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Abstract
Starch-iodine assay method for the determination of α-amylase activity is also used in screening extracts for αamylase inhibitors. However, there are indications that this method may not be appropriate for screening some
classes of compounds or plant extracts. The present study investigated the limitation(s) of this method in screening plant extracts/compounds for α-amylase inhibition. A crude methanol extract (CR) of Dacryodes edulis, its
solvent fractions (ethyl acetate (EA), aqueous methanol (AM), and hexane (HX)), quercetin (QC), and benzoic
acid (BA) were used for this study. The phytochemical content and antioxidant activity were screened spectrophotometrically. α-Amylase inhibition (expressed in percentage and as IC50) was determined by starch-iodine
method approach I and II (ST-ID I and ST-ID II, respectively) and dinitrosalicylic acid (DNSA) as the control method. The results showed that the extracts/compounds (AM, EA, and QC) with significantly high polyphenolic
content, antioxidant activity, and starch-iodine complex decolorization effect yielded contrary results of α-amylase
inhibition when the results of ST-ID I and II methods were compared to that of the DNSA method. The other test
samples (CR, HX, and BA) yielded similar results for all the three methods. The result also showed the decolorization (%) of starch-iodine complex by the test samples correlated significantly (r = 0.877, P < 0.05) with DPPH
reduction (%). In conclusion, the present study showed that the starch-iodine method is not appropriate for screening antioxidative extracts/compounds for α-amylase inhibitors – they decolorize the assay reagent in a manner
similar to DPPH reduction and hence confound the result.
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Introduction
α-Amylase belongs to a class of hydrolase enzymes
that cleaves O-glycosidic bonds in starch molecules and
related polysaccharides to give diverse products including dextrin and smaller polymers composed of glucose
units (Hussain et al., 2013). The enzyme can be derived
from several sources, including plants, animals, and
microorganisms (Hussain et al., 2013). It plays a dominant role in starch metabolism in animal growth, during
grain development, and in germination. It is synthesized
under the influence of growth hormones and exists in
multiple forms (Cheng et al., 2014; Csiszar et al., 2010).
Mammalian α-amylase is a prominent enzyme in pan-

creatic juice, which breaks down large and insoluble
starch molecules into absorbable molecules, ultimately
maltose (Gupta et al., 2003). In recent times, inhibitors
of α-amylase have gained huge research interest in the
management of diabetes mellitus. They act by delaying
the breakdown of carbohydrates in the small intestine
and decreasing the postprandial blood glucose excursion
levels in patients with diabetes. Thus, it is common to
find many research studies that have screened plant-,
animal-, and microbial-derived compounds and extracts
for candidate amylase and glucosidase inhibitors (Abu
Soud et al., 2004; Sudha et al., 2011; Unnikrishnan et al.,
2015; Pujiyanto et al., 2018).
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Several methods are currently available for testing
α-amylase activity: starch-iodide (Gupta et al 2003; Xiao
et al., 2006), 3,5-dinitrosalicyclic acid (DNSA) (Xiao
et al., 2006), Falling Number (FN) (ICC standard booklet, 1999), and Ceralpha method (Megazyme booklet,
2012). These methods are based on the following four
principles: 1) decrease in the blue color of starch-iodine
complex for the starch-iodine method; this change reflects the endocleavage of starch and can be used routinely to assay α-amylase activity; 2) increase in the
amount of reducing sugars for the DNSA method; it is
the most commonly used method for direct measurement of starch hydrolysis because of its reliability and
simplicity; 3) decrease in the viscosity of starch solution
for the FN method, which is accepted as international
standard method—ICC Standard No. 107; and 4) degradation of a color-complexed substrate ρ-nitrophenyl maltoheptaoside (BPNPG7) is an example of a chromogenic
substrate that is sensitive for α-amylase activity determination in the Ceralpha method (ICC standard booklet,
1999; Gupta et al., 2003; Xiao et al., 2006; Megazyme
booklet, 2012; Kazeem et al., 2013).
Methods used in monitoring enzyme activities are
usually employed in studying the inhibition of the same
enzyme. Among the methods for screening plants and
plant-derived products/compounds for candidate α-amylase inhibitors, two methods have been widely reported:
the Nelson Somogyi method based on measuring the
amount of reducing sugar released by the yellow complex formed with DNSA and the other method based on
measuring the amount of hydrolyzed starch measured by
the intensity of the blue-black color of the resulting
starch-iodine complex (Nyambe-Silavwe et al., 2015; Kumar et al., 2013; Abdullah and Kasim, 2017; Bahar et al.,
2016; Ravi et al., 2017).
The starch-iodine method has received considerable
attention because it can be used to screen a large number of potential candidate α-amylase inhibitors in a short
time frame. This is largely due to its sensitivity and requirement of low-cost reagents and less rigorous protocol (Oliveira et al., 2019). The DNSA method, on the
other hand, is very sensitive and stable, but suffers from
a relatively high cost of the reagents required and
a more rigorous protocol. A recent attempt by our laboratory to adapt the starch-iodine method for rapid screening of column fractions of a crude extract for α-amylase inhibition has given rise to questions about its per-

