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Evaluation between Grain Quality with Bread Texture and Flour
Color of Wheat Varieties in Jinzhong Region

XIA Qing's YANG Zhenping' » LIU Junfeng', WANG Baoging', SUN Min', GAO Zhigiang',
LI Zhigang®» ZHANG Dongxu’, PAN Xinglai*, REN Jiangping’
(1. College of Agriculture, Shanxi Agricultural University, Taigu 030801, Shanxi, China;
2. College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, Shanxi, China;
3. Grain Research Institute, Shanxi Academy of Agricultural Science, Changzhi 046000, Shanxi, China;
4. Cotton Research Institute, Shanxi Academy of Agricultural Seience, Yuncheng 044000, Shanxi, China;

5. National Wheat Engineering Center of Henan Province, Zhengzhou 450000, Henan, China)

Abstract: Objectives: In order to analysis the relationship between grain quality with bread texture and flour color,
chose the material of special quality flour bread and dig high quality wheat variety resources in Shanxi Province.

Methods: 39 wheat varieties, which were respectively from Huanghuai winter wheat region, Northern later-maturing win—

Wi H 191 :2015-05-05 ; 2 [1] H 1 : 20150608
4T AL B AR R 4 % (CARS-03-0124) 1 P64 FHEE o6 % B3 H (201103110014)
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(HL %) 543790809@ qq. com
*ORAE R BB (1973 =), Aol P8 A BB O SR W R T L WA 5 n) O R A B R . (L aE)
13903446521, (-5 45) vangzp. 2@ 163. com
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ter wheat region and Northern winter wheat region, were planted in the middle winter wheat region of Shanxi province.

After harvested, bread textures and grain qualities were determined, and then analyzed by the CORR analysis and PRIN-

COMP procedure analysis and cluster chart. Results: For quality breeding in Jinzhong wheat region we should pay atten—

tions to the development of strong gluten cultivars, adhesiveness and stringiness length as important index can be used to

evaluate bread quality, L. and b as secondary index be used to evaluate bread quality. 3 wheat varieties were screened

to make bread, they were Yumai 34, Jinmai 67, Jinnong 128; 6 wheat varieties were screened to be improved, they

were Kangjianmai, Wumai 201w22, Yumai 70, Jinmai 72, Linfen 10, Taimai 8003. Conclusions: For quality breeding

in Jinzhong wheat region we should pay attentions to the development of strong gluten cultivars, with improved protein .

wel gluten, zel, adhesiveness, stringiness and flour color value. The information has potential value for choosing the ma—

terial of special quality flour bread and exploring high quality wheat variety resources in Shanxi Province.

Key words: bread texture; flour color ;
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Tab. 1

