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Abstract: This research aimed to study the responses of soil microorganisms associated with carbon cycling
enzyme activity to the application of chemical fertilizers or organic materials concerning soil organic carbon
accumulation. The experiment consisted of four treatments: 1) control (unamended soil); 2) chemical fertilizer
(N-P-K = 15-15-15) (CF); 3) goat manure (GM); and 4) GM-biochar compost (GMBC). The study found that
after 3 hours of organic input incorporation, the soil metabolic quotient (qCO,) was the highest in the GM
treatment, followed by GMBC treatments (0.3617 and 0.26 mg CO2-C/g MBC/day, respectively).
The cumulative CO,-C evolution was the highest in the GM treatment after 112 days of incorporation
(2,578 mg CO,-C/m2/day), followed by the GMBC, CF, and control treatment (1,481, 685, and 613 mg CO,-
C/m2/day, respectively). The specific 3-glucosidase activity increased sharply with the GM treatment (878 g
p-nitrophenol/g MBC/h) after 21 days of organic inputs. Therefore, the specific phenoloxidase activity in
the GMBC treatment had the highest enzyme activity of 0.044 and 0.036 umol dicg/g MBC/h on days 21
and 77 (P<0.05). Absolute B-glucosidase was positively correlated with CO, emissions (r = 0.6648***),
while microbial biomass C was also governed by the activity of this enzyme (r = 0.6438***). Our study indicated
that the C form of organic inputs had a stronger influence on C-cycling enzyme activities than the influence
of nitrogen. The goat manure biochar composts were the best suited for improving soil the organic C content
in sandy soil, as it contains both easily and resistant C compounds coupled with an appropriate C/N ratio

for microbial use.

Keywords: Soil organic carbon, soil enzymes, goat manure-biochar compost, 3-glucosidase, phenoloxidase

Introduction

Soil microorganism activity is the key
factor determining soil fertility and carbon (C)
sequestration in soil. Therefore, it is crucial to
investigate how the metabolic activity of soil
microorganisms responds to the differentiation of C
sources (e.g., easily and resistant C compounds),
particularly in highly weathered sandy soil where
original nitrogen (N) concentrations are low. The
activity of soil C-cycling enzymes has received
increasing attention as an indicator of soil fertility,
particularly as influenced by the C availability of
organic inputs (Kamolmanit et al., 2013). Although
it has been reported that the application of
contrasting quality organic inputs can influence soil
microbial activities concerning enzyme activities in

soil, the pattern of changes in specific enzyme

activities is still unclear. Generally, the activities of
easily decomposable C compound-degrading
enzymes are positively related to C and also N
concentrations in organic inputs or soils (Mazzon
et al., 2018). Studies have shown that adding N has
a potent influence on the inhibition of phenoloxidase
activity, but the opposite is true for the labile
C compounds (Carreiro et al., 2000). However,
the positive effects of N on phenoloxidase activity
resulted in the depletion of soil organic matter
(SOM), leading to the decline of indigenous
soil organic carbon (SOC) (Kuzyakov, 2010;
Sinsabaugh, 2010). Since C-cycling enzyme
activity plays a crucial role in residue decomposition,
we chose both labile- and resistant-C compound
degrading enzymes as a comparative factor,
as it is a significant component of soil function,

particularly in highly weathered soil.
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Recycling animal manure into low-cost
organic fertilizers has a beneficial effect on the
growth and productivity of various crops and
promotes the restoration of the ecological and
economic functions of the soil. Another approach to
improve some properties of goat manure is to
create biochar. The resulting manure-biochar
created yields with a high percentage of fixed C
(Kamolmanit et al., 2018). Many herbivore manures
have been investigated as materials for biochar
production (Situmeang et al., 2019; Tsai et al.,
2012). However, compared to goat manure, other
types of manure such as poultry and pig manure
contain high levels of plant macronutrients and high
C/N ratios, so farmers prefer to incorporate them
directly into the soil or make compost. Fresh
goat manure reportedly has a fixed carbon content
of 129 g/kg, which can be used as feedstock
for the production of biochar (Kamolmanite
and Lawongsa. 2021). In 2022, the Department
of Livestock Development in Thailand published
data on goat husbandry, which revealed over
1,500,000 goat heads (Department of Livestock
Development, 2022). According to Osuhor et al.
(2002), the mean manure production per head per
day was 0.38 kg. It's possible to use goat manure
for biochar production since it can yield around
570,000 per head per day Animal manure biochar
can also increase C stabilizers and plant nutrients
more than fresh manure (Kanouo et al., 2018; Kiran
et al., 2017; Sarfaraz et al., 2020; Zwetsloot et al.,
2016). Biochar is a C-rich material with a more
stable structure than natural materials and leads to
soil stability compared with other organic C
materials when applied to the soil approach for soil
C sequestration (Kuzyakov et al., 2009; Skjemstad
et al., 2002; Zimmerman et al., 2011). However,

insight into the decomposition process during

biochar product decomposition and how C
availability exerts an influence on the activities
of C-cycling enzymes are lacking. There is limited
information on how the use of goat manure biochar
composts as organic fertilizer is involved in the
microbial decomposition process related to the
pattern of soil C storage. Thus, in this study, we
hypothesized that C sequestration in form of
microbial biomass was controlled by C availability
and concentrations of N compounds in organic
inputs, particularly in goat manure-biochar compost.
This study aimed to investigate the responses of soil
microorganisms to fertilizer or organic inputs through
the expression of microbial activities, particularly the
relationship between C-cycling enzyme activities
and microbiological properties involved in C

dynamics and its accumulation.
Materials and Methods

Soil and organic materials

The soil was taken from a field experiment
at the Agricultural Training and Research Center,
Nakhon Ratchasima Rajabhat University, Thailand.
The soil texture was sandy loam comprising sand,
silt, and clay particles at 73.4, 13.6, and 13 %,
respectively. At 0-15 cm depth, the initial topsoil
characteristics were soil density 1.58 g/cms, pH
5.3, soil organic C 2.2 g/kg, total N 0.18 g/kg with
a soil C/N ratio of 12.22, available P 10.3 mg/kg,
and exchangeable K 20.79 mg/kg. Sunflowers
(Helianthus annuus L.) have dominated the plants
grown at the site each year since late October
2015. This year will be the 7" sunflower planting in
which chemical fertilizer was applied, as well as the
first year with organic input incorporation. The
organic input treatments of the experiment for the

first year was applied in late October, 2021.
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The goat manure (GM) biochar production
was pyrolyzed by modern kiln sizes [3.5 m (width)
x5 m (length) x 2 m (height)]. In a preliminary study,
the pyrolysis temperature of the kilns tested ranged
from 350 - 450 C. We prepared compost from
rice straw, goat manure, and GM biochar at an
initial C/N ratio of 30 : 1. Some properties of the
rice straw used in the composting process were:
pH (materials: water = 1 : 10) 5.85, organic C 520
(g/kg), total N 4.2 (g/kg) with a C/N ratio of 123.8.
The mixed ratio was calculated based on the
percentage of total organic carbon (TOC), total
nitrogen (TN), and the moisture content of the
material. The rice straw, goat manure, and GM
biochar amount were 150, 650, and 200 kg
(wet weight), respectively, by mixing 1,000 kg of
composting material with a microbial activator.
Mix the organic material homogeneously and
take a sample to calculate the amount of water to
be added up to 60 % of the dry weight. Turn the
compost pile an average of twice a week. Adjust
the moisture control when the temperature is at
maturity for 2 weeks. Continue composting until
49 days. Both goat manure and goat manure
biochar compost were added directly to the plot
without sifting, but had to sort out branches, stones,

and other contaminants.

Field experiment set-up and maintenance

The experiment was carried out along
with the sunflower planting. The experiment
had four treatments organized in a randomized
(RCBD) with three

replications, consisting of 1) control (unamended

complete block design

soil), 2) chemical fertilizer (CF), 3) goat manure
(GM), and 4) GM-biochar compost (GMBC). In this
study, seedlings of sunflower were transplanted

into plots with a plant spacing of 45 cm and a

row spacing of 70 cm, then rows were divided for
treatment and fertilizer was applied along the
planting row. For the fertilized plots, chemical
fertilizer (N-P-K) (15-15-15) was applied to the
soil at the rate of 312.5 kg/ha by dividing the
chemical fertilizer twice, the first time before
transplanting and the second time when the
sunflower has an average of 5 -7 leaves. Organic
inputs were used in treatments 3 and 4 at a rate
of 3,125 kg/ha, 20 days after transplanting, with
only single sprinkle along the planting row.
All materials were evenly distributed on the soil
surface in a 0.16 ha plot and subsequently
ploughed into the soil to a 15 cm depth. Soil
samples were randomly collected between rows
within each treatment at 0 (3 h), 7, 21, 49, 63, 77

and 112 days after incorporation of all inputs.

Soil and plant analyses

The soil pH (1:2.5, soil: water) was
determined using a pH meter. Organic C was
oxidized using dichromate (K,Cr,0O,), followed
by titration with ferrous sulfate (FeSO,) (Black,
1965). Total N was determined using the Kjeldahl
method (Alef and Nannipieri, 1995). Mineral
N (NH4+-N and NO,-N) was measured by extracting
the fresh soil samples and calorimetrically determined
via a flow injection analyzer according to the
Tecator Application Notes ASN 65-31/84 and ASN
65-32/84 (Emteryd, 1989). Microbial biomass C
was measured through the chloroform fumigation-
extraction method (Amato and Ladd, 1988). The
soil was extracted with 0.5 M K,SO, and then
oxidized with K.,Cr,0,. The C content in the
microbial biomass significantly differed in the
fumigated and unfumigated soil samples, using
a kEC factor of 0.33 (Sparling and West, 1988).

A Drief description and the calculation of CO,-C
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evolution were conducted as follows: Carbon
dioxide was determined using the alkaline trapped
method in which a glass bottle containing 1
N NaOH was placed in a polyethylene glycol
container (g = 20 cm). Trapped CO, was
determined by titration with 0.5 M HCI (Rowell,
1994). The evolution rate of CO,-C was expressed
in mg/kg soil/day or mg/mz/day. The activity of R-
glucosidase was measured, as described by Alef
and Nannipieri (1995) using 25 mM p-nitrophenyl-
3-d-glucopyranoside as a substrate. The specific
activity was expressed as pg p-nitrophenol/g
MBC/h. The activity of phenoloxidase was measured,
as described by Hendel et al. (2005); using 5 mM
L-3,4-dihydroxyphenylalanine (L-DOPA) as substrate.
The specific activity was expressed as pmol
2,3-dihydroindole-2-carboxylate (dicqg)/g MBC/h.
Total P and total K were digested by nitric-
perchloric acids. Phosphorus concentration was
developed with a vanadomolybdate solution
and measured at a wavelength of 420 nm with
spectrophotometer (Olsen and Sommers, 1982).
Potassium concentration was analyzed by an
atomic absorption spectrophotometer. Biochar
analyses for proximate valuation were carried out
according to ASTMD 1762-84 (ASTM International,
2007) in which moisture analysis was determined
in the samples at 105 'C until constant weight.
Volatile matter (VM) was achieved by calcining
each treatment at 950 C for 6 min. Ash content
was measured by burning the sample at 750 C
for 6 hours, during which the carbon was constant
(fixed C).

Statistical analysis
One factor analysis of variance (ANOVA)
along with least significant differences (LSD) was

used to analyze the treatment effects on the soil

and microbial parameters (P < 0.05) (Statistix 8.0).
Pearson’s correlation analysis was conducted
to evaluate the relationships between enzyme

activities and the other parameters.

Results

For biochar production, the pyrolysis
temperature of the incinerator was observed to
change with a slight increase in temperature in the
late production lot. Goat manure biochar produced
approximately 36.2 % less volatile matter than the
fresh one, but increased ash and fixed C by 47.2
and 2.32 %, respectively. About 215 kg of GM-
biochar (GMB) with a turnover percentage of
33 % was obtained from a total of 650 kg of dried
goat manure. The pH of GM-biochar compost
indicated that it was slightly basic (8.17). This
manure-derived biochar was also high in P and
K compared with the fresh manure, notably, the
N contents decreased (Table 1). After 112 days
after transplanting, the highest pH was found by
the GMBC treatment at 6.91, followed by the
GM and control treatment at 6.67 and 6.60,
respectively. The chemical fertilizer treatment
resulted in the lowest soil pH at 6.21. The addition
of organic inputs resulted in the highest SOC
content in the GM treatment (3.04 g/kg), followed
by the GMBC treatment (2.88 g/kg), while the
chemical fertilizer treatment had the lowest SOC
content (1.65 g/kg) compared to the organic input-
treated treatments (P < 0.05). Although the soil
treated with chemical fertilizer had lower SOC than
the control soil on day 112 of the investigation, no
statistically significant difference was observed.
(Table 2).
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Table 1. Organic material properties used in the experiment

Parameter Goat manure (GM) GM-biochar (GMB) GM-biochar compost (GMBC!
pH (materials: water = 1: 10) 7.79 8.68 8.17
Organic C (g/kg) 316.5 372.4 195
Total N (g/kg) 13.6 9.8 8.5
C/N ratio 23.30 38 22.94
Total P (g/kg) 1.8 25 2.1
Total K (g/kg) 26 103.6 54
Volatile matter (%) 79.12 50.48 nd
Ash (%) 20.03 47.2 nd
Fixed C (%) 0.85 2.32 nd

nd: not determined
Table 2. Soil chemical properties (<1 mm) after 112 days of organic inputs incorporation
Parameter Treatment |P| SED
Control CF GM GMBC

pH (soil : water = 1: 2.5) 6.59 ab 6.21 b 6.67 a 6.91 a * 0.19
NH,"-N (mg/kg) 071 b 36.12 a 0.87 b 2.8 b o 1.83
NO,-N (mg/kg) 158 ¢ 2035 a 6.25 b 0.05 ¢ o 1.77
SOC (g/kg) 1.89 bc 165 ¢ 304 a 2.88 ab * 0.52
total N (g/kg) 014 b 024 a 019 ab 018 b * 0.03
Soil C/N ratio 1356 a 6.92 b 1593 a 16.2 a * 3.01

*, *** Standard error of the difference (SED) at P < 0.05, and P < 0.001, respectively

Means for the same character within the row with the same letter are not significantly different by LSD at 0.05

After 3 h of organic inputs, the highest
and second highest metabolic quotient (qCO,)
of soil was found in the treatments GM and
GMBC (0.3617 and 0.26 mg CO,-C/g MBC/day,
respectively) (P<0.001). However, all treatments
had no statistical difference after day 77 of
the organic inputs incorporation. It was found
that the gCO, of the CF treatment was lower
than that of the GM treatment during days 0 - 63
(Figure 1), while the control treatment had a
microbial biomass carbon of about 49 - 94 mg C/kg,

which was the lowest value (data not shown).

The cumulative CO,-C evolution was highest in
the GM 112 days
incorporation (2,578 mg COz—C/mZ/day), followed
by the GMBC, CF, and control treatment (1,481,
685, and 613 mg CO,-C/m,/day, respectively).
The study found that the GM treatment had

treatment  within after

the highest cumulative CO, emissions over all
periods, with the GMBC treatment scoring second
(P <0.001), whereas the CF treatment did not
disrupt the CO, emissions differently from that of
the control treatment (Figure 2). Activities of R-

glucosidase and phenoloxidase showed different
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short-term responses to the chemical fertilizer
and organic inputs. The absolute R-glucosidase
was positively correlated with CO, emissions (r =

0.6648***). Microbial biomass C was also governed

0.5

by the activity of this enzyme (r = 0.6438***).
Therefore, the absolute activity of phenoloxidase
was positively correlated with soil pH (r = 0.5334***)
(Table 3).
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Figure 1. Metabolic quotient (qCO,) in soil after chemical fertilizer and organic inputs
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Figure 2. Cumulative CO,-C emissions as affected by chemical fertilizer and organic inputs
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Table 3. Pearson correlation coefficients (r) between enzyme activities and microbial parameters after 112

days of organic material incorporation

Parameters R-glucosidase activity Phenoloxidase activity
Microbial biomass C 0.6438 *** 0.5676 ***
CO, emissions 0.6648 *** 0.3687
NH,"-N 0.1412 -0.2110
NO,-N 0.1250 -0.3308
pH 0.2618 0.5334 ***

The specific R-glucosidase activity
increased sharply in the GM treatment during
the first 21 days of organic inputs (0.143-0.878 ug
p-nitrophenol/g MBC/h). Meanwhile, the specific
activity of this enzyme in the GMBC treatment
was lower than that in the soil treated with the
fresh one, except for days 77 and 112 (Figure 3a).
The specific phenoloxidase activity in the GMBC
treatment had the highest enzyme activity of 0.044
and 0.036 pmol dicg/g MBC/h on days 21 and 77
(P<0.05) (Figure 3b). The GM treatment indicated
an increase in the activity of this enzyme after 21
days of organic inputs. The specific phenoloxidase
activity of the soil amended with fresh goat manure
demonstrated a significantly higher activity, but
only on day 49 (0.042 umol dicg/g MBC/h).

Discussion

Organic inputs properties

The temperature used for the biochar
production was measured between 350 - 450 C,
which may affect the uniformity of the charcoal
produced. In this study, we found that GM-biochar
compost (GMBC) with an initial practical C/N ratio
of 31.9 (data not shown) and an added microbial
activator required a shorter time to reach maturity

(around day 42) than previously reported by

Kamolmanit et al. (2018), as shown by ambient
temperature coupled with a final C/N ratio close
to 20:1 (22.94). A previous lab-scale study by
Kamolmanit et al. (2018); used hardwood biochar,
which has a higher structural resistance to
degradation than manure biochar. Therefore,
our results showed that using manure biochar as
an ingredient in compost instead of wood biochar
has several advantages, such as increasing the
nutrients and reducing the decomposition time.
Although the C/N ratio between GM and GMBC
was quite close, GMBC was found to increase plant
nutrients, which could be due to biochar has a
higher percentage of fixed carbon (2.32 %) than
fresh manure (0.85 %). Meanwhile, GMBC had
37.5% less total N than fresh goat manure (Table
1). This is because N concentrations found in
the biochar were reported to be negatively
associated with pyrolysis temperature (Ippolito
et al., 2020). Generally, biochar production at
temperatures below 350 'C is often found in
pyrolysis by traditional methods using a traditional
kiln (Butnan et al., 2016). Therefore, biochar
produced attemperatures below 350 'C will result
in higher soil cation exchange capacity (CEC),
and create a porous surface area, thereby
improving the soil for cultivation (Jiang et al.,
2021).
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Figure 3. Specific activities of R-glucosidase (a) and phenoloxidase (b) in the soil

Soil properties and SOC accumulation

The significant rise in pH in the soil treated
with GMBC (6.91) and GM (6.67), compared to CF
soil (6.21) (Table 2), may be due to the reduction
capacity of some volatile matter (VM) compounds;
including catechol, gallic acid, and tannic acid
(Hue et al., 2001). Both ash concentrations and

the reduction potential of VM, which occurs when

Mn™ or Mn>"is reduced to Mn”* may have contributed
to the pH increase brought on by the addition of
biochar (Butnan et al., 2016). Compared to the GMBC
soil, therefore, the lower pH found in the soil after
applying fresh goat manure may have resulted from
easily decomposable organic C being degraded to
organic acid by the acid-forming bacteria observed

in the fresh manure. The pH drop in the GM treatment
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may also be caused by the mineralization of organic
acids that occurred through the decomposition
process in the soil, as well as the large quantities
of CO, released within this treatment. The GMBC
is different from any other organic material, as
it consists of easily decomposable C, which can
be immediately used as an energy source for
microorganisms. The compost that contains GM-
biochar (GMB) also has high resistance C compounds
that increase the accumulation of organic matter in
the soil, and result in a yield with a high microbial
biomass carbon.

SOC analysis on day 112 indicated that
C concentrations in the soil increased through
by adding organic inputs in both fresh manure
and compost forms (Table 2). Notably, adding
inorganic fertilizer to the soil did not increase the
C content of the soil. As seen in Table 2, fresh goat
manure contained a high concentration of total
organic C (316.5 g/kg), increasing the SOC content
up to 1.65 g/kg when added to the soil. This is
further substantiated by observing the lowest SOC
accumulation under long-term fertilizer applications
in the field since 2015, demonstrating the complete
decomposition of easily decomposable C substrates.
Schulz and Glaser (2012) found that, in the first
cycle of oat (Avena sativa) cultivation, crop growth
was best in soil treated with compost, followed by
biochar-compost, biochar-chemical fertilizer, and
chemical fertilizer. In the second cycle, they found
that the soil treated with a biochar-chemical fertilizer
resulted in the highest increases in SOC, CEC,
and soil pH. The above studies have shown that
compost contains the significant nutrients needed
for plant growth, compared to that of pure biochar.
As a result, the crops in the compost-treated soil
produced higher yields than those of other organic

materials in the first cycle. The second crop,

10

considered as long-term production, demonstrated
that biochar compost promotes an increase in SOM

accumulation and the release of plant nutrients.

Microbiological parameters and microbial activities

A high metabolic quotient (qCO,) will
indicate the ratio of CO, to the carbon used to
make microbial cells. Higher values suggest that
microorganisms’ potential for C use in organic
materials is low (Figure 1). Similar to gCO,, high
values of gCO, in the GM treatment reflect
the greater reductions in SOC than those in
microbial activities when the soil was amended
with labile C compounds. Consequently, GMBC-
containing biochar proved to be a better source of
C substrate for soil microorganisms. There was
significant cumulative CO,-C evolution in soil
amended with goat manure compared to the more
resistant materials e.g., GMBC at all stages of
decomposition, indicating that the labile C compound
was the main factor regulating microbial activities.
This was found in positive correlations between
CO,-C emissions and absolute B-glucosidase
activity (r = 0.6648***). The activity of this enzyme
has been reported to be related to the C dynamics
in soil and can indicate the degradation of labile C
in soil (Kang et al., 1998). Our findings confirm the
ecological importance of the chemical properties of
organic inputs in highly weathered sandy soil
expressed in three months of data. Our study also
indicates that organic inputs with high fixed C
content, like GMBC, were most effective among
treatments in accumulating soil microbial biomass
C by reducing microbial CO,-C emissions.

The activities of extracellular enzymes
provide insights into the biochemical controls of soil
C storage because this enzyme catalyzes rate-

limiting steps in organic matter degradation and
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the correlations between the rates of plant litter
decomposition and microbial production (Sinsabaugh,
2010; Sinsabaugh et al., 2005; Waldrop and Harden,
2008). In soil studies, enzyme activity is generally
presented in absolute terms but does not reflect
the microbial part of its production (Acosta-Martinez
et al., 2003). Consequently, some studies have shown
the importance of enzyme assessment activities
related to soil microbial biomass or soil organic
carbon, also referred to as a specific enzyme activity
(Medeiros et al., 2015). A rapid increase in specific
enzyme activities in soil treated with organic inputs
indicated that physiologically capable C exists in
biomass. This is because these specific activities
involving living microbial communities (Waldrop et al.,
2000) were more metabolic (Lagomarsino et al., 2011)
compared to soil suffering from land use changes
that were previously fed with chemical fertilizers
over a long period.

Soil treated with fresh goat manure showed
higher specific R-glucosidase activities than those
of the biochar compost indicating that the critical
role of C availability from the substrate, e.g., cellulose,
in manure stimulates the activity of this enzyme.
The high cumulative CO, emissions indicated that
fresh manure was used for biomass, and microbes
utilized the carbon, and released a significant
amount of CO, into the atmosphere (Figure 2).
Support for this assumption was provided in the sall
treated with goat manure, in which 3-glucosidase
activity indicated a positive correlation between
MBC and CO,-C emissions. Interestingly, although
GMBC had the second highest readily available C
(195 g/kg) compared to the fresh manure (316.5 g/kg),
it did not translate into the stimulation of specific
R-glucosidase activities, except on day 21 (Figure
3a). Activity stimulation occurred on day 21, which

arose from the availability of the previously protected

1"

cellulose in the biochar. One hypothesis referred to
the pyrolysis temperature, the mostimportant factor
affecting the characteristics of the biochar used
in this study. Another possible mechanism; there
may also be internal holes in this low-temperature
pyrolysis of biochar (< 350 C) containing incomplete
combustion cellulose (Kuo et al., 2008; Smith et al.,
2017). This implies that the activity of R-glucosidase
is influenced by the availability of carbon, as well as
the defenses against cellulose degradation. This was
observed in the unique patterns of microbial activities
between the two types of enzymes; phenoloxidase
and R-glucosidase (Figures 3a, b). The specific
activity of phenoloxidase in the GMBC treatment
increased rapidly, as the biochar in the compost had
undergone microbial degradation from the previous
decomposition process. It was observed that after
63 days there was an increase in phenoloxidase
activity, which could be attributed to the enzymes
in the biochar pores or on the surface that were
previously protected. Verheijen et al. (2009) reported
that cellulose decomposes in the temperature range
of 250-350 C, while lignin decomposes in the
temperature range of 280-500 C. This may also be
caused by the incomplete combustion of biochar
that resulted in degradation by microorganisms.
Similar to R-glucosidase, the sharp increase in
specific phenoloxidase activity was observed
after day 7 (Figure 3b), indicating the adjustment
of soil microorganisms to the complex C substrates
of the inputs (Hadas et al., 2004; Rubin, 2008).
We expected that not only lignin but also fixed C
would become another important factor/parameter
regulating phenoloxidase activity. Furthermore, we
did not observe the suppressive effects of N inputs
on specific phenoloxidase activities, as shown by
the increased specific phenoloxidase activities in

both biochar and control soil. However, the effects
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of N on both C-cycling enzyme activities were not
observed in this study.

We may deduce phenoloxidase activity
which has a more significant effect on C stimulation
than the N source. This assumption was supported
by Keeler et al. (2009) who studied the non-effectual
effects of organic N inputs on resistant C compound-
degrading enzymes in forest and grassland soil.
Interestingly, our findings do not support the ongoing
discussion of the inhibitory effects of N on the activity
of resistant C compound-degrading enzymes, as
previously reported by Berg and Matzner (1997).
It has been reported that the concentration of N
has negative effects on enzyme activities (Liu et al.,
2021). Our study revealed no significant negative
effects of N on phenoloxidase activity, as seen in
Table 3. Lastly, the global cycling of C through
biochar production showed that more than 50 %
of the existing C was converted to stable form
(Venkatesh et al., 2013). For this reason, amended
biochar compost has the potential to increase sail

C better than fresh manure.

Conclusion

Goat manure has the potential for biochar
production, resulting in a biochar with an increased
pH, a stable form of carbon, and soil macronutrients,
including an increase in phosphorus and potassium.
However, the use of fresh goat manure to produce
biochar resulted in a significant reduction in total
nitrogen, so appropriate pyrolysis processes should
be considered. Biochar compost materials that
contain carbon-resistant organic materials allow
microbes to retain carbon in their cells instead of
releasing it into the atmosphere as carbon dioxide,
as indicated by C-cycling enzyme activities and

lower cumulative CO, emissions. The substrate within

12

certain phenoloxidase enzymes had a stronger effect
on the usefulness of carbon than on the influence of
N during microbial degradation. It is necessary to
conduct a more in-depth study on the impact of
nitrogen form, NH4+ or NO,, on the activity of soil
microorganisms. This factor is crucial and requires
further examination. Like labile carbon compound
degrading enzymes, phenoloxidase was not affected
by the nitrogen inputs in the soil samples. Our study
investigated the significant role of biochemical
interactions between different compounds, as shown
in the case of labile carbon and the resistant-
organic inputs regulating microbial decomposition,
manifested in 3-glucosidase and phenoloxidase
activities. To achieve a sustainable practice of
soil SOC accumulation, the low carbon inputs in
the control soil and the soil treated with chemical
fertilizer led to a low SOC environment, which
lowers the stimulation of microbial enzyme
activities. Although the enzymes studied were
specific to the quality of the substrate, the sall
environment induced microorganisms to increase
enzyme production. While the activity of enzymes
in soil indicated the metabolic activity of soll
microorganisms, they can also predict the level
of soil organic carbon accumulation. Lastly, we
showed that goat manure-biochar compost was
the most suited to improving soil organic
carbon content in highly weathered, sandy soil;
it contains both easily decomposable- and resistant
carbon compounds paralleled with a suitable
C/N ratio for microbial consumption. The long-term
addition of a biochar compost mixture can be
expected to achieve an increase in soil organic
carbon, as microbial biomass carbon parallels

plant nutrients.
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Abstract: Phosphorus (P) is an important nutrient for the growth and quality of ornamental plants. The aim of
this study was to investigate the effects of phosphorus on the growth and flower quality of crown of thorns.
The experimental design was conducted in a completely randomized design (CRD) with three replications
and six treatments. Treatments were T1 as control (no P fertilizer); T2 to T6 consisted of P fertilizer at the rates
of 25, 50, 100, 200 and 400 mg P,O, per kg (growing media), respectively. The results showed that
the application of P fertilizer at different rates resulted in significant differences in chlorophyll a and total
chlorophyll (P<0.05). Plant height and total phosphorus concentration were not significantly different
(P>0.05). The increase in P fertilization clearly affected the number of flowers per plant. Application of
P fertilizer at the rate of 400 mg P,O, per kg (growing media) resulted in the highest number of flowers per
plant (8.67+2.31 flowers per plant). On the other hand, an increase in P fertilizer decreased the flower
diameter of the crown of thorns. The application of P fertilizer at a rate of 100 mg P,O, per kg of growing
media yielded comparable outcomes in terms of flower diameter, number of inflorescences, and number
of flowers per plant as the treatment that generated the most favorable results. Therefore, the application

of P fertilizer at the rate of 100 mg P,O, per kg (material) was appropriate for planting crown of thorns.

Keywords: Phosphorus, chlorophyll content, flower quality, crown of thorns
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Table 1 Properties of growing media used in the experiment (mean +SD, n=3)

Properties Unit Values

pH (1:5) 6.52 £0.12 (N)T

Electrical conductivity dS/m 1.21 £0.03 (VL)

Organic matter g/kg 165 £ 7.50 (VH)

Total nitrogen a/kg 4.62 + 0.24 (VH)

Total phosphorus a/kg 2.25+0.18 (NR)

Total potassium g/kg 4.86 + 0.25 (NR)

Available phosphorus ma/kg 81.0 £ 2.50 (VH)

Exchangeable potassium mg/kg 195 + 35.0 (VH)
¥ The letters in bracket are interpreted according to Land Classification Division and FAO Project Staff (1973): N = neutral; VL
= very low; VH = very high; NR = no required.
100 HadanIAanIza1 Aun1stesiuuazindnisn Chiorophyll a = (12A,,-3.11A,,) x V/ (dilution x
LazuNaIsTiunslneAENalenLN 3L A M’]ﬁu area x 100)
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Bunnraslsiaauazialsiuess wluTadey ‘Emﬂ
FALUAIRINITNNUB Dharmanitivedya (2019) mu
mmamﬂuwwm\lmamﬂslumwmﬂLLNLFL‘Umen
(i 4 5anean) mmmzmmmengl,ﬂmm@u
{1191 3 pnuudslsuly dnld lunaaausa Huans
N,N-dimethyiformamide (DMF) anua1 10 Raaans il
Fuluitin et 48 40l aniusinansazaned
FenfiarnldlUdnanuiduduresnanlsiladuas
uAlsuneAAeLAT g spectrophotometer finauen
Ad1 480, 647, 664 W1 luiuAs ‘Liwmmi@mﬂﬁuumﬁ
IFunAunnBununselsilagiazuelsfiuos s fail
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Chlorophyll b= (20.78A,,-4.88A,,,) xV/ (dilution
x area x 100)

Totalchlorophyll=Chlorophyll a + Chlorophyll b

Total carotenoids (CX+C) = (100A 4, - 1.12Chla
-34.07Chl b) / 245

(2) Aprrzvin NN dureaneanafalugy
gastFunauneanaiasianun (otal P) Tugauly
Tnedaadana et 19N TAENTANANARITHA
(acid mixture: HNO,-HCIO, Tuémadau 2 :1 v/v.)
(Attanandana and Chanchareonsook, 1999) 417azans
fldannsteaganainlinseslagldnszanmnses
\wef 5 antutinansazanalaildlddiasziun
Puuraanefalaedavmundniansaanuniale-
AuLAN (vanadomolybdo- phosphorlc aC|d method)
LL@JJ@ﬂﬁﬂ’]?ﬂﬁﬂ@uLL@ﬂWﬂ'ﬁNﬂﬁ’)ﬂ@u 420 unTu
LA mﬂmi@\‘i spectrophotometer (Kuo, 1996)

N53ATISUTaNANINED A

nMsaATIEdayan1eananlae s ziien
AN TLUlREAE ANOVA waziFauifiaumqns
LANFNTRIANIRAEAEAT DMRT Tiseftinnnuiiosiy
95 Llagidust
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NANISANHILAZIANTD]

mawasaaulnuasdilaviau
ffadaarunisasyiAuinnasuIaInan
wafifudnorugeaassuliledau (Figure 1)
Taawudn mﬂ%ﬂaﬂ@@ﬂ@%@’luﬁmmﬁLLmﬂﬁmﬁ"u
6 326U (0-400 Hadniu P,O, sanlani (Tanign))
Lifinasianisdsuudaseade fidusnanagesy
WeFauad19ldadrAynneada (P>0.05) lnw
AndafidusdaingeliAfidasendng 18.6-23.8
\afidus Knandan-Mirkohi et al. (2015) Anmins-
sannsnprlaaviesaluduaiasinaildfindudan
ﬂ@uﬂmﬂmudﬁﬂ?mmm@wg%@ﬁmmmmﬁui"u
n17UgnAUATARNIaNAL 35 NaAninseans
(FanUgn) Taan slaluBunmiigendniflaifuase
N TAL AN AN A UIRAUATANNNG LazA29H
n'r:r‘l,zdﬂﬂw'amfai”m‘l,ﬁﬁ@ﬂﬂ%q%u‘lummauﬁﬁu
prasnaaidndrraziadywug 90l Caspersen
and Bergstrand (2020) 31eM 1190 N3 lAt]enleanasa
8n21 24 Fadnfsienns (Tagign) vinlisuezastung
uuwummqmmu UL WATAINNNTINIINY
qaiigm 19t naadnALavesie s dugaulvgy)
waalafugnsnaansnglulasiauidunan

(Osotsapar, 2015) WANRLN99IUITEANLINN13 19

flaaanefadunuinsendngauasNaiduiy

3

30

ERr N N
o o o
N
S

Plant height (%)

(&)]

-
%
%
%

Control 25

’
g/

%
.

LTUAINTILIT1UT DY Ruamrungsri et al. (2009)
nnisAnenaseslulngiau waanesa uas
InunddausanisasAuinaasunan load wuan
nsiinszsuzeseanesaann 50 1flu 100 Haaniy
FRAMNT 49 maiﬁ’qumqLm@mﬂﬁmﬁlu%umjwﬁ
UHANATYNINAD A viail eanesauazlulnsian
fsunsitenludeduaduiu iesanniognld
Woanaalugtlaesuaulassu (H,PO, vsa HPO,”)
dululnsiauigainisogaldluglascunnlonau
(NH,") %\11@@@1&%\1@mﬁ%@ﬁﬁwﬁuﬁﬂﬁ’mmm@m
damuld dufu luduneuresnisgaldsgannsing
firlesauressgieaassiinignaadngssune
sndnsresialdinendnleaeuiidiamdeudy
(Sukyankij et al., 2018) &Tﬂﬁumﬂzﬁﬂﬂv@@m@%@iu
saiigeiuasiinalinisgaldlulnsaudiaiu 19
@'\1N@”Lﬁ’mngwmﬁmLﬁuﬁuﬁumq (Osotsapa,
2015)

Bnapaalsias
1Butunaalifaduazualsinaasnanson
andiuunaalsiadie Aaalsiadd Usuio
naalsfladsan uazualsfiuaaslulufiszes 60 fu
nasaniilaneanada (Table 2) ANNaN1IMARDY
nwud nshiijaneanasadne 0 - 400 Haaniu PO,
anlaniu (1anign) dwualiliniunaalifadie

P>0.05, CV (%) = 21.8

.
NN
.
NN

!
n
-

100 200

Figure 1 Effect of different phosphorus levels on plant height of crown of thorns. The vertical bars

represented standard deviation (n = 3).
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Table 2. Effects of phosphorus on chlorophyll and carotenoids in leaves of crown of thorns (mean +SD, n=3)

Treatments Chlorophyll al Chlorophyll bt Total chlorophylfr Total carotenoids?
( mg/m’ )
Control 758 + 159° 377 £ 70 1,135 £ 113° 233+ 35
25 mg P,0,/kg 1,000 + 153° 406 + 32 1,407 + 184° 284 + 38
50 mg P,O,/kg 989 + 183° 436 + 53 1,426 + 233° 278 + 48
100 mg P,O,/kg 996 + 17° 366 + 81 1,362 + 71° 276+ 2
200 mg P,0,/kg 871+ 75% 359 & 32 1,230 £ 106® 241 £10
400 mg P,0,/kg 1,021 + 184° 383 + 87 1,395 + 271° 284 + 48
F-test * ns * ns
CV (%) 12.8 17.7 12.8 10.6

T Means within the same column followed by the same letters indicate no significantly different among treatments using DMRT

at P<0.05, * = significant difference at 0.05 probability levels, ns = no significant

wazilunuaaalslassautAINNLANFNIDEN9H
Ued1ATYNADF (P<0.05) naWitjaneanaiadna
400 waz 50 Hadaniu PO, Aantansu (Tanilgn)

danaliTledauiinnoupanlsiagie uazpanlsias

$INGINGA (1,021+184 UaY 1,426+233 HaANITHFD
A3 WINAT ANNANSL) BIIHWLIN ANPeNaNn AN
AN MNRET AR FUMAaesal | 74l aneaniesa
dl a a el = o 1
gpuzNFunupalsiaatuasAlsNn et anuqn
TR ANNLANFANNNNAT ATZUI19ANTUN AR (P >
0.05) Tmﬂﬁmﬁzﬁvﬂﬂgﬁwdw 359 + 32 — 436 + 81 LA
233 + 35 — 284 +48 AAANTNADANTILNAT ATNAAL

Furounanlsilad i giul A Nduwus

Ausp lulnsauuazunniidian Weaa1niaaesnis

v

tifluesAlsznavlusziuluiananesnaalsiad

dl % U % v =3 a a
anilsnanaundresululssifunisiasyiiulnaeg
pullledeunin nsldflaneanefalinaluimsaiass
Tingarunsngaldlulasaulfnuiu dwRaaiy

N & A aa = o o
srpuNnBifandelsunsisandeuaniuneansia
\iurii (Osotsapar, 2015) Geanaliuimneuag Ay

M IEILT N uRaalsag 1o wazlFuininaalsias.

sonlululfledauiiAngeluildaiauniuanfud
Laifinnsldilaeanada viall Wanlasuneanada
laiiieanaardinananszuaunisdainsnziias
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Inaganalfiinnisduganimnanuaeasulosimane
aUm LU ATP synthesis, phosphoglycerate kinase
wazdnaldl3unumaelsiaa luiaanas (Poudyal
et al, 2021) WAZAININLI1ULRY Poudyal et al.
(2021) FaFnEAuFasnnneanasareslsilsyi
ganaialunirazandonianazls@nsninnns-
zﬁ“umﬂ”ﬁumwudﬁ Mafiszduresaanasading
Iuﬁ@wmw l fiAgadaeiunsdaaIziuasiian
mmu ﬂmmﬂimmmwwﬁlmmwaqwm (Fv/Fm )
finnsmevauessianaanaianlalulFunoumn (0.7-
1.3 fnansusedns) unnndnneswesaildluBuno
44n91 (2.5 - 6.5 HAANTNGBANT) GRCAD RIS
sruunnTdaATEias PS I naslasuneanesalu
§namngaa a1 FuasliAns=@nanan
44n9n ¥t Ssnenuuneaiiunanadnts e lésy
Waanasalusns s luiinasanisananesiBunn
Analsaauarisz@nininlunislduasaesie
(Campbell and Sage, 2006) d2ud3uaunlsfi-
uaesths Aauslainu A LuAN AN Sa AR TE N
Anfunaaauadsesiuinisliieaanafalu
i ouiifingeiuidautaninFunnualsfiven s
Iuﬁmquﬁq?qlqﬁ?ﬁmﬁluﬁﬁmﬂf?mqmﬁmﬁiﬁ (E-Sawy
et al., 2015; Wongsnansilp et al., 2016)
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v v %
AMNLANT AR N’ NasH

TudauasstFunumeanasalululTad@aw
uanalu Figure 2 ANNANIINAGBINLAIT N9 bE1e
Weaanaialusnsfuansnaf (0 - 400 Naansw
PO, riafitaniu (anign)) laifinaliaaiududuy
aasaanasalululfla@aulnouunnsisagnall
WadAtunNans (P> 0.05) TnaArwduaduidudu
gasnaanesalululAnszndng 7.79 - 9.13 nfuse
Alansu A1NHANINARIE 1HLSiLI16R31N13 14
flavleanefafigeiulildfinaldaanududuaes
Wogasalufimisduanell Fsuansinsannaney
284 Caspersen and Bergstrand (2020) tae Poudyal
et al. (2021) finudn nralddlavlaanaialusnang
geiuiinaldaaududusaseanasaludu
rRasnauaraeny | Lﬁuqﬁu@ﬂﬂﬁ puau sidnag
aeldmmemnsluisuenatnifunueine i
miﬂﬂ"ﬁuwﬁuﬂ@ﬁﬂ%’uj soe dudulunsizesnns
neaeslupfitiazifiulddnannnnsinssiaiFes
fﬁ“@&lﬂgﬂﬁﬁ’mﬂﬁumiwmm (Table 1) Wudn a0
Ugnilddndiesuaziunaninaims (lulnsay
Waaneda uaziwunadan) aglunuaiinunzan
(Land Classification Division and FAQ Project Staff, 1973)
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Figure 2 Effect of different phosphorus levels on phosphorus concentration in leaves of crown of thorns.

The vertical bars represented standard deviation (n=3)
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25 Haaniu PO, Aafilanin (Fanilgn) TR
n%’wmmgq‘ﬁ'zgm (4.50 + 0.20 IURLNAF) (Table 3 waz
Figure 3) %'qhiLmnﬁiwmmﬁﬁﬁumﬂﬂzﬁﬂﬂ
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afAfuANFuNAaesdy q Afnnsldiaveanasa
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Wamxla?m”lu@“mn@;ﬁumm@iﬁ&iﬁuqumaﬂﬁi@ﬁu
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(Tanign) Waasiuuaensiafugeiign (8.67 +
2.31 pensiasi) (Table 3)
mﬂﬁﬂaﬂ@M@é”@“luﬂ?mngq%umr:m
Iaruaunenifadaudeduiiniuatisfaiay
(Table 3) i waavesaidusaidunumnd drysie
N13FARANARNNA LN (Osotsapar, 2015; Sukyankij
et al., 2023) Faviu Runmeaneiangeduisena
fualisruaunendeduiingeiudas daduly
’Lu'ﬁﬁmqLﬁmﬁuﬁuﬁﬂmmﬁ@m@ﬂﬁi@ﬁuﬁlﬁuqﬁu
Intianizinfunaaasiildilavagnasadn 100
uaz 200 Haaniu PO, senlaniu (Tanlqn)
Lﬁmﬁﬂuﬁuﬁﬁummm ABAAABITILNUNARDITEN
Ruamrungsti et al. (2009) Fiwudn nsliileneanasa

8m314397ua1n 50 1w 100 Hadniusednsdenali

SuauRentetTeILNaRleFaT S U RNEANTY
at19ldad1Ayn19aia IurRIUIATRInEN
%qﬁmamwmLﬁuﬂwu@uuﬂ’nmman&u (Table 3,
Figure 3) W21 ﬁmmmﬂﬁﬂﬂw'amwm“@ﬁLﬂ'm;\i%u
Tuurldurinlfaunaesneniiledauidnas ann
718911428Y Bumphenyoo and Ruamrungsri (2003)
Ay Kidsadawanich and Ruamrungsri (2005) ¢4
qﬂu‘immulﬂummwuwmwmﬂmmm@mmmuim
WATAUNINABN feannuanimaasenwdn lussui
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P,0, Aiafilaniu (Fanilgn)) danaliduqunaen
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Tledeuinniu usruinreaspananadaciisdmniau
taataniznisldieneanaiadnsn 200 - 400
Hadndu P,0, sanlaniu (Yaniqn) visiilasngiugdy
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Table 3 Effects of phosphorus on chlorophyll and carotenoids in leaves of crown of thorns (mean +SD, n=3)

Treatments Flower diameter Number of inflorescences ~ Number of flowers
(cm)? (No./ plant) t (No./plant) T
Control 4.33+0.21° 1.33+0.57° 2.67+1.15°
25 mg P,0,/kg 4.50+0.20 1.67£0.57% 4.67+1.15%
50 mg P,0,/kg 3.87£0.12% 2.330.57% 6.331.52%
100 mg P,0,/kg 4.10+0.10% 2.67+0.57° 7.67+0.57%
200 mg P,0,/kg 3.67+0.15° 2.67+0.57° 7.67+2.08%
400 mg P,0,/kg 3.53+0.35° 2.33+0.57% 8.67+2.31°
F-test * * *
CV (%) 5.6 23.8 27.2

T Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT at P<0.05, *,** = significant difference at 0.05 and 0.01 probability levels, respectively.

