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Abstract 

Food preparation methods applied to African traditional vegetables vary greatly depending on preferences of 

various consumers. Vegetable amaranth is one of the most preferred vegetable, with high nutritional quality. The 

bioaccessibility of some minerals such as iron is, however, low since it is non-heme, and is also bound by 

anti-nutrients such as oxalates. This study aimed at evaluating the nutrient retention of amaranth vegetable dishes 

prepared using selected Kenyan traditional recipes, and to enhance the iron bioavailability of amaranth dishes 

using food preparation methods. Nutrient retentions of amaranth prepared by three common food methods were 

analyzed. In-vitro iron bioavailability of amaranth dishes with or without bioavailability enhancers as well as an 

amaranth meal incorporating a common maize meal staple food was also studied. The nutrient retentions of the 

various dishes used in this study was fairly high with at least 85% retention of minerals and an increase of up to 

45% in three carotenoids. It can be concluded that incorporating vitamin C, adding an iron rich vegetable and 

boiling of the vegetable significantly improves the iron bioavailability and hence improves the iron uptake by the 

body. Incorporating lemon juice enhanced dialysable iron of the selected recipe by up to 66%. There was no 

significant (P≤0.05) effect by the amaranth components on the iron bioavailability of ugali. These methods could 

therefore be incorporated into household recipes to increase micronutrient intake. 

Keywords: micronutrient malnutrition, bioaccessibility, anti-nutrients, ingredients 

1. Introduction 

The genus Amaranthus consists of many species, which are often considered as pseudo-cereals in Europe and 

America, but are mostly grown as vegetables in Africa (Achigan-Dako et al., 2014). It is considered as one of the 

African indigenous vegetables. The edible parts of the plants range from seeds, leaves and tender shoots. It is one 

of the most commonly consumed African indigenous vegetables in Kenya, East Africa and other parts of Africa 

(Kansiime et al., 2018). It is a cheap source of micronutrients that can contribute to reduced cases of 

micronutrient malnutrition. Apart from being a rich source of most micronutrients, amaranth is also a source of 

phytochemicals that are useful to the human body. In recent years, it is production has risen from that of a 

subsistence crop, to a commercial crop, finding itself on the shelves of most supermarkets in urban areas. In 

some case, supply cannot match demand (Cernansky, 2015). Its tender leaves and stem are used in many 

countries in Africa in the form of infusions, salads, sauces, soups; singly or mixed with other vegetables 

(Achigan-Dako et al., 2014). 

This vegetable is, however, not consumed raw. It goes through food preparation methods which vary among 

consumers based on convenience and taste preferences rather than nutrient retention (Hossain et al., 2017). 

Preparation of these vegetables is done in different ways, according to the traditional recipes and culinary 

traditions of different communities (Musotsi, 2017). The general preparation process for African Indigenous 
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vegetables involve sorting, destalking, washing and sometimes cutting (Musotsi et al., 2017), followed by varied 

cooking durations with unclear effects on the nutritional quality. These cooking methods induce a series of 

changes in physical properties, chemical properties and enzymatic modifications in various foods (Rothwell et 

al., 2015), affecting concentration and bioavailability of nutrients. Findings by different researchers on 

phytochemical and biological changes during cooking have been inconsistent and sometimes contradictory 

(Zhao et al., 2019). In order to maximize the nutritional benefits from amaranth vegetables, it is important to 

subject them to a cooking method that results in optimal nutrient retention and bioavailability (Habwe, 2012).  

Despite the notable increase in consumption of indigenous vegetables including amaranth, micronutrient 

malnutrition still remains a public health problem in several parts of Africa, the most affected being children and 

women of child bearing age. In Kenya, 27.2% of women in reproductive age have anemia (Global Nutrition 

Report, 2019). In some areas of Kenya 76% of children have been reported to have been anemic at least at one 

point since birth (Kao et al., 2019). This hidden hunger could be linked to the high rates of morbidity and 

mortality among children and women especially in rural areas. 

Though the common approach for combating iron deficiency anemia comprise supplementation and food 

fortification, diet modification and proper food preparation methods would be a cheaper and more sustainable 

approach. Modification of the diet may be done to improve nutritional value of common dishes and iron 

bioavailability. These may be through providing dietary information to include iron rich foods and improve 

cooking skills (Lion et al., 2018). Amaranth vegetable as a good source of dietary iron, can contribute to 

addressing the challenge of iron deficiency anemia. However, the bioavailability of the iron in amaranth is low 

due to its non-heme nature, as well as the presence of anti-nutrients such as oxalates which bind iron. This would 

result decreased absorption of most of the iron contained in the vegetable in the upper gut. Bioavailability of iron 

from a food source in the body is usually influenced by enhancers and inhibitors (Kapil, 2017). It has been noted 

that iron absorption in the upper gut can range from 1% to 40%, and this can be doubled with certain cooking 

practices or by changing the composition of the meal such as by addition of other vegetables and fruits 

containing ascorbic acid (Kapil, 2017). 

