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Abstract

This study investigated the effects of boiling, steaming, and microwaving on the total phenolic content (TPC), cyclic
polysulfide content, antioxidant, and antibacterial properties of Parkia speciosa seeds. Ferric reducing antioxidant power
(FRAP) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity of the seeds were evaluated. The main
antibacterial components of P. speciosa seeds, cyclic polysulfides were characterized using Gas Chromatography-Mass
Spectrometry analysis and evaluated using a broth microdilution method against seven gram-positive and five gram-neg-
ative bacterial strains. Microwaving displayed the highest decrease in TPC, followed by boiling, while steaming retained
most TPC. Thermal treatment did not affect DPPH free radical scavenging activity but significantly reduced the FRAP of
the seeds. Uncooked seeds exhibited significant antibacterial activity against the 12 bacterial strains with minimum inhibi-
tory concentration (MIC) values of 5-40 mg/mL. Thermal treatment of the seeds displayed reduced antibacterial activity,

a decreased amount of 1,2,4,5-tetrathiane whereas 1,3,5-trithiane and 1,2,5,6-tetrathiocane were detected.
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Introduction

Parkia speciosa, also known as bitter or stink bean is a
leguminous plant belonging to the Fabaceae family [1, 2].
P. speciosa is known as petai in Malaysia and Indonesia
whereas it is known as sator and u’pang in Thailand and
the Philippines, respectively. P. speciosa tree can grow up
to 40 m in height and 100 cm in diameter. As for the stalks,
green, flat, and long pods can grow up to 45 cm long and
6 cm wide. These pods can contain between 10 and 18 light
green seeds [1, 3]. P. speciosa plant is usually found in low-
land tropical rainforests. Still, it can sometimes be found in
tall secondary forests or on sandy, loamy, and podzolic soils
or freshwater swamp forests, riverbanks and waterlogged
places [3].
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P. speciosa seeds can be eaten raw or cooked. The seeds
have been used to treat myriad ailments such as headache,
hypertension, kidney problems and diabetes [4]. The seeds
are believed to possess antioxidant, antitumor, antimu-
tagenicity, antimicrobial and hypoglycemic activities [1,
5-T7]. P. speciosa seeds contain carbohydrates, protein, fat,
vitamins, minerals [1, 8, 9], phenolic compounds such as
caffeic, ferulic, gallic, p-coumaric and trans-cinnamic acid,
as well as fatty acids, such as arachidonic, behenic, elaidic,
hydnocarpic, lauric, linoleic, myristic, oleic, palmitic, pal-
mitoleic, stearic, stearolic and undecanoic acids [4]. Besides,
alkaloids, saponins, and terpenoids such as campesterol,
lupeol, B-sitosterol, stigmasterol and squalene were pres-
ent in the seeds. Cyclic polysulfides, namely hexathionine,
pentathiocane, pentathiopane, tetrathiane, tetrathiepane, and
trithiolane, were also present in the seeds [10]. These cyclic
polysulfides are responsible for the strong, pungent smell of
the seeds [4].

Although some vegetables can be eaten raw, most veg-
etables are routinely cooked before consumption [11].
Common domestic cooking methods include boiling, fry-
ing, steaming, and microwaving [12]. Cooking is important
to ensure food safety via the destruction of microorgan-
isms and natural toxins like cyanide in vegetables. Cooking
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improves the food’s palatability and may induce chemical,
physical, and biological modifications that cause sensory,
textural, and nutritional changes. Cooking can lead to unde-
sirable nutrient losses due to formation of undesirable com-
pounds, chemical reactions, texture loss and discoloration
[11]. Cooking may affect the bioavailability of important
bioactive compounds in vegetables [12]. For example,
denatured proteins are more digestible and readily absorb-
able by the human gastrointestinal system [11]. Besides,
cooking can affect the antioxidant content and antioxidant
activity in vegetables [13].

