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Abstract Asparagus is a green vegetable, available only seasonally, and interest in it in Europe is growing
because of its health benefits. However, since there is a lack of studies in this area, the aim of the article was to
identify risk factors affecting the quality and consumption of asparagus as an exemplary seasonal vegetable. The
current state of knowledge on the nutritional, dietary and medicinal properties of edible asparagus was presented, an
analysis of notifications reported on asparagus in the Rapid Alert System for Food and Feed (RASFF) was carried
out, and a bibliometric analysis of scientific articles on asparagus was performed using VOSviewer. Its was found
that the most commonly reported hazards in asparagus were pesticide residues, heavy metals and adulteration.
Although the vast majority of asparagus available in the European Union (EU) comes from Europe, the majority of
RASFF notifications concern products from Peru, as well as Asian countries. Therefore, the attention of the food
safety supervisory authorities of EU countries should focus on controls at the EU external border and concern
imported products.
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1. Introduction

The latest nutritional research indicates that consuming
adequate amounts of fruits and vegetables daily has an

impact on the development of non-communicable diseases.

A meta-analysis showed that consuming more fruits and
vegetables results in lower mortality and reduces the risk
of diseases such as cancer, cardiovascular disease (CVD),
type 2 diabetes, and inflammatory bowel disease [1,2].
Wang et al. (2021) pointed out that not only the quantity
but also the ratio between vegetables and fruits plays an
important role in fruit and vegetable consumption. They
showed that the reduction in mortality risk is significantly
lower with the consumption of two servings of fruit and
three servings of vegetables per day [3].

The need to increase fruit and vegetable consumption
was previously highlighted by the 2019 EAT-Lancet
Commission Report. This report demonstrated that food
and nutrition have undergone globalization and
industrialization over the past few decades. The significant
impact of food production on the natural environment has
been recognized, leading to growing environmental
pollution, food waste, and the unused food waste. In
recent years, the importance of food choices and their
impact on the natural environment has received increasing
attention. The number of scientific studies examining the

relationship between diet, human health, and the natural
environment has significantly increased.

The modern diet should consist primarily of vegetables
and fruits, whole grains, legumes, nuts, and unsaturated
oils, while limiting meat consumption, especially red meat,
and minimizing saturated fats and refined sugars. The
report also highlights the increase in diseases related to
poor nutrition and the rising incidence of obesity,
especially among adolescents. The EAT-Lancet
Commission has proposed a diet for the planet (Food
Planet Health), which takes the planet's interests more into
account, including better use of the planet's resources.
This should be a diet rich in plant-based foods and
reduced in animal products, ensuring both a healthier life
and environmental benefits. The Commission points out
that diets close to Food Planet Health include the
flexitarian diet, the DASH (Dietary Approaches to Stop
Hypertension) diet, the MIND (Mediterranean — DASH
Intervention for Neurodegenerative Dysfunction) diet, and
the Mediterranean diet [4]. All of these diets are based on
a higher consumption of vegetables and fruits. The authors
of the report emphasize the importance of seasonal
vegetables and locally grown crops in this diet.

Food consumption patterns and eating habits vary
throughout the year. When planning menus, we also use
weekly or decade-long planning, striving to ensure variety
and diversity in our diet. This planning highlights the
seasonality of products and dishes. Factors influencing
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seasonality in nutrition include climate, lifestyle, dietary
and cultural patterns, and religion. Environmental factors,
especially climatic factors, are more pronounced in
countries with significant differences between seasons in
terms of temperature and humidity. Eating more seasonal
foods is one suggestion for shifting to more sustainable
consumption patterns, based on the assumption that this
can reduce the environmental impact of our diet. To a
greater or lesser extent, we are influenced by seasonality,
particularly in the supply of fruits and vegetables [5].

Seasonal foods can be defined as globally seasonal and
locally seasonal. The United Kingdom’s Department for
Environment, Food and Rural Affairs (DEFRA) has
proposed a global definition of seasonal food, which
defines it as being produced during the natural production
season but consumed anywhere in the world. Local
seasonal food, on the other hand, is produced during the
natural production season and consumed in the same
climate zone [6]. Promoting seasonal food, especially
local food, is consistent with a sustainable diet that
reduces negative environmental impact [7].

