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Abstract

Muriérikova A., Neugebauerovd J. (2018): Seasonal variation of ascorbic acid and nitrate levels in selected basil. Hort.
Sci. (Prague), 45: 47-52.

The aim of this study was to determine the levels of ascorbic acid and total nitrates in the fresh aerial parts of different
varieties of basil (Ocimum basilicum L.) in different growing seasons. The ascorbate-nitrate index (I AN) is used to de-
termine the safety of basil for consumers. Seven basil varieties (‘Ohfe; ‘Lettuce Leaf, ‘Purple Opaal, ‘Dark Green, ‘Mam-
molo Genovese, ‘Ménes’ and ‘Red Rubin’) were cultivated as pot cultures in greenhouses during the period 2015-2016.
High-performance liquid chromatography (HPLC) was used to determine the ascorbic acid content, which ranged from
34.3 to 222.0 mg/kg f. w. An ion-selective electrode was employed to determine the content of nitrates, which ranged
from 237.7 to 4280.6 mg/kg f. w. The ascorbate-nitrate index reached values of between 0.016 and 0.629, which are
risky-to-moderately safe ascorbate-nitrate ratios. However, the occasional use of small amounts of basil as a culinary
herb is not risky for consumers. Furthermore, significant differences in the content of ascorbic acid and nitrates were
found among the cultivated samples with respect to variety, year and growing season.

Keywords: culinary herbs; greenhouse production; pot culture; ascorbate-nitrate index

Basil (Ocimum basilicum L.) is one of the most
frequently used culinary and raw materials. It con-
tains a significant quantity of biological compounds
with strong curative properties. Basil contains es-
sential oil of varying chemical composition, chlo-
rophyll, vitamin C, carotenoids and a wide range
of phenol compounds with various antioxidant
activities, depending on the basil species and va-
riety (POLITEO et al. 2007; NURZYNSKA-WIERDAK
et al. 2011). The herb is used not only for cooking
but also in commercial fragrances, flavourings and
for increasing the shelf life of food products (Sup-

PAKUL et al. 2003). Basil is widely used in tradi-
tional medicine as a digestive tonic and for curing
ailments such as warts, inflammations, colds and
headaches (CHANWITHEESUK et al. 2005). Basil ex-
tract has known sedative and anticonvulsant prop-
erties (FREIRE et al. 2006) as well as antimicrobial
and antifungal activities (HoLM 1999; SUPPAKUL et
al. 2003).

Ascorbic acid is among the most important and
frequently monitored constituents in culinary
herbs. Ascorbic acid is a very effective antioxidant
(HARRIS 1996). According to the World Health
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Organization, 45-50 mg of vitamin C should be
ingested daily (WHO and FAO 2004). To season
food, normally only one spoon (about 2.5 grams)
of chopped basil leaves is used. According to the
USDA (2016), five leaves of fresh basil contain
0.4 mg of ascorbic acid. FAVELL (1998) showed that
ascorbic acid can serve as a sensitive marker for
determining nutritional quality. Ascorbic acid is by
far the least stable nutrient during processing. It is
highly sensitive to oxidation and leaching into wa-
ter-soluble media during processing, storage and
cooking (FRANKE et al. 2004). Basil is characterised
by significant variability over a broad range of its
constituents. There are several factors which de-
termine the content of ascorbic acid, among them
external factors (climatic and growing conditions,
fertilisation, agronomic methods) as well as inter-
nal factors (genotype, development stage) (DzIDA,
2011; NURZYNSKA-WIERDAK et al. 2011; SAADA-
TIAN et al. 2014; FRASzZCZAK et al. 2015).

Basil contains not only health-promoting com-
pounds, but also substances that may be toxic in
excessive-amount. Among these dangerous sub-
stances are the nitrates. Nitrates are not usually
dangerous for adults because they are relatively
quickly excreted in urine. The potential danger
stems from the conversion of nitrites or nitrates to
nitrite. The nitrite is absorbed into blood and can
cause methemoglobinemia. The European Com-
mission (1997) established maximum permissible
levels of nitrates ranging from 3,500 to 4,500 mg
N-NO;/kg f. w. for the winter season and 2,500 mg
of N-NO;/kg for the summer crops. Accumulation
of nitrates is higher in the absence of light radia-
tion (BUwWALDA, WARMENHOVEN 1999). Therefore,
most greenhouse crops have higher nitrate levels

compared to those grown in the field (GrRuDA
2005). The factors responsible for nitrate accumu-
lation in plants are mainly nutritional, environmen-
tal and physiological. Nitrogen fertilisation (Dzipa
2011; NURZYNSKA-WIERDAK et al. 2011) and light
intensity (URBONAVICIUTE et al. 2008) have been
identified as the major factors that influence the ni-
trate content.

