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1 Introduction
Wheat (Triticum aestivum) grains are mainly used for the 

production of wheat flour. Ot provides substantial nutrients in 
human diet and brings huge economic benefits to the growers 
and manufacturers (Shewry & Hey, 2015). Wheat flour has 
unique functional characteristics in food manufacturing. 
These characteristics are attributed to mainly two fundamental 
macromolecular components. Those are protein (gluten), which 
is responsible for forming dough into bread, and starch, which 
is the main non-structural carbohydrate naturally found in 
cereal grains. Starch is the major component of wheat kernel as 
it contributes 54-72% of dry weight. Ot is packed in endosperm 
as small microscopic particle which is known as starch granule 
(Elvers & Ullmann, 2017). Distinct populations of starch granule 
lead to variation in shape, size and physicochemical properties 
(Pfister & Zeeman, 2016). Wheat starch displays a bimodal 
starch distribution, which can be classified into A-type (large) 
starch granules and B-type (small) starch granules. Both types 
have different morphology, amylose content, relative crystallinity 
and microstructure, therefore leading to variation in thermal, 
swelling, and rheological properties (Koehler & Wieser, 2012).

The quality and functionality of wheat flour are commonly 
profiled by using standardized methods. Solvent retention capacity 
(SRC) test is a solvation test that reveals the swelling behavior 
of each functional polymeric components in wheat flour, such 
as damaged starch, gluten protein (glutenin and gliadin) and 

arabinoxylan (pentosan) (Kweon et al., 2011). Besides, gluten 
performance index (GPO) is usually measured using the data 
of SRC to estimate the overall performance of gluten in wheat 
flour. These information are commonly used to categorize hard 
and soft wheat flours with different chemical and functional 
properties. Furthermore, the functional properties of wheat flour 
products can be affected by the overall proportion of two types 
of D-glucose polymers in the starch granules, which are amylose 
and amylopectin (Sramkova  et  al., 2009). On general, wheat 
starch comprises 25-28% of amylose and 72-75% of amylopectin. 
Amylose is a linear polysaccharide with α-(1-4)-linked molecules 
with very few branch points. Ot is mainly found in the amorphous 
region of starch, which involves water absorption inhibition, 
plasticization of starch granules and chemical activities (Sissons, 
2016). Besides, amylopectin is relatively bigger than amylose 
and highly branched with α-(1–6)-linked molecules (Pérez & 
Bertoft, 2010). Ot plays a significant role in the crystallinity of 
starch, which affects water insolubility, swelling properties and 
viscosity.

There are numerous of wheat flour products in the current 
market which having specific applications. However, inconsistent 
and limited information are available on the quality attributes. 
The inconsistency is most likely due to the advance in milling 
technology, the modification of formulation using different 
wheat fractions, and the use of different genotypes. On addition, 
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there are very little information available on the SRC and GPO of 
commercial wheat flour, and morphological, swelling, thermal and 
rheological properties of their corresponding starches. Therefore, 
this study was conducted to analyze the physicochemical and 
quality characteristics of bread, pau, multipurpose and cake 
flours, and their corresponding unfractionated, A-type and 
B-type starches.

2 Materials and methods
2.1 Materials

Four types of commercial wheat flours, including bread, 
pau, multipurpose and cake flours, were sourced from local 
supermarket in Malaysia. All products were produced by the 
same local manufacturer. All reagents and chemicals were of 
analytical grade and purchased from Sigma Aldrich, USA; 
SOME Scientific, Germany; Fisher Chemical, UK; and QRëC, 
Singapore, unless stated otherwise.

2.2 Solvent Retention Capacity (SRC) and Gluten 
Performance Index (GPI) of wheat flours

SRC of wheat flour was determined according to the procedure 
of American Association for Clinical Chemistry (AACC) 
56-11.02 as described in a study of Ragab & Mohamed (2014). 
Four types of solvents were used in this experiment, including 
5% (w/w) of lactic acid solution, 5% (w/w) of sodium carbonate 
solution, 50% (w/w) of sucrose solution and distilled water, to 
examine the characteristic of glutens, damaged starch, pentosan 
and overall performance of flour, respectively, which contributed 
in the overall flour functionality and end product quality. Firstly, 
5 g of flour sample was weighed and transferred into a 50-mL 
centrifuge tube, followed by adding 25 mL of each diagnostic SRC 
solvents individually. The mixture was then mixed and vortexed in 
every 5 min for 20 min. Next, the flour mixture was centrifuged 
at 1000 g for 15 min. After that, the yellowish supernatant in the 
flour mixture was discarded and the centrifuge tube was inverted 
for 10 min to drain off the remaining solvent in the flour pallet. 
After that, the weight of the swollen pellet was measured and the 
SRC (%) was calculated by using the formula below:

