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Abstract Enzyme resistant starch (ERS) is a indigestible
form of starch and it can behave like dietary fibre that are
the indigestible food components essential for a healthy
lifestyle. The aim of this study was to examine the changes
of the ERS content of wheat flour with ultrasonication, at
four different flour/water ratios (1/5, 1/10, 1/15 and 1/20),
three different pH values (6.1, 5.5 and 4.5) and three dif-
ferent temperatures (80 °C, 100 °C and 121 °C). Further-
more, possibility of addition this flour in four different
proportions (0%-control, 25%, 50% and 75%) for biscuit
production as a dietary fibre source was also investigated.
The applied processes increased the dark colour and water
holding capacity, but decreased the moisture content of
flour samples. The ERS content of wheat flour increased
about 30-fold and the sample that had the highest ERS
content (ERS-enriched flour) of 3.30% was produced at
121 °C (autoclaving), pH 6.1 and 1/15 flour/water ratio
with ultrasonication. ERS-enriched flour had higher melt-
ing point and lower estimated glycemic index (eGI) value
compared to the wheat flour. In biscuit production, the
biscuits with medium eGI (61.82-67.31) was obtained and
the increase of ERS-enriched flour proportion increased the
ERS content of biscuits, decreased the eGI, hardness and
fracturability. During storage, while the light colour and
moisture content of biscuits increased; eGI, hardness and
fracturability decreased. The biscuits were considered as
sensory acceptable by panellists. As conclusion; the ERS-
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enriched flour can contribute to the production of the
medium or low GI foods rich in carbohydrates.

Keywords Dietary fibre - Enzyme resistant starch -
Glycemic index - Healthy life - Wheat flour - Biscuit

Introduction

Good nutrition is a top of the preventive action that must be
taken for a healthy lifestyle. Nowadays health conscious
consumers are demanding functional foods that have nutritive
and health promoting properties for their normal diet (de Boer
and Bast 2015). Therefore, the food industry is interested in
more research about the development of innovative food
products that are beneficial to health (de Boer and Bast 2015;
Zhang and Jin 2011). The glycemic index (GI), that is a rel-
ative number referred to glucose or to white wheat bread and
shows the effect of carbohydrate-rich foods on blood glucose
level, has been one of the intensively studied research topics
because of the connection to chronic disorders such as dia-
betes, cardiovascular diseases and obesity (Pinhero etal. 2016;
Bordenave et al. 2015). In this context, many studies have
been done on carbohydrates and carbohydrate foods regarding
decreasing their glycemic effect, due to be the first of the three
main energy sources and a major part of the human diet
(Zhang and Jin 2011; Ek et al. 2012). Carbohydrate-rich foods
can be modified to lower their GI, and in this manner they can
assist in the control of chronic disorders (Zhang and Jin 2011).
They can be transformed into functional food products that
support human health by adding healthy ingredients, or
modifying their ingredients by technological methods, to
produce dietary fibre (Olmedilla-Alonso et al. 2013).
Dietary fibre cannot be digested in the stomach and
small intestine, because they are not hydrolysed by
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digestive enzymes. For this reason, they do not increase the
blood glucose level. However, they are broken down in the
large intestine by bacteria, so they act as prebiotics (Liu
et al. 2015). Such bioactive functionality suggests to cat-
egorize them as functional food components.

Starch can be transformed into a form resistant to
digestive enzymes with some technical methods, and thus it
can behave like dietary fibre, physically and nutritionally
(Lertwanawatana et al. 2015). Such starches are called
enzyme resistant starch (ERS) because they pass through
the small intestine without being hydrolysed by enzymes,
and broken down by microorganisms in the large intestine
(Hu et al. 2015). According to its physical and chemical
properties, ERS has been classified into four different
groups: Type 1, Type 2, Type 3 and Type 4. Type 1 is the
starch that is not physically accessible in unground or
partially ground cereals, grains and tubers. Type 2 is the
non-gelatinized starch which is hydrolysed slowly by the -
amylase enzyme due to its structural properties. Type 3 is
retrograded starch, and it occurs as a consequence of food
processing techniques. Type 4 is the type of chemically
modified starch (Ashwar et al. 2016).

It has been found many studies in the literature on ERS
production made by using hydrothermal processes, chem-
ical modification, microwave process etc. However,
diversely from these methods, there was limited study on
ERS production with ultrasonication. It was considered that
ultrasonication can ease breaking and reorganising the
starch chains going out from granules, due to the produce
strong sound waves. These changes occur in starch chains
can increase the recrystallization of them and the ERS
formation. Ultrasonication, used for modification of the
gelatinised starch or starch suspension in water, induces the
morphological and physicochemical changes in starch
granules via disrupting granule integrity and depolymer-
izing starch chains. These changes are connected with the
frequency and intensity of ultrasound, temperature and
moisture content, and they can effects the starch
digestibility (Flores-Silva et al. 2017). In addition it was
evaluated that pH variation can effect these circumstance.

