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Over the past decade, modern gastronomy has 
assumed a  prominent role in the socio-economic 
landscape, influencing economic growth, tourism, 
and contemporary dietary culture [1]. This evo-
lution is driven by an emphasis on high-quality 
dining experiences and the incorporation of novel 
ingredients like microgreens [2, 3]. While often 
perceived as a  contemporary trend, the culinary 
use of microgreens, originating in San Francisco 
during the 1980s, has evolved from a niche garnish 
into a globally recognised phenomenon [4].

Crucially, the definition of microgreens 
necessitates a  strict biological distinction from 
sprouts, a nuance that directly impacts their regu-
latory status. Microgreens are young edible plants 
harvested by cutting the stem above the root 
system when cotyledons are fully developed and 
first true leaves emerge (7–14 days post-germi-
nation) [5]. Unlike sprouts, which are consumed 
intact (including the root and seed), this method 
of harvesting has historically exempted micro-
greens from the rigorous safety controls applied 

to sprout production, despite both being cultivated 
under warm, humid conditions ideal for pathogen 
growth.

Despite their small size, they offer intense 
flavours and vivid colours, satisfying the concept 
of “visual hunger” described by Spence et al. [6] 
and Chatterjee and Joshi [7]. Visual appeal 
plays a  decisive role in consumer acceptance. 
Michell et al. [8] reported that participants 
expressed a strong willingness to purchase micro-
greens after tasting, largely driven by positive sen-
sory perception and flavour familiarity.

Beyond sensory attributes, microgreens are in-
creasingly classified as functional foods with the 
potential to address “hidden hunger” [9]. They act 
as dense reservoirs of phytonutrients, frequently 
exhibiting superior nutritional value compared to 
mature counterparts [3]. Xiao et al. [5] demon-
strated that microgreens may contain 4–40 times 
higher concentrations of bioactive compounds, 
including vitamins such as carotenoids, ascorbic 
acid, tocopherols, and phylloquinone. Species-
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associated with microgreens, thereby reinforcing 
the conceptual tension between their perceived 
health benefits and their underlying food safety 
challenges. 

The objective of this review is to critically 
examine the integration of microgreens into 
modern gastronomy by addressing their nutri
tional value, culinary relevance and microbio-
logical risk profile across the production and 
consumption chain. The review is guided by the 
central hypothesis that the same biological and 
production characteristics that underpin the nutri-
tional density and sensory appeal of microgreens 
also contribute to their underestimated food safety 
risks. By synthesising evidence from agronomy, 
nutrition, food microbiology and gastronomy, this 
work aims to provide a  framework for risk-aware 
integration of microgreens into professional food 
service.

Review methodology
Relevant literature was systematically searched 

across Web of Science (Clarivate Analytics, Phila
delphia, USA), Scopus (Elsevier, Amsterdam, 
Netherlands), PubMed (National Library of Medi-
cine, Bethesda, Maryland, USA), and Google 
Scholar (Google, Mountain View, California, 
USA), covering publications from 2003 to 2026. 
The search utilised Boolean combinations of key-
words: (“microgreens” OR “sprouts” OR “baby 
leaf vegetables”) AND (“controlled environment 
agriculture” OR “phytochemicals” OR “food 
safety” OR “regulation”). Inclusion was restricted 
to English- and Serbian-language, peer-reviewed 
articles with full-text availability. After excluding 
preprints, abstracts, and duplicates, the final selec-
tion focused on cultivation systems, post-harvest 
practices, and raw consumption risks.

Microgreens: biology, diversity, and market
While young seedlings have long been con-

sumed in Asia for their therapeutic properties [16, 
17], the modern gastronomic concept of “micro-
greens” originated in late-1980s San Francisco. 
As noted by Seth et al. [9], chefs initially utilised 
them as “vegetable confetti”, primarily arugula, 
basil, and cilantro, to introduce flavour complex-
ity and visual appeal. Since then, microgreens have 
evolved from a niche garnish into globally recog-
nised fine-dining ingredients, functioning as both 
sensorial tools and visual signatures [3]. Over the 
past decade, this chef-driven innovation expanded 
into premium retail and health-food markets, 
positioning microgreens as nutrient-dense salad 
alternatives [8, 18, 19]. Market dynamics are now 
driven by a  feedback loop between producers, 

specific profiles further enhance this value: Brassi-
caceae are rich in glucosinolates [3], while species 
like fenugreek are recognised for their potential in 
managing metabolic disorders such as diabetes [9].

The socio-economic relevance of microgreens 
is closely linked to urban agriculture (UA), con-
tributing to food security by shortening supply 
chains. As reported by Teng et al. [10] and 
Barańska et al. [11], vertical farming systems 
reduce transportation requirements and improve 
access to nutrient-dense foods in metropolitan 
“food deserts.” Microgreens are well suited to 
these systems due to their short growth cycle and 
high economic value. Production is predomi
nantly based on controlled environment agricul-
ture (CEA), allowing precise regulation of growth 
parameters to standardise quality [12]. According 
to Seth et al. [9], the global market was projected 
to reach 17.04 billion USD (17.04 × 109 USD) by 
2025, driven by the rapidly growing demand for 
functional and nutrient-dense foods.

Despite their widespread promotion as fresh, 
natural and nutrient-dense foods, microgreens 
are predominantly consumed as raw, ready-to-eat 
products and therefore warrant careful food safety 
consideration [13]. Although historically consi
dered safer than sprouts, which have been linked 
to numerous foodborne disease outbreaks, recent 
data suggest growing safety concerns. Multiple 
recalls of commercial microgreens due to contami-
nation with Salmonella and Listeria monocytogenes 
highlight the vulnerability of this fresh product 
to pathogen proliferation, particularly given the 
lack of thermal processing prior to consumption 
[12]. Their cultivation relies on warm and humid 
conditions that are optimal for rapid plant growth 
but also favourable for the survival and prolifera-
tion of these foodborne pathogens. In addition, 
experimental evidence indicates that pathogenic 
microorganisms may internalise into plant tissues 
during early developmental stages, limiting the 
effectiveness of surface-based sanitisation strate-
gies [2, 12, 13]. This challenge of decontamination 
extends beyond bacteria to viral pathogens, where 
surface characteristics play a  decisive role. While 
human norovirus (HuNoV) is widely recognised 
as a primary safety concern across the entire fresh 
produce sector, specific investigations into micro-
greens reveal that leaf surface morphology plays 
a critical role in viral persistence [14].

At the same time, consumer perception is 
heavily driven by visual freshness, natural ori-
gin and functional food narratives [8], creating 
a “health halo” effect that may obscure safety risks 
[15]. This perceptual bias contributes to the sys-
tematic underestimation of microbiological risks 
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chefs, and consumers, based on sensory appeal 
and perceived health benefits [20], transforming 
microgreens into a global product category.

Microgreens are distributed as fresh-cut 
products or growing on media (“living micro-
greens”) for end-user harvesting [2, 3]. Micro-
greens encompass a wide botanical diversity, with 
commercially exploited species originating from 
several major plant families. Among these, Brassi-
caceae dominate production due to their rapid 
growth, intense flavour and high phytochemical 
content (e.g., broccoli, radish, arugula), followed 
by Apiaceae (e.g., cilantro, parsley) and Ama-
ranthaceae (e.g., spinach, amaranth), which are 
valued for their nutritional density and mild sen-
sory profiles. Additional families include Alliaceae 
(e.g., chives, scallions), Asteraceae (e.g., lettuce, 
sunflower), Fabaceae (e.g., pea shoots, fenugreek), 
and Lamiaceae (e.g., basil, mint), while other 
groups such as Poaceae (e.g., corn), Polygonaceae 
(e.g., buckwheat) and Portulacaceae (e.g., purs-
lane) are used more selectively depending on culi-
nary application and market demand [2].

