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ABSTRACT

Genetic engineering of maize plants for improved yield, drought and pest resistance has
received considerable attention in agricultural research. The aim of this work is to determine
the effect of genetic modification of maize plant on some pharmaceutically relevant
fundamental properties of its isolated starches. Properties of starches isolated from PVA
39 and IWD 15 maize genotypes were compared with starch from unmodified maize grains.
Morphology studied by scanning electron microscopy (SEM), Fourier transform infrared
(FTIR) spectroscopy and differential scanning calorimetry (DSC) were evaluated. Swelling
capacity, amylose content, pasting behaviour of the starches were also determined. SEM
revealed that all the starches are largely irreqular and polygonal with few round shaped
granules. FTIR showed identical peaks in all the starch samples and DSC revealed higher
enthalpies of starch gelatinisation from the modified grains. Modification also increased
amylose content, swelling capacity and viscosity of the starches. Genetic modification
increased amylose content which positively affected pharmaceutically important properties
like moisture sorption and viscosity, thus, increasing their value in formulations especially
as binders.

Keywords: Amylose content, Genetic modification, Maize starch, Pharmaceutical
properties, Swelling capacity

"Corresponding author: olubunmibiala@yahoo.co.uk

© Penerbit Universiti Sains Malaysia, 2021. This work is licensed under the terms of the
Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).



Lateef Gbenga Bakre et al. 62

INTRODUCTION

Starch is a naturally occurring complex polysaccharide which is found as granules within
plant cells and is semi-crystalline in nature (Singh et al. 2003). It is versatile and widely used
in the manufacturing industry because it is relatively cheap and available, biodegradable,
renewable and can be easily modified. It is very commonly used in the pharmaceutical
industry as an excipient in the production of dosage forms, in its native and modified forms.

Starch properties are influenced by its botanical source, constituents and
environmental conditions during cultivation. Since starch is composed mainly of amylose
and amylopectin, their distribution within the starch granules influences its structure,
chemical and physical properties (Zavareze and Dias 2011; Simsek et al. 2014). A lot of the
pharmaceutical applications of starch is dependent on its swelling and flow behaviour in the
presence of water. Studies have shown that these properties are largely dependent on the
amylose/amylopectin ratio of the starch (Kunle 2019).

Despite its numerous potentials, starch in its native form is unstable when exposed
to varying temperature and pH, it has high tendency of retrogradation, limited solubility
in common solvents and poor flow properties (Alcazar-Alay and Meireles 2015). These
inherent properties limit its application especially for industrial purposes resulting in the
need for modification.

Starch can be modified by physical, chemical, enzymatic and genetic methods
(Yadav, Guleria and Yadav 2013). Genetic modification of starch can be achieved by
transgene technology via targeting enzymes of starch biosynthesis. This molecular
modification has significant effect on the physicochemical properties of starch (Ashok,
Mather and Rajeesh 2016). Like other modification processes, genetic modification
enhances the positive attributes of starch, increases its versatility and applicability. Reports
of genetically modified cultivars resulting in the modification of their isolated starch have
been documented. Regulation of a glycan enzyme in potatoes has been reported to
modify the phosphorous content and viscosity of the isolated potato starch (Donath et al.
1998). High amylose potato starch has been obtained from potatoes grown by inhibition of
branching enzymes (Schwall et al. 2000). Improved functional and molecular properties of
starches isolated from some maize genotypes have also been documented (Milasinovi¢-
Seremesi¢, Radosavljevié and Doki¢ 2012).

Maize (Zea mays) is a major staple food grown all over the world particularly
Asia, Latin America and Africa with diverse uses (Manu et al. 2019). Genetic engineering
(breeding) of maize plant for improved yield, high starch and nutrient contents, enhanced
tolerance to pest, drought, weed competition, heat stress, cold temperature stress and
herbicides has received considerable attention in agricultural research. As part of these
breeding programmes, the International Institute of Tropical Agriculture (IITA) in Nigeria has
produced a pro-vitamin A-rich maize genotype (PVA 39) and drought resistance genotype
(IWD 15).

The aim of this study is to determine the effect of genetic modification of maize
plant on the pharmaceutically important physical properties of starches obtained from the
cultivars (PVA 39 and IWD 15 genotypes).
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METHODS

Materials

Unmodified maize grains and modified maize genotypes (IWD 15 and PVA 39) were
obtained from International Institute of Tropical Agriculture, Nigeria. All other reagents used
were of analytical grade.

