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Abstract
A decline in common bean production has been ascribed to climate 
change. The adoption of improved beans aims to increase productivity, 
profitability, and consumption, thus reducing food and nutrition insecurity in 
the country. This study's objective was to ascertain the proximate content, 
antinutrient content, mineral content, and bioaccessibility of zinc and iron  
in two improved bean varieties grown in Kenya, Faida (biofortified) and 
RM 01 (drought tolerant)). The protein content of RM 01 (22.48%) was 
significantly higher than the Faida bean variety (20.90%). RM 01 bean 
variety had higher crude fat (4.20%) and crude fiber (4.31%) content 
compared to Faida which had 3.78% and 3.31% for crude fat and crude fiber 
respectively. Faida recorded significantly higher levels of iron (61.5 mg/kg) 
and zinc (26.8 mg/kg) content. Faida beans also had significantly (p< 0.05) 
high levels of phytates (11.70 mg/g) and tannins (4.39 mg CE/g). Phytate to 
iron ratio for Faida was 17.08 and RM 01 was 15.19 while the phytate-to-
zinc ratio was 42.26 and 35.36 for Faida and RM 01 respectively. The RM 
01 bean variety had iron bioaccessibility of 35% and zinc bioaccessibility 
of 65% compared to the Faida bean variety which had bioaccessibility of 
29% and 42% for iron and zinc respectively. In conclusion, RM 01 variety 
is a better source of iron, zinc, and protein compared to the Faida variety.
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Introduction
Common beans (Phaseolus vulgaris L.) are 
considered an affordable nutrient-rich food consisting 
of protein, vitamins, complex carbohydrates (slowly 
digestible starch and fiber), and micronutrients 
such as zinc and iron.1 The protein in beans is high 
inlysine, which islimited in staple foods such as 

cassava, rice, and maize.2 In addition, the production 
of common beans is adaptable to global sustainable 
agriculture because of their ability to fix atmospheric 
nitrogen in the soil.3

Production of beans in developing countries 
especially in Africa is lower than expected with an 
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average of 893 kg/ha compared to 2.5-5 tons/ha 
which is achievable.4 The low yield is attributed to 
several field-based production constraints including 
poor agronomic practices, low input use, diseases, 
and pests among others.5 Plant breeding is one of 
the approaches used to overcome these challenges. 
Plant breeding is the art and science of modifying 
plant traits to produce desired characteristics 
6. Breeding of beans aims at developing high-
yielding bean varieties, drought tolerant, pests 
and diseases resistant, good tasting and cooking 
quality, and adaptable to mechanical harvesting and 
processing.7  In addition, breeding aims at improving 
the micronutrient quality of the beans especially 
iron and zinc content.8 Various international 
programs together with government institutions 
have successfully released drought-tolerant and 
biofortified beans rich in zinc and iron, in many 
countries.9,10 

Evaluating the nutritional value of the released new 
common bean varieties is important in combating 
mineral deficiency. Common beans constitute an 
integral part of the diet of many people in rural and 
poor urban communities in Africa who cannot afford 
red meat, chicken, and fish regularly.4 Globally, an 
estimated two billion people are mineral deficient.11 
Zinc and iron deficiencies are the main concern in 
developing countries.12 Women of reproductive age 
and children under five years living in low-income 
countries are the most susceptible to micronutrient 
deficiencies.1 Inadequate intake of zinc and iron is 
known to cause decreased resistance to infection in 
pregnant women, infants, and children, retard fetal 
growth and complications during pregnancy among 
many other negative health consequences.13 Beans 
have the potential to fight against mineral deficiency 
and ensure food security. 

The goal of this article was to study the nutritional 
content, flatulence-causing factors, and antinutrients 
to mineral molar ratio of two newly developed 
bean varieties released in the Kenyan market. 
The RM 01 bean variety is drought tolerant 
while Faida is biofortified with high iron and  
zinc level. 

