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A B S T R A C T

Sprouts from germinated seeds of edible herbaceous plants are richer in bioactive compounds and micronutrients 
than mature plants. In recent years, the consumption of sprouted seeds in diets and the interest in exploring 
vegetable sprout’s potential beneficial effects on human health has increased. In this work, the five-day-old 
sprouts of Cannabis sativa L. cultivar “Futura 75” were investigated and characterized. Hemp sprouts were ob-
tained by germination tests under standard and enrichment conditions using the microalgal strain Chlorella sp. 
C2 and the bacterium Sphingomonas sp. Can_S11. The biochemical properties of hemp sprouts were analyzed for 
total polyphenol and flavonoid content and antioxidant activities (DPPH, ABTS, FRAP, ORAC, and Fe2+-chelating 
activity) by in vitro assays. A significant increase in phenolic compounds and greater antioxidant and anti-radical 
activities were observed for hemp sprouts obtained under enrichment conditions (dry microalgal biomass C2 and 
the bacterium Can_S11). Additionally, these sprouts and C. sativa seeds demonstrated enhanced protective effects 
on inflamed A549 cells, effectively mitigating the TNF-α induced changes and reducing the expression of IL-8 and 
COX-2. Overall, PGP (Plant Growth Promoting) microorganisms and microalgae represent a good strategy to 
promote the development of hemp sprouts and increase their phytochemical content, and antioxidant and anti- 
inflammatory activity.

1. Introduction

Sprouts derived from the germination of edible herbaceous plant 
seeds contain higher concentrations of bioactive compounds and 
micronutrients than their mature counterparts. In recent years, there has 
been a growing trend towards incorporating sprouted seeds into the 
human diet, driven by increasing interest in their potential health ben-
efits (Benincasa et al., 2019). Indeed, sprouts are known for their high 
nutritional value (e.g., protein content), health-promoting bioactive 
compounds (e.g., polyphenols), micronutrients (e.g., carotenoids, vita-
mins C, B1, B2, B6, E), and low anti-nutrients content than edible adult 
plants, making them promising functional foods with beneficial effects 
on human health (Aborus et al., 2017; Chiriac et al., 2020; Donkor et al., 
2012; Gan et al., 2017; Jeong et al., 2018; Le et al., 2020; Mir et al., 
2021). Additionally, it is known that germination is recognized to be a 
good alternative source of phytonutrients and bioactive compounds, 
promoting their bioavailability due to the well-documented composition 

changes related to the biochemical reactions involved in this process 
(Benincasa et al., 2019; Idowu et al., 2020). The latter can enhance 
nutritional and nutraceutical properties, increasing the consumption of 
sprouts in the human diet.

Among edible plants, hemp (Cannabis sativa L., belonging to the 
Cannabaceae family) is an annual herbaceous plant native to Central 
Asia. It has been primarily utilized for medical treatments, food, and 
fiber production (Frassinetti et al., 2018). Industrial hemp (C. sativa 
subsp. sativa) contains bioactive molecules, such as phenolic com-
pounds and terpenes, while possessing a low level of the psychoactive 
compound D9-tetrahydrocannabinol (THC) compared to C. sativa subsp. 
Indica (less than 20% THC) (Andre et al., 2016). The nutritional po-
tential of hemp can be further enhanced through the germination pro-
cess, which has been shown to induce the production of 
anti-inflammatory compounds such as prenylflavonoids and cannfla-
vins A and B (Werz et al.).

Techniques collectively called "elicitation" are employed to boost the 

* Corresponding author.
E-mail address: morena.gabriele@cnr.it (M. Gabriele). 

1 Andrea Cavallero and Elisa Chelucci contributed equally to this work.

Contents lists available at ScienceDirect

Food Bioscience

journal homepage: www.elsevier.com/locate/fbio

https://doi.org/10.1016/j.fbio.2024.105138
Received 30 July 2024; Received in revised form 2 September 2024; Accepted 18 September 2024  

Food Bioscience 62 (2024) 105138 

Available online 19 September 2024 
2212-4292/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

mailto:morena.gabriele@cnr.it
www.sciencedirect.com/science/journal/22124292
https://www.elsevier.com/locate/fbio
https://doi.org/10.1016/j.fbio.2024.105138
https://doi.org/10.1016/j.fbio.2024.105138
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fbio.2024.105138&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


levels of phytochemical compounds in sprouts. Elicitation refers to a 
specific response of plants to a stressor, known as the elicitor, which can 
be pathogens or other environmental factors. This response triggers 
certain biochemical pathways, leading to the synthesis of secondary 
metabolites (Szulc et al., 2024). These strategies are useful to induce 
physiological changes in plant species and to improve the phytochem-
ical profile and biological activities of sprouts (Liu et al., 2019). Among 
these novel biostimulants, bacterial endophytes and microalgae, have 
shown promise as potential strategies for enhancing the sustainability 
and profitability of agricultural production (Liu et al., 2019).

The bacterial endophytes isolated from plants, known as “Plant 
Growth Promotion Bacteria” (PGPB), have been demonstrated to be a 
potential strategy to make agricultural production more sustainable and 
profitable, due to their ability to promote plant growth and increase the 
content of bioactive molecules (Liu et al., 2019). Indeed, bacterial en-
dophytes can modulate plant phytohormone releases, such as cytokinins 
and gibberellins, necessary for plant survival and development. How-
ever, the most studied auxin produced by PGPB is the indole-3-acetic 
acid (IAA), which stimulates seed germination and growth processes 
and modulates metabolite production (Glick, 2012).

