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Abstract
Background: Besides the increasing demand of wooden articles, there is a burning issue of microbial attack which affects
the aesthetics of wood. Thus it is a current concern to protect the wooden articles from both fungal and bacterial attack
by using toxin free preservatives.

Results: Powder of Calotropis procera (leaves), Curcuma zedoaria (rhizome) and Swertia chirata (whole plant) was
extracted with solvents like methanol, ethanol and chloroform and then the qualitative phytochemical screening was
carried out, which exhibited the presence of different secondary metabolites. These extracts were also evaluated against
wood degrading microbes (Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Aspergillus �avus and Aspergillus
niger) isolated from decaying wood. Our study demonstrated that the ethanol extract of S. chairata showed highest
bactericidal potential against E.coli (19.0mm) and A. �avus (19.33mm). This study also revealed that S. chirata exhibited
strongest biocidal spectrum of action followed by C. procera and C. zedaira. It was observed that laminated veneer
treated with ethanol extract of S. chirata showed strong bactericidal potential against E.coli (82.67mm). On the other
hand Syzygium cumini wood treated with ethanol extract of C. zedoaria exhibited high antibacterial potential against P.
aeruginosa (58.0mm). The active plant extracts showed MIC's ranged from 3.6 to 6.0 mg/ml and MBC/MFC of 4.8 and
8.4 mg/ml.

Conclusion: The results demonstrated the potential effects of selected plant extracts as a natural preservative that can
protect wood from bacterial and fungal deterioration. The extracts can be applied to prevent furniture deterioration and
raw wood protection.

1. Background
Globally preservative treated wood is a popular building material that release chemicals and results in environmental
hazards. Growing environmental awareness and increasing demand for wood products, then the importance of ful�lling
rising demand for these products on the one hand, and at the same reducing environmental impacts, is increasingly
acknowledged. Microbial wood degradation is of great concern in wood industry. Wood is a complex material comprising
of cellulose, hemicellulose and lignin as major components of cell wall, microbes consume this lignocellulose material
and degrade wood (1). Bacterial-fungal association has been explored with respect to food and agriculture importance
but little analyzed in context of wood degradation (2). Generally fungi are intended to be pioneers in microbial wood
degradation but it was also reported that bacteria inhabit wood earlier than fungi (3). The coexistence of bacteria and
fungi is responsible for wood degradation (4). Bacteria contribute with fungi in wood decay by degradation of
lignocellulose material and by processing low molecule sugars and small aromatic compounds (1, 5, 6). Soft-rot fungi
(including Aspergillus) are the �rst among fungi to lay the substrate and followed by white and brown-rot fungi (7).

Hydrolytic enzymes are secreted by the hyphal tips of Aspergillus. These enzymes degrade lignocellulose into simple
sugars that are absorbed by hyphae and consume organic matter ultimately by degrading wood (8, 9). Soft-rot fungi
mainly degrade cellulose and hemicellulose but not degrade lignin e�ciently(10–13). Lignin degradation by bacteria has
been also ampli�ed by Bacillus cereus (14, 15), Escherichia coli (16–18) and Pseudomonas aeruginosa (16, 17). Many
Bacteria form bio�lms on wood surface (14). Bacterial communities of B. cereus, P. aeruginosa form bio�lm on wood
surface and act as hazardous environmental pollutants (19) .

Bacteria are mostly independent of oxygen thus they intensively compete with fungi in wood degradation(20, 21). Mostly
wood preservatives used now days are copper containing in origin, they are effective against fungal attack however
bacterial colonies are resistant to copper containing wood preservatives(22). Chemicals like creosote, chromatid copper
arsenate (CCA) and pentachlorophenol etc. are used as wood preservatives. These chemicals have environmental and
health hazards as they release toxic metals like copper and arsenic. However these chemical preservatives are abstained
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to be used indoor. Thus there is growing need to develop alternative wood preservative chemicals for indoor use. Natural
plant extracts and their phytochemicals as tannin are noteworthy alternatives for wood preservatives(23–25).
Phytochemicals such as tannins, �avonoids, terpenes and terpenoids have been active secondary metabolites and are
considered as potent biocides against wood degrading microbes (26–28) Properties of medicinal plants have been
preferably used worldwide due to their potential pharmacological activities, low cost and less toxicity as compared to
synthetic drugs. Numerous plants and natural products have been reported for its antibacterial, antifungal and
antiprotozoal effect. Properties of medicinal plants have been preferably used worldwide due to their prominent potential
pharmacological activities, low cost and less toxicity as compared to synthetic drugs 26 27.

