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Genotypic Variation in Polyphenol Content of Nonwaxy Wheat and Waxy Wheat, and Relationships
between Polyphenol Content and Milling Characteristics or Flour Qualities. : Ryo YOsSHIKAWA* !,
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Abstract : Genotypic variation in whole meal flour polyphenol content (WPO) and 60% extraction
flour polyphenol content (FPO) using nonwaxy and waxy wheat cultivars and lines was investigat-
ed at NARO Tohoku Agricultural Research Center (Morioka, Iwate, Japan) for three years in 1998,
1999, and 2002. Moreover, the relationships between WPO or FPO and wheat qualities (milling char-
acteristics, flour quality, Japanese noodle quality, and bread-making quality) were examined.
Genotypic variation in the WPO and FPO of nonwaxy wheat and waxy wheat was large, and the
WPO and FPO of waxy cultivars and lines were generally higher than those of nonwaxy cultivars
and lines. Both WPO and FPO had significant high correlation coefficients between crop years and
between cultivation methods, and showed stability for various cultivation conditions.

There were significant negative correlation coefficients between FPO and flour yield, milling
score, flour yield from semolina, 60% flour ash content, R455 (whiteness of flour color), and flour
color L* (brightness), and significant positive correlation coefficients were found between FPO and
color value in each of the nonwaxy, waxy and overall cultivars for three years. Also, there was a sig-
nificant negative correlation coefficient between FPO and R554 (brightness of flour color) with the
exception of the waxy sample from 1999. In the waxy samples in 1999 and 2002, there were signifi-

cant, negative and high correlation coefficients between FPO and maximum viscosity or the break-
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down of amylogram. There were significant correlation coefficients between FPO and Wk or VV on

farinogram in most samples. The relationships between FPO and A, R or R/E on extensogram had

significant negative correlations when the results for 2002 were removed. Thus, generally, the lower

the FPO was, the stronger the dough properties became. On the other hand, the relationships

between FPO and the Japanese noodle qualities or bread-making qualities were difficult to identify.

The correlation coefficients between WPO and wheat qualities were generally lower than those

between FPO and wheat qualities.

Key Words : Wheat breeding, Whole meal flour, Wheat flour, Polyphenol content, Nonwaxy, Waxy,

Milling characteristics, Flour quality, Japanese noodle quality, Bread-making quality
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Table 1 Differences of whole meal flour polyphenol content (WPO), 60% extraction flour polyphenol
content (FPO), and FPO/WPO between nonwaxy wheat and waxy wheat in 1998, 1999 and
2002.
1998 1999 2002
Statistic WPO FPO FPO/WPO WPO FPO FPO/WPO FPO

Nonwaxyy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy

Number of cultivars 43 4 43 4 43
and lines

48 12 50 12 48 12 44 9

mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Mean 0365 0531 0.154 0316 0418 0595 0417 0491 0.183 0329 0444 0671 0.179 0.247
Standard deviation 0.049 0016 0.046 0.045 0.097 0.092 0.038 0.057 0.043 0.057 0.099 0.101 0.022 0.055
Maximum value 0499 0546 0264 0357 0664 0702 0516 0607 0263 0382 0633 0.788 0.234 0.316
Minimum value 0272 0509 0071 0266 0260 0501 0343 0412 0.107 0218 0240 0487 0.146 0.163
Range 0.193 0.091 0193 0.091 0404 0201 0.174 0196 0.157 0.164 0392 0301 0.088 0.153
Mean difference and o geus 12w 177%%  0074%F  01d6**  0227%% 0068

test of significance

Note. 3 indicates significance at P<0.01.
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Frequency distributions of WPO and FPO of wheat cultivars and lines in 1998, 1999, and 2002.



44

WA RN T £~ & — Wi ge s

#1147 (2012)

Table 2 Differences of WPO, FPO, and FPO/WPO between hard wheat and soft wheat in nonwaxy
wheat in 1998, 1999 and 2002.

