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Vitamin C, or ascorbic acid, is among the most essential and widely recognized compounds required for the healthy
functioning of the human body. Consequently, vitamin C must be obtained through dietary sources or supplementa-
tion. Rich sources of ascorbic acid include a variety of fresh fruits and vegetables. It is advisable to investigate the
content of ascorbic acid in the most common commercially available edible berries, fruits, and vegetables using
the European Pharmacopoeia HPLC method.

The aim. The aim of this study is to perform a comparative analysis of the ascorbic acid content in commercial-
ly available edible berries, fruits, and vegetables on the Estonian market using the European Pharmacopoeia’s
HPLC method, and to identify the products richest in this vitamin. Such findings will enhance the knowledge of both
consumers and researchers regarding the most promising dietary sources of vitamin C.

Materials and methods. Fifty-three samples of berries, fruits, and vegetables commercially available on the Es-
tonian market have been studied. Quantitative analysis of ascorbic acid was performed using the HPLC method.
Results. This study evaluated the ascorbic acid content of commercially available and home-grown berries,
fruits, and vegetables in Estonia. The highest levels were found in blackcurrants (70.6 = 7 mg/100 g in garden
samples and 53.3 £ 5 mg/100 g in market samples) and Sea buckthorn fruits (49 = 6 mg/100 g (garden) and
43.8 £ 2 mg/100 g (market)). In general, home-grown berries and fruits were richer in ascorbic acid. Supermarket
produce generally contained lower levels, although mandarins (24 mg/100 g) and red pepper (48 mg/100 g) were
the richest sources. The study also demonstrated that the addition of dithiothreitol (DTT) makes the analytical
results more informative. The experimental data obtained provide an overview and allow the ranking of commer-
cially available edible berries, fruits, and vegetables according to their ascorbic acid content.

Conclusions. A comparative analysis of ascorbic acid content in 53 berries, fruits, and vegetables from the Esto-
nian market was conducted using the European Pharmacopoeia’s HPLC method. The richest dietary sources of
vitamin C have been identified, providing valuable insights for both consumers and researchers and supporting
rational approaches to nutrition and dietetics
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1. Introduction
Vitamin C, or ascorbic acid, is among the most

muscle and joint pain, reduced appetite, impaired immu-
nity, easy bruising, and gum inflammation with bleeding.

essential and widely recognized compounds required for
the healthy functioning of the human body. The Hungar-
ian biochemist Albert Szent-Gydrgyi first identified and
isolated it in 1928, later receiving the Nobel Prize in 1937
for his work. The term “ascorbic acid” originates from its
link to scurvy (scorbutus), since early research connected
the absence of this substance primarily with the onset of
that disease [1, 2].

Ascorbic acid plays a vital role in maintaining hu-
man health. It is involved in numerous physiological
functions, including reinforcing and protecting blood
vessels, supporting leukocyte activity in microbial up-
take, reducing cholesterol levels, and promoting faster
wound healing [3, 4]. Additional roles include stimulating
collagen synthesis, delaying ageing, and helping regulate
blood pressure [5, 6]. A shortage of this compound can
lead to a wide range of health problems, including fatigue,
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Long-term deficiency has also been linked to the onset of
cancerous changes and atherosclerosis [1, 7]. Conversely,
excessive intake of vitamin C may be harmful. Reported
side effects of overdose include gastrointestinal issues
such as abdominal discomfort, nausea, vomiting, diar-
rhoea, and skin irritation. Extremely high doses can also
acidify urine, increasing the risk of kidney stone forma-
tion [8]. Nevertheless, because vitamin C is water-solu-
ble, it is readily eliminated through sweat and urine,
making severe overdose relatively uncommon [1].

The human body lacks the enzyme G-gulonolac-
tone oxidase, which is necessary for the endogenous
synthesis of ascorbic acid. Consequently, vitamin C must
be obtained through dietary sources or supplementa-
tion [9—11]. The recommended essential daily intake
ranges between 55 and 100 mg [12]. Under normal di-
etary conditions, deficiency is uncommon because vita-
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min C is widely distributed in food. However, shortages
may arise in individuals who smoke, consume alcohol
excessively, or undergo prolonged antibiotic therapy. A
daily intake of only 10 mg is sufficient to prevent scurvy
in adults. Rich sources of ascorbic acid include a variety
of fresh fruits and vegetables such as citrus fruits (orang-
es, lemons), grapes, watermelon, papaya, strawberries,
mango, pineapple, cherries, raspberries, tomatoes, broc-
coli, cauliflower, cabbage, and both green and red pep-
pers [13—15]. For humans, plants serve as the primary
reservoir of vitamin C [14-16].

