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ABSTRACT
Food sanitizer is important to reduce or eliminate microbial population on the food surface and also to removes dirt. Nowadays, food sanitizer
is basically from chemical base. Therefore, this study was to evaluate the toxicity level of S. polyanthum and its stability against different
pHs and different temperatures in determining the suitability of leaves extract as natural food sanitizer. Leaves extract was adjusted to
pH 3, pH 7, pH 11 conditions and exposed to temperatures at 30°C, 50°C and 80°C for 15 min each. Treated extracts were tested for
their antimicrobial properties in term of MICs and MBCs. Toxicity level of S. polyanthum was determined by brine shrimp lethality assay.
As a result, antimicrobial activities of S. polyanthum extract was not affected by different pHs and temperatures while toxicity study
demonstrated that S. polyanthum, extract was not toxic to Artemia salina with LC50 was 75.85 mg/mL. Therefore, S. polyanthum had
the potential to be developed as antimicrobial agent in food sanitizer.
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INTRODUCTION
Food products can be subjected to contaminate by bacteria
and fungi. The growth of these microorganisms in food
products can cause foodborne illness. To overcome this
problem, prevention should be done at the early stage of
food processing such as sanitizing. Commonly, chemical
sanitizers had been applied in food industry. However,
the application of these chemicals for long term will
affected human health. Sanitizer is used to reduce the
number of harmful microorganisms to the safe level for
human health. It does not eliminate the entire population
of microorganisms, but helps minimize it to a number
considered as safety standard without altering the product’s
quality or its safety (Maria et al., 2009).
S. polyanthum grows wildly on lowlands and is widely
distributed in the temperate, subtropical and tropical
regions in the world (Perumal et al., 2012). This plant can

be found in the western part of peninsular Malaysia and
Western Indonesia (Othman et al., 2014). S. polyanthum has
large straight root, round trunk with white and fragrant
flowers (Lau et al., 2014) and its leaves have a fragrant
smell and astringent taste (Sumono and Wulan, 2008).
S. polyanthum has been used traditionally as medicine or
therapeutic agents. This plant is effective against ulcer,
hypertension, diabetes, hyperuricemia, diarrheal, gastritis,
skin diseases and inflammation (Ismail et al., 2013; Sumono
and Wulan, 2008). Antimicrobial property of S. polyanthum
against pathogenic bacteria such as Salmonella spp., B. cereus,
B. subtilis, E. coli, P. fluorescens and S. aureus is due to the
presence of active compounds including triterpenoids,
saponins, citral, eugenol and lectins (Setiawan, 2002).
There were studies on the toxicity level of other Syzygium
species. According to Selma et al. (2011), hydroalcoholic
extract of S. cumini does not show acute toxic or chronic
effect against rats after treated orally. On the other hand,
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a study by Manaharan et al. (2014), S. aqueum did not show
any visible signs of toxicity to Sprague-Dawley (SD) rats
by given a single dose of 2000 mg/kg of the Syzygium
aqueum was given by oral-gavage. However, based on the
study by Lekhnath and Cheng (2013), Syzygium aromaticum
had a toxicity effect. Besides, finding by Sautron and Cock
(2014), indicate that Syzygium australe and Syzygium leuhmannii
fruits displayed significant toxicity (<1000 µg/mL) in the
Artemia salina analysis while Syzygium jambos leaves extract
also showed toxicity effect in the Artemia franciscana bioassay
with LC50 = 387.9 ± 38.8 µg/mL.
According to Hada and Sharma (2017), garlic extract
that had been stored at room temperature showed a low
antimicrobial activity towards the growth of B. cereus. On
the other hand, the garlic extract retained its antimicrobial
property after store at 8 °C. Besides that, Tyneca et al.
(1993), reported that storage of Allium ursinum juice at 4° C
had reduced its antimicrobial property. Lee et al. (2004)
mentioned that antimicrobial activity of Chinese leaf
extract had been reduced after exposed to heat treatment
at above 75 °C. However, this extract showed its stability at
pH between 2.0 to 8.0. Study by Doughari (2006) showed
that bioactivity of Carica papaya root extract increase with
the increasing of temperature while its antimicrobial
property was reducing with increasing of pH. Allium
sativum extract showed good antimicrobial activity after
keep at room temperature up to 7 days but it showed
moderate inhibitory activity after store at 4° C for 60 days.
Moreover, Allium sativum demonstrated the decreasing of
its bioactivity at alkaline condition (Srinivasan et al, 2009).
Ghogare et al. (2015), stated that high pH condition effect
the inhibitory activity of Zingiber officinale and A. sativum
extract by reduced its ability to inhibit microorganisms.
Therefore, it is very important to determine the effect
of physical factors on extract to maintain its efficacy at
different conditions.
Hence, in the present study, the effect of different pH and
temperature on the minimum inhibition concentration and
minimum bactericidal inhibition had been determined.
In addition, this study also to evaluate the toxicity level
of S. polyanthum leaves extract in order to determine its
suitability as natural sanitizer and also can be applied as
antimicrobial agent in food industry.

