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ABSTRACT
Sweetpotato varieties (five) were investigated for changes in α- and β-amylase activities during root development and
on subjection of harvested roots to different postharvest handling and storage conditions. Changes in α- and β-amylase
activities in development were monitored from 10 weeks after planting. At physiological maturity, sweetpotato roots
were harvested and subjected to various conditions: freshly harvested roots and cured roots (spread under the sun for
four days at 29˚C - 31˚C and 63% - 65% relative humidity), stored at ambient conditions (23˚C - 26˚C and 70% - 80%
relative humidity) and in a semi-underground pit (19˚C - 21˚C and 90% - 95% relative humidity). Generally α- and
β-amylase activities increased during development with NASPOT 9 and 10 consistently registering the highest activities
and NASPOT 1 the lowest activity. Generally, maximum α-amylase activities were achieved at week 3 in ambient
stores for NASPOT 9 and NASPOT 10 at 0.930 and 0.897 CU/g, respectively. Maximum β-amylase activity was
achieved in ambient stores at week 3 and 4 for fresh and cured NASPOT 9 at 806 and 782 BU/g, respectively. Generally, curing and storing sweetpotatoes in ambient conditions registered the highest amylase activity. Maximum α- and
β-amylase activities were registered at 67˚C - 68˚C and 58˚C - 60˚C, respectively. These findings provide information
for controlled modification of amylase activities of these sweetpotato varieties for product development efforts and
monitoring the shelf life of the roots during storage.
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1. Introduction
Sweetpotato (Ipomoea batatas) is an important food crop,
ranks fourth among the world’s most important food
crops and is seventh in production worldwide [1]. The
main constituents of sweetpotato dry matter are carbohydrates with starch forming 50% - 70% [2]. Besides the
high starch content, sweetpotato also contains endogenous amylases with the two major ones being α- and
β-amylases [3,4].
The endogenous amylases have a substantial influence on sweetpotato roots in storage and during processing because they facilitate the breakdown of starch [5-7].
Beta-amylase is the most abundant constituting about 5%
of the total soluble protein of the sweetpotato root [8]
and is ubiquitously distributed throughout the root. Alpha-amylase on the other hand has been shown to occur
in very small quantities in the fresh roots [9,10]. Despite
its reported low quantity in the sweetpotato root, αamylase has been demonstrated to be the major enzyme
controlling viscosity in model starch systems. This is
Copyright © 2012 SciRes.

attributed to the fact that α-amylase has the capacity to
bind and attack raw starch producing maltose and limit
dextrins [11]. Alpha-amylase has the ability to directly
attack the entire starch granule releasing dextrin which is
then hydrolyzed into maltose by β-amylase and α-glucosidase [12,13]. Beta-amylases on the other hand are unable to hydrolyze raw sweetpotato starch but rather facilitate the breakdown of chemically solubilized or boiled
starch [14,15].
Several studies on amylase activity of sweetpotatoes in
storage have been reported [16-18] with significant varietal differences detected in α- and β-amylase activi- ties.
In Uganda, sweetpotato roots are subjected to a number
of postharvest handling and storage conditions to prolong
the life of the roots in storage. There is therefore need to
evaluate the effect of the different postharvest handling
and storage conditions on the activities of sweetpotato αand β-amylases. There are also no com- prehensive studies on the variation of amylase activity in developing
sweetpotato roots although it has been reFNS
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ported that in apples, the levels of starch, sugars and
amylase activity increase gradually to reach a maximum
and subsequently reduce [19]. Studies done on tubers of
Solanum tuberosum showed increment in total starch,
reduction in sugars and no notable change in several enzymes in the tuber during development [20]. This study
was conducted to determine the changes in α- and
β-amylase activities of sweetpotato roots during development and in various storage conditions as well as to
establish the temperature for optimal α- and β-amylase
activity of five Ugandan varieties.
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for small hold farmers (19˚C - 21˚C and 90% - 95% relative humidity). Pit storage involved storage of the sweetpotato roots in a pit (2 feet deep) lined with spear grass.
The sweetpotato roots that were subjected to these two
storage conditions were handled in two ways; freshly
harvested roots and those that were initially spread and
dried under the sun for 4 days (29˚C - 31˚C and 63% 65% relative humidity), that is cured sweetpotatoes. The
roots were stored for eight weeks and analyzed weekly
for changes in α- and β-amylase activities.

