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Editorial

Health Science, Science and Technology Reviews, Vol. 18, No. 2 (2025), presents a total of

7 articles, comprising 6 research articles and 1 review article.

All articles in this issue have undergone rigorous quality assessment by experts in the relevant
fields, in full accordance with the journal’s review process. Therefore, it can be assured that the knowledge
and findings presented in these works can be effectively applied, extended for further academic

advancement, and contribute to the creation of new knowledge.

Professor Dr.Samur Thanoi

Editor
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Research Article

Preliminary in vitro investigation of Litsea petiolata extracts for sustainable

control of bacterial leaf blight in rice caused by Xanthomonas oryzae pv. oryzae

Jantaravipa Rattanaanan', Siriwan Soiklom', Chananya Chuaysrinule’ and Thanapoom Maneeboon"
' Scientific Equipment and Research Division, Kasetsart University Research and Development Institute (KURDI),
Kasetsart University, Bangkok Province 10900, Thailand
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Health Science, Science and Technology Reviews. 2025;18(2):3-14.
Received: 28 December 2024; Revised: 22 May 2025; Accepted: 14 August 2025

Abstract

Litsea petiolata, locally called Tham Mung, is widely distributed across tropical and subtropical
regions of Asia, and North and South America. This plant is notable for its ecological significance and cultural
relevance. Renowned for its rich secondary metabolites, especially phenolic compounds, L. petiolata has
been studied for its medicinal and antimicrobial properties. This study investigates the phenolic content and
antibacterial activity of ethanol and hexane extracts from the leaves and stems of L. petiolata, specifically
targeting Xanthomonas oryzae pv. oryzae (Xoo), the bacterium responsible for bacterial leaf blight in rice.
High-performance liquid chromatography identified key phenolic compounds, including vanillic acid in the
leaves and 4-hydroxybenzoic acid in the stems. The antibacterial efficacy of these extracts was evaluated
using clear zone assays, minimum inhibitory concentration, and minimum bactericidal concentration testing.
The results indicated that the ethanol extract from the leaves exhibited the most potent antibacterial activity,
significantly inhibiting the growth of Xoo. These findings suggest that L. petiolata holds considerable potential
as a source of natural antibacterial agents, offering an environmentally sustainable alternative to chemical

treatments for managing bacterial diseases of rice.

Keywords: Litsea petiolata, Bacterial leaf blight disease, Antibacterial activity, Plant extract, Biological control
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Introduction

Litsea petiolata, known locally in Thailand as "Tham Mung," is a species of the Lauraceae family
valued for its medicinal and culinary uses. In Southern Thailand, the young leaves are traditionally consumed
as a vegetable, highlighting their role in both diet and culture [1]. Beyond its dietary role, L. petiolata is rich in
secondary metabolites, including phenolic compounds known for their antioxidant, antimicrobial, and anti-
inflammatory activities [2].

Several species of the Litsea genus have demonstrated significant antimicrobial properties. For
example, L. cubeba essential oils exhibit broad-spectrum antibacterial activity, particularly against Gram-
positive pathogens, due to their high terpenoid and phenolic content [3]. Similarly, L. glutinosa extracts have
been reported to effectively inhibit bacterial growth, with phenolics and flavonoids as major contributors to
their bioactivity [4].

Bacterial leaf blight (BLB), caused by Xanthomonas oryzae pv. oryzae (Xoo), is a devastating
disease that affects rice crops worldwide, leading to significant yield losses [5]. The development of effective,
sustainable management strategies for this pathogen is a critical priority for agriculture. Natural plant-derived
compounds, such as phenolics, have emerged as promising eco-friendly alternatives to synthetic
antimicrobial agents due to their bioactivity and lower environmental impact [6].

Despite its known bioactivity, the phenolic composition and antibacterial potential of L. petiolata
against Xoo remain unexplored. This study uses solvents with varying polarities to examine the phenolic
composition and antibacterial properties of L. petiolata extracts obtained from different plant parts (leaves and
stems). By identifying key phenolic compounds and assessing their effects on Xoo we aim to establish L.
petiolata as a natural antibacterial agent and contribute to sustainable agricultural disease management

solutions.

Materials and methods
Plant material
Fresh leaves and stems of L. petiolata were collected from Na Bon District, Nakhon Si Thammarat

Province, Thailand (latitude 8°15'58.9"N, longitude 99°32'19.5"E) (Figure 1). The plant materials were
separated, thoroughly washed under running tap water, and dried in a hot air oven at a temperature not

exceeding 50 °C. The dried materials were ground into a fine powder for further analysis.
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Figure 1. Litsea petiolata used in this study.

Extraction of samples

Twenty grams of the powdered plant material were macerated in a stoppered 250 mL Erlenmeyer
flask containing 100 mL of either absolute ethanol or hexane. The mixture was left at room temperature for
72 h with frequent agitation. The extract was filtered using Whatman No.1 filter paper, and the solvent was
removed using a rotary evaporator. Residual solvent traces were eliminated by storing the extract in a

vacuum desiccator. The dried extract was weighed to calculate the yield and stored for further experiments.

Determination of phenolic compounds

Preparation of standard solutions and samples

Standard powders of gallic acid, 4-hydroxybenzoic acid, catechin, vanillic acid, caffeic acid, syringic
acid, p-coumaric acid, ferulic acid, rutin, and quercetin were procured from Sigma-Aldrich (St. Louis, MO,
USA). A mixed standard solution was prepared in methanol and diluted to achieve final concentrations
ranging from 0.625-10 pg/mL. For the extracts, 20 mg of each dried residue was dissolved in methanol,
filtered through a 0.45 pm nylon membrane, and analyzed in triplicate using HPLC. The results were

expressed as milligrams per 100 g dry weight (mg/100 g DW).

Chromatographic conditions

HPLC analysis of phenolic compounds was conducted using a Shimadzu HPLC system (Kyoto,
Japan) with quaternary pumps (10ATVP), an online degasser (DGU-14A), and a UV-Vis detector (SPD-
10AV). Separation was achieved on an Inertsil ODS-3 C18 column (250 mm x 4.6 mm, 5 pm) coupled with a
Supelguard™ C18 pre-column. The mobile phase consisted of acetonitrile (solvent A) and 0.5% (v/v) formic

acid in water (solvent B). The gradient elution program was started with 5% solvent A (0—2 min), gradually
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increased to 15% (2—10 min), held at 15% (10—15 min), then raised to 23% (15-20 min) and maintained (20—
30 min). It increased to 60% (30-35 min), held (35—40 min), and returned to 5% (40-50 min) for re-
equilibration. The flow rate was set to 1 mL/min, and detection was performed at 280 nm. The column

temperature was maintained at 35 °C, and the injection volume was 20 pL.

Determination of antibacterial activity

Bacterial strain

Xoo was obtained from the Department of Plant Pathology, Faculty of Agriculture at Kamphaeng
Saen, Kasetsart University Kamphaeng Saen Campus, Nakhon Pathom, Thailand. The culture was
maintained on nutrient agar (NA) at 4 °C with periodic sub-culturing. A bacterial suspension was cultured on
tryptone soy agar (TSA) at 37 °C for 24 h, standardized to McFarland No. 0.5 (1.5 x 10® CFU/mL) [7], and

used as inoculum for all experiments.

Agar well diffusion assay
Mueller Hinton agar (MHA) plates were inoculated with the bacterial suspension. Wells (0.8 mm
diameter) were prepared using a sterile cork borer. Each well was filled with 50 pL of plant extract dissolved
in 10% (v/v) dimethyl sulfoxide (DMSO) at 100 mg/mL. A 10% (v/v) DMSO solution served as the negative
control. Plates were incubated at 37 °C for 24 h, and the inhibition zones were measured in millimeters. The
antimicrobial index was calculated using the formula:
The antimicrobial index = (D, - D,)/D,

Where D, is the inhibition zone diameter, and D, is the well diameter without any antimicrobial agent.

Determination of minimum inhibitory concentration (MIC)

The MIC was determined via broth microdilution with resazurin as an indicator [8]. Serial two-fold
dilutions of the extracts (0.05—-100 mg/mL) were prepared in 96-well microtiter plates containing MHA. Each
well received 100 pL of bacterial suspension. Plates were incubated at 37 °C for 24 h, followed by the
addition of 30 yL of 0.01% (w/v) resazurin. The color changed from blue to pink indicated bacterial growth.

The MIC is defined as the lowest concentration of the extract at which no color change occurs.

Determination of minimum bactericidal concentration (MBC)
From wells showing no growth during the MIC assay, 10 yL was streaked onto NA plates and
incubated at 37 °C for 24 h. The MBC is defined as the lowest concentration of extract that yielded no

bacterial colonies.

Statistical analysis

All analyses were conducted in triplicate, and the results are presented as the mean + standard
deviation. The one-way analysis of variance (ANOVA) was performed to assess statistical differences
between the means, followed by Tukey's HSD post hoc test. The significance level of p < 0.05 was
considered statistically significant. All statistical analyses were carried out using Minitab 22.1 software (Systat

Software, Inc., Chicago, IL, USA).
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Results and discussion
Extraction yield

The extraction yield varied depending on both the solvent and the plant part. Ethanol, a polar
solvent, produced significantly higher yields than hexane. The highest yield (10.41 + 0.82%) was obtained
from the ethanolic leaf extract, followed by the stem extract (2.19 £ 0.50%). In contrast, hexane yielded 3.60
+ 0.57% from the leaf and 0.88 + 0.21% from the stem. These results are consistent with previous studies
indicating that solvent polarity substantially influences extraction efficiency [9]. Polar solvents such as ethanol
generally extract a higher quantity of bioactive compounds than non-polar solvents like hexane, likely due to
the predominance of hydrophilic phytochemicals containing electronegative functional groups that enhance

solubility in polar solvent [10].