Moreover, microalgae are a good source of various nutrients, 
including carbohydrates, proteins, lipids, amino acids, and vitamins, as 
well as natural phytohormones like auxins and cytokinins. Microalgal 
biostimulants are administered to plants and soil via fertigation, spray 
application on leaves, or seed treatment to promote germination (Colla 
& Rouphael, 2020) and chlorophylls and carotenoids’ release, increase 
the root system development and the nutrient uptake from the soil, and 
release organic compounds necessary to ameliorate the activity of other 
microorganisms that can benefit plants (Chiaiese et al., 2018; Colla & 
Rouphael, 2020).

Given the anti-inflammatory properties of hemp sprouts, as high-
lighted by its ability to produce compounds like prenylflavonoids and 
cannflavins, there is potential for its use in addressing chronic inflam-
matory diseases. One such disease is chronic obstructive pulmonary 
disease (COPD), a progressive respiratory disease characterized by an 
irreversible obstruction of the airways, caused by both genetic and 
environmental factors, primarily cigarette smoking. COPD is associated 
with oxidative stress and chronic inflammation of the lung tissue. To 
date, COPD represents one of the main causes of morbidity and mortality 
(Rajković et al., 2018) and drugs currently used can reduce the symp-
toms but do not allow a complete recovery. Among the possible candi-
dates, there are natural extracts that, due to their anti-inflammatory 
potential, are already used e.g. for the treatment of acute or chronic 
bronchitis such as Pelargonium sidoides (Kocic et al., 2019) and Echinacea 
purpurea (Agbabiaka et al., 2008) extract. Instead, Li et al. (2021)
demonstrated the efficacy of Chinese herbaceous extracts in signifi-
cantly improving COPD in rats.

The nutritional properties of hemp have paved the way for its plant 
derivatives to be integrated into human nutrition as promising func-
tional foods (Rehman et al., 2021). As observed by Anil et al. (2021) the 
extract derived from the inflorescences of Cannabis sativa reduced IL-6 
and IL-8 levels in TNF-α inflamed A549 lung cells, which are associ-
ated with inflammation linked to COVID-19. Among its plant de-
rivatives, the seeds of Cannabis sativa L. cv. Futura 75, known for being a 
significant source of biologically active compounds, has the potential to 
positively impact our health (Frassinetti et al., 2018). This suggests they 
may hold promise for treating the inflammatory component associated 
with COPD.

Therefore, this study aimed to evaluate the germination rate and the 
nutraceutical properties of C. sativa sprouted seeds, under standard and 
enrichment conditions. For the latter, the microalgal Chlorella sp. strain 
C2 was chosen to stimulate Cannabis sativa L. seeds germination, and the 
endophytic bacterium Can_S11 was selected for its remarkable ability to 
produce indoleacetic acid (Chiellini et al., 2022; Gabriele et al., 2022). 
Besides, the anti-inflammatory effect of seed and sprout extracts was 
evaluated on tumor necrosis factor-alpha (TNFα)-inflamed A549 human 

pulmonary cell line.

2. Materials and methods

2.1. Chemicals and reagents

Reagents and standards employed were of analytical grade. Agar, 
Folin-Ciocalteu reagent, saline solution (NaCl 0.9% w/v), sodium car-
bonate, ethylenediaminetetraacetic acid (EDTA), sodium acetate, po-
tassium chloride, gallic acid, sodium hydroxide, quercetin dihydrate, 6- 
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2- 
diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-Tri(2-pyridyl)-s-triazine 
(TPTZ), ferric chloride hexahydrate (FeCl3⋅6H2O), ferrous sulfate hep-
tahydrate (FeSO4⋅7H2O), ferrozine, sodium nitrite (NaNO2), aluminum 
chloride (AlCl3), Tryptic Soy Broth (TSB), cell culture reagents, media, 
and medium supplements were purchased from Sigma-Aldrich (Saint 
Louis, MO, USA). Ethanol and methanol were supplied from VWR 
(Radnor, PA, USA).

2.2. Plant material and biostimulants

Cannabis sativa L. cultivar Futura 75 seeds were kindly offered by 
ASSOCANAPA, Carmagnola, Turin, Italy. The nutraceutical features of 
hemp seed were previously characterized (Frassinetti et al., 2018).

After three washes (5 min each) with sterile double-distilled water 
(bdH2O), the hemp seeds were plated with sterile forceps in 100 mm 
Petri dishes (10 seeds/Petri dish). Agar (0.7%) culture medium was 
employed for the germination tests. The latter was carried out by 
sprouting seeds on the only standard culture medium, and by adding the 
dry and fresh biomass microalgal strain C2 cultured as described by 
Chiellini et al. (2022), and/or the Sphingomonas sp. strain Can_S11, 
isolated from the Cannabis sativa L. seeds and selected as a biostimulant 
for germination for the high IAA production and resistance to strepto-
mycin, oxidative stress (H2O2), and water potential stress (PEG 6000) 
(Gabriele et al., 2022).

2.3. Hemp sprouts’ germination

The germination tests were performed by placing with sterile forceps 
10 Cannabis sativa L. cultivar Futura 75 seeds for each 100 mm Petri 
dish, in which the standard culture medium, prepared with distilled 
water supplemented with 0.7% agar, was previously added (CTRL). 
Nevertheless, the germination tests were conducted also upon enrich-
ment conditions, consisting of the addition of the microalgae C2 and/or 
the bacterial endophyte Can_S11. To obtain the dried microalgal 
biomass C2, the fresh one was centrifugated at 2314×g (Jouan CR 31 
centrifuge, Newport Pagnell, UK) for 10 min and maintained at 45 ◦C to 
dry; after that, it was pulverized with a sterile mortar and added (0.25 
mg mL− 1) to the culture medium until its complete homogenization 
before pouring it into the Petri dishes. For treatment with fresh micro-
algal biomass, the seeds were soaked in the microalgal culture and 
gently shaken overnight at 25 ◦C before seeding. For the Can_S11 
treatments, the bacterium was administered by adding 25 μL of bacterial 

Table 1 
Experimental groups and germination conditions of Cannabis sativa L. sprouts.