In this study ground powder of three plants i.e. Calotropis procera (leaves), Curcuma zedoaria (rhizome) and Swertia
chirata (whole plant) was extracted with methanol, ethanol and chloroform. Parts of plants were selected due to its most
reported phytochemicals Each plant extract was assayed against wood degrading bacteria (B. cereus, P. aeruginosa and
E. coli) and soft-rot fungi (Aspergillus niger and Aspergillus �avus). For the �rst time the plant extracts which showed
higher antimicrobial inhibition were subjected to in-vitro application by using Syzygium cumini wood and laminated
veneer. The focus of study is to evaluate the effectiveness of plants extracts against wood decaying microbes.

2. Methods

2.1 Collection of Plants
S. chirata and C. procera were collected from different locations of Ha�zabad City, Pakistan, during 2018. The rhizomes
of C. zedoaria were purchased from market at Faisalabad city, Pakistan, in 2018. Leaves of C. procera, rhizomes of C.
zedoaria and all parts of S. chirata were used. The plant material was washed with tap water, rinsed with distilled water
and air dried under laboratory conditions. All the material was ground with electrical mill grinder and powders were stored
in air tight jars separately for further use.

2.2 Preparation of Plants Extracts
About 150 g powder of leaves of C. procera, rhizomes of C. zedoaria and all parts of S. chirata for each extraction were
weighed and extracted in Soxhlet apparatus with 75% ethanol, methanol and chloroform solvents for 8–10 h. After
extraction the solvents were evaporated by rotary evaporator at 60 °C. The extracts were oven dried at 30 °C for one week.
Each extract was labeled and stored at 4 °C for future investigations.

2.3 Phytochemical screening
Test for terpenoids

Each sample in the amount of 0.5 mg was dissolved with 1 ml sulphuric acid (H2SO4), chloroform (2 ml) and its
concentrated form was depressed softly. The formations of red brown layer between other two layers will establish the
presence of terpenoid (29).

Test for coumarins

Volume of 1 ml of each extract and 1 ml of 10% sodium hydroxide (NaOH) were mixed together. The formation of yellow
color indicate that the existance of coumarins.

Test for �avonoids

4 ml of plant extract was dissolved into 1.5 ml of methanol solution then solution was warmed by adding magnesium
metal. Concentrated solution of hydrochloric acid was added about 5–6 drops. Red color was observed that indicate the
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presence of �avonoids.

Test for tannins

0.5 ml of bark extract was dissolved in 1 ml of distilled water added ferric chloride 2 drops into the solution. Greenish-
black color was appeared that indicate the presence of tannins in the plant samples.

Test for alkaloids

To check alkaloids plant extract of 2 mg and 1 ml of concentrated H2SO4 were mixed by addition of Mayer’s reagent. In
the test tube white precipItate were developed or green colour also indicate the presence of alkaloids (30).

Test for saponins

1 mg of plant extract was suspended in 1 ml of sanitized water and shaken for 15 min. In the test tube 1 cm layer of
foam appeared that indicated the presence of saponins.

Detection of Glycosides:
In 1 ml of extract and few drops of Barrfoed’s reagent were added and heated for two minutes in water bath. The red
colored precipitates indicated the presence of glycosides.