2.3. Sample Preparation for Laboratory Analysis

2. Materials and Methods
2.1. Sweetpotato and Reagents
Five sweetpotato varieties were used in this study and
had characteristics as shown in Table 1. Four of the
sweetpotato varieties are conventionally bred by the National Agriculture Crop Resource Research Institute
(NACCRI) in Uganda for the farmers, whereas “Kakamega” (SPK004) originated from Kakamega in Kenya.
The reagents used were of analytical grade and were
obtained from Megazyme International Ireland Ltd.,
Bray, C. Wicklow and Sigma-Aldrich Chemical Company.

2.3.1. Laboratory Analyses

2.2. Experimental Method
Sweetpotatoes were grown in three replicates under experimental conditions at the National Agriculture Crop
Resource Research Institute Namulonge in Uganda. Harvesting of sweetpotato roots started in the 10th week (2.5
months) with an average root weight of 50 g. Thereafter,
harvesting was done weekly to monitor variation in α and
β amylase activities during development of the roots up
to a period of eight weeks.
At physiological maturity (3.5 months), sweetpotato
roots were harvested for studies on storage. Two storage
conditions were used and they included ambient (room)
storage (23˚C - 26˚C and 70% - 80% relative humidity)
and pit storage which is a storage technology developed
Table 1. Characteristics of Sweetpotato varieties used in the
study.
Sweetpotato
variety

Flesh
colour

Dry matter
content (%)*

NASPOT 1

Cream

36.3 ± 3.07

NASPOT 2

White

33.0 ± 0.53

Other name (s)

NASPOT 9

SPK004/6

Orange

30.3 ± 0.37

NASPOT 10

SPKOO4/6/6

Orange

32.5 ± 0.36

Kakamega

SPKOO4

Pale orange

34.6 ± 0.28

*Mean values of triplicate experiments ± SD.

Copyright © 2012 SciRes.

Four sound roots were randomly selected for each sweetpotato variety from each of the three replicates and used
for the analyses. For the developing sweetpotatoes, the
weight of the roots varied from 50 - 180 g over the study
period, while the weight for the roots in storage was 180 250 g. The selected roots were washed under running
water, peeled, halved longitudinally and uniformly grated.
The grated tissue from the 4 roots per replicate was combined and mixed thoroughly. The grated sweetpotato was
oven dried at 40˚C for 18 hr, then milled into flour using a laboratory mill 3303, Falling number, Huddings,
Sweden.

2.3.1.1. α-Amylase Activity
Alpha-amylase activity was determined using the Ceralpha method as described [21] using kits from Megazyme
International Ireland Ltd. Crude enzyme extracts were
obtained by incubating 3.0 g of sweetpotato flour with
20.0 ml of Buffer A (containing 1 M sodium malate, 1M
sodium chloride and 40 mM calcium chloride) for 20
minutes at 40˚C. Pre-incubated enzyme extract (0.2 ml)
was then incubated with 0.2 ml of pre-incubated substrate (p-nitrophenyl maltohepatoaside) at 40˚C for exactly 20 minutes. The reaction was terminated by adding
3 ml of the stopping reagent (containing 20% tri-sodium
phosphate) and the absorbance was read at 400 nm. Alpha-amylase enzyme activity was expressed as Ceralpha
Units per gram of flour (CU/g) dry weight. One unit of
activity is defined as the amount of enzyme, required to
release one micromole of p-nitrophenol from the substrate in one minute under the defined assay conditions.
2.3.1.2. β-Amylase Activity
Beta-amylase activity was determined using the Betamyl
method as described [22] using kits from Megazyme
International Ireland Ltd. A crude enzyme extract was
obtained by incubating 0.5 g of sweetpotato flour with
5.0 ml of Buffer A (containing 6.06 g trizma base, 0.37 g
disodium EDTA, cystein and 1 M HCl) over 1 hour period at room temperature. An aliquot of the extracted
FNS
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enzyme was diluted appropriately with buffer B (100
mM sodium malate solution at pH 6.2). Pre-incubated
enzyme extract (0.2 ml) was incubated with 0.2 ml of
pre-incubated substrate (p-nitrophenyl-maltopentaoside)
at 40˚C for exactly 10 minutes. The reaction was terminated by adding 3 ml of the stopping reagent (containing
1% trizma base) and the absorbance was read at 400 nm.
Beta-amylase activity was appropriately calculated from
the absorbance values and enzyme activity was expressed
as Betamyl units per gram flour (BU/g) dry weight.
2.3.1.3. α- and β-Amylase Activity Optimal Temperature
Optimal temperatures of reaction for sweetpotato α- and
β-amylases were determined by analyzing for α- and
β-amylase activities using the Amylase HR assay reagent
(Ceralpha method) and Betamyl kits; respectively from
Megazyme International Ireland Ltd. Crude enzyme extracts (0.2 ml) for α- and β-amylases were incubated in
triplicate with 0.2 ml of the respective substrates at 40˚C,
45˚C, 50˚C, 60˚C, 65˚C, 70˚C, 75˚C and 80˚C. Enzyme
activity was expressed using the respective enzyme units
per gram.

