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Abstract
The objective of this study was to investigate the physicochemical properties of starch isolated from
transgenic corn (Ajeeb YG) and its near isogenic (Ajeeb). The amylose content was significantly differed,
also there are some significant differences in the physicochemical properties between the investigated
samples. These include water absorption capacity, solubility index and viscosity. Scanning electron
microscopy revealed that both corn starch samples had intact granular and multi-angular shapes with an
average diameter of about 12.8 µm. The samples showed native X-Ray diffraction pattern of the A-type
starch. Relative crystallinity for isogenic and transgenic corn starch samples was 16.75 and 19.5%,
respectively. The result of DSC analysis showed that there are some differences in the transition
temperatures, the gelatinization temperature, enthalpies of gelatinization and peak height indices. Also,
the data revealed some differences between the isogenic and transgenic corn starch samples in their
pasting properties.
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1. Introduction
Corn starch, an important product of the grain
processing industry, is used in a wide range of
applications in the food and non-food industries.
To better suit these uses, the starch may be
modified through chemical, physical, or biological
(genetic) means [1,2]. Corn starch is a valuable
ingredient to the food industry, being widely used
as a thickener, gelling agent, bulking agent and
water retention agent [3]. Starch molecule is
composed of an amorphous region (amylose) and
crystalline region (amylopectin), ratio and
proportion of amylose and amylopectin are from
20% to 25% for amylose and from 75% to 80% for
amylopectin [4]. The inherent chemical and
physical properties of native starch granules
govern the functionality of starch in most
_____________________________________________
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processed foods. The structure of the starch granule
in foods is considered an important contributing
factor in its digestibility and availability as a
nutritional carbohydrate. Starch granules are
biological structures and are not likely to be
physically or chemically homogeneous [5].
With the growing interest in healthful and natural
foods over the past decade, chemically modified
starches are losing their attractiveness for food
applications, and maize starches modified by genetic
means (which can be labeled as natural or native) are
the focus of increased attention [6]. A number of
patents for genetically modified maize carrying
different starch-modifying genes have been granted
through the years [7, 8]. Much work has been done
on the starch structure and physicochemical
properties of starch-modifying mutants. Variation in
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significantly higher enthalpy change for gelatinized
starch (∆H=18.1 J/g) than normal maize starches
(∆H=13.6-15.6 J/g). Rapid Visco Analyser (RVA)
profiles of starches of ZP maize genotypes were
typical for both types of maize starches, normal and
waxy [17].

the function of mutant starches related to structural
differences were noted when the mutant was
placed in corn with different background. For
example, Inouchi et al. [9] and Boyer and Liu [10]
found that common starch mutants waxy (dull) du
and sugary-2 (su2) genes are associated with
increased amylose content to different extents. On
the basis of differential scanning calorimetry
(DSC) analysis, the onset (To), peak (Tp), and
conclusion (Tc) temperatures and enthalpy (∆H) of
su2/su2 starch were significantly lower than in
starches from other mutant genotypes [11,12]. The
value of ∆H for du/du starch was smaller than for
normal starch [13].

Egypt imports huge amounts from corn every year to
be used in the production of flour, starch and oil as
well as in animal feeds. Therefore, studying safety,
quality and nutritional properties of GM corn is very
important to the Egyptian food industries as well as
health authorities. So, the purpose of this study is to
evaluate the effects of genetic modification on the
physicochemical properties of starch isolated from
genetically modified corn (Ajeeb YG).

The effects of genetic background on some starch
properties of several maize mutant genes have
been noted. Sanders et al. [2] reported that genetic
background influenced the variation in thermal
properties and amylopectin fine structures among
waxy (wx) containing genotypes. Significant
differences for thermal properties were observed
among the su2 populations from crosses of exotic
germplasm with Oh43su2 [14]. However, there is
little information about the effects of genetic
background on other physicochemical properties.
Moreover, Ji et al. [15] used a texture analyzer for
studying the gel properties of starches from some
corn lines and found significant differences among
them. Furthermore, Sandhu et al. [16] studied the
effect of corn types on the physicochemical,
thermal, morphological and rheological properties
of corn starches. The author found that textural
properties of starch gels are very important criteria,
used to evaluate the performance of starch in a
food system. The functional characteristics that are
imparted by the starches to aqueous systems and
their application in various foods vary with their
biological origin. Recently, Milašinović-Šeremešić
et al. [17] investigated molecular and functional
properties of starches isolated from ZP maize
genotypes of different genetic background. The
amylose content in the isolated starches of 10 ZP
maize genotypes was characteristic for both types
of maize starches, normal and waxy. The waxy
type had the highest average molecular weight of
amylopectin (4.84 x 108 Da). The onset
temperature of gelatinisation values of starches of
10 ZP maize genotypes ranged from 62.1ºC to
65.0ºC. The waxy maize starch displayed a

2. Material and methods
2.1. Materials.
Transgenic corn sample (Ajeeb YG) and its nearisogenic line (Ajeeb) were obtained from the
Agricultural
Administration,
Hehia,
Sharkia
Governorate, Egypt. The Cairo based company Fine
Seed International is partnering with Monsanto to
distribute the variety in Egypt. Ajeeb YG (YieldGard
corn, event MON-00810-6) is a genetically modified
insect resistant corn produced by incorporated the
MON 810 borer resistance trait in the best corn
germplasm "Ajeeb".
2.2. Methods
2.2.1. Starch Isolation. Corn starch was isolated
using the method of Sandhu et al. [18]. About 500 g
of clean, sound and whole corn (10–20% moisture
content) were added to 1.25 liter of distilled water
containing sodium hydrogen sulfite (0.1% SO2). The
mixture was maintained at 50º ± 2 ºC for about 18–20
h with intermittent circulation of the liquid. After 20
h, the steep water was drained off and corn was
ground in laboratory grinder. About 250 g of steeped
corn were ground with 250 ml of distilled water. The
ground slurry was screened through nylon cloth
(0.150 mm), and the residue was washed with
distilled water until it was free of starch. The filtrate
was passed successively over 0.075 and 0.037 mm
screens. The starch-protein slurry was then allowed
to stand for 4–5 h. The supernatant was removed by
suction and the settled starch layer was re-suspended
in distilled water and centrifuged in wide mouthed
cups at 2800 rpm for 5 min.
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The upper non-white layer was scraped off. The
white layer was re-suspended in distilled water and
re-centrifuged 3– 4 times. The starch was then
collected and dried in an oven at 40ºC for 12 h.

