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Abstract

Starch from Dioscorea rotundata (white yam) of Kwasi species was irradiated with
gamma rays at different doses (0.05, 0.1, 0.2, 0.6 and 1.0 kGy) from Cesium-137
gamma source. The pative and irradiated specimens were characterised by X-ray
diffraction, SEM and UV-Vis spectroscopy. Proximate analyses shows it contains
moisture of ~9.77%, crude protein of 1.18%, crude fat of 0.39%, ash content of 1.13%,
crude fibre 1.09%, crude carbohydrate 86.44% and Amylose content of 22.48%. The
effect of increased irradiation shifted the 20 values below the native sample peak which
implies increase in the size of the unit cell. The strongest diffraction peaksare all at
~17° 26 and confirms that Kwasi starch has typical B-type diffraction pattern. Their
microstructure has average grain size maximum of 31.70 um for 1kGy and minimum of
15.28 ym 0.6 kGy samples, all of which are either characterised by ellipsoidal, ovoid or
oval-shaped grains. The crystallize sizes determined from Willamson—Hall plots are
27.79+16.01 nmmaximum, for native and 13.72+4.48 nm minimum, for 0.1 kGy. UV-Vis
spectroscopy studies show maximum absorbance of 1.373 at 290 nm for 0.2 kGy
sample. The TGA plot shows that kwasi starch is stable from 699°Cwith a weight loss of
~14.19 %. All the doses absorbed are in the ultra-violet region (190-400 nm) and thus
no indication of absorbed light which makes Kwasi starch colourless. It is concluded
that kwasi starch structure is not altered in any significant way by gamma irradiation at

the applied dose and may thus be suitable for applications in the food and non-food
industries.

Keywords: Starch, gamma-irradiation, Microstructure , XRD, UV-Vis.

1. Introduction

Starch is very useful for industrial applications spanning more than fourty areas.
However, less than 1% of all studies on starches have been carried out on D.
rotundata[1].There is thus the need not only to carry out studies on this family but to
also correlate their physico-chemical and material properties within the context of
different starch sources and varying irradiation regimes in order to evaluate their
properties for suitable applications.

One of the most significant irradiation techniques that have been used predominantly is
gamma irradiation. It is used to extend the shelf life of food products, modify their
physical properties [2] and is an effective means of inhibiting sprouting in D.rotundata
yams. Gamma irradiation has been used to control insects from starch obtained from
sweet potato [3] and is attractive as it reduces the application of chemicals to food and
has non residual features as an ionizing radiation.

Starch is widely available as naturally occurring carbohydrates reserve in plant tubers
and seed endosperm where it is found as granules. World production of starchhas been
reported to reach 27.5 million tons [4]. As a natural polymer, there has been growing
interest in its use for various applications such as food, paper, textile, pharmaceutical
and medical industries, among others [5]. It is used in the polymer industry because of
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its environmental friendliness due to many advantages such as being safe, renewable
and biodegradable, among others. However, many of the physical properties of its
native form need to be studied and correlated for the proper exploitation of its functional
properties. This is due to several disadvantages of native starch [5,6] which make the
modifications of its properties necessary by chemical, enzymatic and genetic
modifications [5-8]. These methods however, are often expensive, complex, time
consuming, unsafe and often associated with environmental concerns. Starch from
different sources has been exposed to different sources of irradiation such as electrons,
X-rays and gamma irradiation. The effect of gamma irradiation depends on dose rate or
dose applied and physiological factors, among others. It is therefore difficult to predict
the behaviour without carrying out a study from low (threshold) to high irradiation levels
(destructive).