Despite the multiple reports on the antioxidant and anti-
microbial properties of P. speciosa seeds, there are limited
studies that investigate the effects of cooking methods on
the antioxidant and antibacterial properties of P. speciosa
seeds. This study aims to determine the effect of boiling,
steaming and microwaving on the antioxidant and antibac-
terial properties of P. speciosa seeds. Specifically, the total
phenolic content, cyclic polysulfide content, free radical
scavenging activity, ferric reducing antioxidant power, and
minimum inhibitory concentration against 12 strains of bac-
teria of P. speciosa seeds were determined.
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Fresh P. speciosa pods were purchased from a wet market in
Bandar Sunway, Selangor, Malaysia. Seven gram-positive
and five gram-negative bacteria (Table 1) were obtained
from American Type Culture Collection (ATCC, Manassas,
USA).

Sample Preparation

P. speciosa pods were peeled to obtain the seeds. Boiling,
steaming and microwaving of the seeds were performed
according to the method of Wachtel-Galor et al. [14] with
some modifications. Uncooked seeds were the control. Boil-
ing was performed using 10 g of seeds in 250 mL of distilled
water at 100 °C in a glass beaker for 5-10 min. Steaming
was performed using 10 g of seeds in a food steamer for
5—-10 min. Microwaving was performed using 10 g of seeds
in 200 mL of distilled water in a glass beaker for 5-10 min
using a household microwave (Model M7017P-B, Mit-
sumaru, Japan) with a rated frequency of 50 Hz, rated volt-
age of 240 VAC, and rated output of 700 W. After each
cooking, the seeds were drained and proceeded to extraction.

ATCC no.
6538P
29,213
43,300
29,212
700,802
14,579
8188
12,022
14,028
BAA-1705
25,922
BAA-2110

Gram-negative

Gram-positive
Staphylococcus aureus

MIC values are the means of duplicate. ATTC: American Type Culture Collection; M5: microwaved 5 min; M10: microwaved 10 min; S5: steamed 5 min; S10: steamed 10 min; B5: boiled

5 min; B10: boiled 10 min; MRSA: methicillin-resistant Staphylococcus aureus; VRE: vancomycin-resistant Enterococci; CAM: chloramphenicol

Table T Minimum inhibitory concentration (MIC) values (mg/mL) of Parkia speciosa seed extracts subjected to different treatments

Staphylococcus aureus
MRSA

Enterococcus faecalis
VRE

Bacillus cereus

Bacillus subtilis

Shigella flexneri
Salmonella Typhimurium
Klebsiella pneumoniae
Escherichia coli
Pseudomonas aeruginosa

Bacteria
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Sample Extraction for Antioxidant Properties
Analysis

P, speciosa seeds were extracted according to the method of
Choo et al. [15] with some modifications. Each sample of P.
speciosa seeds (10 g) with or without cooking was blended
with 100 mL of 50% ethanol for 2 min (30 s intermittent
stops between 10 s of blending) to reduce heat production
using a Waring blender (Model MX110XT11CE, Stamford,
USA). The homogenized samples were centrifuged at 5000
x g at 20 °C for 25 min. Next, the supernatants were filtered
with a Whatman filter paper. The filtered supernatant was
then stored at 4 °C until further analysis of the total phenolic
content and antioxidant activities within the same day. Dry-
ing of one portion of the filtered supernatant was performed
under reduced pressure using a rotary evaporator at 45 ‘C,
followed by freeze-drying for 48 h and kept at -80 °C until
broth microdilution assay.

Total Phenolic Content (TPC)

TPC was determined according to the method of Choo et al.
[15]. Samples of 0.3 mL were mixed with 1.2 mL of 7.5%
(w/v) sodium carbonate solution and 1.5 mL of Folin-Cio-
calteu’s phenol reagent in a test tube. The mixture was left
to stand for 30 min in the dark at room temperature before
absorbance measurement at 765 nm. TPC was expressed as
gallic acid equivalent in mg per g (mg GAE/g) of seeds.

