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Abstract

A study was carried out to assess the possibility of quantitative determination of starch in starchy
foodstuffs using crude amylase extracts from Ugandan sweet potato cultivars. Amylolytic activity
in 18 sweel potate cultivars grown at Namulonge was evaluated and there was 2 significant variation
of activity among cultivars tested. Crude extracts from cultivars 271, 120, 137, and Sowola had the
highest amylolytic activities and titrated respectively 61590, 56310, 55740, and 55200 units of
amylase activity per 100 g of fresh roots. Determination of starch in foodstuffs using crude amylolytic
extracts from above sweet potato cultivars was generally sensitive enough and accurate. As far as
the starch concentration was Jower than 2 mg per sample of foodstuffs, there was no significant’
difference between routine methods and the method using sweet potato amylase extracts. The
method was found to be cost effective compared to other routine and standard methods nsing
commercial and imported enzymes and chemicals.
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Introduction

Sweet potato (Jpomoea batatas L.} is an
important crop in Uganda where it plays
a major role in food system of the country
(Bashaasha ez al., 1995). Although

" Uganda is the largest sweet potato

producing country in Africa and the
fourth in the world { Woolfe, 1992), sweet
potato processing and utilization are
remarkably  narrow.  Farmers,
entrepreneurs are unfamiliar with
products, processes, and equipment to
process sweet potato. Low per capita
income, limited urbanisation means
effective demand is weak. More often
toots are steamed or roasted in the fresh
form. Home or village-level processing
of the crop is relatively uncommon.
Except in northeast of the country with a
long and het dry season where serious
attacks by weevils limit the length of time
that roots can be stored in the ground
and farmers harvest, chip and sun dry the
roots as a way to preserve the crop (Hall
et al., 1998}, Unlike China, Uganda has
not yet gone into indusirial processing
of sweet potato into animal feed, flour,
starch or noodles and other
biotechnological uses (Ge er al., 1992).
Limited range of utilization hampers the
potential benefits of the crop to farmers
and other users. Therefore, possibilities
of using sweet potato as a raw material
for biochemical uses should be assessed.
Sweet potato is nutritious and provides

energy and appreciable amounts of
vitamins and minerals (Low et al., 1997;
K’osambo ef al., 1998). Approximately
80-90% of the dry matter is made up of
carbohydrates, which consist mainly of
starch, and sugars (Hagenimana et al.,
1998). In addition to high starch content,
sweet potato roots have a high content
of amylases (Hagenimana ef al., 1992).
The native amylases have important and
well-documented influences in sweet
potato storage and processing (Walter et
al., 1973). Itis known that in baked sweet
potato roots, endogenous amylases
hydrolyse part of the starch into maltose
and longer chain polysaccharides,
resulting in a sweet taste (Picha, 1985).

Amylases play a major role in the
digestion of starch and the combined
action of o- and P-amylase is more
effective than the action of the o- or -
amylase alone (Maeda eral., 1978). Etim
and Etokikpan (1992} successfully used
sweet potato flour in place of extraneous
enzymes to increase saccharification in
sorghum brewing. Hoover (1967) reported
an enzyme activation technique for
producing sweet potato flakes from
starch and freshly harvested roots
without adding extraneous saccharifying
enzymes, Hagenimana et al, (1994) also
found that sweet potato roots contained
high amounts of extractable amylolytic

enzymes and used the outer tissue
extracts to hydrolyze starch in sweet
potato mashes.

Starch is an important industrial
compound and its by-products have
extensive uses in indusiries such as of
food, pharmaceutics, and others.
Consequently, it is of special interest to
researchers in diverse disciplines.
However, methods already established in
the quantification of starch remain quite
expensive for many of laboratories from
developing countries and hence can not
be, routinely, used in analysis of starch.
This is especially true for those methods
involving the use of purified and imported
enzymes. In addition, these enzymes,
namely amylases, are not readily available
in Uganda and many other developing
countries. They are usually imported from
overseas countries.

However, there is a possibility of using
sweet potato amylase extract in starch
determinations and that would minimise
the expenses. The crude amylase extracts
would be readily available since plenty of
sweet potatoes are under-utilized.

