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Abstract

This research aimed to 1) analyze the total alkaloid content, total phenolic content, and
antioxidant activity of selected bitter medicinal plants, and (2) examine the relationship between total
alkaloid content, total phenolic content, and antioxidant activity in these plants. The selected bitter
medicinal plants included Cassia siamea, Andrographis paniculata, Morinda citrifolia, and
Azadirachta indica, collected from Tha Saen Subdistrict, Ban Lat District, Phetchaburi Province.
The leaves of the plants were extracted using ethanol maceration. The total alkaloid content was
determined by the Bromocresol Green method, the total phenolic content by the Folin-Ciocalteu
method, and the antioxidant activity by the DPPH assay. Statistical analysis included mean, standard
deviation, and one-way analysis of variance (ANOVA) at a significance level of p < 0.05, as well as
correlation coefficient (R).

The results showed that the extracts from bitter plants contained total alkaloids in the range
of 1.333-6.494 mg AE/g crude extract, with Andrographis paniculata extract having the highest
alkaloid content (6.494 + 0.187 mg AE/g crude extract). The total phenolic content ranged from
242.61-794.89 ug GAE/g crude extract, with Cassia siamea leaf extract showing the highest phenolic
content (794.89 + 15.03 ug GAE/g crude extract). At a concentration of 1 mg/mL, the antioxidant
activity of the bitter plant extracts ranged from 24.05% to 58.17%, with Andrographis paniculata
extract exhibiting the highest antioxidant activity (58.17%). The total alkaloid content showed a
moderate positive correlation (R = 0.6394) with antioxidant activity, while the total phenolic content
showed a very weak negative correlation (R = -0.1456). These findings suggest that total alkaloid
content may contribute to the antioxidant activity of bitter medicinal plants. However, other factors
such as the type of alkaloids, phenolic compound structures, and other phytochemicals may also
play a role. Since the antioxidant activity of medicinal plants depends on a complex mixture of
chemical constituents, further studies are needed to isolate active compounds and clarify their

mechanisms of action.
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81 Ay Taun rotary evaporator (Buchi B-500,
aplaltian LL@umr) wiges UV-Visible spectrophotometer
(Shimadza UV-1601, tlj1]w) ansuadndndny laun
BCG (Bromocresol Green) DPPH (2,2-diphenyl-
1-picrylhydrazyl) Folin & Ciocalteu’s phenol
reagent N7ALNAAN (gallic acid) wazazInsiu
(atropine) TaaNUTEN Sigma-Aldrich(USA)
TasnAIFUBLUA (Na,CO, ) Taatululngy
(NaNO,) T8a1NUFHN Univar (Australia) was
. - ao
Avvinazatannadan ldluauidaiduings
A13LN199LATIZA (AR grade)

2. MawmsaNasanaanvaayulng
[~3 o 1 = b2 1 d’l [~
Viusaetd1aluie Taun 2wman Aananalas ae
UAZAZLAN ANAUNANLAY LAY BNaT UL
FmdnNTILT IHaLAaUI LY W.A.2565 UAY
o A o/ ] ¥ le [~3 U o d‘
dngdaetaualiidugwan o) udainldeudn
grunyi 60°C auuielauIuiin 50 g uazuiun
witenues 95% luaan 24 dalaiigoungivies
n3adnsanARluNIzAHNIaLes 111l
sTmefvinazaneeean liuianaeATes rotary
evaporator wazu1d17a47aN leu1naden i
dunausall

3. N5l NI LAAAIAREATIN
2RIATANA Ae3EINUAFa" iU Bromocresol
Green” TAgU141941A 1 mg N1azaYlu
nsntalasaaasn (HCH 2 NUSums 1 ml
o dl $ [ ¥ -
iasarasilaanasoaaaslsnasu (CHCL)
10 ml A1U9U 3 ASNALENANTTIARLERNATN

AN941 0 LaTUNa1anAdIuNWANI LS pH
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Eeg

waagnrazana i unanefasansazane inn e
lamsanlas (NaOH) 0.1 N wa ¥ F Na1sazans
TushuATTeansY (BCG) wazansaratanaginm
Twines (pH 4.7) 28198 5 ml WUENATNAN
AUINAAN ST T U W ARILAZUINIAT AR
Aaalsneful3unns 123 was 4 ml anniiy
sugnsanafldludunaalsve s ldluaaadn
UTurmsaurm 10 mwazdfuduamssag
paalsvafu uazinldSarinisganduuasd
417 nm A Lﬂ?lm UV-Visible spectrophotometer
Ineldaz i (atropine) Lﬂumammﬂmﬁmq
AN LN TR ludq9 2.00-10.00 mg/ml wa e
N93LATEHANFaaEN9NEn 3 AT 3NN
LAAATABLATINATUIUAINNIMNINTF UL
arinsiuuazuansnaduiadninanyanes
acIn s ensuaesnIaria (mg AE/g crude extract)
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&NM Aa8AT Folin-Ciocalteu® Tae/ldansazane
NmsgunIaunaanANiddulutae 200-800
pg/mi lugnsunsgulnenanansainvizeans
N1M351ULTNIAT 0.05 ml fiL Folin-Ciocalteu
reagent TR 0.25 ml Laz@17aLa1E 20% Wi
TnAeuAnewun 13u7ms 0.25 mi LNy
auisunnsAsy 5 m nau gt anndu
fal3Tgnmgivesluitiaiunan 30 wiil dhl
f‘;”mﬂ'qmi@mﬂﬁmmﬁ{mmmmﬁ'u 765 nm
h quﬁlm UV-Visible spectrophotometer"i ratt]
ansaindn 3 A% unafiLednsanAuInan
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@nn (WgGAE/g crude extract)
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ABIR1TANAAQEID DPPH radical scavenging
capacity assay”’ A28N1INARALNALANTAZANY
DPPH Aiflaanuidudu 0.1 mM Tneldansarin

A dl v v 2
FaaNTINANNLTNTW 1 mg/ml USuame 3 ml
HANfUaya DPPH 3 ml Tuansazans laniuea

. o e .
uaztinansuannlunin gouunivied Wunan
30 WA UWATAAINITRANALULAIN 517 nm
TnealdiaTaa UV-Visible spectrophotometer
TneldnsaunadnidusapiuAnE@ILan (positive
control) GNENNIAUBYLABATE DPPH AU
AINgAT A

ONENITAINeYYABATE DPPH (%) =
[(A-B)/A] x 100

dll A A o

Wa A ABNIIRANAUKAITBIAIAILAN
\F9A U (DPPH HANTULONIUEA) WAL B Ad
NNIAANAUUANTBIDPPH NANALANIF8EN

6. NFAATITUNNADA HANTIATIZN
FFunaulaainnimvingn 3 afauaztinaualily

. Pl -
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Table 1. Total Alkaloids Content, Total Phenolic Content, and Antioxidant Activity of Bitter Herb Extracts

Plant extracts
(mg AE/g crude

extract)

Total Alkaloid Content

Total Phenolic Content  Antioxidant Activity (%)

(ug GAE/g crude of the extract at a

Cassia siamea 1.333+ 0.148°

Andrographis 6.494+ 0.187"
paniculata
Morinda citrifolia 1.481+ 0.075°

Azadirachta indica 1.778 + 0.074°

extract) concentration
of 1 mg/ml

794.89+ 15.03 25.83+ 0.03

24261+ 11.57° 58.17+ 0.02"

312.11+ 5.42° 24.05+ 0.02°

705.17+ 4.16° 57.71+ 0.04°
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Abstract

Rhodotorula mucilaginosa is a carotenoid-producing yeast with high potential for biotechnological
and industrial applications, particularly in the fields of pharmaceuticals, cosmetics, food additives,
and animal feed, due to the antioxidant, immunomodulatory, and pigment properties of carotenoids.
This yeast species is commonly found in diverse ecosystems, including both aquatic and terrestrial
habitats. It is recognized for its ability to assimilate a wide range of carbon sources, making it an
attractive candidate for cost-effective bioprocesses. Cultivation conditions are known to significantly
influence carotenoid biosynthesis and overall productivity. This study aimed to optimize the
cultivation parameters for carotenoid production by R. mucilaginosa SMY40, a strain isolated from
mangrove sediments in Chonburi province, Thailand. Several factors were systematically varied,
including glucose concentration, nitrogen source, initial pH, and incubation time. The optimal
conditions identified were 15 g/L glucose as the carbon source, ammonium sulfate as the nitrogen
source, an initial pH of 5.0, and incubation under shaking conditions at 150 rpm at room temperature
for 120 hours. Under these optimized conditions, the highest biomass (dry cell weight) and
carotenoid production were 4.26 + 0.03 g/L and 41.98 + 0.93 pug/g wet weight, respectively.
Additionally, glucose consumption reached 13.36 + 0.11 g/L. These results suggest that
R. mucilaginosa SMY40 exhibits strong potential for industrial-scale carotenoid production under
economically viable conditions. The high efficiency of conversion and stability of pigment synthesis
under moderate culture conditions highlight its applicability for future development in microbial

pigment biotechnology.

