above five different types of rice varieties.The results of correlation analyses
indicated that the overall sensory evaluation of cooked rice(OVE) were negatively correlated with the contents
of lysine, tryptophan, isoleucine, half cysteine, tyrosine, proline, valine, alanine and the contents of amino
acids with sulfur-containing side chain in 54 rice varieties; however, there also existed negative correlations
between OVE and lysine, trptopan, isoleucine, proline, glycine, valine in 24 indica rice varieties. Negative
correlation relationships between OVE and isoleucine, phenyalanine, tyrosine, glutamic acid, valine, arginine,
the contents of essential, acid, basic, polar amino acids and the contents of amino acid with sulfur, aromatic,
aliphatic containing side chains were also existed for 30 japonica rice varieties. The stepwise regression
analyses between OVE and the contents of 18 amino acids indicated that the best regression equations could
explain the 82.6% variation of OVE in 54 rice varieties, 94.2% in indica rice, 29.1% in japonica rice,
respectively. The principal component stepwise regression analysis between OVE and the contents of 18 amino
acids indicated that the best regression equations could explain the 84.1% variation of OVE in 54 rice varieties,
99.1% in indica rice, 43.7% in japonica rice, respectively. These results showed that there were close
correlations between the contents of amino acids and OVE of rice varieties. It was indicated that the contents of
amino acids might be used as a criterion of OVE in the breeding program for improving the quality. However,
the relationships between the contents of amino acids and overall sensory evaluation were different in japonica
and indicia rice varieties. Therefore, it suggested that the breeding program for improving the quality of

" japonica and indica rice should be established separately.
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