
 

Available online at http://www.ifgdg.org 

 

Int. J. Biol. Chem. Sci. 18(3): 894-903, June 2024 

 

ISSN 1997-342X (Online), ISSN 1991-8631 (Print)  

 

 

© 2024 International Formulae Group. All rights reserved.                                                             9655-IJBCS 

DOI : https://dx.doi.org/10.4314/ijbcs.v18i3.13 

Original Paper         http://ajol.info/index.php/ijbcs            http://indexmedicus.afro.who.int 

 

Investigation of the effect of black tea acidulation with citric acid or its natural 

source on dietary iron bioaccessibility 

 

Saliou MAWOUMA*, Moussa MBADJI, Nangtobert NOUBANGOMDE,  

Prosper Houvounsassou BANDIANG and Charles Ndilyam DJERASSEM 

 
University of Maroua, Faculty of Science, Department of Biological Sciences, PO BOX 814, Maroua, 

Cameroon. 
* Corresponding author; E-mail: mawouma2001@yahoo.fr; Telephone: +23799264165 

 

Received: 15-04-2024 Accepted: 26-06-2024 Published: 30- 06-2024 

 

ABSTRACT  

 

Despite the established inhibitory action of tea polyphenols on dietary iron absorption, the consumption 

of tea at mealtimes remains common in many regions of the globe where anaemia is still a public health concern. 

The objective of this study was to investigate the effect of acidulating black tea with citric acid or lime juice on 

dietary iron bioaccessibility. Firstly, the effect of citric acid on iron-polyphenol complex formation and iron 

speciation was studied using molecular spectrophotometry. Then, the bioaccessibility of dietary iron from pearl 

millet ball in the presence of black tea acidulated with citric acid or lime juice was assessed through a simulated 

in vitro digestion. Finally, the different species of bioaccessible iron were quantified. Citric acid reduced the 

absorbance of iron-polyphenol complex by 58.06% and 59.52% at pH 5 and 7, respectively, while promoting the 

formation of organic iron at pH 5 and ferrous iron at pH 5 and 7. Dietary iron bioaccessibility increased in the 

presence of acidulated black teas, with the greatest variation (28.57%) being observed in the digest of pearl millet 

ball mixed with lime juice-acidulated black tea. The more abundant bioacessible iron species was organic iron, 

and ferrous iron was more concentrated in digests of pearl millet ball mixed with lime juice-acidulated black tea. 

Acidulation of tea beverage with lime juice is a culinary technique that could mitigate the inhibitory action of tea 

polyphenols on dietary iron absorption and alleviate iron deficiency in populations consuming tea at mealtimes. 

© 2024 International Formulae Group. All rights reserved. 
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INTRODUCTION 

 Iron deficiency is the most common 

form of malnutrition in the world affecting 

more than two billion people. Children and 

women of childbearing age are the most 

vulnerable groups of the population 

(Camaschella, 2019). The harmful 

consequences of iron deficiency on growth, 

immune system, cognitive development, 

physical performances are well documented 

(Mantadakis et al., 2020; Georgieff, 2020; 

Snook et al., 2021; Ouedraogo et al., 2023). 

One of the major causes of iron deficiency is 

the presence of high amount of anti-nutritional 

factors such as polyphenols in plant foods 

(Piskin et al., 2022). Although having 

demonstrated bioactive properties, 

polyphenols inhibit the bioaccessibility of iron 

by forming with this trace element stable 

chelation complexes, reducing its intestinal 

http://www.ifgdg.org/
https://dx.doi.org/10.4314/ijbcs.v18i3.13
http://ajol.info/index.php/ijbcs
http://indexmedicus.afro.who.int/
mailto:mawouma2001@yahoo.fr


S. MAWOUMA et al. / Int. J. Biol. Chem. Sci. 18(3): 894-903, 2024 

 

895 

absorption (Piskin et al., 2022; Naco et al., 

2023). 