Research conducted by Wallnoefer et al. (2021) showed
that consumers perceive local food as safer, healthier, and
of higher quality. Consumers are undeterred by the higher
price of local, seasonal food, assuming that it contributes
to the development of the local economy and community.
They attach less importance to the environmental impact
of local and seasonal food, with consumer ethnocentrism
taking precedence [8]. Asparagus is an example of a
seasonal vegetable with both global and local significance.
Besides its undeniable sensory benefits, asparagus also
boasts health benefits and is also economically significant
for local communities.

Asparagus (Asparagus officinalis L.) is one of the
seasonal vegetables. In 2014-2023 asparagus accounted
for only 0.5% of EU vegetable production [9]. Meanwhile,
asparagus consumption was, for example, 1.4
kg/capita/year in Germany in 2023/2024 [10] and 0.6 in
Spain in 2021 [11]. In comparison, the consumption of
various other vegetables across the European Union in
2022 was: 60.6 kg/capita/year (for potatoes), 34.3
(tomatoes), 9.7 (onions), 0.9 (peas) and 0.7 (beans) [12].
However, it is worth noting that these are vegetables
available all year round, while there is a lack of studies on
seasonal vegetables, which are becoming increasingly
popular because of their health properties.

Therefore, the aim of this article was to present the
current state of knowledge on the nutritional, dietary and
medicinal properties of edible asparagus, to identify risk
factors affecting the quality and consumption of asparagus
based on notifications reported in the Rapid Alert System
for Food and Feed (RASFF), and to conduct a
bibliometric analysis showing the relationship between the
word “asparagus” and other keywords. The achievement
of this objective made it possible for the first time to
present asparagus as an example of a seasonal vegetable in
such an interdisciplinary and holistic way. This study is
mainly review-based, but it also includes a research aspect
in the form of the aforementioned analyses.

2. Materials and Methods

A literature review was conducted on the composition
and properties of asparagus. Data on asparagus cultivation,
production were taken from the Faostat database [13],
while data on imports and exports were taken from the
Eurostat database [14].

In turn, data on hazards related to asparagus was
extracted from the archived and officially available
RASFF databases and concerned period 2014-2023. All
notifications concerning asparagus during the indicated
period were taken into account, and to filter the data, the
word ‘asparagus’ was used in the “Subject” column of
table with the exported data. [15,16].

The data was then combined in one source table
consisting of the following dataset: year, product category,
product, hazard, notification type, notifying country,
country of origin and hazard category. The data was
subsequently processed in Microsoft Excel 365 (Microsoft
Corporation, Redmond, DC, USA) using the following
functions: sorting, filtering and pivot tables.

A search for scientific papers with word “asparagus” in
the Web of Science database was also carried out, yielding
5,338 results (i.e. scientific works) [17]. These were then
exported to text files and were subjected to bibliometric
analysis in VOSviewer 1.6.20 using the following settings:
analysis type — co-occurrence, analysis unit — authors’
keywords and minimum number of keyword occurrences
— 15. This condition was met by 76 keywords, and
optimisation in terms of the minimum number of keyword
occurrences was carried out in order to make the maps
obtained (i.e. network visualisation and overlay
visualisation) more readable. It should also be noted that
each of these keywords was associated with at least one
other word, so there was no need to exclude individual
(unrelated) words from the visualisations.

This was also followed by a separate search with an
indication of the hazards most commonly found in
asparagus, using the phrase: “asparagus AND pesticide*
OR asparagus AND metal* OR asparagus AND
adulteration”. Therefore, the logical operators ‘AND’ and
“OR” were used, as well as the sign “*”, which made it
possible to find keywords with different grammatical
forms in the scientific works. This search yielded 181
results (that is, the scientific works). When setting the
minimum number of occurrences to 1 during map creation,
the maps consisted of 165 keywords. However, most of
them were not associated with any other words (they
constituted single-element clusters). Therefore, they were
eliminated from the visualisations, and finally, these maps
consisted of only 44 keywords.

3. Results

Asparagus is a dioecious plant, meaning male and
female plants are grown separately. Farmers prefer male
plants because they are more productive and of better
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quality. One of the criteria for culinary classification of
asparagus is their colour. Asparagus comes in white, green,
olive, and purple. There are even pink varieties.
Asparagus plantations are typically maintained for no
longer than 10-12 years, because in this period they
produce the highest quality and quantity of harvest.
Asparagus is grown in various climates, but the best
growing season occurs in temperate climates with
temperatures not exceeding 30°C. Properly prepared soil
is a crucial factor in the quantity and quality of asparagus.
Asparagus is primarily harvested by hand, as machine
harvesting often damages the delicate shoots. Labour
shortages during the asparagus production season are the
biggest problem facing farmers on large farms [18,19].

