academic]Journals

Vol. 16(43). pp. 2062-2071, 25 October, 2017
DOI: 10.5897/AJB2017.16191

Article Number: CEA527066464

ISSN 1684-5315

Copyright © 2017

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJB

African Journal of Biotechnology

Full Length Research Paper

Impact of trona-aided boiling on the phytochemical
constituents and beneficial micronutrients of lima bean
(Phaseolus lunatus L.)

Mathew K. Bolade®’, Israel E. Agarry* and Oladayo O. Bolade?

lDepartment of Food Science and Technology, Federal University of Technology, P. M. B. 704, Akure,
Ondo State, Nigeria.
2Nursing and Public Health Unit, University Health Centre, Federal University of Technology, P. M. B. 704, Akure,
Ondo State, Nigeria.

Received 5 August, 2017; Accepted 16 October, 2017

The influence of boiling lima bean, using trona solution, on its phytochemical constituents and selected
micronutrients was investigated. Lima bean was initially boiled for 3 h using 0.1, 0.2, 0.3, 0.4 and 0.5%
trona solution, respectively at ratio 1:5 (bean/trona solution). The boiled lima bean was subsequently
dried in an oven at 55°C for 12 h after which it was subjected to various analyses. Maximum reduction
of phytochemicals such as trypsin inhibitor activity (74.1%), haemagglutinin (98%), tannin (68.6%),
phytic acid (39.6%), and cyanogenic glycoside (73.8%) was obtained at 0.5% boiling with trona-solution.
The reduction profile for the B-vitamins includes thiamine (0.58 to 0.13 mg/100 g), riboflavin (0.37 to 0.21
mg/100 g), niacin (0.97 to 0.28 mg/100 g) and pyridoxine (0.41 to 0.11 mg/100 g). Boiling lima bean in
trona solution led to significant decrease (p<0.05) in the concentration of calcium, magnesium and
phosphorus while mineral concentration enhancement was observed with potassium, sodium and iron.
Maximum in vitro protein and starch digestibilities of 88.6% and 51.9 mg/g, respectively were obtained
for 0.5% trona solution boiling of lima bean. Trona usage in the boiling of lima bean therefore served as
a beneficial step in the utilization of the legume.
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INTRODUCTION

Leguminous seeds such as soybean, faba bean, pea,
mung bean, cowpea, kidney bean, pigeon bean and lima
bean constitute an important and inexpensive dietary
source for many people particularly in the developing
countries (Bello-Perez et al.,, 2007; Al-Abdalall, 2010).

They are regarded as principal sources of
macronutrients, micronutrients and phytochemicals
containing protein, carbohydrate, vitamins, minerals and
polyphenols among others (Zhao et al., 2014). The
leguminous seeds are largely utilized as valuable
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ingredients of diverse food products for human
consumption as well as for animal feed (Du et al., 2014).

Lima bean (Phaseolus lunatus) is regarded as one of
the under-utilized legumes which can be grown in many
parts of the world including Latin America countries, the
United States, Canada, African and Asian countries
(Bello-Perez et al., 2007). Lima bean contains a class of
chemicals called phytochemicals, the term generally used
to describe chemicals from plants that may affect health,
but are not essential nutrients (El-Gharras, 2009).
Phytochemicals are essentially plant secondary
metabolites presents in all plant tissues and their primary
role is to protect plants from insects, ultraviolet radiation,
and microbial infections and to attract pollinators (Del-Rio
et al.,, 2013). Examples of these phytochemicals are
trypsin and chymotrypsin inhibitors, haemagglutinins,
cyanogenic glycosides, tannin and phytic acid, which are
collectively known as anti-nutrients (Adeniran et al.,
2013). These anti-nutritional factors, through their
metabolism, interfere with nutrient intake, absorption,
utilization and availability in the body systems thereby
affecting the health of consumers (Ezeagu and Ibegbu,
2010).

