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ABSTRACT 
 

Tubers and roots are important sources of carbohydrates as an energy source and are used as staple foods in 
tropical and sub tropical countries. Sweet potato (Ipomoea batatas L.) is one of the world’s most important, 
versatile, but under exploited food crop. The aim of this study was to evaluate the functional and 
physicochemical characteristics of starch produced from gamma-irradiated sweet potato tubers for control of 
insects and sprouting. Sweet potato tubers were purchased, sorted, packed and irradiated at doses of 0 kGy, 
0.2 kGy, 0.3 kGy and 0.4 kGy. Starch was extracted from the irradiated tubers and then evaluated for 
moisture, pH and pasting profile. Swelling power, solubility, water absorption capacity and bulk density were 
equally determined. The moisture contents of the starch produced from the irradiated sweet potatoes were 
between 10.02 and 11.88 %. The pH of the starch produced from the irradiated sweet potato ranged from 6.26 
-7.07. The pH values were significantly different from each other (p < 0.05). Beginning of gelatinization 
temperature of the starch samples increased with increase in dose (i.e. from 75.5-79.6 °C. Maximum/peak 
viscosity decreased from 1008.2 – 937.0 BU as the irradiation dose increase. Generally, setback and 
breakdown viscosities significantly decreased with increasing irradiation doses. The swelling power of 
starches from irradiated sweet potato tubers decreased with increased irradiation dose. However, the decrease 
in swelling power was not statistically significant (p>0.05). The solubility of starches from irradiated sweet 
potato tubers significantly (p<0.05) increased with increased in irradiation dose. Gamma irradiation of sweet 
potato tubers to control insects and sprouting influences functionality of their resultant starches. The result 
obtained therefore could be useful in selecting appropriate dose treatment of sweet potato tubers for a 
particular industrial application of their resultant starches. 
Keywords: Sweet potato, irradiation, starch, functional properties, physicochemical properties. 

   

INTRODUCTION 
 

Tubers and roots are important sources of 
carbohydrates as an energy source and are used as 
staple foods in tropical and sub tropical countries [1]. 
Sweet potato (Ipomoea batatas L.) is one of the 
world’s most important, versatile, but under 
exploited food crops. Sweet potato is a high yielding 
crop with wide adaptation and high resistance to 
drought [2]. Storage of sweet potato tubers is usually 
in pits using ash or in sacks. However, pit storage 
has been found to be effective for at least four 
months and is constrained by sweet potato weevil 
damage, rotting and rodents [3]. In addition, the use 
of ash in sweet potato storage has been found to 
produce unattractive and low market value tubers 
due to shrinkage [4]. Thus, there is need for continued 
effort to develop sweet potato production towards 
improved processing technology and value added 
products. Commercial utilization of sweet potato for 
industrial raw materials like flour and starch is non-
existent although it has the potential of adding value 
to the produce and helping create new domestic and 
export market niches for new products. However, 

increase in utility would also depend on thorough 
understanding of the effect of processing on their 
properties and functionality.  

Major problems associated with the storage 
of fresh tubers are sprouting and spoilage. Sprouting 
of tubers leads to the depletion of dry matter 
contents of the commodities. Sprouting, which is 
undesirable during storage, is promoted in tropical 
conditions. Several chemical treatments have been 
utilised to reduce sprouting in stored sweet potatoes 
and yams including naphthaleneacetic acid and 
sodium hypochlorite solution [5, 6]. Effective 
treatments include pre-harvest spraying with maleic 
hydrazide, or treating the harvested tubers with the 
methyl ester of naphthalene-acetic acid (MENA) in 
acetone.  

Irradiation treatment is a viable alternative to 
chemical fumigation for sweet potato growers. 
Gamma irradiation has long been used to protect 
foods from insect infestation and microbial 
contamination during storage. As a major ingredient, 
starch confers structure, texture, consistency and 
appeal to many food systems. The effects of gamma 
irradiation on chemical composition of food products 
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have received wide attention because of the concern 
about food safety [7]. 

The optimum irradiation dose for treating 
sweet potatoes against and insects and microbial 
contamination without affecting quality may lie 
between 100 and 500 Gy [8]. A dose of 600 Gy did not 
reduce the overall quality or taste of purple-fleshed 
and yellow-fleshed sweet potatoes [9]. Hallman [10]  
also found that orange-fleshed roots treated with a 300 
Gy dose did not differ from control roots in color or 
organoleptic ratings. The present research is aimed at 
evaluating some functional and physicochemical 
properties of starches produced from sweet potato 
exposed to gamma irradiation to control insects and 
sprouting. 
 