3.1. Composition and Properties of
Asparagus

Asparagus is valued primarily for its unique flavour and
aroma. Young, tender shoots contain over 90% water. The
content of basic nutrients is presented in Table 1.

Table 1. Basic composition of the edible part of the asparagus shoot

Ingredient Content ( g/100g DW)

Protein 46.2-48.8
Fat 3.4-47

Total carbohydrates 17.3-21.4
Glucose 0.6-5.7

Total dietary fibre 21.0-24.0

Soluble dietary fibre 22.8-23.8
Ash 8.9-9.3

Source: own elaboration based on [20,21]

Asparagus contains various bioactive substances, such
as protein and non-protein nitrogen, saponins, crude and
soluble fibre, minerals, phenolic compounds, flavonoids,
and organic acids (Table 2).

Table 2. Content of bioactive compounds in asparagus

Ingredient Content Reference

Free amino acids 1740 + 243 mg 100 g-1 DW [22]
. 0.14 - 0.80 g kg-1 fresh weight

Saponins (FW) [23]
. . 58.10 + 0.35 g/100g DW [20]
Total dietary fibre 22.85 + 1.00 g/100g DW [21]
'”So'ufbi';rg'emy 45.72 +0.28 g/100g DW [20]
SO'“t’f'i%f;etaW 12.38 + 0.56 g/100g DW [20]
Organic acids 2.7+0.3-35+0.4gkg-1FW [24]
Total phenolic 124.09+2.01 — 425.82+5.07 mg/kg [25]
Total flavonoid 70.53+0.95 — 279.66+4.16 mg/kg [25]
Ash 8.90 + 0.17 g/100 g DW [20]
9.34 +0.01 g/100 g DW [21]

Source: own elaboration

The data in Table 2 indicate slight variations in the
results of studies conducted by different authors. Analysis
of these results suggests two reasons for these differences.
First, the authors conducted their studies on different
asparagus varieties. Another factor was likely the research
methodology. The authors used different methods, which
could have caused the differences in results. However,
regardless of this, the results were often consistent or

subject to slight fluctuations.

The edible part of asparagus is also a source of minerals.
Potassium, sodium, calcium, magnesium, and iron were
detected in asparagus samples. These elements were found
to form an ascending series: K > Ca > Mg > Na > Fe. Zinc,
however, was present in trace amounts, and copper and
manganese were absent [20]. However, Kilicgiin (2020)
found zinc content of 0.62 mg/100g, copper of 0.20
mg/100g, and manganese of 0.6 mg/100g in asparagus
infusions [26]. Guan et al. (2015) reported that asparagus
contained significant amounts of selenium, up to 0.56
mg/kg, which is comparable to the Se content in
mushrooms [27]. The presence of Se in asparagus is also
confirmed by the research of Gao et al. (2024). They
found Se content in 30 Asparagus officinalis L. varieties
ranging from 1.12 to 2.9 pug/100g dry weight (DW) [28].

Among the vitamins identified in asparagus,
provitamins in the form of carotenoids, vitamin C, and B
vitamins have been identified. Asparagus is a good source
of vitamin C, although its content can vary significantly.
Kilicgun (2020) reports that the vitamin C content in
asparagus is 43.31+0.20 mg/100g [26]. Chen et al. (2017),
in turn, examined the vitamin C content in green
asparagus and found that it varied greatly depending on
the variety, ranging from 24.2 to 59.1 mg/kg. Cultivation
method also influences vitamin C content [25]. Ku et al.
(2018) demonstrated the effect of conventional and
organic cultivation on the content of bioactive compounds.
Vitamin C in conventionally cultivated asparagus ranged
from 9.28 + 0.88 to 9.41 £ 0.93, while in organically
cultivated asparagus it was 9.86 + 0.78 mgAsc/g DW [29].
Chileh Chelh et al. (2023) noted that wild asparagus
contains less vitamin C than cultivated asparagus [30].

Cultivated asparagus contained an average of 22.7
mg/100g fresh weight (FW), while wild asparagus ranged
from ~16-17 mg/100g FW. There are many more factors
shaping the quality of asparagus that influence the content
of bioactive substances in asparagus. Mastropasqua et al.
(2026) draw attention to the asparagus harvest period and
the cultivation method: horticultural or field. In their study,
they applied different light colours and wavelengths to the
quality parameters of asparagus grown in horticulture. Light
exposure had different effects on various quality parameters.
However, irradiation affected the content of vitamin C,
carotenoids, chlorophyll, and anthocyanins [31].