Free Radical Scavenging Activity

The free radical scavenging activity was conducted accord-
ing to the method of Vidana Gamage & Choo [16]. DPPH
(1,1-diphenyl-2-picrylhydrazyl) solution was prepared with
5.9 mg of DPPH in 100 mL of 100% methanol. Next, 250
pL of the sample was mixed with 1 mL of the DPPH solu-
tion and allowed to stand for 30 min in the dark at room
temperature. After that, the absorbance of the sample was
measured at 517 nm. The free radical scavenging activity
was calculated as follows:

Percentage of free radical scavenging activity
= (Absorbance of control — Absorbance of sample)/
Absorbance of control x 100

Ferric Reducing Antioxidant Power (FRAP)

FRAP was determined according to the method of Loh &
Lim [17]. A sample of 400 pL was added with 1 mL of 1%
(w/v) potassium ferricyanide and 1 mL of 0.2 M pH 6.6
phosphate buffer. The mixture was incubated at 50 °C for
20 min followed by the addition of 1 mL trichloroacetic acid

(10% w/v). Next, the mixture (1 mL) was mixed with 200
pL of ferric chloride (0.1% w/v) and 1 mL of distilled water,
and allowed to stand for 30 min in the dark at room tempera-
ture. The absorbance was measured at 700 nm. FRAP was
calculated as follows:

FRAP = Absorbance of sample — Absorbance of blank

Oil Extraction for Gas Chromatography-Mass
Spectrometry (GC-MS) Analysis

The oil extraction was done following the method of Tocmo
et al. [18] with some modifications. P. speciosa seeds
(150 g), with or without cooking, were added with an equal
amount of milli-Q water. Homogenization was carried out
using a blender (Model MX110XT11CE, Stamford, USA).
To minimize heat production, 10 s of blending for a total of
1 min with intermittent stops of 20 s was carried out. This
mixture was transferred into a separatory flask and shaken
for 5 min. Next, 200 mL of hexane was added and the flask
was shaken for another 10 min. After this, the mixture was
stored at -80 °C overnight to freeze the aqueous portion.
The organic layer was collected, subjected to concentration
using a rotary evaporator at 40 °C, and then dried over anhy-
drous sodium sulfate at room temperature overnight. The oil
extract was stored at -20 °C until further analysis.

GC-MS Analysis of P. speciosa Seed Oil

GC-MS analysis of P. speciosa seed oil was performed
using an Agilent Technologies 7890 A gas chromatography
system attached with an Agilent 5975 C MS unit. An HP-
SMS column (Santa Clara, CA, USA) with 30 m x 0.25 mm
internal diameter and 0.25 pm film thickness was used.
Before injection into the GC system, each oil was diluted
with dichloromethane (1:4) and then filtered through a
0.45 pm polytetrafluoroethylene (PTFE) membrane filter.
Injection of a sample (1.0 pL) onto the GC system was car-
ried out in a splitless mode using an autosampler Agilent
7683B injector. The injector temperature was set at 250 °C,
and the carrier gas was helium (99.99%) at a flow rate of 1
mL/min. The oven temperature was 50 °C for 3 min, ramped
up to 250 °C at 4 °C/min, and held at 250 °C for 5 min. The
ion source temperature was 200 °C and the mass range was
40 to 500. The MS transfer line temperature was 270 °C.

Minimum Inhibitory Concentration (MIC)
MIC was determined using a broth microdilution method
of the Clinical and Laboratory Standards Institute [19] with

some modifications. Firstly, samples were filtered with a
sterile 0.22 um PTFE membrane filter and serial doubling
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dilution was performed before addition to 96 well plates.
The volume in each well was 100 pL, with a final working
concentration of the samples between 0.3125 mg/mL and
40 mg/mL. Bacteria were grown in 10 mL of BHI broth
at 37°C overnight with shaking at 150 rpm. Standardiza-
tion using the McFarland standard of 0.08-0.13 absorbance
at 625 nm followed by 100 x dilution with BHI broth and
loading of the diluted bacterial suspension (100 uL) into
each well were carried out. The 96 well plates were incu-
bated for 18-24 h at 37°C. MIC, the lowest concentration
of samples required to inhibit the growth of bacteria was
observed in a well that appeared to be clear with an unaided
eye. The positive control was chloramphenicol.

