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ABSTRACT

Aims: The aim of the current paper is to identify the ascorbic acid level in ten commercially
available fruits in order to expand the existing database about fruits rich in Vitamin C and to
promote their daily consumption.

Study Design: Research was conducted experimentally.

Place and Duration of Study: University of food technologies, Plovdiv, Bulgaria, October 2019.
Methodology: Ascorbic acid levels were determined with the use of two oxidation-reduction
titration methods — Dichlorophenoliodophenol (DCPIP) and N-Bromosuccinimide (NBS).

Results: All studies samples possessed different amounts of ascorbic acid. Both DCPIP and NBS
assay resulted in determining strawberries as the fruit with the highest ascorbic acid levels — 55.1 £
1.6 mg/100 g and 59.8 + 2.2 mg/100 g respectively. Lowest values were obtained for fig. All results
are commensurable to those obtained in other studies. Ascorbic acid levels were as follows:
strawberries > grapefruit > pear > green apple > blueberries > quince > banana > plum > white
grapes > fig.

Conclusion: In this study, ten commercially available fruits were studied for their ascorbic acid
levels. Comparison between two titration methods showed moderate differences in the results
confirming that the NBS method is more sensitive. All reported data confirms that differences
occur, but fruits can be considered sources of vitamin C.
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1. INTRODUCTION

According to the Food and Agriculture
Organization, some of the most common and

debilitating eating disorders in the world,
including birth defects, mental and physical
retardation, weakened immune systems,

blindness and even death, are caused by a lack
of vitamins and minerals in the daily diet [1]. Low
intake of fruits and vegetables is a major
contributing factor for such a deficiencies of trace
elements. Fruits provide a wide variety of
minerals and vitamins, especially vitamin C and
are a fast source of hydration. They positively
affect the functioning of the digestive system.
Due to their diuretic nature, they facilitate the
purification of the body and contain natural
antioxidants [2].

Phytochemical studies have attracted the
attention of specialists in the search for additional
raw material resources with beneficial properties
[3]. Consumption of fresh fruits contributes to the
sustainability of the food system because it
reduces energy consumption and generates less
carbon dioxide emissions since it does not need
to be transported from remote farming areas.
The natural production cycle is respected as it is
more environmentally friendly and respectful of
the environment. In addition, fruits grown
outdoors have a better taste because they lose
some of their flavor in a greenhouse [4].

In the early 21st century, nutritionists began to
highlight the benefits of plant-based foods,
further emphasizing the benefits of a plant-based
diet [5]. There is an ambition to provide
affordable, natural and personalized food. The
food industry relies not only on products but also
on consumers' dietary preferences. A lifestyle
that promotes the consumption of foods that
contribute to a healthy diet and have less impact
on the planet's ecosystem is encouraged [6].
Awareness of healthy behaviors can contribute to
a more sustainable European healthcare system
by reducing the severity of diseases, which can
be avoided with the help of appropriate nutritional
advice.

Fruit production is undoubtedly of great
importance in the agricultural sector because of
its economic importance and its beneficial effects
on human health. Consumption of fresh fruits
and/or vegetables and their juices is associated
with beneficial substances intake for the human
body [7]. According to Eurostat, 64% of the

people living in the European Union put fruits on
their table every day [8]. Fruits comprise of
mainly polysaccharides, polyphenolic
compounds, vitamins and minerals. Fruits can be
consumed raw or as a material for the
preparation of certain new products with health-
promoting properties.

It is well known that Vitamin C is a water-soluble,
heat-sensitive and very important for human
health [9,10]. Many plant-based products have
been reported to possess ascorbic acid in
different amounts. For instance, oranges have
58.30 mg/100 g vitamin C levels [11], and
lemons — 50.4 mg/100 g [12]. Vitamin C is
probably most famous for its scurvy prevention
[13]. In addition to that, ascorbic acid aids in
many processes including acting as cofactor for
mono- and dioxygenases, and histone
demethylases [14,15]. Vitamin C also enhances
iron absorption in the body [16].

Daily doses of ascorbic acid vary from 30 mg/day
to 250 mg/day [17]. In fruits from different
species or even within the same species, large
differences in Vitamin C levels can be observed
[18]. Considering all this, it is important to extend
the knowledge in ascorbic acid rich fruits.