The aim of this study was to evaluate the nutrient retention of amaranth vegetable dishes prepared using some 

traditional recipes, and also to enhance the iron bioavailability of amaranth dishes using food preparation 

methods.  

2. Materials and Methods 

2.1 Experimental Design and Treatments 

 

Figure 1. Summary of the study flow 
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The study was carried out sequentially in three stages, involving different treatments at each stage. In the first 

stage, three traditional cooking methods were selected based on literature (Faber et al., 2010; Musotsi et al., 2005; 

Musotsi et al., 2017; Oluoch et al., 2012). Freshly harvested leaves were prepared using three (3) traditional 

recipes and fresh leaves (uncooked) as well as a mixture of the common ingredients used as control. The effect of 

cooking on retention of vitamins, minerals and oxalates, as well as the effect of cooking on iron bioavailability 

was determined. Thereafter, one of the selected recipes was chosen for improvement through use of iron 

bioavailability enhancers including high ascorbic acid ingredients (Blanco-Rojo & Vaquero, 2019). The effect of 

boiling as well as addition of iron rich vegetables to amaranth iron bioavailability was also studied. At the third 

stage, the iron bioavailability of the traditional and improved cooking methods was analyzed in combination 

with a common staple, maize meal “ugali” (thick porridge). 

2.2 Experimental Material 

This study was carried out using three varieties of vegetable amaranth; Madiira 1(A. cruentus), Madiira 2 (A. 

cruentus) and AH-TL-Sel (A. hypochondriacus). These are improved varieties that were developed by World 

Vegetable Centre and released in Kenya and Tanzania. The vegetables were grown in the open field in Shanhua, 

Taiwan. Planting was done uniformly in trays and later transplanted into the open field after three weeks. Later 

the leaves were harvested uniformly at six weeks after planting, just before flowering. The edible parts (leaves 

and tender stems) were then separated and the vegetables from the three varieties mixed in the ratio 1:1:1. Other 

ingredients used in recipe preparation including onions, tomatoes, lemons and soybean oil were obtained from 

local supermarket in Shanhua, Taiwan. Moringa leaves were obtained from the World Vegetable Center in 

Taiwan, while maize flower was obtained from Kenya. 

2.3 Chemicals 

All reagents used were of analytical reagent (AR) grades. They included pepsin (P-7000, from porcine stomach 

mucosa), hydrochloric acid, pancreatin (P-1750, from porcine pancreas), bile extract (B-8631, porcine), Sodium 

hydrogen carbonate, sodium hydroxide, trichloroacetic acid (TCA), 4,7-diphenyl-1,10-phenanthroline disulfonic 

acid, hydroxylammoniumchloride, sodium acetate, H2SO4, standard oxalic acid, 2,4-dinitrophenylhydrazine 

(DNPH), 2,6-dichlorophenolindophenol (DCPIP), metaphosphoric acid thiourea standard L-(+)-ascorbic acid, 

Acetone, ethyl ether, methanol, potassium hydroxide, hexane, Tetrahydrofuran (THF). The chemicals were 

purchased from Merck and Sigma–Aldrich Co. (St. Louis, MO, USA). 

2.4 Preparation of Samples 

The fresh vegetables were destalked to separate edible portions comprising leaves and tender stems. All the 

vegetables used in the different experiments were washed with water then rinsed with distilled water. Onions and 

tomatoes were chopped into small pieces which were used for frying the vegetables. All the cooking was done in 

stainless steel pans over uniform heat on an electric cooker. The samples in the study are shown in Table 1. 
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Table 1. Samples used in the study 

Sample  Description/ Preparation process 

Experiment 1: Nutrient retention and iron bioavailability among recipes 

Amaranth 

Raw 

These were freshly harvested amaranth leaves which were used as control reference in the study 

Mixed 

ingredients 

This was the uncooked control consisting of a mixture of amaranth leaves, onions, tomatoes, 

and oil mixed together but with no cooking. The ratios of ingredients were the same as that used 

for the cooked samples. The mixture was blended to ensure homogeneity 

Recipe 1 Approximately 200 g of fresh whole leaves (not chopped) were placed in 200 g of boiling 

distilled water in a cooking pan. This was covered and let to boil for 10 minutes, stirring every 3 

minutes. The boiled vegetables were then stir-fried without straining in 10 g non-fortified 

soybean oil, 25 g of chopped red bulb onions and 25 g chopped tomatoes for five minutes. 