15. Significance was accepted at p < 0.05. The results are
presented as means with standard errors.

3. Results
3.1. Amylase Activity in Developing
Sweetpotatoes
3.1.1. α-Amylase Activity
The average α-amylase activity in the roots of the five
sweetpotato varieties at harvest was 0.093 CU/g. There
was significant difference (p < 0.05) in α-amylase activity among sweetpotato varieties through the study
period. Figure 1(b) shows that NASPOT 9 had the
highest activity, on average 0.216 CU/g and NASPOT 1
had the lowest activity, on average 0.081 CU/g that is a
three-fold difference between these varieties. During the
period of development, α-amylase activity increased gradually in all the five sweetpotato varieties. It increased
continuously in four of the varieties but reduced slightly
in NASPOT 9 in weeks 17 and 18. The α-amylase activity of the five sweetpotato varieties generally doubled
during the study period as can be seen in Figure 1(b).

2.4. Statistical Analysis
All the samples, reactions and analyses were done in
triplicates. All the data was analyzed using analysis of
variance (ANOVA) and comparison of means carried out
using least significant difference test (LSD) using the
statistical package for Social Scientists (SPSS) version

3.1.2. β-Amylase Activity
The average β-amylase activity in the roots of the five
sweetpotato varieties at harvest was 324.7 BU/g. NASPOT 9 had the highest activity on average 508 BU/g and
NASPOT 1 had the lowest activity on average 421 BU/g.

Figure 1. Changes in α-and β-amylase activity in the roots of five sweetpotato varieties during development: (a) β-amylase
activity, Betamyl Units per gram (BU/g); (b) α-amylase activity, Ceralpha Units per gram (CU/g).

Copyright © 2012 SciRes.
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During the period of development, the activity of βamylase increased in all varieties of sweetpotato. It increased continuously in NASPOT 2 but, in the other four
varieties the β-amylase activities reached their peak in
weeks 14, 15, and 16 for NASPOT 10, NASPOT 9,
NASPOT1 and Kakamega respectively before remaining
relatively constant. The β-amylase activity was consistently highest in NASPOT 9 and lowest in NASPOT 1 as
is depicted in Figure 1(a).

3.2. Amylase Activity during Storage
3.2.1. α-Amylase Activity
The average α-amylase activity of the five sweetpotato
varieties at harvest was 0.164 CU/g and the average ac-
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tivity of α-amylase in the roots after curing for 4 days at
29˚C - 31˚C and 63% - 65% relative humidity was 0.239
CU/g. Results obtained from both fresh and cured roots
stored at ambient/room conditions and semi-ground facility (pit) showed that there were significant differences
(p < 0.05) in α-amylase activity among sweetpotato varieties in both storage conditions as shown in Figure 2.
The α-amylase activity was consistently higher in NASPOT 9 and NASPOT 10 than in the other three sweetpotato varieties under the two storage conditions. NASPOT
1 also had the lowest α-amylase activity in all cases except in roots which were cured and stored under ambient/
room conditions as shown in Figure 2(c). The α-amylase
activity in all the five varieties under room and pit stor-

