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FOUR INJECTION–SINGLE DETECTOR 

MERGING ZONE CONTINUES FLOW INJECTION 

ANALYSIS FOR DETERMINATION OF 

ASCORBIC ACID IN BELL AND CHILI PEPPERS

Abstract: Vitamin C can improve the immune system and cause chronic inflammatory diseases. A 

significant proportion of ascorbic acid can be obtained from fruits, vegetables, and food products. 

The selection of bell and chili pepper samples was made according to increasing use at the present 

time due to Coronavirus in 2019 and 2020. This paper deals with a merging zone (MZ based on four-

hand mead injection/single detection using a spectrophotometer. Merging zone (MZ) systems 

resulting from different reactions via flow injection analysis (FIJ) would be beneficial for identifying 

the simultaneous reaction faster and at a lower cost. Specifically, the MZ area and ferroin complex 

resulting from the reaction between Fe (III), ascorbic acid (AA), and 1,10-Phenanthroline under 

acetic acid conditions. The system of the MZ system was modelled under continuous FIJ and 

determination of AA. The method performed AA at a range of (1 10-3 - 32 10-3 L), with a 

correlation coefficient of 0.9822 and DL 12.5ng. The obtained results from bell and chili peppers 

show excellent agreement with the results from the SCI ̈O analysis. 
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Introduction  

Presently, ascorbic acid (vitamin C) can be used to improve the immune system and chronic 

inflammatory diseases (Anitra C. Carr 2017; Sorice et al. 2014). A significant proportion of ascorbic 

acid can be obtained from fruits, vegetables, and food products(Maki et al., 2011; Id et al., 2018). 

Flow injection analysis offers high flexibility regarding the utilisation of micro quantities of materials 

and low cost (Al-badri 2007; Shakir and Al-badri 2008b; Al-badri and Al-bayati 2014). Consequently, 

100 references are offered to determine ascorbic acid using flow injection analysis with different 

detection techniques (Yebra-Biurru 2000). Despite this, few studies (Shakir and Al-badri 2008a; 

Muhammad 2019) have indicated that the merging zone system can be based on the number of 

injection units, not only by one carrier and one injection but also by one carrier and double injection. 

For instance, (Shakir and Al-badri 2008a) reported that the carrier is an orthophosphate ion, and 

ascorbic acid and molybdenum are injected to synthesise the molybdenum blue complex. Therefore, 

the merging zone continued flow injection analysis for the determination of ascorbic acid. 

To study the merging zone in the determination of ascorbic acid during flow injection analysis, it is 

important to evaluate the concentration of ascorbic acid using more than three solutions and 

spectrophotometry. A range of studies (Fadhel 2012; Revanasiddappa and Veena 2008; Janićijević 

2012; Permanganate 2018b; Al-anbakey 2018; Silver et al. 1986; Desai 2019; Sultan and Hassan 

2009) related to the determinations of ascorbic acid used spectrophotometer as a detector. These 

studies report that the first step is based on the oxidation of ascorbic acid into dehydroascorbic acid 

using different materials. For example, bromine water (Janićijević 2012; Desai 2019), potassium 

permanganate (Sultan and Hassan 2009; Permanganate 2018b; Fadhel 2012), dichromate (Fadhel 
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2012)(Revanasiddappa and Veena 2008), Se(IV) in an acid medium (HCl 2M/1ml) (Revanasiddappa 

and Veena 2008), and mixing of [FeNH4(SO4)2. 12H2O]and K3Fe(CN)6 around 2.5ml (100 μg/mL) 

and 3ml(100 μg/mL), respectively, in an acid solution of HCl-pH=4 (Al-anbakey 2018), and by 

mixing  FeCl3  with methanol and low acid HCl (Silver et al. 1986). Therefore, the oxidation of 

ascorbic acid is a complex problem. The core objective of this study was to investigate and explain the 

merging zone of the ascorbic acid reaction. Ferric iron and 1,10-Phenanthroline (Zhu et al. 2018) under acetic 

acid conditions (Rubiales et al. 2018) were selected for this investigation. Then, flow injection analysis 

modelling with a hand-mead spectrophotometer was carried out to explain the ascorbic acid content in bell and 

chili peppers and pharmaceuticals through a merging zone system.  

Material and Methodology 

Material 

1. Ascorbic acid Samples;

In this study, three vitamin C samples were taken as different types of peppers (food) as models as 

well as pharmaceutical models (models locally manufactured in the Iraqi market, Samarra Factory). 

