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PHENOLIC COMPOUNDS, PHYTATE, CITRIC ACID AND THE
IN-VITRO IRON ACCESSIBILITY OF COWPEAS, MUNG BEANS
AND FOUR VARIETIES OF KIDNEY BEANS

Towo E*! Svanberg U? and A Kamala!

ABSTRACT

Iron deficiency anaemia is highly prevalent in
Tanzania affecting predominantly children and
women of childbearing age. One of the major causes
is the low iron bioavailability from vegetarian diets
mainly due to the presence of various antinutritional
factors that interfere with non-heme iron absorption.
Cereals and legumes constitute the main ingredients
of diets in the country providing proteins,
carbohydrates, minerals and vitamins. Certain
varieties of these grains contain large amounts of
polyphenolics and phytate that are known to inhibit
iron absorption. Varieties of legumes; cowpeas (Vigna
unguiculata) and mung beans (Vigna radiata L.) and
kidney beans (Phaseolus vulgaris 1.) were analyzed
for the polyphenolics and phytates. The total and
in vitro accessible iron, and the citric acid were also
quantified and their nutritional consequences
discussed. Phenolic compounds varied widely in the
analysed legumes ranging from 3.37 to 9.14 mg
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catechin equivalent/g and they associated negatively
with in vitro accessible iron (r = - 0.367; p = 0.054).
The catechol and resorcinol phenolics ranged from
1.58 to 3.51 and 1.41 to 5.37 mg catechin equivalent/
g respectively and were relatively higher than galloyls
that range from 0.10 to 1.52 mg tannic acid
equivalent/g). Phytate ranged from 8.46 to 13.18 mg/
g, total iron from 3.58 to 7.55 mg/100g and in vitro
accessible iron from 0.45 to 1.04 mg/100g. Citric acid
ranged from 70.8 to 205.2 mg/100g and was associated
positively with in vitro accessible iron (r = 0.845; p
= 0.006). Proper processing of legumes to reduce
antinutritional factors to relatively lower levels is
important in order to render the iron and other
nutrients readily available for absorption.

Keywords: Phytate; phenolic compounds; galloyls;
catechols; resorcinols; citric acid; in vitro accessible
iron

COMPOSES PHENOLIQUES, PHYTATES, ACIDE CITRIQUE ET LE FER ACCESSIBLE IN-
VITRO DE NIEBES, HARICOTS MUNGO ET QUATRE VERIETES DE HARICOTS ORDINAIRES

RESUME

L’anémie ferriprivée est fortement répandue en
Tanzanie touchant principalement, les enfants et les
femmes en dge de procréer. L’une des principales
causes est le faible bio-disponibilité en fer des régimes
végétariens due principalement de divers facteurs
antinuritionnelles qui empéchent Uabsorption de fer-
S non-hémigque. Les céréales et les légumes constituent
Z la source principale d’alimentation dans ce pays. lls
Journissent les protéines les hydrates de carbone, les
minéraux et les vitamines. Les variétés de légumes
; des niébés, (vigna unguiculata) et haricots mungo
(vigna radiata L) et des haricots ordinaires (phaseolus
vulgaris L ) ont été analysées pour voir leur contenance
en polyphénoliques et phytates. L’ensemble le fer
_accessible in-vitro et Uacide citrique ont été également
quantifiés et leur impact nutritionnel discuté. Les
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résultats de Panalyse ont indiqué que les composés
phénoliques ont largement varié allant de 3,37 a 9,14
mg équivalent/g de catéchine et ils se sont associés
de facon négative au fer accessible in-vitro (r=-0,367;
P=0,054) La contenance en catéchol et résorcinol
(composés phénoliques) ont varié respectivement de
L58 a 3,51 et de 1,41 a 5,37mg de catéchine
équivalent/g respectivement et étaient des taux
relativement plus élevés que celui de galloys qui a
varié de 0,10 a 1,52mg d’acide tannique/g. Les
phytates ont varié de 8,46 a 13,18mg/g, le fer total
a varié de 3,58 a 7,55 mg /100g et le fer accessible
in-vitro de 0,45 a 1,04 mg / 100g. La teneur en acide
citrique a varié de 70,8 a 205,2 mg / 100g et a été
associé positivement avec le fer accessible in-vitro (r=
0,845g;p=0,006) Il est important qu’un traitement
approprié des légumes soit réalisé pour réduire les
Jacteurs anti-nutritionnels a des niveaux relativement
bas afin de faciliter I’absorption du fer et d’autres
nutriments.

