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Abstract 
Despite the abundance of fruits in tropical Africa, health conditions associated with the deficiency of 
vitamin C remain prevalent, highlighting the need for determining Vitamin C content in fruits with a 
simple analytical technique so as to make possible recommendations. The goal of this research work was 
to determine the concentration of Vitamin C (Ascorbic acid) in some selected commonly consumed 
tropical fruits in Ijebu-Ode, Ogun state by redox titration using an iodometric method and starch 
indicator. The blank titration was also carried out to reduce or eliminate any error associated with the 
method and procedure (Determinate error). Fruits found to have high levels of ascorbic acid include 
oranges (57.92 ± 0.058), Lemon (49.53 ± 0.61), lime (48.61 ± 0.10), tangerine (40.60 ± 0.38) and grape 
(37.58 ± 0.058) mg/100 mL other fruits, including banana (29.54 ±0.22), sugar cane juice (28.36 ± 
0.12), tomato (26.70 ± 3.24), mango (26.34 +0 18) and watermelon (24 10 ± 0.12) mg/100 mL, had 
moderate levels of ascorbic acid. Pineapple had the lowest ascorbic acid content (23.60 ± 0.21) mg/100 
mL. The results obtained using the above technique is generally comparable with other techniques, but 
large differences were obtained for some fruits. The findings generated from this research work could 
serve as a guide in the selection of fruits with appreciable concentrations of vitamin C, hence indicating 
them as good nutritional antioxidants. 
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INTRODUCTION 
Vitamin C, also known as ascorbic acid, is a water-soluble vitamin which is valuable as it plays 
an important role in the health and well-being of humans, acting as an antioxidant and 
therapeutic agent (Mditshwa et al., 2017; Okie et al., 2009). It is indicated as a powerful 
antioxidant, contributing to the treatment of diseases such as scurvy (Ayinla et al., 2024; Audu 
et al., 2020), common cold, wound healing, anaemia, and infertility (Basu and Dickerson, 1996). 
Vitamin C's antioxidant property makes it part of the defence system of the body against free 
radicals and oxidative species, thus preventing tissue damage (Xu et al., 1996: Romay et al., 
1998). Just like selected essential amino acids, the synthesis of Vitamin C by the human body 
is difficult (Negi et al., 2022), hence, its demand in pharmaceutical applications and even 
supplementation in various packaged fruit juices due to its different health benefits has 
resulted in the development of procedures for its quantification.  
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Various analytical techniques have been reported in the literature for the determination of 
vitamin C and these methods include titrimetric (AOAC, 2012), voltammetric (Okiei et al. 
2009), high-performance liquid chromatography (Hussain et al, 2010, Al-Ani et al., 2007), 
spectrophotometry (Afuwape, et al., 2022; Khosravi and Asadollahzadeh (2014), and 
amperometry (Afuwape, 2022). Most of these methods, however, either overestimate the 
levels of vitamin C or are too expensive.  
In contrast, the iodometric method is a simple, cost-effective and classical redox titrimetric 
method suitable for the analysis of ascorbic acid in fruit juices with a standard solution of 
potassium iodate as titrant and starch as indicator. Okiei et al., 2009 combined two analytical 
techniques to determine the ascorbic acid levels in tropical fruit samples in Nigeria and 
compared the values obtained with voltammetric and titrimetric techniques, indicating that 
the titrimetric technique is a standard technique and most of the time affordable to carry out.  
We report the use of iodometric titration to determine the ascorbic acid levels in eleven 
tropical fruit samples obtained from Ijebu-Ode, Ogun State. This method is fast, sensitive, and 
selective, and any colored samples, especially, can be analysed. 
 
MATERIALS AND METHODS 
Sample Collection and Preparation 
The samples analysed were purchased from three different markets in Ijebu-Ode, and these 
markets include New Market, Oke Aje and Tai Solarin Federal University of Education 
(TASFUED) mini market in Ijagun. The samples purchased include orange fruit, pineapple 
fruit, lemon fruit, lime fruit, tangerine fruit, watermelon fruit, grape fruit, banana, sugarcane 
fruit, mango fruit, and tomato fruit. The juice of each fruit sample was squeezed, filtered to 
remove the seeds, collected in well-labelled bottles and stored in the refrigerator prior to 
further analysis. As for the banana fruit, this was mashed into a fine paste, then filtered with 
a cheese cloth 
 
Preparation of 0.5 % Starch Indicator 
Soluble starch of 0.5 g was weighed into a 100 mL conical flask and made into a paste. The 
paste was then added to 100 mL of boiling distilled water with continuous stirring to obtain a 
homogenous mixture. The resulting solution was allowed to cool to room temperature before 
use (Nweze et al., 2015). 
 