Therefore, gamma irradiation has been found to be cost effective, environmentally
friendly, requires simple sample preparations and is fast. Different starch sources show
different thresholds for their structure to be modified by gamma irradiation [6-9] as the
results depended on the various doses used for functional, structural and
microstructural properties, among others. Gamma irradiation decreases the average
molecular size and viscosity but increases the solubility of waxy and normal starch [2]
when used in the range 5 to 20 kGy with increasing irradiation. Gamma irradiation of
sweet potato starch in the range 0 to 0.4 kGy decreases swelling power while the
solubility is increased with increase in irradiation. Increase in crystallinity of wheat
starch irradiated between 1 to 3 kGy has been reported without change in
microstructure, although structural change was expected [10].There has also been
report of a complete disorganization of the crystalline and carboxyl contents on starch
irradiated at 0.5 kGy from potato cultivars in the irradiation range 0 to 0.5 kGy [6].

The structural and microstructural properties of starch are fundamental to their potential
applications. Thus, in this work, the effect of different gamma irradiation doses (0.0,
0.05, 0.1, 0.2, 0.6 and 1.0 kGy) on the structural, morphological and UV-Vis spectrum
of kwasi starch from dioscorea rotundata species, locally grown in Nigeria, has been
evaluated to assess its suitability for relevant applications in the food and radiation
environments, at the same time contextualised within and outside the species.

2. Experimental

Tubers of dioscorea rotundata (D.R.), locally known asKwasi, were purchased fresh at
Tatiko village Minna, Nigeria and were taken to laboratory for extraction. Each tuber of
yam was washed and weighed before peeling with top loading balance. The peeled
tuber, was cut into pieces and blended with 1000 ml of distilled water for purity of starch
using electrically powered blender. The blended tuber was sieved through an 80-mesh
sieve with 5 litres of distil water, the sieve was allowed to settle for 10 mins and
decanted. Decantation was repeated 3 times to obtain pure starch sediments. The
starch collected was spread on a clean plastic tray and allowed to dry at room
temperature for 24 h. The dried starch was weighed and the percentage starch content
was determined using the equation below:

p : o, weightofthedrystarch % 100 % 1
ercen =
PIETS weightofthepeeledyam . M

The dried lumps of starch were further ground into powder form using ceramic mortar
and pestle and sieved with 80 um-mesh sieve. Fine samples were put in universal
sample bottle.
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Elemental Analysis was carried out on the native sample only in order to determine its