Mots clefs : phytates, composés phénoliques, galloys,
catéchols, résorcinols, acide citrique, fer accessible in-
vitro.
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INTRODUCTION

Legumes are extensively consumed in Tanzania like in
other African and less developed countries. Production
of legumes (beans) in Tanzania is estimated at above
289,700 tones a year. It is mostly consumed as cooked
whole dry seeds taken as a relish with cereal staples.
They are also used in the formulation of simple weaning
blends with cereals, which are relatively cheap for the
poor rural to afford. These grains are important sources
of protein, calories, vitamins and minerals for the
country’s population. However, the nutritional quality
of these grains may be impaired due to the presence
of antinutritional factors such as phytate, polyphenols,
trypsin inhibitors and flatulence causing oligosaccharides
[1-3]. The presence of these antinutrients may cause low
protein digestibility and mineral availability in legumes.
Cowpeas have been shown to contain high level of
polyphenols, which play an important role in the
reduction of protein digestibility and starch digestibility
[4,5]. Condensed tannins, widely distributed in cereals
and legumes, have been reported to impair iron
availability [6-8]. Likewise, phytate compounds in food
grains have been reported to lower the bioavailability
of minerals like iron [9,10]. Iron deficiency anaemia
has been shown to have high association with low iron
availability from vegetarian diets and polyphenols and
* phytate are likely to account for the poor iron accessibility
in Tanzanian diets [11]. Iron deficiency anaemia
contributes significantly to the prevalence of anaemia
in Tanzania [11]. Knowledge on the distribution of
these antinutritional factors in Tanzanian food might
provide the proper ways of pre-treatment and processing
of the diet ingredients for the improvement of their
quality.

The objectives of this study were to determine the
amount of antinutritional factors such as phytate and
polyphenolic groups of legume grains widely consumed
in Tanzania. To determine the total iron content and
in vitro iron accessibility as well as the content of citric
acid of these legumes and describing their nutritional
consequences.

MATERIALS AND METHODS
Materials

Cowpea (Vigna unguiculata), mung bean (Vigna radiata
L.) and varieties of common edible kidney beans
(Phaseolus vulgaris 1..) with distinct color differentiation
(red, brown, reddish-brown and yellow) were obtained
from local markets in Morogoro and Dodoma regions
in Central Tanzania. The grains were purchased randomly
from retail sellers in the market in lots of one kilogram.
The dry grains were sorted and washed by distilled
water at room temperature to remove foreign particulates
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and dust before being milled and analyzed. The chemicals
and reagents; citric acid (C0759), catechin (C1788),
tannic acid (T0125), pepsin (P1750), pancreatin (P6887)
and bile extract (B8631) were purchased from Sigma,
Sweden.

CHEMICAL ANALYSIS
Proximate Composition

Moisture, crude protein (Micro—Kjéldahl, Nx6.25) and
crude fat were determined by standard methods [12].

Determination of Citric Acid

The concentration of citric acid was determined using
HPLC [13]. The chromatograph instrumentation
consisted of a pump (Waters Assoc., model 510), U.V.
detector operating at 210 nm (Lambda HP 1050),
column heater & controller and an Aminex HPX-87H
(BioRad). Injection volume was 60 pl and sample
dilution was 1/20. The acid was eluted at 65°C using
0.008M H,SO, as the mobile phase and flow rate of
0.6 ml/min. The concentration of citric acid was
determined by reference to the elution of standard citric
acid.