Phenolic composition of L. petiolata extracts

The phenolic content of L. petiolata extracts varied significantly depending on the plant part and the
extraction solvent used (Table 1). The ethanolic extract of leaves exhibited notably higher concentrations of
total phenolic compounds compared to hexane extracts. HPLC chromatograms highlighting distinct phenolic

profiles for each extract are shown in Figure 2.

Table 1 Phenolic content (mg/100 g DW) in crude extracts of L. petiolata

Peak Phenolic Rt Leaf Stem
compound (min)  Ethanol Hexane Ethanol Hexane
1 Gallic acid 9.50 ND ND ND ND
2 4-Hydroxybenzoic  18.69 ND ND 15.52 + 1.95 ND
acid
3 Catechin 19.37 6.07+0.76° 0.04+0.01° 024+005° ND
4 Vanillic acid 2180 153.34+26.20° 0.10+0.02° ND ND
5 Caffeic acid 2228 1834+285° 0.02+0.01° 225+0.39° ND
6 Syringic acid 23.18 16.76 £ 2.64 ° ND 2.03+0.35" ND
7 p-Coumaric acid 2752 ND ND ND ND
8 Ferulic acid 31.07 ND 0.09 £ 0.02® ND 0.02+0.01°
9 Rutin 3385 8.67+1.80° ND 218+ 0.26° ND
10 Quercetin 38.70 ND 3.85+0.21% ND 0.65+0.11°

ND= Not detected

Data are the means of three replicates + standard deviation. Different letters in the same row indicate significant differences

(Turkey’s test p < 0.05).

Among the quantified phenolic compounds, vanillic acid was the most abundant in the ethanolic
extract of leaves (153.34 + 26.20 mg/100 g DW), followed by caffeic acid and syringic acid. In contrast, the
hexane extracts exhibited lower total phenolic content, consistent with their limited ability to dissolve polar

molecules. Notably, hexane leaf extracts contained detectable levels of lipophilic phenolic compounds such
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as quercetin (3.85 + 0.21 mg/100 g DW) and small amounts (< 0.1 mg/100 g DW) of catechin, vanillic acid,
caffeic acid, and ferulic acid.

Stem extracts also displayed distinct phenolic profiles. Ethanolic stem extracts were dominated by 4-
hydroxybenzoic acid (15.52 + 1.95 mg/100 g DW), while compounds like caffeic acid, syringic acid, and rutin
were present in lower concentrations compared to the leaf extracts. For hexane stem extracts, quercetin was
the main phenolic compound (0.65 + 0.11 mg/100 g DW), with ferulic acid detected in trace amounts (< 0.1
mg/100 g DW). In the present study, certain compounds such as gallic acid, and p-coumaric acid were not
detected in all extracts of L. petiolata, which highlights its unique phenolic composition.

mAU
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L T By e e B B
0o 25 50 75

mAU
130 {Defector AZ80nm

T T T T
00 25 50 75

25U
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Figure 2. HPLC chromatogram of phenolic compounds detected at 280 nm in L. petiolata crude extracts.
(A) Mixture of solvent standards (10 pg/mL each), (B) leaves extracted with ethanol, (C) leaves extracted with
hexane, (D) stems extracted with ethanol, and (E) stems extracted with hexane. Peaks: (1) gallic acid, (2) 4-
hydroxybenzoic acid, (3) catechin, (4) vanillic acid, (5) caffeic acid, (6) syringic acid, (7) p-coumaric acid,

(8) ferulic acid, (9) rutin, and (10) quercetin.

This study differs from the findings reported by Sangsila et al. [11], who identified the main
components in leaf extracts of L. petiolata collected from Chanthaburi Province (Eastern Thailand) as (+)-
catechin hydrate (555-839 mg/100 g DW), followed by chlorogenic acid (105-169 mg/100 g DW), p-coumaric
acid (64—-105 mg/100 g DW), and gallic acid (29-51 mg/100 g DW). In contrast, this study found vanillic acid
to be the major component in ethanolic leaf extracts of L. petiolata collected from Nakhon Si Thammarat
Province (Southern Thailand). The observed differences in phenolic composition may be attributed to
environmental factors, geographical variations, and the timing of sample collection, all of which significantly
influence secondary metabolite production. For example, a study on green tea (Camellia sinensis) has
demonstrated that the growing season highly influences its antioxidant properties and the levels of total
phenolics and flavonoids [12].

Our findings align with previous research on other plant species. For instance, studies on bilberry
(Vaccinium myrtillus) have also revealed that the leaves contain a richer profile of polyphenolic compounds
compared to the stems. These compounds, which include flavonoids and phenolic acids, contribute to the
plant’s antioxidant properties, with the leaves showing the highest concentrations [13].

The difference in the content of phenolic compounds across different plant parts has been reported
[14, 15]. Leaves, as the primary site of photosynthesis and secondary metabolite production, often
accumulate higher concentrations of phenolic compounds [16]. For instance, phenolics like vanillic acid
demonstrate potent antioxidant and antimicrobial properties, highlighting the superior bioactivity potential of
ethanolic leaf extracts. These compounds are vital to plant defense, providing protection against UV radiation,
herbivory, and microbial attacks [17]. Conversely, stem phenolics, such as 4-hydroxybenzoic acid, are
integral to structural integrity. Their role in lignin biosynthesis strengthens the stem, providing resistance to
mechanical stress and pathogens, further emphasizing the functional specialization of phenolic distribution in
plants [18].

Our study confirms that the type of solvent significantly influences the solubility of phenolic
compounds during the extraction process. Solvent polarity plays a critical role in enhancing phenolic
solubility. The findings of this study align with the report by Wulandari et al. [19], which revealed that the
highest total phenolic content was observed in ethanol extracts of the leaf, bark, and branch of L. garciae,
ranging from 90-100 pg gallic acid equivalents/mg extract (ug GAE/mg). In contrast, extraction using hexane

yielded a lower total phenolic content, ranging between 30—40 ug GAE/mg.
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Antibacterial activity against Xoo

The antibacterial activity of L. petiolata extracts (100 mg crude extract/mL) was assessed using the
agar well diffusion method, and the results revealed variation between extracts (Table 2). Ethanolic leaf
extracts demonstrated the highest antibacterial activity, with a clear zone diameter of 22.45 + 0.49 mm and
an antimicrobial index of 36.42 + 0.82. This performance was significantly superior to that of the ethanolic
stem extracts (19.75 + 0.35 mm clear zone diameter), suggesting that the phenolic-rich leaf extracts are more
effective in inhibiting the growth of Xoo (Figure 3). This is in agreement with the findings of Hai et al. [20],
who demonstrated that 70% ethanol extracts from Clerodendrum fragrans, Excoecaria cochinchinensis, and
Caesalpinia sappan L. exhibited significant antibacterial effects against Xoo, with inhibition zones of 28.50

mm, 21.00 mm, and 25.70 mm, respectively.

Table 2 Efficiency of crude extracts from L. petiolata in inhibiting the growth of Xoo.

Leaf Stem
Test
Ethanol Hexane Ethanol Hexane
Clear zone diameter (mm)  22.45+0.49 2 14.38 + 0.88 ™ 19.75 + 0.35 11.50 £ 4.95°
Antimicrobial index 36.42+0.82°2 22.96 + 1.48 "¢ 31.92 +0.59 @ 18.17 £+ 8.25°

* Extract concentration: 100 mg/mL

** Data are the means of three replicates + standard deviation. Different letters in the same row indicate significant differences

(Turkey’s test p < 0.05).

Figure 3. Antibacterial efficiency of crude extracts from L. petiolata against Xoo; crude extracts from leaves
extracted with (A) ethanol and (B) hexane: crude extracts from stems extracted with (C) ethanol and (D)

hexane.
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In this study, hexane extracts exhibited measurable antibacterial activity despite their lower phenolic
content. Hexane leaf extracts showed a clear zone diameter of 14.38 + 0.88 mm, while the stem extracts
demonstrated lower activity with a zone of 11.50 £+ 4.95 mm. These findings suggest the presence of non-
polar bioactive compounds, such as terpenoids and sterols, which are likely extracted by hexane and
contribute to the observed antibacterial effects [21].

The MIC and MBC assays provided further insights into the potency of the extracts (Table 3).
Ethanolic leaf extracts exhibited the lowest MIC (937.5 pg/mL) and MBC (1,250 pg/mL), underscoring their
strong bacteriostatic and bactericidal effects. Ethanolic stem extracts required higher concentrations for
similar effects, with an MIC of 2,500 pg/mL and MBC of 3,750 ug/mL. Hexane extracts consistently exhibited
weaker antibacterial activity, with the highest MIC (15,000 pg/mL) and MBC (20,000 ug/mL) observed for the

stem-derived hexane extract.

Table 3 Average minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of

crude extracts from L. petiolata against Xoo.