formance with some extracts and compounds. It is upon
this premise that the present study was conceived. It
was aimed to investigate the limitations of the starchiodine method in screening plant extracts for α-amylase
inhibition using four extracts and two standard compounds: the crude methanol extract (CR) of Dacryodes
edulis, its solvent fractions (ethyl acetate (EA), aqueous
methanol (AM), hexane (HX)), quercetin (QC), and benzoic acid (BA).
Materials and methods
Chemicals/Reagents

All reagents used were of analytical grade and were
obtained from Loba Chemie (India) and Sigma-Aldrich
(China).
Preparation of plant extract and fraction

Dacryodes edulis leaves were obtained from University of Nigeria Nsukka campus in Enugu State. The
plant was identified and authenticated (voucher No:
UNNHN0601) by a taxonomist in the Department of
Plant Science and Biotechnology, University of Nigeria,
Nsukka. The crude extract and particular fractions were
prepared as described by Teke et al. (2011) with little
modifications. The leaves of D. edulis were shade dried
and coarsely powdered. A mass of 500 g of the ground
leaves was macerated in 2.5 l of methanol for 48 h. The
mixture was then filtered and concentrated under reduced pressure in a rotary evaporator at 50EC. A 20.14 g
of the crude extract was pre-dissolved in 100 ml of methanol and then partitioned into 350 ml of n-hexane in
a separatory funnel. The mixture was allowed to stand
for 12 h until clearly separated two phases were formed
(upper and lower phases). The upper (n-hexane) phase
was collected and concentrated as HX solvent fraction.
This was repeated three times. The residual methanol
phase was collected, concentrated, re-dissolved in 100 ml
of AM (55 : 45 v/v), and partitioned into 350 ml EA three
times as described above for n-hexane in a separatory
funnel. The resulting upper (EA) phase was collected
each time, pooled together, and concentrated as the EA
solvent fraction, while the lower (AM) phase was collected and concentrated as the AM solvent fraction. The extract and the particular fractions were labeled and preserved for further use in airtight opaque bottles at !4EC.
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Determination of total phenolic content

The total phenolic content was determined spectrophotometrically according to the method described by
Saeed et al. (2012) with slight modifications. To 10 ml
test tubes containing 0.1 ml of the crude extract, solvent
fractions (HX, EA, and AM) each prepared in methanol
(in triplicates), 5 ml of distilled water, and 0.5 ml of (10%
v/v) Folin-Ciocalteau’s phenol reagent prepared in water
were added sequentially and shaken. After 5 min, 0.5 ml
of 2% w/v Na2CO3 solution was added and mixed thoroughly. The mixture was kept in the dark for 30 min at
room temperature, after which the absorbance was read
against a blank (all reagents with methanol substituting
the extract) at 765 nm. The standard curve for total phenolics was prepared using gallic standard solution (0 to
100 mg/ml) following the same procedure as described
earlier for the extract. The total phenolics was determined from the calibration curve and expressed as milligrams of gallic equivalents per gram of dried crude extracts or fractions.
Determination of flavonoid content

