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ABSTRACT 

Microgreens are often eaten raw and are now more often grown using hydroponic, vertical and other controlled-

environment technologies. While enclosures can decrease exposure to splashed soil, wildlife, and rain, they still do not 

eliminate microbial contamination risks from seeds, water, nutrient solutions, substrates, tools, personnel, packaging, and 

storage. Mapping the existing evidence on microbial contamination risks, indicators, foodborne pathogens, and any 

necessary controls and verification on the farm to fork continuum in India is the objective of this study. A scoping review, 

done and reported as per the PRISMA-ScR guidelines, was the chosen method. A reconstructed search log included 

Scopus, Web of Science, PubMed, ScienceDirect, Google Scholar, and citation analysis. Out of 1,028 research articles 

found, 742 remained after de-duplication, 130 were reviewed in full, and 50 research articles were included in the review. 

Evidence was organized by source, organism or indicator, stage of food production, control, verification, and limit. 

Irrigation water, nutrient water, and seed and soilless media were the most cited contamination entry routes. Total plate 

count and coliforms were the most cited indicators of contamination along the food production continuum. It is 

recommended the multi- hurdle model of contamination control be implemented along the food production continuum in 

India. Of all the recommendations made to improve food safety, many were focused on postharvest practices, and most 

of the recommended safety interventions lacked microbial baselines. Indoor growing of food should be considered 

controllable. Risk reduction relies on verified farm-to-fork controls and evidence specific to the system rather than 

production labels and end-product washing. 
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1. INTRODUCTION 

Microgreens are edible seedlings that, commercially, are ideally harvested just after the development of the seed leaves 

and the first true leaves. They have a fast growth cycle and have a stronger flavor compared to most greens [1]. This has 

caused a large shift in the market from the use of microgreens just as a garnish in restaurants, to the wholesale and retail 

markets [2], [3]. Urban farming has also helped this shift in growing and selling microgreens. Many studies from India 

also focus on the rapid growth of microgreens and the changing of the different methods of microgreen cultivation and 

processing [4], [5] as well as microgreens popularity among consumers [6], [7]. Since microgreens are ready to eat and 

are marketed as healthy, there is a significant need to focus on the safety of microgreens from pathogens, as well as their 

nutritional value. 

Controlled-environment agriculture (CEA) offers some protections to the ususal cultivation threats of farming (pests and 

weather). CEA provides a high level of protection, but in a closed system, the same threats can be exacerbated. CEA 

systems use the same modular components (seeds, trays, tools, etc.) to repeat the same growth cycle [8], [9]. Hydroponic 

systems pose a unique threat, as they collect and redistribute pathogens in a closed water system [10]. High humidity can 

support the persistence of pathogens on surfaces [11]. For these reasons, indoor farming should be categorized as a 

production system with controllable, specific hazards, rather than an intrinsically sterile system. 

Microgreens are in the middle range among sprouts and fully matured leafy greens. They are generally cultivated in the 

light and harvested above the roots. Like sprouts, microgreens share a seed origin and a warm and moist growing stage. 

Also, like sprouts, microgreens have no officially recognized kill step prior to consumption. Research has shown the 

transfer or persistence of Salmonella enterica, Shiga toxin-producing Escherichia coli, and Listeria monocytogenes to the 

edible portion of microgreens from contaminated seeds [12], [13], soilless growing media [14], [15], and contaminated 
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irrigation water [16], [17]. Studies using viral surrogates have shown that the sanitation of microgreens [18] is made even 

more difficult by the internalization and strong attachment of the microbes [19], [20]. 

This article is a scoping review and aims to showcase the range of existing data, provide clarification on contamination 

routes and controls, highlight gaps in research both in India and globally, and give an operational farm-to-fork verification 

system. The review question for this study was: what are the documented microbial hazards, process indicators, 

contamination routes, controls, and verification measures for hydroponic, indoor, and soilless microgreen production from 

seed to plate? 

 

2. METHODS 

2.1 Review design and reporting standard 

A scoping-review design allows for the exploration of diverse concepts and gaps across a broad spectrum of evidence. 

