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Abstract
Sprouted seeds and microgreens are emerging as innovative specialty raw salad crops, valued for their health-promoting properties. However,
the risk of foodborne illnesses associated with microbial contamination in microgreens underscores the need for effective sanitization in their
production. This study explores using hydrolates, by-products of essential oil distillation from six plants, as natural sanitizers in alfalfa
microgreen production. The research investigates their impact on seed germination, antimicrobial activity, and sensory attributes. Results
revealed that oregano, fennel, lavender, and lemon catmint hydrolates decrease alfalfa seed germination, while peppermint and hop hydrolates
have no significant impact. Peppermint and fennel hydrolates demonstrate notable efficacy in antimicrobial testing. Sensory analysis indicates
differences in odour and flavour, with peppermint, oregano, and lavender receiving high scores. According to the results, peppermint hydrolate
can be considered a favourable option for alfalfa micro sprout production, contributing to sustainable and organic approaches in urban
agriculture and underlining the importance of natural sanitizers for food safety.

Statement of Novelty
Essential oils are widely used in the food and pharmaceutical industry, but hydrolates, their accompanying by-products, are usually discarded,
or used in a small scale in the cosmetic industry. Research has confirmed that hydrolates possess a pleasant scent, mainly similar to the
corresponding oils (rarely unpleasant scent, completely different from essential oil) and certain biological activities (antimicrobial, antioxidant,
allelopathic, etc.). They have the potential to be used in organic agriculture, as well as in food processing. Bearing in mind the constant world
trend of applying innovative classes of specialty raw salad crops, such as microsprouts and microgreens, the application of hydrolates can be
of great importance in order to improve its taste and microbiological safety.

Highlights
Micro sprouts are prevalentraw salad crops with functional properties

Alfalfa sprouting was done in water or six selected hydrolates during 10 days

Peppermint, oregano, fennel, hop, lavender and lemon catmint hydrolates were used

All hydrolates except peppermint and fennel showed a dose-dependent sprouting inhibition

Peppermint hydrolate showed the best antimicrobial and sensory potential

Introduction
Sprouted seeds and microgreens are a new innovative class of specialty raw salad crops, especially valued for their health-promoting or
disease-preventing properties [1, 2]. Micro sprouts are commonly grown in the dark under high relative humidity, and production time is usually
3–10 days from seed hydration (the cotyledons are still under-developed and true leaves have not begun to emerge) [3, 4]. Production of micro
sprouts does not require soil or medium to grow; they grow solely in water or moisture. Some other advantages of the production of micro
sprouts are: a large-scale production can be achieved in a very small space, and there is no harvesting, because the obtained product is
completely edible [4]. From the other side, the seedlings with first true leaves emerge called microgreens, and are usually harvested 7–28 days
after germination [5]. Numerous plant species is used for microsprouts and microgreen production, among them many legumes, crucifers,
oilseeds, cereals and pseudocereals [3, 6, 7, 8].

Alfalfa (Medicago sativa L.), also known as lucerne, is one of the most common seeds for sprouting [9]. Its sprouts are fluffy, crunchy and
sweet, and one of the most nutritionally rich foods [10]. Alfalfa sprouts are highly valuable sources of protein, minerals (including trace
elements such as copper, manganese, and selenium), vitamins (B complex, vitamins C and E), phenolic compounds (gallic and caffeic acids),
flavonoids (apigenin, kaempferol, myricetin, naringin quercetin, rutin, daidzein, and genistein), glucosinolates, saponins and their derivatives [11,
12]. These compounds have great biological potential, such as antioxidant activity, cholesterol-lowering properties [13], antidiabetic potential
[14], as well as anticancer properties [15, 16]. In addition, the phytoestrogenic activity of alfalfa sprouts is also noted [17, 18]. Taking all these in
mind, alfalfa micro sprouts are very fashionable functional food for the 21st Century [19].

Unfortunately, numerous food illnesses are caused by the consumption of micro sprouts and microgreens contaminated with enteric bacterial
pathogens [20]. Therefore, sanitizing raw material during processing is a critical step in microgreen production [21]. Therefore, scientists
worldwide are trying to find solutions to chemical sanitizers suitable for organic food production. Hydrolates, as by-products during the
distillation process of essential oils, have the potential for application in the food industry, as natural food sanitizers, for washing fresh-cut
fruits and vegetables [22, 23, 24, 25, 26, 27, 28], as well as for disinfection of food and areas in contact with it [29, 30]. In addition, hydrolates
are often used in the food industry because of specific organoleptic properties and flavour, in functional (soft) drinks and naturally flavoured
herbal ice cream [31, 32]. However, they have a much softer scent and are less biologically active than corresponding essential oils, because
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they mainly contain less than 0.1% of water-soluble fraction of volatile aromatic compounds, similar to dissimilar in comparison to the
essential oils [31].

Due to its growing popularity, it is increasing interest among seed produce companies and scientists to develop and improve growing
technology practices under urban agriculture, which can easily be applied in indoor farming systems as well as under home conditions. Bearing
in mind the above-mentioned, this paper aimed to examine the effect of hydrolates obtained as a by-product during the processing of six
essential oil-bearing plants (peppermint, oregano, fennel, hop, lavender and lemon catmint) on germination and initial growth of alfalfa
seedlings. Another goal of the investigation was to determine the antimicrobial activity of investigated hydrolates, and their effect on the taste
and odour of alfalfa micro sprouts.

Material and method

Plant material
Selected essential oil-bearing plants were grown at the Institute of Field and Vegetable Crops Novi Sad, at experimental fields localized in Bački
Petrovac (45.3378183, 19.6700113). Plants were harvested at the optimal technological period: at the beginning of the flowering (peppermint
and oregano), full flowering (hop, lavender and lemon catmint), and in the full ripening stage (fennel). After harvest, plant materials were dried
in a solar dryer until constant mass and stored until further processing (less than six months).