Asparagus has a rich composition of bioactive
compounds that act on the bodies of humans and animals.
The plant has been used in folk medicine since ancient
times. It was used medicinally in China, India, Egypt,
Rome, and Greece. In these countries, asparagus was
primarily known as an aphrodisiac [32,33]. In modern
times, this has been confirmed by animal experiments.
The species Asparagus racemosus L. possesses particular
aphrodisiac properties [34].

The therapeutic effects of asparagus have also been
observed in other diseases, but not all of these uses have
been clinically confirmed (Figure 1).

Asparagus  extracts possess strong antioxidant
properties, and the colour of the vegetable is important
here, as purple asparagus contains more anthocyanins and
thus scavenges more 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radicals [35]. This vegetable is characterized by a
high content of xylose, inulin, flavonoids, and saponins,
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which favourably influences the growth of probiotic
bacteria of the Lactobacillus and Bifidobacterium strains
[20]. Since ancient times, asparagus has been used as a
diuretic. However, this effect has only recently been
demonstrated in animal studies [36]. However, the
characteristic odour of urine after eating asparagus
remains a subject of ongoing research and is still
unresolved. Recent studies indicate that not all asparagus
consumers experience this odour, and it may be a
genetically determined trait [37].
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Figure 1. Asparagus medicinal effects. Source: own elaboration

Zhao et al. (2011) conducted research on the
hypoglycemic effects of asparagus in rats [38]. Zhu et al.
(2010) demonstrated the hypolipidemic properties of
asparagus in mice [39]. Asparagus, due to its fibre
content, has also been shown to have anti-obesity
properties. The species Asparagus cochinchinensis
(Lour.) Merr. has been shown to have a particularly
positive effect in this regard [40].

Asparagus, due to its various forms of fibre, has a
laxative effect, confirmed in animal experiments [41].
Moreover, asparagus of different varieties are increasingly
used in functional foods and dietary supplements
[42,43,44,45].

3.2. Cultivation, Production and Trade of
Asparagus in the European Union

Asparagus is a plant widespread worldwide, with
approximately 300 species identified to date. Asparagus
was known to the Greeks and Romans in ancient times
[37]. It has spread from Asia Minor and the Mediterranean
basin and is now cultivated in North and South America,
Greece, France, the Netherlands, Germany, Spain,
Hungary, and England. Currently, asparagus is grown on a
total area of approximately 1.6 millions of hectares
worldwide (Figure 2).

In Asia, asparagus is mainly farmed in China (between
2014 and 2023 it accounted for an average of 99% of the
continent’s cultivated area), in the Americas in Peru (41%)
and Mexico (38%), while in Europe it is grown in
Germany (36%), Spain (22%) and Italy (12%) [13]. In
turn, world asparagus production quantity (in million
tonnes) in the period 2014-2023 was presented in Figure 3.

Asparagus production was more than 8.5 million tonnes
each year, with about 88% (on average over the whole
presented period) of this vegetable produced in Asia
(mainly in China), 8% in Americas (primarily in Peru and
Mexico) and only 4% in Europe (mostly in Germany), so

these are similar countries as for the cultivation of this
vegetable. Interestingly, although when it comes to the
asparagus yield, other countries may be leading the way.
Thus, in Asia, the highest average yields between 2014
and 2023 were in Iran, Thail and and Israel, respectively:
25, 14, 12, while in China it was only 5 tonnes/ha. In the
Americas, Peru and Mexico were similarly dominant
countries (12 and 9 tonnes/ha respectively). In Europe,
however, the highest yields were in Poland (10 tonnes/ha),
while in Germany it was only 5 tonnes/ha [13].
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Figure 2. World asparagus cultivation (in million of hectares) in 2014—
2023. Source: own elaboration based on [13]
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Figure 3. World asparagus production (in million tonnes) in 2014-2023.
Source: own elaboration based on [13]

Comparison of production and import of asparagus into
the European Union (in thousands of tonnes) in 2014-
2023 were shown in Figure 4.

