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ABSTARCT
In this study, the African Yam Bean flour inhibitors of α-amylase were extracted using 5 solvents, namely:
acetone / water mixture (70/30; V/V), acetone / water mixture (50/50; V/V), distilled water, water / acetic acid
mixture (90/10; V/V), distilled water/acetic acid mixture (80/20; V/V). The digestibility of resulted flours was
shown to be significantly affected by the extraction procedure. The acetone/water mixture (70/30; V/V)
extraction presented the highest starch digestibility by barley malt α-amylase. The acetone/water mixture (70/30;
V/V) extract was also responsible of reducing the hydrolysis rate of corn starch. The kinetic parameters of
inhibition were determined by studying the effect of increasing corn starch concentration (2, 3 and 4 g/l) used as
a substrate on the initial velocity of the reducing sugars release (V0) in the presence of the various concentrations
of acetone / water mixture (70/30; V/V) extract. The results obtained show that the inhibition of α-amylase by
the African Yam Bean acetone/water mixture (70/30; V/V) extract on the digestibility of Corn starch (66 %
amylose) is of competitive type.
Key-words: African Yam Bean, modeling, α-amylase, inhibition, digestibility.

RESUME
Modélisation des effets d’extrait de haricot igname (Stenostylis stenocarpa) sur la digestibilité de la farine
de haricot igname par l’α-amylase du malt d’orge. Dans cette étude, les inhibiteurs de l’α-amylase de la
farine de haricot igname ont été extraits à l'aide de 5 solvants, à savoir: le mélange acétone/eau (70/30; V/V), le
mélange acétone/eau (50/50; V/V), l’eau distillée, le mélange eau/acide acétique (90/10; V/V), le mélange eau
distillée/acide acétique (80/20; V/V). La procédure d'extraction a montré que la digestibilité des farines obtenues
était significativement affectée. L'extrait obtenu après extraction à l’aide du mélange acétone/eau (70/30; V/V)
présentait la digestibilité la plus élevée de l'amidon par l' α-amylase de malt d'orge. L'extrait de mélange
acétone/eau (70/30; V/V) était également responsable de la réduction du taux d'hydrolyse de l'amidon de maïs.
Les paramètres cinétiques de l'inhibition ont été déterminés en étudiant l'effet de l'augmentation de la
concentration en amidon de maïs (2, 3 et 4 g/l) utilisé comme substrat sur la vitesse initiale de libération des
sucres réducteurs (V0) en présence des différentes concentrations de mélange acétone/eau (70/30; V/V). Les
résultats obtenus montrent que l'inhibition de l' α-amylase par le mélange acétone/eau (70/30; V/V) du haricot
igname sur la digestibilité de l'amidon de maïs (66 % amylose) est de type compétitif.
Mots clés : Haricot igname, modélisation, α-amylase, inhibition, digestibilité.

1. INTRODUCTION
Starch plays an important role in both animal and
human nutrition. It is known that the functionality
of a starch type and its quality can be determined by
the physicochemical properties that include water

Binding capacity, gelatinization temperature,
swelling power and solubility, freeze-thaw stability,
paste clarity, paste viscosity, retrogradation and gel
strength (Adebowale and Lawal, 2002). Previous
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studies of these properties have been conducted for
the starch of two local cultivars of African Yam
Bean from the Democratic Republic of Congo by
Malumba et al. (2016).
The digestibility of starch is also an important food
property. The lack of starch digestibility that can be
measured as the in vivo ingested portion (Clark et
al., 1984) or as a rate of in vitro released simple
sugars after digestion by amylase extract (Colonna
and Champ, 1990) and determines its quality in a
food system (the of rate of the splitting off of
simple glucose units). For food purposes, rapidly
digestible starch (RDS), slowly digestible starches
(SDS) and resistant starches (RS) are distinguished,
as a function of the rate and of the extent of starch
digestion (Englyst et al., 1992) SDS and RS are
considered to be slower release of glucose in the
intestinal tract resulting in low glycemic. It is
known that continuous intake of high glycemic
index (GI) foods can lead to obesity, diabetes and
cardiovascular diseases. Thus, low GI foods have
been suggested to be beneficial in preventing
diseases associated with various metabolic
disorders. Ideally, the starch of a food should have
a better digestive utilization rate, but the release of
the simple sugars should be slow so that it is
considered a true appetite suppressant and does not
induce high insulin secretions.
African Yam Bean starch is often considered to
have low digestibility and is known to affect the
digestibility of other foods consumed at the same
time. This problem of digestibility may depend on
its structure (resistant starch) or the presence of
inhibitors of hydrolytic enzymes.
Indeed, if this digestibility is low following only the
presence of the inhibitors, their extraction will
improve and the latter will exert the same action on
another type of starch (e.g.corn starch). The aim of
this work is to study the effect of inhibitor extracts
of African Yam Bean on the in vitro digestibility of
African Yam Bean flour and corn starch.
Thus, we determined the influence of extraction by
solvents with different polarity (acetone /water
mixture (70/30; V/V), acetone / water mixture
(50/50; V/V), distilled water, water / acetic acid
mixture (90/10; V/V), water / acetic acid mixture
(80/20; V/V)) on the digestibility of African Yam
Bean flour by a barley malt α-amylase extract. The
in vitro digestibility of the flours obtained after
extraction by different solvents was compared. The
effect of increasing extract concentration on the
digestibility of corn starch (66 % amylose) was also
evaluated.