Total flavonoid content was determined according to
a method reported by Saeed et al. (2012) with slight
modifications. To a 10 ml test tube containing 0.3 ml of
crude extract, solvent fractions (HX, EA, and AM) each,
3.4 ml of 30% methanol, 0.15 ml of NaNO2 (0.5 M), and
0.15 ml of aluminum chloride [AlCl3.6H2O (0.3 M)] were
added sequentially. After 5 min, 1 ml of NaOH (1 M) was
added. The solution was shaken to mix well, and the
absorbance of the resulting solutions was measured
against the reagent blank (all reagents with methanol
substituting the extract) at 506 nm. The standard curve
for total flavonoids was prepared using QC standard
solution (0 to 100 mg/ml) following the same procedure
as described earlier for the extracts. The total flavonoids
were determined from the calibration curve and expressed as milligrams of quercetin equivalents per gram
of dried crude extracts or fractions.
Antioxidant activity
(DPPH – 2, 2-diphenyl-1-picrylhydrazyl assay (DSA))
The free radical scavenging activity of the extracts
was measured in vitro using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) according to a method described by Saeed et al.
(2016) with slight modifications. The DPPH stock solution (0.1 mM) was prepared by dissolving 4 mg of DPPH
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in 100 ml methanol and stored at 20EC until required.
The working solution was obtained by diluting the DPPH
solution with methanol to attain an absorbance of approximately 1.2 ± 0.09 at 517 nm by using a spectrophotometer. A 3 ml aliquot of this solution was mixed
with 100 μl of various concentrations (0–200 μg/ml) of
the crude extract, solvent fractions (HX, EM, and AM)
and standard compounds (QC and BA). The reaction
mixture was shaken well and incubated in the dark for 30
min at room temperature. The absorbance was measured at 517 nm. The control was prepared as described
above without any sample. The % scavenging activity was
determined by the following equation:
DPPH reduction (%) = (Ac ! At ) / Ac × 100,

where Ac and At are the absorbance of the control and
tests, respectively. The concentration of the extracts
/compounds resulting in 50% reduction of DPPH was
determined graphically.
Antioxidant activity (reducing power assay)

The reducing power (RP) assay is based on Fe (III) to
Fe (II) transformation in the presence of test samples that
can be monitored by measuring the formation of Perl’s
Prussian blue at 700 nm as described in Ononamadu et al.
(2019). Briefly, various concentrations (0–200 μg/ml) of
the extract/fractions (2 ml) were prepared and mixed with
2 ml of phosphate buffer (0.2 M, pH 6.6) and 2 ml of potassium ferricyanide (10 mg/ml). The mixture was incubated at 50EC for 20 min and followed by the addition
of 2 ml of trichloroacetic acid (100 mg/l). The mixture
was centrifuged at 3000 RPM for 10 min to collect the
supernatant of the solution. A volume of 2 ml from each
of the mixture mentioned earlier was mixed with 2 ml of
distilled water and 0.8 ml of 0.1% (w/v) fresh ferric
chloride solution. After 10 min reaction, the absorbance
was measured at 700 nm. A standard curve of ferric
sulfate was used to quantify the ferric reduction potential of the extract/fractions. IC50 was determined as the
concentration of extract/solvent fraction that gave a reduction equivalence of 50 mM Fe2+.
α-Amylase inhibition assay

The α-amylase inhibitory activity of the selected extracts and compounds was carried out using the DNSA
method and two different approaches of the starch-iodide
method. The difference in the two approaches of the
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starch-iodide method is the time at which the absorbance of the reaction cocktail was measured following
the addition of iodine/potassium iodide solution.
DNSA method

The DNSA method was carried out according to the
method described by Kazeem et al. (2013). In brief, to
250 μl of each extract, solvent fraction and compound
concentration (0, 50, 300, 550, 800 μg/ml) in a test tube
in triplicates, the following were added sequentially:
250 μl of phosphate buffer (200 mM, pH 6.9 and containing 6 mM sodium chloride), phosphate-buffered α-amylase (250 μl, 0.05 mg/ml), and starch (250 μl, 1% w/v),
and the reaction mixture was incubated for 15 min at
25EC. DNSA (500 μl) was added subsequently and then
boiled for 5 min. It was then cooled and diluted with
5 ml of dH2O. The control was prepared in the same
manner as the test samples with distilled water replacing
the extract. The absorbance of each test tube content
was measured at 540 nm and the percentage of inhibition was calculated as follows:
% inhibition = (Ac ! At ) / Ac × 100,

where Ac and At are the absorbance of the control and
tests, respectively.
The concentration of the extracts resulting in 50%
inhibition of the enzyme activity (IC50) was determined
graphically.
Starch-iodide method (Approach I and II)