Despite their botanical diversity, commercial 
cultivation is predominantly standardised through 
Controlled Environment Agriculture (CEA). By 
enabling precise microclimate control, particularly 
regarding lighting and irrigation, these systems 
optimise urban vegetable production models such 
as vertical farms, greenhouses, hydroponics, and 
aquaponics [17, 21–23]. Moreover, CEA offers 
a sustainable alternative to traditional agriculture 
by reducing resource depletion [24]. Currently, this 
technology drives the intensification of production 
[23], particularly regarding “microscale vegeta-
bles” – a collective category encompassing sprouts, 
microgreens, and baby leaves [3, 12]. As CEA is 
utilised for various immature plants, distinguishing 
their safety profiles is crucial. Although sprouts, 
microgreens, and baby leaves share morphological 
similarities, they represent distinct physiological 
stages with specific risks.

Sprouts are legally defined as immature plants 
(including root and stem) germinated via seed im-
mersion (8–12 h) and cultivated in humid, low-
light conditions (21–27 °C) for 3–10 days [12, 24]. 
Safety-wise, these conditions favour rapid micro
bial proliferation, making internal seed contamina-
tion the primary vector since the entire organism 
is consumed [2, 10, 12]. Microgreens lack a  uni-
versal legal definition but are classified as germi-
nated plants with fully developed cotyledons [25]. 
Unlike sprouts, they are harvested by cutting the 
stem above the soil line at 7–14 days [2, 26]. The 
safety concern shifts from the root to the harvest 
interface; the cut surface creates a potential entry 

point for surface pathogens during handling [12, 
13]. Consequently, safety relies heavily on good 
agricultural practices (GAP) and strict hygiene 
during the hospitality “cut-and-serve” phase [27]. 
Baby leaf vegetables represent an advanced stage, 
harvested when true leaves develop (20–40 days). 
Frequently grown in open fields or semi-open 
greenhouses [12, 28], their risk profile is tied to 
environmental exposure, including water quality, 
soil amendments, and wildlife intrusion [29]. 

Clear differentiation between sprouts, micro
greens, and baby leaf vegetables is a prerequisite 
for the precise identification of critical control 
points (CCPs). Once microgreens are distinctly 
separated from related product categories, the 
subsequent step involves examining how their 
specific biological characteristics translate into 
distinct contamination pathways and control 
points throughout the production chain. This 
analysis is essential for establishing a  proactive 
food safety assurance system [30] based on pre-
harvest controls.

Production chain: from seed to fork
Microgreen production encompasses a  series 

of sequential steps that can be categorised into 
five distinct operational phases: 
–	 pre-cultivation and inputs, 
–	 cultivation and growth, 
–	 harvesting, 
–	 post-harvest handling, and 
–	 distribution and consumption. 

Each phase presents specific agronomic 
requirements and CCPs, thereby directly deter-
mining the overall quality and safety of the final 
product.

Phase 1 – Pre-cultivation and inputs
 The first phase encompasses seed selection, 

media selection, and sowing procedures. During 
germination, the enzymatic degradation of stored 
nutrients increases bioavailability and water con-
tent, transforming the seed into a pathogen ampli-
fication site [12, 31–33]. Consequently, preventing 
initial seed contamination is critical. High bacte
rial loads at this stage promote early internalisa-
tion – likely via stomata – rendering subsequent 
post-harvest decontamination ineffective [2, 12, 
13, 34]. Beyond microbiological hazards, distin-
guishing edible species is essential. As empha-
sised by Seth et al. [9], Solanaceae (e.g., tomato, 
eggplant) must be excluded; unlike mature fruits, 
their cotyledons contain toxic glycoalkaloids like 
solanine, posing gastrointestinal and neurological 
risks.



	 Microgreens: gastronomy, nutrition and safety

	 111

Following seed selection, the growing medium 
plays a  fundamental role. Although physical 
abiotic factors influence microbial multiplica-
tion, they alone cannot determine pathogen con-
tamination levels [12], particularly as microgreens 
are cultivated in open-air or indoor systems us-
ing varying soil or soilless substrates [35]. Ideally, 
these substrates must possess optimal physico-
chemical properties, including high water-holding 
capacity and adequate aeration, to support rapid 
root growth without waterlogging [3]. While peat-
based mixes are traditionally used, sustainability 
concerns have prompted a shift towards renewable 
natural fibre mats (e.g., jute, hemp, kenaf) [3]. 
These inert substrates are particularly valued in 
hydroponic systems for enabling cleaner produc-
tion and precise nutrient management compared 
to bulk substrates (e.g., peat moss, soil mixes) [2].

Finally, sowing density requires careful control 
based on germination testing, typically ranging 
from 3 to 4 seeds per square centimetre [36]. 
Although high densities increase yield, they reduce 
mean shoot weight [37] and restrict air circulation. 
This creates humid microclimates favouring fun-
gal proliferation (damping-off) and compromises 
visual quality through etiolation [38], making 
density a key safety and quality determinant. Cru-
cially, while increasing seeding density optimises 
yield, it creates a  dense canopy architecture that 
traps moisture at the hypocotyl level. This induced 
microclimate significantly elevates water activity, 
thereby facilitating the rapid horizontal migration 
of pathogens from a  single contaminated seed to 
the entire batch.

Phase 2 – Cultivation and growth
The cultivation phase represents the core 

physiological development of microgreens, typi-
cally divided into two stages: an initial dark germi-
nation phase followed by a light-dependent photo-
synthetic phase [3]. Early germination in darkness 
and high humidity promotes uniform emergence, 
while subsequent light exposure initiates auto
trophic growth and bioactive synthesis.

Lighting is a  central factor in controlled 
environment agriculture, with a  documented 
transition to light-emitting diodes (LEDs) due 
to their energy efficiency and suitability for verti-
cal farming [39]. Studies demonstrate that light 
quality strongly influences morphology, sensory 
attributes, and phytochemical composition [3]. 
Generally, red and blue wavelengths enhance 
photosynthetic efficiency and biomass, while in-
creased blue light stimulates the synthesis of 
secondary metabolites like anthocyanins [38, 40]. 
These responses are species-specific, requiring op-

timisation to balance yield and nutritional quality 
[17, 41].

Beyond lighting, abiotic factors such as 
temperature, humidity, and substrate pH play 
a  critical role in product quality and safety. Op-
timal temperatures typically range from 18  °C to 
25 °C; however, excessive heat and high humidity 
create ideal conditions for pathogenic bacteria [42, 
43]. Therefore, precise environmental control is 
essential to balance phytochemical accumulation 
with microbiological safety [10]. It is important 
to emphasise that agronomic practices aimed at 
maximizing yield, such as maintaining high rela-
tive humidity and temperatures between 20–25 °C, 
directly antagonise safety standards by creating 
conditions that overlap precisely with the proli
ferative optimum for mesophilic pathogens.

Irrigation and nutrient management further 
influence physiology and safety. Bottom water-
ing and moderate nutrient inputs are preferred to 
minimise canopy wetness and prevent pathogen 
dissemination associated with overhead irriga-
tion [42]. While microgreens rely largely on endo
genous reserves, strategic nutrient management 
is necessary to avoid depletion and ensure quality 
[38]. Excessive fertilisation thus presents a  dual 
risk: nitrate accumulation [38] and pathogen pro-
liferation in nutrient-rich hydroponic environ-
ments [12, 35]. Consequently, cultivation is a criti-
cal stage where agronomic optimisation and risk 
management must be addressed concurrently.