Tea consumption at mealtimes has been 

identified as a risk factor of iron deficiency 

(Temme and Van Hoydonck, 2002; Hayat et 

al., 2015). Tea is the most consumed beverage 

in the world after water and is characterised by 

high polyphenol content (Khan and Mukhtar, 

2018). Furthermore, 83.1% of total tea 

consumption occurs in developing countries 

where iron deficiency remains a public health 

concern (FAO, 2014). 

The preparation of tea is subjected to 

different culinary techniques, including 

acidulation with lime juice just before 

consumption. This is done to improve the 

organoleptic quality of acidulated tea. Also, 

acidulated tea granules are a common form of 

selling this beverage across the globe. Lime 

juice is characterised by its high content in 

citric acid, an organic acid with concentration 

reaching 50 g/L (Smati et al., 2017). Previous 

studies have demonstrated the positive effect of 

organic acids in enhancing dietary non-haem 

iron solubility and intestinal absorption 

(Teucher and Cori, 2004; Perera et al., 2023).  

In a study conducted by Mellican et al. 

(2003), ferric citrate, a chelated iron 

compound, strongly prevented the formation of 

coloured iron-polyphenol complex. Also, a 

more recent study revealed sodium citrate to be 

effective in preventing the formation of iron-

polyphenol complex in iron-fortified black tea; 

this competing chelating agent produced about 

60% less iron-polyphenol complex than the 

control (McGee and Diosady, 2018a). It can be 

noticed that these previous studies were 

conducted in a context of food fortification 

with synthetic iron, and do not match with 

situations where natural dietary iron is targeted. 

Moreover, it seems costly and difficult to 

safely use synthetic chelating agents at a 

household level, especially in low-income 

countries. A food-to-food fortification 

approach to explore implies incorporating a 

natural source of citric acid to tea, in other to 

counteract the inhibitory effect of polyphenols 

on dietary iron absorption. Food-to-food 

fortification is an emerging food-based strategy 

used to fight micronutrients deficiencies, and 

which is easily applicable at household level.  

The objective of this study was to 

investigate the effect of acidulating a 

polyphenols-rich beverage (black tea) with 

citric acid or its natural source on dietary iron 

bioaccessibility. 

 

MATERIALS AND METHODS 

Study of the effect of citric acid on iron-

polyphenol complex formation and iron 

speciation  

Experimental solutions 

Stock solutions of gallic acid (10 g/L), 

iron chloride FeCl3 (50 mmol/L), and citric 

acid (50 g/L), were prepared. Deionised water 

was used as solvent in this study. 

Control solutions  

Two citric acid-free solutions with final 

concentrations of 1 g/L of gallic acid and 1 

mmol/L of ferric iron (Fe3+) were prepared. 

Before reaching the final volume of 11 mL, 

solutions of HCl 1 mol/L or NaOH 1 mol/L 

were used to adjust the pH to 5 for one solution 

and 7 for another one.  

Tests solutions  

Two solutions with final concentrations 

of 5 g/L of citric acid, 1 g/L of gallic acid and 

1 mmol/L of ferric iron (Fe3+) were prepared. 

As mentioned before, solutions of HCl 1 mol/L 

or NaOH 1 mol/L were used to adjust the pH to 

5 or 7 before reaching the final volume of 11 

mL. 

The pH levels used are relevant to 

brewed tea and sites of iron absorption into the 

body (gut). The gallic acid/iron/citric acid 

proportions were chosen on the basis of tea 

consumption during a cereal-based meal as 

revealed by a field survey (not published). 

Measurement of the absorbance of iron-

polyphenol complex in experimental solutions 

The measurement of the absorbance 

related to iron-polyphenol complex was carried 

out according to the method proposed by 

McGee and Diosady (2018b). This simple 

method specifies the maximum absorption 

wavelengths of iron-polyphenol complex at 

different pHs. Two millilitres of each 

experimental solution were introduced into the 

UV-Vis spectrophotometer cuvette, and the 

absorbance was read at 555 nm and 565 nm for 

pH 5 and 7, respectively. 

