
The Effect of the Addition of Emulsifiers on the Pasting Properties
of Barley Grain and Malt

D. Cozzolino1 & S. Degner1 & J. Eglinton1

Received: 10 June 2015 /Accepted: 15 June 2015 /Published online: 27 June 2015
# Springer Science+Business Media New York 2015

Abstract The characteristics of the starch granule such as
swelling, breakdown and retrogradation in large determines
the texture and stability of starchy foods. However, other char-
acteristics of the grain and/or the presence or addition of
chemical compounds to the grain/food matrix can modify or
alter these properties. The aim of this study was to evaluate the
effect of the addition of an emulsifier (Tween 20 and 80) on
the pasting properties of barley grain and malt using the rapid
visco analyser (RVA). A decrease in peak viscosity (PV, cP),
breakdown (B, cP) and final viscosity (FV, cP), while an in-
crease in time to peak (TTP, min) and pasting temperature (PT,
°C) as consequence of the addition of Tween 20was observed.
However, this trend was not the same for all the varieties
analysed. Overall, these results showed that complex between
sugars and lipids are present in barley flour and malt. The
practical implications of this study are related with the fact
that starch alone (amylose and amylopectin) might not be
necessarily the only main driver of malt quality in barley.
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Introduction

The characteristics of the starch granule such as swelling,
breakdown and retrogradation in large determines the

texture and stability of starchy foods (BeMiller 2011;
Blazek and Copeland 2009). However, other characteris-
tics of the grain and/or the presence or addition of chemical
compounds to the grain/food matrix can modify or alter
these properties (BeMiller 2011). It has been reported that
amylose forms complexes with several polar and nonpolar
compounds such as lipids (Blazek and Copeland 2009).
Therefore, the formation of complexes resulting from the
interaction between starch and fatty acids are of particular
importance since they can modify the texture and structural
stability of starch-based raw materials and foods (Blazek
and Copeland 2009).

In the presence of ligands such as lipids, the amylose in
solution undergoes conformational changes in ordering from
coil to helix (Blazek and Copeland 2009). These amylose–lipid
complexes tend to precipitate as partially crystalline structures
(Jovanovich and Añon 1999; Cozzolino et al. 2014, 2015;
Gelders et al. 2004). Fu and Chen (2015) suggested that the
study of starch and lipid complexes and the understanding of
the effect on retrogradtaion will be of benefit in order to contrib-
ute to the development of novel application in food processing.

Emulsifiers, which are widely used in bread, pasta and
noodle products, are surface-active compounds that possess
both lipophilic and hydrophilic properties (Choy et al.
2010). The addition of emulsifiers or surfactants to starch
has been evaluated by other authors in order to determine
and study the interactions between starch with other compo-
nents such as sugars or lipids (Copeland et al. 2009; Blazek
and Copeland 2009). However, most of these studies were
carried our using pure starch extracted from the flour and
non-reports were found on the study of such approach on
barley malt. It is in this context that the addition of an
emuslsifier will inhibit the effect of amylose and lipid com-
plexes affecting the pasting properties of both the grain and
the malt.
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The rapid visco analyser (RVA) is worldwide used to mea-
sure the pasting properties of starch in grains and starchy foods
(Bason et al. 1993; Booth and Bason 2007; Cozzolino et al.
2012; Fox et al. 2014; Juhasz and Salgo 2008; Meadows 2002;
Ross et al. 1987). The RVA have been used to simulate the
commercial processing conditions with regards to brewhouse,
pH, malt to water ratio and time to temperature profiles
(Cozzolino et al. 2012; Fox et al. 2014). For example, simulat-
ing the brewery mashing process during RVA analysis allows
the enzyme degradation processes on starch to be followed
(Cozzolino et al. 2012; Fox et al. 2014). Studies have been also
conducted to simulate a commercial mashing process, in which
the time and temperature profile resembled that of an upward
infusion mashing programme (Cozzolino et al. 2012; Fox et al.
2014). The RVA has been used to detect major viscosity chang-
es, owing to starch gelatinization and liquefaction processes,
and minor viscosity changes, such as proteolytic and sacchari-
fication activity (Cozzolino et al. 2012; Fox et al. 2014).

This study aims to evaluate the effect of the addition of an
emulsifier (Tween 20 and 80) at different concentrations on
the pasting properties of different barley grain varieties and
malt samples.