Screening of the selected extracts and compounds for
α-amylase inhibition was carried out according to the
method described in Ferosekhan et al. (2016) with slight
modifications. To 250 μl of each extract in a test tube (0,
50, 300, 550, 800 μg/ml) in triplicates, the following were
added sequentially: 250 μl of phosphate buffer (200 mM,
pH 6.9 and containing 6 mM sodium chloride), phosphatebuffered α-amylase (250 μl, 0.05 mg/ml), and starch
(250 μl, 1% w/v), and the reaction mixture was incubated
for 15 min at 37EC. One molar HCl (20 μl) was added to
stop the enzymatic reaction, followed by the addition of
100 μl of iodine reagent (5 mM I2 and 5 mM KI). The
color change was noted, and the absorbance was read at
625 nm on a 1 ml cuvette at exactly 1 min after adding
the iodine/iodide solution. For the starch-iodine method
approach II, the absorbance was measured 20 min after
adding the iodine reagent. The control reaction representing 100% enzyme activity contained no test extract

or compound. To eliminate the absorbance produced by
plant extract, appropriate extract controls without the
enzyme were also included. Inhibition of enzyme activity
was calculated as follows:
Inhibition (%) = (C ! S ) / C × 100,

where S is the absorbance of the sample and C is the
absorbance of control (no extract, no enzyme). The concentration of the extracts/compounds that resulted in
50% inhibition of enzyme activity (IC50) was determined
graphically. Pearson correlation coefficient (r ) of the median inhibitory concentrations (IC50) of the samples by
the two methods was determined (IC50s obtained with
ST-ID II or ST-ID I method against corresponding IC50s
obtained with the DNSA method).
Effect of the extracts on the starch-iodine complex

The effect of the selected extracts/compounds (AM,
ET, HX, CR, QC and BA) on starch iodine complex was
carried out as follows: to 100 μl of each extract concentration in a 3 ml cuvette tubes (0.01, 0.05, 0.1,
0.2 mg/ml) in triplicates, the following were added:
starch (1000 μl, 2.0% w/v), 1000 μl sodium phosphate
buffer, (0.02 M, pH 6.9) and 400 μl of iodine reagent
(5 mM I2 and 5 mM KI). The reaction mixture was shaken and incubated for 60 min at 25EC. The absorbance
was measured at 0, 20, 40, and 60 min. The results were
expressed graphically as absorbance against time for
each concentration of the extracts/compounds tested.
The percentage of decolorization of the starch-iodine
complex was computed using the following equation:
Starch-iodine decolorization (%) = (A0 ! At ) / At × 100,

where A0 and At are the absorbance of the reaction mixture at time 0 and time t, respectively. The Pearson correlation coefficient between the starch-iodine decolorization
percentage and the corresponding DPPH reduction percentage was determined and expressed as a scatter plot.
Statistical analysis

