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Abstract The effects of protein removal on the physico-

chemical and structural properties of normal and waxy

wheat and their A- and B-type granule fractions were

investigated. No evident changes were observed in the

morphological, birefringence pattern and X-ray diffraction

pattern after treatment, but there was evidence showing

that the relative crystallinity, swelling power and percent-

age syneresis of all samples were significant increased.

Protein removal treatment increased the peak, setback, final

viscosity, breakdown viscosity of normal and waxy native

wheat starch, and their A- and B-type starch granule

fractions, whereas it decreased the pasting temperature,

peak time and trough viscosity. Meanwhile, the thermal

transition temperatures (To, Tp, Tc) and gelatinization

temperature range (DTr) of normal and waxy wheat and

their isolated A- and B-type granules were increased, but

the enthalpy decrease slightly. The different genetic factors

and amylose content in normal and waxy wheat starch and

their A- and B-type wheat starch granules fractions were

related to the different physicochemical and structural

characteristics of those starches.

Keywords Swelling � Retrogradation � Pasting �
Crystallinity � Freeze thaw stability

Introduction

Wheat (Triticum aestivum L.) is one of the world’s most

important cereals consumed as the staple food in different

forms such as steamed bread, bread, noodles, snacks and

various bakery products. Wheat grains consist of endo-

sperm, bran and germ, and starch is the main component

in the wheat endosperm and exists in two forms including

A- (diameters greater than 10 lm) and B-type granules

(diameters less than 5 lm). Wheat A-type and B-type

starch granules have been reported to exhibit a very dif-

ferent chemical composition including amylose, amy-

lopectin, amylopectin/amylose ratio, lipid, and protein

content, as well as physicochemical and functional prop-

erties such as gelatinization and pasting properties,

hydrolysis property, digestible property, swelling, crys-

tallinity and baking properties (Sahlström et al. 2003;

Singh et al. 2010a). The starch granule is mainly com-

posed of amylose (AM) and amylopectin (AP), and the

structure of AM and AP and their organization forms in

the intact granule have been greatly discussed and

documented.

With the exception of AM and AP, starch granules

also contain small quantities of other ‘‘minor’’ non-starch

components, such as proteins, lipids, pentosans, and

minerals (Baldwin 2001). Among those components,

proteins and lipids are by far the most abundant and

technologically important. The exact content of protein

and lipid associated with the starch granules is deter-

mined from both the botanical origin of the starch and

its degree of purification during extraction (Baldwin

2001). In general, cereal starch granules contained more

granule-associated proteins and lipids on the surface

compared to tuber, root and legume starches (Baldwin

2001; Wang et al. 2014). Although these two
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constituents are deemed minor, they have been reported

to affect the properties of the starch granule and the

starch-derived products, starch digestibility, and chemical

reaction activity with modifying reagents (Tester and

Morrison 1990; Baldwin 2001; Debet and Gidley 2006;

Singh et al. 2010a; Chan et al. 2010; Wang et al. 2014).

There two types of protein which is tightly associated

with starch granules from all botanical sources, including

starch granule-associated proteins (SGAPs), as well as

storage proteins (e.g. gluten and gliadin proteins), which

remain adsorbed to the surface of starch granules after

starch extraction (Baldwin 2001). SGAPs are defined as

the proteins biologically distinct from plant storage pro-

teins and are tightly bound in and on starch granules

(Baldwin 2001). Surface proteins in starches are often

dominated by storage proteins, particularly endosperm

storage proteins for cereals (Debet and Gidley 2006).

These surface proteins always exhibit a low molecular

weight (\30 kDa) in wheat and maize (Debet and Gidley

2006), and some proteins seem to be present both on the

surface and inside granules, such as a 30 kDa wheat

protein (Rayas-Duarte et al. 1995).

As the first barrier for starch granules to react with

water, chemical reagents, and enzymes, starch surface

characteristics such as associated components determine

largely the initial rate of these reactions (Wang et al.

2014). It has been reported that removal of surface

proteins and lipids can alter the structural, physiochem-

ical and functional properties of starch, and increase the

chemical reaction activity with modifying reagents

(Tester and Morrison 1990; Debet and Gidley 2006;

Singh et al. 2010a; Chan et al. 2010; Wang et al. 2014).

The efficient reagent used to remove the surface proteins

and lipids usually including sodium dodecyl sulphate

(SDS) (Debet and Gidley 2006), and alkali reagents

(such as sodium hydroxide) (Nadiha et al. 2010; Wang

et al. 2014).

Several studies on the effects of surfactants treatment

were conducted on wheat, maize, cassava, potato, mung

bean, and sago starches (Debet and Gidley 2006; Chan

et al. 2010; Wang et al. 2014). However, studies on these

effects on wheat A-type and B-type starch are limited.

