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Abstract
This study determined the in�uence of the methanol (ME) and water (WE) fruit extracts obtained from eight species of
Rosaceae and Grossulariacae family on the susceptibility of Escherichia coli rods to the lytic action of normal human
serum (NHS). Bacteria were incubated for 24 h in tryptic soy broth with varying concentrations (1, 5, 10, 20, 30, 40, and
50 mg ml-1) of raspberry, cherry, hawthorn, dog rose, gooseberry, chokeberry, quince, and Japanese quince extracts
and then the bactericidal activity of NHS was established. We found that the resistance of E. coli rods to the
bactericidal action of serum was altered by prior incubation with all tested extracts and was dependent on plant
extract concentration. Among the tested extracts, gooseberry (both ME and WE), raspberry ME and cherry WE were
responsible for the most profound changes in serum resistance of E. coli rods. Evaluation of the antimicrobial
mechanisms of action of phenolics-rich plant extracts has the potential to impact the development of novel
compounds with promising applications in food and biopharmaceutical industry or medical approaches to preventing
and treating pathogenic infections.

Introduction
For centuries, humans have used plants to treat infections and other medical conditions. A wide variety of plant
extracts have been found to exert a bene�cial effect on human health, including those recommended as a dietary
supplement which are available over the counter in the form of single compounds or mixtures. For instance, phenolic
compounds found in numerous fruits and berries may enhance cardiovascular �tness and act as strong antioxidant,
anti-in�ammatory, antiproliferative and anticarcionogenic agents (Cowan 1999; Cisowska et al. 2011; De Pascual-
Teresa and Sanchez-Ballesta 2008). Importantly, previous studies indicate that plant phenolics also possess
antimicrobial activity against human pathogens. Both Gram-negative and Gram-positive bacterial strains are
selectively inhibited by phenolic compounds of various berries by diverse mechanisms (Puupponen-Pimiä et al. 2005).
It was noted that cloudberry and raspberry were the best inhibitors of bacterial growth and that Staphylococcus
epidermidis, Staphylococcus aureus, Salmonella enterica sv. Typhimurium and Salmonella enterica sv. Infantis strains
were the most sensitive microbes. Nohynek et al. (2006) observed that phenolic extracts of cloudberry and raspberry,
but not anthocyanin fractions of raspberry, disintegrated the outer membrane of S. enterica sv. Typhimurium and S.
enterica sv. Infantis rods. Antimicrobial activity of berries may also be related to anti-adherence of bacteria to epithelial
cells, which is a prerequisite for colonization and infection of many pathogens (Guay 2009). Such correlation was
demonstrated by Liu et al. (2008) for compounds of cranberry juice, which were shown to disrupt bacterial ligand
binding to uroepithelial cell receptor and decrease bacterial attachment to these cells. Exposure to cranberry juice also
decreased the average length of P�mbriae produced by Escherichia coli rods. Gene expression analysis con�rmed the
down regulation of �agellar basal body rod and motor proteins of P-�mbriae of E. coli strain incubated in the presence
of proanthocyanidins (PACs) rich cranberry (Vaccinium macrocarpon) juice or extract (Johnson et al. 2008). In
particular, the A type PACs in cranberry were shown by Howell (2007) to prevent primarily adherence of P-�mbriated
uropathogenic E. coli to uroepithelial cells in vitro. Ingestion of cranberry products not only signi�cantly reduced P-
�mbriated uropathogen adherence to uroepithelium, but also decreased the surface hydrophobicity and bio�lm
production of E. coli rods (Uberos et al. 2011).

Apart from cranberries, various other fruits contain ample amounts of phenolic compounds. Previously, we determined
the phenolic and anthocyanin content as well as antioxidant, potential anti-in�ammatory properties and antimicrobial
activity of the fruit extracts obtained from eight species of Rosaceae and Grossulariacae family (Strugała et al. 2015;
Hendrich et al. 2020). Speci�cally, it has been shown that blackcurrant, chokeberry, blackberry and Japanese quince
extracts signi�cantly reduced adhesion of E. coli rods to epithelial cells; in contrast, gooseberry was the most active
inhibitor of bio�lm formation. Furthermore, it was also established that none of the tested plant extracts affected the
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curli and P �mbriae production as well as hydrophobic properties of the surface of the bacterial cells. In the course of
the present study, we investigated the in�uence of these fruit extracts on susceptibility to serum of E. coli rods.