Thirty-nine wheat varieties

grain qualities ;
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kg™ .
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WFE38C IR FE 75% M %1+ F R 2.5 h, it 4.
0 RHERE J5 I T AL R B4R, FH 22 OO E
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M 821 3 543 20 #r (The PRINCOMP Procedure) , #2
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Tab.2 The bread textures of thirty-nine wheat varieties
st il [ETRSRL N AN T 3 b1 FM R MR Pk JB B 1k e ni 14
Varieti Bread volume Hardness Adhesiveness Stringiness  Cohesiveness Springiness ~ Gumminess Chewiness
arieties (em?) (N) (m]) Length (mm)  (Ratio) (mm) (N) (mJ])
S 54 218.49ghi 78. 13{gh 0. 80ef 1.68d 0.42¢cde 12.95def 32. 70bed 423.55he
o 67 255.70b 55. 48 mno 3.89h 5.79%¢ 0.29st 11.34klm 15. 75klm 178. 62lmn
T2 234.21efg  39.78rst 0. 60f 1.67d 0. 38kl 10. 761mn 15.20klm 163.35mn
L 217.83ghi  80. 40fgh 0. 69ef 1.70d 0.41fgh 11.52ijk 32.20cd 356. 39de
FE1718D 247.52be 38. 10rst 0. 80ef 1.67d 0.39ijk 12. 14 ghi 14. 63klm 178. 591Imn
iz C105 206. 60kl 83.45def 0.48f 1.68d 0. 36mno 11.21Imn 29.63de 331. 64de
iE 5 2129 159.37p 116.48b 0.73ef 1.68d 0.39ghi 10. 030pq 45.50a 454.95ab
55 7061 234, 05efg  46.530pq 0.91ef 1.70d 0.330pq 12. 48fgh 15.53klm 193. 87Imn
IG5 51241 210. 16ijk 91.45¢cd 0. 70ef 1.68d 0.42def 12. 60{gh 37.75b 475.65a
¥y 10 5 254.43b 44, 53 pqr 1.39def 2.35d 0.37klm 10. 68 mno 16. 50klm 175.90lmn
IIf7 i 2039 168. 750p 104. 03 be 0. 54f 1.68d 0. 34nop 9. 27pgr 35.25be 326. 89de
1 4738 212.40hij 61.98klm 1. 09def 1.81d 0.330pq 11. 44kl 20. 33hij 232.57ijk
K# 6135 171.70nop  91.95¢d 0.45f 1.67d 0.36Imn 10. 190pq 33.43bed 339.97de
i 838 189.80mno  80.93elg 2. 44cde 3.35d 0.31qrs 10. 43nop 25.00ef 260. 04 ghi
e 128 195.25lmn  40. 38qrs 7.78a 7.86h 0.44he 12. 63efg 17.70klm 222.85jkl
040358 219.38ghi  43.20pqr 2.23def 3.76cd 0.44be 14.22ab 18.98ijk 268. 29fgh
046097 236.43def  45. 15pqr 1.03ef 1.69d 0.37Imn 11.60ijk 16.35klm 189. 621mn
%k 0702 192.25mno  67.03ijk 0.571 1.69d 0.37lmn 9. 760pq 24, 65elg 240. 13hij
K32 8003 241.89%cde  68.95hij 3. 16be 4. 13cd 0. 36mno 12.51fgh 24, 55efg 307. 05efg
K JE 2005 236.96defl 27. 43st 0.55f 1.69d 0.44b 13.43bed 12. 13m 162. 40mn
13907 241.92c¢de  63.43jkl 1.0lef 1.68d 0.32pqr 12. 28 ghi 19. 83 hij 243. 38hij
AT 244 .65bed  49.030pq 0.98ef 1.72d 0.36mno 12. 16ghi 17. 48klm 212. 48klm
i 175 186.00mno  53. 17nop 0. 68ef 1.68d 0.32pqr 9. 900pq 17.07klm 169.22Imn
) 3338 223.59fgh  41.33qrs 2.75bed 3.51d 0.42cde 13.82be 17.28klm 239. 03 hij
CA0547 236.98def  38.85rst 0.45¢f 1.72d 0.43bed 12. 03ghi 16. 70klm 200. 981mn
CA0548 231. 78fgh 68. 35hij 1.03ef 2.04d 0.36mno 12. 98def 24.43efg 316. 89ef
PR 4 5 189.02mno  75.30ghi 0.72ef 1.68d 0. 3%hij 11. 60ijk 29.20de 338. 66de
Bl %5 102 206. 84jkl 75.20ghi 0.62ef 1.68d 0.42cde 12. 06ghi 31.43cd 379.27cd
% 9450  207.73ijk  48.650pq 0.8lef 1.68d 0.37Imn 11.20lmn 17.93jkl 200. 701mn
119 175.50n0p  66.45hijkl  1.46def 1.76d 0.31qrs 10. 150pq 20.35¢ghi 206. 00klm
i 2007-H12 213. 11hij 57.75Imn 0. 541 1.68d 0.3%hij 9.750pq 22.45fgh 218.97klm
24 0331 179.33n0p  131.10a 0.94ef 1.68d 0.35mno 9. 12qr 46.20a 421. 60be
ik 639 224, 04fgh 52.550pq 0. 89ef 1.68d 0.37Imn 10. 74mno 19. 33ijk 207. 41klm
P # 34 279. 86a 26. 00t 6.89a 11.13a 0.27t 14.95a 7.03n 103.970
43470 237. 80def 31.93yst 0. 60f 1.66d 0.41efg 13.21cde 13.18Im 174. 36lmn
ifE 18 172. 14nop  105.60b 0.85ef 1.75d 0.24u 8.39r 25.00ef 209. 32klm
R 238. 15def  40.27qrs 0.91ef 1.70d 0.35mno 10. 240pq 14. 03klm 144. 64no
SRR D 5 181, 62nop 69. 08hij 0.57f 1.69d 0.30rs 10. 48nop 20. 60ghi 216.26klm
201w22 197.66klm  39.251s 0.52f 1.71d 0.47a 11.94hij 18.35jkl 218.98klm
T 214.64 62.53 1.38 2.43 0.37 11.49 22.60 253.96
CV% 28.54 25.00 1.61 1.92 0.05 1.47 8.90 91.04
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Fig. 1 Flour color characteristics of bread of part wheat varieties
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Tab.3  The principal component analysis of affecting bread-dough textures and color difference

