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Abstract
A spectrophotometric method based on the reduction of nitrates to nitrites was applied to the determination of the difference
between total nitrate and nitrite contents in the extracts from the cucumber peel and flesh. The content of these ions was
determined in glasshouse cucumbers and those grown in the open fields, both marketed in Poland. Nitrate and nitrite extraction
was performed using the Griess diazotization reaction and carried out according to the ISO recommendation (ISO 6635, 1984). It
was observed that the mean nitrate content in the peel was significantly higher (p < 0.0001) than the mean nitrate content in the
flesh. It was also proved that cucumber peel accumulated nearly threefold higher amount of nitrates than the flesh. The nitrite
concentrations in all tested samples were below the limit of quantification. Despite statistically significant differences in the
nitrate contents between the peel and the flesh, no excessive levels were found. A comparison of the current results to those
reported for Poland and other countries is also presented.
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Introduction

Cucumber (Cucumis sativus L.) is one of the most agricultur-
ally valuable vegetable species of the Cucurbitaceae. It is cul-
tivated by humans with historical records dating back
5000 years (Eifediyi and Remison 2010). The cucumber crop
is the second most important vegetable crop after tomato in
Western Europe and the fourth most important vegetable crop
after tomato, cabbage and onion in Asia (Eifediyi and
Remison 2010). According to FAOSTAT (www.faostat.fao.
org) statistics for 2012, Poland was the first in the European
Union for the area planted with cucumber and the second for
production (Kozik 2016). An annual consumption of cucum-
bers in Poland is about 6.24 kg per capita (Korzeniewska et al.
2016). Cucumber contains various bioactive compounds, such

as polyphenols, carotenoids, several important vitamins, and
minerals. A significant part of them is located in cucumber peel
which constitutes about 10–15% of a fresh fruit weight
(Mansfeld and Grumet 2016, Guler et al. 2013). Despite the
nutritional benefit, cucumbers may also contain substances that
adversely affect human health such as pesticides (Leili et al.
2016), mycotoxins (Sahar et al. 2009), heavy metals (Mansour
et al. 2009), or nitrates and nitrites (Bahadoran et al. 2016, Razei
et al. 2014, Chung et al. 2011, Temme et al. 2011).

Nitrates and nitrites are widely recognized as ions naturally
present in the environment. They are abundant in plant foods as
a part of a nitrogen cycle. Nitrates in the soil are a primary source
of nitrogen, essential for plant growth. Many papers report that
nitrate concentrations in vegetables depend on a number of fac-
tors, including biological properties of a plant culture, light in-
tensity, type of soil, temperature, humidity, frequency of plants
in the field, plant maturity, vegetation period, harvesting time,
storage time, and fertilization (Vahed et al. 2015; Costagliola
et al. 2014; Tamme et al. 2006). Among them, fertilization and
light intensity have been identified as the factors that have the
most important impact on a nitrate content in vegetables (Gruda
2005). As reported by Tamme et al., vegetables grown in heated
greenhouses have higher nitrate contents than those grown in
the open air during the same season, mainly due to lower light
intensity and high nitrogen mineralization (Tamme et al. 2010).
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Vegetables are the main source of nitrates in human daily
diets and represent about 85% of nitrates consumed daily
(Sušin et al. 2006). Although nitrates are not harmful, they
may be reduced in saliva and a gastrointestinal tract to become
more toxic nitrites which can react with amines or amides to
form carcinogenic, mutagenic, and teratogenic N-nitroso com-
pounds (Gorenjak and Cencič 2013, Menard et al. 2008). High
nitrate dietary intake has been found to be associated with gas-
tric cancer (Rezaei et al. 2014). The best known ill effect of
nitrites is methemoglobinemia in infants (Vahed et al. 2015).
Many systems in infant bodies (nervous, reproductive, diges-
tive, respiratory, and immune) are in developing phase which
makes them more sensitive to xenobiotics. Hemoglobin of in-
fants is more susceptible to form methemoglobin and an activ-
ity of methemoglobin reductase, an enzyme responsible for
reduction of methemoglobin to hemoglobin is low (Rebelo
et al. 2015; Vasco and Alvito 2011). In order to protect human
health, the European Commission has established maximum
levels for certain contaminants in food (EC 2006a). The maxi-
mum level of nitrates is defined for two leafy vegetables: spin-
ach (2000–3500 mg kg−1) and lettuce (2000–4500 mg kg−1)
and for processed cereal-based foods and baby foods for infants
and young children (200 mg kg−1). The European Commission
Scientific Committee on Food (SCF) recommended an accept-
able daily intake (ADI) of maximum 3.7 mg for nitrates and
0.06 mg for nitrites per 1 kg of a body weight (Opinion 2008).
In the case of infants, their dietary exposure to nitrates tends to
be higher than consumed by adults when the ingested amount is
calculated with respect to a body weight.