Study of iron speciation in experimental 

solutions 

The study of iron speciation was carried 

out according to the method described by da 

Silva et al. (2017). This method is based on the 
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principle that ferric iron (Fe3+), in the presence 

of hydroxylamine hydrochloride, is reduced to 

ferrous iron (Fe2+). The Fe2+ ions form a stable 

coloured (red orange) complex with 1-10-

phenanthroline which absorbs at the maximal 

wavelength of 510 nm. 

Quantification of inorganic iron  

Inorganic iron refers to both ferrous iron 

(Fe2+) and ferric iron (Fe3+). To 2 mL of 

experimental solution, 1 mL of hydroxylamine 

hydrochloride 1% and 1 mL of 1,10-

phenanthroline 0.25% were added and the 

whole was homogenised. Then, the mixture 

was allowed to stand for 15 minutes, and the 

absorbance was read at 510 nm. A standard 

curve (R2 = 0.986) obtained from 0 – 5 mg/L 

ferrous sulphate (FeSO4) solutions was used to 

quantify Fe2+ ions, corresponding to total 

inorganic iron initially found in experimental 

solutions.   

Quantification of organic iron 

Organic iron is iron chelated by organic 

molecules. Its concentration was determined 

by deductive calculation using the following 

formula: 

Organic iron = Soluble iron - Inorganic iron 

Quantification of ferrous iron 

To 2 mL of experimental solution, 1 mL 

of 1,10-phenanthroline (0.25%) was added and 

the whole was homogenised. Then, the mixture 

was allowed to stand for 15 minutes, and the 

absorbance was read at 510 nm. The same 

standard curve mentioned for inorganic iron 

was used to quantify ferrous iron (Fe2+) in 

experimental solutions. 

Quantification of ferric iron 

Ferric iron (Fe3+) concentrations were 

determined by deductive calculation using the 

following formula: 

Ferric iron = Inorganic iron - Ferrous iron 

 

Study of the bioaccessibility of dietary iron 

in the presence of black tea acidulated with 

citric acid or lime juice 

Biological material 

Black tea leaves (Camelia sinensis), 

lime fruits (Citrus limon) and pearl millet 

grains (Pennisetum glaucum) used in this study 

were all purchased at a local market in the city 

of Maroua (Far-north region of Cameroon). 

Preparation of acidulated brewed black tea  

In a clean cup of polystyrene, one black 

tea bag (2.5 g) was steeped in 100 mL of hot 

deionised water. The whole was stirred and 

cooled for 3 minutes. Then, 20 mL of citric acid 

solution (50 g/L) was added and the whole was 

homogenised. A second preparation was made 

in the same conditions, but citric acid solution 

was replaced by 20 mL of lime juice, its natural 

source. A third preparation without acidulant 

served as control.  

The tea/acidulant ratio was chosen 

according to local habits of preparing 

acidulated tea (half a lime in a cup of tea). The 

concentration of citric acid solution was the 

same as in lime juice (Smati et al. 2017). 

Preparation of pearl millet ball 

Pearl millet grains were sorted and 

cleaned before milling (Saint-Donkey mill). 

Twenty grams (20 g) of pearl millet flour was 

dissolved in 250 mL of water and added to 500 

mL of boiling water while stirring. Then, 180 g 

of pearl millet flour was added, and the mixture 

was stirred with a wooden spatula until a 

consistent dough was obtained. After 2 minutes 

of additional cooking, the dough was used to 

make balls. 

Preparation of test meals 

Three test meals were prepared: 

- 200 g of pearl millet ball + 100 mL of non-

acidulated black tea 

- 200 g of pearl millet ball + 100 mL of black 

tea acidulated with citric acid solution 

- 200 g of pearl millet ball + 100 mL of black 

tea acidulated with lime juice 

Each meal was homogenised in a home 

blender (Model tyb-351). An aliquot of the 

homogenate was dried at 105°C for 12 hours 

for the quantification of total iron, and the other 

aliquot was kept below 0°C for the simulated 

in vitro digestion. 