Figure 2. Changes in α-amylase activity in the roots of five sweetpotato varieties subjected to various storage conditions: (a)
Freshly harvested roots stored under room conditions (23˚C - 26˚C and 70% - 80% relative humidity); (b) Freshly harvested
roots stored in the pit (19˚C - 21˚C and 90% - 95% relative humidity); (c) Cured roots stored under room conditions (23˚C 26˚C and 70% - 80% relative humidity); (d) Cured roots stored in the pit (19˚C - 21˚C and 90% - 95% relative humidity).
Copyright © 2012 SciRes.
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age varied during the storage period. Figure 2 shows that
the enzyme activity increased in all the five sweetpotato
varieties after harvest reached maximum (within weeks 3
and 4) and declined thereafter. The α-amylase activity in
NASPOT 1 and Kakamega varieties declined to harvest
levels but, remained higher than the harvest levels for the
other three varieties. Sweetpotato roots that were spread
under the sun for 4 days at 29˚C - 31˚C and 63% - 65%
relative humidity (cured) before storage showed on average higher initial α-amylase activity (0.239 CU/g) compared to the freshly harvested roots (0.164 CU/g). There
was however no significant difference (p > 0.05) in αamylase activity during subsequent weeks of storage
between those roots which were stored directly while

fresh and those that were cured prior to storage.
3.2.2. Beta-Amylase Activity
The β-amylase activity in the five sweetpotato varieties
at harvest was 472.6 BU/g while the average activity of
β-amylase in the in the roots after curing for 4 days at
30˚C - 31˚C and 63% - 65% relative humidity was 496.6
BU/g. Results obtained from roots that were stored while
fresh from the garden and those that were cured prior to
storage and stored at ambient/room conditions and
semi-ground facility (pit) showed that there were significant differences (p < 0.05) in β-amylase activity among
sweetpotato varieties in both storage conditions as is observed in Figure 3. Beta-amylase activity was consis-

Figure 3. Changes in β-amylase activity in the roots of five sweetpotato varieties subjected to various storage conditions: (a)
Freshly harvested roots stored under room conditions (23˚C - 26˚C and 70% - 80% relative humidity); (b) Freshly harvested
roots stored in the pit (19˚C - 21˚C and 90% - 95% relative humidity); (c) Cured roots stored under room conditions (23˚C 26˚C and 70% - 80% relative humidity); (d) Cured roots stored in the pit (19˚C - 21˚C and 90% - 95% relative humidity).
Copyright © 2012 SciRes.
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tently higher in NASPOT 9, NASPOT 10 and NASPOT
2 than in the other two sweetpotato varieties under the
two storage conditions. Kakamega contained the lowest
β-amylase activity in both storage conditions. There was
variation in the activity of β-amylase in all the five
sweetpotato varieties under both room and pit storage
conditions. It can be seen in Figure 3 that the activity in
all the stored roots increased after harvest, reached a
maximum (within weeks 3 and 4) and declined drasticcally between weeks 4 and 6 and then remained constant.
A similar trend was observed in both storage conditions
for both fresh and cured roots. The β-amylase activities
of all the sweetpotato varieties in both storage conditions
were much lower than the activity at harvest that is a
4-fold difference by the end of the study. Cured roots
showed higher initial β-amylase activity on average (490
BU/g) compared to the freshly harvested roots (473
BU/g). There was however no significant difference (p >
0.05) in β-amylase activity between the roots which were
stored when fresh and those that were cured prior to storage in the subsequent weeks of storage.