Essential oil and hydrolate extraction
Approximately 100 kg of dry plant materials were placed in the stainless steel distillation vessel, covered with a steel lid via a plumbing system
and supplied with steam obtained by an external steam boiler. Steam passing through the plant material whereby the steam volatile
compounds are volatilized, exited the distillation vessel, then condensed and collected and finally collected in Florentine glass flask. Due to its
lower density than water, essential oil floats on the surface of the aqueous phase, and after the end of the distillation process, it is easily
separated by decanting. However, the aqueous phase that remains in the Florentine flask is mostly discarded, but we collected it in sterile
plastic bottles over filter paper in order to investigate the chemical composition and find additional value of this by-product.

Chemical characterization of hydrolates
Likens-Nickerson apparatus was used for simultaneous distillation-extraction method of hydrolates (400 mL) with dichloromethane (5 mL) as
the solvent. Obtained secondary essential oils from hydrolates were analysed by gas chromatography-flame ion detection (GC/FID), and gas
chromatography-mass spectrometry (GCMS). All chromatograms were shown in Figure. 1, while the relative mass percentage of the identified
compounds were given in Supplementary table.

Alfalfa germination tests
Alfalfa seeds (Medicago sativa cv. Mediana) obtained from the Institute of Field and Vegetable Crops Novi Sad, were confirmed and deposited
at the BUNS Herbarium, University of Novi Sad, Serbia, under voucher specimens number 2-0681.

A total 100 alfalfa seeds were placed in Petri dishes, in four repetitions, on filter paper soaked with 10 mL of distilled water (control) or different
concentrations of hydrolates (10%, 20%, 50% and 100%). The seeds were germinated for 10 days in a climate chamber at 22°C/20°C for 12-
hour photoperiod according to ISTA recommendations [33]. Seed germination (%) and seedling length (shoot and root length) were recorded in
order to determine the efficiency of hydrolates.

Antimicrobial activity
To observe the microbial growth-suppressing potential of hydrolates, 8 representatives of gram-positive and gram-negative bacteria, as well as
fungi and yeasts were involved in the disk diffusion testing method described by Šovljanski et al. [34]. Interpretation of the results can be
summarized as: sensitive microorganism (diameter of the inhibition zone above 26 mm), intermediary (diameter between 22 and 26 mm), and
resistance (diameter below 22 mm). All tested microorganisms were procured from the American Type Culture Collection (ATCC, Manassas,
Virginia, USA) and deposited at the Laboratory of Microbiology in a deep freezer (Sniјdеrs Lаbs, Tilburg, The Netherlands). The following
microorganisms are involved in this study: Bacillus cereus ATCC 11778, Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC
19433, Escherichia coli ATCC 25922, Salmonella Typhimurium ATCC 13311, Saccharomyces cerevisiae ATCC 9763, Candida albicans ATCC
10231, and Aspergillus brasiliensis ATCC 16404.

Sensory analysis
The sensory study was conducted at the University of Novi Sad, Faculty of Technology Novi Sad to evaluate the sensory qualities of microgreen
samples. Six samples of alfalfa microgreens obtained using hydrolates obtained as by-products during the processing of six essential oil-
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bearing plants (peppermint, oregano, fennel, hop, lavender and lemon catmint) were evaluated in a sensory laboratory by an experienced panel
consisting of ten members. The sensory attributes were determined as previously described by Xiao et al. [35], with slight modifications. Seven
odour terms (cheesy, herbal, balsamic, floral, mint, mentholic, and spicy) and six flavor terms (cheesy, minty, cooling, citrus, floral and citrus-
floral) were chosen for further sensory analysis. Tested alfalfa microgreens were evaluated in triplicate on a 7 Likert scale from very poor (1) to
excellent (7). For the detection of the odour and flavour of alfalfa microgreens samples was performed as described by Tan et al. [36].

Statistical analysis
The experimental data underwent principal component analysis (PCA) using StatSoft Statistica 10.0® software.

Results
In this investigation, the aim was to evaluate the influence of hydrolates on (1) germination and seedling length, (2) antimicrobial activity of
hydrolates and (3) odour and flavour of hydrolates.

Germination and seedling lenght
Tukey's test, at a p < 0.05 level of significance, showed that increasing concentrations (10–100%) of oregano, fennel, lavender and lemon
catmint hydrolates resulted in a statistically significant decrease of alfalfa seed germination, in the same peppermint and hop hydrolate had no
statistically significant influences on alfalfa seed germination (Table 1, Fig. 2).

Table 1
Alfalfa seed germination (%) under distilled water (control) and different concentrations of hydrolates

after 10 days
Sample Pepermint Oregano Fennel Hop Lavender Lemon catmint

control 83 ± 6.00a 83 ± 6.00bc 89 ± 7.57e 86 ± 4.00b 83 ± 6.00d 89 ± 7.57d

10% 85 ± 12.38a 76 ± 8.64c 82 ± 8.33c 78 ± 6.93b 58 ± 21.04bc 90 ± 6.93e

20% 83 ± 10.00a 75 ± 8.87bc 86 ± 8.33d 87 ± 11.02b 57 ± 11.49b 83 ± 8.87c

50% 79 ± 8.87a 46 ± 24.55ab 54 ± 18.04b 69 ± 11.49b 59 ± 30.00c 10 ± 10.07b

100% 77 ± 5.03a 0 ± 0.00a 2 ± 4.00a 3 ± 3.83a 3 ± 2.00a 0 ± 0.00a

Results represent average value ± standard deviation. Different letters in superscript of the same table column indicate the statistically
significant difference between values, at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)

As can it be seen from Table 2, the alfalfa root length after ten days was between 3.0 and 40.4 mm. All hydrolates decreases root length except
peppermint in lower concentrations (Table 2, Fig. 2).

