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ABSTRACT

Ascorbic acid is used for treatment in hypovitaminosis, nutritional deficiency, scurvy, gingivitis,
Barlow and Basedow diseases. In this study, a simple and sensitive kinetic spectrophotometric
method was developed for the determination of ascorbic acid in Eruca sativa. The rate of formation
of the product formed as a result of the reaction of ascorbic acid with iron (Ill) sulfate and
phenanthroline reagents was determined by measuring the absorbance at 510 nm wavelength at 5
minute intervals for 60 minutes. The measurement curve prepared from standard ascorbic acid
solution is linear in the concentration range of 4.0-6.0 ug/mL. The regression equation obtained
from the graph of logarithms of molar concentrations versus logarithms of slopes was found as log
(rate) = 2.5721 logC - 9.461 (r=0.9999) according to the initial rate method. The developed method
was applied to Eruca sativa samples and the amount of ascorbic acid in fresh leaves was found to
be 72.80 mg/100 g.
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1. INTRODUCTION

Ascorbic acid (vitamin C), one of the water-
soluble vitamins, is the vitamin that the organism
most needs (Fig. 1). It was extracted from the
adrenal glands, as well as green peppers and
cabbage by Szent-Gydrgy between 1928 and
1932, and named "hexuronic acid". L-ascorbic
acid is a very strong monoacid. The pH of its
solution at 1% concentration is 2.8, and the pH of
10% solution is 2. In addition, it is a colorless,
odorless substance that dissolves at 190 - 192 °
C, dissolves in 1 g in 3 mL, and tastes sour like
citric acid. The specific optical conversion in
water is [a ]D20 = +23°. Very soluble in alcohol,
slightly soluble in acetone, insoluble in benzene,
ether, chloroform and oils. On the other hand,
ascorbic acid has the ability to retain oxygen and
is an important antioxidant for foods with
properties such as discoloration and loss of
natural odor. Only humans, monkeys and guinea
pigs cannot make ascorbic acid in their bodies
and they have to take it from outside. This is
because; Although they have three of the four
enzymes required for the synthesis of ascorbic
acid, they do not have the enzyme L-
gulonolactant  oxidase. In ascorbic acid
deficiency, the body's resistance to microbe
diseases decreases and the complete deficiency
of the vitamin causes scurvy, bleeding occurs
first on the gums and then on the skin. It is an
essential vitamin for tissue respiration [1].
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Fig. 1. Chemical formula of ascorbic acid

Ascorbic acid; It is used in many medicines, for
enriching foods and beverages with vitamins.
The daily need for vitamin C varies between 75
mg for men, 70 mg for women, and 30 to 100 mg
for children according to their age. 1 international
unit of vitamin C (M.U.) is 0.05 mg of pure
ascorbic acid. The amounts of foods containing 1
mg of vitamin C, corresponding to 20 MU, are as
follows: 1.8 g strawberries, 24 g apples, 5 g
tomatoes, 33 g cucumbers, 4.1 g spinach, 0.6 g
red peppers, 2 g cauliflower, 28 g women milk,
5.2 g asparagus, 10-80 g apricot, 27 g
horseradish, 12 g cherries, 18 g melon, 4.8 ¢
liver, 0.7 g parsley, 10 g banana, 2.3 g lemon,
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2.3 g orange, 3 g fresh corn, 80 g milk, 15 g
onions, 14 g lettuce, 12.5 g green beans, 8 g
potatoes and 28.5 g grapes [2].

Quantification of ascorbic acid in various
vegetables and fruts was made by
spectrophotometric [3,4], flow injection
chemiluminescence [5,6], high performance

liquid chromatographic [7-9], electrophoretic [10]
and electrochemical [11-13] methods. In addition,
ascorbic acid determination was performed

kinetically in tomatoes, green peppers and
oranges [14] by kinetic spectrofluorimetric
method and in various vegetables by

electrokinetic capillary chromatography method
[15].

In the literature review, few studies were found in
which the kinetic spectrophotometric method was
used for the determination of the amount of
ascorbic acid in fruits and vegetables, and in
these studies, the amount of ascorbic acid was

determined in melon, watermelon, parsley,
potato and coriander [16,17]. However,
according to the literature, the amount of

ascorbic acid in the arugula (Eruca sativa) plant,
whose fresh leaves are used as salad, has been
determined by some analytical methods [18,19],
but it has not yet been determined by the kinetic
spectrophotometric method. Therefore, we aimed
to develop a simple and sensitive Kkinetic
spectrophotometric method for the quantification
of ascorbic acid in fresh arugula leaves.

2. MATERIALS AND METHODS
2.1 Chemicals and Samples

Ascorbic acid was obtained from Deva (Istanbul,
Turkey) pharmaceutical company, Fe,(SOy)s,
phenanthroline, metaphosphoric acid and acetic
acid were obtained from Merck (Darmstadt,
Germany). Fresh arugula leaves were purchased
commercially from a grocery store.