water bath at 90ºC for 1 h with constant stirring. The
samples were stored for 5 days at 4º C and turbidity
was determined every 24 h by measuring absorbance
at 640 nm against a water blank with a
spectrophotometer (model 6505 UV/Vis, JENWAY,
UK.).

2.2.2. Scanning Electron Microscopy. Scanning
electron micrograph (SEM) of the starch granules
were taken at 500 and 1000x magnification with a
JSM-5800
LV
microscope
(JXA-840A
ELECTRON PROBE MICROANALIZER, JEOL,
TOKYO, JAPAN). Starch samples were sprinkled
on adhesive tape, attached to specimen studs and
coated with gold (S150A SPUTTER COATER).

2.2.6. Water-Binding Capacity (%). Water-binding
capacity (WBC) of the starches from the corn
samples was determined using the method of Abbey
and Ibeh [22]. A suspension of 5 g starch (dry
weight) in 75 ml distilled water was agitated for 1 h
and centrifuged (3000g) for 10 min. The free water
was removed from the wet starch, which was then
drained for 10 min. The wet starch was then weighed.

2.2.3. Amylose/Amylopectin Content (%).
Amylose content of the isolated starch was
analyzed using the method of Sandhu and Singh
[19]. A 20 mg of starch sample were taken and 10
ml of 0.5 N KOH were added into it. The
suspension was thoroughly mixed. The dispersed
sample was transferred to a 100 ml volumetric
flask and diluted to the mark with distilled water.
An aliquot of test starch solution (10 ml) was
pipetted into the 50 ml volumetric flask and 5 ml
of 0.1 N HCl were added, followed by 0.5 ml of
iodine reagent. The volume was diluted to 50 ml
and the absorbance was measured at 625 nm.

2.2.7. Syneresis (%). Syneresis was determined using
the procedure of Sandhu et al. [18]. Starch
suspension (2%, w/v) was heated at 85ºC for 30 min
in a temperature controlled water bath, followed by
rapid cooling in an ice water bath to room
temperature. The starch samples were stored for 24,
72 and 120 h at 4ºC. Syneresis was measured as % of
water released after centrifugation at 3200 g for 15
min.
2.2.8. Determination of Viscosity. The viscosity of
starch samples was determined by the method of
Nwosu [23] with minor modification. Ten grams of
the starch sample were blending with 90 ml distilled
water using a mixer. The viscosity was measured at
room temperature (30 ±1oC) with a Brookfied
Viscometer (model LV, USA), at 250 rpm for 1 min
using spindle No 21. The viscosity readings were
recorded in centipoises (cP).

2.2.4. Swelling Power (g/g) and Solubility (%).
Swelling power and solubility were determined
using the method of Zakpaa et al. [20]. One gram
of corn starch from each sample was transferred
into a weighed graduated centrifuge tube (50 ml).
Distilled water was added to give a total volume of
40 ml. The suspension was stirred sufficiently and
uniformly, avoiding excess speed to prevent
fragmentation of the starch granules. The sample
in the centrifuge tube was heated at 20 and 70°C in
a thermostatically controlled water bath for 5 and
15 min with constant stirring. The tube was then
removed, wiped dry on the outside and cooled to
room temperature. It was then centrifuged for 15
min at 2200 rpm. The solubility was determined by
evaporating the supernatant and weighing the
residue. The sediment paste was weighed and the
percentage solubility and swelling power was then
calculated.

2.2.9. Determination of pasting properties. Pasting
properties of corn starch suspensions were
determined according to the procedure of
Hagenimana and Ding [24] with some modification.
Brabender peak viscosity, setback, temperature of
initial viscosity increase, and temperature of peak
viscosity were determined on 10% starch-water
suspensions using a Brabender temperature
programmed viscometer (Brabender Visco AmyloGraph, Duisburg, Germany). Samples were heated at
1.5°C min-1 to 95°C, held at this temperature for 10
min, and then cooled to 65°C.

2.2.5. Turbidity . Turbidity of starch pastes from
the studied samples was measured as described by
Perera and Hoover [21]. A 1% aqueous suspension
of starch from each corn sample was heated in a

2.2.10. X-ray Diffraction Pattern. X-ray diffraction
was carried out using an X-ray diffractometer (JOEL,
JOX-8030, Japan) according to the procedure of
55
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Siriwong et al. [25]. The X-ray source was
operated at 45 kV and 35 mA with a Cu target.
Data collected by step-scanned method between 5º
to 60º in 2θ with a step size of 0.04º 2θ and a
counting time of 1.5 s/step.

sample. The values for isogenic and transgenic corn
samples were 0.784 and 0.854%, respectively.
Sandhu and
the degree
among the
variation in
starches.

2.2.11. Differential Scanning Calorimeter (DSC).
Thermal characteristics of the isolated starches
were studied using a differential scanning
calorimeter (DSC) according to Herceg et al. [26].
An empty pan was used as a reference. Corn starch
was weighed into standard aluminum pan (40 µL).
The pans were sealed and equilibrated for 24 h at
room temperature before heat treatment in the
DSC. The starch slurry was gelatinized in the DSC
using a heat rate of 10ºC min-1 from 25 to 95ºC.
After the heat treatment, the samples were cooled
to 25ºC and removed from DSC. The changes in
enthalpy (∆H in kJ kg-1 of dry starch), onset
temperature (To), peak temperature (Tp), and
conclusion temperature (Tc) for gelatinization
were obtained from the exothermal DSC curves.