2.4 Isolation of Fungi and Bacteria
The decayed wood samples were collected from Government College University, Faisalabad. The Aspergillus niger and
Bacillus cereus were isolated from decayed wood of Syzygium cumin while Aspergillus �avus, Escherichia coli and
Pseudomonas aeruginosa were isolated from decayed Laminated veneer. About 50 mg of each sample was suspended in
1 ml of distilled water and homogenized by vortex. Then 10-fold serial dilution was performed and dilution 10− 4 and 10− 5

were spread in 100 µl on nutrient agar plates for bacteria and Potato Dextrose Agar (PDA) plates supplemented with 1%
Chloramphenicol for fungi. The plates for bacterial isolation were incubated for 24 hours at 37ºC while for fungi plates
were incubated for 7days at 30–35ºC. By sub- culturing, isolated colonies were obtained and they were maintained in
stock cultures for future investigations.

2.5 Identi�cation of Fungi and Bacteria
The isolated microbes were identi�ed from the Department of Microbiology at Government College University, Faisalabad
with the cooperation of faculty.

2.6 Antimicrobial Assay
The antimicrobial activity was assayed by disc diffusion method. Nutrient agar plates for bacteria and PDA plates for
fungi were prepared and incubated for 24 h and 72 h respectively. The plates were seeded with 100 µl of bacterial culture
(1.5×107) and fungal culture (1.0×105) then allowed for 15 min to settle. Sterilized cork borer was used to make wells.
The wells were loaded with 50 µl (50 mg/ml distilled water) of each extract and drug for each microbe, Gentamicin and
Itraconazole were used as positive control for bacteria and fungi respectively. Plates were allowed to settle for 30 min and
then incubated for 24 h for bacteria and 72 h for fungi. The size of zone of inhibition was measured by Vernier caliper.
Each experiment was performed in triplicate. All extracts that showed maximum anti-microbial activity in disc diffusion
assay were subjected to in-vitro application. Each of them was used to prevent wood degradation according to its
respective biocidal activity against particular microbe.

2.7 Determination of minimum inhibitory concentration (MIC) and
Minimum bactericidal/fungicidal concentration (MBC/MFC)
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Plant extracts which showed higher antimicrobial activity were prepared separately by adding 300 mg into 100 ml of
distilled water. For this stock different concentrations (7.2, 6.0, 4.8, 3.6, 2.4, 1.2 mg/ml) were prepared in broth. 50 µl
inoculum was put into each concentration except control. All the concentrations now placed into incubator for 24 h for
bacteria and 72 h for fungi at their respective temperatures. 50 µl growth was added into control tubes before taking
absorbance at 600 nm. After that for MBC, subcultured the streaks taken from two lower concentation of MIC on plates,
incubated for their respective time and temperature, and then examined the plate with no growth. All experiments were
performed in triplicates.

2.8 Wood blocks preparation
Syzygium cumini wood and laminated veneer samples were provided by woodworking shop in Faisalabad city, Pakistan,
July 2019. Wood blocks were prepared with 10×10×5 mm dimension, autoclaved and saved in sterilized bags.

2.9 Antimicrobial activity of wood treated with extracts
The wood samples were soaked in extracts (50 mg/1 ml distilled water) for 6 h. After soaking they were placed on
Nutrient agar and PDA plates seeded with 100 µl of each microbial culture. Positive control wood samples were treated
with distilled water. The plates were incubated for 3 days for bacteria and 7–10 days for fungi at 30–35 °C. The inhibition
zones were measured and recorded according to method described by (31).

Statistical Analysis
All experiments were performed in triplicate. The SPSS software version 22, 2013 was used for statistical analysis. The
biocidal potential of plants (C. procera, S. chirata and C. zedoaria) was analyzed statistically with two-way analysis of
variance (ANOVA) and Tukey’s test for comparison. The results of inhibition zones against the growth of microbes by
each solvent and positive control (Drug) were analyzed with one-way analysis of variance (ANOVA) and Tukey’s test. In
case of application, the potential of wood blocks treated with extracts to reduce bacterial and mycelial growth were
evaluated with one-way analysis of variance (ANOVA) procedure. The means (Mean ± Standard Deviation) were
compared against the control treatment with 95% con�dence interval at 0.05 p-value.