Materials And Methods

Bacterial strain and growing conditions
Escherichia coli 192 strain, freshly isolated from the urine of patient with urinary tract infection, was used. A stock
culture was kept at 4ºC on nutrient agar plate (BIOMED, Warsaw, Poland) and before each experiment bacteria were
transferred to tryptic soy agar and incubated at 37ºC for 18 h. Afterwards, E. coli rods were incubated in tryptic soy
broth (BIOCORP, Warsaw, Poland) with varying concentrations (1, 5, 10, 20, 30, 40, and 50 mg mL-1) of methanol (ME)
and water (WE) extracts of raspberry, cherry, hawthorn, dog rose, gooseberry, chokeberry, quince, and Japanese quince
for 24 h at 37ºC. Control cultures contained bacteria untreated with examined fruit extracts.

Plant materials
Raspberry (Rubus idaeus L.) fruits, of Polka variety; cherry (Prunus cerasus L.), Łutówka variety; hawthorn (Crataegus
monogyna Jacq.) and dog rose (Rosa canina L.), fruits collected in Szczytnicki Garden in Wrocław; gooseberry (Ribes
uva-crispa L.) Red Triumf variety; chokeberry {Aronia melanocarpa (Michx.) Elliott} fruits of the Galician variety, picked
from the Sady Trzebnickie plantation; quince (Cydonia oblonga Mill.), fruits obtained in Arboretum and Institute of
Physiography in Bolestraszyce, and Japanese quince (Chaenomeles speciosa (Sweet) Nakai), fruits collected in
Szczytnicki Garden in Wrocław were chosen for study. Preparation of the methanol (ME) and water (WE) extracts was
previously described by Sroka et al. (1994); additionally, phenolic and anthocyanin content of these fruit extracts has
been determined recently (Strugała et al. 2015).

Serum
Normal human serum (NHS) was obtained from healthy adult volunteers untreated with any antimicrobial drugs. The
samples of NHS were collected, pooled, and stored in 0.25 mL portions at − 22ºC. A suitable volume of the serum was
thawed immediately before experiments and each portion was used only once.

Antimicrobial activity of the plant extracts
Antibacterial activities of the tested plant extracts were determined by the standard dilution method. After 24-hour
incubation at 37ºC with different concentrations of ME and WE fruit extracts E. coli rods were centrifuged (2500 g, 20
min), washed 3 times in phosphate buffered saline (PBS) and cultured overnight on nutrient agar plates at 37ºC. The
in�uence of examined extracts on bacterial growth was assessed on the basis of the number of colony forming units
per one milliliter (CFU mL-1).

Bactericidal activity of serum
The bactericidal activity of NHS was determined as described previously (Cisowska and Bugla-Płoskońska 2014).
Brie�y, E. coli 192 strain was incubated in tryptic soy broth at 37ºC for 24 h with or without (control) varying
concentrations of tested fruit extracts and afterwards bacterial cells were centrifuged (2500 g for 20 min) and washed
3 times in PBS. Subsequently, 0.25 mL of bacterial suspension was added to equal amount of NHS giving the �nal
serum concentration of 50%. Bacteria with NHS were incubated in a water bath at 37ºC. The samples were collected
after 0, 60, and 180 min and then bacteria were immediately diluted and cultured on nutrient agar plates for 18 h at
37ºC. The number of colony forming units at 0 min was assumed as 100%. E. coli rods with a survival ratio of more
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than 50% after 180 min of incubation in the serum were regarded as resistant. The mean values from three separate
experiments were calculated.

Results
Using the serial dilutions method, we determined the antimicrobial activities of the methanol and water fruit extracts of
eight selected species belonging to the Rosaceae and Grossulariacae family (Table 1). Comparison of the results
showed that with the exception of hawthorn and dog rose (both ME and WE) and raspberry ME, all other examined
methanol and water extracts inhibited the growth of E. coli strain compared with the control. Raspberry, cherry,
gooseberry, chokeberry, quince, and Japanese quince ME and WE varied in effectiveness and their antibacterial action
also depended on the concentration of the extract.

 
Table 1

Effects of methanol (ME) and water (WE) fruit extracts on E. coli 192 strain growth, as observed after 24 h incubation.
Extract

Concentration

[mg/mL]

1 5 10 20 30 40 50

colony
forming units
[CFU/mL− 1]