Table 2
Alfalfa root length (mm) under distilled water (control) and different concentrations of hydrolates after 10 days

Sample Peppermint Oregano Fennel Hop Lavender Lemon catmint

control 34.3 ± 15.928c 34.3 ± 15.928e 52.2 ± 23.422e 33.8 ± 15.949c 34.3 ± 15.928b 52.2 ± 23.422b

10% 40.4 ± 20.017e 19.8 ± 10.738c 26.3 ± 16.138d 28.1 ± 13.221bc 6.2 ± 2.931a 48.1 ± 20.096b

20% 39.6 ± 21.237d 22.5 ± 11.603d 21.1 ± 12.271c 27.5 ± 11.034bc 7.4 ± 2.832a 42.5 ± 16.834b

50% 31.1 ± 15.682b 5.9 ± 3.589b 8.9 ± 7.931b 9.5 ± 7.528ab 5.9 ± 3.652a 5.1 ± 3.247a

100% 20.6 ± 11.484a 0.0 ± 0.000a 1.0 ± 0.000a 3.3 ± 2.082a 3.0 ± 2.000a 0.0 ± 0.000a

Results represent average value ± standard deviation. Different letters in superscript of the same table column indicate the statistically
significant difference between values, at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)

In this study, after ten days shoot length was between 2.3 and 14.8 mm. All hydrolates in all investigated concentration decrease shoot length,
except fennel in concentration of 10% and 20% which stimulate shoot length in comparison to control (Table 3, Fig. 2).



Page 5/16

Table 3
Alfalfa shoot length (mm) under distilled water (control) and different concentrations of hydrolates after 10 days

Sample Peppermint Oregano Fennel Hop Lavender Lemon catmint

control 14.6 ± 5.943ab 14.6 ± 5.943d 8.1 ± 3.232c 14.4 ± 5.876c 14.6 ± 5.943c 8.1 ± 3.232c

10% 14.8 ± 5.504b 10.3 ± 3.647c 10.2 ± 5.403e 10.3 ± 3.566b 7.8 ± 3.480b 7.9 ± 2.034bc

20% 13.9 ± 5.852ab 10.1 ± 3.342c 9.5 ± 5.568d 11.2 ± 3.422b 7.6 ± 2.735b 7.9 ± 2.505bc

50% 14.8 ± 5.217ab 6.2 ± 3.462a 5.7 ± 5.303b 3.7 ± 2.975a 7.6 ± 3.444b 2.3 ± 2.627ab

100% 8.5 ± 3.401a 0.0 ± 0.000b 0.0 ± 0.000a 2.7 ± 3.786a 3.3 ± 2.887a 0.0 ± 0.000a

Results represent average value ± standard deviation. Different letters in superscript of the same table column indicate the statistically
significant difference between values, at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)

Microbial growth-suppressing potential of selected hydrolates
In this study, microbial growth-suppressing potential of hydrolates derived from peppermint, oregano, fennel, hop, lavender, and lemon catmint
was investigated against a panel of microorganisms (Table 4). The results revealed varied inhibitory effects, providing insights into the
potential applications of these hydrolates in controlling microbial growth during microgreens growth. Namely, the assessment focused on
discerning the inhibitory effects of tested hydrolates by measuring the respective inhibition zones (expressed as mean values with standard
deviations based on three repetitions).

Table 4
Microbial growth-suppressing potential of investigated hydrolates shows the diameter of the inhibition zone

(mm)*
Tested microorganism Peppermint Oregano Fennel Hop Lavender Lemon catmint

B. cereus nd 22.00 ± 0.00 14.00 ± 1.00 nd nd 16.00 ± 1.00

S. aureus 24.00 ± 1.00 22.67 ± 1.15 26.33 ± 0.58 nd nd 19.33 ± 0.58

E. faecalis nd 18.67 ± 0.58 17.67 ± 0.58 nd nd 12.00 ± 0.00

E. coli 27.33 ± 0.58 11.00 ± 1.00 27.00 ± 0.00 nd nd nd

S. Typhimurium nd 9.56 ± 0.58 nd nd nd nd

S. cerevisiae 18.67 ± 0.58 nd 13.00 ± 0.00 nd 8.33 ± 0.58 nd

C. albicans 27.00 ± 0.00 nd 23.00 ± 0.00 nd nd nd

A. brasiliensis nd nd nd nd nd nd

*Evaluation of the no-growth zone as circle diameter (results are presented as mean and standard deviation based on three repetitions); nd –
not detected.

Peppermint hydrolate, characterized by its menthol content, exhibited notable antimicrobial efficacy. This hydrolate demonstrated strong
inhibitory effect against bacterium Escherichia coli and yeast Candida albicans, since the observed substantial inhibition zone was 27.33 and
27.00 mm, respectively. Additionally, intermediary effects against Staphylococcus aureus and Saccharomyces cerevisiae underscored the
broad-spectrum potential of peppermint hydrolate against both bacterial and fungal strains. On the other hand, oregano hydrolate displayed
varied efficacy profiles. While demonstrating similar intermediary effects against S. aureus, it exhibited lower growth-suppressing potential
towards E. coli and intermediary effects against Bacillus cereus. Fennel hydrolate demonstrated a significant inhibitory level against both S.
aureus and E. coli comparable to the observed effect of peppermint hydrolate. Contrary, its intermediary effects against Enterococcus faecalis,
B. cereus and C. albicans highlight its variability across bacterial and fungal targets.

Hop hydrolate generated no specific results for individual microorganisms in this study, necessitating further exploration to ascertain its
specific antimicrobial impact. Similarly, lavender hydrolate exhibited minimal growth-suppressing effect against S. cerevisiae emphasizing
insufficient amount of antimicrobial components in its composition. On the other hand, medium inhibitory effects of lemon catmint hydrolate
are observed B. cereus, E. faecalis, and S. aureus. The absence of specific results for other tested bacteria, as well as yeast and fungi indicated
potential resistance of the tested groups of microorganisms as well as absent of targeted plant-derived compounds in the hydrolate. As shown
in Table 4, the highest level of resistance was observed for A. brasiliensis since any tested hydrolates did not show growth-suppressing effect
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against this fungi representative. This results highlights the need for further research and comprehensive literature reviews to establish baseline
data for hydrolate efficacy against fungal strains related to micro sprouts production.

Unfortunately, literature comparisons for the investigated hydrolates and their growth-suppressing potential against selected microorganisms
are limited in scientific literature, making it challenging to draw deeper correlations. The presented results in Table 4 emphasize the dual role of
hydrolates in alfalfa micro sprout production. Peppermint and fennel hydrolates stand out as potent sanitizers, with potential flavour-enhancing
attributes. On the other hand, oregano hydrolate had the selective efficacy, positioning it as a targeted food safety and sensory attributes in
alfalfa micro sprouts. Since the microbial growth-suppressing effect of hop, lavender and lemon catmint hydrolates is minimal, these
hydrolates exhibit potential only as flavour contributors.