Previous studies focus on the evaluation of
several species with the use of various methods
i.e. spectrophotometry, electrophoresis,
chromatography [19,20]. Stil, the most
commonly used method is the oxidation-
reduction titration method [21,22]. The aim of the
current paper is to identify the ascorbic acid level
in ten commercially available fruits in order to
expand the existing database about fruits rich in
Vitamin C and to promote their daily
consumption.

2. MATERIALS AND METHODS

Vitamin C levels were established with the use of
2,6-dichlorophenoliodophenol and N-
Bromosuccinimide titration as described by Singh
and Harshal [23].

2.1 Dichlorophenoliodophenol Titration
(DCPIP)

5ml of test sample was pipetted out in a 100 ml
conical flask. 10ml of 4% oxalic acid was added
and titrated against the dye. The end point
appeared as pink color which persists for a few
minute and reading was noted.



2.2 N-Bromosuccinimide Titration (NBS)

10 ml sample was titrated against 0.01% N-
bromosuccinimide. The amount of Vitamin C
was estimated using a standard ascorbic acid
curve made from serial dilutions (50 mg, 40 mg,
30 mg, 20 mg and 10 mg of ascorbic acid in
100cm3 of 0.5% oxalic acid solution) titrated
against 0.01% N-bromosuccinimide solution.

2.3 Fruits Selection and Evaluation

Fruits were selected based on their popularity
and availability in the autumn season at the
farmer's market. Ten fruits were purchased
(green apple, pear, blueberry, banana, white
grapes, grapefruit, strawberry, quince, plum, and
fig) and used the same day. All fruits were
thoroughly washed and grinded for sample
preparation. Filtrate produced while grinding was
used to evaluate the Vitamin C content. The
treated samples were extracted in 0.5% oxalic
acid and volume of the filtrate was made up to
100 ml; 10 ml of the sample solution was titrated
against DCPIP and NBS.

2.4 Statistical Analysis

Data were analyzed using MS Excel software. All
assays were performed in at least three
repetitions. Results were presented as mean +
SD (standard deviation). Fisher’s least significant
difference test at a level of P = .05 were used to
determine the significance of differences
between mean values.

3. RESULTS AND DISCUSSION

Fruit evaluation started with determining some
physical characteristics of the samples (Table 1).
Characteristics i.e. weight, diameter and skin
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purchasing fruit at the farmer’'s market. Fruits are
highly prized for their unique aesthetic and
organoleptic characteristics [24]. Traditionally,
fruit quality indicators include appearance, sugar
and acid content. In the field of food technology,
product quality and its sensory evaluation are
priority criteria for the consumer. The intention to
buy is related to the attitude towards the product
as a whole. It is shaped both by external signals,
such as variety (in fruits and vegetables), and
internal, as sense gratification. When it comes to
fruits, color, shape, firmness and aroma are the
main factors that influence choice. Other
motivating factors are brand and potential
benefits to the body [25].

Plant foods, such as fruits that contain significant
amounts of bioactive phytocomponents, can
provide the desired health benefits beyond basic
nutrition, such as reducing the risk of chronic
diseases [26,27]. Ascorbic acid is a very
important vitamin for the human body since it
cannot be synthesized and has to be introduced
with food or tablets. Table 2 is a visual
presentation of the ascorbic acid levels of ten
commercially available fruits.

Both DCPIP and NBS assay resulted in
determining strawberries as the fruit with the
highest ascorbic acid levels — 55.1 + 1.6 mg/100
g and 59.8 + 2.2 mg/100 g respectively. From all
of the studied fruits, strawberries are the ones
with the shortest storage ability after ripening.
This may explain the currently established
highest levels. Lowest values were obtained for
fig. It has to be noted that colorful filtrates are to
some extent harder to titrate, therefore another
assay may result in different values. Other
authors [28] have documented and average level
of 24.70 mg/100 g in strawberries, which is 2.4

color are very important when it comes to times Ilower than the current results.
Table 1. Physical characteristics of fruit samples

