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Abstract
Background: Although various surface disinfectants have been introduced, most of them are toxic. The 
use of natural antimicrobial agent e.g. phytol, extracted from Leptadenia pyrotechnica is a new strategy. 
The aim of this study was to evaluate the antimicrobial activity, toxicity, and stability of phytol.
Methods: The serial concentrations of phytol were prepared, and separately incubated with four microbial 
isolates. Then, its Minimum Inhibitory Concentration (MIC) was measured for each microorganism. For 
toxicity test, serial concentrations (62.5, 125, 250, 500 and 1000 µg/mL) of phytol were incubated with 
mouse skin cells, and then cell viability was calculated by MTT assay. For stability test, three common 
surfaces (stone, steel, and MDF) were considered. Then, 100 µL of phytol was separately spread over their 
surface, and they have been kept at lab panel for 12, 24 and 36 hours. After incubation, two samples were 
obtained from each surface and inoculated on nutrient agar plates. Finally, colony count was read for each 
surface. T-test was used to evaluate the significant differences between groups, and P>0.05 considered as 
level of significant difference.
Results: The MIC50 of phytol against E.coli, C.albicans, and A.niger was 62.5 µg/mL, and against S.aureus 
was >1000 µg/mL. MTT assay showed that the toxicity of phytol was dose and time dependent. The 
stability test demonstrated that phytol was stable on the stone, MDF, and steel surfaces until 36 hours.
Conclusion: It can be concluded that phytol has high antimicrobial activity, high stability, and low toxicity. 
This substance must be evaluated at actual conditions.
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Introduction
Elimination of pathogenic microorganisms such as 
bacteria, molds, yeasts and viruses is one of the main 
concerns of human. Historically, so many natural and 
synthetic materials have been used for this purpose. 
Also, various disinfectants including Deconex, Microten, 
Cidex, and Alprocide have been introduced to remove 
pathogens from surfaces. Isopropyl alcohol and ethanol 
were applied to reduce pollution and to minimize 
nosocomial infections in medical centers. Moreover, to 
eliminate pathogenic fungi on work surfaces, different 
materials such as Betadine, Detol, and Savlon have been 
applied (1-3).
Following the failure of antibiotics and the emergence of 
new resistant strains, nowadays, scientists are interested 
to work on plant antimicrobial agents. Several researchers 

have studied the antimicrobial effects of essential oils, 
and it has been established that certain essential oils have 
antiseptic and antimicrobial effects (4,5). 
Leptadenia pyrotechnica is a desert plant, and grows in 
tropical regions of Pakistan, India, Iran, Saudi Arabia, 
Egypt, Sudan, Somalia, Chad, Libya, and Algeria. The plant 
has been used as an anti-seizure, anti-inflammatory, anti-
allergic, and anti-bacterial material. Also, new studies have 
proven that this plant is analgesic, anabolic, astringent, 
and laxative (6-8). Studies have shown that L. Pyrotechnica 
has some bioactive compounds such as phytols, steroidal 
glycosides, cardenoids, alkaloids, flavonoids, and terpenes. 
Phytol (3,7,11,15-tetramethylhexadec-2-EN-1-OL) is 
an important member of branched chain unsaturated 
terpene, and is a product of chlorophyll metabolism in 
plants. Interestingly, phytol can inhibit microbes (6-8). 
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The aim of this study was: 1) to evaluate the antimicrobial 
activity of phytol, 2) to evaluate its toxicity on mouse skin 
cells, and 3) to evaluate its stability on different surfaces.

Methods
Preparation of microbial strains
The standard strain of Escherichia coli and Staphylococcus 
aureus was obtained from Iranian Research Organization 
for Science and Technology (IROST). These strains were 
cultured on nutrient agar (Invitrogen, UK) at 37 °C 
(Table 1). Also, standard strain of Candida albicans and 
Aspergillus niger provided from IROST were cultured on 
Sabouraud dextrose agar (Invitrogen, UK) at 25 °C. For 
each strain, a single colony was added to Mueller Hinton 
broth (Invitrogen, UK) to reach ½ McFarland.