Therefore, this study was designed to determine the com-

parative susceptibilities of normal and waxy A- and B-type

wheat starch granules to alkali treatment. The sodium

hydroxide (NaOH) was chosen as the surfactant treating

agent to remove the surface proteins of starch granules, and

its effects on physicochemical and structural properties of

wheat A- and B-type starch granules were investigated.

The results are expected to be useful in understanding the

role of surface proteins on the properties of wheat A- and

B-starch.

Materials and methods

Materials

The normal and waxy wheat (T. aestivum L.) were pro-

vided as grains by the College of Agriculture, Northwest

A&F University, Yangling, China, from the 2013 harvest.

The wheat grain was milled by using a laboratory mill (mill

type Perten 3100, Swedish Perten Company, Sweden) to

obtain a whole-wheat meal. All the chemicals and reagents

used were of analytical grade.

Wheat starch isolation

The wheat starch granules were isolated from the flours

following the method described by Singh et al. (2010b).

Briefly, stiff dough was prepared by mixing 100 g flour and

50 ml water in a pan, and the dough ball was subsequently

kept at 30 �C for 1 h. The dough ball was then kneaded by

hand in distilled water, and the starch slurry was collected.

Starch was suspended in distilled water, passed through a

100-mesh nylon cloth for twice to remove bran and

endosperm cell-wall impurities. The material retained on

the cloth was discarded. Starch slurry was then centrifuged

at 2500 g for 10 min. The upper pigmented layer was

carefully removed, and decanted from any more starch,

which had settled after 30 min. The starch fraction along

with starch from decanting step was purified by resus-

pending in distilled water and centrifugation before drying

in an oven at 40 �C for 24 h.

Separation of the A-and B-granule

The A- and B-granules were separated by the method as

described by Zeng et al. (2011). The wheat starch sus-

pension with a concentration about 10 % was sedimented

using a 2 l cylinder. The fraction of 1 h precipitate was

collected as A-granules and the sediment resuspended and

sedimented as before after three times was collected as

B-granules. The separated A- and B-granule suspensions

were centrifuged at 7000 rpm for 20 min and washed with

three volumes of ethanol one time. These starches were

recovered by using filter and then dried in a convection

oven at 40 �C for 24 h.

Granule size distribution

Starch granule size distribution was analyzed by using a

laser light-scattering particle size analyzer (Mastersizer–

2000, Malvern Instruments Ltd., Malvern, UK). About

0.1 g starch sample was dissolved in 100 ml distilled water

and mixed using a magnetic stirrer for 30 min at room
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temperature before measurement. The focal length of

100 mm and obscuration level of 20 % was maintained

during measurements on the analyzer.

Protein removal treatment

Each starch sample (3 mg, dry weight) was weighed into

100 ml conical flask, and 25 mL of 0.2 % NaOH solution

were added into samples. The samples were brought to

30 �C with stirring at 250 rpm for 30 min, and the starch

slurry was then centrifuged at 4000 rpm for 10 min. The

supernatant liquid was discarded and the starch granules

were re-suspended into NaOH solution, such step was

repeated three times. Next, the starch cake was washed

with distilled water for 5 times until the pH value of the

filtrate was 7. The resulting protein free starch (PRMS) was

dried for further analysis.

Chemical composition

The starch content, lipid, protein and ash content were

performed by the standard AACC Methods 76–13, 30–25,

46–30 and 08–01, respectively (AACC 2000).

Microscopy analysis

Light microscopy

Starch sample was suspended in a glycerol solution

(glycerol/H2O2, V/V) and was observed using a polarizing

light microscope (DMBA400, Motic China Group Co., Ltd,

Guangzhou, China) with a 409 objective.

Scanning electron microscopy (SEM)

A starch sample was mounted on an SEM stub with dou-

ble-sided adhesive tape and coated with gold. Scanning

electron micrographs were taken using a scanning electron

microscope (JSM–6360LV, JEOL, Japan).

X-ray diffraction

X-ray powder diffraction (XRD) measurements were ana-

lyzed using an X-ray diffractometer (Rigaku D/max–2551/

PC, Rigaku Corporation, Tokyo, Japan) with the following

operating conditions: radiation source, CuKa; angle of

diffraction scanned from 5� to 60�; step size, 0.02; step

time, 2 s. To avoid the influence of relative humidity on

relative crystallinity, the starch samples were equilibrated

in a 100 % relative humidity chamber for 48 h at room

temperature. The relative crystallinity degree of the sam-

ples was calculated as the proportion of crystalline area to

total area multiplied by 100.

