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Abstract
The alcoholic extracts from Passiflora caerulea leaves protect prebiotic lactic acid bacteria (LAB) against oxidative
stress induced by (micro) aerobic conditions. This prebiotic activity is mainly related to the polyphenols accumulated in
P. caerulea leaves. Polyphenols are used by prebiotic LAB as electron acceptors of their carbohydrate catabolic chains
and promote LAB adaptation to aerobic conditions. Foliar treatment with 108 cfu per ml chlamydospores of a
Trichoderma plant biostimulants consortium enhances the accumulation of polyphenols in the P. caerulea leaves. The
Trichoderma plant biostimulant consortium includes two strains, T. asperellum T36b, and T. harzianum Td50b.
Enhanced levels of polyphenols are related to the enhanced prebiotic effect of the extracts from leaves treated with
Trichoderma consortium, compared with the control leaves from P. caerulea non-treated with plant biostimulants. The
results are discussed in relation to the known physiological effects of P. caerulea leaves extracts on mood and sleep
disorders, which could also be explained by the probiotic bacteria's postbiotic effects, promoted by polyphenols from
leaves extracts.
Key words: Passiflora caerulea, Trichoderma-based plant biostimulants, lactic acid bacteria, polyphenols, leaves
extracts

INTRODUCTION

micronutrients (Daglia, 2012; Rajakovich &
Balskus, 2019). However, polyphenols were
proven in the last decade to enhance the
development of lactic acid bacteria (Chan et al.,
2018; Filannino et al., 2016). The main
mechanisms of action are related to the lactic
acid bacteria (LABs) ability to metabolize
polyphenols (Gaur et al., 2020; Ricci et al.,
2019). It was demonstrated that lactic acid
bacteria could utilize the polyphenols as
electron acceptors of their carbohydrate
catabolic chains (Filannino et al., 2014). Also,
LABs metabolize polyphenols to more
bioactive compounds (Rodríguez et al., 2009).
Lactic acid bacteria fermented plant materials
with high polyphenols contents have an
enhanced functionality due to mutual
interactions between polyphenols and LABs
(Piekarska-Radzik & Klewicka, 2021).
LABs' ability to metabolize the polyphenols
differentiate the effects of the polyphenols to

Extracts from plant tissues rich in polyphenols
usually exert significant antibacterial effects.
There were describes several mechanisms of
action of polyphenols on bacteria: disruption of
the integrity of cell wall (Nohynek et al., 2006;
Zhao et al., 2001) and cellular membranes
(Ollila et al., 2002; Perumal et al., 2017);
interactions with ion channels and membrane
receptors (Alvarez-Martinez et al., 2020;
Taylor et al., 2005); inhibition of final stages of
catabolism and energy production (Chinnam et
al., 2010; Liu et al., 2017); precipitation of the
functional proteins (Kang et al., 2006;
Nakayama et al., 2013); inhibition of DNA
synthesis (Mickymaray et al., 2020; Wang et
al., 2017); interferences with quorum-sensing
signals and biofilm formation (Gopu et al.,
2015; Hengge, 2019), complexation of
metabolic substrate and essential metal
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108 cfu/mL chlamydospores was prepared
(Şesan et al., 2020). Briefly, the fungal
consortium was cultivated for two weeks days
in a medium that promotes the chlamydospore
accumulation in the presence of light. The
composition of this medium is > 34.2 g/L
glucose, 0.37 g/L ammonium sulfate, 0.8 g/L
yeast extract, 2.7 g/L soymeal, 1.2 g/L
K2HPO4, and 1.7 g/L KH2PO4 (ZamfiropolCristea et al., 2017). After two weeks, the
chlamydospores were separated from the
culture media in aseptic conditions and
quantified by spore counting in a Thoma
counting chamber (Aberkane et al., 2002). The
experiment was organized with two treatments:
Trichoderma 108cfu/mL and one treatment with
water. Each treatment was applied in four
repetitions, and each repetition consisted of 20
passion flowers plant selected to have a similar
development.
The Trichoderma chlamydospores suspension
was applied at the beginning of June 2019. A
backpacker spraying unit (Solo SG71,
Waiblingen, Germany) with an extension tube
and a fan jet brass nozzle TeeJet. The spraying
volume for each treatment was equivalent to
400 L.ha-1. At the moment of treatment
application, the P. caerulea plants were in the
phenological phase of leaf development and
flower primordium formation. After 30 days,
250 grams of leaves and sprouts with leaves
(fresh weight) were randomly collected from
each repetition.
The multi-annual average values for the
experimental area where the experimental field
is located are the following: temperature 11.5°C, total precipitation: 615 mm; wind
speed: 3.2 m s−1; daily sunshine duration - 6.8
h. During the experimental period of 2020, the
average
monthly
temperatures
and
precipitations were the following: May 19.5°C and 72.4 mm; June - 23.5°C and 88.6
mm; July - 27.2°C and 22.7 mm. The soil was
maintained at 80% water capacity by irrigation
during the entire experiment.