The average European asparagus production between
2014 and 2023 was around 311 thousands of tonnes, while
imports averaged 34 thousands of tonnes. In Europe,
asparagus is mainly produced in Germany (39% of
European production on average), as well as in Spain
(18%) and ltaly (15%). It should therefore be noted that
EU imports account for only 11% on average of European
production [13]. Most of the imported asparagus came
from Peru (78% on average in the mentioned period), and
also from Mexico (18%) [14].

It is worth noting the comparison between the import
and export of asparagus outside the EU (Extra_EU) and
the import and export within the EU (Intra_EU) in
thousands of tonnes in 2014-2023 (Figure 5).

Average exports outside the EU (10 thousands of
tonnes) accounted for approximately one-third of the
already mentioned imports from outside the EU (34
thousands of tonnes) in 2014-2023. A more detailed
analysis shows that the main importers of asparagus from
outside the EU were Spain, the Netherlands and the
United Kingdom (until Brexit), while the main exporters
outside the EU were France, the Netherlands and Italy. In
turn, as regards intra-EU trade, average imports and
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exports during the period indicated amounted to
approximately 64 and 62 thousands of tonnes respectively,
and the small difference between these two types of flows
may suggest re-exports. Within the EU, asparagus was
mainly imported by Germany, France and Belgium,
whereas it was exported by Spain, the Netherlands and
Italy (the same countries that mainly exported asparagus
outside the EU). In this context, it is also worth noting that
the Netherlands is an important country for European
asparagus trade both outside and within the EU.

3.3. Notifications Concerning Asparagus
Reported in the RASFF

383

Between 2014 and 2023, there were 41 notifications
concerning asparagus in the RASFF (Table 3).

In this period, the majority of them referred to the
presence of pesticide residues (e.g. chlorpyrifos,
methomyl) or heavy metals (cadmium and lead). Most
were information notifications, but alerts and border
rejections were also reported. In turn, the notifying
countries were most often the Netherlands, Germany
France and Spain, and the reported products
predominantly originated from non-European Union
countries (more than 80% of notifications), such as: Peru,
Dominican Republic, China, and India. It is worth
remembering that most of the asparagus imported into the
European Union market came from Peru.
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Table 3. Notifications concerning asparagus notified in the RASFF in 2014-2023
Year Product category Product Hazard Notification type Notifying Cour_ltr_y of
country origin
2014 Fruits and vegetables Asparagus Glass fragments Information Germany China
2014 Fruits and vegetables Green asparagus Benzalkonium chloride (BAC) Information Netherlands Peru
2014 Fruits and vegetables Asparagus beans Chlorpyrifos Border rejection Italy DROeT):anlfiin
2014 Fruits and vegetables Chilled asparagus Chlorpyrifos Border rejection France Dominican
peas Republic
2015 Fruits and vegetables Asparagus Too high content of sulphite Alert Austria China
2015 Fruits and vegetables Asparagus Sulphite Alert Austria China
2015 Soups, broths, sauces Asparagus soup Altered orga'no_leptlc Information Denmark Netherlands
and condiments characteristics
2015 Fruits and vegetables Green asparagus Methomyl Alert Netherlands Peru
2015 Fruits and vegetables Asparagus peas Chlorpyrifos-methyl Border rejection France DF?:;)IUnblfi?:n
2016 Fruits and vegetables Asparagus Cadmium Information Belgium Peru
2016 Fruits and vegetables Green asparagus Chlorpyrifos Information Netherlands Peru
2017 Fruits and vegetables Quick-frozen green Cadmium Information Spain Peru
asparagus
2017 Fruits and vegetables Green asparagus Poor state of preservation Border rejection Spain Mexico
2018 Soups, broths, sauces Green asparagus Improper production Information France France
and condiments soup
2018 Fruits and vegetables Asparagus Methomyl Information Netherlands United States
2018 Fruits and vegetables Canned green Cadmium Border rejection Spain Peru
asparagus
2018 Fruits and vegetables Asparagus tips Methomyl Alert Netherlands Peru
2018 Fruits and vegetables Green asparagus Cadmium Border rejection Spain Peru
2018 Fruits and vegetables Asparagus Cadmium Information Spain Peru
2018 Fruits and vegetables Green asparagus Cadmium Information France Peru
2018 Fruits and vegetables Orgamsca?;garagus Sesame Alert Netherlands Belgium
Dietetic foods, food
2020 supplements and Asparagus roots Lead Alert Netherlands Morocco
fortified foods
2020 Fruits and vegetables Green asparagus Methomyl Information Netherlands Peru
2021 Fruits and vegetables Asparagus beans Carbofuran Information Germany Sri Lanka
Dietetic foods, food United
2021 supplements and Food supplement Asparagus sarmentosus Border rejection Spain -
o Kingdom
fortified foods
2021 Fruits and vegetables Asparagus beans Chlorpyrifos, profenofos Border rejection Germany India
Chlorpyrifos, clothianidin,
2021 Other foo_d product / Green asparagus ) fenobucarb, |socarboph_os, Alert Germany China
mixed isoprocarb, omethoate, pyridaben,
thiamethoxam
2021 Fruits and vegetables Asparagus beans Acephate, hgxaconazole, Information Germany India
methamidophos
2022 Fruits and vegetables Green asparagus Chlorpyrifos Alert Belgium Peru
Dietetic foods, food
2022 supplements and Food supplement Asparagus racemosus Border rejection Poland India
fortified foods
Dietetic foods, food
2022 supplements and Food supplement Asparagus racemosus Border rejection Poland India
fortified foods
2022 Fruits and vegetables Green asparagus Cadmium Information Netherlands Peru
2022 Fruits and vegetables Asparagus mini Chlorpyrifos Alert Netherlands Peru
2023 Soups, broths, sauces Asparagus soup Gluten, selery Alert Netherlands Netherlands
and condiments
Acephate, bifenthrin,
2023 Fruits and vegetables Asparagus beans methamidophos, methomyl, Information Germany Mexico
propiconazole
2023 Fruits and vegetables Green asparagus Lead Information Finland Spain
. Imidacloprid, isoprocarb, - . .
2023 Fruits and vegetables Asparagus prometryn Information Spain China
2023 Fruits and vegetables Asparagus Copper, lead Information Switzerland Spain
2023 Fruits and vegetables Asparagus beans Chlorfenapyr, isocarbophos Information Germany China
2023 Fruits and vegetables Asparagus beans Carbofu:)z?’r;,fé::!)(;(r)(;thalonlI, Information Germany Sri Lanka
2023 Fruits and vegetables Asparagus beans Fenobucarb Border rejection Germany Sri Lanka

