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evaluated an antioxidant activity through 2.2-diphenyl-I-picrylhydrazyl (DPPH) radical
scavenging capacity and content of total phenolics according to Folin-Ciocalteu colorimetric
method. Next, the BSE was determined thermal, diluent stabilities and Artemia salina toxicity
before the time—kill study for anti-Vibrio in seawater. The major components in extract were
analyzed using LC-Q-TOF-MS/MS.

Results: BSE was yielded at 9.56%. The lowest MIC and MBC were 0.49 mg/mL for V.
parahaemolyticus TISTR1596. The TPC in BSE was 31.46 GAE/g, and antioxidant activity
with a 50% inhibitory concentration (ICso) of 0.288 mg/mL. TPC in BSE was stable at high
temperatures, and distilled water (> 90%).

It was non-acute lethality toward A. salina for 24 h (LCs0=7.374 mg/mL). At 3MIC and 4MIC
of BSE were effective for killing V. parahaemolyticus within 2 h.

Conclusions: The BSE showed an effective inhibitory against V. parahaemolyticus with the
lowest MIC and MBC. The TPC was stable with non-acute toxic effects on A. salina. It showed
high potential anti-Vibrio activity in seawater that may be shown the usefulness in controlling
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Abstract

Background and objectives: The bacterial infections are still an important cause of death for
organisms leading to interesting finding the new antibacterial agent from natural source. The
antimicrobial activity of Biancaea sappan extract (BSE) has been reported with a few mentions
of anti-Vibrio efficiency. In this study, the heartwood extract from B. sappan was investigated
for antibacterial activity, stability, toxicity, and anti-Vibrio in seawater.

Methods: The BSE was tested for antimicrobial activity to determine c minimum inhibitory
concentration and minimum bactericidal concentration (MIC&MBC). The crude extract was
evaluated an antioxidant activity through —diphenyl—l—picrylhydrazyl (DPPH) radical
scavenging capacity and content of total phenolics according to Folin—Ciocalteu colorimetric
method. Next, the BSE was determined thermal, diluent stabilities and Artemia salina toxicity
before the time—kill study for anti-Vibrie in seawater. The major components in extract were
analyzed using LC-Q-TOF-MS/MS.

Results: BSE was yielded at 9.56%. The lowest MIC and MBC were 049 mg/mL for V.
parahaemolyticus TISTR1596. The TPC in BSE was 31.46 GAE/g, and antioxidant activity
with a 50% inhibitory concentration (ICsp) of 0.288 mg/mL. TPC in BSE was stable at high
temperatures, and distilled water (> 90%).

It was non-acute lethality toward A. salina for 24 h (LCse=7.374 mg/mL). At 3MIC and 4MIC
of BSE were effective for killing V. parahaemolyticus within 2 h.

Conclusions: The BSE showed an effective inhibitory against V. parahaemolyticus with the
lowest MIC and MBC. The TPC was stable with non-acute toxic effects on A. salina. It showed

high potential anti- Vibrio activity in seawater that may be shown the usefulness in controlling

Vibrio infection.

Keywords: Anti-bacterial, anti-Vibrio, Biancaea sappan, phenolic, lethality
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1. Introduction

Thailand is one of the five leading exporters of seafood products in the world which
has increased Thai farmers’ earnings. In 2012, shrimp farmers faced a disease outbreak called
early mortality syndrome (EMS) or acute hepatopancreatic necrosis disease (AHPND)
caused by Vibrio parahaemolyticus (Nguyen et al., 2018). Shrimp suffering from AHPND
exhibited severe atrophy of hepatopancreas (HP), growth reduction, whitening of the
hepatopancreas, reduction in size of hepatopancreas that led to high mortality rate and affected
on shrimp exports and economic losses. For shrimp farming, some chemicals as formalin and
antibiotics are applied before shrimp laying eggs for disease control. Using antibiotics can lead
to antibiotic-resistant pathogens (Komolafe, 2003). Alternative natural substances from
medicinal plants possess antibacterial, antioxidant and anti-inflammatory activities are
increasingly focused for applications (Nikmaram et al., 2018).

