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Abstract 
Ascorbic acid is an essential water-soluble vitamin that is only available to humans through 
dietary supplements such as the intake of fruits, vegetables, and drugs. In this study, the 
quantification of ascorbic acid in five different fruits – apple, guava, orange, pineapple, and 
watermelon were carried out using titrimetric and spectrophotometric method.  Irrespective of 
the method of analysis employed, guava contained the highest amount of ascorbic acid 
215.600mg/100 g for the titrimetric method. This was followed by orange with an ascorbic acid 
content of95.500mg/100 g.  Pineapple, watermelon, and Apple gave values of 77.80, 11.800 
and 8.500mg per 100 g of samples respectively. Spectrophotometric analysis of the ascorbic 
acid of the fruit samples also followed the same order (guava > orange > pineapple > 
watermelon > apple) with values of 223.000, 96.741, 78.411, 12.220 and 8.147 mg per 100 g of 
the respective fruit samples obtained. Although spectrophotometric method gave higher values 
of ascorbic acid in respective fruit extractsrelative to the titrimetric method, a p-value of 0.97 
obtained from the statistical analysis (one-way ANOVA), revealed that there was no significant 
difference between the mean values, thus, either method is efficient in quantifying ascorbic acid 
in fruits. The findings shows that the consumption of 100 g of either pineapple, guava or orange 
sourced from our local market meets the prescribed US recommended dietary allowance (RDA) 
of 90 and 75mg/day for an adult male and female and a combination of these fruits can meet 
the requirement of ascorbic acid for others based on their health conditions. 
 
Keywords: Ascorbic acid or vitamin C, fruits, standard methods, recommended dietary allowance (RDA). 

 
 
Introduction
Vitamins C with the trivial name L- ascorbic 
acid belongs to the lactone family with the 
IUPAC name (2R)-2-[(1S)-1,2-
dihydroxyethyl]-3,4-di- hydrox-2H-furan-5-
one. It is a special class of organic 
compounds which is essential for normal 
human metabolism and regulation of cell 
functions. Based on solubility, vitamins are 
either classified as water-soluble or fat-
soluble vitamins. Amongst the water-soluble 
vitamins, vitamin C is arguably the most 
important because of its 

antioxidantproperties which helps fight 
against diseases and in most cases, 
prevent ailment. It is known to mop up free 
radicals and reactive oxygen species(ROS) 
generated from normal body functions that 
can potentially damage important body 
macromolecules such as nucleic acid (DNA 
and RNA), proteins, lipids, and 
carbohydrates[1], thus forming a protective 
shield for the human body. In addition, 
vitamin C is required in the synthesis of 
collagen, which is needed for proper healing 
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of wounds, maintenance of a healthy skin, 
teeth, cartilage, tendons, blood vessels, 
heart valves, inter vertebral and bones [2, 
3]. It is also reported to be effective in the 
treatment of certain types of cancer and 
cardiovascular diseases [4-7]. Most plants 
and animals synthesize ascorbic acid 
naturally. Unfortunately, humans are among 
the few primates that are unable to 
synthesize it due to the absence of 
gulonolactone oxidase enzyme required to 
catalyze the last stage of vitamin C 
biosynthesis [8,9]. Therefore, it can only be 
made available to us through dietary 
supplements such as the intake of fruits, 
vegetables and drugs with aUS 
recommended dietary allowance (RDA) of 
90 and 75mg/day for an adult male and 
female respectively [10]. 
Until recently, titrimetric redox reaction 
method based on the reduction of iodine 
with ascorbic acid is the most common and 
widely reported method employed in the 
quantification of ascorbic acid in different 
media. More recent research is now 
focused on validating the results obtain from 
titrimetric method by either developing new 
method in addition to titrimetric method or 
employing more than one known method for 
ascorbic acid estimation [11-14]. Some of 
these methods require sophisticated 
equipment like HPLC which may not be 
readily available in laboratories in Nigeria. 
Iodometric titration or spectrophotometric 
methods are the most employed in the 
estimation of ascorbic acid in Nigeria. There 
exists no literature report on method 
comparison between these two methods 
despite its simplicity and ready availability of 
equipment in Nigeria. To the best of our 
knowledge, the only reported study on the 
comparison of these two methods was 
carried out recently by Elgailaniet al. [15]. In 

