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Article Info ABSTRACT
Article type: Background and Objective: Ensuring the hygiene and safety of surfaces
Research Full Paper and equipment between production cycles is primarily the responsibility of

manufacturers. Biofilms are a structural network of microbial cells
surrounded by a layer of extracellular polymeric substances containing
polysaccharides, proteins, and lipids. Biofilms are formed by
microorganisms that may be attached to a surface or freely suspended in a
liquid medium. Although chlorine-based disinfectants are commonly used
to eliminate biofilm-forming microbes, prolonged exposure to chlorine may
lead to the emergence of bacterial resistance, which is often associated with
antibiotic cross-resistance. The medicinal plant Stachys has a high capacity
) ) to synthesize a wide range of natural compounds such as phenolic acids,
Article history: flavonoids, phenylethanoid and phenylpropanoid glycosides, saponins,
Received: 2025-01-09 iridoids, diterpenoids, and steroids. These compounds have a wide range of
Revised: 2025-04-15 . . . . . . .. . .
. biological activities. This study investigated the antimicrobial properties of
Accepted: 2025-05-25 .. . .
Stachys schtschegleevii leaf and flower extracts on biofilm-producing
Corynebacterium isolates in water.

Materials and Methods: In this study, biofilm-forming Corynebacterium
isolated from water sources and water supply lines (out of a total of 24
isolates) were studied, and biofilm production was assessed using the tissue
culture plate method. For this purpose, the leaves and flowers of the Stachys
plant were collected from the Arasbaran region. After drying in the shade

Iésxzzgz;ermm and grinding, the extract was extracted by cold maceration with
Biocontrol hydroethanolic solvent (70% ethanol and 30% water) for four days with
Biofilm continuous stirring of the powder-solvent mixture using a laboratory stirrer.
poulk extract Poulk extract was prepared at concentrations of 0.78-200 mg mL"! through

serial dilution to evaluate its antimicrobial activity against the isolates
obtained. Analysis of the bioactive components of the extract, such as total
phenol content, total flavonoids, and antioxidant capacity of the
hydroethanolic extract of Stachys was also performed.

Results: By calculating the mean optical density (ELISA titer) for the wells,
from the highest to the lowest biofilm production capacity, this value was
recorded for isolate S2-4, 0.281, which showed the moderate ability of this
isolate for biofilm production. It was found that isolate S1-6A with a mean
optical density of 0.183 had a moderate power in terms of biofilm
production. Also, the mean optical density results for isolates S2-3A and S1-
7 were 0.138 and 0.108, respectively, which indicated that these two isolates
were weak in terms of biofilm production. The hydroethanolic extract used
in this study showed a minimum inhibitory concentration in the range of
12.5-100 mg mL"! for the four Corynebacterium isolates. The minimum
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bactericidal concentration was 25 mg mL™! for isolate S1-6A, 50 mg mL!
for isolate S1-7, 200 mg mL™! for isolate S2-3A, and 50 mg mL™! for isolate
S2-4.

Conclusion: Replacing harmful and hazardous chemical compounds with
organic and plant-based compounds significantly inhibits biofilm-forming
bacteria and is more effective than conventional disinfection methods. poulk
extract had a significant effect on Corynebacterium isolates in vitro
compared to the conventional disinfectant (sodium hypochlorite) at a
concentration of 3 mg L-/.
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Table 2. Investigation of biofilm production with Tissue Culture Plate technique for Corynebacterium spp.

lat g

S1-6A S1-7 S2-3A S2-4
Samples
Ul 25
s 0.107 0.334 0.109 | 0.152 | 0.08 | 0.094 | 0.163 | 0.125 | 0.128 | 0.143 | 0.578 | 0.123
ELISA Titer*
<
T 0.183 0.108 0.138 0.281
Average titer
dals
0.086 0.086 0.086 0.086
Control
aals b Gl
Difference 0.097 0.022 0.052 0.195
with control
Interpretation Moderate Weak Weak Moderate

. *ELISA titers are obtained at 570 nm wavelength
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Table 3. The outcomes of MIC and MBC assessments of Poulk extract on Corynebacterium spp.

CRlder 25 o) STy eslae 2l
Poulk extract concentration (mg mL")

1 2 3 4 5 6 7 8 9 10 11 12

S gas e J s Boed S =S

Test i oS
Sample qype 200 100 50 25 125 625 3125 156 078 WS 0 obe
location Bacterial . Extract

medium
control control
control

MIC - - - - + + + + + + - -
S1-6A

MBC - - - - + + + + +

MIC - - - + + + + + + + - -

S1-7

MBC _ _ - + + + + + +

MIC - - + + + + + + + + - -
S2-3A

MBC - + + + + + + + +

MIC - - - - - + + + + + - -

S2-4

MBC - - - - + + + + +

a5, 1 2 3 4 5 6 7 8 9 10 11 12

0 3l sl 51 g5 MIC 5,0 ()
A) MIC assessment: before incubation

e ol = 4 .t_,.t_,”+_ =

CICSOS T_j 1’_1— TS —— uﬂ.'.__

AN AN |

(S1-6A) O ey 5551 31 dng MIC 35,0 (o
‘B) MIC assessment: after incubation (S1-6A)

(S1-7) & gl s 51 Ang MIC 05,1 (7
C) MIC assessment: after incubation (S1-7)

)
D -/ - - .
(52-4) O ganls 5551 51 dag MIC 005, (s
E) MIC assessment: after incubation (S2-4)
K Ac
£ 2l

(S2-4) & sawly 51 31 day (6 (S2-3A) O gumwls ol 51 s (5 (7

Figure 1. MIC assessments by Resazurin indicator: A) before inoculation, B) after incubation (S1-6A), C) after
incubation (S1-7), D) after incubation (S2-3A), E) after incubation (S2-4).
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Figure 2. To enhance the reliability of bacterial growth inhibition and destruction, samples were extracted from
wells and inoculated on a microplate by needle and MBC are as following: A) S1-6A, B) S1-7, C) S2-3A, D) S2-4.
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Table 4. The morphological features, enzymatic functions of isolated bacteria, and the impact of 3 mg L-! NaClO

on Corynebacterium spp.

e S S g
NaClO 3 mgL™"h
3 3 n . b 3
;’“ JT“ e S| - S3 s o (’j I‘;’h l‘:,‘" ks
amp’e Catalase  Oxidase Morphology Genus ibitory Biofilm**
location zone (mm)
S1-6A + - F Coccobacilli Corynebacterium 8 +
S1-7 + - F Coccobacilli Corynebacterium 0 +
S2-3A + - F Coccobacilli Corynebacterium 0 +
S2-4 + - F Coccobacilli Corynebacterium 8 +

*Oxidative-Fermentative Test, ** The ability to form biofilm

ol omb s 51 (S2-4 5 ST-6A) o bt 55 2 pa e S IS gt I gloms 31 o3liial b Salyr L RYVSTI g U]
Figure 3. Well diffusion tests utilizing NaClO solution: Corynebacterium (S1-6A and S2-4).
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