On the other hand, recent studies suggest that nitrates may
also be beneficial for human health (Bahadoran et al. 2016;
Cortesi et al. 2015; Gorenjak and Cencič 2013; Santamaria
2006). It is based on a hypothesis that nitric oxide formed in a
stomach from dietary nitrates has antimicrobial effects on gut
pathogens which prevents microbial infection and affords gas-
tric protection (Gorenjak and Cencič 2013, Santamaria 2006).

Several analytical procedures have been developed for the
determination of nitrates and nitrites in vegetables, including
cucumbers. Over the years, several approaches have been pro-
posed, such as spectrophotometry (Bahadoran et al. 2016;
Rezaei et al. 2014; Raczuk et al. 2014; Gajewska et al. 2009),
spectrofluorimetry (Wang et al. 2016; Shariati-Rad et al. 2015),
potentiometry (Tamme et al. 2006), photometry (Sušin et al.
2006), ion chromatography (Czajkowska et al. 2014; Chung
et al. 2011; Menard et al. 2008), and gas chromatography
(Tietze et al. 2007) as well as high-performance liquid chroma-
tography (Temme et al. 2011; Tamme et al. 2010). Among
them, the spectrophotometric methodology based on the reduc-
tion of nitrates to nitrites is traditionally used to determine their
content in vegetables (International Standard ISO 6635).

Studies about screening a wide range of vegetables (includ-
ing cucumbers) have been presented in several papers. Previous
studies showed that the main attention was paid to various

aspects of nitrate and nitrite presence in vegetables, including
general monitoring (Kmecl et al. 2017; Sušin et al. 2006), sea-
sonal variations (Chung et al. 2011; Gajewska et al. 2009), a
difference between domestic and imported cucumbers (Tamme
et al. 2010), nitrogen fertilization and a nitrogen content in soils
(Razgallah et al. 2016), growth in greenhouses (Tamme et al.
2010), various cooking methods which may affect a nitrate
level (Vahed et al. 2015; Chung et al. 2011), and an assessment
of a dietary risk (Menard et al. 2008). Moreover, various studies
have shown that the distribution of nitrates and nitrates is not
uniform across different parts of a plant (Vahed et al. 2015,
Chung et al. 2011). Higher levels of nitrates tend to be located
in leaves whereas they occur at lower concentrations in seeds
and tubers (Ekart et al. 2013; Tamme et al. 2010). In the present
study, our attention was focused on a distribution of nitrites and
nitrates between cucumber peel and flesh as this vegetable is
consumed both unpeeled and peeled. We applied a spectropho-
tometric method to verify if there are any differences between
the nitrate and nitrite content in the extracts obtained separately
from cucumber peel and flesh. The cucumber fruits chosen for
the study were grown both in glasshouses and in open fields,
and then purchased in local markets in Lublin (Poland).

