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Abstract

Food security is of great concern in the developing countries especially in Nigeria, with
the growing demands of an ever-increasing human population and current global food
crisis. Rhizome of Anchomanes difformis was subjected to different steeping treatments
(acid, alkali, NaCl, boiling and steeping); evaluated for mineral composition and
functional properties using standard analytical techniques. The mineral composition
showed potassium and calcium as the most abundant mineral in the flours (129.00 to
329.00 mg/100 g) and (39.50 to 74.00 mg/100 g) respectively; iron (9.30 to 57.20
mg/100 g) and Na/K (0.10 to 0.40). Water and oil absorption capacity ranged from 1.20
to 3.51 g/g and 1.35 to 2.30 g/g respectively; in-vitro starch digestibility (1.26 to 2.44
mg/g). Pasting characteristics showed final viscosity of 2.40 to 6818 cP; peak viscosity
16.00 to 4719 cP; set back 9.0 to 3779 cP; steeping and boiling decreased the pasting
temperature while it was increased by NaCl. A. difformis flours possess potential for
applications in food and other industries as such its utilisation will improve the
formulation of value-added products.

1. Introduction

Some unconventional crops could serve as good source of nutrients and occasionally
has the potential of broadening the present narrow food base for human consumption [1]
but inadequate data on chemical composition and other properties of such plants have
limits the prospects for their utilization [2]. The food situation in most developing
tropical countries is worsening, due to population increase, poor soil fertility resulting
into low harvest which ultimately results in high prices of available staple foods [3],
which has resulted in high incidence of malnutrition. In this regard, research has geared
towards indigenous unexploited crops of high nutritional and functional properties in
ameliorating food insecurity.

Anchomanes difformis is a member of Araceae family [4], herbaceous plant with
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prickly stem having huge divided leaf and spathe that arise
from a horizontal rhizome, prevalent in West Africa forest. It
is sometimes called forest Anchomanes [5], while in
Southwest Nigeria (Yoruba) it is known as Abirisoko,
Ogirisako and Igo [6]. The rhizome is eaten after special
preparation that entails prolonged washing and cooking of
early shooting stage [5]. Different parts of 4. difformis have
been used in folk’s medicine for the treatment of various
ailments due to the presence of some active phytochemicals
such as alkaloids, terpenoids glycosides tannins and saponins
[7, 8].

The increase demands for tuber as food, pharmaceutical
and other uses coupled with the need to attain food security,
necessitate research into other unexploited carbohydrate
sources different from yam, cassava, maize and potato to
mention but a few. This study aimed at assessment of mineral
composition, functional properties of Anchomanes difformis
flour as influenced by various treatment methods to enhance
industrial utilisation in order to reduce the burden on other

carbohydrate sources such as cassava, corn, yam and potatoes.

2. Materials and Methods
2.1. Source of Materials

The Anchomanes difformis thizome was harvested from a
local farm in Ado-Ekiti, Ekiti State, Nigeria. All chemical
used were of analytical grade.

2.2, Preparation of Flour

Fresh rhizome was washed, peeled, sliced to a thickness of
2 cm and divided into six portions; untreated portion (A),
portion steeped in distilled water at 30°C for 24 h (B), portion
boiled at 100°C for 20 min (C), portion steeped in 1% NaCl
solution for 24 h (D), portion steeped in 1% NaOH for 24 h
(E), portion steeped in 1% HCI solution for 24 h (F); all the
potions were oven dried at 60°C 48 h. The dried samples
were milled, sieved through 100 mm mesh size and kept in
air-tight container prior to analysis.

2.3. Determination of Mineral Composition

Mineral composition was determined by the method
described by [9]. A dried and ground sample (1-2 g) was pre-
ashed on a bunsen flame for 20 min. Thereafter, the sample
was ashed at 550°C in a muffle furnace. The resultant
grayish-white ash was dissolved in 0.1 M HCI solution (10
ml) to break up the ash and leach the metals and made up to
100 ml with distilled water. The metals determined using a
Perkin-Elmer 8650 atomic absorption spectrophotometer.
Phosphorus was determined by using spectrophotometer,
Vanodomolybdate reagent was used at 470 nm.