constituent elements using a portable AMPTEK(R) Energy Dispersive X-ray ray ggrc
Fluorescence (EDXRF) technique. Similarly, Proton Induced X-ray Emission (PIXE, 1.7 in :
MV Pelletron Tandem accelerators) was used to determine trace amounts of me;
phosphorus (P) content in the native starch. For the EDXRF, the pelletized native
sample was inserted into the sample holder of the XRF system and bombarded with X- 3F
ray fluorescence spectrometer with silver (Ag) anode at a voltage of 25 kV and a The
current of 50 pA. Spectrum acquisition was carried out using ADMCAR software. The loss
samples were irradiated with gamma rays at different doses of 0.05 kGy, 0.1 kGy, 0.2 with
kGy 0.6 kGy and 1.0 kGy from Cesium-137 gamma source having activity of 1850 MBq This
and a dose rate of 100.9918 Sv/hr. The activity of the source was converted to dose loss
rate using Radpro calculator software. Thermogravimetric Analysis measurement was obs
carried out using a thermogravimetric analyzer (TGA 4000 PerkinElmer, U.S.A). 38.18 391
mg of the native starch sample was weighed directly into an aluminum pan. The pan The
was heated from 30°C to 700°C at a heating rate of 10°C/min, under N, gas flow at 20 .
mi/min. The weight loss and weight derivatives were determined from the TGA curves
by means of Universal Analysis 2000 software. X-ray diffractograms of starch powders
were recorded using D8 Advance X-ray diffractometer (BRUKER AXS Germany). Cu- 1
Kecjradiation, with wavelength of 1.5406 A was used in the experiment and the |
radiation was generated at a voltage of 40 kV and current 40 mA.
The sample was placed in the XRD sample holder and then scanned from 10 to 79°28
with scan step size of 0.034 °and scan step time of 0.5 s in a continuous scan mode at
a temperature of 25°C. The procedure was repeated for both the native and irradiated
starch samples.Whole pattern and peak width fitting, together with indexing was carried f
out using GSAS Il suite of programs while estimate of the crystallinity was determined :
using WinPlotr within the Full prof program.Scanning Electron Microscope was used to !
study the surface morphoalogy using Phenom Pro X at an accelerator potential of 15 kV. | |
1 g each of native and the irradiated samples were stuck separately on a specimen In o
holder using a silver plate and then coated with palladium in a vacuum evaporator to carri
reduce the deposited charge on the sample surface. Particle size distributions were crud
determined by laser light diffractometry using a dry feeder (Malvern 2600C, Malvern 86.4
Instruments, Worcestershire, U.K.). The feeder was set at a pressure of 400 kPa and | high
the injector to a pressure of 6 kPa The focal distance was 300 mm and the measuring | com
time was 25-35 s. The mean particle size was determined in guadruplicate. | fo}'r?is
! oW
The apparent particle densities of specimens of all equilibrated starches were lipid
determined by helium pcnometry (Acupye 1330, micrometrics, Norcross, GA, USA) in resg
triplicates.Bulk and tap densities were determined in a 250 ml cylinder suing a ‘ &r;x‘
volumeter (stampfvolumeter Stav 2003, J.Engelsmann AG, Ludwigshafen, Germany).
Determinations were also made in triplicate. | The
Proximate composition analysis for ash and lipids contents was carried out according to i?radx
Association of Official Analysis Chemists AOAC [11] methods. Protein content was semi
estimated from the nitrogen content determined by elemental analyses based on a the ¢
conversion factor of 1.25 [12]. The phosphorus content was determined from the starch in an
ash by mixing the starch with 1%(w/w) sodium carbonate and ignited in a furnace at area
550°C for 6h.The phosphorus content in the starch was determined colorimetically reass
based on the method described by [13].The amylose content was determined betw
colorimetically using the method described by [14]. All determinations were done in table
triplicate and the results were presented as mean and standard deviations. An
3
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ultraviolet-visible spectroscopy study was carried out in the wavelength range of 200-
600 nm for both native and irradiated specimens. 0.05 g of each sample was dissolved
in 30 ml distilled water. The absorbance of the starch samples were measured by
means of a UV-Vis spectrophotometer (Jenway 6405).

3. Results and Discussion

The TGA/DTA curves of native starch are shown in fig. 1. The TGA curve shows mass
loss in two steps. The first mass loss is observed at temperature range 30-130°C
with~89.63% loss, almost corresponding to the DTG valley at 88.18°C, at -1.36 %/min.
This range is in accordance with literature [15,16] for cassava starch. The initial weight
loss is attributed to the loss of water and water of hydration. The second mass loss is
observed at 371°C with weight loss of ~ 21.09% and a second peak at temperature
391.19°C. This temperature range is similar to that reported by other workers [8,17-18].
The TGA plot shows that kwasi starch is stable at ~ 699°C.

W% Bl

5N I n M A0 W W W9
Temperaters (*C)

Figure 1. TGA/DTA plots for native starch showing relevant mass losses and
transformation temperatures

In order to understand the constitution of the native starch, proximate analysis was
carried out. The analyses shows it contains moisture of 9.77%, crude protein of 1.18%,
crude fat of 0.39%, ash content of 1.13%, crude fibre 1.09%, crude carbohydrate
86.44% and Amylose content of 22 48%. The report [19] on D.R. species showed
higher amount of moisture (11.96+0.06%) and amylose (28.830£0.65%) contents,
compared to the average value obtained for the same parameters in this work. The low
moisture content determined for the species is far below the threshold of 13
%(wiw)[19]which makes them safe for storage. But the amounts of crude proteins,
lipids and ash reported [19] in their work (0.2840.08%, 0.02+0.01% and 0.015+0.01%,
respectively), are much smaller than our results. The phosphorus determined from
proximate analysis in their work (0.022+0.001%), is lower than the value obtained in
this work (0.028+0.002%).