raspberry ME 2.0×109 1.3×109 6.8×108 8.1×108 3.8×108 2.5×108 2.0×108

WE 9.9×108 4.5×108 1.0×108 4.2×106 1.3×106 2.1×106 1.2×106

cherry ME 1.6×109 2.9×109 3.7×109 6.7×107 5.3×107 2.0×107 1.9×105

WE 7.3×108 8.4×108 2.4×108 6.1×107 9.8×105 8.9×104 8.9×103

hawthorn ME 8.8×108 1.3×109 2.0×109 1.6×109 1.5×109 1.1×109 1.0×109

WE 9.8×108 9.0×108 9.6×108 4.9×108 5.7×108 4.0×108 5.5×108

dog rose ME 1.5×109 5.3×109 1.4×109 4.8×108 1.0×108 1.0×108 3.2×107

WE 1.7×109 1.6×109 9.2×108 8.0×108 1.2×109 1.0×108 5.0×108

gooseberry ME 1.0×109 1.1×109 1.2×109 1.5×108 9.4×106 1.4×106 7.9×104

WE 9.0×108 2.9×108 3.1×107 2.8×107 3.1×107 1.8×107 2.7×107

chokeberry ME 1.0×109 9.5×108 8.6×108 1.4×108 7.3×107 9.8×107 1.3×106

WE 8.7×108 2.4×109 1.9×109 9.3×106 3.6×106 1.8×104 1.9×104

quince ME 7.8×108 9.9×108 8.7×108 3.1×108 9.8×107 3.0×106 2.3×105

WE 6.4×108 6.0×108 5.7×108 1.4×108 1.4×108 2.6×107 1.0×107

Japanese
quince

ME 2.4×108 2.8×108 2.2×103 2.5×102 1.5×101 4.0×101 1.5×101

WE 9.8×108 9.2×108 2.3×106 4.4×104 2.1×103 4.0×103 5.8×102

control 8.9×108
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In the majority of assessed fruits, 1, 5 and 10 mg mL− 1 concentrations of ME and WE had no in�uence on the survival
of the tested microorganism and the values of CFU mL− 1 were similar to control (approximately 108-109 bacteria per
ml). At higher concentrations, the number of E. coli rods in the cultures gradually decreased (quince ME, chokeberry
WE, gooseberry ME, and both cherry extracts) or values of CFU mL− 1 were only slightly reduced (quince WE,
gooseberry WE, chokeberry ME, and raspberry WE). Only Japanese quince was found to be an e�cient bacterial
growth inhibitor because both its extracts in concentrations ranging from 10 to 50 mg mL− 1 signi�cantly reduced the
number of bacterial cells (ME approximately 103-101 CFU mL− 1 and WE 106-102 CFU mL− 1, respectively). Hawthorn
ME and WE, raspberry ME and dog rose WE had no impact on survival of E. coli rods. For all concentrations (from 1 to
50 mg mL− 1), the values of CFU mL− 1 were comparable to control. A similar effect was observed for methanol dog
rose extract since only incubation at a concentration of 50 mg mL− 1 slightly inhibited the growth of bacteria (3.2×107

CFU mL− 1).

The results concerning the bactericidal activity of 50% NHS against E. coli rods, which had been previously incubated
for 24 hours in the presence of methanol and water fruit extracts are presented in Table 2. E. coli 192 strain that has
been selected for the research is resistant to bactericidal action of human serum. The survival ratio of bacteria that
had not been treated with any of the studied ME and WE after 180 min of incubation in serum was 132.6 percent of
initial cell number. As can be seen in Table 2, the susceptibility of the serum resistant E. coli strain to the bactericidal
action of NHS was altered by a previous incubation of these rods with all tested extracts, although this effect
depended on their concentration. The most spectacular changes were recorded for both methanol and water
gooseberry extracts. Speci�cally, we found that NHS decreased the percent survival of E. coli rods to 18.4-0.003 after
180 min of incubation for all tested ME and WE concentrations. The similar effect on the survival of bacteria in serum
was recorded for raspberry ME and cherry WE, although at the lowest concentrations (1–10 mg mL− 1) E. coli rods were
killed slightly less effectively (45.2–14.4% and 50.0–29.0% of initial cell number, respectively). Both methanol and
water quince, water hawthorn and raspberry extracts showed modest action as bacteria remained resistant to NHS
only at 1–5 mg mL− 1 concentration, but were killed e�ciently after the exposure to higher concentrations of these
extracts (36.5-0.005%, 0.5-0.009%, 50.0-0.01% and 4.7 − 0.1% of initial cell number, respectively). In addition, similar
effect was also observed for Japanese quince ME and WE at concentrations from 1 to 10 mg mL− 1. E. coli strain was
resistant to the lytic activity of serum only after exposure to 1 mg mL− 1 of these extracts. Moreover, seeing that
Japanese quince ME and WE, in concentrations ranging from 20 to 50 mg mL− 1, signi�cantly reduced the number of
bacteria cells observed after 24 hours of incubation (approximately 103-102 CFU mL− 1) we did not examine the
susceptibility of these bacteria to the action of NHS.