Experimental

Reagents and Samples

All of the chemicalmaterials used in this studywere of analytical
grade. Ultrapure water of 18.2MΩ resistivity was obtained from
a Millipore Direct Q 3UV water purification system and was
used for preparing all the reagents and standard solutions and
for sample extraction. All reagents and standards including so-
dium nitrite, sodium nitrate, cadmium sulfate octahydrate, hy-
drochloric acid, sodium tetraborate decahydrate, Carrez reagent I
(potassium hexacyanoferrate II trihydrate) and Carrez reagent II
(zinc acetate dihydrate), glacial acetic acid, ammonia hydroxide
25%, andGriess reagent I (sulphanilamide) andGriess reagent II
(N-(1-naphthyl)-ethyl-enediamine dihydrochloride) were pur-
chased fromMerck (Warsaw, Poland) and were prepared strictly
according to International Standard ISO (6635: 1984). Zinc in
rods was obtained from Fluka (Poznan, Poland), and a paper
filter (no. 40), both nitrate- and nitrite-free was acquired from
Whatman (Germany). All cucumbers (1 kg of each type) were
purchased in local markets in Lublin during the summer season.
A 50% of analyzed cucumbers were grown in greenhouses.
They were kept fresh. Soil and other impurities were removed
from them by quick rinsing with water and drained with a paper
towel. Just before the analysis, the samples were peeled, cut into
small pieces, and homogenized in a BraunMR 6550M blender,
separately peel and flesh. Recovery experimentswere carried out
using the samples spiked with a nitrate or nitrite standard
solution.
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Extraction

Nitrate and nitrite extraction was performed using the Griess
diazotization reaction and carried out according to the ISO
method (ISO 6635: 1984). The Griess reagent was used for
measuring nitrites and in the case of nitrate levels, a previous
reduction of nitrate to nitrite was conducted. The scheme of
the extraction procedure is shown in Fig. 1. Briefly, 10 g of a
homogenized sample was measured and transferred to a
250 ml conical flask. Then, 100 ml of hot ultrapure water
(70–80 °C) and 5 ml of the borax solution were added. The
mixture was heated for 15 min in a water bath (± 100 °C).
Clarification was done by adding 2 ml of Carrez I and 2 ml
of Carrez II. After cooling to a room temperature, the sample
was transferred to a 200 ml volumetric flask and then filtered

through a Whatman No. 41 filter paper. In order to measure a
nitrite content of the sample, Griess reagent I, hydrochloric
acid, and Griess reagent II were added to the extract. The
solution was incubated in the dark and the absorbance was
measured at 538 nm. In order to measure a total nitrate con-
centration in the sample, the reduction of nitrates to nitrites
was accomplished using the cadmium solution. After reduc-
tion, the sample was filtered into a 50 ml volumetric flask and
then Griess reagent I, hydrochloric acid, and Griess reagent II
were added. The absorbance was measured at 538 nm. The
blank was processed in the same manner as the real sample,
but replacing the studied material with 10 ml of ultrapure
water. For the validation, the samples were spiked with appro-
priate volumes of the standard nitrate and nitrite solutions
before extraction.

weigh 10g homogenized sample into a 250 ml erlenmeyer flask

add  20 ml water, 5 ml Griess reagent I add 3 ml hydrochloric acid

leave the solution at ambient temperature, protected from light (5 min)

add1 ml Griess reagent  II, mix and leave the solution at ambient temperature, protected from 

light (3 min) 

measure the absorbance of the solution using the UV-spectrometer (within 15 min)

cool and transfer quantitatively to a 200 ml volumetric flask 

filter through the filter paper to a 200 ml volumetric flask 

add 5 ml sodium tetraborate decahydrate and 100 ml hot water (70-80 
o
C)

heat the flask on the boiling water – bath (15 min), shaking from time to time

add 2 ml Carrez reagent (I) and 2 ml Carrez reagent (II) 

Determination of nitrate (NO3

_
)

transfer 10 ml aliquot portion of 

the filtrate to 50 ml volumetric 

flask

transfer 10 ml aliquot portion of the 

filtrate to 50 ml erlenmeyer flask with 

2 g of the cadmium (zinc rods + 

cadmium sulfate solution) and 5 ml 

of ammonia buffer solution; 

shake for 5 min

filter through the filter paper to 

a 50 ml volumetric flask 

Determination of nitrite (NO2

_
)

re
du

ct
io

n 
st

ep

transfer 10 ml portion of the filtrate to 

50 ml volumetric flask

Fig. 1 Schematic diagram of
sample preparation for
determination of nitrates and
nitrites in cucumbers according to
ISO 6635:1984
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Nitrate and Nitrite Determination