Singh [19] found that the differences in
of availability of water binding sites
starches may have contributed to the
water holding capacity among different

3.3. Solubility Index
The solubility index of the starch gel prepared from
the isogenic corn starch sample was somewhat
significantly higher (P<0.05) than that prepared from
transgenic corn starch sample (Table 1). In addition
the solubility index for both corn starch samples
increased with the increasing of temperature and time
of treatment. Herceg et al. [26] reported that the
major impact on starch granule disintegration is
caused by the strong mechanical forces. These causes
shear forces that are capable of pitting the starch
granule and breaking the chains of polymers by
disrupting covalent bonds. Singh et al. [28] reported
that the crystalline molecular structure of corn starch
is broken and the water molecules are bonded to the
free hydroxyl groups of amylose and amylopectin by
hydrogen bonds, which could cause an increase in
solubility and swelling power.

2.3. Statistical Analysis
The statistical analysis was performed using a
SPSS 16 program. Data were expressed as mean
±standard deviation (SD) and statistical
significance was assigned at P ≤ 0.05 level. An
independent sample t-test was conducted to
compare the means between the isogenic and
transgenic corn samples.

3.4. Swelling Index
Swelling power and solubility can be used to assess
the extent of interaction between starch chains,
within the amorphous and crystalline domains of the
starch granule [29]. In our study, swelling index of
isogenic corn starch sample was observed to be
higher than that of transgenic corn starch sample;
however these differences were almost not significant
(Table 1). Singh et al. [30] reported that starch
swelling occurs concomitantly with loss of
birefringence and precedes solubilization.

3.Results and Discussion
3.1. Amylose Content
Amylose contents of starch from the two
investigated corn samples differed significantly
(Table 1), as the isogenic corn starch sample
showed lower value (21.5%) than the transgenic
corn starch sample (23.4%). These results fall in
the range reported by Seetharaman et al. [27], they
found that amylose content for 35 corn landraces
ranged between 16.1–23.3%. Also, Sandhu and
Singh [19] reported that amylase content of
various corn starches ranged from 16.9% to 21.3%.

3.5. Synersis
The syneresis of gels prepared from isogenic and
transgenic corn starch samples was measured as
amount of water released from gels during storage
(up to 120 h) at 4°C (Table 1). No significant
differences (P<0.05) were observed in the average
values of syneresis of starch from isogenic and
transgenic corn starch samples. The increase in
percentage syneresis during storage has been
attributed to the interaction between leached amylose

3.2. Water Absorption Capacity
As seen in Table (1) water absorption capacity of
the isogenic corn starch sample was significantly
lower (P<0.05) than the transgenic corn starch
56
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and amylopectin chains, which leads to the
development of junction zones, which reflect or
scatter a significant amount of light [21].

Amylose aggregation and crystallization have been
reported to be completed within the first few hours of
storage while amylopectin aggregation and
crystallization occurs during later stages [31,32].

Table 1. Physicochemical properties of isogenic and transgenic corn starch samples
Corn starch samples
Constitutents

Isogenic (Ajeeb)

Transgenic (Ajeeb YG)

Amylose (%)

21.5

±0.321b

23.4

Water absorption capacity (%)

0.784

±0.139b

0.854 ±0.005a

±0.120a

Solubility index (%):
At 20º after 5 min

0.0073 ±0.0003a

0.0055 ±0.0005b

At 20º after 15 min

0.0160 ±0.001a

0.0117 ±0.002b

At 70º after 5 min

0.049

±0.001a

0.047 ±0.001a

At 70º after 15 min

0.088

± 0.001a

0.082 ± 0.002a

1.026

± 0.001a

1.022 ± 0.0004a

1.170

± 0.126a

1.065 ± 0.004b

4.223

± 0.009a

4.096 ± 0.114a

4.712

± 0.035a

4.338 ± 0.101a

69.01

± 0.276a

62.90 ± 0.677a

1.80
± 0.000b
*The same letter in the same row is not significant different (P<0.05).
*Results are mean ±SD (n=3).

2.60 ± 0.000a

Swelling index (g of hydrated molecules / g
starch dry matter):
At 20º after 5 min
At 20º after 15 min
At 70º after 5 min
At 70º after 15 min
Synersis (% of released water)
Viscosity (centipoise, cP)

starches, owing to their different chemical
composition, amylose/amylopectin ratio, average
degree of polymerization of its constitutes, as well as
its lipid and phosphorus content [34].

3.6. Viscosity
As seen in Table (1), the isogenic corn starch paste
showed significantly lower viscosity value (1.8 cP)
than transgenic corn starch paste (2.6 cP). The
decrease in gels viscosity is reflected in a decrease
of the overall resistance of the sample to flow [33].
The differences in viscosity values may be due to
different power swelling presenting each of the

3.7. Turbidity
The turbidity values of starch suspensions from
isogenic and transgenic corn starch samples are
57
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depicted in Fig. (1). Turbidity values of both
starch suspensions increased progressively during
storage of starch gels at 4°C and at all storage time
the values of the transgenic corn starch sample
were higher than that of the isogenic corn starch
sample. Turbidity development in starches during
storage has been attributed to the interaction of
several factors, such as granule swelling, granule
remnants, leached amylose and amylopectin,
amylose and amylopectin chain length, intra or
interbonding, lipid and cross-linking substitution
[35].
2.6

A b so rb an ce (n m )

2.4
2.2
Isogenic

2

Transgenic

1.8
1.6
1.4
0

24

48

72

96

120

Time (h)

Figure 1. Effect of storage duration on the turbidity of
the isogenic and transgenic corn starch pastes.