Pasting properties

Pasting properties of starches were determined using a

Rapid Visco-Analyser (RVA) model Master (Newport

Scientific, Pty Ltd, Australia). Deionized water (25.0 g)

was added to starch (2.0 g, db) in the RVA canister to

obtain a total constant sample weight of 27.0 g. The slurry

was then manually homogenized using the plastic paddle to

avoid lump formation before the RVA run. The starch

slurry was heated from 50 to 95 �C at the rate of 12 �C/
min, maintained at 95 �C for 2.5 min, and then cooled to

50 �C at the same rate.

Thermal properties

Thermal properties were measured by a differential scan-

ning calorimeter (DSC2000, New Castle, USA). Starch

(3 mg) was directly measured into the aluminum DSC pan

and distilled water (12 ll) was added with a microsyringe,

and an empty pan was used as reference for all measure-

ments. The scanning temperature and the heating rates

were 30–120 �C and 10 �C/min, respectively.

Swelling power

Swelling power was determined following the modified

method of Leach et al. (1959). The starch suspension was

stirred at 90 �C for 30 min, cooled, and centrifuged at

3000 g for 15 min. The values for swelling power were

calculated in grams per gram and that of solubility index in

percent at 90 �C.

Freeze thaw stability (syneresis)

Freeze thaw stability was determined by the method of Wu

and Seib (1990) with little modification, starch paste pre-

pared by heating a 6 % (w/v) in a boiled water bath

maintained for 30 min. Then the starch paste was stored at

-18 �C for 24 h and thawed at 25 �C for 2 h, followed by

centrifugation at 3000 rpm for 20 min. The freeze thaw

stability was calculated as percentage weight of exudates

per weight of paste.

Statistical analysis

All the experiments were performed at least in triplicate

and experimental data also were analyzed using Analysis

of Variance (ANOVA), and expressed as mean

value ± standard deviation. A Duncan’s multiple range

test was conducted to assess significant differences among

experimental mean values (P\ 0.05). All statistical com-

putations and analyses were conducted using SPSS version

13.0 for Windows.
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Results and discussion

Particle size distribution

Granule size distribution profiles for native, fractionated A-

and B-type wheat starches from normal and waxy wheat

grains are presented in Fig. 1. Both of the native normal

and waxy wheat starches showed the typical bimodal par-

ticle size distributions patterns. The A- and B-type granules

isolated from both normal and waxy wheat grains, as

expected, exhibited a unimodal distribution (Fig. 1a, b). In

addition, the granule size distribution profiles of purified A-

and B-type starch granules are good enough to match with

those of their respective native starches (Fig. 1a, b). This

demonstrated that both of the fractionated normal and

waxy A- and B-type starch granules are reasonably repre-

sentative of the A- and B-type granules within their

respective original wheat starch granules.

Compositions

The proximate composition of native wheat starch and

isolated A- and B-granules before and after protein

removal treatment is presented in Table 1. For both normal

and waxy wheat genotype, small B-type (relative to large

A-type) granule fractions possessed higher protein content

(Table 1). This may be due to their greater surface to

volume ratio which could be associated with more protein

compared to their large counterparts. After protein removal

treatment, the protein content of native, A- and B-type
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granule fractions from normal and waxy wheat lines

decreased significantly. The protein associated with starch

granules didn’t completely removed after protein removal

treatment, this may be due to some of the starch granule-

associated proteins are still existed within the starch

granules. Meanwhile, the starch purity, fat and ash content

of normal and waxy native, A- and B-type wheat starch

granule fractions remained essentially unchanged after

treatment (Table 1).

Morphological characteristics

Scanning electron micrographs and polarized light micro-

graphs of native, A- and B-granules of normal and waxy

wheat starches before and after protein removal treatment

are shown in Fig. 2. As expected, both normal and waxy

native wheat starch granule exhibited a bimodal distribu-

tion for the small B-type (granule size less than 10 lm in

diameter) and large A-type (the granule diameter ranged

from 10 to 40 lm). As observed by SEM, normal and waxy

A-type granules possessed the typical disc-like, oval or

lenticular shape with smooth surfaces, the purity of A-type

starch granule populations from two genotypes is very

high, and the A-type starch fractions were not contami-

nated by smaller B-type starch granules. Similarly, the

B-type starch granule fractions of both normal and waxy

type exhibited small, spheroidal, irregular and disc-like

shapes, also no contaminating A-type starch granules were

observed. These measurements coincided with granule size

distribution profiles analysis (Fig. 1).

In addition, there was no visual difference in the mor-

phologies of the normal native, fractionated A- and B-type

wheat starches compared to their waxy counterpart. How-

ever, Kim and Huber (2010) have reported that the starch

from waxy wheat had a more spherical disc-like mor-

phology compared with the normal varieties, and the starch

granules from normal wheat showed thicker than the starch

from waxy wheat was reported by Zhou et al. (2014). The

difference may be due to the different wheat varieties used

in respective research.