3.3. Temperature for Optimal Amylase Activity
Figure 4 highlights the temperatures for optimal sweetpotato α-amylase and β-amylase activities which ranged
from 65˚C - 68˚C and 58˚C - 60˚C respectively and
which corresponded to highest activity for the five sweetpotato varieties. The activities of both enzymes were
gradually, and for some varieties drastically, reduced at
temperatures beyond their optimal activity as shown in
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Figures 4(a) and (b). NASPOT 9 (1.169 CU/g at 68˚C)
and NASPOT 10 (1.117 CU/g at 67˚C - 68˚C) exhibited
the highest α-amylase activity compared to the other
three varieties. NASPOT 2 optimal α-amylase activity
(1.099 CU/g) was registered at 65˚C, and NASPOT1
(1.066 CU/g) and Kakamega (0.987 CU/g) at 67˚C. With
respect to β-amylase activity, NASPOT 9 (1389.6 BU/g)
and NASPOT 2 (1352.8 BU/g) exhibited the highest activities at 60˚C, followed by NASPOT 10 (1255.7 BU/g
at 60˚C) and NASPOT 1 (1007.7 BU/g at 58˚C). Kakamega exhibited the least optimal β-amylase activity
(956.6 BU/g) at 58˚C.

4. Discussion
4.1. Amylases in Sweetpotato Roots during
Development
Results from this study generally showed significant
variations (p < 0.05) in the α- and β-amylase activities
among the five sweetpotato varieties. Varietal differences
in α- and β-amylase activities were also revealed during
development and storage of the roots. β-amylase is the
most abundant of the amylases constituting about 5% of
the total soluble protein of the tuberous root [8].
These results are in agreement with other studies
showing varietal differences in α- and β-amylase activities in fresh and stored sweetpotato roots [9,17,18]. Betaamylase activity was very high compared to α-amylase
activity in all varieties during development and in storage.
It is known that fresh sweetpotato roots contain very little

Figure 4. Optimal temperatures for sweetpotato α- and β-amylase activities: (a) α-amylase activities for roots of 5 sweetpotato
varieties; (b) β-amylase activities for roots of 5 sweetpotato varieties.
Copyright © 2012 SciRes.
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α-amylase [10] which is reported to be concentrated at
the periphery of the root [9]. The α- and β-amylase activities in all the five sweetpotato varieties were found to
be lower at early development and then increased continually during development. A similar trend in α- and
β-amylase activities in developing apples has been documented [19]. The changes in β-amylase activity in the
developing apples were attributed to increase in expression in the enzyme protein. Apple β-amylases are said to
have a high degree of antigenic similarity to β-amylases
from sweetpotato [19].

4.2. Effect of Postharvest Handling and Storage
Conditions on Sweetpotato Amylase Activity
This study determined the effect of different postharvest
handling conditions (fresh handling and, curing at 29˚C 31˚C and 63% - 65% RH) storage conditions (room storage at 23˚C - 26˚C and 70% - 80% RH and pit storage at
19˚C - 21˚C, 90% - 95% RH) on the α- and β-amylase
activities of five sweetpotato varieties. Results showed
increase in both α- and β-amylase activities for all the
five sweetpotato varieties in both storage conditions up
to weeks 3 and 4 of storage and then a reduction in the
activities. A number of researchers have conducted studies on amylase activity in stored sweetpotato roots. One
study on amylases in sweetpotato showed that α-amylase
activity in Chinese sweetpotato varieties was low at harvest, increased to higher levels after 60 days in storage (8
weeks) and reduced thereafter [18]. Another study revealed increase in α- and β-amylases of Porto Rico and
Beauregard sweetpotato cultivars to a peak between days
13 - 22 (2 - 3 weeks) during germination and then a reduction in activities. Another study had reported that
α-amylase activity in sweetpotato increased to a peak
after 90 days (12 weeks) in storage [16].
Results from this study were in agreement with the
results from the earlier studies and revealed similar
trends in both α- and β-amylase activities in sweetpotato
roots in storage. There were however differences in the
time that was required for the α- and β-amylase activities
to reach the peak. Whereas in the earlier studies the
sweetpotato roots attained peak amylase activity after 8
and 12 weeks in storage [16,18], the roots used in this
study attained peak amylase activity after 3 - 4 weeks.
The time taken to attain peak amylase activity in this
study was similar to that observed during germination of
sweetpotato roots [3]. The differences in results could be
attributed to sweetpotato varieties used in the various
studies and the ecological zones in which the sweetpotatoes were grown [23]. Increase in α-amylase activity has
been attributed to de novo synthesis of α-amylase [3] and
its diffusion into the starchy endosperm [24] during storage.
These results revealed that the different storage condiCopyright © 2012 SciRes.