Keywords: Rhodotorula mucilaginosa, Carotenoid, Optimization, Mangrove sediment
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Introduction

Carotenoids are pigments found in animals,
plants, and microorganisms, exhibiting a color
range from yellow to red. They are classified
into two major groups: the carotene group, which
includes B—carotene, Ql-carotene, and lycopene,
and the xanthophyll group, which comprises
astaxanthin, B—cryptoxanthin, canthaxanthin,
capsanthin, fucoxanthin, lutein, and zeaxanthin'.
Carotenoids possess antioxidant, anticancer,
and therapeutic properties. Additionally, they
serve as precursors for vitamin A (provitamin A)Z.
Due to these properties, carotenoids are widely
utilized as food colorants and food additives in
various industries, including food production,
medicine, pharmaceuticals, cosmetics, and animal
feed. Consequently, the industrial demand for
carotenoids has significantly increased.

Microorganisms have emerged as an
important alternative source for carotenoid
production, offering advantages such as lower
space requirements for cultivation, scalable
production capacity, rapid biosynthesis within
a limited time frame, and ease of optimizing
culture conditions to maximize yield compared
to plant-derived carotenoids’. Carotenoid-
producing microorganisms include filamentous
fungi, yeasts, certain bacterial species, algae,
and lichens. Some microbial species have

already been commercialized for carotenoid

o o
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production, such as the alga Dunaliella sp. and
the yeasts Phaffia rhodozyma and Rhodotorula
g/ut/n/sZ.

Yeasts are promising microorganisms
for carotenoid production. Carotenogenic
yeasts, capable of synthesizing carotenoids,
belong to various genera, including Rhodotorula,
Sporobolomyces, Rhodosporium, and Cryptococcus.
Among them, Rhodoforula sp. has been
reported to produce B-carotene at levels
reaching up to 70% of the total carotenoid
content’. Gupta et al.” highlighted that
carotenoids such as B—carotene, lycopene,
and astaxanthin derived from yeasts have been
commercialized as dietary supplements.

Rhodotorula mucilaginosa is classified
as a highly carotenoid-producing yeast species,
commonly found in both aquatic and terrestrial
environments. The major carotenoids produced
by R. mucilaginosa include B-carotene,
torulene, and torularhodin®. The composition
and vyield of carotenoids synthesized by R.
mucilaginosa are influenced by environmental
and cultivation conditions’. Rodrigues et al.’
reported that R. mucilaginosa can utilize
diverse carbon sources, including agricultural
and industrial waste such as rice-steaming
wastewater, crude glycerol, sugarcane
molasses, and corn molasses. Understanding

the factors influencing carotenoid biosynthesis
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in R. mucilaginosa is essential for optimizing
large-scale production. Culture conditions such
as carbon source, nitrogen source, pH,
temperature, and oxygen availability significantly
affect both the yield and composition of
carotenoids’. Among these factors, the choice
of carbon source plays a critical role, as it
provides not only energy but also carbon
skeletons for carotenoid synthesisg. Similarly,
the nitrogen source influences primary
metabolism and can act as a regulatory factor
for secondary metabolite production. Inorganic
nitrogen sources such as ammonium sulfate
have been reported to support higher
carotenoid yields compared to organic
sources, likely due to their influence on
intracellular C:N balance and the regulation of
biosynthetic gene expression'®. The initial pH
of the culture medium also modulates enzyme
activity and membrane transport systems. R.
mucilaginosa  typically  exhibits  optimal
carotenoid production under mildly acidic
conditions, particularly at pH 5.0, which
supports favorable redox balance and precursor
availability”. Furthermore, temperature and
oxygen availability are essential for maintaining
cellular respiration and redox balance.
Carotenoid  biosynthesis is an oxygen-
dependent process that involves several

oxidative enzymes; thus, aerobic conditions
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are critical. Agitation and sufficient aeration
enhance oxygen transfer and improve
carotenoid yieldsm. Several studies have
reported optimal conditions for carotenoid
production by Rhodotorula mucilaginosa. For
instance, Sharma and Ghoshal'® demonstrated
that R. mucilaginosa (MTCC-1403) possesses
high carotenoid-producing potential when
cultivated on agro-industrial waste substrates
such as onion peels, potato peels, green gram
husks, and pea pods. The optimal cultivation
conditions for growth and carotenoid synthesis
were determined to be at pH 6.1, a temperature
of 25.8 °C, and an agitation speed of 119.6
rom. Similarly, Rodriguez et al." identified that
the highest carotenoid production by
R. mucilaginosa was achieved when cultured
on artichoke agro-industrial waste at pH 5.0,
30 °C, 120 rpm, and an incubation time of
72 hours. In another study, Elasanhoty et al.”
reported that R. mucilaginosa exhibited
efficient growth and carotenoid production
when cultivated in a synthetic medium
containing glucose as the carbon source and
peptone as the nitrogen source, under
conditions of pH 6.0 and a temperature of
28 °C. Therefore, the findings from this study
can be applied to the design of industrial-scale
carotenoid production processes and may

contribute to the development of environmentally
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friendly bioprocesses using low-cost alternative
raw materials, such as agricultural waste. This
approach could help reduce production costs
and enhance the competitiveness of bio-based
carotenoids in the global market. Given the
potential of R. mucilaginosa as a carotenoid
producer, this study aimed to determine
the optimal cultivation conditions for R.
mucilaginosa isolated from mangrove sediment
in Chonburi province, Thailand. This particular
isolate was selected for investigation because
it was previously obtained from sediment
samples and preserved in the laboratory
culture collection. Preliminary studies indicated
that this strain exhibits notable potential for lipid
accumulation, suggesting its applicability for
carotenoid and bio-based compound production
under optimized cultivation conditions.
The results obtained from this research will
serve as a fundamental basis for the
development of alternative yeast-derived
carotenoid production and the industrial-scale

application of R. mucilaginosa in carotenoid

biosynthesis.

Methods

1. Yeast and starter preparation

The vyeast Rhodotorula mucilaginosa
SMY40 was isolated from mangrove sediment

collected in Bang Sai subdistrict, Mueang
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Chonburi district, Chonburi province, Thailand.
The isolate was maintained on slant YPD (Yeast
extract-Peptone-Dextrose) agar at 4 °C.
A single loopful of the yeast colony was
inoculated into 50 mL of liquid YPD medium
contained in a 250-mL Erlenmeyer flask and
incubated at room temperature (approximately
28-30 °C) for 48 hours in a rotary shaker at
150 rpm .

2. Optimization of growth and carotenoid
production

A 5-mL aliquot of the seed culture (10%
v/v) was inoculated into 45 mL of production
medium in a 250-mL Erlenmeyer flask. The
medium contained the following components
(per liter): glucose, 15 g; yeast extract, 2 g;
malt extract, 1 g; ammonium sulfate [(NH,),SO,],
1g; potassium phosphate (KH,PO,), 1g; and
magnesium sulfate heptahydrate (MgSO,7H,0),
0.25 gz. Subsequently, the carbon source was
varied by replacing glucose with sucrose and
xylose, and the concentration of each carbon
source was adjusted to five levels: 10, 15, 20,
25, and 30 g/L. The nitrogen source was also
modified by replacing ammonium sulfate with
alternative  nitrogen  sources  including
ammonium chloride (NH,CI), urea (CH,N,O),
and potassium nitrate (KNO,). The initial pH of
the medium was adjusted to 3.0, 5.0, 7.0, and

9.0. Additionally, the cultivation time was varied
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at 96, 120, 144, and 168 hours. Cultivation was
conducted under agitation at 150 rpm at room
temperature. Yeast growth was monitored
every 24 hours by measuring the optical
density at 600 nm (OD,,,). The residual sugar
concentration was analyzed, and the cells were
harvested to determine dry biomass and

carotenoid content produced by the yeast. The

Y)OS

X.
5

YP/X
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conversion factors determined as the amount
of biomass produced per unit weight of
substrate consumed (Y,,), the amount of
carotenoids produced per unit of dry weight of
cells (Y,,), and the amount of carotenoids
produced per unit weight of substrate
consumed (Y,s), were calculated using the

following equations:

p
E; Yes

U |

where: Y = conversion factor; X = biomass (g/L); S = substrate (glucose)(g/L); P = product

(carotenoid)(ug/g).

3. Analysis

The supernatant obtained after yeast
cell separation was analyzed for residual
sugar content using the 3,5-dinitrosalicylic
acid (DNS) method'’. The absorbance was
measured at a wavelength of 540 nm (OD,, )
(U-2900, Hitachi) and the residual reducing
sugar concentration was calculated by
comparing the absorbance values to a standard
glucose calibration curve'®. A 10-mL aliquot of
yeast cell suspension was centrifuged
(Centrifuge 5804 R, Eppendorf) at 6,000 rpm
for 20 minutes at 4 °C. The resulting cell pellet
was washed three times with sterile distilled

water. The washed cell pellet was resuspended

in sterile distilled water and transferred to a pre-
weighed evaporation dish. The dish was dried
(UNE — Memmert) at 80 °C until a constant
weight was achieved. The dry weight of the
yeast biomass was recorded and used to
calculate the dry biomass yield18. A 30-mL
sample of vyeast cell suspension was
centrifuged at 6,000 rom for 20 minutes at
4 °C. The supernatant was discarded, and the
cell pellet was washed three times with sterile
distilled water. The wet weight of the yeast cell
pellet was recorded prior to carotenoid
extraction. Carotenoids were extracted using
a slightly modified method of Passorn et al."