Table 2 Bactericidal activity of 50% NCS against E. coli 192 rods, which had been previously incubated for 24 hours in
the presence of methanol (ME) and water (WE) plant extracts.
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Extract

Concentration

[mg mL-1]

methanol (ME) plant extracts water (WE) plant extracts

Time of incubation in serum (min) survival
%

after 

180
min

Time of incubation in serum
(min)

survival
%

after 

180
min

0 60 180 0 60 180

colony forming units [CFU mL-1] colony forming units [CFU mL-

1]

Raspberry 1 1.8×109 3.4×108 2.6×108 14.4 6.5×108 2.4×108 4.8×108   73.8

5 7.8×108 3.7×108 2.7×108 34.6 2.2×108 1.5×108 2.6×108 118.2

10 6.2×108 3.7×108 2.8×108 45.2 9.2×107 3.7×107 4.3×106      4.7

20 4.4×109 2.6×108 1.4×108   3.2 1.4×106 8.9×104 3.5×104      2.5

30 3.9×109 1.6×107 3.9×107   1.0 1.2×106 6.8×102 4.2×103      0.4

40 2.0×109 1.1×106 2.7×106    0.1 1.1×108 4.4×105 1.5×105      0.1

50 1.5×109 1.9×106 2.3×107    1.5 7.9×106 8.2×104 1.4×104      0.2

Cherry 1 3.7×108 2.0×108 1.5×109 405.4 9.3×108 1.5×108 2.7×108 29.0

5 3.0×108 7.0×108 1.5×109 500.0 4.4×108 1.9×108 2.2×108 50.0

10 8.1×107 2.3×107 1.5×108 185.2 5.4×107 4.6×106 2.0×107 37.0

20 3.7×106 9.5×103 1.8×105    4.9 4.8×106 8.6×103 9.9×103    0.2

30 1.3×106 7.6×104 1.8×104    1.4 6.2×105 9.8×104 1.5×104    2.4

40 6.1×105 1.5×104 4.6×102      0.07 1.0×105 3.7×104 1.7×104 17.0

50 3.7×104 1.3×104 9.9×102    2.7 2.0×105 1.0×104 9.5×103    4.8

Hawthorn 1 5.0×108 3.8×108 5.1×108 102.0 3.0×108 1.9×108 2.5×108   83.3

5 4.3×108 4.2×108 3.9×108   90.7 3.0×108 5.6×107 1.5×108   50.0

10 5.0×108 1.6×108 2.2×108   44.0 3.8×108 1.8×108 6.8×107   17.9

20 1.6×108 3.7×107 9.6×107   60.0 2.1×108 1.8×107 5.1×107   24.3

30 3.6×108 4.8×108 3.2×108   88.9 1.0×108 5.7×106 3.3×107   33.0

40 3.7×108 3.5×108 2.3×108   62.2 2.2×108 7.6×105 2.3×105     0.1

50 3.4×108 7.4×107 9.1×107   26.8 2.3×108 3.1×105 2.9×104       0.01

Dog Rose 1 7.0×108 2.8×108 3.9×108   55.7 4.4×108 3.1×108 2.2×109 500.0

5 5.8×108 2,5×108 1.4×109 241.4 8.0×108 3.3×108 2.1×109 262.5

10 6.4×108 2.6×108 2.6×109 406.3 2.3×108 1.9×108 2.2×108   95.7
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20 1.7×108 1.0×105 3.3×104      
 0.02

