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This study aimed to determine the concentration of nitrate content in eleven different leafy
vegetables collected from the Brack local market in Brack during the year 2023. These leafy
vegetables include chard, dill, parsley, lettuce, Spanish, coriander, salad rocket, chives, white
cabbage, red cabbage, and Lactuca sativa. Nitrate was determined using the spectrophotometer
method; the nitrate concentration was 235.97-249.54, 235.84-238.59, 235.57-249.26, 237.28—
249.22, 237.58-245.81, 236.91-241.07, 236.40-247.26, 237.71-24.23, 237.58-238.10, 237.06—
249.39, and 236.94-249.23 mg/kg dwt. Their nitrate concentration (mean + SD) mg/kg dwt. was
245.15+4.06, 242.19+3.81, 240.94+4.73, 240.56+3.72, 240.8+3.13, 239.36+1.43, 237.75+0.85,
243.4+3.86, 237.92+0.18, and 244.2+5.86, respectively. The highest concentration among leafy
vegetables was determined in chard (245.15+4.06 mg/kg/dwt), while the lowest nitrate
concentration was determined in dill (237.75+0.85 mg/kg/dwt). The results indicate that the nitrate
concentration in the leafy vegetables did not vary significantly. The nitrate concentration in leafy
vegetable samples was lower than the permissible limits recommended by the FAO/WHO Expert
Committee on Food Additives. Multivariate statistics indicated that most vegetable samples
exhibited no correlation. Only three principal components were identified to interpret the results,
accounting for 100% of the total variation among the eleven leafy vegetables. The cluster analysis
produced a dendrogram that grouped the sampled vegetables according to their nitrate
concentration dissimilarity. This dendrogram revealed variations among the eleven vegetables
studied.
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Introduction

Leafy vegetables are essential to the human diet, providing
the necessary vitamins and fibre. However, using chemical

fertilizers in large quantities and poor agricultural practices
led to high levels of nitrates (NOs) in these vegetables,
especially leafy varieties. [1, 2]. Nitrate accumulates in
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vegetables under certain conditions when it exceeds the
plant's ability to absorb, reduce, and assimilate nitrate ions.
This accumulation is affected by many factors, including the
composition of the soil in which the plants grow, the type of
crop production methods and fertilization techniques used,
seasonal changes, and environmental conditions that affect
crop growth [3, 4]. Nitrate content can vary significantly
between different plant species and varieties. Leafy
vegetables, in particular, tend to accumulate nitrates due to
their rapid growth, and nitrates are mainly concentrated in the
leaves, which are the edible parts of these vegetables. Thus,
consumers may be exposed to different levels of nitrates
depending on the types of vegetables they consume [5, 6].
Growing population and food demand have led to increased
use of fertilizers, which may lead to higher plant nitrate
levels. In general, nitrates are not harmful to humans except
sensitive individuals. Once ingested, nitrates turn into nitrites
in the stomach, posing health risks, especially when
interacting with specific proteins [7, 8] Nitrate contamination
caused by chemical fertilizers and pesticide residues in fruits
and vegetables has become a significant concern globally,
with studies indicating that approximately 80% of dietary
nitrate intake comes from vegetables, raising health concerns
about nitrate accumulation in food [9 - 11]. Studies have
indicated a relationship between consuming large amounts of
nitrates and nitrites and the incidence of stomach cancer, and
therefore, measuring the level of the unobserved harmful
effect of chronic consumption of vegetables is necessary to
ensure safety standards for food chemicals [12, 13].
Vegetables have been classified according to their nitrate
content into three categories: low, containing 0.5-50 mg/kg,
including berries, fruits, grains, and corn vegetables, medium,
containing 50-1,000 mg/kg, including potatoes and some
vegetables, and vegetables containing high nitrates > 1,000
mg/kg, including lettuce, beets, spinach, and other green
leafy vegetables and herbs [14]. The Food and Agriculture
Organization (FAQO) and the World Health Organization on
Food Additives (JECFA) have set an acceptable daily intake
of 3.7 mg/kg body weight/day, taking into account sources of
nitrate other than food additives, such as drinking water,
when assessing nitrate intake [15, 16]. Nitrates found in
vegetables are not inherently harmful compared to the risk-
to-benefit ratio. Studies indicate that nitrates act as effective
nitric oxide (NO) donors, providing many benefits to the
heart and blood vessels. These include lowering blood
pressure, reducing platelet aggregation, and protecting
against damage caused by ischemia. In addition, dietary
nitrates improve insulin sensitivity, glucose tolerance, and
lipid profiles by reducing triglyceride levels. It may also help
increase muscle strength [17 - 19]. Despite the benefits of
nitrates, excessive exposure can have harmful effects.
Nitrates can react with amines and/or amides to form N-
nitroso compounds, which are known carcinogens. For this
reason, the International Agency for Research on Cancer
(IARC) classifies nitrates and nitrites as likely carcinogenic
to humans under certain conditions [20]. Many studies have
linked excessive exposure to nitrates to an increased
incidence of various types of cancer. Including cancer of the
stomach, colon, rectum, oesophagus, thyroid, kidney, and
breast [21], exposure to high levels of nitrate is associated