Figure 3 Effects of different phosphorus levels on flower width of the crown of thorns
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Abstract: Soil contamination with heavy metals has become a serious threat in the cultivation of medicinal
herbs in recent years. The cultivation of the plant in arsenic (As), lead (Pb) and cadmium (Cd) contaminated
soil not only has adverse effects on their growth but it also harmful to human health after consumption.
Andrographis paniculata (Burm. f.) Wall. ex Nees is one of the important medicinal plants used in preventing
and treating respiratory illness and is known for its anti-viral activity. The purpose of this research was
to study the concentration of heavy metals (Arsenic, Cadmium, Lead) in the A. paniculata growing area,
Nakhon Pathom, at 10 locations. Results of the study revealed that the concentrations of As (7.74 - 18.94
mg/kg), Cd (0.55-1.67 mg/kg) and Pb (3.67 - 72.42 mg/kg) in all soils were lower than the critical value of
soil quality standard for habitat and agriculture according to announcement of the National Environment
Board 2021 and the critical concentration for plant growth. However, the concentration of Pb (6 sites) and
Cd (9 sites) in plant were higher than permissible limits of Announcement of the Ministry of Public Health
2021 and WHO, while the As concentration in plant was within acceptable level. When considering the
proportions of all heavy metals, it was found that Pb concentrations in soil and plants were the highest in all
areas, followed by arsenic and cadmium, respectively. Moreover, the relationships between heavy metals
and soil properties revealed that concentration of Cd (r =-0.835) and Pb (r =-0.547) in soil have moderate
negative relationship with clay content and CEC. Soils with high clay content contained low cadmium and
lead concentration. Additionally, Pb concentration shows a significantly positive correlation with Cd (r =
0.546). When considering the relationship between heavy metals in soil and plants, it was observed that

concentration of As (r=0.573) and Cd (r = 0.361) in plant have significant relationships with soil except Pb.
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This information can be used for planning and developing agricultural management practices for this

medicinal plant cultivation to ensure food safety and to reduce human and environmental health risks.
Keywords: Heavy metals, Andrographis paniculata, medicinal plant, Kamphaeng Saen soil series
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Figure 1. Sampling site and soil series name in Nakhon Pathom province
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Table 1. Chemical properties and concentration of heavy metals in soils and Andrographis paniculata at

Nakhon Pathom province

Site  Depth pH Sand St Clay OM* TN’  AP°  EK'  CEC® As'  Cd® PO
(cm) (%) (mg/kg) cmol/kg (malkg)
P1 0-15 6.4 28.8 388 324 1.79 0.089 183.1 146.3 20.36 15.17  0.55 3.67
15-30 6.7 254 430 316 154 0078 1717 96.23 19.76 1568 0.72  46.02
P2 0-15 6.4 49.1 200 309 157 0.048 167.7  93.86 18.90 7.74 0.99 55.37
15-30 6.4 499 200 301 155 0.043 169.7 95.05 18.43 837 097 27.16
P3 0-15 6.5 288 418 294 093 0.073 2612 46.61 18.44 1471 087 2984
15-30 6.5 268 444 288 097 0062 2571 46.39 17.93 1454 098 4593
P4 0-15 6.2 495 224 281 095 0.092 259.1 46.50 17.98 1460 1.09 4840
15-30 6.2 366 36.0 275 090 0.069 259.7 3536 17.29 1152 1.09 59.45
P5 0-15 5.2 311 420 269 083 0080 2556 35.80 17.12 9.88 0.99 38.80
15-30 4.1 38.1 356 263 087 008 2576 3558 16.87 11.14  0.76 46.34
P6 0-15 6.4 50.7 236 257 150 0.035 117.8 86.67 15.80 10.00 1.00 3297
15-30 6.3 50.1 248 251 144 0.037 1137  87.91 15.48 12.09 119 30.70
P7 0-15 6.2 147 608 245 147 0.091 115.8 87.29 15.94 1206 119 7242
15-30 6.4 15.1 61.0 239 124 0087 1353 90.79 15.54 1205 1.14 63.52
P8 0-15 6.5 268 498 234 124 0.090 1312 9196 15.33 13.92 119 5842
15-30 6.7 26.9 50.2 229 124 0.088 1333  91.37 15.00 1141 125 6323
P9 0-15 6.8 36.1 416 223 184 0.093 3015 1831 14.74 1463 1.37 4791
15-30 6.9 341 442 217 1.84 0040 2974 1817 13.61 18.94 167 5117
P10 0-15 6.3 351 378 271 135 0.080 199.2  90.91 17.18 1252 1.03 43.09
15-30 6.2 336 399 264 129 0.070 1995 84.50 16.66 1286 1.08 48.16
YSoil quality for agriculture (mg/kg) 25 762 800
“Critical soil concentration 20-50 3-8 100-400

"National Environment Board (2021)

2Higher concentrations may be toxic to plants depending on speciation (Alloway, 1995)

“organic matter, Ptotal nitrogen, “available phosphorus,

. h
9cadmium, "lead

uazAzia 55 un./nn. fdadanmdd mﬁugmmqmi
MumﬂﬁuﬁLm:rmmia\nfi’qﬂi"'mﬁ (Land Development
Department, 2015) F9NINHINTFIUAAINAU
desanmaneifuiizedsainalneuuvaanaus
Tang aannisdnsaaaesnsuninensssil lameeu
dnituiezanns 1 lu 3 284tlszwnalng (Department
of Mineral Resources, 2018) m’aﬁmmwﬁummﬁm
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d . e . . f .
exchangeable potassium, “cation exchange capacity, arsenic,
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'ﬂ‘ﬂﬂi‘ﬁ@"ﬂ@d@’]ﬁ‘ﬂlﬂugﬂ arsenic trioxide mlﬂmymm
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dastniseilunen detinilanenldenadeldiin
nnsdwileulusuls (Boonamnuayvitaya and
Khummalai, 2015) uﬂnq’m‘ﬁ Liu et al. (2005) 918U
41 yaanWfulagdnsuardndUnuuumunuiuily
iteluundefiunudnaeslanzminluaui 4%
NITNEAT AN NTUIRIAIIUY (0-14.1 1n/AN.)
uaz wAALHEN (2.0 to 256.0 1n./nn.) HAngaiiulily
fle@unzelidanniiae Auan 162 Aaaeins Ren et al.
(2019) waz Rostami et al. (2021) 31891491 AN
Liu%’uﬁumma‘wmzmﬁq*l,uﬁuﬁﬁﬁmmwmlﬁm%u
AN 4.81 1 12,94 uaz 26.65 v 37.30 un./nn.
prnaraunasldianeamn uaznisldansindn
Angiailuszazinaiuu inlipnududuasansiy
wmlen uazAzia Wisduann 481 1y 14.15,0.18
111 0.45 uay 26.65 1l 38.08 Un./NN. AINATAL
faudand]euazensiunasinouaidusanisine
HaN@n wiinsldilauazensiunasaianeainuly
sraizenagnnTndzanlavzminluauls (Marrugo-
Negrete et al., 2017)

a d < .
n5atAszviasAlssnay (factor analysis)

N193LATITHRIAUTNa YRR WN BT L
WoANIINTeIANTAN s TAN A AR B UALNg N

AafeN9Aw (Bellehumeur et al.,1994) WU AN
LLﬂiﬂmumm*’ﬁﬂuaﬁuﬁlﬁ?’ﬂ%mﬂﬂﬁwﬁﬂ anatfade
wmmmmuﬂmuum@w 68.99 % (Figure 2) neilLis
auummmu@@mﬂummn@umu nguil 1
dsznausasaunianseutls Bunsadng a1y
WAALTE WAZATY F987AWE TR A ALETL
Usanniduniedng Iefiuifnmninisldiloneniin
sing 7 laun yaln yaune yala iussazinaiuiu
wnndn 20 1 m’f‘v'faﬂé”uﬂ'gqmuu‘”ﬁmqmﬂmwﬁmm:
aBuyie mig WunAu undnsmaeilaveminluy
ﬂqm@nLLﬁi@xﬁuﬁ%v‘fﬂﬁ’muﬁﬁﬂﬁmmfﬁ”m@uiu
unasfianzestanzuiinanniu atelsina He et al
(2009) W@z Shi et al. (2011) meuinlaveminiandna
1uag@zﬁ”mq’mmmmmmﬂﬁiaqﬁmﬂum@mnmﬂ%ﬂa
ABNNNANNSINEATIWIT ez LL@:Lﬁ@ﬁu'aqslumimﬂ@
Autunang Ausautmaaulls uazRusou ﬂ?,iw?ll 2
dsznaudnsayniAnaiaNdNiusiuAulungy
Audauwilentunng LL@zﬂ@:ﬁJ‘ﬁl 3 UsznausaeAnNg
wanilanuuamlansy AueunARMHeg duilsiy
nguAuauuilen atelsfinnn Usninmesansny
uaaiden uazazialuiu deazfenltifuiananm-
wnnsn9rededAlsznauredingAun1Ee e
WRNeNeaR uardl A niuLsmNnslaile uavans-
nNAnARNT (Chandrajith et al, 2005; Wong et al., 2002)
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Figure 2. Factor analysis for the soil properties of whole soil materials (a) distribution of chemical properties
(variables) (b) distribution of soil texture (cases)
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UITNIANIZNIWAITITURT W.A. 2564 UATHIANIS
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AI v dy+ a a ¢ 1 =
Aewandean wananniitjoafiuvze 1w lulnsiau vze
TunadsuianududuaesuandanitdadAmy
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Table 2. Concentration of heavy metals in Andrographis paniculata plants

Location As Cd Pb
(mg/kg)
P1 0.73 0.80 19.96
P2 0.10 0.79 8.91
P3 0.86 0.80 9.96
P4 1.07 0.30 16.78
P5 0.41 1.19 8.90
P6 0.30 1.19 17.81
P7 0.81 1.10 19.94
P8 1.89 1.10 14.93
P9 0.34 1.28 9.86
P10 0.72 0.95 14.12
Ministry of Public Health (2021) 5.0 0.3 10.0
WHO (2007) 0.4 0.3 10.0

n1snszanatianunaastansudnlunvnas
Wnzanalas
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%8ln WUg1 NsannszaneenzialuAy faanw
mmummiuwnwuw 709890 TW A19UY UAL
wanklen 204z poudiduraemsialufinzans
Tasgegaduneafiuiulumu sesaenduwanidan
uazasny atn9lsfiann Aoududunasaisny
wazuAm R luALLY SAou AN L
arsnyuazuanidanluiinzaalas lnalaniy
u?mmﬁuﬁﬁuﬁqaﬂﬁﬂuéwmﬂmﬂu@u HAou-
Wudureslanzuidn (As, Cd, Pb) agluszigs
(Figure 3) 21aiiiasunannianssumnenisinenasy
fuAfinsl4deinilinen 15-15-15, 46-0-0, 25-7-7,
30-5-5 wazilanan laun yaln yauny yaladns
23]\1[51'@Lﬁ‘ﬂ\‘iLﬂu?ZEIZLQ@WuWu@’WﬁIQN@Im@ﬂ:ﬂﬁ/ﬂ
avanlufuanniy
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s > 4 1 L™ =\
ANNANNUS sEUINansnn lunu Anzanalas
LAacANUAAWLN9UsENS

ANFuTLseeelansinduanTRni el
we3muLNNLlsznig ldun A UEnndunaadng
130105172 1151aN (NPK) mmwmmmﬂgﬂu
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Figure 3. Proportion of heavy metals in topsoil (a) and plant (b) and distribution of As, Cd and Pb in topsoil
(c, e, g) and plant (d, f, h) of Nakhon Pathom province
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Wnzanalas dunaladn vivansny (r=0.573) uaz
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Figure 3. Proportion of heavy metals in topsoil (a) and plant (b) and distribution of As, Cd and Pb in topsoil
(c, e, g) and plant (d, f, h) of Nakhon Pathom province
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Effects of LED Light and Vernalization on Growth and Development,
and Hormonal Changes in Strawberry cv. Praratchatan 80
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Abstract: Nowadays, plant factory systems under LED lighting are widely used to grow strawberry due to
climate changes, which can lead to decreased productivity. This study aimed to investigate the effects of
LED lighting and vernalization on growth, development and hormonal changes in the ‘Praratchatan 80’
strawberry. Two experiments were conducted. Experiment 1 examined, the effects of LED lighting on runner
production, using a completely randomized designed (CRD) with five treatments, including a natural light
control and four LED lighting periods (9, 12, 15 and 18 hours per day). The results indicated that the LED
lighting periods had no effect on the days to produce runners and leaf width, but 15 and 18 hours LED
lighting periods increased the number of runners, daughter plants, petioles, and chlorophyll content
compared to other treatments. Meanwhile, a 9 hours LED lighting period resulted in the highest daughter
plant height. Experiment 2 investigated the effects of LED lighting and vernalization on flowering and
hormonal changes in the strawberry. The experiment design was factorial in completely randomized design
of 3 lighting periods (6, 9 and 12 hours per day) and 2 temperature conditions (non vernalization and
vernalization at 4 C for 2 weeks) compared to natural environment (control). The results showed no
interaction between the two factors, and a 9 hour LED lighting period and vernalization led faster flowering
and greater number of flowers significantly. These treatments also decrease auxin accumulation in the shoot
while promoting cytokinins (zeatin and zeatin riboside) biosynthesis and accumulation, ultimately promoting

flower induction and development in the strawberry.

Keywords: Auxin, cytokinin, flower induction, growth, LED, photoperiodism
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”memugumqmuumgmmmwmu MeOH W4
Wil H,0 + 0.5 % formic acid gruunil 4 asAnctaies
131m7 1 Hadans arsaiagnuaninenis centrifuge
anifudnelaw supematant LaZTELE WY LATE
extraction cartridges (Oasis” HLB 1 cc[30 mg]) clean
up lagdfuanweae 1 8aaans 100 % MeOH +
0.1 % formic acid 2 A% udaluamansaianiL
extraction cartridges ANANAE H,O + 0.5 % formic
acid 3ums 2 Jadans wazazaasinulaeld
#198xa18 100 % MeOH + 0.1 % formic acid UTu1m9
600 lulAsAmMT MINA2E 100 % acetonitrile + 5 %
ammonium 600 lalAsans a1 liuks ansadn
gnazanagnlu 101aulAsans 100 % MeOH + 1 %
formic acid wargnuendaulag centrifuge d1alau
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supernatant Madnss UM s BTy
fald Aaeinmaila LC/MS (liquid chromatography /
mass spectrometry) Ingifnulasanizaes Agar et al.
(2006)

3. ngaradadTunuaesiauig laun
zeatin, zeatin riboside WAz IAA Tagl LC/MS Ao
VLR Agilent 1260 infinity Il un@aldninsdinas
7 UU Agilent Technology 6645 Q-TOF LC/MS
n1guen LC aliunnsiaaaaauil Poroshell 120 SB
C18 (2.1 RAaALNAT x 100 NaALNAT 2.7 INATDL)
nsaldRanazane A (0.1 % acetic acid Tu MeOH)
uaTFaninazane B (0.1 % acetic acid 11 H,0) Aqel
Tsunssuinsideus AB Fadufi 01t 10 % A; 4 wnfl
230 % A; 34 U171 1 60 % A; 40 W17 100 % A; LAT
ALY 10 unft dmannaslua 0.3 Hadansseund
Tneldaan 5 lulAsdans n33tAT12 MS faes
Capillary 4500 V LAzUI AL 120 V Waedis
AnTuULKeEazass (nebulizer) @q'ﬁl 25 psi §RUnAN
e 300 a4ALTAT S RsN1T WA drying gas 7
10 anssiau? Inampulasannigues Susawaengsup
et al. (2011)

%qmmmwmmﬁLmﬁ:ﬁimﬁmm@-
naaadlneldllsunsngiifagunieatia IBM SPSS
Statistics 22 1fie31As ¥ AN A N L9395 Az

a A ' = ' aa aal
L'ﬂi‘El‘]_ILVIEUV’]’]L@@EI?L’WJNH?@WW Tmﬂ()ﬁ least
significant difference (LSD) AissAUANNLTRIM 95
iasifust

NAaN1TNn ﬂ@’ﬂﬂu@&%@ﬁiﬂi

1. nMannaadd 1 naaszeziaanliiuasand s
spansiialuauaznsiiulprasluaansadiuass
1.1 szazanialua aruiudulua way
auwaudulva
sraizianinlnaannn1slasuuasuead
firuaudalusuansineiu wudn yanssadaiianlal
WANFANNAUNNATA lagaruaudulunisialvuad
A19213149 8.93 114 9.80 Ju (Table 1) n1slduas
waaaRYNNIINAD luszazaan 20 Ju vinliidulus
waziulvalind uesienaiies uslidaony
WANFNSAUNINADA tuszes 30 WY 40 dU wuqa
nnslfugsneadd 15 uaz 18 49luq vinldiin
Sunudilnauarduluagendinsudiau q Tas
flaunwduluaeded 7.00 uaz 7.27 1 s
Fulvaleaed 12.27 LAy 12.53 du AuaIAL 9
upna1ansannet1eldsdrAydunis liuas-
waadd 9 uaz 12 4alue uaznsuAtacuAn Gl
sruauduluaiedaifies 467,547 uay 4.80 1&u

Table 1. Days to produce runners after the treatments and chlorophyll contents at 40 days after

the treatments

Treatments Days to produce runners Chlorophyll contents (SCMR)

1) Natural light (Control) 9.80 38.08c

2) LED 9 hours 9.47 38.89¢c

3) LED 12 hours 9.26 40.64b

4) LED 15 hours 8.93 42.12a

5) LED 18 hours 9.20 42.32a

CV (%) 8.71 1.63

LSDO0.05 ns *

ns = non significant, * = means with different superscripts differ significantly (P < 0.05)

SCMR = SPAD Chlorophyll meter reading
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(Figure 1A) LazsuudLlvaIRALE 8.67, 10.20
LAY 8.87 i ANAnAL (Figure 1B) Fagenadary
F1891UUBN Sensteby et al. (2021) ‘ﬁ‘W‘LICi'W NINAR
lnazesduansadiuestiintunaanngfeu de3
gruunige uarddosuaviuaniniuenn nafin
mnmﬁ@a_ﬁmu‘lﬂm wardinisiasoyLAulnasing

FaLiied 491N NAA89U24 Durner (2015) 1o Lsf
anniuduiuansadiuasianangy An nguRug

faanaanluaniniudunaznguiugnaanasnlu
ANINIULNG WUL1 angedluesiviaaeangn Hdmn
-~ 5 . d oo AT
naissulnatdesaaialagninsuduinuinay
wAarininiafulnawazauanludefuluanInay
WHaRUaN NS AU
1.2 ANge AUl wazadundsly
yaasulua
ANgasuluan I fuuasueadnIvaziaa
20 Ju »NNsuR oV IFuganT LN gsioLdes u
TURAMHLANFANNTUN9AD A F9saN1 luszeziaan 30
019 40 41 W41 NIINATAILAN LASNITNADN LIAUAY
aa o o vy = o & p~
unads 9 dalus nlvsulnadinongainaulned
ANNEILRAY 12.73 LAY 12.92 LIURLNAT ATNA1AL
UINNIINTTNAITN LALAILDADA 12, 15 WAz 18 Falua
ati19ldd1ATYn19atia TalANgILaf 9.95,
10.05 LAY 9.87 LIUALNAT mmi’m"u (Figure 1C)
ADAARBITL Boonyakiat (2020) 9897149 AINES
PoIFUR T ANNINT LA N a1 811 T E A
WA mﬂﬂ@nﬂ‘l,ummmmwvl,ummmwa@uﬂ?mm
waaliiieanasan1sdaAszinas 0 liRuNg
Anwnusftingq 1Hesanavsnasesaasiuuingy
A A a ~ 4 Ry Al v
PANTURNANNINNUAHEAANT TIA117 15U WA
= a v 1 b dl 1 Yo = o v
F1Bunuaandutiasndisunldlasuuas aann e
FRIINNTEALTABIAILTII N LAT LA TR NI AL
Al W v A = A o
Alasunas UargsanigasiuusetinegNaidiun
dl dl £ & o al a
was GennsisiuansadiueBiaugainiivliena
danan lruluaesimnanisinvizaldavne ladne
(Pipattanawong, 2000) suluaflasuuasuead
NNN9INAD Mezazianl 20 du Hanuaniuluinua
DEIABLEY WA IR A NWANFNITUNNAT R Tasan
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Tuszezi9an 30 D4 40 51 WU NTeNI BN LF LA
aal o o v o v o &
LaaaA 15 waz 18 Galug M lFawui wluANIY
Tpedanuauians 8.93 uaz 9.07 Anulumamy
AINAIAL LATSIHATNLANAIINI9AD RDE 9N
o o o o Qddl v aa ul/
WadAtyiunssadanliuauwasds 9, 12 dalus uas
nasnAsAuAN A Wlu@ALINeN 6.33, 7.60 Uaz
6.60 MU lUABAW ANAIAL (Figure 1D) AN
TuresrulragnsadiuafaNNAANNLATBILAILAAD A
Rrzazinanmeiulusrazioan 40 Sunaaliuas
Y aal % o X |
wudn duluannnssudailanundreluinaueng
ﬁimﬁm Wb A NwARFANaTuN 94D R taed
mm@ﬂfaﬂmm 417 94 4.26 | 1URWAT (Figure 1E)
FeaanARRITLNIMARDITD Hung et al. (2015)
WU N3l Laeneaa AR uAYF N LA LN T Y
AN 72 3 1Tuan 16 92 lNemAadu 49La3uNI9-
WU N LA A Ul 9A BRI T LU FT AN 1
TP AN UEN19ETIINENTRIARTRT LD TTR T UGB
AN WiusNN a7 NINaT AU (vegetative
growth) WAL UALNAN1INARBITRY Guttridge
(1959) WU wasTaaduena lisuluaamnsadiuess
a a val AI i v U
wanyAnTalas nauuiulusesdiuluawasly
Tunjauilalsaueudusuansadiuafnlasuuas
P93dU
1.3 Anpaalsiasiuluressulua
Araaalslasluluresfuluanasanni
Yo Aaal o ' ac A
IFFULAILRADANTZEZIAT 40 F1 WU N9INITN
Vuaauaadn 15 waz 18 F2lus Mnlirnaalsias
Tuluresduluageiadns 42.12 uaz 42.32 SCMR
ANNATAL TIWANFNaNIeaDAnt el W g1 Ay iy
aclag o aa o aa
N335 1 wa9Laadn 9, 12 42109 waZNIINIS
pruAN aelA1Aaalslad luluiadeLives 38.89,
40.64 LAz 38.08 SCMR MNNATAL (Table 1)
Aaa LTl ag luNTTUwAI lAANAINENYAALLITTH D
420 D4 460 W TUINAT (TAIWAIAUNRY) WAT 630 D4
660 W ULNAT (T2aua9Ruag) (Fan et al., 2013) @4
ARAARBINLINITINENULBY Choi et al. (2015) WU
A5 M LA LAAD A AWAITINAUAUNSUATZZIAN 16
dT19 doadaaT NN NI uTeI TN uAan s ag

Tne
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Figure 1. Number of runners (A), number of daughter plants (B), daughter plant height (C), number of
petioles (D), and leaf width (E) at different LED lighting periods over 40 days

Tluansadiuedd iesannuaadunGuilutauadii
A NENaAALTIAN TN RN T8 sAae Tswand s
uaznisademaanlsWas bu thylakoids Tudagusnaes
nswaseyAninaaie (Senger, 1982)

2. NINAADIT 2 HATBITNUIUTIHIUAIUAA D
Ltazn'\s"lﬁqmugﬁﬁwi'an'ﬁ'a'anm'an LAENIS
wWasuwlasaasiuvrasansadiuads
2.1 Auudufifiasen
SunusuAnaenTeRuaRsatiLeIT
&5 2 1Tade TiRdfduiugionnu (W s uansdeya)
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WUI N29NATN 1FUaLeaas 6 Talue way 9 dalug
o v v 6 o a o o dl

MlFFuansadiuefnanenluaiuiuiueas 9.97
WAT 10.67 1 ANAFU NANLANFANNIED A
ageldud Ay un A SR IFUAIR NS I TN

aa Al ag o aa

(N99NATAIUAN) UANITNIDN A UAILEADA 12
dalua Tnevinlinmnanenluanuaudwans 13.13 1
WAZ 11.90 T MNANAL (Figure 2A) #9UNTINATH
Auansadluess lAsun1sdniinnensaegnmnien
nfauﬂ@n wﬂummmmLumimmmniummmu
L2A8 9.80 TU A9HAMNLANANINIATAaEN9T
uﬁmﬂﬁgnun??uaﬁﬂuimnmmm@nmmmmum
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Figure 2. Days to flowering of strawberry as affected by LED lighting periods (A) and temperature conditions (B)

after the treatments

Tnasinldfiaiinnanlusiuausuiads 11.89 5u
(Figure 2B) S4ganAdaqfn1791891994 Gallace
and Lieten (2021) LLax Rivero et al. (2021) ‘ﬁl‘wufi’]
ANBUENNATIING1TIARTRTILBFT IUN1TdF19m0 -
pananfludasilnanianniataauasasan niudu
LmzmmmuqmuqﬁﬁﬂLﬁ'@‘n”nﬁﬂmi@@ﬂm@n
(vernalization) Tuan1azg muqﬁﬁ%’l (vernalized state)
Tuafan TLEAIRaNTBEUALALATa a1 N3-
ApnzianaAen (secondary metabolites) wtly
uaziinma AAEAAUNTAIA Ty UR9E0F U
(plant hormone signal transduction) Fedurugy
NNINARANLAZNITNNUNLBIARN (Shen et al. 2016)
nsAdanauinLY anansndniinlansediuess
Faneniiaulgmeldialudisuasiudunay 145
mmmuﬂmmﬁﬁi’ﬁ Tneiialdudarandn 15 aeen-
\1813 8 (Bradford et al, 2010) 3480AA @I LI
338284 lkram et al. (2016) finugn nsndugnsad
wesl1ignunfisn 4 esrnaaidan ieazax
fiwmu%‘immﬁwﬂqmuqﬁﬁ%ﬂLﬂumm 15 9%
gaunsan W uansadiuasiian1seannan i
Ty wenandfanudnnnsliuasiudud 10 dalusse
gt 30 44 8a1913ANITAUNTRBNALNTBIAY
ansadiuesTiniiuiu (Sensteby et al., 2016)
2.2 AMUIUNIAAARN

=

ANUIUNFNANBNUBIFUARTATLUBTIN
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15U 2 Jads TuRdgduiussouiu (ladlduang
daya) Tnawudn luszar 28 du neandsnliuas
ala ol/ [ v a o 1 ¥ ‘ﬂl
waadh 9 dalus M ldiminduIunensesuaae
9.1 pan THuu N wUNIaAARENNINNGINN

n931A1 lnaflAonuumnsnan1eadfaeraliadAny
(Figure 3A) munﬁmwimmmmﬁmm”l‘wmu
ansasiuefiisuiunenseduRal 9.22 aen mu
m’mmemwmmmmmquuﬂmmyﬂumamﬁm
Iafuan wguugiaiusssnans taavinlinad
S1uAuABNARFUIRAE e 5.53 Aan (Figure 3B)
lesannmsldsugningfisvisednmwsudusilii
ansadiuefiAnninlasunlaniieldension
vegetative primordia 111144 floral primordia NNy
Fedanadaeinnisennnantesduansesiuess
(Butare, 2020) 42AARBIALNN11UAIN8UB9 Ledesma et
al. (2008) AnudluanwSududuansediue a4
@muqﬁﬁﬂﬁfﬁﬂmummfanﬁi@rﬁl’umnﬂdﬁﬁuamm’-
weSinldsugnmnige

3. UFunuaasiuumelung
3.1 maulasuuladiiunn zeatin wazzeatin
riboside
o - , ,
nndasuutasdsunne zeatin way zeatin
riboside luli/lufiAn19AeN U wazdanAaaaiy
N7 NARBNIRIAUANTDTIUETS Tasnudn Tudui 0
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Figure 3. Number of flowers of strawberry as affected by LED lighting period (A) and temperature conditions (B)

2099)NN39833 UTHN0U zeatin faﬂu"l,ui:vﬁ“wi"ﬁmmmz
ldunnaAreiueteliadAynieada masaNT
499198152131 95uR 14 B9 28 wudn naslduga
weada 6 4alus uaz 9 dalue M ldadiunn
zeatin WingaIUINNNINYNNsTHARR Tt drATy
M19aD A Fudeudludui 14 Lmuﬁuzggqﬁu@ﬂ'w
falilosaudeuil 28 Inenieanenssudayinliiiad]
ﬂ?mm zeatin mm?ﬁlﬂ 4.21 uaz 4.16 unlunsusa
ﬂwuwumma ANNANAU (Figure 4A) N199NUNAN
mfaﬂmﬂfammmmm‘luﬂ?mm zeatin mewﬂu
Fuit 214 28 FaflAnuumnfnansaifatied
ifmi’ﬁﬁmﬁumﬂsﬂﬁﬁnﬁwmmﬂﬁfm@m‘mﬁﬁi’w
(Figure 4B) \iuLAe 2 WAULTNIDY zeatin riboside
wudn lusudi o mﬂqmﬂﬁmmﬂimmumumLL@V
ldunnareiuedeldadAnynieada Aty
4291981759 919TUR 14 Ba 28 WU naslFuas
Landn 6 2lus uaz 9 Falua A SFun o
zeatin riboside WingeTunNNINNNITIATEd]
Had1Ayn19ans tnaannnisliias 28 du jageq
nssuAzin A9 RS un0s zeatin riboside gaiadt
3.53 LAY 3.50 WTLASUFaN NI ANuAn AL
(Figure 4C)
zﬁ'fmﬂﬁua‘%ﬁnﬁﬂmm@ﬂﬁ’qmmmﬁﬁﬁﬁﬁ
L3304 zeatin riboside ngatu i 21 S 28
Fafanuuansinanead Ao iild Ay funsssiia
AdlgFnminmnenden (Figure 4D) FaaenAdeeiy
918471289 Hegele et al. (2004) i lrlalatiu
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A & o Ad A a Y P
fiunnanluszaznnadnisasgnieieiiuile
Wauiuszazniafinnen Tnaanslungulalnlaiinug
KA lUNNINIEAUNNIAINAIRaNLATENUNN9AinAEN
Wauiuszazniaifianen Tnaaslungulainlafiui
alunisnszfunisademnenuazdniinisiinaen
annadisnaeuluanle wudn nsldgoumgiisvedn
wmeenin lilalnlaiulugilalowuntias shiiu
wazlalmmuidaasnludu (V°
adenine/ N® (A ? -
AJ ?/ 2% o |3 1] 1
gafuassesulunisdansed 2/zr deannluniu

(A?- isopentenyl)

isopentenyl) adenosine; iP/iPA)

N9YIRATLAER11T (phloem) Tﬂffqmmﬁ@m:ﬁu
N194519M1AaN (Sringarm et al., 2009)

3.2 naulasuutlanBunneanty (IAA)

MaulaeuitlasBunns 1AA Bnnsanaa

ieiilaslunnnssada Aausduil 0 fefuil 28 aannns-
Tuas Taewudn lufudl 0 USuns 1AA 9a99n
neeudsldumnsnsi et 19l d 1Ay nieaif
N 14 RaTudl 28 avnnas e wadn
NeTuAB NI WLASDIINTNR (NFFNITAILAN) UAZNFTHIT
Alfuaaueadd 12 4alua Hunliawinlsiad sunn
IAA 1NN NN9THTD Toelwinudt 28 nnnslifuaaie
#09n37:3 3N AN N LT NN IAA WNAY 16.29 uay
15.22 unlunFudanutinninuge muansy (Figure
4E) %I\imnm"mﬂﬂiﬁrﬁ"ﬁ@fjwﬁﬁﬂﬁ’]ﬁmmmaﬁ

muﬂ%ﬂmﬂﬂmmmﬂmﬂ@m‘wmm
Fausisud 0 Bedudi 28 ‘wwﬂ?mm IAA anaIFiLing
Tunnnssnds Inelusui 14 f93u7 28 wudn nssada

q
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Figure 4. Changes of zeatin, zeatin riboside and IAA concentration in shoot as affected by LED lighting

period (A, C, E) and temperature conditions (B, D, F)

a:l' Yar a aa v o v
lasuanngungRnusssnan A duua iduvinlving
A A | A A v a o o
H15unn 1AA unnndnfan lasuauun e ludu
J o dnwe - —m

71 28 NN lAFuan g A NS ITNT AR LEN
IAA AU 14.11 wrTunsusensuunnln i 9
NNNINgsNAB NN LU uun st wiliidAny
NNADH NRLUBHDL IAA W 11.22 unlunfusansy
PPN AINN1991897U4289 Potchanasin et al.
(2009) Wud1 N3 AU RAYIN I ITAL IAA anad
atvsaitiaslusanvassiuanly wananiluangu
SUFUNUIN tian19eenaanleaLlauT I an-
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azansasiuulilnlafiu Ae a13ngu zeatin uas
zeatin riboside A11LKNN WaniETingueanTumn
fiBunngeinadudaniseenaenldmileinnsen
avangasuulalnlaliu Ae a19ngqu zeatin uae
zeatin riboside A111KNN WaniETingueanTumN
ﬁﬂ?mm@jﬂmﬁu&mwmnmm (Kang et al.,
2017) \ileganlugaannnenindaimun lolnla
ﬁﬂ?mmqﬁumuﬂﬂﬂ%mmmzﬁu DNA methylation
anas danalsinnsrinenuaes miR 167 sty dualy
PILANNNILARAIEBNTENTTAAENNIADLAWEITDIDANT U
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(auxin response factors) ARF 6 Las ARF 8 anay
(Campos-Rivero et al., 2017)

G

naldussuendiszazinansing 1 liduasie
srgzinania akazAundsluresiuluaansed-
\wafRugneza T 80 uinnsiuasueadnszes-
AL 15 d9s wax 18 dalug vin e uaudulna
auudulva auauduly wazAraelsiasluly
peiulmannndnsmizau 7 uanaini msliuas
Laad7 o e uazmenszdumaendaegngiisn
4 9ANTALTA (vernalization) vlwinan 2 dUanl
AN NUIN1TRBNABNUAZNIWALITRIABNURS
FuansadiuesIld InanssudsAananiatnnsnan
NN98NATIZAAZAZANAANTU (IAA) R N Ee
nisafrauazazanlainlaily (zeatin uaz zeatin
riboside) lutien Fs@ansadniniseenaenLAZINs
W aenaesduansadiuefaltAnsed uuazdl
SuauAeNNINTIgR

naRAnssuUsznA

TDVBLA T AMUTINHATAIAAT NUNINENAY
@enluad NaiuayuiuansadiuaIWWEWITs NI 80
A wiuldlaunaaes FeslfiRnnsas Mnenivgacn
meRTaransuazLisi asfies i iRnenans A
nwRsANERTIINENdETsdlun NaiuayweTasile

0 a o Z‘/ d’l azalld ]

wazgLnsallumeind At lunssl uasereunnuHdow
dl % U dl o + 4 a o Zl/ d’j id =3 U % al
Nendemnvinivinamddoaiiiddaqantsons
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Aqueous Extracts from Climbing Weeds with Antioxidants and Inhibitory Activities
of Enzymes Related to Hyperglycemia and Obesity
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Abstract: Nowadays, some weeds are used as medicinal plants, because they contain phytochemicals that
have been reported to have therapeutic effects on the human body. The aim of this study was to investigate
the effects of water extracts from leaves of 9 climbing weeds including Passiflora foetida L., Oxystelma
esculentum (L.f) Sm., loomoea pes-tigridis L., Cardiospermum halicacabum L., Coccinia grandis (L.) Voigt,
Centrosema pubescens Benth., Macroptilium atropurpureum (DC.) Urban, Momordica charantia L. and lpomoea
gracilis R.Br. on antioxidant properties (viz. DPPH, ABTS, NO radical scavenging and ox-LDL) and
to determine the inhibitory activities on hyperglycemia- (viz. 0l-amylase and O-glucosidase) and obesity-
related enzymes (viz. pancreatic lipase and 15-lipoxygenase). The results showed that the water extract from
leaves of P. foetida, C. pubescens, M. charantia and C. halicacabum had the best antioxidant efficacy
on DPPH®, ABTS®", NO® and ox-LDL, respectively. Moreover, the extracts of all weeds showed a high
ABTS® inhibitory effect of more than 79 %. In the case of inhibiting hyperglycemia- and obesity-related
enzymatic activities, the water extract from leaves of C. grandis presented a high effect on inhibiting
o-glucosidase and pancreatic lipase activities, while the water extract of C. halicacabum had a strong
inhibitory activity of ai-amylase. These results suggested that local weeds such as C. grandis, C. halicacabum,
P. foetida, C. pubescens and M. charantia can be processed into food or herbal drinks. The identification of

phytochemicals in the water extracts from leaves of these weeds need to be further conducted.

Keywords: Passiflora foetida, Cardiospermum halicacabum, Coccinia grandis, Momordica charantia
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Figure 1. Characteristics of weeds in this study including Passiflora foetida L. (A), Oxystelma esculentum (L.f.) Sm.

(B), Ipomoea pes-tigridis L. (C), Cardiospermum halicacabum L. (D), Coccinia grandis (L.) Voigt (E),

Centrosema pubescens Benth. (F), Macroptilium atropurpureum (DC.) Urban (G), Momordica charantia

L. (H) and Ipomoea gracilis R.Br. (I).

Whatman No.1 It ugansaianssiiainluaad
N LAalaaaNansan assnnaW e A NN
500 Tulmsnsuselanans

2. ApgzvFanuaswgnuall
2.1 1Fu1eu total flavonoids
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2.2 Ud3nnau total phenolics
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malonyldialdehyde (MDA) (Li3¥% Sigma-Aldrich
UseinAanigainTnn) e Y= 0.0425X + 0.1201
(R?= 0.998) Auuiqendu Aaansuuas MDA wdsannin
ﬁquqmmfaﬁeﬁum’miffu&qmﬂﬁmfméuu@%m:
ANNANNTT (1)

4. nagaugnalunsiussnanssnaacaulii
L?{mﬁ'@)eﬁ’uqufﬁmﬂmﬁamga
4.1 nangsnaaawldl o-amylase

AATIEHMINATN17289 Kwon et al.
(2006) LHNANTAZANE sodium phosphate buffer (pH
6.9 ANdNd Y 0.02 Tuand) 15ums 500 lulasans
fitldunguvaaienlas o-amylase a1n Bacilus sp.
(LT Sigma-Aldrich UszinAanigalnsn) (Aau-
WNduw 0.5 Naansusaiadang) asluansann
Faatinanndrianietindurie positive control
(catechin) U311m9 500 TulAsaMs 419828
sratnldalifgnmni 25 asrnaaGas nasan
1 10 w7 ldansazaraule (Aenaduduy 1.0
wafidus) meldfiguunfl 25 asAnsades uiu
10 W17 g efjisendae dinitrosalicylic acid 31ms
1.0 Radans AuRenansazausiaeg1ely water bath
w1 5 107 udaideanadaeinngu 1hanas 10 fiadans
i ldnAnnnsganAuLaTi a9 AR 540 unTu-
AT UATANUI A sYANEA NN LI RAN TN
wilasmnaNnig (1)

4.2 fanssuvaaauldd a-glucosidase
AAILERINATAN9U89 Ahmad et al. (2011)
vhansatadasninandaie visaunndu vise positive
control (catechin) U3u1m3 15 lulasamns 1daelu
ansazanaiauloe o-glucosidase AN Saccharomyces
cerevisiae (U3 Sigma-Aldrich UszinAauigaainn)
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(Ao Nd Y 0.0073 g Bnsaiaaans b sodium
phosphate buffer A L Ndw 0.5 Tuany Afdau
N@N289 NaCl) mqmmmuﬁﬁlqmuqﬁ 37 B49AN-
aEea wnan 15 17 udsanniiuAnansazane
p-nitrophenyl-o1- D-glucoside (LT ¥ % Sigma-Aldrich
UszinAdauigaiini) (pH 6.8 AN NTU 0.7 HAA-
Tuang) miﬂqmmmmmﬂ@umwmmmqmu 405
TR uazAuledna imnisugsAansay
aaaiaulaaimuannis (1)

5. vnmmuqmé’lumsé’ué'aﬁqnssumfawau'l‘aﬁﬁ
\Rendasiunizau
5.1 fangsuaasiaulasl pancreatic lipase
AARNNATNNF89 Kim et al. (2007)
dnansazarenanauloyd Usuans 30 lulnsdns
(ﬁﬁmumwmm v el porcine pancreatic lipase
(1319 Sigma-Aldrich UszinAanigaiaznn) 10 gilm
Tuansazanaugy MOPS 10 Jaaluans uay EDTA
1.0 Aadluang Usuan pH 197ls 6.8) hinaalu Tris
buffer (Afl@uNaNT94 Tris-HCI 100 Aadluans uaz
CaCl, 5 {adluans 1iuen pH ikl 7.0) 1Bu1ms 850
lulnsans dsamivldansanadaeninanndaig sive
‘Lsi’mfé%u VG positive control (curcumin) 15161 100
ulnsans tivansuaslnal3figungi 37 asen-
waed 1Waa0 15 W9 WARNANTAZANE substrate
(p-nitrophenyl butyrate (L% Sigma-Aldrich Uszina-
anige1uIni) 10 Haaluans Tu dimethyl formamide)
ndsanniuinanswan lfa 137 gumagdl 37 asdn-
madea 3nasa Wi 15wt thlddadnsg anauuas
finnuenpaL 400 wlisms wasARnsyAvBNW
matiugananssteew s maaung 1)

5.2 Nangsuwaauldsl 15-lipoxygenase
(15-LOX)

AA12imNLAENN9184 Lyckander and

Malterud (1996) vnansaragaatinandane vie

Yandu viie positive control (caffeic acid) UTu1m9
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lipoxygenase @ﬂﬂfﬁ WRDY (LT Cayman Chemical
dszinAanigeinsni) aonuidudu 500 giln
falaaang (ﬁ@xmﬂu borate buffer (pH 9.0) AN
Wind 0.2 Tuand) dsunmg 480 Tulasamns ldas
lugnsazane linoleic acid AN NTY 134 Tulas-
Tuans 1hunns 500 Talasang wasanntiainansuas
uu"l,fammuﬂwm Lﬂumm 5u1% U1 lddmAn
mmmmuummm’mmfm@u 234 W TUNAT LAy
FuanulsrAnsnannistudafianssuaasioulas’
ANNANNNT (1)

AuanutlsEAnEnInnsluasFuauy s
Emumxﬁu&qﬁ@mimmL@uvlfﬁu’mmgmm”qﬁ

miﬂ”ug”\imiLﬁm@%@meﬁ@ﬁ@ﬂﬁmm
wulsd (Wefidus) = [(A /A
x 100 ...zmlrm 1)

'J;mmu@u [FI"A’BEI'N) ‘mmuqu]

A A 1 A
8 Ay A8 AINITAANAUUAITDY
WNURA (80 tafidus)
A 1 A
Asrons B ATNITAANAULASUBIANT

anmFnating ¥3e positive control

6. NSAATITUTDNANNADA
Tpseidayan1aiAlaadin19o19u0u
nienAaeLuUguatisanysal (completely

randomized design, CRD) a11421 8 11 ALAgei

ANNNLANFA9TIIALAAEA2EAE28 Duncan’s new
multiple rang test (DMRT) fiszdumnLTesiu 95
vafidus (P<0.05) taaldldswnsn SPSS for
window version 15.0 (U5 %% SPSS Inc. Ugzine
anigalaIng)

NANISANHILAZIANTOL

Saug1TnNgNELAK

AINN133LATIZHLTN 0 total flavonoids Tu
asarpganinanlusaianaes o 10 (Table 1)
'W‘]_I’J"l mmﬁ“m’faﬁﬁwmﬁ”ﬂLsﬁmﬂﬁﬁﬂ?mmmm
ma‘umnmm WAL 395.72 + 16.47 mg RUE/g FW
uanFANannsad e Fauiauiuda s aiaaw
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09A9LNAD FTERAANNNEITIUN YHAUUN UaT
NeeWalyia Winriu 317.94 + 13.69, 299.59 + 17.45 Uy
286.02 + 18.66 mg RUE/ g FW mmi"]ﬁu dnuiFunng
total phenolics 1umﬂimﬂmmammn’lmmwwm
\i@et 9 1A (Table 1) WY &3aRARAEHNANNED
Lﬁnu‘Em‘LLmV‘uﬂumuumuﬂm’]m total phenolics g3
‘vmm uANANagd A e B ReutustReeiaawg
Safl Uiy 325.03 + 9.78 uaY 323.56 + 9.31
mg GAE/ g FW ANNATFL F89a4NN AD ansarndaenin
ANNTEAIIUN NENNIn wazdzan NUTunamnny
256.72 £ 25.58, 240.25 £ 4.99 1Az 238.53 + 18.39 mg
GAE/ g FW muansiu Huedniflumenguveiigalu
i SamantRazarenilda nuldludnuaznaldl
Jugnsildruanuaulalunisineasmanmisg
ANUNATINEININHNE HF18971U31 maﬂ@juﬁlﬁu
AT ueYYABATY ﬁq‘ifléﬁ’mﬂ’]ié/ﬂ vy Uaariunis-
Lﬁmﬂ’]?ﬂmﬂﬂ’uﬁ: LAZATUNTLI (Kumar and Goel,
2019) @9 flavonoids tdua17Usznay phenolics
1ls21n7 polyphenol HiAreaFrantaafidursunman
walsunfin (aromatic ring) A4 uaumylansanda
(hydroxyl group) saxat luluiana Faus 2 2atuldl
anansnazanaludnlg ﬁﬂwumaimuﬁuﬁmm
lugtresanstsznay glycosides g 757700977 9
Lﬂuﬁé’fﬁ"ﬂLL@zﬁﬂuﬁm’fl%i”ﬂmmmw AmAnudAty
NINNNATUNITUNNE] Lflummmiimmvmmm
[ThueFesdranmannuane Imﬂmﬁm’mmmaﬂ@uu
Hanuanifiduassiueyyadase saunisaniay
FnlsAnmy Funisfenzie uavdsannanans
Wuﬁﬁqmwﬁuéz\iﬁ@nﬁmmLﬂuienu"ﬁ' Aeadas
(Panche et al., 2016)

dsz@nsnwlunisanuayyadass
Han1snaaaLlszAnsanlunisinueyya
Basransansaindasinanlusesiaiginniaes
9 1ilm AqefiTe1 DPPH radical scavenging
(Figure 2A) WU @19@nAaNluNENNgn 411190
fudanisiineyadass DPPH ”mewm m’m‘u

66.34 = 1.09 tUaFigus LL[ﬁlﬂ[ﬂW\'Wl’]\i’ﬂﬂ[ﬂLN'ﬂ
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Table 1. The amounts of phytochemicals in water extracts from leaves of 9 climbing weeds

Weed species

Total flavonoids

Total phenolics

(mg RUE/ g FW)'

(mg GAE/ g FW)'

Passiflora foetida L.

Oxystelma esculentum (L.f.) Sm.
Ipomoea pes-tigridis L.

Cardiospermum halicacabum L.
Coccinia grandis (L.) Voigt

Centrosema pubescens Benth.
Macroptilium atropurpureum (DC.) Urban
Momordica charantia L.

Ipomoea gracilis R.Br.

