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1. Introduction
The chemical name of ascorbic acid (vitamin C) is

(5R)-5-[(1S)-1,2-dihydroxyethyl]-3,4-dihydroxyfuran-
2(5H)-one, molar mass 176,1. Ascorbic acid is a fairly 
strong acid with reducing properties, the bioactivity of 
which is lost under the action of oxygen and light, as well 
as when heated. Crystalline ascorbic acid is preserved for 
many years, but when stored as a solution, stabilizers are 
added to it, since ascorbic acid is already oxidized to dehy-
droascorbic acid under the action of weak oxidants [1–3].

Ascorbic acid has a number of important biofunc-
tions in the human body [4, 5]. Vitamin C has antioxidant 
properties and plays an important role in the human im-
mune system [6]. The human body is not able to synthe-
size ascorbic acid since the enzyme G-gulunolactosoxi-
dase is absent. Therefore, people need to get ascorbic 
acid with food or dietary supplements [6–8]. The indis-
pensable minimum daily intake of vitamin C should be 
55–100 mg [1, 9]. In the European Union, in 2008, the 

recommended daily dose of vitamin C was set at 
80 mg (www1). Since vitamin C is found quite widely in 
food, there is no deficiency in the presence of a normal 
diet. Deficiency can easily occur in smokers, alcoholics 
and when taking antibiotics. 10 mg of vitamin C per day 
is enough to prevent the development of scurvy in adults.

Ascorbic acid is found in many fresh fruits and 
vegetables: oranges, lemons, grapes, watermelons, papa-
yas, strawberries, mangoes, pineapples, cherries, rasp-
berries, tomatoes, broccoli, cauliflowers, ordinary cab-
bages, green and red peppers [7, 10]. Plants are the main 
source of vitamin C for humans [11–13]. 

Acerola (Malpighia glabra L., M. punicifolia L., M. 
emarginata D.C.) or Barbados cherry or West Indian 
cherry belongs to the family Malpighiaceae Juss. Acero-
la is native to the south of North America, Central Amer-
ica and the north of South America, and is also common 
to South America, tropical regions of Asia and Africa. 
Acerola grows into a shrub or a small tree 3–5 meters 
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high. The fruit changes from green to red or yellow as it 
matures. Fresh fruit of acerola contains 1.5–3.5 % vita-
min C [14–16].

Camu-camu (Myrciaria dubia (Kunth) McVaugh) 
belongs to the myrtle family (Myrtaceae Juss.) and is 
native to the Amazon territories but is also found in Peru, 
Venezuela and Columbia. Camu-camu is a shrub or tree 
that grows from four to eight meters in height [17, 18]. 
Camu-camu is rich in vitamin C. Vitamin C is found in 
green fruits in 1910 mg/100 g of pulp, 2061 mg/100 g of 
pulp is found in ripened, purple fruits [19–21].

Rosehip (Rosa spp.) belongs to the rose-flowered 
(Rosaceae Juss.) family. Rosehips are predominantly de-
ciduous, less often evergreen climbing or upright shrubs 
up to 3 meters high. Rosehips grow naturally in Estonia 
in meadows and alvar grasslands, sometimes also on the 
edge of forests. The fruit of rosehip is usually red, less 
often almost black. According to the European Pharma-
copoeia, a rosehip dish (Rosae pseudo-fructus) must 
contain at least 0.3 % ascorbic acid. In fruits, vitamin C 
is on average 1–2 %, less often even up to 5 % [22]. There 
is very little vitamin C in the seeds [23, 24]. In previous 
work at the Institute of Pharmacy, it has been found that 
in fruits dried at room temperature of rosehip, ascorbic 
acid is contained in the ratio of 0.1–0.4 % to the air-dry 
material, with the temperature of drying not significantly 
affecting the ascorbic acid content [25].