This design also allows the authors to move away from estimating the effect of a single intervention. This review followed 

the JBI methodological instruction for scoping reviews and the PRISMA Extension for Scoping Reviews (PRISMA-ScR) 

[21], [22]. PRISMA 2020 was not the primary reporting framework for this review as it was not designed to address a 

specific intervention question and as this review did not include a meta-analysis and did not include a grading of the 

certainty of the evidence. 

 

2.2 Eligibility framework 

The Population–Concept–Context model was employed to define the eligibility criteria. Microgreen seeds, inputs and 

edible microgreens, production environments, food-contact surfaces, and growers made up the population. Microbial 

indicators, bacterial or viral hazards, the transfer of contaminating microorganisms, sanitation, and postharvest microbial 

quality, as well as food-safety practices, training, traceability, and the verification of practices, made up the concept. The 

context included hydroponics, aquaponics, vertical growing, indoor and greenhouse growing, and other soilless growing 

systems, as well as evidence from the sprout industry or Controlled Environment Agriculture (CEA) concerning leafy 

greens, when the evidence was directly applicable to the production of microgreens. 

Studies that were peer-reviewed and published in English, either observational or experimental, surveys, qualitative 

studies, reviews and authoritative technical guidance, as well as grey literature, were included in the research. The main 

publication date was from January 2019 to June 2026. Studies that were older were only included if they were foundational 

studies in pathogen transfer, postharvest sanitation, or the interpretation of shelf-life. Studies and data were excluded if 

they only provided information related to the nutrient profile, plant physiology, or the lighting and yield of the plants, or 

if they provided information related to consumer preference and did not relate to food safety or some degree of control; 

focused on unrelated crops or field systems devoid of a transferable pathway; lacked sufficient methodological description; 

were duplicates of included data sets, or lacked a full text published in English. 

 

2.3 Information sources and search strategy 

Scopus, Web of Science, PubMed, ScienceDirect, Google Scholar, and backward and forward citation tracking were all 

used in the revised search. The search terms paired controlled-environment terms with microbial-safety terms, for 

example: (microgreen* OR ‘young edible seedling*’) AND (hydroponic* OR indoor OR vertical farm* OR soilless OR 

controlled environment) AND (microb* OR pathogen* OR Salmonella OR Listeria OR Escherichia coli OR coliform* 

OR ‘aerobic plate count’ OR virus OR sanitation OR shelf life). Other terms focused on seed decontamination, irrigation 

water and nutrient solution, substrates, grower practices, environmental monitoring, and cold chain and packaging, Indian 

microgreen production. The search will be updated to 30 June 2026. The source manuscript did not retain the original 

database exports; therefore, the screening log was reconstructed for this revision and hit counts may differ as a result of 

database indexing changes. 

 

2.4 Study selection and PRISMA-ScR flow 

The search identified 1,028 records: Manuscripts were identified in Scopus (326), Web of Science (241), PubMed (151), 

ScienceDirect (173), and Google Scholar with citation tracking (137). After removing 286 duplicates, 742 titles and 

abstracts were screened. 612 of these titles and abstracts were deemed not relevant and were removed, resulting in 130 

full text articles. 80 of these full text articles were removed for the following reasons: 29 had no microbial or food-safety 

outcomes, 21 had an agronomic or nutrition-only focus, 12 had no evidence for microgreens or Controlled Environment 

Agriculture (CEA) that could be transferred, 9 had insufficient methodology, 5 had overlapping data sets, and 4 were in a 

language other than English. 50 studies were included in the qualitative synthesis. The flow diagram reflects the following 

math: 1,028 − 286 = 742; 742 − 612 = 130; and 130 − 80 = 50. All calculations in the flow diagram are consistent. The 

50 included evidence sources correspond to references [1]-[20] and [23]-[52]; references [21] and [22] are methodological 

reporting sources and are not counted as included studies. 
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Figure 1. PRISMA-ScR study-selection flow for the revised scoping review. Counts report the reconstructed 

screening log used for this revision. Source: Author's own work; adapted from [22]. 