Phase 3 – Harvesting
The harvesting phase represents a critical con-

trol point influencing both microbiological safety 
and post-harvest quality. Typically performed 
7–21 days post-germination (seedling height 
5–10 cm), this stage occurs when cotyledons are 
fully expanded and first true leaves emerge [2, 3, 
25, 26]. Manual harvesting necessitates strict hy-
giene, as handling is a documented contamination 
source [12]. Sharp, sanitised tools are crucial to 
minimise tissue damage that facilitates pathogen 
internalisation [12, 13, 35]. To minimise risks, the 
“living microgreens” model transfers final harvest-
ing to the end-user [3].

Phase 4 – Post-harvest handling
Rapid post-harvest deterioration is a  princi-

pal constraint to commercialisation. Due to high 
surface-area-to-volume ratios, elevated respira-
tion, and delicate tissues, microgreens are highly 
perishable and prone to wilting and decay [2, 44]. 
To preserve freshness, some producers market 
“living products” (typically on hydroponic pads), 
allowing harvest immediately prior to use [3, 45]. 
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However, even living microgreens require rapid 
utilisation to maintain sensory quality [2]. For cut 
products, handling focuses on managing physio-
logical stress. High metabolic activity and exposed 
cut surfaces result in respiration rates exceeding 
those of mature vegetables, causing rapid dehydra-
tion and nutrient degradation [3]. Consequently, 
the primary objective is suppressing respiration 
through strict temperature control, while often 
avoiding post-harvest washing to prevent mois-
ture-induced decay [2].

Packaging plays a  pivotal role in regulating 
the microenvironment; specifically, modified 
atmosphere packaging (MAP) is widely employed 
to reduce O2 and elevate CO2 levels, effectively 
slowing respiration without inducing anaerobic 
fermentation [3]. Within this system, film selection 
is a  critical variable, as improper gas permeabil-
ity may cause tissue injury or promote anaerobic 
pathogen growth. Under such optimal conditions, 
combining proper cooling with MAP, shelf-life 
typically ranges from 10 to 14 days, representing 
a  significant extension compared to the 1–2 days 
observed at ambient temperatures [2, 3, 45]. Addi
tionally, packaging must provide physical protec-
tion, as tissue crushing rapidly leads to necrosis 
and microbial decay [2].

Kou et al. [44] showed that calcium chloride 
(CaCl2) dips maintain firmness and delay senes-
cence. More recently, Sobhanan et al. [46] de-
veloped biodegradable Aloe vera-based edible 
coatings for Brassica juncea and Lactuca sativa, 
achieving significant spoilage reduction. Addi
tionally, active nanopackaging incorporating anti
microbial agents has been reported to inhibit 
respiration and spoilage more effectively than con-
ventional coatings [47], offering promising solu-
tions for stabilising bioactive compounds.

Maintaining an uninterrupted cold chain 
(1–4  °C) is essential to suppress respiration and 
inhibit the growth of psychrotrophic pathogens; 
temperature breaches accelerate senescence and 
risk pathogen bacteria proliferation, especially 
Listeria monocytogenes [3, 12, 43].

When it comes to washing, it presents a point 
of contention concerning both its impact on 
quality and microbial safety. From a  quality per-
spective, excessive moisture accelerates dete-
rioration; therefore, many producers market 
“unwashed” products harvested above the sub-
strate [3]. From a safety perspective, however, the 
efficacy of washing is fundamentally limited by 
the prior internalisation of pathogens within plant 
tissues [2, 12, 13, 34], meaning that surface sanita-

PHASE 2 – CULTIVATION
Germination controlled environment 

PHASE 3 – HARVESTING
Mechanical cutting

PHASE 4 – POST-HARVEST
Cooling packaging 

PHASE 1 – INPUTS
Seed and substrate selection
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Seed sourcing 
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RISK 1
Internalized pathogens 
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Fig. 1. Schematic overview of the microgreen production chain identifying critical control points.
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tion cannot access nor eliminate bacteria seques-
tered inside the vascular system. Furthermore, 
wash water can facilitate cross-contamination if 
not properly managed [12]. If washing is never-
theless employed, strict water quality control, the 
use of sanitising agents, and effective dewatering 
(e.g., centrifugation) are essential to minimise 
free moisture that promotes microbial growth and 
decay [2, 3, 12].

Phase 5 – Distribution and consumption
The final phase of bringing microgreens 

to market presents the greatest challenges, as 
control shifts from the producer to the end-user, 
whether in food service or the domestic kitchen. 
Microgreens are sold as “fresh-cut” or “living” 
(in growing trays), with the “living” format maxi
mising freshness by avoiding the wounding 
stress associated with harvesting [3]. However, 
this simultaneously transfers critical safety con-
trol points, harvesting and hygiene, to end-users 
who are often unaware of the associated risks 
[2, 12]. Despite their health “halo”, inadequate 
handling practices (poor refrigeration, cross-con-
tamination) significantly increase the risk, as the 
product is consumed raw [12, 43]. Responsibility 
for potential washing now falls to the consumer, 
but inconsistent labelling and a  lack of handling 
guidelines render this measure uncertain and po-
tentially counterproductive [2, 10, 12]. These end-
of-supply-chain vulnerabilities are illustrated in 
Fig.  1, which summarises this shift in risk profile 
and provides a  framework for the analysis in the 
following sections. Understanding the entire pro-
duction chain is crucial both for safety assessment 
and for interpreting the unique nutritional proper-
ties of microgreens, which arise from their early 
developmental physiology and controlled cultiva-
tion conditions.

Nutritional and phytochemical profile
Microgreens, frequently termed “superfoods” 

[11], represent a unique phenophase characterised 
by intense metabolic activity. During this stage, 
the seedling mobilises endogenous reserves to fuel 
rapid biosynthesis, resulting in a  phytonutrient 
profile drastically different from sprouts or mature 
plants [48]. Due to their compact biomass and ex-
ceptional density, microgreens are identified not 
merely as a  culinary trend but as strategic “func-
tional foods” capable of addressing hidden hunger 
[10, 11].

Beyond terrestrial agriculture, microgreens 
are pioneered as key components of “space life 
support systems” (SLSSs). NASA identifies them 
as ideal for long-duration missions due to their 

rapid growth, minimal resource requirements, and 
high nutrient density [49]. As noted by Seth et al. 
[9], their ability to thrive on synthetic media under 
low photon flux makes them an optimised choice 
for astronaut diets. Beyond nutrition, these crops 
provide vital antioxidants to mitigate space-radia-
tion-induced oxidative stress and offer significant 
psychological relief for isolated crews [3, 9]. While 
positively influencing willingness to pay [7, 18], 
this perception may lead consumers to underesti-
mate microbiological risks [18, 20], underpinning 
the “gastronomic paradox”, where visual purity 
masks potential safety hazards.

Regarding bioactive profiles, species within 
Brassicaceae are particularly noted for cancer-pro-
tective compounds, including glucosinolates and 
carotenoids, which also exhibit significant anti
microbial properties [48]. Beyond these, families 
such as Amaranthaceae, Apiaceae, and Lamiaceae 
offer distinct health benefits through their di-
verse complex secondary metabolite profiles [45]. 
Expanding this landscape, Soumya et al. [50] 
evaluated seed spice microgreens (e.g., cumin, 
fennel, fenugreek), revealing that these species are 
not only potent mineral sources but also exhibit 
a  distinct compositional diversity, particularly in 
their essential oil-derived bioactives. This confirms 
that the intense metabolic activity of the seedling 
phase amplifies the nutritional profile significantly 
beyond that of the mature plant [48, 50].

