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Abstract 

The aim of our study was to evaluate the ascorbic acid content of some fruits (apricot, black and white currant, cherry, sour cherry, 
lime, lemon, nectarine, orange, pomegranate, kiwi, raspberry) and vegetables (parsley, dill, tomato) purchased from Romanian 
markets in order to evaluate their nutritional value. The chemical determination was carried on using a HPLC-UV-DAD 
(high-performance liquid chromatography ultraviolet-photodiode array) method, and the results were expressed as mg ascorbic 
acid/100 g fresh weight. Our results indicate that only for lime, tomato and parsley the ascorbic acid content comply with other 
reported data. The ascorbic acid content of fruits and vegetables varies depending on different factors, related to plant (species, 
cultivar, size of fruits), environment (climate, variation in sunshine, rainfall) or processing technologies (method of ripening, storage). 
 
Rezumat 

Scopul acestei lucrări a constat în evaluarea conţinutului de acid ascorbic al unor fructe (caise, coacăze albe şi negre, cireşe, vişine, 
lime, lămâi, nectarine, portocale, rodii, kiwi şi zmeură) şi legume (pătrunjel, mărar şi roşii) achiziţionate din magazine de tip 
supermarket din România, în vederea stabilirii valorii nutritive ale acestora. Determinarea acidului ascorbic s-a efectuat printr-o 
metodă cromatografică, de tip HPLC-UV-DAD (cromatografie de lichide de înaltă performanță cu detecție în ultraviolet, șir de 
fotodiode), iar rezultatele au fost exprimate în mg acid ascorbic/100 g de produs proaspăt. Conţinutul de acid ascorbic obţinut 
corespunde datelor din literatură doar în cazul limetei, roșiilor și a pătrunjelului. Conţinutul de acid ascorbic al fructelor şi 
legumelor variază dependent de factori ce ţin de plantă (specie, soi, dimensiunea fructelor), mediu (climă, variaţia intensităţii 
luminii solare, precipitaţii) şi procesare (metodă de coacere, depozitare). 
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Introduction 

Vitamin C is one of the most important water-soluble 
vitamins, naturally presented in food. It is involved 
in many biological processes, for example: collagen 
synthesis, iron absorption and activation of the immune 
system [11, 25]. 
Epidemiological studies show that subjects with a 
high intake of vitamin C have a lower risk of chronic 
diseases. In fact, low intake of fruits and vegetables 
is the sixth on WHO’s (World Health Organization) 
list of 20 risk factors for world-wide mortality [21, 
25]. Dietary Reference Intake (DRI) for vitamin C, 
established by the Food and Nutrition Board of the 
Institute of Medicine, National Academy of Sciences 
(2002) is 90 mg/day for males and 75 mg/day for 
females, respectively [10, 24]. 
It is well-known that ascorbic acid content of fruits and 
vegetables is influenced by species, cultivar, climate, 

method and time of harvest, used fertilizers, storage 
and processing [11, 16, 25]. Mechanical damages that 
occur during harvesting are very common in fruit and 
vegetable handling. These can lead to injuries, trigger 
oxidative stress, which decreases raw material’s quality. 
There are fruits (like apples and similar fruits) that 
show an obvious injury, but in cases of citrus fruits 
the damage is less visible [13]. 
On the other hand, it is known that high temperature 
decreases ascorbic acid content in fruits and vegetables 
[11]. According to Lee et al. (2000), in the case of 
tomatoes, the delay of 24 hours at 40ºC between 
harvest and processing decreases with 12% the content 
of ascorbic acid. Nitrogen fertilizer at high rates tends 
to decrease the vitamin C content in oranges, lemons 
and mandarins, but potassium fertilizer increases 
ascorbic acid content [11]. 
Nowadays, most people do not have a home-garden to 
cultivate vegetables, therefore vegetables and fruits 
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come from retail markets. Moreover, there is an 
increased demand for exotic fruits that are consumed 
after weeks of harvesting [4]. Therefore, it is important 
to establish the nutritional value of these foods and 
compare it to scientific data. 
The aim of our study was to evaluate the ascorbic 
acid content of some fruits and vegetables purchased 
from Romanian markets, in order to assess their 
nutritional value. 
Although, there is a lack of data regarding cultivar 
and specific geographical origin of our raw materials, 
this study may provide new data about the nutritional 
values of fresh fruits and vegetables found in Romanian 
supermarkets. 
 