Leaf Stem
Test
Ethanol Hexane Ethanol Hexane
MIC (pg/mL) 937.5 2,500 2,500 15,000
MBC (ug/mL) 1,250 2,500 3,750 20,000

The phenolic composition of L. petiolata extracts, particularly those obtained using ethanol, was
found to be rich in compounds such as vanillic acid, caffeic acid, syringic acid, and 4-hydroxybenzoic acid.
This profile aligns with reports on other members of the Litsea genus, such as L. cubeba [22, 23] and L.
glutinosa [24, 25], both of which have demonstrated strong antimicrobial activities linked to their phenolic
content. However, L. petiolata stands out due to its distinct phenolic profile and higher concentration of
specific compounds like vanillic acid, which might explain its notable antibacterial activity against Xoo.

Vanillic acid exerts its antibacterial effects by disrupting bacterial enzymatic systems, impairing the
function of vital enzymes and interfering with the overall metabolic activity of the bacteria [26]. Similarly, 4-
hydroxybenzoic acid damages bacterial cell membranes, compromising their integrity and leading to leakage
of cellular contents, ultimately causing bacterial cell death [27]. The antibacterial mechanisms of other
phenolic compounds, such as quercetin, syringic acid, and caffeic acid, typically involve their ability to disrupt

bacterial cell structures and inhibit key metabolic processes, such as protein synthesis and DNA replication,
thereby preventing bacterial growth and proliferation [28].

The findings from our study suggest that the presence of antibacterial activity in hexane extracts
highlights the potential role of non-polar compounds in L. petiolata. These compounds may act synergistically
with residual phenolic compounds to amplify the antimicrobial effect [29]. The ability of hexane extracts to
inhibit bacterial growth suggests that L. petiolata contains a broad spectrum of bioactive compounds, both

polar and non-polar, that contribute to its antibacterial potential [30]. Ethanolic extracts, being rich in polar
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phenolics, demonstrated the strongest antibacterial effects, while hexane extracts provided insights into the
contributions of non-polar bioactive compounds. The complementary nature of these extracts highlights the
potential of L. petiolata as a natural antibacterial agent.

The study faces two primary limitations. Firstly, the scope of sample collection is constrained to a
single geographical location and a specific season, potentially failing to represent the variability in phenolic
profiles of L. petiolata across different regions and climates. Environmental factors, such as soil composition,
temperature, and sunlight exposure, are known to influence phytochemical composition, and their variability is
not captured in this study. Secondly, unidentified peaks in the HPLC chromatograms highlight challenges
associated with the complexity and diversity of phytochemicals in plant extracts. The lack of available
reference standards for many compounds restricts comprehensive characterization. To address this, the
study recommends using advanced analytical methods, such as HPLC coupled with mass spectrometry (e.g.,
HPLC-MS or HPLC-MS/MS), to aid in structural elucidation and improve the identification of unknown

compounds. This approach would enhance the reliability and scope of phytochemical profiling.

Conclusions

This study demonstrates the potential of L. petiolata extracts, particularly ethanolic extracts, as effective
antibacterial agents against Xoo. The interplay of phenolic and non-phenolic compounds highlights the
importance of solvent selection in maximizing bioactivity. The complementary activity of non-phenolic
compounds in hexane extracts underscores the need for further research into the full spectrum of bioactive
compounds in these extracts. Furthermore, to advance these promising in vitro results toward practical
application, greenhouse trials are necessary to evaluate the efficacy of L. petiolata extracts against Xoo
under conditions that more closely mimic natural environments. Such studies will help establish optimal
application strategies, effective dosage ranges, and assess potential phytotoxicity on host plants. Overall, L.
petiolata has the potential to serve as a valuable natural resource for the management of plant pathogenic

bacteria, providing an environmentally friendly alternative to conventional synthetic antimicrobial agents.
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Abstract

Study of the effects of biochar-based growing media on the growth of kale. This study aimed to
utilize agricultural waste for biochar production as an alternative to open burning, which is harmful to the
environment. The experiment was designed using a completely randomized design (CRD) with 5 replications and
11 treatments. These treatments consisted of biochar produced from various types of agricultural waste, including
1) rice straw, 2) rice husk, 3) longan leaf, 4) longan peel, 5) longan branch, 6) jarul branch, 7) mango leaf, 8) corncob,
9) coffee husk, and 10) tobacco stem, which were mixed with commercially available growing media and cow manure
in a ratio of 2:1:1 (growing media: biochar: cow manure).The study investigated the effects of different biochar types
on the growth of chinese kale (Brassica alboglabra) in organic growing media. The results demonstrated significant
improvements in growth parameters, including plant height, fresh and dry weight from substrate mixed with tobacco
stems whereas the highest chlorophyll content was found in culture mixed with mango leaf biochar.
The incorporation of biochar into the soil culture boosted its chemical and biological properties. Biochars derived
from jarul branches, tobacco stems, and corncobs led to higher pH, electrical conductivity, organic carbon content,
and amounts of water-soluble phosphorus and potassium compared to the control. Additionally, coffee husk
biochar recorded the highest microbial population, reaching 10.7 x 10° CFU g'soil at harvest time. These findings
highlight the potential of various biochar as effective amendments for improving soil fertility and promoting plant

growth in organic farming systems.

Keywords: Soil media, Biochar, Chinese kale, Organic system
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Introduction

Agriculture in Thailand currently occupies 54.5% of the country's total land area. The northern region
of Thailand cultivates many crops, including fruit trees, field crops, and vegetables. A substantial quantity of
agricultural plant residues remains in the production system as by-products, termed biomass. Agricultural
regions contain extensive dispersal of these residues. In 2017, approximately 296 tons of biomass were
generated, of which 136 tons (46%) were utilized, waste materials 159 tons (54%) unutilized [14]. The unutilized
biomass is frequently burned up, resulting in environmental concerns. Various strategies have been developed
to maintain agricultural residues more effectively, focusing on maximizing their value and reuse in agricultural
practices. In Northern Thailand, a region rich in cropping systems, residues are achieved from rice, longan,
mango, coffee, tobacco and other crops. For instance, the approach involves converting biomass into compost
or biochar. Biochar production is achieved through a thermal decomposition process known as pyrolysis system,
which occurs under oxygen-free or low-oxygen conditions. This process results in the formation of a carbon-
rich solid composition with a black appearance [11]. Moreover, biochar is characterized by its highly porous
structure, low bulk density [23], high cation exchange capacity (CEC) [4,12], and alkaline pH levels [3].
Furthermore, biochar conduces to environmental sustainability by sequestering carbon and mitigating
greenhouse gas emissions, particularly carbon dioxide, from agricultural systems [20]. Additionally, biochar
attends to as a host for soil microorganisms, supporting microbial activity and biodiversity in the soil ecosystem
[18]. Biochar's beneficial properties make it an effective soil amendment, elevating both soil fertility and plant
growth conditions. This study aims to prospect the potential of utilizing various types of agricultural residues
for biochar production, with a focus on its application as a component of soil media. The experiment investigates
the physicochemical properties of biochar derived from different agricultural residues and evaluates its effects

on plant growth, using chinese kale (Brassica oleracea var. alboglabra) as the model crop.

Materials and methods

This greenhouse experiment was conducted from July to October 2021 in Chiangmai, Thailand to
examine the effects of different biochar types on chinese kale growth using a completely randomized design
(CRD) with five replications. Ten biochar treatments were produced through pyrolysis system (300-400°C) from
various dried agricultural residues including rice straw, rice husk, longan leaf, longan peel, longan branch, jarul
branch, mango leaf, corncob, coffee husk, and tobacco stem comparing with commercial soil substrate. Hence,
this biochar was mixed with commercial growing substate and cow manure (2:1:1 ratio by volume), and 20-
day-old chinese kale seedlings were transplanted into 6-inch pots with daily watering of 200 mL water per pot.
Growth parameters, including plant height, were recorded weekly until harvesting, chlorophyll content by using
a SPAD-502 (Konnica Milnolta) at 45 days after transplanting. After harvesting, fresh weight and dry weight
were collected data. Plant samples were dried in an oven at 70°C for 48 hours before weighing to determine

the dry biomass.
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The chemical properties of the growing media were analyzed both before and after the chinese kale
harvest. The samples were ground using a mortar and sieved through 0.5 mm and 2.0 mm mesh sieves. The
substrate samples analyses were conducted as following : 1) soil pH was measured using a 1:2.5 soil-to-water
ratio [20], 2) electrical conductivity (EC) was determined using a 1:5 soil-to-water ratio [16], 3) soil organic
carbon (SOC) was quantified using the Walkley and Black method [19], water-soluble phosphorus and
potassium were extracted with distiled water and analyzed accordingly via atomic absorption
spectrophotometer [8].

Biological properties of the soil substates were also checked by determining the total visible of
microbial population. Soil substrate samples were analyzed using the pour-plate technique on potato dextrose
agar (PDA). All samples were incubated at room temperature for 7 days, then microbial colonies were counted
and recorded.

The collected data were evaluated to analysis of variance (ANOVA). Duncan’s Multiple Range Test
(DMRT) procedure was used to calculate Significant Difference between the treatments using the Statistix

10 software.

Results
Chemical properties of growing media before the experiment

The chemical properties of the 11 growing media treatments (one control and 10 biochar-mixed
substrates) were analyzed prior to the experiment. The control (a commercial growing medium) and the biochar-
mixed substrates (a mixture of biochar, growing medium and cow manure in a 2:1:1 ratio) showed pH values
ranging from 8.0 to 9.6, indicating moderately to strongly alkaline conditions. Electrical conductivity (EC) values
were high, ranging from 1.8 to 5.5 mS cm™. Soil organic carbon (SOC) content was also high, ranging from
15.0% to 20.0%. Additionally, the water-soluble phosphorus and potassium levels were detected in the ranges

of 17.3 t0 94.3 mg P kg and 1,692 to 6,994 mg K kg™, respectively (Table 1).