METHOD AND MATERIALS
Plant sample collection

S. polyanthum leaves had been collected from Herbal Market,
Pasar Baru, Bandung, Indonesia. The sample was dried and
processed in the Laboratory of Natural Products, Institute
of Bioscience (IBS), Universiti Putra Malaysia (UPM).
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Plant taxonomic identification was done and the voucher
specimen number is SK 3047/16.
Preparation of crude leaves extract

Leaves extraction was done by referring to Rukayadi
et al. (2008). One hundred gram of dried S. polyanthum
was weighed and ground by using dry blender. Then, the
leaves was soaked with 400 mL of absolute ethanol for
7 days (Suzita et al., 2012). Then, Whatman No. 2 filter
paper was used to filter the leaves powder. The filtrate
was concentrated by using rotary vacuum evaporator at
50°C and speed of 150 rpm for about 2 to 3 h. The crude
extract was diluted in DMSO to obtain 100 mg/mL and
then further diluted in 1:10 (v/v) distilled water to get
10 mg/mL (10 000 µg/mL) stock solutions.
Microbial strains and maintenance

There were 8 types of bacteria strains and 8 types of
fungi strains that had been tested in this study. The
bacteria strains were included Escherichia coli O157:H7
(ATCC 43895), Klebsiella pneumoniae (ATCC 13773),
Listeria monocytogenes (ATCC 19112), Pseudomonas aeruginosa
(ATCC 9027), Proteus mirabilis (ATCC 21100), Salmonella
Typhimurium (ATCC 14028), Staphylococcus aureus (ATCC
29737) and Vibrio parahaemolyticus (ATCC 17802) while
the fungi strains were Aspergillus flavus (ATCC 22546),
Aspergillus niger (ATCC9029), Rhizopus oligosporus (ATCC
22959), Rhizopus oryzae (ATCC 22580), Candida albicans
(ATCC 10231), Candida glabrata (ATCC 2001) and Candida
krusei (ATCC 32196). Bacteria strains were maintained by
subculturing them on the fresh Muller Hinton agar (MHA),
filamentous fungi on the fresh Potato dextrose agar (PDA)
and Candida spp., strains were cultured and maintained on
Sabouraud dextrose agar (SDA). (Addgene, 2014).
Stability of S. polyanthum extract at different pH and
temperature

The stability of S. polyanthum extract at different pHs and
temperatures were evaluated according to the method
described by Durairaj et al. (2009), with slight modifications.
Briefly, the stability of S. polyanthum extract was determined
by adjusting the pH of extract in the range of pH 3, pH 7
and pH 11, using 0.1 M of hydrochloric acid or 0.1 M of
sodium hydroxide. While for the stability of temperature,
S. polyanthum extract was exposed to various temperatures
starting from 30°C, 50°C and 80°C for 15 min each. After
treatment, each of the treated extracts was tested for their
antimicrobial property by using MICs and MBCs/MFCs
analysis. Untreated extract with pH 6 at room temperature
(25 ± 2°C) was used as control.
Minimum inhibition concentration (MIC)