Statistical Analysis

All experiments were conducted in independent triplicates.
All data, with the exception of MIC data, were analyzed by
one-way analysis of variance (ANOVA). A post-hoc Tukey
range test was used to determine significance at p<0.05.
These analyses were performed using IBM SPSS Statistics
20 (IBM Corporation, Armonk, NY, USA).

Results and Discussion
TPC of P. speciosa Seed Extract

There were no significant differences using different cook-
ing methods and duration of cooking on the TPC of P. spe-
ciosa seeds (Table 2). However, Wachtel-Galor et al. [14]
reported that the duration of cooking can affect the TPC
in vegetables, whereby longer cooking time would lead
to a greater loss of TPC from the vegetables. When com-
paring the TPC of cooked samples to that of the uncooked
sample, all cooked samples showed a significant reduction
in TPC with the exception of steamed samples (Table 2).

Table 2 Total phenolic content, radical scavenging activity and reduc-
ing power of Parkia speciosa seed extracts subjected to different treat-
ments

Parkia speciosa Total Phenolic % Radical Reducing
Content (mg Scavenging Power
GAE/g) Activity
Uncooked 4.54£0.70° 85.23+1.77°®  0.65+0.11°
Microwaved 5 min 1.57+£0.38* 78.68+4.50*  0.32+0.09?
Microwaved 10 min ~ 1.72+0.64% 86.36+1.63® 0.28+0.07°
Steamed 5 min 224+1.06®  87.81£0.13>  0.37+0.02°
Steamed 10 min 2.11£0.65®  86.44+£027" 0.37+0.03
Boiled 5 min 1.77+0.78° 84.42+0.98°®  0.28+0.05"
Boiled 10 min 1.58+0.34° 84.13+1.25% 0.28+0.06

Data are expressed as means of triplicate measurements+standard
deviation. Values with different superscript letters indicate signifi-
cant differences (p<0.05)
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These results are in accordance with the study conducted by
Wachtel-Galor et al. [14] which reported that thermal treat-
ment caused a significant decrease in the TPC of Brassica
vegetables (broccoli, choy-sum, and cabbage) with micro-
wave heating showed the strongest effect, whereas steam-
ing caused the least effect. Unlike boiling and microwaving,
which expose cooking water directly to the vegetables,
steaming utilizes steam from the boiled water to cook the
vegetables. Thus, the leaching of phenolic compounds into
the cooking water was reduced in steaming.

Boiling, microwaving, and steaming were reported to
reduce TPC in cabbage, carrot, cauliflower, leek, peas, spin-
ach, and white and yellow turnips [20, 21]. Intriguingly,
thermal treatment was reported to increase TPC in vegeta-
bles such as broccoli, chili pepper, green beans and pepper
[21, 22]. This is most likely due to the release of more phe-
nolic compounds as a result of the thermal breakdown of the
cell wall of the vegetables. According to Liu et al. [23] phe-
nolic compounds can be present either in the soluble form or
in a complex form with cell wall polysaccharides. Thermal
treatment can readily release more phenolic compounds.
Although cell wall disruption can release hydrolytic and
oxidative enzymes that can alter the structure of molecular
compounds in vegetables, this would not be an issue as ther-
mal treatment can deactivate these enzymes and minimize
the loss of TPC [24]. The decrease in TPC in vegetables
after boiling and microwaving was most likely caused by
the leaching of phenolic compounds into the cooking water.
The water used for boiling and microwaving was analyzed
by Wachtel-Galor et al. [14] and it was reported that more
leaching of phenolic compounds from the vegetables into
the cooking water occurred with longer cooking time.