In our earlier investigations, we analysed 13 di-
etary supplement formulations containing ascorbic acid,
available on the Estonian market. The measured con-
centrations of vitamin C in most solid dosage forms
were generally close to the declared values on product
labels, although they were often slightly lower. Stability
testing indicated that the ascorbic acid content in solid
supplements remained essentially unchanged after 16
months of storage. Comparisons between sources re-
vealed that preparations derived from natural materials
contained smaller amounts of vitamin C than those
manufactured with synthetic ascorbic acid [17]. Con-
tinuing these investigations, it is advisable to carry out
research on the quantitative content of ascorbic acid in
commercially available food products such as fruits,
berries, and vegetables using the HPLC method of the
European Pharmacopoeia [18]. These data will allow
the ranking of commercially available edible berries,
fruits, and vegetables according to their ascorbic acid
content, providing valuable insights into the richest di-
etary sources of vitamin C for both consumers and re-
searchers, and supporting rational approaches to nutri-
tion and dietetics.

The aim of this study is to perform a comparative
analysis of the ascorbic acid content in commercially
available edible berries, fruits, and vegetables on the Es-
tonian market using the European Pharmacopoeia’s
HPLC method, and to identify the products richest in this
vitamin. Such findings will enhance the knowledge of
both consumers and researchers regarding the most
promising dietary sources of vitamin C.

2. Planning (methodology) of research
The study protocol of the present research is pre-
sented in Fig. 1.

3. Materials and methods

Food supplements studied.

A total of 22 different berries and fruits analysed
in the comparative tests were obtained from the open
food market in Tartu as well as from home gardens in
Kilingi-Nomme, Tartu, and Allikukivi. In addition,
31 samples of vegetables and fruits were purchased from
supermarkets (Lidl, Maxima, and Horeca) in Tartu, Esto-
nia. The fresh fruits and vegetables were stored in a
freezer at —18°C.

Extraction of ascorbic acid from plant material.

Three or four parallel extracts were prepared and
analysed for each raw material. To 0.5—1 g (exact weight)
of material aqueous solution containing 1% citric acid
and 3% acetonitrile was added up to volume 10 mL. The
stability of ascorbic acid is known to be higher in acidic
media and acetonitrile stabilizes ascorbic acid by de-
creasing its rate of oxidation [19].

For fruit samples, one or more fresh fruits were
combined to yield approximately 1 g of material. The
fruits were weighed, placed in a mortar, and homoge-
nized with 9 mL of the citric acid — acetonitrile solution
for 2 minutes. This procedure yielded a fine mass, allow-
ing ascorbic acid to be extracted into the solution. The
extracts of plants or fruits were filtered through paper
placed in a glass funnel into plastic graduated tubes until
8 mL of solution was collected. The filtrate was then
transferred to a syringe fitted with a 0.45 pm membrane
filter and passed into an HPLC vial. A second set of sam-
ples was prepared by adding 0.4 M dithiothreitol solution,
corresponding to 1/20 of the final sample volume.

Before analysis, frozen plant material was thawed
and cut into strips approximately 1 mm wide using scis-
sors or a knife. For each sample (0.450—0.550 g), 10 mL of
the citric acid — acetonitrile solution was added to a conical
flask. Extraction was performed for 10 minutes in an ultra-
sonic bath, followed by filtration as described above. A
second set using dithiothreitol (DTT) was also prepared.

For each sample, three or four parallel determina-
tions were carried out, and the mean ascorbic acid con-
tent with standard deviation was calculated.

Determination of ascorbic acid content by HPLC
method.

The content of ascorbic acid was determined by a
slightly modified European Pharmacopoeia HPLC method
for quantification of related substances in ascorbic acid as
API (Ph. Eur, Monograph

5 in supermarkets.

* Harvest and purchase commercially available edible berries, fruits, and vegetables

01/2011:0253) [18]. Aminopro-
pylsilyl silica gel column

content in the samples

¢ Transfer of the HPLC method of EuPh and analysis of the ascorbic acid

250 x 4.6 mm, stationary phase
particle size 5 pm (Phenomen-
~ ex Luna® NH2) was used. The