2.0 MATERIALS AND METHODS 
 
2.1. Sample collection and preparation  
2.1.1 Source of material 

 
Sweet potatoes (Ipomoea batatas) of ‘white’ 

cultivar were purchased from a local market in Accra, 
Ghana, kept in boxes and then transported to the 
Radiation Technology Centre, GAEC, for irradiation. 
 
2.1.2.  Radiation 

About 10 Kg of sweet potatoes tubers were 
packed in a basket for irradiation. The irradiation was 
done using a gamma irradiation facility of cobalt 60 
source at the Radiation Technology Centre (RTC) of 
the Ghana Atomic Energy Commission (GAEC). The 
radiation doses used were 0.0, 0.20, 0.30 and 0.40 
kGy at dose rate of 409 Gyhr-1 in air and the absorbed 
dose confirmed by Fricke’s dosimetry. 
 
2.1.3. Starch  Extraction 

The irradiated sweet potatoes were washed, 
peeled and then sliced into pieces. The samples were 
macerated in a domestic blender with tap water for 2 
min at maximum speed and filtered through a muslin 
cloth.  The residue was re-suspended in tap water. 
Starch was allowed to settle for 3 hours and the 
supernatant was discarded.  The starch was re-
suspended in 2 litres of tap water, filtered through a 
sieve and left to settle in a tray for 2 hours. The starch 
samples were then dried at 60°C in an air-oven. 
 
2.2 Laboratory Evaluations 
2.2.1 Functional properties 
2.2.1.1 Swelling power and solubility 
 

Swelling power and solubility was 
determined as described by Schoch [11]. Starch was 
accurately weighed (2g, dry basis) into a dry tarred 
pre-weighed 250 ml centrifugal bottle. Distilled 
water was added to give a total volume of water 
equivalent to 180g. The starch was completely 
suspended by stirring at 200 rpm using magnetic 
stirrer. After taking out the stirrer, the bottle was 

immediately placed in constant temperature shaking 
water bath at 85°C±0.2 with continuous shaking at 
200 rpm for 30 minutes. The centrifuge bottle was 
then dried and placed on a balance followed by the 
addition of distilled water to obtain a total weight of 
200 g. After capping, the bottle was centrifuged for 
15 minutes at 1000xg. To measure solubility, 50 ml 
of the supernatant was then pipetted and transferred 
into an evaporating petri-dish and dried overnight in 
a hot air oven at 105°C. The dried residue was then 
cooled in a dessicator and weighed for soluble 
starch. To measure the swelling power, the 
supernatant was carefully removed and discarded. 
The bottle with the sediment paste was then weighed 
to give the weight of swollen starch granules. The 
result was expressed by the calculation: 
 
% solubility (on dry basis) =   Weight of soluble starch        x  100 
                                      Weight of sample on dry basis 
 

Swelling power =  Weight of sediment paste x 100 
               Weight of sample on dry basis x (100 - %solubility) 
 

2.2.1.2. Water Absorption Capacity  
This was determined using methods 

described by Beuchat [12]. One gram sample was 
weighed into 25 ml graduated conical centrifuge tubes 
and about 10 ml of water added. The suspension was 
allowed to stand at room temperature (30 ± 2 °C) for 
1 hr. The suspension was centrifuged at 200 x g (2000 
rpm) for 30 minute. The volume of water on the 
sediment was measured and the water absorbed 
expressed as per cent water absorption based on the 
original sample weight. 
 
2.2.1.3 Bulk Density  

This was determined by the method of 
Narayana and Narasinga Rao [13]. A graduated 
cylinder tubes was weighed and starch sample filled 
to 5 ml by constant tapping until there was no further 
change in volume. The content was weighed and the 
difference in weight determined. The bulk density 
was computed as grams per milliliter of the sample. 
 
2.2.2 Physico-chemical properties 
2.2.2.1 Moisture Content 

AOAC [14] was used. Triplicate starch 
samples, 2g were weighed into a cooled and 
weighed dish (provided with cover). The uncovered 
samples were dried in an oven at 130°C for 1 hr (I hr 
drying period begins when oven temperature is 
actually 130°C). After the drying period the dishes 
were covered while still in oven, transferred to 
desiccators and weigh soon after reaching room 
temperature. The percent loss in weight of the 
sample was reported as moisture. 
 
2.2.2.2 pH  

Triplicate starch samples, 5g dry basis (db), 
were weighed into beakers and mixed with 20 mL of 
distilled water. The resulting suspensions were 
stirred for 5 min and left to settle for 10 min. The pH 
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of the water phase was measured using a calibrated 
pH meter [15]. 
 