Determination of Phenolic Compounds

The content of total phenolics was determined by the
Prussian blue test method according to Price and Butler
using acidified methanol as extraction solvent [14].
Resorcinol phenolic groups were determined by the
modified vanillin method with blank subtracted using
acidified methanol as extraction solvent [15]. The
catechol and galloyl phenolic groups were determined
by employing the ferric ammonium sulphate (FAS)
method as described by Brune, Rossander and Hallberg
with minor modifications in the extraction procedure
[6]. A 50% Dimethyl-formamide in acetate buffer (pH
4.4) was used as extraction solvent. Sample extraction
for the above analyses was made by mixing 200 mg
of the sample flour with 5 ml of the extraction solvent
and homogenized for one hour with occasional shaking
at an interval of 10 minutes. The mixture was centrifuged
at 5000 g for 15 minutes and the supernatant collected.
The extraction was repeated once and the supernatants
were pooled together and analysed for different phenolics.
The values are expressed in mg catechin equivalent/g
sample for total phenols, resorcinols and catechols and
in mg tannic acid equivalent/g sample dry weight for
galloyls.

Determination of Phytate

Phytate compounds were determined by the method
described by Carlsson et al. [16]. A 0.5 g sample of
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the flour was extracted with 10 ml of 0.5 mol/l HC]
over night followed by centrifugation at 3500 g for 5
minutes and filtered. The supernatant was collected and
analysed for total phytate content by High-performance
ion chromatography (HPIC). The values are expressed

in mg/g (dry wt).

Determination of total iron and in vitro iron
accessibility

The total iron content was determined by wet digestion
of the sample in a microwave system (Milestone
Bergano, Italy). About 0.3 g of the flour was mixed
with 3.0 ml of water, 0.15 ml of conc. HCI and 0.75
ml of conc. HNO, and digested in the microwave
followed by cooling and diluting the mixture with water
to 10 mL volume. The total iron was measured in the
solution by HPIC analysis as described by Fredrikson
et al.[17]. The determination of iron accessibility at
physiological condition was done according to the
method described by Svanberg, Lorri and Sandberg
with minor modification [7,18]. 1.0 g of the flour was
suspended in 10 ml= of distilled water and 10 ml of
0.3% pepsin solutions (in 0.1 M HCI) was added and
digested for 90 minutes at 37°C. The pepsin solution
contained physiological amounts of Na (49 mmol/l as
NaCl), K (12 mmol/l as KCI) , Ca (10 mmol/l as
CaCl,.2H,0) Mg (2.4 mmol/l as MgCl,) and phosphate
(3.5 mmol/l as KH,PO,). The pH was adjusted to 2.0
by 1.0 M NaOH and added 3 ml of pancreatic (0.012
2) and bile (0.075 g) solutions in 0.1 M NaHCO, before
adjusting the pH to 5.0. The mixture was incubated for
another 30 minutes and then adjusted the pH to 6.0
before centrifuging at 5000 g for 20 minutes. The
supernatant was filtered through 45um filters and the
soluble iron determined by atomic absorption
spectrometry (Pye Unicum, Sweden).

RESULTS
Crude Protein and Crude Fat Content

Crude protein content ranged from 18.8 to 21.9% and
crude fat content ranged from 1.7 to 2.9% (Table 1).
The protein and fat compositions of the analysed grains
were within the normal range of leguminous grains
[19,20].

Citric Acid Content

Citric acid content in the legumes ranged from 70.8 mg/
100g (mung bean) to 205.2 mg/100g (kidney bean
redish/brown variety) (Table 1). Mulyowidarso et al.[13]
reported values of 124 mg/100g citric acid in soybean
and Wills ‘et al.[27] reported 110 mg/100g citric acid

in yard-long beans. Addition of organic acids, commonly

found in vegetables, like citric acid was shown by

Gillooly et al.[22] to improve the geometric mean of
iron absorption from a basic rice meal in human studies.
The same group further observed that the vegetables
that were associated with moderate or good iron
bioavailability contained appreciable amounts of one or
more of the organic acids; malic, citric and ascorbic
acids.