» Comparison of the samples based on the content of ascorbic acid

mobile phase was a mixture of
acetonitrile and 0.05M aqueous

., solution of potassium-dihydro-

+ Establishment of the most promising dietary sources of vitamin C

gen phosphate 75:25 (V/V),
flow rate 1.0 mL/min, column

Fig. 1. Study protocol

temperature 45°C, detection
wavelength 260 nm. A 10 uL
sample was injected, which en-
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sures sufficient accuracy in the determination of ascorbic
acid content and reduces the contaminating effect of accom-
panying components on the column. The assay was per-
formed using a Shimadzu Prominence HPLC system (Ja-
pan) equipped with a Nexera X2 SIL-30AC autosampler and
an SPD-M20A photodiode array UV detector. The system
was controlled, and data were collected and processed using
LabSolutions 5.97 SP1 (© 2019). We used the L-ascorbic
acid standard obtained from Finnish pharmaceutical
company Oriola as a pharmaceutical active substance ful-
filling the requirements of the European Pharmacopoeia
(Monograph 01/2011:0253) [18]. Daily, immediately before
the assay, a reference standard solution of approximately
0.2 mg/mL was prepared using the mobile phase. A cali-
bration curve was built to test the linearity between the
standard’s concentration and the corresponding peak’s
area. The correlation coefficient between these parameters
within the ascorbic acid concentration range of 0.50
to 0.01 mg/mL was close to 1 (y=0.00000x + 0.00103,
R?=10.99998, r=0.99999).

The used method was adapted from European
Pharmacopoeia [18]. Only 2 parameters of the method
were modified — the injection volume 10 pl instead of
20 ul and detection wavelength 266 nm instead of
210 nm. Modifications were made due to different aim of
the method. European Pharmacopoeia uses this method
for detection and partial quantification of related sub-
stances; we used the same method for quantification of
ascorbic acid itself. That is why we did not use standards
of related substances (no need to prove the resolution of
the method) and used different detection wavelength.
The wavelength 210 nm was optimal for detection of im-
purities in very low quantities; the wavelength 266 nm
we used was optimal for selective detection of ascorbic
acid at its absorbance maximum (Fig. 2).
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concentration of ascorbic acid for every performed anal-
ysis. As the correlation was not linear, polynomial ex-
pression was used for calculation of concentration of
ascorbic acid in samples accordingly to results obtained
using different concentrations of standard solu-
tion (Fig. 3).
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Fig. 3. Polynomial correlation between ascorbic acid
concentration and corresponding peak area

System suitability of the chromatographic method
was verified daily by injecting a reference solution of
L-ascorbic acid. The retention time of the standard was
approximately 15.1 minutes, with a tailing factor about
1,0 and a number of theoretical plates exceeding 3700,
confirming adequate column efficiency. Repeatability of
peak areas and retention times was demonstrated with
relative standard deviation (RSD) values below 2% for
five replicate injections. The calibration curve for ascor-
bic acid in the concentration range of 0.01-0.50 mg/mL
showed excellent linearity (R* = 0.9999). These parame-
ters confirm that the HPLC system was suitable for quan-
titative determination of ascorbic acid in the studied

samples. The same meth-

may
SO0
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od has been successfully
used in our previous stud-
ies [20-22].

4. Results

Quantitative con-
tent of ascorbic acid in
food supplements studied.

Different berries,
fruits, and vegetables were
analysed to determine their
qualitative and quantitative
ascorbic acid content. The
results of the HPLC analy-
sis show that the ascorbic
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acid content ranges from
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Fig. 2. Absorption spectrum of ascorbic acid in eluent registered at the highest point of

peak of ascorbic acid

As we did not change any critical parameters like
column type, column size, composition of eluent, tem-
perature, we did not perform the validation procedure,
just registered the correlation between peak area and
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0.13 to 70.6 mg/100 g in
fresh berries and fruits (Ta-
ble 1). Blackcurrants con-
tained the highest levels
of ascorbic acid, especially those grown in home gardens,
with 70.6 =7 mg/100 g. Sea buckthorn fruits contained
the next highest levels of ascorbic acid. Other berries and
fruits showed mean ascorbic acid levels ranging from 0
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to 40 mg/100 g. Some typical chromatograms of ascorbic
acid standard sample and studied samples (blackcurrant

The ascorbic acid content in fruits and vegeta-
bles obtained from supermarkets was also estab-

as example) are presented in Fig. 4. lished (Table 2).
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Fig. 4. HPLC chromatograms of ascorbic acid and blackcurrant samples: a — the standard sample of ascorbic acid;
b —blackcurrant sample (black) and blackcurrant sample added 1/20 of volume 0,4M DTT

Table 1
Ascorbic acid content in fresh berries and fruits from open food markets and home gardens in Estonia