The crystalline and amorphous natures of the samples at different doses were obtained
by X-ray diffraction, Figure 2 shows the composite XRD patterns of both native and
irradiated kwasi starch. The diffraction pafterns clearly indicate that the samples are
semi-crystalline in nature. The similarity of their X-ray diffraction patterns indicate that
the organization of crystalline structure of starch was not affected by gamma irradiation
in any significant way. There is no peak at higher than 50° 26, which is considered an
area for amorphous structure. Gamma irradiation of Kwasi starch did not show any
reasonable molecular movement of starch, so there may be very little interaction
between starch molecules that would lead to change in crystallinity as presented in
table 1.
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Figure 2. X-ray diffraction pattern of kwasi starch samples at diffraction angular range of those
10=26 579 ° showing native and all gamma irradiated starch at different doses. -and t
Similarly, one can observe from XRD patterns(fig. 2) that the strongest peaks for all
samples are observed at diffraction angles (26°) of 17.14, 17.12, 17.12,17.12, 17.13
and17.13 for native, 0.05, 0.1, 0.2, 0.6 and 1.0 kGy, respectively. These are very close
indeed, indicating the slight effect of the irradiation shifts the 26 values generally below
the native peak, which implies increase in the size of the unit cell. The fact that the |
strongest diffraction peak is at ~17° 26 is a confirmation that Kwasi starch has a typical
B-type diffraction pattern. The diffraction patterns depend on starch origin as well as on
environmental growth conditions [20], in addition to being similar to those reported by
other workers [21].
Figure 3 shows the plot of the full profile fitting of the XRD pattern of the native starch
as a representative. Similar plots were obtained for the irradiated samples.
FADR Kwusl | Bk }
o~
Seem
o
™ J NN
o W B =
T || % — F
anz
- r
» » - » -
26(degrees) Tabli
Figure 3. Full profile fitting of the XRD pattern of native starch. prog
The red curve is the background fit; the crosses are the data points while the |
the continuous blue line is the fitting. quac
dete
for r
Whole profile fitting for the native starch and its subsequent refinement were carried out literg
with GSASII program for peak position, intensity and background, while the peak widths fors
were fitted using Gaussian and Lorentzian fits and their convolution, as shown in fig. 3. of re
The blue lines are the generated peak positions by GSASII. Those that do not coincide obta
with the experimental data in the 28 range 10-60°(beyond this range is a flat orysi
background) and those that were counted twice were deleted. Beyond the high angle irrad

range the plot is essentially flat background. In GSASII the background is automatically
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drawn once the generated peak positions are correctly chosen and refined. The
pseudo-Voigt profile function shapes were used. The peaks were refined systematically
and sequentially for background and intensity, peak position and peak width. The least
squares refinements of the peak widths were constrained to follow an instrumental
broadening equation. The main plot is intensity vs 28 in degrees. The red curve seen in
all the plots represents the background, the crosses are the data points and the
continuous blue line is the fitting. The low value of R,,,(1.83%) is due to the high
background and amorphous content of the samples. Similar results were obtained for
the irradiated samples.

The crystallite sizes were determined from the Williamson—Hall plots using XPowder
program based on Pseudo-Voigt analysisand is presented in table 1, while fig.4 is a
representative plot of native kwasi. The samples have varying crystaliite sizes as the
irradiation is increased, with the native having a maximum of 27.79+16.01 nm, while
those irradiated have lower values. Also the native has the largest uncertainty in its size
and there seem to be little or no microstructural modification at all doses of irradiation.

Pssudo Voigt  (full profile)

n FWHM

PRSERREREEGES

Sosrple
Coharent domain 520 217921601 nm
Norrundomn siain [X) 2020838
Comslation cosfficient 063
Gaussian camponent 0000
KPowds Wi tis ot

Figure4. Williamson-Hall pot of native sample based on Pseudo-Voigt (full profile)
analysis using XPowder program. The black dotted points and associated numberings
refer to the 20 positions while the details below the points are the generated data.