( )   
 %  

pallet weight 86SRC % 1  100%
flour weight 100 flour moisture

      = × − ×     −      

where the flour moisture (%) was determined by using a moisture 
analyzer MX-50 (A&D Company Limited, Japan).

Besides, GPO was calculated with the SRC values by using 
the formula below:

   
     

lactic acid SRC valueGPI
sodiumcarbonate SRC value sucrose SRC value

=
+

2.3 Isolation of starch granules

Starch granules were isolated using the suspension method 
described by Ačkar  et  al. (2010) with minor modifications. 
Firstly, flour was mixed with 0.25% (w/v) NaDH solution in a 
ratio of 1:3 at room temperature for 1 h. Next, the suspension 

was centrifuged at 1000 g for 5 min by using a bench-top 
centrifuge (Sartorius, Germany). After that the white precipitate 
was collected and washed with distilled water over a cheese 
cloth. The filtrate was collected and centrifuged at 1000 g for 
5 min. This process was repeated until the clean precipitate 
was obtained. The starch precipitate was then re-suspended in 
water and neutralized by using 1M HCl solution, followed by 
centrifuge and oven drying (40 °C) overnight. Next, the dried 
starch pallets were ground into powder by using mortar and 
pestle. The ground sample was then passed through a mesh 
sieve and collected as unfractionated starch.

2.4 Fractionation of starch granules

The unfractionated starch was fractionated into A-type and 
B-type starch granules according to the method described by 
Zhang et al. (2013) with minor modifications. Ot started with 
mixing of 40 g unfractionated starch in 360 mL of distilled water, 
followed by resting at room temperature for 1 h. After that, the 
upper 200 mL suspension was collected as B-type starch granules. 
Then, 200 mL of distilled water was added to the mixture and 
followed by resting for 1 h. The above procedures were repeated 
until the upper suspension was clear. Then, the remaining 
starch sediment was collected as A-type starch granules. Both 
suspensions were centrifuged separately at 5000 g for 10 min 
and oven-dried at 40 °C overnight. After that, the dried starch 
pallets were ground into powder by using mortar and pestle.

2.5 Morphology of starch granules

The morphology of starch granules was studied using scanning 
electron microscope (SEM) (JEDL JSM-7610F FEG, Japan). 
Sample was placed onto the surface of bilateral carbon-coated 
adhesive tape that attached to an aluminum stub. Then, the 
mounted starch sample was determined with 4.0 kV accelerating 
voltage, 10 A emission current, 6 mm working distance, and 
1000 times magnification.

2.6 Amylose content determination

The amylose content in starch granules was analyzed according 
to the method as described in a study of Jan et al. (2016) with 
minor modifications. Firstly, 70 mg of starch was dissolved in 
10 mL of UDMSD solution (a mixture of 0.6 M urea and 90% 
DMSD in 1:9 ratio) in a screw-cap test tube. Then, the sample 
solution was heated at 100 °C in a water bath (Memmert, Germany) 
for 10 min with continuous shaking and regularly inversion to 
prevent precipitation. After that, the sample was incubated in the 
water bath for another 1 h. After cooling to room temperature, 
0.5 mL of the sample was mixed with 25 mL of distilled water 
and 2 mL of 0.01 N iodine-potassium iodide solution (a mixture 
of 1.27 g/L iodine solution and 3 g/L potassium iodide solution). 
The absorbance (blue value) was read at wavelength 635 nm by 
using a UV-Vis spectrophotometer (Thermo Fisher Scientific, 
USA). A blank sample was prepared by using 10 mL of UDMSD 
without starch sample. The amylose content was calculated by 
using the formula below:

( ).  .Amylose content 28 414  blue value 6 218= × −
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2.7 Swelling power, swelling volume and solubility index of 
starch granules