Materials and Methods 

All chemicals were of analytical grade and purchased 
from Sigma-Aldrich (Germany). For ascorbic acid 
identification and quantification, standard of L-ascorbic 
acid was used (Sigma 99% standard L-ascorbic acid). 
Preparation of samples 
Fruits of Rubus idaeus (raspberry), Ribes nigrum (black 
currant), Ribes rubrum - yellow cultivar (white currant), 
Prunus cerasus (sour cherry), Prunus avium (cherry), 
Citrus aurantium (orange), Citrus limonum (lemon), 
Punica granatum (pomegranate), Citrus limetta (lime), 
Actinidia chinensis (kiwi), Prunus persica var. 
nucipersica (nectarine), Prunus armeniaca (apricots), 
Lycopersicum esculentum (tomato) and aerial parts of 
Petroselinum arvensis (parsley), Anethum graveolens 
(dill) were purchased from a retail market (Bucharest, 
Romania), between May - June, 2016. The raw 
materials were stored at 4°C overnight, before the 
beginning of the experiments. 
The working solutions were obtained according to 
Rădulescu et al. [20] protocol: 10.00 g raw material 
was minced using a ceramic mortar. Each minced raw 
material was mixed with 50 mL of 0.5% oxalic acid 
aqueous solution in an Erlenmeyer flask. The flasks 
were sonicated for 30 minutes in a MRC ultrasonic 
bath. The mixtures were filtered through a 0.45 µm 
filter and 20 µL of filtrate was injected in the HPLC 
(high-performance liquid chromatography) apparatus. 
HPLC analysis 
For ascorbic acid analysis we have used a Jasco HPLC 
MD-2015 described in our previously published paper 
[8, 16]. For the separation, a reverse-phase analytical 
column was employed (Nucleosil - C18 25 x 0.4 mm 
i.d, 5 µm particle). A mobile phase consists of a 
mixture of 95% aqueous NaH2PO4 (0.05 M) adjusted 
to pH 3.6 by adding 85% phosphoric acid with 5% 
methanol, in an isocratic elution. The wavelength 
detection was set at 242 nm. The flow rate of the 
mobile phase was 0.7 mL/min and the injected volume 
was 20 µL. The chromatographic data were processed 
using Chrompass from Jasco, Japan. The identification 
of ascorbic acid was made using the retention time 

and the UV spectrum. For quantification, a calibration 
curve was performed. The results were expressed as 
mg ascorbic acid/100 g of fresh weight (F.W.). 
Statistical analysis 
All data are presented as mean ± standard deviation of 
triplicate analysis, calculated using the Excel soft-
ware package (2010). 
 
Results and Discussion 

The lack of stability of ascorbic acid in aqueous 
solution is well-known [20]. Attempts to establish 
the proper medium employed different acidic solvent 
(phosphoric acid 0.05%, oxalic acid 0.5%, lactic acid 
0.5%, meta-phosphoric acid 9%) [3,20]. According 
to Rădulescu et al. (2013), an aqueous oxalic acid 
0.5% doesn’t affect ascorbic acid stability in solution, 
therefore we have used this solvent in our further 
experiments. 
Using retention time (RT) and the UV spectrum, 
ascorbic acid (RT = 9.04 min) and oxalic acid (RT = 
4.10 min) were identified. The resolution between the 
two peaks was 15.93, indicating a good separation 
(Figure 1). The ascorbic acid calibration curve showed 
good linearity (R2 = 0.999) in the range of used 
concentrations (2.64 µg/mL - 79.20 µg/mL) (Figure 2). 

 

 
Figure 1. 

Standard chromatograms:  
A) oxalic acid (a.o); B) ascorbic acid (a.a) and 

oxalic acid 
 

 
Figure 2. 