The utilization of lima bean essentially lies in culinary
and medicinal uses. These include its uses in soup
preparation, making of sandwich filing and salad
preparation among others (Sarkar, 2012). Lima bean has
been used as an alternative raw material for the
production of ‘daddawa’, a Nigerian condiment (Adeniran
et al., 2013). This grain legume has also been recognized
to reduce low-density lipoprotein cholesterol thereby
leading to the reduction of risk of ischemic heart disease
and diabetes (Messina, 2014). Most of the utilization of
lima bean fundamentally involves cooking of the grain
legume for it to get softened. However, the long cooking
duration with concomitant high energy usage is a major
drawback and discouragement to lima bean usage. The
hard-to-cook characteristic of the grain legume is due to
its hard cotyledon which naturally predisposes it to such
cooking time elongation (Mamiro et al., 2011).

A lot of attempts have been made by researchers to
increase the utilization of lima bean using a wide range of
appropriate processing techniques. The elimination
methods of the anti-nutritional factors in lima bean had
been suggested and these include soaking, autoclaving
and toasting (Adeparusi, 2001), boiling (Aremu et al.,
2016), heat treatment and fermentation (Adeniran et al.,
2013) among others. In dealing with hard-to-cook
phenomenon peculiar to lima bean, alkaline cooking with
calcium bicarbonate [Ca(HCO3),] and a crude rock salt of
carbonates  (trona), chemically called sodium
sesquicarbonate  (Na,CO3;.NaHCO3;.2H,0) are the
traditional methods of alleviating this problem in most
African households (Mamiro et al., 2011; Olapade and
Umeonuorah, 2014). The use of ‘trona’ for alkaline
thermal treatment brings about softness of the bean and
reduces the time of boiling which may also have effect on
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the chemical components of the bean. The process of
softening of leguminous seed, during boiling, has been
attributed to the disintegration of the cotyledonous tissue
in individual cells. According to Belitz et al. (2009), the
disintegration of the cotyledonous tissue is usually
caused by the conversion of native protopectin to pectin,
which quickly depolymerizes on heating. The middle
lamella of the cell walls, which consists of pectin and
strengthens the tissues, disintegrates in this process.

The objective of this study, therefore, was to investigate
the effect of trona-aided boiling on the phytochemical
composition and beneficial micronutrients of lima bean
(P. lunatus).

MATERIALS AND METHODS

Raw lima bean of the red variety was purchased from Odo-Oba
market while trona (NazC0O3.NaHCO3.2H,0; sodium
sesquicarbonate) was purchased from Sabo market in Ogbomoso,
Oyo State, Nigeria.

Cooking of lima bean
Cooking in distilled water

Five hundred grams of lima bean seeds were added to boiling
distilled water at ratio 1:5 (bean/distilled water, weight/volume) at
100°C and cooked on a kerosene stove for 3 h. Water was drained
off and the seeds were dried in an oven at 55°C for 12 h. The dried
seeds were later milled using a hammer mill and sieved to pass
through a sieve with a 250 um mesh size. The sieved flour samples
were stored in air tight plastic container for subsequent use.

Cooking in trona solution

Trona was ground into a fine powder and dried at 70°C overnight in
an oven. The dried powder was then cooled in a desiccator and
kept in a stoppered glass bottle at room temperature (30+2°C). Five
hundred grams of lima bean seeds were then boiled in trona
solutions at different concentrations of 0.1, 0.2, 0.3, 0.4 and 0.5%,
respectively at ratio 1:5 (bean/trona solution; weight/volume) at
100°C for 3 h using a kerosene stove. Thereafter, the boiled seeds
were dried, milled and stored as described when boiled in distilled
water. The concentrations of trona were so chosen to simulate what
is obtainable with traditional processing procedures where very low
trona concentration (usually <1%; trona/food material) is commonly
used to avoid darkening of cooked product.

Determination of trypsin inhibitor activity

The method of Kakade et al. (1974) was used to determine the
trypsin inhibitor activity (TIA) of lima bean flour sample using
benzoyl-DL-arginine-p-nitroanilide (BAPNA) as substrate. A 4.0 g
sample was treated with 40 ml of 0.05 M sodium phosphate buffer
(pH 7.5) and 40 ml of distilled water. After series of chemical
manipulations, the absorbance of end-point solution was read at
410 nm wavelength in a spectrophotometer (UV-160A, Shimadzu,
Osaka, Japan). Blank sample was treated similarly through the
entire determination. Results were expressed as trypsin inhibitor
units (TIU). One TIU was defined as an increase of 0.01 in
absorbance units under conditions of assay. Trypsin inhibitory
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activity was defined as the number of TIU.