2.6×108 4.7×107 1.1×108   42.3

30 4.5×107 2.0×104 1.2×103        
 0.003

1.2×108 3.2×106 9.0×106     7.5

40 1.2×108 3.0×105 1.8×104      
 0.02

8.4×107 6.4×105 5.3×106     8.3

50 7.6×106 9.9×103 1.5×103      
 0.02

1.9×107 4.8×105 8.8×105     4.6

Gooseberry 1 1.5×109 3.2×108 1.3×108      8.7 1.9×108 1.8×107 3.5×107   18.4

5 9.5×108 2.1×108 7.9×107     8.3 4.9×107 3.4×106 3.8×104       0.08

10 9.6×108 1.8×108 1.2×108  12.5 2.5×107 1.5×105 1.9×104       0.08

20 5.5×108 2.1×107 3.4×107    6.2 2.2×106 2.5×104 3.0×103     0.1

30 1.4×107 3.8×103 3.7×102      
 0.003

2.2×106 2.5×104 8.5×102       0.04

40 2.5×105 1.4×103 4.9×102     0.2 2.9×106 2.2×103 1.4×103      0.05

50 1.0×105 2.5×102 5.5×101       0.06 2.8×106 7.5×102 8.3×102      0.03

Chokeberry 1 6.5×108 1.6×109 1.3×109 200.0 2.6×108 9.1×107 1.8×108    69.2

5 2.4×108 1.7×108 8.6×108 358.3 7.3×108 1.8×108 1.1×109 150.7

10 2.6×108 1.5×108 3.4×108 130.8 7.5×108 3.1×108 1.8×109 240.0

20 2.8×108 1.1×107 1.3×107     4.6 1.5×106 3.5×104 2.1×103       0.14

30 7.3×107 1.7×104 1.3×106      1.8 5.0×105 2.1×104 2.9×103      0.6

40 2.4×106 1.8×103 3.4×102      
 0.01

1.7×104 2.2×103 4.9×102      2.9

50 6.9×105 1.3×104 1.7×103      0.2 8.8×104 4.3×103 1.7×103      1.9

Quince 1 3.6×108 7.9×107 2.1×108    58.3 1.9×108 6.9×107 2.1×108  110.5

5 5.2×108 4.5×108 1.9×108   36.5 1.8×108 2.3×107 1.6×108    88.9

10 3.7×108 7.7×107 5.0×107   13.5 1.6×108 1.6×105 1.9×105      0.1

20 1.4×108 2.8×107 1.2×107     8.6 1.3×107 1.9×104 1.2×103 0.009

30 3.2×107 8.8×103 6.1×103       0.02 5.4×106 2.4×105 2.8×104      0.5

40 1.7×106 1.5×102 8.5×101      
 0.005

7.0×106 3.5×103 1.4×103       0.02

50 1.1×105 1.3×102 5.0×101      0.05 1.2×106 1.3×103 2.6×102       0.02

Japanese
quince

1 9.6×107 1.2×107 5.8×107  60.4 1.5×108 6.5×107 2.2×108 146.7

5      0.02   50.0
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1.1×108 7.5×104 2.6×104 5.0×107 1.3×107 2.5×107

10 nt nt nt nt 2.3×107 6.0×106 1.7×106    7.4

20 nt nt nt nt nt nt nt nt

30 nt nt nt nt nt nt nt nt

40 nt nt nt nt nt nt nt nt

50 nt nt nt nt nt nt nt nt

control 4.3×108 2.6×108 5.7×108 132.6        

nt – not tested

Furthermore, we noticed that both methanol and water chokeberry and dog rose extracts as well as cherry ME
constituted a group of fruit extracts characterized by similar e�cacy of action. For all these extracts at concentrations
from 1 to 10 mg mL− 1, E. coli 192 strain proliferated in NHS very intensively and the survival of these rods after 180
min of incubation in serum approached 95.7–500.0% of initial cell number. Higher concentrations of plant extracts
from this group altered the susceptibility of E. coli rods to the lytic activity of NHS in a comparable manner (4.9–2.7%
for cherry ME, 4.6 − 0.01 and 2.9 − 0.1% for chokeberry ME and WE, and 0.02-0,003 and 42.3–4.6% for dog rose ME
and WE). The least active extract was hawthorn ME, because in all used concentrations the survival ratio of E. coli
strain after 180 min of incubation in NHS insigni�cantly decreased and ranged from 102.0 to 26.8% of initial cell
number.

Discussion
The lethal effect of human serum on Gram-negative bacteria is well recognized and seems to have an essential role in
host defense (Miajlovic and Smith 2014; Berends et al. 2015). This bactericidal activity is mediated by multiple factors,
including complement system as a crucial component but also antimicrobial peptides and proteins which enhance
lysis of susceptible bacteria by complement. Resistance to complement-mediated serum activity is an important
virulence factor of extra-intestinal pathogenic E. coli strains isolated from urinary tract or bloodstream infections. The
major structures on the surface of E. coli rods that confer resistance against the complement cascade are
lipopolisaccharride (LPS) and its O-antigen chain, outer membrane proteins (OMP) and the polysaccharide capsules.
O-antigens may defend against serum killing by activating complement proteins away from target sites on the
bacterial outer membrane or by blocking antibody-binding sites. Consequently, rough strains with LPS which lacks O-
antigen side chains are usually more sensitive to serum than smooth strains containing full-length O-chains LPS
(Miajlovic and Smith 2014; Johnson 1991). E. coli outer membrane protein OmpA has been demonstrated to
contribute to serum resistance, increased survival in macrophages and in vitro brain microvascular endothelial cells
invasion (Weiser and Gotschlich 1991). It was also found that the loss of OmpC increases survival of E. coli in human
serum by escaping the OmpC-speci�c antibody-dependent classical complement activation pathway (Liu et al. 2012).
Furthermore, expression of the surface-associated polysaccharide capsules (e.g. K1 polysaccharide antigen
associated with neonatal meningitis E. coli) provides a barrier protecting bacterial outer membrane from deposition of
complement factors and Membrane Attack Complex formation (Miajlovic and Smith 2014). Recent studies have also
shown that exopolysaccharide colonic acid, traditionally linked with bio�lm formation, can be protective against the
bactericidal effects of human serum in E. coli strains (Miajlovic et al. 2014).
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The nature of bacterial resistance to the action of serum has a complex character dependent on the structure and
organization of their cell surface. Changes in bacterial membrane stability and permeability through interactions with
their surface components may result in loss of serum survival ability. Our present results indicate that the
susceptibility of the serum resistant E. coli strain to the bactericidal action of normal human serum can be altered by a
prior incubation of these rods with methanol and water fruit extracts of raspberry, cherry, hawthorn, dog rose,
gooseberry, chokeberry, quince, and Japanese quince. The ability of the studied extracts to affect E. coli rods
sensitivity to the lytic action of serum was found to be variable and depended on extract concentration. The most
noticeable changes in serum resistance of E. coli rods were observed in the case of gooseberry (both ME and WE),
raspberry ME and cherry WE. The survival ratio after 180 min of incubation in serum of E. coli strain, which had
previously been incubated for 24 hours in the presence of all tested concentrations (1–50 mg mL− 1) of the above-
mentioned extracts, ranged from 18.4 to 0.003% of initial cell number. Similar effects for the remaining extracts were
recorded only in higher concentrations (20–50 mg mL− 1). Methanol hawthorn extract showed the weakest action as E.
coli strain was sensitive to the lytic activity of serum only at a concentration of 50 mg mL− 1. Comparing the in�uence
of studied fruit extracts on susceptibility of E. coli rods to bactericidal action of serum with the results of the total
polyphenol and anthocyanin content of the extracts (Strugała et al. 2015) it is challenging to indicate accurate
correlation. The tested fruit extracts contained ample amounts of polyphenols but differed in composition and
anthocyanin amount (hawthorn, dog rose, quince, and Japanese quince extracts possessed almost none or relatively
small amounts of anthocyanins/proanthocyanidins; Hendrich et al. 2020). On the other hand, we found that Japanese
quince both ME and WE signi�cantly reduced E. coli growth and strongly altered the susceptibility of bacteria to the
bactericidal action of NHS while hawthorn ME was proven to be the least active extract.