gut microorganisms (Pacheco-Ordaz et al.,
2018; Ziarno et al., 2021). Nowadays is
primarily accepted that polyphenols promote
the development of probiotic bacteria and are
included in the new definition of prebiotics
(Bindels et al., 2015), as a (metabolic) substrate
for probiotic bacteria.
The aerial parts from Passiflora genus plants
are a functional food (Zeraik et al., 2010),
consumed as infusions, extracts, or tinctures.
The main active ingredients of Passiflora leaves,
which are involved in the passion flowers'
effects against neuropsychiatric and metabolic
disorders, are polyphenols (Angel-Isaza et al.,
2021; Saravanan & Parimelazhagan, 2014).
Our group recent work demonstrated that
treatment with a Trichoderma consortium,
which has an established plant biostimulant
activity, enhances polyphenols' accumulation in
the aerial parts of passion flowers (Şesan et al.,
2020).
This work investigates the influence of extracts
from Trichoderma treated and non-treated
passionflower leaves on the development of
lactic acid bacteria cultivated in aerobic
conditions.
MATERIALS AND METHODS
Biological material. Lactobacillus reuteri DSM
20016 was cultivated in MRS (de Man,
Rogosa, Share) broth and MRS Agar media
(Oxoid, Thermo Fischer, Hampshire, UK), at
37°C, in microaerophilic conditions. A
Trichoderma consortium was used for the
treatment of the passionflower. This
consortium includes two plant biostimulant
strains
from
the
INCDCP-ICECHIM
collection, T. asperellum T36 NCAIM F
001434 and T. harzianum Td50b NCAIM
F001412. These strains were selected because
they produce bioactive compounds which
stimulate plant growth (Oancea et al., 2016;
Raut et al., 2014; Răut et al., 2016). Passiflora
caerulea plants (blue passionflower) were
grown in the Hofigal experimental field. This
experimental field is established on a reddish
preluvosol, and it is located south of Bucharest
at 44°25'15" N, 26°1'34" E, altitude 84 m.

Plant material extraction and determination of
the total polyphenols and flavonoids. The plant
leaves and sprouts with leaves were dried at
50°C. The dried passionflower material was
ground in a laboratory mill Retsch SM2000
(Retsch GmbH, Haan, Germany) fitted with a 1