with  various health  problems, including cancer,
hypothyroidism and methemoglobinemia, especially in
children [22]. Vegetables vary widely in nitrate

concentrations, ranging from less than 1.0 mg to more than

100 mg and might exceed 1000 mg per 100 grams. It has
been mentioned that celery samples contain 10,800 mg kg-1
[23, 24]. In addition, the concentration of nitrates in
organically grown vegetables is generally higher than that of
conventionally grown vegetables [25]. A study conducted by
[12] in Greece found that the most consumed vegetables
contain low levels of nitrates and nitrites, with exceptions
such as spinach, celery, and lettuce. Artichokes, Cabbage,
cauliflower, celery, turnips, and leeks usually contain a high
percentage of nitrates, while asparagus, chicory, and onions
contain a lower percentage. A study conducted in the United
Kingdom [26] found that lettuce, spinach, celery, and beets
contain relatively high concentrations of nitrates, exceeding
1000 mg/kg. Meanwhile, potatoes, cabbage and spring
vegetables contain lower nitrate levels, ranging from 100 to
1000 mg/kg. Tomatoes have the lowest nitrate
concentrations, measuring less than 100 mg/kg. In a study
conducted by [27, 28] in Egypt to estimate the levels of
nitrates and nitrites in sixteen types of commonly consumed
vegetables, including leafy vegetables, legumes, and root
vegetables, it was found that leafy vegetables contained the
highest levels of nitrates, with spinach containing 5830
mg/kg. In contrast, celery, lettuce, and Cabbage contained the
lowest concentration of nitrates. While the concentration of
nitrates in legumes ranged from 30 - 600 mg/kg in the
rootstock, the classic red radish contained the highest nitrate
content. Many varieties of leafy vegetables are sold in Brack.
Although nitrates are considered compounds that threaten
human health, there is a lack of available information about
nitrate concentration levels in vegetables. Therefore, this
study aimed to (1) determine the nitrate concentration in
various fresh vegetables frequently consumed in Brack City
and (2) determine the health risks of nitrate content of
vegetable consumption.

Materials and methods

Collection of vegetable samples

Eleven leafy vegetables, including dill, coriander, parsley,
lettuce, onion leaves, spinach, Eruca sativa, white cabbage,
red cabbage, Lactuca sativa, and lettuce, were collected in
polyethene bags from the Brack local market in 2024. Their
scientific names were Petroselinum crispum, Lactuca sativa,
Spinacia oleracea, Coriandrum sativum, Allium cepa,
Romaine Lettuce, Brassica oleracea convar. Capitata var.
Alba, Brassica oleracea var. capitata f. rubra, Beta vulgaris
sub sp, Anethum graveolens, Eruca Sativa.