The content of nitrate (NO3
−) ion in cucumber peel and flesh

extracts was determined according to the ISO requirement
(ISO 6635: 1984) using the spectrophotometric method after
nitrate reduction (Fig. 1) and the Griess reaction. The nitrite
(NO2

−) ion content in extracts was determined by analyzing
without the reduction step. Nitrites present in the extracts
(both native and resulted from reduced nitrates) were deter-
mined by diazotizing with the Griess reagents to form of red-
dish purple azo dye that was measured at 538 nm.
Spectrophotometric measurements were performed by a UV/
VIS double beam spectrophotometer HALO DB-20S
(Dynamica Scientific Ltd.) using 1 cm path length quartz cu-
vettes. The UV-probe software (Halo UV Detective Software)
was used to control measurements and to record the spectra.
The quantification of nitrates and nitrites was carried out by
employing a calibration standard method. The calibration
function was calculated from the regression analysis of seven
standard solutions of nitrites in the range 0.05–0.60 mg L−1.
All analyses were performed in three replicates. The nitrite
concentration was expressed as mg kg−1 fresh mass according
to the Eq. (1). The nitrate concentration (mg kg−1 fresh mass)
was calculated as a difference between the total nitrite content
after the reduction step (3) and the initial nitrite concentration
according to the Eq. (2).

NO−
2¼m1 � 200� DF

V1 � m0
ð1Þ

NO−
3 ¼ 1:348� NO−

x−NO
−
2

� �
; NO−

x ¼ m2 � 1000� DF
V2 � V3 � m0

ð2Þ

where NO−
2 is the initial nitrite concentration in the sample,

expressed as milligrams of nitrites per kilogram (fresh mass);
NO−

x is the total nitrite concentration after reduction (3) in the
sample; NO−

3 is the total nitrate concentration in the sample,
expressed as milligrams of nitrates per kilogram (fresh mass);
m0 is the weight of the sample; m1 is the mass (μg) of initial
nitrites in the filtrate portion (V1) read from the calibration
curve; V1 is the filtrate portion (ml); m2 is the mass (μg) of
the total nitrites in the filtrate portion (V2) read from the cali-
bration curve; V2 is the filtrate portion after reduction (ml); V3

is the filtrate portion before reduction (ml); DF is a dilution
factor (DF = 1 if no dilution was carried out); 1.348 is the
conversion factor of NO−

3 to NO−
2 .

NO−
3 þ Cdþ 2 Hþ→NO−

2 þ Cd2þ þ H2O ð3Þ

Method Validation

The method was validated in terms of a linear range, accuracy,
recovery, and analytical limits including a limit of quantifica-
tion (LOQ) and a limit of detection (LOD) in accordance with

the International Conference on Harmonization (ICH)
Guidelines (ICH 2005). Linearity was evaluated by a calcula-
tion of a seven-point linear plot with three replicates, based on
a linear regression and a squared correlation coefficient (R2).
The accuracy of the procedure was assessed by performing
recovery experiments. The recovery was calculated as the dif-
ference between the pairs of results from the spiked sample
and the sample without a standard addition. The nitrate and
nitrite standard solutions (with the known concentrations)
were used to fortify the samples. The concentration of the
standard solution in the fortified samples responded to the
two concentration levels of the calibration curve: the first
one to the lowest level (0.05 mg L−1) and the second one to
the highest level (0.60 mg L−1). The fortified samples were
extracted and analyzed as described under the nitrate and ni-
trite determination. The measured concentrations were deter-
mined using the calibration curve, and the recovery values
were calculated by the following Eq. (4):

Recovery ¼ Cmeas:=Csp:

� �� 100% ð4Þ

Cmeas. measured concentration
Csp. spiked concentration

The limit of detection and the limit of quantification were
calculated as follows: standard deviation of the y-intercept of
the calibration curve/slope of the linearity, multiplied by 3.3
and 10, respectively.