Group Germination conditions

CTRL Standard culture medium
BI Can_S11 bacterial inoculum
BS Can_S11 bacterial spread on the culture medium surface

C2 D Dried microalgal C2 biomass added to the culture medium
C2 F Seed imbibition in fresh microalgal C2 biomass before seeding

BI + C2 D BI and C2 D combination
BI + C2 F BI and C2 F combination
BS + C2 D BS and C2 D combination
BS + C2 F BS and C2 F combination
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inoculum (corresponding to about 3 × 109 CFU mL− 1) around each seed 
(BI) or by bacterial spread on the culture medium surface (BS). The 
germination conditions selected are listed in Table 1. Germination tests 
were assessed to ensure maximum sterility, under the biological flow, 
avoiding any contamination. During germination time, seeds were 
exposed to a 16/08 h day-night cycle with PPFD of 70 μmol photons m− 1 

s− 1 and maintained at a controlled temperature of 22 ± 2 ◦C until 
sprouts’ collection on the fifth day according to Gabriele et al. (2022).

2.4. Morphological characterization and extraction of hemp sprouts

The hemp sprouts obtained from each germination condition were 
collected with sterile forceps after five days (T5). For the morphological 
characterization of hemp sprouts, the following parameters were eval-
uated: sprouted seeds’ number, fresh weight (g), total sprout length 
(cm), and root and aerial part length (cm). To determine the nutraceu-
tical content and the potential antioxidant capacity of five-day-old hemp 
sprouts, these were extracted as described by Frassinetti et al. (2018)
with some modifications. Briefly, 10 mL of 80% ethanol were added to 2 
g of freshly harvested sprouts; subsequently, these were homogenized by 
using Ultraturrax (Kinematica Polytron PT MR 2100, Eschbach, Ger-
many), and kept in agitation in the dark overnight. The following day, 
the mixtures were centrifuged at 6620×g (Jouan CR 31 centrifuge, 
Newport Pagnell, UK) for 10 min, and the extracts were stored at - 20 ◦C 
in the dark until use. Hemp seeds were extracted using the same 
protocol.

2.5. Phytochemical profile of hemp sprouts’ extracts

The phytochemical profile of five-day-old sprout extracts was eval-
uated by quantifying the total polyphenol (TPC) and flavonoid (TFC) 
content. TPC and TFC were carried out according to Gabriele et al. 
(2015). TPC valued as Folin–Ciocalteu (FC) reducing capacity was 
expressed as mg of gallic acid equivalents (GAE) g− 1 fresh weight (FW). 
Briefly, 100 μL of each hemp sprouts extract or gallic acid (15.62–1000 
μM) were mixed with 500 μL of FC reagent (0.2 N) and kept for 5 min in 
the dark. Subsequently, 400 μL of Na2CO3 (0.7 M) were added and, after 
2 h of incubation in the dark at room temperature, the absorbance was 
measured at 760 nm (PerkinElmer UV/VIS Lambda 365, Waltham, MA, 
USA).

TFC was determined employing the aluminum chloride colorimetric 
method and reported as mg quercetin equivalents (QE) g− 1 fresh weight 
(FW). Briefly, 200 μL of hemp sprout extracts or standard were added to 
800 μL of distilled water and 60 μL of 5% NaNO2. After 5 min of incu-
bation at room temperature, 60 μL of 10% AlCl3 were added. The re-
actions were neutralized with 400 μL of NaOH (1 M) and 480 μL of 
distilled water after 6 min of incubation. Following 30 min, the absor-
bance was read at 430 nm (PerkinElmer UV/VIS Lambda 365, Waltham, 
MA, USA).

2.6. In vitro antioxidant activities of hemp sprouts

2.6.1. ABTS+radical scavenging activity
The 2-2′-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) radical 

cation (ABTS⋅+) scavenging activity of hemp sprouts’ extracts was 
assessed as described by Chelucci et al. (2023). Briefly, 190 μL of each 
extract were added to 1 mL of ABTS⋅+ solution, previously diluted in 
methanol to obtain an absorbance of 0.7 ± 0.02 at 734 nm (PerkinElmer 
UV/VIS Lambda 365, Waltham, MA, USA). After 10 min of incubation, 
the samples’ absorbance was measured at 734 nm. The percentage 
ABTS⋅+ reduction was measured using the following formula: % ABTS⋅+

reduction = [(Ai − Af)/Ai] × 100, where Ai is the initial absorbance and 
Af is the final absorbance. The ABTS⋅+ scavenging activity was reported 
as Trolox equivalent antioxidant capacity (TEAC) using a Trolox stan-
dard curve (5–1000 μg mL− 1).

2.6.2. DPPH• antiradical activity
The DPPH• antiradical activity of each hemp sprout extract was 

performed as reported by Chiellini et al. (2022). The results were 
expressed as the percentage of DPPH• inhibition corresponding to the 
antiradical activity (ARA) and calculated as follows: ARA % = [1 −
(AS/AC)] × 100, where the AS is the absorbance of the sample and the AC 
is the absorbance of the DPPH solution.