Figure 2. Scanning electron micrograph (SEM) of corn
starch (1000x) from isogenic and transgenic corn starch
samples.

3.8. Scanning Electron Micrograph

3.9. X-Ray Diffraction Pattern

The size and distribution of starch granules can be
very important for specific applications and even
this very basic physical characteristic can be valueadded. For example, the small granule size of rice
starch makes it very suitable for applications
laundry sizing of fine fabrics and for skin
cosmetics. Carbonless paper requires the use of
starch as a stilt material to protect ink capsule from
premature rupturing [36].

Degree of crystallinity as measured by X-ray
diffraction, is a semi-qualitative assessment of longrange order within a sample determined using the
ratio of diffraction intensities contributed by ordered
(crystalline) components relative for the total
diffraction pattern.
The X-ray diffraction patterns of isogenic and
transgenic corn starch samples are shown in Fig. (3).
The isogenic corn starch sample appeared native
pattern typical of the A-type starch crystal with
maximum d-spacing = 5.83, 5.08 and 3.86 (Å) as
described by Zobel [37].

The scanning electron micrographs of isogenic and
transgenic corn starch samples are shown in Fig.
(2) at 1000x magnifications, respectively. Both
corn starch samples had intact granular and multiangular shapes with an average diameter of about
12.8 µm. These results are in agreement with those
of Pilla [36] who reported that corn starch
granules size ranged between 5 to 25 µm.

Also, the transgenic corn starch sample showed
native pattern typical of the A-type starch crystal
with maximum d-spacing = 5.90, 5.24 and 4.46 (Å).
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A-type of starch crystals is a common to most
cereal starches [38]. As reported by Zobel [37] and
Miyoshi [39] the X-ray d-spacing of 5.8, 5.02, 4.4,
3.8, 2.6, 2.3, 2.1 and 1.9 were characteristics of Atype starch crystals. As seen in Fig. (3) some peak
positions at >27 [°2 Theta] in the isogenic corn
starch sample were under the limit of detection,
while in the transgenic corn sample many peaks
were detected at >27 [°2 Theta]. Percent relative
crystallinity was calculated by dividing the area of

the diffraction curve above the smooth curve by the
area of the diffraction curve above the baseline (Fig.
3). Relative crystallinity for isogenic and transgenic
corn starch samples was 16.75 and 19.5%,
respectively. These results are in the range of 12.4 30.3% which reported for several corn varieties by
Cheetham and Tao [40] and Johnson et al. [41]. Also,
Zobel [37] found that starches of different origin
have a different degree of crystallinity (range about
15–45%).

Figure 3. X-ray diffractogram of the isogenic and transgenic corn starch samples
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Hayakawa et al. [42] and Fujita et al. [43]
mentioned that the higher degree of crystallinity is
usually associated with higher amylopectin
content. Ao and Jane [44] reported that amylase in
starch granules is amorphous, thus normal starch
displays less percentage of crystallinity than waxy
starch.

Beimu with lowest degree of crystallinity had the
highest transition temperature. This could be due to
the compact association of amylase and amylopectin
molecules in the starch.

3.10. Differential Scanning Calorimeter (DSC)
Thermal analysis is recognized as an instrumental
method of food analysis able to give unique
information regarding the nature of the sample or
modifications introduced by industrial processing.
Thermal analysis comprises a series of analytical
techniques evaluating changes in samples as
function of temperature, or if done at a constant
temperature, evaluating changes as a function of
energy over time. These techniques include DSC
[45].
DSC
thermograph
of
the
endothermic
gelatinization profiles of the two tested corn starch
samples are shown in Fig. (4, A and B). The result
of DSC analysis of tested corn starch samples are
summarized in Table (2).
The transition temperatures (To, Tp and Tc), (R) the
gelatinization temperature range (Tc - To),
enthalpies of gelatinization (∆H) and (PHI) peak
height indices ((∆H/ Tp - To), PHI provides
numerical value that is descriptive of the relative
shape of the endotherm, e,g., a tall narrow
endotherm has higher PHI than does a short broad
one, even if the enthalpy of transition involved in
the process is the same; were varied among the
examined corn starch samples. The To values for
isogenic and transgenic corn starch samples were
34.46 and 30.00 oC, respectively (Table, 2). While,
peak gelatinization temperature (Tp) was higher
(91.34 oC) in the transgenic sample than the
isogenic sample (71.46 oC).

Figure 4. DSC thermograph of thermal properties for the
isogenic and transgenic corn starch samples.

The conclusion temperatures (Tc) of isogenic and
transgenic corn starch samples were 136.25 and
167.5oC, respectively. Furthermore, the gelatinization
temperature ranges (R) were higher in transgenic
corn starch sample (137.5 oC) than the isogenic
sample (101.79 oC). The enthalpy of gelatinization
(∆H) value was higher in the isogenic corn starch
sample (251.5 J/g) than the transgenic sample (41.31
J/g). These differences may be due to the amylase
content which depressing the enthalpy energy or just
a result of differences in starch content in the corn
starch samples. Iouchi et al. [9] mentioned that the
increasing enthalpy change indicates the decreasing
amylase content of the starch sample. Moreover,
peak height indices (PHI = ∆H/( Tp - To) were ranged
from 6.77 and 0.673 for isogenic and transgenic corn
starch samples, respectively.

The differences in the transition temperature
among tested corn starch sample were due to the
differences in the degree of crystallinity.
Barichello et al. [46] reported that high transition
temperatures (To and Tp) of could be attributed to a
high degree of crystallinity, which provides
structural stability and makes resistant to
gelatinization. On the other hand, Shujun et al.
[47] found that the starch separated from Song
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Ahmed M. Rayan et. al. / Journal of Agroalimentary Processes and Technologies 2015, 21(1)

Table 2. Thermal characteristics of the isogenic and transgenic corn starch samples
Corn starch samples
Property
o

To ( C)

Isogenic (Ajeeb)

Transgenic (Ajeeb YG)

34.46

30.00

71.46

91.34

Tc ( C)

136.25

167.5

∆H (J/g)

251.5

41.31

PHI

6.77

0.673

Transition temp.
Tp (oC)
o

R
101.79
137.5
To = onest temperature, Tp = peak temperature, Tc = conclusion temperature,
R = gelatinization range (Tc - To), ∆H = enthalpy of gelatinization (dwd, based
on dry weight basis of starch), PHI = peak height index ∆H/( Tp - To).