The extraction was carried out by mixing

PBRU Science Journal
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(Vortex Mixer Gienie, Scientific Industries) the
cell pellet with a solution consisting of
petroleum ether, 1 M sodium chloride, and
acetone in a 1:1:1 (v/v/v) ratio in an amber
bottle. Cell disruption was performed using a
sonicator bath (Elmasnic S60/H, Elma)
operating at 50/60 Hz for 30 minutes. The
mixture was subsequently centrifuged at

4,000 rpm for 5 minutes. The upper orange-

Carotenoid (ug/g) =
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colored layer (petroleum ether phase) was
collected, and its absorbance was measured
at 474 nm. Carotenoid content was quantified
using an extinction coefficient (E,%/1 cm) of
2,100, corresponding to astaxanthin in
petroleum ether at a concentration of
1% (w/v). The results were recorded and used
to calculate the total carotenoid content as

equation;

(Volume of Petroleum ether)(A474)(10,000)

All experiments were performed in
three replicates, and all data were analyzed
statistically using the mean, standard deviation
(SD), one-way ANOVA, and Tukey HSD tests

by Minitab for Windows, version 18.

Results and Discussion

1. Optimal carbon sources for growth
and carotenoid production of R. mucilaginosa
SMY40

R. mucilaginosa SMY40 exhibited the
highest biomass production and carotenoid
accumulation when cultivated with glucose as
the sole carbon source (Table 1). The biomass
yield and carotenoid content obtained were
4.21 +0.12 g/L and 40.24 + 0.81 pg/g wet weight,

respectively. These values were significantly

(2100)(dry biomass)

higher (P < 0.05) than those obtained with
maltose (2.87 +0.15 g/L; 28.13 +0.78 ug/g
wet weight) and xylose (1.39 + 0.13 g/L;
11.48 £ 0.96 uyg/g wet weight). Glucose
consumption was also the highest at
13.33+0.26 g/L, followed by maltose
(9.52 + 0.56 g/L) and xylose (5.12 + 0.69 g/L).
Regarding conversion efficiencies, the
maximum biomass yield per gram of sugar
consumed (Y,,) was observed in the glucose-
treated group (0.32 g/g sugar), while maltose
and xylose yielded 0.30 and 0.27 g/g sugar,
respectively. Similarly, glucose supported the
highest carotenoid yield per biomass (Y,,)
and per sugar consumed (Y,), with values of
9.56 pg/g biomass and 3.02 pg/g sugar,

respectively.
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Table 1. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y, Yy, and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different carbon sources.

Carbon Biomass Carotenoid Sugar Yys Yex Yess

source (g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) (g/L) biomass)

Glucose 421+0.12° 40.24 +0.81° 13.33 + 0.26° 0.32 9.56 3.02

Maltose 2.87+0.15° 2813+0.78°  9.52 + 0.56" 0.30 9.80 2.96

Xylose 1.39+0.13°  11.48 + 0.96° 512 + 0.69" 0.27 8.29 2.26

Data presented as mean value + standard deviation (n = 3).

Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’s HSD).

The results clearly demonstrate that
R. mucilaginosa SMY40 responds differentially to
various carbon sources in terms of both

growth performance and carotenoid

biosynthesis. Glucose was the most efficient
carbon source, promoting the highest
biomass and carotenoid production. These
findings are in agreement with previous
studies indicating that glucose is readily
assimilated by yeasts through facilitated

diffusion and is directly channeled into
glycolysis, enabling rapid energy generation
and precursor supply for biomass formation
and secondary metabolite synthesis’ . In
contrast, maltose must first be hydrolyzed by
maltase, metabolic

and xylose requires

conversion via the pentose phosphate
pathway, both of which are relatively less
efficient and energy-intensive processes' °
This may account for the comparatively lower

biomass and pigment production observed

with these carbon sources. The highest
conversion efficiencies (Y, Yoy and Yp)
recorded in the glucose condition reflect
superior metabolic efficiency in converting
available substrate into cellular biomass and
carotenoids. A high Y,s value specifically
suggests that glucose was effectively utilized
for carotenoid biosynthesis, which proceeds
via the mevalonate pathway requiring acetyl-
CoA and NADPH as key intermediates
generated through glycolysis and the pentose
phosphate pathwayw. These results align with
Maldonade et al.” reported enhanced
carotenoid production in Rhodotorula species
grown on simple sugar as glucose. The
findings highlight the potential of R.
mucilaginosa SMY40 for efficient carotenoid
production using glucose-based media, offering
promising implications for biotechnological

and industrial applications.
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2. Optimal carbon source
concentrations for growth and carotenoid
production of R. mucilaginosa SMY40

The influence of varying carbon source
concentrations on biomass production,
carotenoid  production, and conversion
efficiencies by R. mucilaginosa SMY40 is
summarized in Table 2. The results indicate
that increasing carbon concentrations from 10
to 25 g/L led to a corresponding increase in
biomass yield, peaking at 25 g/L with a value
of 4.41 +£0.14 g/L. However, no statistically
significant difference (P > 0.05) was observed
between biomass levels at 15, 20, 25, and
30 g/L concentrations. The highest carotenoid

content was obtained at 15, 20 and 25 g/L,
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with values of 42.51 + 0.46 42.50 + 1.11 and
42.91 £ 1.03 pg/g wet weight, respectively,
which  were not significantly different
(P > 0.05). Sugar consumption increased with
higher initial carbon concentrations, reaching
a maximum of 14.46 £+0.46 g/L at 20 g/L
substrate. However, the biomass yield per
sugar consumed (Y, decreased from
0.39g/g at 10g/L to 0.30 g/g at 30 g/L,
indicating reduced conversion efficiency at
higher substrate concentrations. Similarly, the
carotenoid yield per sugar consumed (Y,)
decreased from 3.88 to 3.01 pg/g sugar,
although the carotenoid yield per biomass
(Y,,) remained relatively stable, with a slightly

increased at 15 g/L glucose as 10.03.

Table 2. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y, Y., and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different carbon source concentrations.

PBRU SCIENCE JOURNAL 20

Carbon Biomass Carotenoid Sugar Yys Yex Yess
source (g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
concentration weight) biomass)

10 3.65+0.11° 36.24 +0.82° 9.35+0.26" 0.39 9.93 3.88

15 424 +0.10% 4251+ 0.46° 13.51 + 0.16° 0.31 10.03 3.15

20 429 +0.14% 4250+ 1.11° 13.90 + 0.15° 0.31 9.91 3.06

25 430 +0.14% 4230 + 1.03° 13.48 + 0.25° 0.32 9.83 3.14

30 4.10+0.06° 40.80 + 0.98" 13.55 + 0.38° 0.30 9.95 3.02

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The data suggest that moderate carbon
concentrations  enhance  both  biomass
production and carotenoid biosynthesis in R.
mucilaginosa SMY40, with optimal values
observed at 15-25 g/L. At lower concentrations
(10 g/L), limited substrate availability may have
constrained growth and metabolite synthesis,
while excessive sugar levels (30 g/L) appeared
to inhibit growth and reduce conversion
efficiency. While Machado et al. (2019)%
reported the optimum glucose concentration
for carotenoid production by R. mucilaginosa
URM 7409 was 30 g/L. This phenomenon is
commonly attributed to substrate inhibition,
osmotic stress, or repression of metabolic
pathways at high sugar concentrations’ . The
decline in Y,q and Y,q values at elevated
carbon concentrations indicates that not all
available sugar was effectively converted into
biomass or pigments. These findings are
consistent with previous studies that reported
reduced metabolic efficiency in yeast cultures

2122 .
. It is also

under high substrate conditions
plausible that carbon overflow metabolism or
the accumulation of inhibitory by-products may
have played a role, as observed in other
oleaginous and pigment-producing yeasts2 °
Interestingly, the carotenoid content per unit
biomass (Y,,) remained stable across most
concentrations, suggesting that once a
threshold level of biomass is achieved,
carotenoid  biosynthesis proceeds at a

relatively consistent rate, possibly due to
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constitutive or carbon-responsive regulation of
carotenogenic genes2 . This supports the
suitability of glucose concentrations as 15 g/L
for maximizing both pigment yield and process
efficiency.