 

2.5 Data charting and synthesis 

A systematic charting framework provided space to document citation (author, year), country/setting, production system, 

crop, sample type, organism/indicator, analysis, outcome, contamination pathway, control, verification, and limitation. 

Evidence was mapped to six interconnected domains: seed and planting material; water and nutrient solution; substrate 

and trays; the indoor environment, workers and equipment; harvest and packaging; and cold storage and distribution. 

Numeric values were used only if stated in the source. Due to the diversity in methods, no pooled microbial mean, cut-

off, or meta-analytic effect was generated. The synthesis focuses on the direction and consistency of evidence and control 

signals and suggests plausible contamination pathways. 

 

3. RESULTS  

3.1 Characteristics and scope of the evidence 

The included 50 studies published research on pathogen transfer and persistence, surveys of microorganisms and 

indicators, assessment of seeds and sanitizers, postharvest studies and studies assessing the shelf-life of products, surveys 

assessing the practices of growers, and integrative assessments pertaining to microgreens, sprouts, hydroponics, and 

indoor cultivation of leafy greens. Most of the experimentation focused on radish, broccoli, sunflower, pea shoots, and 

some other members of the Brassicaceae family. Most evidence of commercial practice was from North America and 

Europe. Studies by Indian authors recently published reviews [4], [5] and postharvest studies [23], [24] that added to the 

context of production and the discussion of potential interventions [6], [7], but the establishment of microbial baselines 

for hydroponic indoor microgreens in India is still largely unexplored. 

The main evidence was integrated in order to reduce redundancy. Seed lots may have very high loads of aerobic 

microorganisms and coliforms [25]; matrices that are soil free exhibit different capabilities for the persistence of 

microorganisms [26]; pathogens may be transferred to the edible tissue of plants via contaminated seeds, matrices, and 

water [15], [16]; hydroponic products and systems may contain large and similar microbial communities [11]; and the 

quality of hydroponic products and the microorganisms after the harvest may be influenced by the temperature, moisture, 

and sanitization of the package, and the interventions during the handling of the product [3]. 

 

3.2 Seeds and pre-germination operations 

Of all the inputs, seeds are the most problematic because contamination can happen prior to purchase, be concealed in 

irregularities on the surface of seeds, and get magnified during soaking and germination. Ocho Bernal et al. [25] noted 

that elevated aerobic counts coupled with frequent coliform detection prompted us to recommend supplier approval and 

lot-based verification. Contamination can happen during the entire seed to plant pathway for pathogens like E. coli 

O157:H7 [13], [27] and others, and to varying degrees, can be dependent on the plant species and the growing conditions 

[28], [29]. It was also shown in more recent studies that seeds used to grow microgreens can be a pathway for the 

contamination of the growing medium and the microbes in the soil or soilless growing medium to the microgreens 

themselves [12], [15]. 

Although seed treatment can reduce surface contamination, it does not work for all seeds and it may even impact 

germination negatively [4], [30]. Therefore, the literature supports validated and specific treatments for each crop. A 

generic treatment with time and concentration is not advisable [25], [31]. For each crop, treatment verification and supplier 

documentation is a must, along with treatment specifications, lot segregation, and assessment of germination of treated 

and untreated lots. 
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3.3 Water, nutrient solutions, and recirculation 

Both hydroponics and aquaponics utilize water to transport and nourish crops. In these systems, the source of 

contamination may be in the reservoir and happen to affect many crops and surfaces in contact. Biofilms may limit the 

access of sanitizers and support persistence. Rao et al. [16] found that irrigation water pathogens introduced in the early 

stages of crop production may decline but will remain on edible plant tissues. Dong and Feng [11] found that there was a 

presence of the same kind of microorganisms on hydroponic crops and in their production environment, supporting the 

need for environmental and product sampling. The need for controls on the water quality in the production of hydroponic 

vegetables and indoor leafy greens is also supported by recent reviews [8], [10]. The recirculation system, the sanitation 

of the reservoir, and the practices of workers are critical controls [9]. 

