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Abstract: In order to fully understand the utilization value of the newly bred varieties (lines) in the application of food
processing, which bred by the wheat breeding team of Shandong Academy of Agricultural Sciences in the past three years, the
physical and chemical quality and food processing characteristics were measured and analyzed. And some new wheat varieties
(strains) were selected out with combined or special use of steamed-bread, noodles or bread. Among them, variety Jimai 106
had excellent quality of bread, steamed-bread and noodles, LHSJ 156, Jimai 0435, Jimai 8365 had excellent quality of bread
and noodles, and LHSJ 157 and Jimai 55 had excellent quality of bread and steamed-bread. And these varieties (lines) could be
used as dual-purpose wheat. While varieties including Jimai 5022, Jimai 40, Jimai 5172, Jimai 108, Jimai 117 and Jimai 379
had excellent bread quality, Jimai 6174 had excellent steamed-bread quality, Jimai 6001, Jimai 899 and Jimai 4277 had
excellent noodle quality, and all these varieties (lines) could be used as special wheat. All these provided theoretical support
for the development and application of these new high-quality varieties. At the same time, the correlation between the bread
neck length and the physical and chemical properties was discussed, as well as its effect on evaluating bread quality. It was
believed that the increased neck length could be used as a quantitative index to evaluate bread quality, and could judge the
bread quality preliminarily.
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wheat is closely related to the interests of food production
enterprises, and the improvement of wheat quality has always
been an important direction of domestic wheat breeding
research [2-3]. Since the end of the last century and the
beginning of this century, the quality improvement of special
or dual-purpose wheat has been paid attention to [4-7], and
new high-quality special or dual-purpose varieties have been

1. Introduction

Wheat is one of the main food crops in China. Quality are
one of the key screening indicators for wheat breeding, which
not only affects the competition in the wheat market, but also
affects food processing and flour manufacturers, and even is
the purpose of wheat quality breeding [1]. The quality of
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cultivated [8-12]. For improving the quality of wheat,
Shandong Province has always been at the forefront of our
country. It has taken the lead in cultivating variety Jinan 17,
which is reputed to be "milestone" of high-quality wheat, and
a number of high-quality wheats that have been widely
promoted and utilized, such as Yannong 15, Jimai 19, Jimai
20, Yannong 19, Zhouyuan 9369, Yannong 999, Jimai 229,
etc. In recent years, with the continuous development of
society economy and the improvement of people's living
standards, the consumption structure of residents focus has
changed from on quantity to quality more. Therefore,
increasing the quality of wheat and improving the
performance of wheat products will greatly improve the
quality of human life [13]. As a remarkable representative of
high-quality wheat, Jimai 44 has been promoted and planted
on a large scale in production, with a cumulative area of
more than 333,300 hectares. On this basis, outstanding
achievements have been made in wheat quality breeding, and
a number of new high-quality wheat varieties (lines) have
been bred, which belonging to different types in quality.

As we all known, the quality of varieties and their food
processing characteristics determine the application prospects
of their development and utilization. When a new variety (line)
is released (screened), only by fully understanding its physical
and chemical quality characteristics and food processing
quality can it better exert its value in production and create
greater economic and social benefits. In this research, the
physical and chemical quality characteristics of the newly bred
varieties (lines) are mainly analyzed to select high-quality
varieties, and the food processing quality including bread,
steamed-bread and noodle are evaluated to discuss the
utilization value in the application of food processing. To
provide theoretical data support for the development and
application of these new high-quality varieties.

2. Materials and Methods
2.1. Description of Study Area

The new wheat varieties (Table Al) were planted in field
at Jinan Breeding Test Base. Plots were used with an area of
6.0 m’, and was repeated 3 times. After maturity, the variety
grains of every plot were harvested separately, dried and
stored separately too. The study site located at 36°65°00N
latitude, 117°0°00 E longitude.

The flour was milled by Buhler mill according to
AACC26-21A method. The grain protein content was
determined by Foss Near-Infrared. The flour whiteness was
measured by intelligent whiteness meter (WSB-IV). The
gluten characteristics were determined by Glutomatic2200
gluten meter according to the national standard GB5506-85
method. According to AACC54-21 and AACCS54-10
methods, dough rheological properties measured with
FarinoGraph-E farinograph and Extensograph-E electronic
extensometer of Brabender Company, Germany. The bread
quality was evaluated according to the national standard
GB/T 14611-2008 method. Use the slide caliper rule to

measure the raw bread embryo height before entering the
oven and the bread height, and the height difference is the
increased length value of bread neck, its unit is mm. The
quality evaluation of steamed-bread and noodles were
conducted according to the national standard GB/T
17320-2013 method.