Bioactive compounds including beneficial phytochemicals are greatly found in
medicinal plants. Several studies show that many plants are a rich source of antioxidants
(Altemimi et al., 2017). For example, phenolic compounds including flavonoids, lignins and
tannins in many parts of plants present various antimicrobial agents depending on types and
number of phytochemical contents (Bouarab-Chibane et al., 2019). The medicinal plant
extracts exhibit potential alternative antimicrobial agents (Altemimi et al., 2017).

Biancaea sappan (L.) Tod. (synonymous with Caesalpinia sappan L.) known as Brazil
or sappan wood is a medicinal plant in family Fabaceae and widely found throughout Southeast
Asia. Red dye is commonly extracted from the plant heartwood and important component in
Thai traditional medicine to treat an anemia, diarrhea, dysentery, skin infections, and
tuberculosis. Major substances in sappan wood were investigated, and various phenolic
components such as brazilin, brazilein, chalcones, coumarin, flavones, homoisoflavonoids and

xanthone were isolated. Brazilin and brazilein are bioactive compounds used as dying agent
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and has been reported in various activities including anti-acne, anti-allergic, anti-inflammatory,
antibacterial, anti-photoaging, antioxidant, antihyperglycemic and vasorelaxant properties
(Nirmal et al., 2015). Brazilein, sappanchalcone, protosappanin C-E had been reported anti-
inflammatory effects in lipopolysaccharide (LPS)-induced macrophages (J774.1) (Washiyama
etal., 2009). The alcoholic sappan extract also showed a hepatoprotective property to isolated
hepatocyte and Wistar strain albino rat model that might be due to brazilin, flavonoids and
phenolic compounds (Srilakshmi et al., 2010). The related patent had reported the use of the
sappan extract for treatment of angiogenesis associated diseases consisting of lung cancer, liver
cancer, pancreatic cancer, etc (Yang et al., 2007). Moreover, oral inistration of C. sappan
extract in rats showed no gross apparent change of internal organs with comparison to control
(Sireeratawong et al., 2010).

The overall aims of this study were investigation of the antibacterial activity of crude
extract from B. sappan heartwood against the following cteria: Bacillus cereus, Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus and V. parahaemolyticus. Additionally,
stability and toxicity aspects of the phytochemicals were determined, and the preliminary
application as an anti-Vibrio substance in seawater was evaluated for further its application.
2. Materials and methods
2.1 Extraction of plant heartwood

Heartwood of B. sappan was collected from medicinal plants shops in Tha Sala sub-
district, Nakhon Si Thammarat province. Heartwood powder (50 g) was soaked in 300 mL (1:6
w/v) of 95% ethanol with shaking at 150 rpm for 5 days (Hemthanon and Ungcharoenwiwat,
2022), and the crude extract was separated by a double layer of white cloth and er paper.

The extract was concentrated using a rotary evaporator at 50°C and stored in glass bottle

covered with aluminum foil at -20°C until use. The yield (%) was calculated by formula:
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Extract yield (%) = (crude extract (g) / plant powder (g)) x 100. The B. sappan extract (BSE)
(1,250 mg) was prepared in DMSO (1 mL) and diluted with distilled water to 125 mg/mL (10%
DMSO) before filtering with a 0.22 pm membrane. The BSE stock (125 mg/mL) was stored at

—20°C until next study.

2.2 Bacterial strains and chemicals
The pathogenic bacteria causing foodborne illness, wound infection, and other general

disecases including two Gram-positive bacteria (B. cereus TISTR747 and S. aureus
TISTR2329) and three Gram-negative bacteria (E. coli lSTR527, P. aeruginosa TISTR357
and V. parahaemolyticus TISTR1596) were used for antibacterial activity assay. All bacterial
strains were provided by TISTR Culture Collection (Bangkok MIRCEN, Bangkok, Thailand).

Each strain was cultured on nutrient agar (NA) at 35°C for 18-24 h. All chemicals were of

analytical grade.