Observed in this report in�uence of tested extracts on bacterial susceptibility to lytic action of serum may be
associated with interactions of plant-derived polyphenolic compounds with components of bacterial cell surface. Such
antimicrobial activity was reported for instance by Delehanty and coworkers, who analyzed the binding properties of
proanthocyanidins from cranberries, tea and grapes to LPS of such Gram-negative bacteria as E. coli, Salmonella,
Shigella, and Pseudomonas rods (Delehanty et al. 2007). The authors demonstrated comparable LPS-binding activity
for PACs, both those with A- and B-type linkages present in cranberry as well as those with only B-type bonds found in
tea and grape. It has been shown also that the recognition of bacterial LPS by PACs appeared to be mediated largely
through interaction with the lipid A moiety. Furthermore, PACs speci�cally inhibited the endocytosis of LPS by blocking
its interaction with membrane anchored LPS receptors (TLR4/MD2 and CD14) on human embryonic kidney cells.
Likewise, it has been established that plant extracts can interact with protein components of the bacterial cell surface.
Liu et al. (2006) showed that some cranberry juice components decreased E. coli rods adhesion by direct altering of
the P-�mbriae proteins. This interaction induced a shortening of P-�mbriae (via protein compression) and reduced
adhesiveness. Decreased expression of outer membrane proteins OmpA, OmpC and OmpF was reported after E. coli
rods incubation with Thymus maroccanus essential oil and its major components (carvacrol and thymol) (Fadli et al.
2014). Altering porin channels (changes in outer membrane proteins OmpC and OmpF expression) leading to
susceptibility to β-lactam antibiotics was observed for β-lactam–resistant Shigella dysenteriae and Shigella �exneri
strains, grown in the presence of Aegle marmelos water extract (Raja et al. 2008). Furthermore, using proteomic
analysis and scanning electron microscope Yong et al. (2015) investigated the antibacterial mechanism of three
extracts obtained from antibacterial medicinal plants Callicarpa formosana, Melastoma candidum, and Scutellaria
barbata against E. coli, P. aeruginosa, and S. aureus strains. Researchers identi�ed seven differentially expressed
bacterial proteins following exposure to tested extracts. Among these proteins, two were associated with bacterial
protein translational machinery (30S ribosomal protein S1 and 60 kDa chaperonin), two were linked with bacterial
metabolic pathways (triacylglycerol lipase and stringent starvation protein A), and three were involved in integrity of
bacterial membranes (N-acetylmuramoyl-l-alanine amidase, and two structural proteins �agellin and OmpA). Moreover,
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the morphological changes in S. aureus and E. coli strains, upon treatment with antibacterial M. candidum extract were
observed. The treated bacterial cells did not retain the proper grape-shaped or rod-shaped characteristic, cell surfaces
were uneven, and the cells appeared damaged.