The swelling and solubility properties of starch granules were 
determined according to the procedures described in a study of 
Eriksson et al. (2014) with minor modifications. Dne gram of 
starch granule was added with distilled water to a total volume 
of 40 mL in a 50-mL centrifuge tube. Ot was then shaken gently 
and heated at 85 °C in a water bath (Memmert, Germany) for 
30 min with continuous shaking. After heating, the centrifuge 
tube was cooled to room temperature and centrifuged at 520 g 
for 15 min. Next, the supernatant was transferred onto a pan 
and oven-dried at 105 °C for 4 h. The weight of the dried residue 
(DR) and the sediment paste (SP) were obtained to calculate 
swelling power (g/g) and solubility (%) using the formulas as 
below. Swelling volume (mL) was measured directly from the 
height of the sediment in tube.

 
SPSwelling power

1g DR
=

−

( ) 
  %

 
DR g

Solubility 100
1g

= ×

2.8 Thermal properties of starch gelatinization

Thermal properties of starch gelatinization was analyzed 
following the method of Ačkar et al. (2010) using a differential 
scanning calorimeter DSC 822e (Mettler Toledo, USA) which 
was equipped with STARe software. Starch sample (3 mg) 
was weighed into a 40-µL aluminum crucible (ME-27331), 
followed by adding 9 μL of distilled water to achieve 1:3 ratio. 
Then, the aluminum crucible was sealed hermetically and 
equilibrated at room temperature for 24 h before the analysis. 
The thermal analysis was carried out with a heating rate of 
10 °C/min from 25 °C to 100 °C. The onset (To), peak (Tp) 
and conclusion (Tc) temperatures were obtained from a DSC 
thermogram.

2.9 Rheological properties of starch granules

The flow behavior and viscosity of starch granules were 
studied referring to the method of Barrera et al. (2013) with 
some modifications using a Discovery HR-1 Rheometer 
(TA Onstruments, USA) which was equipped with TRODS 
software, a compressor, and nitrogen gas. Starch sample was 
suspended in distilled water (20% w/w) and stirred for at least 

3 h. The rheological test was started with the calibration of 
geometry gap by setting the gap to zero. After that, an aliquot 
(≈1 mL) of starch suspension was loaded on the bottom 
plate with care by using a dropper to avoid air bubble and 
equilibrated at 25 °C, 45 °C and 65 °C, individually. Next, the 
gap was set to trim gap and the overloaded starch sample was 
scraped away with care. The measurement was started after 
the geometry gap was set to 0.5 mm. The 40-mm steel plate 
geometry was accelerated uniformly from 0 s−1 to 300 s−1 in 
3 min and the shear rate was kept constant for 10 min, 
followed by decelerating uniformly from 300 s−1 to 0 s−1 in 
3 min. Lastly, a rheological flow curve was generated and the 
Power-Law model was applied onto the decelerating curve 
to characterize the flow behavior. The formula below is the 
Power-Law model:

  nKτ γ=

where τ = shear stress (Pa), K = consistency index (Pa.s), 𝛾 = shear 
rate (s-1) and n = flow behavior index.

2.10 Statistical Analysis

All analyses were conducted in triplicates and results 
were reported in mean and standard deviation. ANDVA, 
t-test and Tukey HSD test were employed to analyze data 
using SPSS software, where significant differences were 
reported at p < 0.05.

3 Results and discussion
3.1 Solvent Retention Capacity (SRC) of wheat flours

Table  1 shows the solvent retention capacities of bread, 
pau, multipurpose and cake flours. Solvent retention capacity 
test is a fast and inexpensive assay to evaluate the quality and 
functionality profile of wheat flour. The lactic acid value reflected 
the protein content, functionality of gluten and characteristics 
of glutenin. High lactic acid values in bread and pau flours 
suggested that both had high protein level and functionality. 
Similar studies (Xiao et al., 2006; Lindgren & Simsek, 2015) 
also reported that lactic acid value showed linear correlation 
with protein content of wheat and capability to differentiate 
the quality of wheat flour. Besides, gluten content relates to 
the development of dough while glutenin imparts the strength 
and elasticity of dough, which both components are correlated 
to the loaf volume (Dhaka & Khatkar, 2015). Multipurpose 
flour was also considered as a hard wheat flour, but with lower 

Table 1. Solvent retention capacity (SRC) of wheat flours.

