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Abstract: The aim of this study was to compare the role of protein quantity and aggregate stretching degree in predict-
ing dough stability and extensibility using the regression analysis, and to explore a more effective way of conducting 
the prediction. Flours from 28 milling streams of the wheat cultivar Shiluan 02-1 were collected as experimental mate-
rial. Using the value of (ash content/L*) (L* – lightness), we sorted the milling streams flour from the inner layer to the 
outer layer of wheat kernel, which was divided into early reduction, later reduction, and break flours. Three regression 
models, quantity-based, stretching-degree-based and (quantity × stretching-degree)-based model for predicting dough 
stability and extensibility were evaluated in each category of milling streams through their coefficient of determination 
(R2). Certain patterns were observed in physicochemical properties of flour from different categories of milling streams. 
Despite those considerable changes, the quantity-based model broadly produced greater R2 values than the stretching-
degree-based model, and the (quantity × stretching-degree)-based model could in general provide higher R2 values than 
the other two models on predicting dough stability and extensibility. The results suggest that measuring the protein 
quantity and aggregate stretching degree at the same time is of practical improvement in dough rheology evaluation, 
compared to focusing on either factor alone.
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Wheat production totalled over 800  million tons 
in  2022  worldwide, and 70% of  wheat has been used 
to  produce food such as  bread and noodles, serving 
as  the staple food for about one-third of  the world 
population (FAOSTAT 2024). Mixing wheat flour with 
water can form elastic and malleable dough, which 
is  a  fundamental step in  making most wheat-based 
products, and the performance of  wheat flour dough 
largely determines wheat end-use quality (Rosell 2011; 
Delcour et al. 2012; Singh et al. 2018). Dough mixing 
is usually conducted at 30 °C, which is a much lower 
temperature than pasting temperature of starch, hence 
it is generally believed that protein properties are more 
relevant to dough rheological properties. In the wheat 
processing industry, dough consistency and extension-
al properties are mainly measured by the devices like 
farinograph and extensograph, which examine the var-
iation of  consistency throughout dough development 
and breakdown, and that corresponds to  large defor-
mation rheology (Singh et al. 2011; Singh et al. 2018). 
In  particular, dough stability has been considered 
as  an  important parameter in  several national stand-
ards in  China (GB/T  14614-2019; GB/T  17320-2013; 
GB/T  17893-1999), while dough extensibility plays 
a crucial role in making traditional Chinese food, such 
as noodles and dumpling wrappers.

An analogy with polymer chemistry has often been 
sought to explain the increased elasticity of the dough 
as the polymers stretch, get longer, crosslink and so re-
sult in a strong viscoelastic dough at peak development 
(Singh and MacRitchie 2001; Ortolan and Steel 2017; 
Yang et  al.  2022). The  quantity of  protein in  wheat 
flour and quality of gluten development have been sug-
gested to influence the amount and intensity of entan-
glements in the gluten network, thus determining the 
variation of dough consistency (Barak et al. 2013; Del-
cour et al. 2012). Protein aggregates in dough mainly 
refer to gluten, which is  the storage protein in wheat 
grains, accounting for about 80% of  the total protein. 
Wheat gluten consists of monomeric gliadins and pol-
ymeric glutenins of protein types: α-, γ-, and ω-gliadins 
and the high-molecular-weight and low-molecular-
weight glutenin subunits (HMW-GS and LMW-GS, 
respectively) (Shewry  2023). A  large-size fraction 
of  wheat glutenin, namely glutenin macropolymer 
(GMP), can be obtained by suspending defatted flour 
in 1.5% sodium dodecyl sulphate (SDS) and collecting 
the gel layer on  top of  the sediment after centrifuga-
tion (Wieser et  al.  2023). The  flour protein content 
and content of protein fractions are often used to pre-
dict dough rheological properties, whose correlations 