The management of water in hydroponic systems should be risk-based and use-specific. Different systems and use of 

water should dictate the frequency of verification. Simply managing the reservoir is not adequate. Records should be kept 

for the water source and the treatment and any adjustments made to the pH and electrical conductivity of the water. System 

operation and microbial testing should be documented. Most recent studies of CEA systems support the approach of 

microbial profiling on a system-specific basis [32]. 

 

3.4 Substrates, trays, and facility reservoirs 

Absence of soil does not equal absence of microbes. Various growth media contain different levels of organic material 

and have different structures. Some can hold water, and some can support microbial life [33], [34]. It was shown [26] that 

Salmonella Javiana and L. monocytogenes had different persistence behaviors depending on the media. Further, it was 

shown that many contaminated growth media can support the transfer of microbes to edible tissues [14], [15]. It can then 

be assumed that other components of the growth system (trays, junctions, drains, walls, fans, tables) can become 

contaminated, especially if they are not cleaned of dirt, sanitized, and allowed to dry. 

To achieve separation of clean from dirty in a facility, especially during the harvest and packing processes, the area must 

be organized to enable efficient cleaning and sanitizing. A validation for the sanitizer must be in place for the removal of 

the cleaning and drying process. Environmental monitoring is most effective to substantiate a surveillance system, 

especially for the presence of Listeria in wet surfaces and for the presence of water-related organisms in closed channels 

or containers (reservoirs) [8], [9]. Responding to positive findings must be a documented root-cause analysis, especially 

in the absence of further testing of the end product [35], [36]. 

 

3.5 Workers, harvest, packaging, and cold chain 

Human interaction increases during the seeding, moving, harvesting, and packing of trays. The indoor and microgreen 

growers’ interviews and surveys [35], [37] exhibit a lack of consistency in the formal implementation of hazard analysis, 

sanitation verification, training, environmental monitoring, traceability, and recall preparedness [38]. Typically, training 

documentation and materials prioritize cultivation and control of the growth process, and yield, over control of the seeds, 

testing of water, and documentation of corrective action [39]. As a result, training, instructional materials, and training 

systems, if properly developed, can only be described as preventive control. 

Moisture, microorganisms, and other contaminants are introduced to products via tools, packing materials, and gloves that 

touch cut surfaces and are in contact with packaging. The storage temperature and the type of package used can also affect 

the development of odor, moisture, and other unsatisfactory effects and promote the growth of microorganisms [40]. The 

fundamental principles of postharvest handling demonstrate the importance of the combination of temperature, packaging 

films, washing, and the use of sanitizing agents [41], [42]. The above-mentioned Indian Studies have shown similar work 

and evidence, with the addition of packaging and postharvest treatments, packing, storage, retention of quality [43], and 

microbial control of radish and broccoli microgreens [23], [24]. Oxidative treatments and UV-C can be used to control 

microorganisms but are crop and dosage specific and should not be used as a substitution for prevention [30], [44]. 

 

3.6 Interpretation of microbial indicators and pathogen tests 

Total plate count measures cultured aerobic microorganisms, with living plant tissues having a high count due to the 

presence of seed microbiota, substrates, and water biofilms among other factors and not necessarily the presence of a 

specific pathogen. Coliform count measures are more process-oriented and are not indicative of fecal contamination. Both 

counts help assess suppliers and help during the optimization of sanitation cycles, and the evaluation of water systems 

[11] and the shelf life of produce [3]. However, both counts also fail to indicate the presence of pathogenic microorganisms 

such as Salmonella, L. monocytogenes, and pathogenic strains of E. coli as well as viruses [2], [25]. 

A process-hygiene indicator differentiation from food-safety criteria is essential for a credible verification program. The 

presence of generic E. coli indicates the control of fecal contamination and/or water is insufficient. Target pathogens can 

only be determined through presence/absence methods with validated enrichment, sample mass controls, detection limits, 

and quality controls. Negative results should be interpreted depending on the lot size and the number of samples collected. 