Variations in DSC measurements have been
demonstrated for a variety of maize mutants
including amylose-extender (ae), dull (du), sugary1 (su1), sugary-2 (su2), and waxy (wx)
[2,9,11,13,48-51]. These particular mutants cause
changes from normal corn starch in amylose
percentage and phytoglycogen accumulation [52].
For example, the ae mutation results in starch with
50–70% apparent amylase content [52-54], which
may dilute the crystalline regions, thus causing a
loss of cooperative melting [48]. The ae mutation
also was reported to increase the chain length of
amylopectin [53], which would then require a
higher temperature to gelatinize [48]. Therefore,
the ae starch typically has a broad gelatinization
peak that is not complete until up to 120°C, and a
high ∆H [11,13]. The du and su1 genotypes also
are reported to increase apparent amylose
percentage [53,54], but do not have broad
gelatinization peaks typical of ae starch [9,13,48].
They both, however, typically possess a lower ∆H
value and a To a few degrees below that of normal
starch, which may be a result of slightly lower and
less perfect crystallinity in the starch [9]. Starch
from the su2 genotype also has a higher apparent
amylose content than normal starch but gelatinizes
at a much lower temperature and ∆H, which may
be a result of the very low percentage of
crystallinity and higher amount of short branchchains of amylopectin in su2 starches than in
normal starches [9,50]. The wx genotype causes an
elimination of amylose content, unlike the other

mutants presented in [9]. This mutant results in starch
with ≈100% amylopectin, the crystalline component
of starch, which requires more energy to gelatinize
[9]. Furthermore, the differences in the thermal
properties may be attributed to differences in granule
structure, amylase content, the gelatinization
temperature and the presence of degree and
crystalline regions of different strength in the
granules of starch samples [3]. Starches with large
sized or irregular granules had higher ∆H, PHI and R
values, while the reverse was true for starches with
small oval or round granules [47].
3.11. Pasting Properties
Rheological and mechanical properties of starchwater dispersions and gels wherein essentially pure
starch has been swollen and or solubilized to various
extents by heating have been extensively investigated
over the years. These studies have contributed to an
understanding of the gelatinization mechanism and
are important because of the utilization of starch in a
wide range of food and industrial applications.
Understanding these properties offers considerable
promise in improving starch containing foods”, this
knowledge can be applied to alter end use properties
by reformulation or changes in processing conditions
[55]. Pasting is the phenomenon following
gelatinization in the dissolution of starches. It
involves granular swelling, exudation of the granular
molecular components, and eventually, total
disruption of the granules [56]. Viscosity changes of
starch dispersions during gelatinization are the most
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frequently measured with the Brabender Viscoamylograph which is used in the food industry as a
quality control instrument [57].

when heating temperature increase. According to
Barichelo et al. [46] high gelatinization transition
temperatures are indicative of a high degree of
crystallinity, which provides structural stability and
makes starch gelatinization difficult. Quantitative
values of peak viscosities, temperature of initial
viscosity, and temperature of peak viscosity and
setback of viscosity were calculated and presented in
the Table (3).

Brabender amylograph curve of the rheological
properties for the two investigated corn starch
samples are showing in Fig. (5, A and B).
It can be observed that in the isogenic and
transgenic corn starch samples, the onset
temperatures and the peak viscosities increase

Figure 5. Amylograph response of the isogenic and transgenic corn starch samples.
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index and viscosity. Also, there are some differences
in the result of DSC analysis and pasting properties.
Based on the obtained result, genetic modification
affected the physicochemical properties of starch
isolated from transgenic corn and we recommend
further investigations on the effect of genetic
modification on food composition.

Peak viscosity values were 1215 and 1225 BU for
isogenic and transgenic corn starch samples,
respectively (Table 3). Kuo et al. [58] stated that
peak viscosity usually occurs when the
temperature of the suspension has reached to 9295°C. Amylograph peak viscosity is a
measurement of the ability of the known starch
granules to swell markedly before rupturing. Thus,
amylographic peak viscosity is an important index
for evaluating the grains quality. Furthermore, as
seen in Table (3) the temperatures of initial
viscosity were the same for isogenic and
transgenic corn starch samples, while temperature
of peak viscosity of isogenic corn starch sample
was higher (96.5°C) than the transgenic corn
starch sample (92.8°C).

Compliance with Ethics Requirements. Authors declare
that they respect the journal’s ethics requirements. Authors
declare that they have no conflict of interest and all
procedures involving human / or animal subjects (if exist)
respect the specific regulation and standards.