Determination of tannin content

Tannin was determined according to the method of Price and Butler
(1977). Sixty milligrams of ground sample was shaken manually for
1 min in 3.0 ml methanol. The mixture was filtered followed by
mixing the filtrate with 50 ml distilled water and analyzed within an
hour. About 3 ml of 0.1 M FeCls in 0.1 M HCI was added to 1 ml
filtrate, followed immediately by the addition of 3 ml freshly
prepared KsFe(CN)s. The absorbance was read on a
spectrophotometer (Shimadzu UV-1700, Tokyo, Japan) at 720 nm
after 10 min from the addition of 3 ml of 0.1 M FeCl; and 3 ml of
0.008 M KsFe(CN)e. Similar treatments were also carried on the
blank. Results were expressed as tannic acid equivalent (mg/100 g
sample), calculated from a calibration curve using tannic acid.

Determination of haemagglutinin concentration

Haemagglutinin level of the samples was determined by the method
of Arntified et al. (1985). Two grams of each sample was weighed
and 50 ml of the solvent of mixture of isobutyl alcohol and
trichloroacetic acid was added and allowed to shake on a shaker for
6 h to extract the haemagglutinin. The mixture was then filtered
through a double layer filter paper and maintained in a water bath
for 2 h at 80°C and the filtrate was allowed to cool. A set of
standard solutions of haemagglutinin ranging from 0 to 10 ppm was
prepared from the haemagglutinin stock solution. The absorbance
of the standard solution as well as that of the filtrate was read at
220 nm on a spectrophotometer (UV-160A, Shimadzu, Osaka,
Japan). The result was expressed as haemagglutinin unit (HU)/g
sample.

Determination of cyanogenic glycoside content

Determination of cyanogenic glycoside content of the samples was
done by the alkaline titration method of the AOAC (1990). Two
hundred millilitres of distilled water was added to 1 g of the sample
in an 800 cm?® capacity distillation flask. The flask was fitted for
distillation and allowed to stand for 2 h for autolysis to take place.
An antifoaming agent (silicon oil) was then added. Steam distillation
was carried out and 150 cm® of the distillate collected into 250 cm?®
capacity conical flask containing 20 cm?® of 2.5% sodium hydroxide,
then diluted to mark with distilled water. Thereafter, 8 cm® of 6 N
NH4OH solution and 2 cm® of 5% potassium iodide was added to
100 cm?® of diluted distillate. This was titrated against 0.02 N silver
nitrate (AgNOs) solution using a 10 cm® microburette. The end-point
was noted as a permanent turbidity against a black background.
Titre values were obtained and used to calculate cyanide content
(mg HCN/Kg), using the formula:

CG = (TV x 1.08 x EV / SM x AL) x 100 @

Where, CG is cyanogenic glycoside; TV is titre value (cm®); EV is
extract volume (cm®); SM is sample mass (g); AL is aliquot (cm®)
used; and 1 cm® of 0.02 N AgNO; = 1.8 mg HCN.

Determination of phytic acid content

The method of Wheeler and Ferrel (1971) was used to determine
the phytic acid content of each sample. A 2 g sample was used for
the extraction. A standard curve was prepared expressing the
results as Fe(NOs)s equivalent. Phytate phosphorus was calculated
from the standard curve assuming a 4:6 iron to phosphorus molar

ratio. The phytic acid content was also calculated by multiplying the
amount of phytate phosphorous by the factor 3.55 based on the
empirical formula CsPsO,H1s and result was expressed as mg/100 g
sample.

Mineral content determination

The mineral content was determined according to AOAC (1995).
Two grams of lima bean flour was ashed in a muffle furnace at
550°C. The resultant ash was dissolved in 5 ml of HNO3s/HCI/H,O
(1:2:3, vivlv) followed by heating on a hot plate at the boiling
temperature of the solution until brown fumes disappeared. Five
millilitres of deionized water was later added to the remaining
content in the crucible, and the mixture was heated until a
colourless solution was obtained. The colourless solution was then
filtered into a 100 ml volumetric flask using a Whatman No. 42 filter
paper, and diluted to volume with deionized water. The
concentration of the following elements: Ca, Mg and Fe was then
determined from the filtered solution using atomic absorption
spectrophotometer (Model SP9 Pye Unicam, UK), having initially
prepared a standard curve for each element under investigation.
The concentration of each element was calculated as mg/100 g of
sample.

