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Abstract Mixolab properties of different Indian extraor-
dinarily soft (Ex-SW), hard (HW) and medium hard
(MHW) wheat varieties were evaluated and related to
damaged starch content, particle size distribution, pasting,
Farinographic and Mixographic properties. Water absorp-
tion (WA) of HW varieties was higher as compared to
other varieties. Higher damaged starch led to more WA in
HW varieties while lower in Ex-SW varieties. Unextrat-
able polymeric protein, damaged starch and arabinoxylans
were related to dough consistency. Mixolab measurement
C3 (peak viscosity) and C5 (starch retrogradation)
decreased with increase in grain hardness index, damaged
starch content, and sodium solvent retention capacity.
Dough stability (DS) and dough development time (DDT)
measured by Mixolab and farinograph were significantly
correlated. Mixolab parameters (C3, C4 and C5) related
positively to DDT and DS while negatively to WA. HW
varieties showed higher shear thinning as compared to
MHW and Ex-SW varieties. C4 (hot paste stability) was
lower for HW but higher for Ex-SW varieties. SUSRC was
negatively related to C4 indicating that HW flours had
lower starch retrogradation due to higher arabinoxylans.
C3, C4 and CS5 related positively to small size particles
while negatively to large size particles. Slope beta (B)
measured by mixolab indicated that the speed of starch

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s13197-019-03756-z) contains sup-
plementary material, which is available to authorized users.

DX Narpinder Singh
narpinders @yahoo.com

Department of Food Science and Technology, Guru Nanak
Dev University, Amritsar 143005, India

gelatinization was lower for Ex-SW varieties than MHW
and HW varieties.
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Abbreviations
DDT Dough development time
DS Dough stability

Ex-MP Extractable Monomeric protein
Ex-PP Extractable Polymeric protein
GHI Grain hardness index

LASRC Lactic acid SRC

NaSRC Sodium carbonate SRC

PCA Principal component analysis
SRC Solvent retention capacity
SuSRC Sucrose SRC

UnEx-MP UnExtractable Monomeric Protein
UnEx-PP  UnExtractable Polymeric Protein
Introduction

Mixolab was used to measure dough rheological properties
during heating and cooling period. This instrument has
been used for evaluation of dough rheological behaviour of
different wheat varieties (Rosell et al. 2013) and involves
the working principle of both Farinograph and Rapid
Viscoanalyzer (RVA). Farinograph measures the charac-
teristics of dough at constant temperature during mixing
while RVA evaluates paste characteristics during heating
and cooling. Mixolab properties were in relation with
empirical rheological properties (farinograph and RVA),
sedimentation value and bread volume (Koksel et al. 2009).
Mixolab measurements involve changes in starch and
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protein properties in one test during heating and cooling
(Koksel et al. 2009). Hruskova et al. (2013) reported
relationship between Farinograph, RVA and Mixolab
parameters amongst commercial wheat fine flour. Mixolab
has also been used to evaluate the quality of other cereals.
Moza and Gujral (2018) related the differences in consis-
tency of barley flour blends to variation in non-starchy
polysaccharides content which showed positive correla-
tions of consistency with total B-glucan content and ara-
binoxylans content. Sandhu et al. (2018) evaluated brown
and milled rice flour by Mixolab to see the effect of degree
of milling. They reported that degree of milling signifi-
cantly affected Mixolab properties and milled rice at 8%
degree of milling showed higher C3, C4 and C5. This was
attributed to change in non-starch constituents with suc-
cessive removal of branny layers. Most of the studies have
not used wheat varieties with wide range of hardness index
as well as monomeric and polymeric protein distribution.
The dough characteristics of flours have traditionally been
evaluated using Farinograph, Extensigraph and Alveograph
at 30 °C, however, Mixolab described the changes in
consistency of dough during cooling and heating cycle.
This instrument gives information about DDT, starch
gelatinization, breakdown of protein and gel strength
(Dubat 2010; Sharma et al. 2017). Mixolab is a relatively
new instrument and has not been used extensively. More-
over, this instrument gives information regarding different
aspect of utilization of wheat flour that have been reported
in some studies (Banu et al. 2011; Codina et al. 2010;
Papouskova et al. 2011). Mironeasa et al. (2012) and Rosell
et al. (2011) reported that there is less number of research
results for composite flours. Torbica et al. (2016) related
Mixolab parameters to amylolytic activity and falling
number values of wheat flours. Flours with lower values of
Mixolab parameters were shown to have lower falling
number values while higher amylolytic activity. The
objective of present study was to evaluate Mixolab prop-
erties and damaged starch content of different Indian wheat
varieties with diverse hardness (medium hard, hard and
extraordinarily soft) and relate these to slurry paste prop-
erties and dough properties measured by other instruments
(Farinograph, Mixograph and Dynamic Rheometer).