Berry/Fruit Content of ascorbic acid (mg/100 g)
1 2
Blackcurrant (M) — Ribes nigrum 533+5
Blackcurrant (GK) — Ribes nigrum 70.6 + 7
Highbush blueberry (M) — Vaccinium corymbosum 0.68 +0.37
Highbush blueberry (GT) — Vaccinium corymbosum 1.7+ 1.08
Redcurrant (M) — Ribes rubrum var. domesticum 10.0+5
Redcurrant (GT) — Ribes rubrum var. domesticum 16.2+3
Whitecurrant (GT) — Ribes rubrum var. album 20.6 +4
Cranberry (M) — Vaccinium oxycoccos 72+1
Lingonberry (M) — Vaccinium vitis—idaea 0.15+0.03
Sea buckthorn (M) — Hippophae rhamnoides 43.8+2
Sea buckthorn (GK) — Hippophae rhamnoides 49.0+6
Strawberry (M) — Fragaria x ananassa 40.0+ 5
Strawberry (GT) — Fragaria x ananassa 147+ 1
Gooseberry (M) — Ribes uva—crispa 11.4+2
Gooseberry (GK) — Ribes uva—crispa 14.0+4
Cherry (M) — Prunus avium 1.77 £ 0.46
Cherry (GK) — Prunus avium 0.13+0.06
Blackberry (M) — Rubus caesius 3.8+0.00
Raspberry (M) — Rubeus idaeus 159+6
Raspberry (GT) — Rubeus idaeus 16.5+5
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Continuation of Table 1

1 2
Sweet cherry (M) — Prunus cerasus var. austera nd
Sweet cherry (GA) — Prunus cerasus var. austera nd

Notes: nd — not detected, origin of samples: Tartu open food market (M), home gardens in Kilingi-Nomme (GK), Tartu (GT), and

Allikukivi (GA).

Table 2
Ascorbic acid content in fruits and vegetables from supermarkets in Tartu, Estonia
Fruit/vegetable Origin Content of ascorbic acid (mg/100 g)
Apple (Malus domestica) Horeca nd
Asian Pear (Pyrus pyrifolia) Lidl nd
Banana (Musa spp.) Horeca nd
Beetroot (Beta vulgaris) Lidl nd
Cabbage (Brassica oleracea var. capitata) Maxima <0.5
Carrot (Daucus carota subsp. sativus) Lidl nd
Cauliflower (Brassica oleracea var. botrytis) Maxima 1+£04
Celeriac (Apium graveolens var. rapaceum) Lidl nd
Cherry Tomato (Solanum lycopersicum var. cerasiforme) Horeca <0.5
Garlic (Allium sativum) Lidl <0.5
Ginger root (Zingiber officinale) Maxima <0.5
Grapefruit (Citrus x paradisi) Lidl 6+3.7
Kiwifruit (Actinidia deliciosa) Maxima 16 £6.6
Lemon (Citrus limon) Lidl 7+3.4
Lime (Citrus aurantiifolia) Lidl 2+0.3
Mandarin (Citrus reticulata) Lidl 24 +4.1
Onion (A!lium cepa) Maxima <0.5
Orange (Citrus sinensis) Lidl 11+2.1
Pear (Pyrus communis) Maxima nd
Pineapple (Ananas comosus) Maxima <0.5
Plum (Prunus domestica) Horeca nd
Pomegranate (Punica granatum) Lidl <0.5
Potato (Solanum tuberosum) Lidl <0.5
Red grape (Vitis vinifera) Lidl nd
Red onion (Allium cepa var. cepa) Maxima <0.5
Red pepper (Capsicum annuum) Lidl 48 +2.4
Red radish (Raphanus raphanistrum subsp. sativus) Maxima <0.5
Sweet potato (lpomoea batatas) Lidl nd
Tomato (Solanum lycopersicum) Lidl <0.5
White grape (Vitis vinifera) Lidl nd
Zucchini (Cucurbita pepo) Horeca <0.5

Note: nd — not detected.

The HPLC analysis revealed considerable variation
in ascorbic acid content among fresh berries and fruits, with
blackcurrant from home gardens showing the highest con-
centration (70.6 mg/100 g). ). At the same time, lingonberry
contained only trace amounts (0.15 mg/100 g). In contrast,
supermarket produce generally exhibited lower levels of
vitamin C, with mandarins (24 mg/100 g) and red pep-
per (48 mg/100 g) being the richest sources.

5. Discussion

The qualitative and quantitative content of ascorbic
acid was determined in different types of berries, fruits
and vegetables. In general, parallel samples were obtained
for all berries: those collected from the home garden were
supplemented with corresponding samples purchased
from the market. Cranberries, lingonberries, and wild ber-
ries were purchased exclusively from the market, as it was
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not possible to collect reference samples from the home
garden. Conversely, white currants were collected only
from the home garden, since reference material could not
be obtained from the market. For each berry type, a total
of six samples were prepared: three reference samples with
citric acid solution and three reference samples to which
1/20 of the sample volume of DTT was added in addition
to the citric acid solution. The results were calculated as
the averages of three parallel samples, with standard devi-
ations included to indicate variability.