3. Optimal nitrogen sources on the growth
and carotenoid production of R. mucilaginosa
SMY40

The effect of different nitrogen sources
on biomass yield, carotenoid production, sugar
consumption, and conversion efficiencies of
R. mucilaginosa SMY40 is presented in Table
3. Among the nitrogen sources tested,
(NH,),SO, resulted in the highest biomass
concentration (4.28 +0.13 g/L), followed by
KNO,, urea, and NH,CIl. However, statistical
analysis revealed no significant difference
(P>0.05) between the biomass yields from
(NH,),SO,, KNO,, and wurea. Carotenoid
production was also highest with (NH,),SO,
(42.36 + 0.89 ug/g wet weight), whereas urea
yielded the lowest value (39.75 + 0.90 ug/g wet
weight). The highest carotenoid yield per
biomass (Y,,) was observed in the (NH,),SO,
treatment (9.90 pg/g), while Y, was highest for
NH,Cl as well (3.34 ug/g sugar consumed), despite
its lower sugar consumption (11.68 + 0.63 g/L)
compared to (NH,),SO,. Interestingly, the
sugar-to-biomass conversion efficiency (Y,)
was comparable among all nitrogen sources,
ranging from 0.32 to 0.34 g/g sugar, with
NH,Cl yielding the highest efficiency.

PBRU Science Journal
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Table 3. Biomass yield, carotenoid production, sugar consumption and effect of medium composition
on the conversion factors (Y, Y,y and Y,), biomass and carotenoids productivities of

R. mucilagonosa SM40 cultivated with different nitrogen sources.

Nitrogen Biomass Carotenoid Sugar Yys Yex Yess
source (g/L) (g/g wet consumed (g/g (ug/g (ug/g sugar)
weight) (g/L) sugar) biomass)

(NH,),SO, 4.28+0.13° 42.36 +0.89"  13.35+0.32° 0.32 9.90 3.18
NH,CI 3.96+0.10°  3895+0.76  11.68 +0.63" 0.34 9.84 3.34
KNO, 415+0.08"  41.04+064® 13.08 +0.29° 0.32 9.89 3.14
Urea 4.04+0.05"  39.75+0.90° 12.25+0.30% 0.33 9.83 3.25

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’s HSD).

The findings indicate that nitrogen metabolic shifts have been observed in

source type significantly influences both Rhodotorula species, where nitrogen limitation
biomass production and carotenoid or specific nitrogen types can trigger
production in R. mucilaginosa SMY40. oxidative stress or alter carbon flux
(NH,),S0, promoted the highest biomass and distribution, thereby enhancing pigment
carotenoid content, consistent with previous production9. The use of KNO, and urea also
studies reporting enhanced growth of supported moderate biomass and carotenoid

oleaginous yeasts when utilizing inorganic production. Nitrate assimilation requires

ammonium salts®”. This is likely due to the
rapid assimilation of ammonium ions via the
glutamine synthetase—glutamate synthase
pathway, supporting both primary metabolism
and secondary metabolite synthesis. Although
NH,CI produced lower biomass compared to
(NH,),S0O,, it exhibited the highest carotenoid
yield per biomass and per sugar consumed,
suggesting an elevated flux towards
carotenoid biosynthesis under this nitrogen

condition. Similar nitrogen-dependent

energy and reductants, which may reduce the
resources available for pigment synthesis.
Meanwhile, urea, despite being a cost-
effective nitrogen source, resulted in the
lowest carotenoid content, possibly due to
delayed urease activity or suboptimal nitrogen
release kinetics™. Overall, the results suggest
that ammonium-based nitrogen sources,
particularly (NH,),SO, and NH,CI, are more
favorable for both biomass growth and

carotenoid production. However, the choice

PBRU Science Journal
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between them should consider the intended
application,  (NH,),SO, for  maximizing
biomass or NH,CI for maximizing pigment yield
efficiency. Based on the findings of this study,
(NH,),SO, was identified as the optimal nitrogen
source and was therefore employed in
subsequent experimental phases to further
enhance carotenoid biosynthesis by R.
mucilaginosa SMY40.

4. Optimal initial pH of the culture medium
on the growth and carotenoid production of R.
mucilaginosa SMY40

The effect of initial pH on the growth,
carotenoid production, sugar utilization, and
conversion efficiencies of R. mucilaginosa
SMY40 is presented in Table 4. Among the
tested pH values, an initial pH of 5.0 supported

7A Uil 22 atuil 2 nangrAu-sunau 2568
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(428+0.85g/L) and carotenoid content
(42.20 £ 0.19 yg/g wet weight), which were
significantly higher than those obtained at more
acidic (pH 3.0) or more alkaline (pH 7.0 and 9.0)
conditions (P < 0.05). The yeast cultivated at pH
5.0 also exhibited the highest sugar
consumption (13.40 £ 0.42 g/L), while the lowest
sugar consumption and biomass were observed
at pH 9.0 (7.93+0.64 g/L and 2.23+0.24 g/L,
respectively). Although the carotenoid content
(ug/g wet weight) was highest at pH 5.0, the
highest  carotenoid vield per biomass
(Yo =9.86 pg/g) was recorded at pH 5.0,
followed closely by pH 3.0 (9.86 ug/g).
The carotenoid vyield per sugar consumed
(YP/S) was highest at both pH 3.0 and 7.0

(3.38 pg/g sugar), despite their lower absolute
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the highest biomass concentration

carotenoid content.

Table 4. Biomass yield, carotenoid production, sugar consumption and effect of medium composition
on the conversion factors (Y, Ysx and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different initial pH of the culture medium.

Initial pH Biomass Carotenoid Sugar Yys Yex Yess
(g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) (g/L) biomass)
pH 3.0 3.92 +0.05° 3836+1.01° 11.33+0.65" 0.37 9.80 3.38
pH 5.0 4.28 +0.85° 42.20 + 0.19° 13.40 + 0.42° 0.32 9.86 3.15
pH 7.0 3.52+0.10° 3537+1.35° 1050+ 041° 0.35 9.76 3.38
pH 9.0 223+0.24° 2037+1.18°  7.93+0.64° 0.28 9.21 2.81

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The initial pH of the culture medium
exhibited a significant influence on both
biomass yield and carotenoid production by
R. mucilaginosa SMY40. Among the tested
pH values (3.0, 5.0, 7.0, and 9.0), pH 5.0 was
found to be optimal for cell growth and
pigment biosynthesis, yielding the highest
biomass (4.28 + 0.85 g/L) and carotenoid
content (42.20 = 0.19 ug/g wet weight). This
observation is in agreement with previous
studies that demonstrated the favorable
impact of slightly acidic conditions on
carotenoid  biosynthesis in  Rhodotorula
species”™. The efficient sugar utilization at pH
5.0 (13.40 + 0.42 g/L) also suggests that this
condition supports enhanced metabolic
activity and carbon flux toward biomass and
carotenoid biosynthesis pathways. At lower
and neutral pH values (3.0 and 7.0), although
moderate biomass (3.92 + 0.05 and 3.52 +
0.10 g/L, respectively) and carotenoid levels
(38.36 + 1.01 and 35.37 + 1.35 pg/g,
respectively) were observed, these were
significantly lower than those achieved at pH
5.0. Interestingly, pH 3.0 and 7.0 both
resulted in a similar carotenoid yield per gram
of sugar consumed (Y, = 3.38 pg/g sugar),
indicating relatively stable pigment
productivity despite varying growth levels.

These results may reflect cellular mechanisms
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aimed at maintaining carotenoid levels under
moderate stress conditions induced by
suboptimal pH. At alkaline pH (9.0), a marked
decrease in both biomass (2.23 + 0.24 g/L)
and carotenoid production (22.07 + 1.67
Kg/g) was evident, indicating that such basic
conditions likely imposed stress on the cells,
impairing metabolic activity and pigment
biosynthesis. This finding is consistent with
previous reports showing that extreme pH
levels negatively affect membrane integrity
and enzyme function in vyeasts, thereby
reducing growth and metabolite production25.
Overall, the findings from this study reinforce
the importance of pH optimization in
enhancing microbial pigment production. The
results confirm that an initial pH of 5.0
provides the most favorable environment for
R. mucilaginosa SMY40, supporting both
efficient biomass accumulation and
carotenoid biosynthesis. This finding is
consistent with the study by Rodriguez et

14
al.

, who reported that pH 5.0 was optimal for
carotenoid production by R. mucilaginosa
when cultivated on artichoke agro-industrial
waste, serving as a cost-effective carbon
source.

5. Optimal cultivation time on the

growth and carotenoid production  of

R. mucilaginosa SMY40
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The influence of cultivation time on
biomass yield, carotenoid production, sugar
consumption, and associated conversion
efficiencies of R. mucilaginosa SMY40 is
summarized in Table 5. The biomass
concentration reached its peak at 120 hours
of cultivation (4.29 + 0.02 g/L), which was
statistically higher than that observed at 96
hours (3.90 + 0.14 g/L) and comparable to
values obtained at 144 hours (4.22 + 0.12 g/L)
and 168 hours (4.10 = 0.06 g/L). Carotenoid
content also increased with time, reaching a
maximum at 144 hours (42.62 + 0.41 pg/g wet
weight), although this value was not
significantly different from those obtained at
120 hours (42.58 + 0.74 pg/g) and 168 hours
(42.42 £ 0.95 pg/g). The shortest cultivation

period (96 hours) resulted in significantly
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lower carotenoid content (40.02 + 0.51 ug/g;
P < 0.05). Sugar consumption showed a
gradual increase with cultivation time, from
11.98 + 0.80 g/L at 96 hours to
13.57 £ 0.19 g/L at 168 hours. Conversion
efficiency values revealed that the biomass
yield per gram of sugar consumed (Y,,) was
highest and identical at 96 and 120 hours
(0.33 g/g), then slightly decreased at 144
hours (0.32 g/g) and drastically dropped at
168 hours (0.20 g/g). Although the carotenoid
yield per biomass (Y,,) remained relatively
stable across all time points, peaking slightly
at 96 hours (10.38 ug/qg), the carotenoid yield
per sugar consumed (Y ) was also highest at
96 hours (3.39 ug/g), with a gradual decrease

observed in later time points.