Assessment of nitrate content in vegetable samples
Samples of leafy vegetables were thoroughly cleaned with
tap water before being rinsed with distilled water to eliminate
impurities from the surface, including dust, dirt, and spray
residue. They had been sliced into slices of uniform size that
were dried for 24 hours at 70°C. The samples were ground
after dilution manually and sieved with a 2 mm sieve [28].
0.1 g of each sample was taken separately in a 50 ml test
tube, and 10 ml of distilled water was added to it and placed
in a water bath at 80°C for 30 minutes. The contents were
cooled to room temperature, the solution was filtered through
the Whatman 41 filter paper, and nitrate was then measured.
Preparation of the standard curve

The standard curve was prepared as described by [29]. A
standard stock solution of KNOs; was created with a
concentration of 500 mg/L by dissolving 0.7221 g of KNO:s
in 200 ml of deionised water, and the solution was stored at
4°C. 0.1 ml of working standard solutions containing 0.1 to
1.0 mg/L of NOs were taken (see Figure 1). In a 30 ml tube,
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0.4 ml of a salicylic acid solution (5% salicylic acid dissolved
in sulfuric acid) was added. The mixture was left at room
temperature for 20 minutes, after which 9.5 ml of 2M NaOH
solution was slowly incorporated. Nitrate concentration was
determined spectrophotometrically at 410 nm.
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Fig.1: Standard curve of nitrate (NO3)

Assessment of nitrate in the leafy vegetable samples
The determination of nitrate in the samples was calculated
according to [30]. 0.1 ml of plant extract was taken in a 30 mi
test tube, and 0.4 ml of salicylic acid solution was added.
Leave the mixture at room temperature for 20 minutes, then
slowly add 9.5 ml of 2M sodium hydroxide solution. The
nitrate concentration in the sample was measured using a
colourimetric spectrometer (Jenway 2705) [31]. Sample-free
water was used as a control, and nitrate was expressed in
milligrams per kilogram of dry weight (mg/kg dry weight).
The nitrate concentration was calculated through the straight-
line equation according to the equation:
Y =0.008x+0.1176 1)
And, Y = CW—V
Where: Y = Nitrate concentration (mg/kg)
C = Nitrate concentration calculated with OD410 using the
regression equation.
V = The sample's total volume extracted. (ml)
W = sample weight (g)
Statistical analysis
A multivariate statistical approach was employed to analyse
the data and understand the variation in nitrate content of
leafy vegetables. This approach is helpful for modelling and
interpreting large datasets to reduce the dimensionality of
data and extract useful information for soil quality
assessment and management [32]. The present study applied
CA and PCA to a results dataset. CA is a technique that
assembles objects based on their similarity or dissimilarity by
forming a dendrogram. PCA reduces the dimensionality of a
large number of datasets by transforming them into a new set
of variables called principal components (PCs). Principal
components are non-correlated and arranged in decreasing
order of importance. A correlation matrix of eleven leafy
vegetables was computed, and factor loadings defined the
nature of variation. Any principal component with an
eigenvalue greater than 1 was considered significant.
Dendrograms, presented in graphical form, provide a visual
summary by dramatically reducing the dimensionality of the
data [33]
Method Validation

Method validation was evaluated, by considering the
calibration curve, limit of detection (LOD), and limit of
quantification (LOQ). A series of standard nitrate solutions,
ranging in concentration from 10 to 100 mg/L, was prepared
to create calibration curves. The limit of detection and
quantification were estimated to be three times and ten times,
respectively, the ratio of the raw sample solution standard
deviation to the calibration curve slope [34],

Results and discussion

The calibration curve exhibited a linear relationship,
characterized by a strong determination coefficient (R?) of
0.9978. The derived linear equation for the standard solution,
which ranges from 1.0 to 100 mg/L, is y = 0.0075x + 0.0016.
This high regression coefficient reflects excellent linearity in
the analytical response of the proposed sample. The limits of
detection (LOD) and limits of quantification (LOQ) for
nitrate were determined to be 0.033 mg/L and 0.099 mg/L,
respectively.