The aim of this study was to increase the Type 3 ERS
content of wheat flour with a different flour/water ratio, pH
value, temperature and ultrasonication, and to investigate
possibilities of using this flour in biscuit production as a
dietary fibre source and bran alternative.

Materials and methods

Materials

Resistant starch assay kit (Megazyme Int. Wicklow, Ire-
land) and other chemicals (Merck, Darmstadt, Germany

and Sigma, Taufkirchen, Germany) used in this study were
analytical and microbiological grade. The foodstuffs (flour,
hydrogenated vegetable oil, salt, fat-free milk and baking
powder) used in the production of the biscuits were
obtained from well-known local markets in Antalya, Tur-
key, in 2016. Physical analyses of the biscuits were per-
formed in the whole biscuits, and chemical analyses were
conducted with milled biscuits by using a blender
(HGB2WTS3, 400 W, Waring, USA).

Research design and statistical analysis

A 2 x 4 x 3 x 3 factorial research design was used in
production of flour samples. A total of 72 different samples
were produced with and without ultrasonication, at four
different flour/water ratios (1/5, 1/10, 1/15 and 1/20), three
different pH values (6.1-natural pH value of the flour, 5.5
and 4.5-adjusted with 1 M citric acid) and three different
temperatures (80, 100 and 121 °C). In production of biscuit
samples, the four different ERS-enriched flour proportions
were used.

The study was carried out in two replicates, and all
analyses were conducted in duplicate. All statistical cal-
culations were performed using SAS Statistical software
(SAS Institute Inc., Cary, NC, USA). The significance was
evaluated by analysis of variance (ANOVA), followed by
Duncan’s multiple range test (p < 0.05). Results were
presented as mean =+ standard error.

Preparing of flour samples

Production flow diagram that was formed for the prepara-
tion of flour samples is shown in Fig. 1.

Application of ultrasonication

For the production of flour samples, the flour mixtures were
prepared per the factorial research design and their internal
temperatures were increased to 75 °C in a hot water bath
for 20 min to the starch gelatinization, after adjusting the
pH value. Ultrasonication was applied to these mixtures by
using a sonicator at a power of 96 W (Sonopuls HD 3200,
Bandelin, Berlin, Germany) combined with a cylindrical
probe (6 mm) at 100% power and amplitude of
245-249 pm, for 15 min with 10-s on and 5-s off pulsation.

Drying of mixtures and mill

Ultrasonicated mixtures were spread out at about 2 mm of
thickness on a clear flat surface, and were retrograded and
dried to 14% moisture content under continuous air cir-
culation for 3 days in a room maintained at 25 °C. In this
way, the mould growth was prevented and it was ensured
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that was formed for the

Fig. 1 Production flow diagram [
preparation of flour samples

[ Ultrasonication (Not applied)

Preparing of flour/water mixture
(1/5, 1/10, 1/15 and 1/20)
Adjusting of pH values
(pH: 6.1, 5.5 and 4.5, with 1 M citric acid)
] [ Ultrasonication (Applied) ]
Preheating
(75 °C, 20 min)

Ultrasonication
(pulsed at 100% power and 245-249 pm
amplitude, 15 min.)

H[

Gelatinization
(80 °C, 100 °C and 121 °C, 30 min)

.

v

Drying and retrogradation

(spread out in 2 mm thickness and drying, 3 days,

25 °C, moisture < 14 %)

v

Grinding
(particular size < 150 um)

[

Total 72 sample for one replication ]

(2 x 4 x 3 x 3 factorial research design)

that the ERS content of the samples was improved safely.
Dried samples were subjected to coarse (Waring blender,
USA) and fine (Bosch, Germany) grinding, in two stages,
to produce a particulate size of about 150 pum.

Experimental biscuit production and storage

The biscuit method used by Giindogdu Sertakan (2006) has
been modified for production. The amount of materials and
the baking time of the biscuits have been determined by
preliminary tests.

For the biscuit production, the mixture containing flour
(234.4 g), salt (2.4 g), skimmed milk powder (4.8 g) and
baking powder (8 g), including sodium bicarbonate and
sodium acid pyrophosphate, was added to hydrogenated
vegetable oil (40 g). The mixture was mixed manually for
1 min. Finally, the water (114 mL) was added to the
mixture, and it was kneaded manually for 5 min to form
biscuit dough. Entire mixing and kneading process was
conducted by the same person and it was paid attention
using the approximately same force for these processes.
The obtained dough was rolled-out about the thickness of
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1.5 mm. The rolled-out dough was placed on baking paper
and cut circularly (D = 52 mm). The cut dough and the
baking paper were taken on a tray heated to initial baking
temperature (100 °C), and the tray was placed in an electric
oven at 100 °C (HC744540 Siemens, Munich, Germany).
After the dough was baked for 5 min at this temperature,
the oven temperature was gradually increased from 100 to
180 °C for 15 min. Biscuits were baked for a total of
20 min, removed from the oven and left to cool at room
temperature.