Fig. 5 illustrates the stabilizing effect of DTT on
ascorbic acid. The experiments were conducted over a peri-
od of approximately two months. In samples without DTT,
the amount of ascorbic acid decreased markedly over time.
In contrast, samples with DTT retained higher levels of
ascorbic acid for a longer duration, with the decline occur-
ring over a much longer period than is depicted in Fig. 5.
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Fig. 5. Comparison of standard and standard + DTT over time

The highest content of ascorbic acid was found in
blackcurrants, particularly in those from home gardens,
where it measured 70.6+7 mg/100 g. In comparison,
blackcurrants purchased from the market contained on
average 17 mg/100 g less, with a value of 53.3 + 5 mg/100 g.
The next highest content was observed in sea buckthorn
fruits, with 49 + 6 mg/100 g in garden-grown samples and,
on average, 5 mg/100 g less in market-purchased fruits,
where the content was 43.8 + 2 mg/100 g. However, consid-
ering the standard deviations, the difference in ascorbic
acid content between garden and market samples of sea
buckthorn was not statistically significant. In other berries
and fruits, the ascorbic acid content ranged on average
from 0 to 40 mg/100 g. Morels did not contain any ascorbic
acid, either in reduced or oxidized form. The results were
nearly zero for blueberries from the market, lingonberries
from the market, and cherries from the garden,
with values of 0.68 £+ 0.37 mg/100 g, 0.15 = 0.03 mg/100 g,
and 0.13 + 0.06 mg/100 g, respectively.

In general, samples picked from the garden con-
tained more ascorbic acid than those purchased from the
market. The opposite relationship was observed for straw-
berries and cherries, both of which had higher ascorbic acid
content in market samples. Identical values were found in
raspberries, with 16.5+ 5 mg/100 g in garden-grown sam-
ples and 159 + 6 mg/100 g in market-purchased samples.
Taking into account the standard deviations, garden and
market samples also showed similar results for sea buck-
thorn and lingonberries. Therefore, despite exceptions, it
can generally be concluded that home-grown berries and
fruits are richer in ascorbic acid than their market-purchased
counterparts. This phenomenon can be explained by the fact
that garden samples were frozen immediately after collec-
tion, preventing a decrease in ascorbic acid content even
after one year of storage [20]. In contrast, market-purchased
berries and fruits often remain at ambient temperature for
several days before sale, during which the ascorbic acid
content likely decreases. A dedicated study could be con-
ducted in the future to test this hypothesis.

Hagg, Ylikoski, and Kumpulainen studied vari-
ous berries and fruits in Finland between 1987 and 1989.

Their results showed that the ascorbic acid content in
blackcurrants ranged from 50 to 134 mg/100 g, in red-
currants from 13 to 33 mg/100 g, and in strawberries
from 33 to 58 mg/100 g. The results of the current re-
search fall within these ranges. Research conducted in
Finland also examined the effect of deep-freezing on
vitamin C content. Their work demonstrated that stor-
ing strawberries in the freezer for 21 months reduced
vitamin C content, with retention of 58.6—71.4% of the
original amount, corresponding to losses of 28.6—41.4%.
In the current research, samples were also stored in the
freezer for approximately 21 months, suggesting that
the results might have been different if analyses had
been performed immediately after collection, without
prolonged deep-freezing [23].

The trend observed in the samples without added
DTT was similar to that in the samples with the reagent,
although the values were lower. Five samples showed
zero results: blueberries from the market, lingonberries
from the market, wild berries from the market, and huck-
leberries from both the garden and the market. The vari-
ability among strawberry samples from the garden was
considerable. One sample contained 0 mg/100 g of ascor-
bic acid, the second 15 mg/100 g, and the third 28 mg/100 g.
This variation may be attributed to differences in the
degree of ripeness of the strawberries, which likely influ-
enced the concentration of ascorbic acid.

Comparing the samples with and without DTT, it
can be concluded that most samples contained at least
some amount of dehydroascorbic acid, the oxidised form
of ascorbic acid. In some cases, where no ascorbic acid
was detected in the samples without DTT, a small amount
was present in the corresponding samples with DTT. For
example, wild berries contained 4 mg/100 g of ascorbic
acid in the sample with DTT, whereas no ascorbic acid
was detected in the sample without it. Conversely, the
opposite trend was observed in two fruit samples: rasp-
berries (from both the market and the garden) and cher-
ries from the garden. In raspberries, the samples with
DTT contained 1 mg/100 g less ascorbic acid than those
without DTT. Specifically, both raspberry samples with-

33




ScienceRise: Pharmaceutical Science

Ne 6(58)2025

out DTT measured 17 mg/100 g, while the samples with
DTT measured 16 mg/100 g, a difference that falls within
the standard deviation. In cherries from the garden, the
ascorbic acid content in the sample without DTT was
0.27 mg/100 g, whereas in the sample with DTT it was
0.13 mg/100 g. The comparison of samples with and
without DTT showed no statistically significant differ-
ences in blackcurrants from the garden, nor in either of
the other tested fruits.