F B4 %l principal component axis

1 2 3 4
FFUE{H Eigenvalue 4.757 1.815 1.533 1.215
M4 45 HE{E 2 % Difference 2.942 0.282 0.318 0.292
i #2 Uik % Proportion 0.432 0.165 0.139 0.110
YRR 5 25 5Tk 2 Cumulative 0.432 0.598 0.737 0.847
PR trait FFAE ) & eigenvector
1 £ 44 # Bread volume 0.365° 0. 056 0.096 0.204
Tifl J& Hardness 0.411° 0.139 0.013 0.230
Bt Adhesiveness 0.238 0.589" 0.076 0. 086
B P HE FE Stringiness length 0.259 0.583" 0.060 0.104
Py % T Cohesiveness ©.029 0.264 0.669° 0.040
#ift Springiness 0.287 0.108 0.506° 0.248
JE: i Gumminess 0.406° 0.078 0.250 ©.208
LI {4 Chewiness 0.351 0.083 0.456° ©.091
L 0.331 0.252 0. 026 0.499°
a’ 0. 256 0.365 0. 002 0. 101
b 0.167 . 001 ©.078 0.717

2.3 ALK 39 AN/NEE i Rl DR RE B TR T 43 AT

A b, K 39 AN N 2 i i 7R 3 op 22 [XORD
Jei o WORFFRL I K 4 & 5394 11.39% ~13.05% 1)
VI AN 5 i 18 Sk L F OB AR fE (SB/T 10136-
93, M H<14.5%, J5 #H <14%) . H A MEREIRN
K4o MR T LU H B b iR R R B A
Tl 155 25 &P 39 7F 14% F130% K47, FFRE45 5 803 g/L

F A R WL IXE LR R v 9 A7 DA b R HL R 3R
B Fe T gy 2 = AR AR B0 A Rk B 9
bRtk 149% UL b33l = 43 22 — (9 b 9 100 A 5 i ik 3]
18 % F B b (30% LA 1), HAT S 4‘.%'1%12&2']*14
124 (33% LA_E) 5 73 3 J 42 67 i Ak 128 185 34
DU 22 A1 55 22 201w22 ; J o o ol DU 38 2 08 =k & Al Ry
brifE (25% ~30%) ;
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Tab.4  The grain qualities and flour qualities of thirty-nine wheat varieties