Table 1 lists the values of % crystallinity for each sample determined using the Winplotr
program within the Fullprof program. Five to six background points were selected from
the profile in order to estimate the relative crystallinity rate and this was done in
quadruplicate, The average and standard deviations(approximately zero) were
determined for each profile. The %crystallinities are not only approximately the same
for native (34%) and irradiated starch (about 33%) and similar to those reported in
literatures [8] for cassava and waxy maize starch but also within the standards reported
for starches of various origins, 15-45% [22], which is an indication that the starches are
of relatively high crystallinities. There is no clear trend in the values of the resuits
obtained for native and irradiated parameters nor are there correlation between
crystallinity, crystallite size and grain size, but the crystallinities are so close to suggest
irradiation had little effect on the starch.
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Table 1.Summary of crystallinity, crystallite size, grain size and crystal type of kwasi
starch

Samples  Crystallinity Crystallite size Gﬁ:i‘:e's'-'{:e Crystal

(kGy) (%) (nm) (i) s

Native 34 27.79+16.01 35.33(773)* B
0.05 32 21.00+10.11  17.31(132) B
0.1 33 13.72+4.48 37.41(21) B
0.2 33 15.6916.31 18.20(27) B
0.6 33 20.294+7.95 15.28(119) B
1.0 32 17.4816.42 31.70(25) B

*Numbers in parenthesis represent the number of grain counts used to determine the
average grain size from Image J software.

The native and gamma irradiated (0.05-1.0 kGy) starch samples were examined using
SEM scanned at x1000 magnification. Fig.5(A-F) are representative for native and
irradiated starches in order of increasing dose. The native starch granules and gamma-
irradiated samples show ellipsoidal, ovoid (oblong) and oval-shaped granules with a
smooth surfaces. These shapes are typical of dioscorea starch and have been reported
by other workers [6,23-24] for potato starch because they are root and tuber crops.
Similarly, the granule structure was not changed even after treatment with 1 kGy of
gamma irradiation, in agreement with previous findings [7,9,25]which reported the
absence of evident physical damage on corn starch at this dose.

Therefore, gamma radiation damage to kwasi starch seems to be absent even at the
microstructural level, apart from few scratches observed on the granule surfaces of
some irradiated samples which have been attributed to highly energetic and penetrating
radiations, and to the source. Some clustering of starch granules on irradiated samples
at 0.1 kGy and 0.2 kGy was observed and are attributed to free radicals produced by
gamma irradiation on starch molecules [18,26-27]. The average grain size (um) of
kwasi starch measured at x1000 magnification using image J software show maximum
value of 37.41 um at 0.1 kGy, while the least is 15.28 for 0.6 kGy, as presented in table
1. The values of particle (grain) sizes reported [19, 24] for some native starch of D.R
species are much higher (29.85+0.17um, 18.68 + 0.85 um, respectively) compared to
the result obtained in this work. Other studies[28] on six species of D.R. reported
average grain sizes in the range 18.41+5.0 to 40.943.0 um, with some workers [23]
reporting polygonal and rod-like shapes for the grains which have mean diameters of
27.33um.This shows that the values obtained in this work are generally within the
typical range for starches. The apparent density obtained from this work for kwasi
starch is 1.46g72, almost the same as that reported in literature (1.53g~2)[19].