ERS-enriched flour with contents of 0%, 25%, 50% and
75% replaced the wheat flour in the formula, and the bis-
cuit production was made with these flour mixtures. The
biscuit produced with 0% ERS-enriched flour (100% wheat
flour) was evaluated as the control sample.

Biscuits produced by adding different ERS-enriched
flour proportions were rested for 3 h, then placed into zip
lock plastic bags and stored in a cupboard at room tem-
perature for 60 days.
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Analysis methods
Determination of colour values

The L*, a* and b* colour values of the flour and biscuit
samples were measured according to the CIELAB system
by using a CR-400 chromameter (Minolta CR 400, Konica
Minolta, Japan). The L*, a* and b* values in the CIELAB
system express blackness-whiteness, greenness-redness
and blueness-yellowness, respectively (Erbas 2010). For
the measurement, flour samples were placed in the mea-
surement cup and their colour values were determined by
measuring at two different points. The colour of the biscuit
samples was determined by measuring at four different
points.

Determination of moisture content

The moisture content of the flour and biscuit samples were
determined by drying 1 g of the sample at 105 °C until
they reached a constant weight.

Determination of water holding capacity

To determine the water holding capacity (WHC) of the
flour samples, 0.1 g of the sample was weighed into the
tared tubes and then 1 mL of distilled water was added.
These tubes were mixed for 5 s with a vortex mixer. The
samples were incubated at 25 °C for 20 min by mixing in
5 min intervals. After 20 min, the samples were cen-
trifuged (Centrifuge 5430, Eppendorf AG, Hamburg, Ger-
many) at 2000xg for 10 min and the liquid fraction was
removed. The WHC of the samples was determined by
measuring the weight of the remaining pellet, and was
calculated using the following equation as g water/g dry
matter (Karaoglu and Aktag 2006):

WHC = (Pellet weight—Sample weight) /Sample weight
(1)

Determination of enzyme resistant starch

ERS analysis of flour and biscuit samples was performed
using a resistant starch assay kit (Megazyme Int. Wicklow,
Ireland), according to the standard method AACC 32-40
(AACC 2010). The ERS content of the samples was cal-
culated by the following equation:

ERS content (%) = AE x (F/W) x 9.27 (2)
where AE, F and W represent the absorbance of the sample,

conversion from absorbance to micrograms and the dry
weight of the sample, respectively.

Determination of thermal properties

The thermal properties were determined for only the flour
sample that had the highest ERS content (ERS-enriched
flour), and wheat flour using differential scanning
calorimetry (DSC) instrument (DSC 6000, Perkin-Elmer
Inc., Wellesley, USA). For this purpose, 5 mg of sample
was weighed into an aluminium capsule and 5 pL of water
was added on it. The capsule was tightly closed and con-
ditioned at room temperature for 20 h (Wasserman et al.
2007). The thermal properties were determined by heating
it from 0 to 200 °C with a heating rate of 10 °C/min. An
empty capsule was used as a reference (Kapelko-Zeberska
et al. 2015).

In vitro starch digestibility and determination of estimated
glycemic index

The rate of the starch hydrolysis during in vitro digestion at
different times (30, 60, 90, 120 and 180 min), and the
estimated glycemic index (eGI) value of the ERS-enriched
flour, wheat flour and biscuit samples were determined
according to the method of Goii et al. (1997) by using
Megazyme resistant starch assay Kkit.

Hydrolysis curves were created by drawing a graph of
the hydrolysed starch content against time. Hydrolysis
curves modelled as non-linear by Goii et al. (1997) were
evaluated using SigmaPlot Systat 12 (Erkrath, Germany)
program according to following equation:

C=Cyx(l—e™) (3)

where C is the concentration of hydrolysed starch at t time,
C,, is the equilibrium concentration of starch hydrolysed
after 180 min, k is the kinetic constant.

The hydrolysis index (HI) was defined as the ratio of the
area under the starch hydrolysis curve of the sample to the
reference sample’s. The eGI value of the samples was
calculated according to the following equation by using the
hydrolysis index:

eGI = 39.71 + 0.549 (HI) 4)

where the numbers in this in vitro eGI equation express the
constant values used for calculating the eGI value from the
total starch hydrolysis rate obtained within 180 min, after
the food is subjected to digestive enzymes.