Estimation of nitrate content in leafy vegetables
Vegetables are one of the most important food sources of
nitrates. Therefore, in this study, the wvegetables most
consumed in the Brack Alshatti city were analyzed, and
samples of eleven leafy vegetables were studied (Table 1),
which are often sold in the local market. These leafy
vegetables include chard, dill, parsley, lettuce, Spanish,
coriander, salad rocket, chives, white Cabbage, red Cabbage,
and Lactuca sativa. Nitrate was determined using the
spectrophotometer method; the nitrate concentration was
235.97 - 249.54, 235.84 - 238.59, 235.57 -249.26, 237.28 -
249.22, 237.58 - 245.81, 236.91-241.07, 236.40 - 247.26,
237.71 - 24.23, 237.58 - 238.10, 237.06 -249.39, and 236.94 -
249.23 mg/kg dwt. Their nitrate concentration (mean £ SD)
mg/kg dwt. was 245.15+4.06, 242.19+3.81, 240.94+4.73,
240.56+3.72, 240.8+3.13, 239.36+1.43, 237.75+0.85,
243.4+3.86, 237.92+0.18, and 244.2+5.86, respectively. The
results showed that nitrate content in the leafy vegetables are
within the allowable limit [34], does not vary considerably
among them (Fig. 2). Comparable nitrate concentration levels
have been observed in leafy vegetables like mint, coriander,
and dill, with reported values of 317.5, 360, and 402 mg/kg
of fresh weight, respectively, in Tehran, Iran [35]. In contrast,
findings from Bel Dokhtar Province in Iran indicate that the
nitrate concentrations were notably higher: 716 mg/kg in
salad, 473 mg/kg in mint, 476 mg/kg in dill, and 416 mg/kg
in coriander [36, 37]. in their study estimating the nitrate
concentration in some vegetables in the city of Varzagan in
north-western Iran, also indicated that the nitrate
concentration in both Cabbage, salad, coriander, spinach, and
dill recorded 161, 781, 707, 441, 501, and 772 mg/kg dry
weight, respectively, as indicated by [37]. The concentration
of nitrate in vegetable samples measured in Greece was 209,
282, and 1250 mg/kg wet weight in kale, salad, and spinach,
respectively [38, 39]. The concentration of nitrates in spinach
and coriander taken from greenhouses in Kermanshah
province was 203.33 and 140.37 mg/kg wet weight,
respectively. (40) also indicated that there was a variation in
the concentration of nitrates as a result of adding organic or
chemical fertilizers to salad, spinach, and Cabbage, where the
average concentration of nitrates when adding organic
fertilizer was 809, 482, and 882, while the average
concentration of nitrates when adding chemical fertilizer was
1074, 577, and 573 mg/kg. Wet weight, respectively [40]. In
contrast, many studies have indicated that vegetables contain
high concentrations of nitrates [41]. The concentration of
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nitrates in vegetables collected from Croatia reached 1035,
3184, 2351, and 1040 mg/kg/fwt in salad, spinach and
Cabbage, respectively [42, 43]. The nitrate concentration
reached 5136, 5628, and 4504 mg/kg/dwt in salad, mint, and
Cabbage, respectively [44]. The concentration of nitrates in
Arugula, salad, lettuce, spinach, and chard in vegetables
collected from the Canary Islands in Spain recorded 3266,
607.5, 819.7, 1494, and 1750 mg/kg/fwt [45]. indicated that
the average concentration of nitrates in Cabbage, salad,
spinach, Cabbage, and Cabbage in Korea reached 1059,
1386.5, 2124, 2012, and 2336 mg/kg/fwt [46], The
absorption and accumulation of nitrates in vegetable tissues
are affected by several factors, including the intensity of
daylight, soil type, temperature, moisture and frequency of
plants in the field, greenness, genetics, resistance to delay,
vegetative unit size, storage time and nitrogen source [47 -
49]. Nitrogen fertilization is among the main factors affecting
the presence of nitrates. The enzyme that reduces nitrate
(nitrate reductase), which works during the day, can reduce
nitrate in the plant, indicating that the variation in the nitrate
content of one type of vegetable may be due to different
agricultural practices, types of fertilizers (chemical or
organic), and their quality and quantities added [41].
Statistical analysis