Source: own elaboration based on [15,16].
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4. Discussion

4.1. Potential Hazards Associated with the
Consumption of Asparagus

4.1.1. Pesticide Residues

Fungicides, herbicides, and insecticides are three
groups of compounds collectively known as pesticides.
They are used in agricultural crops to increase yields and
protect against diseases and pests [46,47]. However,
excessive or inappropriate use of pesticides causes their
accumulation in crops and their derived products, posing a
threat to humans and the environment. Pesticides can cause
acute, subacute, and long-term toxicity, causing cancer,
neurological diseases, hormonal disruption, allergic
reactions, and affecting fertility [48,49]. As mentioned
earlier, the most frequently reported pesticides in asparagus
in the RASFF were chlorpyrifos and methomy!I.

Chlorpyrifos is an organophosphate pesticide widely
used in fruit and vegetable crops. It was banned in the
European Union in 2020 [50]. It was also banned in some
countries, such as the United States, but its use has been
reinstated in many states. Chlorpyrifos is primarily an
insecticide used to control insects in agriculture and
indoors, such as cockroaches. Its harmfulness to humans
stems from blocking the enzyme acetylcholinesterase
(AChE), which is involved in nerve transmission.
Therefore, the consequence of contact with this pesticide
is neurological disorders, particularly dangerous for
children [51].

Methomyl is also an insecticide with a very broad
spectrum of action, not only against insects but also
against nematodes, arthropods, and fish. It is a very toxic
compound, classified as Class Il. Unfortunately, research
shows that insects are developing resistance to this
chemical. Methomy! inhibits AChE activity and leads to
nerve damage [52,53]. The EU has a pesticide limit of
0.01 mg/kg for all fruits and vegetables [54].

Imidacloprid is an insecticide used in agriculture for
decades. It was considered a relatively safe agent with a
broad spectrum of action against insects. However, recent
studies have indicated its far-reaching toxic effects on
organisms other than insects. It has been found to be
harmful to bees, aquatic organisms, and bats. Scientists
have identified microorganisms that can accelerate the
degradation of imidocloprid in the environment [55].

Isoprocarb, another carbamate compound, is widely
used in agriculture and aquaculture, after methomyl. It is
neurotoxic to organisms by blocking AChE and inducing
oxidative stress, as confirmed by studies on the model
organism Danio rerio [56]. Studies have shown that
isoprocarb is also toxic to the environment, including
neurotoxic effects on composting earthworms (Eisenia
fetida) [57].