Odour and tase of hydrolates
The odour and taste of main compounds presented in investigated hydrolates and its percentage are shown in Table 5 and Supplementary
table 1. The main compounds of peppermint hydrolate are menthol (30.6%), menthone (14.4%) and 1,8-cineole (12.8%) which gives it minty
odour. Oregano hydrolate contain terpinen-4-ol (34.0%) and linalool (13.7%) as dominant compounds, which gives the pleasant floral and spicy
odour. The dominant compound in fennel hydrolate was fenchone (90.4%) which gives balsamic odour. Hop possesses very strong cheesy
odour which originated from isovaleric acid, main compound from hydrolate. Lavender hydrolate have characteristic floral lavender odour,
originates from linalool (39.4%). Lemon catmint contain mixture of nerol and citronellol (54.3%) and geraniol (29.4%), which gives citrus and
floral odour.
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Table 5
Odor and taste of main compounds from investigated hydrolates (presented with more than 10%)

No Compound Odor
Type

Flavour
type

Peppermint Oregano Fennel Hop Lavender Lemon
catmint

Odor
Strength

Taste
Description

1 Isovaleric
acid

cheesy cheesy 0.0 0.0 0.0 20.6 0.0 0.0 high Cheesey,
dairy, creamy,
fermented,
sweet, waxy
and berry

2 1,8-Cineole herbal minty 12.8 3.8 0.6 0.1 3.9 0.0 high Minty
camphoreous
cooling
eucalyptus
medicinal

3 Fenchone balsamic cooling 0.4 0.0 90.4 0.0 0.0 0.0 medium Cooling,
camphoreous,
sweet and
minty with a
musty, earthy
nuance

4 Linalool floral citrus 0.2 13.7 0.0 10.5 39.4 1.9 medium Citrus, orange,
lemon, floral,
waxy,
aldehydic and
woody

5 Menthone minty minty 14.4 0.1 0.0 0.0 0.0 0.0 medium Cooling,
peppermint,
fresh green,
minty with an
herbal nuance

6 Menthol mentholic cooling 30.6 0.0 0.0 0.0 0.0 0.0 medium Cooling
mentholic
minty

7 Terpinen-4-
ol

spicy cooling 7.3 34.0 1.2 0.5 10.2 0.0 medium Cooling
mentholic
woody weedy
earthy herbal
spicy citrus

8 Nerol + 
Citronellol

floral citrus,
floral

0.0 0.0 0.0 0.0 0.4 54.3 medium Floral, rose,
lemon, green
with fruity
terpy nuance

9 Geraniol floral floral 0.0 0.0 0.0 3.1 1.5 29.4 medium Floral, rosy,
waxy and
perfumey
with a fruity,
peach-like
nuance

The points in the PCA graph, being near each other, reveal the similarity of the chemical composition of these samples. The vector's orientation
representing the variable in factor space indicates an arising tendency of these factors. Meanwhile, the vector size is proportional to the
squared correlation among the variables. The angles between related variables indicate the extent of their correlations (sharper angles
correspond to higher correlations). Based on the experimental results, PCA analysis was performed, Fig. 3. The PCA biplot of the relationships
among characteristic compounds of the obtained alfalfa microgreens samples revealed that the first two principal components explained
62.51% of the total variance in the observed parameters, Fig. 3a. According to the results of the PCA, the content of 1,8-cineole, menthone, and
menthol (28.06%, 24.67%, 24.58% of the total variance, based on correlations, respectively) showed a positive influence on the first principal
coordinate. In contrast, linalool (19.34% ), terpinen-4-ol content (12.63%) showed positive influence on the calculation of the PC2, while mixture
of nerol and citronellol (-26.59%), and geraniol (-25.09%) negatively influenced the calculation of the second principal coordinate (Fig. 3a).
Furthermore, a positive influence on the third principal component was observed for linalool (17.42%) and terpinen-4-ol content (17.10%), while
fenchone content (-44.30%) showed the opposite effect (Fig. 3b).

Sensory Analysis
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The sensory analysis results are presented in Fig. 4 and Fig. 5, showing slight differences in the observed microgreen samples. According to the
results of the sensory study of odour (Fig. 4), scores for the cheesy, herbal, balsamic, floral, minty, mentholic, and spicy of microgreens were
significantly different (p < 0.05) between samples. Higher averages of scores for odour were noted for peppermint, oregano, fennel and lavender
alfalfa microgreen samples.

Based on Fig. 5, the outcomes of the sensory study focusing on flavour, reveal distinct variations among the analysed microgreen samples,
with statistically significant differences (p < 0.05) in scores. Notably, the trends observed in flavour scoring align closely with those identified in
the odour assessment, further emphasizing the unique and pronounced characteristics of peppermint, oregano, and lavender alfalfa microgreen
samples. Furthermore, reinforcing the notion that the choice of hydrolate in the cultivation process significantly influences the sensory
attributes of the final microgreen product.

Discussion
Alfalfa is a dicotyledonous plant. Generally, water uptake occurs 2–4 days after planting. The seedling root is the first structure to emerge from
the seed during germination, and this process usually lasts next 5–7 days. After that, cotyledons elongate (next several days), and the first true
leaf emerges usually 10 to 15 days after planting [37]. Investigation of the effect of thyme hydrolate solutions on the alfalfa seedlings after 10
days, the root length was between 12.5 and 28.5 mm, while the shoot length was between 7.5 and 12.1 mm (by applyng 20% thyme hydrolate
and in control, respectively) [38]. In general, there are several studies that indicated allelopathic activities of plant hydrolates on seed
germination of cultivated and weed species. Experiments showed that Brachiaria humidicola hydrolate has allelopathic effect on four tropical
forage legumes and on lettuce [39], while Haplophyllum tuberculatum hydrolate inhibited seeds germination of common wheat and radish [40].
Moreover, thyme hydrolate has negative effect on the germination of soybean, sunflower, maize, clover and alfalfa, as well as weeds
(Amaranthus retroflexus, Chenopodium album, Portulaca oleracea, Echinochloa crus-galli, Sorghum halepense, and Solanum nigrum) [38]. In
addition, hop and angelica hydrolates in lower concentrations (10 and 20%) stimulate germination of big seeds such as corn and in higher
concentrations (50 and 100%) as suppressed germination especially in a small seeds such as A. retroflexus [41].