Table 1 Some chemical properties of planting media before harvesting chinese kale.

EC SOoC P K
Treatment pH
(mS cm™) (%) (mg kg™

Control 8.0 1.8 18.9 23.3 2,006
Rice straw 8.7 3.1 15.0 94.3 3,530
Jarul branch 8.5 2.2 18.9 34.2 2,090
Longan leaf 8.3 2.0 19.6 27.2 2,133
Longan peel 8.8 2.4 19.5 43.6 3,169
Mango leaf 8.6 2.1 19.6 20.1 1,692
Rice husk 8.4 3.3 19.8 17.3 3,623
Corncob 8.7 29 20.0 91.9 3,299
Coffee husk 8.1 24 19.8 242 2,282
Longan branch 8.2 1.9 20.0 42.7 2,031

Tobacco stem 9.6 55 19.6 32.5 6,994
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Growth and chlorophyll content in chinese kale

The measurement of chinese kale height over six weeks after transplanting into different planting
materials revealed significant statistical differences among the 11 treatments. The kale grown in planting
materials mixed with biochar from longan branches and tobacco stems showed the highest growth trends
throughout the six weeks (Figure 1A). The growth rate at week 6, these treatments resulted in a 48.3% increase
in height compared to the control treatment. However, no significant differences were observed when compared
to chinese kale grown in planting materials mixed with biochar from rice straw, mango leaves, and rice husks.
The chlorophyll content in chinese kale leaves showed that planting materials mixed with all types of biochar
resulted in higher chlorophyll levels compared to the control (commercial soil). The highest chlorophyll content
(51.8 SPAD values) was observed in planting materials mixed with mango leaf biochar. However, this was not
significantly different from the materials mixed with biochar derived from tobacco stems, longan leaf, rice straw,

jarul branch, corn cob, longan branch, and coffee husk (Figure 1B).
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Figure 1: Height of chinese kale and chlorophyll content in chinese kale leave samples.

Different letters indicate significant differenced at P< 0.05 between treatments.

Fresh and dry weight of kale after harvesting

Planting materials mixed with all types of biochar resulted in higher fresh and dry weights of chinese kale
compared to the control treatment (without biochar). The highest fresh weight (26.2 g per plant) (Figure 2A)
and dry weight (2.6 g per plant) (Figure 2B). were observed in plant grown with substrate materials containing
tobacco stem biochar. However, these values were not significantly different from those observed in chinese
kale plants grown in substrate mixed with rice straw biochar. Specifically, the fresh weight of the plants cultivated
in this biochar reached 21.9 grams per plant, while the dry weight was recorded at 2.5 grams per plant. These
results indicate that incorporating rice straw biochar into the growing medium provided comparable benefits to

plant growth as other treatments, as illustrated in Figure 2.
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Figure 2: Fresh weight and dry weight of chinese kale after harvest.

Different letters indicate significant differenced at P< 0.05 between treatments.

Chemical properties of planting materials after kale harvesting

The analysis of chemical properties of planting materials after kale harvesting showed that the pH
(8.7) was observed in materials mixed with biochar from jarul branches. This was not significantly different from
materials mixed with mango leaf, longan branch, and tobacco stem biochar (P<0.01). The highest electrical
conductivity (EC) value (0.5 mS cm™) was found in planting materials containing tobacco stem biochar, with no
significant difference from those mixed with longan branch, corn cob, and coffee husk biochar. The control
treatment showed in the lowest EC value at 0.2 mS cm™.

The addition of biochar increased the organic carbon content of planting materials compared to the
control. Corn cob biochar resulted in the highest organic carbon content (20.3%) (P<0.01). In contrast, water-
soluble phosphorus and potassium levels showed no significant differences among treatments with averaging
values of 36.8 mg P kg and 314 mg K kg™, respectively (Table 2).

The incorporation of biochar into the soil substrate led to an increase in soil organic carbon content
compared to the control treatment. Among the different biochar types, corn cob biochar contributed the highest
soil organic carbon content, reaching 20.3% (P<0.01). On the other hand, water-soluble phosphorus and
potassium levels remained relatively stable across treatments, with no significant differences observed. The

overall mean of phosphorus content was 36.8 mg P kg™, while potassium levels averaged 314 mg K kg™.
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Table 2 Chemical properties of planting media after chinese kale harvest.

Health Science, Science and Technology Reviews

EC SOC P K

Treatment pH

(mS cm™) (%) (mg kg™

Control 7.9% 0.2° 11.0° 32.3 422
Rice straw 8.1CPE 0.38¢P 15.65¢ 24.7 402
Rice husk 8.0°F 0.38¢P 14.75¢P 37.3 227
Longan branch 8.38¢P 0.3°P 13.6°PEF 37.9 310
Longan peel 8.4°8 0.4%8 17.08 37.0 316
Longan leaf 8.48¢ 0.3°P 11.35F 36.3 348
Jarul branch 8.7* 0.38¢P 13.8CPE 30.9 310
Mango leaf 8.6"8 0.38¢P 12.7PFF 405 328
Corncob 8.48¢ 0.4"8 20.3% 65.2 283
Coffee husk 8.1°PF 0.4"8 15.75¢ 32.1 238
Tobacco stem 8.4%8 0.5% 16.18¢ 30.0 273
Grand Mean 8.3 0.3 14.7 36.8 314
CV (%) 2.2 21.8 10.6 55.5 34.3
F-test > > b ns ns

Mean in the same column followed by different letters were significantly different by DMRT test at ** P << 0.01, ns = Not significant

Microbial populations in planting materials

Before the experiment, the highest microbial population was found in soil mixed with longan peel
biochar (5.7x10* CFU g soil”"), with no significant differences from those containing coffee husk and mango
leaf biochar (5.6x10*and 5.5x10* CFU g™'soil, respectively) (P<0.01). After harvesting, the microbial populations
in all treatments increased by up to 10 times compared to pre-experiment. The highest microbial population
was found in treatment with coffee husk biochar (10.7 x10° CFU g soil™"), which was not significantly different
from those with longan branch and tobacco stem biochar at 9.6x10° and 9.7x10° CFU g soil”", respectively

(P<0.01). In contrast, the control treatment showed slightly decreasing in microbial populations (Table 3).

Table 3 Total microbial count of planting media before and after chinese kale harvest.

Microbial population count (CFU g Soil ™)

Treatment
before planting after harvested

Control 1.6%x 104 0.9%x 10°
Rice straw 1.35x 10* 1.4Px 10°
Jarul branch 4.0"x 104 4.5%Px 10°
Longan leaf 2.7°8x 10* 5.2%Px 10°
Longan peel 5.7%x 10* 7.05x 10°
Mango leaf 5.5% 10* 7.95%x 10°
Rice husk 2.6"8x 10* 6.55Cx 10°
Corncob 1.28x 10* 4.8%Px 10°
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Microbial population count (CFU g Soil ™)

Treatment
before planting after harvested
Coffee husk 5.6%x 10* 10.7"x 10°
Longan branch 1.1%x 10* 9.6"8x 10°
Tobacco stem 2.9"8x 10* 9.7%8x 10°
Grand Mean 3.1 x 10* 6.2 x10°
CV (%) 19.09 17.19
F-test > >

Mean in the same column followed by different letters were significantly different by DMRT test at ** P < 0.01.

Discussion

The study on the effects of various biochar growing media on chinese kale revealed that all biochar-
mixed growing media resulted in better kale growth in terms of height, leaf chlorophyll content, fresh weight,
and dry weight compared to the control. These findings align with [5], which indicated that biochar promotes
plant growth due to its porous structure. This structure enhances water retention and increases nutrient
exchange capacity, contributing to improved plant development, as also suggested by [7]. The soil substrate
pH and EC values of biochar-mixed materials increased, consistent with [6], who reported higher pH and EC
in biochar from corn cob and glass incorporated into soils in different ratios over 165 days of application.
Similarly, [1] found that adding biochar at rates of 1.5%, 3.0%, and 5.0% increased soil electrical conductivity,
with the 5.0% rate resulting in 60% higher conductivity than the control. The increase in pH is attributed to the
high alkalinity of biochar produced through pyrolysis at high temperatures [21], while the EC increase results
from salt accumulation in biochar [17]. The organic carbon content in the growing substrate declined compared
to pre-experiment levels but remained higher than that of the control treatment. This trend is consistent with
the findings of [10], which reported a decrease in organic carbon content after 182 days of soil incubation with
goat manure and biochar derived from goat manure. The decrease in organic carbon is likely attributed to soil
organism activities, as they use carbon as an energy source [9].

The water-soluble phosphorus levels in biochar-mixed growing substate were higher than those in the
control, ranging from 30.0 to 65.2 mg kg™'. This finding similar to [2], which reported increased phosphorus
levels in taro fields treated with biochar in 2017 and 2018. Similarly, water-soluble potassium levels after the
Chinese kale harvest exceeded those in the control. This is consistent with [15], which found that potassium
levels in biochar-enriched cultures increased after water leaching; hence, applied biochar could retain nutrients
and reduce rate of leaching [11]. Moreover, microbial populations in biochar-mixed soils increased significantly,
as supported by [13], who found higher microbial activity reflecting in the population of bacteria, fungi and
actinomycete than in control treatment after applying biochar for six months. This can be attributed to the

beneficial properties of biochar, which serves as a habitat for microbes due to its porous structure. [18].
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Conclusion

This study found that biochar derived from agricultural residues significantly enhanced chinese kale

growth and soil substrate properties. Biochar from rice straw, longan branches, and tobacco stems enhanced

plant height, fresh weight, and dry weight, while mango leaf biochar notably increased leaf chlorophyll content.