Freshly baked white bread crumbs were taken as a ref-
erence for the calculation of eGI, but the results were given
by converting to glucose reference according to the fol-
lowing equation (Schakel et al. 2008):

eGI (bread) = 1.43 x eGI (glucose) (5)
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Determination of dimensions and weight of biscuits

The dimensions and weight of the biscuits were determined
by measurements made before and after baking, by ran-
domly selecting five biscuits. Their weight and dimensions
were measured with a precision scale and a calliper,
respectively.

Determination of hardness and fracturability of biscuits

The hardness and fracturability of the biscuits were deter-
mined by using a texture analyser device (TA-XT plus,
Stable Microsystems, Surrey, UK) equipped with three-
point bend rig (HDP/M3PB). The analysis was carried out
with a 5 kg load cell at a probe test speed of 3 mm s~ ' and
a trigger force of 5 g (Yeo and Seib 2009).

Determination of sensorial properties of biscuits

Sensory analysis was performed on the biscuits produced
by adding ERS-enriched flour in different proportions (0%,
25%, 50% and 75%). The selected parameters were colour,
straightness of baking, texture, brittleness, odour, aroma
and flavour and overall parameters. Sensory evaluation was
performed by 8 trained postgraduate students, using a
5-point hedonic scale (1 extremely disliked; 5 extremely
liked).

Results and discussion

Physical and chemical properties of wheat flour
and the effects of different applications on flour
samples

The L*, a*, b* values, moisture content and WHC value of
wheat flour used in the ERS-enriched flour production were
91.55, —5.25, 15.90, 13.51%, 1.07 g w/g dm, respec-
tively. The ERS content and the eGI value of wheat flour
were determined as 0.11% and 71.19, respectively. In the
literature, it is stated that the ERS content of wheat flour is
about 0.09% (Tharanathan and Tharanathan 2001), and the
eGI of foods prepared with wheat flour are about 70 in
glucose reference (Foster-Powell et al. 2002).

The colour values, moisture, WHC and ERS contents of
flour samples obtained after the different applications are
given in Table 1.

The colour values of flour samples
It was determined that the L* values of the samples were

affected significantly (p < 0.01) by the pH and tempera-
ture, whereas the b* values were affected from
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ultrasonication (p < 0.05) and pH (p < 0.01). The a* val-
ues were not affected (p > 0.05) by any parameters.

While the increasing temperature was darkened the
colour, decreasing pH value caused light colour. These
changes may have took place because the Maillard reaction
occurs faster with the higher pH and temperature (de Oli-
veira et al. 2016). The decrease of the b* value of flour
samples is indicated decreasing of yellowness. It is may be
sourced from the oxidation of flour carotenoids of ERS
produced with ultrasonication in low pH conditions. Sim-
ilarly, in a study producing ERS from rice starch by
autoclaving, it was determined that the a* value was not
significantly affected by the applied processes, but lower
L* value and higher b* value were determined (Ashwar
et al. 2016).

The moisture content of flour samples

The moisture content of flour samples was average 7.88%,
and this value is considered suitable for safe storage. It was
reported in the literature that the moisture content of stored
samples is usually below 14% (Dundar and Gocmen 2013).

The water holding capacity of flour samples

The WHC value of flour samples was significantly
(»p <0.05; p <0.01) affected by all applications. These
applications increased the WHC content of the samples to
about 5 times that of the wheat flour (1.07 g w/g dm). In
addition, it was evaluated that the increased ERS content
after applications effected the WHC content, too. This
trend was reasoned to be due to the disintegration of the
starch granule structure and reorganisation of amylose and
amylopectin polymers. Trapping more water among these
reorganised polymers increased the water holding capacity.

WHC decreased with the ultrasonication, increasing
temperature and decreasing pH values. The amylopectin is
particularly responsible for the WHC of gelatinised starch
(Iftikhar and Dutta 2019) and it contains a lot of branches
according to the amylose. It was considered that when the
hydrothermal process and ultrasonication were applied to
the starch, the breaking down the branches caused the
active ends free. The decrease in the WHC might be
resulted from closing a lot the active ends of the starch
chains overlap, as a result of the reorganisation of the
hydrogen bonds. The reorganisation occurred because of
making sonication in the flour/water mixture, and this
effect was increased by temperature and pH. Mudgil and
Barak (2013) reported that the polysaccharide components
of dietary fibres are highly hydrophilic, and WHC varies
according to the applied process. Wang et al. (2014)
determined that the WHC of ERS produced by applying a
debranching enzyme (1.98 g/g) was higher than heat-
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Table 1 The colour values, moisture contents, WHC and ERS contents of flour samples

N L* a* b* Moisture WHC ERS
content (%) (g w/g dm) content (%)