Types of flour
Solvent retention capacity (%)*

5% (w/w) lactic acid 5% (w/w) sodium carbonate 50% (w/w) sucrose Distilled water
Bread 125.63 ± 3.68A,a 100.38 ± 1.51A,b 88.86 ± 0.88A,c 72.81 ± 1.29A,d

Pau 113.19 ± 3.01B,a 98.51 ± 4.12A,b 88.33 ± 1.38A,c 69.95 ± 1.92A,d

Multipurpose 108.76 ± 2.09C,a 84.61 ± 1.99B,b 96.68 ± 2.24B,c 70.55 ± 2.36A,d

Cake 75.06 ± 1.90D,a 85.50 ± 0.06B,b 90.55 ± 1.59C,c 65.14 ± 1.88B,d

*Data are means of three determinations with standard deviations. A-DData in column and a-ddata in row with the same superscripts are not significantly different while data with 
different superscripts are significant different (p < 0.05).
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protein content than bread and pau flours. Therefore, it served 
for all purposes, such as making cakes, biscuits, noodles, pau 
and many others. However, it would result in a slightly coarse 
texture and lower volume compared to using soft wheat flour. 
Cake flour had the lowest gluten content among all samples, 
was categorized as soft wheat flour and suitable for making fine, 
smooth and soft texture products.

Besides, high sodium carbonate values in bread and pau flours 
indicated that both had high levels of damaged starch. A study of 
Khan et al. (2015) reported that hard wheat flour contained more 
damaged starch granules due to higher pressure and force were 
required in milling process. Damaged starch granules are easily 
hydrated in the presence of solvent to form sticky dough, strong 
proofing, low loaf volume and increased crumb hardness which 
are undesirable for bread and pau (Ghodke et al., 2009; Dhaka 
& Khatkar, 2015). Apart from milling techniques, other factors, 
such as type of wheat, amount of water added in tempering, 
temperature of rolls, can affect the amount of damaged starch 
(Dhaka & Khatkar, 2015). Lower amount of damaged starch in 
multipurpose flour could be recommended for making bread 
and pau, but the lower protein level might affect the rheological 
properties of the products.

The value of sucrose solution acts as an indicator of the 
pentosan content in flours (Kweon  et  al., 2011). Pentosan 
is known as a non-starch polysaccharide that effects on the 
end-use of wheat quality (Saeed et al., 2014). Ot enhances water 
absorption and holding capacity of dough, especially at low 
pH, thus improving the development and shaping of dough 
and extending its stability time (Saeed et al., 2014). However, 
results showed both bread and pau flours had lower sucrose 
solution values than multipurpose and cake flours. On fact, 
higher pentosan content is required in hard wheat flours for 
the production of bread and pau, however, it is an undesirable 
property for good quality cake flour. Furthermore, distilled water 
was used as a reference SRC solvent due to its ability to hydrate 
and swell all the functional flour components to different extents 
(Kweon et al., 2011).

3.2 Gluten Performance Index (GPI)

Table  2 shows gluten performance index of bread, pau, 
multipurpose and cake flours. As expected, bread flour had the 
highest GPO among all the samples but it was not significantly 
(p > 0.05) different with pau flour. Ot was then followed by 
multipurpose flour and cake flour. GPO has been an excellent 
indicator of the overall performance of gluten in the environment 
that modulating networks of flour polymers. For instance, it was 

used to determine the quality of flour during baking process, 
especially for bread. Ot is directly proportional to lactic acid 
SRC value (Kweon et al., 2011). Results agreed that the lactic 
acid SRC value had an inversely proportional relationship with 
sodium carbonate and sucrose SRC values (Lindgren & Simsek, 
2015), where a high lactic acid SRC value in combination with 
low sodium carbonate and sucrose SRC values represent a good 
overall performance of gluten. Low GPO in cake flour was mainly 
due to lacking of protein content (Table 1).