These samples were selected according to increasing use at the present time due to COVID-19 (Name 

et al. 2020; Shakoor et al. 2021). The vitamin C samples of bell and chili papers change the paper in 

juice and then filter to obtain pure liquid (Nerdy 2018; Permanganate 2018a). Meanwhile, the vitamin 

C samples from the pharmaceutical preparation procedure entail two stages: first, the weight of each 

tablet. The second was ground to a fine powder (Sud and Kamath 2013). In order to prepare the 

standard solution 1000 ppm by dissolve 0.1 g of ascorbic acid, completed in volumetric flask up to 

1000 mL with ultrapure deionised water (18.2 Mcm at 25C) (Sud and Kamath 2013). The 

application solution and addition method (Steliopoulos 2015) were used in the analysis  (to determine 

the concentration of the samples ). The standard solution was added in different orders; for instance 

(0,3,5,7,9, and 11mL) were added to six 25mL volumetric flasks, then each one was filled and mixed 

well with 5mL of unknown sample concentration and after that, was completed with ultrapure 

deionised water (18.2 Mcm at 25C)  

2. Fe (III) solution. Prepared from  by dissolveing 3.620g in 83.6 ml of   with 

concentration completed up to  500 mL with ultrapure deionised water 

(18.2Mcm at 25C);

3. 1, 10-Phenanthroline. Prepare 1.515×10-2 by dissolving 0.75g in deionised water, then 

transferred to volumetric flasks and completed up to 250 mL with ultrapure deionised water 

(18.2Mcm at 25C) (Muhammad 2019; Esma 2005);

4. Acetic acid. Prepare 2.8 Mol.L-1 from concentration (density1.05 g.cm-3 with 

99.5%).
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Methodology 

1. Experimental set-up;

A spectrophotometer was used to investigate the best spectral scanning complex(Ali et al., 2015), 

which is the absorbance and wavelength (nm) of the samples. The spectral scanning complex of 

dehydroascorbic acid is shown in Figure (1). The curves in the figures clearly show that the 

absorbance of the complex started to decrease as the wavelength increased. =510nm; therefore, the  

flow injection analysis in this study was 510nm. The obtained results are in accordance with previous 

studies (Vakh et al. 2017; Güçlü et al. 2005; Ali et al. 2015) that have wavelength   =510nm. 

2. Merging zone via flow injection analysis experiments;

3. A hand-mead injection/single detection method was employed for the MZ-FIJ experiments.

The experimental system consisted of four injections/single detections, three-line carrier

samples and reagents with peristaltic pumps, four mixing coils, and detesters, as depicted in

Figure 2;

 Figure 1. The wavelength (nm) of dehydroascorbic acid complex. 

57



Yasmeen. H. M / Four injection–single detector merging zone continues flow injection analysis

for determination of ascorbic acid in bell and chili peppers 

58

   Figure 2. Schematic diagram of the merging zone via flow injection analysis experiments. 

A set of five experiments was designed to optimise the best optimisation of chemical and physical 

parameters. These experiments are in line with those experiences by (Makahleh and Saad 

2011)(Kuznetsov 2018). Experiments were performed to further understand the merging zone 

technique during flow injection analysis of the dehydroascorbic acid complex. 

Each experimental test was conducted using ultrapure deionised water (18.2 Mcm at 25C) as a 

carrier solution. In these experiments, each analysis was performed in triplicate, and the average of 

the results was calculated. The details of each experiment are presented in Table (1).   

In these experiments, the reaction time is an important parameter, which is the time between the 

injection of the sample and the end of the response signal of the sample. The merging zone via the 

flow injection analysis experiment was calibrated using a dehydroascorbic acid complex.  

Based on the results of the optimisation of chemical and physical parameters and ascorbic acid in the 

range of (110-3 - 3210-3L), in order to determine the correlation coefficient and detection limit. 

The method was applied to two types of bell and chili peppers as food samples, and pharmaceuticals, 

model vitamin C samples using the standard addition method, and then the obtained results were 

compared with other analytical results from SCI ̈O analysis using statistical methods. 
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4. The statistical method;

Two types of statistical analysis, the T-test and F-tests (Miller 2018), were used to compare the 

vitamin C content in food samples and pharms samples. The methods were based on the mean and 

standard deviation of the results obtained from the experimental test with other analytical results from 

the SCI Ö analysis. 

Results and Discussion 

5. Optimisation of physical (flow injection operational) parameters;

6. The obtained results showed improvement in terms of sample volume (100 μL), reagent

volume (30 μL), and lengths of mixing coil (50, 50, 70, and 40 for 1, 2, 3, and 4,

respectively) comparing to other studies (Muhammad 2019; Maki et al. 2011).

Noteworthy, chosen results consider the decrease in dispersion with an increase in the

absorbance and repeatability of the results and also the peak shape (Trenggamayunelgi et

al., 2019). The absorbance values varied significantly among the total flow rates. The

best absorbance was chosen as a parameter for the successive experiment 6 ml.min-1 as

depicted in Figure 3.

 Figure 3. The graph of absorbance@ =510 nm, and total flow rate mL.min-1

Table 1: The details of each experiment to investigate the optimisation of chemical and physical (Flow injection operational) 

parameters. 

Exp. N Investigated the effect of Parameters use 

1 Sample volume Four injection volume, 50,100,150,200 μL. 

2 Concertation of ascorbic acid, and Fe(III) Ascorbic acid (AA) range 2.5-15μg/L×103, 

and Fe (III) range2-20 μg/L. 