Polarized light micrographs of the normal and waxy

native, fractionated A- and B-type wheat starches showed a

characteristic birefringence pattern with a Maltese cross

centered at the hilum, indicating an arrangement of starch

molecules (Fig. 2). Granule birefringence indicated orderly

radial orientation of the constituent polymer, and its

intensity is influenced by granule shape and by the orien-

tation of the granule with respect to the light beam (Buléon

et al. 1998). The shape and birefringence of fractionated A-

and B-type from normal and waxy wheat genotypes was

similar. However, it is seen that both the normal and waxy

B-type wheat starches displayed lower intensity of bire-

fringence than their A-type counterparts. Moreover, the

intensity of birefringence depends on the granular size,

relative crystallinity, and microcrystalline orientation

(Zhang et al. 2013). This suggests that the crystalline areas

in A-type wheat starches are better ordered than in B-type

wheat starches.

After protein removal treatment, no appreciable changes

on the shape, surface and Maltese cross of the normal and

waxy native, A- and B-type wheat starch granules surface

could be observed, and no obvious changes between native

and treated starch could be found (Fig. 2). The fact that in

our experiment suggests that both normal and waxy wheat

starch has a relatively high granular structural integrity.

The 0.2 % NaOH solution treatment probably affected only

the non-covalent bonding between starch and protein

without damaging the starch molecular or granular

structures.

X-ray diffraction

The X-ray diffraction pattern and related crystal parameters

of native normal and waxy wheat starches and their iso-

lated A- and B-type starch granules determined before and

after protein removal treatment are presented in Fig. 1c, d

and Table 1, respectively. The X-ray diffraction patterns of

normal and waxy wheat starches and their isolated A- and

B-type were A-type, which was mainly displayed at 15�,
17�, 18�, 20� and 23�, while the diffraction peak at 17� and
18� showed a connected doublet; weak diffraction peaks

appeared at 20� (Fig. 1c, d). Meanwhile, Powder X-ray

diffraction patterns exhibited major peaks at a d-spacing

around at 5.90, 5.20, 4.90, 4.40 and 3.80 nm for all wheat

starch granule fractions (Table 1), indicative of an

A-crystalline packing arrangement.

The relative crystallinity of native waxy starch and its

A- and B-type granule fractions were generally higher than

their normal wheat starch counterparts (Table 1). The

X-ray diffraction patterns of starch granules regular array

of double helices that are formed by the singly branched

and unbranched amylopectin side chains with more than 10

glucose units (Gidley 1987). Meantime, amylopectin has

generally been considered responsible for starch crys-

tallinity, while amylose disrupts the crystalline packing of

amylopectin (Cheetham and Tao 1998). In comparison

with normal wheat starch, waxy wheat starch has more

amylopectin molecules, and in turn more side chains with

appropriate glucose units to form double helices, which

accounts for the its higher relative crystallinity degree.

Within a genotype, A-type granule fractions exhibited

higher relative crystallinity degree value than its native

and B-type granules for both normal and waxy wheat

varieties (Table 1), which was in agreement with the

previous studies (Kim and Huber 2010). However, Ao and

Jane (2007) reported that the wheat starch granules with
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the average diameters about 2 lm exhibited greater rela-

tive crystallinities than larger granules. The different lit-

erature reports about A- and B-type starch granule relative

crystallinities degree might be attributed to differing

granule size distributions for wheat starch small granule

fractions analyzed in different studies (Kim and Huber

2010).

The protein removal treatment did not alter the A-type

X-ray diffraction pattern of all starch samples, as expected

(Fig. 1c, d), because this treatment did not melt the double-

helical crystalline structure. Israkarna et al. (2014) also

reported that the X-ray diffraction patterns of mung bean

and cassava starch did not change after 100 mM NaOH

solution treatment for 18 h. However, it was observed that

hcratstaehwyxaWhcratstaehwlamroN

SEM Polarized SEM Polarized 

Native  

Untreated 

PRM 

A-starch 

Untreated 

PRM 

B-starch 

Untreated 

PRM 

Fig. 2 Scanning electron micrographs (SEM) (at 91000 magnification) and polarized light micrographs (at 9400 magnification) of native, A-

and B-granules of normal and waxy wheat starches before and after protein removal treatment (PRM)
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protein removal reduced the absorbance of 20� 2h peak on

X-ray diffraction curves (Fig. 1c, d). The peak at 2h = 20�
corresponding to the presence of amylose-lipid complexes

(Shevkani et al. 2011). This may be related to that the

interaction force between amylose and lipid could be

reduced by changing the amylose conformation after

NaOH solution treatment.