their work, they estimated ascorbic acid in 
fresh fruits obtained in India employing both 
iodometric titration and spectrophotometric 
methods using potassium permanganate as 
a chromogenic reagent.  In this present 
study, we aimed at quantifying the ascorbic 
acid content of some locally sourced fruits in 
Benin City, Nigeria, employing both redox 
iodometric titration method and redox 
typespectrophoto-metric method using 
potassium dichromate and 
diphenylcarbazide (DPC).  The analytical 
methods were compared with a view of 
establishing if variation exists between 
them. In addition to this, the ascorbic acid 
content in each of the fruitselected for this 
study were compared with the 
recommended dietary allowance (RDA) to 
ascertain if they meet the required daily 
amount for healthy living. 
 
Materialand Method 
Apple, guava, orange, pineapple, and 
watermelon were purchased from a local 
market in Benin City, Edo State, Nigeria and 
taken to the laboratory in well labeled clean sac 
bags for analysis.  
 
Sample Extraction 
All the samples were thoroughly cleaned with 
water to remove any adhering contaminants 
present, after which the samples were pealed 
and then subjected to extraction 
procedure.100g of sample, was accurately 
weighed and ground into paste with the aid of a 
mortar and pestle. The paste obtained was 
sieved through a clean cotton fabric to extract 
the juice. The juice obtained was further filtered 
through a Whatman filter paper (pore size 
2.5μm). All the fruit samples were treated in like 
manner and the ascorbic acid content was then 
determined from the fruit extracts. 
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Ascorbic Acid Assay 
The ascorbic acid content in the five fruits 
selected were determined following reported 
redox iodometric titration method [16-18] 
also by spectrophotometric method 
following a slightly modified procedure 
reported byNoroozifar and Motlagh in 2003 
[19]. 
 
Iodometric Titration Method 
In this method, the concentration of vitamin 
C generally referred to as ascorbic acid was 
determined via a redox titration of ascorbic 
acid using iodine as titrant in the presence 
of 1 ml starch indicator (0.5% in H2O). 
Ideally, iodine reacts with starch solution to 
form the dark blue-black starch tri-iodide 
complex. However, in the presence of 
ascorbic acid, this process is hindered due 
to the reaction of iodine with the acid. The 

ascorbic acid undergoes oxidation via the 
loss of acidic protons on addition of the 
iodine titrant to form dehydroascorbic acid 
with a concomitant reduction of iodine to the 
iodide ion as shown in Scheme 1. Upon the 
complete oxidation of the ascorbic acid 
present, the excess iodine titrant then reacts 
with the starch indicator resulting in the 
formation of a blue-black colour which is 
indicative of the endpoint of the titration.   
The iodine was prepared by dissolving 10g 
of Potassiumiodide (KI)and 3.15 g iodine (I2) 
in a 200 ml beaker.The solution was 
transferred into a 500 ml volumetric flask 
and made to the mark with distilled water. 
The iodine solution was standardized by 
titrating against 0.1M sodium thiosulphate 
(Na2S2O3) solution in the presence of 1ml 
starch indicator (0.5% in H2O). 

 

 
Scheme 1: Redox Reaction of Ascorbic Acid (Vitamin C) and Iodine 

 
10 ml of the different (five) fruit extracts were 
pipetted into five - 250 ml conical flasks. 1 ml 
of starch indicator (0.5% in H2O) was added 
to each flask and the solutions were 
gradually acidified with 1M H2SO4using a 
graduated pipette. The content in each flask 
was then titrated against the standardized 
iodine solution. The ascorbic acid content in 
each fruitwas estimatedin mgper 100 g (≡
 mgl-1) of fruit sample using the equations 1 
and 2: 

Mass of ascorbic acid in mg/100g fruit 

sample (m)= n × mm x 
1000𝑚𝑔

1𝑔
                (1)  

n = 𝑀 × 𝑉                                                 (2) 
Where: 
n = number of moles of ascorbic acid 
mm = molar mass of ascorbic acid 
(176.12g/mol) 
M = Molarity of iodine used (0.048molL-1) 
V = average titre of iodine used (L) as 
estimated in Table 1 
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From the equation for the reaction: 
 C6H8O6   +     I2    →       C6H6O6    +     2H 
1mole of I2 reacts with 1mole of C6H8O6 

∴  Number of moles (n) of iodine reacted 
during each titration = Number of moles (n) of 
ascorbic acid present in the respective fruit 
extracts.