Samples/Particulars Weight, g Diameter, mm Skin color
Banana 225 44 Yellowish
Blueberry 17 11 Violet
Fig 87 52 Red-violet
Grapefruit 256 121 Dark-pink
Green apple 221 93 White
Pear 154 76 Yellowish
Plum 78 56 Dark violet
Quince 320 123 Yellowish
Strawberry 64 42 Vivid red
White grapes 43 33 Green-yellow
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Table 2. Vitamin C levels of commercially available fresh fruits determined by two titration

methods

Samples/Method DCPIP, mg/100g sample NBS, mg/100 g sample
Banana 7.740.01° 8.7+0.07°
Blueberry 15.420.04° 16.3+0.03°
Fig 1.1+0.05" 1.9£0.04°
Grapefruit 47.0+0.03° 48.2+0.05°
Green apple 21.3+0.02° 24.60.05°
Pear 47.2+1.5° 48.5+0.09°
Plum 3.2+0.01° 4.8+0.02°
Quince 11.4+1.9° 14.6+0.8°
Strawberry 55.1+1.6° 59.8+2.2°
White grapes 3.120.07° 4.0+0.05°

*Means followed by different letters within a column are significantly different at P = .05 according to fisher’s
LSD test

Strawberries are one of the most desirable fruits
when it comes to consumers preferences,
because of their excellent sensory
characteristics [29]. Sapei and Hwa [30] report a
relatively high content of vitamin C, which is
around 40-70 mg/100 g. These results
are commensurable the results of the current
study.

Vitamin C levels and nutritional value in general
is influenced by growing conditions, soil profile,
meteorological conditions, and variety/cultivar of
fruit [31]. Ascorbic acid content may be lower
during storing and depending on harvesting
condition [32].

Pears and grapefruit showed rather similar
results in both DCPIP and NBS methods. Mussa
and Sharaa [33] have reported 9.27 mg/100 ml
ascorbic acid content in pears and 18.54
mg/100ml in banana using DCPIP method.
Bananas resulted in 7.7 + 0.01 mg/100 g
(DCPIP) which is lower, compared to the
abovementioned results. Quince and apples can
be stored for a rather long period. Green apples
contained 21.3 £ 0.02 mg/100 g and quince 11.4
+ 1.9 mg/100g (DCPIP). Other authors [34],
documented 21.5 mg/100 g for apples, which is
practically the same value as the currently
established values. Blueberries had ascorbic
acid levels comparable to those of quince. White
grapes and plum had rather low levels of vitamin
C 3.1 £ 0.07 mg/100g and 4.8 + 0.02 mg/100 g
(NBS) respectively. Literature data reports
different values for white grapes established by
Derradji-Benmeziane et al. [35] 12.33 mg/100 ml
and Matei et al. [36] by 1.48 mg/100 g.
Bozhkova [37] documents 11.92 mg/100 g
vitamin C content for plum fruits of ‘Stanley’
cultivar.

All reported data confirms that differences occur,
but fruits can be considered sources of vitamin
C.

4. CONCLUSION

In this study, ten commercially available fruits
were studied for their ascorbic acid levels. All
studies samples possessed different amounts of
ascorbic acid. Ascorbic acid levels were as
follows: strawberries > grapefruit > pear > green
apple > blueberries > quince > banana > plum >
white grapes > fig. Among all, strawberries
contained the most vitamin C — 59.8 + 2.2
mg/100 g (NBS). The least vitamin C levels were
registered in figs — 1.9 + 0.04 mg/100 g (NBS).
Comparison between two titration methods
showed moderate differences in the results
confirming that the NBS method is more
sensitive. Modern genome technology suggests
that a future trend will be to use genome editing
to target favorable modifications in plant products
including ascorbic acid content. Further studies
may clear out different ways to retain vitamin C
levels during storage and product processing.

ACKNOWLEDGEMENTS

This research did not receive any specific grant
from funding agencies in the public, commercial,
of not-for-profit sectors.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. FAO and WHO. Human Vitamin and
Mineral Requirements. Human Vitamin and



10.

Mineral Requirements. Hong Kong, China;
2001.

Liu XL, Wang DD, Wang ZH, Meng da L.
Diuretic Properties and Chemical
Constituent  Studies on  Stauntonia
brachyanthera. Evid Based Complement
Alternat Med. 2015;432419.

DOI: 10.1155/2015/432419

Yoo S, Kim K, Nam H, Lee D. Discovering
Health Benefits of Phytochemicals with
Integrated Analysis of the Molecular
Network, Chemical Properties and Ethno
pharmacological  Evidence.  Nutrients.
2018;10(8):1042.