Recipe 2 Approximately 200 g of fresh vegetables were chopped to medium size (about 1cm wide) and 

then placed in 200 g of boiling distilled water in a cooking pan. This was covered and let to boil 

for 10 minutes, stirring every 3 minutes. The boiled vegetables were then stir-fried without 

straining in 10g non-fortified soybean oil, 25 g of chopped red bulb onions and 25 g chopped 

tomatoes for five minutes 

Recipe 3 Approximately 200 g of fresh vegetables were chopped to medium size (about 1cm wide) and 

stir-fried in 10 g non-fortified soybean oil, 25 g of chopped red bulb onions and 25 g chopped 

tomatoes for five minutes. This was without boiling. 

Experiment 2: Enhancing iron dialysability 

Improved 

Recipe 1 with  

more tomato 

This was prepared as the Recipe 1, with double the quantity of tomatoes (50 g of chopped 

tomatoes). Components of tomatoes including vitamin C and lycopene have been reported to 

have positive effects on iron bioaccessibility (Garcia-Casal, 2006; Singh et al., 2016). 

Improved 

Recipe 1 with  

Lemon Juice 

This was prepared as Recipe 1, with one tablespoon (10 mL) of freshly squeezed lemon juice 

added. Lemon juice has been shown to increase iron bioavailability in foods (Singh et al., 

2016), and this is attributed to its ascorbic acid as well as other components 

Samples for 

boiling effect 

 experiment 

Two samples of 100 g fresh amaranth leaves were boiled in 200 mL distilled water for five 

minutes. After boiling, excess water was discarded in one sample. This was also done with 

another set of samples, with a boiling time of 15 minutes. Fresh amaranth leaves were used as 

control. 

Samples for 

inclusion of  

moringa  

Three different samples of 100 g of amaranth, 100 g of fresh moringa leaves, and 100 g of a 

mixture of amaranth leaves and moringa leaves (50:50); were boiled separately in 200 mL 

distilled water for 5 minutes. The remaining water was not discarded. Dialysable iron was 

determined in these samples together with fresh amaranth and fresh moringa leaves to 

determine the effect of adding moringa, a high iron vegetable, on dialysable iron of an amaranth 

dish. 

Experiment 3: dializability of iron in amaranth meal combination 

Amaranth 

meals 

Recipe 1 (Traditional recipe) and improved Recipe 1 with lemon were prepared. “Ugali” (thick 

porridge) was prepared using iron fortified maize flour from Kenya (Jogoo Maize Flour). 

Dialysable iron was determined for the two recipes, ugali, and a combination of ugali with each 

of the dishes in a ratio of 1:1. 

 

2.5 Nutrient Retention Analysis 

Determination was done for the nutritional components of the amaranth recipes as well as a mixture of all the 

ingredients (uncooked), and this was compared with the fresh amaranth sample. Components analyzed included 

oxalates, vitamin C, minerals (Ca, Fe and Zn) and carotenoids (violaxanthin, lutein, α-carotene and β-carotene) 

2.5.1 Determination of Oxalates 

Determination of oxalates was done by HPLC (Libert, 1981) with modifications suggested by Yu et al, (Yu et al., 

2002). A 0.5 g fresh weight of sample was homogenized in 4 mL of 0.5N HCL. The homogenate was heated at 
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800 C for 10 minutes with intermittent shaking. To the homogenate, distilled water was added up to a volume of 

25 mL. About 3 mL of the solution was withdrawn and centrifuged at 12000 rpm for 10 minutes. About 1 ml of 

supernatant was passed through a micro filter (0.45 µ) before HPLC analysis. Standards were prepared at 

varying concentrations for quantification. HPLC analysis was done using Shimadzu UV-VIS detector, Hypsil 

C18 column (5 µ M, 4.6 mm *250 mm) equipped waters 550 was used as the static phase and the mobile phase 

was a solution 0.01 N H2SO4. Flow rate was 0.6 mL min-1, pressure of 62 kgf and detection wavelength of 221 

nm. 

2.5.2 Determination of Vitamin C 

The vitamin C content was determined based on coupling 2,4-dinitrophenylhydrazine (DNPH) with ketonic 

groups of dehydroascorbic acid through the oxidation of ascorbic acid by 2,6-dichlorophenolindophenol 

(DCPIP), (Hanson et al., 2004). About 20 grams of blended samples were homogenized with 80 mL of 5% 

metaphosphoric acid and centrifuged at 7000 rpm for 10 minutes. Two mL of the supernatant was transferred 

into 20 mL test tube followed by addition of 0.1 mL of 0.2% 2,6-DCPIP sodium salt in water, 2 mL of 2% 

thiourea in 5% metaphosphoric acid and 1 mL of 4% 2,4-DNPH in 9 N H2SO4. The mixtures were kept in water 

bath at 37oC for 3 h followed by an ice bath for 10 min. to the mixtures, 5 mL of 85% sulphuric acid was added 

and kept at room temperature for 30 min before reading at OD 520 nm. Commercial L-(+)-ascorbic acid was 

used for calibration. 