Quantification of total iron in test meals 

Dried samples (0.5 g) were incinerated 

at 500°C for 10 hours. The ashes were then 

dissolved in 5 mL of deionised water and 15 

mL of Aqua regia (mixture of nitric acid HNO3 

and hydrochloric acid HCl, in a molar ratio of 

1:3). One millilitre of the obtained solution was 

diluted in 50 mL of deionised water. Iron was 

quantified by atomic absorption 

spectrophotometry (Jones Jr and Case, 1990). 

Determination of iron bioaccessibility using 

simulated in vitro digestion 

The simulated in vitro digestion method 

described by Minekus et al. (2014) was used. 

Simulated digestive fluids (SSF: Simulated 
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Salivary Fluid, SGF: Simulated Gastric Fluid, 

and SIF: Simulated Intestinal Fluid) were 

prepared from stock solutions summarised in 

Table 1. Using solutions of HCl 1 mol/L and 

NaOH 1 mol/L, the pHs of SSF, SGF and SIF 

were adjusted to 7, 2 and 7, respectively. 

The simulated digestive fluids served as 

solvent for the preparation of enzymes 

solutions. The pH of these solutions was 

adjusted to 2 and 7 using diluted solutions of 

HCl and NaOH 0.1 mol/L.  

Oral digestion  

Five grams (5 g) of each test meal was 

mixed with 5 mL of 150 U/mL α-amylase 

solution in a test tube. After homogenisation, 

the whole was incubated for 2 minutes at 37°C. 

Gastric digestion  

Ten millilitres (10 mL) of the oral bolus 

was mixed with 7.5 mL of SGF solution and 

1.6 mL of porcine pepsin solution of 25000 

U/mL. The pH was adjusted to 2 with HCl 1 

mol/L. The mixture was incubated for 2 hours 

at 37°C while shaking gently. 

Intestinal digestion  

Twenty millilitres (20 mL) of gastric 

chyme was mixed with 11 mL of SIF solution 

and 5 mL of pancreatic-bile extract solution 

800 U/mL. The pH was then adjusted to 7 with 

NaOH 1 mol/L. The mixture was incubated for 

2 hours at 37°C while shaking gently. 

The obtained digests were then filtered 

on a Whatman No. 42 filter-paper. The filtrates 

were mineralised and used to quantify soluble 

iron by atomic absorption spectrophotometry, 

as described for total iron. 

Determination of iron bioaccessibility  

The percentage of bioaccessible iron 

was determined according to the formula 

below: 

Bioaccessibility (%)

=
Quantity of iron in the filtrate

Quantity of iron in the sample
x 100  

 

Study of the speciation of bioaccessible iron  

Two millilitres (2 mL) of filtrate from in 

vitro digestion was mixed with 0.16 mL of 

sodium nitrite 0.39%, 1 mL of protein 

precipitating solution (5 g TCA + 5 mL of 

concentrated HCl for 50 mL solution) and 6.84 

mL of deionised water. The mixture was 

incubated at 100°C for 10 minutes, then 

centrifuged at 3500 rpm for 15 minutes. 

The different species of soluble iron in 

the supernatants (bioacessible iron) were 

quantified according to the methodology 

previously described. 

 

Statistical analyses 

Results were reported as mean ± 

standard deviation. The data were subjected to 

analysis of variance (ANOVA) and the 

differences between means were analysed by 

Duncan's multiple comparison with a 

significance level of p < 0.05.

 

 

Table 1: Composition of simulated digestive fluids. 

 

SSF: Simulated Salivary Fluid; SGF: Simulated Gastric Fluid ; SIF: Simulated Intestinal Fluid.  