References
1. Orthoefer, F.T., Corn starch modification and uses. In
Corn: Chemistry and Technology; Watson SA,
Ramstad PE, Eds.; AACC Monograph Series;
American Association of Cereal Chemists: St. Paul,
MN; 1987, pp 479-499
2. Sanders, E. B.; Thompson, D. B.; Boyer, C. D.,
Thermal behavior
during gelatinization and
amylopectin fine structure for selected maize
genotypes as expressed in four inbred lines. Cereal
Chemistry, 1990, 67(6), 594-602
3. Singh, N.; Singh, J.; Kaur, L.; Sodhi; N.S, Gill, B.S.,
Morphological, thermal and rheological properties of
starches from different botanical sources. Food
Chemistry, 2003, 81(2), 219–231, doi:10.1016/S03088146(02)00416-8
4. Jambrak, A. R.; Herceg, Z.; Šubaric, D.; Babic, J.;
Brncic, M.; Brncic, S.R.; Bosiljkov, T.; Cvek, D.;
Tripalo, B.; Gelo, J. Ultrasound effect on physical
properties of corn starch. Carbohydrate polymer, 2010,
79(1), 91–100, doi:10.1016/j.carbpol.2009.07.051
5. Sahai, D.; Jackson, D. S., Structural and chemical
properties of native corn starch granule. Starch/Starke,
1996, 48(7-8), 249–255, doi: 10.1002/star.19960480
703
6. Li, J. S.; Corke, H., Physicochemical properties of
maize starches expressing dull and sugary-2 mutants in
different genetic backgrounds. Journal of Agriculture
and Food Chemistry, 1999, 47(12), 4939-4943, doi:
10.1021/jf990238a
7. Katz, F. R. Natural and modified starches. In
Biotechnology and Food Ingredients; Goldberg, I.,
Williams, R., Eds.; Van Nostrand Reinhold: New
York; 1991, pp 315-327
8. Ng, K.Y.; Pollak, L. M.; Duvick, S. A.; White, P. J.,
Thermal properties of starch from 62 exotic maize (Zea
mays L.) lines grown in two locations. Cereal
Chemistry,
1997,
74(6),
837-841,
http://dx.
doi.org/10.1094/CCHEM.1997.74.6.837

Table 3. Pasting properties of isogenic and transgenic
corn starch samples measured by brabender amylograph

Shimelis et al. [59] reported that final viscosity is
used to indicate the ability of starch to form
various paste or get after cooling and that less
stability of starch paste is commonly accompanied
with high value of breakdown. The variation in the
final viscosity might be due to the simple kinetic
effect of cooling on viscosity and the reassociation of starch molecules in the samples
[60]. Regarding to the Setback of viscosity for the
two analyzed corn starch samples (Table 3), it was
observed that the value of isogenic corn starch
sample was lower (65 BU) than the transgenic corn
starch sample (145 BU). Sanni et al. [61] reported
that lower set back viscosity during the cooling
indicate higher resistance to retrogradation. This
means that the isogenic corn starch sample without
changing the water will exhibit higher resistance to
retrogradation than the transgenic corn starch
sample.
4. Conclusion
Variation in physicochemical properties of starch
isolated from transgenic corn (Ajeeb YG) and its
near isogenic (Ajeeb) was observed. These include
amylose content, absorption capacity, solubility
63

Ahmed M. Rayan et. al. / Journal of Agroalimentary Processes and Technologies 2015, 21(1)

9. Inouchi, N.; Glover, D.V.; Sugimoto, Y.; Fuwa, H.,
Developmental changes in starch properties of
several
endosperm
mutants
of
maize.
Starch/Staerke, 1984, 36(1), 8-12, doi: 10.1002/
star.19840360103
10. Boyer, C. D.; Liu, K. C., The interaction of
endosperm genotype and genetic background. Part
1. Differences in chromatographic profiles of
starches from nonmutant and mutant endosperms.
Starch
/
Staerke,
1985,
37(3),
73-79,
doi: 10.1002/star.19850370302
11. Inouchi, N.; Glover, D. V.; Sugimoto, Y.; Fuwa, H.,
DSC characteristics of gelatinization of starches of
single, double, and triple mutants and their normal
counterpart in the inbred Oh43 maize (Zea mays L.)
background. Starch/ Staerke, 1991, 43(12), 468-472,
doi: 10.1002/star.19910431205
12. Li, J. H.; Glover, D. V., Characterization of thermal
properties during starch gelatinization among ten
endosperm mutants in maize. Acta Agronomica
Sinica, 1997, 23(1), 76-81
13. Brockett, E.; Thompson, D.; Boyer, C.,
Gelatinization characteristics of starch from du, wx,
ae, and ae wx endosperm of sweet corn inbred
Ia5125. Starch/ Staerke, 1988, 40(5),175-177,
doi: 10.1002/star.19880400504
14. Campbell, M. R.; White, P. J.; Pollak, L. M.,
Properties of sugary-2 maize starch: influence of
exotic background. Cereal Chemistry, 1993, 72(4),
389-392
15. Ji, Y.; Wong, K.; Hasjim, J.; Pollak, L. M.; Duvick,
S.; Jane, J., Structure and function of starch from
advanced generations of new corn lines.
Carbohydrate Polymer, 2003, 54(3), 305–319,
doi:10.1016/S0144-8617(03)00181-4
16. Sandhu, K.S.; Singh, N.; Kaur, M., Characteristics
of the different corn types 456 and their grain
fractions: physicochemical, thermal, morphological
and rheological properties of starches. Journal of
Food Engineering, 2004, 64(1), 119–127,
doi:10.1016/j.jfoodeng.2003.09.023
17. Milašinović-Šeremešić, M. S.; Radosavljević, M.
M.; Dokic, L. B., Starch properties of various ZP
maize genotypes. APTEFF, 2012, 43,1-342
18. Sandhu, K. S.; Singh, N.; Malhi, N. S.,
Physicochemical and thermal properties of starches
separated from corn produced from crosses of two
germ pools. Food Chemistry, 2005, 89(4), 541-548,
doi:10.1016/j.foodchem.2004.03.007
19. Sandhu, K. S.; Singh, N., Some properties of corn
starches II: Physicochemical, gelatinization,
retrogradation, pasting and gel textural properties.
Food Chemistry, 2007, 101(4), 1499–1507,
doi:10.1016/j.foodchem.2006.01.060