Application of treatment with the Trichoderma
plant biostimulant consortium. A suspension of
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mm sieve. The resulting ground plant material
was extracted in ethanol, 10 grams of dried,
and ground plant material was extracted in 300
mL solution ethanol-water, for 60 min, at room
temperature. Two ultrasound treatments (VCX
130, Ultrasonic Processor, Sonics, Newtown,
CT, USA) of 5 min were applied, one of the
beginnings of extraction treatment and the
other after 30 min of extraction. The extract
was separated by centrifugation at a relative
centrifugal force of 3028 x g (Universal 320R,
Hettich, Tuttlingen, Germania). The resulting
extract was stored at 4°C in dark bottles till
further use.
In the ethanolic extracts, we used the FolinCiocâlteu method (Huang et al., 2005), with
some modifications (Craciunescu et al., 2012),
for the total polyphenols determination. Briefly,
750 µL of Folin-Ciocâlteu reagent, 4 mL of
15% Na2CO3, and distilled water were added to
150 µL of the sample. The final volume was
15 mL. The incubation was done at room temperature. The optical density was measured after
2 h at λ = 756 nm, in a microplate, by using a
multimode microplate reader (CLARIOstar
Plus, BMG Labtech, Ortenberg, Germania).
The total phenolic compounds (reacting with
Folin-Ciocâlteu reagent) were expressed as
gallic acid (GA) equivalents based on a
calibration curve. This calibration curve was
done with known concentrations of gallic acid.
We used the aluminum chloride colorimetric
method to determine the total flavonoids
(Chang et al., 2002). Briefly, 0.5 mL of sample
was mixed with 1.5 mL ethanol, 0.1 mL of 1 M
potassium acetate, 0.1 mL of 10% aluminum
chloride, and 2.8 mL of distilled water. The
incubation was done for 30 min at room temperature. The optical density was determined at λ
= 415 nm in a microplate, using a multimode
microplate reader (CLARIOstar Plus, BMG
Labtech. The flavonoid content was expressed
as quercetin (Q) equivalents, using a calibration
curve constructed with known quercetin
concentrations.
All of the analyses were done in triplicate. The
reagents used were analytical-grade reagents
purchased from Sigma-Aldrich (Merck Group,
Darmstadt, Germany).

Antioxidant activity assay in the extracted plant
material. Two different assays determined the
antioxidant activity: DDPH• radical (2,2diphenyl-1-picryl-hydrazyl-hydrate) scavenging
and TEAC (Trolox equivalent antioxidant
capacity). The alcoholic extract of P. caerulea
leaves and sprouts with leaves was evaporated
while using a Rotavapor® R-300 (Büchi,
Flawil, Switzerland). The exact quantities were
re-solubilized using absolute ethanol.
We used for the DPPH• radical scavenging
activity the method of Re et al. [55], with slight
modifications. Briefly, 150 μL DPPH ethanolic
solution (0.25 mM) was vigorously mixed with
15 µL of the sample (re-solubilized in absolute
ethanol) and 90 µL of 0.1 M Tris-HCl buffer.
We incubated in the dark the resulting mixture
at 37 °C for 30 min. Butylated hydroxytoluene
(BHT) was used as a positive control. The
sample absorbance (Asample) was read using a
microplate multimode reader (CLARIOstar
Plus, BMG Labtech) at λ = 520 nm, against a
blank with ethanol (Ablank). DPPH inhibition (%)
was calculated using the following equation:
% Inhibition = (1–Asample / Ablank)*100.

(1)

We measured the antioxidant capacity (TEAC)
using the method of Re et al. [55], with slight
modifications. Briefly, the ABTS [(2,2’-azinobis(3-ethylbenzothiazoline-6-sulphonic acid)]
radical was generated by the reaction of 7 mM
2,2’-azino-bis
(3-ethyl-benzothiazoline-6sulfonic acid) diammonium salt (ABTS)
solution with a 2.45 mM potassium persulfate
solution (1:1, v/v). We incubated the mixture in
the dark at room temperature for 16 h. The
initial optical density of the ABTS radical
solution was equilibrated to a value of 0.7 ±
0.02 at λ = 734 nm. (CLARIOstar Plus, BMG
Labtech). Next, a 0.1 mL test sample was
mixed with 1 mL of the ABTS radical solution
and then incubated for 6 min. After incubation,
the optical density was measured at λ = 734 nm
(CLARIOstar Plus, BMG Labtech). A calibration curve of Trolox (0–250 μM) was used to
convert the absorbance into the equivalent activity of Trolox per mL sample (µg Trolox/mL).
All the assays were performed in triplicate. All
of the reagents used were analytical-grade
reagents purchased from Sigma-Aldrich
(Merck Group).
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activation and related secondary metabolism
pathways - i.e., the phenylpropanoid pathway
(Sharma et al., 2019).