Materials and methods

Materials

Various varieties of wheat used in present study had varied
grain hardness index (GHI) that ranged from 83 to 95 for
hard, 72 to 80 for medium hard and 17 to 29 for extraor-

dinarily soft. K307, HD2733, HD2932, DPW621-50 were
hard while HI977, DBW39, UP2672, HD2967 were
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medium hard. QBP12-8, QBP12-9, QBP12-11, QBP12-10
were extraordinarily soft wheat varieties (Katyal et al.
2017).

Flour characteristics

The detailed analysis except Mixolab properties and dam-
aged starch content of flour from selected varieties has
been published earlier (Katyal et al. 2017).

Damaged starch content

Damaged starch content was determined as described ear-
lier by Sharma et al. (2017).

Mixolab properties

The dough mixing behaviour of flours from various wheat
varieties was evaluated using Mixolab 2 (Chopin Tech-
nologies, France) as described earlier by Sharma et al.
(2017).

Statistical analysis

PCA and Pearson correlation (r) were carried out for
determining relationship between various variables by
using Statistical Software (Minitab Release 14).

Results and discussion

Mixolab measures changes in the dough system during
simultaneous heating and mixing which can effectively be
used for quality evaluation of wheat varieties. Mixolab
analysis of flours from different wheat varieties with
varying GHI showed that there was a rise in torque during
initial mixing (C1) which reduced during the continuous
mixing stage (C2), a further increase in torque was
observed during heating due to starch gelatinization (C3)
that reduced to a value that is C4 during holding temper-
ature (Cb), and then again increased to a value (C5) on
cooling (Cs) (Table 1). Mixolab curves of flours milled
from MHW, HW and Ex-SW varieties are given in
Fig. 1a—d. The quantity of water required by the dough to
reach an optimum torque of 1.1 Nm (C1) during initial
mixing in Mixolab is known as water absorption (Sharma
et al. 2017). Water absorption of MHW varieties was the
highest followed by HW varieties (except HD2733) and the
lowest for Ex-SW varieties (Table 1). It was observed that
among HW varieties, the lowest value of water absorption
was observed for HD2733 while HD2932 showed the
highest water absorption. C2 represented the resistance to
mixing whereas C5, C4 and C3 demonstrated
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retrogradation of starch, stability of gelatinized starch
granules and starch gelatinization, respectively (Sharma
et al. 2017; Heo et al. 2013). C1 and C2 were related to
protein quality, while C5, C4 and C3 were related to starch
characteristics (Koksel et al. 2009). With an increase in
temperature of dough, weakening of proteins occurred that
led to a decrease in torque till C2 was reached. C2 was also
considered as the start of pasting of dough (Sharma et al.
2017). The highest C2 among all the three classes of wheat
has been demonstrated by MHW varieties which indicated
that MHW varieties showed less protein weakening. The
varieties with lower C2 value were known to have more
weakening of gluten protein network on simultaneous
mixing and heating. The time to C2 did not show any
regular trend. However, the highest C2 among all of the
varieties was shown by DPW621-50 (HW). The tempera-
ture at C2, which is an indicator of the initial gelatinization
temperature, was found to be the highest for DPW621-50
which is a HW variety (Table 1), while no consistent trend
was observed amongst MHW, and Ex-SW varieties.
QBP12-11 and HD2967 revealed higher C3, C4 and CS5,
nevertheless, HD2733, HI977 and HD2733 showed lower
C3, C4 and C5. K307 and HD2967 showed higher Cb and
Cs while UP2672 and HD2932 showed lower Cb and Cs.
C1 torque that denotes the maximum dough consistency
during mixing phase at 30 °C (Gujral et al. 2018) was
positively correlated to unextratable polymeric protein