Free Radical Scavenging Activity of P. speciosa Seed
Extract

There were no significant differences in the free radical scav-
enging activities in the cooked samples and the uncooked
samples of P. speciosa seeds (Table 2). In addition, a longer
cooking duration did not cause lower free radical scavenging
activity in the cooked samples. This indicates that phenolic
compounds may not be the main compounds that contribute
to the free radical scavenging of P. speciosa seeds, as this
activity was not associated with the TPC in cooked samples
(Table 2). Free radical scavenging has been reported for
peptides in P. speciosa seeds [7]. The effect of boiling on
the free radical scavenging activity of P. speciosa seeds is in
accordance with the study by Muhialdin et al. [7], whereby
there were no significant differences, albeit a longer duration
of boiling in the study (45 min) versus this study (5—10 min).
However, Turkmen et al. [21] showed that the free radical
scavenging activity of broccoli and spinach increased after
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steaming for 7.5 min and microwaving for 1-1.5 min. The
difference is most likely due to different plant sources and
the duration of steaming and microwaving.

Ferric Reducing Antioxidant Power (FRAP) of P.
speciosa Seed Extract

There were significant reductions in the FRAP after cook-
ing the P. speciosa seeds (Table 2). These results are in
accordance with the study by Wachtel-Galor et al. [14]
who reported that the FRAP of cabbage was significantly
decreased after boiling, and a study by Ismail et al. [25] who
reported a slight decrease of FRAP in cabbage, kale, shal-
lots, and spinach after 1 min of boiling. Among the ther-
mal treatments, the most remarkable FRAP decrease was
reported in microwaved vegetables (i.e., broccoli, cabbage,
choy sum, and cauliflower) followed by boiled and steamed
vegetables [25]. However, a longer cooking duration did
not result in lower FRAP in the P. speciosa seeds (Table 2).
There were also no significant differences in the FRAP of all
cooked P. speciosa seeds. Several phenolic compounds can
react rapidly, like in 4 min, to complete the reduction reac-
tion of the ferric-TPTZ complex, while some other phenolic
compounds may take a longer time until 30 min [26]. Pulido
et al. [27] found that the absorption of ferric reducing power
slowly increased for ferulic acid, ascorbic acid, caffeic acid,
tannic acid and quercetin, even after several hours of reac-
tion time. This indicates that a single-point absorption end-
point may not represent a complete reaction [26].

Boiling has been reported to increase FRAP in cooked
vegetables including bitter gourd, broccoli, Chinese long
bean and water convolvulus [28]. Wachtel-Galor et al. [14]
reported more than a double increase in FRAP of steamed
vegetables (i.e., broccoli, caulifiower, and choy sum) for
5 min. This could be due to the formation of redox-active
secondary plant metabolites from the breakdown of the
plant cells. Multiple factors, such as the cooking method,
leaching of compounds into the cooking medium, the sol-
vent used for extraction, the degree of heating, and the

surface area and pH of the vegetables exposed to oxygen
and water, affect FRAP in cooked vegetables [14].

Cyclic Polysulfides of P. speciosa Seed Oil

Allium species are known to contain high organosulfide con-
tent, predominantly linear organosulfides [18]. In contrast,
cyclic polysulfides, rarely occurring in nature, have five to
eight-membered rings with three to six sulfur atoms in S-C-S
arrangement are present in P. speciosa seeds [4, 18]. Cyclic
polysulfides contribute to the pungent smell of P. speciosa
seeds and are believed to possess antimicrobial activity [7].
The seven types of cyclic polysulfides detected in P. spe-
ciosa seeds were hexathiepane, lanthionine, 1,3,5-trithiane,
1,2,4-trithiolane, 1,2,4,5-tetrathiane, 1,2,4,6-tetrathiepane
and 1,2,5,6-tetrathiocane (Table 3). Polysulfides with three
S-atoms are 1,2,4-trithiolane and 1,3,5-trithiane whereas
polysulfides with four S-atoms are 1,2,4,5-tetrathiane,
1,2,4,6-tetrathiepane and 1,2,5,6-tetrathiocane. Polysulfide
with five S-atoms is 1,2,3,5,6-pentathiepane or commonly
known as lanthionine. Hexathiepane is a polysulfide with
six S-atoms.