3.3 Morphology of wheat starch

Figure  1 shows that all the wheat starch granules are 
spherical or oval in shape. The unfractionated starch granules 
were the combination of A-type and B-type starch granules. 
The micrograph revealed that A-type starch granules exhibited 
a disc-liked shape with larger diameter of more than 10 μm, 
whereas B-type starch granules displayed a spherical shape with 
diameter of less than 5 μm. Similar studies of Zeng et al. (2011) 
and Zhang et al. (2016) also reported that A-type starch granules 
had a greater diameter (10-30 μm) than B-type starch granules 
(approximately 5 μm). Furthermore, it has been reported that 
B-type starch granules existed predominantly in wheat, however, 
A-type starch contributed more than 70% of the total weight 
and volume percentage (Zeng et al., 2011; Zhang et al., 2013; 
Zhang et al., 2016). The morphology of starch granules could 
vary with the genotype, the biochemistry of the chloroplast 
or amyloplast, and the cultural practices (Yin & Wang, 2016). 
The differences in morphology are significantly correlated with 
the variation of their physicochemical properties, such as amylose 
content, swelling power, solubility index and water holding 
capacity (Yin & Wang, 2016). For instance, small granules were 
suggested to be used in food, cosmetic and medicinal industries 
as fat substitutes, stabilizers, biodegradable films and other 
applications, due to their higher water absorption capacity 
(Sarker et al., 2012).

3.4 Amylose content in starch granules

Among all type of starch granules, A-type starch granules 
showed the highest amylose content whereas B-type starch 
granules had the lowest amount, except cake flour (Figure 2). 
All unfractionated starch samples had similar amount of amylose, 
ranged from 21.68-23.93%. For A-type starch granules, the highest 
amount of amylose content was found in pau (32.48 ± 0.15%) flour, 
followed by bread (26.13 ± 0.23%), multipurpose (26.08 ± 0.22%) 
and cake (20.79 ± 0.33%) flours. For B-type starch, cake flour had 
the highest amount of amylose content (31.96 ± 0.11%), followed 
by multipurpose (21.67 ± 0.33%), pau (14.35 ± 0.48%) and bread 
(13.80 ± 0.30%) flours. Results were in agreement with similar 
studies of Li et al. (2013), Zhang et al. (2016) and Shevkani et al. 
(2016) on different cultivars of wheat starch, which suggested 
that B-type starch granules had higher ratio of amylopectin 
to amylose. Amylose content plays a vital role in production 
of baked products to prevent collapse during cooling process, 
especially bread. Low amylose content will reduce the dough 
stickiness and elasticity, resulted in higher water absorption of 
starch and gluten, higher gas formation, bigger loaf volume but 
lower gas retention coefficient, reduced in staling and improved 

Table 2. Gluten performance index of wheat flours.

Types of flour Gluten performance index*
Bread 0.66 ± 0.02a

Pau 0.61 ± 0.04a

Multipurpose 0.55 ± 0.01b

Cake 0.46 ± 0.02c

*Data are means of three determinations with standard deviations. a-cData in column 
same superscripts are not significantly different while data with different superscripts 
are significant different (p < 0.05).
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crumb texture of baked products (Lee et al., 2001; Alcázar-Alay 
& Meireles, 2015). The variation in amylose content might 
be due to the hereditary, variation in wheat culture, growing 
environments, botanical sources, harvesting period and type of 
soil (Noda et al., 2004; Wickramasinghe et al., 2005).

3.5 Swelling properties of starch granules

Table 3 shows the swelling power, solubility and swelling 
volume of starch granules from different wheat flours. Dther than 
cake flour, all B-type starch granules had the highest swelling 
power and solubility, and all A-type starch granules had the lowest 
swelling volume. Swelling test measures the water uptake during 
the starch gelatinization. The higher the water uptake, the higher 
the swelling power. When starch granules are heated in excess 
water, their crystalline and amorphous structures are disrupted 
and the water molecules bind to the exposed hydroxyl group 
of amylose and amylopectin (Dh et al., 2008). However, several 
studies claimed that amylose acted as swelling inhibitor, with or 
without the presence of lipids (Hoover, 2001; Noranizan et al., 
2010; Dke et al., 2013; Zhang et al., 2017). Amylose tends to hold 
back swelling and maintain the integrity of swollen granules. 
On the presence of amylose-lipid complexes, they restricted 
granular swelling and amylose leaching, hence decreased swelling 
power (Hasjim et al., 2013). This was evidenced in B-type starch 
granules of cake flour in present study with higher amylose 
content (Figure 2) and lower swelling power (Table 3).