Materials and Methods

Grain (n=30) and malt (n=20) barley samples (Hordeum
vulgare L.) were sourced from the University of Adelaide,
Barley Breeding Program (Adelaide, Australia). Samples used
in this study were commercial barley varieties (e.g. Flagship,
Commander, Navigator, Admiral, Schooner, Gairdner),
grown at two locations in South Australia (Roseworthy and
Charlick), and harvested in 2011, 2012 and 2013 seasons.
Before RVA analysis, samples were milled using an UDY
Cyclone Mill (Fort Collins, CO, USA) through a 0.8-mm
screen.

Ground samples (3.0 g of flour corrected using the mois-
ture content of the sample, ±0.01 g) were slurried with dis-
tilled water (25.0 g as a function of the amount of adjusted
sample, ±0.1 g) in an aluminium canister. Tween 20 was
added directly into the canister in a concentration of 1 %
(w/w) and 10 % (w/w) while Tween 80 only at 1 %. Tween
20 is a nonionic emulsifier (reagent grade, nonionic emulsifi-
er, polysorbate surfactant, polyoxyethylene sorbitan
monolaurate, Sigma-Aldrich, USA), with a hydrophilic–lipo-
philic balance (HLB)=16.7), while Tween 80 is a nonionic
emulsifier (polyoxyethylene sorbitan trioleate, Sigma-Al-
drich, USA, HLB=11.0). The mixtures were agitated by rais-
ing and lowering the plastic paddle through the aluminium
canister before inserting the can into the RVA instrument.
The test profile had a starting temperature of 50 °C, which
was held for 1 min, raised to 90 °C in 4 min, held for
10 min, cooled to 50 °C in 1 min, and held for 1 min, with a

stirring speed of 160 rpm for the remainder of the test period.
The RVA instrument was controlled by the software Thermo-
cline (TCW3) for Windows (v. 3.11, NewPort Scientific,
NSW, Australia) (Batey 2007; Cozzolino et al. 2012). The
RVA profile parameters calculated by the TCW3 software
were peak (PV) and final viscosity (FV), breakdown (B), set-
back (STB), time to peak (TTP) and pasting temperature (PT)
(Batey 2007; Cozzolino et al. 2012).

The RVA profiles were exported from the TCW3 software
in csv format into the Unscrambler X software (v 10.1, CAMO
ASA, Oslo, Norway) for principal component analysis (PCA).
Full cross-validation (leave-one-out) was used to validate the
PCA models and to avoid overfitting (Naes et al. 2002). The
RVA parameters were statistically analysed using GenStat
(14th Ed., VSN International, UK, 2011) (p<0.05).

Results and Discussion

Table 1 shows the mean and standard error of the mean (SEM)
for the RVA parameters measured in the flour barley samples
analysed without and with the addition of Tween 20 (1%w/w)
and 80 (1 % w/w). A decrease in PV, B and FV, while an
increase in HPV, TTP and PTas a consequence of the addition
of either Tween 20 or 80 to the flours amples, was observed.
However, it has been noticed that this trend was not the same
for all the varieties analysed. In particular, the Flagship variety
showed an increase in PV as consequence of the addition of
Tween 20 (data not shown). The effect of the addition of
different concentrations of Tween 20 to barley flour was also
evaluated. Figure 1 shows the effect of the concentration of
Tween 20 (1 vs 10 %) on PV in two barley flour varieties. It
has been observed that an increase on the concentration of
Tween 20 dramatically reduces the PVin barley flour samples.
Table 2 shows the mean and SEM for the RVA parameters
measured in the malt samples analysed using water and by the
addition of Tween 20 (note that Tween 80was not added to the
malt samples). An increase in PV, B and TTP, while a decrease
in FV, was also observed in the malt samples analysed.

Figures 2 and 3 show the RVA profiles for the barley flour
and malt samples analysed with the addition of Tween 20, 80
and using water as solvent.When the RVA trace was analysed,
two clear changes were observed which is not observed from
the analysis of the RVA parameters alone. One was related
with the shift in PV, mainly associate with the main changes
or effect of the emulsifier on the swelling of the granule during
the initial steps of the RVA analysis. Changes in PVare related
to the combination of the amount of swelling that the granule
undergoes as well as the rate of disruption of the granules
(e.g. granules that have high swelling power tend to have high
viscosity) (Batey 2007; Cozzolino et al. 2012). In addition, a
second and large peak appeared at the end of the RVA trace
located or related with FV. The same trend was observed for
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the analysis of malt samples using RVA (Fig. 3). An increase
in PV, shift in PV and second peak related with FV were
observed.