2.3 Antibacterial activity assay
2.3.1 Bacterial preparation

Among the five bacterial strains, B. cereus TISTR747, E. coli TISTR527, P. aeruginosa
TISTR357 and S. aureus TISTR2329 were cultured in 5 mL of nutrient broth (NB), and V.
parahaemolyticus TISTR1596 was cultured in 5 mL of NB containing 3% NaCl (NB+3%
NaCl) at 35+2°C for 24 h. All bacterial cultures were streaked on the same medium to obtain
single colonies. The bacterial colony suspensions were prepared to a turbidity equivalent to
McFarland turbidity standard (~10® CFU/mL) using a spectrophotometer at 625 nm (0.08—
0.10). The bacterial strains were diluted in Mueller Hinton Broth (MHB) (only V.

parahaemolyticus was diluted in MHB + 3% NaCl) at a ratio of 1:100 to yicld approximately

1.5%10° CFU/mL.
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2.3.2 Determination of minimum inhibitory and minimum bactericidal concentrations

The minimum inhibitory concentration (MIC) of BSE can be measured using the broth
microdilution assay, as described in previous research, in accordance with c Clinical and
Laboratory Standards Institute (CLSI) guidelines. The BSE solution (100 pL) was prepared by
two-fold serial dilution with MHB in a 96-well microtiter plate ranging from 62.5 to 049
mg/mL, and DMSO (10%) and kanamycin (1,250 z g/mL) were used as control treatment. The
adjusted bacterial suspension (10 uL) was applied into each well (10° CFU/mL). After 20 h of
incubation, the bacterial growth was detected using resazurin solution with continuous
incubation for 2—4 h. The lowest concentration of BSE showing a blue color, and an unchanged
color indicated bacterial growth inhibitory.

The mixture in blue wells for each bacterial test set (10 pL) was placed onto NA (NA
+ 3% NaCl for V. parahaemolyticus) that were then ubated at 35°C for 24 h. The lowest
concentration without bacterial growth was observed to be the MBC. The determination was
done in triplicate.

2 4 Determination of total phenolic content
The BSE was qualitatively determined total phenolic content (TPC) by the Folin—

Ciocalteu assay modified from Wong-Paz et al. (Wong-Paz et al., 2014). Briefly, 40 pL of BSE
and 40 pL of Folin—Ciocalteu reagent were mixed at room temperature (RT, 28+2°C) for 5
min, and 40 pL of 0.01 M sodium carbonate was then added. The mixture was allowed to stand
for 5 min in the dark, and then diluted with DI water. All tubes were measured the absorbance
at 790 nm, and distilled water was used as a blank. The TPC was expressed as milligrams of

gallic acid equivalents per gram of dried extract (mg GAE/g) in accordance with calibration

curve of gallic acid.
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102 2.5 Determination an antioxidant activity
103 BSE antioxidant activity was evaluated using 2,2—diphenyl-1-picrylhydrazyl (DPPH)

104  radical scavenging activity with modified from Farasat et al. (Farasat et al., 2014). Briefly, BSE
105  stock solutions were made to obtain concentrations ranging from 0.03-31.25 mg/mL. The
106  samples (100 pL) were mixed with 1 mL of 100 M DPPH in MeOH, and reactions were
107  performed at RT the dark for 30 min. The absorbance was measured at 515 nm, and 95%
108  ethanol and 95% ethanol + DPPH solutions were used as controls, and all assays were tested

109 intriplicate. The percentage of radical scavenging activity was calculated using the formula:

110 DPPH scavenging activity (%) = (Asis of control — Asis of sample) x 100
111 Asis of control
112 DPPH scavenging activity was recorded and plotted on a graph, and the half-maximal

113 inhibitory concentration (ICso) value was then calculated.

114

115 2.6 Thermal and solvent stabilities

116  2.6.1 Temperature

117 The solution of crude extract dissolved in was autoclaved (121°C, 15 min), pasteurized
118  (63°C, 20 min), or allowed to stand at room temperature (28+2°C).