Minimum inhibition concentration (MIC) was conducted in
96-well U-shaped microtiter plate using two fold standard
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broth microdilution methods. The inoculum concentration
was approximately 106 - 108 CFU/mL (bacteria and Candida
spp.) and 104 (filamentous fungi). S. polyanthum leaves extract
with a concentration of 10 mg/mL was mixed and twofolds diluted was done in the medium containing inoculum.
The highest concentration of extract was 5 mg/mL while
the lowest concentration of extract is 0.0097 mg/mL
(Zainin et al., 2013).
Minimum bactericidal concentration/ minimum
fungicidal concentration (MBC/MFC)

The minimum bactericidal/fungicidal concentration
(MBC/MFC) was determined by sub-culturing 10 μL of
each of the suspension from the microtiter plates (MIC
analysis) onto the MHA/SDA/PDA and incubated at
37°C for 12 - 24 h (bacteria), 24 - 48 h (yeast) and 35°C,
3-7 days for filamentous fungi. The least concentration
which showed no visible growth was considered as the
MBC value (Andrews, 2001).
Toxicity analysis of S. polyanthum extract by using
brine shrimp lethality assay

The toxicity of S. polyanthum extract was determined
using brine shrimp lethality assay. Two-fold dilution
method of S. polyanthum extract was performed to get the
concentration ranged between 0.01 mg/mL - 10 mg/mL.
Potassium dichromate was used as the positive control.
Twenty larvae added into each of the bottles and incubated
for 24 h. Results were recorded by observing the survival
of the larvae in each bottle. The graph of mean percentage
mortality (%) was plotted against the logarithm of
concentrations and the value of LC50 was calculated based
on the plotted graph (Syahmi et al., 2010).

The original pH of S. polyanthum extract is at pH 6. Generally,
all the tested foodborne pathogens showed similar MIC and
MBC values after exposed with the treated extract (pH 3,
pH 7 and pH 11) as shown in Table 1. S. Typhimurium and
V. parahaemolyticus showed the most similar MIC and MBC
values with 1.25 mg/mL, respectively after exposed with
treated extracts. L. monocytogenes and S. aureus showed that
a small difference on antimicrobial activity of S. polyanthum
extract after treated with different pH where it is a decrease
in increasing the pH value. Food spoilage microorganisms
also showed the same pattern where all the MIC and MBC
are quite similar after exposed with treated extract (Table 2).
The range of MIC was between 0.63-1.25 mg/mL and
Table 1: Stability of S. polyanthum extract at different pH on
the MIC and MBC of pathogenic bacteria
Strain
mg/mL pH 3
pH 6a
pH 7 pH 11
E. coli
MIC
2.50
1.25
5.00
2.50
MBC
2.50
2.50
5.00
2.50
K. pneumoniae
MIC
0.63
1.25
1.25
1.25
MBC
1.25
2.50
1.25
1.25
L. monocytogenes
MIC
0.63
0.63
0.63
1.25
MBC
1.25
0.63
1.25
1.25
P. aeruginosa
MIC
1.25
1.25
1.25
1.25
MBC
1.25
2.50
1.25
1.25
P. mirabilis
MIC
2.50
1.25
2.50
2.50
MBC
2.50
2.50
2.50
2.50
S. aureus
MIC
0.63
0.63
0.63
1.25
MBC
1.25
1.25
1.25
1.25
S. Typhimurium
MIC
1.25
1.25
1.25
1.25
MBC
1.25
1.25
1.25
1.25
V. cholera
MIC
1.25
1.25
1.25
1.25
MBC
1.25
1.25
1.25
1.25
V. parahaemolyticus MIC
1.25
1.25
1.25
1.25
MBC
1.25
1.25
1.25
1.25
a