have widely been reported to  varying degrees (Barak 
et al. 2013; Hasniza et al. 2014; Yue et al. 2020). In fact, 
most of  the wheat grains of  different varieties used 
in related studies not only had different protein quan-
tity, but also they showed varying gluten strength and 
the ability to form the network structure due to differ-
ent genetic backgrounds. Therefore among different 
studies, the correlations between protein quantity 
and dough rheological properties were quite differ-
ent and  difficult to  compare. But it  is  worth noting 
that Singh and Singh (2013) studied the farinograph 
characteristics of  12  wheat varieties (protein content 
8.3–10.1%) with different gluten strength, and they 
found that the correlation coefficients of dough devel-
opment time and stability with GMP content in flour 
were 0.921 and 0.798, respectively, which were higher 
than those with flour protein content, glutenin content 
or gliadin to glutenin ratio, indicating that GMP might 
be  the key  to  understanding the unique rheology 
of wheat flour dough (Don 2022).

Meanwhile, to  quantitatively determine the degree 
of gluten development in dough formation the method 
is  somewhat scanty: Bernklau et al.  (2016) developed 
a new approach to quantifying the wheat dough micro-
structure that determines not only the protein area, but 
also the number of junctions and structure regularities 
for describing the strength of  the network. However, 
such a method is  still unfavourable to  the small- and 
medium-sized wheat processing industries to evaluate 
the quality of flour, for its requirements of high-preci-
sion measurements performed by the staff with related 
background. For  wheat processing industries to  con-
duct quality control more conveniently in  a  holistic 
manner, aggregate stretching degree is adopted to ex-
press the degree of gluten development in  the dough 
system. It is defined as the volume of protein per unit 
mass, which can be calculated from the water-holding 
capacity of gluten and GMP storage modulus per unit 
mass. The  higher aggregate stretching degree indi-
cates the larger volume of protein per unit mass, which 
facilitates crosslinking within and among protein 
aggregates, thus increasing dough consistency macro-
scopically. Gluten water-holding capacity (WHC) is the 
ability of  gluten proteins to  prevent water from be-
ing released or expelled from their network structure 
(Haque et al. 2016). This property is based on the di-
rect interaction of protein molecules with water, which 
mostly involves hydrogen bonding (Aryee et al. 2018). 
The size of the gel network can affect the gluten WHC, 
for example the large-pore network usually shows 
the lower WHC  value due to  the lack of  capillary ef-
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fect that is seen more commonly in the small-size net-
work (Aryee et  al.  2018). According to  Veraverbeke 
and Delcour (2002), a  size distribution of  glutenin 
polymers with more large-size polymers would result 
in stronger and more elastic doughs. It was also sug-
gested that the average particle size of GMP had a par-
allel with the plateau values of  its storage modulus 
(Don et al. 2003a, b). In addition, gluten water-holding 
capacity and GMP storage modulus have been report-
ed to  be  in  positive correlation with dough stability 
and dough development time (Don et al. 2006; Zheng 
et al. 2020), respectively.

The aim of this study was to compare the role of pro-
tein quantity and aggregate stretching degree in  pre-
dicting dough stability and extensibility using regression 
analysis, and to  explore a  more effective way of  con-
ducting the prediction through the coefficient  of  de-
termination of  regression models. Milling streams 
flour  from the wheat cultivar Shiluan  02-1  was used 
as  our test material, which ensures the same genetic 
and environmental factors of the samples. In addition, 
we divided the total milling streams into 3 categories 
which corresponded to  different parts of  wheat ker-
nel, and compared the physicochemical properties and 
their performance by regression analysis.