Influence of passion flower extracts on
L. reuteri growth. We inoculated 107 ufc/ml of
L. reuteri in 5 mL test tubes with 2 mL MRS
broth. Each of the inoculated tubes contained
5% ethanolic extracts from aerial parts of
P. caerulea, treated or not treated with
Trichoderma. The extracts were sterilized by
filtration on a 0.2 µm filter before being added
to the MRS broth. The test tubes were
incubated for 48 h at 37°C, in (micro)aerobic
conditions. The number of bacteria was
determined by a cultural method. Serial
dilutions were done in fresh MRS broth, and
0.1 mL aliquots were aseptically spread in
MRS agar plates. MRS agar plated were
incubated at 37°C for 48 hours, and the number
of colonies was counted. We used the
following controls: MRS medium without
extract and bacteria, MRS medium with
corresponding quantities of alcohol and
bacteria, MRS medium and 5% ethanolic
extracts from Trichoderma treated and not
treated aerial parts of the passion flowers
without bacteria.
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Total flavonoid

*

25

*

20
15
10

5
0

Control

Trichoderma consortium

Figure 1. Enhanced accumulation of polyphenols and
flavonoids following treatment with the plant
biostimulant consortium T. asperellum T36 NCAIM F
001434 and T. harzianum Td50b NCAIM F001412

Activation of this phenylpropanoid pathway
after Trichoderma treatment was demonstrated
in the last years for bread wheat, Triticum
aestivum (Singh et al., 2019), tea, Camellia
sinensis (Shang et al., 2020), tomatoes, Solanum
lycopersicum (Coppola et al., 2019; Yan et al.,
2021), strawberry, Fragaria x ananassa, and
corn, Zea mays (Agostini et al., 2021).
A higher level of polyphenols accumulated in
the passionflower aerial parts following the
Trichoderma plant biostimulant consortium is
related to an enhanced antioxidant activity
(Table 1).

Statistical analysis. The statistical analysis was
performed using SigmaStat (Systat Software,
San José, CA, USA). Averages and standard
deviations of the data from each set of
replicates were calculated. The results were
expressed as means ± SE (standard error). The
Student's t-test tested statistical differences
between groups. The means are considered to
be significantly different at P < 0.05.

Table 1. The antioxidant activity of the passionflower
leaves treated with the Trichoderma plant biostimulant
consortium

RESULTS AND DISCUSSIONS

Control

Treated with the
Trichoderma consortium

Antioxidant activity,
DPPH method, %

72.24±6.24

54.32±4.82*

Antioxidant activity,
TEAC method,
µg Trolox equiv./mL

22.69±2.74

30.74±3.53

Specification

Foliar Treatments with chlamydospores from
our Trichoderma plant biostimulant consortium
stimulated the accumulation of polyphenols and
flavonoids from passion flowers aerial parts
(Figure 1).
This result confirms our group's previous
report, which demonstrated a concomitant
chloroplast proliferation and polyphenols
accumulation in P. caerulea aerial parts treated
with the Trichoderma plant biostimulant
consortium (Şesan et al., 2020).
This effect of enhanced polyphenols
accumulation is related to the plant defense's

The higher level of the polyphenols and
flavonoids from passionflower l is also related
to an enhanced prebiotic activity, i.e.,
stimulating the growth of lactic acid bacteria in
aerobic conditions (Figure 2).
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*
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et al., 2017). Flavonoids and polyphenols
contents were shown to increase in the edible
parts of onions (Ortega-Garcia et al., 2015) and
cucumbers (Nawrocka et al., 2018) following
treatments with Trichoderma strains. Foliar
application of T. harzianum T22 strain on grape
leaves increased polyphenols content and
antioxidant activity in grape fruits (Pascale et
al., 2017). The same plant biostimulant strain,
T. harzianum T22, enhances the antioxidant
activity of plum tomatoes fruits (Carillo et al.,
2020). Foliar stimulation with the T. atroviride
P1 strain increased the level of flavonoids,
lignans, and oleuropein from olive leaves (Dini
et al., 2020).
Treatment with Trichoderma consortium plant
biostimulant strains has multilevel effects,
leading to agronomic benefits (plant more
resistant to biotic and abiotic stress, higher
marketable yield) and enhanced health effects.
Such enhanced health effects are also due to the
increased prebiotic effect of the polyphenols on
probiotic bacteria, including lactic acid bacteria
(Figure 3).