The analysis of sodium and potassium concentrations of the
sample was carried out using flame photometry while the
phosphorous content of the filtered solution was determined
colorimetrically using vanadate-molybdate reagent according to the
method described by Egan et al. (1981). The content of phosphorus
in the filtered solution was determined using a standard curve
obtained for potassium dihydrogen phosphate (KH.PO,) and
expressed as mg phosphorus per 100 g of sample.

Thiamine determination

The method of AOAC (1995) was used for the determination. Five
grams of lima bean flour was weighed into a 250 ml conical flask
and 100 ml 0.1 N H,SO, was slowly added without shaking and left
overnight. The mixture was thereafter filtered through Whatman No.
2 filter paper and the first 10 to 15 ml of filtrate was discarded. Ten
millilitres of the extract was then pipetted into 100 ml separating
funnel. Three millilitres of 15% NaOH was then added into the
separating funnel immediately followed by four drops of ferricyanide
solution and then shaken gently for exactly 30 s. Fifteen millilitres of
isobutanol was rapidly added, followed by vigorous shaken for 60 s
to allow the layers to separate and the bottom layer drained off and
discarded. One spatulaful of sodium sulphate was directly added
into the separating funnel and then swirled gently to clarify the
extract. The clear extract was then collected using a Pasteur pipette
into a clean dry test tube. The blank sample was similarly prepared
by pipetting 10 ml of the extract following the procedures above but
with the omission of ferricyanide solution. The thiamine content was
estimated using a fluorimeter and results are expressed as mg/100
g sample.

Riboflavin determination

The method of AOAC (1995) was used for the determination. Five
grams of lima bean flour was weighed into a 250 ml conical flask
and 75 ml 0.1 N H,SO, was added with the flask immersed in
boiling water for 30 min and the flask shaken every 5 min. This was
allowed to cool at room temperature. Five millilitres of 2.5 M sodium
acetate solution was added and allowed to stand for at least 1 h.
The solution was then transferred to a 100 ml volumetric flask,
made up to the volume with distilled water and filtered through
Whatman No. 2 while the first 10 to 15 ml of filtrate was discarded.



The filtrate was then oxidized with potassium permanganate with
elimination of its excess with peroxide. The riboflavin content was
estimated by interpreting the spectrofluorometry and results were
expressed as mg/100 g sample.

Niacin determination

An approximately 0.1 ml of the standard niacin solution was
pipetted into two test tubes, respectively. Each of the test tubes was
made up to 6 ml with distilled water. Thereafter, 3 ml of cyanogen
bromide was added and the content shaken. After 10 min, 1 ml of
4% aniline was added to each tube and the yellow colour
developed and after 5 min was read at 420 nm (Spectrophotometer;
UV-160A, Shimadzu, Osaka, Japan) against a reagent blank
(AOAC, 1995).

Pyridoxine determination

The reversed-phase HPLC method described by Ekinci and
Kadakal (2005) was used. The sample treatment consisted of solid
phase extraction (SPE) with Sep-Pak C;s (500 mg) cartridges that
enabled separation of pyridoxine and removed most of the
interfering components. Twenty millilitres of distilled water was
added to 5 g of the sample. The mixture was homogenized using a
homogenizer at 2000 rpm for 1 min. The homogenized sample was
centrifuged for 10 min at 14000 x g with a centrifuge (model H—
2000C, Japan). The stationary phase was prepared by flushing the
Sep-Pak Cis (500 mg) cartridge with 10 ml methanol and 10 ml
acidified water (pH 4.2) to activate the column. The homogenized
and centrifuged sample was then loaded on the Sep-PaK C;g (500
mg) cartridge at a flow rate of 1 ml min™ using a syringe. The eluent
was collected in a bottle and evaporated to dryness in a vacuum
evaporator (model Rotavapor R-3000, Bucht, Switzerland). The
residue was dissolved in mobile phase (0.1 mol/L KH2PO, (pH 7.0):
methanol; 90: 10) and then filtered through 0.45 pm pore size
filters. Twenty microlitres of the sample was injected into the HPLC
column. The column elute was monitored with a photodiode-array
detector at 324 nm for pyridoxine. Identification of compound was
achieved by comparing their retention times and UV spectra with
those of standards. Five different concentrations of each standard
were used to prepare calibration plots for pyridoxine. This was done
by plotting concentration (ug/ml) against peak area (mAU). Their
correlation coefficients were greater than 0.997. Concentration of
pyridoxine was calculated from integrated areas of the sample and
the corresponding standards.