2.2. Statistical Analysis

The plots were conducted with data mean by EXCEL
system, and the difference and correlation analysis were
performed by Statistical Analysis System (SAS) version 9.4.

3. Results

3.1. Physicochemical Quality Characteristics of New
Varieties

3.1.1. Flour Whiteness

Flour whiteness was an important indicator of wheat flour
quality and an important criterion for classifying flour grades.
Among the varieties (lines) (Figure 1), there were 10 with
higher flour whiteness values than Calibration plate
(whiteness 77.0), and 2 of them namely LHSJ 157 and LHSJ
156 had higher whiteness value than 80.0, whiteness value
was 81.20 and 83.05 respectively. And another 5 new varieties
(lines) had higher whiteness value than 78.0, including Jimai
0435, Jimai 5172, Jimai 40, Jimai 805, Jimai 899, etc. The
whiteness values were 79.35, 78.95, 78.70, 78.60 and 78.35
respectively (Table Al).
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Figure 1. Flour whiteness distribution of varieties (lines).

3.1.2. Grain Protein Content

Grain protein content is an important indicator for quality
evaluation of wheat varieties. Among the new varieties (lines)
tested (Figure 2), there were 8 with the protein content
reached the strong gluten standard (>14.0%) of
GB/T17320-2013, and 10 reached the standard for medium
and strong gluten (>13.0%). Among the 8 strong gluten
varieties (lines), there were 1 be singled out, namely Jimai
6174, for its grain protein content reaching 16.0%, and other
2 namely Jimai 0435 and Jimai 5177 with higher grain
protein content than 15.0% (Table Al).
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Figure 2. Grain protein content distribution of varieties (lines).

3.1.3. Wet Gluten Properties

Wet gluten content and gluten index are important indicators
to identify the quality of wheat flour, reflecting the quantity
and quality of protein. The test results of new varieties (lines)
were shown in Figure 3 and attached table 1. There were 7
varieties with the wet gluten content reached the strong gluten
standard (=30.0%) of GB/T17320-2013, of which 1 line with
the wet gluten content was as high as 47.19%, namely Jimai
6174, its gluten index was only 45.79%, while the dry gluten
value of 100g flour was as high as 16.05g, indicating that Jimai
6174 has high amount of protein, which was consistent with its
high grain protein content (16.0%). While only 1 variety with
the gluten index was higher than 85%, namely Jimai 55. There
were 5 varieties with the wet gluten content reaching the level
of medium-strength gluten (>28.0%), of which 2 varieties had
a gluten index above 95.0%, namely Jimai 0435 and Jimai 106,
indicating that the two varieties had high quality of grain
protein. There were 8 varieties (lines) with the wet gluten
content reaching the level of medium gluten (<28.0%), and 5
with the gluten index were higher than 90.0%, including Jimai
5177, Jimai 5022, Jimai 8365, LHSJ 157 and LHSJ 156,
indicating the quality of grain protein of these five new
varieties (lines) were high.
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Figure 3. Distribution of wet gluten content of varieties (lines).

3.1.4. Dough Rheological Properties

Dough rheological properties are the main factors affecting
the quality of food processing, and water absorption, stability
time, maximum extensile resistance, extensibility and
extensile area are important indicators for evaluating wheat
quality. The analysis of dough rheological properties of the
new varieties (lines) was shown in Figure 4 and attached
table 1. There were 12 lines whose stability time was greater
than 10.0min. Among which, the longest stability time was

40.3 min, namely Jimai 0435, and other 4 lines with stability
time exceeded 30.0 min, including Jimai 5022, Jimai 8365,
LHSJ 156 and Jimai 106. While 10 lines with water
absorption was higher than 60.0%, and the highest was
65.0%, namely Jimai 5198. For extensile properties, except
for Jimai 5172, the maximum extensile resistance of the
tested varieties was greater than S00BU, the extension length
was longer than 120mm, and the area was greater than
100cm?. While for Jimai 106 and Jimai 0435, the maximum
extensile resistance, extensibility and extensile area were 809
and 803BU, 182 and 159mm, and 109 and 166cm?,
respectively. In summary, four new varieties (lines) including
Jimai 106, Jimai 0435, LHSJ 157 and Jimai 55 showed
excellent dough rheological properties.
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Figure 4. Stability time and water absorption distribution of varieties
(lines).