Furthermore, solubility of starch granules reflects the 
amount of amylose leach out from granules into water after 
heating. The higher the amylose content in starch granules, 
the more compact it is. On this case, the mobility of amylose 
is lowered and the overflowing to outer of starch granules is 
restricted. Besides, this increases the possibility of the formation 
of amylose-lipid complexes, thus leading to low solubility 
(Wani et al., 2013; Eriksson et al., 2014). This was evidenced in 
A-type starch granules of bread, pau and multipurpose flours 
(Table 3) in present study.

Moreover, a similar study of Marta & Tensiska (2017) suggested 
that low swelling volume could be attributed to the strong 
interaction between amylose and amylopectin which resulted rigid 
starch granules after heat treatment. This was observed in A-type 
starch granules of bread, pau and multipurpose flour. For cake 
flour, swelling volume of A-type and B-type starch granules was 
not significantly different (p>0.05) but slightly higher than the 
unfractionated starch granules. These results were in consistent 
with the results that reported in similar studies of Yu et al. (2010), 
Zhang et al. (2012), Dke et al. (2013) and Achor et al. (2015). 
Dverall, the swelling characteristics of starch granules can be 

Figure 1. Representative scanning electron micrographs of 
(a) unfractionated, (b) A-type and (c) B-type starch granules. Scale 
bar = 10 μm; Magnifying power = x1000.

Figure 2. Amylose content of unfractionated, A-type and B-type starches 
in different types of wheat flour.
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affected by many factors, such as genotype, cultural practices, 
botanical sources, components in starch granules, ratio of types 
of granules and heating conditions (Yin & Wang, 2016).

3.6 Gelatinization properties of starch granules

Gelatinization is an irreversible reaction of starch when the 
starch is heated with excess water (Kawai et al., 2012). Hydration 
and destabilization of hydrogen bonds in starch amorphous 
regions leads to the loss of starch crystallinity and change of 
molecular structure. Gelatinization temperature refers to the 
temperature when the order of starch molecules is disrupted 
and the crystallites start to melt (Horstmann  et  al., 2017). 
Table 4 shows the gelatinization parameters, including onset (To), 
peak (Tp) and conclusion (Tc) temperatures, of unfractionated, 
A-type and B-type starch granules of different types of wheat 
flour. Unfractionated starch granules of all flour samples had 
generally higher To, Tp and Tc compared to A-type and B-type 
starch granules, except the Tp and Tc values for bread and cake 
flours. For bread, pau and multipurpose flours, A-type starch 
granules had slightly higher To and Tp, but lower Tc compared 
to B-type starch granules. Results were in agreement with 
studies of Kim & Huber (2010) and Zhang et al. (2016). This 
phenomenon was due to higher degree of crystallinity, short-range 
order and higher number of intramolecular hydrogen bonds 
at carbon-6 of A-type granules (Zhang et al., 2013). A higher 
degree of crystallinity caused the accumulation of crystalline 
defect during starch deposition and thus exhibited at a shorter 
gelatinization temperature range (Bocharnikova et al., 2003). 
Besides, the presence of amylose-lipid complexes could be 
another factor of low degree of gelatinization because they 
required a higher temperature (To) to melt (Thachil et al., 2013). 
Furthermore, lower To of B-type starch granules were mostly 
due to low water uptake during early gelatinization stage, as 
early gelatinization could occur when water uptake was more 
than 30% (Ratnayake et al., 2009).

Dn the other hand, the higher Tc of B-type starch granules 
indicated a longer gelatinization temperature range compared 
to A-type starch granules. This was due to a lower gelatinization 

initiation temperature (To) in B-type starch granules than A-type 
starch granules. The long gelatinization range revealed that 
B-type starch granules were in large number of granules per 
weight and contained large proportion of short amylopectin 
chain (degree of polymerization< 8) which could form strong 
and long double helices. These long double helices provide 
stability to the crystalline lamellae and increase in overall density. 
A crystalline lamella with higher density able to withstand higher 
gelatinization temperature (>64 °C) without structure disruption 
(Vermeylen et al., 2005; Waterschoot et al., 2014). On contrast, for 
cake flour, B-type starch granules had higher To, Tp and Tc than 
A-type starch granules. This could be mainly due to the higher 
amount of amylose content (Figure 2) in B-type starch granules, 
and other factors, such as moisture content, amylose-lipid 
complexes and experiment setting (Vermeylen et al., 2005).