Extraction of Starch

Starch was extracted from IWD 15 and PVA 39 and unmodified maize grains using an earlier
method (ltiola and Odeku 2005). Grains of IWD 15 and PVA 39 and unmodified maize were
washed with water to remove foreign materials. The washed grains were soaked in sodium
metabisulphite solution (0.75% wi/v) for 24 h and crushed using a blender. The starch
dispersion was sieved using a calico cloth and left to stand at room temperature overnight.
The supernatant was discarded and the sediment (starch) was washed with distilled water
then air-dried for 24 h. The dried starch then was pulverised in a mortar and coded as
MI-15, MP-39 and NS for starches isolated from IWD 15, PVA 39 and the unmodified maize
grains, respectively.

Morphology

Starch samples (NS, MI-15 and MP-39) were mounted on metal stubs, coated with gold and
analysed using the scanning electron microscope (SEM) (ZEISS EVO18, Germany). Image
resolutions of the starch surfaces were obtained at 1000 magnification at a current of 7 mA
for 90 s (Bakre, Sarvaiya and Agrawal 2016).

Fourier Transform Infrared (FTIR) Spectra Studies

The starches (NS, MI-15 and MP-39) were triturated with potassium bromide, made into
pellets (1 ton/cm?) and the infrared (IR) spectra was obtained between scanning ranges of
4000 cm™ and 350 cm' using the (BX 273, Perkin-Elmer, USA). All the spectra were the
average of 16 scans and were acquired at a resolution of 4 cm™.

Determination of Amylose Content

The amylose content of the starches was determined using an earlier procedure (Man
et al. 2014). Ten milligrams of dry starch were dispersed in 5.0 mL of dimethyl sulfoxide
(DMSO) containing 10% 6.0 M urea. Dissolution was obtained by incubating the mixture
at 95°C for 1 h with intermittent vortexing. A 1.0 mL aliquot of the starch—-DMSO solution
was then placed in a 50 mL volumetric flask along with 45 mL of deionised water and
1.0 mL of iodine solution was added. The mixture was made up to 50 mL with deionised
water, mixed immediately and placed in darkness for 20 min. Control solution was made in
the same way but without sample. All samples were scanned from 400 nm to 900 nm with a
spectrophotometer (Ultrospec 6300 pro, Amershan Biosciences). Apparent amylose content
(AAC) was evaluated from absorbance at 620 nm. The recorded values were converted
to percent of amylose by reference to a standard curve prepared with amylopectin and
amylose. The experiment was performed in duplicate.
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Determination of Swelling Capacity

Swelling index was determined using the method of (Bakre, Osideko and Bamiro 2017). A
5% wiv dispersion of starch prepared in a 100 mL graduated cylinder was allowed to stand
for 24 h and the swelling capacity was calculated.

Determination of Moisture Content

The moisture content of the starches (NS, MI-15 and MP-39) were obtained by gravimetric
analysis using standard procedure (British Pharmacopoeia 2013).

Gelatinisation Temperature

This was determined using a differential scanning calorimeter (DSC1, Toledo, USA). The
starch samples were placed in the aluminum pans of the equipment and scanned between
60°C and 300°C at a heating rate of 20 mL/min under inert nitrogen flow (Sanyang et al.
2015).

Determination of Pasting Properties

The pasting properties were determined using a Rapid Visco-Analyzer (RVA, Serial-3,
Newport Scientific, NSW, Australia). The method of Fan et al. 2016 was adopted. A 3 g
quantity of starch was dispersed in 25 mL distilled water and heated using the following time-
temperature schedules: holding at 50°C for 1 min, heating to 95°C at 12°C/min, maintaining
at 95°C for 2.5 min, then cooling to 50°C at 12°C/min and holding at 50°C for 1.4 min. The
final viscosity, peak viscosity, breakdown and setback viscosities were recorded.

RESULTS AND DISCUSSION

Scanning Electron Microscopy

The micrographs of the starch samples presented in Figure 1 reveal that all three samples
are largely irregular and polygonal with few round shaped granules. Some compound
granules with 2 to 3 units can also be identified. The results indicate that genetic modification
(Figures 1a and 1b) had no effect on the shape and occurrence of starch granules in relation
to the starch granules from the unmodified starch (Figure 1c). Similar observations have
also been reported in the study of starch from genetically modified cassava roots (Wang
et al. 2018).

Fourier Transform

The infrared spectra of the starch samples are presented in Figure 2. All the spectra show
a broad rounded peak at 3281 cm™' which represent the hydroxyl group, a sharp peak at
1640 cm™ attributable to the tightly bonded water molecules and peaks at 1077 cm™' which
may be due to the stretching of the amorphous region of the starch. There was also a
strong peak at 2928 cm' which is associated with the stretching mode of the amylopectin
and amylose content of the starch. Bands around 900 cm™ and below represent the
unique fingerprint of starch (Surendra et al. 2014). Those observed around 3280 cm™,
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3291 cm™ and 3280 cm™ in the spectra of unmodified starch, starch from IWD-15 and
PVA-39, respectively, are indicative of OH stretching. Peaks observed at about 1640 cm™,
1420 cm™ and 1640 cm™ for the three starches show the presence of intra-molecular
hydrogen bonds, C-H bending and C-O stretching. Overall, there was no difference in the
spectra of the starches which indicates that the genetic modification of the maize grain did
not introduce any functional groups into the starch molecule.