Phenolic Compounds

Phenolic compounds varied widely in the analysed
grains (Table 2). Total phenolics ranged from 3.47 to
9.14, catechols from 1.58 to 3.51 and resorcinols from
1.41 to 5.37 mg catechin equivalents/g sample. Galloyls
were found in lower amounts ranging from 0.10 in
yellow kidney bean varieties to 1.52 mg tannic acid
equivalents/g in cowpea varieties. Cowpeas contained
the highest amount of total phenolics as well as phenolic
groups and yellow kidney beans contained the least
(Table 3). The wide variation observed in phenolic
content is reported elsewhere [2,23]. Preet and Punia,
[4] reported total phenolics in cowpea ranging between
7.79 to 9.35 mg catechin equivalent/g [4]. Structura}
grouping of phenolics into resorcinols, catechols and
galloyls is less reported [18]. Catechol and resorcinol
contents were relatively higher than galloyls in the
analyzed legumes. However, galloyl and catechol
phenolic groups are among the types of phenolics that
have been reported to have high inhibitory effect to iron
absorption [6,24,25,26]. Glahn et al.[24] reported 92%
inhibition of iron uptake at low concentration of 1:0.1
iron: tannic acid molar ratio in model systems. Since
galloyl and resorcinol phenolic groups have been
associated with inhibitory effect on iron absorption,
these phenolic groups in the analyzed legumes are
therefore likely to cause potential inhibitory effects to
the in vitro accessible iron. Inhibitory effects of
polyphenols to in vitro iron accessibility as well as iron
availability in humans have been reported
[6,18,21,25,27]. Udayasakhara-Rao[8] reported a
negative correlation (r= - 0.52) between tannin content
and ionizable iron content of ungerminated and
germinated groundnuts. Benitez, Grijalva and Valencia
[20] reported negative association between iron
accessibility in tepary beans (P. acutifolius) and the
compounds of tannin, oxalates and phosphates .

Phytate Compounds

Phytate content ranged from 8.46 (mung bean) to 13.18
(cowpeas) mg/g sample (Table 2). Different amounts
of phytate in pulses and legumes have been reported
[28,29]. Preet and Punia, [4] reported amount of phytic
acid in cowpea varieties as ranging from 8.19 to 9.50
mg/g and Vijayakumari et al.[23] reported values
ranging from 3.20 to 4.80 mg/g in two species of Vigna
seeds. Alonso et al. [9] reported concentrations of 4.90
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and 5.10 mg/g phytic acid, in raw kidney beans and
peas, respectively. The observed concentrations of
phytate compounds in this study are high enough to
form a strong complex with iron and therefore can lower
the in vitro accessible iron [10,24,27,29].

Total and in vitre Accessible Iron

Total iron ranged from 3.58 to 7.55, with a mean of
5.46 mg/100g and the in vitro accessible iron ranged
from 0.45 to 1.04 with a mean of 0.69 mg/100g. The
percentage soluble iron ranged from 10.8% to 12.9%
(Table 3). The mean total iron content in these grains
were low compared to those reported by Benitez,
Grijalva and Valencia, [20] in tepary (P. acutifolius)
and pinto beans (P. vulgaris) and those reported by
Saikia, Sarkar and Borua, [19] in rice bean (Vigna
umbellata). Amounts of total iron close to this study
have been reported in legumes [8,28,29]. The in vitro
accessible iron (mg/100g) as well as their percentage
reported in this study were less than those reported by
Tatala, Svanberg and Mduma [11], however, in the
latter study the legume samples were cooked. The in
vitro accessible iron was, however, higher compared
with amount reported for cereals [11,18]. Benitez,
Grijalva and Valencia, [20] reported amount of soluble
iron in tepary (P. acutifolius) and pinto beans (P.
vulgaris) ranging from 0.319 to 0.965 mg/100g.

DISCUSSION
The association between the in vitro accessible iron and

citric acid and total phenolics are illustrated in Figure
1

The higher amounts of citric acid might have enhanced
the in vitro accessible iron [22]. Citric acid associated
with in vitro accessible iron positively when multiple
regression analysis was conducted (r = 0.845; p =
0.006). Organic acids in vegetarian diets are potentially
involved in influencing iron absorption. This effect can
be more or less marked, depending on the processes
to which the foods will be subjected. On the other hand,
polyphenolic compounds might have lowered the in
vitro accessible iron [6,18,22]. The total phenolic
compounds were associated with in vitro accessible iron
negatively when using the multiple regression analysis
(r = - 0.367; p = 0.054). Phenolic groups gave a similar
effect to that of total phenolics on the in vitro accessible
iron. The phenolic groups gave negative correlation
coefficient with the in vitro accessible iron. The
correlation coefficients between the in vitro accessible
iron and the phenolic groups were - 0.55 with galloyls,
- 0.34 with catechols and - 0.33 with resorcinols.
Polyphenols are a powerful factor affecting iron
availability from vegetarian foods. Phytate compounds
are another factor that affect iron availability from
vegetarian foods [22,27]. In this study we failed to find
a direct relationship between phytate and the in vitro
iron accessibility. The legume samples assessed however,
contained appreciably high amounts of phytate that
might have inhibited the in vitro accessible iron. The
range reported in this study for phytate compounds
(8.46 to 13.18 mg/g) is relatively high than thus
reported by Vijayakumari et al. [23] and thus reported
by Alonso et al.[9].