 

 

Stock solutions 
SSF  SGF  SIF  

pH 7 pH 2 pH 7 

KCl 68 g/L (mL) 15.1 6.9 6.8 

KH2PO4 68 g/L (mL) 3.7 0.9 0.8 

NaHCO3  84 g/L (mL)  6.8 12.5 42.5 

NaCl 117 g/L (mL) - 11.8 9.6 

MgCl2·6H2O 30.5 g/L (mL) 0.5 0.4 1.1 

(NH4)2CO3 48 g/L (mL) 0.06 0.5 - 
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RESULTS  

Effect of citric acid on iron-polyphenol 

complex formation 

Table 2 shows the absorbance of the 

experimental solutions in the absence or 

presence of citric acid at different pHs. It can 

be observed that in citric acid-free solutions 

(controls), the absorbance was lower (p < 0.05) 

at pH 5 compared to pH 7, indicating a more 

important formation of iron-polyphenol 

complex at neutral pH. In the presence of citric 

acid, the absorbance was reduced (p < 0.05) 

irrespective of the pH. This result demonstrates 

the preventing action of citric acid on the 

chelation of iron by gallic acid. 

 

Effect of citric acid on iron speciation in 

experimental solutions 

The concentrations of different iron 

species in the experimental solutions are 

presented in Table 3. It appears that iron was 

mainly found in the organic form at all the 

studied pHs. In control solutions, the 

concentration of organic iron was higher (p < 

0.05) at pH 7, confirming the favourable effect 

of neutral pH on the formation of iron-

polyphenol complex. The presence of citric 

acid increased (p < 0.05) the concentration of 

organic iron at pH 5, but reduced it at pH 7. The 

logical contrary was observed with inorganic 

iron, since iron is found either be in the organic, 

or in the inorganic form.  

As far as each inorganic species is 

concerned, there was a reduction (p < 0.05) in 

Fe3+ concentration at pH 5, with a concomitant 

increase in Fe2+ concentration. At pH 7, both 

Fe2+ and Fe3+ concentrations increased in the 

presence of citric acid.  The reducing effect of 

citric acid on ferric iron at pH 5 was not 

observed at pH 7. 

Bioaccessibility of dietary iron in the 

presence of black tea acidulated with citric 

acid or lime juice 

Table 4 presents the contents of total 

iron, soluble iron and bioaccessible iron in the 

digests of test meals. The total iron content of 

the test meal containing black tea acidulated 

with lime juice was lower, compare to other 

samples, indicating a diluting effect of other 

minerals found in lime juice on the iron 

content.  

In the presence of acidulated black tea, 

the soluble and bioaccessible iron levels were 

higher (p < 0.05) than those observed in the 

control. The test meal containing lime juice-

acidulated tea exhibited the highest increase in 

iron bioaccessibility (28.57%). This result 

revealed the superiority of lime juice in 

promoting the solubility of iron in the studied 

digests, compared to the pure citric acid 

solution.   

 

Speciation of bioaccessible dietary iron in 

the presence of black tea acidulated with 

citric acid or lime juice 

The concentrations of the various 

species of bioaccessible iron are presented in 

Table 5. Bioaccessible iron is mainly found in 

the form of organic iron which was more 

concentrated (p < 0.05) in the digest of the test 

meal containing citric acid-acidulated black 

tea. This suggests a complexation of citric acid 

with iron. The higher concentrations of 

inorganic and ferrous iron in the digest of the 

test meal containing lime juice-acidulated 

black tea indicates the reducing action of lime 

juice on iron, although a paradoxal absence of 

a significant variation of ferric iron (Fe3+) was 

noticed. 
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Table 2 : Absorbance of iron-polyphenol complex in experimental solutions.  

 

Solutions  Absorbance Reduction of Absorbance  (%) 

pH 5   

Control   0,155b ± 0,009 
- 

Test    0,065a ± 0,000 58.06 

pH 7   

Control 0,914d ± 0,010 
- 

Test    0,370c ± 0,001 59.52 

 Mean values in the same column with different superscript letters are significantly different (p < 0.05). 