The blackcurrant (Ribes nigrum L.) belongs to the 
family of currants (Grossulariaceae DC.). This is a de-
ciduous shrub that grows to a height of 1–2 meters. The 
fruit is a black round berry. Black currant is widely cul-
tivated as a berry shrub, in the wild it is found in log 
forests. Vitamin C is found in fresh berries up to 0.4 %, 
in leaves up to 0.25 % [23, 26, 27].

Ascorbic acid is also found in 
relatively large quantities in peppers 
(0.3 %), chilli peppers (0.5 %), lemon 
27 mg, tangerine 22 mg, and orange 
29 mg per 100 ml of freshly squeezed 
juice [25]. Medium-sized oranges con-
tain 100 mg of ascorbic acid [23]. In the 
fresh leaves of the common primrose, 
the average content of ascorbic acid 
was found to be 1.1–2.4 % in relation to 
air-dry material, which exceeds the 
ascorbic acid content in dried rosehip 
fruits by about six times [28].

Food supplements define as 
“Foodstuffs the purpose of which is to 
supplement the normal diet and which are 
concentrated sources of nutrients or other 
substances with a nutritional or physio-
logical effect, alone or in combination, 
marketed in dose form, namely forms 
such as capsules, pastilles, tablets, pills 
and other similar forms, sachets of pow-
der, ampoules of liquids, drop dispensing 
bottles, and other similar forms of liquids 
and powders designed to be taken in mea-
sured small unit quantities” [29]. Defini-

tions of what is considered to be ‘dietary supplements’, or 
indeed specific types of supplements, have been reported to 
vary across American surveys [30–32]. 

The global dietary supplements market is expected 
to reach USD 340.62 billion by 2030, at a CAGR of 
8.97 % from 2022 to 2030 [33].

Different countries have different requirements for 
the registration and quality of dietary supplements [34–36]. 
Therefore, questions periodically arise about their poor 
quality [37–39]. Adopting low-cost methods to design an 
effective fortification strategy to improve the stability of 
ascorbic acid during processing and storage is still the fo-
cus and challenge for researchers [1, 40].

Taking into account the possible poor production 
quality of food supplements on the one hand and the la-
bility of ascorbic acid on the other hand, it is important 
to analyze the real content of ascorbic acid in food sup-
plements containing it. 

This work had the following objectives: 
1) to compare the preparations of different manu-

facturers based on their ascorbic acid content; 
2) to investigate the keeping quality of ascorbic 

acid and the relationship between the ascorbic acid con-
tent and the shelf life of the preparation; 

3) to investigate the relationship between the keep-
ing quality of ascorbic acid and its origin. To the best of 
our knowledge, such studies with dietary supplements 
have not been published before.

2. Planning (methodology) of research
The study protocol describing the different stages 

of the present research work is presented in the following 
flow chart (Fig. 1).

Fig. 1. Study protocol

Step 1
• Purchase food supplements containing ascobrinic acid

Step 2
• Studying the specifications for purchased food additives

Step 3
• Сontact with manufacturers to find out the origin of ascorbic acid

Step 4
• Analysis of the ascorbic acid using HPLC method

Step 5
• Analysis of the ascorbic acid after storage of food supplements for 16 months

Step 6
• Established relationship between the ascorbic acid content and the shelf life of

the preparation

Step 7
• Comparison of samples based on the origin of ascorbic acid
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3. Materials and methods
Food supplement studied.
13 preparations of food supplements containing 

ascorbic acid, sold in Estonian pharmacies or online en-
vironments at the time of the work, were analysed. All 
preparations were purchased between September 2012 
and April 2013. Table 1 shows the names, pictures, shelf 
life, batch numbers and manufacturers of the studied 
preparations. Preparations are ranked by shelf life. Of the 
solid preparations, 4 represented ordinary tablets, 6 
chewable tablets, 1 effervescent tablet, 1 suction tablet, 
and 1 preparation was in powder form. The packages of 
the preparations under study were opened immediately 
before the analysis of the content of ascorbic acid. The 
packages were stored in a dark closet at room tempera-
ture and examined again after 16 months.