Materials and Methods
Sample Procurement and Preparation
Faida and RM 01 (red mottled type) improvedvariety 
of beans, grown and harvested in the same 

season, were procured from Kenya Agricultural 
Research and Livestock Organization (KALRO), 
Machakos, Kenya. The bean samples were 
transported in water-resistant plastic bags to 
the laboratory. Once in the laboratory, the bean 
seeds were sorted to remove damaged grains 
and foreign materials. They were then conditioned  
at 25 °C and relative humidity of 60% in an incubator 
for 24 hours before analysis to equilibrate the 
moisture content. The seeds were milled using a 
grinder and sifted through a 50-mesh sieve size 
and kept in air-tight plastic bags for further analysis.

Determination of Proximate Composition
Crude ash, crude protein, crude fiber, crude fat, 
and moisture were quantified using AOAC methods  
923.03, 979.09, 978.10, 920.29, and 925.09 
respectively.14 The carbohydrate content was 
calculated by deducting the total of the dry matter 
percentages of ash, fiber, moisture, fat, and protein 
from 100.14

Determination of Oligosaccharides
The extraction of oligosaccharides was analyzed 
as described by Granito, Frias, Doblado Guerra, 
and Champ.15 Two grams of bean flour were mixed 
with 20 ml of ethanol. The mixture was refluxed at  
100°C for 60 min with continuous shaking and 
passed through Whatman filter paper number.1  
The solvent was dried and the sample was 
reconstituted with 2 ml of distilled water and 
acetonitrile solution (ratio of 1:1). Thereafter, the 
samples were passed through a 0.45 μm microfilter 
before injecting 20 μl into HPLC (Shimadzu CBM 
20A, Japan) fitted with an APS-2 HYPERSIL  
(C-18) column (5 μm, 150 x 4.6 mm, Thermo Fisher) 
and a refractive index detector. Acetonitrile/water 
(63:35) was used as a mobile phase at a flow rate 
of 1 ml/min. Standard curves were determined using 
verbascose, stachyose, and raffinose standards.

Minerals Determination
Zinc, calcium, and iron were quantified using AOAC, 
(2010)14 method.

Determination of Antinutrients
Determination of Tannins
Tannins content was determined using the Vanillin-
HCl method of Ochanda, Onyango, and Mwasaru.16 
A quantity of 250 mg of bean flour was weighed 
into a flask and mixed with ten ml of 4% HCI in 
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methanol, shaken, and centrifuged at 4500 rpm 
for 10 min. The second extraction followed using 
5 ml of 1% HCI in methanol. Using methanol, the 
aliquots from the two extracts were mixed to create 
a volume of 25 ml. Standards were prepared to 
range from 100 to 1000 ppm using methanol.  
The absorbance of sample extracts and blanks was 
read in a UV-VIS Spectrophotometer (Shimadzu, 
UV mini-1240, Japan) at 500 nm exactly 20 minutes 
after adding the Vanillin-HCI reagent to the samples.  
The quantity of tannin was conveyed in mg  
of catech in equivalent (CE) per gram of the sample 
(mg CE/g). Serial dilutions of catechin standard were 
made using methanol.

Determination of Phytates
Phytates were extracted using HPLC as described 
by Ochanda, Onyango, and Mwasaru16 with some 
modifications. About 50 mg of samples were 
extracted using 10 ml of 3% H2SO4. The phytic acid 
was precipitated with a 3 ml FeCl3 solution. Twenty 
(20) μl was injected into HPLC (Shimadzu CBM 20A 
plus, Japan) fitted with a C-18 (μm) column at an 
oven temperature of 30° C. The mobile phase was  
a solution of 0.005N sodium acetate in distilled water 
with a flow rate of 1 μl/min. A standard solution was 
made using sodium phytate (inositol hexaphosphoric 
acid C6H6 (OPO3Na2)6+ H2O).