The ratio of ascorbic acid to nitrate content, the
so-called ascorbate nitrate index (I,,), is a param-
eter that can be used to evaluate the nutritional
quality and safety of horticultural products. Horti-
cultural products with a higher content of ascorbic
acid compared to nitrate are safer and more suit-
able for human nutrition (PokLupa 2005). LACH-
MAN et al. (1997) categorised vegetables according
to this index into three groups: risk species with
values below 0.5, neutral species with values rang-
ing from 0.5 to 1.0 and positively beneficial species
with values over 1.0.

The aim of this research was to determine the lev-
els of ascorbic acid and total nitrates in different
varieties of basil in different growing seasons. The
I,., was calculated to evaluate the safety of the basil

AN
for human diets.

MATERIAL AND METHODS

Plant material and cultivation conditions. The
control variety ‘Ohre’ produced by Seva Moravia
(Czech Republic) and six varieties (‘Lettuce Leaf,
‘Purple Opaal, ‘Dark Green, ‘Mammolo Genovese,
‘Ménes’ and ‘Red Rubin’) produced by Semo
Smrzice Ltd. (Czech Republic) were used in this
experiment (Fig. 1).

Fig. 1. Varieties of basil just before harvest from left to right: ‘Ohfe;, ‘Lettuce Leaf; ‘Purple Opaal, ‘Dark Green, ‘Mammolo

Genovese, ‘Manes, ‘Red Rubin’

48



Hort. Sci. (Prague)

Vol. 45, 2018 (1): 47-52

Table 1. Cultivation details for basil plants

Time of sowing and harvesting 2015 2016
Pot culture 1 23.3.-9.4.  8.2.-254.
Pot culture 2 27.4.-14.7. 28.4.-20.6.
Pot culture 3 1.9.-26.10. 15.8.-17.10.

The plants were grown in a greenhouse of Men-
del University in Brno, Faculty of Horticulture in
Lednice, as pot plants during the period 2014 to
2016 (Table 1). Greenhouse experiments were
performed in four replicates for each variety with
30 plants for each variant.

Basil was grown in 0.5 dm? plastic pots, at
20 plants per pot. Plants were cultured in medi-
um (Horticultural substrate B with active humus,
Raselina Sobéslav Ltd., Czech Republic), irrigated
as needed and were protected from pests and dis-
eases. Fertilisation (Kristalon Gold, Agro CS, Czech
Republic; dosage: 10 g of fertiliser per 10 1 of water)
was carried out once. Plants were harvested for de-
termination of ascorbic acid at around 7.00 a.m.,
for determination of nitrates at around 7.00 a.m. (in
2014) and at around 11.00 a.m. (years 2015-2016)
before their flowering (they were planted as culi-
nary herbs). Samples were immediately transport-
ed to a laboratory for chemical analysis.

Extraction and determination of ascorbic acid.
The concentration of ascorbic acid was determined
using HPLC according to Arya et al. (2000). Aerial
parts of basil (10 g) were homogenised in a blend-
er with 30 ml of 0.1 M oxalic acid. The homoge-
nate was topped up with oxalic acid to a volume
of 100 ml, filtered, centrifuged (3,800 rt/min for
10 min at room temperature) and the superna-
tant was used for measurement. The analyses were
performed on a RP-HPLC (ECOM, Praha, Czech
Republic) at 254 nm using a UV-VIS detector. All
samples were measured in triplicate. The amount
of ascorbic acid was expressed in mg/kg f. w.