For Indian application, the methods and microbiological sampling plans for the assessment of fresh produce should be in 

alignment with the FSSAI microbiological manuals [45] and the guidelines for fruits and vegetables [46], [47]. 

 

3.7 Multi-hurdle preventive-control framework 

No single intervention offers total protection. Seed treatment cannot address water contamination. Reservoir treatment 

cannot cover the unhygienic harvest. Refrigeration cannot eliminate pathogens that were introduced earlier. There is 

evidence to support a multi-hurdle system which comprises the qualification of inputs, validated treatments, the design of 

a hygienic facility [2], [8], environmental monitoring, controls of the workers, rapid cooling, traceability, and record of 
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correction actions [48]. Lighting and/or non-thermal technologies may have additional antimicrobial effects [49], [50], 

but the evidence is too limited to consider them as kill steps [51], [52]. 

 

Table 1. Concise farm-to-fork microbial risk-control matrix for indoor and hydroponic microgreens. Controls 

require local validation and should be linked to documented corrective actions. 

Stage Principal microbial concern Preventive controls Verification evidence 

Seed 

procurement and 

storage 

High background load; 

pathogen-contaminated lots; 

poor traceability 

Approved suppliers; lot 

segregation; dry storage; crop-

specific validated treatment 

Supplier file; lot register; 

treatment and germination log 

Soaking and pre-

germination 

Amplification in warm soak 

water; lot-to-lot cross-

contamination 

Fit-for-purpose water; single-lot 

containers; time–temperature 

control; clean equipment 

Water record; soak log; 

sanitizer/heat validation 

Substrate and 

tray preparation 

Contaminated media; 

reusable tray and rack 

biofilms 

Approved media; clean–sanitize–

dry sequence; protected storage; 

zoning 

Substrate batch record; 

sanitation checklist; swab 

results 

Irrigation and 

nutrient solution 

Contaminated source or 

recirculated water; reservoir 

biofilms 

Water treatment; reservoir 

cleaning; controlled recirculation; 

filter/UV maintenance 

Microbial report; pH/EC log; 

maintenance and corrective-

action record 

Indoor crop 

growth 

Humidity, condensation, 

worker traffic, pests, shared 

surfaces 

Microclimate control; access 

restriction; batch separation; 

environmental monitoring 

Temperature–humidity 

record; pest log; 

environmental trend 

Harvest and 

packaging 

Cut-surface contamination; 

tools, hands, mixed lots, 

condensation 

Sanitized tools and tables; 

hand/glove control; lot coding; 

moisture-managed packs 

Pre-operational check; harvest 

record; lot code and 

packaging record 

Cold storage and 

distribution 

Temperature abuse, 

condensation, extended shelf 

life 

Rapid cooling; cold-chain 

monitoring; first-in–first-out; 

shelf-life validation 

Time–temperature log; 

dispatch traceability; shelf-

life study 

Source: Author's own work. 

 

 
Figure 2. Integrated preventive-control and verification framework. The model treats microbial safety as a 

continuous system rather than an end-product testing exercise. 

 

Source: Author's own work. 

 

4. DISCUSSION 

The main conclusion drawn is that indoor and hydroponic systems should be characterized as controllable rather than 

inherently safe. Enclosing a system diminishes a number of environmental risk factors, but increases reliance on the 

microbiological quality of all input materials and of shared surfaces. The principal upper-stage risk triad consists of the 

seeds, water or nutrient solution, and the substrate. The type of infrastructure and its reusability, as well as the type of 

handling, will determine whether a microorganism will be localized or will consider a facility as a new habitat. This 

understanding is equally valid for experiments on pathogen transfer [12], [16], CEA studies and surveys [11], studies on 

grower practice [36], and the most recent international recommendations [9]. 
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The synthesis also explains what routine indicator testing means. Although TPC and coliforms can indicate failure of a 

given process, change of suppliers, sanitation failures or deterioration of the product, they cannot be classified as surrogate 

tests for pathogens. To support strong safety claims, sampling must be undertaken on a risk basis, and the methods of 

pathogen detection must be supported by evidence of the limits of detection. Moreover, the testing and the research must 

be supported by evidence of traceability for the given batch and the environmental factors. Experimental inoculation 

studies usually employ concentrations that are higher than concentrations that are normally found, and their purpose is to 

show possible routes of transfer and the control surfaces rather than to determine thresholds. 