Flg 1: Relationship between in vitro accessible iron and (a) total phenolics and (b) citric acid in legumes
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CONCLUSION

In general, non-heme iron absorption has an important
role in vegetarian diets. In this study polyphenolic
compounds were shown to have a negative effect on
the in vitro accessible iron from various legumes. Also
the phytate content in all samples analyzed was observed
to be high enough to strongly affect the in vitro
accessible iron. On the other hand, the citric acid was
high in these legumes and had an enhancing effect on
in vitro accessible iron. Existence of other intrinsic
compounds in the analyzed grains like fibers and
elementary compounds that interact differently with iron
and/or the antinutritional compounds may also contribute
to variations observed in the in vitro accessible iron.
This study emphasizes the particular importance of
organic acids in vegetarian foods on the enhancement
of dietary iron absorption. The observed high amount
of inhibitors of iron absorption in the legumes calls for
proper -processing and/or pre-treatments of these grains
that will reduce these compounds to levels that will
render the nutrients readily available for absorption in
the body. The processing methods should also leave the
important factors like citric acid less affected.
Decortication, germination and fermentation are among
the processing methods that are earmarked. Enzymic
treatments like use of polyphenol oxidase (PPO) for the
degradation of polyphenolics and phytase for the
degradation of phytate compounds can also be used in
combination with the above processing methods. Another
measure is to change the eating habits; this will ensure
availability of enhancing factors in the diet or addition
of organic acids like citric acid during preparation of
the food, particularly complementary foods. Further
research is recommended: to study the effect of different
processing/treatments on these factors and how they
affect the in vitro accessible iron.

ACKNOWLEDGEMENTS

This study was supported by the International Program
in the Chemical Sciences (IPICS), Uppsala University,
Sweden. Nils-Gunnar Carlsson and Anette Almgren are
thanked for their help with HPIC analyses for phytate
and iron.

REFERENCES

1. Burbano C, Muzquiz M, Ayet G, Cuadrado C and
MM Pedrosa Evaluation of Antinutritional Factors
of Selected Varieties of Phaseoulus vulgaris. J.
Food Sci. and Agric. 1999;79: 1468-1472.

2. Barampama Z and RE Simard Nutritional
Composition, Protein Quality and Antinutritional
Factors of Some Varieties of Dry Beans
(Phaseoulus vulgaris) grown in Burundi. Food
Chem. 1993;47: 159-167.

57

10.

1.

12.

13.

14.

15.

Aw TL and BG Swanson Influence of Tannin on
Phaseoulus vulgaris, Protein Digestibility and
Quality. J. Food Sci. 1985;50: 67-71.

Preet K and D Punia Proximate Composition,
Phytic Acid, Polyphenols and Digestibility (in
vitro) of Four Brown Cowpea Varieties. Int. J.
Food Sci. and Nutr. 2000;51: 189-193.

Thonsom LV and JH Yoon Starch Digestibility
as Affected by Polyphenols and Phytic Acid. J.
Food Sci. 1984;49: 1228-1229.

Brune M, Rossander L and L Hallberg Lron
Absorption and Phenolic Compounds: Importance
of Different Phenolic Structures. Europ. J. Clin.
Nutr. 1989;45: 545-558.

Svanberg U, Lorri W and AS Sandberg Lactic
Fermentation of Non-tannin and High-tannin
Cereals: Effects on in vitro Estimation of Iron
Availability and Phytate Hydrolysis. J. Food Sci.
1993;58: 408-412.