st o EHMR P48 1H 75 A I 7K % TR ] R SE I W) AL i 1 VLR E
Verieties Protein Wet gluten  Test weight ~ Absorption  Development Stability time  Tractility Zel
(%) (%) (g/L) (%) time (min) (min) (mm) (mL)
B# 54 13.82ijk  28.74klm  816.32abc  59.00abc  3.90fgh 9.48efg  121.00jkI  25.90def
67 15.49h 33.09cde  794.94(gh 58.97abc 4. 17bed 9. 43fgh 143.33fgh  26.63cde
H#E T2 15.01cde  32.53def 800. 69efg 56.90ghi 3.27ijk 9.55def 138. 00hij 9.07jk
i 14. 511gh 31.53ijk 801. 32efg 58.90bed 3. 70hij 9.93ab 132. 67ijk 18. 50hij
HE 1718D 15.42hb 31. 64hij 811.08def  57.33ghi 3.57ijk 9. 67cde 128. 675kl 19. 10hij
iz C105 14. 00hij 29. 18klm 818.93ab 56.95ghi 4.05def 8.23klm 138. 50hij 29.45bed
iz 5 2129 15.12bed  31.41ijk 810. 84def 58.80cde 4.20bed 9. 74abe 139. 00hij 19. 15hij
Il 5 7061 12. 89k 27.31m 806. 34efg 55.20hi 3. 10ijk 7.32m 130.33ijk  20. 13hij
I 5 51241 13. 98hij 29.77klm  815.55bed  56.70ghi 4.07def 8.05klm 135.00ijk  21.23hij
I ¥ 10 %5 13. 79ijk 29.05klm  812.45def 58. 17efg 3.53ijk 9.03ijk 125.33jkl 15. 00ijk
Il ik 2039 14. 10ghi 28.75klm  813.37cde  57.87igh 4. 00efg 9.35ghi 124.00jkl  25.90def
1 4738 11.951 24.30n 809. 09def 56.75¢ghi 3.40ijk 7.92klm 140.50ghi  21.30hij
#6135 13. 99hij 31.09jkl 803. 32efg 55.60ghi 3.03jkl 8.36klm 137. 00hij 15.77ijk
rp 838 15.17be 31.87ghi 809. 60def 54.97ij 3.67ijk 8.22klm 151.67abe  26.93cde
e 128 15.24be 34. 04abe 792. 43fgh 59. 13abe 3.80ghi 9. 41fgh 139. 00hij 16. 30ijk
040358 14. 06hij 29.08klm  804.83efg 57.40ghi 3.75ghi 8. 89ijk 143.50efg  24. 80eflg
046097 13. 77ijk 29.60klm  793.34{gh 58. 80cde 3.05jkl 9.72bed 114.00klm  13.00ijk
oK 0702 13.47ijk 28.24Im 805. 14efg 57. 17ghi 3.47ijk 8.77jkl 131.67ijk  24.23fgh
K7 8003 13. 02jk 27.971Im 807. 61efg 56. 00ghi 3. 4515k 8.92ijk 120. 00jkl 16. 30ijk
K5 2005 14. 03hij 30.39kIm  773.07hi 58. 20efg 2.93jkl 8.96ijk 139.67hij  24.87efg
K 13907 13.39ijk 29.12klm  791.57{gh 52.65jk 2. 80kl 5.86n 144.00def  13.50ijk
HAE 1T 13. 88ijk 28.40klm  819.28ab 51.77k 2.87jkl 8. 10klm 117.33jkl 14. 33ijk
15 175 14.79efg  32.14fgh  807.4lefg  56.05ghi 4. 10cde 9. 18hij 144.50def  22.95ghi
gk 3338 13. 47ijk 27.45m 815.80bed  58.40def 3. 13ijk 9. 30hij 113.67klm  19. 10hij
CA0547 14. 89def 32.22efg 823.43a 55. 60ghi 4. 10cde 7.77klm 148.50cde  18. 85hij
CA0548 14. 24 ghi 31.02jkl 788. 13fgh 56.40ghi 3.90fgh 7.431m 164.33a 26. 00def
et 4 = 13. 57ijk 28.031Im 809. 86def 56. 80ghi 3. 80ghi 8. 69klm 124.50jkl  34.30ab
Bl % 102 14.07hij ~ 29.76klm  791.03fgh  57.47ghi 2.271 9.96ab 107.67Im  11. 80ijk
Bl %5 9450 13. 49ijk 28.78klm  802.0lefg 58. 00fgh 3.40ijk 8.33klm 127.50jkl  20. 10hij
11 19 13. 46ijk 29.10klm 794, 96fgh 57. 80ghi 3.27ijk 9. 15ijk 128. 67kl 10. 27ijk
i 2007-H12 14. 05hij 30.07klm  783.53gh 60. 00a 3.20ijk 8.65klm 121. 33}kl 9.37jk
i 0331 14.25¢hi  30.49klm  793.61fgh  55.35ghi 3. 15ijk 7.97klm  129.00jkI  18.55hij
5 639 14.93def 32.2lelg 815.56hbed 59.93ab 4.60a 8. 08klm 136. 33 hij 32. 13abe
47 34 16.73a 34.88ab 796. 06{gh 58.95abc 4.35abe 9.55def 159. 00ab 37.20a
% 70 15.32b 31.86ghi  813.6lcde  57. 10ghi 3. 80ghi 8.29klm  139.67hij  18.60hij
18 13.22ijk 28.061m 799.97efg 55.95¢ghi 3. 055kl 7.95klm 113.50klm  20.40hij
i 22 16.63a 36. 10a 811.36def 57. 00ghi 4.50ab 8. 98ijk 148.00cde  13.77fijk
SF-PH 1 14. 63elg 28.57klm 821.02a 55.17hi 2.271 10.67a 96.00m 5.57k
201w22 14. 79elg 33.20bed 761. 141 56. 60ghi 3.03jkl 8.79jkl 150.67hbed  22.63ghi
1y 14.27 30.28 803.58 57.07 3.53 8.76 133.00 20.08
CV% 0.96 2.33 13.19 1.77 0.56 0.90 14,22 7.00
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X 39 A b B KF RE B T R & R AT R4 A
#r (The PRINCOMP Procedure) , % [ 57 ik # I/, %
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T RSB ) FZE 8 . 3K 4 AN 32 5o il 38 O 22 DUk
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Tab.5 The principal component analysis of affecting grain qualities and flour qualities

F B4 %l principal component axis

1 2 3 4
FRE{H Eigenvalue 3.099 1.789 1.376 1.056
FIATHS G 2 2 Difference 1.311 0.413 0.320 0.657
Ji Z 1k Proportion 0.387 0.224 0.172 0.132
REUT Z Tk % Cumulative 0.387 0.611 0.783 0.915