Apparatus.
HPLC system PerkinElmer Series 200 bundled 

with autosampler and photo sequence detector. HPLC 
control program Total Chrom 6.3.2. Reagents used: de-
mineralized water, standard substance L-ascorbic acid 
(L-ascorbic acid) SIGMA-ALDRICH ACS reagent 
≥99 % 255564; acetonitrile (HPLC grade), potassium 
dihydrogen phosphate (KH2PO4). The reagents used in 
the work met at least the quality requirement of “analyt-
ical grade”. Data was processed using the software pro-
gram “Excel” (Microsoft, 2007). Statistical analysis of 
the data was carried out using the software program 

“STATISTICA (data analysis software system)” (StatSoft, 
Inc 2011, version 10).

The column is named Phenomenex Luna® NH2, 
with a length of 250 mm and a diameter of 4.6 mm. The 
average diameter of the particles in the column is 5 μm. 
The column contains aminopropylsilica gel (aminopro-
pylsilyl silica gel) as a stationary phase. For the mobile 
phase, 0.05M phosphate buffer with acetonitrile in the 
ratio of 25:75 (v/v). Elution rate 1 ml per minute, elution 
time 22 minutes, temperature 45 °C. The volume of sam-
ple injected is 20 μl. The detector is a photo-sequence 
detector (DAD – Diod Array Detector), and measure-
ments were made at a wavelength of 260 nm.

Determination of ascorbic acid content by HPLC 
method.

For the determination of ascorbic acid in samples 
prepared from preparations, the HPLC method given in 
the monograph of ascorbic acid in the European Pharma-
copoeia (11.0) was used [22]. The measurement at a 
wavelength of 210 nm described in the European Phar-
macopoeia is specific for determining impurities. In the 
present research, the determination of the ascorbic acid 
content was carried out at a wavelength of 260 nm, which 
corresponds to the absorption maximum of ascorbic acid. 
Previously, we have successfully applied such a modified 
method to determine the content of ascorbic acid in coni-
fers as well as herbaceous plants, plant foods, and orange 
juices [25, 28, 41].

A tablet was taken from each package of solid 
preparation and weighed with analytical accuracy. The 
powders were carefully opened and the entire contents 
of the package were also weighed with analytical ac-

curacy. After weighing, the tablet or powder was 
placed in a mortar, ground and stirred until a homoge-
neous powder mixture was obtained. The required 
amount of powder was then taken from the powder 
mixture to prepare a solution with an approximate 
ascorbic acid concentration of 0.5 mg/ml. A tablet was 
taken from each package of a solid preparation and 
weighed with analytical accuracy. The powders were 
carefully opened and the entire contents of the pack-
age were also weighed with analytical accuracy. After 
weighing, the tablet or powder was placed in a mortar, 
ground and stirred until a homogeneous powder mix-
ture was obtained. The required amount of powder 
was then taken from the powder mixture to prepare a 
solution with an approximate ascorbic acid concentra-
tion of 0.5 mg/ml [28].

The required amount of powder was transferred to 
a measuring flask and the exact balance on the analytical 
balance was fixed. At the same time, the required amount 
of acetonitrile 5 % aqueous solution was prepared. For 
this purpose, 100 % acetonitrile was used, which was 
diluted with distilled water to the desired concentration. 
The relatively polar organic solvent acetonitrile is often 
used by the HPLC method in the analysis of vitamin C 
vitamins, both as a solvent and as an eluent. In a 0.2 % 
solution of acetonitrile (v/v), the decomposition of ascor-
bic acid is slowed down four times. Starting from a 2.0 % 
solution of acetonitrile, the stability of ascorbic acid 
reaches its maximum, and with further increase in con-
centration, there is no change [42].