(UnEx-PP) and sucrose solvent retention capacity

@ Springer

(SuSRC). The results clearly showed the contribution of
UnEx-PP and arabinoxylans (reflected by SuSRC) to dough
consistency. C1 was positively correlated to NaSRC which
is an indicator of damaged starch content while SuSRC
indicated pentosan and arabinoxylans content (Gaines
2000). Damaged starch indicated the amount of starch
mechanically damaged during milling. Also, the Ex-SW
varieties showed the lowest water absorption owing to less
damaged starch content. The present result was supported
by the fact that the water absorption had a positive corre-
lation with damaged starch content (r = 0.72, p < 0.05)
(Supplementary Table 1). A variable trend was observed in
damaged starch content with HW varieties having damaged
starch in the range of 9.20 to 9.98%. K307 (HW) showed
the highest while QBP12-9 (Ex-SW) variety showed the
lowest damaged starch (Table 2). Thus the higher damaged
starch could have led to more water absorption in HW
varieties. Amongst MHW varieties, the range of damaged
starch was higher than Ex SW varieties and was observed
to be varied from 6.98 to 8.45%. The lowest content of
damaged starch was shown by HD2967 amongst the MHW
varieties. C2 is the lowest value of torque produced by
dough when subjected to thermal and mechanical con-
straints and has been attributed to the weakening of pro-
teins (Sharma et al. 2017). This is also taken as start of
pasting of dough. C2 was closely associated with gluten
and LASRC. Earlier, we have related LASRC with UnEx-
PP (Katyal et al. 2017) and confirmed the contribution of
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Table 2 Damaged starch content and Mixolab parameters of flours
from different HW, MHW and Ex-HW varieties

Varieties Damaged starch (%) C3-C4 C5-C4
K307 9.98 + 0.198 — 0.15 1.27
DPW62150 9.53 + 0.226 0.33 1.55
HD2932 9.23 £ 0.212 0.3 1.46
HD2733 9.20 + 0.078 0.06 0.89
Average (HW) 9.485 0.135 1.2925
HD2967 6.98 + 0.122 —0.12 1.11
HI977 7.02 £ 0.311 0.45 1.28
UP2672 7.88 £ 0.071 0.07 0.98
DBW39 8.45 £ 0.141 — 0.1 1.47
Average (MHW) 7.5825 0.075 1.21
QBP 12-9 2.02 £ 0.170 0.42 1.72
QBP 12-10 247 + 0.027 0.39 1.7
QBP 12-8 2.94 + 0.042 0.45 1.7
QBP 12-11 2.31 + 0.103 0.32 2.04
Average (Ex-SW) 2.435 0.395 1.79

glutenins to flour swelling that assisted in extensive gluten
network formation. Katyal et al. (2016) and Xiao et al.
(2006) also observed the relationship between LASRC and
UnEx-PP. Flours with high gluten or glutenin showed
higher C2 as well time to C2. C2 as well as time to C2 and
temperature at C2 was positively correlated to sedimenta-
tion value and gluten index. This was expected since sed-
imentation value and gluten index has been related to
gluten and glutenin content (Katyal et al. 2016). Time to
C2 and temperature at C2 were correlated negatively with
the proportion of large size granules (Singh et al. 2016).
Both the viscous (G’) and elastic modulus (G’’) was sig-
nificantly correlated with C2 (r=0.789 and 0.778,
respectively, p < 005) (Supplementary Table 1). C3 and
C5 showed significant negative correlation with damaged
starch content, GHI and NaSRC. Results revealed that C3
and C5 of dough decreased with increase in GHI (Fig. 2e).
PCA also reflected that C5, C4 and C3 related positively to
LASRC, UnEx-MP and GI while negatively related to
UnEx-PP, Ex-PP, SuSRC and NaSRC (Fig. 2e). C3 and C5
as well as time and temperature to C3 were negatively
correlated to damaged starch content (Fig. 2a). DDT is the
time required by dough to reach torque of 1.1 Nm (Gujral
et al. 2018). HW varieties showed DDT values on the
lower side except DPW621-50, which could be attributed
to its higher water absorption among HW varieties. Simi-
larly MHW varieties showed an irregular trend with DDT
which was as high as 5.68 min and as low as 1.50 min. Ex-
SW varieties demonstrated DDT values ranging from 1.70
to 6.48 min. Stability refer to the time for which Mixolab
curve remains within maximum consistency of 11%
observed while mixing and depicts the mixing resistance of