Antimicrobial test
At this stage, 100 µL serial concentrations (62.5, 125, 250, 
500 and 1000 µg/mL) of phytol (Sigma-Aldrich, USA) 
were prepared in 96-well plates. In each well, 100 µL of 
fungal and bacterial suspension was separately added. 
Then, bacterial and fungal strains were incubated at 37 °C 
and 25 °C for 24 hours, respectively. After incubation, the 
optical density of each well was determined by ELISA 
reader (Novin Gostar, Iran) at 405 nm. In the control 
group, 100 µL of distilled water was separately added to 
bacterial and fungal strains, and incubated in the same 
way as test wells (9).

Toxicity test
To evaluate the toxicity of phytol,3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyl-tetrazolium bromide (MTT) assay 
was used. First, serial concentrations (62.5, 125, 250, 500, 
1000 µg/mL) of phytol were prepared. Then, 100 µL of 
each concentration was added to 100 µL of mouse skin 
suspension, and incubated for 12, 24, and 36 hours at 
37 °C. Mouse skin suspension was prepared according 
to standard protocol (10), and adjusted at 10,000 cells/
mL. After incubation, 25 µL of 5- mg/mL MTT (Sigma-
Aldrich, USA) was added to each well and then was 
incubated at 37 °C for 3 hours. Finally, the optical density 
of each well was read by ELISA reader at 492 nm. Such as 
antimicrobial test, in control well, 100 µL of distilled water 
was added to 100 µL of mouse skin suspension. Finally, 
the percentage of cell viability was calculated (10).

Stability test
In the first step, three surface models including stone, 

Table 1. Standard microbial strains which used in this study

Species ATCC

E.coli 25922

S.aureus 25923

C.albicans 10231

A.niger 16888

ATCC= American Type Culture Collection 

steel, and MDF were purchased from different shops of 
Yazd. All surfaces were washed by 70% ethanol. Then, 
100 µL of phytol at 1000 µg/mL was separately added 
to all surfaces, spread using a sterile swab, and dried at 
room temperature. All surfaces were maintained at lab 
panel for 12, 24, and 36 hours at room temperature. After 
incubation, two samples were obtained from each surface 
using a sterile swab, and inoculated on nutrient agar 
plates under sterile conditions. Then, the cultures were 
incubated for 48 hours at 37 °C, and finally the number of 
colonies grown on each plate was counted (11).

Statistical analysis 
All experiments were done three times, and the results 
were shown as mean ± standard deviation. Here, T-test 
was used to evaluate significant differences between 
groups at P>0.05.

Results
The MIC50 and MIC90 of phytol against two bacterial 
and fungal strains are shown in Table 2. As seen, MIC50 
of phytol against E.coli, C.albicans, and A.niger was 62.5 
µg/mL, and against S.aureus was >1000 µg/mL (P<0.05). 
It means that S. aureus is resistant to phytol. The MIC90 
of phytol against all strains was more than 1000 µg/
mL, i.e. none of concentrations could inhibit 90% of 
microbial strains.
The results of MTT assay were shown in Figure 1. The 
results revealed the toxicity of phytol was dose-dependent, 
i.e. the minimum concentration (31.2 µg/mL) caused 
maximum cell viability (97%) and vice versa. Such a 

Table 2. The MIC50 and MIC90 of phytol against microbial strains.