MATERIAL AND METHODS

Materials. The  wheat cultivar Shiluan  02-1  was 
harvested in  2019  and then cleaned and conditioned 
in  an  industrial manner. The  wheat kernels were 
milled  in  an  industrial plant (800 t  per  day; Buhler, 
China). The plant consists of 7 break (1B, 2B, 3B, 3BF, 
4B, 4BF, 5B) passages, 11 reduction (1M1, 1M2, 1M3, 
2M1, 2M2, 3M1, 3M2, 4M2, 5M1, 5M2, 6M1) passag-
es, 2 sizing (1S, 2S) passages, 6 resifting (D1, D2, D3, 
DS, D4, DF) passages, 1  tail passage (1T), and 1 suc-
tion passage (XF4). Flour was obtained in each passage 
mentioned above, using a  container to  get the sam-
ple of  5 kg, respectively, and the yield was calculated 
with the time recorded. According to Dai et al. (2020), 
(ash content/L*) (L*  –  lightness) is  able to  character-
ise the order of  milling streams flour from the inner 
to the outer layer of wheat kernel. And the value of (ash 
content/L*) was used to sort each milling streams flour, 
with the order of  1  to  28  (Table  1). The  flours from 
28 milling streams were then divided into 3 categories: 
early reduction flours (order: 1–10; yield: 0–55%), lat-
er reduction flours (order: 11–20; yield: 55–79%) and 
break flours (order: 21–28; yield: 79–90%). Therefore, 
the number of samples from total milling streams, ear-

ly reduction, later reduction and break streams was 28, 
10, 10, and 8, respectively.

Protein content. Based on  the Dumas combus-
tion method described in  ISO/TS  16634-2:2016  and 
the method described by Hu et al. (2022), the sample 
was burned at  a  high temperature in  a  pure oxygen 
environment, and its impurities were absorbed by the 
reducing agent, and the released nitrogen was detected 
by  a  thermal conductivity detector (TCD) to  obtain 
the total nitrogen content, which was multiplied by the 
corresponding conversion factor to obtain the protein 
content. In this study, the protein content (calculated 
as  nitrogen  ×  5.7) was determined using the Dumas 
Nitrogen Analyser (DN2100; Nordtech, China) with 
aspartic acid as the standard.

Dry gluten content and gluten water-holding ca-
pacity. Content of  wet and dry gluten was measured 
according to  the AACC  38-12.02  procedure using 
a gluten instrument (Perten Instruments AB, Sweden). 
Gluten water-holding capacity was calculated as follows:

1 2
1

2
100%

w w
Q

w

−
= × 	 (1)

where: Q1 (%) – gluten water-holding capacity; 
w1 (%) – wet gluten content; w2 (%) – dry gluten content.

Glutenin macropolymer extraction and flour so-
dium dodecyl sulphate retention capacity. The meth-
od used to  extract GMP  was modified from Don 
et al.  (2003a). First, a 1.4 g flour sample was dispersed 
in  28 mL  of  1.5% (w/v) SDS  and then centrifuged 
at 20 000 g for 30 min at 20 °C in a high-speed centrifuge 
(3-30K; SIGMA, Germany). Subsequently, the superna-
tant was decanted, 1 mL  of  which was dried for 48 h 
at  50 °C. Finally, the SDS-soluble protein content was 
measured by Dumas Nitrogen Analyser (DN2100; Nor-
dtech, China). The corresponding formulas used to cal-
culate the protein content were as follows (Li et al. 2020):

1 3
2

21.40

C M M
P

M

× ×
=

×
	 (2)

P3 = P2 – P1	 (3)

where: P1 (g·g–1 flour) – SDS-soluble protein content per 
unit amount of  flour; P2 (g·g–1 flour) – protein content 
per unit amount of flour; M1 (g) – total weight of the super-
natant; M2 (g) – weight of 1 mL supernatant; M3 (g) – weight 
of dried 1 mL supernatant; C (%) – flour protein content; 
1.40 (g) – weight of flour; P3 (g·g–1 flour) – GMP content.
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Flour SDS retention capacity was calculated as follows:

1

1

100 14
SDS 1 100%

1.40 100
Wretention capacity

T

 −
 = × − ×
 − 

	(4)

where: SDS – sodium dodecyl sulphate; W1 (g) – weight 
of GMP gel after centrifugation; 1.40 (g) – weight of the 
sample; 14 – standard wet-based water content; T1 – water 
content of the sample.