1998 1999 2002

Statistic WPO FPO  FPO/WPO  WPO FPO  FPO/WPO  FPO
Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft

?nuﬁ?;ers"f cultivars o1 99 91 92 91 22 25 23 27 23 25 23 18 2%
mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Mean 0359 0371 0132 0175 0363 0471 0416 0419 0159 0212 0385 0508 0.178 0179
Standard deviation 0062 0033 0043 0038 0073 0089 0045 0020 0037 0031 0077 0079 0026 0019
Maximum value 0499 0470 0241 0264 0563 0664 0516 0483 0263 0263 0539 0633 0234 0223
Minimum value 0272 0326 0071 0122 0260 0349 0343 0370 0107 0148 0240 0352 0.145 0108
Range 0227 0144 0170 0143 0303 0315 0174 0113 0157 0123 0299 0280 0.087 0077
Mean difference and g oons  gogzes 008%%  0003NS  0053%*  0123%*%  000INS

test of significance

Note. 1) See Table 1 for WPO and FPO. As for these abbreviation, following Table 3—11 and Fig. 1 —3 are also

similar.

2) % and #*3 indicate significance at P<0.05 and P<0.01, respectively. NS indicates nonsignificance.

Table 3  WPO, FPO, and FPO/WPO of main wheat cultivars and lines.

. i kEE Amylose WPO FPO
Cultivars or lines N;nx;a;; hfle?lilss elr\l/l(ill?se Wx protein c0n3t7ent FPO/WPO
Wx-Al Wx-Bl Wx-DI % mg/g mg/g
Tohoku 204 * Nonwaxy  Soft  Noodle + + + 258 0444 0.191 0.391
Tohoku 208 * Nonwaxy  Soft  Noodle + + + 255 0.386 0.208 0.493
Tohoku 221 * Nonwaxy Hard  Bread 277 0.360 0.126 0.344
Haruibuki* Nonwaxy Hard  Bread + + + 278 0.308 0.126 0.396
Akitakko* Nonwaxy Hard Noodle + + + 28.1 0.346 0.125 0.340
Kitakamikomugi* Nonwaxy  Soft  Noodle + + + 271 0.360 0.172 0.456
Koyukikomugi* Nonwaxy Hard  Bread + + + 271 0.385 0.162 0.404
Nanbukomugi* Nonwaxy  Soft  Noodle + + + 25.1 0.399 0.196 0.469
Yukichikara* Nonwaxy Hard  Bread + + + 26.9 0.394 0.161 0.395
Tohoku 207 * Nonwaxy  Soft  Noodle + - + 25.1 0.364 0.186 0.483
Tohoku 209* Nonwaxy  Soft  Noodle - - + 21.2 0.391 0.170 0.392
Tohoku 212* Nonwaxy Hard Noodle - - + 21.9 0462 0.208 0431
Tohoku 213* Nonwaxy  Soft  Noodle - - + 22.1 0404 0.226 0.536
Nebarigoshi* Nonwaxy  Soft  Noodle - - + 222 0.384 0212 0.529
Hatsumochi* Waxy Hard Variety - - - 0.0 0542 0.303 0.531
Mochiotome * Waxy Soft  Variety - - - 0.0 0.534 0.349 0.625
Haruibuki** Nonwaxy Hard  Bread + + + 279 0.378 0.160 0.371
Kitakamikomugi** Nonwaxy  Soft  Noodle + + + 278 0423 0.177 0475
Koyukikomugi ** Nonwaxy Hard  Bread + + + 279 0447 0.185 0.420
Nanbukomugi ** Nonwaxy  Soft  Noodle + + + 26.1 0457 0.201 0.503
Nebarigoshi* Nonwaxy  Soft  Noodle - - + 23.3 0444 0211 0.546
Tohokumochi 216 ** Waxy Hard Variety 0.0 0430 0.203 0.507
Tohokumochi 217 (Mochihime) ** ~ Waxy Hard Variety 0.0 0481 0.199 0.487
Hatsumochi** Waxy Hard Variety - - - 0.0 0.555 0.334 0.668
Mochiotome ** Waxy Soft  Variety - - - 0.0 0.546 0.340 0.690

Note. 1) #* : Mean in 1998 and 1999, sk

2) + :Presence,

— : Absence.