Contaminated seeds, as well as the use of contaminated water for sprouting are the most recognized source of microbial hazards associated
with sprouts. There is interest in scientists and farmers/growers at home conditions, to resolve this problem by using a strong oxidants as
sanitizers, such as chlorine dioxide (ClO2) or ozone (O3) to reduce or eliminate human pathogens from sprouts [42]. However, in this study, we
evaluated the effect of hydrolates obtained from six aromatic plants widely used in industrial processing of essential oils, as a medium for
germinating alfalfa seeds for microsprouts. Hydrolates, as byproducts, are usually discarded, even if they possess significant odour and flavour,
as well as antimicrobial and antioxidant biological potential. By using them in the production of micro sprouts, environmental protection is
achieved in the first place (flavoured water is no longer waste, but gains added value). Another, much more significant result achieved by the
use of hydrolates in the production of micro sprouts is the preservation of human health and the functionality of food.

Peppermint hydrolate possesses a similar odour as essential oil, due to presence menthol, menthone and 1,8-cineole, previously reported [43,
44, 45]. Oregano hydrolate used in this study, possesses pleasant floral and spicy odour, because of presence terpinen-4-ol and linalool as
dominant compounds. However, the significantly different chemical composition of oregano hydrolate with dominant thymol or carvacrol are
referred depend on chemotype [45, 46]. The dominant compound in fennel hydrolate was fenchone which gives balsamic odour. However,
previously reported estragole (33.0-37.4%) and fenchone (22.5–26.5%) as main compounds in fennel hydrolate [47]. Hop possesses very strong
cheesy odour which originated from isovaleric acid, main compound from hydrolate, what is previously reported by Lazarević et al. [41].
Lavender hydrolate is the most studied hydrolate, and all authors referred linalool and linalyl acetate as dominant compounds in hydrolate of
lavender species [48, 49, 50, 51]. There is no available data about chemical composition of lemon catmint hydrosol of this species. Principal
component analysis (PCA) enables the arrangement of patterns in examined data by presenting information on determining variables, that
behave likewise to each other [52]. Looking at the PCA figures, we can easily see which hydrolate samples have the highest content of the
observed compounds. The closeness of the vectors representing the observed compounds and the points representing the samples makes it
clear which hydrolate is the richest in each compound. There are several studies that reported the antimicrobial activity of hydrolates, among
them peppermint and oregano [53, 54, 55], while for hop hydrolate previously is reported no antimicrobial activity [41]. On the other side, there
are a lack of information about the antimicrobial potential of other investigated hydrolates (fennel, lavender, and lemon catmint), but for their
essential oil it is reported [56, 57]. Taking into account that hydrolates mainly contain less than 1% of essential oil, it is understandably less
efficiency of hydrolates in comparison to essential oils [58]

The comparative analysis of plant-based by-products against specific microorganisms revealed distinct inhibitory profile which can directed
further investigation to define specific concentrations as well as pharmacodynamic potential prior any use in the real conditions [34]. The
obtained results in this study are the first step in the analysis of the mentioned potential of hydrolates and requires a deeper and more complex
analysis in in vitro and in vivo conditions for determination of microbial control based on hydrolate utilisation. The various responses observed
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across different microorganisms also highlight the importance of considering both the hydrolate source and microbial target in formulating
effective growth suppressing strategies in micro sprouts and other food-related production [30].

Conclusions
In light of the results from germination tests, evaluations of antimicrobial potential, and sensory analyses, peppermint hydrolate emerges as a
promising option for cultivating alfalfa microgreens. The study underlines the considerable potential of peppermint hydrolate as a favourable
choice for incorporation into the production of alfalfa microgreens, given its positive impact on germination, antimicrobial efficacy, and sensory
qualities. These findings are significant in advancing sustainable and organic practices within urban agriculture, highlighting the importance of
employing natural sanitizers to elevate microgreen production's safety and quality standards.

Declarations
Author Contributions 

MA: resources, writing (original draft), conceptualisation; NS: formal analysis, investigation; OŠ: formal analysis, investigation; BL: data
curation, writing (original draft); JSJ: formal analysis, investigation; LP: data curation, conceptualisation; BK: methodology, supervision; SV:
supervision, project administration.

Funding 

This research was supported by the Ministry of Science, Technological Development and Innovation of the Republic of Serbia, grant numbers:
451-03-47/2023-01/200032 (M.A. and S.V.), 451-03-47/2023-01/200051 (L.P.), 451-03-47/2023-01/ 200134 (B.L., O.Š.) and 451-03-47/2023–
01/200026 (J.S.J.)

Data Availability 

Data can be made available upon reasonable request.

Declarations Conflict of interest 

The authors declare no competing interests.

References
1. Wojdyło, A., Nowicka, P., Tkacz, K., Turkiewicz, I.P. Sprouts vs. microgreens as novel functional foods: variation of nutritional and

phytochemical profiles and their in vitro bioactive properties. Molecules. 25, 4648 (2020). https://doi.org/10.3390/molecules25204648

2. Sharma, S., Shree, B., Sharma, D., Kumar, S., Kumar, V., Sharma, R., Saini, R.: Vegetable microgreens: The gleam of next generation super
foods, their genetic enhancement, health benefits and processing approaches. Food Res. Int. 155, 111038 (2022).
https://doi.org/10.1016/j.foodres.2022.111038.