Determination of in vitro starch digestibility

The enzymatic method of Kumar and Venkataraman (1976) was
adopted by using enzymatic glucose oxidase peroxidase Kit.
Glucose was used as a standard and the degree of hydrolysis was
expressed as mg of glucose liberated from the samples after
correction for blank values and percent in vitro starch digestibility
was calculated on the basis of total starch content using the
following equation:

IVSD = (Glucose released (mg) x 0.9 / g of total starch) x 100 (2)

Determination of in vitro protein digestibility

The in vitro protein digestibility (IVPD) of lima bean flour samples
was measured according to the multienzyme technique (Hsu et al.,
1977) and was calculated by using the following equation:
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y = 210.464 — 18.103x ©)

Where, y = the percentage of protein digestibility and x = the pH of
the protein suspension after 10 min digestion with a four-enzyme
solution.

Statistical analysis

All determinations in this study were done in triplicates. In each
case, a mean value and standard deviation were determined.
Analysis of variance (ANOVA) was also performed and separation
of the mean values was done by Duncan’s Multiple Range Test at
p<0.05 using Statistical Package for Social Scientists (SPSS)
software, version 16.0.

RESULTS AND DISCUSSION

Effect of trona-aided boiling on some phytochemicals
of lima bean

Table 1 shows the results of the effect of trona-aided
boiling on some phytochemicals of lima bean. It was
generally observed that boiling (with or without trona)
caused reduction in the concentration of phytochemicals
in lima bean. However, there were variations in the
reduction capacity of different trona concentrations used
for boiling. The reduction profile of the phytochemicals
from raw lima bean to 0.5% trona-boiling was 29.3 to 7.6
TIU/g  (trypsin  inhibitor), 614 to 1.3 HU/g
(haemagglutinin), 22.8 to 7.2 mg/Kg (tannin), 860.4 to
519.8 mg/100 g (phytic acid) and 46.1 to 12.1 mg
HCN/kg (cyanogenic glycoside). The reduction in trypsin
inhibitor activity can be attributed to the destruction of
disulphide bonds which normally guarantee the heat
stability of the inhibitor. Therefore, the application of
thermal treatment might have destroyed these bonds
while boiling in trona solution facilitated further
destruction of the bonds and hence the denaturation of
the inhibitor (Kalpanadevi and Mohan, 2013). Greater
destruction of the disulphide bonds seemed to occur with
higher concentration of the trona solution involved in the
boiling.

The destruction of haemagglutinin in lima bean was as
high as 98% in 0.5% trona-solution boiling. An earlier
observation had stated that haemagglutinin could be
inactivated at temperature exceeding 50°C (Damang et
al., 2017), while it readily dissociates by a change of pH
or ionic strength (Belitz et al., 2009). The reduction in
tannin concentration by boiling in ordinary distilled water
was 30.5%, while that in 0.5% trona-solution boiling was
68.6%. This reduction could be attributed to the solubility
property of tannin in water (Ezeocha et al., 2012) while
boiling at high temperature could lead to degradation of
the phytochemical (Rakic et al., 2007; Udensi et al.,
2007). The involvement of trona in the boiling essentially
facilitated further destruction of the tannin.

The role of trona boiling on the phytic acid content was
relatively low giving a maximum reduction at 39.6 by
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Table 1. Effect of trona-aided boiling on selected phytochemicals of lima bean®.
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Type of Trypsin inhibitor activity Haemagglutinin Phytic acid Cyanogenic glycoside
Reduction Reduction Reduction Reduction Reduction

sample (%) TlUlg capacity (%)? HUlg capacity (%) mglkg capacity (%) mgi100g capacity (%) mg HCN/kg capacity (%)
Raw 29.3+0.32 - 61.4+0.22 - 22.840.12 - 860.4+2.42 - 46.1+1.22 -
A(0.0) 23.8+0.20 18.9 29.3+0.20 52.3 15.9+0.1° 30.5 801.5+3.8° 6.8 22.2+2.1be 433