DOI: 10.3390/nu10081042

Figas MR, Prohens J, Raigén MD, Pereira-
Dias L, Casanova C, Garcia-Martinez MD,
et al. Insights Into the Adaptation to
Greenhouse Cultivation of the Traditional
Mediterranean Long Shelf-life Tomato
Carrying the alc Mutation: A multi-trait
comparison of landraces, selections, and
hybrids in open field and Greenhouse.
Front Plant Sci. 2018;9:1774.

DOI: 10.3389/fpls.2018.01774

Lynch H, Johnston C, Wharton C. Plant-
based diets: Considerations for
environmental impact, protein quality, and
exercise performance. Nutrients. 2018;
10(12):1841.

DOI: 10.3390/nu10121841

Chai B, van der Voort J, Grofelnik K,
Eliasdottir H, Kloss |, Perez-Cueto F.
Which diet has the least environmental
impact on our planet? A Systematic
Review of Vegan, Vegetarian and
Omnivorous Diets. Sustainability. 2019;11:
4110.

DOI: 10.3390/su11154110

Slavin J, Lloyd B. Health benefits of fruits
and vegetables. Adv Nutr. 2012;3(4):506-
16.

DOI: 10.3945/an.112.002154

De Cicco A. The fruit and vegetable sector
in the EU - A statistical overview. Eurostat
Statistics Explained; 2016.

Berenji S, Sahari M, Barzegar M. Effect of
Extraction and Processing Conditions on
the Water-Soluble Vitamins of Barberry
Fruits J. Agr. Sci. Tech. 2019;21(2):341-
356.

Lee S, Choi Y, Jeong H, Lee J, Sung J.
Effect of different cooking methods on
the content of vitamins and true
retention in selected vegetables. Food
Science and Biotechnology. 2018;27(2):
333-342.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Popova; AFSJ, 13(2): 1-6, 2019; Article no.AFSJ.52365

Fatin Najwa R and Azrina A. Comparison
of vitamin C content in citrus fruits by

titration and high performance liquid
chromatography (HPLC) methods.
International Food Research Journal.

2017;4(2):726-733.

Lee S and Kader A. Preharvest and
postharvest factors influencing vitamin C
content of horticultural crops. Postharvest
Biology and Technology. 2000;20(3):207-
220.

DOI: 10.1016/S0925-5214(00)00133-2
Baron J. Sailors’ scurvy before and after
James Lind — a reassessment. Nutr. Rev.
2009;67:315-332.

DOI: 10.1111/j.1753-4887.2009.00205.x
Truffault V, Fry S, Stevens R, Edinburgh T,
Wall C, Building D, et al. Ascorbate
degradation in tomato leads to
accumulation of oxalate, threonate and
oxalyl threonate. Plant J. 2017;89:996—
1008.

DOI: 10.1111/tpj.13439

Di Matteo A, Sacco A, Anacleria M,
Pezzotti M, Delledonne M, Ferrarini A, et
al. The ascorbic acid content of tomato
fruits is associated with the expression of
genes involved in pectin degradation. BMC
Plant Biol. 2010;10:163.

DOI: 10.1186/1471-2229-10-163

Granger M, Eck P. Dietary Vitamin C in
Human Health. In Advances in Food and
Nutrition Research. 2018;83:281-310. DOI:
DOI: 10.1016/bs.afnr.2017.11.006
National Institute of Health, Vitamin C Fact
Sheet for Consumers.
Available:https://ods.od.nih.gov/pdf/factshe
ets/VitaminC-Consumer.pdf

(Accessed 05 October 2019)

Fenech M, Amaya |, Valpuesta V, Botella
M. Vitamin C Content in Fruits:
Biosynthesis and Regulation. Front Plant
Sci. 2019;9:2006.

DOI: 10.3389/fpls.2018.02006

Mohammed Q, Hamad W, Mohammed E.
Spectrophotometric Determination of Total
Vitamin C in Some Fruits and Vegetables
at Koya Area — Kurdistan Region / Iraq.
Journal of Kirkuk University-Scientific
Studies. 2009;4(2):46-54.

Abdullah R. Determination Vitamin C in
food samples using high performance
liquid chromatography. Chemistry and
Materials Research. 2016;8(6):8-12.
Elgailani I, Elkareem M, Noh E, Adam O,
Alghamdi A. Comparison of Two Methods
for The Determination of Vitamin C



22.