 

Table 3 : Iron speciation in experimental solutions.  

 

Solutions 
Inorganic iron 

(mg/mL) 

Organic iron 

(mg/mL) 

Ferrous iron 

(Fe2+) 

(mg/mL) 

Ferric iron 

(Fe3+) 

(mg/mL) 

pH  5     

Control 0,130c ± 0,005 0,897b ± 0,002 0,009a ± 0,003 0,121c ± 0,008 

Test 0,048a ± 0,002 0,952c ± 0,002 0,047c ± 0,001 0,009a ± 0,003 

pH 7     

Control 0,085b ± 0,001 0,943c ± 0,04 0,012a ± 0,003 0,048b ± 0,04 

Test 0,203d ± 0,004 0,797a ± 0,06 0,037b ± 0,003 0,166d ± 0,001 

Mean values in the same column with different superscript letters are significantly different (p < 0.05). 

 

Table 4: Bioaccessibility of dietary iron in the presence of acidulated black tea. 

M0: pearl millet ball + non acidulated black tea 

M1: pearl millet ball + black tea acidulated with citric acid solution 

M2: pearl millet ball + black tea acidulated with lime juice 

Mean values in the same column with different superscript letters are significantly different (p < 0.05). 

  

Meals 
Total iron  

(mg/100gMS) 

Soluble iron 

(mg/L) 

Bioaccessible  

iron (%) 

Increase of 

Bioaccessibility (%) 

M0 21,59b ± 0,04 0,42a ± 0,00 6,16a ± 0,01 
- 

M1 21,65b ± 0,18 0,48b± 0,01 6,97b ± 0,04 13.15 

M2 20,51a ± 0,09 0,47b ± 0,02 7,92c ± 0,21 
28.57 
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Table 5 : Speciation of bioaccessible dietary iron in the presence of black tea acidulated with citric 

acid or lime juice. 

 

Meals 
Inorganic iron 

(mg/L)  

Organic iron 

(mg/L)   

Ferrous iron 

(Fe2+) 

(mg/L)   

Ferric iron (Fe3+) 

(mg/L)   

M0 0.169a ± 0.009 0.251a ± 0.009 0.035a ± 0.000 0.133a ± 0.009 

M1 0.174a ± 0.00 0.314b ± 0.009 0.047a ± 0.021 0.126a ± 0.020 

M2 0.226b ± 0.02 0.239a ± 0.024 0.118b ± 0.027 0.108a ± 0.026 

M0: pearl millet ball + non acidulated black tea 

M1: pearl millet ball + black tea acidulated with pure citric acid  

M2: pearl millet ball + black tea acidulated with lime juice 

Mean values in the same column with different superscript letters are significantly different (p < 0.05). 

 

 

 

DISCUSSION 

Polyphenols are among dietary factors 

that inhibit the intestinal absorption of iron 

(Piskin et al., 2022). These compounds can 

chelate iron and form a non-absorbable 

coloured complex. The absorbance of iron-

polyphenol complex.is proportional to its 

concentration, as indicated by the Beer-

Lambert law. Our study revealed that the 

formation of iron-polyphenol complex was 

sensitive to pH. In 2018, Diosady and Elisa 

demonstrated that black tea polyphenols 

precipitate in very acid conditions. 

Polyphenols available to chelate iron in the 

studied experimental solutions would have 

been reduced in acidic conditions. As it was the 

case in our study, these authors also 

demonstrated that a neutral pH favoured the 

formation of iron-polyphenol complex. The 

reduction of absorbance in the presence of 

citric acid corroborates the findings of McGee 

and Diosady (2018a) who observed 60% less 

iron-polyphenol complex in an iron-fortified 

black tea containing sodium citrate. A 

competition between citric acid and 

polyphenols for chelating iron could explain 

this result. The negatively charged carboxyl 

groups of citric acid could compete with 

deprotonated hydroxyl groups of polyphenols 

in chelating iron cations (Fe2+ or Fe3+), hence 

reducing the concentration of iron-polyphenol 

complex. 