Quantification of Vitamin C Content in Fruit Sample by Iodometric (Titrimetric) Method 
All glassware were cleaned with warm detergent and distilled water and then stored in a 
clean place. Each apparatus was then carefully rinsed with the appropriate solution to be kept 
in it. The natural fruits were squeezed and sieved to remove the seeds. A standardization of 
the solution of potassium iodate solution was carried out by titrating it against 5mL of 1 % 
ascorbic acid (using 2 drops of starch indicator) until the appearance of blue-black color is 
observed. 10 mL of each fruit sample was taken and poured into a conical flask at different 
times. 5 mL of 10% potassium iodide (KI) solution was added to the sample and 2 mL of 2 M 
H₂SO₄ was then added and shaken together, followed by the addition of two drops of starch 
indicator, then the titration was carried out by addition of the titrant (KIO₃: prepared by 
dissolving 0.54 g of KIO₃ in 250 mL of distilled water) from the burette which was initially 
filled with potassium iodate.  
 
The conical flask was shaken vigorously after each addition of the titrant and stopped once a 
blue-black color appears. A blank titration was carried out to determine the volume of KIO₃ 
solution necessary to impact a definite blue-black end point. The analyses were performed in 
triplicate for each sample so as to obtain concordant and concise results (Dioha, et al., 2011) 
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Data Analysis 
All analysis were done in triplicate. Data analysis was achieved with Microsoft Excel 2010. 
Results are presented as mean ± standard deviation. 
 
RESULTS 
Table 1 shows the concentration of Vitamin C in natural fruit juices and the proportion of 
vitamin C in each. Eleven different fruits were analysed for their ascorbic acid content. The 
result revealed that the highest concentration of vitamin C was found in orange juice 
(57.92±0.058) followed by lemon (49.53±0.61), lime (48.61±0.10), grape (37.58±0.058), banana 
(29.54±0.22), sugarcane (28.36±0.12), tomato (yoruba) (26.70±3.24), mango (26.34±0.18) and 
watermelon juice (24.10±0.12) mg/100 mL. The lowest level of vitamin C concentration was 
found in pineapple having 23.60±0.21 mg/100 mL. Also, Table 1 shows the result of standard 
deviation of three replicate results for each sample in the course of this analysis; the standard 
deviation values ranges from 0.058 to 3.240 with Grape and Orange juice having the standard 
deviation of 0.058 Lime, Sugarcane, Mango and Watermelon are having 0.10, 0.12, 0.18 and 
0.12 respectively. Pineapple, Banana and Tangerine are having 0.21, 0.22 and 0.38 respectively. 
Lemon and Tomato juice had the highest of standard deviation with 0.61 and 3.24, 
respectively. The implication of this is that the most probable error during analysis is 
negligible. 
 
Table 1: Vitamin C content in some fruit juice (mg / 100 mL)  

S/N Name Scientific Name Amount (mg/100 mL ± S.D) 

1 Banana (Plantain) Musa sapientum 29.54 ± 0.22 

2 Grape (Unsweet) Citrus paradisi 37.58 ± 0.058 

3 Fresh Lemon Citrus limon 49.53 ± 0.61 

4 Lime Citrus arantifolia 48.61 ± 0.10 

5 Orange Citrus sinensis 57.92 ± 0.058 

6 Tangerine Citrus reticulata 40.60 ± 0.38 

7 Mango Mangifera indica 26.34 ± 0.18 

8 Pineapple Ananas comosus 23.60 ± 0.21 

9 Sugar Cane Saccharum officinarum 28.36 ± 0.12 

10 Tomato (Yoruba) Lycopersicon esculentum 26.70 ± 3.24 

11 Watermelon (light green) Citrullus lanatus 24.10 ± 0.12 

 
DISCUSSION 
The ascorbic acid value obtained for orange (57.92 ± 0.058 mg/100mL) in this study compare 
favorably with those reported by the United States Department of Agriculture (USDA) (2014) 
for orange (53.2 mg/100 g) (Yarkwan and Oketunde, 2016). However, this result, 57.92 
mg/100 mL is a bit lower than that reported by Okiei et al., (2009) who made use of cyclic 
voltammetry and obtained 64.00 mg/100 mL while 63.33 mg/100 mL was obtained when the 
titrimetric method was employed. In a more recent report, an even higher amount (77.4 
mg/100 mg) was obtained in the orange sample analysed with the group making use of the 
titrimetric method (Saved et al., 2025). On the other hand, Ayinla et al. (2024) analysed fruit 
samples obtained in Ilorin, Nigeria, and reported lower concentrations of vitamin C in orange, 
with values of 0.269 mg/100 mL and 0.234 mg/100 mL for the volumetric and UV–
spectrophotometric methods, respectively. The disparity in the concentration may be ascribed 
to environmental factors (Motora, 2017) as well as geographical location. Interestingly, the 
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ascorbic acid content obtained in lemon (49.53 mg/100 mL) and line (48.61 mg/100 mL) for 
the present study aligned perfectly with the results of Okie et al., (2009). 
 