Micronutrient density
Microgreens’ superiority lies in their exception-

ally high micronutrient concentrations compared 
to mature counterparts. Research on 25  species 
demonstrated significantly elevated levels of 
phylloquinone, ascorbic acid, and tocopherols, 
with red cabbage microgreens providing nearly 
three times the vitamin C of the mature vegetable 
[5, 48]. Beyond vitamins, microgreens exhibit 
superior mineral profiles, specifically in magne-
sium, manganese, and sulphur in broccoli, as well 
as calcium and potassium in lettuce, driven by 
aggressive nutrient uptake during the hypocotyl 
development stage [3, 51, 52]. Crucially, the micro-
greening process enhances mineral bioavailability 
by significantly degrading anti-nutritional factors 
like phytic acid, a biochemical transformation that 
is particularly vital for the nutritional optimisation 
of cereal, pseudocereal, and spice species [50, 53].

Furthermore, microgreens are identified as 
pivotal candidates for “agronomic biofortifica-
tion” strategies [16]. Deliberate enrichment of hy-
droponic solutions with selenium (Se), zinc (Zn), 
and iodine (I) transforms microgreens into potent 
vehicles for addressing human nutrient deficien-
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cies [16]. This nutritional malleability is evidenced 
by buckwheat microgreens, where specific Se 
and I  treatments not only optimise the metabolic 
profile but boost biomass yield by up to 70 % [16, 
54]. Similarly, Se-enrichment has been confirmed 
to boost antioxidant capacity without compro-
mising yield [16, 38]. Crucially, as highlighted by 
Partap et al. [55], unlike synthetic supplements, 
biofortified microgreens deliver these minerals 
in organic, highly bioavailable forms. This transi-
tion not only improves human nutrient status but 
simultaneously enhances the plant’s  own antioxi-
dant defence mechanisms [16, 48].

Phytochemical diversity and functional bioactives
Beyond basic nutrition, microgreens are classi-

fied as “functional foods” with therapeutic poten-
tial [16]. Their bioactive secondary metabolites, 
synthesised as stress defence mechanisms during 
germination, play a  pivotal role in mitigating 
oxidative stress and preventing chronic diseases 
[48]. Chemical profiles are family-dependent: La-
miaceae are rich in polyphenols, while Brassicaceae 
are defined by glucosinolates [19, 56, 57].

The therapeutic efficacy of Brassicaceae relies 
on the hydrolysis of glucosinolates into isothiocy-
anates (e.g., sulforaphane) by the enzyme myro-
sinase. Bhaswant et al. [57] highlight that these 
compounds activate the Nrf-2 (nuclear factor-
erythroid 2 related factor 2) signalling pathway, 
a master regulator of cellular antioxidant defence. 
As reviewed by Zhang et al. [23], this mecha-
nism underpins their chemo-preventive proper-
ties, including significant anti-proliferative activity 
against colon cancer cells.

Microgreens specifically modulate chronic 
disease pathways. Regarding cardiovascular 
health, Sharma et al. [16] highlight findings by 
Huang et al. [58] that red cabbage microgreens 
alter lipid metabolism, reducing low-density lipo
protein cholesterol and hepatic triglycerides 
more effectively than mature cabbage. For meta-
bolic disorders, Seth et al. [9] identify fenugreek 
and coriander microgreens as effective inhibi-
tors of the alpha-glucosidase enzyme, offering 
a mechanistic approach to managing postprandial 
glycaemia. Additionally, they effectively address 
“hidden hunger”: high concentrations of bioavail-
able iron and zinc in species like amaranth help 
mitigate anaemia [9, 55].

However, safety assessments are essential. 
Seth et al. [9] warn that certain Amaranthaceae 
species (e.g., spinach) act as hyper-accumulators 
of oxalates. Mitigation requires harvesting at the 
optimal maturity stage (true leaf emergence) to 
reduce oxalate levels [16].

Sensory profile and consumer perception
In the context of gastronomy, sensory proper-

ties are decisive. Microgreens have evolved from 
simple “edible garnishes” to essential culinary 
components that shape the dining experience 
beyond mere decoration [8]. Their vivid colours 
and delicate morphology create a strong multisen-
sory impact, reinforcing the notion that “food is 
first eaten with the eyes” [20].

This visual complexity is intrinsically linked to 
the concept of “visual hunger”, whereby aesthe
tically appealing foods stimulate appetite and 
perceived value, particularly in fine dining and 
social media-driven cultures [6]. Chefs primarily 
value this “sensory quality” to signal modernity 
and craftsmanship. Simultaneously, they utilise 
species-specific flavour fingerprints – such as the 
pungency of Brassicaceae (derived from glucosi-
nolate breakdown into isothiocyanates) or the 
sweetness of pea shoots – to construct complex 
“flavour architectures.” This allows for the modu-
lation of taste and provides critical textural crispi-
ness (turgor pressure) without altering the dish’s 
volume [8, 10].

However, a distinct gap exists between culinary 
appreciation and general consumer acceptance. 
A  significant “bitterness threshold” limits the 
mass adoption of pungent varieties, despite their 
popularity in gastronomy [4]. This suggests a stra-
tegic market bifurcation: visually complex, intense 
varieties are suited for high-end gastronomy (satis
fying “visual hunger”), while milder, familiar-
tasting varieties (e.g., red cabbage) are key to 
penetrating the mass retail market where flavour 
familiarity outweighs visual novelty [4, 8].

Production techniques, such as specific LED 
recipes (e.g., blue light dosage), are increasingly 
used to “design” these sensory traits by stimulat-
ing secondary metabolites [38, 59]. Ultimately, the 
strong association between vivid appearance and 
freshness contributes to a “health halo” [15].

The „nutritional paradox“ of microgreens
A  critical debate in gastronomic nutrition 

concerns the „serving size paradox“: can typical 
2–10 g servings truly impact health? The answer 
lies in distinguishing nutrient density from ab-
solute intake. Microgreens function as „high-
efficiency functional foods,“ offering targeted 
therapeutic benefits even in culinary doses [4, 16]. 
However, quantitative realities exist: a 5 g serving 
of micro-red cabbage provides approximately 
7.35 mg of vitamin C, whereas 100 g of the mature 
vegetable provides 57.0 mg [5, 51]. Consequently, 
microgreens should not be viewed as volumetric 
replacements for bulk vegetables, but as functional 
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enhancers that synergistically improve the bioac-
tive profile of a meal without increasing its volume 
[4, 48].

From a  bioavailability and sustainability per-
spective, the nutritional density of microgreens 
is further reinforced by their highly resource-
efficient production systems. Compared with con-
ventional vegetables, microgreens deliver concen
trated bioactive compounds in small portions and 
are particularly well suited to controlled environ-
ment agriculture (CEA) and urban farming [16, 
38]. Recent studies position them as a  promising 
component of sustainable food systems rather 
than merely a  culinary trend [3, 10]. Therefore, 
while microgreens serve as a  nutrient-dense food 
and a  model for sustainable production, their in-
herent physiology creates an inevitable trade-off 
that necessitates rigorous food safety management 
[10, 38].

Food safety and microbiological risks
Microgreens constitute a microbiologically sen-

sitive food category due to their raw, ready-to-eat 
nature and the absence of a  thermal inactivation 
step. Although epidemiologically associated with 
fewer outbreaks than sprouts, they share critical 
risk vectors with other microscale vegetables, in-
cluding potential seed-borne contamination, fa-
vourable environmental conditions for pathogen 
proliferation, and the limited efficacy of post-har-
vest decontamination interventions [2, 4, 12, 13].

Microgreens occupy a  complex intermediate 
position characterised by a  “regulatory-biological 
mismatch”. While harvested above the seed 
line, leading to their frequent exclusion from 
sprout-specific protocols, from a  biological 
and operational perspective, they more closely 
resemble sprouts than mature greens. It is crucial 
to distinguish the epidemiological profiles of 
sprouts, microgreens, and baby leaf vegetables. 
These categories, while visually similar, have dis-
tinct safety histories and primary contamination 
routes.