3. Results

3.1 Phytochemicals
Physical appearance of extracts like color, odour and texture showed the difference in their quality. Results demonstrated
that maximum secondary metabolites were found in order S. chirata > C. procera > C. zedoaria as shown in Table 1.

3.2 Antibacterial activity of plants extracts
All plants extracts showed antibacterial activity but varied against different strains of bacteria. The highest bactericidal
potential was examined with ethanol extract of S. chairata against E. coli (19.0 mm). This extract exhibited bactericidal
potential near to the Gentamicin antibiotic. No antibacterial activity with methanol extract of S. chirata and ethanol
extract of S. chirata and C. zedoaria was observed against P. aeruginosa. The methanolic extract of all tested plants was
more remarkable against all bacterial strains as represented in table 2. Inhibition index of C. procera extracts was found
more powerful against all bacterial strains with the exception of chloroform extract against P. aeruginosa. It was also
observed ethanol and chloroform extract of C. zedaira fail to control growth of E.coli and P. aeruginosa respectively as
shown in Fig. 1. The MIC and MBC of the most effective plant extracts were employed to evaluate their bacteriostatic and
bactericidal properties. The MIC values ranged from 3.6 to 6.0 mg/ml for all the tested bacteria and MBC was found to be
6.2 to 7.2 mg/ml (Table 4).
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3.4 Anitifungal activity of plant extracts
The antifungal activity of different extracts was also varied against different fungal strains. The ethanol extract of S.
chirata and the methanol extract of C. procera exhibited stronger fungicidal potential against A. �avus (19.33 mm) and A.
niger (19.0 mm) respectively as shown in table 3. These extracts demonstrated fungicidal potential equal or more than
Itraconazole. Extracts of C. zedaira did not show any antifungal activity against A. �avus and A. niger. Chloroform extract
of C. procera and S. chirata was not able to inhibit the growth of A. niger. It was observed that A. �avus is more sensitive
to all extracts of plants than A. niger. The results summarized in table-2 and table-3 depicted that the studied plant
extracts exhibited bactericidal and fungicidal potential against tested microbes. Although chloroform extract of these
plants showed poor activity but ethanol and methanol extracts were established to have strongest and immense action
spectrum. The study revealed that S. chirata exhibited strongest and broadest biocidal spectrum of action followed by C.
procera and C. zedaira respectively as shown in �g-1. The MIC of active extracts was estimated to be 4.8 to 6.0 mg/ml
and MFC determination was in the range of 6.0 to 8.4 mg/ml (Table 4).

3.5 Visual Observation
The plant extracts that showed strongest bactericidal and fungicidal activities against particular microbes evaluated by
disc diffusion method were applied for application as promising natural extracts to save wood degradation. Antimicrobial
effects of plant extracts applied to the laminated veneer and S. cumini wood against selected microorganisms were
assessed and compared with the control (untreated). The visual observations of the growth have been demonstrated in
Fig. 2. Application of selected plants extracts to wood samples against tested microbes exhibited noteworthy results.

3.5.1 Antibacterial activity of woods treated with Plants extracts
Laminated veneer treated with ethanol extract of S. chirata showed strongest bactericidal potential against E. coli
(82.67 mm) followed by ethanol extract of C. zedoaria against P. aeruginosa (71.0 mm) and methanol extract of S.
chirata against B. cereus (63.0 mm). On the other hand S. cumini wood treated with ethanol extract of C. zedoaria
exhibited high antibacterial activity against P. aeruginosa (58.00 mm) followed by the S. cumini treated with ethanol and
methanol extract of S. chirata against E.coli (53.33 mm) and B. cereus (43.33 mm) respectively. The results showed that
laminated veneer treated with selected extracts showed broadest spectrum of bactericidal activity than S. cumini as
shown in Fig. 2.