Prometryn, a triazine herbicide found in asparagus, is
commonly used in agriculture to inhibit the growth of
leafy and herbaceous plants. Unfortunately, in recent years,
significant accumulation of this compound has been
detected in soil, water, and animal organisms. Studies on
the model organism Danio rerio have shown that
prometryn has a neurotoxic effect on zebrafish embryos
and leads to oxidative stress and cell death. It has also

been found to disrupt the development of Danio rerio
embryos [58]. Prometryn is characterized by
hepatotoxicity, as confirmed in studies on the edible fish
tilapia (Oreochromis niloticus) [59].

4.1.2. Heavy Metals

Many scientific studies indicate the toxic effects of
heavy metals on humans and animals [60,61,62]
[63,64,65,66]. Heavy metals in the environment most
often come from two sources. The first is natural
processes such as earthquakes, volcanic eruptions, and
rock weathering and the second is human activity.

Anthropological sources of environmental pollution
with heavy metals include industry, agriculture, municipal
and industrial sewage, and landfills. Sources of heavy
metals in agriculture include fertilizers, sewage poured
onto crop fields, waste of unknown origin stored in fields,
and pesticides [67]. Heavy metals such as cadmium and
mercury were most commonly notified in asparagus in the
RASFF.

Industrial sources of metal pollution include mining,
smelting, the metallurgical industry, glassworks, and
others. Sutkowska et al. (2020) conducted a study of soil
contamination in the Upper Silesia region in southern
Poland, where industry is concentrated, and found that
heavy metal contamination varied across different soil
layers. In the surface layer, metal concentrations were
arranged in the series Pb > Cd > Zn. In the deeper layer, the
concentration varied from Zn > Cd > Ph. The researchers
found that the amount of heavy metals in the soil exceeded
the geochemical background by 2.5 to 18.1 times [68].

Permissible metal residues are specified in the EU
Regulation 2023/915. For root and tuber vegetables,
residues of 0.1 mg/kg of fresh weight are permitted [69].
As demonstrated by Biddau and Cidu (2017), the content
of metals and metalloids in asparagus is significantly
influenced by their content in the soil [70]. Furthermore,
other studies have shown that the metal content in
vegetables, including asparagus, is influenced by climatic
and soil factors, cultivation method, and asparagus variety
[71,72,73].

A review of studies by various authors shows that
asparagus is a vegetable that particularly accumulates
metals and metalloids. Biddau and Cidu (2017)
demonstrated that asparagus grown in mining areas
contained significantly more Cd. Therefore, before
deciding to cultivate asparagus, the soil environment and
geochemical background should be assessed [70].

4.1.3. Other Hazards

The rich composition of bioactive compounds in
asparagus, particularly species such as Asparagus
racemosus (Willd.), Asparagus cochinchinensis (Lour.)
Merr., and Asparagus officinalis L., leads to their use in
dietary supplements and functional foods [74,75,76]. Lack
of authenticity and various forms of adulteration are the
most frequently identified irregularities in dietary
supplements and nutriceuticals containing asparagus. The
most common adulteration involves substituting the
declared asparagus species with another plant. Other
adulterations include the lack of a geographical origin of
this vegetable and incorrect labelling of supplements.

In the RASFF reported several notifications of
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irregularities in the “Dietetic foods, dietary supplements,
and fortified foods” category. To prevent such
irregularities,  various methods for identifying
adulterations are  applied, using state-of-the-art
physicochemical analysis methods [77,78,79,80].

4.2. Bibliometric Analysis of Works with the
Word “asparagus”

Figure 6 shows the network visualization and Figure 7
the overlay visualisation, generated in VOSviewer 1.6.20.
Both charts consist of 76 keywords and show direct or
indirect links between the word “asparagus” and other
keywords indicated by authors of scientific papers. Figure
6 illustrates six clusters (marked in different colours), with
a cluster grouping together issues more frequently
mentioned by authors of scientific works next to each
other in keywords than those found in other clusters. In
turn, Figure 7 shows the years in which the researchers
addressed particular aspects, with issues raised in the most
recent studies (from 2020 onwards) marked in yellow.
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Figure 6. Network visualisation of the links between the keyword
“asparagus” and other words generated in VOSviewer 1.6.20. Source:
own elaboration based on data from [17]

Asparagus officinalis is located in the centre of Figure 6.