dough (Sharma et al. 2017). HW varieties observed sta-
bility ranged from 6.19 to 10.98 min whereas MHW and
Ex-SW varieties showed stability varied from 8.59 to
10.50 min and 6.91 to 9.94 min, respectively. MHW
varieties were characterized with higher stability that
depicts the dough strength (Table 1). Dough stability (DS)
and DDT measured by Mixolab and Farinograph were
significantly correlated (Supplementary Table 1 and
Fig. 2a). Mixolab parameters of dough were in agreement
with Farinograph parameters as reported earlier by Katyal
et al. (2017). Maximum torque during heating phase (C3)
was higher for flours with lower NaSRC and SuSRC. PCA
also reflected that C5, C4 and C3 related positively to DDT
and DS while negatively to WA (Fig. 2¢). C3 indicated
peak torque during starch gelatinization phase, i.e. higher
dough viscosity. C3 is maximum torque obtained during
the heating cycle which in other words is also known as the
peak viscosity (Gujral et al. 2018). The maximum peak
viscosity was observed for Ex-SW varieties followed by
the MHW varieties and the least viscosity was shown by
HW varieties. The temperature at C3 is an indication of the
peak temperature. The lowest peak temperature was
observed for MHW varieties among all the three wheat
classes. No consistent trend in peak temperature was
observed for HW and Ex-SW varieties. The variation
between maximum and minimum torque (C3-C4) during
heating of dough was lower for MHW followed by HW and
Ex-SW varieties (Table 2). This indicated that lesser
amylolytic activity which was consistent with results of
peak viscosity that has been related to amylolytic activity
(Sharma et al. 2017). C4 is a measure of minimum torque
reached during cooling to 50 °C and reflected the hot gel
stability/shear thinning of dough. The torque increased due
to reassociation of starch molecules during cooling which
is a measure of retrogradation (Sharma et al. 2017; Gujral
et al. 2018). HW varieties except K307 showed higher
shear thinning. In general the lowest shear thinning or
breakdown was observed for HD2967 which was MHW
variety. In contrary, the highest shear thinning was also
observed by MHW variety, HI977. C4 indicated lower
stability of hot paste for HW and higher for Ex-SW vari-
eties. C5 reflected starch retrogradation in dough and was
also higher in flours with lower SuSRC. This reflected the
role of arabinoxylans in inhibiting the retrogradation of
starch. Higher resistance to retrogradation (C5-C4) was
distinctively lower for dough from HW and higher for
those from Ex-SW varieties. Wheat varieties with higher
proportion of small and lesser proportions of large size
particles revealed higher values of C1 and C3. This con-
firmed the significance of particle size distribution. Kaur
et al. (2016) and Shevkani et al. (2011) reported that the
viscosity of wheat starches and flours also vary with starch
granule size and protein content and composition. PCA

@ Springer
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(a) PCA of mixolab with mixograph parameters (b) PCA of mixolab with pasting parameters
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Fig. 2 a Loading plot indicating the relationship of mixographic
properties with Mixolab properties of flour obtained from different
HW, MHW and Ex-SW varieties (MPT, mixograph peak time; MPW,
mixograph peak width; LPV, left peak value; LPW, left peak width;
RPV, right peak value; RPW, right peak width; WS). b Loading plot
indicating the relationship of pasting properties with Mixolab
properties of flour obtained from different HW, MHW and Ex-SW
varieties (PT, pasting temperature; PV, peak viscosity; BDV, break-
down viscosity; FV, final viscosity; SBV, setback viscosity). ¢ Loading
plot indicating the relationship of farinographic properties with
Mixolab properties of flour obtained from different HW, MHW and
Ex-SW varieties(WA, water absorption; DDT, dough development
time; DS, dough stability; DOS, degree of softening). d Loading plot