3. Ebert, A.W.: Sprouts and microgreens – novel food sources for healthy diets. Plants. 11, 571 (2022).
https://doi.org/10.3390/plants11040571

4. Bhaswant, M., Shanmugam, D.K., Miyazawa, T., Abe, C., Miyazawa, T.: Microgreens – A comprehensive review of bioactive molecules and
health benefits. Molecules. 28, 867 (2023). https://doi.org/10.3390/molecules28020867

5. Hamilton, A.N., Fraser, A.M., Gibson, K.E.: Barriers to implementing risk management practices in microgreens growing operations in the
United States: Thematic analysis of interviews and survey data. Food Control. 152, 109836 (2023).
https://doi.org/10.1016/j.foodcont.2023.109836

6. Kyriacou, M.C., Rouphael, Y., Di Gioia, F., Kyratzis, A., Serio, F., Renna, M., De Pascale, S., Santamaria, P. Micro-scale vegetable production
and the rise of microgreens. Trends Food Sci. Technol. 57, 103–115 (2016). https://doi.org/10.1016/j.tifs.2016.09.005.

7. Kowitcharoen, L., Phorn‐Villay, S., Lekkham, P., Pongprasert, N., Srilaong, V.: Bioactive composition and nutritional profile of microgreens
cultivated in Thailand. Appl. Sci. 11, 7981 (2021). https://doi.org/10.3390/app11177981

8. Puccinelli, M., Maggini, R., Angelini, L.G., Santin, M., Landi, M., Tavarini, S., Castagna, A., Incrocci, L.: Can light spectrum composition
increase growth and nutritional quality of Linum usitatissimum L. sprouts and microgreens? Horticulturae. 8, 98 (2022).
https://doi.org/10.3390/horticulturae8020098

9. Neetoo, H, Pizzolato, T, Chen, H.: Elimination of Escherichia coli O157:H7 from alfalfa seeds through a combination of high hydrostatic
pressure and mild heat. Appl. Environ. Microbiol. 75(7), 1901–1907 (2009). http://dx.doi.org/10.1128/AEM.02531-08



Page 10/16

10. Zhang, K., Li, H., Zhang, T., Wang, S., Liu, L., Dong, X., Cong, L., Song, H., Wang, A., Yang, G., Xie, H., Wang, Z-Y., Chai, M.: Comprehensive
transcriptomic and metabolomic profiling reveals the differences between alfalfa sprouts germinated with or without light exposure. Front.
Plant Sci. 13, 943740 (2022). https://doi.org/10.3389/fpls.2022.943740

11. Almuhayawi, M.S., Hassan, A.H.A., Al Jaouni, S.K., Alkhalifah, D.H.M., Hozzein, W.N., Selim, S., Abd Elgawad, H., Khamisi, G.: Influence of
elevated CO2 on nutritive value and health-promoting prospective of three genotypes of Alfalfa sprouts (Medicago sativa). Food Chem.
340, 128147 (2021). https://doi.org/10.1016/j.foodchem.2020.128147

12. Aloo, S.O., Ofosu, F.K., Kilonzi, S.M., Shabbir, U., Oh, D.H.: Edible Plant sprouts: health benefits, trends, and opportunities for novel
exploration. Nutrients. 13, 2882 (2021). https://doi.org/10.3390/nu13082882

13. Mattioli, S., Dal Bosco, A., Martino, M., Ruggeri, S., Marconi, O., Sileoni, V., Falcinelli, B., Castellini, C., Benincasa, P.: Alfalfa and flax sprouts
supplementation enriches the content of bioactive compounds and lowers the cholesterol in hen egg. J. Funct. Foods. 22, 454–462 (2016).
http://dx.doi.org/10.1016/j.jff.2016.02.007

14. Seida, A., El-Hefnawy, H., Abou-Hussein, D., Mokhtar, F.A., Abdel-Naim, A.: Evaluation of Medicago sativa L. sprouts as antihyperlipidemic
and antihyperglycemic agent. Pak. J. Pharm. Sci. 28(6), 2061–2074 (2015).

15. Rosenthal, G.A., Nkomo, P.: The natural abundance of L-canavanine, an active anticancer agent, in alfalfa, Medicago sativa (L.). Pharm.
Biol. 38(1), 1–6 (2000). https://doi.org/10.1076/1388-0209(200001)3811-BFT001

16. Grudzińska, M., Galanty, A., Paśko, P.: Can edible sprouts be the element of effective chemopreventive strategy? – A systematic review of in
vitro and in vivo study. Trends Food Sci Technol. 139, 104130 (2023). https://doi.org/10.1016/j.tifs.2023.104130.

17. Hong, Y.H., Wang, S.C., Hsu, C., Lin, B.F., Kuo, Y.H., Huang, C.J.: Phytoestrogenic compounds in alfalfa sprout (Medicago sativa) beyond
coumestrol. J. Agric. Food Chem. 59(1), 131–137 (2011). https://doi.org/10.1021/jf102997p

18. Sasaki, M., Shinozaki, S., Sasaki, Y., Mabuchi, S., Abe, Y., Kaneko, E., Shimokado, K.: Daily intake of alfalfa sprouts, but not broccoli sprouts,
influence plasma levels of androgen in middle-aged males. J. Transl. Sci. 5, 1–6 (2018). https://doi.org/10.15761/JTS.1000283

19. Sharma, S., Dhingra, P., Koranne, S.: Microgreens: Exciting new food for 21st Century. Eco. Env. Cons. 26, S248–S251 (2020).

20. Wang, S., Chen, J., Wakeling, C., Bach, S., Orban, S., Delaquis, P.: Disinfection of alfalfa and radish sprouting seed using oxidizing agents
and treatments compliant with organic food production principles. J. Food Prot. 83(5), 779–787 (2020). https://doi.org//10.4315/JFP-19-
508

21. Sharma, S., Jaiswal, A.K., Duffy, B., Jaiswal, S.: Food contact surfaces: challenges, legislation and solutions. Food Rev. Int. 39(2), 1086–
1109 (2021). https://doi.org/10.1080/87559129.2021.1929299

22. Tornuk, F., Cankurt, H., Ozturk, I., Sagdic, O., Bayram, O., Yetim, H.: Efficacy of various plant hydrosols as natural food sanitizers in reducing
Escherichia coli O157:H7 and Salmonella typhimuriumon fresh cut carrots and apples. Int. J. Food Microbiol. 148, 30–35 (2011).
https://doi.org/10.1016/j.ijfoodmicro.2011.04.022