Statistical analysis was performed using Graphpad
prism version 7.0 for IC50 determination, Microsoft excel
for graphical presentations, and SPSS (Statistical Package for Social Sciences) version 16 for Pearson correlation and descriptive statistics. All data were expressed
as mean ± SEM. P < 0.05 was considered to be statistically significant.
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Results
Phytochemistry and antioxidant activity
of the test extract, fractions, and compounds
The phytochemistry and antioxidant (DPPH scavenging and reducing power) activity of the tested extracts
(AM, EA, CR, and HX) and compounds (QC and BA) are
presented in Table 1. The results showed that extracts
AM and EA had a significantly (P < 0.05) higher content
of flavonoids and phenolics (AM: 161.1 mg quercetin
eqv, 204 mg gallic acid eqv and EA: 149.2 mg quercetin
eqv, 193 mg gallic acid eqv, respectively) relative to CR
and HX (87 mg quercetin eqv, 167 mg gallic acid eqv and
12.5 mg quercetin eqv, 34.0 mg gallic acid eqv, respectively). For the antioxidant activity, a similar trend was observed. The extracts AM and EA and compound QC exhibited a significantly (P < 0.05) higher DPPH scavenging
and reducing power activity (AM: 32.4 and 44.9 μg/ml,
EA: 41.3 and 40.3 μg/ml, and QC 28.5 and 33.9 μg/ml,
respectively) when compared to extracts CR (69.2 and
96.1 μg/ml) and HX (466.8 and 195.9 μg/ml) and compound BA (480 and 149.5 μg/ml, respectively).
Amylase inhibition assays

The in vitro α-amylase inhibition assay results of the
selected extracts and compounds using the starch-iodine
methods (approach I and II) and the DNSA method are
presented in terms of median inhibitory concentrations
(IC50) (Fig. 1) and percentage of inhibition (Table 2).
The result revealed that AM (193.2 μg/ml and 98.3%),
EA (640.0 μg/ml and 87.2%), and QC (210.0 μg/ml and
99.0%, respectively) exhibited significantly higher inhibitory activity relative to CR (2802.0 μg/ml and 36.0%),
HX (8806.3 μg/ml and 5.5%), and BA (8809.0 μg/ml and
6.7%, respectively), but this trend was significantly different in ST-ID I and ST-ID II methods (AM: 4016.0,
7294.6 μg/ml and 12.4, 6.8%; EA: 5040.7, 7884.5 μg/ml
and 9.9, 6.3%; QC: 4343.0, 7012.4 μg/ml and 11.3, 5.0%;
CR: 2174.3, 4634.0 μg/ml and 20.8, 6.3%, respectively).
AM, EA, and QC exhibited a high magnitude of difference in IC50. These differences were most significant
relative to the ST-ID II method.
The correlation of the amylase inhibitory activity
(IC50) of the extracts from the ST-ID I, ST-ID II, DNSA
methods is presented in Table 1. The table showed that
the result (IC50) obtained with the ST-ID I method correlated statistically and positively (r = 807, P < 0.05)
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with the results of the DNSA method. The correlation of
ST-ID II result with that of DNSA was not statistically
significant r = 0.789, P > 0.05)
Effect of the tested extracts and compounds
on the starch-iodine complex
The effect of the tested extracts and compounds on
the starch-iodide (blue-black) complex is presented in
Figure 2. The results revealed that the extracts AM and
EA and compound QC exhibited a marked dose- dependent decolorization of the blue-black color of the starchiodine complex with time. From Figures 2B, 2C, and 2D,
it was observed that the curves for AM, EA, and QC
steeply sloped downward away from the CR, HX, and BA
curves to give over 25, 50, and 75% decolorization within
30 mins for 50, 100, and 200 μg/ml concentrations of
AM, EA, and QC, respectively.
Correlation of the decolorization starch-iodine complex
and DPPH
The comparison of the starch-iodine complex decolorization and DPPH scavenging activity of the selected extracts is presented in Figure 3 as a scatter plot.
The percentage decolorization of the starch-iodide
complex correlated positively, strongly, and statistically
r = 0.877, P > 0.05) with the DPPH reduction percentage (radical scavenging activity).

Discussion
The starch-iodine assay method is currently used as
a rapid method in screening plants for α-amylase inhibitors that could serve as lead compounds in the search
for more potent antidiabetic drugs or agents (Kumar
et al., 2013; Sudha et al., 2011; Uddin et al., 2014). The
present study investigated the limitations of this method
in screening plant extracts for α-amylase inhibition potential.
The phytochemical screening revealed higher content
of polyphenolics (flavonoids and phenolics) in extract/
solvent fractions AM and EA relative to HX and CR
(Table 1). This may be largely dependent on the method
of extraction and polarity of the extracting solvents. Polarity is an important factor that determines the solubility
of phytochemicals in solvents (Martson and Hostettman,
2006). Polar solvents such as methanol, water, and aqueous alcohol and mid-polar solvents such as ethyl acetate
and acetone have been shown to preferentially extract
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Table 1. Flavonoid and phenolic contents, and DPPH scavenging activity of the tested extract/fractions and compounds
Samples