B (0.1) 20.5+0.2¢ 29.9 21.320.1¢ 65.3 14.740.2¢ 355 760.4+4.6¢ 11.6 20.2+1.2¢ 56.2
C(0.2) 17.6+0.2d 40.1 15.5+0.2d 74.8 12.5+0.14 451 705.346.14 18.0 17.5¢1.2d 62.0

D (0.3) 14.7+0.1¢ 49.9 9.3+1.4¢ 84.8 10.2+0.2¢ 55.3 625.245.5¢ 273 15.3+0.9¢ 66.7

E (0.4) 9.9+0.3f 66.2 5.4+0.1f 91.2 8.1£0.1f 64.8 564.2+3.9f 34.4 13.410.8f 70.9

F (0.5) 7.6+0.19 74.1 1.3%0.19 98.0 7.2+0.19 68.6 519.8+7.49 39.6 12.1£1.19 73.8

'Results are mean values of triplicate determination + standard deviation. Mean value within the same column having the same letter are not significantly different at p<0.05. “Reduction capacity (%)
was calculated with respect to the initial total value of the respective phytochemical in the raw lima bean. A (0.0%) = Lima bean boiled with distilled water (control); B (0.1%) = Lima bean boiled in
0.1% trona solution; C (0.2%) = Lima bean boiled in 0.2% trona solution; D (0.3%) = Lima bean boiled in 0.3% trona solution; E (0.4%) = Lima bean boiled in 0.45 trona solution; F (0.5%) = Lima

bean boiled in 0.5% trona solution.

0.5% trona-solution boiling. The factors that pre-
disposed phytic acid in lima bean to destruction
include its leaching tendency into the surrounding
solution (Onwuka, 2006) coupled with its heat-
labile nature at elevated temperature (Udensi et
al., 2007). The reduction in the cyanogenic
glycoside concentration in lima bean boiling was
also relatively high. Boiling in ordinary distilled
water gave 43.3% reduction level while that in
0.5% trona-solution boiling gave about 73.8%.
The use of trona solution might have acted the
role of complementarity to the heat treatment in
the reduction of the cyanogens. Heat treatment
had earlier been observed to contribute
substantially to the elimination of cyanogenic
glycosides in cassava processing for such
products as ‘akyeke’ (Obilie et al., 2004), ‘garri’
(Agbor-Egbe and Lape-Mbome, 2006) and
cassava leaves (Ngudi et al., 2003).

The reduction of phytochemicals as a function
of the concentration of trona may be explained as
greater impacts (through destruction, dissociation,
etc.) being inflicted on the compounds at higher

trona concentrations.

Effect of trona-aided boiling on selected
vitamin contents of lima bean

Figure 1 shows the selected vitamin contents of
lima bean as influenced by trona-aided boiling.
The vitamin concentrations were generally
decreased with an increase in the trona
concentration of the boiling solution. The initial
contents of thiamine, riboflavin, niacin and
pyridoxine in the raw lima bean were 0.58, 0.37,
0.97 and 0.41 mg/100 g, respectively while at
0.5% trona-boiling, these contents were reduced
to 0.13, 0.21, 0.28 and 0.11 mg/100 g,
respectively. The reduction in thiamine content
may be attributed to its instability in trona solution,
which is naturally alkaline. An earlier observation
had stated that thiamine stability in alkaline
solution is relatively low and is usually influenced
by pH, temperature, ionic strength and metallic
ions (Gregory, 2008). In the case of riboflavin, its

reduction may be attributed to its water solubility
property, but relatively stable under normal high
temperature food processing conditions (Golbach
et al., 2014). The leaching tendency of niacin into
the boiling water could be responsible for its
reduction level as observed in lima bean
processing with trona solution. The involvement of
trona in the boiling at high temperature might have
contributed substantially to the leaching of niacin.
Belitz et al. (2009) had observed that niacin
normally occurs in food as nicotinic acid which is
quite stable with moderate losses in food
processing such as vegetable blanching.