Even though many studies have shown that plant extracts rich in phenolic compounds such as �avonoids, phenolic
acids, lignans and polymeric tannins have antimicrobial activity, the multiple mechanisms of their action and
synergies of their components has not been thoroughly investigated up to now (Nohynek et al. 2006). Extensive
evaluation of antimicrobial action of plant extracts allows �nding alternative mechanisms to prevent infections and
look for new plant sources of anti-infective drugs prescribed by physicians. This has become particularly important in
recent decades in view of increasing overprescription and misuse of established antibiotics, limited effective life span
of drugs derived from microbes, detection of novel pathogens, as well as remarkable abilities of microorganisms to
develop resistance against antibiotics (Cowan 1999).

In conclusion, the present study demonstrated that the resistance of Escherichia coli rods to the lytic action of normal
human serum is altered by a previous incubation of these bacteria with raspberry, cherry, hawthorn, dog rose,
gooseberry, chokeberry, quince, and Japanese quince methanol and water extracts. The ability of the studied extracts
to affect E. coli rods sensitivity to the bactericidal action of serum was found to be variable and depended on extract
concentration. The most visible changes in serum susceptibility of E. coli rods were observed in the case of both
methanol and water gooseberry extracts, as well as raspberry methanol and cherry water extracts. Observed in this
report impact of tested extracts on microbial resistance to serum activity may be associated with interactions of plant-
derived polyphenolic compounds with components of bacterial cell surface. Evaluation of the strict antimicrobial
mechanisms of action of phenolics-rich plant extracts can contribute to de�ne new alternative compounds with
potential applications in food industry and biopharmaceutical or medical approaches to preventing and potentially
treating pathogenic infections.

Abbreviations
ME methanol extract

WE water extract

NHS normal human serum

Declarations
FUNDING

This work was supported from funds for 2010-2013 science research (National Science Center) as a research-
development project N N312 263638. 

ACKNOWLEDGEMENTS

We are grateful to Prof. dr hab. Sroka from Department of Pharmacognosy, Wrocław Medical University for providing
the methanol and water fruit extracts.

DECLARATION OF CONFLICTING INTERESTS 

The authors declared no potential con�icts of interest with respect to the research, authorship, and/or publication of
this article.



Page 11/12

References
Berends ETM, Mohan S, Miellet WR, Ruyken M, Rooijakkers SHM (2015) Contribution of the
complement Membrane Attack Complex to the bactericidal activity of human serum. Mol Immunol 65, 328-335.
https://doi.org/10.1016/j.molimm.2015.01.020.

Cisowska A, Bugla-Płoskońska G (2014) Analysis of the SDS-PAGE patterns of outer-membrane proteins from
Escherichia coli strains that have lost the ability to form K1 antigen and varied in the susceptibility to normal human
serum. Folia Microbiol 59, 37-43. https://doi.org/10.1007/s12223-013-0262-6.

Cisowska A, Wojnicz D, Hendrich AB (2011) Anthocyanins as antimicrobial agents of natural plant origin. Nat Prod
Commun 6, 149-156. https://doi.org/10.1177/1934578X1100600136.

Cowan MM (1999) Plant products as antimicrobial agents. Clin Microbiol Rev 12, 564 -582.
https://doi.org/10.1128/CMR.12.4.564.

De Pascual-Teresa S, Sanchez-Ballesta MT (2008) Anthocyanins: from plant to health. Phytochem Rev 7, 281-
299. https://doi.org/10.1007/s11101-007-9074-0.

Delehanty JB, Johnson BJ, Hickey TE, Pons T, Ligler FS (2007) Binding and neutralization of lipopolysaccharides by
plant proanthocyanidins. J Nat Prod 70, 1718-1724. https://doi.org/10.1021/np0703601.

Fadli M, Chevalier J, Hassani L, Mezrioui NE, Pages JM (2014) Natural extracts stimulate membrane-
associated mechanisms of resistance in Gram-negative bacteria. Lett Appl Microbiol 58, 472-477.
https://doi.org/10.1111/lam.12216.

Guay DRP (2009) Cranberry and urinary tract infections. Drugs 69, 775-807. https://doi.org/10.2165/00003495-
200969070-00002.

Hendrich AB, Strugała P, Dudra A, Kucharska AZ, Sokół-Łętowska A, Wojnicz D, Cisowska A, Sroka Z, Gabrielska J
(2020) Microbiological, antioxidant and lipoxygenase-1 inhibitory activities of fruit extracts of chosen Rosaceae family
species. Adv Clin Exp Med 29, 215-224. https://doi.org/10.17219/acem/115086.

Howell AB (2007) Bioactive compounds in cranberries and their role in prevention of urinary tract infections. Mol Nutr
Food Res 51, 732-737. https://doi.org/10.1002/mnfr.200700038.

Johnson BJ, Lin B, Dinderman MA, Rubin RA, Malanoski AP (2008) Impact of cranberry on Escherichia coli cellular
surface characteristics. Biochem Biophys Res Commun 377, 992-994. https://doi.org/10.1016/j.bbrc.2008.10.098.