The preparation powder in the volumetric flask 
was dissolved in a 5 % solution of acetonitrile, which was 
initially added to 1/3 of the volume of the volumetric 
flask. After initial mixing, the cap-coated flasks were 
placed on the ultrasonic bath for two five-minute cycles, 
stirring in between, to ensure the extraction and dissolu-
tion of the full formulation of ascorbic acid from the 
material. The measuring flasks were then supplemented 
to the mark and stirred ten times by rotating the pistons 
once more. The test solutions were filtered through a 
nylon 0.45 μm pore membrane filter and the filtrate was 
collected in glass vials of autosampler (2 ml). The solu-
tions of some herbal preparations were too cloudy after 
preparation, so they had to be centrifuged in plastic vials 
at a speed of 13 000 rpm for 5 minutes and then filtered 
through a membrane filter. 

The reference standard was prepared by weighing 
the standard substance L-ascorbic acid at an analytical 
balance of ~50 mg. It was transferred to a 100 ml volu-
metric flask and dissolved in a 5 % acetonitrile solution. 
The standard solution was mixed, made up to the mark 
and stirred again by inverting the flask. The reference 
standard was then moved to autosampler vials. Solutions 
of the reference standard were always prepared with sam-
ples. For chromatography using a solution of acetonitrile 
in a buffer solution of 0,05 M potassium dihydrogen 
phosphate in a ratio of 75:25, was used as an eluent. A 
75 % solution of acetonitrile was used to pre-wash the 
column. Between tests, 2-propanol was used as a storage 
solution for the aminocolumn.
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Table 1
Names, photos, shelf life, batch numbers and manufacturers of the studied preparations

Product name Photo Best before Serial number Producer

Vivasan Acerola-Or-
angen-Tabletten „Acerola“ 02/2014 0791930101 SWISS CAPS AG, Switzerland

Acerola Plus 100 12/2015 NM 087 OY Valioravinto AB, Finland

Alva Acerola 02/2015 12105 Alva naturkosmetik gmbh, Germany

Acerola Sweet 02/2014 2046 Hankintatukku OY, Finland

Acerola C-vita Blackcurrant 12/2014 1578902 Vitabalans oy, Finland

Litozin® 04/2014 0942 Axellus A/S, Denmark

Bio-C-Zinc® 10/2013 1103136 Pharma Nord ApS, Denmark

NutriliteTM vitamiin C 05/2014 2145FG8A Access Business Group LLC, USA

BioCare® Vit-C-Plex 02/2014 27876 BioCare® Limited, UK
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The software program “Excel” (Microsoft, 2007) 
was used for data processing. Dixon’s Q-test was used to 
find the drop-out sizes among the samples. Dixon’s Q-test 
is, to this day, the main tool for finding deviant results in 
the case of a small selection (<10). The results are ranked 
in ascending order to find the deviant results, and, depend-
ing on the need, the value of Q corresponding to the first 
or then the last result is found. If the value of Q with a 95 % 
confidence interval is greater than the critical value of 
Dixon Q given in the tables, then the exclusion of this re-
sult is statistically justified [43]. The probability of error in 
this case is less than 5 % [44]. In other words, with a prob-
ability of 95 %, it is not a case of variability of a random 
result but a determined or systematic error [43]. Using this 
method, one result from samples 3, 9 and 10 was excluded 
from the calculations (Table 2). 

Assessment of the origin of ascorbic acid in prepa-
rations.