PR trait HRAE [E] it eigenvector

R (15 Protein 0.630° 0.214 4.161 0.372
{1 ) Wet gluten 0.631° 0.157 £.332 0.250
e 7K % Absorption 0.294 0.088 0.657° 0.593
JE KR [ Development time 0.319 0.403 0.268 0.540°
4 JE 1 Tractility 0.448" £.178 0.388 0.030
DAY Zel 0.183 0.672° 0.181 . 006
f2 sE i [11) Stability time 0.212 0.398" 6.251 6.070
75 1 Test weight 4. 199 0.343 0.338 9.387°

2.4 A XN S AL R R R R 2E Y
FH R 73 B B it b B2

Gier A 2 ORI 4, B AL 7= i BT R (8 2 5 /N A2
LR TR it T4 A1 5% 20 B (R 6) 5 85 SRR W) - §gma
THT AL 7 i J53 R R £ 2 1 3 B J5 4R AR R R R O
5~ 350 TE A5 2 5 R T R D e AR s EL K R R 1 B AN
R . B R MM AR R K B R
(0.342" ,0.428%%;0.340" ,0.389" ), L" ffifl b {i
N /S (9.3227 ,9.3957 ;0.316" ,0.441°7) i
o DT e AR K 5 T 0, 286 BT e 4 R R K (0. 3407 ),

BB 2 LT A b A S . ATk
8 LR 7 A FRAR R 39 AN SR EEAT R (- 2) , T
DK 39 AR R o2 KK T 26,3 ANi Ak,
F 3485 F 67 A 128, 31X — R SR ¥ N R AR
FH /N S FCTHT AL P R PR R R IR O B T
Ko W36 A A B TP, himE. 5%
201w22. 743 7053 7215 ¥ 10 5. k3 8003 % 6
A b R RORF R 5 T R o B LT L P AR X R AR
AR — PR, GEFE, HiEHEaHman
INFE SR 3 AN BRI AR 6 Ao
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Tab.6  The correlations between bread-dough textures and color difference with grain qualities and flour quali-

ties

H A A T 7 Eaily W 7K FEREmy ) A ) JiE Ji& 1tk

Protein Wel gluten  Test weight  Absorption Dev::::):wm Stability time  Tractility
11 L {4 Bread volume 0.236 0.213 $.012 £.048 0.150 4.097 0.238
i ¥ Hardness -£.264 -£.278 0.146 . 147 -£.036 4.083 -£.230
i Bt Adhesiveness 0.342° 0.340 9.130 0.260 0.245 0.195 0.238
fillrii::ijf:%ﬁnglh 0.428"" 0.389° £. 136 0.275 0.290 0.221 0. 306
3tk Cohesiveness 0.015 0.099 9. 152 0.268 -0.000 0. 146 0.035
§iE Springiness 0.095 0.058 ©0.072 0.075 0. 060 4©.014 0.248
[ % Gumminess 0.230 0.227 0.129 -£.030 0.010 0. 005 £.198
MHIE A Chewiness -£.263 -£.259 0.147 £.018 0.025 £.019 £.159
L 9. 322° ©.316° 0. 099 . 099 0. 064 . 280 0.013
a’ 0. 092 0. 063 0. 063 0.034 4. 122 0. 204 0.232
b £.395° 0.44177 0.245 0.063 0.027 . 181 -£.298
TL,P<0.05:",P<0.01;""", P <0.001

f3 »
]

AAAAAAAAAAAAANAAAAAAAAAAAAAAAANAAAAAAA
Sll 232121222333435222371211113333213
18 967647128018 2 S5S303 364092 597 54

VAL 54 A2 57 67 A3 57 72, Ad=B 195 A54F 1718D; A6 C105; A7 7 2129 ; A8-
i 52 7061 ; A9l 5 51241 ; A104 ¥y 10 5 ALl % 2039 ; A12-{& 4738 ; A13-{C 3 6135; A14-%
838 A15-% 1 128; A16-040358; A17-046097 ; A18—% K 0702; A19=K 77 8003 ; A20-K Jii 2005; A21-
K 13907 A22—50 & 17 A23+h 52 175, A24-{3 K 3338 A25-CA0547 ; A26-CA0548 ; A27-lk 15 4 5,
A28 %5 1025 A29-f % 9450 ; A30-4H 19; A31-5 2007-H12; A32-45# 2 0331 ; A33-4K 5 639, A345%
345 A3599 7 70 A36E 18 A37 iR ; A38—F-[HHH 1 5;A39201w22

(7] 3] = B} AS [] 22 5% i Ao ] 2 57t i 3% (P < 0..05)

Note: Different letters in the same line indicate significant difference (P <0.05) among different varieties
P2 39 A Fiod o 1 T 0 A0 5 R B K 1

Fig. 2  The cluster chart of thirty-nine wheat varieties for making bread
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