Johnson JR (1991) Virulence factors in Escherichia coli urinary tract infection. Clin Microbiol Rev 4, 80-128.
https://doi.org/10.1128/cmr.4.1.80.

Liu YF, Yan JJ, Lei HY, Teng CH, Wang MC, Tseng CC, Wu JJ (2012) Loss of outer membrane protein C in Escherichia
coli contributes to both antibiotic resistance and escaping antibody-dependent bactericidal activity. Infect Immun 80,
1815-1822. https://doi.org/10.1128/IAI.06395-11.

Liu Y, Black MA, Caron L, Camesano TA (2006) Role of cranberry juice on molecular-scale surface characteristics and
adhesion behavior of Escherichia coli. Biotechnol Bioeng 93, 297-305. https://doi.org/10.1002/bit.20675.

https://doi.org/10.1007/s12223-013-0262-6
https://doi.org/10.1177/1934578X1100600136


Page 12/12

Liu Y, Gallardo-Moreno AM, Pinzon-Arango PA, Reynolda Y, Rodriguez G, Camesano TA (2008) Cranberry changes the
physicochemical surface properties of E. coli and adhesion with uroepithelial cells. Colloids Surf B Biointerfaces 65,
35-42. https://doi.org/10.1016/j.colsurfb.2008.02.012.

Miajlovic H, Cooke NM, Moran GP, Rogers TR, Smith SG (2014) Response of extraintestinal pathogenic Escherichia coli
to human serum reveals a protective role for Rcs-regulated exopolysaccharide colonic acid. Infect Immun 82, 298-305.
https://doi.org/10.1128/IAI.00800-13.

Miajlovic H, Smith SG (2014) Bacterial self-defence: how Escherichia coli evades serum killing. FEMS Microbiol
Lett 354, 1-9. https://doi.org/10.1111/1574-6968.12419.

Nohynek L, Alakomi HL, Kähkönen MP, Heinonen M, Helander IM, Oksman-Caldentey KM, Puupponen-Pimiä RH (2006)
Berry phenolics: antimicrobial properties and mechanisms of action against severe human pathogens. Nutr Cancer 54,
18-32. https://doi.org/10.1207/s15327914nc5401_4.

Puupponen-Pimiä R, Nohynek L, Hartmann-Schmidlin S, Kähkönen M, Heinonen M, Määttä-Riihinen K, Oksman-
Caldentey KM (2005) Berry phenolics selectively inhibit the growth of intestinal pathogens. J Appl Microbiol 98, 991-
1000. https://doi.org/10.1111/j.1365-2672.2005.02547.x.

Raja SB, Murali MR, Devaraj SN (2008) Differential expression of ompC and ompF in multidrug-resistant Shigella
dysenteriae and Shigella �exneri by aqueous extract of Aegle marmelos, altering its susceptibility toward β-lactam
antibiotics. Diagn Microbiol Infect Dis 61, 321-328. https://doi.org/10.1016/j.diagmicrobio.2008.02.006.

Sroka Z, Rządkowska-Bodalska H, Mażol I (1994) Antioxidative effect of extracts from Erodium cicutarium L.
Naturforsch. C J Biosci 49c, 881-884. https://doi.org/10.1515/znc-1994-11-1225.

Strugała P, Dudra A, Kucharska AZ, Sokół-Łętowska A, Wojnicz D, Cisowska A, Walkowski S, Sroka Z, Gabrielska
J, Hendrich AB (2015) Biological activity of the methanol and water extracts of the fruits of anthocyanin-rich plants
grown in south-west Poland. Nat Prod Commun 10, 467-474. https://doi.org/10.1177/1934578X1501000323.

Uberos J, Iswaldi I, Belmonte RR, Segura-Carretero A, Fernandez-Puentes V, Molina-Carballo A, Munoz-Hoyos A (2011)
Cranberry (Vaccinium macrocarpon) changes the surface hydrophobicity and bio�lm formation of E. coli. Microbiol
Insights 4, 21-27. https://doi.org/10.1016/j.jff.2015.05.016.

Weiser JN, Gotschlich EC (1991) Outer membrane protein A (OmpA) contributes to serum resistance and pathogenicity
of Escherichia coli K-1. Infect Immun 59, 2252-2258. https://doi.org/10.1128/IAI.59.7.2252-2258.1991.

Yong AL, Ooh KF, Ong HC, Chai TT, Wong FC (2015) Investigation of antibacterial mechanism and identi�cation of
bacterial protein targets mediated by antibacterial medicinal plant extracts. Food Chem 186, 32-36.
https://doi.org/10.1016/j.foodchem.2014.11.103.

https://doi.org/10.1515/znc-1994-11-1225
https://doi.org/10.1177/1934578X1501000323