2.2.2.3 Pasting Profile 

The pasting properties of the samples were 
measured using Brabender Viscograph-E 
Measurement & Control Systems (Brabender GmbH 
& Co. KG, Germany). About 40 g moisture-free 
sample (db) was suspended in 420 ml distilled water 
to prepare slurry in a large beaker. The suspension of 
the starch was mixed thoroughly and poured into the 
measuring bowl of the Brabender Viscograph-E. The 
test was run at a speed of seventy-five (75) 
revolution per minute with a measuring range of 700 
cmg. The temperature profile of the analysis was 
programmed to commence measurement at a 
temperature of 50 °C with heating at the rate of 3 
°C/min up to a temperature of 92 °C. The 
temperature of the sample was held constant for 
fifteen (15) minutes and then cooled at the rate of 3 
°C/min to a temperature of 55 °C. This temperature 
was also held constant for fifteen (15) minutes. The 
parameters recorded from the curve include: the 
time, temperature and viscosity at the beginning of 
gelatinization, maximum viscosity, start of holding 
period, start of cooling period, end of cooling period, 
and at the end of final holding period as well as 
breakdown and set back viscosities. 
 
2.3 Data Analysis  

Analysis of variance (ANOVA) was done 
using MINITAB 14 (Minitab Inc., USA). The level of 
significance used was p < 0.05 at 95% Confidence 
Intervals. 
  

3.0 RESULTS AND DISCUSSION 
 
3.1 Functional Properties 
3.1.1 Swelling Power and solubility of starch from 
irradiated sweet potato 
 

Swelling power provides evidence of non-
covalent bonding between starch molecules. The 
swelling power of starches from irradiated sweet 
potato tubers decreased with increase irradiation 
dose (Table 1). However, the decreased in swelling 
power was not statistically significant (p>0.05). The 
decrease could be due to the scission of the amylose 
and amylopectin chains in starch molecules [16]. 
Andréa et al. [17] reported that the reduction of 
pasting viscosity could result from a decrease in 
swelling due to partial depolymerization of 
amylopectin and/or amylose in amorphous regions. 
In general, swelling of most starch granules begins 
at the least organized, amorphous, intercrystallite 
regions of the granule. As this phase swells, it exerts 
a tension on neighboring crystallites and tends to 
distort them. Further heating leads to uncoiling or 
dissociation of double helical regions and breaks up 

of amylopectin crystallite structure. The liberated 
side chains of amylopectin become hydrated and 
swell laterally, further disrupting crystallite 
structure. The starch molecules are unable to stretch 
longitudinally, and actually may have a tendency to 
contract to approach a random coil conformation [18]. 
Abu et al. [19] also reported reduction in swelling 
index of starch from irradiated cowpea. 

The solubility of starches from irradiated 
sweet potato tubers is shown in Table 1. Solubility 
significantly (p<0.05) increased with increase in 
irradiation dose. Other researchers reported 
increment in material soluble in water as evidence of 
molecular degradation of starch by irradiation [20, 21]. 
 
3.1.2 Water Absorption Capacity 

The ability to absorb water is a very 
important property of all flours and starches used in 
food preparations. The water absorption capacity of 
resultant starches from the irradiated sweet potato 
tubers was 10 % for each sample (Table 1). This 
implied that the irradiation of sweet potato tubers 
had no effect on the water absorption capacity of 
their resultant starches. However, increase in water 
absorption capacity had been reported for starch 
irradiated with gamma rays (2, 10 & 50 kGy)[19]   
 
3.1.3 Bulk density 

The bulk density of the starches from the 
irradiated sweet potato tubers ranged from 0.69 – 0.79 
(g/cm3) (Table 1). These values decreased with 
increase in irradiation dose. The observed decrease in 
bulk density was statistically significant (p<0.05). 
Bulk density is a function of particle size; particle size 
is inversely proportional to bulk density. Higher value 
bulk density of sweet potato starch suggests its 
suitability as drug binder and disintegrates in 
pharmaceuticals. Bulk density value of 0.76 was 
reported by Oladebeye et al. [22] for sweet potato 
starch. 
 