Udayasakhara-Rao P Effect of Germination on
Tannin, Mineral and Trace Element Composition
of Groundnut Varieties. JAOCS. 1995;74: 477-
480.

Alonso R, Rubio LA, Muzquiz M and F Marzo
The Effect of Extrusion Cooking on Mineral
Bioavailability in Pea and Kidney Bean Seed
Meals. Animal Feed Sci. and Tech. 2001;94: 1-
13.

Davies NT and R Nightingale The Effect of
Phytate on Intestinal Absorption and Secretion of
Zinc and Whole Body Retention of Zinc, Copper,
Iron and Manganese in Rats. Brit. J. Nutr. 1975;
34: 243-258.

Tatala SR, Svanberg U and B Mduma Low
Dietary Iron Bioavailability is a Major Cause of
Anaemia: a Nutritional Survey in Lindi District
of Tanzania. Am. J. Clin. Nutr. 1998;68: 171-178.

AQAC. Official Methods of Analysis, 14th edition.
1990; 125-239.

Mulyowidarso RK, Fleet GH and KA Buckle
Changes in the Concentration of Organic Acids
During the Soaking of Soybeans for Tempe
Production. Int. J. Food Sci. and Techn. 1991,
26: 607-614.

Price ML. and LG Butler Rapid Visual
Estimation and Spectrophotometric Determination
of Tannin Content of Sorghum Grain. J. Agric.
Food Chem. 1977;25: 1268-1273.

Price ML, van Scoyod S and LG Butler Critical
Evaluation of the Vanillin Reaction as an Assay

AJFAND



African Journal of Food, Agriculture, Nutrition and Development Veol. 3 No. 1 March 2003

Peer Reviewed

[Formerly AJFNS]
Towo

16.

17.

18.

19.

20.

21.

22.

for Tannin in Sorghum Grain. J. Agric. Food
Chem. 1978;26: 1214-1218.

Carlsson NG, Bergman EL, Skoglund E,
Hasselblad K and AS Sandberg Rapid Analysis
of Inositol Phosphates. J. Agric. Food Chem.
2001;49: 1695-1701.

Fredriksson M, Carlsson NG, Almgren A and
AS Sandberg Simultaneous and Sensitive Analysis
of Copper, Nickel, Zinc, Cobalt, Manganese and
Iron in Food and Biological Samples by ion
Chromatography. J. Agric Fod Chem. 2002;50:
59-65.

Matuschek E, Towo E and U Svanberg
Oxidation of Polyphenols in Phytate-reduced High-
Tannin Cereals: Effect on Different Phenolic

Groups and on in-vitro Accessible Iron. Food
Chem. 2001;49: 5630 - 5638.

Saikia P, Sarkar CR and I Borua Chemical
Composition, Antinutritional Factors and Effect of
Cooking on Nutritional Quality of Rice Bean
(Vigna- umbellata, Thunb; Ohwi and Ohashi).
Food Chem. 1999;67: 347-352.

Benitez MA, Grijalva MI and ME Valencia
Total and Soluble Iron Content and Effect of
Certain Inhibitors Present in Certain Varieties of
Tepary Bean (Phaseolus acutifolius). J. Agric.
Food Chem. 1994;42: 1300-1302.

Wills RBH, Wong AWK, Scriven FM and H
Greenfield Nutrition Composition of Chinese
Vegetables. J. Agric. Food Chem. 1984;32: 413-
416.

Gillooly M, Bothwell TH, Torrace JD, MacPhail
AP, Derman DP, Bezwoda WR, Mills W,
Chariton RW and F Mayet The Effect of
Organic Acids, Phytates and Polyphenols on the

AJFAND

58

23.

24,

25.

26.

27.

28.

29.

Absorption of Iron from Vegetables. Br. J. Nutr.
1983;49: 331-342.

Vijayakumari K, Siddhuraju P, Pugalenthi M
and K janardhanan Effect of Soaking and Heat
Processing on the Level of Antinutrients and
Digestible Proteins in the Seeds of Vigna
aconitifolia and Vigna sinensis. Food Chem.
1998;63: 259-264.

Glahn RP, Wortley GM, South PK and DD
Milier Inhibition of Iron Uptake by Phytic Acid,
Tannic Acid and ZnCl2: Studies Using in vitro
Digestion/CaCo-2 Cell Model. J. Agric. Food
Chem. 2002;50: 390-395.