2.2 Instrument

Glass and quartz cuvettes were used with
Shimadzu UV-visible spectrophotometer (Tokyo,
Japan) device for measurements.

2.3 Standard Solutions

The stock solution of ascorbic acid at a
concentration of 1 mg/mL was prepared in 3%
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metaphosphoric acid solution (weight/volume)
containing 8% CH3;COOH. To prepare standard
solutions with a concentration of 20.0, 22.5, 25.0,
275, 30.0 pg/mL from the stock solution,
appropriate amounts were taken and diluted with
the same solvent.

2.4 Procedure

1 mL of each of the standard solutions was taken
and 2 mL of 0.010 M Fe,(SO,); solution and 2
mL of 0.010 M phenanthroline solution were
added, and the final concentrations were
adjusted as 4.0, 4.5, 5.0, 5.5 and 6.0 pg/mL
(linear concentration range). Absorbance was
measured at 510 nm for 60 min at 5 min intervals
(n=6).

2.5 Limit of Detection (LOD) and Limit of
Quantification (LOQ)

The smallest value of the calibration curve was
accepted as LOQ value and the LOD
concentration was calculated by dividing this
value by 3.3. Then the LOD solution was
prepared and measured.

2.6 Accuracy and Precision

Recovery of the method was evaluated at three
different concentration levels. The precision was
evaluated in terms of repeatability by performing
intraday and inter day analysis.

2.7 Sample Assay

For the determination of ascorbic acid in arugula

metaphosphoric acid solution containing 8%
CH3;COOH in a magnetic stirrer for 45 minutes
and filtered with blue banded filter paper. 350 uL
of filtrate was diluted to 1 mL with the same
solvent, then 2 mL of 0.010 M Fe»(SO,); solution
and 2 mL of 0.010 M phenanthroline solution
were added. Absorbance was measured at 510
nm for 60 min at 5 min intervals.

3. RESULTS AND DISCUSSION

The solution of ascorbic acid in water showed
maximum absorption at 264 nm. The UV
spectrum is given in Fig. 2. The product formed
as a result of the reaction of ascorbic acid with
Fe,(S0,); and phenanthroline showed maximum
absorption at 510 nm. The UV spectrum of the
product is given in Fig. 3.

Ascorbic acid reduced Fe(lll) to Fe(ll) and Fe(ll)
formed a colored compound with the
phenanthroline indicator, and the increase in
absorbance lasted for 60 min. The graph of
absorbance versus time is given in Fig. 4. In
order to obtain a highly accurate graph, it was
considered sufficient to make the measurements
every 5 minutes, and the absorbances of the
solutions at 4.0, 4.5, 5.0, 55 and 6.0 pg/mL
concentrations (linear range) were measured at 5
minute intervals for 60 minutes. Absorbance
graphs against time were obtained from the
measurements of each solution, and the slopes
of the linear parts of the graphs were calculated.
The regression equation obtained from the graph
of logarithms of molar concentrations versus
logarithms of slopes (Fig. 5) was found to be:

leaves, 5 g of fresh arugula leaves were log (rate) = 2.5721 logC - 9.461 (r=0.9999)
chopped, mixed with 50 mL of 3% by using the initial rate method [20].
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Fig. 2. UV-absorption spectrum of ascorbic acid (1 mg/mL)
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Fig. 3. UV-absorption spectrum of the product formed as a result of the reaction of ascorbic
acid with Fe,(S0,); and phenanthroline (4 pg/mL)
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Fig. 4. The plot of absorbance versus time of the reaction of ascorbic acid with Fe,(SO,); and
phenanthroline (5 pg/mL)
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Fig. 5. Calibration graph for the initial rate method
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The limit of quantification (LOQ) was accepted as
4.0 mg/mL from the calibration curve and the
limit of detection (LOD) was calculated asl.2
mg/mL. In accuracy and precision studies RSD%
values were found below 2.0.

The highest efficiency in the extraction of
ascorbic acid from arugula leaves was obtained
with 3% metaphosphoric acid solution containing
8% CH3;COOH by stirring for 45 minutes after
experimenting with mixing times of 15, 30, 45
and 60 minutes The developed method was
applied to fresh arugula leaves. It was
determined that 100 grams of fresh leaves
contain 72.80 mg of ascorbic acid. Standard
deviation (+0.05) and relative standard deviation
(£ % 0.06) were also calculated.

4. CONCLUSION

Ascorbic acid was determined by a simple and
sensitive kinetic spectrophotometric method in
fresh arugula leaves for the first time in the
literature. In the continuation of the study, the
amount of ascorbic acid in some other
vegetables will also be determined with this
developed and validated method.