In addition, the percentage of crystallinity of native

normal and waxy wheat starches and their isolated A- and

B-type starch granules increased significantly (P\ 0.05)

after protein removal treatment. The results are also in

agreement with the previous reported by Israkarna et al.

(2014) on mung bean and cassava starch, and by Singh

et al. (2014) on maize starch. They attributed this increase

to the drastic decrease of amylose in the amorphous region

of starch, as well as the rearrangement of the double helix

of amylopectin during drying in a hot-air oven at 40 �C.
The results indicated that the changes of starch structure

mainly occurred in the amorphous region of the wheat

starch granules during protein removal treatment.

Pasting properties

The pasting viscosity profiles of native normal and waxy

wheat starches and their isolated A- and B-type starch

granules analyzed using the Rapid Visco-Analyzer are

shown in Fig. 3a, b, and the specific pasting characteristic

values obtained from the pasting profiles are given in

Table 2. Waxy wheat starches and its isolated A- and

B-type starch exhibited a sharp peak and jagged pasting

profile (Fig. 3b). This was due to the enormous swelling

when cooked in water and a rapid dispersion when swollen

to the largest extent of the of waxy wheat starch granules

(Huang et al. 2014). Meanwhile, the normal wheat starches

and its isolated A- and B-type starch showed broader peaks

and smoother pasting profiles than waxy wheat starch

(Fig. 3a). The pasting profiles gave evidence of the spatial

structure diversity between normal and waxy wheat starch

granules. Normal wheat starch and its isolated A- and

B-type starch exhibited a higher trough, final and setback

viscosity, and pasting temperature and peak time, com-

pared to their waxy counterparts, while waxy wheat starch

and its isolated A- and B-type starch had a higher peak and

breakdown viscosity compared to their normal counterparts

(Table 2). The high pasting temperature of normal wheat

starch indicates that it has a higher resistance to swelling

and rupture as proved by its pasting viscosity profiles in

Fig. 3a.

A-type granule fractions from both normal and waxy

wheat genotype exhibited higher viscosities at practically

all points of the pasting profile (Fig. 3a, b), and thus

exhibited higher peak, trough, final, breakdown, and set-

back viscosities compared to B-type starch granule

fractions (Table 2). The results are coincided with the

results reported by Kim and Huber (2010). The higher

viscosities for large A granules may be due to their loose

packing ability leading to occupancy of a relatively larger

volume than the smaller granules (Singh et al. 2010b;

Shevkani et al. 2011; Kaur et al. 2015). Generally, the

differences in the pasting properties for different starch

granules have been associated with their amylose, lipid,

and protein contents, and the extent of amylose leaching,

granular swelling, friction between swollen granules,

phosphate monoester content and/or the proportion of long

amylopectin branch chains, and granule size of starches

(Jane et al. 1999; Jayakody et al. 2007; Shevkani et al.

2011). Amylose acts both as a diluent and as an inhibitor of

swelling, which can form insoluble complexes with some

of the amylose during swelling and gelatinization (Tester

and Morrison 1990).

In both kind of genotype, protein removal treatment

increased peak, setback, final viscosity, breakdown vis-

cosity of native, A- and B-type granule fractions. However,

the protein removal treatment decreased pasting tempera-

ture, peak time and trough viscosity of starches both wheat

varieties (Table 2). Lim et al. (1999) reported that peak

viscosity of rice starch pastes increased and pasting tem-

perature decreased when starch was purified to remove

more proteins. The study of Han et al. (2002) also showed

that granule-associated protein reduced paste viscosity and

breakdown viscosity of maize starch pastes. The lower

pasting temperature of wheat starch after protein removal

indicates that it has a lower resistance to swelling and

rupture.

The higher setback viscosity of normal and waxy wheat

starch granules after protein removal indicates more

extensive amylose leaching. This could be attributed to the

removal of surface protein by NaOH solution would

facilitate the amylose leaching from starch granule. These

results indicated that the normal and waxy wheat starch and

their A- and B-type granule fractions treated by extractions

of protein tend to swell or gelatinize in a low temperature

range and the swollen starch granules become readily

ruptured by the mechanical shear. These data also indicated

that amylose and protein played an important role in

granule swelling restriction and starch pasting properties.