23. Sagdic, O., Ozturk, I., Tornuk, F.: Inactivation of non-toxigenic and toxigenic Escherichia coli O157:H7 inoculated on minimally processed
tomatoes and cucumbers: utilization of hydrosols of Lamiaceae species as natural food sanitizers. Food Control. 30, 7–14 (2013).
https://doi.org/10.1016/j.foodcont.2012.07.010

24. Tornuk, F., Ozturk, I., Sagdic, O., Yilmaz, A., Erkmen, O.: Application of predictive inactivation models to evaluate survival of Staphylococcus
aureus in fresh-cut apples treated with different plant hydrosols. Int. J. Food Prop. 17, 587–598 (2014).
https://doi.org/10.1080/10942912.2011.650340

25. Lante, A., Tinello, F.: Citrus hydrosols as useful by-products for tyrosinase inhibition. Innov. Food Sci. Emerg. Technol. 27, 154–159 (2015).
https://doi.org/10.1016/j.ifset.2014.11.001

26. Tornuk, F., Dertli, E.: Decontamination of Escherichia coli O157:H7 and Staphylococcus aureus from fresh-cut parsley with natural plant
hydrosols. J. Food Process. Preserv. 39, 1587–1594 (2015). https://doi.org/10.1111/jfpp.12387

27. Ozturk, I., Tornuk, F., Caliskan-Aydogan, O., Durak, M.Z., Sagdic, O.: Decontamination of iceberg lettuce by some plant hydrosols. LWT –
Food Sci. Technol. 74, 48–54 (2016). https://doi.org/10.1016/j.lwt.2016.06.067

28. Xylia, P., Clark, A., Chrysargyris, A., Romanazzi, G.: Quality and safety attributes on shredded carrots by using Origanum majorana and
ascorbic acid. Postharvest Biol. Technol. 155, 120–129 (2019). https://doi.org/10.1016/j.postharvbio.2019.05.015

29. Garcia-Romo, J.S., Yepiz-Gomez, M.S., Plascencia Jatomea, M., Santacruz-Ortega, H.D.C., Burgos-Hernandez, A., Leon, J.R.G.D., Cinco-
Moroyoqui, F.J., Borboa-Flores, J.: Compounds with in vitro antibacterial activity from hydrosol of Lippia palmeri and morphometric
changes on Listeria monocytogenes, BioTecnia. 20(3), 35–42 (2017). https://doi.org/10.18633/biotecnia.v20i3.713

30. D'Amato, S., Serio, A., López, C.C., Paparella, A.: Hydrosols: biological activity and potential as antimicrobials for food applications. Food
Control. 86, 126-137 (2018). https://doi.org/10.1016/j.foodcont.2017.10.030

31. Aćimović, M., Tešević, V., Smiljanić, K., Cvetković, M., Stanković, J., Kiprovski, B., Sikora, V.: Hydrolates – by-products of essential oil
distillation: chemical composition, biological activity and potential uses. Sav. Teh. 9(2), 54–70 (2020).



Page 11/16

https://doi.org/10.5937/savteh2002054A

32. Kumar, R., Atanu, J., Ankit, D., Satish, P.: Suitability of type of herb and its form as flavouring in herbal ice cream. Int. J. Chem. Stud. 6,
1562–1567 (2018).

33. International Seed Testing Association (ISTA): International Rules for Seed Testing. Basserdorf, Switzerland (2015).

34. Šovljanski, O., Kljakić, A.C., Tomić, A.: Antibacterial and Antifungal Potential of Plant Secondary Metabolites. In: Mérillon, JM., Ramawat,
K.G. (eds) Plant Specialized Metabolites. Reference Series in Phytochemistry. Springer, Cham. (2023). https://doi.org/10.1007/978-3-031-
30037-0_6-1

35. Xiao, Z., Lester, G.E., Park, E., Saftner, R.A., Luo, Y. and Wang, Q.: Evaluation and correlation of sensory attributes and chemical
compositions of emerging fresh produce: Microgreens. Postharvest Biol. Technol. 110, 140–148 (2015).
https://doi.org/10.1016/j.postharvbio.2015.07.021

36. Tan, L., Nuffer, H., Feng, J., Kwan, S. H., Chen, H., Tong, X., Kong, L. Antioxidant properties and sensory evaluation of microgreens from
commercial and local farms. Food Sci. Hum. Wellness. 9(1), 45–51 (2019). https://doi.org/10.1016/j.fshw.2019.12.002

37. Hamilton, M.J., Vanderstoep, J.: Germination and nutrient composition of alfalfa seeds. J. Food Sci. 44(2), 443–445 (1979).
https://doi.org/10.1111/j.1365-2621.1979.tb03807.x

38. Konstantinović, B., Popov, M., Samardžić, N., Aćimović, M., Šućur Elez, J., Stojanović, T., Crnković, M., Rajković, M.: The effect of Thymus
vulgaris L. hydrolate solutions on the seed germination, seedling length, and oxidative stress of some cultivated and weed species. Plants.
11, 1782 (2022). https://doi.org/10.3390/plants11131782

39. Ribeiro, R.C., de Carvalho, M.G., Lopes, H.M., Rossiello, R.O.P., Junior, É.B.: Allelopathic activity of the hydrolate and water decoction of
Brachiaria humidicola (Rendle) plant parts on the germination of four tropical leguminous species. Int. Sch. Res. Notices. 2012, 838767
(2012). https://doi.org/10.5402/2012/838767

40. Hamdi, A., Majouli, K., Heyden, Y.V., Flamini, G., Marzouk, Z.: Phytotoxic activities of essential oils and hydrosols of Haplophyllum
tuberculatum. Ind. Crops Prod. 97, 440–447 (2017). https://doi.org/10.1016/j.indcrop.2016.12.053

41. Lazarević, J., Aćimović, M., Pezo, L., Lončar, B, Konstantinović, B, Popov, M, Šovljanski, O., Travičić, V., Sikora, V., Vujisić, Lj.: Chemical
composition and in vitro biological activity of angelica root and hop strobile essential oils and hydrolates. Waste Biomass Valorization.
(2023) https://doi.org/10.1007/s12649-023-02209-1