Sprouts have a well-documented history as the 
cause of major foodborne illness outbreaks, re-
sulting in stringent regulatory frameworks. In the 
United States alone, between 2016 and 2022, four 
outbreaks linked to sprouts were recorded, caused 
by Salmonella enterica and Escherichia coli species 
[12]. Similar trends have been reported in Canada, 
confirming seeds as a critical contamination vector 
for this category [12].

Microgreens have a  different, yet alarming, 
epidemiological record. While not yet associated 
with large-scale illness outbreaks, there is clear 
evidence of pathogen presence. In recent years, 

regulatory authorities in the USA and Canada 
have issued multiple recalls of microgreens due 
to the detection of Salmonella spp. and Listeria 
monocytogenes [2, 12]. The fact that these inci-
dents are detected through surveillance, despite 
a  lack of reported illnesses, indicates a  latent 
hazard and likely contamination at the produc-
tion level [2, 10, 12]. This suggests that, with the 
expansion of industrial production, microgreens 
may follow an epidemiological trajectory similar 
to sprouts, as they share seeds as a  fundamental 
source of risk [2, 10, 12].

In contrast, baby leaf vegetables (such as young 
lettuce) represent a  third, clearly distinct profile. 
For them, risks arise not primarily from seeds 
but from pre-harvest environmental factors, such 
as contaminated irrigation water or contact with 
wildlife [12, 13]. This highlights a  fundamental 
difference in contamination pathways compared to 
sprouts and microgreens, despite their superficial 
similarity [12, 29]. This clear distinction in risk 
sources (seeds vs environment) and epidemio
logical history (outbreaks vs product recalls) 
has direct implications and necessitates specific, 
tailored approaches to food safety control for each 
of these product categories.

Bacterial hazards
The bacterial hazard profile associated with 

microgreens is predominantly characterised by 
members of the Enterobacteriaceae family, which 
serve as both hygiene indicators and reservoirs of 
human pathogens [10, 12]. According to a  com-
prehensive review by Turner et al. [2], the micro-
green industry has experienced multiple product 
recalls in North America, most frequently linked 
to Salmonella spp. and Listeria monocytogenes 
[2,  12]. Although confirmed outbreaks are less 
frequent than those associated with sprouts, the 
risk remains substantial, as Salmonella can survive 
for extended periods in low-moisture environ-
ments such as stored seeds and subsequently pro-
liferate rapidly upon hydration during germination 
[2, 13]. Of particular concern is Listeria mono-
cytogenes, which differs fundamentally from Sal-
monella in its ability to survive and multiply at 
refrigeration temperatures [2, 38]. Given that 
microgreens are typically marketed in high-hu-
midity clamshell packaging and distributed under 
refrigerated conditions, these products may inad-
vertently provide favourable conditions for Liste-
ria growth, allowing low-level contamination to 
increase to potentially infectious levels by the end 
of shelf life [12, 38].

Unlike Salmonella, which is most commonly 
introduced via contaminated seeds, Listeria 
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is ubiquitous in processing environments and 
readily colonises damp surfaces such as growing 
trays, irrigation lines, and harvesting equipment, 
where it can establish persistent biofilms [12, 13]. 
Although reported less frequently, Shiga toxin-
producing Escherichia coli (STEC) has also been 
isolated from microgreen production systems. Ex-
perimental studies have demonstrated that E. coli 
O157:H7 can proliferate rapidly during the short 
growth cycle of microgreens, indicating that even 
low initial contamination levels may reach infec-
tious doses within 7–14 days [35]. However, recent 
findings by Rao et al. [60] indicate that this risk 
is not uniform across species. Their work showed 
significantly higher persistence of Salmonella on 
red cabbage microgreens compared with daikon 
radish, suggesting that leaf surface characteristics 
such as topography and cuticular wax composition 
play a  decisive role in shaping pathogen survival 
and attachment.

Viral hazards
Beyond bacterial hazards, the status of micro-

greens as raw, ready-to-eat products also exposes 
them to viral contamination, particularly human 
norovirus (HuNoV), the leading cause of viral 
gastroenteritis associated with fresh produce [61]. 
The absence of thermal processing means that 
viral particles introduced via contaminated water 
or infected food handlers remain infectious until 
consumption. Deng and Gibson [14] identified 
leaf morphology as a  key determinant, showing 
that complex pea shoots retain viruses significantly 
longer than smooth sunflower leaves. Unlike bac-
teria, which can internalise into plant tissues [62], 
viruses do not replicate on plants but instead 
persist on the surface as passive transmission 
vehicles [14, 63]. Consequently, viral contami-
nation in microgreens is predominantly vector-
driven, linked primarily to infected handlers [13] 
or contaminated irrigation water [63], making 
strict hygiene and water quality control the 
primary defence against viral outbreaks.

Seed-borne internalisation
The primary source of contamination within 

the microgreen production chain is unequivocally 
the seed, a  reality that underscores the central 
concept of pathogen internalisation for this 
product‘s safety. According to the seminal findings 
of Warriner et al. [62], the nutrient-rich exudates 
from germinating seeds serve as chemoattractants, 
drawing bacteria into the rhizosphere. Driven by 
this chemotactic response, pathogens such as Sal-
monella spp. and Escherichia coli migrate toward 
roots and penetrate plant tissues through natural 

openings, including stomata, or through micro-
injuries associated with lateral root emergence. 
Once internalised within the apoplastic space 
and vascular system (xylem), pathogens become 
effectively protected. This biological mecha-
nism explains why post-harvest washing cannot 
be considered a  reliable CCP for microgreens. 
Taken together, these findings reveal a  critical 
operational paradox: although washing is widely 
perceived as a  fundamental food safety interven-
tion, in microgreen production it offers limited 
protection and may, under certain conditions, con-
tribute to cross-contamination through wash water 
and excess surface moisture [2, 12, 13, 34].

The problem is further compounded by a con-
fluence of risk factors. Key seed characteristics, 
such as surface morphology and weight, have been 
shown to influence pathogen transfer. This is par-
ticularly problematic in species with mucilaginous 
seed coats, like cress, where bacterial adhesion 
is facilitated, leading to high transfer rates [64]. 
Furthermore, studies confirm exponential patho-
gen growth during the germination phase across 
various species, including alfalfa, mung bean, and 
spinach sprouts for Salmonella enterica [65] and 
radish and alfalfa for pathogenic E. coli [35]. The 
production environment can also support the per-
sistence and potential growth of other hazards, 
such as Listeria monocytogenes [66]. Eradication is 
complicated by the pathogens’ ability to form re-
sistant biofilms [12, 13, 67].

Unlike sprout seeds, microgreen seeds rarely 
undergo aggressive decontamination. Since 
standard washing is often insufficient [38], effec-
tive seed-level interventions are required, such 
as chemical disinfectants, organic acids [68], or 
emerging technologies like cold plasma treatment, 
which can reduce microbial loads while sometimes 
stimulating growth [69].

However, the phenomenon of internalisa-
tion ultimately dictates that reliance on any single 
post-harvest or seed treatment step is insufficient 
to guarantee complete safety [35, 66]. This un-
derscores a  fundamental principle: effective risk 
management must be pre-emptive, focusing on 
seed safety and tightly controlled early produc-
tion phases, as later interventions are inherently 
limited by the biological barrier of internalised 
contamination.

Production systems and substrates
Beyond pathogen identity, the choice of pro-

duction system and growing medium fundamen
tally determines microbiological risk. The central 
distinction lies between soil-based systems, which 
can partially suppress pathogen proliferation 
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through competitive native microflora, and hydro-
ponic or soilless systems, which are widely adopted 
for microgreen production yet present specific 
vulnerabilities.