This study is aimed at establishing
whether sweet potato amylase extracts
could be utilized to quantify the amount
of starch in some starchy foodstuffs
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without adding extraneous amylases. -
Materials and Methods

Plant material

Fresh sweet potato storage roots were
kindly provided by Mr, Gard
Turyamureeba from the sweet potato
programme, Namulonge Agriculture and
Animal Research Institute (NAARI),
Uganda. Sweet potatoes were grown for
six months under a clay-loam soil type at
the farm (altitude of 1,150m, temperature
22.3+1°C, rainfall 960 mm} of Namulonge
Station during 1995-1996 season. Thirty
centimeter-long apical sweet potato
cuitings were planted on mounts (3
cuttings/mount) at a spacing of 0.8 X 0.8
m. No irrigation, fungicides or fertilizers
were applied to the plots. Medium-sized
sweet potato storage roots were
maintained under ambient air conditions,
washed, and amylases extracted four days
after harvest.

Cassava and millet flours were obtained
from Bwaise village, Kampala, Uganda.
Maize and wheat flour was from UNGA
Limited Manufacturers, Nairobi, Kenya.
Apart from sweet potato amylase extracts,
others enzymes and chemicals were of
analytical grade

Total amylase assay '

Exrraction. Three madium-sized sweet
potato storage roots were thoroughly
* washed in water and sliced, 100 g were
then homogenized in a Waring blender
for three minutes with 300 ml of cold
extraction buffer consisting of 20 mM
Sodium phosphate (pH 6.0), and
containing 0.3% Sodium chloride, 0.2%
Calcium chloride, and 0.001%
Mercaptoethanol, then filtered through
four layers of cheesecloth. This extract
was centrifuged at 13,000 x g for 10
minutes, and the supernatant removed
and kepton ice for further use in amylase
activity assays.

Total amylase activiry. Total amylase
activity was determined using the
dinitrosalycylic acid (DNSA) assay of
Bermnfeld (1953). Suitably diluted enzyme
preparations (0.5 ml) were pre-incubated
for 10 min at 40°C and then incubated with
0.5 ml soluble starch solution (1%) in Na-
acetate buffer (pH 6.0) containing 5 mM
CaCl, and 0.04 % NaCl for 10 min at 40°C.
The reaction was stopped by the addition
of 1.0 ml of DNSA reagent (1 gof 3, 3
dinitrosalycylic. acid with 20 ml of 2N

NaOH and 30 g NaK-tartrate made up to
100 mL with distilled water). Reaction
tubes were placed in a boiling water bath
for 5 min, then cooled in an ice bath. After
addition of 8 ml water, the optical density
was measured at 540 nm using a
spectrophotometer. A standard curve
was prepared using maltose (0 to 2.0 mg/
ml) and a linear regression analysis was
used to determine the total reducing sugar
present as mg maitose equivalents.

Chemical analyses

-Dry matter determination. Three whole

roots were randomly selected from each
cultivar, washed, and chopped. Dry matter
content was determined by drying
triplicate 20-g samples at 70°Cfor 72hin a

_forced-air oven.

Total protein determination. Total
proteins were quantified by the method
of Lowry er al. (1951), with BSA as
standard.

Starch determination

Sample preparation. One-g sample of
cassava, maize, millet and wheat flour was
weighed into a test tube and washed by
Smil of methanol/chlorofornn/water (12:5:3)
solution to remove interfering substances
and soluble sugars. The mixture was left

for 30 min and centrifuged at 2500 x g for

10 min.- The supernatant was discarded
and the insoluble residue was dried for 48
h at 70°C,. and used for further
determinations of starch.

Starch determination using
amyloglucosidase. Onto the dried pellet
which the preparation was above
described, 40 ml of 0.01 M sodium acetate
(pH 4.5) were added and the samples were
boiled for 2 min and the final volume made
up to 100 ml with sodium acetate buffer.
A standard of soluble starch from BDH
was also run. After cooling, 0.5 ml was
pipetted into another test tube and 0.5 ml
of amyloglucosidase enzyme (100 U/ml)
was added. The samples were incubated
for 1 hour at 30°C, and the reaction
stopped by adding 1 ml of DNSA solution.
The maltose equivalent content formed
was determined as above described.

Starch determination using a-amylase +
amyloglucosidase. Onto the dried pellet
which the preparation was above
described, 40 ml of 0.01 M sodium citrate
(pH 5.1) were added and the samples were
boiled for 2 min and the final volume made

up to 100 ml with sodium citrate buffer. A
standard of soluble starch from BDH was
also run. After cooling, 0.5 ml was
pipetted into another test tube and 0.5 ml
of amyloglucosidase + ct-amylase (100 U/
ml) was added. The samples were
incubated for 1 hour at 30°C, and the
reaction stopped by adding Iml of DNSA
solution. The maltose equivalent content
formed was determined as above
described.