Biochar from jarul branches produced in the highest pH, tobacco stem biochar in the highest EC, and corncob

biochar in the highest organic carbon content. Additionally, rice straw biochar supported the highest microbial

population, highlighting its potential to enhance soil biological activity.
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Abstract

Pomegranate peel (Punica granatum) exhibits diverse biological activities including antioxidant anti-
inflammatory and anti-cancer properties. In Traditional Chinese Medicine, pomegranate peel has been reported
as a potential treatment for cancer. This study aimed to evaluate the cytotoxicity and anti-cancer effects of two
pomegranate peel extracts (ethanolic extract; PPE1 and commercial extract; PPE2) on HCT116 colorectal
cancer cell line. The cell viability was assessed using the trypan blue exclusion assay. The results demonstrated
that both PPE1 and PPE2 exhibited cytotoxic effects against HCT116 cells at increasing concentrations (25-
200 pg/ml) and times dependent manners (24-48 h). At 24 hours, there was 50% cell death at concentrations
more than 200 pg/ml. Additionally, at 48 hours, both PPE1 and PPE2 extracts at 200 pg/ml exhibited
approximately 50% cell viability. We evaluated cell-proliferation and self-renewal abilities using the MTS and
clonogenic assays. The result revealed that treatment of HCT116 with PPE1 (25-100 ug/ml) caused a
statistically significant reduction in cell number (p<0.05) compared to the untreated control group. Treatment
with PPE2 also resulted in a decrease of the cell number (p<0.05). Interestingly, both PPE1 and PPE2
significantly decreased the number and size of cellular colonies. These findings demonstrate that pomegranate
peel extracts exhibit cytotoxicity and effectively inhibit the proliferation of colorectal cancer cells (HCT116).

Pomegranate peel extract has promising potential for future development as a natural anticancer agent.

Keywords: Pomegranate peel extract, Cytotoxicity, Colorectal cancer cells
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Abstract

Siam tulip (Curcuma alismatifolia) is a significant economic ornamental plant in Thailand.
A commercial production of Siam tulip should mainly use disease-free rhizome to avoid disease
accumulation, which could affect the export of Siam tulip’s rhizomes. Therefore, the enhancing efficiency of
tissue culture of Siam tulip for disease-free and quality-consistent in plant production is another approach to
improve the quality of Siam tulip production for export capacity. This study aimed to evaluate the effects of
cytokinins and nutrient concentrations in MS medium, by using shoots harvested from cv. Red Shadow and
cv. Khao Yai as explant for the experiments. The results showed that the 4 mg/L of N6-benzylaminopurine
(BAP) resulted in the highest shoot multiplication of cv. Khao Yai and 5 mg/L of BAP gave the highest shoot
multiplication of cv. Red Shadow. While Kinetin resulted in the increasing of length of explants. Moreover, the
reduction of nutrient concentration in MS medium to 0.5 times and the increase of sucrose concentration to
2 times or 6% provided the highest shoot multiplication. While reducing the nutrient concentration in MS

medium to 0.25 times decreased the growth of both cv. Red Shadow and cv. Khao Yai.

Keywords: Cytokinins, Shoot multiplication, Concentration of medium

Introduction

Curcuma alismatifolia, commonly known as Siam tulip or Phatumma, is a beautiful and valuable
ornamental plant. The species belongs to the Zingiberaceae family due to its attractive colorful bracts [1].
It can be cultivated as a potted plant, used for decoration, or grown in the field for tourism, such as
Phatumma fields. Siam tulip is a tropical perennial species native to countries in Southeast Asia such as
Thailand, Cambodia or Laos. Thailand is one of the leaders for exporting flowers and rhizomes of C.
alismatifolia to several countries, i.e. the United States, the Netherlands, New Zealand and Japan [1, 2].
Increasing the economic value of this plant in Thailand has started from the domestic market to the
international market, resulting in higher income for the Siam tulip farmers [1, 2]. Typically, the underground
part of Siam tulip consists of rhizomes and storage roots [2]. The conventional technique for rhizomes
production is to grow rhizomes harvested from the previous season in soil, which can cause problems such
as low-quality plant stocks or contamination with soil borne pathogens [2, 3]. Nowadays, several growers or
farmers in Thailand cultivate Siam tulip for rhizome production using soil-less media to produce high quality

and disease-free rhizomes [3]. The most critical disease found in Siam tulips is bacterial wilt, caused by
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Ralstonia solanacearum [3]. Although farmers use many chemicals to control wilt disease, this approach fails
to provide a sustainable solution for long-term cultivation. Besides, applying unnecessary or ineffective
chemicals can cause soil pollution in fields. Using clean and aseptic rhizomes for crop production with
integrated pest management is a solution for the contamination problems because healthy mother plants
yield high quality of Siam tulip rhizomes for exporting [3, 4].

Micropropagation is an appropriate technique to produce healthy, disease free, uniform, and massive
rhizomes in a short period of time [5, 6, 7]. This study focused on the efficient and repeatable
micropropagation protocol for C. alismatifolia. The growth of plantlets in sterile conditions is influenced by
several factors. One of them is the balance of cytokinins and auxins hormones, which affect the growth and
morphological change of the shoots [8]. Typically, the application of cytokinins alone has been used for shoot
multiplication in many plant species [8, 9, 10]. BAP and kinetin are effective compounds used as plant growth
regulators for shoot regeneration [8, 9, 10]. Nevertheless, the adjustment of mineral salts was one of a crucial
factor for improving the micropropagation in many plants, such as stevia and mockorange [11, 12, 13].
Moreover, sucrose is used as an energy source for plant tissue culture. Optimizing the sucrose supplement
enhanced the in vitro growth of plants [14, 15, 16]. Therefore, the objective of this study was to investigate
the types of cytokinins and optimize the concentration of BAP and kinetin for increasing shoot multiplication

and in vitro growth of C. alismatifolia cv. Red Shadow and cv. Khao Yai.

Materials and Methods

Preparation

Clean culture plantlets derived from inflorescences of two Siam tulip cultivars: cv. Red Shadow and
cv. Khao Yai. were proliferated in the plant tissue culture laboratory at the University of Phayao, Thailand
(Fig. 1A). These plantlets were cultured on the Murashige and Skoog (MS) medium [17] with 2 mg/L N6-
benzylaminopurine (BAP) in glass bottles. All cultures were maintained in a culture room at 25+1°C with a 16
h photoperiod and 40-50 uM/m?s irradiance provided by cool white, fluorescent bulbs (Zeberg LED T8, 22W,
BKK, Thailand). Subcultures with four-week intervals were required to produce adequate plant materials.

Before culturing in each experiment, plantlets were transferred to free-plant growth regulator medium.

The effects of cytokinins on in vitro growth and multiplication of Siam tulip cv. Red Shadow and cv.
Khao Yai

For investigating the effects of cytokinins, BAP and Kinetin were tested at different concentrations
(1, 2, 3, 4 and 5 mg/L). The experimental design was completely randomized with 11 treatments, and MS
basal medium without cytokinins was a controlled treatment. Explants for the experiment were cut
pseudostems about 3-5 cm shown in Fig. 1B. All cultured vessels were incubated in the culture room
described above. In this experiment, plants were grown for 5 weeks. The length of new shoots, new shoots

number, new roots number, and length of explants were recorded to evaluate the growth (Fig 1B).
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The combinatory effects of concentration strength of MS basal medium and sucrose concentrations on
the in vitro growth of Siam tulip cv. Red Shadow and cv. Khao Yai

Fifteen semi-solid media were designed using 0.25-, 0.5-, 1-, 1.5- and 2-time MS strength (xMS)
with 3%, 6% and 9% sucrose. These combinations were used to investigate the effect of MS mineral strength
and sucrose concentration on in vitro growth and micro-rhizome production. The experimental design was
completely randomized with 5 replicates. New shoots number (shoots), length of new shoots (cm), new root

length (cm) and length of explant shoots (cm) were evaluated after cultured for 6 weeks.

Statistics

The results were presented as mean * standard error (SE). Analysis of variance (ANOVA), a
collection of statistical models and their associated estimation procedures used to analyze the differences
among means, was employed for this study. The mean values were compared using Duncan's Multiple
Range test (DMRT) and analyzed by Statistical Package for Social Sciences (SPSS) version 28.0 software
(IBM Corp.; Armonk, NY, USA).