: Mean in 1999 and 2002,

sksk3k : Data in 1999.
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Table 4 Correlation coefficients between production years and between cultivation methods in WPO,

FPO, and FPO/WPO.

Cultivation

Number of

Year . . WPO FPO FPO/WPO
method cultivars and lines
1998 vs 1999 Ridge 12 0.906 ** 0.923** 0.649*
Drill 7 0.910** 0.935%* 0.760*
Cultivation Year Number of WPO FPO FPO/WPO
method cultivars and lines
Ridge vs Drill 1998 11 0978%** 0.956 ** 0.507
1999 8 0.866** 0.852%* 0.719*

Note. * and 3 indicate significance at P<0.05 and P<0.01, respectively.
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Fig.2 Relationships between WPO and FPO in
nonwaxy wheat cultivars and lines of 1998
and 1999.

Note. * and *3* indicate significance at P<0.05 and
P<0.01, respectively.
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Table 5 Correlation coefficients between WPO or FPO and milling characteristics using the Buhler

Laboratory Mill.

% WPO or Num}:)er of Flour B/M Semorina Flour yield Milling Mil'ling
ear FPO Sample cultlYars vield ratio vield from score efﬁmency
and lines semolina index
1998 WPO  Nonwaxy 43 —0.468** 0.079 —0.058 —-0.268 -0.618** —0.158
Overall 47 —0.704** 0.061 0.132 —0526%*  —0763%* —0463**
FPO  Nonwaxy 43 -0406** —-0400%* —0.318* —0525%*  —0573** —(.162
Overall 47 —0.710** 0.301 —0.061 —0.700*%*  —0785%* —(0475%**
1999 WPO  Nonwaxy 49 —0.303* 0.041 -0.040 -0.111 -0.162 0.086
Waxy 11 -0727*  -0313 0.493 —0.604* -0.530 -0.252
Overall 60 —0.669** 0.091 0.398**  —0474%*  —0546** —(.353**
FPO  Nonwaxy 50 —0.567** 0583**  —0.195 —0.653**  —0638** —0460**
Waxy 12 -0701*  -0215 0.595* -0.678%* -0.782*%*  —-0.263
Overall 62 —0.822%* 0.430** 0419**  —0.789**  —0839** —(.715%*
2002 FPO  Nonwaxy 44 -0419**  —0.152 0.394**  —0.328* —0597**  —0.653**
Waxy 9 —-0842**  —0.187 0.186 —-0810**  —0875%* —(.837**
Overall 53 -0.767**  —0.115 0472*%*%  —0661**  —0832** —(.835%*
Note. 3 and 33 indicate significance at P<0.05 and P<0.01, respectively.
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Fig.3 Relationships between FPO and milling score or R554 (brightness of flour color) in 1999 and

2002.

Note. *3 indicates significance at P<0.01.

Table 6 Correlation coefficients between WPO or FPO and flour characteristics.