Starch determination using perchlovic
acid/anthrone reagent. Onto the dried
pellet which the preparation was above
described, 40 ml of 35% perchloric acid
were added and the sampies were boiled
for 2 min, cooled, and the final volume
made up to 100 ml with perchloric acid. A
standard of soluble starch from BDH was
also run. 0.5 ml of suitably diluted starch
solution was pipetted into test tubes and
5 ml ot anthrone reagent was added. The
tubes were then placed in boiling water
for 12 min, cooled, and the absorbance
read at 625 nm as described by Yemm and
Willis (1954).

Starch determination using sweet potato
amylase extracts. Onto the dried pellet,
which the preparation was above
described, 40 ml of 0.01 M sodium citrate
{pH 6.0) was added and the samples were
boiled for 2 min and the final volume made
up to 100 ml with sedium citrate buffer
(pH 6.0). A standard of soluble starch
from BDH was also tun. After cooling,
0.5 ml of suitably diluted starch solution
was pipetted into another test tube and
0.5 ml of sweet potato amylase extracts
was added. The samples were incubated
for 1 hour at 40°C, and the reaction
stopped by adding 1m] of DNSA selution.
The maltose equivalent content formed
was determined by Bernfeld (1955)
method as above described.

Results and Discussion

Characteristics and total amylase
activities of sweet potato roots
Characteristics and total amylase
activities of sweet potato roots from 18
cultivars grown at Namulonge Station are
shown in Table 1. There was a
significant variation of amylase activity
between sweet potato cultivars studied.
Cultivars Sowola, 120, 137 and 271 had
the highest amylolytic activity followed
by cultivars New Kawogo, 277, and 320.
Cultivars 192, 178, 52, Tanzania, 69, 282,
and 218 had a medium amylolytic activity,
while cultivars 316, 324 and 148, the lowest.
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The dry matter content of cultivars
studied was generally high, and varied
from 28 to 39% (Table 1), Cultivar 69
had the highest dry matter of 39%, while
cultivar 192 the lowest of 28%. Cultivar
Sowola, 69, 218, 202, and 320 had a dry
matter content of over 35%.

The root yield varied from 15 to 44 t'ha.

"Cultivar 52 had the highest yield of 44.5 ¢/

ha, and cultivar 320 the lowest, yielding
15 t/ha, Storage roots from cultivar
Sowola were the only ones, which had
sprouts during the harvesting.

Determination of starch using crude
amylolytic extracts from sweet potato

Storage root extracts from four sweet
potato cultivars having the. highest
amylolytic activity were used for the
determination of starch in comparison
with three standard and routine methods
of starch determination. The results are
shown in Figure 1. Significant

differences in precision were found for
the seven methods when the samples
contained more than 2 mg starch.
However, for the starch concentration
lower than 2 mg per sample, there was no
significant difference between the seven
methods. Our results indicate the
potential of using sweet potato amylolytic
extracts for the quantification of starch in
a sample as far as it does not contain more
than 2 mg starch (Figure 1).

Over 2 mg starch per sample, the precision
was higher for the perchloric acid method
followed by the mixture of alpha-amylase
and amyloglucosidase, amyloglucosidase
alone, extract from the sweet potato
cultivar Sowola and others sweet potato
extracts. At the concentration of 3.2 mg
starch per sample, perchloric acid method
tended fo over-estimate the amount of
starch present. Notably, the perchloric

- acid method required protective clothing

and equipment for specizal ventilation to
remove acid fumes and reduce possible

Table 1. Characteristics and total amylase activities of sweet potato roots from 18 cultivars

grown at Namulonge, Uganda.

Tultvar | Gkih colter T FIERE colour | Koot yieid (¥ha) | Dry mamet (4] | OIGBIE protem (gi100g Total emylase acowity
fresh weight)' {Munits*/100g fresh weight)"
ew - Red Tream Y] T s 0% Tz 13 WIg T3
Kawogo '
Tanzania Cream Vellow 3T 134 4+ 08 447403 I E
52 Cream Yeiitw EER] NI ¢ 10 I3 403 2007
Sowcla Brown Cream 20T 358 £ 00 60 + 04 JaT & L%
2 Tream Vel KBS BT = 07 E6 1 16 T s 08
178 Red White kbR S99 4 0F 32 404 I8+ 04
Pk Cream Créam 0.0 3T 4 14 T 0d 478 3 03
Jle Cream Orange 25T 95 4 01 il a0 425 2 06
CIE Cream Cream IET A8 4 08 6% 1 02 Y L 08
Fxil Cream Cream 27 330 + 03 30T ole » 23
18 Cream Yeliow 287 360 4 03 19 + U1 0T 40
02 Tream Whie JET 355« OF 15 ¢ 00 ITT 04
152 Brown Cream 11T BT 2 13 535 ¢ 03 06 « 07
a8 Yellow Yeluw 3 T &+ 03 35 4+ 0.0 R 16 + 04
182 Red Yelkow 127 00 & 03 154 07% PR k1
R LY Yellow White T6% 33T 4+ 0OF S I ) 3.0 & 1.9
™ Yellow Cresm LEA 0Ty T3 LN %I s 26
BE Yellow Cream LELY) 75 & 13 10 2 00 AT 710
. “mean = 5D

* One unit of activity releaes | bmole of reducing sugars (as maltase equivalents) per min at 40°C.