Ultrasonication
Without US 72 78.78* £ 0.27 — 237"+ 0.25 15.97* + 0.38 7.99* £ 0.14 6.06" + 0.10 3.15° + 0.07
With US 72 78.73* £ 0.25 —2.10* £ 0.25 14.68" + 0.39 7.76* £ 0.15 5.62° + 0.07 3.45* + 0.07
Significance - - * - Hok *ok
Temperature
80 °C 48 79.32* £+ 0.30 — 1.89* £ 0.30 14.77* £ 0.47 7.26° £ 0.19 5.92* £+ 0.06 2.85° £+ 0.07
100 °C 48 79.19* £+ 0.23 — 251"+ 031 15.39* £+ 0.49 7.54° + 0.16 5.94* £ 0.13 3.19° + 0.05
121 °C 48 77.76" £ 0.36 — 230" + 031 15.80* £+ 0.48 8.83* + 0.08 5.65° + 0.11 3.86" £+ 0.07
Significance *E - - wE * *x
pH
6.1 48 77.69° £ 0.34 — 248+ 0.30 16.07* £ 0.48 7.83* £ 0.18 5.91% + 0.11 3.42% + 0.08
5.5 48 78.65° £ 0.27 — 222"+ 031 15.76" £+ 0.47 7.78" £ 0.18 6.00" £+ 0.08 3.23° + 0.07
4.5 48 79.93* £+ 0.25 — 2.00" + 0.31 14.14> £+ 0.45 8.02* + 0.17 5.61° + 0.11 3.25° + 0.11
Significance wk - Hk - Hk *
Flour/water ratio
1/5 36 78.34* £ 0.46 —2.01*+0.35 16.22* £ 0.50 7.83* £ 0.20 5.21° £ 0.07 3.14° £ 0.10
1/10 36 78.72* £ 0.34 — 2.20* + 0.37 15.26* + 0.56 7.95* £ 0.23 5.92% + 0.11 3.27% £ 0.10
1/15 36 78.96* + 0.34 — 2.37* £ 0.37 14.98* £+ 0.58 7.82% £+ 0.22 6.06" + 0.11 3.43% £ 0.11
1/20 36 79.00* £ 0.31 — 237"+ 035 14.83* £ 0.57 7.92* £ 0.17 6.17* £ 0.12 3.37* £ 0.10
Significance - - - - HE *

Superscript letters beside the mean values denote in the same column that are significantly different by Duncan’s multiple range test

** and *significance level at p < 0.01 and 0.01 < p < 0.05, respectively

US: ultrasonication

moisture treatment (0.96 g/g). In another study, the WHC
of the dried wheat starch after gelatinisation was found as
about 2.00-2.50 g/g (Karaoglu and Aktas 2006). Ashwar
et al. (2016) found that the rice starch held about twice as
much water after autoclaving.

The ERS contents of flour samples

The ERS content of flour samples was significantly
(p < 0.05; p < 0.01) affected by all applications.

The samples produced with ultrasonication contained
more ERS than the samples produced without ultrasoni-
cation. It was considered that this trend was sourced from
the increasing crystallization due to the more amylose and
amylopectin chains escaped from the starch granules by the
ultrasonication.

It was determined that as the temperature increased and
the samples were processed with the autoclave, the ERS
content of the samples increased. It was considered that
this change occurred due to the increase in occurring and
breaking of the hydrogen bond with the temperature. It was
reported by Dundar and Gocmen (2013) that the ERS
contents of the starch increased with increasing process
temperature.

It was determined that the ERS content of samples
decreased with low pH values. This trend might be resulted
from increasing the solubility of the recrystallized starch in
acidic conditions. It was reported in the literature that
organic acids at low pH values broke down the amylose
and amylopectin and they decreased the crystallinity of
starch films (Majzoobi and Beparva 2014). Therefore, it
was evaluated that the increase in hydrolysing the amylose
and amylopectin and the decrease in starch crystallinity
degree decreased the ERS formation, in which the starch
becomes insoluble form.

The ERS content of the flour samples increased with the
increase of the water content until reaching 1/15 flour/
water ratio. After this ratio, an increase or a decrease did
not occur statistically in ERS content. It might have
occurred because the increasing water content, and also
with the effect of high temperature, caused to break loose
more amylose and amylopectin chains from starch granule
as is in ultrasonication process, due to the high hydrogen
bond capacity of water. They recrystallized firmly with
retrogradation during drying. With the retrogradation
occurred after hydrothermal processes, straight chains
closed the overlap and winded up in the form of double
helices gradually (Ashwar et al. 2016; Raigond et al. 2015).
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Therefore, this rearrangement increase the recrystallization
and consequently the ERS content. It is stated in the lit-
erature that the amount of water added to the starch
increases the formation of the ERS (Li et al. 2011). Fur-
thermore, Li et al. (2011) noted that an increase of water
content more than 20% caused a decrease in the amount of
mung bean ERS. Zeng et al. (2015) determined that when
applying the combination of ultrasonication and autoclav-
ing to the starch, much more ERS was produced than
applying the autoclaving alone.