Amylose Content

Amylose contentis an essential characteristic that influences the physicochemical properties
of starch. It is responsible for the swelling ability of starch; amylose molecules form lipid
complexes which inhibit their leaching thus allowing the starch grains to swell (Singh
et al. 2003). Amylose also influences starch solubility, gelling ability and gel strength once
in contact with a liquid medium, these properties of starch makes it widely applicable for
industrial processes (Campos, Gerschenson and Flores 2011). Table 1 shows that amylose
content ranged between 29.4 + 0.12% and 45.2 £ 0.11%. Starch from MI-15 and MP-39 had
appreciably higher amylose content than that from the unmodified maize (29.4 + 0.12%)
with MP-39 having the highest level (45.2 + 0.12%). This suggests that starch from MP-39
would exhibit higher swelling capacity and better propensity to form gels. Both of these
properties are important in determining the rate of drug release from a formulation.

Variations in amylose contents of starches extracted from bambara cultivars have
been attributed it to the inherent genetic differences rather than the prevailing environmental
conditions, since the different genotypes were grown in the same location (Kaptso et al.
2014). Genoytpic differences have also been determined to account for the main variation
(68%) in amylose contents of rice starches and not the differences in environmental
conditions (Jing et al. 2010). The amylose content of isolated starches from maize cultivars
in this study falls within the range of values previously reported for pulse starches such as
cowpea and pigeon pea (Hoover et al. 2010).

Swelling Index

Swelling is an indication of the ability of starch granules to absorb water and the extent
of hydration and water retention. This is responsible for the structural transition within the
granules which influences drug release from a formulation via diffusion, erosion or the
combination of both mechanisms (Omidian and Park 2008). Starch from MP-39 with the
highest amylose content (Table 1) had the highest swelling index (3.91). This confirms
the observation of Yoon and Kinam (2004) that the swelling of starch during heating is
a function of the level of interaction between starch chains within the amorphous and
crystalline regions which depends on the amylose content. However, MI-15 which has a
higher amylose content than the native starch exhibited a lower swelling index. This may
be due to chain scission in MI-15 which consequently affects the granule’s ability to hold
water. In addition, the ability of starch to swell is directly linked to amylopectin as such, high
amylose content would reduce water uptake by the granules consequently decreasing its
ability to swell (Singh et al. 2003; Muoki, Kinnear and Emmambux 2015).
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Moisture Content

Table 1 shows that all the starches had moisture content within the 15% official
recommendation for starches (British Pharmacopoeia 2002). It is important to determine
the presence of moisture in pharmaceutical materials because excessive moisture can
influence the flow, mechanical properties and physical stability of drug formulations (Emeje,
Isimi and Kunle 2008). Genetic modification does not have any effect on the moisture
content of the starches.

Table 1: Some fundamental properties of the modified maize genotypes and unmodified
maize grains.

Starch sample Amylose content (%) Swelling index (%) Moisture content (%)

NS 29.4+£0.12 1.69 £0.01 11.8 £ 0.06
MI-15 35.0+0.11 0.97 £0.01 12.1 £0.09
MP-39 452+0.11 3.91+0.02 11.4+0.22

Notes: NS = starch from unmodified maize grains; MI-15 = starch from modified maize genotype IWD 15; MP-39 =
starch from modified maize genotype PVA 39

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) was used to determine the thermal behaviour of the
starches when heated. The temperature at which gelatinisation occurs is influenced by the
crystalline nature of the starch molecules and is an important property that influences their
pharmaceutical application. Differences in gelatinisation temperature indicate differences
in gel strength and this significantly influences the binding and compaction capabilities of
starches (Vesterinen, Suortti & Autio 2001).

Table 2 shows the gelatinisation temperatures: onset (To); peak (Tp); and end (T,),
enthalpies of gelatinisation AH (J.g” ') and peak height index (PHI) of the three starches.
Starches isolated from IWD 15 and PVA 39 had higher peak temperatures than NS. This can
be attributed to their higher amylose content and crystalline nature as have been previously
reported (Lindeboom, Chang and Tyler 2004).

Table 2: DSC parameters for starches from the modified maize genotypes and unmodified
maize grains.