42. Adhikari, A., Chhetri, V.S., Bhattacharya, D., Cason, C., Luu, P., Suazo, A.: Effectiveness of daily rinsing of alfalfa sprouts with aqueous
chlorine dioxide and ozonated water on the growth of Listeria monocytogenes during sprouting. Lett. Appl. Microbiol. 69(4), 252–257
(2019). https://doi.org/10.1111/lam.13209

43. Edris, A.E.: Identification and absolute quantification of the major water-soluble aroma components isolated from the hydrosols of some
aromatic plants. J. Essent. Oil Bear. Plants. 12(2), 155–161 (2009). https://doi.org/10.1080/0972060X.2009.10643705

44. Garneau, F.X., Collin, G., Gagnon, H.: Chemical composition and stability of the hydrosols obtained during essential oil production. II. The
case of Picea glauca (Moench) Voss., Solidago puberula Nutt., and Mentha piperita L. American Journal of Essential Oils and Natural
Products. 2(1), 29–35 (2014).

45. Smiljanić, K., Prodić, I., Trifunović, S., Krstić Ristivojević, M., Aćimović, M., Stanković Jeremić, J., Lončar, B., Tešević, V.: Multistep approach
points to compounds responsible for the biological activity and safety of hydrolates from nine Lamiaceae medicinal plants on human skin
fibroblasts. Antioxidants. 12, 1988 (2023). https://doi.org/10.3390/antiox12111988

46. Verma, R.S., Padalia, R.C., Chauhan, A.: Analysis of the hydrosol aroma of indian oregano. J. Medicinal Aromat. Plants. 1(7), 1000112
(2012). https://doi.org/10.4172/2167-0412.1000112

47. Šilha, D., Švarcová, K., Bajer, T., Královec, K., Tesarová, E., Moucková, K., Pejchalová, M., Bajerová, P.: Chemical composition of natural
hydrolates and their antimicrobial activity on arcobacter-like cells in comparison with other microorganisms. Molecules. 25, 5654 (2020).
https://doi.org/10.3390/molecules25235654

48. Baydar, H., Kineci, S.: Scent composition of essential oil, concrete, absolute and hydrosol from lavandin (Lavandula × intermedia Emeric ax
Loisel.). J. Essent. Oil Bear. Plants. 12(2), 131–136 (2009). https://doi.org/10.1080/0972060X.2009.10643702

49. Prusinowska, R., Śmigielski, K., Stobiecka, A., Kunicka-Styczyńska, A.: Hydrolates from lavender (Lavandula angustifolia) – their chemical
composition as well as aromatic, antimicrobial and antioxidant properties. Nat. Prod. Res. 30(4), 386–393 (2016).
https://doi.org/10.1080/14786419.2015.1016939

50. Garzoli, S., Petralito, S., Ovidi, E., Turchetti, G., Masci, V.L., Tiezzi, A., Trilli, J., Cesa, S., Casadei, M.A., Giacomello, P., Paolicelli, P.: Lavandula ×
intermedia essential oil and hydrolate: evaluation of chemical composition and antibacterial activity before and after formulation in
nanoemulsion. Ind. Crops Prod. 145, 112068 (2020). https://doi.org/10.1016/j.indcrop.2019.112068

51. Aćimović, M., Lončar, B., Stanković Jeremić, J., Cvetković, M., Pezo, L., Pezo, M., Todosijević, M., Tešević, V.: Weather conditions influence on
lavandin essential oil and hydrolate quality. Horticulturae. 8, 281 (2022). https://doi.org/10.3390/horticulturae8040281



Page 12/16

52. Beattie, J.R., Esmonde-White, F.W.: Exploration of principal component analysis: deriving principal component analysis visually using
spectra. Appl. Spectrosc. 75(4), 361–375 (2021). https://doi.org/10.1177/0003702820987847

53. Sagdıc, O., Ozcan, M.: Antibacterial activity of Turkish spice hydrosols. Food Control. 14, 141–143 (2003). https://doi.org/10.1016/S0956-
7135(02)00057-9

54. Sagdic, O.: Sensitivity of four pathogenic bacteria to Turkish thyme and oregano hydrosols. LWT – Food Sci. Technol. 36, 467–473 (2003).
https://doi.org/10.1016/S0023-6438(03)00037-9

55. Al-Turki, A.I.: Antibacterial effect of thyme, peppermint, sage, black pepper and garlic hydrosols against Bacillus subtilis and Salmonella
enteritidis. J. Food Agric. Environ. 5, 92–94 (2007).

56. Aćimović, M., Šeregelj, V., Simić, K., Varga, A., Pezo, L., Vulić, J., Čabarkapa, I.: Chemical profile of Nepeta cataria L. var. citriodora (Becker)
essential oil and in vitro evaluation of biological activities. Acta Sci. Pol. Hortorum Cultus. 21(4), 67–74 (2022).
https://doi.org/10.24326/asphc.2022.4.7

57. Karadağ, A.E., Çaşkurlu, A., Demirci, B., Demirci, F.: Binary synergistic combinations of lavender and fennel essential oils with amoxicillin.
Planta Med. 89(8), 800–807 (2023). https://doi.org/10.1055/a-1891-1119

58. Di Vito, M., Smolka, A., Proto, M.R., Barbanti, L., Gelmini, F., Napoli, E., Bellardi, M.G., Mattarelli, P., Beretta, G., Sanguinetti, M., Bugli, F.: Is the
antimicrobial activity of hydrolates lower than that of essential oils? Antibiotics 10(1), 88 (2021).
https://doi.org/10.3390/antibiotics10010088

Figures

Figure 1
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GC-MS chromatographs of investigated hydrolates: (a) peppermint, (b) oregano, (c) fennel, (d) hop, (e) lavender and (f) lemon catmint.

Figure 2

Alfalfa germination, shoot and root length depend on application of selected hydrolates in different concentration
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Figure 3

The PCA biplot diagram of the relationships among observed responses the tested alfalfa microgreen samples
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Figure 4

Results of the sensory analysis for odour of the alfalfa microgreens using investigated hydrolates

Figure 5

Results of the sensory analysis for flavour of the alfalfa microgreens using investigated hydrolates
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