3.7 Rheological properties of starch granules

The rheological characteristic of starch is associated with the 
change of its viscosity with the change of temperature, concentration 
and shear rate or stress. Apart from that, the structure and 
morphology of starch granules as well as the presence of other 
components will also affect the rheological properties of starch 
(Alcázar-Alay & Meireles, 2015; Ahmadi-Abhari et al., 2015). 
The Power Law model (Dstwald-de Waele’s model) was applied 
to obtain the consistency index (viscosity) and flow behavior 
of unfractionated and A-type starch granules (Table 5). This 
study did not apply to B-type starch granules due to limitation 
of sample quantity. All results achieved high coefficient of 
determination, which were above 0.97, in order to ensure the 
accuracy and precision of the data. Results showed that the 
viscosity of starch, under same shear stress, increased with the 
increase of temperature from 25 °C to 65 °C. Besides, all starch 
granules exhibited similar flow behavior at 25 °C and 45 °C 
and showed a sharp decrease from 45 °C to 65 °C. The flow 
characteristics of starch granules were determined with shear 
thinning (pseudoplastic) when n>1 and shear thickening (dilatant) 
when n<1. Results were in agreement with similar studies 
of Gupta et al. (2009), Ratnayake et al. (2009), Barrera et al. 
(2013), Ai & Jane (2015). They reported that during the early 

Table 3. Swelling power, solubility and swelling volume of starch granules.

Types of flour Starch granule Swelling power (g/g)* Solubility (%)* Swelling volume (mL)*
Bread Unfractionated 7.70 ± 0.31a 2.66 ± 0.47a 15.67 ± 0.67a

A-type 5.82 ± 0.11b 3.41 ± 0.07b 13.33 ± 0.67b

B-type 8.06 ± 0.17a 3.87 ± 0.25c 15.67 ± 0.67a

Pau Unfractionated 8.10 ± 0.42a 5.75 ± 0.33d 16.33 ± 0.34c

A-type 6.80 ± 0.19c 4.72 ± 0.24e 15.67 ± 0.34a

B-type 8.81 ± 0.19d 7.30 ± 0.09f 16.44 ± 0.77c

Multipurpose Unfractionated 9.07 ± 0.29d 2.85 ± 0.64a 15.11 ± 0.19a

A-type 8.40 ± 0.33a 2.37 ± 0.10a 11.32 ± 1.12d

B-type 11.36 ± 0.72e 3.60 ± 0.40c 15.44 ± 0.19a

Cake Unfractionated 8.74 ± 0.32a 4.61 ± 0.20e 13.33 ± 0.58b

A-type 9.20 ± 0.29d 4.64 ± 0.65e 14.44 ± 0.51e

B-type 8.02 ± 0.28a 2.35 ± 0.15a 14.55 ± 0.77e

*Data are means of three determinations with standard deviations. a-fData in column with the same superscripts are not significantly different while data with different superscripts 
are significant different (p < 0.05).
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gelatinization stages (25-45 °C), starch granules had a similar 
flow behavior. When starch suspension was heated beyond its 
gelatinization temperature (64 °C), the starch granules started 
to swell and the viscosity of starch increased until a maximum 
level. Continuous heating with shearing caused the weakening 
and shear damage (disruption) of starch granules, as well as 
leaching of starch components. Dverall, the viscosity of starch 
granules is directly proportional to the temperature while 
inversely proportional to the flow behavior.

4 Conclusions
On summary, the morphological, thermal and physicochemical 

properties of four commercial wheat flours were reported and 
their quality attributes were discussed. The shape and size 
of unfractionated, A-type and B-type starch granules were 
observed in SEM. On general, bread flour showed the highest 
lactic acid SRC and GPO values among all samples. This strongly 
suggested that bread flour had a higher glutenin content and 
greater functionality than others. Furthermore, the difference 

of amylose content in starch granules caused significant impact 
on the physicochemical, thermal and rheological properties. 
A-type starch granules of bread, pau and multipurpose flours 
contained relatively higher amylose content, thus exhibiting 
lower swelling power and shorter gelatinization temperature 
range than B-type starch granules. Dn the other hand, A-type 
and B-type starch granules of cake flour showed contrary 
properties. Furthermore, all types of starch exhibited shear 
thinning behavior when temperature raised to gelatinization 
temperature (65 °C). On general, all types of wheat flour exhibited 
considerable adequate quality attributes. The outcomes provided 
fundamental understanding on the characteristics of starch in 
different types of wheat flour and aided future investigation on 
the structure-function relationships of starch granules, as well 
as food product development.
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Table 4. Gelatinization parameters (To, Tp and Tc) of starch granules.