3.2 Physicochemical Properties 
3.2.1 Moisture content 

The moisture contents of the starch 
produced from the irradiated sweet potatoes were 
between 10.02 and 11.88 % (Table 2). There were 
no significant differences (p>0.05) between the 
moisture contents of the starch samples. This implies 
that, the irradiation doses given to the sweet potato 
had no effect on the moisture content of its resultant 
starch. However, the starch produced from non-
irradiated sweet potatoes had higher value compared 
with those produced from irradiated sweet potatoes. 
Moisture content of dry starch varies from 6-16%, 
depending on the process used for drying the starch 
[23]. Higher levels of moisture can lead to microbial 
damage and subsequent deterioration in quality. 
Moisture content of 11 – 17 % had been reported for 
sweet potato starch [24, 25, 26, 27]. 
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Table 1: Some functional properties of starches from gamma irradiated sweet potato 
Dose 
(kGy) 

Swelling Power 
(g/g) 

Solubility (%) Water absorption capacity    
(%) 

Bulk density (g/cm3) 

0 4.31 a ± 0.72 24.65 a ± 0.00 10.00 a ± 0.00 0.79 a ± 0.02 
0.2 3.91 b ± 0.75 27.58 b ± 2.08 10.00 a ± 0.00 0.77 b ± 0.01 
0.3 3.87 b ± 0.74 34.06 c ± 4.29 10.00 a ± 0.00 0.73 c ± 0.01 
0.4 3.98 c ± 0.70 35.34 d ± 0.00 10.00 a ± 0.00 0.69 d ± 0.01 

a-d:  Means in a column with different letters are significantly different (P < 0.05) from each other. Values are mean ± SD 
of three replicates 
 
Table 2: Moisture content and pH of starches from 
gamma irradiated sweet potato 
Dose (kGy) Moisture content 

(%) 
        pH 

0 11.9 a ± 0.2 7.03 a ± 0.02 
0.2 11.4 a ± 0.4 7.07 b ± 0.04 
0.3 10.0 a ± 0.3 6.26 c ± 0.10 
0.4 11.7 a ± 0.7 6.76 d ± 0.09 
a-d:  Means in a column with different letters are 
significantly different (P < 0.05) from each other. Values 
are mean ± SD of three replicates 
 
3.2.2 pH 

The pH of the starch produced from the 
irradiated sweet potato ranged from 6.26 -7.07 
(Table 2). The pH values were significantly different 
from each other (p < 0.05). Though, there were 
reductions in the pH of the starches as the dose 
increases, the trend observed was not dose 
dependent. Generally, as the dose given to the sweet 
potato increases, the pH of its resultant starch 
decreases. The reduction in pH could be attributed to 
breakdown in glycosidic linkages by the action of 
free radical generated by irradiation in the starch. pH 
values between 4.43 – 5.57 were reported by 
Tsakama et al. [28] for sweet potato starches. High 
pH starches have been found to have increased 
solubility. This is due to increased hydrophilic 
characters of the starch at these pH values [29]. On 
the other hand, pH values of between 5 and 7 are 
said to generally stimulate retrogradation. This is 
because salts of monovalent anions and cations, 
which have been found to retard retrogradation, are 
generally absent [30]. 
 
3.2.3 Pasting profile   

The pasting characteristics of the starches 
produced from gamma irradiated sweet potatoes are 

presented in Table 3. Generally, the pasting 
characteristics of the starches decreased with 
increase irradiation dose. However, the 
pasting/gelatinization temperatures increased with 
irradiation doses. Pasting temperature increased 
from 75.5 °C to 79.6 °C. Pasting temperature gives 
the temperature at which a perceptible increase in 
viscosity occurs and is always higher than 
gelatinisation temperature [23]. Starch from non-
irradiated sweet potatoes showed significantly 
higher peak, final, breakdown and set back 
viscosities than irradiated samples (p<0.05).  Falade 
et al. [31] (2011) reported similar findings for yam 
and sweet potato tuber starches. Similarly, the 
effects of irradiation on pasting viscosities of various 
starches have also been reported by Bachman et al. 
[32] (1997), Bao et al. [33, 7]. 

Peak viscosity values were 1008.2, 982.4, 
848.0 and 937.0 BU for starches obtained from 
sweet potato irradiated at 0, 0.2, 0.3 and 0.4 kGy 
respectively. Peak viscosity, which shows the 
maximum swelling of the starch granule prior to 
disintegration, has also been described as the 
equilibrium point between swelling and breakdown 
of the granules [1]. Peak viscosity is often correlated 
with the final product quality. It also provides an 
indication of the viscous load likely to be 
encountered during mixing [34, 35]. Peak viscosity is 
also a measure of the water-holding capacity of the 
starch in terms of the resistance of swollen granules 
to shear and the swelling performance of granules 
[36]. Ezekiel et al. [37] have reported a decrease in the 
viscosities of starches extracted from irradiated 
potatoes. The decrease in the peak viscosity of 
starches from irradiated sweet potatoes could be 
attributed to degradation of glycosidic bonds in the 
amylopectin and amylose chains. 