2.4. Determination of Bulk Density

Bulk density was determined using the procedure of [10].
A specified quantity of the flour sample was transferred into

an already weighed measuring cylinder (W,). The flour
sample was gently tapped to eliminate air voids and the level
was noted to be the volume of the sample and the cylinder
containing flour was weighed (W;). The bulk density was
determined from the relation:

(WZ - Wl)
Volume of sample

% Bulk density = g/cm3
2.5. Determination of Water and Oil
Absorption Capacity

Water absorption capacity was determined using the
method of [10] with slight modifications. Ten (10 ml) of
distilled water was added to 1.0 g of flour in a beaker. The
suspension was stirred using a magnetic stirrer (Stuart Model)
for 5 min; centrifuged at 3500 rpm for 30 min. Water
absorbed was calculated as the difference between the initial
weight of the flour before the addition of water to the flour
and the weight after decanting the supernatant. The same
procedure was repeated for oil absorption capacity except
that oil was used instead of water.

2.6. Determination of in-vitro Starch
Digestibility

In—vitro starch digestibility of sample was determined
using pancreatic amylase and alpha glucosidase [11]. About
50 mg of flour was dispersed in 1 ml of 0.2 M phosphate
buffer pH 6.9. Approximately 20 mg of enzyme was dissolve
in 50 ml of same buffer and 0.2 ml of both the sample and
enzyme were added; heated for 5 min in a boiling water bath.
After cooling the absorbance of the solution was read at 540
nm.

2.7. Determination of Pasting Properties

Pasting properties was evaluated by the procedure of [12]
using a Rapid Visco Analyzer (RVA, Newport Scientific,
RVA Super 3, Switzerland). The flour for RVA analysis was
based on 3.5 g (dry weight) of flour and distilled water (25 g).
The paddle was placed into the canister containing flour and
water with paddle blade vigorously jogged through the flour
severally after which the flour was transferred into the Rapid
Visco Analyzer. Parameters recorded were pasting
temperature (PT), peak viscosity (PV), trough viscosity (TV),
final viscosity (FV), and peak time (PTime). Breakdown
viscosity (BV) was calculated as the difference between PV
minus TV, while setback viscosity (SV) was determined as
the FV minus TV.

3. Results and Discussion

3.1. Effect of Steeping on Mineral
Composition of A. difformis Flour

The mineral content of A. difformis flour in mg/100 g is
depicted in Table 1. The treatments have significant effect on
the mineral composition; the most abundant minerals in the
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flours were potassium and sodium with values ranging from
129.00 to 329.00 mg/100 g and 24.91 to 54.10 mg/ 100 g
respectively. The results are in accordance to the observation
of [13] who reported potassium as the most predominant
mineral element in some lima bean coats. There have been
similar observations reported for gingerbread plum [14] and
watermelon seeds constituent [15].

Calcium content ranged between 39.50 and 70.00 mg/100
g; it helps in formation of bone and blood coagulation; high
calcium content in the flours makes it an incredible source of
calcium supplementation for pregnant and lactating women,
as well as for children. The trace elements (iron, zinc and
copper) detected, iron was the most highly concentrated with
the value range of 9.30 to 57.20 mg/100 g; iron is an
important constituent of haem in haemoglobin circulation
which is essential in respiration [16]. The Sodium/potassium
(Na/K) ratio is important in prevention and management of
high blood pressure, Na/K ratio less than one is
recommended [17]. The Na/K range of 0.10 — 0.40 in the
flours would probably reduce high blood pressure;
consumption of A. difformis flour will go a long way in
promoting good health.

3.2. Effect of Treatments on the Functional
Properties of A. difformis Flour

The functional properties of treated and untreated A
difformis flours is depicted in Figure 1. The treatments
significantly (p < 0.05) affected the functional properties of
the flours. Water absorption capacity (WAC) was in the
range of 1.2 to 3.51 g/g. Steeping and boiling increased
WAC of the flours while other treatments (NaOH, HCI, NaCl)
reduced it. This finding is in accordance to the observations
of [18, 19] on A. difformis and Colocasia esculenta flours

17

respectively. High WAC observed in flour coded C showed
its ability to retain water against gravity [20], which
underline its stability against moisture; an important factor
sought after in most food industries [21]. The flours can be
incorporated in such food formulations that involve dough
handling to obtain high yield.
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Figure 1. Effect of treatments on the functional properties of A. difformis
flours.