Correlation statistics

The relationship between different leafy species and their
nitrate content is presented in Table 2. The results indicate a
strong positive correlation between parsley and dill (r =
0.740**), whereas a positive correlation was occurred
between lettuce and parsley (r = 0.621*); Lactuca. Sativa and

lettuce (0.889%*); red cabbage and coriander (r = 0.843%). The
degree of correlation among the leafy vegetable samples was
analyzed by establishing the relationship between the two
variables.

The value of the correlation coefficient “r” provides
information about the association between two species of
leafy vegetables; however, the sign indicates whether the
association is positive or negative. A positive strong
correlation shows a similar origin, the way of nitrate
accumulation in the vegetable, the irrigation process;
however, the week association between vegetables suggests
that these vegetables are independent from each other [50,
51].

Principle of component analysis (PCA)

From the data, only three principal components were us for
the interpretation of results. PC1, PC2, and PC3 were
retained from the original data because these three principal
components accounted for 100% of the total variation among
the 11 leafy vegetables. The percentage variations explained
by PC1, PC2, and PC3 were 42.96%, 35.60%, and 21.44%,
respectively (Table 3). The high loading variables for the
first principal component (PC1) explained 42.96% were, Dill
(0.909), Parsley (0.996), Lettuce (0.989) and Lactuca Sativa
(.866), the second component (PC2) explained 35.60% of the
total variation and highly loaded with chard (0.636), Spanish
(-0.847), coriander (0.887), onion leaves (-0.875) and red
cabbage (0.976), whereas the third component (PC3) which
explained 21.44% loaded with salad rocker (0.527) and white
cabbage (0.986).

Table 1: Descriptive analysis of nitrate concentration (mean £ SD) in leafy vegetables samples

Vegetable name Local N NOs (mg/kg/dwt) Mean + SD Var. Allowable limit
Name Min. Max. (mg-kg-1. Fwt) *
Parsley o shanall 12 235.57 249.26 240.97+4.70 22.09 2,000
Lettuce Al 12 237.28 249.22 240.56+3.72 13.84 2,0000
Spanish bl 12 237.58 245.81 240.80+3.13 9.82 3000 - 2000
Coriander sl 10 236.91 241.07 239.36+1.43 2.06 2,000
Onion leaves deadl 315 10 237.71 249.23 243.40+3.86 14.90 -
Lactuca Sativa ol 6 236.94 249.23 244.20+5.86 34.31 2,000
White Cabbage oanY) gdldl 6 237.58 238.10 237.92+0.19 0.03 900 — 500
Red cabbage el ca bl 6 237.06 249.39 244.93+4.18 17.44 900 — 500
Chard <L) 13 235.97 249.54 242.19+3.81 14.50 2,000
Dill Rthal 8 235.84 238.59 237.75+0.85 0.73 2,000
Salad rocket ol 10 236.40 247.26 240.02+3.00 8.85 -

(*) = [35]; (-) = not mentioned

Table 2: Correlation coefficients of the relationship between different leafy vegetables and their content of nitrate

