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ABSTRACT

There is increasing concern over micronutrient malnutrition, especially in low and
middle-income countries, resulting in poor health and higher morbidity and mortality
rates. Vitamin C, one of the essential micronutrients, is a water-soluble antioxidant
vitamin that plays pleiotropic cellular roles in human health. A ‘healthy-is-expensive’
intuition may account for the reduced consumption of some low-cost fruits that are also
good sources of vitamin C. This study assessed the vitamin C content of some fresh fruits
purchased from Okha market in Benin City, Edo State, Nigeria. The less expensive fruits
included sweet orange, key lime, tomatoes and lemon, while the expensive fruits were
apples, pineapples, watermelon and grapes. They were washed, peeled and juice
obtained by squeezing, blending and sieving. Vitamin C concentration of each juice was
determined by lodometric titration and compared with standard vitamin C. Results
showed that sweet orange had the highest concentration of vitamin C (61.22mg/100ml)
followed by tomatoes (38.16 mg/100ml), lemon (35.92mg/100ml), key lime (30.20
mg/100ml), pineapple (27.35 mg/100ml), watermelon (23.67), grape (18.78 mg/100ml)
and apple (8.16 mg/100ml). Therefore, the less expensive fruits have a higher
concentration of vitamin C than the expensive ones, thereby serving as an affordable
and adequate source of the vitamin.
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INTRODUCTION and vegetables is particularly important

Fruits and vegetables are sources of in  settings where  micronutrient
essential vitamins and minerals. A high deficiencies are prevalent (Anjorin et
intake of fruits and vegetables is linked al., 2019). About 3.0% (approximately
to a lowered risk of non-communicable 1.7 million) of deaths are attributable to
diseases (NCDs) including low fruits and vegetable consumption
cardiovascular disease, glaucoma, type globally (Okop et al., 2019).
2 diabetes and cancer among others Insufficient intake of fruits and
(Aune et al., 2017). The intake of fruits vegetables accounts for about 14% of
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gastrointestinal cancer deaths, 11% of
ischaemic heart disease deaths and 9%
of stroke deaths (WHO and FAO,
2005). In Nigeria micronutrient
deficiencies are a significant problem
that has persisted for decades.
Affordability is one of the critical
determinants of daily fruit and
vegetable consumption among low-
income  households  despite  the
availability of diverse fruits and
vegetables in many urban areas (Okop
et al., 2019; De Filippo et al., 2021).

Vitamin C (CsHsgOg) is an essential
water-soluble vitamin present in fruits,
vegetables and foods. The term vitamin
C is commonly used to describe
Hexuronic acid, cevitamin acid or
xiloascorbic acid even though the
representative is ascorbic acid (Jose and
Maria-Del, 2013). The term vitamin C
is not only used for ascorbic acid, but it
includes all compounds exhibiting
biological activity such as oxidized,
ester and synthetic form. The main
biological form of vitamin C is L-
ascorbic acid, and it can reversibly
change to an oxidized form called
dehydroascorbic acid (Fenoll and
Martinez, 2010). Most plant and animal
species can synthesize vitamin C from
glucose and galactose via the uronic
acid pathway, but humans and other
primates are unable to do so because
they lack the L-gulono-1,4-lactone
oxidase enzyme which catalyzes the
conversion of L-gulono-g-lactone to
ascorbic acid- the final step in vitamin
C biosynthesis (Linster and
Schaftingen, 2007). Therefore, more
than 90% of the vitamin C in human
diets is supplied by fruits and
vegetables.
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Vitamin C participates in several
biochemical  processes  including,
collagen  synthesis, synthesis of
hormones (noradrenaline/adrenaline
and peptide hormones), synthesis of
carnitine, gene transcription, and
regulation of translation via different
mechanisms (hydroxylation of
transcription  factors, tRNA and
ribosomal proteins, demethylation of
DNA, and histones), elimination of
tyrosine, protection against reactive
oxygen species (ROS), and reduction of
iron in the gastrointestinal tract. It
serves as a powerful antioxidant by
donating hydrogen atoms and also
enhances iron absorption by reducing
Fe’* to Fe?* from non-heme iron sources
(Hacisevki, 2009; Halliwell and
Gutteridge, 1999). Ascorbic acid (AA),
which is the reduced form of vitamin C,
can undergo two-electron oxidation,
producing dehydroascorbic acid
(DHA), due to its high electron-
donating power. A semi-dehydro-
ascorbyl radical can be produced by
oxidizing AA with one electron (Kocot
et al., 2017). The main biological form
of vitamin C is L-ascorbic acid, and it
can reversibly change to the oxidized
form, dehydroascorbic acid (Fenoll and
Martinez, 2010). Several factors can
cause oxidation of vitamin C such as
pH, light, temperature, presence of
oxygen and metal ion (Wantz et al.,
2005). Vitamin C (ascorbic acid) exists
in two redox forms: ascorbic acid (AA)
is the reduced form, and ascorbate
(which is a result of AA deprotonation
at physiological pH). Vitamin C boosts
hydroxylation reactions by keeping
metal ions' active centres in a reduced
state for optimal hydroxylase and
oxygenase activity. Thus, it is crucial in
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maintaining collagen, which represents
about one-third of the total body
proteins. Vitamin C deficiency is
associated with scurvy, anaemia,
infections, bleeding gums, poor wound
healing, capillary haemorrhage, muscle
degeneration, atherosclerotic plaques
and neurotic disturbances fatigue,
lethargy and mood changes, e.g.,
irritability and depression (Lykkesfeldt
etal.,2014).