The PCA score plot (first and second principal component)
derived from the barley samples analysed using the RVA are
shown in Fig. 4. A separation between samples associated
with the addition of Tween 20 (1 % w/w) was observed. The
first principal component (PC) explains 78 % of the variation
of the RVA profile, and it is associated with the main differ-
ences between water and the addition of Tween 20 to the
profile of the flour samples. The eigenvectors derived from
the first PC1 resembled the raw RVA profile of the barley flour
samples analysed, showing the main influences of both PV
and FV at the beginning and the end of the analysis (Fig. 5).
The scores and eigenvectors derived from the second PC that
explains 19% of the variation, are related with the effect of the
addition of Tween 20 in each variety, explaining the observed
increases in FV. A shift in the localization of the peak associ-
ated with PV was also observed, similarly to the one observed
in the raw RVA trace.

Tween (20, 60 and 80) has been used by other authors as
emulsifier due to its chemical characteristics (Deffenbaugh
andWalker 1990; Azizi and Rao 2005; Mira et al. 2005; Yuan
et al. 2008). It has been suggested by other authors that the
presence of esters of different fatty acids in Tween might de-
termine the leaching of amylose from the granule, which ei-
ther tend to increase viscosity or retain the structure of the
granule extending the swelling power of the sample
(Deffenbaugh and Walker 1990; Copeland et al. 2009). The

effect of emulsifiers on starch pasting properties has been
reported in other starchy raw materials such as wheat, corn
and potato (Ghiasi et al. 1982; Azizi and Rao 2005). The
results obtained in this study are in agreement with those re-
ported by other authors (Ghiasi et al. 1982; Azizi and Rao
2005). Previous authors showed a decrease in PV as well as
an increase in pasting temperature as consequence of the ad-
dition of emulsifiers on wheat, corn and potato (Ghiasi et al.
1982; Azizi and Rao 2005). This data showed that addition of
Tween 20 as emulsifier would increase the gelatinization tem-
perature of barley flour, concomitantly the PV decreases with
the addition of Tween 20. Similar results were reported by
(Azizi and Rao 2005). Yuan et al. (2008) showed that Tween
20 (which has the highest HLB value among the Tween series
emulsifiers) was able to produce nano-emulsion with very
small droplets and a fine distribution. Recently, other authors
reported that the effect of emulsifiers on the PTof wheat starch
was determined to a great extent by the chain length of the
surfactant used (Mira et al. 2005). The increase in PT as con-
sequence of the addition of the emulsifiers was explained by
the delay in starch swelling (Mira et al. 2005). However, con-
tradictory reports on the effect of the addition of emulsifiers on
PV have been also found (Krog 1973). This author reported
that for wheat starch an increase in PV when distilled
monoacylglycerols were added was observed.

Gelatinization is a process involving the irreversible swell-
ing of the starch granules with a destruction of structural order
and followed by leaching of amylose (Morris 1990). It has
been reported that PT tends to increase with the increase of
HLB of the sugar ester used and this can be attributed to the
formation of a complex between the emulsifier and the mole-
cule of amylose (Gunaratne et al. 2007). These complexes are
insoluble and tend to cover the surface of starch granules

Table 1 Mean pasting properties
of barley flour samples analysed
using RVAwith and without the
addition of Tween 20 and 80
(1 % w/w)

PV (cP) HPV (cP) B (cP) FV (cP) TTP (min) PT (°C)

Water 1839 (72) 1027 (62) 810 (43) 2344 (198) 5.5 (0.03) 87.8 (0.6)

Tween 20 1559 (162) 1118 (138) 435 (59) 1421 (212) 6.4 (0.06) 93.1 (0.2)

Tween 80 1593 (181) 864 (200) 729 (65) 822 (200) 6.3 (0.1) 91. 2 (0.3)

Standard error of the mean (in brackets)