In inert hydroponic environments lacking 
a  competitive microbiome, pathogens introduced 
via contaminated seeds or irrigation water can 
spread rapidly through recirculating nutrient 
solutions, potentially contaminating entire batches 
within hours [10, 35, 60]. Unlike soil, which can act 
as a  filter, the recirculating water in hydroponics 
acts as a  rapid dissemination vector, distributing 
contaminants from a  single point source to the 
entire crop. The typically high humidity of these 
systems further promotes the persistence and 
biofilm formation of pathogens like Listeria mono-
cytogenes, complicating sanitation [13]. Studies 
confirm that hydroponic systems are associated 
with significantly higher pathogen survival and 
proliferation from contaminated seeds compared 
to soil-based systems [35]. For instance, pathogens 
such as Escherichia coli O157:H7 can reach higher 
levels in hydroponic media, likely due to uninter-
rupted moisture and the absence of microbial 
competition [35].

This vulnerability extends critically to the 
growing substrate itself. Contaminated soilless 
substrates act as potent pathogen reservoirs. 
Research by Işık et al. [64] demonstrated a  high 
transfer potential of Listeria monocytogenes 
from perlite to harvested microgreens. Similarly, 
Chen et al. [65] reported that inert substrates 
(e.g., biostrate pads) can sustain higher pathogen 
populations than biologically active soils once con-
taminated, due to the lack of suppressive back-
ground microflora.

Furthermore, sustainable inputs like untreated 
harvested rainwater can introduce significant risk. 
Rao et al. [66] showed that rainwater can carry 
Salmonella and E. coli O157:H7 into systems, 
where these pathogens persist in the growing 
medium and act as long-term sources of re-con-
tamination throughout the production cycle.

The risks associated with the growing medium 
directly translate to the harvesting phase. Har-
vesting involves cutting stems just above the sub-
strate, a  process that, while sometimes mechani-
cal, is often manual and necessitates strict worker 
hygiene, as human handling is a documented con-
tamination source [12]. It is critical to exclude any 
adhering substrate particles and residual seed in-
teguments during this step, as these materials act 
as direct vectors for microbial transfer and can 
harbour pathogens [12, 35].

Moreover, the act of cutting inevitably causes 
tissue wounding and electrolyte leakage, creating 

exposed surfaces that facilitate pathogen internali-
sation and proliferation [12, 13]. Consequently, 
using sharp, regularly sanitised tools is essen-
tial to minimise tissue damage and associated 
risk. To optimise post-harvest quality, harvest-
ing during early morning hours when respiration 
is low and tissue turgidity is maximal is recom-
mended. Notably, the “living microgreens” model 
circumvents this critical step entirely by selling the 
uncut crop in its growing tray, thereby minimising 
handling risks and transferring the final harvest 
decision to the end-user [3].

Strategic nutrient management during produc-
tion directly impacts both safety and quality. While 
adequate nutrition is essential for growth, exces-
sive fertilisation poses a  dual risk: it promotes 
nitrate accumulation [38] and creates nutrient-rich 
conditions that favour the proliferation and 
internalisation of human pathogens, particularly in 
hydroponic systems [12, 35].

Throughout distribution, strict maintenance of 
the cold chain (1–4 °C) is essential, as even minor 
temperature fluctuations accelerate respiration 
and enable the proliferation of psychrotrophic 
pathogens such as Listeria monocytogenes [3, 12, 
43]. Conversely, a stable cold temperature signifi-
cantly slows both metabolic activity and pathogen 
kinetics [3, 12].

Microgreen safety requires an integrated, 
preventative approach across the entire supply 
chain. Effective control relies on three funda-
mental pillars: ensuring seed safety to prevent 
pathogen internalisation, carefully managing 
growing conditions and inputs to avoid creating 
environments that favour pathogens, and main-
taining an unbroken cold chain during distribution 
to suppress microbial growth. Success depends on 
aligning science-based practices, clear regulations, 
and informed handling by both producers and 
consumers.

Consumer perception and risk communication
The effective implementation of safety 

measures is ultimately constrained by a  percep-
tual gap among consumers. Microgreens are 
marketed through “superfood” narratives, which 
create a  powerful health halo. This cognitive 
bias leads consumers to systematically underesti-
mate microbiological risks, as positive attributes 
like freshness, local origin, and organic produc-
tion overshadow more complex hazard profiles 
[8, 15, 18]. Furthermore, this low-risk awareness 
reflects a  broader systemic problem within the 
supply chain. Empirical data show that producers 
themselves are often unaware of specific hazards 
and regulatory obligations, relying primarily on 
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informal, unverified online sources for safety in-
formation instead of standardised training [70]. 
While objective knowledge can reduce risk per-
ception associated with novel technologies [18], 
general awareness of fundamental hazards – such 
as seed contamination, pathogen internalisation, 
and cold chain breaches – remains critically low 
among both consumers and parts of the industry 
[20, 71].

This gap between perception and reality 
directly undermines the effectiveness of safety 
communication. Therefore, targeted consumer 
education and clear, accessible labelling are 
essential to translate complex risk profiles into 
practical knowledge. Simultaneously, emerging 
sensor technologies are being explored as poten-
tial tools to increase transparency, including nano
sensors for real-time freshness monitoring and 
biosensors for rapid pathogen detection (e.g., Sal-
monella, Listeria) [47, 56]. However, their broader 
application faces significant challenges. Beyond 
obstacles related to cost, scale, and validation [70], 
the very effectiveness of these technologies may be 
limited if they are not applied on the foundation 
of existing good production practices and clear 
procedures, whose absence Hamilton et al. [70] 
highlight as a key vulnerability of the sector.

Microgreen chain and critical control points 
Integrating the contamination pathways and 

biological vulnerabilities analysed in this chapter, 
Fig. 1 maps the production chain into a  cohesive 
food safety framework. Unlike traditional models, 
this schematic highlights the critical continuum 
from seed sourcing to consumption, identifying 
three CCPs necessary to mitigate escalating risks. 
The process begins with inputs (phase  1), where 
CCP1 addresses the primary burden of interna
lised pathogens on seeds. As production shifts 
to cultivation and harvesting (phases 2–3), the 
focus moves to preventing bacterial prolifera-
tion in warm/humid environments and managing 
cross-contamination via cutting surfaces through 
sterile hygiene protocols (CCP2). Crucially, the 
schematic underscores a  distinct operational 
shift post-harvest. While phases 1–4 allow for 
controlled interventions, phase 5 (distribution and 
consumption) introduces an often-uncontrolled 
environment characterised by the absence of a ter-
minal pathogen reduction step. Consequently, any 
breach in the cold chain or lapse in hygiene proto-
cols (risk 5) evolves into an immediate consumer 
hazard (CCP3), confirming that safety relies 
on rigorous process control extending into the 
professional kitchen [72, 73].

Risk management in professional kitchens 
While agronomic practices largely determine 

the initial microbiological status of microgreens, 
their ultimate safety is frequently decided within 
the operational dynamics of professional kitchens. 
Unlike most vegetables that undergo thermal 
processing, microgreens are almost exclusively 
served raw to preserve their delicate texture and 
visual appeal. This gastronomic paradox arises 
from a  direct conflict between culinary objec-
tives, the preservation of thermolabile nutrients 
and delicate textures, and food safety imperatives, 
where the very methods used to maintain quality 
also serve as mechanisms that shield pathogens 
from external sanitary interventions. Nevertheless, 
observational evidence suggests that they are 
often handled with a  level of informality typi-
cally reserved for low-risk garnishes [20, 71]. This 
chapter analyses the critical control points within 
the gastronomic workflow and proposes a  practi-
cal risk-benefit framework for the use of micro-
greens across different food service contexts.