2.5.3 Determination of Carotenoids 

Determination of carotenoids was done by HPLC (Rodriguez, 2001). About 0.1 g of freeze-dried sample was 

weighed into a vial. 0.6 mL distilled water and 4.4 mL Acetone was then added, mixed and shaken for 30 min. 

The mixture was centrifuged and 2.0 mL of supernatant transferred to 10 mL test tube. Nitrogen gas was then 

used to dry the samples at 36℃. Saponification was done by adding 100 µL ethyl ether followed by 2.0 mL 

methanol and 1.0 mL 15% KOH in methanol. The ethyl ether was evaporated using N2 gas and the samples 

incubated at 30℃ while shaking for 2 h. 3 mL of hexane and water (1.5 mL water + 1.5 mL hexane) was added 

and mixed by shaking for 1 min. The hexane layer was transferred to 60 mL separating funnel, collected 3 times 

and washed with water (4 times) then dried under nitrogen gas. To the dried sample, 100 µL of Tetrahydrofuran 

(THF) and 1900 µL Methanol (Merck LC grade) were added and mixed. The solution was then filtered through a 

0.22µm membrane and 20 µL injected into HPLC for analysis. Separation and identification of carotenoids was 

performed using HPLC system (Waters 2695, Milford, MA, USA) equipped with an auto-sampler, a photodiode 

array detector (Waters 996) monitoring at wavelength between 210 - 700 nm. The static phase was a C 30 

Column (YMCTM Carotenoid 3.0µm, 4.6 mm × 150 mm). The running conditions were set at 30°C using a 

gradient at 1.3 mL/min from 0% to 1% THF in methanol at 0 - 15 min, 1% to 25% THF in methanol at 15 – 25 

min, 25% to 70% THF in methanol at 25 – 50 min, and the final 100% THF at 50 – 60 min. Identification of 

sample carotenoids was performed by comparing retention time and light absorption spectra (350 nm – 700 nm) 

of known standards. The peak areas were calibrated against known amounts of standards. 

2.5.4 Determination of Minerals 

Minerals were determined by strong acid digestion method and atomic absorption spectrophotometer (AAS) 

(AOAC, 2016). The minerals that were determined are calcium, iron and zinc. About 0.3 g of freeze-dried 

sample was mixed with 5 mL of 36N H2SO4 in a digestion flask. The flasks were placed in a digester and heated 

at 300oC for 2-3 h. The contents were then cooled to about 150oC and 2 mL of 30% hydrogen peroxide (H2O2) 

added. The tubes were placed in the digester at 300oC for further 30 min till the mixture was transparent. The 

mixture was then cooled to about 40oC and diluted with 50 mL distilled water. The absorbance of the solutions 

was read by Atomic Absorption Spectrophotometer (AAS) at their respective wavelengths. The various mineral 

standards were also prepared to make the calibration curve. 

2.6 Analysis of Iron Bioaccessibility 

2.6.1 In-vitro Iron Dialysability Assay 

Dialysability of iron was determined using in vitro dialysability method (Luten et al., 1996) with simulated 

peptic and pancreatic digestion. A pepsin solution was prepared by dissolving 16 g of pepsin (P-7000, from 

porcine stomach mucosa) in 100 mL of 0.1 M HCl. The pancreatin solution contained 4 g of pancreatin (P-1750, 

from porcine pancreas) and 25 g of bile extract (B-8631, porcine) with 1000 mL of 0.1 M NaHCO3. The sample 

dry matter content was adjusted to 5 using distilled water, then homogenized. The pH of homogenized sample 

was adjusted to pH 2.0 with 6 M HCl, then 20 g was weighed into 125 mL conical flasks in three replications. 

Distilled water was also weighed in the same manner to act as blank. 
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Peptic digestion- To 20 g of weighed samples, 0.75 mL pepsin solution was added. The mixture was covered 

well using parafilm and incubated at 37°C for 2 h with shaking.  

Titratable acidity- To one replication of each digested sample, a titration was performed in which 20 mL of 

gastric digest was mixed with 5 mL of pancreatin-bile suspension and the amount of 0.5 M NaOH needed for 

this mixture to achieve a pH of 7 ± 0.05 was determined.  

Pancreatic digestion- Segment of dialysis tubing (6-8 cm) was soaked in distilled water for about 30 minutes. A 

solution of 0.5 M NaHCO3, being equivalent to the volume of 0.5 M NaOH needed for the pancreatic digestion 

(titratable acidity), was made up to 25 mL with distilled water. These solutions were transferred into the dialysis 

tubes, tied on both sides, then placed into the conical flask containing gastric digest and incubated for 30 minutes 

at 370C. After 30 minutes, 5 mL of pancreatin-bile mixture was added and the incubation continued for another 2 

hours. The dialysis tubes were then removed, washed in distilled water and the contents weighed. To 5 mL of 

dialysate, 2.5 mL of protein precipitant containing 10% TCA and 10% HCl in distilled water was added, heated 

in boiling water bath for 10 minutes and centrifuged at 10000 rpm for 5 minutes.  