WPO or Number of Whole meal flour 60% extraction flour
Year FPOO Sample cultiyars Protein Ash Protein  Amylose Sedimen- Ash Specific
andlines content content content  content tation value content surface area
1998  WPO Nonwaxy 43 -0.014 0548**%  —0.084  —0649** —0.148 0474 %% 0.236
Overall 47 0.079 0.546 ** 0.143 -0.804** —0.164 0.616** 0.289%*
FPO Nonwaxy 43 -0.071 0.520**  —0.220 —0523** —0427** (.392%%* 0.473%*
Overall 47 0.028 0.585 ** 0.055 =0.781** —0.352* 0614** —0.033
1999 WPO Nonwaxy 49 0.092 0.372%%* 0.037 -0.370** —-0.016 0.008 -0.169
Waxy 11 0413 0.621* 0.567 -0.067 0.219 0.256 -0.026
Overall 60 0.154 0.371 ** 0.193 =0.622*%* —0.075 0.351**  —0.026
FPO Nonwaxy 50 —-0.092 0.315* -0.243 =0.692%* —0.368** 0.344* 0.624 **
Waxy 12 0.162 0.776** 0.158 0.406 -0.323 0.758 ** 0.220
Overall 62 0.001 0.299* 0.015 —0.842%* —(.347** (.642%* 0.309*
2002 FPO Nonwaxy 44 0.291 0.002 0248  —0499**  0.161 0506**  —0.223
Waxy 9 0.583 0.760* 0537 0.000 -0.346 0.885 ** 0.428
Overall 53 0.341* 0.127 0.375** —0.700**  (.108 0.656** —0.111
Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.
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Table 7 Correlation coefficients between WPO or FPO and flour color characteristics.

Number of Flour color Color-difference meter
Year WPO or Sample cultivars D455- Color
FPO andlines R455 R554 Dot value L s b
1998  WPO Nonwaxy 43 -0302* —0465**  0.022 - - - -
Overall 47 —0591** —0.729**  (.149 - - - -
FPO Nonwaxy 43 —0556** —0.628**  (.254 - - - -
Overall 47 —0.692%* —0.763**  0.290* - - - -
1999  WPO Nonwaxy 49 -0.175 —-0.086 0.174 - - - -
Waxy 11 -0.701* —-0584 0.689* - - - -
Overall 60 —0564** —0539**  (.294* - - - -
FPO Nonwaxy 50 —0597** —0604**  0.366** - - - -
Waxy 12 -0.630** —0.561 0.456 - - - -
Overall 62 —0.785%* —0832**  (.345%** - - - -
2002 FPO Nonwaxy 44 -0.384* —0578** —0.126 0.606**  —0.602** 0215 —-0.084
Waxy 9 =0.757** —0.753**  0.663 0.771* -0.728* 0635 0476
Overall 53 —0.682** —0.771**  0.036 0.783**%  —0.776** 0.621** 0192
Note. 1) R455: Whiteness, R554 : Brightness, D455-D554 : Yellow degree, L* : Brightness, a* : Red degree, b* :

Yellow degree.
2) % and #*3 indicate significance at P<0.05 and P<0.01, respectively.

Table 8 Correlation coefficients between WPO or FPO and characteristics of amylogram, frarinogram,

and extensogram.

WPO or Number of Amylogram Farinogram Extensogram (135min)
Year Sample cultivars
FPO . BD Ab DT Stab Wk \A% A R E R/E
and lines
1998 WPO Nonwaxy 43(401) 0505** 0506** 0116 -0057 -0.185 0.335% —0160  —0161 —0322%  0.626%* —0444**
Overall 47(44) 0.190 0571%%  0525** 0010 -0312*  0.669** —0.340* 0270 —-0360*  0419** —0424**
FPO  Nonwaxy 43(40) 0.233 0333* -0218 -0226 —0314* 0374* -0355% —0417** -0478** 0378* -0518**
Overall 47(44) 0.100 0469**  0.348* -0113 —0393** 0.672** —0444** —0426 ** -0450 ** 0252 —0466**
1999 WPO Nonwaxy 48(36) 0153 0.264 0113 -0.284* -0.269 0.429** —0.281 -0317  —0456** 0259 —0505%*
Waxy  11(0) -0476  -0.393 0.256 0.024 0.033 0.097 0.032 - - - -
Overall 60(36) —0268% -0.268* 0.538** —0.332%* —0401**  0.637** —0424** -0317 -0456** 0259 —0505%*
FPO  Nonwaxy 50(38) 0474**  0595** —0309* —0583** —0559**  0474** —0594** —0453** -0478 ** 0088 -0417*
Waxy 12(0) -0831** -0702* 0085 -0213 0387 0.652* —0.325 - - - -
Overall 62(38) —0256 0437*%  0536** —0514** —0588**  0.820** —0.646** —0453** -0478** 0088 —0417*
2002 FPO Nonwaxy 44(26) —0.185 0.216 0.323* -0129 0210 0.377* —0264  —0.050 0084  —0.084 0.100
Waxy 9(0) -0870** —0854** 0464 0758 —0629 0.691* —0.755* - - - -
Overall 53(26) —0414** 0216 0520%* —0212  -0373**  0.648** —0472** -0.050 0084  —0.084 0.100