The first preliminary stage of our work involved
analysing the ascorbic acid content in fruits and vegeta-
bles from supermarkets in Tartu, Estonia (Table 2). The
obtained results showed that the content was lower than
in raw materials collected from home gardens or pur-
chased at local open food markets. However, at this stage,
DTT was not added to the extracts under analysis, which
may have influenced the ratio of reduced and oxidized
forms of ascorbic acid. Nevertheless, the overall trend
could still be determined. The highest ascorbic acid con-
tent was found in red pepper (48 +2.4 mg/100 g), fol-
lowed by mandarin (24 + 4.1 mg/100 g). The next richest
source was kiwifruit (16 £ 6.6 mg/100 g), followed by
orange (11 +2.1 mg/100 g), lemon (7 + 3.4 mg/100 g), and
grapefruit (6 £ 3.7 mg/100 g). Lime contained a smaller
amount at 2+ 0.3 mg/100 g, while cauliflower had
1 +0.4 mg/100 g. Several products contained only low
amounts (< 0.5 mg/100 g), including cabbage, cherry to-
matoes, garlic, ginger root, onions, pineapple, pomegran-
ate, potatoes, red onions, red radishes, tomatoes, and
zucchini.

Thus, the experimental data obtained provide an
overview and allow the ranking of commercially available
edible berries, fruits, and vegetables according to their
ascorbic acid content. These findings enhance the knowl-
edge of both consumers and researchers regarding the
most promising dietary sources of vitamin C and should
be taken into account in rational nutrition and dietetics.

Practical relevance. The methodology for the
quantitative determination of ascorbic acid was trans-
ferred for analysing its content in berries, fruits, and
vegetables. The appropriateness of adding DTT during
the analysis was demonstrated to provide additional in-
formation about the reduced and oxidised forms of ascor-
bic acid in the studied samples. The results contribute to
advancing awareness among consumers and researchers
about the most valuable dietary sources of vitamin C, and
they ought to be considered in the context of balanced
nutrition and dietetics.

Research limitations. The first stage of the
study (31 samples of vegetables and fruits from supermar-
kets) was conducted without the addition of DTT, which
would have allowed for more advanced results at this stage.
The samples used were exclusively those available on the
Estonian market or cultivated under local conditions.

Prospects for further research. The range of
analyzed berries, fruits, and vegetables should be ex-
panded using the European Pharmacopoeia’s HPLC
method of ascorbic acid analysis under identical condi-
tions, and a comprehensive ranked table should be devel-
oped to provide a scientific basis for the rational use of
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food products as sources of vitamin C. A similar ap-
proach should also be applied to the analysis of other es-
sential vitamins.

6. Conclusions

The comparative analysis of ascorbic acid content
in commercially available edible berries, fruits, and veg-
etables (53 samples) from the Estonian market was per-
formed using the European Pharmacopoeia’s HPLC
method. Based on the results, it was demonstrated that
DTT should be added to the solution under investigation
during the analysis of ascorbic acid content in berries,
fruits, and vegetables. The ascorbic acid levels in fresh
berries and fruits varied from 0.13 to 70.6 mg/100 g. The
highest levels were found in blackcurrants and Sea buck-
thorn fruits. These results improve awareness of the most
important dietary sources of vitamin C for consumers
and researchers, supporting evidence-based approaches
to nutrition and dietetics.

Conflicts of interest

The authors declare that they have no conflict of
interest concerning this research, whether financial, per-
sonal, authorship or otherwise, that could affect the re-
search and its results presented in this paper.

Funding

This work was supported by the European Union
in the MSCA4Ukraine project “Design and development
of 3D-printed medicines for bioactive materials of
Ukrainian and Estonian medicinal plants origin” [ID
number 1232466].

Data availability

The datasets used and/or analysed during the cur-
rent study are available from the author and/or corre-
sponding author upon reasonable request.

Use of artificial intelligence
The authors confirm that they did not use artificial
intelligence technologies in the creation of the current work.

Acknowledgement

The authors sincerely thank the Armed Forces of
Ukraine for defending Ukrainian statehood and indepen-
dence, as well as the partners who stand with Ukraine.
The authors also express gratitude to the students who
assisted in collecting raw materials and contributed to
parts of this research.