Key

A-No treatment

B-Steeped in distilled water at 30°C for 24 h
C-Boiled in at 100°C for 20 min

D- Steeped in 1% NaCl solution for 24 h
E- Steeped in 1% NaOH for 24 h

F- Steeped in 1% HCI solution for 24 h
WAC- Water absorption capacity
OAC-Oil Absorption capacity

BD-Bulk density

IVSD- In vitro starch digestibility

Table 1. Effect of treatments on the mineral composition of A. difformis flours (mg/100g).

Elements A B C D E F
Magnesium 17.10£0.23¢ 39.90+0.13a 16.70+£0.33¢ 32.19+0.22b 32.19+0.27b 10.90+0.25d
Manganese 7.30+0.11b 9.10+0.43a 6.60+0.20b 5.20+0.41¢ 5.40+0.22¢ 3.40+0.13d
Zinc 9.70+0.14b 24.40+0.09a 23.80+0.52a 7.40+0.26¢ 6.10+£0.21¢ 4.60+0.11d
Sodium 45.00+0.50¢ 33.00+0.11d 31.10+£0.35¢ 54.10+£0.28a 24.91+0.33f 51.10+£0.47b
Potassium 319.00+0.46b 329.00+0.12a 291.00+0.13d 314.00+0.10¢ 169.00+0.51¢e 129.00+0.28f
Calcium 58.50+0.21d 65.00+0.67¢ 70.00+0.13b 39.50+0.44f 74.00+£0.16a 49.50+0.11e
Iron 15.60+0.23d 9.30+0.64f 10.50+0.18¢ 57.20+0.12a 28.80+0.16¢ 46.40+0.23b
Phosphorus 84.80+0.48a 66.20+0.68b 23.40+0.88¢ 19.59+0.24 12.91+0.11d 13.80+0.12d
Na/K 0.14+0.01b 0.10+0.01b 0.11+0.01b 0.17+0.02b 0.15+0.03b 0.40+0..02a

Values are means of triplicate determinations + Standard deviation

Means with different letter in the same row are significantly different (p < 0.05).
Key

A-No treatment

B-Steeped in distilled water at 30°C for 24 h

C-Boiled in at 100°C for 20 min

D- Steeped in 1% NaCl solution for 24 h

E- Steeped in 1% NaOH for 24 h

F- Steeped in 1% HCl solution for 24 h

Apart from steeping in NaCl and distilled water, other
treatments decreased oil absorption property (OAC) of the
flours Figure 1. Significant differences were found among
the treatments in OAC (1.35 to 1.90 g/g) of all the flours. The

variations in OAC could be as a result of the non-polar side
chains which bind the hydrocarbon side chain of oil. The
various treatments condition could have caused possible
exposition of hydrophobic groups resulting into changes in
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OAC; this could have been responsible for the variations in
OAC [14]. The OAC observed in this study revealed the
potential of A. difformis flour in food applications that
involve deep frying [22].

The flours showed relatively high bulk density (0.51 to
0.89 g/cm’), NaCl and distilled water treatments reduced the
bulk density while other treatments (NaOH, HCI and boiling)
significantly (p < 0.05) increased it. The bulk densities of
boiled, steeped in NaOH and HCI flours were generally
higher. James et al. (2013) observed a similar increase in
bulk density of blanched and sulphited cocoyam flours. The
values (0.79, 0.89 and 0.89 g/cm®) reported for boiled,
steeped in NaOH and HCI flours respectively in this study
were higher than reported values for pregelatinised cocoyam
flour (0.73 g/cm®) and unpregelatinised cocoyam flour (0.58
g/em?) [23]. Higher bulk density is desirable, since it helps to
reduce the paste thickness which is an important factor in
convalescent and child feeding.