This indicates that most publications concern this species
of asparagus. Other species, such as Asparagus
cochinchinensis, are located far from the centre. The green
cluster groups topics related to genetics, research and
cultivation. The light blue cluster presents words related to
the species Asparagus racemosus. The purple cluster, on
the other hand, groups issues related to the hazard of
Fusarium fungi observed in asparagus crops, and is the
only cluster that indicates hazards that may occur in this
vegetable. The red cluster presents words related to
bioactive compounds and nutrients found in asparagus,
such as sucrose, fructans, ascorbic acid, chlorophyll and
peroxidase. There are also keywords related to the storage
conditions and sensory characteristics of asparagus. It is
also important to note in this cluster Peru as the country of
origin and the largest exporter of this vegetable to the
European Union. The dark blue cluster groups together
issues related to compounds found in asparagus, such as
phenols, polyphenols, sugars, flavonoids and rutin, as well
as words related to an antioxidant properties. The olive-

coloured cluster, on the other hand, includes words such
as apoptosis, cytotoxicity and oxidative stress.

As for the latest scientific research on asparagus, it
referred to the transcriptome (so it concerns genetics),
metabolomics (so it covers chemical processes involving
metabolites), and polyphenols activity (the yellow colour
in Figure 7).
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Figure 7. Overlay visualisation of the links between the keyword
“asparagus” and other words generated in VOSviewer 1.6.20. Source:
own elaboration based on data from [17]

In turn, Figure 8 and Figure 9 show the links of
keywords related to the hazards most frequently identified
in asparagus. The phrase “asparagus AND pesticide* OR
asparagus AND metal* OR asparagus AND adulteration”
was used to search for scientific works on this topic. After
optimisation (details provided in section 2. Materials and
Methods), 44 keywords were included in the
visualisations presented.
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Figure 8. Network visualisation of the links between the keyword
“asparagus AND pesticide* OR asparagus AND metal* OR asparagus
AND adulteration” and other words generated in VOSviewer 1.6.20.
Source: own elaboration based on data from [17]

It is noteworthy that research in this area has not yet
been undertaken on the most common asparagus species,
Asparagus officinalis, but only on another species,
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Asparagus racemosus (red cluster in the centre of Figure
8). This cluster also includes adulteration, while slightly
above, in the dark blue cluster, are pesticides and heavy
metals. However, very importantly, two issues closely
related to the prevention of these hazards can also be
identified here, namely quality control and safety
assessment. In turn, other clusters contain issues
indicating the beneficial properties of asparagus, also
indicated in Figure 6, that is, the antioxidant (pink
cluster), antibacterial (olive), and immunostimulating
(brown) nature.

Finally, it is also worth noting that issues related to the
presence of pesticides and heavy metals in asparagus, as
well as adulteration, are the subject of recent research, i.e.
conducted after 2020 (yellow colour in Figure 9).
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Figure 9. Overlay visualisation of the links between the keyword
“asparagus AND pesticide* OR asparagus AND metal* OR asparagus
AND adulteration” and other words generated in VOSviewer 1.6.20.
Source: own elaboration based on data from [17]

The analysis of possible hazards associated with
asparagus consumption is therefore in line with the latest
research undertaken by the authors of scientific papers,
and it can be assumed that these issues will be further
developed. It is also worth noting that in recent years,
asparagus has become the subject of particular interest to
researchers in many other areas, such as antibacterial
activity, immunomodulatory properties and inhibition
efficiency.

Conclusions

The increasing interest in asparagus as a green seasonal
vegetable in Europe is due to its health benefits. Yet
asparagus is mainly grown in Asia (China) and the
Americas (Peru and Mexico) and European production
accounts for only 4% of total world production.
Importantly, however, the vast majority of asparagus
available on the EU market is grown in Europe (imports
account for just 11% of European production).

Nevertheless, it should be noted that most notifications
reported in the European Rapid Alert System for Food and
Feed (RASFF) concern products imported from Peru and
the Dominican Republic, as well as Asian countries
(China, Thailand, India and Sri Lanka). These notifications

concern the presence of pesticide residues (e.g. chlorpyrifos,
methomyl), heavy metals (cadmium and lead) and
adulteration in asparagus. Therefore, the attention of the
food safety authorities of particular EU countries should be
focused primarily on the control of imported asparagus
passing through the EU’s external border.
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