Flavonoids
[mg quercetin eqv/g of sample]

Phenolics
[mg gallic acid/g of sample]

CR

87.03 ± 8.0

b

167.0 ± 10.0

HX

12.54 ± 8.0

a

34.0 ± 13.0

a

466.8 ± 1.2

EA

149.17 ± 13.0

c

193.0 ± 7.0

c

41.3 ± 0.6

c

40.3 ± 7.0

AM

161.10 ± 10.0

c

204.0 ± 8.0

c

32.4 ± 0.9

b

44.9 ± 2.7

b

QC

ND

ND

28.5 ± 1.0

a

33.9 ± 4.8

a

BA

ND

ND

480.5 ± 11.0

b

DSA IC50
[μg/ml]
69.2 ± 0.5

RP IC50
[μg/ml]
d

96.1 ± 8.3

e

c

195.9 ± 9.0

f

e

ab

149.5 ± 9.3

d

DE – dacryodes edulis, EA – ethyl acetate fraction of CR, AM – aqueous methanol solvent fraction of CR, HX – hexane
solvent fraction of CR, CR – crude methanol extract of DE, QC – quercetin, BA – benzoic acid, DSA – DPPH scavenging
assay, RP – reducing power assay, ND – not determined; superscripts: values bearing different superscripts along
a column are significantly different (P < 0.05)

12000
a

IC50 [:g/ml]

10000

a

a

b

a
a

b
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a

b
a
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a
a

a
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0
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c

c

AM

HX
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QC

BA

Samples
ST-ID I

ST-ID II
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Fig. 1. α-Amylase inhibitory activity (IC50) of the tested extract/fractions and compounds using the starch-iodine methods and dinitrosalicylic acid (DNSA); ST-ID I – starch-iodine
method (approach I), ST-ID II – starch-iodine method (approach II), DNSA – 3,5-dinitrosalicylic acid method, DE – Dacryodes edulis, EA – ethyl acetate solvent fraction of CR, AM
– aqueous methanol fraction of CR, HX – hexane fraction of
CR, CR – crude methanol extract of DE, QC – quercetin, BA
– benzoic acid; superscripts, values bearing different superscript for each sample are statistically different (P < 0.05)

polar compounds like polyphenols (Addai et al., 2013;
Chikezie et al., 2015; Illoki-Assanga et al., 2015; Chigayo
et al., 2016 ). The present study also showed that fractions AM and EA and compound QC exhibited higher
antioxidant activity (DPPH scavenging and reducing power) than CR, HX, and BA. This observed higher activity
could be attributed to the high polyphenolic content of
fractions AM and EA. On the other hand, QC is a flavonoid, a class of polyphenols. This finding is corroborated
by the reports of Di Meo et al. (2013) and Papuc et al.
(2017). They opined that polyphenolic compounds by

virtue of their structure (hydroxyl group(s) on a benzene
ring(s)) are capable of reducing or scavenging free radicals or oxidants by hydrogen atom or electron transfer.
In principle, α-amylase activity using the starch-iodine
method is monitored as a function of a decreasing starchiodine complex color from blue-black (unhydrolyzed
starch) to a light yellow or light brown (completely or partially hydrolyzed starch) with time (Bahar et al., 2017).
In the present study, the in vitro α-amylase inhibitory
activity of four extract/fractions and two compounds
(AM, EA, CR, HX, QC, and BA) determined using the
starch-iodine method and the DNSA method (Gold standard) revealed that fractions AM and EA and compound
QC showed widely divergent results when both methods
were compared (Fig. 1, Table 1, and Table 2). The result
of the starch-iodine methods suggest that the fractions
and compound (AM, EA, and QC) inhibited α-amylase
poorly at the doses assayed; however, the result of the
DNSA method suggested otherwise – AM, EA, and QC
were strong inhibitors of α-amylase. In contrast, the
results obtained for extract/fractions CR and HX and
compound BA were similar for all the methods used.
These results suggest that the starch-iodine method may
not be suitable for screening some types of compounds
because of a possible interference from the phytochemicals of the test extract/fractions or compounds. It is well
established that in some assay methods, some compounds have been observed to interfere with the assay
reagents and as such confound the results obtained with
such methods (van Tonder et al., 2015). These observations are similar to the findings of the present study.
The results also revealed that the α-amylase inhibition
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Table 2. Percentage of inhibition of α-amylase by 800 μg/ml of the tested extract/fractions
and compounds for the three assay methods
Extract/compound
[%]