Thermal properties

The gelatinization transition temperatures including To

(onset), Tp (peak), Tc (conclusion), the gelatinization

temperature range DTr (Tc–To) and the enthalpy (DH) of
gelatinization of normal and waxy wheat starches are

analyzed using DSC and the results are presented in

Table 2 and Fig. 3c, d. Normal and waxy wheat starches

and their A- and B-type granule fractions displayed a
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characteristic endothermic transition occurring between

60 and 80 �C (Fig. 3c, d). Native waxy wheat starch and

its A- and B-type starch granule fractions generally

presented higher gelatinization temperatures (To, Tp, Tc),

gelatinization temperature range (DTr), and gelatinization

enthalpies (DH) compared to their corresponding normal

starch granule counterparts. Within a genotype, A-type

starch fractions exhibited higher To, Tp and DH, while

B-type starch fractions possessed higher gelatinization

temperature range (DTr) (Table 2). These results are

agrees with the results reported by Kim and Huber

(2010).
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The protein removal treatment increased gelatinization

temperatures (To, Tp, Tc) of normal and waxy wheat

starch and their A- and B-type granule fractions signif-

icantly (P\ 0.05) compared to their untreated counter-

parts, and this was more pronounced in the waxy

starches than in the normal starches. The protein removal

treatment seemed to increase DH and decrease the DTr

of both normal and waxy wheat starch and their isolated

A- and B-type granules slightly, whereas no significant

difference (P\ 0.05) for each of these characteristic

values could be found before and after treatment

(Table 2). Nadiha et al. (2010) also reported that the

onset and peak temperatures of gelatinization of sago,

corn, and potato starch increased significantly, while the

gelatinization enthalpy decreased after 0.025 M of NaOH

solution treatment. Similar findings were also previously

reported for alkali-treated wheat starch, showing that the

gelatinization temperature (To, Tp, and Tc) of wheat

starch increased and the thermal transition temperature

range (DTr) decreased after treatment (Wang et al. 2014).

The decreased DTr were indicative of the increase in the

homogeneity of crystallites within protein removed starch

granules. DH is the energy needed for the dissociation of

double helices order, which reflect the integrity of

crystalline or double helical order of starch granules. The

little gelatinization reduction of protein removal-treated

wheat starch compared to untreated starch granules

suggests that the energy transformation that occurs dur-

ing melting and uncoiling of the double helices of

crystallite amylopectin was decreased.

Starch gelatinization involves the uncoiling and

melting of the external chains of amylopectin, which are

packed together as double helices in clusters. Higher

thermal transition a temperature has been associated with

a higher degree of crystallinity or more ordered crys-

talline structure, which provides structural stability and

resistance to gelatinization (Singh et al. 2003). There-

fore, the higher gelatinization temperature observed for

normal and waxy starch and their isolated A- and B-type

granule fractions after protein removal treatment is in

harmony with their higher crysatlliniy degree values

(Table 2). According to Mondragón et al. (2004), the

higher gelatinization temperature of alkali-treated starch

might be attributed to the rearrangement of polymer

chains into more stable configurations when the steeped

starch is held below the gelatinization temperature.

Besides, the Na? likely diffuse into starch granules

through small pores on the granule surfaces that would

enhance the stability of the granule through electrostatic

interaction between the Na? ions and the hydroxyl

groups of starch (Méndez-Montealvo et al. 2007; Nadiha

et al. 2010).

Swelling power

The swelling power of normal and waxy wheat starches

and their A- and B-type granule fractions before and

after protein removal treatment are measured at

50–90 �C, and the result are presented at Table 3. The

swelling power of all starch samples increased as

heating temperature increased. Normal wheat starch had

a lower swelling power throughout the range of tem-

peratures compared with waxy wheat starch. The

swelling power of normal native, A- and B-type wheat

starch showed no distinct difference compared to their

waxy counterpart from 50 to 60 �C. A sharp increase in

swelling power of waxy wheat starch and its A- and

B-type granule fractions was observed from 70 �C,
whereas the change in normal wheat starch and its A-

and B-type granule fractions was much less marked. In

addition, purified B-type starch granule fractions of

both normal and waxy wheat types possessed slightly

greater swelling power than purified A-type starch

counterparts (Table 3).

The swelling power is influenced by the amylose to

amylopectin ratio and by the characteristics of the amylose

and amylopectin in terms of molecular weight/distribution,

degree of branching and branch length, and conformation

(Singh and Kaur 2004). Besides, Tester and Karkalas

(1996) reported that the starch granules with higher amy-

lose content were being better reinforced and thus more

rigid and swell less freely, while the starch granules with

low amylose content were less rigid and can swell freely

when heated. The relative lower swelling power values of

normal wheat starch and its isolated A- and B-type granule

fractions compared to their corresponding normal starch

granule fractions at high temperature (70–90 �C) are rele-

vant to their high amylose content. Shevkani et al. (2011)

also reported the detrimental effect of amylose and amy-

lose-lipids on swelling power and viscosity of wheat

starches.