Dynamic rheology of  glutenin macropolymer 
gels. The rheology of GMP gels was determined as de-

scribed by Don et al. (2003a) with some modifications. 
The gel-like layer was present on the top of the starch 
after decanting the supernatant and was collected 
as GMP. Then, 1 g sample of GMP was carefully collect-
ed from the top of the three remaining precipitates and 
measured on a rotational rheometer (MCR 502; Anton 
Paar, Austria) with two parallel plates (d  =  25 mm), 
where the gap between the plates was 1 mm. To reduce 
the loss of water during dispersion, a cover was used 
during the analysis. Measurements were conducted 
at  20 °C  in  a  strain sweep mode at  0.01–100% with 
a fixed frequency of 1 Hz.

Table 1. Yield and categories of milling streams flour for the wheat cultivar Shiluan 02-1 [in ascending order 
of (ash content/L*)]

Milling  
streams

Yield  
(%)

Ash content  
(%) L* Ash content/L*  

(%)

Order from the  
inner to the outer layer  

of wheat kernel**

Milling streams 
category

2M1 12.80 0.38 92.95 0.0041 1

early reduction 
flours

1M2 13.80 0.41 92.76 0.0044 2
1M3 3.60 0.42 92.54 0.0045 3
3M1 7.80 0.43 91.97 0.0047 4
1M1 4.90 0.45 92.72 0.0049 5
2M2 6.40 0.47 91.97 0.0051 6
DS 0.10 0.51 90.84 0.0056 7
1S 0.70 0.58 91.41 0.0063 8
5M1 1.10 0.58 90.81 0.0064 9
3M2 4.50 0.62 89.99 0.0069 10
D3 6.80 0.62 90.43 0.0069 11

later reduction 
flours

D2 3.90 0.65 89.89 0.0072 12
4M2 3.50 0.66 90.88 0.0073 13
3B 3.70 0.67 90.14 0.0074 14
2S 1.00 0.69 90.29 0.0076 15
5M2 0.30 0.72 89.84 0.0080 16
2B 2.20 0.73 89.46 0.0082 17
D4 1.10 0.74 88.39 0.0084 18
1T 0.60 0.80 89.14 0.0090 19
4B 1.00 0.81 89.45 0.0091 20
D1 2.50 0.80 88.18 0.0091 21

break  
flours

3BF 0.20 0.83 89.54 0.0093 22
4BF 0.40 0.90 88.12 0.0102 23
1B 1.60 0.91 87.68 0.0104 24
5B 0.60 0.93 87.12 0.0107 25
DF 0.90 0.95 88.12 0.0108 26
XF4 2.20 1.24 86.05 0.0144 27
6M1 1.80 1.36 88.74 0.0153 28

**According to (ash content/L*), flour sample of milling streams was sorted from the inner layer to the outer layer 
of wheat kernel, with the order increasing from 1 to 28; L* – lightness; 1B, 2B, 3B, 3BF, 4B, 4BF, 5B – break passage; 
1M1, 1M2, 1M3, 2M1, 2M2, 3M1, 3M2, 4M2, 5M1, 5M2, 6M1 – reduction passage; 1S, 2S – sizing passage; D1, D2, D3, 
DS, D4, DF – resifting passage; 1T – tail passage; XF4 – suction passage
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GMP  storage modulus per unit mass was calculat-
ed as follows:

'
p

GG
m

= 	 (5)

where: Gp (Pa·g–1) – GMP storage modulus per unit mass; 
G' – storage modulus of GMP; m (g) – protein weight 
of the tested GMP gels.

Large deformation rheology of wheat flour dough. 
Dough rheological behaviour was examined using Fa-
rinograph 827504  and Extensograph  860033  (Bra-
bender, Germany) according to  the AACC 54-21 and 
AACC 54-10 methods, respectively. Although several 
results were obtained, we  chose dough stability pro-
duced in  farinograph and dough extensibility in  ex-
tensograph, which were popular and often necessary 
among wheat processing industries as the parameters 
to conduct regression analysis.

Statistical analysis. All  measurements were per-
formed in  triplicates. Microsoft Excel (version  2010) 
was used to  process data and tables and SPSS  (ver-
sion 22.0) was used to conduct regression analysis.