107.17 £ 6.94°

286.02 * 18.66"
299.59 + 17.45°

208.47 £8.12°
96.56 +2.69°
196.16 + 10.9°

395.72 + 16.47°

240.25 + 4.99"
256.72 + 25.58°
323.56 +£9.31°
100.69 * 6.44°
105.34 + 4.98°
325.03+9.78°
148.00 + 4.75°

174.78 +17.89%
238.53 + 18.39°

317.94 +13.69°
138.27 £8.02°

CV. (%)

40.05 45.62

The data represent mean + standard deviation of eight replication. Values followed by the same letters within each column

are not significantly different accoeding to DMRT (P <0.05)

1= = o o o A d‘ A
g UNEUAUAITANARINTTNTDY TA9A9NIAD

ansanmannlulannszeen nsznalun wazdawmasn e

Winfy 57.24 +3.01, 54.60 + 3.38 uaz 50.00 £ 0.75
wefiius auansy doudsz@ninanlunsduds
UfjfiTan ABTS radical scavenging (Figure 2B)
wugn arsafaannluresiaiaindenis 9 1iin
Huse@vbnnluniasinueyyadass ABTS® quuazlyl
wAnsinaiunan A agugas 79 - 90 wlefidus dudy
HaNIINARaLLsE AN IuNIF e LY AB ATz ANE
UfjA781 NO radical scavenging (Figure 2C) w191
mifarTmmrmzizﬁuﬂﬁﬂi:?ﬁ%’%mwlumiﬁmm@ﬂ@

Base NO lagengn winiu 43.21 + 2.05 e fidus

Tnefignsataanludsimmaniisssdnaniwlunis
A1ueuyaaase DPPH®, ABTS®
positive control Aa BHT%qmmamﬁu&fa%@%m:
s 86.35 + 6.35, 93.96 + 3.96 LAy 79.25 + 424
wlefiFus muandu luansiinnmegautsyavann
’Lumiﬂvuéz\iﬂﬁﬁ?m oxidation 284 LDL (ox-LDL)
(Figure 2D) w191 anrarngaannainlannIzeas
ﬁﬂizam%mwlumiﬁuézqmmﬁmﬂg’j’ﬁ?m ox-LDL

way NO® A1nan
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1Hqeiiqn Imﬂmmmﬂumﬂ{]mm ox-LDL Lt
30.5+5.14 1efLdus dafltlszAnsnansangn
quercetin Vlﬂ’m’lﬁ‘mm_lilﬂﬂgﬂiﬂ’]uim 90.25+1.25
wafidus aann1sAne1a89 Asir et al. (2014) WuIn
ansanpannemnanddsz@nsninlunissiueyya
BaszgauazlANANRUETILLENA o-diphenol way
catechin Aiwyuluansain dau Bendini ef al. (2006)
18471491 NNTLEINAlUNENNINARAINIINAANITLAA
ayyaddszuazesiunaineendiaudunsluauy
ﬁLﬂuTa‘mmmﬁu @491 Kubola and Siriamornpun
(2008) WL @19AN! mmniuuziz%unﬁﬂizawﬁmwgq
lun1siueyyadasraindjizan DPPH radical
scavenging k@A ¢ ferric reducing power Thad
gnsusznay phenolics léuA caffeic acid wae catechin
Wudaulsrnauniaail d115u Sudharameshwari
et al. (2018) $181911491 ansatagainannly
IAnnszeaNiesAlsznauae9ans alkaloids, tannins,
terpenoids, flavonoids, phenol ha ¥ ascorbic acid
Faduansainannlulannzeaudsanunsadudanis
\aavyadaszlan
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Figure 2. Inhibitory effects of water extract from leaves of 9 climbing weeds and positive controls at

concentration of 500 pg/ mL on DPPH (A), ABTS (B), NO (C) radical scavenging and oxidation of

LDL (D). Values followed by different letters are significantly different with DMRT, n=8, P < 0.05.

qw%:"lun'lsé‘l’uéy’aﬁ@nssmmL'au'lsnﬁl,?imimﬁ’u
magsziuthmaludengewaznizeay
AINNNINAREUNATRIA IR AR AER AN
yasirfinnAeeseRanssuredenlnl o-amylase
(Figure 3A) wWua1 ansaninanluresdaiadaulve
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A unamaaedl LL@mxﬂqw%riuﬂwﬁu&ﬁ@ﬂﬁmm
wenlmal a-amylase endugnsatmannluzesdiamilng
dmes I uaslannszeen fanunsndudeianssuae
woulmsl ar-amylase 18 lusyAumn windu 7.38 + 1.13,
9.43 + 0.87 UAY 14.75 + 2.40 tlafifusl muasw
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duNaTeIaNTaTAAN NS TR T Ae e NN e
Aanssnaaaeuls o- glu005|dase (Figure 3B) WU
zmzmmmmmwmmL@ﬂﬂmum‘lumimm@muuqm
TunnsfudeRanssuaedian el o-glucosidase 161
lnafiansaiaannluzesrinaeiliqns lunisduds
Aanssuaaaiaulml o-glucosidase ldgafign Wiy
62.14 +9.78 Lo fLfud uansnafunIeadALile
Wiauieuiuansaiaannlusesiaiaaingu
70989N1A8 A19ainaInlurduAuNIuaTazEn
WINAU 50.77 £ 5.41ua% 45.80 +2.45 1Ua 519 U6

ANNANF U Iﬁmmmﬁmmﬂ‘l,m'aﬁmﬁmﬁqn@mﬁqw%

‘lummummmimmmuiﬁnu o-amylase WAz
QL -glucosidase rﬁl’mfm catechin mufmﬁimm 78.52
+3.52 ua 92.10 + 2.10 ilafidus puanay 41msu
91iia Aenisdudsianssn rasiawlal pancreatic
UszAvEnnassansataannlugessaimioniaes
lipase (Figure 3C) WU d@13aimannluaadmnfg
mminf‘]’u&ﬁ@ﬂiiummLﬂuiﬂﬁur pancreatic lipase
FRTgn winiu 19.93 + 1.68 wWasifus uansnemn
487 aSauifauiuansataainludainulng
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Ipomoea pes-tigridis

Cardiospermum halicacabum

W

@
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Tannszenn wazdaimas iy Fegnansagudaianssy
snstawln i Ig IR e 9.46 +0.79, 6.49 + 1.23 LAz
4.46 + 0.90 W fifus pudnfu Inafiansataann
Tufefailons wnsdudeianssuasaieulaling
curcumin A& NNsn U aRans N0 gia gl
pancreatic lipase I# 92.53 +2.53 wlefidus lanih
ansarpanlLnEnnIn nesrialin An1uns UEUAUAN
uzsziun uazazan liuanenys lunsdudenans
gaseulmffint dmiunanimageLtlssAnEam
gasansarmanlusTRTIEes 9 1Tin Aaniadis
Aanssuaaaiauldsd 15 - lipoxygenase WL ANTATA
anluresiseiianAnmeasei biuansaya luns
fuseRanssuTesewlaAanann (uansdaya)
AnNANIINAaeInand liiulainans-
afmanlulannszeanaunIadugafanssura
wulsd o -amylase lage dauansainainlusnag
flszAnsnanlunisfudeianssuaagianlas
al-glucosidase g pancreatic lipase Vlﬁ@;\‘i %M’m
18111989 Menichini ef al, (2014) WL91 YAgA[n
lulannszeandinisasneIaINITuaUAALA Y

o
o
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Inhibitory activities of water extract from leaves of 9 climbing weeds and positive controls at

concentration of 500 pg/ mL on a-amylase (A), Ol-glucosidase (B) and pancreatic lipase (C).

Values followed by different letters are significantly different with DMRT, n=8, P< 0.05.
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fandsz@nininanaingaulaansae tneans
o v
naneadnulululannszeen laur flavones,
aglycones, triterpenoids LAY glycosides wananil
Annadurai et al. (2013) 378411491 @NTAN AR 8NN
lulannszeaniansisznay tannins, flavonoids,

terpenoids Wag cardiac glycoside 4 Vinodhini et al.

(2015) wudn s bunisdudsianssnreienlasl

o-amylase 189 Tragia involucrate 1A LN AANN
miwqﬂmmﬁﬁ'z@wﬁm Ae steroids LAY terpenoids
A9 Khan et al. (2014) ﬁ?’]f;lx‘mu'm Melia azedarach
quﬁ‘l,umimuiimmmm iesanilans tannins
LAY terpenoids WuesAtsznaunan Imﬂmms tannins
Fudafanssnaaaiewlss o-amylase A78N1991
Aupflulawmsnuazlisfiy d115U Capasso et al.
(1992) WU41 @19 cardiac glycoside 411190 a4 1
szduimaludengeld dviuansvddniing
Tugnsarndasrinanlusessinae siwuans caffeic
acid LAz p-coumaric acid F9flsne91197 @nshn
Tludduasilgnidudefanssusesiewlss
o-amylase 1éun Rr-sitosterol, botulin, saponins,
flavonoids waz caffeic acid tmgl Pulbutr et al. (2017)
Wi araaiadaeiannusnasiqna dudeiansm
10910u 3] o-amylase waz o-glucosidase HAn IC,,
WiNfil 8.08 + 0.72 Az 77.66 + 9.16 ug/mL ANNANAL
uenanniiasataannlusidsdedlna lunsdud

Aanssnaeaiauldsl pancreatic lipase Taiiluianlasl

anaylunszuaunislalaslada triacylglycerols
alaenudii fatty acid waz diacylglycerols Y ¥iAan1e
avanlasiudiwiuluvaeniden a1NI891UL84
Likitdacharote and Chalcharoenpong (2015) WL
@19 R-sitosterol mqwﬁmunmﬂummummmam
199191193 pancreatic lipase AN IC,, tiNA'Y
82.56 mg/mL @21 Martinez-Gonzalez et al. (2017)
WUI1 a7 caffeic acid @1u130FUEaAanI TN
gaaieulml pancreatic lipase lagidauiuwusy
lalasiauuazifnuseieszudnelaianaildgoy
v lulnsagdainltienlma s anunsnsinanuld
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gasasatafaeninanluTe s TR0 AReTiAY-
Waudw 500 lulasnsuseiadans NATWANAIAY
Tatiansaraannlungmnan daumulng uessiun uas
Tmmmfﬂuﬁﬂixﬁw%mwgqﬁzgm’lumiﬁmwm
fasvaqadATan DPPH, ABTS, NO radical
scavenging WAz ox-LDL ANANAL u@ﬂmﬂﬁ A4 A
annluaesirnannaiaidssdrannlunissiuenys
GIEE mﬂﬂgmm ABTS ”memwﬂgmmfau
mquﬂummummmammL@uiﬁﬁmmmmm
filsadawtu arsar mmnlummmqwﬁlum‘mum
Aanssuaaaienlnd o- glucosidase Lo pancreatic
lipase 1#geTign Lmvmazmmmn”lu‘llmﬂmfafamqwﬁ‘lu
nstusaRanssmesienl o- amylase ”memm
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Abstract: Recently, environmental management strategies suggest the implementation of plants and natural
processes for flood and stormwater management. Among those strategies, bioretention is growing in popularity
across nations. However, the understanding of perceptions and preferences of bioretention landscapes
are lacking among landscape designers, planners, and engineers. This lack of knowledge risks the acceptance
and sustainability of such projects. While research suggest landscapes with higher vegetation density increase
positive landscape perceptions and preference, the mechanism of why denser landscapes are preferred is still
missing. Thus, this research aims to understand how some landscape perceptions mediate the relationships
between vegetation density and preference of bioretention landscapes. The researchers deployed 54 item
photo-questionnaires and analyzed the relationships between vegetation density, landscape perceptions, and
landscape preference. We found that perceived naturalness strongly mediated the relationships between
vegetation and preference of bioretention landscapes while perceived safety had a weak mediative effect.
Designers, planners, and engineers can use this information as a tool to assess how they can implement
bioretention designs towards landscapes. This research is new because it helps us understand humans’
perception of landscapes and environments more deeply. Future research may explore more diverse variety

of bioretention landscapes and differences among cultural and place identities.
Keywords: Environmental management, landscape design, landscape perception, stormwater,

water sensitive design

Introduction effects from chronic stress (Ulrich, 1999); and

attention restoration theory, which posits that humans

Growing evidence suggests strong positive cognitive functioning can be improved by spending
relationships between natural elements and time, undistracted, experiencing natural elements with
human well-being (Suppakittpaisarn et al., 2017, certain characteristics (Kaplan, 1995).
Suppakittpaisarn et al., 2020a). That is, natural One of the remaining questions in the
elements, such as trees, parks, open spaces, and relationship of nature and well-being is ‘how much
forests, played important roles in reducing risks nature’ or what the environmental psychologists
of cardiovascular based mortality, stress-related call ‘dose.” Dose refers to the amount of nature a
morbidity, and mental health disorders. They also person can experience, including intensity, duration,
supported positive social interaction and increase and frequency of exposure to nature (Jiang, 2013;
cognitive performances (Sullivan et al., 2014). These Yaipimol et al., 2022). We have limited information
relationships can be explained by the biophilia about the dose-responses relationships between
hypothesis, which posits that humans prefer certain nature elements and human well-being, including
elements of nature that are important to our survivals stress, attention, and preference (Jiang et al., 2014a;

(Kellert and Wilson, 1993); stress reduction theory, Jiang et al., 2014b; Sullivan et al., 2014). This limits
which posits that exposure to natural elements our understanding towards how to design natural

helps lower acute stress thus prevent negative elements into every day landscapes.
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In term of dose of nature and preference,
the

vegetation density and preference, and found that

a study examined relationship  between
it was in a power relationship (Suppakittpaisarn
et al., 2019b). That is, when there are little natural
elements and some more is added, the preference
increased rapidly; however, if the natural elements
amount past a certain point, the increase in these
elements is not increasing preference as much as
before. However, questions about what constitute
landscape preference remain, especially for
bioretention landscapes.

Bioretention landscapes are the landscapes
that are designed for stormwater management.
These landscapes, such as rain gardens and
bioswales, are gardens or patches of trees and
herbaceous plants that slow and absorb stormwater
before it hits conventional sewer system (USEPA,
2008). In the past decades, they have become a
popular strategy in stormwater management, but
due to the characteristics of the plants, which are
likely to be high-stemmed grasses and native plants
than the traditional flowering landscapes, their
preference, perception, and acceptance still need
further understanding
2020b; Suppakittpaisarn et al., 2019b).

In a study attempting to understand people’s

(Suppakittpaisarn et al.,

preference and acceptance of bioretention landscapes,
three dimensions of perceptions were identified
as related preference: perceived naturalness, safety,
and messiness (Suppakittpaisarn, 2017). These
characteristics may be keys to understanding how
landscape and perceptions are linked towards
bioretention landscapes, especially for perceived
naturalness and safety, which predicted landscape

preference (Suppakittpaisarn et al., 2020b).
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The researchers suspect that there are
mediative relationships between vegetation density,
landscape perceptions, and landscape preferences.
Specifically, landscape perceptions may act as
mediating variables in such relationships. Mediating
variable is a variable that is explained by the
independent variable and explain the dependent
variable of a relationship (Baron and Kenny, 1986;
Dassopoulos and Monnat, 2011).

Thus, these gaps of knowledge established
the research question: do landscape perception
(safety and naturalness) mediate the relationship

between vegetation density and preference?

Materials and Methods

Photo-questionnaires preparation
In this study, the researchers took 6 eye-

level photographs of an urban environment based
on Midwestern United States. Photographs selections
were made and confirmed by landscape architectural
researchers to reflect typical streetscapes with
wide sidewalks, enough to add plants and street
trees, and buildings or other structures on the side.
Each image then was added 3 levels of trees
(none, few, many) and 3 levels of bioretention
planting based on the amount (none, little, a lot),
providing 9 conditions of each case and 54 images
in total. The images were tested in previous studies.
These images were then made into 4 separate
questionnaires, asking the following questions for
each image.

- How much do you like this landscape ?

- In your opinion, how natural is this landscape ?

- In your opinion, how safe is this landscape ?

- In your opinion, how messy is this landscape ?
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The participants rated the images in 5 Likert
scale from not at all (0), a little (1), somewhat (2),
a lot (3) to very much (4). The examples of images
could be found in Figure 1.

The questionnaires were deployed via
Amazon Turk crowdsourcing system in July 2017,
limiting the participants to those living in the United
States between the age of 18-65-year-old. The
age group was chosen because they were adults
and were the majority of those who spend
time outdoors. The relevant ethical screening
was sought and approved before the deployment of
the questionnaires. The survey was also deployed
and tested successfully in a previous study
(Suppakittpaisarn et al., 2020b).

Vegetation Density
Eye-level vegetation density was calculated
by Brown Dog Green Index Extractor, a machine-based

tool that used color detection to identify the percentage

None

None

Trees Few

This tool has been used in previous studies tested
to provide similar results with human perception
of vegetation in each image (Padhy et al., 2015).
(Suppakittpaisarn et al., 2020a; Suppakittpaisarn
et al., 2019b). The vegetation density numbers
were provided in continuous variables based on the

calculation.

Statistical analyses

The researchers used Baron & Kenny
Mediation Analysis in this study, similar to a
previous landscape and well-being study (Kuo and
Sullivan, 2001). The analysis first analyzed the
correlations between the independent variable (the
predictor) and the dependent variables that were
hypothesized as outcome variable (the outcome)
and mediating variable (the mediator). Typically,
the test's assumption was that independent
variables should predict significant correlations
between both the outcome and the mediator (Baron
and Kenny, 1986).

Bioretention

Alittle Alot

Figure 1. Example images used in the questionnaire with varying levels of trees and bioretentions
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For the mediator to be proven as mediating
variable, when running the multi-variable correlation
test, the beta coefficient of the predictor would drop
greatly or the predictor would lose the significance

altogether (Baron and Kenny, 1986).

Results

Descriptive Statistics
A total of 427 participants answered the
questionnaires. Of these, 249 were male (58 %) 175
were female (41 %), and 3 did not identify their
gender (1 %). There were 390 people (92 %) from
US and Canada, 5 people (1 %) from Western
Europe, 1 person from Australia and New Zealand
(0 %) and 31 people (7 %) who did not specify their
locations in the past five years. Gender and
geographical locations did not significantly predict
differences in landscape preference and perceptions
in these studies.
Vegetation density among the images
(n = 54) had the mean of 22.6 %, S.D. of 0.2,
with- maximum of 46.4 % and minimum of 0.0 %.
Landscape preference had the mean of 1.7 and
S.D. of 0.6, meaning that most people find the

landscapes ‘a little bit’ preferrable moving towards

‘somewhat’ preferrable. Perceived naturalness had
the mean of 1.5 and S.D. of 0.4, meaning that people
find the landscapes ‘a little bit' natural. Perceived safety
had the mean of 2.3 and S.D. of 0.4, meaning that

overall, people find the landscapes ‘somewhat’ safe.

Vegetation Density from trees and bioretention,
Perceived Naturalness, and Preference

In this test, vegetation density from trees and
bioretention acted as the predictor, perceived
naturalness as the mediator, and preference as the
outcome. The Pearson’s correlation test between
vegetation density and perceived naturalness
resulted as r(1,52) = 0.96, p = 0.00, beta coefficient
=1.0.The Pearson’s correlation test between vegetation
density and preference resulted as r(1,52) = 0.89,
p = 0.00, beta coefficient = 0.9.

The Pearson’s correlation test between
vegetation density, perceived naturalness, and
preference resulted as r(2,51) = 0.96, p =0.00, beta
coefficient for vegetation density = -0.1, p for
vegetation density = 0.37, beta coefficient for
perceived naturalness = 1.1, p = 0.00. (Table 1)

This suggested that perceived naturalness
acted as a strong mediator for the relationships

between vegetation density and preference.

Table 1. Vegetation density from trees and bioretention, perceived naturalness, and preference

Model Variable df r Beta
coefficient
1: vegetation density and perceived naturalness Model (1,52) 0.96 0.000
Vegetation density 0.000 1.0
2: vegetation density and preference Model (1,52) 0.89 0.000
Vegetation density 0.000 0.9
3:vegetation density, perceived naturalness, Model (2,51) 0.96 0.000
and preference
Vegetation density 0.370 -0.1
Perceived naturalness 0.000 1.1
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Vegetation Density from trees and bioretention,
Perceived Safety, and Preference

In this test, vegetation density from trees and
bioretention acted as the predictor, perceived safety
as the mediator, and preference as the outcome.
The Pearson’s correlation test between vegetation
density and perceived safety resulted as r(1,52)
=0.95, p = 0.00, beta coefficient = 1.0. The Pearson’s
correlation test between vegetation density and
preference resulted as r(1,52) = 0.89, p = 0.00, beta
coefficient = 0.9.

The Pearson’s correlation test between
vegetation density, perceived safety, and preference
resulted as r(2,51) =0.97, p=0.00, beta coefficient for
vegetation density= 0.4, p =0.00, and beta coefficient
for perceived safety = 0.7, p = 0.00. (Table 2)

This suggested that perceived safety
acted as a weaker mediator for the relationships

between vegetation density and preference
Discussion
Key findings

In this study, the researchers aimed to

answer the mediating roles of perceived landscape

naturalness and safety towards the relationship
between vegetation density and preference of
bioretention landscapes. We found that perceived
naturalness strongly mediated the relationship,

while perceived safety did in a smaller degree.

Contributions

The results of this study were congruent with
previous studies in that vegetation density
predicted perceived naturalness and safety of
bioretention landscapes, and these landscape
perceptions predicted preference of such
landscapes (Jiang et al., 2015; Jiang et al., 2017;
Suppakittpaisarn et al., 2020b; Suppakittpaisarn,
et al., 2019b). While denser bioretention plants
might, in previous discussions, provide discomfort
due to the possibility of its unkempt appearance
and habitation of unwanted wildlife species based
on the biophilia hypothesis, the current studies
suggested a different direction (Kellert and Wilson,
1993). This might be because the existing
vegetation density levels did not exceed the
comfort zone, and because other unkempt factors,
such as cracked sidewalks or broken windows,

were notincluded in the study (O'Brien et al., 2019).

Table 2. Vegetation density from trees and bioretention, perceived safety, and preference

Model Variable df r p Be,ta,
coefficient

1: vegetation density and perceived safety Model (1,52) 0.95 0.000
Vegetation density 0.000 1.0

2: vegetation density and preference Model (1,52) 0.89 0.000
Vegetation density 0.000 0.9

3: vegetation density, perceived safety, and Model (2,51) 0.97 0.000

preference

Vegetation density 0.000 0.4

Perceived safety 0.000 0.7
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The incongruent could be discussed in term of

‘messy ecosystem, orderly frames’ concept
provided by Nassauer (Nassauer, 1995). This
study is novel as the first few studies that explored
the mediating relationships between vegetation
density, landscape perceptions, and landscape

preferences in urban bioretention landscapes.

Implications

The results of the study may bridge the
gaps about dimensions of landscape perceptions
which can help predict landscape preference.
Researchers and designers may use these
perceived naturalness and safety to engage
laypeople as more specific design parameters for
further

understanding for public streetscape

designs, including bioretention design, thus

bridging the gaps between laypeople and
designers (Suppakittpaisarn et al., 2019a). This
would also refine the understanding of what
constitute landscape preference, which could
inform future design guidelines and instructions.
However, the results of the study would need to
consider the contexts of the design locations and
understand how well-known the elements such
as bioretention are, local vegetation, and the
stakeholders’ perception towards native plants and

rainwater.

Limitations and Future Studies

While novel and exploratory, the study is
not without limitations. First, this study engaged
with perceptions and preference of landscape.
While these measures across populations are
widely used to determine landscape preference,
researchers must admit to their subjective nature.
Decision makers should only use this information

within context and along with other factors.
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Secondly, this study focused on wide range of
participants. There might be demographic factors,
such as genders, cultures, and socio-economic
statuses, that influenced the differences in their
perceptions and preferences. Thirdly, this is a
study about landscape perception, thus, it did not
consider the performance of the bioretention
landscapes. Future studies should include wider
range of landscapes, not just streetscapes. They
should include potential performances, different
population groups, and seasonal variations. Other
factors that predict perceived naturalness and
safety, such as vegetation health and numbers of
people in the images, should be included in the
future study designs. These research gaps were
mentioned in previous studies. (Saengngern et al.,
2012; Suppakittpaisarn et al., 2019a; Thompson
and Travlou, 2007).

Acknowledgements
This research is partially supported by
Chiang Mai University. The research was conducted
under the collaboration between the Department of
Landscape Architecture, University of lllinois at
Urbana-Champaign and the Landscape Design and
Environmental Management Studio, Department of

Plant and Soil Sciences, Faculty of Agriculture,

Chiang Mai University.

References

Baron, R.M. and D.A. Kenny. 1986. The moderator—

mediator variable distinction in social

psychological research: Conceptual,

strategic, and statistical considerations.

Journal of Personality and Social

Psychology 51(6): 1173-1182.



M5ATINEAT 40(1): 75 - 83 (2567)

Dassopoulos, A. and S.M. Monnat. 2011. Do
perceptions of social cohesion, social
support, and social control mediate the
effects of local community participation on
neighborhood satisfaction? Environment
and Behavior 43(4): 546-565.

Jiang, B. 2013. Establishing dose-response curves
for the impact of urban forests on recovery
from acute stress and landscape
preference. Ph.D. Dissertation. University
of lllinois at Urbana-Champaign, Urbana,
lllinois. 182 p.

Jiang, B., C.-Y. Chang and W.C. Sullivan. 2014a. A
dose of nature: Tree cover, stress reduction,
and gender differences. Landscape and
Urban Planning 132: 26-36.

Jiang, B., D. Li, L. Larsen and W.C. Sullivan. 2014b.
A dose-response curve describing the
relationship between urban tree cover
density and self-reported stress recovery.
Environment and Behavior 48(4): 607-629.

Jiang, B., L. Larsen, B. Deal and W.C. Sullivan. 2015.
A dose-response curve describing the
relationship between tree cover density and
landscape preference. Landscape and
Urban Planning 139: 16-25.

Jiang, B., C.N.S. Mak, L. Larsen and H. Zhong.
2017. Minimizing the gender difference in
perceived safety: Comparing the effects of
urban back alley interventions. Journal of
Environmental Psychology 51: 117-131.

Kaplan, S. 1995. The restorative benefits of nature:
Toward an integrative framework. Journal

of Environmental Psychology 15(3): 169-

182.

Kellert, S.R. and E.O. Wilson. 1993. The Biophilia
Hypothesis. Island Press, Washington,
D.C. 484 p.

82

Kuo, F.E. and W.C. Sullivan. 2001. Environment and
crime in the inner city: Does vegetation
reduce crime? Environment and Behavior
33(3): 343-367.

Nassauer, J.I. 1995. Messy ecosystems, orderly
frames. Landscape Journal 14(2): 161-
170.

O'Brien, D.T., C. Farrell and B.C. Welsh. 2019.
Broken (windows) theory: A meta-analysis
of the evidence for the pathways from
neighborhood disorder to resident health
outcomes and behaviors. Social Science
& Medicine 228: 272-292.

Padhy, S., G. Jansen, J. Alameda, E.F. Black, L.
Diesendruck, M. Dietze, P. Kumar, R.
Kooper, J. Lee, R. Liu., R. Marciano, L.
Marini, D. Mattson, B. Minsker, C. Navarro,
M. Slavenas, W. Sullivan, J. Votava, I.
Zharnitsky, and K. McHenry. 2015. Brown
Dog: Leveraging everything towards
autocuration. pp. 493-500. /n: Proceedings
of 2015 |EEE International Conference on
Big Data. IEEE, Santa Clara, CA.

Saengngern, S., N. Noosorn, T. Maton and C.
Wanaratwichit. 2012. Factors predicting
individual health promoting behaviors in
older people living alone. Journal of Public
Health 42(2): 68-81. (in Thai)

Sullivan, W.C., H. Frumkin, R.J. Jackson and C.-Y.
Chang. 2014. Gaia meets Asclepius:
Creating healthy places. Landscape and
Urban Planning 127: 182-184.

Suppakittpaisarn, P. 2017. Green stormwater

infrastructure, preference, and human

well-being. Ph.D. Dissertation. University
of lllinois at Urbana-Champaign, Urbana,

lllinois. 150 p.



Relationships between Vegetation Density and Preference of Bioretention Landscapes:

The Roles of Perceived Naturalness and Safety in the United States

Suppakittpaisarn, P., L. Larsen and W.C. Sullivan.
2019a. Preferences for green infrastructure
and green stormwater infrastructure in urban
landscapes: Differences between designers
and laypeople. Urban Forestry & Urban
Greening 43: 126378, doi: 10.1016/.ufug.
2019.126378.

Suppakittpaisarn, P., X. Jiang and W.C. Sullivan.
2017.  Green infrastructure,  green
stormwater infrastructure, and human
health: A review. Current Landscape
Ecology Reports 2(4): 96-110.

Suppakittpaisarn, P., B. Jiang, M. Slavenas and
W.C. Sullivan. 2019b. Does density of
green infrastructure predict preference?
Urban Forestry & Urban Greening 40:
236-244.

Suppakittpaisarn, P., V. Surinseng, C. Wanitchayapaisit
and E. Yaipimol. 2020a. Healthy ecosystem
services and healthy human settlements:
Opportunities and challenges in northern
Thailand. Landscape Architecture 2020(9):
77-88.

Suppakittpaisarn, P., C.-Y. Chang, B. Deal, L. Larsen
and W.C. Sullivan. 2020b. Does vegetation
density and perceptions predict green
stormwater infrastructure preference? Urban
Forestry & Urban Greening 55: 126842,
doi.10.1016/j.ufug.2020.126842.

Thompson, CW. and P. Travlou. 2007. Open

Space: People Space. Taylor and Francis,
London. 199 p.

Ulrich, R.S. 1999. Effects of gardens on health

outcomes: Theory and research. pp. 27-
79. In: C.C. Marcus and M. Barnes (eds.).
Healing Gardens. Therapeutic Benefits
and Design Recommendations. John
Wiley & Sons, New York.

USEPA. 2008. Managing Wet Weather with Green

Infrastructure: Action Strategy. USEPA,
Washington, D.C. 29 p.

Yaipimol, E., P. Suppakittpaisarn, C. Wanitchayapaisit,

N. Charoenlertthanakit and V. Surinseng.
2022. Is 1-Minute of nature enough?
Presence and durations of nature view
during walking and attention restoration.
BUILT 19: 51-61.

83






nsagaanulasagualsaluqauazlutuluansadiuass

WUgWsEs1INIU 80 Yitlgnlununannacs Ranindeqlus
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Abstract: Strawberry cultivation using stolon from repeatedly long-term mother plant is possibly accumulated
with various viruses and affected to plant growth, flowering, fresh fruit yield, and qualities. The purpose
of this research was to explore the infection of virus in strawberry cv. Praratchatan 80 in Ban Nong Tao
and Ban Khop Dong (Mon Pin sub-district) and Ban Mae Ngon Khi Lek (Mae Ngon sub-district), Fang district,
Chiang Mai province. A total of 175 strawberry leaf samples were collected from 43 symptomatic samples
and 132 non-symptomatic samples. Virus detection was conducted by using a reverse transcription-
polymerase chain reaction (RT-PCR) technique. The result showed that there were 134 samples (76.57 %)
of virus-infected strawberry. Of the detection number, 92 samples (52.57 %) were identified as a single
infection, including 80 samples (45.71 %) of strawberry latent ringspot virus (SLRSV) and 12 samples
(6.86 %) of strawberry crinkle virus (SCV). Mixed infection of SLRSV and SCV was also detected at 42
samples (24.0%). Detected samples in each area were found 58 samples (77.33 %) in Ban Nong Tao,
59 samples (78.67 %) in Ban Khop Dong and 17 samples (68 %) in Ban Mae Ngon Khi Lek. The nucleotide
sequences of DNA synthesis for the CP gene — RNA 2 (SLRSV) and L protein gene (SCV) regions were
obtained from PCR products with sizes of 497 bp and 345 bp, respectively. They were then analyzed
and compared to the GenBank database. Results showed that the nucleotide sequence of 497 bp was similar
to 5 isolates of SLRSV (Mint 454, NCGR MEN, Eg, Mint-CP2 and W16) at 89.21 - 99.8% identity and the
sequence of 345 bp was similar to 4 isolates of SCV (1554, KG, H2399 and H2395) at 94.4 - 100% identity.
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To the best of our knowledge, this is the first report of SLRSV and SCV virus infecting strawberry in Thailand.
Keywords: Strawberry virus disease, Praratchatan 80, RT-PCR, strawberry latent ringspot virus, strawberry crinkle virus

unAnea: miﬂqﬂmmm‘imﬁ"m”f;mmﬂ%m”uw”uﬁﬁ‘umﬂw”uq"ﬁ”qﬂﬁ%ﬂﬁ?ﬁi@imﬂﬂ'wm'faLﬂmLﬂummmu
ﬁﬂﬁlﬁmmmmmmL%fﬂif;é’ammq%ﬂﬁﬂj aqnaranisasytAuin nsAnnan UsinuarAnnINTas
nadnsediuess 1isnil ﬁfi“mqﬂimmiﬁmﬁ’mwmemwwmiL'*ﬂ”]ﬁwmm@\u'%ﬂqi‘”mluam@ﬂum?
WUGNILINTNU 80 ﬁquxﬂ@uﬂ‘Lu 3 WA ldun e thuseuds suadeutiy wasihussdeudman
FUaUAaeY SanaE1e SandaFasls Tnalfudetnsluansadiuasd S1u9u 175 Aeene anduiingns
an1379413A S1UAL 43 Frating uarliiEAIeIN131941AR UL 132 Faatng thanAnEuasAsaniiie
la5amaemaiian Reverse transcription - polymerase Chaln reaction (RT-PCR) mmmuwmwu%smw
S 191 134 Fratihe Anutanay 76.57 1esiaatneianun wafly nsdnane iR Saeas 52.57
anla54a strawberry latent ringspot virus (SLRSV) ATUIU 80 Aaeeng wazlasa strawberry crinkle virus
(SCV) AU 12 piaaging LaNUNA s nana s AuTedelafara 2 afla 41984 Su9u 42 Faeging
Aaludanay 24 WsutannsnananyUluudasiud T8un Thumeas s1uau 58 faid (77.33%) tNuaaua
AU 59 ARLNg (78.67 %) WAL UL UTIEN S1uau 17 Haatn (68%) HANITAILATIZWALEULE
AL CP gene - RNA 2 (SLRSV) uaz L protein gene (SCV) anuananaiauiavesljisen PCR laanau
fandlalned 497 gl uaz 345 fiua audndu etz Boufiauiugiudeya GenBank wudn &1
finndatelne 497 flua fanundratudauianalelnsaedalafa SLRSY 491w 5 lalaian (Mint 454,
NCGR MEN, Eg, Mint-CP2 uaz W16) iszfupanauilon 89.21 - 99.8% uazariuilanalelns 345 giug
fannundariuidelasa scv anuau 4 lalaian (1554, KG, H2399 Uag H2395) N3LAUAIN NI oY
94.4 - 100% swiAsuiiasiuidunismsanuidelada SLRSV uaz SCV luansadiuess WUFNILI1TNY 80
\fuasausnaestlszmalng

AdA: Tsaliaansadiues® wezaaniu 80 RT-PCR Tealuqnluansadiuess Tsalutuluansadiuess

AN dodutefinemanslussuudaaiuesim nead

HARADITIRIMNT AR 1N sUgnuazdananan b

an3a1ues3 (Fragaria x ananassa Duch.) ‘Eiwmumqmmidm?@gﬂﬁl 1 (119) M duwinsu
Lﬂu‘wmmeﬂwvlm‘ummuwlumsm‘lﬁnﬁm war  lunsudsgdidun@nduaising o) uazdaaminglu
umiﬂ@ﬂﬂmqLLWiuaﬁﬂiuquﬂﬁﬂmummﬂaﬁ”mﬁ- sUuunsutlszniuan (ansadiuasiAnilALaotAN)
e iy snneulasy Amdadiensy a1neIAe  ANeudINUGT nananaasadiuesilszauilym
Jmdamasysal aneaiia avneiasmdmun BRinuazaunnnanananas Tnelul w.e. 2564
waza N Aandadelud s Imﬂmﬂﬁuﬁ:ﬁ NERINg WITLLANATNIBIUTENY nARARseTiuaTT

inzmsnsfiuagniudaqiune Wugnszanamn 80 wadaldiiias 27.23 Auslefiuiign 45 13 anaeann
(Praratchatan 80) Lum@’mmmm@umu ‘mmm 1 w.e. 2561 D9 13.98 61U (41.21 Fustaiuntlgn 45 1)

¥

w1 neanaaas iufieues J13lnA wanan nid (ToyasununanAnansadiuess Wlgwszammu 80
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FruadeuTuLa A UALIeY 8NN Sanda
el T A, 2561 - 2564, dadTULASRRILNERAT
Ti\muwmq@f]m?zﬁf]ﬁqgﬂﬁ 1 (8ln4)) Faflunaunann
Trymniaidvnanaaeslsauazunasdngvg ann
aneiualatlaon IneennslsafiiAnannlasafiasay
ag lusuiug vinldinauansanis lusn dause uas
waszuniu iluglasspdnAnysanisiasnauin
UTUUNANAR TUIANA AIHARBLAAININNITAAA
anRY

a5 strawberry latent ringspot virus (SLRSV)
WAL strawberry crinkle virus (SCV) Lﬂummﬁﬁm%ﬁ'ﬁ
nadviane uanwzwela lusung dunseinis
Iaenn nnsamaitadelsaasandusesldinatinnig
FqTuanaiiunan watla RT-PCR @ungnvnunld
lunisasaaifaselafasiafiidu RNA Tae lo5a
SLRSV %J\‘i’%”m'agiel,m\‘iﬁSecoviridae ana Nepovirus
ﬁmiﬁuqmm LY bipartite positive-sense ssRNA
sznaunae RNA 1 waz RNA 2 (Borodynko et al.,
2007) ‘ﬁlfli"]mWuﬂﬂﬁ‘L‘i’J”]ﬁ’]@ﬁﬂﬁﬂLﬁ?iﬁfﬁﬁ@‘ﬂﬁh\‘i
unsvanevialan 1 ansadiuess (Fragaria spp.),
s1&flass (Rubus idaeus), % (Prunus spp.), 5@'3'
(Lilium spp.), NUATU (Rosa spp.) kazNznan (Olea
spp.) Inawuan ﬁm'ﬁ'gﬂL%ﬁ’]@’]ﬂ@'f;u‘lmg%yl,mmﬁ
anN9aeslspag9dmLau (Dullemans et al., 2020; Tang
et al, 2013) doulaia SCV Anag lured Rhabdoviidae
Ana Cytorhabdovirus ﬁ@ﬂ?ﬁuﬁﬂi?mmu negative
- sense ssRNA Lﬂul,%@‘ﬁlﬁmﬂu@uumﬁmuﬁﬁLbfh
NANEERIATLLD TS (Franova et al., 2019) Lﬁ;m‘ﬁm
AN AN LIRS (single infections) dana’ls
NANARUAZAMNINIBIHNANARAAAT 20 - 30% 91N
Aanindarnansfonaeaidale faTiinag (mixed
infections) 1 I nanARanAIgde 80% B notadl
HansEnURanisainglnaressuldiutanasdnsas
(Rao and Reddy, 2020; Thompson et al., 2003)

antlywiinanasnfAseiaiunnudny
Basnnammamaiinresdeloiaiidninaiaansad-
weSiugnezanannu 80 uuiinldsunissaaiu
nisnzilgnansadiuasiainiseeunans Tneld
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wallafidacuuiningelunsnsasey iansuy
5\1L%@mLwﬁﬁﬂﬁmmammemmwmmmmﬁm
anas uaziduunamislunisinendeanvalsnleda
vevansedivest panadiniudszwinadelasanuia
a1Ae waziiuuuanisluniswmuiAuiugansed-
wefaealsn sandenneiudqeiugine lddudu
udWugluntswizdgnuaznanansadiua sy
dszwmelnasalil

L4 as
aUnsaluazaannsg

1. MsNuAaatnelsa

vivdaednsluanduansediuafinug
WILIVTNIU 80 21glszanad 100 - 120 1 fuans
ansaanalsalada i lusne (mosaic) 4aTAANY
(mosaic streak) “m&h\‘ifaumqu (ringspot) 117199
(curling) lusixyw (crinkle) AUKATTUNTU (stunting)
Larduansesiuefinliuanieinisanslsa (non-
symptomatic) anuiasinumsnsgignansadiuess
TunUedLsn (19°56'52.1"N 99°05'03.1"E) tinuai
S (19°55'35.2"N 99°03'18.7"E) ﬁﬂumﬂﬂuﬂu HAY
ﬁmmimu%mﬁﬂ (19°47'46.6"N 99°07'55.8"E)
ALALIe1 8o Amdadeslud seudnahen
FUINAN W.A. 2564 - NNTIAN W.A. 2565 A1UIU 175
Aaae ﬁuﬁﬂmmi'ﬁ'ﬂmnguu’tuLL@:‘ﬁuﬁ'Lﬁu
Fangne L AuinE 147 20 aeATaTas e
Yhanafnenfidueuaznmanidelasadaeinaia
Reverse transcription - polymerase chain reaction
(RT-PCR)

2. nMsanAaNslauLe
WnedsluansediuesTunainensisuie
InefnuLla1aNn3tues Barman et al. (2017) ua’ly
ansadiuasian 100 Aaansn Aaelulnsiauivan
I¥azi@an 1hin 2X CTAB buffer (2% CTAB, 2% PVP,
100 mM Tris-HCI pH 8.0, 25 mM EDTA pH 8.0
waz 2M NaCl) Usums 650 tulasams way 2-
mercaptoethanol U3snnms 20 Tulasans wn 'l
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fignunnil 65 asAsaidaa 1wnan 30 wndl Lix
chloroform: isoamy! alcohol (24:1) UTu1ms 250
Tulnsans Tunsalidnfuuna 15 37 uda
Bl Tumdeesnnazneud 12,000x g ﬁlqmmﬁ 4
avrnTadaa Wunan 15 unil mniugeansazans
daula (supernatant) laasluvaan microcentrifuge
tube WA 1.5 UadaRT LAN isopropanol UsNmg
500 lulAsams udasinliudi -20 sernimaFaa 1l
1987 15 Wil Tuwdeeanazneuil 12,000 g 1l
1281 10 W9 ANAZNAUALE 75% ethanol UTuNm3
1.400 lulnsans Tuwdeannnznaui 7,500x g 1l
1981 5 WA mﬂmﬂfaumﬁﬁuvaﬁqmuqﬁ 25 89AN
waldied aza18nzNauaae DEPC water U3unms 50
ulnsang Unfignunfl 58 evraaides ilunan
10 w7 TughainAruRugMgll (water bath) uda
Lﬁuﬁ*ﬂmﬁqmuqﬁ -20 a9ANLIALTEA TAAIAIIN
u?zgw%rmmm{l,ﬁul,@ﬁqm Nanodrop™ One UV-Vis
spectrophotometer (Thermo Fisher Scientific, USA)
AeunnIasamIdelasa

3. nsmeranLaalasananinaiin RT-PCR
darms1ef cDNA Tnafldaunduan
ansazanaaeslfiizen laun enfidue Ysuamse
11ulAsdng, reverse primer Ussnms 1 lulnsans,
5x reaction buffer Usu1ms 4 lulasans, 10 mM
dNTP Mix Uunms 2 lulms@ms, RiboLock RNase
inhibitor (20 U/uL) U3u1ms 1 1ulAsaRs, M-MuLV
reverse transcriptase (200 U/uL) U3ums 1 lulnsams
(RevertAid first strand cDNA synthe3|s kit, Thermo
Scientific, USA) Usuiliuinsdaasinduanida
(nuclease-free water) lumﬂ?mmzﬁ;‘wﬁ 20 lulmsams
Uuiguvgdl 42esaaaidoa e 60 il
wdn1in cDNA Ala 1R n 3 i B ulelunasan
naasmaenatla PCR Tnaddiunanaasansazans
1891 n58n i DreamTaq PCR Master Mix (2X)
(Thermo Scientific, USA) iunms 125 lulasdans,
cDNA U3u1ms 45 lulasdns, specific SCV wae
SLRSV forward primer 131155 1 Tulasams, specific

88

SCV uaz SLRSV reverse primer 1511m3 1 lulAsang
(Table 1) Usui5unmsmag dndusindge Waunme
avia 25 lulpsAms Alunreeideloia SLRSV fidanin
mmw'ﬂmﬂu@'quuﬁaﬁwpu movement protein
(MP) gene W.a ¥ coat protein (CP) gene 11 RNA2
szndnafiamdla A Runie 1,144 - 1,641 Tnafaunn
szanns 497 gLua (bp)%‘lﬁum@\u%ﬂvlfsi‘”m SCV U
131anuaying (conserved region) fidenunAmagey
atluu L protein gene sxu319fanaTe Insauua
14,545 - 14,559 TN au1NAlseNnns 345 ALua (bp)
Taaldaraulnsinafinaududeyaly GenBank
database (Klerks et al., 2004; Koloniuk et al., 2018;
Tzanetakis et al., 2006) mﬂﬁuﬁwﬂg‘jﬁ?m PCR e/l
mmwmiLﬂ?{ﬂuLLﬂmqmmﬁ‘Lum‘mﬁiwﬁumm
specific primer (Table 2) (l\/lastercycler® nexusXx2,
Eppendorf, Germany) AT1a@aLNANARLI 381 PCR
(PCR products) TnemTeN 1.5% agarose gel 11
a197azane 1X TBE buffer nan@daniaa RedSafe™
dye (iNtRON Biotechnology, USA) #$9271AT1WHA
AaenAilA gel electrophoresis AMTNANIANE 100
Taas luwaan 45 und uazdesnalaugs UV 4o
302 Wil s LAFENT LAY WaaTIHNUNIA3IAFe L
udauazdnatiluuan InadefnatanananaLauLe
29417713811 PCR (PCR product) ot 1ﬂﬁw1ﬁu?qm’§
wagaanzfarnuinaale indnunssui seeeLiiem
Macrogen UszinAnIva La &81A399 ABI3730x1
automated sequencer (Applied Biosystems, USA)
thnannsmssaside lhsanndanmniesaznisd
Ynaneveadelada (% infection rate) ANNATNI3UB
Rodrigues et al. (2019) Tmﬁ@‘mmiﬁﬁmmﬁqﬁ

1. ¥avaznndrrinanaveadelafaann
fneavianun
Y (PS) x 100

Infection rate (%) = NS

2. fasavnisdivniangveaidalafansay
guluin (madvinananiRenuaznisdinaesw)

Y (SPS or MPS ) x 100
TNS

Infection type (%) =
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Positive sample (PS) A8 Faag1aniinds
pIraaeLNART T AEeNT Usnguauand 497 bp
138 345 bp

Single positive sample (SPS) A8 Fatingi
finnemeaaeundniaiTens Usnguauand 497
bp %78 345 bp NENATLULNLALA

Mixed positive sample (MPS) Ag Fnatinai
finnememaaeuudniaiFens Usnguauand 497
bp %38 345 bp

Total number of samples (TNS) AB AU
fathaiiinanamageLiomn

4. mManagaun1snalan
nagaunnsialsareedelisa SLRSV Ing
AaulagaNniaues Tang et al. (2013) W luansed-
lwefiandufinsanuidelasa SLRSV Aaeda RT-
PCR u1uA 1 0.05 M phosphate buffer pH 7.5 e
Ugnieriaitameae (@nsedies siugnsznam 80)

¥lufsiadunan 48 $alus udatgnideasuuiie
NAAaL 13814 silicon carbide (400 mesh) yuluieg
NAARL A1UIY 3 U mmﬂmﬂu (sap |noculum)
11/1‘1/1911_| a3 10-20 wnit udadnseandaeninndusin
3o 1aA9uANTE 0.05M phosphate buffer pH 7.5
unanaaauLinldlulssFauniuauaninuanday
25 - 28 aeAIAEed dunaeinisuulungidwiaan
2-3ddand

nagaunisialzavasidalaia scvine
RPTTOR (grafting) AMTNATN17289 Franova et al.
(2019) Tne It Auly annfunaansediuesslannisn
Beudiuiuluresduneansediue FRnmany
dela¥a scv zﬁ”qmmﬁﬂwmxmmiﬁﬂmﬂgLflumm
2 -3 ddanit

A9an 301258 SLRSV Uaz SCV Aaeds
RT-PCR luN1nageLuasaniinania1nisesisa
efudunanimaasunisielspreadelasass
2 1im

Table 1. Sequence of specific primers and forward reverse specific primers used in RT-PCR and positions

within the viral genome.