Determination of Antinutrient to Mineral Molar 
Ratios
Molar ratios of phytate to zinc and phytate to iron 
were determined to predict the bioaccessibility  
of these two minerals. The molar ratios were 
calculated using equation 1.17 
Antinutrient: mineral molar ratio =

The molar masses for iron = 55.8 g/mol, zinc = 65.4 
g/mol, phytic acid = 660.0 g/mol,.17

Bioaccessibility Determination of Iron and Zinc
Zinc and iron bioaccessibility was calculated 
using an in vitro method described by Sahuquillo, 
Barbera, and Farre18 with slight modification.  
The method employed three sequential phases: 
oral, gastric, and intestinal digestion. One gram  
of bean flour was weighed in three replications into 
50 ml flasks and mixed with 1.5 ml of α amylase 

solution in each of the samples, then incubated for 
10 minutes at 37 °C for 120 strokes. The activity  
of α-amylase was stopped by adjusting pH to 2.0 with 
1 M HCl.  Next, 2.5 ml of prepared pepsin solution 
was combined with the mixture above. The mixture 
was wrapped in parafilm and incubated for 2 hours 
at 37° C in a water bath shaking at 120 strokes per 
minute. Thereafter, the mixture was placed on ice 
for 10 minutes to halt pepsin digestion.

Before the intestinal digestion, the pH of the mixture 
was raised to 7 by adding 0.5 M NaOH. 12.5 ml 
of pancreatin-bile lipase solution was added to 
the mixture. Then incubated at 37 °C for 2 hours 
followed by a cooling process. Ten (10) ml of the 
digested sample was loaded onto the inside of the 
dialysis tube. The samples were put in a dialysis 
tube and dialyzed at room temperature for 24 hours.  
The solution from the dialyzing tube was transferred 
into separate test tubes and measured for iron and 
zinc content. Bioaccessibility (%) was calculated 
as follows.
 
Bioaccessibility (%) = 100 ×Y/Z  Equation Where Y 
is the element content of the bioaccessible fraction, 
and Z is the total iron or zinc beans content.

Data Analysis
STATA for Windows version 12.1, 2011, was used 
to analyze the data. The results were presented 
as the mean values ± standard deviation (SD). To 
determine whether there were significant differences 
between the varieties, the data were subjected to an 
independent student t-test.

Results and Discussion
Proximate Composition 
A significant difference was observed in moisture 
content between Faida (7.85% ±0.10) and RM 
01 (10.69% ±0.03) bean varieties as shown in  
Table 1. The values obtained in this study were 
comparable with other studies done for common 
bean varieties1,19 However, the values were lower 
than (13.89-15.62%) those reported by Brigide, 
Canniatt-Brazaca, and Silva23 for biofortified bean 
varieties grown in Brazil. Variations in moisture 
content can be attributed to the difference in the 
bean variety and location. The low moisture content 
of dried beans facilitates their transportation and 
storability as well as prolongs their shelf life.21  
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The final moisture content is critical in controlling how 
other components within thebeans change. Beans 

with a moisture content above 13% significantly lose 
flavor and texture within six months.22

Table 1: Proximate composition of improved beans grown in Kenya

Parameter (%) Faida  RM 01 P-value

Moisture 7.85±0.10 10.69±0.03 0.0001
Crude protein 20.90±0.14 22.48±0.89 0.0392
Carbohydrates 60.04±0.16 54.34±1.12 0.0005
Total ash 4.12±0.06 3.98±0.04 0.0176
Crude fat 3.78±0.07 4.20±0.32 0.0434
Crude fiber 3.31±0.27 4.31±0.35 0.0001

Valuesgiven in the table are means of triplicateanalyses (% wet basis). P ≤ 0.05.  
± standard deviation

The RM 01 bean variety had a significantly higher 
protein content (22.48% ±0.89) than Faida (20.90% 
±0.14). A study by Ojijo, Kimura, and Koaze20 
reported higher values in the range of 25.3- 30.2% for 
Kenyan bean varieties. Brigide, Canniatt-Brazaca, 
and Silva23 also reported higher protein values  
of 23.38-31.59% for biofortified beans grown in Brazil. 
The protein content of these beans was comparable 
to those reported by Shimeli and Rakshit, (2005)24 
in Ethiopian-improved bean varieties and biofortified 
beans grown in Uganda.25 The amino acid profile 
of bean protein is complementary to that of lysine-
deficient cereals (maize, wheat, and rice) which are 
the staple food of people in developing countries.26,27 
Encouraging diversification of the diet by increasing 
the intake of beans can be a food-based strategy 
for reducing the prevalence of protein malnutrition.
  