The Maillard reaction is the main route to sulfur com-
pound formation during thermal treatment. L-cysteine is
an important precursor to form sulfur compounds [29]. In
this study, 1,2,5,6-tetrathiocane was only found in cooked
P, speciosa seeds (Table 3). According to Yu et al. [29], the
formation of 1,2,5,6-tetrathiocane occurs as a result of ther-
mal degradation of L-cysteine at 140°C and pH 8. There
were no significant differences in hexathiepane, lenthionine,
1,2,4-trithiolane and 1,2,4,6-tetrathiepane in uncooked and
cooked P. speciosa seeds (Table 3). These results suggest
that these four polysulfides were thermally stable. However,
the abundance of 1,2,4,5-tetrathiane decreased significantly
due to cooking (Table 3).

There were seven polysulfides detected in cooked P.
speciosa seeds, but only five polysulfides were detected
in the uncooked P. speciosa seeds, with 1,3,5-trithiane and
1,2,5,6-tetrathionate being not detected (Table 3), Miyazawa

Table 3 Percentage abundance of cyclic polysulfides in Parkia speciosa seed oil subjected to different treatments

Cyclic Polysulfides Mw  Abundance (%)

Uncooked M5 M10 S5 S10 B5 B10
1,2,4-Trithiolane 124 15.53+9.52*  16.17+7.15* 12.99+17.0® 11.02+10.06* 20.06+8.16* 16.36+3.74* 26.24+6.02%
1,3,5-Trithiane 138  nd. 1.97+£2.79* 2.46+£3.47% 1.62+£2.29* 1.85+2.62% 2.12+£2.99* 3.4+4.81°
1,2,4,5-Tetrathiane 156  48.23+1.26" 17.48+0.11° 15.14+0.18° 15.56+£13.29° 19.26+2.06° 21.33+£2.06* 16.77+1.57
1,2,4,6-Tetrathiepane 170  0.27+0.06* 2.93+3.8° 2.01+£2.32% 0.82+1.04* 1.46+1.58% 1.78+2.09% 1.81+£1.64%
1,2,5,6-Tetrathiocane 184  n.d. 0.12+0.17* 0.17+£0.23? 0.62+0.88% 0.06+0.08* 0.07+£0.09? 0.13+0.18%
Lenthionine 188  20.7+1.39* 38.47+5.99* 37.0+10.3% 26.43+8.6% 33.1+8.252 37.44+6.02* 30.29+11.28°
Hexathiepane 206 0.43+0.61° 0.37+0.522 0.3£0.422 0.63+0.5* 0.87+0.132 0.67+0.16* 0.6+0.05%

Data are expressed as mean+standard deviation. Values with different superscript letters within a row indicate a significant difference (p <0.05).
Mw: molecular weight; n.d.: not detected; M5: Microwaved 5 min; M10: Microwaved 10 min; S5: Steamed 5 min; S10: Steamed 10 min; BS:

Boiled 5 min; B10: Boiled 10 min
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& Osman [30] reported that 1,2,4-trithiolane and 1,2,4,5-tet-
rathiane were detected as the major polysulfide in P. spe-
ciosa seeds. On the other hand, Azizi et al. [31] reported
lenthionine and 1,2,4,5-tetrathiane were detected in P. spe-
ciosa seeds. Only 1,2,4,5-tetrathiane from the uncooked
seeds was significantly higher (»p <0.05) than those from the
cooked P. speciosa seeds (Table 3).

Among the five polysulfides present in the uncooked
seeds, 1,2,4,5-tetrathiane was found to be most abundant,
followed by lenthionine, 1,2,4-trithiolane, hexathipane,
and 1,2,4,6-tetrathiepane (Table 3). Tocmo et al. [18] also
reported the presence of similar polysulfides with 1,2,4-tri-
tholane as the most abundant polysulfide in uncooked P.
speciosa seeds. However, in this study, 1,2,3,5-tetrathiane
and dimethyl tetrasulfide (acyclic polysulfides) were not
detected. This may be due to different extraction methods.
According to Tocmo et al. [18] the types of organosulfides
extracted using hydrodistillation of P. speciosa oil were dif-
ferent from those using solvent extraction. The variations
in the types of organosulfides and differences in the con-
centration of each organosulfide were also reported in other
studies [30, 31].