tions (23˚C - 26˚C, 70% - 80% RH and 19˚C - 21˚C,
90% - 95% RH) did not significantly affect the activities
of the sweetpotato α- and β-amylases (p ≥ 0.05) although
the activities were generally higher in room stored roots
(23˚C - 26˚C, 70% - 80% RH). The results for α-amylase
activity in this study had a similar trend with results from
tuberous-rooted chervil roots in which increase in activity was induced by storage temperatures of 10˚C - 16˚C
and not 4˚C [25], although in the storage temperatures
used in this study were higher. Results from a study
conducted on potato had also reported low levels of
α-amylase activity in potato at low temperature [26]. The
trends of β-amylase activity in storage obtained in this
study were in agreement with findings of similar studies
[3,9,16-18], despite the different storage conditions. These
results were however not consistent with results obtained
from tuberous-rooted chervil roots which indicated that
β-amylase was high when stored at lower temperatures
(4˚C) but, decreased at higher temperatures [25]. Betaamylase activity in potato has been reported by some
researchers to be highly temperature sensitive, increases
with lower temperature [27], although others have found
that low temperature had no effect on amylase activity of
potato [28].
This study has also shown that the activities of both αand β-amylases of sweetpotato depend on the storage
conditions especially the temperature and relative humidity. Sweetpotato continue to transpire in storage as
starch is being converted to sugars [29]. Amylases are
responsible for the breakdown of starch in the sweetpotato [5-7,14]. It has also been documented that sweetpotato roots begin to sprout when stored at temperatures
higher than 16˚C for a long time [30] and that sprouting
coincides with rise in amylase activity and breakdown of
starch.

4.3. Temperatures for Optimal Sweetpotato
Amylase Activity
Results from this study also revealed that the optimal
temperatures for α- and β-amylases were 67˚C - 68˚C
and 58˚C - 60˚C respectively, which concurred with published literature showing that α-amylases have higher
optimum temperature than β-amylases [3]. The study
revealed that NASPOT9 (and Naspot10 in the case of
α-amylase) can be taken advantage of using its endogenous amylases to capitalize on its highest activity.
This study has demonstrated the trends in endogenous
amylase (α- and β-) activities that can be modulated depending on the physiological status of the sweetpotato
roots. Highest activities being registered for room stored
roots are shown in Figures 2 and 3. This however, has
implications as a functional property, whereby endogenous amylases could be maximally taken advantage of.
Secondly, in instances where there is need to slow down
FNS
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activities, prior to subsequent usage, the pit store would
be the appropriate store to room (ambient) store. Generally, depending on subsequent use and desired product
attribute it is therefore possible to modify the endogenous amylase activity of the roots during development
and post harvest handling.

5. Conclusions
Results from this study revealed the effect of different
postharvest handling and storage conditions on the activities of α- and β-amylases for five varieties and the
time when peak activity of these enzymes is attained.
This provides basis for the categorization of the studied
sweetpotato varieties and tagging them to various uses
which may include extraction of the pure enzymes for
commercial use, development of sweetpotato based products depending on the desired attributes.
Increased interest in the use of sweetpotato as a raw
material for processed products in the developing world
makes the knowledge of the changes in chemical properties in the sweetpotato roots under different conditions a
prerequisite step in the food industry. With a lot already
documented on the effect of varietal differences on αand β-amylase activities of sweetpotato roots and the
variation of these enzymes in storage, it is very important
to document the changes that occur in both α- and
β-amylase activities during development and the effects
that various postharvest handling and storage conditions
have on the enzymes. The study has showed that the behavior of these five sweetpotato varieties is similar in
trends compared to other varieties. The study has demonstrated the potential use of each of these varieties for
various alternative functions. Knowledge of these changes
can facilitate the estimation of optimum growth periods
and storage time for the different sweetpotato varieties in
order to meet different food industry needs.
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