Authors’ contributions

Ain Raal: Conceptualization, Methodology, Val-
idation, Investigation, Resources, Data Curation, Writ-
ing — original Draft, Writing — review & editing, Super-
vision, Project administration; Andres Meos:
Conceptualization, Methodology, Validation, Formal
analysis, Investigation, Data curation, Writing — origi-
nal draft, Writing — review & editing, Visualization;
Kreete-Lisett Remmelgas: Formal analysis, Investiga-
tion, Data curation, Writing — original draft, Visualiza-



ScienceRise: Pharmaceutical Science Ne 6(58)2025

tion; Anastasia Polubinskaja: Formal analysis, Inves- analysis, Investigation, Data curation, Writing — origi-
tigation, Data curation, Writing — original draft, nal draft, Writing — review & editing; Oleh Koshovyi:
Visualization; Yevheniia Koshova: Formal analysis, Conceptualization, Methodology, Validation, Investiga-
Investigation, Data curation, Writing — original draft, tion, Writing — original draft, Writing — review & edit-
Visualization; Uliana Sikoryn: Validation, Formal ing, supervision.

References

1. Gegotek, A., Skrzydlewska, E. (2023). Ascorbic acid as antioxidant. Vitamins and hormones. Elsevier, 247-270.

2. Hoffer, A. (1989). The discovery of vitamin C: Albert Szent-Gydrgyi, M.D., Ph.D. 1893-1986. Journal of Orthomolecular
Medicine, 4 (1), 24-26.

3. May, J. M., Harrison, F. E. (2013). Role of Vitamin C in the Function of the Vascular Endothelium. Antioxidants & Redox
Signaling, 19 (17), 2068-2083. https://doi.org/10.1089/ars.2013.5205

4. Strohle, A., Hahn, A. (2009). Vitamin C and immune function. Medizinische Monatsschrift fiir Pharmazeuten, 32 (1), 49-54.

5. Crisan, D., Roman, 1., Scharffetter-Kochanek, K., Crisan, M., & Badea, R. (2015). The role of vitamin C in pushing back the
boundaries of skin aging: an ultrasonographic approach. Clinical, Cosmetic and Investigational Dermatology, 8, 463—470. https://doi.org/
10.2147/ccid.s84903

6. Juraschek, S. P., Guallar, E., Appel, L. J., Miller, E. R. (2012). Effects of vitamin C supplementation on blood pressure: a
meta-analysis of randomized controlled trials. The American Journal of Clinical Nutrition, 95 (5), 1079-1088. https://doi.org/10.3945/
ajen.111.027995

7. Ang, A., Pullar, J. M., Currie, M. J., Vissers, M. C. M. (2018). Vitamin C and immune cell function in inflammation and
cancer. Biochemical Society Transactions, 46 (5), 1147—1159. https://doi.org/10.1042/bst20180169

8. Lamarche, J., Nair, R., Peguero, A., Courville, C. (2011). Vitamin C-Induced Oxalate Nephropathy. International Journal of
Nephrology, 2011, 1-4. https://doi.org/10.4061/2011/146927

9. Carr, A., Maggini, S. (2017). Vitamin C and Immune Function. Nutrients, 9 (11), 1211. https://doi.org/10.3390/nu9111211

10. Nowak, D. (2021). Vitamin C in Human Health and Disease. Nutrients, 13 (5), 1595. https://doi.org/10.3390/nul13051595

11. Lee, W. J. (2019). Vitamin C in human health and disease: Effects, mechanisms of action, and new guidance on intake.
Springer Dordrecht, 184. https://doi.org/10.1007/978-94-024-1713-5

12. Dosed¢l, M., Jirkovsky, E., Macakova, K., Krémova, L., Javorska, L., Pourova, J. et al. (2021). Vitamin C—Sources, Phys-
iological Role, Kinetics, Deficiency, Use, Toxicity, and Determination. Nutrients, 13 (2), 615. https://doi.org/10.3390/nu13020615

13. Granger, M., Eck, P. (2018). Dietary vitamin C in human health. Advances in food and nutrition research. Elsevier, 281-310.
https://doi.org/10.1016/bs.afnr.2017.11.006

14. Vlasova, 1., Gontova, T., Grytsyk, L., Zhumashova, G., Sayakova, G., Boshkayeva, A. et al. (2022). Determination of stan-
dardization parameters of Oxycoccus macrocarpus (Ait.) Pursh and Oxycoccus palustris Pers. Leaves. ScienceRise: Pharmaceutical
Science, 3 (37), 48-57. https://doi.org/10.15587/2519-4852.2022.260352