Primer name Sequencing (5'-3') Amplification product Target gene Reference

SCVF CATTGGTGGCAGACCCATCA 345 bp L protein gene Klerks et al.

SCVR TTCAGG ACCTATTTG ATG ACA (2004)

SLRSV F CCTCTCCAACCTGCTAGACT Coat protein (CP)  Postman et

SLRSV R AAGCGCATGAAGGTGTAACT 497bp gene - RNA 2 al. (2004)

Table 2. Amplification steps of RT-PCR assays
Primer Initial denaturation  Denaturation  Annealing  Extension Final extension Cycle

SCVF,R 95 C 95 C 58 C 72°C 72°C 39*
10 min 158 30S 1 min 10 min

SLRSVF,R 94C 9 C 50 C 72°C 72°C 30*
5 min 1 min 1 min 1 min 10 min

*The quantity of cycles in the RT-PCR process, specifically for the denaturation, annealing, and extension steps exclusively,

was assessed.
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a o e a (2 a 4
5. msmnmwmmumﬂﬁiﬂiwm LLASNITILATISN

WRUNNANNANNUEI N UG NN

ihdayanismsradipsziasutonala ne

w13As i e llsunsy Blast (National Center
for Biotechnology Information: NCBI)(https://blast.
ncbi.nim.nih.gov/Blast.cgi?PROGRAM=Dblastn&PA
GE_TYPE= Blast Search) 1seuiiiauiudesaatun
109130954 SLRSV LAy SCV Alds18eulu
GenBank database a1ntih@nfuianaTalnsaes
WARZAULMUINNA ATz TaLa LN 99 R T
B (multiple sequence alignment) Iﬂﬂ%ﬁ%ﬁlﬁ
ClustalW 4azaFNIUNUANAMNANAUENIINUGNITH
(phylogenetic tree) A8AEN1I9ANANAINIE Maximum
Likelihood a2 bootstrap a114314 1,000 51 Ineld
Tamura-Nei model (Tamura and Nei, 1993; Tamura
et al. 2021) lulilsunsu MEGA 1asiu 11 (Molecular

Evolutionary Genetics Analysis)
NANITNANRAY LL@%%@']‘J‘Q:!‘
1. MSNAUAIRENNTSALATANHUEAINS

aannastivdaetnsluansediuesTnug
WILINTNIU 80 181)sTNNL 100 - 120 F1 AU

175 Faaging luiufiTunsesuasiure U fs
(ﬁquaﬁ@uﬁu AN Sandadealud) auau
fufaz 75 fete wasruldseuTvEn (ANLALN-
991 81NN F9uTpLTea lud) AU 25 Faating
wusetrsluansadiuesinliuansainisaeslsn
154 a1uau 132 faetng wazFaet1sluansadiuess
finansennisaalsalosa sauau 43 deeng Tdun
271n191us19 TUAN999UMIUN AATAAIT Fsy ilelu-
tiu geuludaue uazlufawinédn (angil) (Figure
1, 2) LAYANNITUATLUNTY AugzinnIsas AL ls
(Figure 2)

2. n1smsaauILaalaFa SLRSV uasz SCV Aae
wAlA RT-PCR

AnImsaanIZeleda SLRSV 1az SCV AN
foat1eluansadiuefTnugnezsanIu 80 uild
Tumuedsn fuseude uaziulsseudivan
RMUIU 175 A9 Aae specific primer (SLRSV
FRUAZ SCV FR) iiauiiaufugapunudaiy
AR3RTLUATINUENIZINTNIY 80 nanide (healthy
plant) wudn UfjAi3en PCR 2@9g Insiuas SLRSV Wu
LA ST HIwNA sz 497 Awa (bp) (el
19N) AU 122 Arae1e AnliluFesaz 69.71 294

o dotn 8

o &5 Yool

Figure 1. Virus-like symptoms on naturally infected strawberry Praratchatan 80 cultivar leaves showing non-

symptomatic (A), crinkle (B), crinkle and malformation (C), ringspot (D), mosaic streak (E),

mosaic and ringspot (F), malformation (G) and crinkle, leaf curling and malformation (H).
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Figure 2.

Virus-like symptoms found on leaves and strawberry plants in the field are as follows: non-

symptomatic (A), leaf crinkle (B), tillering dwarf and leaf curling (C), ringspot and crinkle (D), and

crinkle and dwarf (F), These symptoms were compared with those of a non-symptomatic plant (E).

Fnasingyianam wiaaniily WnTinuseasi a1uau
56 99819 NUIBLAIRNUI 50 ARBENT LAZLINUWN-

JAUTMAN AU 16 Faaeing (Figure 3) uazh sl

SCVWuLmuﬁLﬁumﬂmﬂg 345 ALud (bp) (WALl
uan) mmu 54 mfammmﬂumﬁm 30.86 184
Faneinaianun utieenilu fufiTumedsn S11a
23 et TIUTRLAY AN1U 25 AR LAstiNuLL-

WUAMAN AU 6 FaBtine (Table 3) visile lnsias

agesaiindresiu linadjisaniusaetansed-
- &
Wwesslanmias
‘_—‘a‘: o 1 & eddl =
NANIATIALTANLIA 889 lUARIBT LT NN
MIEVINAELLLLA I 211491 92 FaasingA Al uFasay
52,57 M3dnnaneredie 158 SLRSV 411014 80 faaei

91

(45.71 %) waznsdnrnatseeaidelada SOV Suau
12 2884 (6.86 %) wananEganLnIsdsinans
321709178 SLRSV UAT SCV 41191 42 Faating
Aoiflufasay 240 1a3f90t 19 anun LazFaatng
‘Lummm’m@ﬁmﬂﬂmngunuﬁLﬁuva (Al uaL)
ﬁﬁmu 41 fineee Anilufasas 23.43 28990819
s (Table 3) Telsiugnsennisraslsnlada
defiansanuanisiansidgelasasiuiu
nnsudnse n1suRluLazFAuanTadIuesT wudn
lugnsediuefinliuaniainisaeslsaiinnsid
YiansuLLAsraadelifaveansain Taansaa
WU SLRSV 41NN91 SCV siaiidlifiens 1 fatingd
LansaN1sTadlsATIANANNIEE SOV HANNTAATI
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Figure 3. RT-PCR detection of strawberry latent ringspot virus (SLRSV) (A) and strawberry crinkle virus

(SCV) (B) from strawberry Praratchatan 80 cultivar. Lane 1-10: strawberry leaves sample

collected in Mon Pin and Mae Ngon sub-district, Fang district, Chiang Mai province. (A) Lane 1,

2, 4-6 and 8-10 (top) showed 497 bp SLRSV-specific amplicons. and (B) Lane 3, 5 and 6 (bottom)

showed 345 bp SCV-specific amplicons. H: healthy plant; (-): negative (nuclease-free water); (+):

positive SLRSV infected and M: 100 bp molecular weight marker.

Table 3. Result of SLRSV and SCV detection by RT-PCR from strawberry Praratchatan 80 cultivar.

_ Detected (samples) Not detected Total
Location
SLRSV SCV SLRSV+SCV  (samples) (samples)

1. Ban Nong Tao, Mon Pin 35 2 21 17 75
2. Ban Khop Dong, Mon Pin 34 9 16 16 75
3. Ban Mae Ngon Khi Lek, Mae Ngon 11 1 5 8 25
Total (sample) 80 12 42 41 175

% Infection 45.71 6.86 24.00 23.43 100.00

ARAARBINLIINENNULD Borodynko et al. (2007) WAz
Frazier et al. (1987) ﬁﬂdwqdﬂuﬁmmﬂmﬁwumi
d¥aneLUAEnTadela e SLRSV vide SCV iTn
T lRTugnan1svmunrelsakazaIn1salsn
BEN9TALRN WAMNNLAAAINNTEINALLLFINY
(mixed infection) ﬂJ‘ﬂdL%’ﬂVLQi\Vm SLRSV kag SCV 11
Tinguansainaslusuyn luse lusieaunoau
aluei setludue lflinadnuasuaszuniy
(Figure 2, Table 4) LTULASINF1I9181911099 Franova
et al. (2019) wae EL- Morsy et al. (2017) ‘ﬁlwudw

92

fuansadiuasingnisaloda SCV i vinaesaniy
alaFasiin

&

24 11U strawberry mild yellow
edge virus (SMYEV), strawberry mottle virus
(SMoV), strawberry vein banding virus (SVBV)
ay strawberry latent ringspot virus (SLRSV)
wanse1nng luanaden Tuain auialudn dsuyu
LAZLATLUN T Yatin YN an e e T e loFaLTle
aladenviednisidviansunuisenaldifly
SUATILUANT WANITEI NN ANe WL LTI N Uazyinled
Nruansainisveslsnliaeneguusiuazainenaiy
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Table 4. The characteristics of symptoms on strawberry Praratchatan 80 cultivar associated with virus

detection by using RT-PCR technique

Detected virus

Symptoms

1. SLRSV
SCV
SLRSV and SCV
(Mixed infected)

Non-symptomatic

Ringspot, crinkle, mosaic, mosaic streak,

dwarf and stunning

Non-symptomatic and crinkle

leaf curling, deformation,

WRenieamanNanan (Martin and Tzanetakis, 2006:
Moyer et al., 2021)

3. MINARALNISNalsn

annnsdgnidelafa SLRSV uudund
ARRTLUATE WUGWIZINTNIU 80 WL FUNAIUARY
GRIMEEAMETY RN n3zansasiely (Figure 4) Wie
FIIRABLANERE RT-PCR fiALfisenuauan uazgn
Ao liifindffsen (Winaduay) asnadesiy
meerunslgniielaa SLRSV uuansediueds
F. ananassa W&Awa N5 lUMASY (yellowing) luqa-
AN (mottling) (Kheder, 2021) dlethlufanagey
wman e lafadaeds RT-PCR nuLALALEULe
(wawfluuan) ‘Luwwm@uwﬂ@mfﬁ@ memmw’miu
ﬂmﬂgl,mum@um (naLfuaw) siad ATNHTULIITEY
mmwﬂﬁﬂgummLLmnm\mumuwmmﬁ"ﬂmm
Tsadnsinana @elasa SLRSV anunsndneman'ls
Tnedtnaurdnluuansanisluisvanaailn
Aafllg i innsdnideudls (Martin et al., 20086;
Tang et al., 2013)

Fundnamsedivedd Wugwazsaniu 80 7
ﬂQﬂL%‘ﬂVLQ{@ SCV #asinnssiai (grafting) Taarldinu
luansediuasiiugnszsaniu 80 Uasnalsn wugn
wassenafiung 2 - 3 flanv luansesiueauans
a5 luamsing Wty (Figure 5) uazgamILAN
Liuansannis iietiuinsaandelefadonda
RT-PCR wuLaUAEWwe (naifluuan) luianageyud
Ugnide uazgarauaulilmnguouidue ey
AL) ASIITLIINENNUYDY Franova et al. (2019) Tése
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A4 F. vesca aanlsn nduduneniidelesalela-
LaN StrV-1 Wudn wamaanislusaidan (ight
green) wulula (vein clearing) ﬂ@T\iLaﬂuﬁdLﬂuLQm
4 flad uaziiietinllnsagaudaeds RT-gPCR
wursnguoniidue (wauluuan) seadelasalals-
Lan Strv-1 u@nmnﬁ Frazier et al. (1987) 578411491
{dela5a SOV anunsndnanenlsndaanissiendld
d1endaannsinavenlsadaeinau

a o o a o 4
4. ﬂ’]‘i’)Lﬂ’iﬂ%M@’]ﬂHu’Jﬂ@iﬂ‘lﬂﬂ

MNN1TATIAEAL PCR product FneaE gel
electrophore3|s Wummﬂumﬂw\‘mum 134 Finat
AINTINUA 175 F288i1a anTuinFaagi1a 71
HALINATUIL 30 FAratng Tneudailu nauanuas
SLRSV A1 15 Fin0e19 WATNALANTAY SCV 15
Fa0gig AN 3 MUTITIALAatNe 13LATETR A
faealalndulzauneuiuansuiaaalalneduy
grudeaya GenBank wudn a1duiinaalelndain
Faadreansadiuesiinsaany 1381958 SLRSV
flanuwileusuidelna SLRSV leTmian Mint 454
(HQ456535.1) TneflidaFidusAanawilan (% identity)
AIAATDINFAZFIBENITENTNN 99.3 - 99.8%, laTa-
1an NCGR MEN 454.001 (AY461735.1) 99.3 - 99.6 %,
lalaian Eg (MT648777.1) 97.7 - 97.8%, lalaian
Mint-CP2 (AY438666.1) 98.7 — 99.0% waz lalaian
W16 (DQ324375.1) 88.49 - 89.21% N@ﬁwﬁﬁiﬁ
A9AARBNAL Postman et al. (2004) Fauanalidiugn
specific primerﬁﬁmm’imwwmﬁmx‘lﬁ’u CP gene
_RNA 2 1091301954 SLRSV #1u1s0&etAszy



MTA19LNEAT 40(1): 85 - 99 (2567)

Figure 4. Symptoms on strawberry mechanically inoculated with SLRSV on cv. Praratchatan 80 showing
mosaic leaf streak symptoms (B and D). The control (A and C) did not show any symptoms of

the disease.

Figure 5. Symptoms on strawberry grafted with SCV-infected clones on cv. Praratchatan 80 showing mosaic
and crinkle symptoms after grafting (B and D). The control (A and C) did not show any symptoms

of the disease.
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nandRRLEweesfAsen POR fidaunatlszunm
497 piua uazldmaaaeusaedeluansadivesily
NuTisnese Soda@edlnly

faednsluansefiuefinasanuizelisa
scv fanumileuruidelasa scv lelsian 1554
(AY331385.1) Tnaiflilesiiudaauimilangeqnans
WARZAIaE 19921919 99.3 - 100%, laldian KG
(AY331386.1) 99.3%,1’&15]’1%’\\1/] H2399 (MZ326669.1)
98.7 - 98.8% wazlalaian H2395 (MZ326668.1)
94.7 - 94.9% #1NN30AUATLVHANAR AL WLE 71T
wntlsrnnnd 345 Aiua wazldnsiaaau L protein
gene veaidelasa scv lelniansing 7 & wenannil
fanuan ansuidaaalalndalnuulsduiaandn
10% aun3at T Idd1 A unara e ldlunns
pragatiunzang i ldiduivunalunismga
Aladelan (Posthuma et al., 2002)

5. N9ATISURHNUNRAMNANNUENIN
WUENTTHN

Aola3a SLRSV fumiis CP gene - RNA 2
(497 bp) lelmianfiuenannansediness wug
WeEI1TNY 80 NuRFuareuily AuaLey
Snaeae IiunAnEnluauddail cMo1-cMos
(AG05640531 - AG05640535) LAz llTauLiiey
sriuilanalelndiudeyaniaiugnssuaeide
SLRSV lalgiansing fisneenly GenBank @1snsn
uriveenléidu 2 nqulng Tneidelafafiinandnm
¥t (CM01-CM05) ffﬁvmﬂfﬂuﬂziuﬁ 1895Anunddn
fu lelgian Eg (MT648777.1), 454 (HQ456535.1),
MEN 454.001 (AY461735.1), Mint - CP2 (AY438666.1),
6-6 (KF695119.1), Clematis 14-021 (MF796994),
DSMZ PV - 0247 (MZ405641.1), W 16 (DQ324375.1)
Az N 31 (DQ324374.1) (Group 1, Figure 6) LL@;%ijﬁ]l 2
Teun lalaan DSMZ PV - 1314 (MW854292.1), Mint
515 (HQ456537.1), Gorz 2 (DQ324376.2), Rosa 14 - 025
(MF797002.1), Lilium 13 - 023 (MF796976.1), Lilium
14 - 007 (MF796984.1), EA4 (JN859089.1), Lilium
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13- 024 (MF796978.1), Lilium 14 - 010 - 2 (MF796988.1)
Lz Golden peach - NZ (MN082041.1) (Group 2, Figure 6)

L%@VLQM SCV s L protein gene (345
bp) almaniivnun A luweudses cMo1-CMos
(AG05640631 - AG05640635) ifFaiiie Uiy daya
mqﬁu@ﬂmimmﬁ?@ scv lelgiansne wuda
lalnianiivhandinen CMO1-CMO5 fﬁ"ﬂ@ﬂ_j’lunziuﬁ 1
eur lalaian 1554 (AY331385.1), KG (AY331386.1)
WAz H2339 (MZ326669.1) (Group 1, Figure 7) waz
naud 2 ldur Talaian H2395 (MZ326668.1), SAr1
(MG251308.1), SS26 (MG251309.1), F3 (MG251306.1),
SAr15 (MG251310.1), SAr6 (MG251307.1), SS23
(MG251312.1) way SS21 (MG251311.1) (Group 2,
Figure 7) FelafaThinunAnmn A uduiusiuide
M%%WMM’WWUL%@Tuumﬁﬂqﬁﬂﬁﬂﬁqimn
Ffidiugn nsmsanylunlasdgnaiugssusif
felifinasuniemsmanylulsandlnaanieudy
BIAFANITLAURNAUG LNAANUET UNAIWIUE LAY
f‘fmﬂ@uﬂﬁ'ﬁwﬁq dlesanidelaga scv aunn
dnamenlneinansau wazideloda SLRSY 41anan
A1ENAANINNAANUS aLeadLany (pollen) WA
ldiRauclesld (Allen et al,1970; Martin and
Tzanetakis, 2006)
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AG05640532 SLRSV isolate CMO02 (This study)

=

AG05640531 SLRSV isolate CMO1 (This study)

AG05640535 SLRSV isolate CMOS (This study)
<L AG05640534 SLRSV isolate CM04 (This study)
™ - AG05640533 SLRSV isolate CM03 (This study)
o [ MT648777.1 SLRSV isolate Eg
HQ456535.1 SLRSV isolate Mint 454
s " { AY461735.1 SLRSV isolate NCGR MEN 454.001
* | A438666.1 SLRSV isolate Mint-CP2
KF695119.1 SLRSV isolate 6-6
MF796994.1 SLRSV isolate Clematis 14-021

MZ405641.1 SLRSV isolate DSMZ PV-0247

Gro'up 1

41 1

0.05

Figure 6. Phylogenetic tree analysis of CP gene—RNA 2 sequences of SLRSV showed that the 5 isolates
of SLRSV in this study were closely grouped with isolate Eg (MT648777.1), Mint 454
(HQ456535.1), NCGR MEN 454.001 (AY461735.1), Mint-CP2 (AY438666.1), 6-6 (KF695119.1),
Clematis 14-021 (MF796994), DSMZ PV-0247 (MZ405641.1), W 16 (DQ324375.1) and N 31
(DQ324374.1) (Group 1). The phylogenetic tree was constructed using MEGA version 11 based
on the Maximum Likelihood method and Tamura-Nei model with 1000 bootstrap replicates. The

numbers at internal nodes indicate bootstrap percentages, and the scale bar represents 0.05

substitutions per site.

DQ324375.1 SLRSV isolate W 16
DQ324374.1 SLRSV isolate N 31

MW854292.1 SLRSV isolate DSMZ PV-1314
 [— HQ456537.1 SLRSV isolate Mint 515

]l L DQ324376.2 SLASV isolate Gorz 2

MF797002.1 SLRSV isolate Rosa 14-025

MF796976.1 SLRSV isolate Lilium 13-023
»

MF796984.1 SLRSV isolate Lilium 14-007

1 SLRSV isolate EA4

MF796978.1 SLRSV isolate Lilium 13-024
MF796988.1 SLRSV isolate Lilium 14-010-2

MNO082041.1 SLRSV isolate Golden peach-NZ

MN259156.1 Peony yellowing associated secovirus strain BJ

ON051013.1 Cnidium vein yellowing virus isolate XN2 XJ2

10

ON051008.1 Cnidium vein yellowing virus isolate GN1 JL2
NC 078686.1 Lychnis mottie virus isolate Andong

ﬁ KR011029.1 Cnidium vein yellowing virus 1 isolate Yeongya
100

LC760338.1 Cnidium vein yellowing virus

= LC382243.1 Lychnis mottle virus J

| — MWO035188.1 Lychnis mottle virus isolate AK 77
100 -

L~ MWO035154.1 Lychnis mottle virus isolate MI 113

~ MWO035164.1 Lychnis mottle virus isolate AR 69

MW035149.1 Lychnis mottle virus isolate NY 28
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Group 2
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- AG05640632 SCV isolate CM02 (This study)
- AG05640633 SCV isolate CMO03 (This study)
AG05640631 SCV isolate CMO1 (This study)

o || AG05640635 SCV isolate CMO5 (This study)

Gro'up 1

L AG05640634 SCV isolate CM04 (This study)
AY331385.1 SCV isolate 1554
" AY331386.1 SCV isolate KG

- MZ326669.1 SCV isolate SCV/H2399

- MZ326668.1 SCV isolate SCV/H2395

« — MG251308.1 SCV isolate SAr1

9 ||— MG251309.1 SCV isolate SS26

— MG251306.1 SCV isolate F3

g
T
Group 2

- MG251310.1 SCV isolate SAr15
+ | MG251307.1 SCVisolate SAr6

- MG251312.1 SCV isolate SS23

%L MG251311.1 SCV isolate SS21

'— KJ748457.1 SCV isolate 4MM

NC 043064.1 SCV isolate HB-A1

4| AY331387.1 SCV isolate 37-1

Outgroup

7t L AY331388.1 SCV isolate 37-2

AY331390.1 SCV isolate 1553

0Q442952.1 Cnidium virus 2 isolate SK

0.05

Figure 7. Phylogenetic tree analysis of L protein gene sequences of SCV showed that the 5 isolates of SCV
in this study were closely grouped with isolate 1554 (AY331385.1), KG (AY331386.1) and H2399
(MZ326669.1) (Group 1). The phylogenetic tree was constructed using MEGA version 11 based
on the Maximum Likelihood method and Tamura-Nei model with 1000 bootstrap replicates. The
numbers at internal nodes indicate bootstrap percentages, and the scale bar represents 0.05

substitutions per site.
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Abstract: The main objective of this study was studied the impact of socio-economic factors on herbal farmers
in Buriram Province in their adoption of Good Agricultural Practices (GAP). A total of seventy-six out of ninety-
four herbal farmers from Nong Hong, Nong Ki, and Lam Plai Mat Districts, who were officially certified by
the Department of Agriculture for herb cultivation in according to the 2022 database, were selected as
informants using the Krejcie and Morgan sampling method. Data were collected through a questionnaire
which passed the reliability test with a confidence level of 0.86 during March and April 2023. Statistical
analyses, including descriptive statistics such as mean, percentages, and standard deviations, as well as
inferential statistics of multiple regression analysis, were conducted. The results revealed that herbal farmers
had the highest level of adoption of GAP principles in all aspects. The multiple regression analysis also
indicated that two socio-economic factors, namely contact with agricultural extension officers and receiving
information through various channels, significantly influenced the adoption of GAP at the 0.01 and 0.05
significant levels, respectively. The findings of this study provide empirical data that can assist relevant

agencies in planning, promoting, and enhancing the efficiency and effectiveness of herb production.

Keywords: Herbal, Good Agricultural Practices, Buriram province
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Table 1. Details of the dependent and independent variables used in the multiple regression equation

Variables

Detail

Good agricultural practices level (Y)

Contact with agricultural extension officers (X,)
Membership in an agricultural group or institution
X,)

Social status (X,)

Access to public or private sector assistance (X,)

Gaining social acceptance from being ownership of

legally cultivated land (X5)

Receiving information through various channels (X,)

mean of practice level
times/year

number
1=vyes,0=no
1 = received, 0 = not received

1 =owner, 0 = hire

number
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Table 2. The understanding level towards herbal growing methods under the standards of good agricultural

practices
Good agricultural practices Mean S.D. Practice level
1. Water 4.46 0.57 Highest
2. Planting area 412 0.78 High
3. Pesticides 4.72 0.51 Highest
4. Pre-harvest quality management 4.41 0.60 Highest
5. Harvest and post-harvest handlings 4.73 0.42 Highest
6. Storage and Transportation 4.78 0.38 Highest
7. Personal hygiene 4.49 0.57 Highest
8. Record keeping and traceability 4.21 0.87 Highest
Mean 4.49 0.41 Highest
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Table 3. Multiple regression analysis of socio-economic factors influencing the adoption of good agricultural practices

Variables Coefficient (b) t P-value
Constant 4.511 8.361 <0.001
1. Contact with agricultural extension officers 0.058 3.106 0.003**
2. Membership in an agricultural group or institution -0.456 -1.193 0.239
3. Social status -0.136 -1.049 0.300
4. Access to public or private sector assistance -0.234 -1.298 0.201
5. Gaining social acceptance from being ownership of -0.159 -0.412 0.682

legally cultivated land
6. Receiving information through various channels 0.236 2.385 0.021*
R =0.558 R?=0.311 SEE = 0.35809 F =23.314 Sig of F = 0.009

Remarks: * Significant different at P < 0.05, ** Significant different at P <0.01
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Abstract: The study of perceptions on effects of rice stubble and straws burning aims; 1. to study social and
economic characteristics of farmers and conditions of rice production of the farmers 2. to study perceptions
of the farmers towards effects of stubbles and rice straws burning and 3. to compare the perceptions on
effects of burning stubbles and rice straws of the farmers with different social and economic characteristics
and conditions of rice production. The populations of this study were 1,394 farmers in Kamalasai District, Kalasin
Province. The numbers of 210 farmers represented the selected group of sampling population retrieved by
using the criterion to determine degree of errors at 15 % of the population. Therefore, a simple random
sampling method was used to select the sample farmers. A questionnaire was designed with confidence
coefficient of 0.93 and used as a research instrument in the process of data collection starting from June to
October in 2022. Collected data were analyzed using both descriptive statistics including frequency,
average, percentage, maximum, minimum and standard deviation and inferential statistics including t-test,
F-test and LSD. The results of the study showed 61.9% rice farmers were managed by burning because it
was easy and convenient method (45.5%). It's also an agreement of tillage operators 34.4%. Whereas 38.9%
had non-burning. Most of them used the method of plowing, 60 %. Some used it to improve the soil for
planting the tree, 13.8%, and some used it to produce organic fertilizers, 13.8%. The levels of perceptions
of the farmers on the effects of burning stubbles and rice straws on agriculture, health, environment, tourism,
and laws were all in levels of strong except for international trade barriers that 49.5 % of the farmers did not
know on this topic. The comparison on perception effects of burning rice stubble and straws in 4 aspects
such as agriculture, health, environment, and others by classifying according to differentiation of experience
in growing rice, receiving information, or transferring knowledge, debt, sickness of household members and
management of rice stubble or rice straw showed statistically significant differences (P <0.001, P<0.01 and

P <0.05) in some issues.
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Table 1. Farmer’s Perceptions on effects of rice stubble and straws burning in Kamalasai district, Kalasin Province

Perceptions on effects Level of Perceptions (n = 210) _
X SD Level
of rice stubble and straws burning High (%) Medium (%) Low (%)
Perceptions on effects of rice stubble and straws burning on agriculture 2.59
1. Cause of soil deterioration, resulting increase in 150 37 23 260 0.67 High
production costs (71.4) (17.6) (11.0) 8
2. Makes the soil dense, not crumbly, affecting the 149 33 28 258 0.7 High
growth of plants (71.0) (15.7) (13.3) 6
3. Destroys insects, natural enemies and beneficial 149 35 26 259 0.70 High
microorganisms in the soil (70.9) (16.7) (12.4) 2
Perceptions on effects of rice stubble and straws burning on health 2.69
1. Rice stubble and straws burning may cause eye 167 36 7 2.76  0.49 High
irritation or burning eyes (79.5) (17.2) (3.3) 9
2. Fine dust causing of respiratory disease, 160 38 12 271  0.56 High
allergies or flu (76.2) (18.1) (5.7) 9
3. Cause weakness, chest tightness, headache or 147 42 21 2.60 0.66 High
nausea (70.0) (20.0) (10.0) 5
Perceptions on effects of rice stubble and straws burning on environment 2.64
1. Cause of greenhouse gases that cause climate 159 38 13 270 0.58 High
change (75.7) (18.1) (6.2) 1
2. Cause rain not falling according to the season 136 31 43 244  0.81 High
(64.8) (14.8) (20.4) 2
3. Reduced visibility which causing accidents on 171 33 6 279 047 High
the road (81.4) (15.7) (2.9) 6
Perceptions on effects of rice stubble and straws burning on another effects 2.27
1. Barrier to international trade, i.e., taxation for 75 31 104 1.86 0.91 Moderate
countries with greenhouse gas emissions (35.7) (14.8) (49.5) 5
2. Burning in the open, must be punished by law 120 38 52 2.32 0.84 Moderate
(57.1) (18.1) (24.8) 7
3. Make the scenery not bright and the atmosphere 154 37 19 264 0.64 High
not fresh thus affecting the country's tourism (73.3) (17.6) (9.1) 2
Levels of perceptions (x) 1.00 - 1.66 = Low, 1.67 - 2.33 = Moderate, 2.34 - 3.00 = High
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Table 2. Comparison of farmer’s perceptions on effects of rice stubble and straws burning according to

different farming experiences

farming experience

Perceptions on effects <30 years 31-40years > 40 years
of rice stubble and straws burning (n =83) (n = 60) (n = 67) F Prvalue
x SD x SD x SD

1. Cause of soil deterioration, resulting increase in 220 0.92 250 067 263 066 211 0.124
production costs

2. Makes the soil dense, not crumbly, affecting 2.20 0.92 250 0.80 260 0.70 1.57 0.211
the growth of plants

3. Destroys insects, natural enemies and beneficial 2.20 0.92 242 0.79 262 0.68 2.07 0.129
microorganisms in the soil

4. Cause of eye irritation or burning eyes 270 048 275 045 277 051 0.09 0.918

5. Fine dust causing of respiratory disease, allergies 2.50 0.71 275 045 271 057 0.70 0.497
or flu

6. Cause weakness, chest tightness, headache or 240 0.84 242 079 262 065 1.02 0.364
nausea

7. Cause of greenhouse gases that cause climate 2.50 0.71 267 049 271 058 0.62 0.540
change

8. Cause rain not falling according to the season 210 0.88 250 079 246 081 095 0.388

9. Reduced visibility which causing accidentson 2.60 0.70 258 052 281 046 2.08 0.127
the road

10.Barrier to international trade, i.e., taxation for 2.00 094 192 090 1.85 0.92 0.15 0.863
countries with greenhouse gas emissions

11.Burning in the open, must be punished by law 200 094 233 078 234 085 0.77 0.466

12.Make the scenery not bright and the atmosphere  2.60 0.70 250 0.67 2.65 064 0.35 0.708

not fresh thus affecting the country's tourism

AatsInguanIH Table 4 Wuadn Hauau 1 dszihui
fAuuanaAeiuee1 9l dad1 Ay neada Nz Ay
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Table 3. Comparison of farmer’s perceptions on effects of rice stubble and straws burning according to

different receiving knowledge transfer

Received knowledge transfer

Perceptions on effects received non-received
of rice stubble and straws burning (n=171) (n =39) ! Prvalue

x SD x SD
1. Cause of soil deterioration, resulting increase in production costs 2.71 057 215 0.90 3.66  0.000***
2. Makes the soil dense, not crumbly, affecting the growth of plants  2.71  0.58 2.00 0.95 4.48 0.000***
3. Destroys insects, natural enemies and beneficial microorganisms  2.69 0.60 2.13 0.92 3.63 0.000***

in the soil

4. Cause of eye irritation or burning eyes 281 042 25 0.72 2.03 0.000%**
5. Fine dust causing of respiratory disease, allergies or flu 277 047 241 082 266  0.000***
6. Cause weakness, chest tightness, headache or nausea 265 061 238 085 1.85 0.000***
7. Cause of greenhouse gases that cause climate change 274 054 249 072 209 0.000***

*** Significant different at P < 0.001 level

Table 4. Comparison of farmer’s perceptions on effects of rice stubble and straws burning according to

different household debt

Indebted
Perceptions on effects have not-have
t P-value
of rice stubble and straws burning (n = 155) (n = 55)
X SD X SD
1. Fine dust causing of respiratory disease, allergies or flu 273 053 264 0.68 -0.922 0.360*

* Significant different at P < 0.05 level
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Table 5. Comparison of farmer’s perceptions on effects of rice stubble and straws burning according to

different sickness of household members

Perceptions on effects

of rice stubble and straws burning

members with allergies

have not-have
t P-value
(n = 34) (n=176)
X SD X SD

1. Reduced visibility which causing accidents on the road

268 059 281 0.45 -1.22 0.228*

* Significant different at P < 0.05 level

Table 6. Comparison of farmer’s perceptions on effects of rice stubble and straws burning according to

different rice stubble and straws management

Rice stubble and straws management

Perceptions on effects

Non-burning (n=34)  Burning (n=176) t P-value
of rice stubble and straws burning _ _
X SD X SD
1. Cause rain not falling according to the season 2.48 0.75 2.42 0.85 0.46 0.039*
2. Burning in the open, must be punished by law 2.48 0.73 2.23 0.90 2.15 0.000***

*, ¥ Significant different at P < 0.05, P < 0.001 levels
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Abstract: Entomopathogenic fungi serve as crucial natural enemies to insect pests including the pink stem
borer, Sesamia inferens (Walker) (Lepidoptera: Noctuidae), an important pest of sugarcane in Thailand.
Therefore, the first laboratory assessment performed to evaluate the efficacy of entomopathogenic fungi for
controlling S. inferens was conducted under the aims of determining the pathogenicity and virulence of four
species and seven isolates of entomopathogenic fungi: Beauveria bassiana isolate B0O01, B. bassiana isolate
B002, Fusarium sp. isolate FSS, Metarhizium anisopliae isolate M001, M. anisopliae isolate M002 ,
M. anisopliae isolate MSS and Purpureocillium lilacinum isolate PSS, retrieved from National Biological
Control Research Center (NCBRC), Central Regional Center and Kasetsart University, Kamphaeng Saen
Campus, Nakhon Pathom, to control S. inferens through topical application by dropping the conidia
suspension of the pathogenic fungilocally on the intersegmental membrane of the thorax between segment
1 and segment 2 of the 4th instar larvae under laboratory conditions. The result revealed that B. bassiana
isolate BO01, M. anisopliae isolate MO01 and M. anisopliae isolate MSS could infect the fourth instar larvae
of S. inferens with mortality rates at 37.50+5.80, 72.50+£9.60 and 85.00+£5.80 % and the LT, at 18.12, 6.03
and 2.93 days, respectively. M. anisopliae isolate M0O01 and M. anisopliae isolate MSS that elicited more
than 50 percent mortality against S. inferens were further assessed for their virulence. The latter isolate was

more virulent than the former one with LC,, values of 3.69 x 10°and 4.73 x 10° conidia per milliliter, respectively.
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Lastly, M. anisopliae isolate MSS, the most virulent fungal pathogen among the tested species, was
evaluated against S. inferens larvae of instars 2-3, 4-5, and 6-7 for its virulence. Remarkably, the fungus
infected S. inferens larvae of different ages and showed infectivity to its host with LC_, values of 9.26x10",

6.02x10° and 5.12x10° conidia per milliliter, respectively.

Keywords: Entomopathogenic fungi, pink stem borer, Sesamia inferens, Beauveria bassiana, Metarhizium

anisopliae
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ToTmian MSS Asnataarunsniinnalsadiuune S. inferens AN LC,, winiu 9.26x10%, 6.02x10° uaz 5.12
x 10° TafliAesaladans mua1AL

AFIATY: L%m’]mm&ﬂimmm Mu@ulﬂ"}zﬁ’]ﬁmmm@mﬁﬂﬂfgﬂmm Sesamia inferens, Beauveria bassiana,

Metarhizium anisopliae

AN ﬁmg@”@ﬂﬁ'Lﬂ’hﬁﬁmﬂé’@ﬂiﬁﬁﬁmwﬂ@ﬁmLL@:?wz

ti19tdas Tnaszasuuawdiinatauladas i1l

vuaATAFulaztandasd T Sesamia  9e8liABINNTEAAUKIANY WildRaAINNTALANYLS
inferens (Walker) (Lepidoptera:Noctuidae) L 1uiag %ﬂﬁmwmm‘ﬁﬂ Lmﬂu‘ﬂ‘ﬂ‘ﬂﬂmLtﬂﬂiﬁﬂmvﬂvﬂm i
Angidndnyluniainnzdgnden iflesanniduuas fergduas v linandnuazqunindesanas
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Lta:ﬂﬁﬂﬁﬂﬂamuw Sesamia inferens (Walker) (Lepidoptera: Noctuidae) ludsznalne

WINUUBL S. inferens NNANEAFUe a8 HeEann b

v dl o 2% v v
HAATRHLTEILAZIANZANANE R LT UINAIAY
Tudsualiandudasunn uinFanuauliniIane
MFnugruvalauan dnnusesaziluguion
Tausudasls daulunjuueu S. inferens 1ivnane
v o a4 de .
fae 1Haany 1.5 - 4 iew dallusrarndasunnue

¥ ° v da/ -ﬂl
uazaxsadnanadas e luynivunveslssme
Tnaanicunlgndassaifiasiuiiumaiuiu
(Attajarusit, 2001) NILINIALUVRINUAU S. inferens
AYUANTENUABNITAIYLAU LAY HANRR Bo8T

gnyinanagyiAuIuin 16.59 - 36.53 iladigus

mmﬁ%ﬁwa%qLﬂuﬁﬁ”@mvmmﬁmmﬂmm
4.03 - 33.95 Lladidusl LL@"@mmmmwmm (CCS)
3.76 - 40.60 e fidus nail mu@mumﬂwuﬁ@aﬂ
mLflumm;cyLmumm@ma@mmiumuﬂimmum
Qmm‘wa\im@mwu‘imﬂmqmmmamimm
(Kokkan et al., 2008) w31 luannsssuasnfiAng
a7 TNAT9e UNNTALANNITIENINAN BRI Le Y
S. inferens uazin1sduasulfiinsldfavuay
unwilewlunisilasiunidn suldun unuiouuan
IATEel Cotesia flavipes (Cameron) wpsdidierdlaisa la-
WNINNN (Trichogramma spp.) LATLNAIUIIUTRY
Proreus simulans (Stal.) (Pitak, 2001) Ndaa1ialu
nsdaesunudeuludosggiuuiaanzdunn
Lwﬂum\m@ﬁqﬂ@'mm@wuL%@mmmmﬁmmmme
lugn wsssnang L‘%@iﬁmm&ﬁml,mmﬁ ANNNANNITD
lunisiinnalsaiuunasendalisoanisdudauas
Wvinaneunasnnde Tmmmuﬁu’lmmqﬂm%u
NisAaNARvasuNasasy AU TN 8 Tuta9919an6n
vaaunae wazafraduladnaguiaunas Wegnmgd
wsnzandesuanlafideifieunsnszaruseld
yinlunasdngilanialunisinideslduinndy
deuuaiiGevielafafiuuasendufesiudnld
wazaieiwlussuuniaiue uisresuuas
ugnannil Mm@u I vaennsldidestlesiuign
uNas 19U 1 Fesdeendy au iy uazdadedy
Tunsunsnszanalatifaliluaninuandanlann
(Attathom, 2003)
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ﬂ"ﬂﬂwmwmmmfﬁﬁmwmLwﬂimmm
Tunnstfesiunidnuueu S. inferens Tudszndlne
wAln133189 U4 luA9UsEINA Varma and Tandan
(1996) way Varma et al. (1988) §1841191 L%@i"]
Beauveria bassiana (Bals.), Vuill. L%}'a 91 Fusarium
oxysporum Schlechtendahl Lmeﬁ?j’ai’] Metarhizium
anisopliae (Metsch.) Sorokin @130t nalsAny
sueuied 5 109 S. inferens luanmsiasfiifinas-
atn9lafinan AnanInLazAININLINT8INIINe
‘EimmL'%@mmm&ﬁmfuﬁmmLLmﬂﬁﬁqiﬂmﬁumﬁm
10913951 TRAUALANINTBIUNAIANAL LAL
anmuasden desniudesdinisnaaeuilszfiuuay
AAlARNTTA1041E8 51T T AN Z AN aUNNT
Walundageatiantslduss laaldaened
UszAnBaaw ferfy Aldvanisdnealsifin
ﬂixﬁw%mwmmﬁmﬁmm&g‘imumﬂumimuqu
wuaw S. inferens neldinnlsrasAifiensaney
ﬂﬂi‘ﬂ"ﬂt?ﬁLL@L’WJ’]N@HLLN%@QL%’ﬂ‘i’m’]m{fﬂimm@\'i
413m 7 Talban %qiﬁ?“ummmémmw’@m Auel
quAuANARg N1 IAT I UNT TuneTi N1ANang
UM INUVRELNHATANARNT INULYANTUNILAL
uasdgn lunisAauANUUew S. inferens Aot
A5dudane Inaveanansuaiuaeslafiiigaea
L%faiwmmra‘llmLLummmwwﬁﬁmmﬁ:@@'aﬂﬁm
ansendnatldesh 1 uazildasd 2 109vuey S.
Inferens wszAuatlfiiRnisszudruneuiuinas
2562 - BOUTUNAN WA, 2565 LBARIABNITMTT]
ANmNazaNg niuldaauauuuel S. inferens
rallluaunan

d aa
aUnsaluazaanng

MEWIZLR BN U ULIANEAULAZ B AR AL R
ﬁumtﬁm‘ﬂu stock culture

yianaisnanosen S. inferens Tagenns
$UTINNUBU S. inferens Aanuilavlgndat o
mwmnﬂuﬁyuﬁﬁwﬁmmimﬁ way Aueiae
POLIANARINT AL TIUYFEUMITNR N1ANAIY A3UdR
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uATUTN FEUdNURBUTUINAN W.A. 2562 - LABU
funnAxN 2564 uaniasssanuaulunassnaasnla
NINANTUIAEUEUAUINAN 17.5 LIURINRAT g4 7
wuAwAg lwizlinasanaldinnsonemenia
uazllinnalunaesdunnniiulyl Taeldviaudas
BOUAAARUG LKI2-11 2unaidusinuguenana 3
VIURLNAS 819 22 [IURLNAT AU 3-4 VB UFENaAeY
= py . Y o v o
e uns iWenuew S. inferens LANUA N3
ARUENINALLATINALREY A1NAINIT8S genital slit
oA > 5% | [y o A
uaz anal slit NFA9REAUAITRIUABITIRIN 8 Uaz 9
Tnenwadd genital slit 3 anal slit NannanwALie
(Tonphukhiaw et al. 2018; Tuncer and Aker, 2017)
neliindasqanssadanaiia dianuaxielu
naedluludidudiudgugnas 17.5 wuRiuns g
7 URLNAT AU 10 ARBNARY A1UIW 5 NABY
dl v a a = Aﬂ’l o < o A o &
waliasoyiiutnduiidefAndedauiuguas
sldvunseaeiagemndrzassniuiiuglWe

d‘ ¥ o Y o 9'; dp A & @ &
WANIaUNU ‘lmﬂfaummummm@mq 1 1 fifus

et mtnafliemne uaylAnnaTunely
ﬂ@'moﬁ”wﬁ’auzﬁﬁﬁuﬁmwuuﬂwamﬁ’]?{u
duRga i AUyt usasSundaannusiide
IHFunnsnaniug 2 Ju vinnafivldnniuaudowia
Junne wenldaslunaesnarainnsananlaauin
WURUAUEINA 5.5 lEURLNAT 49 1.5 [URINAT

a

Manzenasaitlugrunaduiigugnans 2 Jaaans

al o

deszunseinae dlelavueu S. inferens flamds
778 blue point aandauazesruaunialulduse
72812 black head lféN'J’N’ﬂW’]iLﬁﬂmm S. inferens
%uﬂu@.mﬁﬁwmim Maneerat et al. (2006) #iA
mmﬂﬂugﬂﬁm?&mqnmﬂn’mmm XX LIURLNAT
(Tonphukhiaw et al., 2018) wagvinnaiLlaguanmng
Wianyn 3 41 danueu S. inferens luszaznig-

waryiulanAasns M lunnmaaassialy

NSNS NIUUALIATE TR IR UUALTALNAS
Wan1snAdaL

. X v ve

UNT091471116 13A2BIUNAIT LA TLARIN -
a1ATIEHANN AugRdtauANAR N IneTI urise
WANTNE NIANATN HUNINENRELNEATANEARAT INE
mmml,l,wumu mmmumﬂﬁu (Table 1) a3
LU SIATUT 08988 YT potato dextrose agar
(PDA, Difco®) uﬂu@muauqmmw 25 + 2 A9AN-

) d” & < & dldl

WiaLted ANTR 75 Wefidus lundaduman
14 54 AanmTENAN TR UARE IATA B AN AL
@3 Tween 80 AYNHLEHNT4 0.1 Lﬂm‘l,%um’%qﬁwhl,%
LAUTZNL 3 -5 HARAATAR 1 ANUWNIE mmmmw
”mewmmumuLuﬁwmmmmmmm I 7
Aouthaasialail LWfamuTﬂumemLmi’]mmwﬁm

Table 1. List of entomopathogenic fungi, and their previous insect hosts, pathenogenic and virulent

screening on pink stem borer (Sesamia inferens (Walker)) (Lepidoptera: Noctuidae)

Species' Isolates Insect hosts
Beauveria bassiana BOO1 Nilaparvata lugens (Stal) (Hemiptera: Delphacidae)
Beauveria bassiana B002 Phyllotreta sinuata Stephens (Coleoptera: Chrysomelidae)
Fusarium sp. FSS Chilo tumidicostalis (Hampson)(Lepidoptera: Pyralidae)
Metarhizium anisopliae MOO1 Dorysthenes buqueti Guerin (Coleoptera: Cerambycidae)
Metarhizium anisopliae M002 Oryctes rhinoceros (Linnaeus) (Coleoptera: Scarabaeidae)
Metarhizium anisopliae MSS Chilo tumidicostalis (Hampson)(Lepidoptera: Pyralidae)
Purpureocillium lilacinum PSS Chilo tumidicostalis (Hampson)(Lepidoptera: Pyralidae)

'Source: National Biological Control Research Center (NBCRC), Central Regional Center, Kasetsart University, Kamphaeng