The reduction in the pyridoxine content of food
during processing is usually regarded as a
complex phenomenon through such factors as
elevated temperature and its possible reaction
with an amino acid, cysteine (Bui and Small,
2012). The presence of trona during boiling might
have contributed to the liberation of the amino
acid during the softening process of lima bean
seed, thereby facilitating such pyridoxine-cysteine
interaction.
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Figure 1. Vitamin concentration in processed lima bean as influenced by trona-aided boiling. A
(0.0%) = Lima bean boiled with distilled water (control); B (0.1%) = Lima bean boiled in 0.1% trona
solution; C (0.2%) = Lima bean boiled in 0.2% trona solution; D (0.3%) = Lima bean boiled in
0.3% trona solution; E (0.4%) = Lima bean boiled in 0.4% trona solution; F (0.5%) = Lima bean
boiled in 0.5% trona solution.
Table 2. Effect of trona-aided boiling on selected mineral contents of lima bean®.
Mineral (mg/100
Type of sample (%) - - (ing 9) - -
Calcium Magnesium Phosphorus Potassium Sodium Iron
Raw 351.7+4.8° 115.5+2.6° 579.6+3.11° 1629.6+1.1° 9.5+1.1° 6.1+0.8"
A (0.0) 331.7+2.1° 105.1+1.8° 530.1+2.07° 1620.7+2.3° 8.5+0.9' 4.3+0.7°
B (0.1) 326.4+1.8° 104.1+1.3° 525.9+2.01° 1626.8+2.7° 9.60.8° 7.2+0.8°
C(0.2) 319.6+1.9° 100.4+1.6° 517.5+0.97° 1628.4+1.7° 10.9+0.6° 9.7+1.1°
D (0.3) 318.7+2.1% 95.4+1.8" 512.7+2.73e 1637.6+1.3" 12.8+1.3° 10.8+0.6°
E (0.4) 315.4+1.2° 93.5+1.1% 505.3+2.09' 1639.6+1.7" 13.8+1.2° 12.1+0.3"
F (0.5) 312.3+1.5' 91.7+1.4° 502.3+0.52" 1642.9+1.9° 15.5+0.9° 13.2+0.8°

'Results are mean values of triplicate determination + standard deviation. Mean value within the same column having the same letter are not
significantly different at p<0.05. A (0.0%) = Lima bean boiled with distilled water (control); B (0.1%) = Lima bean boiled in 0.1% trona solution; C
(0.2%) = Lima bean boiled in 0.2% trona solution; D (0.3%) = Lima bean boiled in 0.3% trona solution; E (0.4%) = Lima bean boiled in 0.45 trona

solution; F (0.5%) = Lima bean boiled in 0.5% trona solution.

Influence of trona-aided boiling on selected mineral
contents of lima bean

The effect of trona-aided boiling on selected mineral
contents of lima bean is shown in Table 2. The use of
ordinary distilled water in the boiling of lima bean
generally led to the decrease in the mineral
concentration. However, the involvement of trona solution

in the boiling caused further decrease in calcium,
magnesium and phosphorus while it caused an increase
in the concentration of potassium, sodium and iron. The
reduction profile of calcium, magnesium and phosphorus
was 331.7 to 312.3, 105.1 to 91.7, and 530.1 to 502.3
mg/100 g, respectively while the increment profile of
potassium, sodium and iron was 1620.7 to 1642.9, 8.5 to
15.5 and 4.3 to 13.2 mg/100 g, respectively. Minerals
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Figure 2. Effect of trona-aided boiling on the in-vitro protein digestibility of
lima bean. Bars carrying the same letters are not significantly different at
p<0.05. A (0.0%) = Lima bean boiled with distilled water (control); B (0.1%) =
Lima bean boiled in 0.1% trona solution; C (0.2%) = Lima bean boiled in 0.2%
trona solution; D (0.3%) = Lima bean boiled in 0.3% trona solution; E (0.4%)
= Lima bean boiled in 0.4% trona solution; F (0.5%) = Lima bean boiled in

0.5% trona solution.

generally had been observed to be heat-stable under
normal processing conditions (Rickman et al., 2007), but
considerable losses could occur through leaching into the
cooking water (Mugendi et al., 2010). The increase in the
concentration of potassium, sodium and iron could be
attributed to their uptake from the trona solution due to
possible ionic dissociation at elevated temperature of
boiling (Goyal, 2000).