The crude fat content of the RM 01 variety (4.20% ± 
0.32) was higher than that in Faida (3.78% ± 0.07). 
Crude fat observed in both varieties was higher than 
those reported by19,28,29 for bean varieties. This could 
be attributed to differences in bean variety, cultivation 
practices, geographical location, and soil type. 
 
Carbohydrates are major components of dry beans. 
A significant difference in carbohydrate content 
between the varieties was observed, with Faida 
having a higher content (60.04% ±0.16) than RM 
01 (54.34% ±1.12). The carbohydrate content 
observed was within the range of 50-60% reported 
by other studies1,22,31 for various bean varieties.  

The carbohydrate content of beans has a low 
glycemic index which is considered a therapeutic 
diet for diabetes patients.1

Total ash content differed significantly between the 
two varieties with RM 01 having a higher content 
of 4.12% ± 0.06 than Faida at 3.98% ±0.04. These 
results were comparable with the findings of Ojijo, 
Kimura, and Koaze20 who reported a total ash 
content range of 3.8-4.1% for Kenyan bean varieties.  
Higher content of 4.4 to 4.6% has been reported 
by Anino, Onyango, Samuel, Imathiu, Maina, and 
Onyangore28 for Kenyan bean varieties. Ash content 
is important because it corresponds to the quantity 
of minerals in the food. 

The crude fiber content of the two varieties differed 
significantly. The results of this study were lower 
than the range of 4.6-7.4% reported for Kenyan 
bean varieties.28 Other studies24,32 have also reported 
higher values of 4.656-5.950% and 4.071-5.468% 
for improved beans. These differences could 
be explained by the bean variety and cultivation 
location. Beans are high-fiber food that helps  
in various physiological effects for human health.33

Oligosaccharides
Stachyose, raffinose, and verbascose are the 
predominant oligosaccharides.34 Oligosaccharides 
cause flatulence that deters consumers from 
eating beans. The human digestive tract lacks 
an α-galactosidase enzyme that hydrolyzes 
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oligosaccharides, they are passed into the large 
intestine and fermented anaerobically by intestinal 
microorganisms,35 producing various gases such as 

hydrogen, methane, and carbon dioxide which may 
induce discomfort in humans.36

Table 2: Oligosaccharides contents of Faida and RM01 bean varieties.

	 Raffinose	(mg/100g)	 Stachyose	(mg/100g)	 Verbascose

Faida 414.83±8.96 1702.01±31.09 ND 
RM 01 489.15±4.47 1813.95±7.80 ND
P-value 0.0001 0.0001

Values in the table are means of triplicate analyses. ND-Not Detected. 
P≤ 0.05.± Standard deviation

A signi f icant di fference was observed in 
oligosaccharides content as shown in Table 2. 
Stachyose was the main oligosaccharide in both 
bean varieties while verbascose was not detected 
in this study. These results are comparable to 
those published by37 who reported a range of 1240 
-1840 mg/100g stachyose in kidney beans grown 
in East Africa. Kitum, Kinyanjui, Mathara, and Sila38 
observed slightly lower values of 1264 mg/100g 
stachyose for red haricot beans grown in Kenya.  

The raffinose content was significantly different 
among the two varieties. The amount of raffinose 
observed in this study was higher compared to 
other studies.37,38 The content of oligosaccharides 
in beans can be reduced by cooking, germination, 
soaking, and fermentation.35,39 Despite their negative 
effect, oligosaccharides are considered prebiotics  
with health benefits.