Ascorbic acid calibration curve 
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Ascorbic acid content of samples and the selected 
chromatograms are shown in Table 1 and Figure 3. As 
expected, parsley aerial parts have the highest content 
of ascorbic acid, followed by black and white currant 
fruits and citrus fruits. In the case of vegetables, dill 
(13.71 mg/100 g F.W.) has a low content of ascorbic 
acid compared to parsley (100.98 mg/100 g F.W.). 
Citrus fruits have higher contents of ascorbic acid 
compared to raspberry, cherry, sour cherry, apricot, 

pomegranate and nectarine. Among citrus fruits, 
ascorbic acid content decreases in the following order: 
orange > lemon > lime. 
Regarding data from scientific literature, there is a 
significant variance of ascorbic acid content in selected 
fruits and vegetables (Table 1) [1, 2, 6, 7, 9, 11-16, 18, 
19, 22, 23, 25]. Except for lime, tomato and parsley, 
all the results fall below the data found by other 
authors [3, 18, 23]. 

 

 
Figure 3. 

Ascorbic acid (a.a) chromatograms: A) parsley; B) black currant; C) lime; D) lemon; E) orange; F) kiwi 
 

Table I 
Results of the quantitative analysis 

Raw material mg/100 g   References mg/100 g  
Parsley 130.98* 179.65 [2]*, 110 - 200 [2, 19]*, 122[2, 23]* 
Dill 13.71* 204.55 [2]*, 116 [12]* 
Tomato 15.92* 10.02 - 16.16 [3]* 
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Raw material mg/100 g   References mg/100 g  
Apricot 0.57* 4.79 - 7.14 [15]*, 3.04 - 16.17 [5]* 
Currant (black) 70.71* 161.58 - 284.46 [17]** 
Currant (white) 44.15* 48.6 [22]* 
Cherry 0.47* 1.92 [1]*, 7 [11]*, 6.01 - 11.04 [9]* 
Sour cherry 0.75* 10 [6]* 
Lime 20.49* 21 [25]* 
Lemon 20.72* 50.4 [11, 13]* 
Nectarine 1,02* 3.5 - 6.1 [7]* 
Orange 24.45* 33.3 - 38.2 [3]* 
Pomegranate 1.83* 1.56 [25]* 
Kiwi 20.88* 55.20 - 91.20 [25]* 
Raspberry 11.17* 18.5 - 37.2 [18]* 

*F.W. = fresh weight; **D.W. – dried weight 
 
A possible explanation resides in the diversity of the 
raw material (different species and cultivars, size and 
maturity of the fruits), different pre-harvest factors 
(climate, variation in sunshine, rainfall, humidity, soil, 
fertilizer) and different processing technologies (method 
of ripening, storage) [21, 25]. 
Another aspect worthy of mention is the fact that 
raw materials used in most of mentioned scientific 
research were fresh fruits and vegetables [1, 7, 15, 18, 
22]. Therefore, we suppose that a long storage might 
be involved in ascorbic acid decrease in fruits and 
vegetables. In our case, we suppose that storage at room 
temperature in retail market led to the degradation of 
vitamin C. Our hypothesis is supported by Cotruţ & 
Bădulescu report (2016), who founded similar results 

(10.02 mg - 16.16 mg/100 g F.W.) to ours (15.92 mg/ 
100 g F.W.) for tomato, purchased from a market 
store [3]. We consider that the vitamin C content from 
the analysed fruits and vegetable enables the required 
vitamin C intake. 
According to the National Sanitary Surveillance Agency 
from Brazil, the solid food ready for consumption are 
classified as “source” or as “rich” when they provide 
more than 15% or 30% of the DRI, respectively, 
considering a mean daily consumption of 100 g/day 
[25]. In Figure 4 is shown the content of vitamin C 
of our sample reported to the DRI. Based on this 
classification and in view of our results, parsley, 
black currant and white currant might be considered 
as “source”, and dill, lime, lemon, orange, as “rich”. 

 

 
Figure 4. 

Content of vitamin C (%) of analysed samples reported to the DRI 
 
Conclusions 

In conclusion, our work assessed the ascorbic acid 
content of several fruits and vegetables from retail 
markets. The ascorbic acid content of tomato, lime 
and parsley comply with data found in scientific 
literature. In the case of dill, apricot, black and 
white currant, sour cherry, lime, lemon, nectarine, 

orange, pomegranate, kiwi and raspberry, the ascorbic 
content falls below the values found by other authors. 
Although, the species and the cultivar are not consistent 
with ones found in scientific literature, this study may 
provide new data regarding nutritional values of fresh 
fruits and vegetables marketed in Romanian retail 
stores. 
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