Extraction and determination of nitrates. The
content of nitrates was determined using an ion-
selective electrode according to JAVORSKY et al.
(1987). Twenty grams of the sample were mixed
with 20 ml of aluminium sulphate. Homogenised
sample (20 g) was accurately weighed and boiled
for 5 min with 20 ml of aluminium sulfate and 1 ml
of 30% hydrogen peroxide. After cooling, the solu-
tion was made up to 100 ml aluminium sulphate
in an Erlenmeyer flask. Measurements were carried
out on the Ionalyzer MPH 171 device (Monokrys-

doi: 10.17221/216/2016-HORTSCI

taly, Turnov, Czech Republic). The potential was
recorded and compared with a calibration graph.
Nitrate content was expressed as mg NO,/kg f. w.
Statistical analysis. The Statistica Cz v. 12 (Stat-
Soft) programme was used for statistical evaluation
of the results. Data are expressed as means. Differ-
ences were analysed using the Kruskal-Wallis test.

RESULTS AND DISCUSSION

The results of the analysis of ascorbic acid content
in the selected basil varieties are shown in Table 2.
The ascorbic acid contents of basil ranged from 34.3
to 222.0 mg/kg f. w. The lowest content of ascorbic
acid throughout the period 2015-2016 was found in
the variety ‘Mdnes, and the highest was measured
in the variety ‘Ohre! Ascorbic acid content was al-
ways higher in pot culture 1, but decreased progres-
sively over the growing seasons under investigation.
The effects of year, cultivation season and variety on
ascorbic acid content were found to be statistically
significant. The findings show that the highest con-
tent of ascorbic acid in basil cultivated in a green-
house is achieved in the early spring months (time
for sowing: February—March) and at the harvest ap-
proximately eight weeks after sowing. Abundant re-
sources usually do not have a significant amount of
the daily dose, because it is eaten only occasionally
and in small amounts (VELISEK 2009). According to
HoLm (1999), fresh basil contains a large amount of
ascorbic acid. DUMBRAVA et al. (2012) determined
the ascorbic acid content in basil and rosemary
leaves. They found that the basil leaves are richer
in vitamin C (271 mg/kg f. w.) than rosemary leaves
(185 mg/kg f. w.). MARTYNIAK-PRZEBYSZEWSKA
and WojciEcHOWSKI (2004) recorded lower con-
centrations of ascorbic acid in basil (119 mg/kg f. w.).
VABKOVA and NEUGEBAUEROVA (2009) investigated
the content of ascorbic acid in different varieties of
basil. The amount of ascorbic acid was highest in the
‘Ohre’ variety (271.7 mg/kg f. w.). The lowest ascor-
bic acid content was found in the ‘Lettuce Leat’ va-
riety (150.1 mg/kg f. w.). Our results are similar to
those described by the studies cited above. Dzipa
(2010) reported that ‘Kasia, a Polish variety of basil,
accumulated more ascorbic acid (265 mg/kg f. w.)
than the “Wala’ variety (204 mg/kg f. w.).

The results of the analysis of nitrate content in
the selected basil varieties are shown in Table 3.
The content of nitrates in basil varied depending
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Table 2. Ascorbic acid content in basil (mg/kg, f. w.)

2015 2016
Year/Variety
PC1 PC2 PC3 PC1 PC2 PC3

Ohte 222.0P8 100.124 189.1P4B 85.42PA 83.5PA 103.5P4
Lettuce Leaf 139.42>4 110.9%A 93.32bA 78.5PA 59.12PA 47.2%bA
Purple Opaal 166.9%>4 121.8%A 141,734 108.1°4 79.23A 85.40A
Dark Green 164.0%°B 70.0%4 149.6%PAB 72.92bA 60.32PA 58.62PA
Mammolo Genovese 140.0%>8 72.324 112.92bAB 54..42PA 50.6%PA 54,0204
Maines 104.7°A 56.2%4 74.3%A 48.724 38.924 34.3%A
Red Rubin 111.0%A 95.824 79.92bA 74,224 58.52PA 76.520A

PC 1 - pot culture 1; PC 2 — pot culture 2; PC 3 — pot culture 3; means with the same lowercase letters in a column and
uppercase letters in a row (pot culture 1, 2, 3 = 2015 x 2016) do not differ at 5% significance in the Kruskal-Wallis test

on the year, the pot culture and variety. The content
of nitrates ranged from 237.7 to 4280.6 mg/kg f. w.
The ‘Purple Opaal’ and ‘Red Rubin’ varieties had
higher nitrate contents. Purple leaves have a higher
tendency to accumulate nitrates. This is caused by
the predominance of anthocyanin colorants in the
plastids (WojciECHOWSKA et al. 2000).