3 Total flow rate Total flow rate range1-8mL.min-1. 

4 Reagents volume Total injection volume rang 10-50 μL. 

5 Mixing coil length For each coil range 20-120cm. 

6 Interactions and Interferences Pharmaceutical substances that may be present with 

the vitamin, such as vitamins, metal ions, 

reductive acids, amino acids, and sugars. 
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1. Optimisation of chemical (flow injection operational) parameters;

1.1 Optimisation of the concentration of Fe (III); 

The concentration of Fe (III) was performed to assess the effect of volume of Fe (III) with different 

concentrations range2-20 μg/L and also, the different concentration range of ascorbic acid (AA) range 

2.5-15μg/L×103. The results concentration shifts are observed as shown in Figure 4; this is caused by 

an increase in the concentration of Fe (III), with increased volume. As it is known, the result of the 

reaction increased with vitamin C (Al-anbakey 2018; Ali et al. 2015; Güçlü et al. 2005; Abdullah 

2012). 

Figure 4. The graph studied the volume of Fe (III) with different concertations. 

1.2 Optimisation concentration of 1,10-Phenanthroline; 

1, 10-Phenanthroline as an indicator for Fe (III) - phen3 complex was optimised to assay the influence 

of increasing concentration vitamin C (Lau and Luk 1987; Al-anbakey 2018). Five series total volume 

(10, 20, 30, 40 and 50)L of 1,10-Phenanthroline concentrations 1.515×10-2 μg/L and acetic acid 2.8 

Mol.L-1 with concentrations range 2.5-7. 5μg/L×103 of ascorbic acid were prepared, as can be seen in 

Figure 5. Further, the total volume of 1, 10-Phenanthroline and acetic acid was chosen by the highest 

absorbance @ =510 and good shape peak to measure the linearity of ascorbic acid concentration.  
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         Figure 5. The graph studied the volume and concertation of 1, 10-Phenanthroline. 

1.3 Linearity measurement of ascorbic acid Concentration; 

The flow injection merging zone (MZ based on four-hand mead injection/single detection using a 

spectrophotometer) processes were based on the obtained experimental data outline above (i.e. 

operational conditions such as sample loop of 100 µL, the flow rate of 5.8 mL/min, and length of 

mixing coil of 50 cm, and also chemical conditions for concentration Fe (III) 8μg/L×103 and 

concentration of 1,10-Phenanthroline concentrations 1.515×10-2 μg/L and acetic acid 2.8 Mol.L-1 with 

the total volume of 1, 10-Phenanthroline and acetic 10 L). This method gives results to be linear. 

The results of the linearity ascorbic acid range (110-3 to 3210-3L) are depicted in Figure 6 with a 

correlation coefficient of 0.9822 and DL of 12.5ng. 

 Figure 6. The calibration graphs of vitamin C. 
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Application 

Two established samples were used in order to: 

7. Demonstrate the efficiency of the proposed system;

8. Determining the level of vitamin C in pharmaceuticals and pepper.

These will provide a good opportunity to replace medicinal tablets containing vitamin C with

peppers. The results obtained from the MZ-FIJ experiments were in good agreement with those

obtained by the SCI ̈O analysis of pharmaceutical samples, as shown in Table2.

There was no significant difference between the MZ-FIJ experiments and the SCI Ö analysis based on 

the results of the t-test and F-test. The calculation of three pharmaceutical samples of t value and f 

value (1.41, 1.13, 1.57 and 2.17, 1.35, 3.18 respectively) confirm no significant difference in accuracy 

and precision between methods. Therefore, MZ-FIJ experiments were performed on the four pepper 

samples. The result showed that the average levels of vitamin C (mg/100g) were 86.3, 18.5, 135.6, 

and 195.9 for chili, green bell, orange bell, and red bell, respectively, as illustrated in Figure7. 

  Figure 7. The graph explains the concertation of vitamin C in four types of peppers. 

Table 2: Compared the content of vitamin C by use MZ-FIJ experiments and SCI ̈O analysis. 

Samples MZ-FIJ experiments SCI ̈O analysis t-value f-value

1 Samarra (500mg) 4.02 4.06 1.41 2.17 

2 Samarra (500mg) 3.98 3.89 1.13 1.35 

3 Samarra (500mg) 6.2 6.1 1.57 3.18 
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Conclusion 

This study provided a flow injection analysis model that offers high flexibility regarding the 

utilisation of micro quantities of materials and low cost. The level of vitamin C in pepper ranges from 

high to low as the red bell, orange bell, green bell, and chili green, respectively. The results showed 

that the level of vitamin C in the red bell pepper is equivalent to the dose of vitamin C that the body 

needs every day in order to prevent the hyperactivation of immune cells (Shakoor et al. 2021) with 

COVID-19 and 20. Therefore, one red pepper is a day-resistant virus every day. 
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