Log10 ufc/mL

8
6
4

2
0

control

extract aerial part, not
extract aerial parts,
treated
treated with Trichoderma
consortium

Figure 2. Stimulation of the growth of L. reuteri DSM
20016 by the extract of P. caeruluea leaves, treated and
not treated with the Trichoderma plant biostimulant
consortium

Increased content of polyphenols and
flavonoids and a higher level of antioxidant
activity after treatment with Trichoderma plant
biostimulant preparations were also reported
for others cultivated plants. Treatment with
Trichoderma strains was demonstrated to
increase the polyphenolic content of various
plants-grape (Pascale et al., 2017), artichoke
(Rouphael et al., 2017), and tomatoes (Alwhibi

Figure 3. Multilevel effects of foliar treatments with Trichoderma consortium plant biostimulant strains.
Modified from our previous open-access paper related to the effect of Trichoderma consortium
on P. caerulea (Șesan et al., 2020). Licensee MDPI AG, Bassel, Switzerland

The activation of the phenylpropanoid pathway
determines not only polyphenol accumulation,
but also enlargement and reinforcement of the
plant cell walls. Our group also demonstrated
enlargement of the passionflower cell wall,

especially in the palisade tissue, after treatment
with Trichoderma consortium spores (Sârbu et
al., 2018). This effect results from enhanced
lignin biosynthesis (Vogt, 2010) and the
accumulation of hydroxycinnamic acids
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(Carrington et al., 2018). Hydroxycinnamic
acids are polyphenols that anchor the
hydrophilic components of the cell wall (i.e.,
cellulose
and
hemicellulose)
to
the
hydrophobic lignin (Mnich et al., 2020).
Accumulation of the polyphenols enhances
plant resistance to biotic and abiotic stress. At
the same time, polyphenols from edible parts of
the cultivated plants, especially from nutraceutical plants, are related to proven health
benefits. (Bendini et al., 2006; da Silva et al.,
2013; Lugato et al., 2014). Such health benefits
also result from the mutual interactions
between polyphenols and probiotic lactic acid
bacteria (Piekarska-Radzik & Klewicka, 2021).
The phenolic acids present in mango fruits
(catechin and gallic, vanillic, ferulic, and
protocatechuic acids) were reported to stimulate the growth of two probiotics, Lactobacillus
rhamnosus GG ATCC 53103 and Lactobacillus
acidophilus NRRLB 4495 (Pacheco-Ordaz et
al., 2018). Grape pomace polyphenols induced
a significant biomass increase on Lactobacillus
acidophilus CECT 903 (Hervert-Hernández et
al., 2009). Resveratrol isolated from grape
pomace promotes biofilm formation and
adhesion
of
the
probiotic
strain
Lacticaseibacillus paracasei subsp. paracasei
ATCC334 (Al Azzaz et al., 2020).
Our previous work demonstrated that treatment
with plant biostimulant Trichoderma consortium enhances polyphenols accumulation. The
findings from this paper confirm such enhanced
accumulation in another year, with different
climatic conditions, and demonstrates an increase
in the prebiotic effect of extracts from leaves and
sprouts treated with the Trichoderma consortium. This prebiotic effect is correlated with
the enhanced polyphenols accumulation in the
leaves of treated P. caerulea plants.
Polyphenols were recognized in the last years
as prebiotics (Alves-Santos et al., 2020;
Bindels et al., 2015; Moorthy et al., 2020).
Prebiotic effects of the polyphenols from
P. caerulea plants could also be related to the
effect of the preparation from this plant on
mood disorders. Probiotic microorganisms
from digestive systems were described as a
"neglected endocrine organ" (Clarke et al.,
2014), with a contribution to the normal brain
function – "melancholic microbes" (Dinan et
al., 2019).

CONCLUSIONS
Foliar treatment with a suspension of
chlamydospores
from
a
Trichoderma
consortium with plant biostimulant properties
enhance polyphenols accumulation and
antioxidant activity
Enhanced polyphenol accumulation and antioxidant activity are correlated with stimulating
lactic acid bacteria L. reuteri DSM 20016 in
aerobic conditions. Such a prebiotic effect
could be related to the known efficiency of
passionflower extract on mood disorders.
Probiotic bacteria produce short-chain fatty
acids, which assure proper brain function.
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