Saen Campus, Nakhon Pathom
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Lta:ﬂﬁﬂﬁﬂﬂamuw Sesamia inferens (Walker) (Lepidoptera: Noctuidae) ludsznalne

unad waziuTuulatithanialdndesqanssml

AN1492818 100 191 A28 hemacytometer aN1u
U5SUAHN NI IBId T Uaa IATIA AN INNALD

HagEmenanL Tween 80 ANNMND 0.1 1o Fidus

Wlapaududute 1 x 10° TafliAadaiaaans
ity g lunsneaassall

d ooy oo o o Z

waldnisseduldniuansudunes nng
Ad8ATUITNALAMENIINAREY 2 NINARBINAN AD
NIAANIBAUTATIUALNITNAADLAITNIULINTYDILTE
91870 lsAuNAINHAINA N0 Tunad e Tsaiy
UUBU S. inferens

miﬁ'mnsmﬁymwmmr;qn‘isnmmuumﬁ'uuu@u
LAEAAULAT DAL RTNNAEIEANNAAE
ﬁﬁ@’liLLﬂJQu@’ﬂﬂIﬂﬁLaﬂﬂﬂﬂL%’ﬂi"m’n‘wﬁﬂiﬂ
unasusiaslalsianiaanududi 1x 10° Tailifase
Fadans UTnms 0.5 lulAsans ueaaauuAIudu
MAUDIMUAY S. inferens et 4 13nnTiaiEe1ldas
anszudneldasii 1 uazildesdl 2 (Mehinto ef al,
2014) N99NATAL 10 Fin AU 4 1 Fatlsznavugae
3031 7 lelgian (Table 1) WW3suAsufUNIINAT
AILAN (Tween 80 AN 0.11ladidws) Tidas
aeWug LK 92-11 daunazaniisadurieuauin
WURIBANENANG 3 [URLNRAT 819 2.54 LIURLNAT
fuavnsresnuauildsunimaaey uazilas
Viaudaann 2 91 ﬁmifﬂuﬁﬁmwnxﬁ@ (incubator)
‘ﬁlqmuqﬁ 25+2 agAntadaa Tnaliuasadna
16 FaTus uanAvldin 8 F2uq (Bautista-Galvez
et al., 2012) tuninuanisidnalsanndu iunan
10 41 SremueuRAATIANELULELIN A AN LTS
TaRnAENSRFaTUIA 4 x 4 LruRiag Tunaes
NAAANTANTINANTUIAEUNALETNAN 7 LIUF NS
449 5 LIUFLNAT Wedunndnenzdulauaslalimen
mmwamfaﬂmm@mmuu@uiumqmuiuﬂ@m
mmmmumwwmm A e fifudanef
WiA3989uNaIA2 Abbott's formula (Abbott, 1925)
A=Az E TVl S, inferens Ang
50 1afidiust (Fin LT,) Inel Probit analysis (Finney,
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1952) pa8l Excel version 2021 (Mekapogu, 2021)
o o A d’l dl ° v .
YinnsAnLaen@efiannsarnliuueu S. inferens
meludnangendnfeaas 50 iialdlunimanes
anausiely

mﬂnmﬂ@umwguuswau%@ﬂmmq‘l‘,sﬂ
unasRAMNaInsalunsdnalsatunuauy
lAEAAULAT AR RLRTNN
mwﬁmﬁﬁﬂmmL%famwmrfﬂimm
wuasRLIMLAY S. inferens AaeARdudante thuad
”LﬁmmmmummmummgmmmmL%@ Falu
vindaiutiufu 2 nsmnaesden Ae nsmnaestdat
A1 Vlﬁ]@’ﬂllﬂ')’]ﬂ?uLLN"ﬂ’mL%’aﬁ"m’]m{?ﬂ:imm@dﬁﬁ’]
1fvuau S. inferens HEMIINITANANINNTT 50
L‘}J@ﬂs}?um’mﬂmiﬁmmmﬁmﬂmLwﬁmmeﬁ'vﬂ’ﬂ
Aelsafunuas S. inferens UAZNNINARBIEIBET
211 L%‘ﬂi"]@’]L‘Mﬁﬂﬁ‘ﬂLLEJ'Z\I\‘i‘ﬁlﬁﬂ'J’]Ng‘uLL?\‘m’]i‘ﬁ@I?ﬂ
qqqm@ﬁﬂﬂﬂ?wm@@qﬂ@ﬂﬁ 1 UNNINARAL AN
sussanisidnnalsaiuueu S. inferens raizdeifu
(mu@w‘fﬂ‘ﬁ' 2-3) Mu@mumf‘fﬂﬂmq (Mu@wfﬁl‘ﬁl 4-5)
LA MUaUITaZIEving (uu@mw 6-7)
nN9NAaadtani 1 mmmwmmmim
uwasRfiaauannsnlunisdielsafunueu
S. inferens 11NN41 50 Lafidus N MAaaLAIIN-
sunsalunisdnelsaiuviueu S. inferens Aneians-
LmumﬂL%mwmm&ﬂimmm fiannudiuda 5 seau
(5 N73138) 1.0x10°, 1.0x 10%, 1.0 x 10, 1.0 x 10°
waz1.0 x 10° lnflipasdelanans MR adudany
LﬁuLﬁmﬁumiﬁmmmL%@mmmaifimmm n3suAT
8z 10 fa S1uan 4 91 WhsuifieuiunssidiAsuaw
(Tween 80 ANLINTY 0.1 wWafidus) n1dainm
nepnauaziiuiinuanisdnalsayndu iunan 10
Fu AunniefifudnneAuiesresunasdas
Abbott's formula (Abbott, 1925) LazaLATIZHAINH-
LﬁTﬁJﬁ’umiLLmqumﬂTﬂﬁLﬁﬂLf'?jy'ammm&fll@m,t,um?{ﬁﬁ
Wnuau S. inferens nAefaeias 50 (A1 LC,) lat
Probit analysis (Finney, 1952) a8 Excel version
2021 (Mekapogu, 2021) ﬁﬂm@ﬁmﬁﬂnﬁ@mmma
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Tsaunaeaninoinguussaeanisnalinlageqn
(AN LC,, ﬁ‘i"rﬁ'qm) ieldlunemaaessiusield

manaaastani 2 inmeaesluiiueg
Lﬁmr’fumiwM@wvmm;umwmL‘%ﬂﬂmmrﬁﬂm
wnasdnaAaududurelaliie i liueu
S. inferens mgifagay 50 (LC,,) Ingni L%/'ammma
Timmmﬁﬁ@umﬂumiLﬁmimﬁuuu@u S. inferens
qeitgn nadeuauguusslumadielaatusuey
S. inferens lu 3 daeszaznsasyALTs An vuau-
T8y 'i’ﬂﬁu (Mu@uéfﬂ‘ﬁ' 2-3) UUAUTZEEZTUNA
(Mu@mw 4-5) waz wuauszezdaing (uauds
7 6-7) TagldArududuresansurauaenides
AWRlIALNAY 5 N9INAT 1Ak 1.0x 10%, 1.0 x 10°,
1.0 x10°% 1.0 x 10" uaz 1.0 x 10° IntliResia i aaans
nIsadBaz 10 #4291 4 91 Wiuifieufunssuas
AILIAN (Tween 80 AANNLENTY 0.1 1Wlafidus) Aae
ﬁ'ﬁﬁmﬁmmwm’mﬁmﬁumiﬁmmmL'%fammmrfﬂm
uNa9 N194UNANIIRNaRAzNIsTuNNTayauas
A31EAN LC,, ALiuNgWAaUN1IMAReY
dotd 1

NANISANHILAZIANTDL

m‘a‘ﬁ'mnsmL%’y@mmm@Tsﬂmmuumﬁuuu@u
LAIERIAUUAS D ADDERTN WAL EANARAE
a3 499ia 7leT51aN uALNTINAT
AYLAN (5ﬂﬂ§ummu Tween 80) (Table 1) fll,%'ai")
awnlsauuas e 2 9iin 3 laloan awwnsadine
TsAfUWuaY S. inferens A® 11837 B. bassiana
lalaian BOOT uenldarninasnszlnndtinia
Nilaparvata lugens (Stal) L%@?’W M. anisopliae lalg-
1N M001 ugnlAannaneuuaneages Dorysthenes
buqueti Guerin LL@tL%@ 31 M. anisopliae lalgian
MSS ueinldannuuauanzafuLazeandatanaqn
el,‘wm&i Chilo tumidicostalis (Linnaeus) (Table 1) Ing
L%ﬂmmmwﬂ@mmm%q 3 leldian Aanannainnsn
Gudnnielsafumueu S. inferens lusvaiziaan 2 §u
uRaanvLeuldFuIFes douvueuilildiuidesn

132

o

(N99NRTAYLAN) Fanuauldnwzlng (Figure 1a)
sz uildfuid e s uazanefidnuisiaud
ﬁi@mﬁLé’ulﬂﬁmqLmvmamiﬂﬁﬁﬂﬁmq?ﬁ?uﬂﬂmw
UUBINUBU S /nferens (Figure 1b) AnTunuUaU
S. inferens mummmm M. anisopliae Janwoue
m@aLmu“lﬂmm’]mmmuﬂﬂﬂqmuumwu@wmmn
&umﬁm‘iﬂﬁlﬁﬂﬁﬁmﬂﬂmmd’]ﬁq (Figure 1c, 1d)

Slansu 10 Tu wasn stiunndayanismng
4099184 S. inferens AANadaEn1TdAalsATa
L'%mﬁmmr;ﬂsmmm das M. anisopliae lelgian
MSS @3N i nuau S. inferens LnalsalLas
fiémsmnagefian asasuie M. anisopliae Tale-
1an M001 WAz B. bassiana laltian BOOT muansL
ﬁmmwmmmﬁﬂﬁ’uu@u S. inferens An3mne
7 50 Lﬂfailfﬂum LT,,) Tuseae Lqmmummmmu 2.93
Fulpedan M. anisopliae laltan MSS (Table 2)

ANHANAREYE 11931 B. bassiana altian
BOO1 ‘ﬁl,l,ﬂﬂvlﬁ'ﬂ’m N. lugens L%'aﬂ M. anisopliae
lalaian M001 fiuanldainuuay D. buqueti
Laziiain M. anisopliae lalgian MSS finan'ld
AINuuau C. tumidicostalis danunsndnalsaiy
S. inferens MuSRINTvN L MUAY S, inferens Qdﬁd
Feuaz 85 luszazioan 10 Ju nasladudalafiiae
18917091 Fagenndauaziilullufianiafeay
AN3AN® Varma and Tandan (1 996) WAy Varma et a/
(1988) Alglsvifiunnanalsnunaidas B bassiana i
LEINANNALANTRITBIAI Phytoscaphus sp.LL@mm’]
M. anisopliae ﬁLLﬂﬂiﬁ@’mﬁLg@mm Pyrilla perpusilla
anunsnudnrelsaiuveszed 5 994 S. inferens 1
20 - 70 Wloifus wilunnsAneniusasuailafifus
mmmﬁqaﬂdmﬁnﬁaﬂ

msmmaaumwguuswmL%@mmmsﬁsﬂ
unasRRAMNaInsalunisdnalsafunuay
LAERIAUUAZEDADDEFTNW

nsnARasEas® 1 ann1maaesdnaiy
enidendenanmnlsaunas M. anisopliae Tl
1% MO0 WAz @831 M. anisopliae lalmian MSS
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Lta:aaﬂﬁaa%muwu Sesamia inferens (Walker) (Lepidoptera: Noctuidae) ludsznalne

Figure 1. Symptoms of larval cadavers of Sesamia inferens (Walker) (a) Normal and (b) infected by Beauveria
bassiana B001, (c) Metarhizium anisopliae M001, (d) Metarhizium anisopliae MSS. Each bar represents

2 millimeters

Table 2. Mortality of the fourth instar larvae of Sesamia inferens (Walker) at day 10 after contact to conidia
suspension of entomopathogenic fungi at 1.0 x 10® conidia/milliliter and their median lethal time

values (LT,)

95% Fiducial CI

Fungi % Mortality LT,, (days)

Lower Upper
Beauveria bassiana B001 37.50 £ 5.80 18.12 8.88 36.97
Beauveria bassiana B002 0.00 - - -
Fusarium sp. FSS 0.00 - - -
Metarhizium anisopliae M001 72.50 + 9.60 6.03 4.94 7.36
Metarhizium anisopliae M002 0.00 - - -
Meatrhizium anisopliae MSS 85.00 + 5.80 2.93 2.21 3.87
Purpureocillium lilacinum PSS 0.00 - - -

Control (distilled water mixed with 0.1% Tween 80) 0.00 - - -
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fianunsadanalspiuuuan S. inferens finnsene
11NN91 50 afidus (Table 2) HANINARBLAITN
g‘mm‘lummﬁﬁﬂimﬁm’mvﬁmiummmmmfaﬂ
TZALANN °] Franadudusesansusauaesdas
M. anisopliae lalmian MSS HAanguuaaluniaifin
Tsfunueu S. inferens HA N ndua0ans
W9uARE TR AN LC,, Yeundnides M. anisopliae
laTgian MOO1 Geiipn LG, 1y 473 x 10 ks
3.69 x 10° IntlinesiaNadans mNATAL (Table 3)
UESIEARG LR HEATIERG TN Fastiu unsdd
danunsaRansnldannaszazinaniin ey
S. inferens MNETREIAE 50 L%'a'a“’] M. anisopliae lalg-
van MSS fiuen'ldannuuauaas C. tumidicostalis
(MuanlanzafuLaztandaaanaqa ) HAu-
suusslunisdnalsafiuuueu S. inferens luAau-
dWnduaeslatiihauaauaes LC,, 4.73x 10° Tatiins
Hoflaaans NH1N1 13090 M. anisopliae M001
flusnlsdainuueu D. bugueti LC,, 3.69x 10°
lniliiasiefiadans ilasaniien LT, waz LC,,

FNNGININDN 2.06 LAY 12.82 11 ANANAY 119l

um*mﬂuiﬂimqLLummmmmmfam M. anisopliae
lalgian MSS e mﬂumm C. tumidicostalis T9H
AN INATANUNUAY S. inferens NNNNILNAIRIAR
18413031 M. anisopliae lalsian M001 Miiugaq
waRENRas D. buqueti

ﬁ?@fm M. anisopliae ﬁﬂmamﬁmuﬂ’m%
ananalsaluuuadldd Tunguassuuasainan
yauRiAauazuaudas Taeafinalnnnsvinensily

£
a

wm@uimmquL%mﬁmLwﬂimmmﬁmiﬂﬁwﬁq
ANFTaILNAY Lazdautedlaiiineseaninaa Ay
AALANAILLAT Baiiilszann 50 - 90 lefidus
(Thungrabeab, 2018) @8AARBNILINNTINEN11UTD
Wangspa et al. (2015) F9l8AN AN TLT RN A
WU A9NT19 Sitophilus oryzae flAnnan 66.53,
64.21 UAT 46.96 \aFITUR lUTzasnuau ANLA LAY
AALANdE MINAIAL nadaInaleafeanuniney
it 1L uaaa Tinna3n4 blastospore WAz
Funmuluszuuidaentaaunad nldunanans
a1NNT8auULaLAZANE (Thungrabeab, 2018) aginals
fimu ﬂqwmﬂummmmmmmmmwLuﬂﬂmqﬂu
umiummmm;ﬂmmm@uim LATAITFBIN
nsdnenlumeazBaaiaiusell lunimeaed
adldAniAanidesn M. anisopliae lalian MSS 1ite
nagavluansudn

nanAaastasd 2 naaInnIIMAadties
A 118 danidasn M. anisopliae lalgian MSS
nagaLANIusluNadnnelsafiLwey S. inferens
Iui:ﬂ:mim?mLﬁu‘llmfa\muauﬁmnrﬁmﬁu 3 194
{831 M. anisopliae lalian MSS flarnguusely
nndnnalsatunuen S. inferens Tulsazdaanns-
WwanyAuTaLansfeiu Inavuau S. inferens 1x8ie
Fudu (Toft 2-3) fld LCSOﬁ'aﬂ'ﬁlqm ANIUUBY
S. inferens 38 UNAN (“jVF;I‘ﬁI 4-5) LAY Uuau
S. inferens sztizienine (Fei 6-7) flein LC,, mﬂ‘ﬁqm
TnafAvinty 9.26 x 10°,6.02x 10° uaz 5.12 x 10°
IrTliReraRanans MNANGL (Table 4)

Table 3. Median lethal concentration (LC,,) of Metarhizium anisopliae isolate M001 and M. anisopliae isolate

MSS on the fourth instar larvae of Sesamia inferens (Walker) after topical application of suspension

concentrations ranging from 1.0x 10° to 1.0 x 10° conidia/milliliter.

LCy, 95 % Fiducial Cl
Fungi o
(conidia/ml) Lower Upper
Metarhizium anisopliae isolate MOO1 3.69 x 10° 5.17 x 10° 2.64 x 10"
Metarhizium anisopliae isolate MSS 4.73x10° 5.47 x 10" 4.09 x 10°
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Table 4. Median lethal concentration (LC,,) of Metarhizium anisopliae MSS on different instar larvae of

Sesamia inferens (Walker) after the topical application of suspension concentrations ranging from

1.0x 10* to 1.0 x 10°® conidia/milliliter.

95 % Fiducial ClI

Larval instar HCs
(conidia/ml) Lower Upper
2" - 3¢ 9.26 x 10" 1.47 x 10°* 5.82x10°
4" - 5" 6.02x 10° 1.27 x 10° 2.58 x 10°
6"-7" 512 x 10° 1.27 x 10° 2.06 x 10

devnden M. anisopliae lalaian MSS
171'5?rﬂfmugumwmmsﬁaimﬁuuu@u S. inferens
Tuszazuneuiiunndiai mm?umwmémﬁ
M. anisopliae lalm1an MSS A28 LC,, 1finau
atnsrialiies Wevneuilszasifinay uansdaded
ﬂfmmmm‘luﬂwm’mﬂimﬂuuuauiumqqqaw 2-3
mrmmm LLammmmmum@um@m‘lmu@mmm 6-
7 festmesunaailuadevilaitnasenisidvinans
ﬂﬂﬁL%’aﬁ"] %'qLwi@:'fmmLmeﬁmm'a'@uLLwim%@
uansinet Inedesanunsadnelsafuvueuds
pulsdnsnduuausaving (Paﬂrupanusara 201 1)

ANHANTNARBIATITILNNT AN ASILEN
Tutlszmalnafividesdelspgesuuasmagey
Lﬁlmﬂuummamuawu@u S. inferens Tudet uay
funaldiudnidesn M. anisopliae Tolaian MSS
annnsninlidseynaldluntsdasiuniidnnueu
S. inferens I8 afigai aausflugesdenuade
FIUIINAANTDILALNAGAL M. anisopliae laldian
Tnal N LL@mﬂiwmmﬂuLLﬂmwmmmemu m@”m
1813037 T s @B AN LAY mmmu 959N
aanatlag v 1 mmmumm (encapsulation)
Waldidesanunsanusegninuandan wazly
frunislantaasansfisyinliiuafinideldAiy
Lﬁ'@@umm%@mzﬁ“uﬁ@ﬁuﬁqu,mm (Celestino and
Oliveira, 2022; Meirelles et al., 2023) UANAINNITUN
L%’ﬂ 31 M. anisopliae HNAYUANNUAU S. inferens
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m?ﬁﬂmmﬂﬂwﬁmﬁﬁ'mL@?mmnﬁﬁyﬁuimiu
888 (endophyte) e lsudesfinanuiumiuse
nnsiinanses S. inferens uazluNANARS DY
Hudnyanesinaula fuasinsfneluusideme
(Elena et al., 2011; Siqueira et al., 2020; Meirelles
et al., 2023)
a9

nsAdASanATudaE 2 Tuneundn Ae
Funeuusn ﬂﬁﬁ‘ﬁﬂm‘ﬂ\‘lL%’E]?’]@’]Lﬁﬁﬂﬁ‘ﬂl,mm AU
4 9in 7 laTaian Aa 1. 13931 B. bassiana lelian
B0O1 ﬁLLﬂﬂﬂﬂ N Nilaparvata lugens (Stal) 2. L%'ﬂi?
B. bassiana a1 Lav B0 fiuanann Phyliotreta
smua/a Stephens 3. L‘ﬁ'ﬂ?’l Fusarium sp. VL@TSHL@‘V]
FSS VlLLF;Iﬂ@’m Chilo tum/o’/costa//s (Hampson) 4. Lﬂmm
M. anisopliae VL'E]TG]]LZW] MO001 ‘VlLLEmW’m Dorysthenes
buquet/ Guerin 5. L‘ijﬂ M. anisopliae lalgian MOO2
AeNann Orysthenes rhinoceros (Llnnaeus) 6. mm
M. anisopliae loldian MSS ‘Vl LENATNUUB Y
C. tumidicostalis uax 7. 3837 P. lilacinum lalaian
PSS flueinanWuew C. tumidicostalis fTUMUa L
S. inferens e f1ANNg NANNIARNIBINLAN afeh
sufes 2 98n 3 Telmian Aanunsanalsafumuey
S. inferens l&un 1@a31 B. bassiana lalsian BOO1
@831 M. anisopliae lalian MOOT LAz LT 031
M. anisopliae lalgian MSS mﬂ&usl,u%umuﬁ@m



M5ATNEAT 40(1): 127 - 137 (2567)

miwmmummgumwmL%mﬁwudﬁ a3
M. anisopliae lolgian MSS HA1 LC,, 11N 4.73 x
10° Tnlifsafiadams 39mndnE@esn M. anisopliae
lelnian M001 7iitein LC,, winriu 3.60x 10° Tniliteste
TnAART 831 M. anisopliae lalnian MSS fidnanm
Tunaih ldlddeeaiunqpuuau S. inferens 16
naAnssndseznA

1070 UAMARTIAEAIUANAR AT InY
FUVFETUWITIR NIANAN NUNINENFBINHASANART
INYNIANTWNIUAW UATLITN fl%AnuatAT L
L‘-?'j”faiwml,wﬁammm Yan ainsal a9l uay
anuiiiinimeaes
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Effects of Hemp Extract Supplementation in Semen Extender

on Boar Semen Quality at Chilled Temperature
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Abstract: The main problem with artificial insemination on small farms in Thailand is the chilled storage of
boar semen, which results in oxidative stress affecting to reduce semen quality.of boar. Therefore, this study
was conducted to supplement the hemp extract containing cannabinoids as antioxidants in chilled boar
semen extenders. Semen samples from 2 boars (Duroc Jersey) were diluted with Beltsville thawing solution
extender (BTS) enriched with hemp extract at 5 levels of cannabidiol (CBD) concentrations: 0, 5, 10, 25, and
50 ug CBD /ml. The semen samples were kept at 17 °C for 0, 12, 24, 48, and 72 hours and analyzed using a
computer-assisted sperm analysis (CASA) to determine the percentages of motile, static, and progressive
sperm. It was found that the static of the group supplemented with hemp extract with 5 pg CBD/ml tended to
be the lowest, and the progressive tended to be the highest. Especially, 12 hours of storage were statistically
significant (P <0.05). Finally, the use of extenders containing 5 ug CBD/ml of hemp extract was shown to be a

trend in maintaining the quality of sperm in boar semen extenders used as a chilled semen formula.

Keywords: Hemp extract, extender, semen quality, boar
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UNARNEA: ﬂmmﬁﬁnmmmvmummmLﬁﬂu‘lumé’mmwm‘mimﬂ'@ﬂuﬂivmﬂ"hnﬂﬁ@ MaALsEEe
anauLe #ainann oxidative stress wﬂmmmmmwmm@ummammﬂm muu NQW‘EI@W]’m’]?ﬂﬂHWLmiN
mmﬂmﬂmm‘wﬂim@umwmiﬂ@uLmuu’mu@ﬂmmmmuumﬂu antioxidants ’Lummmmwmmmmmmu
Tmﬂmmﬁmmmmmmwummmfmm ANUIU 2 A mwmwmmmmmmwmLm@zg‘mmmﬁm
(Beltsville thawing solution extender; BTS) 1’7‘1'Lz@ummﬁmﬁmmimﬁ’]mmmm:ﬁumwﬁm?ummms
cannabidiol (CBD)‘ﬁ'mmmm 5 szaulsun 0,5, 10, 25 LAz 50 ug CBD/mI mﬂfuﬁ’]ﬁq@ﬂ"miwﬁﬂmlﬁu
?ﬂwqﬁqmmﬁ 17 C ifluszaziaan 0, 12, 24, 48, uaz 72 dala ﬁm:r'ﬁLﬂfmw’%@ﬂ@xmmﬂﬁ@uﬁmmmﬁ
(motile) Faziarn1sAt18984A (static) ﬁ*@mm@mq%‘ﬁ'Lﬂﬁlauﬁiﬂ%wﬂ’q (progressive) Aq¢l computer
assisted sperm analysis; CASA nu41 fasazniamiavesagalunguidsuaisafaioyaefiaonududu
5 ug CBD/m ﬁLLunﬁw‘;’ﬂﬁqm LL@z%’faﬂ@mmfaqaﬁLmﬁﬂuﬁiﬂ%wﬁﬂumjuﬁL@?mmmﬁmﬁaﬁqﬁ'mmLﬂ?’uﬁu
5 ug/mi ﬁLLquﬁuzgqﬁzgm TnEaNLANALAT LRI TLRLSENT 12 FaTud aenalitdAtyneaia (P<0.05)
Tmﬂmmfﬁ“mﬁmmLﬂu@ﬁiﬁm@%@'ﬁmmmmmm‘?ﬂmmnﬂﬁ'ﬁ?m@@ﬂ%mﬁhﬁﬁL%@mmmﬂ%uﬂgmmmw
shdegnsutidule

AdIATY: AN9ANANTYTN WIENRDANUNTE ALNINLLTE gnInemiug

]

AN (free radical) ldvhansansdaluianaidn iy
asflaznavesmadviallsiiu uazlasiu (Painupong,

ﬁwﬂ’uﬂqmmuﬂiiumil,'gngmﬁwsl%’mi- 2017) Seansfidufinsieaddaulvnjegluglae
samsdaamatuladnaaiiosildirdeansiunis- AUYARATZ THAAINNITNINATTLMNT 196 I
EEEER LW@mumwimmmnwmmm Tmﬂm\ﬂu NILUIUNNIAFINNATNU NsvnelaszALTas 993
denansynusesmsnsRaeuazauaasenide  Wiainiulunalnnstesiusaesesadainide
WRHLHLAUNTNANKLLSSTNTNR (Gadea, 2003)  qATNFNN 7| wnfinszuaunissananafinanifld
wilupaiiuaseivanadadanelss@naainnas- wIarIAaN A uayyadasenn i liiAnn e
mﬁmﬁﬁL‘%@mmw’faﬁuﬁja:udwﬂwﬁfamqﬁq WazNN3-  oxidative stress MniiaA19zAINA1TUIIA I
Auinwitndeneunasionfidnansznude s iiilacudesdivldAaanadenereaded
AMUNINTBIBAA LU N19IasAulATedqdunId  a4d AdnuRAUNRI8984a LACAINAGRE I
ANNNLATHAAINNNIRBNTLATUILEIZLIATINNTALSNEN miﬂﬁmu%luﬁlqm (Bansal and Bilaspuri, 2011)
ffuasinleqaidszdninnanasuing g uazannIuan ATP luagagnedenaliniaipian
lunaiiuinEngandn 12 C szazaa1uInnan 4 44 ﬁmm@zﬂ;%mm (Park et al., 2018) ﬁmﬁu’ﬁqﬁma-
(Lopez Rodriguez et al., 2017) Tmﬂmu‘l,umm- \ANAN antioxidants ANWEH 19 ] Lﬁ'a@mﬂﬁﬁ?‘m
Lmzﬁmmmaﬁmmm:mm%‘m@muﬂu 15-18 C AINA19 (Ros-Santaella and Pintus, 2021) N4E34E)
Lummnmmmnmmmiq m@@m‘mmmm@ faanaulalunanioyme (Cannabis sativa L.subsp.
Fendn Ysngnisaifenainmanuidu (cold shock  sativa) fiflesmlsznauaasansddnyldud ansngw
phenomenon) (Wiebke et al., 2021) LLﬁiQmmW‘iﬁ ﬁ?’a LAKKNTUAEA (cannabinoids/ phytocannabinoids)
Qm‘ﬁ@mm‘lwﬁumuma‘wﬁLﬁmﬁmﬁua‘“ﬂmzﬁ’m% (Taoufik et al., 2017) Iag@ns CBD 1uanshALUNd-

naldaunaniien Jamauiainenyadass  wewsn keangmoseszuLLsza1m (honpsychoactive
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NaURINSLEsNANSANAN T LU edaansiEa
AaAun Wi TagnsAigaugiiiiu

cannabinoid) TneanAanisidnauiulysAudasuly
FTULNHANY A cannabinoids receptor 2 (CNR2),
transient receptor potential cation channel subfamily
V member 1 (TRPV1) Lkas orphan G-protein coupled
receptor 55 (GPR55) s ﬁzﬁqmﬁiammﬁmwa
8R72AANTLAU (reactive oxygen species; ROS) fivin
1HAnn1ay oxidative stress (Jaidee and Sootanan,
2022) fi57e411491n15 14 BHE (Benin republic hemp
ethanol extract) lusrAuA LT uIuR 2 uaz10
mg/kg ﬁqal,ﬁw-i’ﬂmuﬁ%ﬁmm@a% ANBUENG
dugruinanveseqaanysol lsuaniulufenlu
WANANIAARY UAY quqwﬂumimu@ummiﬂu
WYNAABY (Alagbonsi et al., 2019) HIUN19LNNAT3-
mﬁmﬁmmﬁLLmIﬁuLﬁummLﬂumﬂuﬁn Faviui
Mmmmamq (Vytet al., 2004) muumﬂﬂmmuum
mﬂmfa‘vmmmmmi@@ﬂqwﬁmu@um‘ﬂmmw
Auaulalunisdnansananyaannldlunisiy

o v & L @R oo Hao -
ﬁ‘ﬂiﬂ’qqu‘ﬁ@@aﬂﬁ‘LLﬂjLﬁlu mmuq@ﬂumqmqﬂimm

WaAnHINTasNaNIanafysslutng@eansse
ADIN WU TRAN W L1

L4 aa
adnsaluazinns

ARNTNAADY
ldqnanenugnsentansd ag 10 1hou
yuidnieas 170 Alansu anuqu 2 6q Taeaealy
& 4 X 4 ~ o
ABNLALLAEANLN 2 x 2 1wm3 AelulsaFaunuuls
o Wfugns AnsdnaAtans uuanenaeudl|
Fandaea vl LAZRNNNTIAUNTER AU LNV AREY

AU 2 A9 Taenduszazvinglunigia 1 el

(1 AfaFadUn9) nuneasreeyyIn lEdndnaas
Approval No. MACUCO004A/2565

NSLAANRITRNAN T
ﬁﬂuﬁmﬁmmuﬁqmuﬁuL'ﬁ'm'a‘uﬁ FaLaN
Fa1 ﬁlfaqmuqﬁ 45 C (Chasiotis et al., 2021) 1ilwnan
8 %Tmmn&uﬁﬂuﬁmmﬁ@uLLﬁqLLz%’f; UIMINITLA
feieietUnaLazA LN wazynsutasiryaalulale-
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ININALAAND DR UARINAIU ENATYTILTNIU 5 NTN
ralalalnsNaueanages 100 Haaans 1unan
8 42lu9 Antiutinunnsedded1a19UnuazHL
NIeANHNIANLLAT 4 ﬁwm’?mqmmmﬂ NINITLUUEL
lalginsfaweanageaaanliivaaliasansans
yafidudu daeipies evaporator figuamnil 50 C
aunszitslalansfiauoanegafszegaanaumnun
(Manosroi et al., 2019) LazNIN193tATIEHUTu
18941941 ATYAD cannabinol (CBD) TEY high
performance liquid chromatography (HPLC) Tmﬁ@uﬂr
ANUTURAA LRI ANITNN NN TN HRTE ML TTUA A
filsznaunis inanenaaunls

NSNARDUANNRNSANLIUNST LT RITAN AN YT
Ei@LLiﬂﬁu@’ﬂﬂTNaﬂulu‘lj”]ﬂ"lLL‘ﬁLguﬁﬂL%@@Iﬂ‘i

AnmusisusealuAnluiienidessinge
qﬂiﬁmmmm@uﬁﬁmﬁ@mﬁmﬁa@m Tag1in
mm”mﬂﬁfﬂ%ﬂf%‘%@@maﬁmmmu (Beltsville
thawing solution extender; BTS) ﬂi‘umﬂmmﬂu
NTA-ANGR 7.2 LL‘]_I\‘m@NﬁlQﬂﬂ’]\‘iLW@L@?N@’]?@T]ﬂ
nenuaInAyssing AU ANz ALANId N Uag
#19 cannabidiol (CBD) 9 sz#u lawa o (AALAN),
5,10, 25, 50, 100, 250, 500 kAL 1,000 pg/mi mm%u
UINNILATIZIAN osmotic pressure AQE osmometer
alﬁ’ﬂ Gonotec model: osmomat 030-D ANXNATN13284
Perez-Llano et al. (2001)

MIANENANMNIRNNZANLUNS LT/ /N AN YTl
msﬁmwﬁqmm’Lﬁu‘nfm,%mgm
v‘if]mﬁmﬁqL%@zgﬂiW@WuﬁLL@:ﬁnWimm
Qmmwﬁwﬁﬂﬁﬂuﬁﬁmsﬁmw Tngpaudunse
ﬁﬁd”ﬂ‘ﬂ\iﬁ’]l,%’ﬂ‘ﬂgl:ﬁ‘:‘,ﬁ'j’m 6.8-7.5 AuLduTUIEY
agaludalinnnin 0.2x 10° fasiefiadans Aruau
BEANINNGT 45x 10° 67 ﬁ’m’]ﬂﬂ?ﬂl‘ﬂuﬁﬂm\‘i‘ﬂ@a
1NN 60 % m*ammﬂmqﬂﬂmmnmﬁ 60 %
(Chomchai, 1999) mﬂumaLmemm@memm
ﬂqumﬁ“wmm mu BTS - extender, BTS+CBD 5
ug/ml, BTS + CBD 10 pg/ml, BTS+CBD 25 pg/m
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Ay BTS+CBD 50 pyg/ml (BTS= Beltsville thawing
solution extender, CBD=a13anantye) Inanvua
lﬁﬂmaﬁmmﬁuﬁuma‘ﬂ 3x10° fasalfa JUTunn
85 mI/Tm'& mmlmmm@mmwmﬂ (Chomchai, 1999)
q’muummimmnmmmmu 17 'C Wieaunun
fmm”mmmwmmfam”ﬂ”mm 0, 12, 24, 48 Ay
72 °IJ'J<EN\1 Ao Lﬂim computer assisted sperm
analysis (CASA) ) Tun1sdsziiviimmeirasaznisg-
Lﬂ@aumm@m FREATNITAIEIBIDGA T'BF;I@J]J’P]\?
@mmmmumiﬂmwm fnmznispdeufinas
NM§WHQWHWﬂQQQQW Amann and Waberski, 2014)

NFIATIEUTAYANEDH

%@Hmmmwﬁu%gﬂﬁLm'}zﬁmm-
wil91l99u (analysis of variance: ANOVA) A& LK1
NNINARBIULLLABNANYDS (randomized complete
block design, RCBD) kaztUTautieuA1Imau-
LL[?]ﬂm"W\‘i‘é‘:,’Wj’]\‘iﬁ’]L@gﬂiuLLﬁiﬂ:ﬂ@:Mﬂﬂivmﬂ’mﬁ/’m
3% Duncan’s new multiple range test (DMRT) ez
pauLdeTuT P<0.05 Isunsadinnsuidayanig
@nm SPSS 16.0

BTS+CBD 1,000 pg/ml
BTS+CBD 500 pg/ml
BTS+CBD 250 pg/ml
BTS+CED 100 pg/ml

BTS+CBD 50 pg/ml
BTS+CBD 25 pg/ml

BTS+CBD 10 pe/ml

BTS+CBD 5 pg/ml an

BTS-extender 5—4

NANSANBILAZIANT DL

NNSNARAUNIANNLUNIEANIUNNS L TRTEN A
ﬁ'zymﬁi'au,'a\aﬁuma‘iuﬁniu‘lfﬁﬂ'uﬁmwﬁﬁl,%’ya

ﬂq'aﬁ'iLm?ummﬁmﬁﬂ;mﬁmmﬁ’uﬁu 0
(ﬂ')‘i_lﬂll), 5,10, 25,50, 100, 250, 500 az 1,000
pg/ml A usesenalufnluingdeanstinie
Winfiu 337, 350, 356, 385, 387, 444, 588, 863 LAY
1,421 mOsm/kg ANNAAL A4 Figure 1 wan<a iy
ﬁmmuL‘vmﬂmu’Luﬂﬁﬂ%mmfﬁ’mﬁm”nﬂuﬁﬂmmj’
Lﬁuﬁwé@mmé’mqu 5 svsvldunszsudi 0 (ng
ATLAN), 5, 10, 25, UAz 50 pg/ml LLZ‘lwﬁJﬂ’]ﬂ'ﬂNLﬂu
n96- mwmmmmmwmmmw 7.2-80 miuu
nasiansAeuasesAusesueeatdareninen
LLﬂiLﬁwj’]L%ﬂqﬂﬂﬁ'ﬂﬁumiﬁﬂm@mmwﬁﬂL%@zgm
malll

NIINAAIANNITDLATNANTAN AN TYT 1
Yhendaansindelian 5 szaUldun o (AYUAN),
5,10, 25, Wax 50 pg/ml S9@anAdaUNsANENT8Y
Sonseeda etal. (2011) waz Rodriguez-Gil and Rigau
(1996) ﬁiquﬁmﬂﬂﬂﬁuﬁhﬁm osmotic pressure

0 200 400 600

800 1000 1200 1400 1600

Osmotic pressure (mOsm/kg.)

Figure 1. Effect of hemp extract levels in chilled boar extender of osmotic pressure
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mﬂqu/m’lui'wﬂfngmm_jﬁ 290-300 mOsm/kg WAL
BAAGNIAINTONUAT osmotic pressure B LA lugas
7¥1314 240-380 mOsm/kg (King and Macpherson,
1966) A1 osmotic pressure AAn51 200 mOsm/kg
fuanalinisiaaauiiniag (Rodriguez-Gil and
Rigau, 1996) FagenndasiunAnE L ueaaTy-
ﬁﬂﬁm,%@qﬂﬂfm Yeste et al. (2010) tonanadn Ine
A7N91247% Perez-Llano et al. (2001) WL31 AWIIAU
aaaluinluinimagendn 500 mOsmikg Waamndn
200 mOsmikg agaTilfataznsiTinuazfetaraga
fiferlnslananyrafanaseteidudafny Snns-
nadeLNALRIaeAus T uenaluAnsAURA1 Y
ﬁﬁl,%@‘iﬂ Padrik et al. (2012) WU N1TAARIUBIAN
usesuaasTuAnlurind edsnaldiAnn sLstuAL
Lﬁmn'mmnﬁqm@\uﬁ'faﬁmqa Hasnnisesalua
m@wmmmmﬂu@ﬂLsnm’?llﬁmmummiuﬁwﬂ’ﬂ
mLeﬂ@@mﬁfmwmLLuummumemmimrﬁmm-
mummmwm@m aniasanenAdadiUNanII-
AnsnenussiusealuAnluinideusaaes Prochowska
et al.(2022) WA TN 19N AUTUNALRLURIAT LTI U
paalNANITALEN 74 Caiza de la Cueva et dl. (1997a)
”lﬁﬁm:rﬂuﬁ%%@mmﬁm 600-4,000 mOsm W41
fauarni1sldinu0vaqa mmmmmmmm-
trslau uay m‘ww’mmemim@faummammm
aealdudAny Hesanniseealudases-
saanarntalugasifiAiusefuaaalufinmd
pananniaad AilA1Lssiuaaalufingandnas
N IR AaN192 hyperosmotic (Einarsson et al.,1970)
dudsarunsinsnluin@esnandas (Caiza de la
Cueva et al., 1997b)

AuMWULT a2 ULAZAaUAMARSNNTIARAUN
UIDFA

FREATNIMNLTBIR4A (static) WL Feeay
NNIANLVBIDHA MNGNTLETHATAN AN TYTINAIIN-

v k% a v é ai |

WNduw 5 po/ml Huualdusingn tnaianizen
AATZIUAINIAALTNEN 12 F2TNa (P<0.05) waz
Huurldufesaznisnoae904a lunguaiunw
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(BTS-extender) LL@"’ﬂ@N‘V]L@?N@’]i@ﬂﬁﬂﬂ.l’ﬁw}ﬂfl’m—
W 548z 10 pg/ml mmfm@mmmummﬂm
ﬂﬂﬂwmwmmu 25 waz 50 ug/ml (Table 1) A
é"faﬂmﬂWiLﬂﬁﬂumﬂiwuﬂﬁm@q@zﬁ (progressive)
WL %’ﬂm@Vm?mﬁﬂuﬁiﬂ%wﬁwmmahﬂduﬁ
mmmmnmmmwmwmmu 5 pg/mi mmﬁuum
‘wam IR RE ﬂW’JLﬂ?’]”MM@\‘Iﬂ’]?LﬂU?ﬂ‘H’]VI 12
$alu4 (P<0.05) (Table 1) Anasazn 3LARDLRUDS
243 (motile) WU ﬁ*ﬂﬂ@zmmﬁéuﬁmm@zﬁhmﬁu
‘ﬁlL@?umimﬁmﬁmmﬁmmﬁuﬁu 5 pg/ml Huualiin
zgﬁiqm TagianizAndtAT siuaInIsALinE
71 12 Fala (P<0.05) (Table 1)
nquflenansanatoysssiunaududy
10 pg/ml 243 paniFalednuunqnsaqn (VAP
average path velocity) ﬁﬁLmeN@‘mmim:ﬂ:mm
ANIRLSIENT 72 Fati (P<0.05) (Figure 2a) ANHL5Y
L@ﬁlﬂmmm% WuLdumsa (VSL: straight line velocity)
wudn ngufidnansaiaiyaerziuaududy
10 pg/ml Huualidngegalussaziaainiafiuinm
7 72 d2lus(P<0.05) (Figure 2b) AaxL3qlun9-
m%uﬁﬂmé’u‘ﬁﬁwme@ (VCL: curvilinear velocity)
wuin aganguil lliginansararneiuun g
WRszaZa N uSNET 6 99lu4 (P<0.05)
(Figure 2c) Aanund19lunisd1avinae9aga (ALH:
amplitude of lateral head displacement) WU91 84
ﬂ@iuﬁimm?ummﬁmﬁmmﬁLLmTﬁmmmm
WRITZEZIIAINISA UFNENT 6 Falu ( (P<0.05)
(Figure 2d) mmﬁm‘lum@mwwm@mLﬂ@@u
mmmmm’mmm@aw (BCF: beat cross frequency)
wudn neufdnansaiafymsziuanmdudy
25 pgiml Huwnhingq pluszaziaanmaiusnedali
71 6,12 uay 24 (P <0.05) (Figure 2e) ANd 172 @ "%
10992 8ENIAUATITB984A (STP: straightness
coefficient) Wu431 ﬂziuﬁl,m?‘mmmﬁmﬁmms:ﬁu
AN 10 pg/ml uuwaldugegalussazioan
AALFIENT 72 Falag (P<0.05) (Figure 2f) A1
z‘ﬂfuﬂa‘:ﬁw‘émﬁuinﬁtﬁmﬁﬂq%%dwLﬂmﬁumq
(LIN: Linear Coefficient) wuqn miﬁim?mmmﬁm
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Table 1. Storage period on the quality of boar semen (mean + SE)

Treatment
Semen BTS+CBD 5 BTS+CBD 10  BTS+CBD 25 BTS+CBD P-value
quality BTS pg/mi pg/mi pg/ml 50 pg/ml

Static (%)  Ohr  43.47°+339  4358°+10.24  48.27°+828  91.93°+3.28  94.71°+2.20 <0.01
6hr  37.70°+4.53  30.98°+4.52 38.40°+3.93  92.63°+254  99.55°+0.11 <0.01

12hr  39.80°+£6.60  28.48°+5.89 51.58°+5.53  93.35°+1.79  99.45°+0.20 <0.01

24hr  58.65°+593  47.45°+8.09 57.02°+3.90  90.70°+1.29  99.55"+0.20 <0.01

48hr  56.07°+8.29  75.32™+9.80 49.43°+8.19  66.10°+12.71  99.48°+0.16 0.001

72hr  81.88°£7.94  86.577+4.67 9373 +£1.28  99.03°+0.97  10276™+1.39 0.031

Progressive  Ohr  10.67°+156  13.58°+5.22 8.98°+2.68 0.12°+0.05 0.05°+0.05 <0.01
(%) 6 hr 15.87°£1.98  1572°+3.27 8.67°+2.80 0.47°+£0.18 0.00°+£0.00 <0.01
12hr  16.27°+4.04  22.07°+5.03 7.50+2.28 0.48°+0.21 0.05°+0.02 <0.01

24nr  7.10°+1.79  12.50°+4.54 4.05°+1.15  0.52"+0.13 0.00°+0.00 <0.01

48 hr  10.48°%3.35 2.83"+1.55 9.57°+3.70 8.55"°+3.84 0.00°+£0.00 0.048

72hr 2.87°+1.38  1.45"+0.58 0.38°+0.16 0.15°+0.08 0.03°40.02 0.036

Motile (%) Ohr  56.53°+3.39  56.42°+10.24 51.73°£8.28 3.90°+1.24 0.57°+0.17 <0.01
6hr  62.30°%4.53  69.02°+4.52 61.60°+3.93 7.37°+2.54 0.45°+0.11 <0.01

12hr  60.20°+6.60  71.52°+5.89 48.42°+5.53 6.65°+1.79 0.55°+0.20 <0.01

24hr  41.35°#593  52.55°%8.09 42.98°+£3.90 9.30°+1.29 0.45°+0.20 <0.01

48hr  43.93°+829  24.68°+9.80 50.57°+8.19  33.90°+12.71 0.63°+0.13 0.001

72hr  18.12°+7.94  13.43°+4.67 6.27°+1.28 2.22°40.75 0.37"+0.08 <0.01

**° There was a statistical difference in confidence levels P < 0.05 in row. SE: Standard error; BTS: Beltsville thawing solution extender

nmmsymummwmu 10 pg/mi Huualiingegalu
ﬁ‘“"f‘_I‘VL’m’m’]ﬁ‘Lﬂ‘]_l‘é‘ﬂ‘]:f’Wl 72 fﬁfﬁm (P<0.05) (Figure 29)

AMNRANIINAAAINLIN NITLATNANTAN A
m”lus%-ﬁ“ummvﬁm?u 5 uag 10 pg/ml usinen
Ufudganminan

o

n
L@@’Q’Nu’]L‘ﬁ@@ﬂﬁ‘LL“ﬁLﬂu@’]N’]i‘ﬂ
LLWL‘T]@L‘LI@\?WLLVL@ ﬁ‘@ﬂ@%ﬂ’]ﬁ‘ﬁ]’]ﬂﬂ‘ﬂ\iﬂ@ﬁ, ﬁa‘/ﬂﬂﬂtﬂ’]ﬁ‘-
Lﬁ@@uV]VLﬂiﬂﬂﬁu"l‘llﬂ\‘iﬂQ@ LAZ IRUASNITIANRUN
189844) Tngl Alagbonsi et al. (2019) lisaeudngns
anpityraiuanssinuayyadass anANLATEAAIN