Generally, low starch digestibility (1.26-2.22 mg/g) was
observed in treated 4. difformis flours when compared to
untreated (2.44 mg/g) flour. The starch digestibility shows
the rate at which starch present in 4. difformis could digest in
human body; high digestibility translate to high glycemic

index. The glycemic index is a standard physiological basis
for carbohydrate foods ranking base on the blood glucose
production upon food ingestion [24]. The low starch
digestibility of the flour underlines its potential application in
the management of diabetes.

3.3. Effect of Treatments on Pasting
Properties of A. difformis Flour

The pasting characteristic of A. difformis flour with
different treatments is as shown in Table 2. A significant
difference (p< 0.05) was observed in the pasting behaviour of
flour among the treatments. Steeping in NaCl solution
increased the pasting temperature while it was reduced by
boiling as well as steeping in distilled water. However,
pasting temperature could not be detected in flours treated
with NaOH and HCI solution. Pasting temperature values
(50.10 to 74.95°C) were lower than 85.89°C and 79.88°C
reported for D. alata and D. rotundata flours respectively
[25]. The high pasting temperature (70.10°C) observed in
untreated flour characterised resistance of starch to swelling
and rupturing during the heating processes.

Table 2. Effect of various treatments on the pasting characteristics of A. difformis flours.

Parameters A B C D E F

PT (°C) 70.10+0.10b 50.10+£0.11¢ 50.20+0.10c 74.95+0.10a ND ND

PT (min) 7.00+0.01a 7.00+0.01a 5.27+0.01b 7.00+0.02a 7.00+£0.01a 6.00+0.02b
PV (cP) 1930.00+0.23¢ 3804.00+0.12b 47194+0.17a 1826.00+0.32d 266.00+0.15¢ 16.00+0.10f
TV (cP) 1730.00+0.34¢ 3388.00+0.11a 3039+0.24b 1650.00+0.20¢ 189.00+0.10d 15.00+£0.11f
FV (cP) 4364.00+0.21¢ 5014.00+0.15b 6818+0.23a 3371.00+0.21d 476.00+0.31¢ 2.40+0.12f
BD (cP) 220.00+0.11¢ 416.00+0.10b 1680+0.31a 176.00+0.22d 77.00+0.22¢ 1.00+0.01f
SB (cP) 2654.00+0.10b 1626.00+0.14d 3779+0.11a 1721.00+0.12¢ 278.00+0.12¢ 9.00+0.10f

Values are means of triplicate determinations + Standard deviation

Means with different letter in the same row are significantly different (p < 0.05)

Key

A-No treatment, ND-Not detected; PT-Pasting temperature

B-Steeped in distilled water at 30°C for 24 h; PT-Peak time

C-Boiled in at 100°C for 20 min; PV-Peak viscosity

D- Steeped in 1% NaCl solution for 24 h; TV-Trough viscosity

E- Steeped in 1% NaOH for 24 h; FV- Final viscosity

F- Steeped in 1% HCI solution for 24 h; BD-Breakdown, SD- Setback

The flour sample C had the highest peak viscosity (4719
cP), final viscosity (6818 cP), breakdown viscosity (1680 cP)
and setback (3779 cP). Lower peak viscosity observed in
other flour samples is an indication that the carbohydrate
components of the flour cannot be easily broken down and as
the boiled flour until properly cooked. This measured the
susceptibility of 4. difformis starch granules to disintegration
as this might not be desirable in food production [26]. Low
breakdown value showed starch stability of the flours during
heating period.

Setback viscosity an index of retrogradation of linear
starch molecules during cooling and was reduced by the
treatments except boiling Table 2. High setback has been
linked to syneresis during freeze/thaw cycles [27], while low
setback during flour paste cooling revealed greater resistance
of A. difformis flour to retrogradation. The flours with lower
setback values has lower tendency to retrograde and is a great

asset in food products such as soup and sauce, where loss of
viscosity and precipitation due to retrogradation is desirable
[28]. The final viscosity was in the range of 2.40 to 6818 cP;
it has been reported as the most commonly used parameter to
determine viscous gel formation of starch-based material
after cooking and cooling [29].

4. Conclusions

The findings showed that the treatments method had
significant (p < 0.05) effect on some important parameters
such as mineral composition, functional properties as well as
pasting characteristics of 4. difformis. The wide variation in
flour parameters suggests diverse food utilisation for 4.
difformis flour.
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