 
Table 3: Pasting profile of starches from gamma irradiated sweet potato 

Dose 
(kGy) 

Pasting 
temp. (°C) 

Peak 
viscosity 
(BU) 

Viscosity @ 
92 °C (BU) 

Viscosity @ 
92 °C after 15 
min 

Viscosity @ 
55 °C (BU) 

Viscosity @ 55 
°C after 15 
min. 

Breakdown 
(BU) 

Setback (BU) 

0 75.5 d ± 0.5  1008.2a ± 0.2 937.0 a ± 1.0 661.2 b ± 0.2 855.0 a ± 0.0 872.0 a ± 0.0 347.0a ± 0.0 193.8a± 0.2 
0.2 79.2 c ± 0.3   982.4 b ± 0.4 934.1 b ± 0.8 644.3 c ± 0.2 806.3 c ± 0.1 807.0 c ± 1.0 338.0b ± 0.0 162.0c± 0.0 
0.3 79.6 a ± 0.0   848.0 d ± 0.0 803.9 d ± 0.1 627.2 d ± 0.1 784.5 d ± 0.1 796.8 d ± 0.2 220.8d ± 0.2 157.3d± 0.3 
0.4 79.4 b ± 0.2   937.0 c ± 0.0 874.1 c ± 0.1 674.1 a ± 0.1 842.0 b ± 0.0 859.2 b ± 0.1 262.9c ± 0.1 167.9b± 0.1 

a-d:  Means in a column with different letters are significantly different (P < 0.05) from each other. Values are mean ± SD 
of three replicates 

 
Final viscosity values for the starch samples 

were 872, 807, 796.8 and 859.2 BU for 0, 0.2, 0.3 
and 0.4 kGy respectively. Also, setback viscosity 

values were 193.8, 162, 157.3 and 167.9 BU for 0, 
0.2, 0.3 and 0.4 kGy respectively. The setback and 
final viscosities are mainly attributed to some degree 
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of re-ordering of leached amylose, which is often 
termed short-term retrogradation [38]. The final 
viscosity is used to indicate the ability of starch to 
form various paste or gel after cooling and less 
stability of starch paste is commonly accompanied 
with high value of breakdown [39]. Setback, defined 
as the difference between the breakdown viscosity 
and the viscosity at 50 °C, determines the tendency 
of starch to retrogradation. Starches with high 
setback viscosity would tend to have stiffer pastes 
than low setback viscosity [40], but are susceptible to 
weeping when used as filling in frozen product 
application. Lower setback during cooling of the 
paste indicates greater resistance to retrogradation. 

The breakdown viscosity values for the 
starch samples were 347, 338, 220.8 and 262.9 BU 
for 0, 0.2, 0.3 and 0.4 kGy respectively. Falade et al. 
[31]  also reported similar reduction in breakdown of 
starches obtained from irradiated sweet potato and 
yam tubers. Breakdown viscosity is an estimation of 
paste resistance to disintegration in response to heat 
and shear, lower breakdown viscosity showed 
greater resistance which would be expected of 
starches with lower peak viscosities. However, this 
is not always observed as breakdown viscosity 
depends on the amount of materials released into the 
paste [41]. The rate of starch breakdown depends on 
the nature of the material, the temperature and the 
degree of mixing and shear applied to the mixture 
[36]. Higher breakdown viscosity showed lower the 
ability of the sample to withstand heating and shear 
stress during cooking [29]. 
 
 Conclusion 
 

Generally, the functional and physico-
chemical properties of starches produced from 
gamma irradiated sweet potatoes decreased with 
increase in irradiation dose.  pH values ranged from 
6.26 -7.07 and were significantly different from each 
other (p < 0.05). Beginning of gelatinization 
temperature of the starch samples increased with 
increase in dose (i.e. from 75.5-79.6 °C. 
Maximum/peak viscosity decreased from 1008.2 – 
937.0 BU as the irradiation dose increase. Setback 
and breakdown viscosities significantly decreased 
with increase irradiation dose. The swelling power 
of starches from irradiated sweet potato tubers 
decreased with increased irradiation dose. However, 
the decreased in swelling power was not statistically 
significant (p>0.05). The solubility of starches from 
irradiated sweet potato tubers significantly (p<0.05) 
increased with increase in irradiation dose. Gamma 
irradiation of sweet potato tubers to control insects 
and sprouting influences functionality of their 
resultant starches. The result obtained therefore 
could be useful in selecting appropriate dose 
treatment of sweet potato tubers for a particular 
industrial application of their resultant starches. 
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