Dough stability and extensibility were taken as  the 
dependent variables, respectively. Protein content, dry 
gluten content, and GMP content were taken as the inde-
pendent variables in a quantity-based model; gluten wa-
ter-holding capacity and GMP storage modulus per unit 
mass were taken as the independent variables in a stretch-
ing-degree-based model; flour SDS  retention capacity, 
(dry gluten content)  ×  (gluten water-holding capacity) 
and GMP storage modulus were taken as the independ-
ent variables in  a  (quantity  ×  stretching-degree)-based 
model. The regression analysis was conducted in terms 
of total milling streams flour, early reduction flours, lat-
er reduction flours and break flours, respectively, using 
the three types of  models mentioned above. The  coef-
ficient of determination (R2) values of different models 
were compared in the same category of milling streams 
to evaluate the relative accuracy of each model to predict 
dough stability or extensibility, and here the significance 
of the model was considered less important. For exam-
ple, higher R2 value indicates a relatively accurate model, 
even if the model is not significant.

RESULTS

Protein quantity, aggregate stretching degree, 
dough stability, and dough extensibility of  milling 
streams flour. Protein quantity parameters, includ-
ing protein content, dry gluten content and GMP con-

tent, ranged between 9.34–18.28%, 9.96–19.00%, and 
1.89–4.20%, respectively (Table  2), which all exhib-
ited a  gradual increase from early reduction streams 
to later reduction streams, and then to break streams. 
Aggregate stretching degree parameters, including glu-
ten water-holding capacity and GMP storage modulus 
per unit mass, ranged from 167.31% to  201.79% and 
20.22 Pa·g–1 to 73.71 Pa·g–1, respectively, in which the 
latter showed larger variation than the former. How-
ever, gluten WHC and GMP storage modulus per unit 
mass decreased across the milling streams.

(Quantity × stretching-degree) parameters, including 
flour SDS retention capacity, (dry gluten content) × (glu-
ten water-holding capacity) and GMP storage modulus, 
ranged between 288.61–455.59%, 1 890–3 250‱, and 
55.94–141.52 Pa, respectively. Dough rheological param-
eters, including dough stability and extensibility, ranged 
from 2.3 min to  32.8 min and 120 mm to  194 mm, re-
spectively, with dough stability showing the highest co-
efficient of variation (CV) of all parameters.

Regression analysis on  predicting dough stabil-
ity. Within each category of  milling streams, R2  was 
calculated for 3 types of regression models, including 
quantity-based, stretching-degree-based and (quantity 
× stretching-degree)-based model to measure the rela-
tive contribution of  each source to  the total variance 
in dough stability (Table 3). For 28 flour samples from 
total milling streams, the quantity-based and stretch-
ing-degree-based model showed R2 values of 0.182 and 
0.059, respectively, in  predicting dough stability. 
A higher R2 value of 0.417 was observed in the (quan-
tity × stretching-degree)-based model, which was sig-
nificant at the 0.01 probability level.

For 10 early reduction flours, R2 values were 0.703 and 
0.547 for quantity-based and stretching-degree-based 
model, respectively, while the (quantity ×  stretching-
degree)-based model had a R2 value of 0.701. Results 
for 10 later reduction flours were quite similar to those 
of early reduction flour, with the R2 value of the (quan-
tity ×  stretching-degree)-based model exceeding that 
of the other two models. For 8 break flours, in particu-
lar, the (quantity × stretching-degree)-based model ex-
hibited a high R2 value of 0.984, which was significant 
at  the 0.001 probability level. In  summary, for all the 
categories of milling streams, the R2 values from (quan-
tity ×  stretching-degree)-based model for predicting 
dough stability were higher than those from quantity-
based or stretching-degree-based model.

Regression analysis on predicting dough extensibil-
ity. Comparable results were obtained in the regression 
analysis for predicting dough extensibility (Table 4). For to-
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tal milling streams flour, the quantity-based and (quantity 
×  stretching-degree)-based model had higher R2  values 
of  0.531  and 0.542, respectively which were significant 
at the 0.001 probability level, compared to the stretching-
degree-based model with the R2 value of 0.376 that was 
only significant at the 0.01 probability level.