The results obtained for tangerine (40.60 mg/100mL) and pineapple (23.60 mg/100 mL) are 
also in tandem with the one reported by Okiei et al.,, (2009)., where they reported 43.37 and 
24.81 mg/100 mL, respectively, using the titrimetric method, this was however lower than 
that reported by Mohammed and Yousef’s (2024) who recorded a very high value for 
Tangerine (78.50 mg/100 g). Furthermore, little differences were recorded in the values of 
ascorbic acid obtained in other fruits analysed in this study and those reported by other 
investigators for several fruit samples. For example, Okafor et al., 2024 using titrimetric 
method obtained 26.74 mg/100 mL in watermelon and 31.41 mg/100 mL in banana, both 
values were only marginally different from what was obtained in this study (watermelon: 
24.10 mg/100 mL and banana: 29.54 mg/100 mL) while Okiei et al., (2009). obtained ascorbic 
acid values of 12.80 mg/100 mL using cyclic voltammetry and 6.80 mg/100 mL with 
titrimetric methods for water melon.  
 
Al-Ani et al., (2007) reported 55.97 mg/100 mL, 39 mg/100 mL and 40.54 mg/100 mL for 
different strains of tomato using the spectrophotometric method (2, 4-dinitrophenylhydrazine 
as colour development), while the titrimetric method used in this study gave a value of 26.70 
mg/100 mL for tomato fruit. Although titrimetric determination of ascorbic acid using 2,6-
dichlorophenolindophenol (DCIP) is an established method, it surfers from certain limitations 
as it is not suitable or applicable to solutions that contain high levels of Cupper and iron. Also, 
substances naturally present with intense color may mask colour changes and, as a result, may 
interfere with the end-point when the DCIP dye is used moreover, it is limited to L-Amino 
acid quantification only (Chang et al., 2016). Materials that are coloured render the endpoint 
difficult to judge accurately, thereby leading to an overestimation or underestimation of the 
level of ascorbic acid in such samples (AOAC, 2000).  
 
The differences between the present results and those reported by other investigators for some 
of the fruit samples analyzed may be explained on the basis of the factors that affect ascorbic 
acid levels in fruits. These factors include time of harvesting, edaphic factors, climate, 
temperature and amount of nitrogen fertilizers used in growing the plant (Ayinla et al., 2024; 
Motora, 2017) among others. Another important factor is the geographical location, for 
example, the ascorbic acid level obtained in this study-carried out in Ijebu-ode ranged 
between 23.60 to 57.92 mg/100mL while that obtained in all the fruit samples analysed in 
Ilorin was much lower (0.12 to 0.269 mg/100mL) (Ayinla et al., 2024). This wide margin may 
be ascribed to lower volumes of rainfall which the north central geographical location of the 
country receives (Ilorin falls in this region) compared to the south and as a result, affect the 
ascorbic acid levels in the fruits cultivation around this region. A similar trend was observed 
in two different reports from Nasarawa state, a region in North Central Nigeria, only the 
orange had an appreciable amount (50.20 mg/100mL) of ascorbic acid in the study carried out 
by Audu et al., (2020), in the Karu metropolis and that carried out by Nweze et al., (2015), in 
Keffi. In addition to the observed local variations, a similar discrepancy was observed when 
the ascorbic acid content in the mango sample (26.34 mg/100mL) from the current study was 
compared with that (36.41 mg/100 g) reported by Negi et al., (2021) in India. 
 
Although several other advanced techniques for quantifying ascorbic acid have been 
reported, the results of the present investigation show that the redox titration method is 
preferable to other very expensive methods in the assessment of ascorbic acid content, as 
comparable concentrations of ascorbic acid were obtained in those results, while the redox 
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titration is also more suitable in terms of color when it comes to analyzing colored samples as 
a distinct endpoint can be identified compared to when DCIP is employed. 
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CONCLUSION 
The results of this research provide a guide on fruits with adequate levels of vitamin C, as 
adequate consumption of the fruits with high vitamin C content can result in improved health, 
thereby reducing diseases associated with vitamin C deficiency. The titrimetric (Redox) 
method proved to be a reliable and suitable method for quantifying vitamin C in fruits. The 
analysis revealed that citrus fruits such as oranges, lemon, lime, and tangerine contained 
higher concentrations of vitamin C, while banana, mango, sugarcane juice, tomato, and 
watermelon had moderate levels of vitamin C. The lowest concentration of vitamin C was 
found in pineapple. The findings provide valuable information on the fruits with high vitamin 
C content, and serve as guide for consumers in selecting fruits that can support antioxidant 
activity, however, occasional wide variation may exist in results between different 
investigators due to increase in vitamin C content with maturation, difference in the varieties 
tested, or geographical location and method of analysis among other factors. So these figures 
should not be taken as 'gospel', but as indicative.  
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