Ufiseneendinduluinmeduaisidaalesiuvie

L

dudedaseneendindutiaindnuazantsunn
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auyadasz W lianeanlsznenvessad 7y
ANNBINNIANLTBNBAA 1TBAN static AITIRNUT96
mnldfuludiunuden T1aennfesiuauaes
Alagbonsi et al. (2019) l#AnsnaETuansaian oy
LW@@@M?LL@ﬂ'ﬁuu@uﬁuﬂizam%mwmiﬁma%@
Em:ﬁi@@mmwimﬁwgwmm TneliAuwan
ﬁﬁﬁuﬁtymﬁLmﬂxﬁﬂmmwmm‘a@ ATUIULD
04311330 uazniniadeulva Aneuzedugu-
ANUNUDIBFANLII nslansarinrinyaiedesaun
daeiinduuiliineeseqd anwuznnednigiu-
Inenveseqaguysalndangai ld Idiedy Tuansi
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Figure 2. Sperm kinetics: VAP: average path velocity (a); VSL: straight line velocity (b); VCL: curvilinear

velocity (c); ALH: amplitude of lateral head displacement (d); BCF: beat cross frequency (e); STP:

straightness coefficient (f); LIN: linear coefficient (g). a statistical difference in confidence levels

P < 0.05;
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mslansanantyauwas lustuasln (bromocriptine)
yinlilsuaniuludenlunatanianas waziiis
qw%ﬁumsﬁmwgm%m: 49189711284 Shepherd
et al. (2022) 7 1A AN w7165 0 GameteGuard®-CP
%'\1Lﬂu@'quwmmmmaﬁmwga%mxﬁirﬁmﬂ
fasssuAludhendeanairdeqns seqninan
ﬁWL%@LLmﬁmmm?ﬂ@m% UG N9LETNATAY
auyadasringld GameteGuard®™-CPdqainun
QmmwﬁqL‘-?'?mwd'mmuﬁui”nm%mmﬁ 17 C
ﬁmmmsﬂ@mu’“ﬁLmzﬁmmmm@@mﬁ%mﬁ@“ﬁﬁﬁL%@
fiusnenBunuie 4 fu iesamirdegnaug iy
flgnindl 17 C Snsmmuedtuanas deualifina-
WA reactive oxygen species (ROS) Ai14618 i
mﬂmiﬂiuﬁuﬂﬁﬁ?mﬁi@rﬁl’nu@ww%m:ﬁ“wm
w0 neuTisin GameteGuard®-CP filfFsennns-
FNUAUYATATTNINNIINGNAILAN IALAANITNAR
284 ROS kazdsnaliin19uam malondialdehyde:
MDA amas Tuinpausavaseganldfuasiasa
ot ld iy dednfndaideduluinaeusieds
nsfaruienauausssia ROS ludsunnannidle
AT NTULRY ROS 28 luinaualinuAIINq 28
Tuineewese Audanisdunwinligo@adnanin
maqLﬁlﬂﬁuiuiwmumﬁ*ﬂLmznwam'gﬁ“ﬁym’wmma-
WTENNNTTLAUNNI- apoptotic ﬁﬁvl,ﬂzjﬂ’mﬁumi-
NAM ROS WA lipid peroxidation @9HaLA ¢ 6B
e 9 Gamete-Guard®-CP a1adsualinanududu
199 ROS Tatsananas ldgnnszauliiianig-
dudunazdanalinisaiuaeviaaaanaslu
'1'7{@‘@ faflannugenadeiuaniiduses Vitorovic et
al. (2021) Vl,oﬁ”'v‘hmaﬁﬂwﬂqwéﬂwﬁmawsﬂ@%mz
189NN TN AT TR Y 125, 187, 312, 62.5
uaz125 pimi um@mmwmmmmmmaﬂmmuw
wileninAaaeseadan H,0, 18958 auuNa U
WL T E Aty selussu 18.7 uaz 31.2 pliml
aunanifasiuaaATaaaInnisaandnduliating
Thudndny Tnenndumdnsyan i nmeddasiy
"Lai‘émﬁm?m%@uzgqa‘jma secondary metabolites
filasfuniafineantindusesnsnludilliausm uas
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AANNIRN9UTR4 catalase iz AURmaslaifin
ANNLATER LLﬁii:ﬁTmmi']ﬂuLm“mﬁﬂ;méT“uwi
125 piml 3l lif nasieasmanunsa lunstTaariy
ANAREAANNsaen T uLAr S NgRINNsANY
JeqgeuLLAARN e Lﬁm@fmﬁﬁﬁmm‘“mﬁmm
?{ﬁmmLiﬂ*ﬁuqq&umzﬁuﬂmﬁm lipid peroxidation
e UL AT UNsANEN AN aensE
LAZHANTENUABNAIAAT YA cannabidiol ARLTAR
H91119784 Tassaneesuwan et al. (2023) deld e
326U CBD RAnududusn (0.6 pg/ml) Uaansia
FaraRalausiTasT 1450 CBD finanaduduga
(11NN91 2.5 pg/ml) A1NNTNAANITUNINIZANLUDY
aduzSald Seaqullddnszsu CBD AfAanududy
guiluiiesieinas Ine Schanknecht et al. (2023)
IraausannisAnsns I iyee (Cannabis sativa)
luntsfnenuzifalanils aauzLFal 4093
fuanileldfuans THC uaz CBD 3aufy 348
1szAnsnnannnd ez SR &5 R eans THC
BATNUNNTARLIAUANYEY LNCaP androgen responsive
Turaduy LNmamnumﬂmummimmmuimm
mad s cytokines AinalfiAnn s nLaL uaz
mzﬁumamwmLﬁn@@’um?\aLﬁ'@”lﬁ?”ummﬁmﬁmm
il CBD A1 THC ga darfu wnizadagaléfuans
@ﬁ"mﬁﬂ;mﬁﬁmimﬁuLmumﬁu@mr(Cannabinoids)
Tuszsufinndn 5 pgiml Adllieenesanistiay
ANLATEARNNNTRaNTIAtuLAL ld NN TaRNWNNs-
NAM ROS LAY lipid peroxidation R1NNTINUNLIBATH
meluaaa (Abdellatif et al., 2022) asualilaaaeda
LA AN AR ANINANNSZEZ AN TSNS
BAUARIFINANIIA NN ILFLTRINTLETHAN AR
ﬁmmﬁ'mmmmﬁ@ 5uaz10 ug/ml WAvNLIas
agalasuansnguuAuunues A luseAu4Inga 10
po/mi ladfuasaninnainisalunistesiuaaiu-
WPIIAAINNIRANTIATY LazNdnaAasiaITaseda
(Tassaneesuwan et al., 2023) mm'ﬁﬁl,ﬂﬁ@@r@qavlﬁé’u
mm@;mmumﬁuﬂﬁm’ﬁﬁmmﬁu%’ummﬁuiﬂ

Wl maeusininnisiuriuieneusussse
ROS Tut/FunaunniiumuAnuaznisaad oy
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AnmTlgatnszLaunIg apoptotic ﬁﬁiﬂ@imuﬁ'u
N19HAR ROS WAy lipid peroxidation (Vitorovic et al.,
2021)mwmm wazIiANNIANETBRTARRdAR Y
‘vmmLL@vmLLm‘EuuﬂiuﬂNﬂ-mummmmm@@umm
ﬂ@@iﬂ (VAP, VSL, VCL, ALH, BCF, STPU@VIJN)IWH
mmqLﬂummLummﬂmimu@umamvlumi
@ﬂmﬂmmwLmu’lummwmwmmmm ADAARDY
1UT211284 Shepherd et al. (2022) @ nadnszuau
n19am ROS AMNNTONANTENUARAaUANIARATNNT-
Lmﬁﬂuﬁm@q@@%iﬁ (Abdellatif et al.,2022) AaAARD
AUT189I1UTBY Ros-Santaella and Pintus (2021)
1A nEnn 963 uansara Melissa officinalis AiRaNL-
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gnaudaudandanisazany 120 wn e uazdeaniem
aaLEINMNIHAR MDA lutni@eld uaznsidiuans
anmann Salvia officinalis (Sage) seFUANNTNTUT
5 g W degnauguds wudn nneuansaininad
sanaadeuilldraiiresagd uazifinsaega
Hapdaninleserinslan wuazaauanysniaes DNA
MAINNIAYANELNIEAANAE UAHANTARBITT AL

AUNANIINAABITEY Pintus ef al. (2018) A ANanT

4 4 I . o A o
NNILARAUNTBI04A INHAHUANFNIAWHENINNg
\@31 Aminoguanidine HanBiiuansiueyyadase
TusrAuAaNd DL 0.1-1 RaaTuans wanannil Ros-
Santaella and Pintus (2021) t6na198n91 n13lda13-
anpanigatnnsnliasnAagianuauuin (g
= el - PR = e a
Wuea nesiuees va4) NNGNIAIUAUYABATE
dJ aal a o aa as
FaINANURALNTRARINITOUFLA DN N UDATNUD
waskazilasuaslsynevuieriiadugnslseney
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ansafafyaefiaarmnidudu 5uaz 10 pg/ml
34LLuaqumm’m@wLmummnmnmmwmm
Wad 25 Az 50 pg/ml (P>0.05) (Figure 3)
ﬁmﬁﬁuﬁwﬂwmmmunduﬁm‘%mmmﬁm
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Wudu 25 uaz 50 pg/ml agdneldad1Aynieaia
agafivuai N ziLsnmiuualingandings
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ﬁN@ﬁiﬂmwﬁmﬂnﬁmmzﬁ”ﬂwmzﬁmyuﬁmwm
GLEGN Iwwm@mﬁﬁﬁmj‘%mmzﬁumwmﬁm
Wuszaziaan 35 44 adlsimuannnis@nenaed
Thun et al. (2002) flawuANLLslsaUTIRINANNS

ATz CASA ﬁm@mmﬁuamwmmmnmmﬁu

mmnm‘lui”mumwumwuﬂ?mmmm@ @’Q‘VIQ\I‘MEIG]
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Figure 3. Sperm morpholog: Bent tail (a); Coiled tail (b); Distal droplet (c); Proximal droplet (d). a statistical

difference in confidence levels P<0.05
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Nutrient Composition and Metabolizable Energy of Poultry Offal Waste

in Pradu Hang Dam and Royal Project Black Bone Chicken
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Abstract: The objective was to determine the nutritional composition and metabolizable energy (ME) of poultry
offal waste (POW). After autoclave sterilization, POW exhibited crude nutritional content expressed as
a percentage of dry matter (% DM), i.e., crude protein (CP), ether extract (EE), crude fiber (CF), ash, and
nitrogen free extract (NFE) at 66.57, 23.35, 1.01, 4.90, and 4.16 % respectively, with a gross energy (GE)
of 6.520 kcal/g DM. The study aimed to determine metabolizable energy (ME) using adult male native
chicken of 2 breeds i.e. Pradu Hang Dam chicken vs. Royal Project black bone chicken as experimental
animals. Two experiments were conducted in which the first experiment was done by single force-feeding
method. In the second experiment the substitution method was conducted using POW at 0, 2, 4 and 8 %.
The obtained data of this later method were subjected to a linear regression equation for ME prediction.
The results showed that no significant difference (P>0.05) was found among birds of the 2 breeds. When
the result of 2 experiments were taken into consideration. It was found that single force-feeding method
showed a slightly higher ME value of 4.226 +0.037 kcal/g DM as compared to the substitution method
(4.073+£0.015 kcal/g DM, R-square = 0.99). Furthermore, using the regression equation, ME was nearly
equivalent to the replacement of POW in the basal diet at a single level of 8% (4.059 kcal/g DM). The result
tended to indicate that the appropriate level of POW utilization in poultry diet should be around 8 %.

Keywords: Single force-feeding method, metabolizable energy, poultry offal waste, regression equation,

substitution method
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LGS é”mqﬂa‘:mﬂ"Lﬁ'@mmﬂ’ﬂi:ﬂﬂumﬂmummwzﬁ“\imuwﬂaximﬁ (Metabolizable energy; ME)
gaqLAARLAseludRTTIN (Poultry offal waste; POW) ileginde Pow Tneldustathiusadu wudn Slnaushn
Wudaaazdnguiia (% DM) ﬁﬁ’\‘iﬁmiﬁu (crude protein: CP), Ta3i (ether extract; EE), dele (crude fiber; CF),
&1 (ash) uazanslulnsauiiazanaldluh (nitrogen free extract; NFE) Winfit 66.57, 23.35, 1.01, 4.90 Uas
4.16% Aua1au Taadnaaeusan (Gross energy; GE) 111U 6.520 kcal/g DM w1 ME Taaiutiaiilu 2
mswmmﬁirﬁmﬁﬁimﬁw’fﬂ 2 AN8NUG A0 1n"7'imﬁmﬂi°mwﬁ’1ﬁuidnivmﬂﬁﬁmﬁ%‘lﬁm\imwmq
m&mmm‘w 1 “l,mﬁumﬂmmmmwmmu (POW) L‘WEN@EI’NL@EI']MEI (single force-feeding method)
NIMAReaT 2 Immmuwmma‘wumu (substitution method) A28l POW fis=6l 0, 2, 4 uaz 8% anntuld
ANN170A0R¢E (linear regressmn equation) NIUNEAT ME LanLI1 AN ME @ﬂﬂblﬂ‘w\‘i 2 mmwuﬂmmnm\‘mu
YA (P>0.05) usifle Beuidieusymdnedanis wudn nnstiedulsifiv POW fidn ME aandnsinunelneld
ANNNINADAEY (4.226+0.079 vs. 4.073+0. 015 kcal/g DM, R square = 0.99) LATWLIN m ME w”menmi-
vruwnelndiAeasudn ME Weld Pow Lmummmiwuﬁmwmu 8% (4.059 kcallg DM) #481atianiansz s
319w zasluenvnsdndtin1g

o

ANEIATY: 7D ”mu’mnmmmummmu Wm\‘mu“lmﬂiv‘imu% wvaeLAseludndlin aunnsannes Aa14

o a

RT) m_l‘lllﬁ@’m_lLLV]HV]EQ"J‘L&?J@\?@’M’]?W‘L@’]%

a

AN lagTu (ether extract; EE) l,a"aslﬂ (crude fiber; CF) +811

(ash) ATl uTnsiaufiazaneld i (nitrogen free

e asludndiin (poultry offal waste: extract; NFE) waad@eid (calcium; Ca) uazwaanesa

POW) iunanass (by-product) IFanNnnsTLIunIg- (phosphorus; P) Wisman et al. (1958) 9181941131 LA
ﬁﬁLmeanLﬁimmﬁ”mﬂﬂLﬁ@mw?“iﬂmmmmﬂ’ mﬁmﬂ?'@ﬂuzﬁ“mfﬂnslm”ﬁmﬂﬁLﬁﬂ AnigaLNIn,
Pl LA Ansuaumile anfidu auld asuny- lsznavusae W W uazeduaznialy §A1 CP, EE,
el i v uasiden duifuaeaded limansun ash, CF, NFE, Ca ua P winriu 58.09, 15.87, 18.05,
n175ulseM1Y (Senkoylu et al., 2005) “1nHN13- 0.85,7.14,8.57 LAy 3.25% DM m1Na1AL Dale
qmmswimmnfaﬂmmmmmmau U NN9d9 et al. (1993) $1891uA LA IUARLATe < ludRdTin
naumfusunay Wiuvsaranidolsn luuvad AN 4 dszind (auiFaiEnn Aean13nT leadannnes
LL@:{EW L1 Salmonella spp., Campylobacter spp. LL@vLQLu"ﬁL‘ﬂ@ﬁ) %qﬁzﬁ“mmum@miﬂq ﬁL‘Via@
waz Listeria spp (Giri et al., 2010) laafisneanuan feunnaneiy Tmﬂmmmmmmlummﬂﬂmm
mmuafam%\ﬂuﬁmfﬂﬂmmmiﬁﬂu{mqﬁu anfgainidanlisanegfoe & fiAnlede CP uay
au194nIla (Sahraei et al., 2012) 11U Hlulnile EE AU 56.52 a2 35.00% DM HA1waadnwld
(Romoser, 1955) Llusiu asAlsznaunielnoue uag UseTagillaase (true metabolizable energy; TME)
UFuo ME Lﬂuﬁmﬂ@ﬁugmﬁdﬁﬁry‘lumiﬁﬁmqau Winriu 5.032 keal/g DM Salami and Oyewole (1997)
"Lﬂﬂizﬂ@m;mmmizﬁ“m’ LALA A ATeludRT WAz Oyewole and Salami (1997) $18NUINLALHIAD
Inluusiaztlsemaiioslsynauniaadiiunnsneiy isesludnitinaedlud Fedaiumvaeitianis
Futudndauzeaammaed it li3lnm denasie daudnldtiFn1adn CP, EE, CF, ash ua NFE Wiy
AAIMININTUINIT29TRY AL (Dale and Fuller, 59.57, 14.36, 0.37, 5.44 Ua¥ 20.25% DM AINANAL
1984) Fnasinai s2Au 113/ (crude protein; CP) TudszmAneaiy Udedibie et al. (1988) la81911
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A A 1 |dl 1 v 1
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THuunzauiuaINuAaInNisae9dnd A1 ME wuan
uilen 14 lunsAuanigasanmnsdndtin tae Farrell
(1978) 2781911491 N19UNA1 ME @1:nsann’le 2 38
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Mclntosh et al. (1962) l#AnENALWAASTyN W9
i AuuANF1eTUsNnnIn we Sibbald (1979) wWudn
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o o & o o = o aa
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analysis equation) AT ME 2893RnaLnagaL
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luszAumn 7| (Campbell et al., 1983) N1311tAeAE
i | v = a ~
Haziludnlnaipasaaniduazauinigainee
Tanauusazaianlszneunuidugasanung dn1s-
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° \ ey ' ¥ a a A
TNz ANLASE N ERTIN AalfAAn1 A LU
ANIFADRILIAADN

L4 aa
AUnsaluazIang

a

NSLATENIRDAL
"

wenuaeLATealudndtniiunanniseanulu
Fandnideslud wazdaudnainu fifnszuaunis
%Lmaumw‘mLuﬂ'qsmﬂvl,ﬂ'L‘f:'ammmmgmmﬂ@
ffdensnanduasuilanausa dsznauday
N9TNNEN nezinzade anldidn TR & 1dny
Augeu wazlaiuiedueduasludesies Tneifu
fsnagnanisalugadn avntusifaesnadn
NszUAuNNIEiEe (sterilization) Faemsiatiausaiuy
levh (autoclave) finanseis 30 psi grunnil 134°C
l1i9an 3 W7 349 Park ef al, (2010) $1ENTIN ANN9
insfuflunisainideluennnsanundnainana
lsznaufiu McNaughton et al. (1977) lauuziingn
ma‘slffj’mm‘lumzmummﬂL%ﬂﬁlﬁézuﬁqm WY
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wnldaruiudenasianisldlszloaidlaaeslagy
flamas nsanduiiniInsesuandauzacirean
auliuienaegauaniau (hot air oven) ﬁfqm‘wqﬁ
60 °C e 48 daluavidaaundued (et
admindeealluarunzunsa Rt gIw Aduring
Augnans 1w, fususn el lunsinmsield

nsdszidiuanAmelnTue

yinnsquiAmaenTesludadtnild iy
sousanlddesuldiinsziunasAlsznaunig
LARBEN9MENL (proximate analysis) ﬁlﬂuﬁﬂdvlfﬁmﬂ
AOAC (2005) TaeiAn DM, CP, EE, CF uaz ash 81984
AN AOAC Official Method 934.01, 2001.11, 920.39,
962.09 uAY 942.05 ATNAAY luanisiiAnansls
lulnsiauiiazaneldlusin (NFE) Auaniainsn
%DM - %ash - %EE - %CP - %CF #21n139tAT1EW
ANNAINUIIN (GE) 413949 bomb calorimeter U
AC-500 (LECO, 2018) n133tAsn=vinsmasiilud
snduldirias ARACUS U Classic HanlaeLTHEmN
Membrapure Uszinrleasa ﬁﬁmﬂﬁﬁﬁmiﬂmq
ANZINEATANARNT Nuanenaedeelvd mN3snns
Q10 Chinese National Standard (2000) 81484La
7l GB/T18246-2000

nsuAnasnulgus el
- Y XYy mem o o

nsanm luafall IaUfiRaudanivue
Q3981U97UN1 T T ERTINAINUN NN AN AR T
(AnTinwms) 1a9Nu1INe1fe L Taalud taah
AG02002/2565 wian13@n19anlL 2 N119MAaa3
pail

nsnaaasi 1: IsAURlARuIRg AL
et dALRaanaan19nganian (single force-
feeding method) 14 lniwadTaLfiuds Ndeny 26
&Upif anuau 2 anesiug Ae tnnwdesiugilsyg
#1981 (Pradu Hang Dam; PDHD) Wiauiulinszgn
o Ao A ” o aa
pnAnRanLazliulRugineyatisiasanismang
(Royal Project black-bone chicken; RPBB) a1142 14
aneWugay 8 Aa Laaslungs metabolic cage WL
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[A891NA 35 x 45 x 50 T, #n1msaefuyalsings
warilnnaugldennis nauglding viulylnfu
ueniilusesa Tscazinamaans 9 7u tngludag 7
Funan ¥ lAnnaaldFuamnafi s 18% CP uuLiu
‘17{Lﬁlfaslﬁﬂé“uﬁqﬁumﬂﬁmmwmqmemwmmﬁ@u
Gﬁ\iLﬂu?”ﬂ WTENNTaN (preliminary per|od) mﬂuu
mma@mmmﬂnwnmLﬂumm 24 d2lua el
dunnayasanliuum dleasy 24 $Tueuda utald
usiazugeanidu 2 491 doulsnaiuau 6 6o i
nsnseniArvaaLriesludasTnidmnanlisas
30 ¥ ANARTAALLAIANN Sibbald (1976) fail
ugaanlilienamsasy 24 $alug thlieanann
n99 metabolic cage Fadmingal andildTieds
Uhnlrdelienmagey dasenldainiamman
Lraaludnddnsuau 30 nfu tnlunaufusii

aza1ndndau 20 % viraszunn 6 N8, AQNLARN LI

i udathilmdudagn 7 Tneazlfanuan 10 Wn
mn&u'ffmﬁwLﬁmmmiwmammﬂr;huﬂwniﬂ'm@j
naana s blaanssinagiwn (crop) vafaazidin
auAsL 10 Wia innsantdnatnn die lawe
mmiwmmumzﬁmvm”ﬁn Tmﬂ%m”uaﬂ%mm
LUUNRIAFNTUIA 5ua. ‘wmmmm RRGIGE
nimfamm ¥nnsaain 2 A auasnniiaashl
ﬂ%lj‘V]ﬂ‘é‘u,Lqu‘Wﬂ Famenslianasaieulgesd
n99 metabolic cage WianAUNWiUnaaAnLuula
7R9LUNIATEFULA AN L‘ﬁmﬁua;ljmﬂu@@? 24
daluariudaudnsanamisniatniaiadu §1vsy
BliAinseasdilssnauniaaiisaly @il
WAean 2 fvnnisananasalian 24 dalug e

#1A1 endogenous loss MUFLATUIUATNAIIN T

sz leimilsaza (TME)
Tufindayatiuineruiedlffiunay
ﬁmﬁ’mﬂmmidnﬂﬁ’wﬁqmﬂmaﬂLﬂmuﬁmﬁﬁlm
Tudndiinasy 24 daluq sanmatiufindminygald
2 Fafienanssdan thyafiiuldan dusazsaun
auukslugauaniau (hot air oven) figningil 60 °C
Wt 2 fu vileaundnuied Tifimiminganiew
WATVAIDL mn‘&uumr:immmmmﬁﬁgmmmé’umu
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ARENANY 1 1N, insgusnetinsesuazyalnll
Ainszvien GE iilesuaniAn AME sisalneviallld
A9 ME uazfn TME Tmﬂ%@mﬁﬁ”ﬁﬁqmﬂ Cheva-
Isarakul et al. (2001) fvi

(GE,xF,) - (GE/xE;)

AME %38 ME (kcal/g DM) =
F.

(GE,xF,) - [(GEffo) - (GErXEr)]

TME (kcal/g DM) =
F.

|
Taei:
GE, = GE JeAmMAe LA ludRTIN (kcallg DM)
GE, = GE 10syalrisailiAmmaairiesludadin
(kcal/g DM)
GE = W@T\Nmmmmaﬂ@iﬁﬁqﬁ@mmmi (kcal/g DM)
F= Frnnumsvaaedudadtniinsentn (g DM)
E, = 1Bunnsyaln i A airesludmTin (g DM)
E, = ﬂ?mmg@iﬁﬁqﬁ@mmmi (g DM)
lunisifivdaatneyaln windiAwaung
a1l videdeutaniaansing 7 detufumatinaya
IAuAuvsetawdn o Anean daunsdldiduss
annsviteanlnfiiaunmdnann Tignunsnlddausn
videRuALeanld ¥nsdauendsuanaauimani
anasamaudaanningalenlfui tnmsuadas
ATNUASN (mortar) anntfuinlldeusnume LLﬂi\‘ﬂ?}lfl
imumﬁumummmq 3 Uy, memﬂmﬂmﬂ@u
28N YT 5- 10 794 mmumwmﬂmﬂ@wm
ld mmﬂumﬂuwLmﬂ”l,mmwmmmuuﬂ iiesinaen
mnmmﬂmn@mmvumau
nsNAaadd 2 A8n1sunufianuis
(Substitution method) 14 lnnmaaalunseda
e Hnmseafilya mﬂju”lmmmi LAl
LensefT A UnIMAaesd 1 uildlAdiuan

13
=1

W‘Hﬁ'ﬁ‘u

ANERUTAT 4 517 INUNUNTNARBIULL 4 x 4 Latin
square | ImﬂmmmmmﬂmﬂummﬂﬂLmummwﬂfm
fmm@wumu (Table 1) Tiszdusing A8 0,2, 4 UaY

8% memmmmmﬂuﬂu 449 7 8z 9 Fu 393
1IANARBINIAY 36 Fu Winrdasutiaaan il 2
srely AR TraIr 5 Juusn (preliminary period) el



M5A15NAT 40(1): 153 - 167 (2567)

Table 1. Ingredients and nutrient composition of basal diet

Ingredients (%) Calculated nutrient composition (% air dry basis)

Yellow corn 57.45 CP 18.00
Rice bran 14.00 GE (kcal/g) 3.89
Soybean meal 16.00 ME (kcal/g) 2.90
Fish meal (55% CP) 8.00 CF 4.10
Calcium carbonate 1.89 EE 4.77
Monocalcium phosphate (22% 0.85 Calcium 1.01
P)

L-Lysine 0.1 Available phosphorus 0.45
DL-Methionine 0.20 Lysine 1.03
Salt 0.5 Methionine 0.51
Premix’ 1.0 Methionine + Cysteine 0.91

Total 100.00

" mg/kg feed unless otherwise noted: Vitamin A 37.5 U, Vitamin D, 7.5 IU, Vitamin E 0.06 1U, Vitamin K, 0.01, Vitamin B, 0.01,

Vitamin B, 0.02, Vitamin B, 0.01, Vitamin B,, 0.06, Pantothenic acid 0.03, Nicotinic acid 0.09, Folic acid 0.003, Biotin 0.04

pg, Choline chloride 0.63, Cu 0.004, Manganese 0.15, Zinc 0.11, Iron 0.20, lodine 0.001 and Selenium 0.0004

GE = Gross energy; ME = Metabolizable energy; CP = Crude protein; CF = Crude fiber; EE = Ether extract

TndsusadAuanmmaseuazan T waaengs dau
4 fuvanduszaziiudeya (collection period) Iat
TufinuFunmenunsinu LL@&H@ﬁd’]ﬂ‘ﬂ@ﬂnﬂfTu
faan 9.00 1. arnduryalifiuldluusiazsy
anliudazildgewanafinld il Nugududed
Ui -4 C (v?fwum 4 99) dlaiafanimaaes
Tundazdag hyafifuldeanaangududelu/lsn
ﬂmugﬁﬁﬂuﬁlfaiﬁ@mw wdauinleylusted
grun) 65 C 1iluan 2 Jurideaundiuieh tuin
ﬁwﬁmﬂ@mﬁ”\mu uawazAgnAR WY vians-
qusinatemsuazyalBiAszimnAINAIWIN
iR WIniAn ME

UAIAINNINITNAR29ATY 9 Tuludasuen
ua Wasuemmaael1flddmay lnaady
frlnauusazia ldiueamsnsLIa 4 gas AuuLL
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N9NARBIULIL 4 x 4 Latin square a1NHWiIA1 ME
w03gnsa e nnnaalasuluusazdadannis-
aAneeLTILdY (Linear regression equation) Vil ®
ANAAZILAT ME 189tAmuaniAses ludndiniaiion

4 I 4
N1TUNUNBIMIIRUTIUN 100 %

wanani lN1IAaeen 2 (N3 LlLAH9an

d‘ o o= dl dﬁl o

e ludnddnunune nisiugiy 4 szdy)
FIATN1TNANUIUNNAT ME 2R9LAELUADLATEI L1
&ndiniezduniu o 1idae 39dr98lilag Cheva-
Isarakul and Tangtaweewipat (1990) Wialdiduan
wWiaua iy 2 35n19dnesuls Tnafgnslunis+
AU Aa

AME %38 ME of POW (kcal/g DM)

ME of Mix diet - (% Basal diet x ME of Basal diet)

% POW
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NN5IASISUTDNAN AR
dayanisilfauiiausendneaasanaiug
(PDHD vs. RPBB) ﬁiﬁ@’m single force - feeding
method AATziiian eadinaan T-test faaitldann
substitution method 1HUNUNITNARBILLL 4 x 4
Latin square design LAZILFLAELAMNUANTZAGNS
ﬂi\iuﬁfm Duncan’s new multiple range test (Steel

et al., 1997) Ine/ldltsunsngi3agL SPSS version 21.
NANISANHILAZIANTOL

qmﬁhwmimmmﬂmmumﬁaLﬂ%:'aﬂuﬁ’m’?]n
QmmmﬂmmmwmLﬂmuﬁmﬂ?"m
Tudndtiniilesinunis autoclave AiRau AU 30 psi
g 134 C luaan 3 Wil (Table 2) HU31ngan
i CP, EE, CF, uway ash 11y 66.57, 23.35, 1.01
LAY 4.90% DM & GE 6.520 kcal/g DM LA LUAS
wwaasludndtinluntsdineiasedl 2A1 CP gendn
ﬁiw\‘muirﬂﬂ McNaughton et al. (1976); Feedipedia
(2012) wsitiaeinan Rocker et al. (2021) TUATUNANY
wudn A0 GE gendnfisnaeuldlng Rocker et al
(2021); Feedipedia (2012) yaNANTINLI HAnuA
nalnaunisiaaianizAn CP uay EE gandnilantlu
(fish meal: FM 61 % CP) finaa 1 lulsvmalnedas
drufunsaerilufisnfuresaminie
wiesludadin (Tavle 2) faumlsladiu gandd
Psunuiiseauwldlag McNaughton et al. (1976);
Feedipedia (2012); Rocker et al. (2021) mu%@ﬂ“\iﬁ
QEGLEIICE Lﬂumwﬁm?{qmdwﬂmﬂu Tngianie
ATaazaiu A0Tu wazanau WiuladiAuae
w3esludndtinddnanmiin g iluumasllsiy
naunulantulugasasdadiine

[

sulddsslagilaaaAtnantnsasty

3.

N

oy

UN

BC

MSNARRIN 1: Single force-feeding method
AN AME %32 ME wazA1 TME 289LA%LAAD
wizasludadiinluliszgunean (PDHD) WAz Iinge-
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anAnTATaNIIUA29 (RPBB) Nanulaedaiiaduliln

a
a

N (Table 3) TP ME winriu 4.1 99 WAz 4.252 kcal/g
DM @93 TME JA11n1u 4.360 was 4.370 keallg
DM lulnanawug PDHD waz RPBB auasu Tae
At la lal umnsine a1 iiiTe dn Aty (P>0.05)
Aniadnanniuma 2 AN8WUg WUI1 ME waz TME
Wi 4.226 uaz 4.365 keallg DM wisawiniy 4.038
WAy 4.171 kcal/g air dry ATNANAL %w‘i’md'}mmu
2189 Dale et al. (1993) AiszydnilAviniy 5.032
kcal/g DM viail @WﬁfmLw;l,ﬁmmmmﬁmuﬁﬂ
s ludR Al lunsAn e Assiii Funos EE
PN (23.35 vs. 35.00 % DM) UAHAANNNSANEAT
{ANgIN91783 Nunes et al. (2006); Eyng et al. (2010)
fisne91udn TAN AME LY U 3.026 uaz 3.219
kcal/g DM wagf@An TME 117y 3.211 Way 4.112
kcal/g DM mummu mmmummmnmemwh
AnEn109ia 2 1eaudnaduiiAn EE #1ndn (17.49
LA 16.02 % DM Anuand) TuaniziArainnsinen
ﬁlﬂﬁLﬁﬁdﬁ'ﬂ?ﬂﬂ\iﬁum@\‘l D’ Agostini et al. (2004)
fisz1ydn  ME iy 4.750 kealig DM Tneian EE
Wi 20.55 % DM aslndifesusmesnaildluass
i wardu Aafiuldan fr AME side TME flaanuifuuls
N0y EE visetuiudiutlsenetsediAmiae
isaaludndtinfivhun 9@

nsNAaaLR 2: Substitution method

AN ME visa AME Rlgannnsanenlnelsiln
szgunean (PDHD) uazlinszanan (RPBB) s
mmi‘ﬁ'ﬁmummmmwmﬁmmﬁlﬂﬂuzﬁvmﬁmmu
wmmiwuﬁma‘vmumw y mmmumawmmmu
4 x 4 Latin square (Table 4) Lummuwmmiwuﬁm
mmLﬂm‘wmme‘luﬁmﬂﬂiummmuwz\;wu e
yinlsfAn ME Aidnmn ik 2 aneviugifinduns
syAuTRLATMAeLAseeludndTinetinediedn Ay
N19407 (P<0.05) Tmﬂmjmﬁié’ﬁﬂmzﬁu 8% HNAN
ME mﬁmmmmé’qm%ﬁ”u 4% Ua% 2% ANNANAL
aeinglsAA nulednAty (P >0.05) lunsiFauiiay
Aeasiieliudazsia (4 ) TdFueimiia 4 463
delduaiduiaaiu Taidn 4 lnanesiug PDHD vide
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Table 2. Chemical composition, essential amino acids and ME content of poultry offal waste in this study

compared with other references and fish meal

POW M (61% CP)
Ingredient Present McNaughton Rocker et al. Feedipedia NRC
study ' et al. (1976) (2021) (2012) (1994)
Chemical composition (% DM):
CP 66.57 60.07 70.32 60.20 65.76
EE 23.35 28.06 13.00 27.90 10.22
CF 1.01 5.21 n.a n.a. 0.76
ash 4.90 6.54 16.86 10.60 n.a.
NFE 4.16 n.a. 5.14 n.a. n.a.
GE (kcal/g DM) 6.52 n.a. 5.40 5.83 n.a.
Essential amino acids (% DM):
Methionine 1.53 0.84 1.14 1.40 1.77
Lysine 3.30 2.38 3.77 4.40 4.90
Phenylalanine 2.46 2.74 2.39 3.90 2.40
Threonine 2.33 2.68 2.73 3.90 2.67
Tryptophan 0.35 n.a. n.a. 0.70 0.53
Arginine 3.73 3.75 3.70 6.60 4.00
Histidine 1.30 0.63 n.a. 1.80 1.54
Isoleucine 2.62 2.56 2.23 3.90 2.48
Leucine 4.60 4.53 4.44 7.00 4.52
Valine 3.26 3.69 2.85 5.40 3.01

' Chemical compositions and essential amino acids analyzed at Feed Laboratory, Department of Animal and Aquatic Sciences

and Central Laboratory, Faculty of Agriculture, Chiang Mai University, respectively.

POW = poultry offal waste; FM = fish meal; n.a. = no data available; GE = gross energy; CP = crude protein; CF = crude fiber;

EE = ether extract; NFE = nitrogen free extract

RPBB fimu TaailAnszndng 3.077 - 3.083 keallg
DM (Table 4) wandlfiiuan JLITIOPY PPN FarEan
ME lulrine 2 aneviug WiiAwidesaneiuglaily
Tne leia ldunnsnafiu
mﬂmuﬁ'mm?ﬁugmﬁwmemﬁmm‘#m
Tudnddnszau 2 - 8% waavnldenunsuaniszay
N AR e AR TN T AN ST AN
w@“Nﬂua;mdﬁmm@ﬁuim‘ﬂmﬁﬂ"w GE /infiu 6.52
kcal/lg DM #32 6.06 kcallg air dry L1ig Uiy 3.89
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kcal/g air dry %mammﬁ”@qﬁu Cheva-lsarakul and
Tangtaweewipat (1990) wvl,mmﬂmm ME 289LNARA
muquumﬂmﬂmLmuwmmiwuﬁmmuﬂu WL
AN UATSUEaAn GE mmwmmiwuﬁm (6.20
Weuiu 3. 70 keal/g air dry) a1y ME 18997973
mmuummmum@mﬂunu ME mmmma‘wuﬁm
dviuiaduduslnusaziaeia 2 ane-
g delaimundadndnydu Tnafldn ME dgannln
uAazfa lnaLAearii (3.075 - 3.083 keal/g DM luln
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Table 3. Appearance metabolizable energy (AME) and true metabolizable energy (TME) of poultry offal

waste from single force-feeding method comparing between 2 breeds of chicken (Experiment 1)

Poultry type PDHD RPBB Average P-value
AME (kcal/g DM)’ 4.199 + 0.019 4.252 £ 0.190 4.226 £ 0.079 0.520
TME (kcal/g DM)? 4.360 + 0.020 4.370 £ 0177 4.365 £ 0.083 0.898
(GExF,) - (GExEy) (GE;xF)) - [(GExEy) - (GE xE)) ]
'AME= " ?*TME=

No significant difference was found between breeds of chicken. The value indicates as Mean + SD
POW = poultry offal waste; PDHD = Pradu Hang Dam chicken; RPBB = Royal Project black bone chicken; AME = apparent

metabolizable energy; TME = true metabolizable energy

Table 4. Metabolizable energy of 4 experimental diets and 4 birds from substitution method using 2 breeds

of chicken (Experiment 2)

Level of POW in diet

) 0 (Basal diet) 2 4 8 Average' Pvalue
PDHD (kcal/g DM)
Bird No.
1 3.051 3.060 3.086 3.135 3.083+£0.038
2 3.042 3.059 3.082 3.124 3.077+0.036
3 3.039 3.065 3.090 3.130 3.081+0.039
4 3.046 3.062 3.079 3.121 3.077+0.032
Average 3.045+0.005° 3.062+0.003° 3.084+0.005° 3.128 +0.006° <0.01
RPBB (kcal/g DM)
Bird No.
1 3.047 3.067 3.090 3.126 3.083+£0.034
2 3.045 3.057 3.084 3.127 3.078+0.036
3 3.051 3.064 3.087 3.123 3.081+£0.032
4 3.040 3.062 3.080 3.128 3.078+0.037
Average 3.046+0.005° 3.063+0.004° 3.085+0.004° 3.126+0.002° <0.01

#4Values within a row with no common superscripts are significantly different (P<0.05)
'No significant difference was found among birds of each breed

POW = poultry offal waste; PDHD = Pradu Hang Dam chicken; RPBB = Royal Project black bone chicken
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Tnel Tangtaweewipat et al. (1988);

Cheva-lsarakul and Tangtaweewipat (1990) 16 l%

ARG TENITUNUNBIMNTNUTUNANETTAL
Lﬂﬁ%ﬁﬁm’mmmmmﬁu’fmqﬁummﬂmunnmﬁm
wazanusarinSatadeilianunsanauanldlus
fanAuenug g nadinausiliauga ufdrazses
vinnimeasaiunatuuwasiangeanlunis-
wisendmgALRAIN

ANdayarT ME 2848 M1 INANKAALITAL
711#a1n3% Substitution method (Table 4) & 1 @1
LN dNNTDAneETILAL (Linear regression equation)
{0 AN ME Teairmivaeiasasludndtinlaesinune
miLmuﬁmmiﬁugmﬁizﬁu@;mm (100%) WU
A1 ME Tl PDHD winfu 4.083 keallg DM %38
Wauwindu 3.819 keallg air dry Ingaun1sidumnss
fidnunndld Ae

Y = 3.043 + 0.0104X
(R- square = 0.99; n = 4)
dgalulA RPBB 1ilednaunsidumss Wi
ME LYiNfTU 4.046 kcal/g DM

VeI 3.784 keal/g air dry Tneaunnsidunsadi
Al Ae

= o

NezAugagaian

Y =3.042 + .0102X
(R-square = 0.99; n = 4)

WA Y = A1 ME U84LAMUADLATeS bERT

Hn(kcal/ig DM)

X = szsunisldiAmuaaLnsas ludndin

4 &
WNUNBIMNINUTIN (%)
° o ~ °

n = auoudeyanldlunisAiuan

R-square = mmmﬂi”mwmmmmimmﬂﬂ

AN 2 aunntedu A dusLAnE uans
n3sndula (R- square) §909 99 % Fudannny
WHUENUBIANNNT BEN9lIAMNIH AU ANAINANY -
uﬁ*ﬂ‘umﬁmm'ﬁmimﬂuiﬁlﬂﬂmmmmwmfﬂum
W9 WUdn DA ME Ris1ndn anaiiteganniiu
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a o a a A Aﬂl 9 o=
837N TRYRITAN AU THALATUAeIATR UdRdTn
Tne Sibbald (1979) Falugsausmnmatiauazdsnig
gudumamasnuldlseloadldandngauanmng

o

&ndtnatnsing 1 I Aanind nslidndinnu
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qmqmm‘wmmummm (single |ngred|ent assay 1%‘161
NEAUdRnALUNSTHAWINGY Tmmmmmuuumw
TnruzlnapeaiuAufeIn1sresdndnvirei
BINNTATHETTNTIADE LAY Lwizi’mi*ufmqﬁuﬁﬁ
Tnausiilianga liinfu S liRudunanfiadeiy
wanedu a1adanaldusaganinaesdninnaeg
AadnesuacllvnzaniudngAuuisata Tuane
ﬁﬁ%m:rl,muﬁfmmiﬁuﬂmaxﬁuﬁifm i daringn
NAMLeMNTHAN luuAaz sz A LN ANN LA WA T
widnduatigeannuazldinanlunimagauunm
wignuTnTanAINLl sl TasA TN AT g
dselomildnasdngau (Miller, 1974) n19A13aD4
ssanT1A99TngAn MmN zAuaEnn9uAn ME
aaflueadn Aty Tangtaweewipat et al. (1988) 14
AnEAN13MNAN ME anndnal@enusuasdauzuay
‘]_Imiﬂ?‘ﬁ%LLVI"LA‘?]Iﬁﬁuﬂ@d’aﬁﬂﬁi‘ﬁuﬁ’]%%@ﬁﬂﬁﬂ%lﬂu
anvsiAga ludadiin wudn draldeniian ME #l4
AN 8 ANNTIAUATIAN NG AN TEAN
Fnalilluingauiesiaies uina ME ludaug
waziulduanseiudnu TagasldAniigendnaals
fagpuLietiaifatetienn wiilesannlud
ALY trypsin inhibitor Wa& chymotrypsin inhibitor
(Tangtaweewipat and Elliott, 1989) ﬁﬁﬂﬁmﬂ%’
UselamfldannTsiuanas denaliilaldials
TnAuiieTiiaiion ME 3aansas

A1 ME m@mmmmm‘lmmmmmmmiu
f&”mﬂﬂLmummm@wumuummimu uaa lfannig
nanaalsziluAn ME m@qmmmmmfaﬂummﬂn
sLuvl,ﬂm 2 mﬂ‘wuﬁ (Table 5) A1 ME L‘wmumm‘vmu
Lﬂmm@me‘luamﬂﬂmmuwmm?wumu (2, 4
LAY 8%) T9qanAaeiL Miler (1974) wimnmqiﬂ
udadnadu InantsldiAmvaniaiesludadiinunuy
luazsu 8% flein ME gean uazilenIndideaiy ME
spqiAvAaLATeludndinfivinunalng 1daunis
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Table 5. Metabolizable energy of POW calculated from single level of substitution method compared with

the predicted from regression equation, as well as from single force-feeding method

Methods Average from two
PDHD RPBB
breeds

ME of POW from each single level of substitution’

2% POW 3.973 3.785 3.879

4% POW 4.059 3.981 4.020

8% POW 4.101 4.017 4.059

Average 4.044+0.065 3.928+0.125
ME of POW being predicted from regression equation 4.083 4.062 4.073+0.015
ME of POW from single force-feeding method 4.199+0.018 4.252+0.019 4.226+0.079

ME of Mix diet - (% basal diet x ME of basal diet)

' ME of POW at each substitution level =

% POW

POW = poultry offal waste; PDHD = Pradu Hang Dam chicken; RPBB = Royal Project black bone chicken; ME = metabolizable energy

nAnag (4.101 way 4.017 kcal/g DM vs. 4.083 LLay
4.062 kcal/g DM luln PDHD uay RPBB A1Na1swl)
LA A UININNARINITUN ME 289LAEUARLATAY
TudndtnaaenisunuiszfuRen ArnaenlEnssay
8% ArHAINHNLNUEINNTINIEALDY HANIANHIAT ME
lunfafldanAaeeiuse11aee Tangtaweewipat
et al. (1988); Cheva-lsarakul and Tangtaweewipat
(1990) 1316971491 ME 2894RQALAMNITNNTUNUTA
armsiugunsziulaszAuniiainaanadesiy
AN ME N1ARNNNI3N U A ANNNTDADDE LHAAY
IndtAgeiuszaulatusasiuediusssna1fans
TanAutiady aeelsfiann A1 ME 2991AIMAD
dl 9/ ada o o a o a = a
wisedludndtnannasiaAulilniudngAu e s tin
- o A | aa Al & !
Wen geilA1gandndsununeinisiugiu tne'ln
PDHD fANLInTu 4.199 keal/lg DM dau'ln RPBB
HANYINAY 4.252 keallg DM wanaliidfiugn dngau
a A = o omi ol 9 A °
TALAUABLATR ARTTN N E AN AT Mntin
A1 ME D laannnistiesulilifuidmuasiaseslu
9 o=y a a Y o o =)
dndinatananllldAuanlugnsarunsdndin
Faouiluldlandmndas lasunasanulddss Tomils
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ATUE9U 1a9ann 19AN ME 1e9LAtuaeLped ludmnd
tngaiuaauiuaselunisaiuan
WHanIN17Leat AN ME 989LATUASLATE 1Y
&ndinlulnivivaesanewug wuda nasldannis
anneudAILRALYINAY 4.073 + 0.015 keallg DM
yiraieLwingy 3.791 keallg air dry BellAInalAe
e A A e o d - 4
AuAedeLla LAY NAeLATa I UERTT NN
BMNINUFIUNITAL 8% (4.059 keal/g DM; Table 5)
Py = A P N
uanlaannnisanen lumasetiiatinll
wWraumeuiudayaunasdu o wudn 1A ME v3e
AME finN419189114989 D’ Agostini et al. (2004)
371891U4A1 ME RAWYINTAL 4.750 keallg DM dauflu
wiwnaetrzed ludaddnillsiuuaz lasiuganin
(71.92 8% 20.55% % DM M1NATAL) LLﬁiﬁﬁ’}@jQﬂ'jﬂ
Udedibie et al. (1988); Nunes et al. (2006); Eyng
et al. (2010) TI31819711310 AN 3.180, 3.062 LAY
3.219 kcal/lg DM mNa1su da1usueA TME flaann
= Y X4y ad o o a A
n3anen luasall d9lsanndsuesulilnfuAwmae
4 e e o~ 4 Lz
wzaaludmndinaiamen Inaanannling 2 ane
Wug AR 4.226 keal/g DM 11 wugn SAN60
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n41 Dale et al. (1993) wsigandn Nunes et al. (2006)
ARUdann B989ulddnTAsindy 5.032 uaz
3.211 kcal/g DM muansu Tuauidan Indlaseiu
Eyng et al. (2010) N312197%431 {A1 4.112 keal/g DM

nannsAneE luAfaiuana iuIN A Yae

dl o o=y dl R z d’j a 1

e ludnddnnldAnwnaiai AA1 ME gendn
Trgavdszimilsaunionldlugnsannsdndinly

v Uantlu (61% CP) waznIndamane a9l ME

BEl7 3.065 WAL 2.478 keal/lg DM maNansu (NRC,

1994) Aa4e7aLdudeAd 1 USUN17AaN 1T LAYLNAD
A o o=y A = ° , X
wraaludndtniidwAmuasainlsednunazlniile
TununnAwile el wmasdndtnauimanly
Viesnuize luguausing o Ineldnaunudngauumas