To determine the dialysable iron, 3 mL of the supernatant was reacted with 2 mL of Bathophenanthroline reagent, 

containing 0.025% of 4,7-diphenyl-1,10-phenanthroline disulfonic acid and 10% hydroxylammoniumchloride in 

2 M sodium acetate. The mixture was let to stand for 15 minutes before reading at OD 535 nm. Iron standard 

was used for calibration.  

2.7 Statistical Analysis 

The data collected was subjected to Analysis of Variance (ANOVA) using Genstat statistical software. Separation 

of means for the various treatments was done using Duncan’s Multiple Range Test (DMRT).  

3. Results 

3.1 Nutrient and Oxalate Retention of the Amaranth Dishes 

The nutrient contents of the various recipes were calculated on dry weight basis. The change in nutrient content 

was expressed as percentage of the mixed ingredients in raw form. 

Table 2. Amounts of oxalates and Vitamin C in the recipes per 100 g DW 

SAMPLE OXALATE (mg) VITAMIN C (mg) 

Amaranth raw 2943c 524.20c 

Mixed Ingredients 1720b 244.93b 

Recipe 1 1592a 146.45a 

Recipe 2 1605a 172.98a 

Recipe 3 1677b 173.99a 

LSD 60.68 46.11 

Values are presented as Mean, n = 3. Means within the same column with different superscripts were 

significantly (𝑃 ≤ 0.05) different. LSD= Least Significant difference at 5% level of significance 

 

There were significant (P≤0.05) differences in the oxalate contents of the various samples. The level of oxalates 

was lower in the cooked samples compared to the raw samples, with the lowest amounts detected in Recipe 1 

(Table 2). Compared to the uncooked mixed ingredient recipe, cooking reduced the oxalate content. Recipe 3, 

where there was no boiling, retained the highest oxalate content. 

There was a reduction in vitamin C content in all the recipes. The amounts in the three recipes were, however, 

not significantly (P≤0.05) different. The vitamin C in the mixed ingredients was much lower than in fresh 

amaranth. This may be due to the loss of the vitamin through oxidation.  

Table 3. Carotenoids content in the recipes in 100 g DW 

SAMPLE VIOLAXANTHIN  

(mg) 

LUTEIN  

(mg) 

α–CAROTENE  

(mg) 

β –CAROTENE  

(mg) 

Amaranth raw 8.37c 47.64c 2.39a 22.65c 

Mixed Ingredients  4.06b 23.52a 1.93a 12.65a 

Recipe 1 0.00a 33.51b 2.35a 18.20b 

Recipe 2 0.00a 34.29b 2.38a 18.13b 

Recipe 3 3.30b 31.75b 2.60a 16.77b 

LSD 0.93 3.96 0.62 2.03 
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Values are presented as Mean, n = 3. Means within the same column with different superscripts were 

significantly (𝑃 ≤ 0.05) different. LSD= Least Significant difference at 5% level of significance 

 

Four carotenoids were detected in the samples including violaxanthin, lutein, alpha carotene and beta carotene. 

The different carotenoids were affected differently by the different cooking methods. Violaxanthin was 

completely destroyed in the recipes that involved boiling, while the contents of the other carotenoids increased in 

the three recipes when compared to the mixed ingredients in raw form.  

Table 4. Mineral contents of recipes in 100 g DW 

SAMPLE CALCIUM (mg) IRON (mg) ZINC (mg) 

Amaranth raw 2403.09c 30.15b 4.42b 

Mixed Ingredients  1218.69a 14.72a 2.36a 

Recipe 1 1322.81ab 13.82a 2.01a 

Recipe 2 1418.10b 12.59a 2.12a 

Recipe 3 1309.35ab 13.91a 2.30a 

LSD 141.10 4.00 0.43 

Values are presented as Mean, n = 3. Means within the same column with different superscripts were 

significantly (𝑃 ≤ 0.05) different. LSD= Least Significant difference at 5% level of significance 

 

There were no significant (P≤0.05) differences the amounts of the various minerals among the three cooked 

recipes. The calcium content was slightly higher in all the recipes compared to the uncooked mixed ingredients, 

while iron and zinc contents were lower. However, these differences were not significant. Recipe 3 showed the 

lowest losses of iron and zinc. 

3.2 Iron Bioaccessibility in the Recipes 

The bioaccessible iron was calculated as the dialysable iron percentage of the total iron in each sample.  