(A)

inflorescences as explants

shoot multiplication
for sterilization step

(B)

explants

— i 2

. '..‘V"
s | - * {\7\/‘[{

An explant for experiment

A plantlet used as material After experiment, explants with new shoots

Fig 1 Scheme for (A) plantlets preparation from inflorescences of C. alismatifolia or Siam tulip cultivars

(cv. Red Shadow and cv. Khao Yai) and (B) definition of plantlets, explants and new shoots.
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Results

The effects of cytokinins on in vitro growth and multiplication of Siam tulip cv. Red Shadow and cv.
Khao Yai

The effects of two types of cytokinins (BAP and Kn) were presented in Fig. 2 and 3. Typically, BAP
was more effective in increasing the length of new shoots and new shoot number in both cultivars. Any
concentrations of BAP exhibited a positive effect on the length of new shoots (Fig. 2A and 3A). For cv. Red
Shadow, the effect of BAP on the length of new shoots derived from explants was significantly different. The
highest concentration of BAP provided the highest new shoots number. However, explants grown on 5 mg/L
BAP were not significantly different from explants grown on 2, 3 or 4 mg/L BAP (Fig. 2B). Moreover, for new
roots number of cv. Red Shadow, explants grown on any BAP concentration were not significantly different
compared to the control. However, explants grown on any of the Kn concentrations were significantly different
compared to the control. They had lower new roots numbers in any concentrations of Kn (Fig. 2C). The
length of explants in any Kn concentrations were not significantly different compared to control (MS without
BAP or Kn). Nevertheless, explants grown on MS medium supplemented with any BAP concentration were

less length of explant significantly from control, except the 0.1 mg/L of Kn (Fig. 2D).
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CV. Red shadow

Fig 4 Growth appearance of in vitro shoots of C. alismatifolia cv. Red Shadow cultured on

MS medium supplemented with various cytokinins for 6 weeks (bar = 1.0 cm).

CV. Khaoyai

Fig. 5 Growth appearance of in vitro shoots of C. alismatifolia cv. Khao Yai cultured on

MS medium supplemented with various cytokinins for 6 weeks (bar = 1.0 cm).



41 | Vol. 18 No. 2, May — August, 2025 Health Science, Science and Technology Reviews

For cv. Khao Yai, the response of the new shoots number was the same trend as the response of
the cv. Red Shadow. The length of new shoots of cv. Khao Yai, explants grown on any BAP concentrations
had longer new shoots compared to explants grown on any Kn concentrations and control (Fig. 3A and B).
Explants grown on 2 mg/L BAP had the highest length of new shoots, but it was not significantly different
from explants grown on 1 or 3 mg/L BAP (Fig. 3A). For the new shoots number of cv. Khao Yai, the
response of this cultivar was the same trend as cv. Red Shadow (Fig. 3B). For new roots number, explants
grown on 2 mg/L BAP had the highest new roots number, but it was not significantly different from explants
grown on 1 or 3 mg/L BAP including 2, 3, 4 or 5 mg/L Kn (Fig. 3C). For the length of explants, explants
grown on control medium had the highest length compared to other treatments (Fig. 3D). The growth
appearance of both cultivars had been shown in Fig. 4 and 5. Shoots multiplication could be observed in

explants grown on the MS media supplemented with cytokinins (Fig. 4 and 5).

The combinatory effects of concentration strength of MS basal medium and sucrose concentrations on
the in vitro growth of Siam tulip cv. Red Shadow and cv. Khao Yai

The study examined the effects of different sucrose concentrations (3, 6, and 9%) combined with
five MS basal medium concentration strengths (0.25, 0.5, 1, 1.5, and 2x) on the shoots multiplication and
growth of C. alismatifolia varieties cv. Red Shadow and cv. Khao Yai in Table 1 and 2. The highest new
shoots number was observed at 0.5x MS + 6% sucrose for both varieties: cv. Red Shadow (2.42 shoots) and
cv. Khao Yai (2.21 shoots). The longest new shoots were recorded at 1x MS + 9% sucrose for cv. Red
Shadow (1.66 cm) and 1x MS + 6% sucrose for cv. Khao Yai (3.41 cm) (Table 1 and 2). Sucrose levels (6—
9%) with 1x MS significantly promoted shoots elongation. Optimal shoots multiplication occurred at 0.5x MS +
6% sucrose. Optimal shoots elongation was promoted at 1x MS with 6-9% sucrose, particularly benefiting cv.
Khao Yai. Excessively high MS concentrations (1.5x and 2x) negatively affected both new shoots number
and length, likely due to excessive nutrients or osmotic stress. Higher MS concentrations (1.5x and 2x)

resulted in shorter shoot lengths.
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Table 1 The combinatory effect of MS strength (expressed as xMS) and sucrose concentration on shoots

growth and development of Siam tulip after 6 weeks of culture (Trt = treatment).

MS Sucrose New shoots number (shoots) Length of new shoots (cm)
b (x) (%) cv. Red Shadow cv. Khao Yai cv. Red Shadow cv. Khao Yai
1 0.25 3 0.210.1f 0.67+0.3%% 0.17£0.1° 1.67+0.6°%
2 0.25 6 1.08+0.1°% 1.29+0.3%¢ 0.64+0.1°% 1.88+0.4>°
3 0.25 9 0.88+0.2%f 0.96+0.2>° 0.32+0.1° 1.44+0.6°%
4 0.5 3 1.25+0.6>° 0.50£0.1% 0.57%0.1% 1.730.5%
5 0.5 6 2.42+0.12 1.50+0.3%¢ 0.88+0.1% 3.32+0.7%°
6 0.5 9 1.92+0.3% 1.17£0.4> 0.63£0.1°%% 2.0120.4%¢
7 1 3 0.83+0.2%f 0.63+0.2°% 1.1320.2*° 1.63+0.5%%
8 1 6 1.7540.4%° 1.92+0.4% 1.13+0.2° 3.41£0.4°
9 1 9 1.79£0.2°%° 1.75£0.3% 1.66+0.2° 1.62+0.2°%
10 15 3 0.13+0.1' 0.17+0.1° 0.22+0.1° 0.40+0.2°
11 1.5 6 1.54£0.2°% 2.21£0.67 1.16+0.2*° 3.30£0.7%
12 15 9 1.92+0.2% 0.58+0.2°% 1.42+0.2% 0.87+0.3%
13 2 3 0.29+0.1f 0.17£0.1° 0.49+0.3% 0.32+0.2°
14 2 6 0.7520.2°f 1.58+0.5%° 0.88+0.2% 2.78+0.6%°
15 2 9 0.67+0.2°f 0.67+0.3%% 0.66+0.3%% 0.85+0.3%

F-test Sig Sig Sig Sig

Values (mean t Standard Deviation: SE) in each column superscripted with different lowercase letters are significantly

(p < 0.05) different; sig = significantly (p < 0.05) different, * = controlled treatment.

Table 2 The combinatory effect of MS strength (expressed as xMS) and sucrose concentration on root

growth and development of Siam tulip after 6 weeks of culture (Trt = treatment)

MS Sucrose Length of explant shoots (cm) New roots length (cm)
b (x) (%) cv. Red Shadow cv. Khao Yai cv. Red Shadow cv. Khao Yai
1 0.25 3 5.4520.4° 3.1720.6¢ 3.75£0.2°° 0.86+0.3%"
2 0.25 6 4.21£0.2 4.19+0.4° 3.36+0.4% 1.15£0.2>"
3 0.25 9 6.50+1.6% 3.4520.1¢ 1.080.3°f 0.47£0.2'
4 0.5 3 5.52+0.5°f 5.83+0.3% 3.500.2° 1.45£0.1%¢
5 0.5 6 6.56+0.5%" 4.4410.3% 4.4620.4° 1.89+0.4%°
6 0.5 9 5.57+0.4° 3.4320.2¢ 2.1320.5% 0.53£0.1°
7 1 3 12.16+0.32 6.31+0.4° 4.38+0.3° 1.99+0.4°
8 1 6 9.04+1.0%° 5.8620.3% 4.29+0.8° 1.590.3%°
9 1 9 8.74+0.6" 3.51+0.4% 5.96+0.37 0.65+0.1%f
10 15 3 11.74£1.1° 5.570.3% 4.0420.5> 1.26+0.1%f
11 1.5 6 10.17+0.7% 5.03+1.2%¢ 3.34+0.4% 1.26+0.3%"
12 15 9 8.27+0.7° 3.83+1.0° 2.9420.3% 0.76+0.4%
13 2 3 10.20+0.8% 4.05+0.9° 3.33+0.2° 0.560.2°'
14 2 6 7.7111.20% 5.51£0.8%° 2.06x0.2% 1.320.3%°
15 2 9 6.97+0.3%% 3.51+0.6% 0.38+0.2' 0.560.2°'

F-test Sig Sig Sig Sig

Values (mean t Standard Deviation: SE) in each column superscripted with different lowercase letters are significantly

(p < 0.05) different; sig = significantly (p < 0.05) different, * = controlled treatment.
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Discussion