23.

24.

25.

26.

27.

28.

29.

(Ascorbic Acid) in Some Fruits. American
Journal of Chemistry. 2017;2(1):1-7.

Majidi M and Al-Gubury H. Determination
of Vitamin C (ascorbic acid) Contents in
various fruit and vegetable by UV-
spectrophotometry and titration methods.
Journal of Chemical and Pharmaceutical
Sciences. 2016;9(4):2972-2974.

Singh R. and Harshal A. (2016). Effects of
cooking on content of vitamin C in green
leafy vegetables; Scholars Journal of
Agricltural and Veterinary Sciences. 2016;
3(6):416-423.

Andersen B, Brockhoff P, Hyldig G. The
importance of liking of appearance, -odour,
-taste and -texture in the evaluation of
overall liking. A comparison with the
evaluation of sensory satisfaction. Food
Quality and Preference. 2019;71:228-
232.

DOI: 10.1016/j.foodqual.2018.07.005
Brown E, Dury S, Holdsworth M.
Motivations of consumers that use local,
organic fruit and vegetable box schemes in
Central England and Southern France.
Appetite. 2009;53(2):183-8.

DOI: 10.1016/j.appet.2009.06.006

Lobo V, Patil A, Phatak A, Chandra N.
Free radicals, antioxidants and functional
foods: Impact on human health.
Pharmacognosy Reviews. 2010;4(8):118-
126.

DOI: 10.4103/0973-7847.70902

Lui R. Health benefits of fruit and
vegetables are from additive and
synergistic  combinations  of  phyto-

chemicals, Am J Clin Nutr. 2003;78(3):
517-520.

DOI: 10.1093/ajcn/78.3.517S

Koyuncu A, Dilmagtnal T. Determination of
vitamin C and organic acid changes in
strawberry by HPLC during cold storage.
Not. Bot. Hort. Agrobot. Cluj. 2010;38(3):
95-98.

Bianchi G, Lucchi P, Maltoni L, Fagherazzi
A, Baruzzi G. Analysis of aroma

30.

31.

32.

33.

34.

35.

36.

37.

Popova; AFSJ, 13(2): 1-6, 2019; Article no.AFSJ.52365

compounds in new strawberry advanced
genotypes. Acta Horticulturae. 2017;1156:
673-678.

DOI: 10.17660/ActaHortic.2017.1156.98
Sapei L, Hwa L. Study on the kinetics of
vitamin C degradation in fresh strawberry
juices. Procedia Chemistry. 2014;9:62-68.
DOI: 10.1016/j.proche.2014.05.008

Locato V, Cimini S, Gara L. Strategies to
increase vitamin C in plants: from plant
defense perspective to food biofortification.
Front Plant Sci. 2013;4:152.

DOI: 10.3389/fpls.2013.00152

Gallie D. Increasing vitamin C content in
plant foods to improve their nutritional
value-successes and challenges.
Nutrients. 2013;5(9):3424-46.

DOI: 10.3390/nu5093424

Mussa S, El Sharaa I. Analysis of vitamin
C (ascorbic acid) contents packed fruit
juice by UV-spectrophotometry and redox
titration methods. IOSR Journal of Applied
Physics. 2014;6(5):46-52.

DOI: 10.9790/4861-06524652

Esch J, Friend J, Kariuki J. Determination
of the vitamin C content of conventionally
and organically grown fruits by cyclic
voltammetry. International Journal of
Electrochemical Science. 2010;5:1464-
1474.

Derradji-Benmeziane F, Djamai R, Cadot
Y. Antioxidant capacity, total phenolic,
carotenoid, and vitamin C contents of five
table grape varieties from Algeria and their
correlations. OENO One. 2014;48(2):153-
162.

Matei N, Birghila S, Popescu V, Dobrinas
S, Socean A, Oprea C, et al. Kinetic study
of  vitamin C  degradation  from
pharmaceutical products. Romanian
Reports of Physics. 2008;20(1):132-136.
Valentina Bozhkova V, Chemical
composition and sensory evaluation of
plum fruits. Trakya University Journal of
Natural Sciences. 2014;15(1):31-
35.

© 2019 Popova; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/52365