15. Paciolla, C., Fortunato, S., Dipierro, N., Paradiso, A., De Leonardis, S., Mastropasqua, L.,de Pinto, M. C. (2019). Vitamin
C in Plants: From Functions to Biofortification. Antioxidants, 8 (11), 519. https://doi.org/10.3390/antiox8110519

16. Belwal, T., Devkota, H. P., Hassan, H. A., Ahluwalia, S., Ramadan, M. F., Mocan, A., Atanasov, A. G. (2018). Phytophar-
macology of Acerola ( Malpighia spp. ) and its potential as functional food. Trends in Food Science & Technology, 74, 99—-106. https://
doi.org/10.1016/j.tifs.2018.01.014

17. Raal, A., Meos, A., Vutt, A., Kirsimée, H., Ilina, T., Kovaleva, A., Koshovyi, O. (2024). The content and stability of ascorbic acid
in commercial food supplements. ScienceRise: Pharmaceutical Science, 5 (51), 28-37. https://doi.org/10.15587/2519-4852.2024.313637

18. European Pharmacopoeia (2022). Strasbourg: Council of Europe.

19. Golubitskii, G. B., Budko, E. V., Basova, E. M., Kostarnoi, A. V., Ivanov, V. M. (2007). Stability of ascorbic acid in aque-
ous and aqueous-organic solutions for quantitative determination. Journal of Analytical Chemistry, 62 (8), 742—747. https://doi.org/
10.1134/s1061934807080096

20. Meos, A., Zaharova, 1., Kask, M., Raal, A. (2017). Content of Ascorbic Acid in Common Cowslip (Primula veris L.) Com-
pared to Common Food Plants and Orange Juices. Acta Biologica Cracoviensia s. Botanica, 59 (1), 113—120. https://doi.org/10.1515/
abcsb-2016-0020

21. Raal, A., Nisuma, K., Meos, A. (2018). Pinus sylvestris L. and other conifers as natural sources of ascorbic acid. Journal of
Pharmacy & Pharmacognosy Research, 6 (2), 89-95. https://doi.org/10.56499/jppres17.287 6.2.89

22. Vinogradov, M., Arus, L., Raal, A., Meos, A., Starast, M. (2020). Physio-chemical characteristics of strawberry and raspber-
ry: comparison of local and commercial cultivars with their wild relatives in Estonia. Proceedings of the Estonian Academy of Sciences,
69 (3), 197-207. https://doi.org/10.3176/proc.2020.3.03

23. Héagg, M., Ylikoski, S., Kumpulainen, J. (1995). Vitamin C Content in Fruits and Berries Consumed in Finland. Journal of
Food Composition and Analysis, 8 (1), 12-20. https://doi.org/10.1006/jfca.1995.1003

Received 28.10.2025
Received in revised form 18.11.2025
Accepted 09.12.2025
Published 30.12.2025

35




ScienceRise: Pharmaceutical Science Ne 6(58)2025

Raal Ain*, PhD, Professor, Institute of Pharmacy, University of Tartu, Nooruse str., 1, Tartu, Estonia, 50411

Meos Andres, PhD, Associate Professor, Institute of Pharmacy, University of Tartu, Nooruse str., 1, Tartu,
Estonia, 50411

Remmelgas Kreete-Lisett, Master Student of Pharmacy, Institute of Pharmacy, University of Tartu, Nooruse str., 1,
Tartu, Estonia, 50411

Polubinskaja Anastasia, Master Student of Pharmacy, Institute of Pharmacy, University of Tartu, Nooruse str., 1,
Tartu, Estonia, 50411

Koshova Yevheniia, Municipal Institution “Kharkiv Lyceum No. 161 ‘Impulse’ of the Kharkiv City Council”,
Velozavodska str., 35, Kharkiv, Ukraine, 61176, Miina Hirma Gymnasium, Jaan Tonissoni str., 3, Tartu,
Estonia, 50409

Sikoryn Uliana, PhD, Associate Professor, Department of Chemistry, Pharmaceutical Analysis and Postgraduate
Education, Ivano-Frankivsk National Medical University, Halytska str., 2, Ivano-Frankivsk, Ukraine, 76018

Koshovyi Oleh, Doctor of Pharmaceutical Sciences, Professor, Institute of Pharmacy, University of Tartu,
Nooruse str., 1, Tartu, Estonia, 50411, Professor, Department of Clinical Pharmacy, Pharmacotherapy,
Pharmacognosy and Pharmaceutical Chemistry, Zaporizhzhia State Medical and Pharmaceutical University, Marii
Prymachenko blvd., 26, Zaporizhzhia, Ukraine, 69035

*Corresponding author: Raal Ain, e-mail: ain.raal@ut.ee

36