2. MATERIALS AND METHODS
A local cultivar of African Yam Bean was obtained
in the western of the D.R. of Congo. African Yam
Bean flour was obtained by grinding and sieving
(mesh size: 0.5 mm). The standard barley malt flour
used for the extraction of α-amylase (Megazyme
CERALPHA Control Malt Flour 335 U/g) and corn
starch (66 % amylose) were from Magazyme
International Ireland.

2.1. Extraction of inhibitor compounds
Five solvents were used to extract the inhibitor
compounds of the African Yam Bean flour, namely:
acetone / water mixture (70/30; V/V), acetone /
water mixture (50/50; V/V), distilled water, water /
acetic acid mixture (90/10; V/V), distilled water /
acetic acid mixture (80/20; V/V). Extraction (three
times) was carried out in the following manner: 5 g
of African Yam Bean flour was placed in a tube
containing 20 ml of solvent. The tube was regularly
stirred and the mixture was allowed to extract for
about 30 minutes and centrifuged at 1600 rpm for 5
minutes.

2.2. Extraction of α-amylase
The α-amylase was extracted from the standard
barley malt (335 U of α-amylase per gram of flour)
using a malate buffer (1 M sodium malate, 1 M
Sodium chloride, 40 mM calcium chloride and
0.1 % sodium azide diluted 5/100, pH adjusted to
5.4). So, 0.5 g of malt flour was placed in 10 ml of
malate buffer for 20 minutes followed by
centrifugation at 1600 rpm for 5 minutes.

2.3. Measurement of hydrolysis rate
Two grams of African Yam Bean flour were
dissolved in one liter of water and the solution was
used as a substrate, the corn starch solution (66 %
amylose) 2 % in distilled water was used as a
control. Two hundred microliters (200 μl) of
substrate solution were mixed with 200 μl of
enzyme extract and allowed to react for exactly 5
minutes at 40 °C. The reaction was stopped by
adding 3 ml of phosphate buffer (Trisodium
phosphate 20 % w/v, pH 7). The released sugars
were assayed using the dinitrosalicylic acid (DNS)
procedure
(Bernfeld,
1955)
with
minor
modifications. Indeed, to 1 ml of each sample was
added 1 ml of DNS solution (solution containing 1
g of 3,5-dinitrosalicylic acid, 30 g of sodium and
potassium tartrate and 1.6 g of sodium hydroxide
dissolved in this order in 100 ml of distilled water
and stored in the dark at 4 °C for a maximum of 15
days). The mixture was stirred before being
incubated for 5 minutes at 100 °C. The tubes were
then cooled in ice-water and 10 ml of distilled water
were added before reading the absorbance at 540
nm using a spectrophotometer. The rate of
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hydrolysis was expressed in mmol of glucose
equivalents released per minute.
The calibration line was plotted as follows: to 1000
μl of solution containing 0, 0.5, 1, 1.5, 2 and 2.5 g
glucose per liter were added 1000 μl of DNS
solution. The solutions were stirred before being
incubated at 100°C for 5 minutes and then cooled in
ice-water. Ten milliliters (10 ml) of distilled water
were then added to each solution and the
absorbance was measured at 540 nm using a
spectrophotometer (UV-VIS Heidolph UNIMAX
2010).
2.4. Inhibitory effect of acetone / water mixture
(70/30; V/V) extract
The residual acetone of acetone / water mixture
(70/30 V/V) extract was evaporated in a Rotavapor
centrifuge evaporator to eliminate the acetone
fraction. The extract was then re-dissolved in 10 ml
of distilled water. The starch solutions (2 grams per
liter) containing respectively 0-100-300-300-400500 and 600 μl of extract were prepared and to 200
μl of each solution were added 200 μl of the
enzyme extract. The mixture was allowed to react at
40°C for exactly 5 minutes. The released reducing
sugars were assayed by the DNS method as
described above and the rate of hydrolysis was
determined and expressed in mmol glucose
equivalents released per minute.