TsRunfianldlulaqii

G

s vaaiasasludndtn (Poultry offal
waste) AlgannTsearudiunazluiuiisanda
Favlval wazdrnu Tedsznaudasnszinazin
nsvmnzase anldidn 1dAe anldlug) Audeu uax
lasfuvieuedenslugesias el autoclave
finanudu 30 psi gaangl 134 C iluiean 3 uail
A taruriisuidufesacaesdngui
(% DM) ol CP, EE, CF, ash lay NFE winfiu 66.57,
23.35, 1.01, 4.90 A< 4.16 ANa ey Iaadl GE
WINAL 6.520 kcal/g DM

dlasammvdaiateludndtinlynisn
wasuwldilselaad aoedsnistedulinuingsu
WA LAEn Lmﬁ'%miLmuﬁmmiﬁud@mLuﬁim
32 Arnuuldnisvaunadaagaunisannae’li
il esaesanaug (Idszguiedniiauiy
linszgnan) uatsingdn lilasnunnsnaiu
FENTINNAIWUG dedleuszninddanis Andeenn

Tz laadaaqiAwivaaiazasludndininlea

aal o o va o a = a a 1
a1nasn1sAU IR UTR AU TiaLR 949N
1w taeldaunisnanealantian (4.226 +
0.079 vs. 4.073 £ 0.015 kcal/g DM) atin<lsfiA 38017

e lnglFaun1snnnauNaN AN BNUENNINNGY
d‘l a v o k%
Wasanielnalassiunisldilssnaugnsanng
434 (R square = 0.99) asuuzin lilddayanaaanu
sz lemianadmaniazas ludndtnivngy 4.073
+0.015 kcal/g DM v32 3.810 + 0.014 kcal/g air dry
ImﬂLﬂumﬂmmmﬂmﬁﬂmmuquiwuﬁm
sl ArADLATee UARTTINIL AL 8% (4.059 kcallg
4 . < . N o
DM) #4812 1NUBNDNT2AUNNT I LA UADLATEA LY

o

AnTtinAwnnzanluanunsdndiinle

nnmAngsNUssniA

21822LAMUNIAITIENIANGRT LA T AR TUN

o

ADIZINBATANARNT NuNAneAaTe T ﬁﬂuumu
VWA WAZIRTRUAT ANAANT WALHEIR HAANIs
il drifnenndesing Ui wnalnsineas
fqmmumauﬁﬁm ID YT NE PRt GO T AT
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Effects of Gamma-Aminobutyric Acid Supplementation in Diet on Transportation
Stress and Growth Performance of Whiteleg Shrimp (Litopenaeus vannamei)
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Abstract: The effect of 0%, 0.2%, and 0.4 % gamma-aminobutyric acid (GABA) supplementation in diet on
transportation stress of PL25 and growth performance of whiteleg shrimp (Litopenaeus vannamei) during
PL27-PL87 were investigated. The first experiment was assigned a factorial of 2x3 in complete randomized
design (CRD). PL12 Shrimps were fed 3 dosages of GABA supplemented with a commercial diet of 39 %CP
and 7 %CF and coated with pullulan at concentrations of 20 ml/kg of feed then applied to shrimp for 14 days.
After that, PL25 shrimp contained in plastic bags (45x75 centimeters) were transported at 100 and 500
individuals/liter for 3 hours, and the postlarval quality was investigated. The second experiment was
assigned in CRD. Shrimps transported at 100 individuals/liter were fed continuously and acclimated for
2 days then distributed in a glass aquarium and fed certainly GABA treatment diets for the other 60 days to
study growth performance, while shrimp fed GABA diets during PL39 were applied stress at the end of
feeding experiment by disease challenge against Vibrio parahaemolyticus AHPND for 12 days. The results
found that shrimp quality and survival rate after transportation was higher in group of shrimp transported at
density of 100 individuals/liter than 500 individuals/liter and certainly related to levels of GABA in the diets
(P<0.05). Shrimp at PL27 -PL87 fed diet of 0.4 % GABA had the highest average weights of 2.367+0.110 g
(P<0.05). Under stressful conditions of Vibriosis immersion test, the bacteria count from the hepatopancreas
of shrimp fed a diet of 0.4 % GABA was the lowest, and shrimp had the highest survival rate (P<0.05).
In conclusion, GABA 0.4 % supplementation in shrimp diet could promote larvae shrimp quality after
transportation stress and enhance shrimp survival rates during disease challenge stress conditions,
including improved growth performance during high EHP infection.
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Tuannssianninnieanouauuly PL25 dFuAmAIEAIINNs TS uwaznsdnlaneafeauun
luginaszez PL27-PL8T n1smaaadd 1 NIAALANIINAABIUUL 2x3 unnaEea TULHBNITAAILLILIN
autyral ¥amauasa GABA 3 szl wanvnednfaguliia i 30% uwarleil 7% ideudsgnsazanamaguay
831491 20 NadanIsieaInis 1 flansu ﬁﬁmgﬂqrﬁﬁ:m PL12 w1u 14 1 mnﬁuma‘ﬁwwufmmiu TTeY
PL25 & lUQananafinaun 45x 75 WUAWAT ANNUUILLL 100 kAT 500 FRseans sztizinaRldneuds 3
T dszifiuanininisnandanisaugesium Memaaadd 2 279U CRD U anasudaTn 500 Fasie
ans undfuanin 2 mum‘l,ummﬁﬂmmm 100 An7 waziABIAaEaTNSLAT GABA siaiiauillunan 60 §u
LW’ﬂﬂﬂH’m’]iLmuIm meﬂimumum@ Vibrio parahaemolyticus AHPND 11U 12 94 NANTIIAE WL TEAL
GABA ”LummmuwmnuamquqLL@v@mmmﬁ@mmwmwmmmwwmLLuu 100 FsBaRT gan31 500
Faseans (P<0.05) Mawiuinuesiasyey PL27 - PLET 753 GABA 0.4 % ﬁﬁmﬁma?{ﬂzmm 2.367+0.110
nfu (P<0.05) uazmeldanziisananidarialsalu feliudan GABA 0.4% fisunmidenstalusiy
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doaduaTuan e lfaueTaa lun s wazfingninssenmeluaniaz AMIFREAA N arie
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Rannsananusetiaaiulsaillaasnellssdnann
a A a oA d’l U 1 o o
e auuan el UL sdu LW n1sdanisnnfu
2819ANINTFIUGNIAN UL N1TATLANATINN
mmummmmmsﬂum@ummLm@naimium
mil,@faﬂ‘lm@ﬂwugwu@mmwmeﬂmmi‘m qaan
= a Py ¥
Anmdsalunininlsnlaannie Inafaannng-
Tanistfeasiulsaszudnanisiaasaauglidas
(Limsuwan et al., 2006) N19U5UaUIALAZRIEQN
¥ +% 1 6 1 ‘ﬂsj 1
naliuinndnszes naandan 12 neuasiaeslule
P v o a a Ao A Y
waliidnasanuaznisiasuinia Wasainds
HWBWINN99893 T ULN O NUATAIANY D] A1NN9D
dfuannaresnssinuazinluiienigainnis
wWaguulasaanuiAsls (Department of Fisheries,
2018) nnslfuaamanuidaenisiinlsnaasgnis
MnziaeeludnaauuuLugs Inarinniams
wraLAdaLUAN LT HAaslue1IA U AR iud
WRAAN LT mmmmmawu‘l}ummﬂ memuuvl,wa—
Tne 1 udu g1efitiunAuielAdeudazny
maﬂixﬂauwmmy AMNINE13UsEnaUNURAN LEu
nau Wanlauass (flavonoids) wnuiu (tannin) a1t
U (saponin) waz NTANWAAN (phenolic acid) 1iu-
2% U a dl a o Y F2
Fu arNnsnsinuayyadaseinanielusadalamidu
a¢i149/ (Bahorun et al., 1996 Froehlicher et al.,
2009) TR8AANITNNATELTAR AAFNIITAIHLATEA
dl o Y v 1 v a v o Y o 1 =
N liiseeune nerAuiANAuliineIuetnal
1s2@NTN1NHNINTN wazdal A ngNisalunng-
o Z’/ a a = v 1 = o £
gy Fuuaziiasls Nuaunaaiunisldans-
anAaNnNNT Wiw Nanzanalas neviian nIziasy
= v v & a a
FNTLY LTUAYK NATNITOATUNIULTRULANLTE
d’l o E v a a v d‘é’
wasn uazladals warlinnaasyiulnaesianau
(Chirawithayaboon et al., 2020; Tummarongkongsatit,
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2007) wanaN AnaEBdaEn AN LR Tuia-
nenluaruisieaauauuun lu [aanAILIAE s
mafinten uazarunsanaumuenljaausls
neawnuNneeiludanTndauantmv
ansasugnd doulunnuladluiduazarunsn
zﬁ“\uﬂmvuﬁummn@auﬁﬂﬂlﬁ” (Jannoey et al., 2010;
Jorgensen, 2005) Amnutlaensis ”measlmnm@umm
plafafa Waszasinaanfnauiedifiude ansa
franuilasadusdeaninuanasn wazgustnm
Fntiiluansdaedszany waziAniaNtfaeg
mmmmmwwmlm‘tqu@ﬂm lunstasanansayya
dasviiufin lnadudenauiinlnfvesansie
dszamduiinanasnuasan doanseriusenliva
Iﬁ’mama@ﬂuuﬁﬁmﬁﬁﬁhﬂumﬂﬁmLﬁ‘uimLﬁu
u1NTY NITAUANINALINDINIT WATRILATNNNG-
Aua1113 (Wu et al., 2016) n191181981119 b 14
azavluiledaviaisadiing I va9dA i n1alsy
microbiome Tua1l& AsuAnan1azaig 9 n1alu
sr9nnelnAned denaliifinnnsairauastesumy
d9Upin9 ] 18951908 %wvﬂﬁfmslﬁﬁuﬁmmwﬁ
Ay Tearunsazanlesiu aransatlestunisifia
srauwen e lunszuaidenaenaduunau (Liang
et al., 2022; Xie et al., 2017) AaLANNANUITANAS
agjLaxa (van den Pol, 2003) denalignisannngn
NUNUAENTIL AL AIAULE LA YA NNUNNL
fanasunauet19sdundwld (Xie ef al, 2017) iln
Wrnadaueinisieananauunty szavina-
a1§an aulisanusszaziedagu AN 70T
ansanns-tasaytiule 1ngansaannisinanasiy
LazfusauiiafinAinuLATen denaliiuLas
ﬁuﬁ@uﬁﬂmmwﬁlﬁ%u NUABANIITWIARD N
Audauutlag @mmmuummv m”muiummm
mmm@ummmumnummu@mmmum
funnassananundenlunisiuilefuidenalsa
ﬁ@zqn@nLﬁﬁm‘lmwdwmilﬁm (Ngo et al., 2019)
wazanIanaunungdeldcusle (Bae et al,
2022) Tnenuananslasmestulnalalas (triterpene
glycosides) ﬁﬁ@m@uu’”ﬁ‘lumﬁu&q WUATFEUNTN
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aULAEds LA (Abdel-Naime et al., 2019)
= Y I R

nMeANEIANUNIRnUszasd iNaAnEINg
YRINI9LEINNIALNNNIDz R IuTa N3N Tusydu
Munnsineiuluanung deauanysnizeeianng
wAuLN N 22812 PL25 N1ESUAINNLATHARANNNN UL
AEMTVANN AU LUBLANANTU LAZANHILANTS-
WwigtAuln dnsnssenmieaeaieIowauu by
luszndnanaiaesiaseay PL27 - PL87 MlATuNs-
wE3ungaLNNNIz R ludaiTnAseduumnmAani 1
Tua1ug ek e lunsldnsaununnesi -
A ma o ]y &
davendfutlpenmunindaziowouunluluniaies
aanemINgsiall

d aa
AUnsaluaziannsg

Aninnaag

anieanauouun i szazinaansan (PL12)
WFNeNTU BUNBNLNLAY AANTAUATL TN fitinu
N1369933LATNEHANINAINITT SN U TaLnA
yaaeufianendiing efudunislasilan
fiddnylufenauauunla tdud Tsannasiau (acute
hepatopancreatic necrosis syndrome: AHPNS), 13m
ALAIAR9U9 (white spot syndrome virus: WSSV)
uaznagaUNIR A eluTAsateAe (Enterocytozoon
hepatopenaei: EHP) ﬁﬁﬂﬁ??ﬁﬂgﬂﬁﬁm%muuﬂm
A1 20,000 A9F0LA 414U 9 e IUIALS
2x2x1 1mg Ysu1mas 2,000 gnunariinms Tia1mns
wunsaunamnesfludafiniiszdu 0, 0.2 waz 0.4
waidus luauisdiiiagd duay 6 Ase Hanns-
Lﬂ?ﬂlﬂuﬁwﬁmm@mmnﬂummL'?mv;ﬂf?u naunns-
2UAS 14 14 (PL12-PL25)

ANUITNARDY
anmaranauauun b szazinaandan iy
amnsdFagUrilainanan gausugnivitdeussey
7 19U1R 1.2-2.5 [URINAT WTIN1947 NRAN-
dndulnauzszaulsaulideandt 39 % uazlesiu
[R% 1
Tiitferndn 7%
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a a aa

neaunuunesiiudafien iuayulnsuan
YAINTINNAN hawthorn, naN valerian wazianiia
Bu ) 11U hops, WaluseAiyan wavazszumy
(lemon balm)

Vinnasiasunsaunuunazdtudonsng
7LAU 0,02 way 0.4 wefidus luaiuisivang
WIRUN N UAILARRUAIEAITATANEAUAY
lugnsndau 20 Hadanssieainisdisag 1 flaniu
dJ v v
NI PR

msvasasi 1 wWisufisunarainisiadunsa
wnuwazdluiafidnfiszaunansrenuluaims
ABAIMNANUTAIIRIQNNIIIWIuUT TN Foas
Twaia191 25 ALATUAMNLATEAIINNITTUES
RrBdRsIANNUUILUUTLANFNeAY
NM9AALANIINAAEILLL 2x 3 unvaFea
TukkuN1IAaeuuUguanysnd Taavinn19Ane
2 1ade T dnsraauvmudulunisaugesinaiu
2 526U A 100 uaz 500 Faetin 18R WAz sEaL
natasnnsawnunnaziluiansnluanunsdisagy
392AU AR 0, 0.2 AT 0.4 %
faningsunsaunuuneziludafisng
LAV 0, 0.2 WAy 0.4 % Tuanunsdeaiauauunly
uaalAReUAIANTaTANNAgUAY (pullulan®) Tu
8n91491 20 Hadanssiean1sdndagy 1 Alansu
Haauliuda drldideegniaanauanunluszez
PL12 1 U0 149U mm%miﬂzgﬂﬁq svely PL25
U939aelUINAIARN YIUIA 45X 75 LIURLNAT
fihihaanadn 2-3 davluiugan Feunnssinide
AotAREIULAY TudRIIAINULILLL 100 WAY 500
fasienn 1 ANTABNY ANTANIINAREY NINTLFAN
aniAkazlda1eindingeliatiniaunisaugs
sruzaIugs 2-3 dalug mﬂ&uﬁmwﬁwﬂ’mﬂ@
AN INgnisaanauun lunndsesuwlulama
NENAINTTUFIURIATANUA
NAFDUAUNINGN AT UUN lHA113E
g3uwWluleina (Ruchirawat and Vaikrudha, 2003)
IneguiiuFAaet19gnia PL25 41191 20 Fd 1n1e
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Q’mmi‘uuﬂ'ﬁLLa:ﬂ’liLauTmlmroW’]'nLL'J‘uu'lllu (Litopenaeus vannamei)

neaabinzuunAINaNysinelindesqanssmyl
ANR9E78 100 11 (10x) higeanuily a1uaun’
AINENIED AYIHANYIILR98NNA UsRnnieuan
Snsndaiiiared g (M:G ratio) U3unassintsin
TuduwazAnanysnfaesiugnie agduanisly
pzuuiulafidusiuinsgaunisueniy Tnedumne
mimfmmﬂlﬁﬂé’@m@miﬁﬁ%mmuumim%
Faust 85% %uiﬂﬁwxﬁﬂdﬂmummm‘mm;gm
(Department of Fisheries, 2018)
Lﬁu%mﬂmﬁqmmwLﬁﬁmmwf@mmw
aniea1auauun il 1nnmegeuA NN UNIUGe
AiAsen Tnansudinan duiusaetnesiua
100 i 1 utlusihan 7918 30 waTt udavinnnsmaaa
Hunissannavesgni Aaslitieandt 90 % uaz
NAFBUNITUTNDTHIAY G LFALeE19a1UIU 100
i autlusinesfndu anudad 100 ganlusiv
g 71913 30 wnit udamsaariunnssenmneasgni
faalitiasndn 95 % (Department of Fisheries, 2018)
NAABLANAINGNTIT1IuIBUN N AR Y
Famnseng@ainen Taafinsmaitade tHur lsanns
A1 (acute hepatopancreatic necrosis syndrome:
AHPND), T3AF2LLANA29219 (white spot syndrome
virus: WSSV) (Department of Fisheries, 2018) Tne
Wnsretinegnie lidasndn 150 fiv unsndauiaaan
L‘ﬁ"ﬁ]LLEIﬂ@"Juﬁl’]ﬁd%dﬁ@’]?gugﬁﬂf]ﬁ?‘ﬂﬂ PCR %11
nsunldazidan defaating 1 nsu thlilafnans-
wugnesu lneldgannaaudiiiagl DNAZo”
Reagent LA2A4UINIATIARIENATA nested PCR
el primer 2 @: (Songkhla Aquatic Animal Health
Research Center, 2018)
¥nsasageunisindelulasqleife
(Enterocytozoon hepatopenaei: EHP) ULANIZEIU
Au/Fueeu ‘Emm@wqﬂuﬁﬁLLuuaﬁaqamﬁuni:wa:
819113 2aunusualas vaanNnay 1 e ey
matl cover glass Unlidasnialindasqanssasl
Tnasnunizalesues EHP azilzdiianan uazgilse
Adne3n faum 1 - 2 luasen dedesldindanene
1000 i1 (100x) (Department of Fisheries, 2018)
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AAgzArmINulslsaun1satflag
analysis of variance (ANOVA) kazll3e sy aany-
LLﬂﬂﬁi’N‘ﬂ@x‘iﬂ'WL’ﬂ?\\jﬂixﬁfi’]\iﬁrﬂﬂ’]iﬂmﬂ'ﬂxﬂﬁﬁliﬁ%
Duncan’s multiple range test (DMRT) ﬁﬁ‘zﬁumm—
asfu 95 wefidust Faslisunsudy 3931/ SPSS

NN9NAARLR 2 Matasunsaunusnaziludafi
Snfiszauuanmreiuluaiuis sanisidula
anfeanawauuilu szazingansan (PL27 - PL87)
LAZAMNNNUNIUARANNLIATEA LUEN1IZN1TUT
ﬁ")ﬂL%’ﬂ wuANLEe V. parahemolyticus ﬂ’lilﬁ'uéﬁ
A519815NE N LUNALIARTEAIY (AHPND)
PRUHUNINARBULILIE AN IR (completely
randomized design, CRD) uthuiflu 3 gan1Imnaed
(treatment) luusazgAnITAaeIR 3 91 auaily
928121981 60 TU ﬁﬁlumqmmimmm fisfuAanu-
Wnduaesnsaununneazdudaiizn 0, 0.2 uaz 0.4
wWafidusl tasuluainisdfagy udapdaudiae
a1970zaN8Naquaw (pullulan®) ludnsndau 20
fadansAee misdgagy 1 Alaniu wnldides
farauauunluszay PL25 AldFuniniainnan
wnuNnezlludafsn 0 wWefidus nenasnisuuds
ANAIBRTIANUNLLL 500 Fasadns TUN1INARDY
i1 INNNIGNARLADNTR AU 120 F6iRE] ANAAES
f5u1m9in 100 ART ANALAN TR 3 danlu
Wudau Ianvnsduay 3 Ak nelifuenmsduas
10 iloifusf s09tinminga vinnnsulasudneninuas
AaRznauteadyNdl iudayanisiulnuazdna,
n133aanne IevinnIsguiiuAtet19gniaeIa
LL"JHLL’]VLJJ Jeely PL27, PL39, PL51, PL63, PL75 ey
PL87 S119u 30 i ndainmeinifeviminiede
5B 617 LL@W’Vé”mmmﬁryLﬁuima?iwi@ffu
(average daily growth: ADG) LALUNIERATINTIDA
pAe (survival rate) NEMEInIsFItAu N LAy
U 11 rfffg'afjwﬁm\u?:ﬂﬂuﬁjwmmwj'ulﬁu
NINARBLAITNNUNTUABAITNLATE A
mﬂﬁmmwmmnﬁwﬂ’ummL%@ﬁ@‘llimgq GINGL
aniderelsn V. parahaemolyticus 18114979
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WoUB N F28Y PL39 (T99LARULINUAIASLAE
MlszauTyuininialsanianau) uinagday
AN IniaatluanazaezsaaInimanalsn
V. parahaemolyticus AHPND Ansidiudugs (1.0x10°
CFU/mI) Tnei38n15u (immersion method) siaLilas
91N33N197284 Balcazar et al. (2007) 1ilugzaziaan
12 34
aa = & X
1INTTLATENLTD V. parahaemolyticus
angugnialsn AHPND ALfiunsTagnsIzIags-
waluaruevnsuds tryptic soy agar (TSA) AiRAINN-
Wndunasinae 1.5 wWefidusd duimenanugi
35 avALmaLTaad tduaan 18 42lug U single
colony a113u 3-5 TaTall unldaslueunsiuan
tryptic soy broth (TSB) Unliltisfigounnd 35 asan-
wadea iunan 18 dalue anntudn lddTuimies
o Y I .
Wauanmznaw AaeiATasluinles (centrifuge)
fIANNLF998U 3,000 FOUARUNT GRUNNH 5+ 1 B9A
walded mdiulana TnN1TA19RTNaNA2EUINAS
¥ ¥ & & & O i’/ £ o
AnuLdudw 0.85 ilafidus anuau 2 AFe udann
N171RAANALNAULRILLATIFUAILUNNABAINN-
v v @ & d‘ o v £ $ % o
it 0.85 Wefidus edamududusaanisdn
! & Iy A a -
ANNNTAANAULAY AdelATevallnIns W inslined
(spectrophotometer) NAMNEIIARL 600 W1 TLNAT
USuFunaudeieudu 0.5 McFarland (L3un04i@e
fAndszunne 10° CFU/mI)
mﬂmmummumuuﬂu srey PL39
¥nmiinsaneds 1.31+0.00 N5 AINYAAILAN
AU3 30 A L@m’lu@ﬂ@v@ﬂ 1A 18 ANT AU
9 ¢ 1&1@a V. parahaemolyticus Nimzanld 143
Ysurnnaanialug 10° CFU/mI innasldaunsus
azgANIIMAAeY Juar 6 Na linisuasuaiein
UAZAAAZNAUAUAURANIINAADS LHENAABIATL 12
T uauuianAcuae LNeu18RsIN193eNA"Y

=® dall a a o o 1 ° v
wazAnEnUINndauuAn S lusuuaziuaau a1 ld

wazinianennelug Tnaguisnausunluusiazgn
NIINARRY AU 5 A9 LALALALNALLAALAAY
wiandnd Idlunasalufuuan (microcentrifuge
tube) 1A 1.5 NAAAMT FnMT RN A AN
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Wind 0.85 Wefidus Usunms 100 lulnsdans
uamete s deauda Anuunaenududy
0.85 1lafifus finadlddn 900 Tulnsans nanlss
[N uR2E vortex 1NN171RAAN9A0ENIALLAZAL
dau niananld Lmzﬁu?:mmﬂ‘l,uﬁjﬁixﬁu 10°,
107, uaz 10° gasaeteaqadin Usuams 100
lulAsans N1A2aWURTUIULLATNLTY A283D
spread muu@’]ﬂﬁilﬁmﬁ?ﬂ thiosulfate citrate bile
salt sucrose (TCBS)) ﬁﬁm’mﬁuﬁ’wﬂmmaﬂ 15
wefifus wdairlduiignund 35 asrnmaFua
fluinan 24 4aTue tusrwanlalaiididen veaite
V. parahaemolyticus ARty Ul Auaumn
‘]ﬁ‘mmm@luﬁmﬁ colony formmg unit (CFU) sy
wazan 14 1 ndu vise WAL 1 Hadans

AprzArAanulsdsauntsatnlag
Analysis of variance (ANOVA) uazitFauiiguaanu
LLmnﬁmmmﬁmmmiL@?mLﬁu‘llmLfa?:'wi'aﬁvu FTUIN
mjuwmamimﬂ%"ﬁ Duncan’s multiple range test
(DMRT)ﬁ'izﬁumwﬁﬂﬁu 95 1aFidus Aae
Ttlsunsngdizagyl PSS

HANITNARIRBY LL@S%Q’]';TKII

naveaadi 1 1iaufisunarainis@dungs
wnunraziludafizn fszauuansnaiuly
21919 ABAMNINUDIGNNNLIIWIVULN Fo8Iz
PL25 #lASUANNLATHAINNNSUURIAEE T
ANMNULUUR AN AN
Lﬁﬂwm'ﬂuqmquﬂf’jqmm%%ﬁuw’
utame wudn gndsauaunlu szaz PL25 7K
nsdsunsAunNNnes N udaNInseAu 0, 0.2 Lax
0.4 wWafidus luarursduiagd nenasaugesae
FMIVAINUMULIL 100 Farenn 13R7 AR
AZLUULYMNGL 85.00 + 2.00, 91.33 + 1.15 uax 96.33
+1.15 1WaFEus AMNAIAL WAZNEVAIIUFIAQE
FMI1ANUNUNLLY 500 Fasiatin 1 Ans AnLaAs
ATUULATUNIWINNAL 77.00 + 2.65, 88.67 + 0.58
WA 94.00 + 2.65 WlafiFus audndiy Gaflrniads
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Q’mmi‘uuﬂ'ﬁLLa:ﬂ’liLaUTmﬂlmﬁwwqLL'Juu'lvl.u (Litopenaeus vannamei)

AZLULLANANTUa LN TTIAATYN19aDR (P<0.05)
LARA9IN NITEINNTARNNNazRTuTANT NN sU

5119 ) wazdnsA R uiulunsauds Huavinlg

ATNINTBIQN 919w WUN L AN atNel
UHAATYNNATA (P<0.05) 8M9IN1370AAILUBIN
g9 LU luT TUF A2 8AN MU WY 100 Fasie
am9 ez 500 AYFRART LTHUANALERTNdaUNNT
wINnIaunNNIaziudasnszdusig o luauis
Tnafidmsnisranmauansnaiuad19adiad1 Ay
N94D5 (P<0.05) (Table 1)Tmﬂr§qﬁ19ﬁ”§ummi
iaannsaunuaneziudafinlusziugadu fenm
s@mm%u Lf’immﬂLﬁ'ﬂ%mﬁwmLL‘Liu‘lumﬂum
funnidwl & feazaNAINLRTYA @um@qmmﬂmm
‘Lummfs”wmmnmiummm mﬂmﬁmmm B
umil,ﬂ@ﬂuuﬂ@wammmwm fnsifindnaes
wan e uazlulned 3urneandiauanas d9ua
NIENUABNITZLIUNNINNATIAT DEN9UII 71 Lokl
Aanasfutwes Wiuldainiisansdfenaniay
(Pratoomchat, 2018; Wangsoontorn et al., 2013)
aziiulddn femauauunlufildldfunisniaiunae

a a aa IS (3 ! v
unuunazdludonanluaiung HTHWANANTEY LN

PUGIAI8ERIT 100 A2FABARNT 1178 500 AafaART
Tag@eAnnumuILLuLINT Y @mmwamm’ﬁﬁ'q
anAd ANLATERATaNNe U AenasienI -
anyraineanienInesiuLarAUeal Inesuuas
FUE0LAANNTABAFIT09YI0FL MINIAANINTY
feaziliAnNaN9I0 uN9ATLANIZULNIFIHANANTY
2191918 lusean18R1ae Usz@nsainlunis-
zﬁ”\immw’mzm"ﬁLaulﬁmﬂ,umaﬂfaﬂLmz@m%mmm
nsazanluiuianas (Hiransuchalert et al., 2013)
fodu farauaunla svaz PL2S RdSunngsy
nsaunuxnaziludafisnluamsdiagiseau 0.4
wafifus dauanmNATeAlUN1TIUET ARAIIH-
r’fm%’mmmﬁ:\aLﬁﬂﬂgluﬁuﬁﬁﬁm Inefia3eunann
HANITATIAABLITLENA N1TATLANANAALBILITIR)
Aeluseang AR1TUNIANNNNINARBLANNLATEA
Tnanisudinanuazuinesunau vinl¥a unsn
PUAIFILEATIAINNUILUY 500 AaFeanT o
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Tmﬂ‘ﬁ'@mmwmmﬁwmLmumimﬂﬂﬂuaﬁzﬁu
ALAZLUNITAN (AYWUUNINNTT 90 vaFifusl
ﬁuiﬂ) (Department of Fisheries, 2018) %QLLuQI‘ﬁfﬁJ
ARAARBANLNNTIATNNTALNNN BN IudaNTn
Twem3dnd efidu nnasunsaunuNnaz A ludai

Fnemen 150 Hadaniudaniansu Tuaiuisdeang

wanunlugasdandusn azdaansedugdduiu
daalunisiasyiuinlaiduaden waznuniusa
wesilifle Ifetnamsnzan anpasAte AT ind Y
deaniazuandenilasuulas (Xie et al., 2017)
nsigunsaunusneziiudaien luewisteanauau
wlugnsndan 100 Raaniusenlanin doaifindnm
nsasyiAulnanndy Lﬁ@@q’lumquﬁ'ﬁmw
daduasaderialsn maddudensaunssnesaly
fiafisndmendau 175.6 Faansusanlaninanung
mmlﬁ’ﬁmwmﬁ@mmaqﬁu WAASIN A1NNTD
naununisldendfious|dBnniavila (Bae et al,
2022) uazna@sunsaununazdiudaninluanmis
a1 avdqaiaaiuaNIATEA NIEAUNNIAUBUNS
szaulsiulusaniefisndy NIEFUITLUNHANTY
98491/an Jian carp (Chen et al., 2021) NIALNNNIAL
fluliafindouaoupunisnszfuilszanludng
@mﬂ'ﬂmﬂ?ﬂ mﬁl,ﬁm%u (Nakamura et al., 2022;
Turenius et al., 2009) Lﬁuﬁmiwmilﬂ?mlﬁuim BM97
N137UAINT LLmLﬁmﬁmﬂma‘m?mLﬁu‘l‘,mmf‘fq
(Jeong et al., 2020) wazln (Wang et al., 2013) ﬁ\ui'u
szAuNTEINAIansaunuNaziiiuiafanluaims
vaedAdinu %u'agﬁmﬁmmﬁmrﬁﬂ 19998 uae
fngmﬂimqﬂ“Lumiwa:L?:mﬁm’ﬁW
deneaeunmningnienawauunludan
N8N WU gnieanawoun lu svee
PL25 N1EWAINITIUAIAUBATIADTHUUILUU
100 uaz 500 faseth 1 ans linunnsiaderelss
ANEIAat (AHPND) Uas (3eMaUAIA29212 (WSSV)
(Table 1) nsaunNN1azi Tt RN dug198 AN
N hawthom (Crataegus monogyna) ﬁﬁmi?’f’m@ugﬂ
gasrananansngunalauess (flavonoids) ImNHY
@ (vitamin C) lnalalasl (glycoside) unuiiy (tannin)
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Table 1. Quality after transportation at a density rate of 100 and 500 individuals/liter of PL25-whiteleg shrimp

fed with 0, 0.2 and 0.4% gamma-aminobutyric acid supplementation in commercial diets

100 individuals/liter 500 individuals/liter P-value
Parameters 0% 0.2% 0.4% 0% 0.2% 0.4% Density GABA Inter-
GABA GABA GABA GABA GABA GABA action
Number of spines’ ~ 10.00 + 10.00  10.00 % 10.00+ 10.00+  10.00 = <0.001  <0.001 0.038
(score) 0.00° +0.00°  0.00° 0.00" 0.00° 0.00°
Completion of 1467+ 1500+ 15.00 £ 1400+ 1467+ 1500+ 1.000  1.000  1.000
appendix’ 0.58" 0.00° 0.00° 1.00° 0.58° 0.00°
(score)
Completion of the 11.00+  11.00+ 13.00 £ 6.00+ 10.00+ 12.00+ 0204  0.115 0.565
hepatopancreas' ~ 1.73° 1.73° 1.73° 3.00° 1.73° 0.00°
(score)
Lipid in the 16.00+  18.67+ 20.00 + 1200+ 17.33+ 1867+ 0.021  <0.001 0.144
hepatopancreas'  0.00° 2.31% 0.00° 0.00° 2.31° 2.31%
(score)
Muscle to gutratio'  10.00+  10.00+  10.00 + 10.00+ 10.00+ 10.00 + 0.014  <0.001 0.300
(score) 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
Salinity shock' 833+ 1166+ 1333+ 10.00+ 1167+ 13.33% 1.000  1.000  1.000
(score) 2.89° 2.89° 2.89° 0.00° 2.89° 2.89°
Formalin stress 15.00+  15.00+ 15.00 + 15.00+ 1500+ 15.00 * 0.663  0.053  0.821
tests' (score) 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
Total Score' (%) 8500+ 91.33+ 96.33% 77.00+ 8867+ 94.00+ 1.000  1.000  1.000
2.00° 1.15°  1.15° 2.65' 058" 265"
Survival rate (%) 9150+ 9333+ 97.67% 7973+ 9060+ 9503+ <0.001  <0.001 <0.001
2.00% 1.76™ 1.26° 1.62° 0.7¢9° 0.47°
AHPND ND ND ND ND ND ND
WSSV ND ND ND ND ND ND
EHP ++++ ++++ ++++ ++++ ++++ ++++

Means values in the same row with different superscripts are significantly different (P < 0.05)

' Evaluate the results according to the shrimp biotech method

ND = non-detect pathogenically, tested by molecular biological methods

++++ = More than 10 EHP spores were found
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7117 (saponin) ueulnleniiu (anthocyanin) uaz
protoanthocyanidins %\‘1'5’1 wunladndu cyanidin-3-
O-galactoside ﬁmqmmﬁmaqgaﬁmﬂrﬁ@ﬂ'w
iR muﬂfiﬁﬂmﬁﬂnzﬁuﬁlu *| (Bahorun et al., 1996;
Froehlicher et al., 2009) aMnAMaNtiEnisLuans-
FuaYLARATzIINIALNNNIar A TuTaNTnANNT
nziw’f\mzim?: Inantsdudedenalsandanis
MuAdtanRananeTiie 19y tumen sz
Melissa ofﬁc/na//sﬁﬂ']ﬂuLﬂg.l'mﬁJu T ul/mlanu9n
fududauuniide v, parahaemolyticus 1& (Yu
et al., 2022) LAZHINLINUNITANHI1TD9 WU et al.
(2016) lasuansannannluie Gynura bicolor
lua s wuan fusadwiae V. alginolyticus
wazidelasa wssv luferauauunluld way
nauasnarusiealigaunanluaung WL AR -
Frumiusielsa EMSann1sindeuyaiiie
V. parahaemolyticus lugnmeanauauunlule
Henagauntsfnidelulasalesiis (EHP)
209gnTeIuINIn lusves PL25 Aoanisdesnials
naasqanssal wuda gnissnauauun i svey PL25
AENAINITVUAIALBATIAMTNUUILUL 100 WAL
500 fasietin 1amns fnnsAatde EHP Taamuatles
Pa91@011NNG7 10 dtlef ErunanisAniTe luszs
fv+ dufluszAuiiinisfiaide EHP luteidss
(Table 1) wanannii Aaawauunlussas PL12 wy
nsRnide EHP lusge ++++ andae AMRABIALNA
Idnanaifade 1ty nstludeuates EHP luszuy
TsamnzAnuareayuia uaaldnggnivszas PL 9
Uhnuazifindnunulussumnaiuemng ez
821289gN19 (Chaweepack, 2022) ﬁaﬁﬁmsﬁm%@
Wumsm?ﬂﬂ@u%@mﬂiuﬁu uarsuaauLu
RIUAUNIN UaTHNIIUgAAENaRNNINTEN delue
arauuBaunialutiodes sunsnaaiBunnide
Tnenisanavnieanidelufaiidesannliflans
ViesnTianunsnainide EHP I aenaililss@vanm
(Songkhla Aquatic Animal Health Research Center, 2022)
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NINARRLT 2 NTLasNNIALNNNNaziluai-
Snfiszauuansanuluatms sanisidulnuag
anfernawauuilu ssazingansan (PL27 - PL87)
LAZAMNNNUNUARANNLATEA LUEN1IZN1TUT
ﬁ’QﬂL%@LLUﬂﬁL‘%‘ﬂ V. parahaemolyticus AHPND
uan1suTnnesfennauauunly svasin-
#8159 (PL27-PL87) ﬁiﬁi"u@’]miﬁ’n%gﬂﬁﬁixﬁu
1351 39% nanfunsawnuunesludafiTnseau
0, 0.2 uaz 0.4 wlafidusl Ineddsmnauauunlu svee-
Tngan$an Idsuenvnsilifinnsugansaunuanesi-
Tudafsniunguaauaw (Table 2) WL faanawIw-
wily sveir PL39 RlA5UNs@sunsaunuunesfilu-
T973n lueaunsdndagy s2du 0,02 une 0.4
ilefifus fiinwiniedasies biwansnetuatied
Wad1Atyn1eada (P>0.05) daurieanawauunly
9vely PL51, PLB3, PL75 WAy PL87 Al&sunisiady
neaunuunezdludaninluenuisdniaglszdu
0.4 Lﬂ@irlffjumrﬁiwﬁmaﬁlmwﬁqqqm Winry
0.103 £ 0.004, 0.201 £ 0.006, 0.751 £ 0.068 LAy
2.367 + 0.110 N5 ANAAL ReRsn1siasoyLiuln
\aAusieTugaga iU 0.003 +0.000,0.008 +
0.001,0.016 + 0.001 LAz 0.040 + 0.002 N ATNATAL
3 Anviminieasse wazamIINIgas LU
wAnseTulufusazszazumnaaTuetnalttdfoy
N1940/ (P<0.05) Lﬁ'mﬁﬂuﬁuﬁwmmumiu
A&sunnasunsaunuunez i ludafiznluaiwns
g115a31 svAU 0 wefidus nvemsinissenag
Aan31at 19 lEA1ATYN19aTA (P<0.05) wanals
M LLuQ‘EﬁumaL@?ﬁmLﬁuimmﬁwmmumiuﬁ
lasunisiasunsaunuuiesiiudafsnsesu
0.4 1afidusluannng ﬁm?m?mﬁu‘ﬂmﬁluﬁu
atharalias uazilidnsnissoameiady dedey
fufaarauaunn lui il dsun e unaaunaun
aziTudafinlue1uns deaAaadiuNITANE
984 Bae et al. (2022) WL NITLATNNIALNNNA
axRTuda?3n dme1dau 100 Fadansusenlansu
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Table 2. Growth performance of whiteleg shrimp larvae fed with 0, 0.2, and 0.4% gamma-aminobutyric acid

supplementation in commercial diets for 60 days

Growth performance

Level of gamma-aminobutyric acid

0%

0.2%

0.4%

Average weight (g/PL)

PL27 0.029 + 0.000°
PL39 0.032 + 0.016°
PL51 0.082 + 0.003°
PL63 0.141 + 0.001°
PL75 0.461+0.017°
PL87 1.613 + 0.070°
Average daily growth (g/PL)
PL39 0.001 + 0.000°
PL51 0.002 + 0.000°
PL63 0.005 + 0.000°
PL75 0.010 + 0.001°
PL87 0.027 + 0.001°

Survival rate (%)

91.11 + 3.85°

0.029 + 0.000°
0.042 +0.001°

0.085 + 0.003°

0.167 +0.017°
0.628 + 0.107°

1.840 + 0.303°

0.001 + 0.000°
0.002 + 0.000°

0.007 + 0.001°
0.014 + 0.002°
0.031 + 0.005°

0.029 + 0.000°
0.047 + 0.001°
0.103 + 0.004°
0.201 + 0.006°
0.751 + 0.068°
2.367 +0.110°

0.002 + 0.000°
0.003 + 0.000°
0.008 + 0.001°
0.016 + 0.001°
0.040 + 0.002°

95.56 + 1.92%° 97.78 + 1.92°

Means values in the same row with different superscripts are significantly different (P<0.05)

Tuanmsieanauauun i dogindnsiniaasoyiuie
lasnnign uazarnisonaununisldeUfdous
1FanAae 189 UNTINEIIRY Xie ef al. (2017) WL
ANTLETNNIALNNNNaLRTuTaN3N 150 Raansuse
Alaniuluarnisieaowauunlugasdantluen
doalinmindauiinau Arsailsy (hepatosomatic
index) ATU §MI1N177AARELANTL BNt
1y Ay o a v P
nszugasiuuLaz)iANnuanaon Taganiziile
1 d'd v v = v
agluanizndanududuresuanludoge feann
wanunluaunsonusana i dndugaduls
IPENA1TUIANNERNIINITIDARIENHINTUNGINT
WMy a A a aa o
Tilmasunsaunun1esiludaiznlusinis WWua
daAAARITUNNTLETNNTALN NN e A TuTqaA%n
luanunstanian (Ctenopharyngodon idellus) =81
juvenile TnaiilaaTunsaununnaz A ludafizn
ludmIdau 87.5 HaanFuAan lansy aNuIsqeNy
fnsnnAuinfianinig (SGR) atnfagAnyuas
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AILANNITUANIAENTRIEW NPY waz ghrelin
Magadasiunisnszguanesna1ng ldeeng
winzannge v ldansnisdulnamwnzlagegn
ANAINITn luNN Ny aB AT geTl VN1
malondialdehyde anadls (Wu et al., 2016) aginals
finn aannisAneil wuda lunansaunistiulag
(2.37 + 0.1 i) wid1dnasaniaAaudnegs e
a o d’j v
wWranauiunisdesisnauauun i 1unan 60
U 188 Vieira et al. (2010) %Qﬁﬁ’mﬁfmaaﬂ 6.39 +
0.86 N5 ‘vmu dlesanndeiinnsfiaide EHP szdu
Fr++ sndaussyey PL12 daahandfuaniazien
KX A vy a a ¥ o i
nnaaes Asinaldfedlinisiasgaulnd Aaiu
a a aa v
naaunuxnaziudansndnatiaslu nsasuan EHP
LLMW@W@MWWE ANHLATEIAAAAT UATQTNITWETLI
A Avn Wiilenssend uiflmunadnndnng
devnnsdneiuinlufesses PL39
melfanazanuiisanananududuaeadere
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T3Aga (1.0x10° CFU/mI) FuAnanIFaLLAT 3
V. parahaemolyticus T8 ELININ1TNARKAL 12 TU
(Table 3) Wuqn unudeuuaii Felu Lgﬂ\ﬂlmﬁd
g19uauunly szey PL39 Al&Fun1sia3unsa
wnunneziludanisnluainisdiiagy szdu 0
(NguAUAN), 0.2 LAY 0.4 wWefdus fincuae
demsuszuzinan ﬁﬂ?uwmﬁmﬂswdw 8.80x10°
+6.79 4 10.53x10°+0.28 CFU/ml FeflA1uAnsng
fuednelifitadn dynieadn (P>0.05) uaziile
wmmumﬂ?mm%mmﬂﬁL?ﬁluﬁmmfj’wmmu-
wn 'l sz PL39 AlE3UN s nsaunusne ity
davanlueimnsdiagy svau 0.4 wlafidus den
waagm 0.15 x10°+0.42 CFU/mI Lazealdngnis-
IRAANEIGIGR 64.44+1.93 wefifus el Aunnsing
fuatiailadAyneans (P<0.05) furfennouau
w1l vy PL39 nguAYLAN faiemsnissenmne
. o

WINAY 52.2246.94 11851 G516 14a1ile9a1nngA

-

a0 A S ¥ oS Se O N &
unuunasiludonaniiu JJE]Vlﬁ?;I‘J_I?;I\‘m’]i‘L’%‘Q_’I“ﬂ‘ﬂQL‘T]ﬂ

WUANLTE V. parahaemolyticus t& wazdadaaldmy
Haouanysniuazuinsegeqn annsnlnilassiy
Lil%ideuuai G ldluduniine e
Temguuasle wazanAadaslunisinlsnld
feaemndeiunsinmnaes Xie et al. (2017) wudn
ns@sunsaLNNunaziiluiafizn e 150 Raaniu
santansy Tuanuisieanouauunly zgmﬂmﬂuﬁi"’]
ﬁﬁfmLﬁumitﬁ?ﬂgtﬁuimmﬁwwLmumiu WAy
nunusiananludle ldatramnzan nnaasunae
unuunariludionIndmsn 50-100 Hadnsusia
Alandu Tuanursdeanauounn lu doelideany
ﬁ’é/ﬁli’m’]ﬁ“i’ﬂﬂﬁlﬁﬂ@‘d%u L;’ﬁ'@@f;ﬂumma:ﬁﬂmu-
duduaeaide v. alginolyticus g4 (Bae et al., 2022)
Unmnisaiunsaunusnesaludafinfiuansie
furi iesnannuvasensaunuanefitudafin
ﬁ}lﬁmﬁ :ﬁm’mmmmluﬂﬂ@fﬂ’ug\imilﬂ?‘m&nm

A a a U 1 o =3 1
dauuaizelawansnany sauieani1azlusendng
NN9LALNNLANANSAURN ARSI

Table 3. Survival rate and vibriosis count after stress condition of high concentrations of sever bacteria

Vibrio parahaemolyticus in water, immersion treatment for 12 days

Level of gamma-aminobutyric acid

Parameters

0% 0.2% 0.4%

Numbers of bacteria in hepatopancreas (CFU/mI)
Numbers of bacteria in water (CFU/ml)

Survival rate (%)

0.21 x10°+ 0.12°
10.53 x10°+ 0.28°

52.22 + 6.94°

0.15x10°+ 0.21°  0.15 x10% 0.42°

9.38 x10°+ 3.84°  8.80 x10°+ 6.79°

63.33+ 6.66™° 64.44 + 1.93°

Means values in the same row with different superscripts are significantly different (PS 0.05)
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G

nsdnulunfeiiileninisiasunsa
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WUF1 ANN190TUEINAINUIUU N svay PLDS
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130918 Iefiguuninaglusziunmnmganda 90
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Effects of Dietary Yeast Autolysate Supplementation on
Growth Performance and Immunity After Stress Condition by Vibriosis Infection

in Whiteleg Shrimp (Litopenaeus vannamei)
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Abstract: The study on the effects of dietary yeast autolysate supplementation on growth performance, and
immunity of Pacific white shrimp (Litopenaeus vannamei) was assigned to a completely randomized design
(CRD) with 3 treatments and 5 replications. Commercial shrimp diets were supplemented yeast autolysate
at 0, 0.1 and 0.2% on top by pullulan coated. Shrimp with an initial weight of 0.66 +0.55 g/shrimp were
stocked at 100 ind./m® into fifteen 500-L fiberglass tanks and cultured for 65 days. After that stress was
induced for 8 hr by subcutaneous injecting of 2.6x1 0* CFU/ml Vibrio parahaemolyticus. The results showed
that the growth performance of shrimp was in the same range (P>0.05), which was 10.67-11.41 g/shrimp.
The immunity under normal conditions demonstrated that total hemocyte count of shrimp fed with yeast
autolysate was significantly higher than control (P<0.05). There was 10.40+0.44x10° cell/ml in shrimp fed
with 0.2 % yeast autolysate. After applied stress condition by subcutaneous injection of V. parahaemolyticus,
shrimp fed with yeast autolysate 0.1-0.2% exhibited the significantly higher levels of superoxide dismutase
(P<0.05). This indicates the efficacy of yeast autolysate on improving innate-immunity of Pacific white shrimp

under normal and stress condition after V. parahaemolyticus infection.