2.6.3. Oxygen radical absorbance capacity (ORAC) assay
The Oxygen Radical Absorbance Capacity (ORAC) of hemp sprouts’ 

extracts was carried out as described by Gabriele et al. (2015). The re-
sults were reported as ORAC units corresponding to micromoles of 
Trolox equivalents (TE)/g FW. Briefly, 10 mM fluorescein in Tris-HCl 
(pH 8) was employed as a probe, and 500 mM AAPH in 75 mM phos-
phate buffer pH 7.4 (PB) as the peroxyl radical generator. For each 
sample (100 μL), a solution containing 800 μL of fluorescein (40 nM) and 
100 μL of AAPH (40 mM) was prepared, whose 200 μL were plated and 
the fluorescence decay was read at 485 nm excitation and 514 nm 
emission (VictorTM X3 Multilabel Plate Reader, Waltham, MA).

2.6.4. Ferric reducing antioxidant power (FRAP) assay
The FRAP assay describes the capacity of reducing ferric iron (Fe3+) 

to ferrous iron (Fe2+) and it was assessed as previously described by 
Chelucci et al. (2023). Briefly, 2500 μL of FRAP buffer (300 mM acetate 
buffer pH 3.6, 10 mM TPTZ in 40 mM HCl, and 20 mM FeCl3⋅6H2O at a 
ratio of 10:1:1) were added to 85 μL of hemp sprouts’ extracts, and the 
absorbance was read at 593 nm (PerkinElmer UV/VIS Lambda 365, 
Waltham, MA, USA) after 30 min of incubation at room temperature. 
The relative data were reported as Fe2+ equivalents (μM), employing a 
calibration curve of FeSO4⋅7H2O (range: 15.62–2000 μM).

2.6.5. Fe2+ chelation ability
The ability of aqueous hemp sprout extracts (200 mg mL− 1) to 

chelate Fe2+ was evaluated by a colorimetric assay as previously re-
ported (Chelucci et al., 2023). Briefly, 800 μL ultrapure water and 100 
μL of FeSO4 (0.3 mM) were mixed with 250 μL of each aqueous extract 
and kept 5 min at room temperature. Subsequently, 150 μL of ferrozine 
(0.8 mM) were added to the solution, after an incubation of 5min at 
room temperature. After 15 min, the absorbance was measured at 562 
nm (PerkinElmer UV/VIS Lambda 365, Waltham, MA, USA) and the 
results were reported as mg EDTA equivalent (EDTAE)/g FW using a 
calibration curve of EDTA (3.125–75 μg mL− 1).

2.7. A549 cells treatments and viability

The human A549 (ATCC® CCL-185™; lung tissue, alveolar epithe-
lium) was grown in Dulbecco’s Modified Eagle’s Medium high glucose 
(Sigma Aldrich Chemie GmbH, Steiheim, Germany) supplemented with 
10% fetal bovine serum and antibiotics at 37 ◦C with 95% humidity and 
5% CO2. All treatments were carried out using DMEM medium, without 
phenol red and FBS, containing antibiotics. A549 were pre-treated for 1 
h with or without seeds/sprouts extracts, then exposed for 4 h with or 
without 50 ng mL− 1 TNF-α. A549 cell viability was evaluated by the 
MTT assay as previously described (Gabriele et al., 2018).

2.8. RNA extraction, reverse transcriptase-PCR, and quantitative real- 
time PCR

Total RNA was isolated from A549 cells using the E.Z.N.A.® Total 
RNA Kit I (OMEGA Bio-Tek, Norcross, GA, USA) and reverse-transcribed 
using the iScript™ cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA). 
Quantitative Real-Time PCR was performed using the SsoFast™ Eva-
Green® Supermix (Bio-Rad, Hercules, CA, USA) in a CFX Connect Real- 
Time PCR Detection System (Bio-Rad, Hercules, CA, USA). IL-8, COX-2, 
and β-actin gene primers were described previously (Gabriele et al., 
2018). The gene expression was calculated by the 2− ΔΔCT relative 
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quantification method.

2.9. Immunoblot analysis

For western blotting, total protein from A549 cells was extracted 
with RIPA buffer containing cOmplete™ protease inhibitor cocktail 
(Sigma-Aldrich) and incubated for 30 min on ice. Next, proteins were 
centrifuged at 12000×g (Jouan CR 31 centrifuge, Newport Pagnell, UK) 
for 30 min at 4 ◦C. Protein concentrations were quantified with Bradford 
assay (Sigma-Aldrich Saint Louis, MO, USA). Protein (45 μg) was sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred onto nitrocellulose membranes. After blocking with 
5% non-fat milk for 2 h, membranes were incubated with specific pri-
mary antibodies COX2 and GADPH (1:1000 SAB5700721 and 1:1000 
SAB2108266 Sigma-Aldrich) at 4 ◦C overnight. Subsequently, mem-
branes were incubated with peroxidase-conjugated secondary anti-
bodies (1:2000 A0545 Sigma-Aldrich) at room temperature for 1 h. After 
three washes with TBST, immunoreactive proteins were visualized using 
a chemiluminescence reaction kit (Clarity Western ECL substrates; Bio- 
Rad Laboratories) and signals were acquired using a ChemiDoc Imag-
ing System (Bio-Rad Laboratories, Hercules, CA, USA). Protein band 
intensities were analyzed using the Image Lab Software (Bio-Rad Lab-
oratories, Hercules, CA, USA).

2.10. Statistical analysis

Statistical analysis was performed using GraphPad Prism version 
9.00 for macOS (GraphPad Software, San Diego, CA, USA). Assays were 
carried out in triplicate, and results were expressed as mean values ±
standard deviation (SD). Differences between samples were analyzed by 
one-way analysis of variance (ANOVA) with Dunnett or Bonferroni 
multiple comparison tests. A p-value lower than 0.05 was considered 
statistically significant.