The ERS content, that was determined to be 0.11% in
the wheat flour, increased nearly 30-fold times and it was
found an average of 3.30% in the processed samples. The
ERS-enriched flour sample that had the highest ERS con-
tent was produced at 121 °C (autoclaving), pH 6.1 and 1/15
flour/water ratio with ultrasonication.

Thermal properties of ERS-enriched flour sample

The DSC graphs of wheat flour and ERS-enriched flour are
given in Fig. 2. The melting temperature (7m) and the
melting enthalpy (4H) of the wheat (control) and ERS-
enriched flour were determined as 141.17 °C and 1.10 J/g
and 152.94 °C and 1.09 J/g, respectively. It was considered
that the high melting temperature of the ERS-enriched flour
sample indicated the occurrence of a new and different

1554

ERS-enriched

10 T \\ flour
| [ || Tm: 152.94°C
" /\ [ || AH:1.088j/g

crystal structure for the starch as compared to the wheat
flour. Wasserman et al. (2007) found that the melting
temperatures and the melting enthalpy of the ERS pro-
duced from different wheat starches ranged from 120.0 to
138.0 °C and 1.1-2.0 J/g, respectively. In ERS produced
from rice flour, the melting temperature was determined to
be 162.08 °C (Moongngarm et al. 2015).

The parameters of hydrolysis kinetics and eGI of ERS-
enriched flour sample

The total starch hydrolysis curve, parameters of hydrolysis
kinetics and eGI of the wheat flour and ERS-enriched flour
are given in Fig. 2 and Table 4. Significant (p < 0.01)
differences were determined between wheat flour and ERS-
enriched flour in terms of C_,, k, HI and eGI. The HI value,
which is indicative of the availability of hydrolysis, was
determined as 114.91 for wheat flour and 98.30 for ERS-
enriched flour. Similarly, the eGI value of the ERS-en-
riched flour was found as 65.51 with respect to the glucose
reference, and it was lower than the wheat flour (71.88)
used as a control. The decrease in the HI and eGI showed
the high ERS content of the sample.

The foods are divided into 3 groups as high (GI > 70),
medium (56 < GI < 69) and low (GI < 55) GI foods in
terms of the GI values. According to this classification, the
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Fig. 2 The DSC graph (a) and total starch hydrolysis curve (b) of ERS-enriched flour and wheat flour and total starch hydrolysis curves of stored

biscuits (cl, ¢2, ¢3)
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control sample was in the food group with high GI,
whereas the ERS-enriched flour sample was in the food
group with medium GI. In a study that was used taro starch
for ERS production, the eGI value was determined to
decrease from 60.58 to 51.86 after starch retrogradation
(Simsek 2011).

Biscuit production and storage

The changes that occurred after baking for the dimensions
and weight of biscuits produced by adding different ERS-
enriched flour proportions are given in Table 2. The effect
of ERS-enriched flour proportion and the storage on the
colour values, hardness, fracturability, moisture and ERS
contents of biscuits are given in Table 3. The total starch
hydrolysis curve and the effect of the ERS-enriched flour
proportion and the storage on the hydrolysis kinetics
parameters and eGI values for the biscuits are given in
Fig. 2 and Table 4.

Dimensions and weight of biscuits

Increasing the ERS-enriched flour proportion in the biscuits
significantly increased biscuits’ diameter (p < 0.01) and
decreased their thickness (p < 0.05), but the weight loss
remained stable. It was considered that the biscuit dough
spread out during baking with increasing ERS-enriched
flour proportion, because the proteins of this flour became
denatured before. Since the parameters promoted the
structure formation, such as elasticity and bulking of
dough, takes place with the gluten, the structure of the
biscuits was not provided due to the denaturation of this
protein.

The colour values of biscuits

The L* values of the biscuits were significantly (p < 0.01)
affected by the proportion of ERS-enriched flour and the
storage, but a* and b* values were only affected (p < 0.01)
by the storage. As expected, increasing the ERS-enriched
flour proportion in biscuits darkened the biscuit colours.

Because, when the wheat flour was heated for ERS pro-
duction, the colour of flour darkened due to the occurred
Maillard reaction. Using this dark flour in biscuit produc-
tion was darkened the colour of biscuits. It was determined
that the biscuit colour became lighter with storage.

The hardness and fracturability of biscuits

The hardness and fracturability of the biscuits were sig-
nificantly (p < 0.05; p < 0.01) affected by both the ERS-
enriched flour proportion and the storage. It was deter-
mined that the hardness of the biscuits decreased as the
ERS-enriched flour proportion added to the biscuit
increased. Similarly, Wang et al. (2014) found that the
hardness values of the biscuits differed according to the
added ERS source, and the hardness generally decreased
with an increase of the added ERS amount.