Table 5. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y,,, Y,y and Y,), biomass and carotenoids productivities of

R. mucilagonosa SM40 cultivated with different times.

Time Biomass Carotenoid Yys Yex Yess
(g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) biomass)
9 3.90 +0.14°  40.02+0.51°  11.98 +0.80° 0.33 10.38 3.39
120 4.29 + 0.02° 4258 + 0.74° 13.20 + 0.22° 0.33 9.93 3.23
144 422 +0.12° 42.62 + 0.41° 13.34 + 0.71° 0.32 10.11 3.20
168 4.10 + 0.06™ 42.42 + 0.95° 13.57 + 0.19° 0.20 10.35 3.13

Data presented as mean value + standard deviation (n = 3).

Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The duration of fermentation plays a
crucial role in determining the balance
between microbial growth, substrate
consumption, and secondary metabolite
accumulation, including carotenoids. The
present findings indicate that R. mucilaginosa
SMY40 achieved maximum biomass and
carotenoid content at approximately 120-144
hours of cultivation, which is consistent with the
typical stationary phase onset reported in other
studies of carotenoid-producing yeastszz. The
significant increase in carotenoid content from
96 to 120 hours suggests active pigment
biosynthesis during the late exponential phase,
which then plateaued through 144 and 168
hours. This stabilization phase is commonly
observed in yeast fermentation systems where
secondary metabolite production continues
even after biomass accumulation slows’.
Interestingly, the highest carotenoid yield per
sugar consumed (Y,s=3.39 ug/g) and per
biomass (Y,,= 10.38 pg/g) were obtained at
96 hours. This suggests that shorter fermentation
periods may favor efficient conversion of
carbon sources into carotenoids, possibly due
to metabolic prioritization toward secondary
metabolism under limited biomass expansion.
However, the total carotenoid productivity was
lower at 96 hours due to reduced biomass

formation, making longer cultivation durations

o o

Uil 22 atiufl 2 nsnge-Sunmy 2568

more favorable for maximizing volumetric yield.
The drastic decline in Y, to 0.20 g/g at 168
hours indicates a decoupling between sugar
consumption and biomass formation, potentially
due to increased maintenance energy
requirements, nutrient depletion, or cellular
aging, as noted in prolonged yeast cultivations.
Therefore, although extended fermentation
may sustain carotenoid levels, it is not
economically favorable due to reduced
conversion efficiencies™. A cultivation period
between 120 and 144 hours appears optimal
for achieving a balance between biomass
yield, carotenoid concentration, and conversion

. , . 13,14
efficiency of R. mucilaginosa

. Beyond this
period, the benefits in pigment accumulation

diminish, and process efficiency declines.

Conclusions

This study identified the optimal
cultivation conditions for maximizing the
biomass and total carotenoid vyield of R.
mucilaginosa SMY40, a promising carotenoid-
producing yeast. Among the tested
conditions, the highest productivity was
observed when the yeast was cultured in a
synthetic medium containing 15 g/L glucose
as the carbon source and ammonium sulfate
as the nitrogen source, at an initial pH of 5.0.
The cultivation was conducted at room

temperature under shaking conditions
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(150 rpm) for 120 hours. Under these
optimized parameters, the maximum dry cell
weight reached 4.26 + 0.03 g/L, with a total
carotenoid content of 41.98 + 0.93 ug/g
wet weight and glucose consumption of
13.36 = 0.11 g/L. These findings suggest that
a slightly acidic pH environment facilitates
optimal metabolic activity and carotenoid
biosynthesis in R. mucilaginosa SMY40, likely
by enhancing the enzymatic efficiency within
the mevalonate pathway. The high vyield
achieved under relatively simple and cost-
effective culture conditions highlights the
potential of this strain for biotechnological
applications, particularly in the production of
natural pigments for use in the food, cosmetic,

and pharmaceutical industries.
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Abstract

The experiment on organophosphate and carbamate has been conducted since 2022,
therefore the yearly experiment has been done to observe the situation of pesticide residue in
vegetables. Vegetables around Thailand have been used the organophosphate and carbamate as
pesticides. Organophosphate and carbamate are inhibitors of acetylcholinesterase, an enzyme
critical to the control of nerve impulse transmission from one cell to another. The LD,
of organophosphate and carbamate is 5 — 500 mg/kg. This investigation was performed on 10 kinds
of vegetables found mostly in markets such as parsley, Chinese kale, cabbage, Chinese cabbage,
water morning glory, carrot, lettuce, cowpea, tomato, and cucumber which were purchased in 2022,
2023 and 2024. They all were tested using the GT-Test Kit. The study found the combination
of organophosphate and carbamate in morning glory was still over the maximum residue limits

(MRLs) issued by the Thai Food and Drug Administration, issue number 288 (year 2005).

Keywords: Vegetables, Pesticide, Organophosphate, Carbamate, testkit

Introduction

The number of poisonings from
pesticides in Thailand is increasing1. A recent
study has revealed that organophosphate and
carbamate insecticides are the primary
culprits behind poisoning cases in Thailand’.

Pesticide use in agriculture plays a crucial

role in boosting crop yields. However, the
overuse of these chemicals can cause
significant harm to the environment and
human health. One major concern is the
impact on the enzyme acetylcholinesterase
(AChE), which is vital for breaking down the

neurotransmitter acetylcholine in our nervous
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system. The inhibition of AChE can lead to
serious health issues, underscoring the need
for careful management of pesticide
applications Organophosphate  and
carbamate pesticides enter the body through
ingestion, inhalation, and through the skin.
Toxic will be in the same direction which is the
toxicity depends on the rate of transformation
of toxins in the body by liver hydrolysis.
Both groups of pesticides were highly
acutely toxic by inhibiting the activity of
acetylcholinesterase. The enzyme AChE is
responsible for the breakdown of the
neurotransmitter acetylcholine. The function of
controlling nerve impulses is choline and
acetic acid, causing the accumulation of
acetyl. Colin on nerve endings resulting in
acute poisoning. This can cause severe nerve
endings and death ‘. The initial symptoms
found were Nausea, vomiting, golden streaks,
lacrimation, sweating, iris constriction, urinary
incontinence, urinary incontinence,
bronchospasm muscle spasms and have a lot
of phlegm ‘

Organophosphate  pesticides  are
classified as esters of phosphoric acid.
Examples of substances in this group include
monocrotophos, mevinphos, chlorpyrifos,
dimethoate, dicrotophos, parathion-methyl

and parathion °. Carbamates are a synthetic
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group of organic compounds represented by
the -O-CO-NH- functional group and the
variations of carbamates are classified by the
differences in substituent groups on the
O terminal and N terminal. The variation of
carbamates can significantly influence their
biological activity and toxicity. Some common
examples of carbamates include carbaryl,
methomyl, and propoxur, each exhibiting
different effects on target organisms and
varying degrees of environmental persistence.
Its application is used as an ingredient in
various products for both domestic and
industrial use and insecticides such as
methomyl, carbofuran, carbaryl and
methiocarb. for the decomposition of both
pesticides, they have different period.
Organophosphate pesticides decompose
rapidly within a few weeks. Carbamate
decomposes up to 50 weeks in the soil*.
However, if pesticides are used more than
needs and use in conditions where the soil
nature is not balanced will result in a more
stable group of pesticides and a higher
half-life than used. These result in the excess
formation of residues. Eliminate pests that
exceed the acceptable Maximum Residue
Limits (MRLs).

The determination of organophosphates

and carbamate can be done using GT test
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kits for quick, easy, and fast results. There are
reports that the test kits had been used and
the results showed that the test kits gave
different  results depending on the
organophosphate and carbamate. However,
no significant difference was found. But the
sensitivity and accuracy of each test set
were significantly different " In Thailand, the
detection of organophosphates and carbamates
had been conducted using the GT test kit 89,
The principle of this test is that inhibition
of the enzyme cholinesterase (cholinesterase
inhibition technique) by organophosphate and
carbamates groups will inhibit the activity of
the enzyme choline esterase. These prevents
the enzyme from hydrolyzing acetylcholine.
The remaining acetylcholine is indicated
by the intensity of the resulting color. In the
assay, when the sample contains large
amounts of organophosphate and carbamate
residues, the test will result in inhibition of the
enzyme choline esterase as well, therefore,
the residual amount of acetylcholine and the
resulting color are dark accordingly .