3.5.2 Antifungal activity of wood treated with plants extracts
The antifungal activity of laminated veneer and S. cumini is illustrated in Fig. 2. The results described that laminated
veneer treated with ethanol extract of S. chirata possess greatest fungicidal potential against A. �avus (92.00 mm)
followed by laminated veneer treated with methanol extract of C. procera against A. niger (65.66 mm), whereas S. cumini
wood exhibited high fungicidal potential when treated with methanol extract of C. procea against A. niger (40.33 mm)
followed by the wood S. cumini treated with ethanol extract of S. chirata against A. �avus (32.67 mm).

4. Discussion
The antibacterial activity of plant extracts was investigated against wood degrading microbes including one strain of
Gram positive bacteria B. cereus (14, 15) two strains of Gram negative bacteria E.coli (15–18) and P. aeruginosa (16, 17).
Paudel and Qin (32) also reported the isolation of E. coli, Bacillus sp. and Pseudomonas sp. from decaying wood
samples. Kumar, Pandey (33) regarded A. niger, E. coli and B. cereus as wood degrading microbes.

The study revealed that by using well diffusion method all selected plants exhibited antimicrobial activity but different
solvents varied in antimicrobial activity against tested wood degrading microbes. Among plants S. chirata was evaluated
to possess strongest biocidal potential followed by C. procera then C. zedoaria. In case of S. chirata, methanol extract
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showed prominent bactericidal potential against B. cereus although ethanolic extract of S. chirata exhibited extensive
bactericidal and fungicidal action against E.coli, P. aeruginosa and wood soft-rot fungus A. �avus. Phoboo, Pinto (34)
reported that the ethanolic extract of S. chirata possess mangiferin, amarogentin and swertiamarin as active
phytochemicals that are responsible for antimicrobial activity. Wazir (35) also ampli�ed the antibacterial activity of
methanolic exract of S. chirata. Our �ndings are also close to the results of Sekar (36) study that Mangefrin derived from
S. chirata exhibited antibacterial activity against E. coli, B. cereus and P. aeruginosa and antifungal activity against A.
�avus. The bactericidal potential of ethanol extract was also mentioned by Rehman, Latif (37) against E. coli and P.
aeruginosa. BEHERA, BARIK (38) also revealed the antibacterial activity of S. chirata against gram positive and gram
negative bacteria and E.coli was particularly mentioned. The phytochemical screening of S. chirata depicted the presence
of terpenoids, coumarins, �avonioids, tannins, glucosides and alkaloids as active secondary metabolites. The results of
phytochemical screening are in accordance to results of Khanal, Shakya (39). C. procera also showed antimicrobial
activity against all tested microbes but its methanol and chloroform extract exhibited stronger fungicidal potential
against wood soft-rot fungi A. niger (40) and A. �avus (41) respectively, while only methanol extract was evaluated to
possess high bactericidal potential only against E.coli (42), it was reported by Agoramoorthy, Chandrasekaran (43) that C.
procera possessed strongest fungicidal potential but less bactericidal potential. The study was also supported by
suggestions of Yesmin, Uddin (44) and Waheed, Jabeen (40) that the leaves of C. procera exhibited good antimicrobial
potential. Our result that methanol extract of C. procera exhibited broad spectrum of antimicrobial activity is the close in
agreement with KAR, PATTNAIK (45) and SRangaiah, Lakshmi (46). The phytochemical screening exhibited the presence
of terpenoids, tannins, �avonoids, and alkaloids and glycosides as active secondary metabolites, their presence was also
reported by Akbani, Chavan (26), Tabassum, Ali (47). Thus these secondary metabolites are responsible for antimicrobial
potential of C. procera (48).