3.2. Food Quality Characteristics of New Varieties (Lines)

3.2.1. Bread Quality Characteristics

The bread processing quality of the new varieties (lines)
were evaluated, and the results were shown in Figure 5 and
attached table 2. Twelve lines had excellent bread quality with
the total score point higher than 85.0, and the average bread
neck length was 21.32mm. Four lines had good quality grades,
that is, the total score point was higher than 80.0, and the
average bread neck length was 16.66mm. And for the others,
the total score point of bread quality was lower than 70.0, and
the average bread neck length was lower than 10.84mm. As for
those 12 wvarieties (lines) with excellent bread quality, there
were 6 lines with bigger bread volume than 900ml, and 9 lines
with longer bread neck length than 20.35mm.
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Figure 5. Distribution of bread quality.
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In summary, varieties including Jimai 0435, Jimai 106, Jimai
40, Jimai 5022, Jimai 5177, Jimai 55, Jimai 8365, LHSJ 156,
LHSJ 157, Jimai 108, Jimai 117 and Jimai 379 had excellent
bread quality and could be used as special wheat for bread.

3.2.2. Steamed-Bread Quality Characteristics

The steamed-bread quality evaluation of these new
varieties (lines) (Figure 6, Table A2) showed that only 4 had
the quality reached the excellent grade, its total score was
higher than 80.0, and 5 had the quality reached the good
grade, and the total score was higher than 77.0, and the others
belonged to the general grade or below. Moreover, for the
excellent grade, all evaluation indicators performed well.

The mean value was used to analyze the significant
differences in the evaluation scores of steamed-bread among
four grades of excellent, good, fair, and poor (Table 1). It
was found that the internal structure score and the total score
were significantly different among the 4 grades, and the total
score increased significantly with the increase of the internal
structure score, and the correlation analysis found that there
was a very significant positive correlation between the two.
The scores difference of epidermal structure, elongation,
elongation score and odor among the four grades were not
significant. And the scores of shape, height, elasticity and

specific volume were not significantly different, which
showed no difference between the excellent, good and
general grades, but significant difference between these three
grades and the poor grade. The scores of color, tenacity and
viscosity were not significantly different between adjacent
grades, while the indicator scores of the excellent and good
grades were significantly higher than those of the poor grade.

In summary, varieties such as Jimai 55, Jimai 6174, LHSJ
157 and Jimai 106 showed excellent steamed-bread
processing quality, which could be used as special wheat for
making special flour for steamed-bread.
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Figure 6. Quality distribution of steamed-bread.

Table 1. Significant difference analysis of evaluation indexes of steamed-bread quality.

Grade Viscosity Odor Specific volume Elongation Specific volume score Elongation score Total score
Excellent 7.8a 4.6a 3.0a 1.7a 14.8a 4.8a 81.7a
Good 7.5a 5.0a 2.8ab 1.7a 14.7a 4.8a 78.5b
General 6.8ab 4.5a 2.7b 1.6a 13.5a 4.9a 73.8¢
Poor 6.0b 4.8a 2.3¢ 1.8a 10.1b 4.6a 59.5d
Table 1. Continued.
Grade Shape Color Epidermal structure Height Elasticity Internal structure Tenacity
Excellent 8.0a 7.8a 6.5a 57.2a 7.8a 11.5a 8.3a
Good 7.4a 7.2ab 6.8a 57.3a 7.3a 9.8b 8.0ab
General 7.3a 7.2abc 6.7a 57.5a 7.1a 8.3c 7.6bc
Poor 5.8b 6.0c 5.9a 50.9b 4.5b 4.8d 7.3¢c

Notes: Different letters indicate a significant level of 0.5, the same below.

3.2.3. Noodle Quality Characteristics

The evaluation of the noodle processing quality of the new
varieties (strains) found that (Figure 7, Table A2), there were
6 noodles with a total score above 80.0, and its quality
belong to excellent level, two noodles with a total score
between 77.0 to 79.9, and its quality belong to general level,
and for the rest, the total scores were below 70.0, and the
noodle quality belong to poor level. There were some
differences in the scores of evaluation indicators among the
above three grades (Table 2). The scores of the appearance
performance in the excellent and general grades were

significantly higher than those in the poor grades. The scores
of the three evaluation indicators such as hardness,
viscoelasticity and smoothness in the excellent grades were
significantly higher than those in the general and poor grades.
While the total score showed significant difference among
the three grades. All these indicated that the noodle quality of
the 6 new varieties (lines), including Jimai 0435, Jimai 8365,
Jimai 6001, and Jimai 4227, Jimai 106 and LHSJ 156, with a
total score above 80.0 was significantly better than that of the
others. Thus these 6 varieties (lines) could be suitable for
special wheat for noodle processing.

Table 2. Significant difference analysis in the evaluation indicators of noodle quality.