Cytokinins play a crucial role in shoots multiplication by promoting cell division and shoots formation
in plant tissue culture [18]. This study looked at how two cytokinins, 6-benzylaminopurine (BAP) and Kinetin
(Kn), affect the growth of shoots, their length, and the formation of new roots in two types of C. alismatifolia:
cv. Red Shadow and cv. Khao Yai. BAP was shown to be more effective than Kn in increasing shoots
proliferation and shoots elongation in both cultivars. The positive response of BAP across all tested
concentrations aligns with previous findings that BAP is a strong promoter of axillary shoots formation in
Zingiberaceae species [19, 20, 21]. In cv. Red Shadow, the highest new shoots number was observed at 5
mg/L BAP, but no significant difference was found between 2-5 mg/L BAP. This suggests that a BAP
concentration of 2-3 mg/L may be the optimal concentration, as the higher concentrations may not
significantly improve shoots proliferation. A similar trend was observed in cv. Khao Yai, where 2 mg/L BAP
promoted the longest new shoots, consistent with findings in Curcuma longa [21]. Kn was generally less
effective in stimulating shoots elongation and multiplication. This supports earlier studies showing that BAP is
more efficient than Kn in promoting in vitro shoot proliferation in Curcuma species [20, 22]. The higher
efficacy of cytokinins could be attributed to each plant species and its tissue compared to BAP. The most
effective cytokinins for inducing shoots from nodal explants of cucumber were Kn, and the highest number of
shoots (7.93 shoots/explant) and the longest shoots (3.61 cm) were obtained on MS medium supplemented
with 1 mg/L Kn [23]. New roots development varied between cytokinins treatments. In cv. Red Shadow, BAP
had no significant effect on new roots number compared to the control, while Kn significantly reduced new
roots formation. Similar trends were observed in cv. Khao Yai, where 2 mg/L BAP promoted the highest new
roots number, but it was not significantly different from other BAP or Kn treatments. These results align with
previous studies in Curcuma spp., where BAP at moderate concentrations (1-3 mg/L) promoted roots
formation, but higher cytokinins levels suppressed rooting due to cytokinins-auxins interactions [24]. High
cytokinins concentrations have been shown to reduce roots induction by inhibiting auxins transport, a key
hormone in roots development [24]. Explant length was significantly influenced by cytokinins supplementation.
In both cultivars, explants grown on BAP-containing medium were shorter than the control, indicating that
BAP stimulates lateral shoots proliferation but inhibits internode elongation. This is consistent with findings in
Zingiber officinale, where BAP promoted compact shoot clusters [21]. Interestingly, the combination of 4 mg/L
BAP and 3 mg/L Kn resulted in the maximum number of shoots [21].

The present study examined the effects of Murashige and Skoog (MS) medium strength and sucrose
concentration on the shoot multiplication, elongation, and roots development of C. alismatifolia (cv. Red
Shadow and cv. Khao Yai). The findings highlighted the influence of nutrient concentration and carbohydrate
availability on in vitro plant growth, supporting previous research on micropropagation of Zingiberaceae
species. Shoots multiplication was significantly influenced by MS strength and sucrose concentration. The
highest number of shoots was observed at 0.5x MS + 6% sucrose, particularly in cv. Red Shadow (2.42
shoots) and cv. Khao Yai (2.21 shoots). This is consistent with previous studies that suggest an optimal salt
concentration promotes shoot growth and development in Zingiberaceae [25, 26]. The highest shoot
elongation was recorded in 1x MS + 3% sucrose, with 12.16 cm in cv. Red Shadow and 6.31 cm in cv. Khao

Yai. This suggests that a balanced nutrient supply with suitable cytokinins favors shoots elongation and roots
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growth [27]. The highest percentage of proliferation of Curcuma caesia was found in full strength MS medium
supplemented with 3 mg/L BAP and 0.5 mg/L NAA. Micropropagation of strawberry ‘Pharachatan 80’, by
using the modified MS basal medium at half strength of KNO3, higher Mesos, Minors (Zn, Cu, B, Mo, Cl, Mn)
and Iron significantly improved growth of micro-shoots [28]. The best roots development was observed in 1x
MS + 9% sucrose for cv. Red Shadow (5.96 cm) and 1x MS + 3% sucrose for cv. Khao Yai (1.99 cm). This
confirms that sucrose plays a crucial role in root elongation, increased carbohydrate supplies enhanced roots
length for in vitro ginger (Zingiber officinale Rosco) [29]. Roots growth of ginger was highly affected by
increased sucrose due to treatment effects in which the maximum number and length of new roots were
recorded from mediums adding 60 g/L (or 6%) sucrose supplemented with 3, 6, and 9 mg/L BAP [29].
Carbon sources have a direct bearing on the frequency and quality of roots, which ultimately determines ex
vitro growth. The sugar types and concentrations, including their interactions, have significant effects on root
thickness [30]. Sucrose in the culture medium results in the production of high levels of reducing sugars:
glucose and fructose [31]. Those reducing sugars may accelerate cell division and consequently lead to an

increase in the plant weight and growth at a suitable pH of the culture medium.

Conclusion

The results suggest that BAP is the preferred cytokinins for in vitro multiplication of C. alismatifolia,
with optimal shoots proliferation occurring at 2-5 mg/L BAP. Kn was less effective in promoting shoots
multiplication and caused a reduction in roots formation. The study confirms that optimal MS strength and
sucrose concentration vary depending on the specific growth parameter being targeted. For shoots
multiplication, 0.5x MS + 6% sucrose was the most effective, whereas shoots elongation was best achieved
with 1x MS + 3% sucrose. Roots development benefits from 1x MS + 9% sucrose, though excessively high

MS and sucrose levels negatively affect overall growth.
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Abstract

The objective of this research was to study the effects of pre-harvest spraying of calcium on the
growth, yield, and postharvest quality of sunflower microgreens. The experiment was designed using a Factorial
in Completely Randomized Design with two factors: 1) Two types of calcium (calcium lactate and calcium
chloride, CaCl,) and 2) Five levels of calcium concentration (0, 0.04, 0.4, 0.8, and 1.6%). Calcium solutions
were daily sprayed to sunflower microgreens during 4-6 days after seed sowing and microgreens were
harvested at 7" days, packed in plastic tray and stored at low temperature (10+2°C 80+2%RH) for 24 days.
Results indicated that type of calcium had no significant effect on plant height, shoot weight, root length, or leaf
length. However, it significantly affected on yield that spraying with calcium lactate solution causes sunflower
microgreens to have higher yield than CaCl, spraying. Regarding calcium concentration, the 0.04 and 0.4%
resulted in higher yield than the other levels. As for the postharvest quality during 24 days at low temperature
storage, calcium spraying has been shown to slow down weight loss and maintain quality. Sunflower
microgreens sprayed with calcium lactate solution have a lower weight loss than CaCl, solution, and in addition,
calcium solution at 0.40 and 0.04% reduce weight loss, slow down leaf color change, and reduces bruising and
decay of leaves and has better overall quality than other treatments, When considering interaction between
calcium type and concentration levels, it was found that calcium lactate at 0.04 and 0.4% had higher yield and
lower weight loss than the other treatments, as well as the lower production costs and higher profit than the

other treatments.

Keywords: Calcium lactate, Calcium chloride, Quality, Yield, Sunflower microgreen
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Table 1 Effect of preharvest sprayed with calcium lactate and calcium chloride on growth and yield of sunflower

micro greens.

Stem Root Leaf Yield
Treatment Height Weight Length Length Width )
(gltray) (g/m’)
(cm) (9) (mm) (mm) (mm)

Calcium Type (A)
Calcium lactate 11.91 0.85 6.92 16.52 10.59° 105.46° 1,7012
CaCl, 11.60 0.80 6.80 17.50 11.822 94.40° 1,523°
F-test ns ns ns ns * * *
Concentration (B)
0% 10.99° 0.84° 6.53° 16.86% 10.89° 104.06%° 1,678°
0.04% 11.47° 0.86° 8.06° 16.88% 11.16% 112.78° 1,819°
0.4% 12.44° 0.89° 7.56%° 17.69° 11.762 107.41° 1,732°
0.8% 12.942 0.85° 5.92° 16.86° 10.96% 92.32 1,489°
1.6% 10.97° 0.70° 6.21° 17.08% 11.25% 83.10° 1,340¢
F-test « « . . « . «
AxB
Calcium lactate 0% 10.99% 0.84° 6.53° 16.86% 10.89¢ 104.06%° 1,678.39%°
Calcium lactate 0.04% 11.35¢ 0.84° 8.06° 16.47%° 10.68% 116.04° 1,871.612
Calcium lactate 0.4% 12.30%° 0.91° 7.38% 17.62° 11.09° 113.20° 1,825.81°
Calcium lactate 0.8% 13.37° 0.89° 6.04° 15.28° 9.98° 107.91° 1,740.48°
Calcium lactate 1.6% 11.55% 0.80° 6.57° 16.38% 10.30° 86.11%° 1,388.87™
CaCl, 0% 10.99% 0.84° 6.53° 16.86% 10.89¢ 104.06%° 1,678.39%°
CaCl, 0.04% 11.59% 0.87° 8.07° 17.29° 11.63° 109.52° 1,766.45°
CaCl, 0.4% 12.55% 0.82° 7.73%® 17.77° 12.42° 101.62° 1,639.19°
CaCl, 0.8% 12.50° 0.82° 5.80° 17.83° 11.94° 76.74° 1,237.90°
CaCl, 1.6% 10.39° 0.60° 5.85° 17.78° 12.20% 80.08° 1,291.61°
F-test « « * * « * «
CV (%) 10.59 22.40 30.70 10.94 13.06 16.56 16.56

Remarks: Mean in the same column followed by different letters were different significantly by DMRT and

* = significant different at probability level 0.05, ns = none significant different.
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Table 2 Effect of preharvest sprayed with calcium lactate and calcium chloride on weight loss of sunflower

microgreens during storage at low temperature (10+2°C, 80+2%RH) for 24 days.