Figure 1. Determination of starch using different methods
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explosion hazards, and this represented
high level of ecological concerns.
However, on the other hands, it was
highly efficient in processing large

numbers of samples.

Itis interesting to note the high amylolytic
activity of the sweet potato cultivar
Sowola and its good performance in the
breakdown of starch into low molecule
end products during the starch
determination. Cultivar Sowola has been
reported to early sprout in the field
(Mwanga et al., 1995).

During the process of germination, the
breakdown of insoluble starch. material to
soluble maltodextrins in plants is thought
to be accomplished by endoamylases (a-
amylase: EC3.2.1.1) (Manners, 1985). Our
results on high amylolytic activity from
the cultivar Sowola agree with
Hagenimana et al. (1994b), who reported
a general increase in total amylolytic
activity during sweet potato root
sprouting, and found that o-amylase
protein in the sweet potato roots
increased during sprouting and they
suggested that it was synthesised de
novo during the sprouting. o-Amylase
plays a majorrole in the digestion of starch
and Maeda er al. (1978) found that the
combined action of a- and B-amylase was
more effective than the action of a- or -
amylase alone. The ubiquitous
distribution of B-amylase throughout the
sweet potato roots reported by
Hagenimana er al. (1992) and the
synthesis of -amylase in sprouting roots
made the cultivar Sowola more suitable
for the hydrolysis of starch and its
subsequent determination.

Determination of starch in cassava, maize,
millet, and wheat flour using seven
methods is shown in Table 2. Overall,
the enzyme methods yielded low starch
values than the perchloric acid method.
However, the perchloric acid method
tended to overestimate the starch content
in different foodstuffs. Since it is not 100%
specific for starch, the accuracy of the
starch values depends upon the relative
proportions of starch and other interfering
polymers, like pectins, in foodstuffs (Rose
etal, 1991). :

We run SAS General Linear Models
procedures (SAS, 1988) for comparing
starch contents obtained from different
samples using the seven methods, and
found that methods using sweet potato
extracts-were not statistically different to
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Table 2. Starch concentration in foodstuffs as determined using three popular methods and

sweet potato extracts, g starch obtained.

Methods Samples
Toluble Starch  Cassava Flour  Millet Flour  Wheal Flowr | Maze Flour
(100g) {100g) (100g) (100g) {100g)

Amyloglucosidase [ EAERE] 570117 ILIE0S 30.0%0.0 5051006
Alpha-Amylase +
Amyloglucosidase 90.8£0.5 66025 4510 3451137 553217
Perchioric Acid 36.5£0.6 735206 45.012.2 445113 72023
Extract Cultivar 137 glLot2s 54.010.0 235106 248%1.0 390z08
Extract Cultivar 271 770038 54506 25.010.0 260100 8810
Extract Cultivar 120 760112 51.8%13 22506 378130 410200
Extract Culvivar Sowola 78313 548105 31510 08105 438105
Adjusted Means 853121 59713 0.9+1.3 3315+£2.0 425215

that the one using amyloglucosidase.
Method using the extract from the cultivar
Sowola was slightly statistically different
from the method using a-amylase
+amyloglucosidase and highly different
from the method of perchloric acid

(P>0.001).

Cost for the determination of starch using
different methods

About 1.7 million Uganda Shillings was
required for analysing starch of four
foodstuffs samples when the method of
a-amylase + amyloglucosidase was used.
The cost was only 1.2 millions with
amyloglucosidase alone, and 0.3 million
with perchloric acid. The cheapest of all
the methods were with extracts from sweet
potatoes, which required only 0.16 million
Uganda Shillings.

Conclusion

There is a significant variation of amylase
activity that depends on cultivar; extract
from cultivar Sowola showed high and
consistent amylolytic activity during th
starch determination; :

Sweet potato amylolytic extracts could be
used at a low cost for the estimation or
determination of starch in foodstuffs in
place of imported amylolytic enzymes;

More research and development are still

required to refine the extractability, -

stability, and homogeneity of sweet
potato amylolytic extracts.
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