The purpose of the research was to analyze vita-
min preparations of natural origin, but one of the most 
interesting questions was to find out the true origin of the 
ascorbic acid contained in the preparations. When pur-
chasing preparations, proceed from the text indicated on 
the label. In the course of the work, it turned out that 
under certain conditions, a distinction can be made 
whether the preparation contains natural or synthetic 
ascorbic acid. The label usually states that ascorbic acid 
comes from herbal extracts, powders or flours. As this 
information may not have been reliable, as synthetic 
ascorbic acid may have been added to natural ascorbic 
acid, the manufacturers or importers of the preparations 

were contacted for further information. The first letter 
asked for information about vitamin C vitamers, their 
origins, and their quantity. By the second letter, data on 
the ascorbic acid content specified in their preparation 
were sent individually to each manufacturer and if the 
first letter was not answered, the original question was 
re-submitted. The e-mails of manufacturers or importers 
were searched on the Internet and, if possible, the letter 
was sent to several addresses. 14 preparations were pro-
duced by 12 manufacturers, and 6 of them corresponded; 
the remaining preparations were grouped according to 
what was stated on the label (Table 2).

Thanks to feedback from manufacturers, it was 
possible to group 6 preparations with great certainty by 
origin. In the event that most of the ascorbic acid con-
tained in the preparation was obtained synthetically, they 
were grouped under synthetic ones. 8 preparations had to 
be grouped according to the information on the label 
only. In total, 3 preparations were found to contain ascor-
bic acid of unknown origin, 8 preparations of natural 
origin and 3 ascorbic acid of synthetic origin (Table 2). 
Eight preparations of natural origin contained ascorbic 
acid from various sources. The ascorbic acid in the Camu 
Camu preparation came from the camu-camu plant, Ap-
ropos® C bambini and NEORAUTA rosehip. The re-
maining preparations contained acerola cherry extracts, 
powders or concentrates as sources of ascorbic acid.

Statistical analysis.
Analysis of variance is used when comparing the 

mean of more than two populations. The test of multiple 
comparisons of averages following variance analysis 

Continuation of Table 1

Camu Camu 07/2013 L 02 TCC 100713 Raab Vitalfood GmbH, 
Germany

Neorauta 03/2015 2103 Hankintatukku OY, Fin-
land

Gnld Nutritionals All C 11/2013 L112699 Thompson & Capper Ltd, 
UK

Livol Extra C Cold 08/2013 415744 Axellus A/S, Denmark
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provides an answer to the question of which averages 
actually differ. The decision is made by comparing the 
averages of the samples in pairs [45]. 

Single-factor dispersion analysis was used to 
compare groups of vitamin preparations of natural, syn-
thetic, and unknown origins. The factor was the origin 
of ascorbic acid, and its effect on the average ascorbic 
acid content in different groups was investigated. As a 
hypothesis, it was tested whether the average content of 
ascorbic acid groups of different origins with respect to 
the nominal differs from each other or not. To carry out 

the variance analysis, the statistical program “Statistica” 
was used. 

4. Results 
Quantitative content of ascorbic acid in food sup-

plements studied.
The results of the HPLC analysis show that the aver-

age ascorbic acid content of 8 preparations out of 13 is be-
tween 90 % and 110 % of the nominal (Table 2 and Fig. 2). 
The least ascorbic acid contained in sample 13 was 56.3 % 
of the nominal on the package. 

Fig. 2. HPLC chromatograms of ascorbic acid: a – the standard sample of ascorbic acid; b – the typical chromatogram 
of a studied sample

a

b
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Significantly lower ascorbic acid levels than other 
preparations were also present in sample 12, 54.6 % of the 
nominal, respectively. Sample 12 also differed from the oth-
er in appearance – the tablets were very brittle and unevenly 
shaped. At the same time, the ascorbic acid content in them 
was uniform – a standard deviation of 4.4. In the remaining 
preparations, the biggest difference in quantity between the 
actual ascorbic acid content and what was stated on the label 
was in sample 11 – an average of 78.5 % of the nominal. 
Relatively, the largest amount of ascorbic acid was contained 
in sample 1, 115.2 % of the nominal. Of the amount indicated 
on the label, sample 2 and sample 3 also contained more. 