Matuschek E and U Svanberg Oxidation of
Polyphenols and the Effect on in-vitro ‘Iron
Accessibility in Model Food System. J. Food Sci.
2002;67: 420-424.

South PK and DD Miller Iron Binding by
Tannic Acid: Effect of Selected Legends. Food
Chem. 1998;63: 167-172.

Layrisse M, Garcia-Casal MN, Solano L,
Baron NA, Arguelio F, Liovera D, Ramirez J,
Leets I and E Tropper Iron Bioavailability in
Humans from Breakfast Enriched with Iron Bis-~
glycine Chelate, Phytates and Polyphenols. J.
Nutr. 2000;130: 2195-2199.

Lombardi-Boccia G, De Santis N, Di Lullo G
and E Carnovale Impact of Processing on Iron
Dialyzability from Bean (Phaseolus vulgaris L).
Food Chem. 1995;53: 191-195.

Ummadi P, Chenoweth WL and MA Uebersax
The Influence of Extraction Processing on Iron
Dialyzability, Phytates and Tannins in Legumes.
J. Food Proc. Preserv. 1995;19: 119-131.



Phenolic Compounds, Phytate, Citric Acid and the in-vitro Iron Accessibility of

Peer Reviewed Cowpeas, Mung Beans and Four Varieties of Kidney Beans Towo

Table 1
Moisture, crude protein, crude fat content and citric acid of cowpeas, mung bean and kidney beans.

Determined on duplicate samples (Mean * S.D.)

Moisture Crude protein Crude fat Citric acid
Legume (&/100g) (2/100g) {(g/100g) (mg/100g)
Cowpea 9.7+0.3 21.740.1 2.440.2 121.749.8
Mung bean 10.0+0.5 21.920.2 23202 70.8%5.7
Kidney bean (red V) 99+0.2 18.820.1 1.7+0.1 184.0£14.8
Kidney bean (brown V.) 10.240.2 21.1+0.2 2.020.1 120.1£9.7
Kidney bean (reddish/brown V.) 10.7+0.1 21.4+0.3 1.840.2 205.2x16.6
Kidney bean (yellow V.) 10.5+0.1 20.320.5 2.9+0.1 107.3+8.7

Table 2

Phenolic groups and phytate content in cowpea, mung bean and kidney bean.
Determined on duplicate samples (Mean * S.D.)

Legume Antinutritional compounds

Total phenols' Resorcinols’ Catechols' Galloyls® Phytates®
Cowpea 9.140.80 5.37+0.24 3.5120.13 1.5240.02 13.18+0.16
Mung bean 5.80£0.60 1.76x0.15 2.82+0.25 0.74+0.17 8.46x0.15
Kidney bean (red V.) 5.2620.50 2.85+0.05 2.440.10 0.22+0.01 9.68+0.01
Kidney bean {(brown V.) 5.8320.35 2.89+0.15 3.1810.22 0.3540.05 11.3120.24
Kidney bean (reddish/brown V.) 4.68+0.10 1.7910.10 2.8610.41 0.35+0.08 13.04+0.02
Kidney bean (yellow V.) 3.47+0.03 1.4120.04 1.5840.10 0.100.02 12.17x0.22

!mg catechin equivalent per gram sample ’mg tannic acid equivalent per gram sample *mg/g sample phytic acid
Table 3

Iron content and in vitro iron accessibility (percentage in parenthesis) in
cowpeas, mung beans and kidney beans. Determined on duplicate samples (Mean * S.D.)

Legume ‘Total iron (mg/100g) In vitro accessible iron (mg/100g)
Cowpea 4,740.04 0.53+0.01 (11.2)
Mung bean 3.58+0.06 0.4520.01 (12.5)
Kidney bean (red V.) 5.79+0.03 0.82+0.02 (14.2)
Kidney bean (brown V.) 5.5840.07 0.60£0.02 (10.7)
Kidney bean (reddish/brown V.) 7.5520.08 1.0420.03 (13.8)
Kidney bean (yellow V) 5.5220.09 0.71x0.01 (12.9)
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