Statistical Analysis

The results were processed using statistic computer program
Statgraphics Plus 3.0. for Windows®. Each value represents
the mean (mg kg−1) of three replicates with the corresponding
standard deviation (SD). The differences between the total
nitrate/nitrite contents were calculated by a one-factorial anal-
ysis of variance (ANOVA). Comparison of the mean results
was done using the Tukey-Kramer test. The difference be-
tween mean values with p values < 0.0001 was considered
statistically significant.

Results and Discussion

Validation Results

The method was successfully validated for the nitrite and ni-
trate analysis in the cucumber extracts. The validation data are
summarized in Table 1. The calibration curve was linear in the
studied concentration range with the square correlation coef-
ficient (R2) equal to 0.9994. The limit of detection was 0.3 and

2972 Food Anal. Methods (2018) 11:2969–2977



1.5 mg kg−1 for nitrites and nitrates, respectively. The limit of
quantification was 0.8 and 4.6 mg kg−1 for nitrites and nitrates,
respectively. The recovery of nitrites was found to be 93.9% as
an average of six experiments employing two different nitrite
levels. The average recovery value for nitrates was 83.8%.The
lower values of recovery observed for nitrates might be a result
of the analyte loss during the extra step in the extraction proce-
dure (cadmium reduction). All the obtained recovery values ful-
fill the recommended criteria established by the EUCommission
for the official control of nitrate in foodstuff (EC 2006b). Values
for a recovery of nitrates are dependent to nitrate concentration
levels and are reported as 60–120% for vegetables with a nitrate
content < 500 mg kg−1 and 90–100% for vegetables with a
nitrate content ≥ 500 mg kg−1. The recovery and RSD (relative
standard deviation) values are given in Table 1.

Concentration of Nitrites and Nitrates in Cucumber
Fruit Extracts

The nitrite presence was not detected in all analyzed samples. It
is comparablewith various publicationswhere the nitrite content
in fresh vegetables was usually low, with average concentrations
< 1 mg kg−1 (Vahed et al. 2015; Chung et al. 2011). In the
present study, the nitrite concentrations in all tested samples
were below the limit of quantification. This low concentration
of nitrites is also comparable to the results obtained by Susin and
co-workers (Sušin et al. 2006). Using photometer-segmented
flowmethod, they analyzed 924 samples and reported the nitrite
contents below the limit of quantification (LOQ= 0.3 mg kg−1)
in 378 samples (Sušin et al. 2006).

In our study, the nitrate concentrations in all analyzed cu-
cumber fruit extracts varied between 4.76 to 183.16 mg kg−1.
The highest nitrate content was found in the peel of the green-
house cucumbers (183.16 mg kg−1). The peel and the flesh of
the greenhouse cucumbers had higher nitrate concentrations
(133.22 ± 37.18 and 40.11 ± 13.09 mg kg−1, respectively)
compared to the peel and the flesh of the cucumbers grown
in open fields (55.75 ± 28.90 and 8.87 ± 2.83 mg kg−1 respec-
tively) The mean nitrate levels found in both the peel and the
flesh are shown in Table 2. The obtained mean values were
calculated from 15 individual results. Our results confirmed
the previously described observation, about different factors
such as exposure to sunlight or fertilization affecting a nitrate
accumulation. Light intensity and nitrogen mineralization are
widely recognized as important determinants of a nitrate level
in vegetables, including cucumbers (Bottex et al. 2008). As
reported by Tamme and co-workers (Tamme et al. 2010), veg-
etables grown in heated glasshouses have higher nitrate con-
tents than those grown in the open air during the same season.
It is also reflected in our results (Table 2). The comparison of
the mean nitrate contents, using one-way ANOVA, shows that
the mean nitrate contents in the cucumbers from a greenhouse
are significantly higher (p < 0.0001) than the mean nitrate
contents in cucumbers grown in open fields considering both
the peel and the flesh (Figs. 2 and 3).