Table 1. Digestibility of extracted African Yam
Bean flours by barley malt α-amylase extract
(Megazyme CERALPHA Control Malt Flour 335
U/g)

These results show that the solvent nature
significantly affects the digestibility of the African
Yam Bean flours, extraction with the acetone/water
mixture (70/30; V/V) giving the highest flour
digestibility. These results show that there are
possibly inhibitors in African Yam Bean which
significantly affect flour digestibility by α-amylase.
The effect of the acetone / water mixture (70/30;
V/V) extract on the digestibility of a corn starch
containing 66 % amylose is presented in Fig. 1.

2.5. Inhibition kinetics
The kinetic parameters of inhibition were
determined by studying the effect of increasing corn
starch concentration (2, 3 and 4 g/l) used as a
substrate on the initial velocity of the reducing
sugars release (V0) in the presence of the various
concentrations of acetone / water mixture (70/30;
V/V) extract (100, 200, 300 and 400 μl). Km, Km app
and Vmax were extrapolated using the LineweaverBurk's Double Reciprocal plot which were
calculated from the experimental results according
to Michaelis-Menten kinetics.

2.6. Data analysis
Analysis of the data (ANOVA, Tukey’s Honestly
Significant Difference test, linear modeling) was
carried out using the Minitab 16 software.

3. RESULTS AND DISCUSSION
Extracts were obtained from the African Yam Bean
flour usng five solvents as described in the section
Materials and methods (section 1). The digestibility
of extracted African Yam Bean flours by barley
malt α-amylase extract (Megazyme CERALPHA
Control Malt Flour 335 U/g) expressed as Released
Glucose Equivalent (μmol/min) is presented in
Table 1.

Figure 1. Effect of African Yam Bean acetone /
water (70/30) extract on the hydrolysis rate of corn
starch. v = ml of added acetone/water (70/30:v/v)
extract.
The results in Fig. 1 show that the higher the
concentration of acetone/water mixture (70/30;
V/V) extract, the lower the digestibility of the corn
starch. The loss of digestibility of the corn starch
reaches up to 41.3 % after addition of 600 μl of
acetone/water mixture (70/30; V/V) extract per
milliliter of corn starch solution. The loss of
digestibility obtained in this study was lower than
those obtained by Chethan et al. (2008) when using
purified phenolic compounds (gallic acid,
protocatechuic acid, p-Hydroxybenzoic acid, pCoumaric acid, vanillic acid, syringic acid, Ferullic
acid, trans-cinnamic acid and quercetin).
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It has been shown by Lemlioglu-Austin et al.
(2012) that the extracts obtained with acetone/water
mixture (70/30; V/V) (assumed to be the total
phenolic content) from sorghum sounds decreased
the hydrolysis of sorghum starch.
The regression analysis of 1/V0 as a function of 1/
[S] is presented in Tables 2A, 2B, 2C, 2D and 2E
for the different acetone / water mixture (70/30;
V/V) extract concentrations and the regression lines
are presented in Fig. 2.
Table 2A. Analysis of the regression of 1 / V0 as a
function of 1 / [S] without addition of acetone /
water (70/30) extract

The regression equation is:
1/V0 = 0.00202 + 0.00240 1/[S]

(Equation 3)

Table 2D. Analysis of the regression of 1 / V0 as a
function of 1 / [S] after addition of 300 ml of
acetone / water (70/30) extract

The regression equation is:
1/V0 = 0.00205 + 0.00191 1/[S]

(Equation 1)

Table 2B. Analysis of the regression of 1 / V0 as a
function of 1 / [S] after addition of 100 ml of
acetone / water (70/30) extract

The regression equation is:
1/V0 = 0.00202 + 0.00266 1/[S]

(Equation 4)

Table 2E. Analysis of the regression of 1 / V0 as a
function of 1 / [S] after addition of 400 ml of
acetone / water (70/30) extract

The regression equation is:
1/V0 = 0.00201 + 0.00215 1/[S]

(Equation 2)

Table 2C. Analysis of the regression of 1 / V0 as a
function of 1 / [S] after addition of 200 ml of
acetone / water (70/30) extract

The regression equation is:
1/V0 = 0.00200 + 0.00299 1/[S]
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0.0040

Indeed, during a competitive inhibition, the total
enzyme concentration is the sum of those in the free
enzyme and those in the enzyme involved in the
enzyme-substrate and enzyme-inhibitor complexes.