The sample 5 contains synthetic ascorbic acid and 
an additional dog rosehip (Rosa canina) powder. The re-
sults showed that the content was 97.8 % of the nominal 
content of synthetic ascorbic acid. Thus, the dog rosehip 
powder did not add to the amount of ascorbic acid, or the 
amount of synthetic ascorbic acid in the preparation was 
less than indicated on the label.

Stability of ascorbic acid in food supplements studied.
Data on the shelf life of ascorbic acid after storage 

of preparations for 16 months are given in Table 2. In 2012, 
tolerances for nutrition information were introduced by 
the European Commission [46]. In vitamin preparations 
used as food supplements, the vitamin content may vary 
from –20 % to +50 % compared to what is indicated on the 
packaging. In this context, it can be noted that the content 
of ascorbic acid in three preparations does not meet the 
standards set by the European Commission: samples 13 
(57.0 % nominal), 12 (58.3 %) and 10 (75.6 %). Sample 11 
(75.4 %) also contained ascorbic acid less than 80 % of 
what was indicated on the package, but a large standard 
deviation does not allow a final estimate to be made here. 
The average ascorbic acid content of the remaining prepa-
rations was within the permissible variability limits.

Relationship between the ascorbic acid content 
and the shelf life of the preparation.

Using the Excel software program, an attempt was 
made to find a correlation, i.e. a relationship between the av-

erage ascorbic acid content of the preparation (% of the nom-
inal) and the age of the preparation. To find the age, the date 
of the last analysis was taken and the number of days remain-
ing from that date to the end of the shelf life was found.

Pearson’s correlation coefficient when comparing all 
preparations was 0.14. Thus, the absolute value of the correla-
tion coefficient is less than 0.3, and this is a weak relationship. 

In other words, the value of one trait (age) does not 
influence the behaviour of another trait (ascorbic acid con-
tent (% of nominal)) – the traits are independent. 

Comparison of preparations based on the origin of 
ascorbic acid.

The result of the variance analysis, with a probabil-
ity of less than 0.01, showed that the factor of origin affect-
ed the average ascorbic acid content in the preparations, 
and the average ascorbic acid levels between the groups 
differed from each other. In ascorbic acid preparations of 
unknown origin, the average content of ascorbic acid was 
97.6 % of the nominal with a 95 % confidence interval of 
90.6 %–104.5 % (N=35); in preparations of natural origin, 
the average content is 74.0 %, with a 95 % confidence in-
terval of 68.8 % to 79.2 % (N=63); in preparations of syn-
thetic origin, the mean content is 100.5 %, with a 95 % 
confidence interval of 92.7 %–108.3 % (N=28). 

A multiple comparison tests of Bonferroni with a 
probability of less than 0.001 confirmed that the average 
levels of ascorbic acid preparations of natural and syn-
thetic and natural and unknown origin relative to the 
nominal were different from each other. 

5. Discussion 
In the sample 13 preparation, ascorbic acid came 

from rosehip flour. The preparation additionally contained 
blood meal and iron amino acid chelate. Ascorbic acid helps 
both inorganic and amino acid-bound iron to be better ab-
sorbed from the gastrointestinal tract [47]. The low ascorbic 
acid content of sample 13 may be due to the reaction or 
binding of ascorbic acid to blood meal or iron amino acid 
chelate. Also, rosehip flour can be low in ascorbic acid or 

Table 2
The average content of ascorbic acid after opening the packages of food supplements and 16 months later with the 

origin of ascorbic acid used by producers

Sample
Average content of ascorbic acid (% of nominal on the package)

Origin of ascorbic acid/source of information
After opening the packages* 16 months later**

1 115.2±11.3 130.7±3.1 No information
2 105.4±5.7 109.0±4.1 Semisyntetic/Producer
3 104.3±9.9 90.2±6.0 Natural/Producer
4 99.5±10.8 104.0±6.4 Semisyntetic/Producer
5 97.8±15.3 122.7±8.5 Semisyntetic/Producer
6 95.9±4.1 103.9±1.0 Natural/Producer
7 91.6±5.7 101.4±3.3 Natural/ Packaging labelling
8 91.5±3.3 88.0±6.3 No information
9 88.4±4.6 89.1±2.2 Natural/ Packaging labelling