Comparison of Nitrate Levels in the Peel
and in the Flesh

The distribution of the total nitrate contents in the extracts of
the cucumber peel and flesh are presented in Fig. 4. The

Table 2 Nitrate mean contents
(mg kg−1fresh mass) in the
cucumber peel and flesh extracts

Cucumber extract Number of
samplesa

Nitrate content (mg kg−1) kb

Min Max Mean SD

Flesh (grown in open fields) 5 4.76 13.06 8.87 2.83 6.29
Peel (grown in open fields) 5 9.68 89.71 55.75 28.90

Flesh (grown in greenhouse) 5 25.10 58.10 40.11 13.09 3.32
Peel (grown in greenhouse) 5 75.28 183.16 133.22 37.18

SD standard deviation
a Each sample was analyzed in triplicate
b k mean nitrate content (mg kg−1 ) in peel/mean nitrate content (mg kg−1 ) in flesh

Table 1 Method validation data
Analyte LOD (mg kg−1) LOQ (mg kg−1) Recovery (%) RSD (%) (n = 3)

LL HL LL HL

Nitrite 0.3 0.8 93.9 94.8 0.8 0.7

Nitrate 1.5 4.6 81.8 85.7 1.7 0.9

LOD limit of detection, LOQ limit of quantification, RSD relative standard deviation, LL lowest validation level,
HL highest validation level
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highest nitrate content found in the peel of greenhouse cucum-
bers was 183.16mg kg−1 while in the flesh samples, the nitrate
contents did not exceed 59.00 mg kg−1. In comparison to the
greenhouse cucumbers, the content of nitrates in the cucum-
bers grown in open fields was much lower. The higher nitrate
content in the peel was 89.71 mg kg−1, while in the flesh, the
nitrate content was 13.06 mg kg−1. The comparison of the
mean nitrate contents, using one-way ANOVA, clearly shows
that the mean nitrate contents in the peel are significantly
higher (p < 0.0001) from the mean nitrate contents in the flesh
in both studied sorts of cucumbers (Fig. 3). The mean nitrate
content in the peel was at least three times higher than the
nitrate content in the flesh (Table 2). The difference between
the total nitrate/nitrite contents in peel and flesh of cucumbers
shown in this paper might be a starting point for further ex-
tensive studies employing larger number of samples and other
reference methods.

Comparison of Nitrate and Nitrite Levels
in Cucumbers with Other Results from Poland
and Foreign Countries

The obtained results were compared with the values avail-
able in the literature in nine other countries and in seven

other studies done in Poland. The mean and the range of
concentrations for both nitrates and nitrites are summarized
in Table 3. The data included in Table 3 refer to the con-
centration of nitrates and nitrites in whole cucumber fruit
because it was not be specified otherwise. The monitoring
study in Poland showed that the mean nitrate concentra-
tions varied from 32 mg kg−1 (Raczuk et al. 2014) to
340 mg kg−1 (Czajkowska et al. 2014). According to the
foreign data, the mean nitrate content in the cucumbers was
very similar to the levels found in Poland and ranged be-
tween 42.7 mg kg−1, reported in Iran (Rezaei et al. 2014)
to 344 mg kg−1 in Belgium (Temme et al. 2011). The
maximum nitrate content of 1800 mg kg−1 was found in
France (Menard et al. 2008). The minimum nitrate content
of 1 mg kg−1 was found in Korea during the summer
period (Chung et al. 2003). The nitrite contents found in
cucumbers were generally low and in most cases did not
exceed 1 mg kg−1. The exceptional results were discussed
by Razei (Rezaei et al. 2014) with the mean content of
9.03 mg kg−1. Considering the present study, the mean
nitrate content found in the cucumbers’ flesh was
24.5 mg kg−1, and in most cases it was lower than the
nitrate concentrations in the whole cucumber fruit from
Poland and other countries. The mean nitrate content in