% 𝐵𝑖𝑜𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐷𝑖𝑎𝑙𝑦𝑧𝑎𝑏𝑙𝑒 𝑖𝑟𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑖𝑟𝑜𝑛
× 100%                        (1) 

Table 5. Percentage Iron Bioaccessibility of the dishes 

SAMPLE % Bioaccessibility 

Amaranth raw 11.02a 

Mixed Ingredients  17.53b 

Recipe 1 21.92bc 

Recipe 2 24.22c 

Recipe 3 21.59bc 

LSD 5.89 

Values are presented as Mean, n = 3. Means within the same column with different superscripts were 

significantly (𝑃 ≤ 0.05) different. LSD= Least Significant difference at 5% level of significance 

 

The three preparation methods/recipes had higher iron dialysability compared to the raw sample. There were 

however no significant differences in iron dialysability among the dishes (Table 5).  

3.3 Enhancement of Dialysable Iron in Amaranth 

To improve dialysable iron and improve iron delivery from amaranth meals, further experiments were carried out 

to identify effects of preparation methods and some ingredients in enhancing iron dialysability in amaranth 

dishes. The methods that were considered for enhancement in this study were inclusion of high ascorbic acid 

ingredients as ascorbic acid enhances iron bioavailability; boiling (Blanco-Rojo & Vaquero, 2019; Nomkong et 

al., 2019; Singh et al., 2016); and cooking the amaranth in combination with high iron vegetables as a way of 

increasing the total iron content.  

The first experiment involved the addition of lemon juice, which is a source of vitamin C into the dish. Recipe 1 

from the first experiment was chosen for this improvement. One recipe was made by doubling the amount of 

tomatoes used in the Recipe1 (Recipe 1+2X tomato), while another recipe was made by adding 10 mL fresh 

lemon juice to the Recipe 1 (Recipe 1 + lemon juice), and comparing against the original Recipe 1.  
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Figure 2. Effect of addition of Vitamin C rich ingredients on dialysable Iron of Amaranth recipes 

Values are presented as Mean, n = 3. Means with different superscripts were significantly (𝑃 ≤ 0.05) different. 

 

The addition of lemon juice, a source of vitamin C had a positive effect on iron dialysability (Figure 2). Increase 

in the dialysable iron due to doubling the tomato content was, however, not statistically significant (P≤0.05) 

compared to the control recipe (Recipe 1). Adding lemon juice significantly (P≤0.05) enhanced dialysable iron of 

the traditional recipe (Recipe 1), compared to the raw amaranth. Lemon juice enhanced the dialysable iron by 

over 200% in comparison to the raw amaranth leaves, while the increase was 66% higher than the traditional 

recipe. 

The effect of boiling on the iron dializability of amaranth was then determined. Studies on other vegetables have 

shown that boiling can enhance bioavailability of iron (Nomkong et al., 2019). While boiling led to an increase 

in dialysable iron, discarding excess water reduced the dialysable iron content. This could be attributed to the 

leaching of iron in the discarded water. Longer boiling (15 minutes) times increased dialysable iron compared to 

shorter boiling time (5 minutes). 

 

Figure 3. Effect of boiling and removal of excess water on iron dialysability of Amaranth 

Values are presented as Mean, n = 3. Means with different superscripts were significantly (𝑃 ≤ 0.05) different. 
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Addition of moringa leaves also increased the quantity of dialysable iron of the amaranth. This could be partly 

because moringa has higher dialysable iron, and also because it contains higher amounts of vitamin C, which is 

an enhancer (Gopalakrishnan et al., 2016; Shija et al., 2019). 

 

Figure 4. Effect of including Moringa leaves on iron dializability of Amaranth dish 

Values are presented as Mean, n = 3. Means with different superscripts were significantly (𝑃 ≤ 0.05) different. 

 

The quantity of dialysable iron when the traditional recipe (Recipe 1) and improved recipe (Recipe 1 one with 

lemon juice) is combined with a common staple, Maize meal/Thick porridge (“ugali”) was then determined to 

evaluate if the biochemical components of the cooked amaranth had any effect on the dialysable iron of the 

maize meal, which was iron fortified. 

 

Figure 5. Iron dialyzability in traditional recipe and improved recipe in combination with maize meal 

Values are presented as Mean, n = 3. Means with different superscripts were significantly (𝑃 ≤ 0.05) different. 

 

The improved recipe with lemon juice was used for this study in comparison with Recipe 1, and each was mixed 

with “ugali”. Meal combination with improved recipe had significantly higher dialysable iron, at 21% more than 

the meal combination with the traditional recipe. 