The swelling power of normal wheat starch and its A-

and B-type granule fractions decreased at 50–60 �C while

increased at 70–90 �C after subjecting to protein removal

treatment. Meanwhile, the swelling power of waxy wheat

starch and its A- and B-type granule fractions decreased at

50–70 �C while increased at 80–90 �C after treatment

(Table 3). This is consistent with the results of peak vis-

cosity (Table 2). These results are remarkably similar with

the results reported by Debet and Gidley (2006) and Wang

et al. (2014), wherein a great increase of swelling power

was observed after sodium dodecyle sulphate and alkali

reagents treatment, respectively. The increases in swelling

power of protein removal treated wheat starch granules can

be attributed to the disruption of the amorphous region in
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the granule, which presumably reduce the restraining effect

of amylose and approximately allow the amorphous region

in starch granule to absorb water easily, thus allowing the

granule to swell more freely (Chan et al. 2010).

Freeze thaw stability

The percentage syneresis of normal and waxy wheat starch

and their A- and B-type starch gels with or without protein

removal treatment as a function of one time freeze-thaw

cycling is shown in Fig. 3e, f. The syneresis values of

normal and waxy A-type starch gels were much higher than

that of their parent native wheat starch gels and B-type

starch gels. The protein removal treatment significantly

increased the syneresis values of both normal and waxy

native wheat starch and their A- and B-type starch gels

(Fig. 3e, f). Syneresis is an important parameter critical to

the tendency of retrogradation and the stability of a gel

system, which is important in the food industry. During

cold storage, the reorganization of starch molecules may

result in the release of water (or syneresis) and this may

affect the functional properties in terms of viscosity or gel

behavior (Pongsawatmanit and Srijunthongsiri 2008).

The higher syneresis values of A-type starch gels may

be related to its lower water absorption capacity, the

absence of starch granules and freedom of the starch

molecules to interact with each other during freezing of the

starch gel. The significant increase in syneresis values of

wheat starch gels that was observed after protein removal

treatment may be attributed to a greater degree of molec-

ular associations between the starch molecules. These

associations occurred via hydrogen bonding between

hydroxyl groups, which had important roles in the aggre-

gation of the starch molecules. The facilitation of the

hydrogen bonding interactions between the starch mole-

cules after protein removal treatment resulting in increased

retrogradation, which is consistent with the results of set-

back viscosity (Table 2).

Conclusion

We demonstrated that alkali treatment can effectively

remove the proteins from starch granules without signifi-

cantly affecting the surface morphological, birefringence

pattern and X-ray diffraction pattern of normal and waxy

wheat starch and their A- and B-type starch. Our results

have shown that the changes of starch structure mainly

occurred in the amorphous region of the wheat starch

granules during protein removal treatment, which pre-

sumably reduce the restraining effect of amylose and

approximately allow the amorphous region in starch

granule to absorb water easily, thus allowing the granule to

swell more freely. Moreover, the physicochemical prop-

erties of these wheat starch granules were affected to

variable degrees. All starches showed a significant incre-

ment in crystallinity degree, swelling power, gelatinization

temperatures, percentage syneresis and the overall change

in the pasting profile for the treated starches was a reduc-

tion in pasting temperature, peak time and trough viscosity

accompanied with increase in peak, setback, final viscosity,

breakdown viscosity. The changes in physicochemical and

structural properties of normal and waxy wheat starch

granules and their A- and B-type granule fractions could be

Table 3 Swelling power of native and isolated A and B starch from normal and waxy wheat varieties before and after protein removal treatment

(PRM) (dry basis)

Variety Treatment S Sample Swelling power (%)

50 �C 60 �C 70 �C 80 �C 90 �C

Normal wheat starch Untreated Native 2.45 ± 0.06b 5.38 ± 0.20ab 7.38 ± 0.14c 7.44 ± 0.13e 8.36 ± 0.22e

A-starch 2.35 ± 0.2bc 4.63 ± 0.16d 8.31 ± 0.24b 8.31 ± 0.12d 9.56 ± 0.18d

B-starch 2.85 ± 0.06a 5.70 ± 0.24a 6.94 ± 0.10d 7.68 ± 0.11e 8.65 ± 0.15e

PRM Native 2.31 ± 0.02bc 4.82 ± 0.04cd 8.33 ± 0.29b 8.83 ± 0.15c 11.29 ± 0.24c

A-starch 2.18 ± 0.10c 3.78 ± 0.03e 9.25 ± 0.26a 10.76 ± 0.17b 13.79 ± 0.11b

B-starch 2.70 ± 0.00a 5.11 ± 0.07bc 9.04 ± 0.16a 11.49 ± 0.21a 14.77 ± 0.16a

Waxy wheat starch Untreated Native 2.38 ± 0.03bc 3.36 ± 0.10c 14.98 ± 0.15c 27.21 ± 0.03f 44.49 ± 0.76c