Fig. 2 Mean nitrate concentration (mg kg−1 fresh mass) in the cucumbers grown in open fields and grown in a greenhouse for flesh extracts and peel
extracts

Fig. 3 Mean nitrate concentration (mg kg−1 fresh mass) in flesh and peel of cucumbers grown in open fields and grown in greenhouses
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the cucumber peel was 94.5 mg kg−1 and it is comparable to
the other studies. Consequently, it is the cucumber peel that

contains the majority of nitrates in an average cucumber fruit,
as it may be concluded from the data collected in Table 3.
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Fig. 4 Distribution of total nitrate
contents (mg kg−1 fresh weight)
in the cucumber peel and flesh

Table 3 Comparison of mean nitrate and nitrite contents of cucumbers (mg kg−1fresh mass) in different countries

No. of samples Nitrate (mg kg−1) Nitrite (mg kg−1) Analytical method References
mean/range mean/range

China – 130/57–260.0 <0.8–0.9 IC Chung et al. 2011
– 99/28–140

23 170/17.4–500 0.2/0.03–1.11 IC Zhong et al. 2002

Korea 15 267/83–580 0.3/ND-1.4 IC Chung et al. 2003
25 180/1–649 0.2/ND-1.5

USA – 190/17–570 – – Keeton et al. 2012

Estonia 160/< 30–1236 – Potentiometry Tamme et al. 2006

12 335/89–740 – HPLC Tamme et al. 2010

Slovenia 30 93/4–245 0.2/0.16–0.4 Photometry Sušin et al. 2006

Belgium – 344/− – HPLC Temme et al. 2011

Iran 29 42.7/12.32–88.6 9.03/2.8–18.5 Spectrophotometry Rezaei et al. 2014

41 *87.7/44.6–103 *0.57/0.33–0.81 Spectrophotometry Bahadoran et al. 2016

Italy – 79/− 0.21/− IC Santamaria et al. 1999

France 33 −/191.6–1800 −/0.00–2.00 IC Menard et al. 2008

Poland 6 32/24–40 0.5/0.4–0.8 Spectrophotometry Raczuk et al. 2014

– 340/− – IC Czajkowska et al. 2014

20 98.4/41.2–312.3 0.6/< 0.5–1.3 Spectrophotometry Gajewska et al. 2009
20 105.9/44.7–354.7 0.6/< 0.5–1.2

24 255.5/28.6–1040.2 0.28/ND-2.5 Spectrophotometry Szymczak and Prescha 1999

20 56.56/14.8–149.6 0.51/0.33–1.54 Spectrophotometry Murawa et al. 2008
3 72.34/14.2–198 1.01/0.82–1.18

28 115/21.9–446.8 0.25/0.0–0.52 Spectrophotometry Markowska et al. 1995

– 313.1/− – GC Tietze et al. 2007

10 a24.5/4.8–58.1 – Spectrophotometry current study
10 b94.5/9.7–183.2 –

IC ion chromatography, HPLC high pressure liquid chromatography, GC gas chromatography

*Data given as mg 100 g−1 for nitrate and nitrite
a Data of the current study for flesh of cucumber
b Data of the current study for peel of cucumber, graphite color represents winter season
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Conclusions

In the present investigation, the mean contents of nitrates and
nitrites in cucumbers were determined by means of a spectro-
photometric technique, with a particular attention to the dif-
ference between the peel and the flesh. All the fresh cucum-
bers analyzed in this study did not present exceptionally high
values in comparison to the reviewed data from Poland and
nine other countries, neither in peel nor in flesh. The nitrate
levels in the cucumber peel extracts were similar to or even
lower than the values given for the whole cucumbers in other
studies. The average nitrate content in the cucumber flesh was
below any other value published in the literature. However, it
should be emphasized that the cucumber peel usually contains
about three times more nitrates than the flesh, regardless of the
manner of cultivation (greenhouse or open field).
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