For early reduction flours, the quantity-based and 
stretching-degree-based model showed R2  values 
of 0.045 and 0.494, respectively, while the R2 value of the 
(quantity × stretching-degree)-based model was 0.375. 
For  later reduction flours, the (quantity ×  stretching-
degree)-based model exhibited a  R2  value of  0.748, 
which was higher than that of  the quantity-based and 
stretching-degree-based model, but at  the same sig-
nificant level with the quantity-based model. In break 
flours, the quantity-based and (quantity ×  stretching-
degree)-based model showed R2  values of  0.927  and 
0.840, respectively, at the same significant level and both 
were higher than the R2 value of the stretching-degree-
based model. To sum up, higher R2 values from (quantity 
× stretching-degree)-based model for predicting dough 
extensibility were observed in total milling streams flour 
and later reduction flours, compared to  those from 
quantity-based and stretching-degree-based model.

DISCUSSION

Although the amount of protein and protein fraction 
has long been confirmed to correlate with dough rhe-
ological parameters, there is  also a  certain limitation 
when it  comes to comparing wheat samples with ge-
netic and environmental difference, including weather 
conditions and soil in different locations, fertilisation, 
irrigation and mutual interaction between those fac-
tors (Wieser et  al.  2023). Using milling streams flour 
from one wheat cultivar could provide the samples with 
different protein content and varying degree of gluten 
strength, while ensuring the same genetic background, 
storage conditions and other relevant treatments of the 
wheat grains before milling.

The variation in the protein quantity of flour from dif-
ferent milling streams in this study was consistent with 
the reports of Sutton and Simmons (2006), where high-
er flour protein content and SDS-insoluble glutenin 
were seen in break streams of a pilot-scale flour mill, 
compared to  those of  reduction streams. They have 
studied the relationship between protein quantity and 
dough processing quality for 2 strong wheat cultivars 
and 2  weak ones, suggesting that farinograph dough 
stability was in positive correlation with SDS-insoluble 
glutenin for 2  strong cultivars. A  significant positive 

relationship of  f﻿lour protein content with mixograph 
peak time and peak width was shown in all 4 cultivars.

Gluten water-holding capacity is  a  measure of  the 
amount of water that is absorbed per gram of gluten pro-
tein. In this study, the changes in gluten WHC of flour 
from different milling streams were in agreement with 
the results of Dai et al. (2020). In their study, flour frac-
tions from the outer layer to the inner layer of wheat 
kernels were obtained using a  pearling mill, and the 
WHC was seen highest in the fraction close to the in-
ner layer of wheat kernels, while the lowest WHC came 
from the outer layer fraction. In  addition, our flour 
samples from 28 milling streams were sorted using the 
value of  (ash content/L*), and the flours lower in ash 
content and higher in L* were classified into early re-
duction streams, which corresponded to the character-
istics of inner-layer fractions for wheat kernels.

To characterise the degree of  gluten development 
during hydration, flour solvent retention capacity (SRC) 
is also a popular parameter. In SRC measurement, select-
ed diagnostic solvents are independently used to pro-
duce SRC  values, for example 5% lactic acid is  used 
to produce the SRC value associated with the swelling 
behaviour of  the glutenin polymer network (Kweon 
et al. 2011). However, SRC value might be a combina-
tion of protein quantity and stretching degree, that is, 
the more protein in flour or the more stretched the pro-
tein aggregate, the higher SRC value may be produced. 
If  the SRC  value is divided by  the amount of protein, 
SRC of protein per unit mass would then be obtained, 
which reflects the average swelling degree of  protein. 
A  higher SRC  of  protein per unit mass indicates the 
protein network that is  more stretched and expand-
ing. After comparing the relationship of  SRC  versus 
dough rheological parameters (in  farinograph) with 
SRC of protein per unit mass versus those parameters, 
a  general decrease of  the correlation was seen in  the 
latter for several studies (Hammed et  al.  2015; Singh 
et  al.  2018; Magallanes López and Simsek  2021), cor-
roborating our idea that both protein quantity and 
aggregate stretching degree play a  role in SRC, which 
encouraged us to further explore whether the idea also 
applies to predicting dough rheological parameters.