20. Zakpaa, H. D.; Al-Hassan, A.; Adubofour, J., An
investigation into the feasibility of production and
characterization of starch from “apantu” plantain (giant
horn) grown in Ghana. African Journal of Food
Science, 2010, 4(9), 571 – 577
21. Perera,
C.;
Hoover,
R.,
Influence
of
hydroxypropylation on retrogadation properties of
native, defatted and heat-moisture treated potato
starches. Food Chemistry, 1999, 64(3), 361 – 375,
doi:10.1016/S0308-8146(98)00130-7
22. Abbey, B. W.; Ibeh, G. O., Functional properties of
raw and heat processed cowpea (Vigna unguiculata)
flour. Journal of Food Science, 1988, 53(6), 17751777, doi: 10.1111/j.1365-2621.1988.tb07840.x
23. Nwosu, J. N., The Effects of Processing on the
Functional Properties of ‘Oze’ (Bosqueia angolensis)
Seeds. Pakistan Journal of Nutrition, 2010, 9, 781-786
24. Hagenimana, A.; Ding, X. L., A comparative study of
pasting and hydration properties of native rice starches
and their mixtures. Cereal Chemistry, 2005, 82(1), 7076, http://dx.doi.org/10.1094/CC-82-0070
25. Siriwong, W.; Tulyathan, V.; Waiprib, Y., Isolation
and physicochemical characterization of starches from
different banana varieties. Journal of
Food
Biochemistry,
2003,
27(6),
471–484,
doi:
10.1111/j.1745-4514.2003.tb00595.x
26. Herceg, I. L.; Jambrak, A. R.; Subaric, D.; Brncic, M.;
Brncic, S. R.; Badanjak, M.; Tripalo, B.; Jezek, D.;
Novotni, D.; Herceg, Z., Texture and pasting properties
of ultrasonically treated corn starch. Czeck Journal of
Food Science, 2010, 28(2), 83–93
27. Seetharaman, K.; Tziotis, A.; Borras, F.; White, P.J.;
Ferrer, M.; Robutti, J., Thermal and functional
characterization of starch from Argentinean corn.
Cereal
Chemistry,
2001,
78(4),
379–386,
http://dx.doi.org/10.1094/CCHEM.2001.78.4.379
28. Singh, N.; Kaur, L.; Sandhu, K. S.; Kaur, J.; Nishinari,
K.,
Relationships
between
physicochemical,
morphological, thermal, rheological properties of rice
starches. Food Hydrocolloids, 2006, 20(4), 532–542,
doi:10.1016/j.foodhyd.2005.05.003
29. Ratnakaye, W. S.; Hoover, R.; Warkentin, T., Pea
starch: composition, structure and properties – A
review. Starch/Starke, 2002, 54(6), 217 – 234, doi:
10.1002/1521-379X(200206)54:6<217::AID-STAR21
7>3.0.CO;2-R
30. Singh, N.; Sandhu, K. S.; Kaur, M., Characterization of
starches separated from Indian chickpea (Cicer
arietinum L.) cultivars. Journal of Food Engineering,
2004, 63(4), 441 – 449, doi:10.1016/j.jfoodeng.
2003.09.003

64

Ahmed M. Rayan et. al. / Journal of Agroalimentary Processes and Technologies 2015, 21(1)

31. Miles, M. J.; Morris, V. J.; Orford, R.D.; Ring, S.
G., Recent observation on starch retrogradation. In
R. D. Hill, & L. Munck (Eds.), New approaches to
research on cereal carbohydrates. 1985, pp. 109–
115, Amsterdam: Elsevier
32. Miles, M. J.; Morris, V. J.; Orford, R. D.; Ring, S.
G., The roles of amylose and amylopectin in the
gelation and retrogradation of starch. Carbohydrate
Research,
1985,
135(2),
271–281,
doi:10.1016/S0008-6215(00)90778-X
33. Khatoon, S.; Sreerama, Y. N.; Raghavendra, D.;
Bhattacharya, S.; Bhat, K. K., Properties of enzyme
modified corn, rice and tapioca starches. Food
Research International, 2009, 42(10),1426-1433,
doi:10.1016/j.foodres.2009.07.025
34. Absar, N.; Zaidul, I. S. M.; Takigawa, S.;
Hashimoto, N.; Matsuura, E.C.; Yamauchi, H.;
Noda, T., Enzymatic hydrolysis of potato starches
containing different amounts of phosphorus. Food
Chemistry,
2009,
112(1),
57–62,
doi:10.1016/j.foodchem.2008.05.045
35. Jacobson, M. R.; Obanni, M.; BeMiller, J. N.,
Retrogradation of starches from different botanical
sources. Cereal Chemistry, 1997, 74(5), 511–518,
http://dx.doi.org/10.1094/CCHEM.1997.74.5.511
36. Pilla, S., Mechanical Properties of Starch Modified
by Ophiostoma SPP for Food Packaging Industry.
In Handbook of Bioplastics and Biocomposites
Engineering Applications, 2011, 262–263. Hoboken,
NJ: Wiley-Scrivener
37. Zobel, H. F., Molecules to granules: A
comprehensive starch review. Starch/Staerke, 1988,
40(2), 44-50, doi: 10.1002/star.19880400203
38. Delcour, J. A.; Bruneel, C.; Derde, L. J.;, Gomand,
S. V.; Pareyt; B.; Putseys, J. A.; Wilderjans, E.;
Lamberts, L., Fate of Starch in Food Processing:
From Raw Materials to Final Food Products. Annual
Review of Food Science and Technology, 2010, 1,
87-111, doi: 10.1146/annurev.food.102308.124211
39. Miyoshi, E., Effects of heat-moisture treatment and
lipids on gelatinization and retrogradation of maize
and potato starches. Cereal Chemistry, 2002, 79(1),
72–77, http://dx.doi.org/10.1094/CCHEM.2002.79.
1.72
40. Cheetham, N. W. H.; Tao, L., Variation in
crystalline type with amylose content in maize
starch granules: an X-ray powder diffraction study.
Carbohydrate Polyer, 1998,
36(4), 277–284,
doi:10.1016/S0144-8617(98)00007-1