Elemental analysis indicates the constituent elements in the native sample and their
concentrations (and uncertainties by weight %) are K(0.01031+0.007),
Ca(0.0096+0.0005), Mn(0.021840.0019),Zn(0.0229+0.0012), Fe(0.07524+0.0031) and
Cu(0.03504-0.0016).The spectrum is shown in fig. 6. Qualitative work reported on
mineral compositions of D.R. species found in south west Nigeria [29]show the
elements Mn, Fe, Zn, Ca and Mg, all of which were detected in the native sample,
except the last. On the other hand, quantitative work reported [30] on D.R. species
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show the presence of elements(w/w%) K (0.475+0.003), Na (0.070+0.004), Ca
(0.100+0.005), Mg (0.035+0.005) and P (0.158+0.017). The PIXE result for P in this
work is 0.035+0.002. However, the P concentration reported above is much higher than
the present result and those reported in literature. Na was not found this work. Tubers
are associated with high P content and have enormous implications for many physical
properties of starch such as viscosity, gelatinization temperature, transparency, among
others. The variations in the qualitative/quantitative elemental compositions have been
attributed to geographical and botanical origins, amongst others.

Figure5, SEM images at x1000 magnification for native and gamma irradiated starches A)
native B) 0.05 kGy C) 0.1 kGy D) 0.2 kGy E) 0.6 kGy and F) 1 kGy, respectively.

L

Figure 6. The elemental distribution in the native starch sample.
The most predominant is K.
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By comparison of the pattern of UV-Vis spectra of native kwasiand irradiated samples
in the range 200-600 nm. it is possible to verify that the absorbance of kwasi starch is
affected by the radiation dose as reported by some workers [7] (table 2). The result
showsthat the highest absorbance is that of kwasi starch at 0.2 kGywhich has a value
of 1.373at 290nm (fig.7). The result confirms that ionizing radiation altered the
absorbance of kwasi starch. The doses absorbed are in the ultraviolet region (190-400
nm) and thus no indication of any light being absorbed making Kwasi starch
colourless.Due to the lack of relevant literature about dioscorea rotundata starch, very
little information was found on UV-Vis study of gamma-irradiated starch, However, a
similar study[31] reported an increase in absorbance of starch due to the increase of
UV-irradiation of starch from 0-13 h.Other workers [32,33] also reported increase in
absorbance of chemically modified corn and potato starches, respectively, while

another study [34] reported a variation in the absorbance of chemically modified corn
and wheat starches.

15
14
12
.i 1 —Native
-E" ——0.05 kGy
—().] kGy
S 06
i —02kGy
e —0.6kGy
02 =—1.0kGy
o T rr T T T —r
, RETBR3R33883338355¢38¢8

Figure 7.UV-Vis spectra of irradiated and native jrwasf starch samples at
different doses.

Table 2: Highest absorbance for native and irradiated starch samples at different
doses

Sample (kGy) Absorbance (a.u.) Wavelength (nm)
Native 0.339 250
0.05 1.202 300
0.1 0.317 280
0.2 1.373 290
0.6 0.374 200
1.0 0.310 290

4. Conclusion

The XRD characterisation shows that Kwasi starch is semi-erystalline in nature. There
was no trend in the values recoded for percentage crystallinity and crystallite sizes of
both the irradiated and native starch samples whose values are approximately similar.
The maximum decrease in percentage crystallinity and maximum crystal size oceurred
at 0.2 kGy. An oval shape of starch granules was observed by SEM coupled with a
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strong intensity at 26 of 17°indicating that it is B-type X-ray pattern characteristic of
tubers. The DTA plot indicates phase transformations took place at temperatures of ~
88 and 319°C. The TGA plot, on the other hand, shows that kwasi starch is stable from
699°Cwith weight loss of ~14.19%.These results are an indication that kwas/ starch
structure is stable to gamma irradiation to a maximum dose of 1 kGy and has high
crystallinity compared to other starches, particularly within the dioscorea family. All the
doses absorbed are in the ultra-violet region (190-400 nm), therefore no indication of
any light being absorbed making Kwasi starch colourless. These properties make it
promising for application in food preservation and radiation environment. This research
shows that there is great diversity in composition, structure and morphology of
starches; even from the same species, and thus comparison with other species is
difficult unless some metrics are developed. Further, compared with starches from
other sources such as maize and potato, it shows that there is more work to be done on
dioscorea rotundata. 4
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