In a previous study *9 samples of 10
vegetables sold at large wet markets and
department stores in 2014 and 2021 found
that the contamination of organophosphate
and carbamate pesticides in coriander, kale,
and cucumber. The amount of contamination

is at a safe level. In addition, it was found that
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in the dry season, the amount of pesticide
contaminants was higher than in other
seasons’. In 2019, it was reported that roughly
41.3% of fresh fruits and vegetables available
in supermarkets and markets contained
pesticide residues exceeding permissible
levels '°. According to the information of the
pesticide warning network, it was found that
the results of the fruit and vegetable
inspection for the year 2020 were from
samples. Samples of 509 in total across the
country found 58. 7% contain pesticide
residues beyond the standard and the types
of vegetables found to have excess residues
are small tomatoes, chili, celery, and kale ",
Based on the pesticide’'s contamination
problem, the researchers realize the
importance of monitoring the contamination of
the disposal agent.

Leading to the experiments in this
study that surveyed the residues of this group
of pesticides from market Y in September of
the years 2021-2024. The objective of this
research was to update the determination of
organophosphate and carbamate pesticides
in vegetables commonly consumed from local
store and to compared with previous studies

using the test kits.

Materials and Methods

PBRU Science Journal
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To monitor and compare contamination
data of organophosphate and carbamate
pesticides in popular vegetables, therefore,
the same vegetables were randomly sampled
as the previous experiment ® Based on
the research in 2014 ° the results found
that the contamination of organo-carbamate
and organo-phosphate was mostly found in
September of the year, so the samples were
collected in September 2021 ®, September
2022 (this report), September 2023 (this
report) and September 2024 (this report).
They were from the same source at each
market which is Market Y in Bangkan Province
of Bangkok, Thailand. The 10 vegetables
that were randomly sampled from market
Y were cilantro, lettuce, morning glory,
Chinese cabbage, kale, cucumber, tomato,
carrot, cabbage, and long beans.

The samples were purchased
randomly from market Y and divided into three
samples of each vegetable. Each sample had
been done in ftriplicate. Then, samples are
extracted immediately in the laboratory
by grinding. A random sample that has been

crushed and weighs 5 g in each test gives the

Uil 22 atuil 2 nangrAu-sunau 2568

total of each vegetable at 9 tests (total of
n=90 tests/year). Then, vegetable samples
were extracted with dichloromethane and 5%
ethanol then the dichloromethane were
evaporated using a nitrogen evaporator until
approximately 1 mL of sample extract
remained. The extracts were subsequently
tested with the GT test kit. Perform the
experiments as described in the test Kit
document with positive and negative control
(Table 1, Figure 1). The temperature of the
water bath has been monitored using a Fluke
Thermocouple thermometer at 36 + 2 °C. After
adding all the test chemicals, read the results
by comparing the color of the sample with the
color of the control tubes. Colors more intense
than or equal to the positive tube will interpret
that residues were found at unsafe levels
using the symbol (++). If the color intensity
is less than the positive control, but less than
the negative control interpreted as the residue
was found to be at a safe level using
the symbol (+). If the color intensity is less
than or equal to the negative control means
no organophosphate and carbamate residues

were detected using the symbol (-).
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Table 1. Direction in adding each solution for the GT test kit.

Negative control Positive control sample Post adding reagent
5% ethanol 0.25 ml 0.25 ml - -
Sample extract - - 0.25 ml -
GT-1 0.5 ml 0.5 ml 0.5 ml In a water bath 5-10 mins
GT-2 - 0.25 ml 0.25 ml In a water bath 30 mins
GT-3 1ml 1Tml 1ml Perform in a water bath
GT-4 0.5 ml 0.5 ml 0.5 ml Perform in a water bath
GT-5 0.5 ml 0.5 ml 0.5 ml Read the result

sample

Figure 1. Method in determination using test kit from left to right, top to bottom, the sample were

extracted using the solvent, the evaporation of solvent using nitrogen purge, the solution after

evaporation, adding reagents as directed in Table 1 in each test, and the results after adding every

reagent (GT1-GT5) both the indicators (positive and negative control), and sample tests.
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Results and Discussion
The results from the test kit were
shown as the example for the positive tests

(Figure 2(b)) and the example that found the

negative control

residue under the limit (Figure 2(a)). For the
negative results, the color of the sample

turned to the same color as the negative

control or even faded.

Figure 2. (a) results from the determining of morning glory as found in the safety level (+) (b) results

from the determining of Chinese kale as found the unsafe level (++).

From the results of 10 vegetables that
were randomly sampled from commercial
sources that were tested using the insecticide
“GT” test kit organophosphate and carbamate
yielded the results shown in Table 2,3,4 and
5. From the experimental results, it was
revealed that parsley from yearly sources
where pesticide residues have been detected
at unsafe levels. However, other vegetables
mostly were found to have some residues but
at safe levels. In some types of the vegetable,
the carbamate and organophosphate
residues were not found, for example, kale
from the four markets had residues found at a

safe level, and no residue was found in the

samples from the department store.

The reason could be the regulation in the
department store to promote the sale.

The results show parsley, Chinese
kale, carrots, and cowpeas contaminated with
carbamate and organophosphate over the
limit by Thai regulations as shown the symbol
(++). The samples of Chinese cabbage,
morning glory and tomato were found in the
safety amount as shown in the symbol (+).
However, cabbage and cucumber were not
shown to be contaminated as shown in
negative results (-). These were summarized
in Table 2, Table 3, Table 4, and Table 5
for vyears 20218, 2022, 2023 and 2024,

respectively.
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In 2022, the pesticide contamination in pesticide is leached into the soil by water from
vegetables was compared to 2021. On the the rainy season. Residues are detected on
other hand, the pesticide residues are not tomatoes and lettuce which means that the
detected in cucumber; this might because of pesticide is used in higher concentrations.

Table 2. Test of pesticide residues in samples of each vegetable from market Y in 20218(n:90)

Number not detected
Number of detected

Vegetable e
Number detected in safe Number detected in unsafe
amount(+) (%) amount (++)(%)
Parsley 3(33.33) 0(0.00) 6(66.67)
Chinese kale 3(33.33) 6(66.67) 0(0.00)
Cabbage 9(100.00) 6(66.67) 0(0.00)
Chinese cabbage 3(33.33) 6(66.67) 0(0.00)
Morning glory 6(66.67) 3(33.33) 0(0.00)
Carrot 6(66.67) 3(33.33) 0(0.00)
Lettuce 9(100.00) 0(0.00) 0(0.00)
Cowpea 3(33.33) 6(66.67) 0(0.00)
Tomato 9(100.00) 0(0.00) 0(0.00)
Cucumber 6(66.67) 3(33.33) 0(0.00)

Table 3. Test of pesticide residues in samples of each vegetable from market Y in 2022 (n=90)

Number not detected

()(%)

Number of detected

Vegetable
Number detected in safe Number detected in unsafe
amount (+)(%) amount (++)(%)
Parsley 0(0.00) 0(0.00) 9(100.00)
Chinese kale 0(0.00) 9(100.00) 0(0.00)
Cabbage 9(100.00) 0(0.00) 0(0.00)
Chinese cabbage 0(0.00) 9(100.00) 0(0.00)
Morning glory 3(33.33) 6(66.67) 0(0.00)
Carrot 3(33.33) 6(66.67) 0(0.00)
Lettuce 9(100.00) 0(0.00) 0(0.00)
Cowpea 0(0.00) 9(100.00) 0(0.00)
Tomato 9(100.00) 0(0.00) 0(0.00)
Cucumber 3(33.33) 6(66.67) 0(0.00)

PBRU Science Journal
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The comparison percentages of pesticide
residues found in tests of each vegetable from
Market Y between the years 2014°, 2021°,
2022, 2023, and 2024 are shown in Figure 3

and Figure 4. It was found that carbamate and
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organophosphate were not found in cabbage
since 2021. The lettuce and cowpea are the
vegetables in which the contaminate in some
tests, but still in an amount that is not over the

limit by Thai regulations.