The highest fracturability value was determined for the
biscuit samples produced by the addition of 0% and 25%
ERS-enriched flour. In products produced with wheat flour,
the gluten protein ensures the robust formation of the
structure and the improvement of the texture (Dizlek 2012).
It was observed that the hardness and fracturability values
of the biscuits decreased as the added proportion of ERS-
enriched flour increased, due to the denaturation of gluten
and the high WHC content of ERS-enriched flour. In
addition, increasing the moisture content of biscuits,
together with the increasing ERS-enriched flour proportion,
may influence this behavior.

The moisture content of biscuits

Both the ERS-enriched flour addition and the storage signif-
icantly (p < 0.01) affected the moisture content of biscuits.
With the increase in the added ERS proportion and the
storage period, the moisture content of the biscuits increased.
The moisture content of the biscuits may have increased with
the increasing ERS-enriched flour proportion due to the high
WHC (Table 1) of it. High WHC causes the more interaction
between water vapour and starch. This trend might have
increased the moisture content of biscuits. The increase in the

Table 2 The changes that

A Added N Weight loss Diameter Thickness

occurred after baking in roportion (%) (%) (mm) (mm)

dimensions and weight of prop

biscuits 0 2 31.22* £ 0.95 43.20° £ 0.20 3.90* £ 0.30
25 2 31.80" £ 0.01 46.60° £ 0.40 3.40* + 0.00
50 2 30.83* £ 0.14 47.90* £ 0.10 2.50° £ 0.10
75 2 31.03* £ 0.29 47.830* £ 0.20 2.40° £ 0.20
Significance - HoE *

Superscript letters beside the mean values denote in the same column that are significantly different by

Duncan’s multiple range test

** and *significance level at p < 0.01 and 0.01 < p < 0.05, respectively
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Table 3 The effect of ERS-enriched flour ratio and the storage on the colour values, hardness, fracturability, moisture and ERS contents and
sensorial properties of biscuits

N L* a* b* Hardness (g) Fracturability =~ Moisture ERS content
(mm) content (%) (%)
Added
proportion (%)
0 6 71.86™ £ 1.63 — 1.74°+ 1.02 31.62* £2.18 1906.50* £ 290.76  35.30* £ 0.18 4.29° £ 0.65 0.44" £ 0.03
25 6 7377 +£1.08 —226"+068 31.06+2.13 1337.40° &+ 106.18 34.57* £ 022 4.89™ £ 045 1.31°+0.06
50 6 70.83°+ 1.10 —211°+0.84 29.57°+ 1.70 692.40° & 79.80 33.38° £ 031 5.85" + 040 1.97° 4+ 0.03
75 6 6453+ 144 — 1.35*+£0.83 29.10° + 1.87 339.60° + 8.80 33.69° + 0.56 6.92* £ 0.61 2.84* & 0.08
Signiﬁcance ok _ _ ok *3k koK ok
Storage (day)
0 8 66.53°+ 159 0.32* +0.21 25.77° + 1.64 1280.60" + 342,53  34.11° £ 034 439 £0.73 1.62° & 0.33
30 8 7196+ 1.25 — 213"+ 0.54 3438+ 0.80 1069.00° + 236.62 33.60° + 0.45 5.89 + 041 1.70° + 0.36
60 8 7225+ 138 — 378 +022 30.86° +£0.41 857.30" + 154.09 34.99* £ 022 6.18* £ 0.31 1.60* £ 0.32
Significance ok ok ok * ok *k _
N  Colour Straightness ~ Texture Brittleness Odour Aroma Overall
of baking and flavour

Added proportion (%)
0 6 375+022 398 +£0.16 427°+022 4.13*+017 430°+0.12 423*+0.09 4.21*+0.17
25 6 3.84°+0.14 4.02°+0.19 386 +009 3.65°+0.19 398"+ 0.10 3.94*+023 3.90° + 0.12
50 6 373 £0.10 373*£005 344 £0.10 3.61°£0.15 409" +007 3.82*+0.15 3.61* £0.08
75 6 290°+020 323°+0.17 3.11°+£0.15 331°+£027 3.92°+£005 3.82*°+021 342°+0.16
Signiﬁcance *3k *ok ok * * _ *3k
Storage (day)
0 3.61* £ 022 377" +£0.16 3.66" +£0.23 3.61"+£0.23 4.10°+£0.11 394"+ 0.18 3.85* £0.15
30 338" £ 024 356°+022 3.69°+£0.25 346" +0.21 4.05*+0.09 3.85"+0.18 3.69" £+ 0.21
60 3.67° £0.12 389"+ 0.10 3.66" +£0.11 3.96" £ 0.10 4.07* £0.08 4.07* £0.10 3.82* £ 0.1
Significance - - - - - - -

Superscript letters beside the mean values denote in the same column that are significantly different by Duncan’s multiple range test

** and *significance level at p < 0.01 and 0.01 < p < 0.05, respectively

moisture content from 4.39 to 6.18% during storage may be
due to the absorption of moisture from the environment by the
biscuits.