3. Results and discussion

3.1. Hemp sprouts’ germination and morphological characterization

Hemp sprouts were obtained through germination tests under stan-
dard conditions (CTRL) using a sterile bdH2O and agar (0.7%) culture 
medium. Under enriched conditions, the medium was supplemented 
with selected biostimulants, including the microalgal Chlorella-like 
strain C2 and the bacterial Sphingomonas sp. strain Can_S11. According 
to our previous works (Frassinetti et al., 2018; Gabriele et al., 2022), 
medium-length (4–5 cm) hemp sprouts with two to four leaves could be 
harvested after five-day (T5) exposure of C. sativa L. seeds to 16 h to light 
and 8 h to darkness (day-night cycle) with PPFD of 70 μmol photons m− 1 

s− 1 upon a controlled temperature (22 ± 2 ◦C).
Appropriate light exposure is crucial for regulating and promoting 

germination processes (Chanyenga et al., 2012; Motsa et al., 2015; 
Zhang et al., 2020), with its effectiveness influenced by light intensity, 
type, and duration. Zhang et al. (2020) reviewed the impact of LED 
lighting on enhancing the nutritional value, phytochemical content, 
antioxidant properties, and growth of sprouts and microgreens. Simi-
larly, Xiang et al. (2017) have observed a higher phenolic content in 
sweet corn (Zea mays L.) sprouts, germinated under light, than those 
exposed to dark. Moreover, for some seeds, it has been observed that 
exposure to light results in sprouts with more developed hypocotyls and 
higher fresh weight (Zhang et al., 2020). Conversely, for other seeds (e. 
g., Glycine max L. seeds), germination under the dark is preferred (Y. 
Chen & Chang, 2015), while for other ones (e.g., Dipogon lignosus L. and 
Vigna radiata mung beans) no differences were observed between dark 
or light exposure in terms of germination yield (Chanyenga et al., 2012; 
Islam, 2017). However, the effects of light must be considered in com-
bination with germination temperature (Chanyenga et al., 2012), which 
differs depending on the crop seeds (Motsa et al., 2015).

According to the literature, fresh and dry microalgae biomass are 
employed as biostimulants and/or biofertilizers to increase agricultural 
sustainability to cope with the increase in world population and the 
resulting environmental impact of intensified agricultural production 
(Alvarez et al., 2021; Gonçalves, 2021; Ronga et al., 2019). Further-
more, microalgal biomass is known to promote development, growth, 
and crop yield by improving their resistance to stressogenic conditions 
(Colla & Rouphael, 2020; Dineshkumar et al., 2018; Gonçalves, 2021) 
and also by promoting seed germination (Dineshkumar et al., 2018).

According to Chiellini et al. (2022), the microalgal Chlorella sp. strain 
C2 was chosen to stimulate Cannabis sativa L. seeds germination and 
promote the sprout’s development in a short time. On the other hand, 
bacterial endophytes known as PGPB are also considered a good strategy 
to improve seed germination. Hence, we used the endophytic bacterium 
Can_S11, previously isolated from sterilized hemp seeds and selected for 
its remarkable ability to produce indoleacetic acid (Gabriele et al., 
2022), a hormone capable of promoting plant growth (Glick, 2003). 
Therefore, the use of natural soil conditioners such as microalgae and 
bacteria can increase crop production without high costs, reducing 
chemical fertilizers or pesticides’ practice, which damage environ-
mental and human health, obtaining sustainable and nutrient-rich 
products (Chiaiese et al., 2018; Delshadi et al., 2017; Dineshkumar 
et al., 2018; Ribeiro et al., 2019).

The Cannabis sativa L. sprouts under the selected germination con-
ditions (listed in Table 1) were collected after five days (T5) and eval-
uated morphologically. As reported in Table 2, the measured 
morphological parameters are the following: I) number of sprouted 
seeds; II) fresh weight (g); III) sprouts length (cm); IV) roots length (cm); 
V) aerial part length (cm).

Table 2 includes seed counts per plate, from which sprouts with 
developed roots and two or four leaves were obtained after five days. 
Optimal enrichment conditions for germination involved using dry 
microalgal biomass C2 D [0.25 mg mL− 1], combined with bacterium 
Can_S11 (BI and BS). This combination enhanced seed germination and 

Table 2 
Morphological characterization of Cannabis sativa L. sprouts under different 
germination conditions collected after five days (T5). Data were reported as 
mean ± SD of three replicates. The germination conditions selected were the 
following: I) standard culture medium (CTRL); II) with Can_S11 bacterial inoc-
ulum (BI); III) with Can_S11 bacterial spread on the culture medium surface 
(BS); IV) addition of dried microalgal C2 biomass (C2 D) to the culture medium; 
V) seed imbibition in fresh microalgal C2 biomass before seeding (C2 F); VI) BI 
and C2 D combination; VII) BI and C2 F combination; VIII) BS and C2 D com-
bination; IX) BS and C2 F combination. For each selected morphological 
parameter, a statistical analysis was performed by one-way ANOVA with 
Tukey’s post-hoc test: *p < 0.05 vs CTRL (culture medium alone).