CONSENT AND ETHICAL APPROVAL
It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Food Chemistry, Ed. Keskin H. Istanbul
University. 1981;2888:341-345.

2. Food Chemistry, Ed. Keskin H. Istanbul
University. 1975;21:275-279.

3. Ozgur M, Sungur S. Third order derivative
spectrophotometric determination of
ascorbic acid in fruits and vegetables.
Talanta. 1995;42(11):1631-1640,

4. Abdelmageed O, Khashaba P, Aksal H,
Saleh G, Refaat I.  Selective
spectrophotometric determination of
ascorbic acid in drugs and foods. Talanta.
1995;42(4):573-579.

5. Ma Y, Zhou M, Jin X, Zhaung B, Chen H,
Guo N. Flow injection chemiluminescence
determination of ascorbic acid by use of
the cerium (IV)rRhodamine B system.
Analytica Chimica Acta. 2002;464(2):289-
293.

38

10.

11.

12.

13.

14.

15.

16.

Zhang Z, Qin W. Chemiluminescence flow
sensor for the determination of ascorbic
acid whit immobilized reagents. Talanta.
1996;43(1):119-124.

Gokmen V, Kahraman N, Demir N, Acar J.

Enzymatically validated liquid
chromatographic method for the
determination of ascorbic and
dehydroascorbic acids in fruit and

vegetables. Journal of Chromatography A.
2000;881(1-2):309-316.

Kall M, Andersen C. Improved method for
simultaneous determination of ascorbic
acid and dehydroascorbic acid, isoascorbic
acid and dehydroisoascorbic acid in food
and biological samples. Journal of
Chromatography B. 1999;730(1):101-111.
Tanishima K, Kita M. High-performance
liquid chromatographic determination of
plasma ascorbic acid in relationship to
health care. Journal of Chromatography.
1993;613(2):275-280.

Fukushi K, Takeda S, Wakida S, Yamane
M, Higashi K, Hiiro K. J Determination of
ascorbic acid in vegetables by capillary
zone electrophoresis. ournal of
Chromatography A. 1997;772:313-320.
Hidiroglou N, Madere R, Behrens W.
Electrochemical determination of ascorbic
acid and isoascorbic acid in ground meat
and processed foods by high pressure
liquid chromatography. Journal of Food
Composition and Analysis. 1998;11(1):89-
96,

Guanghan L, Yu W, Leiming Y,
Shuanglong H. Determination of ascorbic
acid in fruits and vegetables by stripping
voltammetry on a glassy carbon electrode.
Food Chemistry. 1994;51:237-239.

Sahbaz F, Somer G. Determination of
ascorbic acid in fruit and vegetables using
normal polarography. Food Chemistry.
1992:44(2):141-146,

Feng S, Wang J, Chen X, Fan J. Kinetic
spectrofluorimetric determination of trace
ascorbic acid based on its inhibition on the
oxidation of pyronine Y by nitrite.
Spectrochimica Acta. 2005;61:841-844.
Thompson C, Trenerry V. A rapid method
for the determination of total I-ascorbic acid
in fruits and vegetables by micellar
electrokinetic capillary chromatography.
Food Chemistry. 1995;53:43-50.
Karayannis M, Farasoglou D. Kinetic-
spectrophotometric  method for the
determination of ascorbic acid in orange



17.

18.

Seckin and Aslan; J. Pharm. Res. Int., vol. 34, no. 63, pp. 34-39, 2022; Article no.JPRI.96351

juice, parsley and potatoes. Analyst.
1987;112(6):767-770.
Safavi A, Fotouhi L. Kinetic

spectrophotometric determination of
ascorbic acid by reduction of toluidine blue.
Talanta. 1994;41(8):1225-1228.

Keyata EO, Yetenayet BT, Geremew B,
Sirawdink FF. Phytochemical contents,
antioxidant  activity and  functional
properties of Raphanus sativus L, Eruca
sativa L. and Hibiscus sabdariffa L.
growing in Ethiopia. Heliyon. 2021;7(1):
e05939.

19.

20.

Nunes TP, Martins CG, Faria AF, Biscola
VD, Oliveira Souza KL, AZ., Cordenunsi
BR, Landgraf M. Changes in total ascorbic
acid and carotenoids in  minimally
processed irradiated Arugula (Eruca s
ativa Mill) stored under refrigeration.
Radiation  Physics and  Chemistry.
2013;90:125-130.
Aslan SS, Demir B. Kinetic
spectrophotometric determination of
ciprofloxacin in a  pharmaceutical
preparation. J AOAC Int. 2010;93(2): 510-
515.

© 2022 Seckin and Aslan; 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:
https://www.sdiarticle5.com/review-history/96351

39


http://creativecommons.org/licenses/by/2.0