Table 4. Test of pesticide residues in samples of each vegetable from market Y in 2023 (n=90)

Number not detected

Number of detected

Vegetable 0o
Number detected in safe Number detected in unsafe
amount (+)(%) amount (++)(%)
Parsley 0(0.00) 0(0.00) 9(100.00)
Chinese kale 0(0.00) 0(0.00) 9(100.00)
Cabbage 9(100.00) 0(0.00) 0(0.00)
Chinese cabbage 0(0.00) 9(100.00) 0(0.00)
Morning glory 0(0.00) 9(100.00) 0(0.00)
Carrot 0(0.00) 0(0.00) 9(100.00)
Lettuce 0(0.00) 9(100.00) 0(0.00)
Cowpea 0(0.00) 9(100.00) 0(0.00)
Tomato 0(0.00) 9(100.00) 0(0.00)
Cucumber 9(100.00) 0(0.00) 0(0.00)

Table 5. Test of pesticide residues in samples of each vegetable from market Y in 2024 (n=90)

Number not detected

Number of detected

Vegetable )
Number detected in safe Number detected in unsafe
amount (+)(%) amount (++)(%)
Parsley 0(0.00) 0(0.00) 9(100.00)
Chinese kale 0(0.00) 9(100.00) 0(0.00)
Cabbage 9(100.00) 0(0.00) 0(0.00)
Chinese cabbage 0(0.00) 9(100.00) 0(0.00)
Morning glory 0(0.00) 9(100.00) 0(0.00)
Carrot 0(0.00) 9(100.00) 0(0.00)
Lettuce 3(33.33) 6(66.67) 0(0.00)
Cowpea 6(66.67) 3(33.33) 0(0.00)
Tomato 3(33.33) 6(66.67) 0(0.00)
Cucumber 9(100.00) 0(0.00) 0(0.00)
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Figure 3. The comparison test of pesticide residues in samples found the contamination of
organophosphate and carbamate on each vegetable from Market Y between 2014°, 2021°, 2022,

2023 and 2024
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Figure 4. The comparison test of pesticide residues in samples found unsafe amount of the
contaminated of organophosphate and carbamate on each vegetable from Market Y between 2014°,

2021°, 2022, 2023 and 2024
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Conclusion

The problem of residues that are
harmful to human health and safety. It has
been studied about the health problems from
poisoning of carbamate and organophosphate

23 Therefore,

such as cardiac complication
the consumer should be concerned about
these contaminants or choose to buy organic
vegetables that have agricultural product
quality certification marks.

There are reports about the analytical
process of carbamate and organophosphate
in humans and the environment ™. Those
experiment need expertise and time
consumed. However, the simplest way to test
before consumption is such a test kit, which is
important for screening those compounds
contaminated in food . The GT test kit has
reported to be precise compared with
standard methods'. The standard method
found the contaminants 27.5% from
528 samples and GT test kit found the
contaminants  33.7% from the same
samples'®. The test kit company has reported
the sensitivity, the specificity, and accuracy
as 92.3%, 85.1%, and 87.1%, respectively .

The experiments showed the
contamination of organophosphate and
carbamate on various vegetables collected in

the Market Y, Bangkan County, Bangkok,
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Thailand. From Figure 3, it was found that the
contaminated from organophosphate and
carbamates was slightly lower in recent years.
It should be noticed that the contaminated
always found in parsley. From Figure 4, it was
found that the contamination is reduced from
a harmful amount to a non-harmful amount.
However, the contamination in parsley is still
found in harmful amounts in every experiment
year. However, the research should be
conducted in other areas of Thailand to be
more precise and could lead to the main
response by the government. As a results,
consumers should consider how to protect
themselves by rinsing with detergent such as
baking soda or hydrogen peroxide °.
The season has some factor on the amount of
residue found since the not-safe number of
residues was found in the late summer

compared to yearly®.

Sugguestion

This  study examined vegetable
samples collected from one area in Bangkok
and studied only some types of vegetables.
The results of this study may not be able
to be used to conclude about organic
contaminations in vegetables at the national

level.
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Abstract

This research presents a latent topic analysis of hotel guest reviews in Surin Province using
data science techniques. The study aims to: (1) analyze latent topics in hotel guest reviews and
(2) examine the relationship between identified topics and guest sentiment levels from a user
perspective. The research followed a five-step data science methodology: (1) data collection,
(2) data pre-processing, (3) sentiment level dataset creation, (4) latent topic modeling, and
(5) analyzing relationships between latent topics and sentiment levels.

The research utilized guest reviews from 15 hotels in Surin Province, collected from Google
Map, comprising 2,042 reviews. Key findings reveal: 1) Reviews were categorized into 7 optimal
latent topics with a coherence score of 0.449, including: (a) Leisure & Environment, (b) Service
Quality and Cleanliness, (c) Luxurious Experience, (d) Hotel Renovation Charm, (e) Peaceful and
Suitable, (f) Hotel Character and Venue, and (g) Affordable and Practical. 2) Sentiment analysis
showed that guests expressed 23.60% positive sentiments, particularly regarding service quality and
cleanliness, while 30.89% of reviews contained negative sentiments, primarily concerning hotel

renovation charm.

Keywords : Machine Learning, Latent Topics Analysis, Review Score, Hotel Reviews
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Figure 2. Examples of hotel guest reviews on Google Map
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Table 2. Examples of comment data preparation
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Clean, quiet, convenient to travel,
has parking, but the air conditioner
is too loud and can't sleep well.
Calm location, average rooms
Parking in front of the room The
floor of the room was not mopped
as clean as it should have been.
Fresh comfortable clean

Good atmosphere, quiet in the city

area, near shopping malls.

clean,quiet,convenient,travel,
parking,air,conditioner,loud,
sleep,well
calm,location,average,rooms,
parking,front,room,floor,room,

mopped,clean

fresh,comfortable,clean,
good,atmosphere,quiet,city,

area,near,shopping,malls
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Figure 3. Steps in creating latent topic models

Table 4. Examples of comment interpretation according to the model

Review no Topic 1 Topic 2 Topic n wilaua
1 0.1 0.22 0.33 Topic n

2 0.66 0.55 0.44 Topic 1

3 0.77 0.88 0.99 Topic n
2042 0.22 0.66 0.33 Topic 2
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Table 5. Words used in each topic
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anfuade

1 pool, good, simply, silent, program, voice, service, luckily, without, relaxing

good, service, rooms, clean, meeting, atmosphere, tourists, food, training, accommodation

water, luxurious, probably, considering, best, jasmine, city, near, deliciousness, mini

clean, good, service, best, quiet, atmosphere, rooms, suitable, hotels, relaxation

hotel, old, good, room, needs, entertainment, large, rooms, venues, bathroom

2
3
4 hotel, room, renovated, service, rooms, good, clean, charm, like, city
5
6
7

room, price, service, good, use, easy, girls, storage, usable, little

Table 6. Assigning new topic names

afuiade Favidanmsnay Faviadanmlng
1 Leisure & Environment NIRNHBULAZANTWILIAR AN
2 Service Quality & Cleanliness ﬂmmwu?mmmmmmmm
3 Luxurious Experience ﬂ@mummimqwgmw
4 Hotel Renovation Charm @uasnIsanLFa Tl
5 Peaceful and Suitable AN RELANLLATAINAIFD
6 Hotel Character & Venues lndnealuardeenuganuazaannie il
7 Affordable and Practical AHANALATARLTandnIglden
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Y o A | S A 4 o
LLZ\]QﬂﬁL@@ﬂﬂqqﬂu’]“]uﬂu%@ﬂ%@ﬁL'W'E]ﬂ’]‘viuﬁ

v v

ndalunFAazANNAAWIWLA 1MW AN ALY

o o
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lnanedLazdsarulgauazaannielu

T9ausn 1ueu wazlunszuaun1sameiinde
Lil9F98 LDA @1anu A1 NaN (Not a Number)
TUUN9F TR 089U AN NAALTEY TR
a < 3 1l o o rdl nll 2 o o Y
AMNAAWILITW N A ANYIINaa e Ui g
AINAIINENAINI19 TR aNadDA N TunNg
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Table 7. Probability of each comment

Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6 Topic 7

AL Leisure & Service Luxurious Hotel Peaceful and Hotel Affordable Dominant

33 Environment Quality &  Experience Renovation  Suitable  Character & and Practical Topic

Cleanliness Charm Venues

—_

0.011935 0.011944  0.011927  0.666237  0.274046  0.011951 0.011960  Topic 4
2 NaN 0.284114 NaN 0.023153 NaN NaN 0.685962  Topic 7
3 0.047688  0.047699  0.047803  0.047696  0.047741 0.047768  0.713604  Topic 7
4 0.028739  0.528680  0.028655  0.028820  0.028756  0.028635  0.327715  Topic 2

2041 0.020413  0.020466  0.020416  0.020544  0.020466  0.877295 0.020420  Topic 6
2042 0.282393 NaN NaN 0.649419 NaN NaN 0.032422  Topic 4
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Figure 5. Comparison of comment counts for each topic
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Figure 6 Comparison of average probability for each topic

nsaanguainnisliaziuwaefidnwnTssusuflAagszndng 1 09 5 AUUNAINIEAUATIU

aaniilu 3 nqulaun \Geuan @au uailnd uasnsioyaiieatifnfs Table 8

PBRU Science Journal
Volume 22 Number 2 July-December 2025



Table 8. Percentage values of review score groups
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Review Score Group Number of reviews Percentage
Negative 123 6.01
Neutral 360 17.63
Positive 1559 76.36