119  2.6.2 Distilled water and seawater

120 Crude extracts were dissolved in distilled water or seawater (450 pL) and incubated at
121  room temperature for 0,6, or 12 h.

122 The TPC was determined for all treatments using the Folin—Ciocalteu method, and the
123 MIC and MBC were determined using the broth microdilution assay. A stability assessment
124  for BSE was evaluated as the percentage of TPC (%TPC), and a remaining TPC >90% was

125  considered to show the substance’s stability.
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2.7 Brine shrimp lethality bioassay

BSE toxicity was evaluated on the basis of its ability to kill brine shrimp (A. salina) as
proposed by Meyer et al. (ycr etal., 1982), with some modifications by Ramos et al (Ramos
et al., 2009). For the experiment, 400 puL of BSE was prepared in 4.6 mL of 2.5% artificial
seawater to obtain various concentrations (0.12, 024, 0.49,0.98, 196, 3.91,7.81, 15.62, and
31.25 mg/mL) in vials that contained ten live brine shrimp nauplii. All treatments and controls
were let to stand at RT for 24 h. The experiment was performed in triplicate. After incubation,
the surviving nauplii in each vial were counted and calculated as % mortality. An ute toxicity
was determined using the median lethal concentration test (LCso), which was the concentration
of BSE that killed brine shrimp (50%) at an exposure time.

The toxicity evaluation with the LCso value was performed using Clarkson’s toxicity
index (Clarkson et al., 2004) as follows: non-toxic (LCsp >1,000 pg/mL), low toxicity (LCso

500-1,000 ug/mL), medium toxicity (LCso 100-500 gg/mL), and high toxicity (LCso 0-100

pg/mL).

2.8 Chemical profiling of BSE
The chemical profiling of BSE was determined by LC-Q-TOF-MS/MS. The analysis
was performed on an Agilent 1290 Infinity II LC system coupled to a G6545 quadrupole time-

of-flight (Q-TOF) mass spectrometer (Agilent Technologies. USA). The analysis was carried

33
out with Zorbax Eclipse Plus C18 Rapid Resolution HD (150 mm length x 2.1 mm inner

e
diameter, particle size 1.8 pm) (Agilent Technologies, USA) maintained at 25°C. The mobile
phase composed of 1% acetic acid in water (solvent A) and acetonitrile (solvent B) applying

the following gradient: 0-5 min (A: 95%, B: 5%), 5-10 min (A: 80%, B: 20%), 10-15 min (A:

70%, B: 30%), 15-20 min (A: 65%, B: 35%), 20-25 min (A: 55%, B: 45%), 25-30 min (A:
.
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25%, B: 75%), 30-32 min (A: 5%, B: 95%) system with a flow rate 0.2 ml/min. The sample

volume was 2 puL, and mass spectra were acquired in the negative ion mode with a mass range
of 100-1,500 m/z for MS and MSMS in automatic mode. Mass spectral analysis was carried
out on a MassHunter WorkStation-Qualitative Analysis, and Agilent personal Compound

Database and Library (PCDL) version B 08.00 build 92 was employed to create the custom

database.

2.9 Anti-Vibrio activity in scawater

The time-kill behavior at MIC and MBC values of BSE against V. parahaemolyticus
TISTR1596 was determined. The bacterial strain was cultured and prepared to yield
approximately 10® CFU/mL. The BSE stock solution (125 mg/mL) was diluted to make 1MIC,
2MIC, 3MIC, and 4MIC in a test tube containing 10 mL of seawater, and 10% DMSO Eas
used as a control treatment. The tests were performed in triplicate. The bacterial suspension
(100 uL) was added to each tube (10° CFU/mL.), and all treatments were incubated at 35+2°C
for 0, 3, 6 and 12 h. Ten microliters of each treatment was then placed onto TCBS ar and
incubated at 35+2°C for 24 h. The bacterial growth at each time point was determined and
calculated in CFU/mL.
2.10 Statistical analysis

The results were expressed as the mean + standard deviation (SD). All experiments
were conducted in triplicate and analyzed using a one-way analysis of variance. ta were

analyzed using SPSS (IBM Corp., Armonk, NY, USA). Values were considered statistically

significant at p<0.05.