Although agricultural protocols emphasise 
pre-harvest safety, a  critical blind spot emerges 
at the culinary stage: the operational reality of 
professional kitchens. In contrast to controlled 
industrial environments, restaurant kitchens are 
dynamic, high-pressure spaces in which hygiene 
protocols must coexist with the urgency of service 
[72, 73]. Consequently, the CCP 3 (risk 5) is 
defined in practice by four high-risk kitchen 
behaviours (Fig. 1).

Expanding on the “health halo” concept, this 
psychological factor significantly complicates 
operational food safety in professional kitchens. 
The classification of microgreens as “superfoods” 
is widely recognised for their dense nutritional 
profile [11, 74]. However, this positive “health 
halo” can inadvertently obscure potential bio-
logical risks. While consumers and chefs priori-
tise sensory appeal and health benefits [8], prac-
tical understanding of crucial safety protocols, 
such as proper sanitisation, remains inconsistent 
even among producers [70], creating a vulnerabil-
ity in professional kitchens where visual quality 
often supersedes strict hygiene. Consequently, the 
risk of manual cross‑contamination during final 
assembly, where microgreens are often arranged 
by hand as a finishing garnish [7], is heightened, as 
the step occurs after all thermal processing with no 
subsequent control. Similarly, the failure to main-
tain physical barriers during food handling, such as 
storing microgreens in open containers adjacent 
to raw animal products, creates a  critical cross-
contamination risk [70, 72]. These cognitive biases, 
perceiving “superfoods” as inherently clean, are 
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pressure not only diminishes sensory quality but 
can also promote the release of nutrient‑rich exu-
dates on leaf surfaces, further facilitating micro-
bial growth [35, 44].

Importantly, the “health halo” is not the only 
perceptual bias compromising kitchen safety. A re-
lated and dangerous misconception is the “flavour 
fallacy” – the assumption that sensory potency 
implies microbiological safety. The characteristic 
pungency of brassica microgreens (e.g., radish, 
mustard) stems from secondary metabolites like 
glucosinolates. However, empirical evidence 
demonstrates that these compounds, at physiologi-
cal concentrations, fail to inhibit the proliferation 
of enteric pathogens. Indeed, studies confirm that 
E.  coli O157:H7 can proliferate significantly on 
glucosinolate-rich radish microgreens during pro-
duction [13, 35]. Consequently, mistaking strong 
flavour for sanitising power leads kitchen staff to 
treat these products with undue informality. Ulti-
mately, the interaction between the “health halo” 
and “flavour fallacy” causes a  perceptual down-
grade of microgreens from sensitive ready-to-eat 
products to mere decorative elements, effectively 
dismantling the psychological barriers necessary 
for strict hygiene compliance.

Risk-benefit decision matrix in foodservice 
The categorisation of microgreens as high-risk, 

ready-to-eat ingredients necessitates a  paradigm 
shift from generic food safety guidelines towards 
a  sector-specific risk management framework. As 
illustrated in Tab. 1, the decision to incorporate 
raw microgreens into a  menu cannot be based 
solely on culinary aesthetics; it must be strictly 
governed by the establishment’s operational ca-
pacity to mitigate specific biological hazards, 
primarily Listeria monocytogenes, Salmonella 
spp. and pathogenic E.  coli [2, 35, 65, 66]. This 
proposed matrix challenges the “one-size-fits-
all” approach, advocating for a  stratified regula-
tory stance based on consumer vulnerability and 
operational infrastructure. The risk categorisation 
in Tab. 1 is derived from a qualitative assessment 
model that correlates the level of operational con-
trol (cold chain integrity, sanitary infrastructure) 
with the probability of unintentional contamina-
tion during final preparation.

A  critical divergence in the proposed matrix 
concerns healthcare and aged-care catering. 
Despite their superior phytochemical profile, 
the inclusion of raw microgreens in menus for 
immunocompromised populations represents 
an unjustifiable risk. Since these products do not 
undergo final thermal processing, the poten-
tial presence of L. monocytogenes, infectious at 

methodologically treated as “human element” 
factors that can systematically degrade established 
standard operating procedures in high-pressure 
environments, such as professional kitchens [72]. 
This disconnect between perceived and actual risk 
underscores a  critical operational gap: the same 
attributes that drive consumer demand (fresh-
ness, naturalness) can inadvertently undermine 
the strict handling practices required for a  raw, 
ready‑to‑eat product, a  dynamic emphasised in 
food‑service risk models [72, 73].

In professional kitchens, the standard practice 
of washing microgreens is frequently omitted to 
preserve their delicate structure [3, 44], a decision 
supported by evidence that washing is ineffective 
against internalised, seed‑borne pathogens [2, 
10, 12]. This washing inefficiency is not merely 
a  mechanical issue, but a  methodological barrier 
caused by the internalisation of pathogens into 
plant tissues, which classifies microgreens as 
a  high-risk product regardless of surface sanita-
tion efforts. Consequently, the handling tool itself 
becomes the final control point. The routine use 
of sterile plating implements (e.g., tweezers) [2, 
13, 35] must therefore be reclassified from a  sty-
listic preference to a mandatory hygiene measure, 
ensuring the microbiological integrity established 
during production is not compromised at the final 
„science‑to‑table“ stage.

The practice of receiving „living“ micro-
greens in their growing substrate, common in 
food service to extend shelf‑life and freshness, 
introduces a distinct hazard: it brings the growing 
medium, a  documented reservoir for patho-
gens such as Listeria monocytogenes [13, 35, 64], 
directly into the plating environment. Harvesting 
(“cutting at the pass”) over or near the final dish 
risks transferring particles of soil or hydroponic 
mat onto the finished plate [72]. From a  cross-
contamination prevention standpoint, harvesting 
at the point of service (“at the pass”) is methodo
logically unsound, as the act of cutting directly 
over a finished dish is defined as an uncontrolled 
transfer of bio-aerosols and substrate particles 
onto the consumable product. Consequently, 
if living trays are used, harvesting must be 
performed in a  separate preparation area with 
dedicated, sanitised tools, and never directly above 
a customer’s plate.

A  critical yet often overlooked hazard occurs 
at the service pass, where plated dishes are held 
under heat lamps before collection. Micro-
greens placed on hot surfaces and exposed to 
the temperature danger zone (approximately 
20–50 °C) risk rapid bacterial proliferation if 
service is delayed [72]. Concurrent loss of turgor 



Kilibarda, N.	 J. Food Nutr. Res., Vol. 65, 2026, pp. 108–125

120

conditional, not absolute. This distinction relies on 
the premise that high-end establishments possess 
the resources to implement “hurdle technology” at 
the service level: strict supplier vetting (GAP certi
fication) [12, 13], dedicated cold storage, and the 
mandatory use of sterile plating tools (tweezers) 
to prevent human-to-food cross-contamination [2, 
3, 12, 13, 35, 45, 72]. However, a critical limitation 
remains regarding the trend of bringing “living 
trays” (microgreens in substrate) into the kitchen. 
This introduces a vector for soil-borne pathogens 
and spores directly into the plating environment 
[13, 35, 64]. Therefore, while the sector is 
permitted to use the ingredient, the protocol must 
rigorously exclude substrate contact from the 
pass, relying on procedural discipline rather than 
thermal inactivation.

A  critical link in this continuum remains the 
distribution phase, where even minimal tempera-
ture fluctuations (above 5  °C) during transport 
to the foodservice establishment can negate the 
effects of prior pathogen control measures (GAPs) 
[13, 72, 76].