MIC50 (µg/mL) MIC50 (µg/mL)

Aspergillus Niger 62.5 >1000

Candida albicans 62.5 >1000

Escherichia coli 62.5 >1000

Staphylococcus aureus >1000 >1000

Figure 1. The results of MTT assay. *P<0.05 compared with 
125, 250, and 500 µg/mL.
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pattern was observed for all incubation times. Statistically, 
significant difference (P<0.05) was observed between 
the cell viability of phytol at concentration of 31.2 µg/
mL and 62.5 µg/mL versus the cell viability of phytol 
at concentration of 125, 250, and 500 µg/mL. Another 
finding showed that the toxicity of phytol was time-
dependent. Thus, the decrease of incubation time led to an 
increase of cell viability. Note that, the lowest cell viability 
(near 40%) which can be seen in this figure corresponds to 
concentration of 1000 µg/mL with incubation time of 36 
hours (P<0.05) compared with 125, 250, and 500 µg/mL.
The results of stability test are shown in Table 3. As seen, 
the stone surfaces pre-treated with phytol and incubated 
for 12 and 24 hours at lab panel had the same colony 
count, but colony count was increased after 36 hours in 
both control and test surfaces. There were significant 
differences between colony count of pre-treated stone 
surfaces and that of control surfaces (P<0.05). Also, the 
MDF surfaces pre-treated with phytol had approximately 
the same colony count at three incubation times. Significant 
differences were also observed between the colony count 
of pre-treated MDF surfaces and that of control surfaces 
(P<0.05). As shown, the colony count of steel surfaces pre-
treated with phytol and incubated for 12 hours was 2±2, 
but the colony count at other times was zero. Here, the 
significant differences were observed between pre-treated 
MDF surfaces and control (P<0.05). It can be revealed that 
phytol can maintain its stability on the stone, MDF, and 
steel surfaces over the 36-hour period.

Discussion
Although various disinfectants, e.g. Deconex, Microten, 
Cidex, and Alprocide have been introduced in the two 
last decades, most of them are toxic and unstable (1-3). In 
this study, we used phytol, extracted from L. Pyrotechnica 
as a new disinfectant. According to previous studies, this 
material is anti-inflammatory, anti-allergic, and anti-

Table 3. The results of stability test at 3 incubation times

Control (cfu/cm2) Phytol(cfu/cm2)

Stone

12 h 63±5 2±2*

24 h 92±2 2±0*

36 h 183±3 7±7*

MDF

12 h 65±2 1±1*

24 h 70±3 1±1

36 h 76±2 0*

Steel

12 h 42±2 2±2*

24 h 105±2 0*

36 h 227±1 0*

*shows significant difference when compared with its control 
(P<0.05)

bacterial (6-8). Phytol (3,7,11,15-tetramethylhexadec-
2-EN-1-OL) is an important member of the branched 
chain unsaturated terpene, and is a product of 
chlorophyll metabolism in the plant. The mechanism 
of its antimicrobial activity is not fully described. It is 
suggested that protein and enzyme inactivation is one of 
the important mechanisms for inactivation of microbes 
(6-8). In this study, antimicrobial activity of phytol, its 
toxicity on mouse skin cells, and its stability on different 
surfaces were investigated. We found that phytol is an 
approximately good antimicrobial agent. Moreover, it had 
no remarkable toxicity and had high stability. 
Compared with other studies, the antimicrobial efficacy of 
phytol is comparable with other traditional disinfectants 
(12,13). In this section, some related articles have been 
reported to be compared with this study. Pejin et al 
considered on antiradical and antimicrobial activities of 
phytol. Its antiradical activity was evaluated by electron 
paramagnetic resonance. Also, its antimicrobial activity 
was evaluated by the microdilution method against 
eight bacterial and eight fungal strains. Its MIC was 
0.003–0.038 mg/mL and 0.008–0.016 mg/mL against 
bacteria and fungi, respectively (14). Kumar et al 
studied the anthelminthic activity of L. pyrotechnica. 
Two concentrations (50 and 100 mg/ml) of methanolic 
extract were studied in this research. They declared that 
methanolic extract of this plant exhibited significant 
anthelmintic activity at highest concentration of 
100 mg/ml (15).

Conclusion
Based on the results, it can be concluded that phytol is a 
good choice for disinfection of surfaces, because: 1) it had 
antimicrobial activity against E.coli, C.albicans, and A.niger 
2) it had no remarkable toxicity, and 3) it was stable on all 
three surfaces (stone, MDF, and steel) until 36 hours. This 
material must be evaluated at actual conditions in future 
studies.
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