A significant impact of the cultivar on the to-
tal nitrogen content was recorded in the study
of Dzipa (2010). The experiments conducted by
NURZYNSKA-WIERDAK et al. (2011) also revealed
a relationship between the cultivar and nitrate con-
tent in the plant.

The nitrate content of culinary herbs is an im-
portant point to consider in greenhouse produc-
tion. The potential health hazards of nitrates are
well described. According to TELESINSKI et al
(2013), the nitrate content of basil can be as high as
9,950 mg/kg f. w. The chemical analyses of Ma-
JKOWSKA-GADOMSKA, et al. (2015) indicated that
lemon basil plants had the highest nitrate content

Table 3. Nitrate content in basil (mg/kg, f. w.)

(1,904 mg/kg f. w.). In the studies performed by VAB-
KOVA and NEUGEBAUEROVA (2011), nitrate levels
in dill ranged from 252 to 617 mg/kg f. w. In kale,
nitrate levels were significantly higher in plants ob-
tained in the first harvest than from those harvest-
ed at later dates. These levels varied from 1,643 to
1,730 mg/kg f. w., on average, depending on the year
of the investigation and the cultivar (Korus, LISIEWS-
KA, 2009). JaAwORsKA (2005) noted a much higher
content of 2,804 mg/kg f. w. in New Zealand spinach.

The mean I AN (Table 4) was found to range from
0.016 to 0.629. Neutral values were found in pot
culture 3 in 2015 (for the ‘Ohfe’ and ‘Dark Green’
varieties). Low values of this ratio were determined
in the other varieties. The higher the value of this
index, the more potent the action of the ascorbic
acid and the less harmful the effects of plant ni-
trates for the human body. ZAHRADNIKOVA (2011)
reported that the harvest period had an effect on
the value of I, in watercress which was cultivated
hydroponically.

Year/Variety 2015 2016
PC1 PC2 PC3 PC1 PC2 PC3

Ohre 1,790.92 899.3? 361.8% 3,263.7% 1,758.7% 1,490.5%
Lettuce Leaf 1,631.8° 1,223.1° 654.9%° 3,307.7° 1,915.2* 1,408.4°
Purple Opaal 1,925.8% 1,627.8% 748.2%® 3,888.0° 2,412.47 2,143.1%
Dark Green 1,348.1° 903.3% 237.7% 2,854.5% 1,866.4% 1,061.3?
Mammolo Genovese 1,811.4% 1,033.72 294.9% 3,489.3? 1,926.22 1,205.8%
Maines 1,924.9? 1,036.9? 381.6 3,137.1% 2,207.5% 1,400.12
Red Rubin 4,280.6* 2,583.8% 2,235.7° 3,495.4° 2,856.3% 2,124.6*

for explanation see Table 2
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Table 4. Ascorbate-nitrate index (I AN) in different basil varieties

Year/Variety 2015 2016

PC1 PC2 PC3 PC1 PC2 PC3
Ohre 0.124 0.111 0.523 0.026 0.047 0.069
Lettuce Leaf 0.085 0.091 0.142 0.024 0.031 0.034
Purple Opaal 0.087 0.075 0.189 0.028 0.033 0.040
Dark Green 0.122 0.078 0.629 0.026 0.032 0.055
Mammolo Genovese 0.077 0.070 0.383 0.016 0.026 0.045
Maénes 0.054 0.054 0.195 0.016 0.018 0.024
Red Rubin 0.026 0.037 0.036 0.021 0.020 0.036

values of below 0.5 are considered risky; values of between 0.5 and 1.0 are considered moderately safe; values marked by

grey colour are neutral
CONCLUSION

Our findings show that the content of ascorbic acid
is dependent on the variety. The highest content was
exhibited by the ‘Ohfe’ variety, while the lowest val-
ues were determined in the ‘Mdanes’ variety. Ascor-
bic acid content was also influenced by the cultiva-
tion season. The first harvest in each year showed
the highest values, with levels decreasing thereafter.

The content of nitrates in basil is determined by
plant metabolism in response to greenhouse con-
ditions. The content of nitrates was relatively high
in the selected basil varieties (especially ‘Purple
Opaal’ and ‘Red Rubin’). On the other hand, most
of the cultivated varieties of basil grown under
greenhouse conditions showed values that were
below the recommended limit for nitrates in food-
stuffs. Low values for the ascorbate-nitrate index in
basil does not adversely affect human health, as the
amount which is consumed is low and is used solely
to improve the taste.
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