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Abstract

Foodborne infections cause diseases that can be fatal to human health. For this reason, food
additives or preservatives are used in the food industry to reduce the risk of transmission of
pathogens. Today, natural antimicrobial agents are more preferred instead of many synthetic
food additives. For this reason, plants are used as natural antimicrobial agents. Among these
plants, Epilobium angustifolium is in the Onagraceae family and can be found in almost all
continents of the world. It grows in streams and lakes, rocky places, meadows, forests, and
marshes in our country. In this study, the antimicrobial effect of the extract obtained from the
E. angustifolium plant against Escherichia coli, Staphylococcus aureus, Acinetobacter
baumannii, and Candida albicans microorganisms was investigated by Agar Well Diffusion
method. When pathogens are exposed to E. angustifolium extract, whether their sensitivity is
permanent or temporary (tolerant) was tested by the TDtest (Tolerance Disc Test) method.
Accordingly, the sensitivity of the microorganisms continued in the presence of E.
angustifolium extract and even at the end of the incubation period of 48 hours. No resistance
was detected against E. angustifolium extract in S. aureus, E. coli, A. baumannii, and C.
albicans microorganisms. All microorganisms were sensitive to E. angustifolium extract. The
efficacy of E. angustifolium extract on the inactivation of the E. coli strain inoculated with the
mushroom was evaluated using the immersion incubation method. 100 pL and 150 pL of E.
angustifolium caused an almost 2 log (99%) reduction in the number of E. coli on the
mushroom. Also, a mixture containing 10% gelatin (Dr Gusto), 3.5% glycerol (Sigma 98%)
and (10-15%) extract was used to prepare the E. angustifolium extract-loaded hydrogel
solution. The mushroom surface was coated with the obtained E. angustifolium hydrogel and
time-dependent deterioration was followed. As a result, it has been shown that the mushroom
surface can be protected for a long time with E. angustifolium phenolic extract.

Keywords: Epilobium angustifolium, Food preservative, Antimicrobial activity

48



2. INTERNATIONAL CONGRESS ON ENVIRONMENT, DISASTER AND FOREST
WEB: https:// www.ispecongress.org/cevrebilimleriveorman
E-MALIL: ispeckongreleri@gmail.com

Ozet

Gida kaynakli enfeksiyonlar insan sagligi i¢in 6liimciil olabilecek hastaliklara neden olur. Bu
nedenle gida endiistrisinde patojenlerin bulasma riskini azaltmak i¢in gida katki maddeleri
veya koruyucular kullanilmaktadir. Birgok sentetik gida katki maddesi yerine giliniimiizde
dogal antimikrobiyal ajanlar daha c¢ok tercih edilmektedir. Bu nedenle bitkiler dogal
antimikrobiyal ajan olarak kullanilmaktadir. Bu bitkiler arasinda E. angustifolium Onagraceae
familyas1 ve diinyanin hemen hemen tiim kitalarinda bulunabilir. Ulkemizde dere ve gol
kenarlarinda, kayalik yerlerde, ¢ayir, ormanlarda, ve batakliklarda yetisir. Bu calismada, E.
angustifolium bitkisinden elde edilen ekstraktin Escherichia coli, Staphylococcus aureus,
Acinetobacter baumannii, ve Candida albicans mikroorganizmalarina karsi antimikrobiyal
etkisi agar kuyucuk diflizyon yontemi ile arastirildi. Patojenler E. angustifolium'e ekstraktina
maruz kaldiklarinda hassasiyetlerinin kalic1 veya gecici (toleransli) olup olmadigi TDtest
(Tolerance Disc Test) yontemi ile test edildi. Buna gore, E. angustifolium ekstrakt1 varliginda
ve inkiibasyon siireleri 48 saatin sonunda dahi mikroorganizmalarin hassasiyetleri devam etti.
S. aureus, E. coli, A. baumannii, ve C. albicans mikroorganizmalarinda E. angustifolium
ekstraktina karsi bir direng tespit edilmedi. Tim mikroorganizmalar E. angustifolium
ekstraktina karsi hassasti. E. angustifolium ekstraktinin, mantar ylizeyine asilanmis E. coli
susunun inaktivasyonu iizerindeki etkinligi daldirma inkiibasyon metodu kullanilarak
degerlendirildi. E. angustifolium’i 100 pL ve 150 uL’si, mantar iizerindeki E. coli sayisinda
neredeyse 2 log (%95) azalmaya neden oldu. Ayni1 zamanda, E. angustifolium ekstrakt yiikli
hidrojel ¢ozeltisinin hazirlanmasi icin %10 jelatin (Dr Gusto), %3,5 gliserol (Sigma 98%) ve
(%10-15) ekstrakt iceren bir karisim kullanildi. Elde edilen E. angustifolium hidrojeli ile
mantar ylizeyi kaplandi ve zamana bagli bozulma takip edildi. Sonug¢ olarak mantar ylizeyinin
E. angustifolium fenolik ekstrakti ile uzun siire korunabilecegi gosterilmistir.