Thermal parameter NS MI-15  MP-39
Onset temperature (T, °C) 30.74 30.74 30.82
Peak temperature (T, °C) 76.20 77.49 80.43
End temperature (T, °C) 121.22 116.95 123.24
Enthalpy of gelatinisation AH (J.g'1) 346.99 631.30 457.72
Peak height index (PHI) 7.63 13.50 9.23

Notes: NS = starch from unmodified maize grains; MI-15 = starch from modified maize genotype IWD 15; MP-39 =
starch from modified maize genotype PVA 39
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High amylose content is associated with increased granule strength and decreased
mobility of amorphous chains (Akpa and Dagde 2012; Shah, Mewada and Mehta 2016) as
such, higher temperatures would be required to cause gelatinisation of starches from the
modified grains. However, the onset temperature of gelatinisation was similar for the three
starches suggesting that gelatinisation could be initiated at the same temperature. Enthalpy
of gelatinisation (AH) demonstrates the strength of the bond within the starch molecule
which is broken on application of heat. The temperature range (AH) shows the different
bond forces that is present within the starch granules (McPherson and Jane 1999). Higher
enthalpies of gelatinisation observed with MP-15 and MP-39 show that higher energy is
required to separate the bonds with the starch granules and suggests their application as
better binders than NS in drug formulation. The low temperatures observed in NS shows
its instability when exposed to varying temperature ranges as a result of weak molecular
arrangement of the starch molecules.

Pasting Behaviour

The rheological properties of starch give insight into the mechanism by which gelatinisation
takes place. Pasting occurs as a result of the process of gelatinisation of starches and it is
associated with swelling of starch grains, leakage of granular contents and disruption of the
granules (Atwell et al. 1988). Peak viscosity (PV) represents the highest viscosity reached
by the gelatinised starch; it is a measure of the water binding ability of the granules and also
indicates the ability of starch granules to swell before breakup (Rayan et al. 2015). Table 3
shows the peak viscosities of the starches were between 4259 + 146.37 Pa-s and 4720 +
184.56 Pa-s.

Table 3: Pasting parameters of the modified maize genotypes and unmodified maize grains.

Pasting parameter NS MI-15 MP-39

Peak viscosity (Pa-s) 4507 £ 121.62 4720+ 184.56 4259 + 146.37
Breakdown viscosity (Pa-s) 2405 + 27.58 1781 + 55.86 2159 + 67.88
Final viscosity (Pa-s) 2405 +57.28 4806+ 181.02 3722 +99.00
Setback viscosity (Pa-s) 1548 £91.92 1867 £ 52.33 1673 £ 20.51
Peak time (min) 4.30 +0.00 4.80+0.00 4.57 +0.05

Notes: NS = starch from unmodified maize grains; MI-15 = starch from modified maize genotype IWD 15; MP-39 =
starch from modified maize genotype PVA 39

MI-15 exhibited the highest peak viscosity which suggests its ability to retain
granule integrity after swelling indicated by its higher peak time (4.80 + 0.00 min). The
differences in peak viscosity can be attributed to granular swelling ability of the individual
starches. Final viscosity of the starch pastes was between 2405 + 57.28 Pa-s and 4806
+ 181.02 Pa-s; starches obtained from the IWD 15 and PVA 39 had higher final viscosity
than NS with MI-15 having the highest value. Final viscosity has been reported to be due
to the aggregation of amylose molecules (Blazek and Copeland 2008) resulting in greater
hydrogen bond interactions, higher bond strength and increased viscosity. Although MP-39
had higher amylose content than MI-15, some studies have shown that there maybe other
factors apart from amylose content that determine the viscosity of starch (Zeng et al. 1997;
Black et al. 2000; Wickramasinghe et al. 2005; Majzoobi, Farahnaky and Amiri 2011).
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The setback viscosity represents re-crystallisation of the gelatinised starch during
cooling. Starches isolated from the genotypes have higher setback viscosities in an order
similar to that of final viscosity. The higher setback viscosity could be due to higher levels
of amylose leached from the granules (Bakre, Ogun and Alayo 2014). It could also be
attributed to a rearrangement reaction occurring between the amylose and amylopectin
at lower temperatures leading to the increase in their final viscosities (Chen, Fu and Luo
2015). The breakdown viscosity which determines the extent of granule disintegration during
stirring and heating and the stability of starch paste (Simi and Abraham, 2008) was lowered
by the genetic modification. This effect was most pronounced in MI-15. The parameters
studied in Table 3 show that modification led to increased viscosity and higher resistance of
starch granules to rupture. This suggests MP-15 and MP-39 will function as better binders
than NS in solid dosage formulations.

CONCLUSION

This study has shown that genetic modification in maize cultivars IWD 15 and PVA 39
produced starches which have different properties from the native maize starch. The genetic
modification had no effect on the shape of the granules and did not introduce new functional
groups into the starch molecule. On the other hand, the modification produced starches
with higher amylose content, better pasting properties and enthalpies of gelatinisation which
suggests they may perform better as binding agents than starch from unmodified maize
grains in pharmaceutical solid formulations than starch from unmodified maize grains.
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