Day of storage

Treatment

7 14 21 24
Calcium Type (A)
Calcium lactate 2.57 5.14 8.42° 9.97°
CaCl, 2.43 5.53 9.14° 11.95%
F-test ns ns * *
Concentration (B)
0% 2.49% 6.39° 9.89° 11.772
0.04% 2.73° 5.04%° 8.42°% 10.13°
0.4% 2.812 5.41% 8.37° 9.98°
0.8% 2.19° 4.77° 8.38° 11.60°
1.6% 2.26° 5.07% 8.83% 11.33%
F-test * * * *
AxB
Calcium lactate 0% 2.49a 6.39° 9.89° 11.77°%°
Calcium lactate 0.04% 2.86% 4.93% 7.82% 9.18°
Calcium lactate 0.4% 3.20° 5.79%° 8.46% 9.12°
Calcium lactate 0.8% 1.77° 4.04° 7.36° 9.59%°
Calcium lactate 1.6% 2.52° 4.58% 8.55% 10.20%°
CaCl, 0% 2.49° 6.39° 9.89° 11.77%°
CaCl, 0.04% 2.612 5.16%° 9.01%° 11.08%°
CaCl, 0.4% 2.43° 5.03% 8.23% 10.843>°
CaCl, 0.8% 2.612 5.50% 9.40% 13.62°
CaCl, 1.6% 2.01° 5.56%° 9.112 12.45%
F-test * * * *
CV (%) 27.09 28.98 18.10 18.87

Remarks: Mean in the same column followed by different letters were different significantly by DMRT and

* = significant different at probability level 0.05, ns = none significant different.
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Calcium lactate Caleium chloride

Figure 1 Sunflower microgreens that were preharvest sprayed with calcium lactate and calcium chloride then

packed in plastic trays and stored at low temperature (10£2°C, 80+2%RH) for 24 days.
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Figure 2 Quality as color change (A) appearance (B) and overall quality (C) of sunflower microgreens
after preharvest sprayed with calcium lactate and calcium chloride then packed in plastic trays and

stored at low temperature (10+2°C, 80+2%RH) for 24 days.

Table 3 Greenness value (SPAD unit) of sunflower microgreens after preharvest sprayed with calcium lactate

and calcium chloride then packed in plastic trays and stored at low temperature (10£2°C, 80+2%RH) for 24 days.

Day of storage

Treatment

0 7 14 21 24
Calcium Type (A)
Calcium lactate 46.56° 52.17° 52.95° 50.01° 49.23
CaCl, 50.00° 53.34° 52.05° 48.49° 49.96
F-test * * ns * ns
Concentration (B)
0% 43.67° 46.44° 55.932 52.30° 48.30°
0.04% 47.27° 55.66° 49.41° 47.96™ 49.40%
0.4% 49.56° 52.68° 49.81° 50.88° 50.50?
0.8% 49.99° 55.92° 53.18° 46.88° 49.80%
1.6% 50.89° 53.11° 54.18° 49.24° 49.94°
F_test * * * * *
AxB
Calcium lactate 0% 43.68¢ 46.44° 55.932 52.30° 48.30°
Calcium lactate 0.04% 43.10¢ 55.20°° 49.09° 48.58% 50.132°
Calcium lactate 0.4% 47.65° 53.04c¢¢ 50.21°° 51.78% 50.782
Calcium lactate 0.8% 46.70° 51.00¢ 57.382 48.88% 48.59
Calcium lactate 1.6% 51.68%° 55.20°° 52.13° 48.54% 48.34°
CaCl, 0% 43.68¢ 46.44° 55.932 52.30° 48.30°
CaCl, 0.04% 51.45% 56.12° 49,73 47.34¢ 48.68™
CaCl, 0.4% 51.47%° 52.32¢ 49.41° 49.98" 50.22%
CaCl, 0.8% 53.28° 60.83° 48.98° 44.89° 51.02°
CaCl, 1.6% 50.09° 51.02¢ 56.232 49.93% 51.55°
F_test * * * * *
CV (%) 26.83 32.41 24.02 19.72 7.40

Remarks: Mean in the same column followed by different letters were different significantly by DMRT and

= significant different at probability level 0.05, ns = none significant different.
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Table 4 Total chlorophyll content (mg./g fw.) of sunflower microgreens after preharvest sprayed with calcium
lactate and calcium chloride then packed in plastic trays and stored low temperature (10+2°C, 80+2%RH) for

24 days.

Day of storage

Treatment

0 7 14 21 24
Calcium Type (A)
Calcium lactate 0.028 0.028° 0.040° 0.0372 0.030
CaCl, 0.031 0.0322 0.040° 0.035° 0.030
f-test ns * ns * ns
Concentration (B)
0% 0.025 0.025° 0.0.36° 0.041% 0.029°
0.04% 0.029 0.0.322 0.042° 0.037° 0.033?
0.4% 0.032 0.036° 0.0.542 0.043° 0.033?
0.8% 0.030 0.037° 0.037° 0.0.28° 0.028°
1.6% 0.031 0.020° 0.030¢ 0.0.31° 0.026°
F-test ns * * * *
AxB
Calcium lactate 0% 0.025° 0.025% 0.036¢ 0.04130° 0.029%°
Calcium lactate 0.04% 0.030% 0.026% 0.037¢ 0.037°¢ 0.033?
Calcium lactate 0.4% 0.0272° 0.035"° 0.050° 0.043% 0.0332
Calcium lactate 0.8% 0.028% 0.031% 0.043° 0.031¢% 0.028%
Calcium lactate 1.6% 0.029%° 0.024° 0.032% 0.036% 0.026°
CaCl, 0% 0.025° 0.025% 0.036¢ 0.041%¢ 0.029%
CaCl, 0.04% 0.028% 0.039% 0.047" 0.037°% 0.033?
CaCl, 0.4% 0.038° 0.036°%° 0.0582 0.044° 0.033?
CaCl, 0.8% 0.031% 0.043° 0.031% 0.026° 0.028%
CaCl, 1.6% 0.033% 0.016 0.028° 0.026° 0.026°
F_test * * * * *
CV (%) 22.24 58.77 55.04 41.68 23.15

Remarks: Mean in the same column followed by different letters were different significantly by DMRT and

* = significant different at probability level 0.05, ns = none significant different.
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Table 5 Analysis of unit production costs of sunflower microgreens that were preharvest sprayed with calcium

lactate and calcium chloride.

Cost (Bahtlmz) Yield Income Profit

Treatment , N ,

Media Seed Calcium Total (g/m°) (Baht/m") (Baht/m”)
Calcium lactate
0% 2.00 104.84 0.00 106.84 1,678 335.68 228.84
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2.00
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0.80% 2.00 104.84 1.29 108.13 1,238 247.55 139.42
1.60% 2.00 104.84 2.58 109.42 1,292 258.32 148.90
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Abstract

Knee osteoarthritis was important problem in middle age and elderly people, which caused cartilage
degeneration of knee, leading to structure of joint abnormalities. Pain relief in the field of Thai traditional
medicine used herbal poultices, however the method had complex process and the problem of stained clothes.
The researcher applied slime poultices. The objective of this research was to compare before and after average
knee pain of the effectiveness of slime poultices in knee osteoarthritis patients to admitted in Thai traditional
medicine clinic, Phra Ajarn Mun Bhuridatto Hospital. The sample consisted of 44 knee osteoarthritis patients.
Research instruments include the data record of patients, the VAS scale assessment and Oxford Knee Score
assessment. The samples were passed the inclusion criteria, who received slime poultices of knee 15 minutes.
These methods are used 1 time/day for 3 days, every other day: Monday, Wednesday, Friday and received
poultices of knee 15 minutes. The results of research were statistically analyzed with SPSS Statistics ver.27,
using Paired Simple T-test.

The result was found that after experiments using slime poultices: the experiment group had average
score of Knee Score represented 29.64+4.46 score, which was higher than before experiment. The compare
of average level of severity of Knee osteoarthritis before and after experiment was found that the average score
after experiment was high level, pain score was decreased statistically significant at p<0.05 and found that the
effectiveness of slime poultices had average of pain score was decreased, when compared with before
experiment statistically significant at p<0.05. The different average pain scores of left knee joint, right knee joint
and both sides were 1.86 scores, 1.78 scores, 1.93 scores, respectively. Slime poultice could apply with

treatment and people have another option for basic health care of themselves.

Keywords: Slime knee poultice, Osteoarthritis, Phra Ajarn Mun Bhuridatto Hospital
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Abstract

Recently, alternative medicine was interested in its sciences, one of alternative therapy using the
concept of patient center, and it was also holistic care. Chinese Tuina Massage has been one of the
sciences on traditional Chinese medicine since the ancient era. The explicit knowledge of Chinese Tuina
Massage has been developed continually has been around for a very long time, as evidenced by the
scriptures “Huangdi Neijing”, the first traditional Chinese medicine textbook completely edited in Qin and Han
Dynasty. Chinese Tuina Massage has been used to heal the disease in Ayurveda, Obstetrics & Gynecology,
Pediatrics, Orthopedics etc. Additionally, there were investigations to apply Tui Na massage used in other
areas of medicine including textbook of Chinese Tuina Massage was edited as considering the new
information generated by treating various illnesses. The advantages were safety and disappearing of any side
effects. Currently, Tuina is a popular alternative treatment as it restores balance to the body. It helps regulate
the circulatory, nervous and muscular systems, relieves pain and promotes general health. It is also
recognized by the World Health Organization for its effectiveness in treating disease.

This article aims to provide a comprehensive analysis of the knowledge surrounding Tuina. Five key
areas are covered: its history and development, underlying principles and practices, relevant theoretical
frameworks, preparation for massage, and fundamental Tuina techniques. The discussion highlights the
historical context, the theoretical foundations, and the systematic application of Tuina therapy in clinical

practice.

Keywords: Tuina, Traditional Chinese medicine, Chinese Tuina massage, Tuina therapy
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