The recommended dietary intake
(RDI) of vitamin C has been increased
by many regulatory authorities in
different countries. The RDI for vitamin
C is up to one hundred-fold higher than
that for many other vitamins (Monsen,
2000). Vitamin C intakes of 100-200
mg/day will maintain blood
concentrations at adequate to saturating
status 1i.e., 50-75umol/l (Rowe and
Carr, 2020). At doses above 1g/day (in
a day), the body absorbs less than 50%
ascorbic acid, and the metabolized
ascorbic acid is excreted in the urine
(Institute of Medicine, 2020). Vitamin
C is generally safe and well-tolerated
even when ingested at 2g/day, although
gastrointestinal disturbances have been
reported in some individuals at higher
doses (Food and Nutrient Board, 2000).
A blood concentration of <23umol/L is
regarded as hypovitaminosis C range
which increases the risk of Vitamin C
deficiency, defined by  blood
concentration of less than 11 pumol/l
(Levine et al., 1996; Johnston and
Corte, 1999; Rowe and Carr, 2020).
According to Camarena and Wang
(2016), ascorbate derived from either
the liver or dietary sources, enter cells
primarily  through the sodium-
dependent Vitamin C transporters
(SVCTs). Vitamin C is absorbed by
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SVCTI in the epithelial cells of the
small intestine or diffuses into the
surrounding capillaries and then into the
circulatory system when eaten in the
food or as a dietary supplement (Malo
and Wilson, 2000; Takanga et al.,
2004).

The importance of vitamin C to
health cannot be overemphasized. Thus,
awareness must be encouraged for
conscious inclusion of fruits as a
component of daily dietary intake.
However, this trend is becoming
obsolete as the cost of living continues
to increase daily. Epidemiological
studies indicate that vitamin C
hypovitaminosis and deficiencies are
common in low-income countries
although not uncommon in high-income
countries. This research was therefore
carried out to ascertain the adequacy of
vitamin C content of inexpensive fruits
consumed by low-income earners in
comparison with expensive fruits
consumed by high-income earners in
Benin City, Edo State. The fruits were
selected based on availability and
affordability. The less expensive fruits

included sweet orange, key lime,
tomatoes and lemon, while the
expensive  fruits = were  apples,

pineapples, watermelon and grapes.

MATERIALS AND METHODS

The reagents include distilled water,
potassium iodide KI, potassium iodate
3M Sulphuric acid (H2SOs), Iodine and
fresh starch indicator or solution. Eight
fresh fruits; sweet orange, key lime,
tomatoes, lemon, apples, pineapples,
watermelon and grapes were purchased
from Okha market in Benin city, Edo
State, Nigeria in June 2021. These fruits
were classified as expensive (apples,
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pineapples, watermelon and grapes) or
less-expensive (sweet orange, key lime,
tomatoes and lemon) based on relative
affordability in the community. The
samples were washed with distilled
water, peeled, sliced into two and
squeezed. The juice obtained was
filtered with a muslin cloth. Fresh juice
collected from the fruits were used in

this study.
Vitamin C concentration was
determined by Iodometric titration

method (Nweze et al., 2015). The
method was carried out with potassium
iodate in the presence of potassium
iodide. lodine solution (Containing a
mixture of KI (600 mM) and KIO3 (2.6
mM) in distilled water) was titrated with
the vitamin C standard solution (5.6

mM). In brief, 25ml of vitamin C (5.6
mM) was pipetted into an Erlenmeyer
flask followed by 10 drops of 1% starch
solution. The mixture was then titrated
against the iodine solution until a blue-
black colour was observed. Similarly,
25ml of each fruit juice sample was
titrated against iodine  solution.
Titrations for all juices were done in
triplicates. The volume of each fruit
sample used was measured and the
concentration of ascorbic acid of each
fruit and their respective standard
deviations were calculated. The
addition of iodine oxidizes the ascorbic
acid to dehydroascorbic acid, and the
iodine is reduced to iodide ions as
shown in the equation below:

Ascorbic acid (C¢HgOg) + 1> = 2I" + Dehydroascorbic acid (CsHeOg)

(Reduced form) (Oxidized form)
Titration was carried out in The values obtained reveal that orange
triplicate. The mean and standard has the highest vitamin C concentration

deviation for each sample was done
with the aid of Microsoft excel version
2202.