Mineral Contents
Table 3 shows the mineral content of the Faida 
and RM 01 bean varieties. There were significant 
differences in iron, zinc, and calcium contents in 
the two bean varieties. The RM 01 bean variety had 

the highest calcium value of 1432.4 mg/Kg ±1.02, 
while Faida had the lowest value of 1280.7 mg/Kg 
±1.32. These results were within the range of 850 
-1900 mg/Kg reported for different common bean 
varieties.20,28,37

The iron concentration of RM 01 was 49.3 mg/
kg ±0.49 while Faida had 61.5 mg/kg ±0.70. 
The average Fe concentration of dry beans 
is approximately 50 mg/kg with a range of 32-92 mg/
kg.40 Glahn, Wiesinger, and Lung’Aho41 reported a 
range of 55-94 mg/kg Fe content for 18 released 
biofortified East African bean varieties. While Wafula, 
Onduso, Saeys, Sila, and Hendrickx17 observed 
a range of 49.9-82.7 mg/kg for different Kenyan 
bean varieties. Biofortification breeding programs 
usually target to increase the Fe content by 50-
100% from the existing baseline of 50-55 mg/Kg of 
most beans.42 Compared with the above-mentioned 
studies, RM 01 had lower iron content. It is worth 
mentioning that RM 01 variety is not a biofortified 
bean variety. The iron content can be influenced by 
genotype, environmental conditions, and agronomic 
practices.40

Table 3: Mineral composition of the Faida and RM 01 bean varieties

Variety	 Fe(mg/Kg)	 Ca(mg/Kg)	 Zn(mg/Kg)

Faida 61.5±0.70 1280.7±1.32 26.8±0.07
RM 01 49.3±0.49 1432.4±1.02 21.3±0.10
p-value 0.0001 0.0002 0.0006

Each value is a mean of triplicate analyses. P≤0.05. ± standard deviation.
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The zinc content varied significantly, with Faida 
having a higher concentration of 26.8±0.07 mg/Kg 
than RM 01 at 21.3±0.10 mg/Kg. These results are 
slightly lower than (22.6-50.1 mg/Kg) those observed 
by Wafula, Onduso, Saeys, Sila, and Hendrickx17 
for Kenyan bean varieties. The baseline for zinc 
biofortification is 17 mg/kg, beans with 50% or 8.5 
mg/kg above the goal level could be considered 
biofortified.8

Anti-Nutrients
Antinutrients including phytates and tannin affect 
mineral bioavailability. Metal ions, particularly zinc, 
iron, and calcium, are chelated by phytates in the 

gastrointestinal tract, forming insoluble complexes 
that are not digested or absorbed by humans.44.  
A significant difference was observed in phytic acid 
content between the two varieties. The phytic acid 
content for Faida and RM 01 beans was 11.70 mg/g 
±0.05 and 7.60 mg/g ±0.05 respectively (Table 4). 
These values were lower than 16.8-23.4 mg/g cited 
by Wafula, Onduso, Saeys, Sila, and Hendrickx17 for 
Kenyan bean varieties. However, the phytate content 
in this study was higher than (2.23-2.74 mg/g) 
reported by Anino,  Onyango, Samuel, Imathiu, and 
Maina28 for Kenyan bean varieties. The variation 
in phytic acid content could be attributed to variety, 
geographical location, soil type, and fertilizers.

Table 4: Anti-nutrients content of Faida and RM 01 bean varieties.

Sample		 Phytates	(mg/g)	 Tannins	(mg	CE	/g)

Faida 11.70±0.05 4.39±0.86
RM 01 7.60±0.05 4.08±1.30
P-values 0.0011 0.0003

Each value is a mean of three replicates. P ≤0.05. ± standard deviation

There was a significant difference observed in 
tannin content between the two varieties (Table). 
The tannins content of the Faida and RM 01 
were 4.39±0.86 mg CE/g and 4.08±1.30 mg CE/g 
respectively. These results were within the range 
(0.4-44.3 mg/g) reported by Wafula, Onduso, Saeys, 
Sila, and Hendrickx17 for Kenyan bean varieties. 
Tannins inhibit nutrient digestion and prevent the 
uptake of beneficial bioavailable components in the 
food. Theybind to proteins forming tannin-protein 
complexes which inhibit digestive enzymes and 
lower protein digestibility due to interactions between 
protein substrate and ionizable iron.44