A-starch 2.46 ± 0.06b 3.55 ± 0.04c 17.48 ± 0.17b 32.78 ± 0.40e 32.03 ± 0.04d

B-starch 2.87 ± 0.04a 5.25 ± 0.16a 23.49 ± 0.14a 47.03 ± 0.09c 53.38 ± 1.40b

PRM Native 2.26 ± 0.05cd 2.82 ± 0.14d 12.35 ± 0.23d 52.86 ± 0.14b 53.77 ± 0.21b

A-starch 2.23 ± 0.09d 2.95 ± 0.04d 12.60 ± 0.23d 45.48 ± 0.53d 53.97 ± 2.27b

B-starch 2.48 ± 0.01b 4.27 ± 0.17b 17.35 ± 0.24b 57.06 ± 0.10a 56.44 ± 0.33a

Values within the same column for the same wheat genotype followed by a common letter are not significantly different (P\ 0.05). The data is

presented as mean ± standard deviation (triplicate analysis)
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predominantly attributed to the removal of surface protein

and their different amylose content.
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Sahlström S, Bævre AB, Bråthen E (2003) Impact of starch properties

on hearth bread characteristics. II. Purified A- and B-granule

fractions. J Cereal Sci 37:285–293

Shevkani K, Singh N, Singh S, Ahlawat AK, Singh AM (2011)

Relationship between physicochemical and rheological proper-

ties of starches from Indian wheat lines. Int J Food Sci Tech

46:2584–2590

Singh N, Kaur L (2004) Morphological, thermal, rheological and

retrogradation properties of starch fractions varying in granule

size. J Sci Food Agric 84:1241–1252

Singh N, Singh J, Kaur L, Sodhi NS, Gill BS (2003) Morphological,

thermaland rheological properties of starches from different

botanical sources. Food Chem 81:219–231

Singh J, Dartois A, Kaur L (2010a) Starch digestibility in food matrix:

a review. Trends Food Sci Tech 21:168–180

Singh S, Singh N, Isono N, Noda T (2010b) Relationship of granule

size distribution and amylopectin structure with pasting, thermal,

and retrogradation properties in wheat starch. J Agric Food

Chem 58:1180–1188

Singh N, Shevkani K, Kaur A, Thakur S, Parmar N, Virdi AS (2014)

Characteristics of starch obtained at different stages of purifica-

tion during commercial wet milling of maize. Starch-Starke

66:668–677

Tester RF, Karkalas J (1996) Swelling and gelatinization of oat

starches. Cereal Chem 73:271–273

Tester RF, Morrison WR (1990) Swelling and gelatinization of cereal

starches. I. Effects of amylopectin, amylose, and lipids. Cereal

Chem 67:551–557

Wang SJ, Luo HY, Zhang J, Zhang Y, He ZH, Wang S (2014) Alkali-

Induced changes in functional properties and in vitro digestibil-

ity of wheat starch: the role of surface proteins and lipids.

J Agric Food Chem 62:3636–3643

Wu Y, Seib PL (1990) Acetylated and hydroxypropylated distarch

phosphates from waxy barley: paste properties and freeze thaw

stability. Cereal Chem 67:202–208

Zeng J, Li GL, Gao HY, Ruv ZG (2011) Comparison of A and B

starch granules from three wheat varieties. Molecules

16:10570–10591

Zhang BJ, Li XX, Liu J, Xie FW, Chen L (2013) Supramolecular

structure of A- and B-type granules of wheat starch. Food

Hydrocolloid 31:68–73

Zhou ZK, Zhang Y, Chen XS, Zhang M, Wang ZW (2014) Multi-

scale structural and digestion properties of wheat starches with

different amylose contents. Int J Food Sci Tech 49:2619–2627

J Food Sci Technol (June 2016) 53(6):2673–2685 2685

123


	Effects of removal of surface proteins on physicochemical and structural properties of A- and B-starch isolated from normal and waxy wheat
	Abstract
	Introduction
	Materials and methods
	Materials
	Wheat starch isolation
	Separation of the A-and B-granule
	Granule size distribution
	Protein removal treatment
	Chemical composition
	Microscopy analysis
	Light microscopy
	Scanning electron microscopy (SEM)

	X-ray diffraction
	Pasting properties
	Thermal properties
	Swelling power
	Freeze thaw stability (syneresis)
	Statistical analysis

	Results and discussion
	Particle size distribution
	Compositions
	Morphological characteristics
	X-ray diffraction
	Pasting properties
	Thermal properties
	Swelling power
	Freeze thaw stability

	Conclusion
	Acknowledgments
	References