2. NANTFILATIZUANNANNUETEUIN TR
wiladunguszAuANNARLTIY
fadayaaINn1aAsITiiadaiilauay
TATRLYAAINNITAANGNITALAIINAA LY
wanIANANAUTITUdNindeA NAALTIY
AMUUNATUNGNITALANNAALTL AN Table 9
Wudn 1) fifwnlssusn sz AumINA ALY
deuanuandududu 1 ldun druanan
UINITUAZANAZRIA FDUAY 23.60 BUAL 2
puANANAazRaulandnislden faeay
20.33 UL 3 ANWEiIRINITANUAT TN
Foraz 19.76 susuqeinglaun Aulszauniand

o

Anlsausy

'
= o =

UezpUumINNAAWIRUNANINNE A

q

AIINUIUTT Faeay 2.82 2) Hud

Toun

AuenanEailazd e uIgANasnannne 1
(79T BATANWLAURIBIN1TAN AT ITIUTN

v

fonar 21.67 AdUALWINAY SUAD 3 AruAd
AnAuaznaulandnisldau Faaas 16.39

o v k% Y Ly
AU UZWW]’]EIiﬂLLﬂ muﬂimumammwugmﬁ

a

Y v

W nlsensnisyiumay

al

a8y 6.67 3)
Aniudaauninidudusu 1 1aun Auiaussf
289N17ANWASTINLIN Fauas 30.89 AUAL 2
fuenanmniiazdsenusaanugzainniely
39U faEaY 22.76 SUAL 3 ANUAINANAN
wazmaulangdnisldanu Feaas 17.89 duay
anvinalaun Audszaunisnimanunguan

Faeay 4.88

Table 9. Statistics of comment topics by category, classified by review score groups
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Table 10. Priority order for continuous quality improvement promotion
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Abstract

This study aimed to examine the inhibition of Salmonella Typhimurium by thyme (Thymus vulgaris)
essential oil in vitro and on kitchen mint leaves. The screening antibacterial activity was performed
using disc diffusion method. The result showed that the pure essential oil (20 ul/disc) was able to
inhibit the growth of S. Typhimurium with the inhibition zone of 22.17 mm. By the broth macrodilution
method, the Minimal inhibitory concentration (MIC) and Minimal bactericidal concentration (MBC)
values were both 0.2% . A time kill assay was performed to evaluate the bactericidal activity and
found that the essential oil at concentration of 0.2% (1xMIC) effectively decreased >3 log of the initial
bacterial population (5.36 log CFU/mI) within 5 min. In addition, kitchen mint leaves were artificially
inoculated with S. Typhimurium, the inoculated kitchen mint leaves were then washed in the essential
oil solution at 1xMIC (0.2% ) and 2xMIC (0.4% ) concentrations for 5 min. Sterile distilled water was
used as the control. The essential oil at 2xMIC concentration significantly reduced ( p<0. 05)
the population of S. Typhimurium on kitchen mint leaves when compared with that of washing with
sterile distilled water. These data indicated that T. vulgaris essential oil has the efficiency to inhibit S.
Typhimurium both in vitro and on kitchen mint leaves which can be applied as an alternative sanitizer

for fresh vegetable.

Keywords: Thyme Essential Qil, Kitchen Mint Leaves, S. Typhimurium, Inhibition
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4 . 47 4 .

\HaviNNauaNduNgauesin U
suwmellasAanududy 1xMIC Tun3vinanede
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ALIAN (HANAUUIIARNETR) WNAL 5.36 £ 0.19
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LAY 5.37 + 0.37 log CFU/NARARNT ANNATAL

v
a o o

dauiitaan 5 widuduly luaniosfiduingu
wamzmwiﬁﬁwudﬁﬁmm%@ S. Typhimurium
ARRIANNINsEFURANNNTaRI9ATL I d a0 eAENNg
spread plate % 38 limit detection of spread

v
v o

;9) ANUY

D)

plate method (< 2.00 log CFU/{a@

184

aziuladinan 5 i iWunaindungnaas

X,

v
°

Urdunenszmeladnau i Nduw 0.2%

b

o

tj’ lal U v v
Nausanianemenniuldanasls >3
log reduction (>99.99%) @auauauimaluinnay
dsaaniedaduganrunuinea 0, 5, 10, 15

= 1 al o v al o 1
waz 20 Wil wudadawaulndiassiuyngasaan
TeliNANNLANFA19NI94D R (p>0.05) Ined
[UIULETeeE 1199 5.21 - 5.37 log CFU/

aRaRT Aalang U Table 2. wag Figure 4.

%)

Table 1 Diameter of Inhibition zone, MIC and MBC values of Thyme essential oil against S. Typhimurium

Test bacterium

Inhibition zone

MIC value MBC value

Thyme EO Gentamicin
(20 ul/disc) (10 ug/disc)
S. Typhimurium ATCC 13311 22.17 £ 0.76 mm 19.17 £0.29 0.2% 0.2%
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Figure 1 Inhibition zone obtained by disc diffusion method for

Thyme essential oil and gentamicin against S. Typhimurium

Concentration 1.6% 1.2% 0.8% 0.4% 0.2% 0.1% 0.04% (Positive Negative

of essential oll control)  control)
Growth of S. - - - - - + + + -
Typhimurium

Figure 2 Broth macrodilution for determination of MIC value from

Thyme essential oil (MIC = 0.2%)
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Figure 3 Growth of S. Typhimurium on MHA plate for MBC test of
Thyme essential oil (MBC = 0.2%)

Table 2 Average of S. Typhimurium survival population (log CFU/mI = SD) after treatment with Thyme

essential oil at different time

Incubation Time A number of survival population (log CFU/ml + SD)
(min) Thyme essential oil (0.2%) Distilled water (Control)

0 5.36 +0.19" 5.37 +0.37"

5 <2.00 + 0.00*° 5.21 +0.33"

10 <2.00 + 0.00*° 5.27 +0.37"

15 <2.00 + 0.00*° 5.37 + 0.22°

20 <2.00 + 0.00*° 5.34 +0.32"

* < 2.00 £ 0.00 CFU/ml is limit detection of spread plate method

~® Any means in the column followed by the same letters are not significantly different (p>0.05)
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l Thyme essential oil

5 10 15 20

Time (min)

| Control

Figure 4. Time-kill curve analysis for evaluation of antibacterial activities of

Thyme essential oil against S. Typhimurium

2. Usrdvannlunsananuanida S. Typhimurium
Maasuulugzsziv
Aaun1magey At lugyssuminIniam
& A ae o a o o a a H
\aqauvIdilsvaniiumanisana fdgn aniiu
i lugzrzwunullungd lumasuuiuaes 99T
S. Typhimurium e Wiaedwevuuluasszumd
v o o o & A '
wantn lummatiuanuwmeiinzunluas sz
NUGITRIUIULTBLENAUWINAY 4.17 + 0.98
log CFU/NTu (Table 3.) annuuunluazszuni
Mavinaallanamasnisutlugnsazaianngay
Wuna1annnisvnen Time kill assay lauA 113w
yanszwe e AN 1xMIC (0.2%), 2xMIC
(0.4%) waruINaul AT (TAPIUAN)
Tpeuiilngn 5 WH WUIRNUWIUETRNIBATIN

yuludzszuvyd windu 3.48 £ 0.10, 2.69 + 0.13

WAz 4.79 + 0.10 log CFUMNTN MNAIAL TIRNELL
Talatlianizaed S. Typhimurium ARTIaNL
UURINIT BGA UAANA Figure 4.
e IE W EanIINI1TaNAI289LT D
S. Typhimurium Ll lUA LN aUA AT IRIA
AIEANTNARDL WLININITR AV UIHUNAN
szwiel el AN NT U 1XMIC (0.2%) LAy 2xMIC
(0.4%) @aNnsnanaualTauuluaz sz
18 16.5% WAy 35.5% ANasuLaWauiy
o d’l [N £ < 20
I LU ILATITMLRaUN17a1 aziuleaan
F2 v 90/ o g v £
n13a19nqg T unanszwe lsfAa N gy
2xMIC (0.4%) Hilsz@ninmlunisanauauide
S. Typhimurium uuluazszuuugandn 1xMIC

(0.2%)
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nrenTInuuluarsTunUnasanasainiued

svwiellal A 23MIC (0.4%) RAuumAnsng

A o o

atWldadATYNI9anF (p<0.05) ALNIANALE
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o

¥ & o
Wanaudseanniae (gaauAN) Tuaaieh
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o & A Aa e v v
AMUINT RN TRATIMLU L AZ TLUNUNAIA9A 28
nTunenszwelaiaandudy 1xMIC (0.2%)
ldfipanuuansnsed 9l dad 1Ay n1ean a
(p>0.05) AUN1TA19A28UINARY T AR NLT R

(TAAILAN)

Table 3 Average of S. Typhimurium survival population on kitchen mint leaves (log CFU/g + SD)

Treatments

Average of survival population

(log CFU/g = SD)

Before washing

Washing with distilled water for 5 min

Washing with Thyme essential oil at 1xMIC (0.2%) for 5 min
Washing with Thyme essential oil at 2xMIC (0.4%) for 5 min

417 +0.98"°
4.79+0.10"
3.48 +0.10*°
2.69+0.13°

ne Any means in the column followed by the same letters are not significantly different (0p>0.05)

Figure 4 Colony morphology of surviving S. Typhimurium on kitchen mint leaves after washing with

treatment solution on BGA. (pink, or opaque-white colonies, often surrounded by a pink or red zone)
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