Grade Color Performance Hardness Viscoelasticity Smoothness Taste Total score
Excellent 18.17a 7.17ab 17.33a 24.17a 12.33a 4.58a 83.75a
General 18.67a 7.67a 16.67b 20.67b 10.67b 4.50a 78.83b
Poor 18.05a 6.33b 15.40b 19.40b 10.20b 4.58a 73.96¢
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Figure 7. Quality distribution of noodles.

4. Discussion and Conclusion

In our country, the total supply of wheat grain is sufficient,
but the production of high-quality special wheat is seriously
insufficient. By the "Twelfth Five-Year Plan" period, the
number of high-quality wheat varieties bred in Shandong
Province and even the whole country was small, and the
quality needed to be further improved [4-8, 13-16],
furthermore, a shortage existed of high-quality wheat
varieties that could truly meet the needs of processing
enterprises. During the "Thirteenth Five-Year Plan" period,
improving protein and gluten quality was regarded as the
focus of wheat quality breeding, at the same time, attention
was paid to the flour color improvement. Thus, the quantity

and quality of high-quality varieties have been greatly
improved and released [17, 18]. While the supply of
commercial grains was still could not meet the needs of
processing various special flours, about 8 million tons of
wheat grains needed to be imported annually, mainly
high-quality special wheat. Therefore, it was necessary and
urgent to continue to strengthen the breeding, promotion and
utilization of new high-quality special wheat varieties. In the
past three years, selection and breeding of different types of
wheat was strengthened, and a batch of new wheat varieties
(lines) were participating different level trials. In this study,
by systematic identification and evaluation of flour
physicochemical properties and food processing quality, new
varieties (strains) with excellent quality characteristics and
excellent food processing properties were picked out. These
varieties could be grouped into two categories, the
dual-purpose type and the special-purpose type. Among them,
the variety Jimai 106 had excellent quality of bread,
steamed-bread and noodles, the strain LHSJ 156 and Jimai
8365, and variety Jimai 0435, had excellent quality of bread
and noodles, the strain LHSJ 157 and variety Jimai 55 had
excellent quality of bread and steamed-bread, all these
varieties (strains) could be used as dual-purpose wheat.
While varieties such as Jimai 5022, Jimai 40, Jimai 5172,
Jimai 108, Jimai 117 and Jimai 379 had excellent bread
quality, strain such as Jimai 6174 had excellent
steamed-bread quality, strains such as Jimai 6001, Jimai 899
and Jimai 4277 had excellent noodle quality, all these
varieties (lines) could be used as special wheat.

Table 3. Correlation analysis between the extreme rise value of bread neck and the physical and chemical properties of flour and evaluation indexes of bread

quality.

Physical and chemical properties R value Evaluation indexes R value
Gluten content -0.523* Volume 0.617%*
Gluten index 0.834%* Volume score 0.630%*
Dry gluten value -0.314 Appearance 0.832%*
Grain protein content 0.073 Core color 0.665%*
Water absorption -0.597** Core texture 0.724%*
Stability 0.563** Texture structure 0.727**
Maximum resistance 0.568 Bread total score 0.767**
Elongation 0.687*

Are 0.659*

Note: * ** means 0.05, 0.01 significant level respectively.

Table 4. Significant difference analysis of extreme value between different
bread quality grades.

Bread quality grade Extreme value (mm)
Premium 21.32a

Excellent 16.66b

Medium 10.84¢

Lowe 8.58¢c

Lower 9.05¢

Among the scoring standard of bread baking quality, the
size of the bread neck is one of the important factors for the
evaluation of bread appearance. The score is determined by
qualitative expression without quantitative indicators (National

Standard GB/T14611-2008). In this study, the correlation
analysis between the increased length of bread neck and the
physical and chemical properties of flour and the evaluation
indexes of bread quality found that (Table 3), the increased
length of bread neck was significantly positively correlated
with gluten index and stability, and was positively correlated
with elongation and area, furthermore, it was extremely
significantly positively correlated with the evaluation indexes
of bread quality. All these indicated that the increased length
of bread neck could be used as an index for evaluating bread
quality. Further significant difference analysis was performed
on the increased length of bread neck of the 5 grades (Table 4),
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and found that the bread neck increased significantly with the
increase of the total bread score. The increased length of bread
neck of the premium grade is significantly higher than that of
the excellent grade, and that of the excellent grade is
significantly higher than that of the medium and lower grades.
On the contrary, with the increase of the increased length of
bread neck, the bread quality became better. When the
increased length of bread neck was above 16.0mm, the bread
quality reached the excellent level, and when it was above
20.35mm, the bread quality reached the premium level.
Therefore, the increased length of bread neck could be used as
a quantitative index for the evaluation of bread quality. When
the increased length of bread neck was assigned a certain score,

the bread quality grade could be preliminarily judged.
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Appendix
Table Al. Quality Characteristics of New Varieties (Lines).
. . . . Grain protein - Maximum .