Germination 
Conditions

Sprouted 
Seeds 
(T5)

Fresh 
Weight 

(g)

Sprouts 
Length 
(cm)

Roots 
Length 
(cm)

Aerial 
part 

Length 
(cm)

CTRL 6–7 0.067 ±
0.016

5.081 ±
1.658

2.319 ±
1.194

2.761 ±
0.856

BI 3–5 0.059 ±
0.018

3.690 ±
1.411

1.470 ±
0.590

2.220 ±
0.950

BS 3–4 0.061 ±
0.014

5.143 ±
1.457

2.314 ±
0.659

2.829 ±
0.846

C2 D 6–7 0.068 ±
0.016

5.215 ±
1.835

2.765 ±
1.462

2.473 ±
0.650

C2 F 1–3* 0.057 ±
0.011

4.125 ±
1.919

1.350 ±
1.136

2.775 ±
0.789

BI + C2 D 6–8 0.065 ±
0.016

5.657 ±
1.392

2.763 ±
1.027

2.894 ±
0.602*

BI + C2 F 2–3* 0.053 ±
0.018

3.540 ±
1.630

1.100 ±
0.587

2.440 ±
1.092

BS + C2 D 4–6 0.071 ±
0.018

5.340 ±
1.558

1.870 ±
1.032

3.470 ±
0.863

BS + C2 F 1–3* 0.063 ±
0.022

4.633 ±
1.916

1.633 ±
1.363

3.000 ±
0.687
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seedling growth, likely due to microalgae providing essential nutrients 
and growth-promoting compounds (Garcia-Gonzalez & Sommerfeld, 
2016; Navarro et al., 2021). Microalgae appeared to act synergistically 
with the bacterium Can_S11 likely contributing to the production of 
indoleacetic acid, a growth-promoting hormone. Microbial treatments 
have increased phytohormone levels, enhancing root and sprout growth 
(Mazepa et al., 2021). Overall, microorganisms like bacteria and 
microalgae serve as effective biofertilizers and biostimulants, promoting 
plant development by producing growth-promoting metabolites. The 
combined activity of microalgal biomass C2 and bacterium Can_S11 
shows promising results in enhancing hemp seed germination and 
sprout development.

3.2. Phytochemical profile of hemp sprouts’ extracts

The total content of polyphenols and flavonoids determined in hemp 
sprout extracts are summarized in Table 3.

Overall, hemp sprouts exhibited a fair content of total polyphenols 
(TPC) and flavonoids (TFC). CTRL sprouts showed higher TPC and TFC 
content than those obtained by Frassinetti et al. (2018) using similar 
protocols (TPC = 1,2 ± 0,02 mg GAE/g FW and TFC = 1,03 ± 0,15 mg 
QE/g FW).

As shown in Table 3, BI + C2 D hemp sprouts’ extracts reported the 
highest TPC and TFC levels. Notably, BI + C2 D and C2 D conditions 
differed significantly (p < 0.001) from CTRL and all treatments in the 
total polyphenol and flavonoid content. Therefore, microalgal C2 
biomass seems to increase the phytochemical content of hemp sprouts, 
according to previous nutraceutical characterization assessed by Chiel-
lini et al. (2022). Nevertheless, hemp sprouts obtained under C2 D 
conditions (C2 D, BI + C2 D, and BS + C2 D) presented significantly (p <
0.001) higher polyphenol and flavonoid content than ones treated with 
C2 F (C2 F, BI + C2 F, and BS + C2 F). Concerning this, given that the 
seeds were soaked with fresh microalgal biomass overnight, while the 
dry one was added directly to the growth medium, it may be assumed 
that the exposure time to the treatment may have influenced the poly-
phenol and flavonoid content. In addition, dried microalgae are 
commonly employed in food supplements’ formulation, functional foods 
production, and crop treatment (Chiellini et al., 2022; Gallego et al., 
2018), increasing their phytochemical content and nutraceutical prop-
erties. On the other hand, hemp sprouts treated with BI (BI, BI + C2 D, 
and BI + C2 F) reported TPC and TFC significantly higher than ones 
grown under BS conditions (BS, BS + C2 D, and BS + C2 F). These 

conditions differ in the bacterium administration.

3.3. In vitro antioxidant activities of hemp sprouts

In vitro antioxidant and anti-radical capacities of Cannabis sativa L. 
sprout extracts were evaluated by ABTS, DPPH, ORAC, FRAP, and Fe2+- 
chelating activity assays (Table 4).

The ABTS and DPPH assays were performed to determine the free 
radicals scavenging capacity exerted by Cannabis sativa L. sprouts. The 
results of the ABTS assay, obtained for each treatment tested, were re-
ported as Trolox equivalent antioxidant capacity (TEAC, μM) in Table 4. 
Notably, C2 D and BI + C2 D conditions showed significantly higher 
anti-radical activity to the CTRL, confirming the findings obtained from 
morphological characterization and TPC and TFC content. On the other 
hand, DPPH values were expressed as the percentage of the samples’ 
ability to inhibit DPPH⋅ radicals. Specifically, BI + C2 D treatment 
exhibited significantly higher anti-radical activity than the control (p <
0.01). Furthermore, BI + C2 D exerted the greatest anti-radical activity 
compared to the other treatments evaluated, presenting the highest 
percentage of DPPH⋅ radical inhibition. In contrast, spouts obtained 
from BI + C2 F presented the lowest DPPH⋅ radical scavenging capacity 
which was significantly lower (p < 0.001) than all other conditions 
except BS + C2 F. In addition, as demonstrated in analyses previously 
described, BI treatment was significantly more effective (p < 0.05) than 
BS one, despite the endophytic bacteria used being the same (Can_S11). 
This significant difference was also observed for treatments that include 
C2 dry microalgal biomass, i.e. BI + C2 D and BS + C2 S. Consistently, 
the use of fresh C2 F biomass (C2 F, BI + C2 F, and BT + C2 F) led to 
significantly lower values (p < 0.05) than conditions involving the use of 
dry one.