RESULTS AND DISCUSSION
The stability of extract was tested on different pHs and
temperatures. Both parameters were the most influencing
factors on the efficacy of extract as antimicrobial agent in
food sanitizer (Rivera, 2002). The pH of chlorine based wash
water systems is an important factor in the reduction and
inactivation of bacteria. The lethal effects of chlorine were
observed at pH range of 6.0-7.5 (Sapers, 2003). In addition, by
referring to Schuler (1999), the factors to be considered in the
application of sanitizer are the length of time the sanitizer will
be in contact with the surface to be sanitized, the temperature
at which the sanitizer will be used and also the sanitizer’s pH.
It is important to know the pH of the solution in which
the sanitizer will be expected to act. Moreover, according
to Haute et al. (2015), the efficacy of sanitizer depends on
several parameters such as dosage, concentration, contact
time, temperature and pH. Therefore, the stability of extract
at different pHs and temperatures had been studied.
Emir. J. Food Agric ● Vol 32 ● Issue 6 ● 2020
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Table 2: Stability of S. polyanthum extract at different pH on
the MIC and MFC of food spoilage fungi
Strain
mg/mL
pH 3
pH 6a
pH 7
pH 11
A. flavus
MIC
1.25
1.25
1.25
1.25
MBC
2.50
5.00
5.00
5.00
A. niger
MIC
1.25
1.25
1.25
1.25
MBC
2.50
5.00
2.50
2.50
R. oligosporus
MIC
1.25
1.25
1.25
1.25
MBC
2.50
5.00
5.00
5.00
R. oryzae
MIC
1.25
1.25
1.25
1.25
MBC
5.00
5.00
5.00
2.50
C. albicans
MIC
1.25
1.25
0.63
1.25
MBC
1.25
1.25
1.25
1.25
C. glabrata
MIC
0.63
0.63
1.25
1.25
MBC
1.25
1.25
1.25
1.25
C. krusei
MIC
0.63
0.63
0.63
0.63
MBC
1.25
1.25
0.63
1.25
C. parapsilosis
MIC
0.63
0.63
1.25
1.25
MBC
1.25
0.63
1.25
1.25
a

: Control
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MFC within ranged 1.25 - 5.00 mg/mL. However, a
slight difference of MIC was observed in C. glabrata and
C. parapsilosis where the value was increase from 0.63
to 1.25 mg/mL in alkaline condition. This showed that
antimicrobial activity of S. polyanthum was slightly decreased
in alkaline condition. This finding was similar to Anees et al.
(2015), showed that treating the garlic extract at various
pH decrease in the antibacterial activity with an increase in
pH. In addition, Doughari and Manzara (2008), supported
this finding where, they also reported antimicrobial activity
of Mangifera indica leaves extract decreased in alkaline
condition. However, Lin et al. (2004), reported that no
changes in phytochemical properties of oregano and
cranberry extract at neutral condition (pH 7). On the other
hand, this observation was contradiction with Molan (1992)
who stated that the activity of phytochemical compounds
in plant extract can increase in acidic condition. Generally,
although the antibacterial effect of S. polyanthum decreases
with increasing of pH, however, the antibacterial activity
was still sustained. Therefore, it can be concluded that
generally, S. polyanthum extract was stable after exposed to
different pH.
The influence of temperature on S. polyanthum extract
also was investigated in this study. Results show that the
antimicrobial activity of S. polyanthum extract also was not
affected at temperature 25 ± 2˚C, 30˚C, 50˚C, and 80˚C
against all the tested pathogenic bacteria (Table 3) where
the MIC and MBC were in ranged 0.63 - 1.25 mg/mL and
0.63 - 2.50 mg/mL, respectively. Table 4 also shows that
antimicrobial activity of S. polyanthum against food spoilage
microorganisms almost similar at the different temperature
where the MIC was between 0.63 - 2.50 mg/mL and while
MBC was in the ranged of 1.25 - 5.00 mg/mL. This result
was supported by Mahfuzul et al. (2008) who reported the
stability of clove and cinnamon extracts when treated with
higher temperature where it shows similar antimicrobial
activity against L. monocytogenes, E. coli and S. Enteritidis.
Moreover, according to Ahmed et al. (2015), garlic retains
its antibacterial effect even at a higher temperature.
Meanwhile, this finding was a contradiction with Arabshahi
et al. (2007) who found a significant decrease in biological
activity when drumstick leaves extract was treated under
heat processing.
Generally, the result showed that exposure of extract
to different temperatures (24 ± 2°C, 30°C, 50°C and
80°C), did not effect on the antimicrobial activity to
S. polyanthum extract, while the activity slightly decreases
when the pH increased. However, S. polyanthum extract still
showed antimicrobial activity at alkaline condition. This
observation was similar to Salama and Marraiki (2010),
where they found that Polygonum aviculare extract was stable
and not affected after exposure to different temperature,
464