3. Results
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3.1 Plant extraction yield

The ethanolic BSE was obtained using the maceration method with 95% ethanol. The
BSE had a red-brown color, a sticky paste texture, and a distinctive smell. Fifty grams of leaf
powder was used, and 4.78 g of the crude extract was obtained, which was a BSE yield of
9.56% (w/w). Most previous studies reported that the Sappan heartwood contained a red dye
component that contained brazilin. Brazilin was the major active ingredient in group of
flavonoids that is a phenolic compound. It can be dissolved in high polarity solvents because
of the hydroxyl group in its structure (Rondéo etal., 2013; Nirmal etal., 2015). It was extracted
along with the phytochemical substances in C. sappan, and the crude extract was a shiny brown
powder with a 17.60% yield (Bukke et al., 2015). Therefore, important factors affecting the
extraction yield may be the type, amount, and form of phytochemical substances that could
dissolve in the extraction solvents.
3.2 Determination of the minimum inhibitory concentration and minimum bactericidal
concentration

Antibacterial activity against the five pathogenic bacteria was determined. The results
are shown in Table 1. BSE showed highly efficient inhibitory effects on am-positive and
Gram-negative bacteria, with a MIC range 0of 0.49-3.91 mg/mL. It had a low MIC value toward
V. parahaemolyticus TISTR1596 (049 mg/mL), S. aureus TISTR2329, B. cereus TISTR747
(0.98 mg/mL), and E. coli TISTR527 (3.91 mg/mL). As a result, the sappan methanolic extract
which inhibited both groups of bacteria and showed the highest inhibitory to E. coli MTCC443
and B. subtilis MTCC10619 (MIC=2 mg/mL) (Bukke et al., 2015). In the same way, the MBC
values of BSE were 0.49, 15.62, 3125, and 62.50 mg/mL against V. parahaemolyticus, S.
aureus, B. cereus TISTR747, and E. coli, respectively. Therefore, the BSE had the highest

bioactivity against V. parahaemolyticus, which might play a role in the specificity of the main

9
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compounds in crude extract to the bacterial cell wall. The main compounds in the BSE were
phenolic compounds that could interact with the peptidoglycans of Gram-positive bacteria and
the outer membrane of Gram-negative bacteria. There are many modes of action in the BSE
such as membrane disruption, enzyme inactivation, and adhesin binding (Tiwari et al., 2011)
that could affect the inhibitory and bactericidal activity toward two groups of pathogenic
bacteria (Gram-positive and Gram-negative bacteria). Additionally, the stability and toxicity

of both crude extracts were then determined, and preliminary evaluated as anti-Vibrio

substance in seawater for its application in shrimp farming.

3.3 Total phenolic content and antioxidant property

The TPC of the BSE was measured using the Folin—Ciocalteu assay. BSE had a high
TPC (3146 mg GAE/g). However, the aqueous extract of C. sappan in Thailand had been
reported a TPC of 147.02 + 0.63 mg GAE/g (Taokaenchan et al., 2017). The amount of TPC
in plants depends on the source and type of plant as well as the type of extraction solvent. The
antioxidant activity in the BSE was measured using the DPPH assay. The percentage of
inhibition of BSE at different concentrations is shown in Table 2. The BSE exhibited the
highest scavenging activity on the DPPH radical at 83.05% for 3.91 g/rnL and had an ICso
value of 0.288 mg/mL. The antioxidant effects accorded to the amount of the TPC resulted
from antioxidants containing an aromatic ring and a hydroxyl group as free radical terminators

(Abdel-Hameed, 2009), which can bind with any free radical. The BSE had effective DPPH

radical scavenging activity and exhibited remarkable antioxidant activity at alow concentration
of 0.98 mg/mL (81.67%). Furthermore, Butkrup et al. (Butkhup and Samappito, 2011) found
that the scavenging effect of BSE on the DPPH radical was 82.93% at 2.00 mg/mL of crude

extract.
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3.4 Stability studies of the total phenolic content and antibacterial substances under various
conditions