 
Table 1:  Redox- Titration Values of Ascorbic Acid Content in 10 ml of Fruit Extracts obtained from 100g 

Fruits Samples against Standardized 0.048M Iodine Solution 

Fruit extract  V1(ml) = volume of 
iodine consumed 

V2 (ml) = volume 
of iodine 
consumed  

V3 (ml)= volume 
of iodine 
consumed 

V (ml) = average titre of 
iodine consumed. a 

Apple 1.00 0.90 1.10 1.00 
Guava b 25.70 25.30 25.50 25.60 
Orange 11.30 11.30 11.30 11.30 
Pineapple 9.30 9.10 9.20 9.20 
Watermelon b 1.20 1.40 1.60 1.00 
a = 

𝑉1+ 𝑉2+ 𝑉3

3
 ,  b = 

𝑉1+ 𝑉3

2
.  

 
Spectrophotometric Method 
10 ppm of standard ascorbic acid was 
prepared from a standard stock solution (0.1 
g/100ml), from which the different 
concentrations of the working standard were 
prepared. 1 ml from each working standard 
were pipetted into the 50 ml volumetric flask. 
0.8 ml of K2Cr2O7 was then added to each 
flask, thereafter, 1ml of 1M H2SO4 was 
added. After 10 minutes, 1ml of 
diphenylcarbazide (DPC; 25% in acetone) 
was added, the solutions made to mark 
(50ml) with distilled water. A blank solution 
was prepared in like manner without the 
introduction of ascorbic acid working 
standard. The fruit extracts were treated in 
like manner as the working standards. The 
absorbance was measured at 550nm using 
JENWAY 6715 uv/vis spectrophotometer.   
The concentration of ascorbic acid in the 
extracts was estimated (mg/L) from the 
standard calibration curve (Fig. 1) using the 
equation of a straight line: 
Y= 𝑀𝑋 + 𝐶     (3) 

X  =
𝑌 −𝐶

𝑀
    (4) 

Where: 
Y = Absorbance of fruit extract 

M= Slope (0.0242) 
X= Concentration 
C = intercept (0.0000) 
 

 
Fig. 1: Plot of Absorbance vs Concentration 

of standard Ascorbic Acid Solution 
 
Statistical Analysis 
The mean value was obtained for each 
triplicate analysis and data were 
summarized using mean and standard 
deviation. Comparison between the two 
methods on the mean values obtained was 
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carried out using One-way Analysis of 
Variance (One-way ANOVA).The 
analysiswas performed on SPSS13 software 
Package.  
 
Results and Discussion 
The ascorbic acid content of the fruits 
determined by both titrimetric and 
spectrophotometric methods is shown in 
Table 2.  Apple was found to contain 8.500 

±0.058 and 8.147 ±0.000 mg per 100g for 
titrimetric and spectrophotometric methods 
of analysis respectively.  
Values of 215.600 ± 0.115, 95.500 ± 0.000, 

77.800 ± 0.058, and 11.800 ± 0.100 mg per 
100 g of fruit extracts were obtained for 
guava, orange, pineapple, and watermelon 
respectively via redox titration method. 

Table 2: Mean Values and Standard Deviations of Ascorbic acid Content (mg /100g≡ mgL-1) in 
Fruit Extract 

 
Employing the spectrophotometric method, 
223.000 ±0.034, 96.741 ±0.000, 
78.411 ± 0.588 and 12.220 ±0.588 mg were 
obtained for guava, orange, pineapple, and 
apple fruit extracts (100 mg) respectively. 
Irrespective of the method of analysis 
employed, it was observed that pineapple, 
guava, and orange were rich in ascorbic acid 
while watermelon and apple contained 
reasonable amount of ascorbic acid. 
Our findings as depicted graphically in Fig. 
2, shows that the consumption of 100 g of 
either pineapple, guava or orange sourced 
from our local market meets the recently 
prescribed Recommended Dietary 
Allowance (RDA) of 90 mg/day and 75 
mg/day for an adult male and female 
respectively by United States Department of 
Health and Human Services [10]. In addition, 
we found the ascorbic acid content in these 
fruits to be higher than the nutrient reference 
value (NRV) prescribed by the National 
Agency for Food and Drug Administration 
and Control (NAFDAC) for all fortified food 