Table 3: Stability of S. polyanthum extract at different
temperatures on the MIC and MBC of pathogenic bacteria.
Strains
mg/mL 25±2°C a
30°C 50°C 80°C
E.coli
MIC
1.25
1.25
1.25 1.25
MBC
2.50
2.50
1.25 1.25
K. pneumonia
MIC
0.63
0.63
0.63 1.25
MBC
1.25
0.63
0.63 2.50
L. monocytogenes
MIC
0.63
0.63
0.63 1.25
MBC
0.63
0.63
0.63 1.25
P. aeruginosa
MIC
1.25
1.25
1.25 1.25
MBC
2.50
1.25
1.25 1.25
P. mirabilis
MIC
1.25
2.50
1.25 1.25
MBC
2.50
2.50
2.50 2.50
S. aureus
MIC
0.63
1.25
1.25 1.25
MBC
1.25
1.25
1.25 1.25
S. Typhimurium
MIC
1.25
1.25
1.25 1.25
MBC
1.25
1.25
1.25 1.25
V. cholerae
MIC
1.25
1.25
1.25 1.25
MBC
1.25
1.25
1.25 1.25
V. parahaemolyticus
MIC
1.25
2.50
1.25 1.25
MBC
1.25
2.50
1.25 2.50
a

: Control

Table 4: Stability of S. polyanthum extract at different
temperatures on the MIC and MFC of food spoilage fungi
Strains
mg/mL 24±2°Ca
30°C 50°C
80°C
A. flavus
MIC
1.25
1.25
1.25
1.25
MBC
5.00
5.00
5.00
5.00
A. niger
MIC
1.25
1.25
1.25
2.50
MBC
5.00
2.50
5.00
5.00
R. oligosporus
MIC
1.25
1.25
1.25
1.25
MBC
5.00
5.00
5.00
5.00
R. oryzae
MIC
1.25
1.25
2.50
2.50
MBC
5.00
5.00
5.00
5.00
C. albicans
MIC
1.25
1.25
1.25
1.25
MBC
1.25
1.25
1.25
2.50
C. glabrata
MIC
0.63
1.25
1.25
1.25
MBC
1.25
1.25
1.25
2.50
C. krusei
MIC
0.63
1.25
1.25
1.25
MBC
1.25
1.25
2.50
1.25
C. parapsilosis
MIC
0.63
0.63
1.25
0.63
MBC
0.63
1.25
1.25
1.25
a

: Control

meanwhile, the antibacterial activity was slightly decreased
at alkaline condition. From the results, S. polyanthum extract
was generally stable when exposed to different ranged of
pH and different degrees of temperature. However, the
effects only tested solely on S. polyanthum crude extract.
Results might be different when this extract is tested after
added to any foodstuffs. According to Talcott et al. (2003),
the presence of other polyphenolic compounds in food
matrix may help to stabilize the polyphenolic compounds.
Therefore, it is important to choose the optimum
technological condition and processing factors in order to
keep the biological activity of plant extract when applied
Emir. J. Food Agric ● Vol 32 ● Issue 6 ● 2020
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in food and in biological systems (Arabshahi et al., 2007).
Toxicity analysis of S. polyanthum using brine shrimp
lethality assay

Brine shrimp lethality assay is one of the toxicity assays. The
brine shrimp lethality assay is crucial to determine the safety
and effectiveness of medicinal plant used by providing an
early hint on the level of toxicity of the targeted plant.
The toxicity of the plants may originate from different
contaminants or from plant chemical compounds that are
part of the plant (Hamidi et al., 2014). As this S. polyanthum
extract was intended to be applied as food decontamination,
its toxicity level is important to be determined to confirm
the safety of this plant extract on human health. Many other
toxicity tests can be applied to determine the toxicity of
plants including zebra fish test, cell lines or white mouse
but this brine shrimp test is more rapid and economic
practice (Rajabi et al., 2015). As stated by Ramachandaran
et al. (2011), brine shrimp assay is preferable compared to
others due to its fastness, inexpensive and simple biassay
in testing toxicity of plant extracts. This method was firstly
introduced by Michael et al. (1956) and has been widely
used particularly in toxicity study of plant extracts (Syahmi
et al., 2010; Ramachandran et al., 2011). In addition, this
technique is economic and utilizes a small amount of test
material (Pisutthanan et al., 2004). Since its introduction,
this in vivo test has been successively employed for bioassayguide fractionation of active cytotoxic and antitumor agents
(Ramachandran et al., 2011). Additionally, several studies
demonstrated that there is a good correlation between the
results for the lethal concentration that kills 50% of the
exposed population (LC50) obtained with the brine shrimp
lethality assay and the results of the acute oral toxicity assay
in mice (Arlsanyolu and Erdemgil, 2006).
According to Meyer et al. (1982), plant crude extracts
resulting in LC50 value less than 1 mg/mL was considered