The phytochemical substances in BSE were determined at different temperatures (room
temperature, pasteurization, and autoclave) and with different diluents (distilled water and
seawater). The thermal stability of TPC is shown in Figure 1. The TPC increased to over 100%
under both pasteurization and sterilization conditions (116.27 and 121.01%), which indicates
that it is resistant to heat degradation because of temperature kinetics that increased the TPC
(Molaveisi et al., 2019). Generally, the temperature affected the amount of phenolic content,
broke the phenolic structure, and caused instability. However, some phenolic compounds were
heat tolerant such as quercetin in the Leguminosae family, which showed an increasing
phenolic compound content at 120°C (Sharma al., 2015). Furthermore, Ghafoor et al.
(Ghafoor et al., 2019) found that the ditference in the TPC may be due to the temperature and
plant structure. For the effect of diluent on TPC for 24 h, the remaining TPC in distilled water
was over 90%, while that in seawater was approximately 40%—50% at 12-24 h (Figure 1B).
Therefore, BSE had the stability of phytochemical substances in distilled water. The crude
extracts were not stable in seawater, which may have been caused by the interaction between
the ions in seawater and the hydroxyl group in the phenolic compounds (Atkins, 1922), which
could lead to a decrease in the TPC. However, the BSE had low stability in seawater, but it still
had high anti-Vibrio activity with antibacterial substances that were similarly active, and it

showed the same lowest of MIC and MBC against this strain (Table 3).

3.5 Toxicity test using A. salina model
The BSE was tested using A. salina to evaluate the median lethal concentration (LCso).

A. salina larvae mortality in crude extracts after 24 h is shown in Table 4. A. salina mortality

ranged from 0.12 to 31.25 mg/mL of crude extract, and the acute toxicity test of crude extracts

11
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within 24 h showed a LCso value >1,000 gg/mL, which indicated a non-toxic substance
(Clarkson et al., 2004). A LCso value at 7.374 mg/mL of BSE killed up to 50% of the A. salina
population. Fikriah et al. (Fikriah and Lestari, 2011) studied the acute toxicity test using brine
shrimp and found that the ethanolic extracts from bark and stem of Sopang (C. sappan) were
toxic, with a LCso value below 1,000 xg/mL at 204.644 and 239.883 pg/mL. The main active
component affecting A. salina larvae mortality was a flavonoid. The flavonoid mode of action
was binding of the OH-group to integral cell membrane proteins, which interferes with active
transport of Na* and K* ions. The active substance—integral protein complex disrupted Na* ion
transport into the cell, and the resulting high accumulation caused the cell membrane to rupture
(Nurhayati and Febrianto, 2006). However, heartwood extract of B. sappan (250-5000 mg/kg)
was reported to be safe with no acute or subacute toxicity in rats (Sireeratawong et al., 2010;

Nirmal et al., 2015).

3.6 Chemical profiling of BSE

The total ion chromatograms (TIC) of BSE in the negative mode from LC-Q-TOF-
MS/MS are shown in Figure 2. Eighty-four retention times of peak were detected, and 45
proposed compounds were identified from fragmentation patterns in tandem MS compared
with libraries and fragmentation profile. From TIC, 10 major peaks were demonstrated at R;
2.275-14.534 min (Table 5). The highest area sum (24 47%) at R; 7.994 min s identified as
4.7-Dihydroxy-2H-1-benzopyran-2-one or 4,7 dihydroxycoumarin that belonged to the class
of 7-hydroxycoumarins. It has not been reported in B.sappan, and several studies have reported
its derivatives to antiproliferative activity against four different cancer cell lines (Govindaiah
etal.,2019). One member, umbelliferone (UMB), showed B. cereus inhibition and antioxidant

activity with non-toxic in acute or chronic oral gavage administration to laboratory animals