The Molar Ratios and Bioaccessibility of Iron and 
Zinc	of	Faida	and	RM	01	Bean	Varieties
Iron and zinc availability in the human body can 
be speculated by calculating the molar ratios  
of antinutrients to minerals.44 Table 5 shows the 
antinutrient-to-mineral molar ratios of the two bean 
varieties. Previous studies have reported that 
phytate to Fe molar ratio above 1 and phytate to Zn 
molar ratio higher than 15 have a negative effect 
on the bioavailability of Fe and Zn respectively.45  
The beans used in this study had phytate to Fe 

and phytate to Zn molar ratios that were above 
the thresholds necessary for efficient iron and 
zinc bioavailability (Table 5). These findings are 
comparable to those observed by Wafula, Onduso, 
Saeys, Sila, and Hendrickx,17 who reported Phytate 
to Fe molar range of 18.2-37.1 and a range of 39.2-
83.4 for phytate to Zn molar ratios for Kenyan bean 
varieties. Castro-Alba, Lazarte, Bergenstahl, and 
Granfeldt45 reported lower values of 7.94 and 17.4 
for phytate to Fe and phytate to  Zn respectively for 
kidney beans. The high phytic acid concentration in 
the beans used in this study could explain the low 
iron and zinc absorption.

Bioaccessibility is the percentage of a substance 
or nutrient in a food matrix that is released in 
the digestive system and subsequently made 
available for absorption through the intestinal 
mucosa.45 The quality of minerals in food should 
be assessed by their mineral content and the 
percentage of the mineral that is available for use 
in biological processes.40 Faida and RM 01 beans 
had bioaccessible iron percentages of 29% and 35% 
respectively (Table 5). Zinc bioaccessibility of RM 
01 (65 %) was higher than Faida (42 %). Meaning 
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RM 01 is a better source of iron and zinc compared 
to Faida which is biofortified and had higher iron 
and zinc content (Table 3). This might be explained 
by the fact that Faida contains more phytic acid as 
shown in Table 4. Mineral availability is affected by 
the presence of phytic acids, tannins, and dietary 
fiber.45 Direct comparison of these results with other 

studies18 on the bioaccessibility of minerals in beans 
is difficult because of differences in methods used in 
the determination of bioaccessibility. These methods 
vary on the conditions used in the simulation  
of gastrointestinal digestion such as temperature, 
pH, duration, enzymes, and agitation.45

 

Table 5: The antinutrient to mineral molar ratios and bioaccessibility 
of iron and zinc of the Faida and RM 01 bean varieties.

Variety	 Phy:Fe	 Phy:Zn	 Bioaccessibility		 Bioaccessibility		
 molar ratio molar ratio (iron %) (zinc %)

Faida 17.08 42.26 29 42
RM 01 15.19 35.36 35 65

Phy-phytates, Tan-tannins

Conclusion
Significant differences were observed in proximate 
composition among the two released improved bean 
varieties. Faida had significantly high carbohydrates 
and crude ash content while RM 01 was high in 
crude fat and crude protein. RM 01 reported higher 
values of flatulence-causing oligosaccharides 
while Faida was high in tannin and phytate content.  
The ratios of phytate to Zn and phytate to Fe, of the 
two varieties, were higher than the threshold levels 
for the effective bioavailability of these minerals. 
Bioaccessibility of iron and zinc contents was higher 
in RM 01 compared to Faida despite Faida having 
higher amounts of iron and zinc. Therefore, RM 01 
is a better source of iron and zinc compared to the 
Faida bean variety. These findings reveal that a high 
mineral content does not translate to a high mineral 
bioaccessibility.
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