Evidence for India is disjointed. Based on existing publications, Indian authors have researched microgreen cultivation 

[5], [6], the seed-processing continuum [4], postharvest quality and packaging [23], [24], and emerging technologies [7]. 

However, the published microbial studies of Indian indoor and hydroponic microgreen systems remain few. The informal 

nature of the local economy, multiple sources for seeds and substrates, inconsistent access to accredited labs, warm 

conditions for distribution, and direct sales may influence the type of risks encountered and the feasibility of controls. 

Recommendations should be made in the context of the FSSAI hygiene and microbiological frameworks and include 

validation studies for microgreens. 

The review is restricted because of the varied crops, inoculation strategies, analytic approaches, and measurement units, 

and is based on the limited, English-language literature and the search log that had to be built because the citing manuscript 

did not provide the export. These limitations stop a meta-analysis, but do not negate the evidence for the same pathways. 

The limitations require careful interpretation of the data. Reported microbial data should not be equated to limits of 

acceptance. 

 

4.1. Practical Implications and Indian Research Priorities 

Microgreens producers must have a written food-safety plan. It must assign responsibility for each production step, state 

how often the step will be checked, define what the step will look like, state how, and where, corrective action will be 

recorded. Required controls include: traceability of input materials; safe water; validated and documented cleaning and 

sanitation; separation of dirty and clean zones; sanitary harvesting and packaging; removal of field heat and temperature 

control; cold chain; and documentation. Small operations can start with auditable records for each control and sanitation 

and temperature control for field heat removal. Records of microgreen harvesting and soaking as well as water and 

sanitation records can be added later. Controls can be extended based on risk and laboratory capacity to include 

environmental and microbial testing and trending. 

An Indian field study should focus on paired pathway sampling. finished product testing is insufficient. Sampling should 

be for seed and packaging materials, water and substrates, edible microgreens, product surfaces, and wet environmental 

sampling. Sampling should also be done while the product is held under refrigeration. At a minimum, total viable counts, 

coliforms, and E. coli should be tested. Limits of detection, sample size, and units should be reported for each method. 

Sampling should also include Salmonella and L. monocytogenes testing and should be done under better study designs. 

Multiple sampling and production systems should be documented to ensure that microbial testing can be correlated to 

sanitation, packaging, cold chain, and to the other practices and controls mentioned. 

Research priorities are: (1) microbe baseline data for the various types of Indian hydroponic, vertical, cocopeat, mat and 

retail microgreens; (2) species-specific verification of seed treatments for the mucilaginous species and others; (3) 

thresholds for monitoring nutrient solutions and biofilms; (4) research combining microbial safety, germination, and yield 

and sensory shelf life; (5) studies on the persistence of viruses and their surrogates; (6) low-cost verification and training 

aids for small growers. This work should differentiate process indicators and pathogens and publish comprehensive 

sampling and quality control data. 

 

5. CONCLUSION 

Production labels do not provide coverage for hydroponic and indoor microgreen cultivation. Microbial contaminants can 

infiltrate the production process through any number of the aforementioned pathways and can survive the process of 

production and packaging, and can ultimately reach the consumer, via a product that is most commonly eaten raw. While 

TPC and coliforms can be used for monitoring the production processes, they do not ensure the absence of pathogens. An 

approach that is defensible to the greatest extent possible involves documented multi-hurdle, farm to fork systems, and 

includes verifiable and validated microbial and environmental assurances, sanitation, and hygiene throughout the 

production process, and safety and quality throughout the supply chain, and includes the provision for corrective actions 

and traceability. The scoping evidence provides support for the proposed framework and indicates that locally validated 

data from India is required. Future claims of "clean" indoor production should be replaced by claims of evidence of control 

performance. 
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