C. zedaira was assessed to exhibit only bactericidal potential but no antifungal activity observed by its extracts. The
study is supported by the results of Wilson, Abraham (49) that methanol, ethanol and chloroform extracts of C. zedoaria
exhibited stronger antibacterial potential as compared to its activity against fungi. Ethanol extract of C. zedoaria
exhibited strongest bactericidal activity against P. aeruginosa and B. cereus. Islam, Hoshen (50) examined the
antibacterial activity of ethanol extract of C. zedoaria against P. aeruginosa and B. cereus and the study concluded the
plausible application of this extract to control infections by these bacteria (P. aeruginosa and B. cereus). The ethanol
extract of C. zedoaria possess antimicrobial activity due to the presence of �avonoids and glycosides as active
secondary metabolites as phytochemical screening revealed by Chachad, Talpade (27). The ethanol extract of S. chirata,
methanol and chloroform extract of C. procera and ethanol extract of C. zedaira showed biocidal potential equal to
antimicrobial drugs used as positive control against particular tested microbes. The statistical analysis showed that the
means of control and these extracts are non-signi�cant at p-value 0.05 shown in table 4. Thus these plants extracts can
be used as alternative to the drugs applied to cease the growth wood degrading microbes. The phytochemical screening
showed that they have �avonoids, terpenoids, alkaloids and tannins that are responsible for exhibiting biocidal potential.
The results of MIC and MBC of the effective plant extracts suggested that ethanol extracts of S. chirata and C. zedaira as
well as methanol extracts of S. chirata and C. procera can be used to control and prevent wood deterioration. A great
variation in MIC of all extracts demonstrated in several investigations may be due to considerable variation in their
method of extraction, constituents as well as microbial strains used. Also, variation in MIC of different plant extracts may
arise from variation in their chemical constituents and volatile nature of their constituents. These results are in
accordance with the results of Islam et al.50.

The plants extract that showed broadest spectrum of bactericidal and fungicidal action was applied to treat S. cumini
wood and laminated veneer lumber soaked with extracts. However S. cumini wood showed relatively mild response to
bactericidal and fungicidal potential of extracts against wood degrading microbes as compare to laminated veneer. The
reason is that laminated veneer is manufactured in compact form, polished and adhesives have been added. But the
study showed that these extracts can be used as alternative of chemical adhesives which are used in manufacturing of
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laminated veneer. As natural products are inexpensive, thus their use for veneer adhesives, lamination of veneers and
polishing of crude wood can save wood industry expenditures for importing wood preservative chemicals and crude
wood preservative materials. It has been reported that copper in wood preservatives does not inhibit bacterial growth on
wood; it only inhibits fungal growth (22). In fact commonly wood preservatives are antifungal they do not have
bactericidal potential but bacteria also degrade wood by consuming lignin. Aviat, Gerhards (51) reported that microbes
associated with wooden utensils are the major cause of food poisoning. However treatment of wooden utensils with
chemicals is health hazardous thus the use of natural preservative may sort out this issue. The studied plant extracts
have both fungicidal and bactericidal potential, in application their use as natural wood preservative may enhance the
durability of S. cumini and laminated veneer wood, and of course other wood samples too. It has been reported that
tannins and phenolic compounds are used to make wood adhesives (52). Thus it was evaluated that above selected
plant extracts exhibited biocidal potential against wood degrading microbes so, reported extracts can be exploited as
potential safe wood preserving agent and a better alternative to chemical preservatives.

Conclusions
The phytochemical analysis of tested plant extracts showed the presence of a wide spectrum of secondary metabolites
that are responsible for inhibition of microbial growth and prevention of wood degradation. The linear growth of all
microbes was signi�cantly affected (p < 0.05) by the types of plants and solvents of extracts. It is concluded that S.
chirata exhibited strongest and broadest biocidal spectrum of action followed by C. procera and C. zedoaira. The ethanol
and methanol extract of S. chirata, methanol extract of C. procera and ethanol extract of C. zedoaria can be utilized as
alternative wood. In general these extracts could be useful tools for protection of wood against microbe as alternative to
chemical preservatives to save environment.
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Tables
Table 1 Presence of phytochemicals in plant extracts
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Phytochemicals Methanol

Extract

 

Ethanol

Extract

 

Chloroform

Extract

 