4. Discussion 

African traditional vegetables form an important part of most diets in rural parts of Africa. Low consumption of 

micronutrient rich foods including green leafy vegetables has been reported to be associated with the incidence 

of mineral deficiencies. The minerals whose deficiency is of utmost public health concerns in East Africa are 

iron (Fe), calcium (Ca) and zinc (Zn) (P. Singh & Prasad, 2018). Despite the content of micronutrients in these 
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vegetables, the preparation methods can greatly affect their bioavailability in the human body. Some 

anti-nutrients present in these vegetables such as oxalates may also bind to minerals hence reducing their 

bioavailability.  

Oxalate, a major anti-nutrient in amaranth vegetables is not known to be heat sensitive; and its main reduction 

strategy could be by boiling and discarding of boiling water (Akhtar et al., 2011). This method can however, be 

counter-productive as most minerals and vitamins are also lost in the process. Recipe1 and Recipe 2 in this study, 

both of which involved boiling, showed statistically significant reduction in the oxalate content (Table 2). The 

amount of oxalate in these two recipes were not significantly different, showing that there was no effect of 

chopping on the oxalate contents. The main effect of concern from oxalate is the interference with 

bioaccessibility of minerals including iron and calcium in the body. Even though many people can induct normal 

amounts of oxalate rich foods, people with certain conditions such as enteric hyperoxaluria need to lower their 

oxalate intake (Popova & Mihaylova, 2019). In sensitive people, even small amounts of oxalate can cause 

burning in the eyes, ears, mouth and throat; while large amounts may cause abdominal pain, muscle weakness, 

nausea and diarrhea (Natesh et al., 2017). 

During cooking, some nutritional components are reduced, which are mainly the vitamin components. For 

instance, a study conducted by Traore et.al., showed that boiling amaranth for 30 minutes completely destroyed 

the beta carotene in the vegetables (Traoré et al., 2017). All the recipes used in this study led to significant 

changes in the nutritional attributes of the dishes. 

In this study, combination of size reduction or lack of it (chopping) with or without boiling (Table 2 and 3) 

retained statistically similar content of vitamin C, Iron and Zinc. This would have been due to the effect of the 

mixed ingredients which are known to contain these nutrients 

Vitamin C was significantly reduced in the recipes compared to the raw ingredients by up to 40%. The retention 

of vitamin C in recipes of this study was, however, much higher than those reported in other indigenous 

vegetable dishes such as 70% and 93% in African nightshade and spider plant, respectively (Musotsi et al., 2019). 

Vitamin C for example is easily lost during cooking since it is water soluble and temperature sensitive so it is 

easily degraded during cooking. Vitamin C cannot be synthesized by the body and therefore must be obtained 

from the diet (Singh & Prasad, 2018), vegetables forming part of the best sources. The vitamin is a cofactor in 

numerous physiological reactions such as collagen gene expression, peptide hormone activation, carnitine 

synthesis, and it is also an effective antioxidant (Lee et al., 2018).  

Carotenoids are essential in the human diet owing to their nutrition and health benefits. Apart from being a good 

source of pro-vitamin A, they also possess antioxidant activity, which helps lower the risks of long-term 

degenerative diseases. Their bioavailability can however be modulated using dietary factors such as mechanical 

disintegration, enzymatic maceration of matrix compounds, the addition of lipids, and thermal treatments 

(Schweiggert & Carle, 2017). In this study, the amounts of carotenoids were much lower in the recipes compared 

to that in the fresh amaranth sample. However, compared to the mixed ingredients in raw form, three carotenoids, 

lutein, α-carotene and β-carotene, were found to be enhanced by cooking, while violaxanthin, was not detected in 

recipes that included boiling. There was no significant (P≤0.05) difference in the carotenoid contents between 

the chopped and un-chopped samples. Cooking of vegetables has been reported to promote breakdown of the 

cellulose structures of the plant cell thereby releasing carotenoids. It also denatures carotenoid-protein 

complexes hence improving the extractability of the carotenoids in the cooked food (Miglio et al., 2008). It is 

also assumed that this enhanced extractability is associated with increased bioavailability of these compounds 

(Lee et al., 2018). Addition of lipids has also been shown to have a positive effect on carotenoid bioavailability 

(Schweiggert & Carle, 2017). The use of oil in preparing the recipes in this study could have contributed to the 

release of more carotenoids from the matrix. Cooking was shown to enhance the carotenoid content in amaranth 

vegetables. There are also studies that show negative effect of cooking on carotenoids. The conflicting results 

could be due to differences in the starting materials as well as methodologies (Cilla et al., 2018), such as 

differences in the cooking time. 

Minerals in vegetables such as calcium, iron and zinc are quite stable and not affected much by cooking. The 

iron and zinc contents of the three recipes in this study were not significantly different from that of the uncooked 

ingredients. There was, however, some increase in calcium content compared to the raw ingredients especially in 

Recipe 2 (Table 4). This increase can be attributed to release of complexes which are normally formed between 

calcium and other compounds such as oxalates. Similar results of slight increase in calcium contents on various 

species of amaranth and other leafy vegetables have also been reported (Amalraj & Pius, 2014). 