The ERS content of biscuits

As expected, the added proportion from O to 75% of ERS-
enriched flour significantly (p < 0.01) affected the ERS
content from 0.44 to 2.84% for the biscuits. Also, the ERS
content of the control biscuits was found to be 0.44%,
differently from the wheat flour (0.11%). It was likely due
to gelatinisation during baking and then retrogradation.

The parameters of hydrolysis kinetics and eGI value
of biscuits

The added proportion of ERS-enriched flour and the stor-
age significantly (p < 0.05; p < 0.01) affected the C,, HI

@ Springer

and eGI values. These parameters decreased with increas-
ing ERS-enriched flour proportion and storage time.
However, the biscuit samples had medium GI value and the
place of them in the GI scale was not changed. In a study, it
was determined that the eGI value of the biscuits was 87.00
when the white bread was taken as reference (Goiii et al.
1997). When the glucose conversion was performed, this
value was found to be 60.84. Therefore, these biscuits were
evaluated as medium GI foods, too. Frei et al. (2003)
determined that the eGI values were lowered by retro-
grading the different rice varieties after heat treatment.
Although the ERS content of the biscuits (Table 3) did
not increase during the storage, the eGI values decreased. It
might be sourced from the increase in the interactions
between the starch, fat and protein during storage, and
therefore a-amylase had difficulties in accessing the starch
in the interacted structure during in vitro digestion. In some
studies, it was also determined that the fat and protein
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E;cztl;si: iﬁiﬂfﬁ?ﬁfﬁ feGI of Sample N G k HI eGl
flour sarr.lples and the effecF of Flour
ERS-enriched flour proportion )
and the storage on the Wheat flour 2 71.87* + 0.01 0.14* £ 0.01 11491* + 0.18  71.88* & 0.07
hydrolysis kinetics and eGI ERS-enriched flour 2 70.44° + 0.01 0.04° £ 0.01 98.30° + 1.66 65.51° + 0.64
value of biscuits Significance ok sk Hok ok
Biscuit
Added proportion (%)
0 6 64.85* + 1.77 0.12* £ 0.01 103.00* £ 2.82  67.31* £ 1.08
25 6 63.98° £ 159  0.08° + 0.00 99.63" + 2.64 66.02* + 1.01
50 6 62.46° £ 1.54 0.06° + 0.01 94.52° + 2.69 64.06" £ 1.03
75 6 62.42° + 123 0.04° + 0.00 88.70° £ 3.19 61.82° 4+ 1.23
Significance * *E wE o
Storage (day)
0 8 67.05" + 0.71 0.08™ + 0.01 102.83 £ 2.25 67.25" + 0.86
30 8 63.74° £ 0.49 0.09* £ 0.02 97.81° + 2.02 65.32° + 0.78
60 8 59.49° + 0.84 0.07° + 0.01 88.75° & 2.49 61.84° + 0.96
Significance wk * ok wk

Superscript letters beside the mean values denote in the same column that are significantly different by

Duncan’s multiple range test

** and *significance level at p < 0.01 and 0.01 < p < 0.05, respectively

amount decreased the eGI values of the foods, by forming
the barrier on starch granules and prevent the enzyme
access to starch with this way (Ren et al. 2016).

The sensorial properties of biscuits

The effect of the ERS-enriched flour proportion and the
storage on the sensorial properties of the biscuits are given
in Table 3. While the storage did not affect (p > 0.05) of
any sensorial properties of biscuits, the added proportion of
the ERS-enriched flour affected (p < 0.05; p < 0.01) all
sensorial properties significantly, except for aroma and
flavour. Considering all sensorial parameters, increasing
the ERS-enriched flour proportion was found to reduce
sensory qualities of the biscuits. However, biscuits were
evaluated to be sensory acceptable because the assessment
score for all sensorial parameters of the biscuits was over 3
according to the 5-point hedonic scale. For this reason, it
was evaluated that ERS-enriched flour can be used in
biscuit production up to the 75% proportion.

Conclusion

The ERS is generally produced from pure starch, and the
studies that used wheat flour in production of ERS are
limited. It was deduced that the applied processes increase
the ERS content of the wheat flour nearly 30-fold times,
and this content can be further increased by optimizing the

processing time and conditions. However, the proteins of
ERS-enriched flour became denatured as a result of the
applied processes. Therefore, it was considered that this
flour can be added to the formulation of flat bakery prod-
ucts, such as cookies and biscuits in different proportions.
Thus, ERS-enriched flour will contribute to the production
of the low GI foods, which are beneficial to health.
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