From nutritional standpoint, certain minerals have been
recognized to play significant roles in the maintenance of
optimal health conditions in humans (Lachance, 1998).
Calcium is considered as an essential mineral for human
health participating in the biological functions of several
tissues such as musculoskeletal, nervous and cardiac
systems, bones and teeth, and parathyroid glands
(Morgan, 2008; Williams, 2008). Magnesium has been
linked to energy metabolism, release of neurotransmitters
and endothelial cell functions (Bo and Pisu, 2008) among
others. Phosphorus is related to bone and teeth formation
and the majority of the metabolic actions in the body
including kidney functioning, cell growth and the
contraction of the heart muscle (Renkema et al., 2008).
Potassium has been implicated for its role in the
transmittance of nerve impulses coupled with its relation
to heart muscle contraction activity (Lambert et al., 2008).
The role of sodium in human physiology is essentially
related to the maintenance of the balance of physiological
fluids such as in blood pressure, kidney function, nerve

and muscle functions (Sobotka et al., 2008). The principal
function of iron is connected with the synthesis of
haemoglobin and myoglobin coupled with its
complementary role of energy production (Huskisson et
al., 2007; Shenkin, 2008). Therefore, the loss or gain of
some minerals during trona-aided boiling of lima bean
might have implications on their beneficial effects when
the cooked legume is consumed.

In vitro protein and starch digestibility of lima bean
as influenced by trona-aided boiling

The in vitro protein digestibility of lima bean boiled in
trona solution is shown in Figure 2. Boiling of lima beans
in distilled water was observed to increase its digestibility
from 75.9 to 79.4% while the involvement with trona
caused further increase in digestibility to 88.6% in 0.5%
trona-solution boiling. The increase in protein digestibility
could generally be attributed to the reduction in inhibitory
activity of enzymes and protein-complexing reactions
(Embaby, 2010; Pushparaj and Urooj, 2011). The
implication of this occurrence is that the reduction in the
level of trypsin inhibitor activity (Kalpanadevi and Mohan,
2013) and tannin (Ezeocha et al., 2012) could enhance
protein digestibility. Similarly, reduction in the level of
phytate, which is capable of forming phytate-protein
complex, could also contribute to improved protein
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Figure 3. Effect of trona-aided boiling on the in-vitro starch digestibility of lima
bean. Bars carrying the same letters are not significantly different at p<0.05. A
(0.0%) = Lima bean boiled with distilled water (control); B (0.1%) = Lima bean
boiled in 0.1% trona solution; C (0.2%) = Lima bean boiled in 0.2% trona
solution; D (0.3%) = Lima bean boiled in 0.3% trona solution; E (0.4%) = Lima
bean boiled in 0.4% trona solution; F (0.5%) = Lima bean boiled in 0.5% trona
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solution.

digestibility (Selle et al., 2012).

The in vitro starch digestibility of lima bean as
influenced by trona-aided boiling is as shown in Figure 3.
Boiling of lima bean in ordinary distilled water increased
starch digestibility from 40.9 to 43.2 mg/g. However, the
involvement of trona in the boiling increased starch
digestibility to 51.9 mg/g in 0.5% trona-solution boiling.
The role of trona in the softening of lima bean had been
attributed to the disintegration of the cotyledonous tissue
in individual cells. This is caused by the conversion of
native protopectin to pectin, which depolymerizes quickly
at elevated temperature (Belitz et al., 2009). Therefore,
the disintegration of the cotyledonous tissue had, most
probably, made starch substrate more accessible to
enzymes thereby leading to higher starch digestibility
(Ezeogu et al., 2005). The reduction in the phytic acid
level could also play a role in enhancing starch
digestibility. Singh et al. (2010) had earlier observed that
calcium could catalyze amylase activity while phytic acid
could form phytic acid-calcium complex. Thus, the
reduction in phytic acid level, as a result of trona boiling,
will minimize complex formation and hence availability of
calcium for effective amylase activity and by extension,
an enhanced starch digestibility.

Conclusion

The use of trona in the boiling of hard-to-cook lima bean
was highly beneficial. The beneficial effects include the
reduction in the phytochemicals traditionally known to
interfere in the utilization of protein and minerals, the
enhancement of both protein and starch digestibility, and
the uptake of certain minerals (potassium, sodium and
iron) in the course of boiling. However, marginal losses of
certain minerals (calcium, magnesium and phosphorus)
were observed while substantial losses of B-vitamins
could occur at higher trona concentration of boiling.
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