sold in Nigeria [20]. Furthermore, the 
ascorbic acid content in the pineapple 
extract (77.8 mg/ 100g) was found to be on 
par with literature value of 78.02 mg/100g 
reported by Abdulrazaket al. [21] for 
pineapple obtained in Northern Nigeria. 
However, a higher ascorbic acid level was 
found in orange than previously reported in 
Northern Nigeria.  
The ascorbic acid content in watermelon 
(~12 mg/100g) and apple (~9 mg/100g) 
were very low. However, they were found to 
be in good agreement with USDA standard 
reference of 12.31 mgl-1 and 8.37 mgl-1 for 
watermelon and apple respectively [22]. 
Interestingly, it was observed that the level 
of ascorbic acid in watermelon depleted 
rapidly on exposure to air. This observation 
is currently being investigated to find out the 
rate of degradation as most watermelon 
consumed in Benin City are sold in the 
exposed form. This may account for the low 
ascorbic acid content recorded for 
watermelon during our investigations. 

Sample Titrimetric Method Spectrophotometric Method 

Apple 8.500 ± 0.058 8.147 ±0.000 
Guava 215.600 ± 0.115 223.000±0.034 
Orange 95.500  ± 0.000 96.741 ± 0.000 
Pineapple 77.800 ± 0.058 78.411 ±0.588 
Watermelon 11.800 ± 0.115 12.220 ± 0.588 



Omoruyi and Ashamah 

101 
 

Although the ascorbic acid in apple fell 
within the USDA approved standard, higher 
values of 27 mg/100 mL have been reported 
for Danish apples [23]. Perhaps, a plausible 
explanation for the observed low content of 
ascorbic acid despite its sour taste, may 
stem from the fact that the apples 
investigated were imported into the country 
(not locally grown in Nigeria).  Therefore, 
these fruits may have undergone prolonged 
storage which has been widely reported to 
deplete ascorbic acid content [24-26]. Of all 
the fruits studied, guava was found to 
contain the highest amount of vitamin C with 
an ascorbic acid content of 215.60 and 
223.00 mg/100 g recorded for titrimetric and 
spectro-photometric method respectively as 
previously mentioned (Table 2). The high 
level of vitamin C in guava may account for 
its sour taste on consumption.  
 

 
Fig. 2. Comparison of Ascorbic Acid Levels in 

different Fruit Extract obtained from both 
Titrimetric and Spectrophotometric 
Methods of Analysis with US 
Recommended Dietary Allowance (RDA). 

 
Comparing both methods of analysis, it was 
observed that a higher value of ascorbic acid 
content was recorded for all fruit extracts 
using the spectrophotometric method 

relative to the titrimetric method.  However, 
comparing the mean obtained from the 
analysis of the fruit extracts using both 
methods; there was no significant difference 
in the levels of ascorbic acid in each fruit 
suggesting that either method is efficient. 
Furthermore, subjecting the mean values to 
a One-way Analysis of Variance (one-way 
ANOVA), a a P-value of 0.97 was obtained, 
confirming that no significant difference 
exists between the two methods of analysis 
employed in this study. 
 
Conclusion  
In conclusion, the determination of ascorbic 
acid in some locally sourced fruits in Benin 
city employing both titrimetric and 
spectrophotometric methods, has provided 
significant insight into the various level of 
ascorbic acid present in these fruits. Among 
the fruits investigated, guava contained the 
highest of level ascorbic acid, while orange 
and pineapple were found to be equally rich 
in ascorbic acid. In addition, our findings 
reveal that the consumption of reasonable 
amount of any of these fruits (pineapple, 
guava, or orange) meets the Recommended 
Dietary Allowance (RDA) of 90 mg/day and 
75mg/day prescribed for an adult male and 
female respectively by United States 
Department of Health and Human Services. 
However, the consumption of apple or 
watermelon in this regard does not meet 
with the recommended daily requirement 
due to their low ascorbic acid content. Also, 
our finding showed that both titrimetric and 
spectrophotometric methods of analysis are 
cheap, easy, and efficient methods of 
estimating the ascorbic acid content in fruits.  
Statistically, the one-way analysis of 
variance revealed that no significant 
difference exists between these two 
methods.  
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