also indicated that C5, C4 and C3 were positively related to
SSP while negatively related to LSP (Fig. 2d). Paste vis-
cosity varied with starch granules rigidity, which in turn
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indicating the relationship of particle size and protein characteristics
with Mixolab properties of flour obtained from different HW, MHW
and Ex-SW varieties (Ex-PP, Extractable Polymeric protein; Ex-MP,
Extractable Monomeric protein; UnEx-PP, UnExtractable Polymeric
Protein; UnEx-MP, UnExtractable Monomeric Protein; LSP, Large
size particles; MSP, Medium size particles; SSP, Small size particles).
e Loading plot indicating the relationship of grain hardness and
solvent retention capacity with mixographic parameters with Mixolab
properties of flour obtained from different HW, MHW and Ex-SW
varieties (GHI, Grain hardness index; SRC, solvent retention capacity;
NaSRC, sodium carbonate SRC; SuSRC, sucrose SRC; LASRC, lactic
acid SRC; WSRC, water SRC)

depends upon swelling capacity of starch granules (Sand-
hyarani and Bhattacharaya 1989) and amount of amylose
leached out in the solution (Morris 1990). PCA also



J Food Sci Technol (May 2019) 56(5):2679-2686

2685

showed that C5, C4 and C3 were related negatively to paste
properties (Fig. 2b). Paste viscosities were reported to be in
positive correlation with A-type granules and negative with
B and C type granules (Singh et al. 2010). A-granules
(large size) of size > 105 um, possess a loose packing
ability and occupy a relatively more volume than B and C
type granules with > 55 to < 105 um and 0 to 55 um size
at same concentration. Kaur et al. (2016) and Shevkani
et al. (2011) also reported a positive relation between paste
properties and starch granule size. The rheology of starch
was reported to be mainly affected by granule size distri-
bution; the large granules tend to be become more viscous
as compared to small size granules (Wong and Lelievre
1982). Starch suspensions with large proportions of A-type
granules exhibited greater viscosity than suspensions of
starch with higher proportions of B and C type granules
(Singh et al. 2010, Shinde et al. 2008). The results clearly
demonstrated that starches with higher A-type granules
were less stable towards shearing. Katyal et al. (2019) also
reported that MHW varieties starches had higher propor-
tion of A-type granules and lower proportion of B and
C-type granules while Ex-SW had more proportion of
C-type granules. Time and temperature to C4 were nega-
tively correlated to UnEx-MP. C5 is the torque that indi-
cated retrogradation of starch. Ex-SW varieties were
characterized with lower C5 indicating their lower ten-
dency to retrograde as compared to MHW and HW vari-
eties. C5 is located opposite to GHI (Fig. 2e), indicating
lower for HW than MHW and EX-SW. C5 was negatively
correlated to UnEx-PP and positively to UnEx-MP. Slopes
o, B, v were reported to be the indicators of protein
weakening, speed of starch gelatinization and enzyme
degradation speed, respectively. The minimum value of 3
was observed for Ex-SW varieties and the maximum was
shown by MHW varieties. The results reflected that the rate
of gelatinization varied with the damaged starch content.
There were significant correlation of dough stability and
C2 measured by Mixolab with sedimentation value and
Alveograph values (Sharma et al. 2017). Alpha is a mea-
sure of the rate of protein weakening under the effect of
heat and was associated to gluten as well as glutenin
content. Flour with higher gluten and glutenin showed
lower alpha value. Results reflected no direct relation
between dough viscosity measured for dough system and
paste system.

Conclusion

Mixolab properties of Ex-SW, MHW and HW wheat
varieties were related to damaged starch content, particle
size distribution, pasting, empirical and dynamic rheology.
Higher damaged starch led to more WA in HW varieties.

MHW varieties showed less protein weakening, the vari-
eties with lower C2 value showed more weakening of
gluten protein network on simultaneous mixing and heat-
ing. C2, an indicator of start of pasting of dough was
closely associated with gluten content and LASRC. Both
the viscous (G’) and elastic modulus (G’’) was correlated
with C2. The maximum value of torque during heating
phase (C3) was significantly higher for flours with lower
NaSRC and SuSRC. C3, an indicator of peak viscosity, was
higher for Ex-SW varieties as compared to HW varieties.
The lowest peak temperature was observed for MHW
varieties among all three wheat varieties. Starches with
higher A-type granules had lower stablity toward the
shearing than those containing more of B and C type
granules. Ex-SW varieties were characterized with higher
CS5 indicating more of retrogradation as compared to MHW
and HW varieties. The starch gelatinization rate was lower
for Ex-SW varieties than MHW and HW varieties.
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