In our regression analysis, 3 types of models were es-
tablished, including quantity-based, stretching-degree-
based and (quantity × stretching-degree)-based model, 
to predict dough stability and extensibility. In the third 
model, flour SDS  retention capacity was considered 
as a parameter that reflected both protein quantity and 
aggregate stretching degree at the level of wheat flour, 
and (dry gluten content)  ×  (gluten water-holding ca-
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pacity) and GMP storage modulus were the parameters 
at the level of gluten and glutenin fraction, respectively. 
R2  values of  regression models were used to  evaluate 
the relative accuracy of  each model to  predict dough 
stability or extensibility, and the higher R2 value indi-
cated a relatively accurate model, even if the model was 
not significant. Our results showed that for total milling 
streams flour and its 3  divided categories, the (quan-
tity ×  stretching-degree)-based model outperformed 
both the quantity-based and the stretching-degree-
based model in dough stability prediction; the advan-
tage of the (quantity × stretching-degree)-based model 
was also seen in  predicting dough extensibility for 
total milling streams flour and later reduction flours. 
The variation of R2 values in different categories could 
be attributed to the difference in protein composition. 
Wang et al.  (2007) indicated that the gliadin percent-
age in total flour protein increased from break streams 
to  reduction streams, using flours produced from 
a  laboratory experimental mill. And  the percentage 
of polymeric glutenin was also reported to increase dra-
matically within break streams, and then decrease with-
in reduction streams. Sutton and Simmons (2006) also 
found higher thiol content in later reduction and break 
streams due to more molecular disruption caused by in-
tensive grinding, which could then affect the oxidation 
of thiol groups into disulphide bonds during flour stor-
age. However, in spite of those considerable differences 
across the milling streams which resulted in dough sta-
bility and extensibility that varied in a wide range, our 
established (quantity × stretching-degree)-based model 
showed higher R2 values than the quantity-based mod-
el and the stretching-degree-based model in six cases 
out of eight. The results suggest that measuring protein 
quantity and aggregate stretching degree at  the same 
time is of practical improvement in dough stability and 
extensibility prediction, compared to  focusing on  ei-
ther factor alone.

CONCLUSION

Flours from 28  milling streams of  the wheat culti-
var Shiluan 02-1  were sorted using the value of  (ash 
content/L*) from the inner to the outer layer of wheat 
kernel, and then divided into early reduction flours, 
later reduction flours and break flours as experimental 
material. Dough rheological properties are associated 
with the quantity of protein in wheat flour and qual-
ity of gluten development, and the 'aggregate stretch-
ing degree', representing the volume of protein per unit 
mass, was proposed to quantitatively characterise the 

degree of gluten development in the dough system. Pa-
rameters relating to protein quantity, aggregate stretch-
ing degree and (quantity ×  stretching-degree) were 
examined for all the flour samples. Increase in protein 
quantity and decrease in  aggregate stretching degree 
have been observed from early reduction to  later re-
duction streams and then to break streams.

To figure out the relationship between large deforma-
tion rheology of wheat flour dough with protein quanti-
ty and aggregate stretching degree, the R2 values of three 
types of  regression models, including quantity-based, 
stretching-degree-based, and (quantity ×  stretching-
degree)-based model for predicting dough stability and 
extensibility, were compared in each category of milling 
streams. The quantity-based model broadly produced 
greater R2  values than the stretching-degree-based 
model. The fact that the (quantity × stretching-degree)-
based model could in general provide higher R2 values 
than the other two models on predicting dough stabil-
ity and extensibility indicates that protein quantity and 
aggregate stretching degree are both involved in deter-
mining these dough properties, and that we can better 
evaluate dough rheology combining protein quantity 
and aggregate stretching degree. The findings can help 
wheat processing industries to  evaluate and control 
flour quality more accurately and conveniently.
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