Similarly, the ORAC assay was performed to evaluate the antioxidant 
activity of the sprouts. BI + C2 D reported a significantly higher value (p 
< 0.001) compared to all treatments, especially to the control showing 
halved activity. Consistent with previous analysis, significant differ-
ences were observed between the C2 D and BS + C2 D treatments 
compared to the control and BI + C2 D (p < 0.001). Notably, findings 
obtained for the control were comparable to those of hemp sprouts 
harvested on day 5 (48 ± 1 μmol TE/g FW) and analyzed by Frassinetti 

Table 3 
The total polyphenol content (TPC) and total flavonoid content (TFC) of hemp 
sprout extracts (80% ethanol) were determined by spectrophotometric assays. 
Results were reported as mean ± SD of three replicates. The germination con-
ditions selected were the following: I) standard culture medium (CTRL); II) 
Can_S11 bacterial inoculum (BI); III) Can_S11 bacterial spread on the culture 
medium surface (BS); IV) dried microalgal C2 biomass (C2 D) added to the 
culture medium; V) seed imbibition in fresh microalgal C2 biomass before 
seeding (C2 F); VI) BI and C2 D combination; vii) BI and C2 F combination; VIII) 
BS and C2 D combination; IX) BS and C2 F combination. The letters a,b,c,d,e,f,g,h 

indicate the significant difference between the treatments. Statistical analyses 
were performed by one-way ANOVA, followed by Tukey’s post-hoc test; *p <
0.01 and **p < 0.001 vs CTRL (culture medium alone).

Germination 
Conditions

TPC (mg GAE/g FW) TFC (mg QE/g FW)

CTRL 2.20a ± 0.02 1.63a ± 0.01
BI 2.25ab ± 0.01 1.46b ± 0.03*
BS 2.06c ± 0.002* 1.21c ± 0.03*

C2 D 2.40d ± 0.01* 2.21d ± 0.02*
C2 F 2.29ab ± 0.01 1.6a ± 0.03

BI + C2 D 2.95e ± 0.01** 2.68e ± 0.01**
BI + C2 F 1.79f ± 0.01* 1.79f ± 0.06*
BS + C2 D 2.26ab ± 0.03 1.99g ± 0.03*
BS + C2 F 1.56g ± 0.03* 0.76h ± 0.02*

Table 4 
Anti-radical and antioxidant in vitro activity of Cannabis sativa L. sprouts ob-
tained from each treatment used for germination tests. Results were reported as 
mean ± SD of three replicates. The letters a,b,c,d,e,f in the columns indicate the 
significant differences between the treatments. Statistical analyses were per-
formed by one-way ANOVA, followed by Tukey’s post-hoc test; *p < 0.01 and 
**p < 0.001 vs CTRL (culture medium alone). n.d.: not determined.

Germination 
Conditions

ABTS 
(μM 

TEAC)

DPPH 
(% ARA)

ORAC 
(μM TE/g 

FW)

FRAP 
(Fe2+ μM)

Fe2+- 
chelating 

activity (mg 
EDTA eq/g 

FW)

CTRL 0.89a ±

0.03
22.6a ±

0.68
41.29a ±

1.94
787.17a 

± 2.91
0.31a ± 0.01

BI 0.87ab 

± 0.01
23.96a 

± 1.18
38.81ab 

± 1.82
685.54b 

± 41.39
0.33a ± 0.02

BS 0.62c ±

0.02
17.07b 

± 0.91
30.53b ±

0.18
530.44c 

± 35.67
0.14b ± 0.02

C2 D 1.13d ±

0.01***
11.68c 

± 0.22
55.19c ±

3.44
746.74ab 

± 3.68
0.23a ± 0.01

C2 F 0.77b ±

0.02
n.d. 47.60ac ±

2.24
488.84cd 

± 3.97
1.37c ± 0.01

BI + C2 D 1.48e ±

0.01***
27.02d 

± 0.35*
81.83d ±

14.55***
909.58e 

± 7.95*
0.26a ± 0.01

BI + C2 F 1.05d ±

0.07
1.45e ±

0.84***
30.41b ±

1.43
512.01cf 

± 0.87
1.38c ±

0.002
BS + C2 D 0.99ae ±

0.02
14.27bc 

± 0.77
37.47ab 

± 2.02
717.75ab 

± 5.14
0.14b ± 0.02

BS + C2 F 0.87b ±

0.02
3.83e ±

0.12
29.07b ±

0.05
423.6d ±

6.49
0.32a ± 0.02
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et al. (Frassinetti et al., 2018).
Regarding the FRAP assay, BI + C2 D treatment resulted in sprouts 

with the highest antioxidant activity, which differed significantly from 
the control and all treatments (p < 0.001). Nevertheless, no significant 
difference was reported between the C2 D condition and control. In 
contrast, all treatments using C2 F showed significantly lower values 
than the control.

Finally, treatments with the highest Fe2+- chelating activity were C2 
F and BI + C2 F (Table 3). Thus, unlike the other assays, treatments with 
C2 F promoted the presence of antioxidant compounds capable of 
chelating Fe2+ in hemp sprouts. Instead, BS and BS + C2 D presented the 
lowest value. Therefore, conditions with Can_S11 and C2 D showed the 
lowest Fe2+- chelating activity.

Except for the latter assay, the findings obtained confirm that C2 dry 
microalgal biomass and Can_S11 bacteria could be used as biostimulants 
to improve the phenolic content and promote the antioxidant activity of 
Cannabis sativa L. sprouts. Indeed, these microorganisms present and/or 
synthesize auxins and cytokinins, phytohormones known to enhance 
antioxidant properties (Mazepa et al., 2021). In addition, the highest 
TPC and TFC were observed in the BI + C2 D treatment, which also 
presented higher antioxidant and anti-radical activity (except for 
Fe2+− chelating activity).