C.
procers

C.
zedoaria

S.
chirata

C.procers C.
zedoaria

S.
chirata

C.
procers

C.
zedoaria

S.
chirata

Terpenoides   + - +    + - + ++   -  - +

Coumarins   + - ++     - - ++   -       - -

Flavonoids   + + ++    +    + ++   -  - +

Tannins   + - +    +    - ++   +    - -

Glycocides   -      + +    +    + +   -       + +

Alkaloides  + + - ++    + - ++   +    - +

Saponins   + - +    -  + +   -      - -

Number of + shows intensity of presence of phytochemicals

Table-2 Comparison of each extract against bacteria

Plants/Microbes                     Zone of inhibition of plant extracts (mm)

Gentamicin Methanol Ethanol Chloroform

C.procera

P.aeruginosa 15.00±1.00A 7.33±1.15B 7.66±2.08B 0.00±0.00C

E.coli 16.33±1.52 A 15.00±1.00 A 10.00±2.00 B 9.66±1.52 B

B.cereus 17.33±2.51 A 7.00±1.00 B 8.67±1.52 B 10.67±2.08 B

C. zedaira

P.aeruginosa 19.00±1.00 A 15.66±1.52 B 18.00±1.00 A B 0.00±0.00 C

E.coli 21.00±1.00 A 7.66±1.52 C 0.00±0.00D 13.66±2.51 B

B.cereus 16.00±2.00 A 7.00±2.64 B 13.00±2.00 A B 11.66±4.72 A B

S.chairata

P.aeruginosa 17.00±1.00 A 0.00±0.00 B 0.00±0.00 B 14.33±2.08 A

E.coli 16.33±0.57 B 16.33±0.57 B 19.00±1.00 A 14.33±0.57 C

B.cereus 18.33±1.52 A 17.66±1.52 A 15.66±0.57 A B 13.66±1.52 B

ANOVA (Mean ± Standard Deviation); Tukey’s Test; P < 0.05; Values (in rows) sharing same alphabets are insigni�cant
and vice versa.

Table-3 Comparison of each extract against fungi
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Plants/Microbes                     Zone of inhibition of plant extracts (mm)

Itraconazole Methanol Ethanol Chloroform

C.procera

A.niger 18.33±1.52 A B 19.00±1.00 A 15.66±1.52 B 0.00±0.00 C

A.�avus 15.33±1.52 A 13.33±2.08 A B 8.00±2.00 B 14.66±2.51 A

C.zedaira

A.niger 15.00±1.00 A 0.00±0.00  B 0.00±0.00 B 0.00±0.00 B

A.�avus 16.00±1.52 A 0.00±0.00 B 0.00±0.00 B 0.00±0.00 B

S.chairata

A.niger 15.66±1.15 A 9.33±2.08 B 6.66±1.15 B 0.00±0.00 C

A.�avus 20.00±2.00 A 13.00±1.00 B 19.33±0.57 A 14.00±1.00 B

ANOVA (Mean ± Standard Deviation); Tukey’s Test; P < 0.05; Values (in rows) sharing same alphabets are non-signi�cant
and vice versa.

Table-4 MIC, MBC/MFC of active plants extracts and growth inhibition of microbe with wood treated in active plants
extracts

Plants/Microbes

 

Concentration (mg/ml)  

Zone of inhibition by wood soaked in plant extract (mm)

Wood type

Microbes Extracts MIC MBC L. veneer S. cumini

P.aeruginosa CZE 6.0 7.2 71.00 ±3.60 B 58.00±2.00 A

E.coli SCE 3.6 4.8 82.67±2.51 A 53.33±3.05 A

B.cereus SCM 6.0 7.2 63.00±1.00  C 43.33±2.08 B

A.niger CPM 6.0 8.4 65.66±3.21B 40.33±1.52A

A.�avus SCE 6.0 7.2 92.00±2.64A 32.67±2.51B

ANOVA (Mean ± Standard Deviation); Tukey’s Test; P < 0.05; Values (in rows) sharing same alphabets are non-signi�cant
and vice versa.

Figures
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Figure 1

"See the Supplemental Files section for the complete �gure caption".

Figure 2

"See the Supplemental Files section for the complete �gure caption".
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