Chard Dill Parsley  Lettuce  Spanish  Coriander S.Rocket O.Leaves L.Sativa W Cabbage R. cabbage
Chard 1
Dill AT71 1
Parsley .268 .740™ 1
Lettuce .029 .278 .621* 1
Spanish -.231 391 -.076 -.052 1
Coriander .398 .098 422 .149 -.507 1
S.rocket .184 .107 -.043 125 -.271 .281 1
O.leaves -.443 -.005 -.024 -.119 710 -.440 -.405 1
L.Sativa .196 374 .806 .889* -.513 -.006 -.651 -.152 1
W.Cabbage -.522 -.332 -.205 -.369 -.415 -.009 .014 .660 -.010 1
R.cabbage .766 .047 .354 .393 -.762 .843* .014 -.790 407 -.578 1

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Table 3: Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of Cumulative % of Cumulative % of Cumulative
Compo Total Variance % Total Variance % Total Variance %

Chard 4.824 43.850 43.850 4.824 43.850 43.850 4.725 42.958 42.958
Dill 4.000 36.366 80.216 4.000 36.366 80.216 3.916 35.601 78.559
Parsley 2.176 19.784 100.000 2.176 19.784 100.000 2.358 21.441 100.000
Lettuce 9.767E-16 8.879E-15 100.000

Spanish  5.563E-16 5.058E-15 100.000

Coriander 3.592E-16 3.266E-15 100.000

S.rocket 1.624E-16 1.476E-15 100.000

O. leaves  -2.934E-17 -2.668E-16 100.000

L. Sativa  -1.562E-16 -1.420E-15 100.000

W.Cabbage -2.304E-16 -2.095E-15 100.000

R.cabbage -4.860E-16 -4.418E-15 100.000

Extraction Method: Principal Component Analysis.

[1] 10 13 20 23

p= LR

Saladrocket Fi
WhiteCabbogs 10 J
Corignder [
Spanish 5
Parsley 3
= Lettuce 4
Cill 2
LactucaSativa 9
Chard 1
Crhionleaves =
Redcalbibage 11

Fig. 2. Dendrogram based on the cluster analysis of 11 different leafy species

Table 4: Rotated Component Matrix

Leafy vegetables Components
1 2 3

Chard AT8 .636 -.606
Dill .909 -.361 -.208
Parsley .996 .078 -.034
Lettuce .989 -.056 136
Spanish -.028 -.847 -.530
Coriander -.014 .887 -.461
Salad rocket -.820 -.011 572
Onion leaves 483 -.875 .033
Lactuca Sativa .866 .362 .343
White. Cabbage .109 -.130 .986
Red cabbage A71 .976 -132

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.

Cluster analysis (CA).

Cluster analysis is a valuable tool for solving classification
problems, aiming to place variables into groups where the
degree of association is substantial between members of the
same cluster and weak between members of different clusters
[52]. The cluster analysis (Fig. 2) was applied to standardized
datasets sorted by nitrate concentration in the leafy vegetable
samples to understand the mutual dissimilarities among them,
which separated the eleven samples into three statistically
significant  clusters: cluster | contains salad rocket, white
cabbage, coriander, and Spanish; cluster Il contains parsley,
lettuce, dill, and Lactuca sativa; and cluster 111 contains chard,
red cabbage, and onion leaves. The dataset was treated using
Ward’s linkage method with squared Euclidean distance as a
dissimilarity measure. CA generated a dendrogram, grouping
the sampled vegetables based on the percentage of dissimilarity
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in nitrate concentration. The dendrogram showed dissimilarity
among the eleven study vegetables.

Conclusions

This study aimed to assess nitrate concentration in eleven leafy
vegetables collected from the Brack local market for the first
time. The results demonstrated that the mean nitrate contents in
vegetables are similar to those reported by others, and some of
the data were even lower than the recommended levels adopted
by the WHO. Therefore, nitrate intake through vegetable
consumption is safe for consumers. Although the nitrate content
in the studied vegetables is within the permissible limit,
systematic monitoring is recommended for their sustainability
and safety.
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