PV peak, FV final viscosity,HPV hot pasting viscosity, B breakdown, STB setback, TTP time to peak, PT pasting
temperature
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Fig. 1 Effect of the concentration of Tween 20 on the pasting properties
of barley flour

Table 2 Mean pasting properties of barley malt samples analysed using
RVAwith and without the addition of Tween 20 (1 % w/w)

PV (cP) B (cP) FV (cP) STB (cP) TTP (min)

Water 37.6 (2.9) 35 (3) 12 (2.9) 10.3 (2) 2.8 (0.1)

Tween 20 44 (9) 50 (9) 4 (5) 10 (5) 3.3 (0.1)

Standard error of the mean (in brackets)

PV peak, FV final viscosity, HPV hot pasting viscosity, B breakdown,
STB setback, TTP time to peak, PT pasting temperature
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hindering the leaching of amylose from the granule
(Gunaratne et al. 2007). This effect has been explained by
the presence of the multiple hydrophilic hydroxyl groups in
sugar esters molecules determining the formation of extensive
hydrogen bonding network with water molecules around the
starch granules (Sharma and Gujral 2014). Therefore, the less
amount of water available to the starch granules may restrict
and delay the swelling and disintegration process of starch
which consequently leads to the increase of PT values
(Copeland et al. 2009; Sharma and Gujral 2014). The break-
down value is a result of the disintegration of the swollen
granules and the leaching out of amylose molecules during

continuous stirring and heating (Copeland et al. 2009). In
particular, a lower breakdown viscosity value has been asso-
ciated with a greater resistance to disintegration in response to
heat and shear (Copeland et al. 2009). It is known that the
capability of sucrose stearate to form inclusion complexes
with the helical amylose molecule is determined by its chem-
ical and geometrical factors (Addo et al. 1995). Since sucrose
monostearate (with high HLB value) has better linear structure
and smaller steric hindrance, a more robust gel network can be
formed (Meng et al. 2014).

Most polysaccharides are not surface active in an emulsion
due to the absence of lipophilic groups. Amphiphilic
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Fig. 2 Pasting properties trace of flour samples analysed using RVAwith and without the addition of Tween 20
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Fig. 3 Pasting properties trace of
flour samples analysed using
RVAwith and without the
addition of Tween 20 and 80
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polysaccharides have hydrophilic and hydrophobic subre-
gions; therefore, they can act like low-molecular-weight sur-
factants (Sadtler et al. 2002). The hydrophobic side chains
anchor the modified polysaccharide to the oil–water interface,
and they may have the ability to protect against flocculation,
due to steric stabilization with respect to their macromolecular
structure (Dickinson 2009; Kaewprapan et al. 2012). Their
functional properties can be fine-tuned by adjusting the ratio
between the hydrophilic part (the oligosaccharide or polysac-
charide) and the hydrophobic (lipophilic) part, as well as the
amount and the chain length of the alkyl (fatty acid) residue
(van den Broek and Boeriu 2013). Tang and Copeland (2007)
reported that the increase in FV of starch pastes is correlated
with decreased iodine-binding capacity and provides a mea-
sure of the extent of complexation between starch and lipids/
fatty acids. Addition of complexing agents impedes the for-
mation of double helical structures mainly because single he-
lical complex is a favoured conformation (Tang and Copeland
2007). An increased amount of amylose in a single helical
conformation in the presence of complexing lipid reduces
the ability of amylose to form networked double helical

structures, resulting in an increased spacing between junction
zones and a looser gel with higher FV (Tang and Copeland
2007). Sugar esters complexes altered in a similar manner the
pasting behaviour of both starches in the similar way as the
amylose-lipid complexes.

Conclusion

Overall, these results showed that complex between sugars
and lipids are present in barley flour and malt. The practical
implications of this study are related with the fact that starch
alone (amylose and amylopectin) alone might not be neces-
sarily the only main driver of malt quality in barley. These
results suggested that it is not simply a specific constituent
(e.g. amylose content), but the combination and interactions
of other compositional characteristics of the starchy endo-
sperm which provides the necessary information related with
the starch pasting properties of barley (e.g. proteins, lipids,
granule size or interactions between chemical properties).

Fig. 4 Principal component
score plot of flour samples
analysed using the rapid visco
analyser

Fig. 5 Eigenvectors derived
from the PCA of barley flour
samples with the addition of
Tween 20 analysed using RVA
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