In-vitro assays have been used to estimate the bioaccessible nutrients from different food products. These assays 
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mimic the digestive system, with the various enzymes as well as the conditions of the digestive tract controlled. 

Dialysis tubing is used to determine the amount of iron released from the food matrix, hence recorded as the 

dialysable iron.  

In most foods especially those of plant origin such as amaranth vegetables, the iron concentration may not 

indicate its bioaccessibility (Amagloh et al., 2017). In this study (Table 4), the iron content of the raw amaranth 

was much higher than that in the recipes. However, the percent dialysable iron of the recipes was, however, 

higher than that of the raw amaranth (Table 5). One of the factors that can affect the bioaccessibility of this 

vegetable iron is their non-heme nature. The non-heme iron mostly exists in complexes, which can be degraded 

in the gastrointestinal tract during digestion owing to the action of pepsin and hydrochloric acid. Once released 

from food components, most non-heme iron is present in the ferric form (Fe3+), with low solubility and 

bioavailability (Han, 2011). Another factor that is known to reduce the bioaccessibility of iron in amaranth leaves 

is oxalate which binds divalent minerals such as iron hence reducing their bioaccessibility. During cooking, iron 

is released from the complexes, and some ingredients such as tomatoes used in cooking may also enhanced the 

bioaccessibility of the iron (Nomkong et al., 2019). In this study, cooking involving boiling and heating during 

frying may have enhance the bioaccessibility of the iron. On the other hand, cooking itself softens the food 

matrix, releasing bound components, and also alters inherent mineral absorption inhibitors such as soluble 

dietary fiber thus improving their bioaccessibility (Platel & Srinivasan, 2015). 

This study clearly shows that food preparation methods such as boiling of the vegetables may be used to improve 

the bioaccessible iron significantly. For instance, inclusion of ingredients that are rich in ascorbic acid results in 

higher amounts of bioaccessible iron. This is because these vitamin C rich dietary components are capable of 

reducing the ferric iron to bioaccessible ferrous iron (Blanco-Rojo & Vaquero, 2019). Enhancing effects of 

vitamin C on mineral bioaccessibility has also been observed in other studies (Singh & Prasad, 2018). In this 

study, lemon juice was used as a source of vitamin C, and this showed significant improvement in the 

bioaccessible iron. Other organic acids in the lemon juice such as citric acid could also be responsible for the 

enhancement of iron dializability. These acids are reported to have the ability of chelating iron to form soluble 

complexes. They also have the ability to lower pH increases solubilization of iron from the food 

(Rodriguez-Ramiro et al., 2019) 

Inclusion of ingredients which are equally rich in iron also proved to be beneficial in improving the dialysable 

iron content. As most indigenous vegetables have also been shown to be good sources of iron, including them as 

ingredients could also result in higher iron content in the dish, hence higher bioaccessible iron. Moringa oleifera 

leaves in this study were used to determine if the anti-nutritional effects of oxalate in amaranth can be masked by 

including more iron in the dish. Moringa leaves have previously been reported to be rich in iron; Suzana et al 

reported values of 14.6 mg/100 g leaf extract, this being up to four times higher than spinach (Suzana et al., 

2017); while Yang reported values of 9.2 mg/100 g fresh leaves (Yang et al., 2006). Other iron rich vegetables 

can also be included in amaranth recipes to increase the total iron in the vegetable dishes. Kruger et al., reported 

that combining of amaranth with spider plant (80:20 ratio) increased iron bioavailability of the dish from 9.7% to 

25%, while combination of amaranth with cowpea leaves (80:20 ratio) slightly increased iron bioavailability 

from 9.7% to 10.1% (Kruger et al., 2015). 

Combination of amaranth Recipe1 with “ugali” (50:50) did not result in any significant difference in dialysable 

iron compared to the Recipe1 alone. In most parts of East Africa, amaranth dishes are eaten in combination with 

maize meal “ugali”, which is either fortified or unfortified. This study evaluated meal interactions which would 

affect iron bioavailability and showed that components in amaranth did not have any inhibitory effects on the 

iron bioavailability of the iron-fortified maize meal. 

5. Conclusion 

The amaranth dishes prepared using the three different recipes all showed high nutrient retentions. Food based 

methods such as incorporating high vitamin C foods and high iron foods as ingredients in vegetable preparation 

significantly enhanced the dialysable iron in the amaranth based recipes, which translated to improvement in the 

bioavailable iron in the recipes. Use of such methods can be applied in increasing micronutrient intake and 

reduction of prevalence of micronutrient malnutrition. 
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