3.4. Effect of hemp seeds and sprouts extract on TNF-α inflamed A549 
pulmonary cell line

Inflammation serves as a vital physiological response of the body to 
disease, infection, and injury, involving the modulation of numerous 
inflammatory mediators through diverse pathways and mechanisms (L. 
Chen et al., 2017). Nevertheless, uncontrolled and inadequate activation 

of this response can result in chronic inflammation (L. Chen et al., 2017), 
carrying significant negative health implications. Today, owing to their 
minimal side effects and notable anti-inflammatory properties, natural 
products and plant-derived compounds stand out as promising assets for 
the management and treatment of chronic pulmonary inflammation, 
such as COPD (Li et al., 2021).

Given that sprouted C. sativa seeds under the BI + C2 D condition 
demonstrated elevated levels of polyphenols and flavonoids compared 
to the control ones, we subsequently investigated their potential anti- 
inflammatory impact on tumor necrosis factor-alpha (TNF-α)-inflamed 
A549 cells. Furthermore, considering their good nutraceutical profile 
(Frassinetti et al., 2018), we evaluated the anti-inflammatory effects of 
hemp seed extracts.

Extracts derived from C. sativa seeds and sprouts were evaluated for 
their potential cytotoxic effects on A549 viability and the expression of 
key inflammatory genes under basal and inflammatory conditions. 
Preliminary findings indicate that neither the seed nor the sprout ex-
tracts influenced the viability of A549 cells (data not shown). Further-
more, these extracts did not induce significant changes in the basal gene 
expression levels of IL-8 and COX-2 if compared to untreated cells 
(Fig. 1).

Upon exposure to a concentration of 50 ng mL− 1 TNF-α, A549 cells 
exhibited a pronounced upregulation in both IL-8 and COX-2 gene 
expression levels relative to untreated cells (p < 0.001), underscoring 
the pro-inflammatory nature of TNF-α stimulation. Interestingly, under 
the inflammatory condition, pre-treatment with C. sativa seeds extract at 
a concentration of 100 μg mL− 1 demonstrated a notable attenuation in 
the IL-8 (Fig. 1B) and COX-2 (Fig. 1D) (20% and 30%, respectively) 
upregulated expression. Hemp seeds contain some bioactive compounds 
like lignanamides and other phenylpropionamides that may exert an 

Fig. 1. IL-8 (A and B) and COX2 (C and D) gene expression in A549 cells 1 h pre-treated with 50 μg mL− 1 or 100 μg mL− 1 of sprouts (CTRL, control sprouts; BI + C2 
D, BI + C2 D treated sprouts) and seeds extracts (SE), then exposed 4 h with (right side) or without (left side) to 50 ng mL− 1 TNF-α. One-way ANOVA and Dunnett’s 
post-hoc test: * different from TNF-α 50 ng mL− 1: *p < 0.05.
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anti-inflammatory effect as observed by Wang et al. (2019) in 
LPS-stimulated BV2 microglia cells. Following a similar approach, 
Martinez et al. (2020) identified N-trans-caffeoyltyramine as a signifi-
cant compound in a fraction derived from an extract of defatted hemp 
seeds, which exhibited anti-inflammatory properties in LPS-treated 
human primary monocytes. Moreover, when A549 cells were 
pre-treated with the highest dose of BI + C2 D sprout extract (100 μg 
mL− 1) and exposed to TNF-α stimulus a 20% reduction in IL-8 expression 
was observed (Fig. 1A). Interestingly, seed germination involves the 
synthesis of new compounds with anti-inflammatory potential. For 
example, as observed by Werz et al., hemp seeds are normally free of 
cannflavins and sprouting induced the formation of cannflavin A and B. 
Furthermore, it is worth noting that the anti-inflammatory effects of 
sprouts are not unique to hemp. Observations of similar effects have 
been made with the sprouts of other plants, such as garlic and wheat 
(Gdula-Argasińska et al., 2017; Tomé-Sánchez et al., 2020).

Western blotting confirmed the impact of hemp seed extracts on 
A549 inflamed cells at the COX2 protein level (Fig. 2).

In line with gene expression data, the administration of TNF-α to 
A549 cells resulted in a significant elevation in COX2 protein levels 
compared to untreated cells (p < 0.001). Remarkably, pretreatment 
with the extract led to a 40% reduction in COX-2 levels induced by the 
pro-inflammatory stimulus.

4. Conclusion

This study on the seeds and five-day-old sprouts of Cannabis sativa L. 
cultivar “Futura 75” has revealed promising insights into their potential 
as a health-promoting dietary component. Utilizing Plant Growth Pro-
moting (PGP) microorganisms and microalgae, specifically the 
Chlorella-like strain C2 and the bacterial Sphingomonas sp. strain 
Can_S11, we observed significant enhancements in the phytochemical 
profile, antioxidant capacity, and anti-inflammatory properties of the 
hemp sprouts. The enrichment conditions resulted in a notable increase 
in phenolic compounds and improved antioxidant and anti-radical ac-
tivities. Moreover, treatments with treated sprout extract and seed 
extract demonstrated a comparable potential to mitigate TNF-α induced 
alterations and reduce IL-8 expression in inflamed A549 cells. However, 
a remarkable protective effect on COX2 expression was observed only 
with the seed extract. These findings highlight the potential of 
leveraging PGP microorganisms and microalgae to enhance the devel-
opment of hemp sprouts, thereby augmenting their health-promoting 
benefits. Further research in this direction holds promise for expand-
ing our understanding of the sprouted seed’s nutritional and therapeutic 
properties and their implications for human health.
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