41. Johnson ,W. B.; Ratnayake, W. S.; Jackson, D. S.; Lee,
K.; Herrman, T. J.; Bean, S. R., Masonm S. C. Factors
Affecting the Alkaline Cooking Performance of
Selected Corn and Sorghum Hybrids. Cereal
Chemistry,
2010,
87(6),
524-531,
http://dx.doi.org/10.1094/CCHEM-06-10-0087
42. Hayakawa, K.; Tanaka, K.; Nakamura, T.; Endo, S.;
Hoshino, T., Quality Characteristics of Waxy
Hexaploid Wheat (Triticum aestivum L.): Properties of
Starch Gelatinization and Retrogradation, Cereal
Chemistry,
1997,
74(5),
576-580,
http://dx.doi.org/10.1094/ CCHEM. 1997.74.5.576
43. Fujita, S.; Yamamoto, H.; Sugimota, Y.; Morita, N.;
Yainamori, M. Thermal and Crystalline Properties of
Waxy Wheat (Triticum aestivum L.) Starch. Journal of
Cereal Science, 1998, 27(1), 1-5, doi:10.1006/jcrs.
1997.0152
44. Ao, Z.; Jane, J. L., Characterization and modeling of
the A- and B-granule starches of wheat, triticale, and
barley. Carbohydrate polymer, 2007, 67(1), 46-55,
doi:10.1016/j.carbpol.2006.04.013
45. Gades, L., Spotlight on physical testing. 9000
Plymouth Ave North, Minneapolis, Minnesota 55427
1.800.245.5615, 2012, www.medallionlabs.com
46. Barichello, V.; Yada, R.; Coffin, R.; Stanley, D. Lowtemperature sweetening in susceptible and resistant
potatoes starch structure and composition. Journal of
Food Science, 1990, 55(4), 1054-1059, doi:
10.1111/j.1365-2621.1990.tb01596.x
47. Shujun, W.; Jinglin, Y.; Wenyuan, G.; Jiping, P.;
Jiugao, Y.; Peigen, X., Coparsion of starches separated
from three different F. cirrhosa. Journal of Food
Engineering,
2007,
80(2),
417-422,
doi:10.1016/j.jfoodeng.2006.01.087
48. Wang, Y. J.; White, P.; Pollak, L. Thermal and gelling
properties of maize mutants from the OH43 inbred
line. Cereal Chemistry, 1992, 69(3), 328- 324
49. Campbell, M. R.; White, P. J.; Pollak, L. M.,
Properties of sugary-2 maize starch: Influence of
exotic background. Cereal Chemistry, 1995, 72(4),
389-392
50. Perera, C.; Lu, Z.; Sell, J.; Jane, J. Comparison of
physiochemical properties and structures of sugary-2
cornstarch with normal and waxy cultivars. Cereal
Chemistry,
2001,
78(3),
249-256,
http://dx.doi.org/10.1094/CCHEM.2001.78.3.249
51. Tziotis, A., Characterization of starch fractions from
maize endosperm mutants. Thesis. 2001, Iowa State
University: Ames, IA
52. Shannon, J. C.; Garwood, D. L., Genetics and
physiology of starch development. Pages 26-86 in:
Starch: Chemistry and Technology, 2nd Ed Whistler
RL, BeMiller JN, Paschall EF, eds. 1984, Academic
Press: Orlando, FL
65

Ahmed M. Rayan et. al. / Journal of Agroalimentary Processes and Technologies 2015, 21(1)

53. Ikawa, Y.; Glover, D. V.; Sugimoto, Y.; Fuwa, H.,
Some structural characteristics of starches of maize
having a specific genetic background. Starch/Stärke,
1981, 33(1), 9-13, doi: 10.1002/star.19810330105
54. Yeh, J. Y.; Garwood, D. L.; Shannon, J. C.,
Characterization of starch from maize endosperm
mutants. Starch/Stärke, 1981 , 33(7), 222-230, doi:
10.1002/star.19810330703
55. Navickis, L. L.; Bagley, E. B., A comparison
between corn starch an dry milled corn products in
their dispersion properties. Starch/Stärke, 1986,
38(7), 217-220, doi: 10.1002/star.19860380702
56. Atwell, W. A.; Hood, L. F.; Lineback, D. R.;
Varriano-Marston,
E.; Zobel, H. F., The
terminology and methodology associated with basic
starch phenomena. Cereal Foods World, 1988,
33(3), 306–311
57. Lagarrigue, S.; Alvarez, G., The rheology of starch
dispersions at high temperatures and high shear
rates: a review. Journal of Food Engineering, 2001,
50(4), 189-202, doi:10.1016/S0260-8774(00)002399

58. Kuo, Y.; Webb, B. D.; Stansel, J. W., Genetic analysis
of amylograph viscosity measurements of milled rice
by means of Diallel graph. Journal of Agriculture
Research
China,
1996,
45,
319335,
http://210.69.150.18:8080/handle/345210000/624
59. Shimelis, E.; Meaza, M.; Rakshit, S., Physico-chemical
properties, Pasting behaviour and functional
characteristics of flour and starches from improved
bean (Phaseolus vulgaris L.) varieties grown in East
Africa E. Journal of Agriculture Engineering
International, 2006, 8, 1-18
60. Ikegwu, O. J.; Nwobasi, V. N.; Odoh, M.; Oledinma,
N. U., Evaluation of the Pasting and Some Functional
Properties of Starch Isolated from some Improved
Cassava Varieties in Nigeria. Ejeafche, 2009, 8(10),
647-665
61. Sanni, L. O.; Ikuomola, D. P.; Sanni, S. A., Effect of
length of fermentation and varieties on the qualities of
sweet potato gari processing. 8th Triennial symposium
of the international society for tropical root crops
IITA Ibadan, Nigeria, 2001, pp. 208-211

66