In summary, the proposed decision matrix 
redefines microgreens as a  “conditional luxu-
ry”, an ingredient whose safety is intrinsically 
dependent on the context in which it is handled 
and served. These operational realities reveal 
a  fundamental mismatch between biological risk 
and current regulatory oversight. Future regula-
tory approaches should reflect this stratification 

extremely low doses for vulnerable groups, creates 
a negative risk-benefit ratio [2, 15]. The marginal 
nutritional intake from a garnish is negligible com-
pared to the mortality risk associated with liste-
riosis [75]. Consequently, the framework suggests 
that the use of raw microgreens in these settings 
should be strictly avoided as a necessary preventa-
tive control.

Moving down the risk spectrum, the matrix 
identifies mass catering (buffets) and street food as 
environments defined by a critical “hazard-control 
mismatch”. In these high-volume settings, safety 
is compromised by inherent operational charac-
teristics: prolonged exposure to the temperature 
danger zone, uncontrolled consumer behaviour, 
and frequently inadequate cold chain infrastruc-
ture [30, 72, 73]. The classification of street food 
as a  “restricted” environment is further justified 
by empirical evidence showing that mobile food 
establishments frequently lack adequate facilities 
for hand hygiene and equipment sanitisation, with 
studies indicating that 100 % of surveyed vendors 
failed to meet comprehensive hygiene standards 
[76]. Due to these systemic limitations, the matrix 
advocates for a  “restricted” status: unless micro
greens are incorporated into dishes undergoing 
final thermal processing (e.g., soups, woks), they 
should be excluded from the menu to ensure 
pathogen elimination.

Conversely, the matrix permits the use of raw 
microgreens in fine dining, but this permission is 

Tab. 1. Risk–benefit decision matrix for microgreens in foodservice sectors.

Inherent risk 
profile

Gastronomic  
value

Management decision Critical rationale and constraints

Healthcare and aged care sector (hospitals, nursing homes)

Extreme
(life-threatening)

Negligible
(purely decorative)

Not recommended
(zero tolerance)

Extreme vulnerability to L. monocytogenes (low infectious 
dose). The absence of final thermal processing creates 
an unacceptable mortality risk that outweighs negligible 
nutritional benefits [2, 15, 75].

Buffet and mass catering sector (hotels, event centres, cruises)

High
(uncontrolled 
exposure)

Moderate
(visual garnish)

Restricted
(heat-processed only)

Systemic “hazard-control mismatch” driven by temperature 
abuse and uncontrolled consumer cross-contamination. 
Raw service is unsafe; usage must be restricted to cooked 
formulations [30, 72, 73].

Street food / fast casual sector (high-volume, mobile units)

High
(infrastructure 
deficit)

Moderate
(flavour profile)

Restricted
(heat-processed only)

Critical infrastructure deficits (cold chain, sanitation) preclude 
safe raw handling [13, 72, 76]. Usage must be restricted to 
thermal applications (e.g., soups, woks) to ensure pathogen 
elimination

Fine dining sector (high-resource, controlled environment)

Managed 
(mitigated risk)

High
(integral sensory 
component)

Conditional permis-
sion
(strict standard 
operating procedures)

Conditional permission relies on advanced “hurdle techno
logy” (sterile tools, good agricultural practices sourcing). 
However, “living trays” pose a soil-borne hazard. Protocols 
must rigorously exclude substrate from the service pass to 
prevent cross-contamination [2, 3, 12, 13, 35, 45, 72].
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The synthesis of evidence leads to several 
pivotal conclusions. First, safety is determined at 
the beginning of the chain. The effectiveness of 
post-harvest washing is minimal due to the early 
internalisation of pathogens into plant tissues. 
Thus, the critical control point lies not in sanita-
tion but in verified seed safety and controlled 
growing conditions. Second, a significant regulato-
ry-biological mismatch exists. Current frameworks 
treat microgreens either as generic “fresh leafy 
produce” or exclude them from stricter sprout pro-
tocols, leaving them in a regulatory grey zone that 
fails to address their unique risk profile. Third, 
risk perception is distorted by a powerful “health 
halo”. The marketing narrative of “superfoods” 
leads both consumers and food-service profes-
sionals to systematically underestimate microbio-
logical risks, often treating microgreens as mere 
decoration rather than a  high-risk, ready-to-eat 
ingredient.

Crucially, this review demonstrates that safe 
use must be context-dependent and moves be-
yond a “one-size-fits-all” approach. The proposed 
risk-benefit decision matrix (Tab. 1) provides 
a  pragmatic, sector-specific framework for inte-
gration. This matrix challenges uniform guide-
lines by stratifying recommendations based on 
operational control and consumer vulnerability. 
It argues for the avoidance of raw microgreens in 
healthcare, aged-care, and mass-catering settings, 
environments characterised by a  fundamental 
“hazard-control mismatch” or extreme consumer 
susceptibility. Conversely, conditional use is per-
missible in controlled environments like fine din-
ing, provided strict operational protocols (aseptic 
handling, cold-chain integrity, sterile tools) are 
rigorously enforced. The matrix underscores that 
microgreens should be redefined as a “condition-
al luxury,” whose safety is intrinsically tied to the 
context of handling and service.

Future research and practice must pivot 
toward: standardising commodity-specific 
challenge studies to quantify pathogen behaviour 
across species and growing systems; developing 
and validating effective seed-decontamination 
methods that do not compromise germination; 
formulating clear, distinct regulatory guidelines 
that acknowledge the hybrid risk profile of mi-
crogreens; and implementing targeted education 
to recalibrate risk perception within the gastro
nomic sector, elevating their handling to the level 
of other high-risk raw ingredients.

Ultimately, the sustainable and safe integra-
tion of microgreens requires a  multidisciplinary 
approach that equally values their celebrated nu-
tritional potential and their inherent microbio

by recommending stricter exclusions in high-risk 
demographic settings while requiring validated 
standard operating procedures in sectors where 
raw consumption is permitted.

Regulatory framework and standardisation
Microgreens lack a  dedicated legal definition, 

leaving them in a regulatory “grey zone” between 
high-risk sprouts and general ready-to-eat leafy 
vegetables [13, 77]. Food safety agencies like the 
European Food Safety Authority (EFSA, Parma, 
Italy) and Food and Drug Administration (FDA, 
Silver Spring, Maryland, USA) heavily regulate 
sprouts, mandating strict controls like seed decon-
tamination due to their outbreak history [77–79]. 
Although microgreens share similar warm, humid 
production environments, they are excluded from 
sprout regulations because they are harvested 
above the growth medium [13]. Instead, they fall 
under the broad, inadequate classification of 
“covered produce,” despite unique risks like raw 
consumption [13].

This regulatory gap harms on-farm safety. 
Lacking science-based guidance, growers often 
rely on informal sources, leading to inconsistent 
hygiene [70]. Crucially, unlike sprout producers, 
microgreen growers are not required to decon-
taminate seeds. This allows the primary vector for 
pathogens like Salmonella, E. coli O157:H7, and 
Listeria monocytogenes to enter the supply chain 
unchecked [2, 35, 65, 66].

By forcing microgreens into ill-fitting 
categories, the current reactive framework creates 
inconsistent requirements and uneven consumer 
protection. A  shift toward a proactive, risk-based 
regulatory category is essential. It would mandate 
targeted preventive controls, such as seed treat-
ment and clear hygiene protocols, without 
imposing the disproportionate costs of full sprout 
regulations.

Conclusions

This review has critically examined the integra-
tion of microgreens into modern gastronomy, re-
vealing their fundamental duality. On one hand, 
microgreens are dense reservoirs of bioactive 
compounds with sensory properties that define 
contemporary fine dining. On the other, they rep-
resent a  microbiologically sensitive, ready-to-eat 
product whose biological and production traits, 
such as cultivation under warm, humid conditions, 
a  short growth cycle, and the absence of a  ther-
mal inactivation step, create an ideal medium for 
pathogen internalisation and growth.
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