L. Whiteness 14%Glutein Glutein Dry glutein Water Stability R Elongation  Are

Varieties (%) content (%) index (%) value (g) content (dry absorption (%) (min) resistance (mm) (cm?)
bases) (%) (BU)

LHSJ156  83.05 27.82 90.23 10.60 14.1 57.1 34.6 686 142 127
LHSJ157  81.20 26.85 97.79 10.25 13.7 61.3 15.9 731 166 158
Jimai0435  79.35 29.25 96.79 10.70 15.0 62.4 40.3 803 159 166
Jimail06  75.55 29.82 95.86 10.40 14.8 62.4 33.0 809 182 190
Jimai38 76.85 34.90 58.20 12.65 13.9 65.4 42 - - -
Jimai40 78.70 27.52 79.89 9.65 13.3 64 17.4 629 140 118
Jimai4227  77.35 31.90 48.45 10.65 13.7 64.5 6.0 - - -
Jimai5022  77.95 27.43 98.03 11.75 14.0 59.6 39.8 736 153 148
Jimai5172  78.95 28.82 77.85 10.40 13.6 63.5 10.6 441 139 85
Jimai5177  77.70 24.99 99.41 9.70 15.0 62 12.2 - - -
Jimai5189  76.95 31.34 62.58 10.90 13.8 64.8 7.9 - - -
Jimai5198  75.75 30.65 75.84 10.65 13.2 65 16.7 597 127 102
Jimai52 76.85 27.31 84.68 9.66 13.0 64.7 14.6 526 141 101
Jimai55 76.20 31.36 87.19 12.80 14.5 63.6 27.3 612 165 135
Jimai5789  76.20 29.30 64.99 10.25 13.1 63.8 6.8 - - -
Jimai6001  75.95 35.66 56.89 12.55 14.7 68.1 4.8 - - -
Jimai6174  71.75 47.19 45.79 16.05 16.0 69.8 3.0 - - -
Jimai805 78.60 26.68 74.40 9.40 12.7 63.5 9.7 - - -
Jimai8365  74.85 24.62 98.22 9.20 13.8 61 39.3 - - -
Jimai899 78.35 29.07 66.27 10.25 12.8 64.3 6.8 - - -
Jimail08 - - - - - 63.1 6.68 - - -
Jimaill7 - - - - - 62.8 9.19 - - -
Jimail61 - - - - - 64.6 5.81 - - -
Jimai379 - - - - - 60.6 9.87 - - -

Table A2. Quality of Steamed Bread, Noodles and Bread of New Varieties (Lines).

Varieties (Lines) Bread extreme value (mm)

Bread total score

Steamed-bread total score Noodle total score

Jimai0435 20.75 95.0
Jimail06 25.31 95.0
Jimai38 8.98 60.2
Jimai40 16.60 95.5
Jimaid227 9.58 78.3
Jimai5022 20.35 92.3
Jimai5172 10.16 82.9
Jimai5177 21.84 95.5
Jimai5185 9.97 55.2
Jimai5189 9.55 66.1
Jimai5198 18.73 83.5
Jimai52 20.93 82.5
Jimai55 27.92 85.3
Jimai5789 11.81 56.6
Jimai6001 10.87 72.2

Jimai6174 7.22 62.0

72.6 86.5
81.0 80.5
62.5 67.5
78.9 76.5
78.8 84.5
56.8 72.5
74.1 74.5
78.7 75.5
79.7 76.5
60.6 79.5
74.2 75.5
76.9 76.5
82.4 74.5
77.4 70.5
71.9 85.0
81.8 73.0
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Varieties (Lines)

Bread extreme value (mm)

Bread total score

Steamed-bread total score Noodle total score

Jimai805 16.82 81.1 74.9 74.0

Jimai8365 16.05 91.1 70.1 85.5

Jimai899 12.87 79.2 75.8 71.5

LHSJ156 19.81 87.8 76.0 80.5

LHSJ157 22.03 93.0 81.7 71.5

Jimail61 10.07 72.7 - -

Jimail08 19.66 85.7 - -

Jimaill7 21.87 92.7 - -

Jimai379 23.72 88.1 - -
Variety Jimail9 with High Yield Potential. Shandong
Agricultural Sciences, 2001, 4: 36.
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