(Cruz et al., 2020). Next, the peak of 7.772 min (9.45% area sum) was assigned as Methyl 7-
12
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desoxypurpurogallin-7-carboxylate trimethyl ether that was cyclic ketone phenolic compound
and methylation on purpurogallin carboxylic acid exhibiting many bioactivities (Jhoo, 2008).
Brazilein was then found at R; 10410 min (8.38% area sum) that was reported anti-
inflammatory, anticancer, antibacterial and antioxidant properties (Liang et al., 2013;
Krihariyani et al., 2020). Biochanin A, an O-methylated isoflavone in the class of 7-
hydroxyisoflavone, was detected at R; 13.174 (8.41% area sum). It had been reported the high

inhibitory against pathogenic bacteria as Xanthomonas axonopodis pv. glycines that DNA

synthesis and flagella formation were altered as well as the composition of the bacterial
membrane (Kai-Xuan et al., 2020). It had also been indicated their i-inflamrnatory,
anticancer, neuroprotective, antioxidant, anti-microbial, and hepatoprotective properties. Next,
(S,2"S,3S,3"R,4S)-3,4',5,?-Tetrahydroxyflavan (2->74->8)-3.4'5,7-tetra hydroxyflavan or
geranin A (4.13%) was an A-type proanthocyanin that was found anti-protozoa and antioxidant
activities (Calzada et al., 2001; Maldonado et al., 2005). Finally, heliannone C (3.83%) was
identified with 285.07 m/z that had few reports of this bioactive flavonoid. As result and their
activities, there is no report available on the synergistic activity of each substance, but the crude

extract normally contained various active substances that was the combination form leading to

be a possible synergism of biological activities.

3.7 Determination of anti-Vibrio activity in seawater

The anti-Vibrio activity was tested in seawater at IMIC4MIC of crude extract for 0—
12 h. The colony surviving in TCBS agar was measured by calculating the colony forming
units (CFU/mL), and survival trends are shown in Figure 3.

The control condition was tested in DMSO, and the bacterial number was 10° to 10°
CFU/mL at a dilution of 10 to 10", which showed a slight increase from O h to 12 h. The

bactericidal activity of BSE increased in a concentration-dependent manner. The IMIC, 2MIC,
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and 3MIC values showed a gradual decreasing trend until there was less than 50% of bacteria

at 1 h. All BSE concentrations showed a high efficiency for killing V. parahaemolyticus within
6 h. The 3MIC and 4MIC values killed V. parahaemolyticus within the shortest time (2 h)
followed by 2ZMIC (3 h) and IMIC (6 h). The 4MIC value had the highest effective inhibition
and killed V. parahaemolyticus within 1 h. The anti-Vibrio activity might be affected by the

various types of phenolic compounds found in B. sappan heartwood including brazilin. Brazilin
was a major active compound and had a variety of actions (Nirmal et al., 2015) including
interfering with Na® ions, enzyme inactivation, interfering with energy metabolism, and
membrane disruption (Fikriah and Lestari, 2011; Tiwari et al., 2011). Cell membrane rupture
may have caused cell death. The BSE showed a strong inhibitory effect and can be used in

shrimp farming or other aquatic fields where V. parahaemolyticus is problematic.

4. Conclusion

The ethanolic heartwood extract of B. sappan yielded 9.56% (w/w), and it showed
effective antibacterial activity against four pathogenic teria including B. cereus, E. coli, S.
aureus and V. parahaemolyticus. It showed the lowest MIC and MBC value for V.
parahaemolyticus (0.49 mg/mL) and had scavenging activity on the DPPH radical at an ICso
of 0.288 mg/mL. TPC remained high under pasteurization and sterilization conditions (116%—
121%), and it was more stable in DI water (>90%) than seawater (approximately 44%) for 24
h without reduction of antibacterial activity. The BSE contained major components including
-Dihydroxy-ZH-l-benzopyran-Z-one, Methyl-7-desoxypurpurogallin-7-carboxylate

trimethylether, Brazilein and biochanin A with no acute toxicity to A. salina. This crude extract

at >2MIC showed a strong anti-Vibrio effect in seawater that had a time—kill of less than 2 h.
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