Types of flour Starch granules Dnset temperature, To (°C)* Peak temperature, Tp (°C)* Conclusion temperature, 
Tc (°C)*

Bread Unfractionated 57.05 ± 0.29a 61.00 ± 0.00a 65.77 ± 0.51a

A-type 56.96 ± 0.12a 61.50 ± 0.47a 65.69 ± 0.17a

B-type 56.04 ± 0.15b 60.67 ± 0.17a 67.09 ± 0.17b

Pau Unfractionated 57.42 ± 0.06a 61.56 ± 0.57a 65.74 ± 0.79a

A-type 56.44 ± 0.35a 60.58 ± 0.35a 64.82 ± 0.78a

B-type 55.54 ± 0.07c 60.17 ± 0.50a 65.43 ± 0.25a

Multipurpose Unfractionated 59.74 ± 0.24d 64.67 ± 0.17b 70.17 ± 0.56c

A-type 57.85 ± 0.54a 61.95 ± 0.39a 66.80 ± 0.12b

B-type 55.17 ± 0.68c 61.56 ± 0.54a 67.17 ± 0.15b

Cake Unfractionated 58.95 ± 0.32e 63.45 ± 0.25c 68.07 ± 0.54b

A-type 57.28 ± 0.06a 61.39 ± 0.10a 66.51 ± 0.16a

B-type 58.34 ± 0.46e 65.78 ± 0.48d 71.46 ± 0.40c

*Data are means of three determinations with standard deviations. a-eData in column with the same superscripts are not significantly different while data with different superscripts 
are significant different (p < 0.05).

Table 5. The Power Law parameters of starch granules at different temperatures.

Types of flour Temperature (°C)
Consistency index, K (Pa.s)* Flow behaviour, n*

Unfractionated starch A-type starch Unfractionated starch A-type starch
Bread 25 0.0009 ± 0.0001a 0.0009 ± 0.0001a 1.21 ± 0.05a 1.19 ± 0.03a

45 0.0008 ± 0.0006a 0.0008 ± 0.0004a 1.28 ± 0.14a 1.21 ± 0.15a

65 93.2405 ± 16.5293b 113.6470 ± 11.7631b 0.37 ± 0.03b 0.37 ± 0.04b

Pau 25 0.0008 ± 0.0000a 0.0019 ± 0.0013a 1.26 ± 0.03a 1.17 ± 0.06a

45 0.0004 ± 0.0003a 0.0007 ± 0.0001a 1.36 ± 0.10a 1.27 ± 0.01a

65 146.2423 ± 12.8994c 143.5950 ± 15.0566c 0.46 ± 0.02c 0.34 ± 0.02b

Multipurpose 25 0.0014 ± 0.0000a 0.0019 ± 0.0000a 1.24 ± 0.04a 1.17 ± 0.03a

45 0.0015 ± 0.0000a 0.0008 ± 0.0000a 1.25 ± 0.02a 1.24 ± 0.08a

65 139.0617 ± 19.4650c 148.0108 ± 10.4500c 0.39 ± 0.04b 0.40 ± 0.04b

Cake 25 0.0012 ± 0.0000a 0.0011 ± 0.0000a 1.19 ± 0.01a 1.24 ± 0.02a

45 0.0022 ± 0.0000a 0.0013 ± 0.0000a 1.21 ± 0.07a 1.19 ± 0.06a

65 154.6702 ± 17.9020d 185.3512 ± 88.3406d 0.36 ± 0.01b 0.33 ± 0.05b

*Data are means of three determinations with standard deviations; a-dData in column with the same superscripts are not significantly different while data with different superscripts 
are significant different (p < 0.05).
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