Anahtar Kelimeler: Epilobium angustifolium, Gida koruyucu, Antimikrobiyal aktivite

INVESTIGATION OF THE PROTECTION OF Epilobium angustifolium PHENOLIC
EXTRACT ON MUSHROOM SURFACE

INTRODUCTION

Among the medicinal plants, Epilobium angustifolium belongs to the Onagraceae family. The
Onagraceae (Earring Flower) family is very rich and widespread in the world, includes genera
and species. In general, the genus Epilobium is called “Yaki” grass among the people.
Epilobium species can be found on almost all continents of the world. It lives in the temperate
and high mountain belt. In our country, it grows on the banks of streams and lakes, in open
forests, on rocky places, in meadows and marshes (Aslan, 2010). Cultivated forms of this
plant are found in some botanical gardens of the world (Plant Finder, 2022). Epilobium
species were known that they have a great wound healing activity. Hyperoside was found as
the primary active compound in parts of E. angustifolium such as leaves and petiole
(Karakaya et al., 2020). There has been limited research on Epilobium angustifolium studies
in the food field. It has been reported to be used in soups and salads (Kalle et al., 2016).
Young sprouts can be made into a salad or cooked. The root can also be eaten raw or cooked,
or dried to powder. The body part is gelatinous, can be added to soups as a seasoning, has a
laxative effect, so it should not be eaten on an empty stomach. Tea is made from the dried
leaves. It can be consumed as jam (Sayik, 2007). It has been suggested to be used as a food
additive due to its antimicrobial properties. It is stated that E. angustifolium can be considered
as an important natural antioxidant source, which prevents or minimizes lipid peroxidation in
foods, extends the shelf life of drugs and foodstuffs, and partially as an antibacterial agent for
foods (Kavaz et al., 2021).
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Hydrogels are semi-fluid, soft or slightly rigid structures of cross-linked hydrophilic
polymeric network (Ahmed, 2015). Physical hydrogels include hydrogen bonds of
hydrophilic polymer networks, hydrophobic interactions, van der Waals interactions and ionic
strengths, etc. includes hydrogels with non-covalent bonds. These include biomedical and
food applications of hydrogels based on starch (Chen et al., 2019), pectin (Mehrali et al.,
2019) or soy protein polysaccharide (Birch et al., 2015).

The aim of this study is to evaluate the antimicrobial activity of the acetone extract of the E.
angustifolium plant, which is widely used for medicinal purposes. At the same time, the plant
was used as a food coating hydrogel and the bacterial inhibition was calculated
logarithmically. The food to be chosen is mushroom and it is aimed to cover the mushroom
surface with this plant’s hydrogel.

Materials and Methods

Preparation of the extract

The plant was collected from the stream side of Camliyayla Giilbahgesi station in 2021. After
drying, it was ground and 100 g/mL extracts (24 h) were prepared in acetone. It was then
filtered and used for experiments.

Antimicrobial screening
The inoculums of Staphylococcus aureus, Escherichia coli, Acinetobacter baumannii, and
Candida albicans were prepared in 3 mL Tryptic soy broth for bacteria and 3 mL Sabouraud
Dextrose Broth for yeasts and they incubated at 37°C during overnight. After one day
incubation, the microorganism suspensions were adjusted to 0.5 McFarland Turbidity and
stored at +4 °C until tests.

Well Diffusion test and Modified TD test

According to well diffusion test, 6 mm wells are opened in the solid medium first and
microorganisms are cultivated on the entire medium surface. 50 pL samples were placed in 6
mm wells. All samples were incubated for 24 hours at 37°C. The results were evaluated by
measuring the zone diameters in the Images program.

TD (Tolerance Disc Test) test was created by expanding the disc diffusion with a few simple
techniques. This method consists of two steps: For this, 6mm diameter wells were drilled into
the middle of Mueller—Hinton agar plate, and the cultures at the stationary phase were spread
the plates. The 50 pL (0.1g/mL ) of E. angustifolium extract was placed in the wells and
incubated at 37°C for 24 hours. Then, as second: 50 pL glucose solution of 10% was placed
in the well, which discharged because of the diffusion of the extract into the agar. The petri
dishes were re-incubated during 37°C for 24 hours and IZs was measured again and compared
with the clear zone in the primary step. TD test, which E. angustifolium extract was replaced
with the glucose, allows re-growth and detection of the surviving microorganisms on the agar
surface. According to this method, it is interpreted as susceptible strain if inhibition zone were
found around the well after glucose addition (Gefen et al., 2017).