Variables
1/V0 (0 ml of acetone/water: 70/30 extract)
1/V0 (100 ml of acetone/water: 70/30 extract)
1/V0 (200 ml of acetone/water: 70/30 extract)
1/V0 (300 ml of acetone/water: 70/30 extract)
1/V0 (400 ml of acetone/water: 70/30 extract)

1/V0 (min/U)

0.0035

0.0030

0.0025

0.0020

0.25

0.30

0.35
0.40
1/[S] (l/g)

0.45

0.50

Figure 2. Regression lines of 1/V0 as a function of
1/[S] (Lineweaver-Burk Double Reciprocal plot).
An increase in concentration of acetone/water
mixture (70/30; V/V) extract changes both the xintercept (Km) and the slope, but doesn't change the
y-intercept (1/Vmax)). V0 and [S] represent
respectively the initial velocity and the starch
concentration.
The results in Fig. 2 and Tables 2 and 3 suggest the
competitive nature of inhibitors whose effect can be
overcome by increasing the concentration of the
substrate suggesting that inhibitors in acetone/water
mixture (70/30; V/V) are possibly substrate
analogs. Indeed, it is known that a number of
compounds can bind to proteins non-covalently and
these interactions are responsible for competitive
inhibition of α-amylase (Rawel et al., 2005; Li et
al., 2009). The increase in substrate concentration
has not greatly altered the maximum velocity (yintercept of the Lineweaver-Burk Double
Reciprocal plot) whose values have an average of
495.1 mmol of Glucose Equivalent/min and a
standard deviation of 4.6. When 1/[S] approaches 0,
V0 is independent of the presence of inhibitors
whereas there is an apparent increase of the
Michaelis-Menten constant Km.
It is known that the extent to which [S] must be
increased to completely overcome the inhibition
depends upon the concentration of inhibitor present
[I], its affinity for the enzyme Ki, and the Km of the
enzyme for its substrate. For this type of inhibition,
the expression of the initial velocity is given by the
Eq. 6:
(Equation 6)
The affinity of the inhibitors for the enzyme (Ki)
can then be calculated according to Eq. 7.

It has been shown that the presence of huge
amount of phenolic compounds extracted by an
acetone/water (70/30, V/V) mixture affects
sorghum starch digestibility (Chethan et al., 2008).
It also has been shown that two abortive complexes
could be produced: the amylase–phenolic complex
(EI) resulting from binding of the phenolic
compound to the active site and the amylase–
starch–phenolic complex (ESI) in which phenolic
compound is bound at a secondary binding site
other than the active centre, which is accessible
only after starch binding as occurred at the active
centre suggesting an uncompetitive type of
inhibition for individual phenolic compounds
(Chethan et al., 2008).
The mixed competitive inhibition obtained in this
study is a global response of the huge amount of the
extracted components that can be strongly
influenced by a small category of inhibitors. The
compounds responsible for this inhibition must be
individually tested after HPLC purification as in
Chethan et al. (2008). Also, since the African Yam
Bean starch is often used for human consumption in
DR Congo, the heat treatments can be planned to
improve the digestibility and other functional
properties of the starch considerably.

4. CONCLUSION
This study revealed that the digestibility of African
Yam Bean flour is lower than the one obtained after
inhibitors extraction. The acetone / water mixture
(70/30; V/V) extraction leads to flour with the
highest digestibility. They also show that the
digestibility of corn starch (66 % amylose)
decreases when the concentration of added African
Yam Bean acetone / water mixture (70/30; V/V)
extract increases. The Lineweaver-Burk's Double
Reciprocal plot allowed the determination of the
kinetic parameters Vmax, Km and Km app while
revealing that the inhibition of α-amylase by the
African Yam Bean acetone / water mixture (70/30;
V/V) extract on the digestibility of Corn starch
(66 % amylose) is of competitive type. This study
can be completed by the chemical structures study
of amylase inhibitors and the pH and thermal
stability of Enzyme-Inhibitor complexes.
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