10 81.2±10.5 75.6±2.3 Natural/ Packaging labelling
11 78.5±9.3 75.4±21.5 No information
12 54.6±4.1 58.3±1.0 Natural/Producer
13 56.3±6.8 57.0±3.8 Natural/ Packaging labelling

Note: * – average of 8–11 samples have been analyzed; ** – average of 6–13 samples have been analyzed. Sample numbers do not 
correspond to the sequence above in Table 1.
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ascorbic acid decomposed in the preparation since heavy 
metals accelerate the decomposition of ascorbic acid.

The results carried out by Ševeljova on the same 
topic and method showed that in all 8 solid preparations 
studied, the ascorbic acid content ranged from 90.1–104.2 % 
of the nominal [48]. In the present research, in 11 out of 13 
preparations, the ascorbic acid content ranged from 78.5 % 
to 115.2 % of the nominal. For 2 preparations, samples 12 
and 13, the ascorbic acid content was very low compared to 
that provided by the manufacturer. 

If we compare the content of ascorbic acid after the 
opening of the packages and 16 months later, the T tests 
show that a statistically significant change occurred only 
in the samples 3, 8, and 10, in which the substance content 
had decreased (p<0.05) by approximately 7–21 mg. This 
may be because this preparation had already exceeded its 
shelf life by five months by the time of the analysis. It was 
not possible to detect differences in the remaining prepa-
rations, so the content of ascorbic acid in them had not 
changed for 16 months after storing the open packages. 

Ascorbic acid can be stored in crystalline form for 
many years [3]. Ševeljova, in addition to the content of 
ascorbic acid in solid and liquid preparations, also studied 
the effect of preservation. His results show that in most solid 
preparations the amount of ascorbic acid remained the same 
or turned out to be even higher. The latter may have been 
due to an experimental error, as well as the variability of the 
tablets [48]. This is also confirmed by the result found in the 
present work that there is practically no relationship be-
tween the ascorbic acid content (% of the nominal) and the 
shelf life. By preserving vitamin C solid preparations under 
the prescribed conditions, there is no high probability of 
fearing a significant decrease in the content of ascorbic acid.

Statistical analysis of the data showed that the rela-
tive amount of ascorbic acid present in the preparation rela-
tive to the nominal was related to the origin of the substance, 
whereas the content of ascorbic acid of natural origin in 
preparations relative to the nominal was significantly lower 
than in preparations with a synthetic active substance.

According to the Bonferron test, the average con-
tent of preparations containing synthetic ascorbic acid 
relative to the nominal did not differ from the average 
content of ascorbic acid preparations of unknown origin. 
Ascorbic acid preparations of unknown origin are, there-
fore, also likely to contain synthetic ascorbic acid.

Practical relevance. The stability of ascorbic acid 
in solid forms of dietary supplements during 16 months of 
storage after opening the packages has been confirmed.

Research limitations. 13 food supplements 
were analyzed. The origin of ascorbic acid was known 
for sure only for 6 of them. For the rest, the origin of 
ascorbic acid was determined only by the information 
on the label.

Prospects for further research. The obtained 
results create the basis for the study of the stability of 
ascorbic acid in liquid forms of dietary supplements.

6. Conclusions
The actual content of ascorbic acid in most solid 

preparations roughly corresponds to that stated on the 
label, usually slightly below it.

In solid supplements containing ascorbic acid, its 
amount practically does not change after 16 months of 
shelf life. 

In preparations containing ascorbic acid of natural 
origin, it is found relatively less than in preparations con-
taining synthetic ascorbic acid.

Preparations containing ascorbic acid of unknown 
origin are likely to use synthetic ascorbic acid. 
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