ST-ID I

EA

9.9 ± 0.10

AM

12.4 ± 0.37

HX

5.1 ± 0.54

CR

20.8 ± 3.09

b

10.8 ± 2.10

QC

11.3 ± 0.93

b

5.0 ± 0.49

BA

4.4 ± 0.61

5.5 ± 0.49

ST-ID II
b
b

a

a

DNSA

6.3 ± 0.08

a

87.2 ± 5.30

c

6.8 ± 0.51

a

98.3 ± 2.78

c

5.7 ± 0.43

a

5.5 ± 0.67

a

a

36.0 ± 5.30

c

a

99.0 ± 3.89

c

a

6.7 ± 0.84

a

DE – dacryodes edulis, EA – ethyl acetate fraction of CR, AM – aqueous methanol solvent fraction of CR, HX – hexane solvent fraction of CR, CR – crude
methanol extract of DE, QC – quercetin, BA – benzoic acid, ST-ID I – starchiodide method (approach I), ST-ID II – starch-iodide method (approach II),
DNSA – 3,5-dinitrosalicyclic acid method; superscripts: values bearing different
superscripts along a column are significantly different (P < 0.05)

Table 3. Correlation of α-amylase inhibitory activity (IC50) of the tested extract/fractions
and compounds using starch-iodine methods and the DNSA method
ST-ID method I

r = 0.901

ST-ID method I

–

ST-ID method II

r = 0.901 a

DNSA method

r = 0.807

ST-ID method II

a

a

DNSA method

r = 0.807 a

–

r = 0.787

r = 0.787

–

a
correlation is significant at the 0.05 level; ST-ID I – starch-iodide method (approach I),
ST-ID II – starch-iodide method (approach II), DNSA – 3,5-dinitrosalicyclic acid method

of AM, EA, and QC determined with the ST-ID I method
was significantly higher than that determined by the
ST-ID II method. This is an indication that the cause of
the anomaly observed with the use of the starch-iodine
method may be time-dependent, and it may be ameliorated by measuring absorbance immediately after the assay reagent (iodine /potassium iodide solution) is added.
The difference in the ST-ID I and ST-ID II assay procedures was the 20-min delay prior to measuring the absorbance in the ST-ID II method. The measurement of
absorbance almost immediately after the starch-iodine
solution was added limits the contact time between the
assay reagent and the test extract/fractions or compounds.
To identify the possible cause of the observed counter results of the amylase inhibitory activities of AM, EA,
and QC using the starch-iodine method, the effect of the
extract, solvent fractions, and compounds on the starchiodine complex was determined (Fig. 2). The results revealed that the extract/fractions and compounds caused

varying degrees of decolorization of the starch-iodine
complex in the assay (Fig. 2A–2D). AM, EA, and QC,
which showed higher flavonoid and phenolic content and
antioxidant (DPPH scavenging and reducing power) activities, exerted the most significant decolorization effect
on the starch-iodine complex, while CR, HX, and BA with
lower polyphenolic content and antioxidant activity had
a very low decolorization effect relatively. The effect increased tremendously with an increase in the concentration of the extract, solvent fractions, or compounds.
It could be observed at higher concentrations that the
curves of AM, EA, and QC showed a steeper slope than
that of the CR, HX, and BA (Fig. 2C and Fig. 2D) to give
almost 100% (98.9, 98.8, and 98.7%, respectively) decolorization of the starch-iodine complex at 200 μg/ml
after 25 min (Fig. 2D). The result implies that the solvent
fractions/compounds (AM, EA, and QC) interact with the
assay reagent, decolorize the starch-iodine complex, and
consequently produce a pseudo amylase activity that
masks their inhibitory potential. Du et al. (2014) re-
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Fig. 2. Effect of the selected extracts on the starch-iodide complex using A) 10 μg/ml, B) 50 μg/ml, C) 100 μg/ml, and D) 200 μg/ml
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Fig. 3. Correlation of DPPH reduction (%) and starch-iodine
complex decolorization by the tested extract, fractions, and
compounds (%)