as significantly toxic, while the LC50 more than 1 mg/mL
is considered safe for human use. Potassium dichromate
was used as a positive control in this bioassay due to its
well-known toxicity and several studies had been reported
that LC50 of this chemical is around 0.28 to 0.30 mg/mL
(Sahgal et al., 2010; Syahmi et al., 2010). In the present
study, the value of LC50 was obtained from the best-fit
line plotted of the percentage of nauplii killed against
the concentration of S. polyanthum extract (Figs. 1 and 2).
The result was presented in Table 5. The mortality rate
of the brine shrimp nauplii was founded to increase with
the increasing concentration of the S. polyanthum extract.
The result of brine shrimp lethality assay showed that S.
polyanthum extract display no toxic effects to brine shrimp
after 24 h with LC50 was 75.85 mg/mL and thus, concluded
that S. polyanthum extract is also biologically safe and not
toxic to humans. On contrary, potassium dichromate
exhibit toxic effects to brine shrimp after 24 h with LC50
was 0.060 mg/mL. Potassium dichromate is commonly
used in this assay due to its well-known toxicity. For the
negative control, there was no death in the vial containing
the highest concentration of DMSO (10%) tested in this
assay. DMSO is widely used solvent for the reconstitution
of evaporated plant extracts, because brine shrimp nauplii
show no significant sensitivity to this solvent up to 11%
concentration (Musa, 2012; Kamba and Hassan, 2010).
The cytotoxic result of S. polyanthum extract obtained is
in accordance to Perumal et al. (2012) who reported that
S. polyanthum leaves extract is non-cytotoxic to normal
mammalian cell line. Moreover, Kusuma et al. (2011) also
reported that the extract of S. polyanthum leaves had LC50
of more than 1 mg/mL and thus, non-cytotoxic.
Table 5: Toxicity of S. polyanthum extract using brine shrimp
lethality assay
Sample
LC50 (mg/mL)
S. polyanthum extract (24 h)
75.85
Potassium dichromate (24 h)
0.06

60
50

Mortality(%)

y = 14.148x + 23.331

40

R² = 0.9103

30
20
10

-2.5

-2

-1.5

-1

0

-0.5

0

0.5

1

1.5

-10
Log10 concentration

Fig 1. Standard curve of brine shrimp lethality assay after treated with S. polyanthum extract for 24 h.
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120
y = 41.946x + 99.829
R² = 0.8966

100

Mortality (%)

80
60
40
20

-3

-2.5

-2

-1.5

-1

0

-0.5

Log10 concentration

0

0.5

-20

Fig 2. Standard curve of brine shrimp lethality assay after treated with potassium dichromate for 24 h.

A

C

B

Plate 1. A: Brine shrimp hatching process; B: 20 brine shrimp in each bottle; C: Series of dilution for toxicity analysis.

A

B

Plate 2. A: MBC analysis of extract at different pH; B: MBC analysis of extract at different temperature.

CONCLUSION
S. polyanthum extract was generally stable after been exposed
to different ranges of pHs (pH 3, pH 7 and pH 11) and
degrees of temperatures (30°C, 50°C and 80°C). The
extract maintained its antimicrobial property by showing
similar MICs and MBCs values after the treatments. In
addition, S. polyanthum extract also exhibited no toxic
effect (LC50 = 75.85 mg/mL) on A. salina spp. while
potassium dichromate showed high toxic effect with
LC50 = 0.060 mg/mL. Therefore, it can be concluded that
S. polyanthum extract was safe for human consumption.
Thus, due to its stability and did not have a toxic effect, this
extract had the potential to be used in industry especially
in food industry.
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