Coating the mushroom surface with the extract

Inactivation of the E. coli strain inoculated on the mushroom surface 1 cm? pieces of the
mushroom were prepared and sterilized using alcohol and hydrogen peroxide. For this, the
mushroom was dipped in ethanol and hydrogen peroxide, respectively, and dried in a sterile
environment. 10 ul of E. coli (Mcfarland) was inoculated on it and then dried. Then, the
extract was dripped onto it and samples were taken after 15 minutes, transferred to a
stomacher bag containing 1 ml of phosphate buffer and homogenized for 2 minutes.
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Bacteria count was calculated logarithmically using serial dilution on the agar surface. The
same procedure was performed using water instead of the extract (negative control) (Palmer et
al., 2001).

A mixture containing 10% gelatin (Dr Gusto), 3.5% glycerol (Sigma 98%) and (13%) extract
was used to prepare the E. angustifolium extract-loaded hydrogel solution. The hydrogel-
converted E. angustifolium extract was transferred to a beaker while hot and the mushroom
was immersed in the beaker. Fungi were immersed in the prepared gel solution and 10-day
controls were made. The experiment is repeated 3 times, the most obvious results are
photographed.

Statistical analysis

Statistical analyses and significance were measured by Tukey test in one way analysis of
variance for 1Zs using SPSS 25. Differences were considered significant at p < 0.05.

RESULT and DISCUSSION

The results showed that E. angustifolium extract was effective against 4. baumannii, E. coli,
S. aureus and C. albicans by agar well diffusion method (Table 1). There was no statistically
significant difference between the 1Zs of E. angustifolium against the pathogens. The highest
inhibition zone was found with 23.0 mm on C. albicans while the lowest IZ with 11.5 mm on
S. aureus and also it was 13.2 mm on A. baumannii and 22.4 mm on E. coli at the end of the
24-h incubation by agar well diffusion test (p<0.05). At the end of the 48-h incubation, the
inhibition zones were not changed and all pathoges were susceptible (Table 1).

Table 1: I[Z (mm) of E. angustifolium extract against A. baumannii, E. coli, S. aureus and C.
albicans. Res: Response of microorganisms in step 2 according to TDTest, S: Susceptible
strain

Microorganisms 1Z. (48 h)-Res

1Z. (24 h)
A. baumannii 13.2%£3.6 13.2* £3.6-S

E. coli 22.4*+£3.6 22.4* £3.6-S
S. aureus 11.52+2.5 11.52+2.5-S
C. albicans 23.024+2.3 23.0* +£2.3-S

The average 1Zs were expressed with the standard deviation (+) and significance level
(ANOVA, 25; 0.05, Tukey test). Values on the same column with the same superscript letters
don’t differ statistically at the 0.05 level.

Similarly, in a study, the anti-microbial effects of E. angustifolium, ethanol extract on gram-
positive and gram-negative bacteria, yeasts and fungi were determined in vitro. The dry
extract showed anti-microbial effect. E. angustifolium inhibited a broad spectrum of bacteria,
yeasts and fungi (Battinelli et al., 2001). Yiiksel et al., (2021) demonstrated E. angustifolium’s
effectiveness against S. aureus as 7.0 mm and E. coli as 8§ mm. Previous studies have shown
that its activity is due to the synergistic effect of multiple compounds, not from a single
component in the aromatic plant (Lee and Bae, 2017). It has been stated that the phenolic
compounds responsible for the activity (Kavaz Yiiksel et al., 2021). The highest logarithmic
reduction and percent inhibition on the pathogens were shown as 2 CFU.cm™ Log and 99%
with 150 pL of the plant, respectively, in E. coli, while the lowest logarithmic reduction and
percent inhibition were 0.4 CFU.cm™ and 66%, respectively, with 50 pL of the plant.
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In the 100 pL of the extract, logarithmic reduction and percent inhibition were 1.8 CFU.cm™
and 98.6%, respectively (Table 2).

Table 2: Log reduction in E. coli exposed to E. angustifolium on the mushroom surface.

E. coli
50uL  100uL 150 uL
Log reduction (CFU/cm?) 0.4 1.8 2
Percent reduction (%) 66 98.6 99
Control* ~1.5x 108

*Starting population

Covering the mushrooms with E. angustifolium hydrogel and some of the 10-day observations
were photographed (Figure 1). According to the figure, the hydrogel coating of the
mushrooms gave a shine to the surface and the direct contact with the air was cut off
compared to the control. After a few days, deterioration was observed in both mushroom, but
blackening was greater in the uncoated mushroom.

1.GUN

3.GUN .

5.GUN ‘

Figure 1. 10-day change in mushroom surface with hydrogel (a,c,e,g) and non hydrogel
(b,d,f,h).

10.GUN
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As a result, E. angustifolium with antimicrobial potential can be used in food coatings to
extend the shelf life of foods and to inhibit pathogens. Furthermore, more studies is needed.
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