MIC of P. speciosa Seed Extract

The most susceptible bacteria among the 12 bacterial strains
to uncooked P. speciosa seed extracts was the gram-posi-
tive Enterococcus faecalis as the MIC value was the low-
est (Table 1). The least susceptible bacteria among the 12
bacterial strains to uncooked P. speciosa seed extracts was
the gram-negative Pseudomonas aeruginosa (Table 1). This
may be due to the cell walls of gram-negative bacteria being
surrounded by an outer lipopolysaccharide membrane that
can restrict the diffusion of hydrophobic compounds through
it [10]. Therefore, gram-positive bacteria have lower outer
layer impermeability compared to gram-negative bacteria.
Ghasemzadeh et al. [10] reported lower MIC values for
Staphyloccocus aureus (0.04—0.08 mg/mL), Esherichia coli
were >0.1 mg/mL and Salmonella Typhimurium ranged
from 0.08 to >0.1 mg/mL. This could be due to the differ-
ent methods of extraction of P. speciosa seeds. This study
extracted the P. speciosa seeds without drying whereas the P,
speciosa seeds used by Ghasemzadeh et al. [10] were dried
at 45°C and ground into powder before extraction. This may
affect the composition of the extracted compounds, result-
ing in different MIC values.

P speciosa seed extracts that were subjected to differ-
ent cooking methods showed weaker antibacterial activity
than uncooked seed extracts (Table 1). The MIC values
of P. speciosa seed extracts against the 12 tested bacterial
strains were more than 40 mg/mL for each cooking method.
The weaker antibacterial activity exhibited by cooked seed
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extracts is most likely due to the significant decrease in
1,2,4,5-tetrathiane (Table 3). Besides, boiling and micro-
waving decreased the TPC of P. speciosa seeds (Table 2).
Phenolic acid such as gallic acid, and flavonols such as
quercetin and kaempferol in P. speciosa seeds, are the
compounds that inhibit gram-positive and gram-negative
bacteria growth [10]. These phenolic compounds might be
degraded by the different cooking methods.

Hexathionine and trithiolane are two cyclic polysulfides
that are known to contribute to the antibacterial proper-
ties of P. speciosa seeds [32]. In this study, hexathionine
compounds were not detected but trithiolane (1,2,4-trithio-
lane) was found in uncooked P. speciosa seeds (Table 3). In
uncooked P. speciosa seeds, 1,2,4-trithiolane (15.53%) was
found to be the third most abundant cyclic polysulfide after
1,2,4,5-tetrathiane (48.23%) and lenthionine (20.70%).
These cyclic polysulfide compounds likely contribute to the
antibacterial activity of the seeds, but this requires further
investigation.

Conclusions

Microwaved and boiled P. speciosa seeds showed a sig-
nificant reduction in TPC whereas steaming was able to
retain most of the TPC in P. speciosa seeds compared to
uncooked samples. There were no significant differences in
the free radical scavenging activity of uncooked and cooked
samples. However, there was a significant reduction in the
reducing power of P. speciosa seeds due to microwaving,
steaming and boiling, but there were no significant differ-
ences in using these cooking methods. There were no sig-
nificant effects on the abundance of cyclic polysulfides due
to microwaving, steaming and boiling of P. speciosa seeds
except for a significant reduction in 1,2,4,5-tetrathiane. As
a result of using microwaving, steaming and boiling, com-
pounds such as 1,3,5-trithiane and 1,2,5,6-tetrathiocane
were detected compared to uncooked samples. The cooked
P. speciosa seeds exhibited weaker antibacterial proper-
ties than the uncooked seeds. This study demonstrated that
steaming is the best cooking method to retain the benefi-
cial phenolic compounds. Since cooking alters the chemi-
cal composition and reduces antioxidant and antibacterial
properties, different preparation methods may need to be
considered depending on whether P. speciosa seeds are con-
sumed for their taste, health benefits, or medicinal potential.
Consuming uncooked seeds may be the best way to obtain
their beneficial properties. Other preparation methods that
can be investigated include roasting, frying, pickling, or
fermentation.
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