Note. 1) MV : Maximum viscosity, BD : Breakdown, Ab : Absorption, DT : Dough development time, Stab : Stability, Wk : Weak-
ness, VV : Valorimeter value, A : Area, R : Maximum resistance, E : Extensibility.
2) 1 The number in a parenthesis is the number of cultivars and lines which investigated extensogram.

3) * and *3% indicate significance at P<0.05 and P<0.01, respectively.
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Table9  Correlation coefficients between FPO and milling characteristics or flour qualities in hard
wheat and soft wheat of nonwaxy cultivars and lines.
Year Kernel biﬁigzz;zf Fliour Flogﬂl;)g:eld Milling 62)(1)1: el);;reactloziour Flour color Farinogram
hardness . & yield . score cons‘ient content R455 R554 Wk
1998 Hard 21 =0.670%* —0.720** —0.736%** —0577** (483* -0427  —0.688** 0475*
Soft 22 0.084 0.094 —0.160 -0.330 0.259 -038  —0.369 0.110
1999 Hard 27 —0.682%* —0.329 =0517** —0654** 0215 -0230 -0426 0.536**
Soft 23 -0218 —0238 =0524%* —(0528** 0.240 —0.641%* —0.272 0408
2002 Hard 18 -0334 —-0506* —0589%* —0.351 0630** —0114 -0.388 0.377*
Soft 26 =0.643%* —0.721** —0.664** —0661** 0617** —0.672%* —(0847** 0.289

Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.

Table 10 Correlation coefficients between WPO or FPO and sesory evaluation of boiled udon noodles in

nonwaxy wheat cultivars and lines.

Number of Flour Sesory evaluation of boiled udon noodles
Year WPO or cultivars color Surface . .. Total
FPO and lines R554 Color appearance Firmness Elasticity Smoothness Taste score
1998  WPO 27 —(0.582%%* 0.253 0.135 0.094 0.140 0.170 0.158 0.188
FPO 27 —0.648** —0.164 -0.014 —0.020 0.238 0.168 0.261 0.095
1999 WPO 17 -0.128 0.039 —0.166 0.094 0.248 0417 0.356 0.313
FPO 17 -0537*  —0.397 -0.234 -0.195 0.227 0.140 0.100 —0.020
2002 FPO 36 —0.683*%* —0435*%* —(0483** -0.321 -0.117 -0112 -0196 -—0406%*

Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.

Table 11

cultivars and lines.

Correlation coefficients between WPO or FPO and bread-making qualities in nonwaxy wheat

Number of  Flour . Dough Dough  Sesory evaluation of bread  Bread-
WPO or . Farinogram  Loaf . ; .
Year cultivars color absorption handling Crumb Total making
FPO . VvV volume
and lines R554 score score color score score
1998  WPO 19 -0238 -0.177 0.128 - -0.074 —0.257 0.024 -
FPO 19 -0481 —0.101 0.272 - -0.228 —0.345 -0.033 -
1999  WPO 29 -0118 —0.346 0450* 0.159 0.036 0.037 0.261 0.250
FPO 31 -0376* —0.372% 0.267 0.127 -0.126 0.077 0.258 0.168
2002  FPO 21 -0427 -0.177 —0.146 -0.075 0.000 -0.299 -0.263 -0.179

Note. 1) Bread-making score=dough absorption score+dough handling score+ total score of sesory evaluation of

bread.

2) % indicates significance at P<0.05.
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