Studying speciation is identifying and 

quantifying the different species or chemical 

forms of metals in a sample (Bou Khouzam et 

al., 2012). In food and nutritional biochemistry, 

the sample can be foods, digests, body fluids or 

tissues (Bou Khouzam et al., 2012; Wan et al., 

2019). Speciation provides information on the 

availability for absorption of certain dietary 

trace elements important in human nutrition 

(da Silva et al., 2017). In the context of our 

study, investigating iron speciation was carried 

out to get precise insights on the relationship 

between citric acid and this trace element. The 

increased organic iron concentration in the 

presence of citric acid at pH 5 could be 

attributed to the chelating phenomenon 

mentioned before. Previous studies have 

shown that organic acids can chelates iron to 

form soluble complexes (Salovaara et al., 

2003; Teucher and Cori, 2004; Perera et al., 

2023). However, the reduction of organic iron 

concentration in the presence of citric acid at 

pH 7 suggests that citric acid disfavoured the 

formation of iron-polyphenol complexes, but 

not through a competitive complexation 

mechanism. The reduction of Fe3+ 

concentration at pH 5 suggest that citric acid 

had preferably chelated this ionic form of iron, 

while promoting at the same time its reduction 

to Fe2+.  

Bioaccessibility refers to the fraction of 

a nutrient released from a food matrix in the 
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gastrointestinal tract and available for 

absorption (Heaney, 2001). The improvement 

of bioaccessible dietary iron in the presence of 

acidulated black teas could be due to the 

enhancing effect of organic acids on iron 

solubility, by chelation or chemical reduction 

(Teucher and Cori, 2004). The presence of 

acidulant could have prevented the formation 

of iron-polyphenol complex, hence the 

inhibitory effect of black tea polyphenols. This 

result corroborates with what was observed in 

experimental solutions. The bioaccessibility of 

iron was more improved in the presence of lime 

juice-acidulated black tea. This could be due to 

the additional contribution of ascorbic acid 

present in lime juice (Smati et al., 2017). 

Indeed, ascorbic acid is known as one of the 

most powerful enhancers of the solubility of 

non-haem iron (Reddy et al., 2022). 

Contrary to what was observed with 

experimental solutions, the presence of citric 

acid promoted the formation of organic iron at 

intestinal pH which is around 7. This 

observation would be due to the chemical 

complexity of the digests, favourable to the 

complexation of iron by citric acid. The 

increased concentration of Fe2+ in the digest of 

the test meal containing lime juice-acidulated 

black tea could be due to the action of ascorbic 

acid which, although in relatively small 

quantity in lime juice, would have reduced 

ferric iron to ferrous iron through the 

oxidation-reduction reaction (Allen, 1998). 

Ferrous iron (Fe2+) and iron complexed by 

soluble organic molecules such as organic 

acids are better assimilated in the 

gastrointestinal tract (Bou Khouzam et al., 

2012; Wan et al., 2019). 

 

Conclusion 

The general objective of this study was 

to investigate the effect of acidulation of black 

tea with citric acid or lime juice on the 

bioaccessibility of dietary iron. It appeared 

from the preliminary experimental study that 

citric acid inhibited the formation of iron-

polyphenol complexes at pHs corresponding to 

the sites of absorption of iron in the digestive 

tract. Dietary iron was more bioaccessible in 

the presence of black tea acidulated with citric 

acid or its natural source (lime juice). 

Bioaccessible iron was more found complexed 

to organic molecules and the the presence of 

acidulated black tea promoted the formation of 

ferrous iron which is its better absorbed 

inorganic species. Acidulation of tea beverage 

with lime juice is a culinary technique that 

could mitigate the inhibitory action of tea 

polyphenols on dietary iron absorption and 

alleviate iron deficiency in populations 

consuming tea at mealtimes. 
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