RESULTS
Table 1 shows the mean
concentration of vitamin C in each fruit.
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while apple has the lowest
concentration when compared with
standard ascorbic acid. Vitamin C
content in sweet orange was highest,
followed by tomatoes, lemon, key lime,
pineapple, watermelon, grape and

apple.
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Table 1: Todometric Determination of Vitamin C Content of Some Expensive and Less

Expensive Fruits

Fruits Samples Sample Scientific Name  Mean Titre Mean Value of
and Vitamin C Value Vitamin C
Standard (mg/100ml)
Standard solution Vitamin C 16.33 100 £1.04
Less expensive Lime Citrus 4.93 30.20 £ 0.15
fruits aurantifolia

Lemon Citrus limon 5.87 35.92+£0.25

Tomatoes Solanum 6.23 38.16 £ 0.87

lycopersicum

Orange Citrus sinensis 10.00 61.22 £ 0.69
Expensive fruits Apple Malus domestica  1.33 8.16 £0.58

Grape Vitis vinifera 3.07 18.78 £ 0.96

Watermelon  Citrullus lanatus ~ 3.87 23.67 +0.99

Pineapple Ananas comosus 447 27.35+£1.27

DISCUSSION

Results obtained from the present
study has revealed that the vitamin C
content in the fruits juices examined
were comparable as follows; sweet
orange > tomatoes > lemon > lime >
pineapple > watermelon > grape >
apple. Lemon juice is used as a flavour
for baking and as salad toppings. It is
also taken as a tea since it is believed to
relieve stomach upset, flatulence, aid
digestion, and ease symptoms of
common cold, including cough and
catarrh (Eeoghene et al., 2017; NPCS,
2012). Vitamin C content from this
study was similar to those reported by
Okie et al., (2009), who reported that
the ascorbic acid content of freshly
prepared lemon juice is 48.61mg/100
ml, and Tiruwork and Ghirma (2012),
reported the ascorbic acid content of
freshly prepared lemon juice and old
lemon juice were 41.4mg/100 ml.

Key lime is commonly used in many
cultural cuisines and in  juice
production, due to its aroma and high
content of phytochemicals (Narang and
Jiraungkoorskul, 2016). Vitamin C
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content of key lime obtained in this
study was higher than that observed by
Najwa and Azrina (2017) (27.78mg/).

Watermelon is a juicy fruit with
high water content. Aurelia et al. (2011)
reported ascorbic acid content of
watermelon juice was 21mg/100ml,
Nour et al. (2010), reported that the
ascorbic acid content was highest in
lemon juice followed by watermelon
juice.

Sweet orange is one of the most
common citrus fruits known to possess
high vitamin C concentration. This
study supports that of Melo et al
(2006), who reported vitamin C
concentration of orange juice as 37.34
mg/100ml, which is lower than values
from this research. Razmi and Harasi
(2008) obtained a much higher ascorbic
acid values of 49.24mg/100 ml for
orange. The disparity may be due to
cultivation, environmental factors or
species of orange.

Grapes are one of the expensive
fruits that are palatable but usually out
of reach for low-income earners.
Results from this study were higher than
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that reported by Razmi and Harasi,
(2008), who obtained ascorbic acid
values of 8.80 mg/100 cm? for grapes,
but lower than those from Vanderslice
et al. (1990) and Najwa and Azrina,
2017 who reported ascorbic acid level
of 23.60mg/100ml and 49.15mg/100g
respectively.

Tomato is a very common juicy
fruit, used in culinary dishes to make
food appear attractive and enjoyable. It
forms the basic recipe for many
delicacies including soups and stews.
They are also eaten raw as a snack or in
salad. Vitamin C values obtained from
this research is higher than that reported
by Abebe et al. (2017) (13.03 mg/100g).

Pineapples and apples are very juicy
fruits enjoyed by children and adults
alike. Although common, they are quite
expensive. Values for the vitamin C
content of pineapple and apple in this
study were found to be higher than
values obtained by Nweze et al. (2015)
who reported ascorbic acid level of
6.40mg/100ml for pineapple and
7.94mg/100ml for apple.

The observed differences in the
contents of vitamin C studied in the
same method may be as a result of
differences in maturity stage and
regional varieties of fruits. Different
techniques of measuring and squeezing
process, methodologies, method of
juice extraction, different storage
temperatures may also affect the
vitamin C content of fruit juices.
Factors including climate, temperature
and amount of nitrogen fertilizers used
in growing the plant and climatic
conditions such as light can affect the
concentration of ascorbic acid in fruits
(Dosed™el et al., 2021).

The results of this study showed that
the less expensive fruits have a higher
content of vitamin C, compared to the
expensive ones, thereby serving as an
affordable and adequate source of
vitamin C to low-income earners as
well.
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