ported that the intensity of the blue-black color of the
starch-iodine complex could diminish with an increase in
temperature or in the presence of water-soluble organic
solvents; however, in the present study, the temperature
was kept at 37EC and there was little or no water-soluble
solvents in the system to eliminate the possible contribution of the decolorization effect from the two factors.

Notwithstanding, a critical comparison of the percentage
decolorization of the starch-iodine complex observed in
the control (without extract) with that of the tests extract/fractions and compounds (Fig. 2A–2D) showed that
the decolorization that may have been due to extraneous
factors such as temperature (37EC) and presence of organic solvents in the reaction cocktail was quite minimal
and insignificant – the decolorization was largely due to
the extract/fractions and compounds.
Structurally, the starch-iodine complex has been reported as a single left-handed helix (of amylose) that accommodates a polyiodide chain (Madhu et al., 2016).
In terms of chemistry, the blue-black color is caused by
charge-transfer (CT) complexes between the amylose
component of starch molecule and the polyiodide chain
(Madhu et al., 2016). To further understand the possible
chemistry underlining the extracts/compounds decolorizing effect, a correlation test was carried out. A strong
positive and statistically (P < 0.05) significant correlation (r = 0.877) was observed between the starch-iodine

Starch-iodine assay method underestimates α-amylase inhibitory potential of antioxidative compounds and extracts

complex decolorization effect (%) and the DPPH reducing (decolorization) effect of the extract/fractions and
compounds (Fig. 3). Considering the mechanism that
underlies the DPPH scavenging activity of compounds or
extracts, which has been reported to be either through
single electron transfer or hydrogen atom transfer mediated by the hydroxyl groups of their polyphenolics
(Pisoschi et al., 2016), the result of the present study
suggests that the studied extract/fractions and compounds may have exerted the decolorization effect in
a manner similar to that reported for DPPH scavenging
activity. The extracts may have destabilized the chargetransfer complex of the amylose-polyiodide structure by
acting as a single electron or proton donor and consequently decolorizing the starch-iodine complex. This
is further corroborated by the fact that the extracts with
high flavonoid and phenolic content (AM and EA) and
compound QC, which is a flavonoid, exhibited higher decolorization of the starch-iodine complex. These classes
of compounds (flavonoids and phenolics) have been reported to be strong electron and proton donors (Papuc
et al., 2017).
Overall, the findings of the present study may be considered similar to a previous report by Pimstone, (1964).
Pimestone reported a pseudo amylase activity with the
starch-iodine method which he attributed to a significant
decolorization of the starch-iodine complex by some serum factors. In the present study, similar interference
(which is misconstrued for amylase activity, hence the
term pseudo amylase activity) was observed and attributed to highly active and reductive polyphenolic content
of the extract and nature of the constituent compounds.
Interestingly, other studies have also reported similar
limitations in other assay methods such as the MTT
assay with the pyruvic acid analogue 3-bromopyruvate
(Ganapathy-Kanniappan and Morgan, 2010) and phytochemicals demonstrating intrinsic reductive potential,
including antioxidants and polyphenolics (Brugisser
et al., 2002; Wang et al., 2006). In conclusion, the findings of the present study suggest that extracts or compounds with high reductive (antioxidant) potential tend
to decolorize the starch-iodine complex indicator and
consequently confound the result of the starch-iodine
assay method. Thus, this method is not appropriate for
screening these types of extracts/compounds. However,
the method may still be adaptable for quick and first-line
screening of extracts/compounds for amylase inhibition
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in the absence of an alternative method by using very
low concentrations of the extract/compound and measuring absorbance immediately after the iodine/iodide
solution is added.
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