Keywords: Yeast autolysate , Pacific white shrimp, growth performance, innate immunity, Vibrio parahaemolyticus
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unAnga: nsAnmuansdsuasaslanlan luermssanisfunuazgiduiuaasisrnauonunly ongunu
MAABILLLENARDA (CRD) A1 3 FANARDY JANARBIAT 5 2 T&mLzﬁm%m’ﬂ@‘imhmﬁi”ﬁu 0,0.1 uaz
0.2% IummmmmmmﬂLﬂ@ﬂumﬂwmmmu dnsludeliuafmanadipaasunuiu 100 FasagnunAiiams
AU 15 119 fiuBananiy 500 Anssiads Wunan 65 Su amiuwilnhanueseslngiedeiisleda loeld
e Vibrio parahaemolyticus Aanadid 2.6x10* CFU /mi iiluiaan 8 Falus nanwdn msiudasfaalnlaim
L 0-0.2% ﬁm@iﬁﬁwmmumiuﬁﬁwﬂﬂiﬂﬁﬁmﬁu (P>0.05) fiA1aag 10.67-11.41 niusiasa i
anazdniternausunluildfuemnnaiudaseelnlamndiunandaiden gandanguasuauetie
TadnAoyneadd (P<0.05) Wefernauasuun luilduarmnaiuias 0.2% fluaudadensugeign
10.40+0.44x 10° iradmefiadans mevadldiuanueieaanidestsleda fenaununluildsuemsidin
faselnlamminanssugulefeanlafAaynaganingaaruauatsiifad Ay naada (P<0.05) Fadu nng
isinTaraalalaimluewmefifiunm 0.1-02% aunsndudindsz@nsninlunisnsssussuugianiuly
anzniuaznmandsldsudenislanedlulansa

v o

o L S [ 14 a a a a = a o
AdAty: Basealnlay fernauwaunly msduls ssuugiAniy Ausleniandlulafsa

AN sl aduang L unan1anN NI FY

aaaluin Usznevlddiadiuaesnidaaaduas

nandanfieriouanuluuasdenannnly  wevswmacnialuigadtast (Shurson, 2018) tae

T WA, 2565 AINNNNZLAE UL A HAR s1e91uINITEINEadeeln lalnlueunslan-
993 256,822.41 61 IneAndunan@afeanauauun-  newe daanuaisnsalunisduaiunisifulauay
ln 241,516.07 fu upznauARfaNaIA 1530634  Arnvsteslduesaunsldmduningaauas (Taki
Bl %qmmﬁmﬁqﬁwmmﬁuﬁu 0.78% \ilaiflaufud et al., 2004) wanannil suilaadlalnglaiy (yeast
w.a1. 2564 TaeiTnanARIRLTWENTRE (Langkapon, hydrolysate) Lﬂu%m’ﬁﬁmﬂﬂgﬂugﬂmﬁqmw
2023) \iaganninmnensiinissantenaFuR AT (biotransformation processes) tNnszLRLN15 lalng-
atlafinunenanstszauoymisiig o @u”l,mm ladanqenisldienliduaznssuiunisnisuangdas
ananannAfiutsisou muwumm@mmwmu LﬁlfaﬁuLﬂﬁm’mml,ﬂﬂwm”l,a‘llmﬂmw InglNUNNTNTRY
wiu 9119139 wUNn T AN Ausasnu ﬁﬁLﬁumu@uﬁ’nmwmmmq I HeugnIunALAz
(Rattanapun, 2019) muﬁ\iﬂmmimﬁamLmumVLu AU TR LA A UAN °] (Amorim et al.,
Arnnuidle el gsvasile Tuilaqifuinumsns 2016) waziseaudntastalaslamniysun
ﬁﬂimuﬁuﬂmmL'?élmeﬁLﬁﬂ‘*ﬁvmwdwﬂwﬁym g89nsneziily Wdind Ananndndaday ] (Shi
wwanldaisia3udaug (probiotics) Liunguue 9 et al., 2018) ludauresdasfann (yeast extracts)
aAunIiTinvTendnduefiadunidiidy  dezneudisesflsznensestesmarnieluas
sslemisaeiidan (El-Saadony et al., 2021) Falu g4 (intracellular components) iy %x‘iﬂqm\liﬂ
ﬁmq’ﬁmauﬁﬂ“’lumﬁmﬁmm’qﬂﬁmﬂﬁﬁ@muam‘ﬂaﬂ poensaarilu An1NBLATLTNR uanannil
dunsnszduszunnfiduiu Baidluenaunen ansadadaddegnidiunldlundaesnisnazdu
IR AR gasfAnLaas (yeast culture) qaune (microbial stimulants) Tunseuqunisusin
garaalnlalmy (yeast autolysate) tilun1saane uazlugmaIunssuen (Hassan, 2011) Tunguaes
TIARYDSE ARG F8NIAYTELeN T4 AZANINAD SasTuiia (dried yeast) %dLﬂumﬂmm nutritional yeast
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product Usznavlifanaataninuestdfnnnguan
gnldiiumneidenlunisiislnausluawsdad i
gasilaaitiaa (yeast whole cell) Adsznauly
FReeIAlIENeaUIRLTAREAS NNUUNAINTELIY
a = e A o=l rdl A Qy
NTNART AR VIRLTULTAREAFNLUABNIAINNNT -
o & aid ca al &
ninueaneaed waneNddsianalelng (yeast
. = r-:lld a A
nucleotide) W UEAANNAINTNLRNIZRUTN LU RS
fJaralelnduinnintadaiinay (Biswas et al.,
2012) aziiuladndadgnuiunldatrsunsuany
lugmaiunssuaIni?dnd U89 Jin et al.

(2018) wuq1 nsldansasuandasinaalalng

ansanseAun AL e waznsfustuunRANiY
wazAmnuLsean1nznuen e Tufmnouau
wlalfiduinen iy Rairat et al. (2022) 3189711491

faprauanun i ldsuamnsiasutiasianalalne

HA A N30 U IR T LU RANAULAZNNS
2% ¥
Funiuisals

e ¥ me e o o -

ALl N9IABHAN AN EBNINeRY
fadaalnlamniiasulue1uisiszsdyu 0.1-0.2%
sansEnlauazsruug AU Iusauauun lulu
anznsaasialluazszuungiAnAuanas 1Az
A Y a
w@edLslannang lulafsa

L4 aa
AUnsaluazIang

AnIpang

ARLRANTeI19UIUIN L 411U 750 A9 AN
WhFuienTu annatinuui Samdnaynsaias WiNn
wnludelWiuesnananinug 500 ans a3
FRT WianwnsTiafin 34% Suay 2 A usvazioan
39U L‘Wﬂlumﬂ?umLﬁmnu@mwufm@@m@qum?
Ages ANTWRINNIAIIATATinsaend el
ANEIA21 (Early Mortality Syndrome) AUUINIANEN
NAREN

IMTNARDY
anmasadiiuanmsiaaauuun i
NNIANTRANAATUNA 1.6 HAAMAT (B1U1TLLAT 3)
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ATUsAulddesndn 39% warlasulidesndn 7%
AR

-

ntlasfaalnlaimn annusim Ansua luleyies

Anfim N3N0 0, 0.1 uaz 0.2% UAILARBLASE
® o % :‘// AﬁJ ¥ %

waquan® Yasriunisazaneun anuuialiuis 15

=

winnewi g iuine ludifuludesdifinig
(Laboratory Refrigerator) tuuq 4 a9AaaLGaa
uazinIaEFINaIMNgT snNAU A

LHUNISNARDY
TNUNUNINARBIULLENAFEA (Completely
randomized design, CRD) InguLian1Iaaes aaniiu
3 IANINAREY UFATEANIINAABIH 5 41
A oA A 1 oA A e
1AN1INAREIN 1 A8 8199 laiiasne as
aalnlawn (T1C)
~ = A a A
TANIINAREIN 2 A9 81U INLATNE &5
aalnlamn 0.1% (T2Y)
~ = A a A
TANIINAREIN 3 A9 8191 INLATNE @ F
aalnlamn 0.2% (T3Y)

ANIENITNARDY

Aerauauun luduin@usu 0.66 +0.05
nsusiesa wedludclniuesnana 15 de daeaadly
ﬁaﬁﬁmmaiﬁ 500 ams wianszuuliainaa
fANNMUN LU 50 Aasads (100 AiasigNUIAN
LRT) aevinmanuAN 3 AT Afe1vng 3 -10% 184
vwming Tnautidu 3 Sesiedis (8.00, 12.00, uas
16.00 1) Fn1silaeudneri 10 - 20% lunndu uae
szuznaniaes 65 44 uazasutnenilagldi
rinunssindedanaaeiu Qmmwﬁ’ﬂuiwdwmi
Lgﬂamuaummml,ﬂummﬂuﬁmwi’]rTu 7.5-8.0
penTiauaza18uININNdn 5 RaAnsusieans A
psidusinalaisnngn 80 Sadnsuseans wanluiily
s9NdRENdT 1 NaAniuseans Lﬁ@éu@ﬂﬂ%‘ﬂ@@‘ﬂ\i
Nn1eAnEszuug N Auiuaesfsanouauunly
menddldiuideuuaiiideitslentadllafda

(Vibrio parahaemolyticus)
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(=3 v a %
MINUTRYAUAZNIGAATIZUIBNA
1. nsAus

WugusINdayauasiIn199iATE

dayanisiuls Taun viuiniade sy damin
m?@mmﬁfm Sasnnasoyiivinedusesu §n
nsFnladne sasnisdguemsdwile uas
AM9IINTIAAMNEI

2. MsAneRANAuasiaIauauLn Y

VNIRRT NN ANAWIRI79219-

WL I 211U 3 TANNINARDY WHATANIINAREY
i 5491 Ineifiufedadentesfennawauunly
5 fasiatn Anfluganaasias 25 i Inafiasiiy
faating feil

21 Usu L nldensausannn (otal
hemocyte count) W CERRE N, Supamattaya ef al.
(2000)

waaraaienawau i 100 ulasdng
a4l trypan blue solution 400 TulAsdns ANy
inldvanasuuudualasmivdanen 20 lulasdans
daandesqansariindeens 40X ieuiTaian

2.2 Bunulissiuluiniden (otal protein
in hemolymph) ANNITN1TID Supamattaya ef al.
(2000)

Milmi’mz%umslu solution | (2% sodium
carbonate, 1% copper sulfate, 2% sodium potassium
tartrate) 2 188AA3 uRousALABAS 50 lulasdns
U ludifiafwaan 10 WA uaziAn Folin (1:10)
3 Aadans tuluiiiafuan 30 und s
panBuuas 640 wiluims uazinluBoufeusy
standard curve 184 bovine serum albumin

2.3 nMaarzinanssureseulsdWuea-
28NTLAA (phenoloxidase activity) Tneain1saauLlas
91N Smith and Soderhall (1991)

Fuaneazanel L-3 4-dinydroxyphenylalanine
(L-DOPA; Sigma) 300 lulasans ldli HEPES 570
lulnsans udaifadends 300 lulasans Ui
goumMni 37 asAmaiTad {unan 30 Wil wdarily
fi’fﬂm@ﬂﬂﬁmma‘ﬁ' 490 W Tulums

188

1 V2N UEARDNTIAG = AOD 4o0/WNT/
51 Talsfn

a a

Aadn

2.4 nmsaaszinanssuaasiew bl el bl
(lysozyme activity) Ina1438n13204 Ellis (1990)

waadenis 10 lulasans avlululasioa-
wan annsuldlulastidnauna 1000 lulasans
zﬁ“wé“uwm‘%@ Micrococcus lysodeikticus (Sigma-
Aldrich, St. Louis, MO, USA) 250 lu1a 36ms W89
m"l,ﬂqmmmmﬂ@uumw 450 m‘lﬁumm 71w uaz
7 6 unit annuAanA wilimingAanssuaes
wulgallalaled Javindufanssulunivinans
188 Micrococcus tiadaannnisilaguulacen
miqmsﬁwmﬁl 450 W Twumslunan 0.001 wah
fifiat 6.24 uaz Ui 25 asrnmaiFen (A A450
of 0.001 per minute at pH 6.24 and 25 C)

2.5 n13wnanzinanssnvedieulmlgiles
aanloAnalawma (SOD) AmaAENN7189 Ukeda et al.
(1999) Taeild SOD Assay Kit#19160-1KTF (Sigma-
Aldrich, Buchs, Switzerland)

wasdanta 20 lulasang arnduraus
wqu blank (a. Blank 1 lduinnau 20 lulnsans,
b. Blank 2 lddnatnviaantds 20 lulasans uas
c. Blank 3 l8vhndu 20 lulasans) aanviufndae
WST 15511619 200 lulasans luusiaznguuaznasli
(i annsfuLAn dilution buffer 20 lulAsans
lu blank 2 uaz blank 3 musaetaulisf 20 Tulasams
adlunnvguuaznanlfidadu dufloumgd -37
asAEaLEaa LTuna 20 un uaquinlddmnan
@mﬂammﬁ{ 450 W lUAT LAZATUINIAN SOD

2.6 MapmzinanssuaeseulaingsiilsTou
Toevnnsvemdentanauanl 10 s dasans anmi
Rsnvqa blank 1 v Teaianingis 10 lulasans
WAZWEAAIE 5% SSA WAQLE N working mixture 150
Tulnsdns ﬂmﬁlﬂqmmﬁﬁ’m Wlunan 51 udasissan
NADPH solution 50 111A3A 613 uazdnAnANRULAS
7 450 wnluims 7 1,2, 3, 4 1Az 5 W7l uazA AN
LﬁﬂLﬁﬂULﬁ #1111 standard curve (glutathione assay
kit; CS0260; Sigma-Aldrich, Buchs, Switzerland)
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3. NATD4ANNNLASEAANNNN TN IR

e 3leta (vibriosis challenge test) AianHANTUlsA
v‘hmimﬁmﬁﬂﬁﬁwmmumim Wi
AnuAnLLAREaannlseL et alae 4 auLnd B
V. parahaemolyticus mwa\”\iﬁqmmmuuﬂﬂﬁa‘“u
81M1TNARBY AT 65 Ju zmmm 39ANNINAADY
TANTNARDIAZ 5 1 S1uIu 10 Fratn unAgeL
mammvmmmmmmmm V. parahaemolyticus
Tuaunnanududud 2.6x10° CFU/mI Gasdes
Tmﬁmﬂgﬁ\u%‘ﬂ V. parahaemolyticus ﬁLLﬂm%@‘-i’m

Aentendulsnivileda aesnnzdnouwnnedarans

WM AINYVALLNHATANARNT INLLYANTUNILAL
ﬁwm@@UﬂQﬁNLL‘ﬁQLLi\?‘I]‘ﬂQL%@ ud iAesly typtic
soy broth (TSB) ATNAa 1.5% 1fluaan 15-24 4204
NN 29-37 avA AT A TupdeaeinAnmis
200 9aUFEUNT UAIAAKLIATIEE 1F1N 1 Hadans
YRIANTAZANELUATLTE mid-log phase a<luuaan
Taulasudnar aunn 1.5 Aaaans nan lidniunan
ﬁﬂmﬂﬂumfdﬁm (centrifuge)‘ﬁl 3,500 92 UABUIN
(rpm) 1uLa81 10 W muqugmuqﬁﬁ' 4 9AN-
aaidea udaiideuuaiEeisle lUsarganau

W& (absorbance) NANENIARL 640 W Tuums 19

A" optical density (OD) winriu 0.1 Wie ldlamaw-
Wuduaeada 10°-10° Inlalldedadans anidu
-] al a 12" o A ¥
UNATAZANRLLAT N OD 0.1 nTaeans tne ld
UL 1 NARART HANALALA1TAZANEUINASD
0.85% 9 HaRANT WATNI1N1TLaeanaanAselae
I anuan 1 8aaans NANAUNLA1TaZANYUN-
\NAD 0.85% 9 Hadams laAaN it uduIe9LTe
Tneidszanns 10%-10° Talatlsieladans unfuauay
VIRLUATILTE AQ8RTN1T spread plate LB T
thiosulfate citrate bile salt sucrose (TCBS) Anae
1.5 % Nunldidunan 24 dalueiigounni 37 aasn-
= o o A a & A A o

waded Wuatuaulalainiintu e tiuguanu-
v o = ° = o

Windunldlunisan wazinansazaegaiae i
al v v d’f a v d' o o

andInandruiile vl aead 2 2098169
UTn1m3 0.1 HaAART Aeldnanauin 26 G Ul
1w lunasmauda ldgmagay au1a 100 Ang
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wiInnIaniTe 8 ol Wiudaetnefannauauun lu
AneszuunRANTY ANREN1sAn lufeaauau-
wluiagaluaniozdni WATTLATUIUTIT1UIY
m"l,mﬁ'mwnﬂiu Usziliuna nisnmaasing
Wrsuiaudnsnisanasasiewuun lunguauaw
Aunqunaaes naeluszeziogn 7 4u ynsuenide
AnduwazAugeurasiaawILn i uazanld e
fuduinfenauuunluiinismeanidewuniie
V. parahaemolyticus (Noble et al., 2021)

NANITNAaRY LLﬂz%'ﬂ’]‘i’ﬂj

madsudasiaalnlamsanisiuinaeads
gauunnluszeziFuln AdeedasAnumaLy
100 Fastagnueriams fszduniaasuiasoalala
[ 0, 0.1 UAY 0.2 % LARBLTTLLILENMN T 9219
wauun lamasesdauiatiminzudy 0.65 + 0.05,
0.66 + 0.03 WAz 0.70 + 0.06 NFNFAFT AINAIAL HA
nasyiAuinlunimeaeslianunsasudasan
Inlanidunan 65 Ju wudn Januuansisasngla
uuﬂmﬂmmmmmmmﬂmuim P> 0.05) ﬁmyme
mu’mummmmmﬂ (final weight) Vv
(weight gain) uwumammwmummu (average
daily gain) amngn1aiAuInang (specific growth
rate) Fnansilasuanaduie (feed conversion
ratio) LALEMNIINITIDARAE (survival rate)

mmuumwﬁmmwmmwmumiu
ﬁiﬁ’%ummamwmm«aﬂimiaLsﬁwluqmﬂﬂi-
NAADS T1C, T2Y uAz T3Y 11 flAn 11.25+0.06,
11.41£0.94 LAz 10.67 £0.26 NfNFADAT AN
AR L ﬁwﬁﬂﬁﬁu%wmﬁ:wmLmumiu
flasuerminaindasealnlaianluganis-
ARSI T1C, T2Y, uaz T3Y A1 10.58+0.08, 10.76
+£0.92 Az 10.08+0.27 N3UFABFD ANLANSL vt
Famndusiefuaesdennauauunludilé sy
amsasniasealnlainluganisnaang
T1C, T2Y, hay T3Y A 0.16+0.00, 0.17+£0.01
LAY 0.15+0.00 NFNADTU ATNANAL BHTN-
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a a o v lﬂl Yo
nasasgyiAninanzresieaawauun lunlasy
ansdindasiealnlaamluganimaaes T1C, T2Y,
uaz T3Y TAn 4.33£0.05,4.40£0.11 1ae 4.19+0.03
wafidusFadu mua1AU dasuaniiiee9riea9

. Yo A -
winn luildfuanmsdsutiasaslalaanluganis-
NA[RY T1C, T2V, waz T3Y A1 1.44+0.06, 143+
0.04 WAy 1.45+0.05 MINAAL 8A319DAVITI219

a1 va a o o

wanun lunlasueinisiaiudasealalaianlu
ANINAASY T1C, T2Y, uaz T3Y HAN 83.67+5.19,
84.67+10.87 uaT 89.00+4.32 ilafifus muansu
(Table 1)

uagensiuTnasetauauunlalunns-
naaadll Huualduiduinaaduanunaaedzeg
Rungrassamee et al. (2014) AI1E91UINHAIH-
uanA1eae9llddud1Atynieada (P>0.05) lu
wizaanasiiulnaasfeanouaunnly sentsls

o v A a o a -
Fuarmaenainsaaansusuuuuledinuganilas

fiszfumanuidudu 2,3 uaz 4 nfusenlansu
Rt aiununasesaaasndasanna lulduau
(Eriocheir sinensis) TR 25508y 10n5u
Tuens 1 Alansu HaN1IITLNLITHANLANFNS
@fjﬁﬂajﬁﬁmﬁﬁﬁmmmﬁﬁ (P>0. 05)511@@%14%
Lfa@ﬂmmﬂ @mmmmammuimmmq f5191N19-
LANIT WATSNLIUTasNNsAENATTLIRAY BeFtsznaL
Tusranradnd (body composition) ﬁ?z‘uuqm ﬂ&mu
Afuausfdne (non-specific immunity) WAL @17
ﬁm@%@m: (antioxidant status) (Zhang et al.,
2019) TR T UNAaD IS Zheng et al. (2021)
799 Femauaun i ldfuansasuiasann
(yeast extract)2%ﬁiwﬁﬂﬁlﬁﬁ?mm:ﬁmmmi-
WyALIATIIzIINNdgARIUANe e A ATy
N1940F (P<0.05) WAz Zhang et al. (2012) 9129714
dr3ununisiaduunuunuledinusaan ey
srAuAINITNTUatNgtae 2 nsusanlaniy
a1 uInIsiauInaesferauwauun luld
fam\muﬁmmmmmnm (P<0.05) NATBINNTNARDS
fidAuuANAn mmummmnm@wmmmq I

P

HAMNTRINNT LLM@\W]N’]“].I@\?'&’]?L@?N%I@W ‘W“L&ﬁ;ﬂﬁ‘ﬁ‘ll

al

190

109dRTNARY AANUIAREN AUANFNGTY (Lara-
Flores et al., 2003)

neAneRANAuluaniazdnd (normal
condition) mﬂqﬁ’w’mLmumimﬁiﬁ'&”mﬁmim?uﬁam’r
aalalarin nan1sAnuiANTuIasfeIaUILLN
Tuildsuanmnmaae e 3qAN1INAanY 1y
sreziaan 65 1 Tuannazlni nudndfunnudaiaen
(total hemocyte count) Tdsauluiaen (hemolymph
protein) kazAaNTINAUeaa8NT A (phenoloxidase
activity) Haauuana19ae 19T Ay N8B
(P< 0.05) luanuziaAanssnlalelssd (ysozyme
activity) 7tiafaan la6nma YLAA (superoxide
dismutase) Iun@juﬁiﬁu%m’@@‘imimwﬁLLm—
Tfugetu (P=0.08) uaznganinlen (glutathione)
(P=0.82) fiAnuumAnaAeang i Tiad Ay n1eadia
(P>0.05) pHANAWlUTANIIMAADS T1C, T2Y Uay
T3Y 1y f15unaudadenson fdindy 9.65+
0.64, 8.35+0.56 WAL 10.40+0.44 (x10° LT ARG D
Aaaamn?) iNan sy 1UsAuluiaan NAvinAw
6.52+0.66, 4.96+0.33 lay 6.17+0.36 NTNGB
WIART MINANAL NanssuNueaaandiag A
26.99+4.24,31.61+3.36 WAy 21.17+2.93 niatisia
wiiretaaniuldsiu anuansy lalalasdfan
180.00+26.46, 253.33+£55.08 ha e 260.00+26.46
wioaseladans ANa1AU Aanssugilafaanlas
ARG 1A 4.51+1.88, 6.22+0.62 WAz 7.33+0.74
wiaasalaaanImNaIAL uazngan inlausan den
17.41+1.13,17.65+1.25 WAy 17.97+0.64 ululug
FANARANT ANNANAL (Table 2)

a v

asAdsznaundAnyluszuuniAudu

L] q
@

neluresdndsanristeatowanunly Ae Waiden
= = | = = = o
flnaneued luszuunyuideuaesiaan 4n194n
windmdenludfeniudneuedugiuina
aantdu 3 98a lawn lagnalulas (hyalinocytes)
widunsyalalasl (semigranulocytes) uaz wnsyala
167 (granulocyte) Tnensiniaaninuiinnialussuy
piAuduludlReawazszuugiAndunendy

a q
<

wataaadudinanlunisnidndsndanlany
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Table 1. Growth performance of Pacific white shrimp fed with yeast autolysate for 65 days

Growth performance T1C T2Y T3Y P-value
Initial weight (g/ind.) 0.65 £ 0.05 0.65 +0.03 0.70 £ 0.06 0.31
Final weight (g/ind.) 11.25+0.06 11.41+0.94 10.67 £ 0.26 0.44
Weight gain (g/ind.) 10.58 + 0.08 10.76 £ 0.92 10.08 £ 0.27 0.39
Average daily gain (g/ind./day) 0.16 £ 0.00 0.17 £0.01 0.15+0.00 0.40
Specific growth rate (%/day) 4.33£0.05 4.40 £ 0.11 4.19 £ 0.03 0.09
Feed conversion ratio 1.44 £0.06 143 £0.04 1.45+0.05 0.94
Survival rate (%) 83.67+5.19 84.67 £ 10.87 89.00 + 4.32 0.76

Note: Data with superscript letters a,b in the same row indicates a significant difference (P<0.05)

Table 2. Immune parameters of Pacific white shrimp fed with yeast autolysate for 65 days under normal condition

Parameter (T1C) T2Y0.1% T3Y0.2% P-value
Total hemocyte count (x1 0° cell/ml) 9.65 +0.64° 8.35+0.56" 1040+044%  <0.01
Hemolymph protein (g/dL) 6.52 +0.66° 4.96 +0.33° 6.17+0.36° <0.01
Phenoloxidase activity (unit/min/mg Protein) 26.99+4.24° 31.61+3.36" 21.17+2.93" 0.01
Lysozyme (unit/ml) 180.00+26.46 253.33+55.08 260.00+26.46 0.08
Superoxide dismutase (unit/ml) 451+1.88 6.22+0.62 7.33+0.74 0.08
Glutathione (nmole/ml) 17.41£1.13 17.65+1.25 17.97+0.64 0.82

Note: Data with superscript letters a,b in the same row indicates a significant difference (P<0.05)

TneingzLumasing 7 i mMInawiueag (phagocytosis)
nsiduAlga (encapsulation) harnisiiasulu
(nodule formation) tlusu aziwiulidnfsmnouauun-
lanlasuevnnaiudasealnlamn 0.2 % A1Fun
< A a a T A Py

WalaansuiuInge il iesain DAnguan
Ao ungNrednINITAU) HANAY (immunostimulants)
d‘ | [ = s a v

ganuduesdlsenevrestias lnaluanaresdsn-

d‘ v Yas ¥ A
nquaw Waferauau lssudnl lunssuaiaen
uA2u aziFenddlu pathogen associated molecular
pattern (PAMPs) liliaafuldsiunnininndaslu
Y o o a o &

nsdndunuluianazesdeudantaauvraimalsnly
nerudLlaeAfTandn pattern recognition protein
(PRPs) azdaualiiindulnianaididan (protein
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complex) iFun91 beta-1 ,3-glucan-binding protein
complex Tnaluianaiiedend Lﬁm‘-ﬁ”u@ﬂﬂmzﬁﬂﬁ
adinlAenLAREUTId NN (migration) LazLiin
NTYUIUNNTLANTRILIALADA (degranulation) ‘1/123'/\'1
Tafuusziaulsiuszuugidutu iendansians
Falsauazdsudaniaauiidiun (Vargas-Albores
and Yepiz-Plascencia, 2000) faagi1aii lungzuaunig
phagocytosis L11N17AALAUBILLL non-specific
immune response uazitlu cytoskeleton- dependent
process Faintunelulalananaiy Tne sy
arnnisfinninlafiinisinfnfuisulantaay
eI non-specific receptor a&i14Ldid toll-like
receptor (TLR) Aulassaf1eaasifinguau uay
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ganaliiianszuaun1snaRfuLazINan e ialsALas
Aandandaaninlusald Fedaidunimmneauwuy
cellular immunity Tnedaiaanie 3a8m wdaning
Tunsinaulnesindensiin hyaline cell ARANELE
Wuagauinanga v111iinf phagocytosis waz il
al/ o‘d‘ o o d’l a 1’, o a g

nsnaaelollallodiNen1dndalsn Anadaldau
Tun17d9Ld3uN19M1919WUL humoral immunity A®
doanszAunsuiafaueaidan (blood clotting) Tuansy
= . ° v A | v &

7 semigranulocyte 1utinflunsvieduigalsa
(encapsulation) nN1snaufuiTelsAkazdaulanlaas
(phagocytosis) n1siiLwaznisdaniaasiailad
prophenoloxidase @71 granular cell Nutnnlunnsg

nuuazlandaasenlasd prophenoloxidase I iag

ginutag (cytotoxicity) TueTinsIaLnstdAEe
[EIGH mi@uu@famvmmmmmﬂma filivinans
wasARaAuAzIleEasN 9 $1an1edndasiinas
ﬂﬂﬂmmum‘lﬁmﬂmmmL@u”lfﬁmmm'a@niﬁmmwm-
uanaLaanazngsinlnlau i anid mfaum'amm
FAatulaenialaeudulalasaulefaenlmfiazin
?ﬁaﬂ@@mﬁﬂﬁi@ﬁqzﬁ”mq’@ong et al., 1994) TaaIwuq1

Bunaudnidensan Weruluaen nanssnlals ol

wavgiefeenladnayma (P<0.08) lufanguildsu
tasaalalawmm 0.2 % lnssauilAngeau Ineniunasn
aanmsvinaueea ANt lusadidaide auas luun
A o dl 1 v v
wanAainanldnesi
A ° v a =

narain1auiantn lfifinAauATanlae
X a a0 a Ay o o & A a
wedvFletasraniAniulsa InantsanmauuAnize
V. parahaemolyticus A X Nd WA Wud1 9219
wn lunlasuanmndsudasealnlamn 0.1-0.2%
HnRAniugeau (P< 0.05) ludruianssuiluanann-
F1aa (phenoloxidase activity) wazgilasaanlasmay-
W4 (superoxide dismutase) HAANLANFA1BE19H
HadAtyn19ania (P < 0.05) WaN1TIaBuand L
nRAuAulugAnImaaas T1C, T2Y, uaz T3Y HAn

Q
a

Aansruiuanaanding 52.50+10.32, 38.49+2.62,
WAz 29.00+0.17 Mirasauisaiaaniulisiuaes
1dan muasu fanssugilesaanlasnayinaiian
7.55+1.05,11.53+1.72 WAz 11.90+1.90 NUIeFD
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a

f0AanI9891380 ANEIAY AuzAnUEunua
1ae AT (total hemocyte count) TUsAuluLAR A
(hemolymph protein) Aanssnlalaldsl (lysozyme
activity) wazngm lnlaw (glutathione) HAa1H-
uansingeeing EdEdATyneadia (P> 0.05) Aungw
pauAN feznauauun luluganismeaes T1C, T2Y
ey T3Y 1 fdFunaudadensan fAiNAL
5.568+0.31,6.42+1.01 WA 5.92+0.92 (><’IO6 CIARGIR
N0dans) muansy ldshulwdaadAmingy 5.01+
1.16,6.98+0.58 LAY 6.28+0.05NFUFALATANT
anatny lalaladlan 213.33£32.15, 220.00+
26.46, LAY 243.33+35.12 iigfeNadanT10dAen
ANANAL uaznganlauliAn 17.23+1.07,17.69+
0.60, uaz 17.96+0.78 unluluarafindansaasann
AINANAL (Table 3)
nannsAnEIAneudanisuiiaainlng
L%@“U?Iﬂémmﬂmunu‘ﬂm Wuq1 Aanssuiueaasn

a

Funa (phenoloxidase activity) uazgilasaanlssiaay-
W@ (superoxide dismutase) H AN LANFA 9B E 195
wed1Atyneana (P<0.05) Inardsilauanisgn
AYLAN (T1C) HilNNnuianssuTesiuaanennaga
NIgANAALIEY | Y19l anaulunatAIniN e
PR = o o o A
Sasmiainasliluanms JellanudAtysanisdady
BT TR LR A T T FNY U TN AL R T LG TIIRY Y
gondeANAUNIUIessalalsn (Andrews et al,
2011) 91143981294 Ma et al. (2020) 38317 92190-
AN Yo a A &
w'lunldfuensiasndasealnlatan (yeast
- o a e
autolysate) 1% NiFunnureseulosiinedesiussuy
a v o d‘ 4? 1 v 1 (=1 A
AN UNgIundgaatuAN laun Bunnuda@en
94 (total hemocyte count) AATHAINITAA1UBUL A
faszlnagqu (total antioxidative capacity) ianssunIg
elaseALIAS (respiratory burst) hazAanIsNLes
lata sl (ysozyme activity) uenanfgelanui e
$189UINNTIEINE A ARLaaT (yeast culture) Tu
819117 1.1% HArNa18170 lun i uLT e
A A A 1% o Ay o %
guninaodasiusruugNAniuluiaaIousu-
'l laun 8w penaeidin (PEN), lysozyme (LYZ) has
prophenoloxidase (proPO) (Licona-Jain et al., 2020)
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melagmazanaesaameusimsuiiaaiaaalsaduslalugeunawiuuila (Litopenaeus vannamei)

Table 3. Immune responses of Pacific white shrimp fed with yeast autolysate under stress condition by injection

Vibrio parahaemolyticus

Parameter T1C T2Y T3Y P-value
Total hemocyte cour1t(><106 cell/ml) 5.568+0.31 6.42+1.01 5.92+0.92 0.61
Hemolymph protein (g/dL) 5.01+1.16 6.98+0.58 6.28+0.05 0.10
Phenoloxidase activity (unit/min/mg protein)  52.50+10.32° 38.49+2.62*°  29.00+0.17° 0.02
Lysozyme (unit/ml) 213.33+32.15 220.00+26.46 243.33+35.12 0.51
Superoxide dismutase (unit/ml) 755+1.05° 11.53+1.72° 11.90+ 1.90° 0.03
Glutathione (nmole/ml) 17.23+1.07 17.69+0.60 17.96+0.78 0.59

Note: Data with superscript letters a,b in the same row indicates a significant difference (P<0.05)

femauauunludinisndessiesanide
rialsn FafimanniTRaiTe szuunRAuiunesfiads
dsznaudas szuuniduiulneniiiia (innate
immune system) Alafnsansueudiauuayls
aunsnvindaduldinieuludniduge aziing-
mmummaqﬁﬁmﬁumﬁﬂfm Tmﬂmﬁwﬁmﬁ,mf

#1311 (cellular and humoral mechanisms) lgiusia
uaznseunsiuiugsulaniasuuazidalsa tne

o & A ¥ A a ! = &
NITNWIULAY LTARLNALABATIN NLTENIN GIRE T

(hemocytes) Fanu i lunnsTudeanndiau Lazes
S fluszungfduiudon WedlulafMaefud
wdandaauazgnnezduniudasungy pattern
recognition protelns LL@”u’]VLﬂmmimﬂ’]M@\‘wma
LAZNIAIANTTNEN I mvmﬂmmummmm
T2m 11 nszuauni1vInlainda (phagocytosis)
n154514918% (nodule formation) ANmAedI0an
qwéﬁﬂu%%w (antimicrobial peptides) (AMPs) Lag
Vl@hhﬁ(lysozyme) s (Jiravanichpaisal et al.,
2006) wana1nnisvininlalnGa (phagocytosis) waa
nstesiumuiesaasiedailinisleudanduiuledn
fiflaunalunjuaznisaineuviatludiviuqadn
IUIALAN (encapsulation and nodule formation)
(Aguirre-Guzman et al., 2009) iumqum@\inuﬂuﬂu
quﬂL@ﬂﬁ (humoral immune defense) Vlmmmﬂma‘-
sl sfunans o giai 4 lunnminanaidalsn
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LIUg13NGN LR (non-enzymatic proteins) Tnala-
Td3mu (glycoproteins) taulasilalalan (lysosome
enzymes) ldlun1sindnigelsn waransfiiuaain
(antlmlcroblal peptides, AMPs Vliﬂl.ﬂ’]“’ﬂ_lumﬂjm
3al2A LAYNAN TG gnTlaN L AEaTa L
mzmum?ﬂwmmuﬂ@nﬂa@mmmmm‘ﬁm@q@
o - ANa R o = 1y o
PRINTNLEAG ULANLTE TINA NN RIA LT LY
prophenolomdase (ProPO) cascade mimmmmeﬂm%
11U quinone Adaadusadeunniiae wazinlilg
msmmumm (melamzatlon)‘ﬁ\‘imeﬂmMum
Py = a & o= s o
Aanauauun ludnisfiaie Inagaas ulniuaa
141551 (antimicrobial protein) ANedaeiunisudasia
1991a2n (blood clotting) WaNN1TAALTE ALY
Aanssuniminauzedlaleloduazianssniuea-
AANTLAA sﬁ\'iLﬂunmmu“lumm@m (humoral immune
defense) A ity wasinausanisaduiletinnsdin
B ﬂTiﬂLL‘Uﬂmiﬂ V. parahaemolyticus, V. alginolyticus,
waz V. cholerae 1w (Chong et al., 2022) n137
waadaaendulainnanaiudenseunazd U UG
wdaniasulnedinng phagocytosis i idunaln
NdnAtyaRIN1InaLALaImeA U AN Tnataa
< A % A
WARAANY (cellular defense) Wadnszuaunigniin-
ltnEa (phagocytosis) aunianasdsuilantlass
A a A ¥ 1 & @ A
wraqatnazgnnawdi ilegneluadida@enuas
naneilu digestive vacuole AFanan phagosome
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NNIHARTAY reactive oxygen intermediates (ROIs)
Tu 1 uUNan1aINNIzuIRNITuelassALLTas.
(respiratory burst) @4 reactive intermediates 3 Fauan
& un superoxide anion (0,), hydrogen peroxide
(H,0,) Wa ¥ hypochlorous acid (HOCI) timann
tau'lasl NADPH oxidase li/3Aadaandiau (O,)
wazle superoxide anion @atfludnsnesaidiniaen

el 4 4 - -
LAZITAALLALEAMAIN ] lANAANTaYARATE (ROS)
annssiedilasiumalon fedieulodnguiiuans
Fuauyadass Maudannidneyyadass
aAa & @ A =2 Y
MinTu Waaenasdununlunisasraen bl
N1TFBAUANTEYYABATY (antioxidative stress
enzymes) B4liun gulaseanlasmasna (superoxide

, d oo o d 4 . .
dismutase) Favinuinidasugileseanlafuau
leaauldidulalnsiauileseenlafuazeandian
wazdnisafraeulasinguaniiag (catalase) way
nganmlawlesaandiag (glutathione peroxidase)
44 . e ¥ -
Falasulalasiauileseenlomduiiuazeandiau
Fallaandadusadng (Di Giulio et al., 2020) A9t
luitleganinisfiniaelsnssuu)RANIADITELL
Aananaazn1ugaNnuluniIsatedsndantaan
waziTelInsing
G
a = & '

nsasniasenlnlatanlueinisianns-

Wiule uazgiAniuaesterauauunla luaniay

2L N - .
nsasgvnlluaznialian1n A NLATE AN LUAS
awtieninaqealsadtiaslatiu n1sasutasaalnla-

Wi 0, 0.1 WAL 0.2% LAABLINULNAN M1 Nuald

mﬂﬁu‘tmﬁumﬁwmLmumvl,m‘ﬁ'L?Tmﬁ’fmmw-
NUILUU 100 A9FBQNUNATNAT WA 65 Tu
TadunnsneaereliiagnAnynneana (P>0.05) Tudau
2199 mﬁwﬁm@ﬁﬂqmﬁm daninfdsdu dawin
wAgTiRinTusedy sasninAuindmne shsuan
il uazdnansen Imﬁﬁ:\wmmumimﬁﬁwﬁn e
10.67-11.41£0.94 nfusana 1flafansmn i
pRAufluanazniinud ludenduildudason
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Tlawmn 0.2% (T2Y) Afunaudndensan Tusmu
lwaan fanssulalalasd wargulaseenladnayng
(P<0.08) NGININYANAABIAU WATANEUAINTT L6
o = Yo Aﬂ’l a a =
fupanupsenaInnelATumeduleds Inanis
AnLTa V. parahaemolyticus AN NI WAN 2.6x10°
CFU/MI fazauwanun luildfueunsiasudasd
aalalalanisziu 0.2% (T2Y) Hlsumugiles
ea PRy 1 '

aanladhayinanldlunisnidnidalsngandn
1AALANBLNHIRAATY (P<0.05) A9TIU N191A3H
N asiealnlaian 0.2% luainisieanawauun-
la Hdsz@nsarnlunisnssdussuuniAniumia
luaniazdnsinarluaninzAniATe AN 8 AT
nsldfuiae

namAngsNUssniA

HAdu1ev0uAm AUEITELAZWRIUN
waluladdndin avsfiad tuuia aynsannas
fldnnsaduayunsAnsAdeRanuauf uaz
TannueyAsvvigUnend wazanLT NN
218D LAM ﬁmﬂﬁﬂ”ﬁmiimummm’mmiﬁm‘ﬁ’w
ﬁllﬁmmﬁuawu@qﬂmd an3tAllun1994%
Lmvmmammﬁmﬁﬂ‘ﬁ'LL@“ﬁamﬂ?mmﬂ 513 LA
Uiyayrln wazild@niSoygien dasdjiiinag
Tngusnanfassdndia nipdginiz Lamzﬁ“mm
Anuztlazas awAnssanERsAans U9l 7
BUIATIZINISALTRYALAZNNITLATITURNY 7]
nadnedidugaunisaesnisdAneiss ey
daudnAng nnalalasan1swmuidainng
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Encapsulation of Carotenoid Extract from

Spirulina by Spray Drying Technique
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Abstract: Spirulina platensis is a highly nutritious cyanobacterium. It also contains carotenoids, which are
important antioxidants. Carotenoids are light and temperature sensitive, and thus easily breakdown.
The extracted carotenoid of microwave assisted extraction from spirulina was encapsulated using different
ratio of wall materials (maltodextrin : gum arabic) as 2.0:0.0, 1.5:0.5 and 1.0:1.0 and inlet temperature of
140 and 180 C by spray drying. The physicochemical properties and morphology using scanning electron
microscopy (SEM) of the encapsulated powder was investigated. The results showed that the ratio of wall
material and inlet temperature had a significant effect on yield, moisture content, B-carotene content,
total carotenoid content and the encapsulation efficiency. The ratio of maltodextrin : gum arabic of 1.0:1.0
and the inlet temperature of 180 C, resulting the highest encapsulation efficiency of 47.34 +2.96 % with
22.07£0.50% yield, 3-carotene content of 6.97 +0.52 g/g dry powder and carotenoid content of 2.50+0.16
mg/g dry powder. The physicochemical properties of encapsulated powder were moisture content of 1.03 £
0.21% and water activity of 0.068+0.008.

Keywords: Spirulina, carotenoid, encapsulation, spray drying
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undnta: awsenagameadulaetuuueiiGefifnnmimdnsunisgs anfidaiumaeunlsiiuen s
ﬁLﬂumiﬁmewEmﬁﬁwﬁ@ dlesannualsiiuessiinanuladeuas wazguuni vinlaanafalddne
Avhmaeusalgeduasatnualifiuesdanaminainamesiaindaeiansatauuylalason Taadne
Tiinreda1svieny (nealmindrsusenuerslin) ludnadoulnann 2.0:0.0,15:0.5 uaz 1.0: 1.0 WavgnMH
1 lumniuiuiviuden 140 uaz 180 e TAEna AN MR ANLTAN NN WLAZN9AT
mwmmmvmﬂwm“mmﬁmmmaumﬂmmmwmmmu@L@ﬂmﬂmmum\mmm wudn gruvgiandiuas
AMI1AIULBIANTURTNAINAF R TR AT NANRAR Panmanaidy Pinnudinualiiu Bunuualsifives s
wazdsz@nsninlunisewnalgiadu adnedidedrAynieaiis (P<0.05) nanislduealaindniu uaz
fuazandin Wwshmgau 1.0:1.0 figruunianidn 180 asrniaidea sinlifldszavs mnlunseuualgaduiign
Andufanas 47.34 +2.96 ‘Emﬂm@ﬂmmmm faEay 22.07 +0.50 mﬂ"}mmum - Lmii‘wu 6.97 +0.52 ug/g dry
powder meﬂ?mmumi@wu@ﬂmmum 2.50£0.16 mg/g dry powder fenasiatinediiiunisiuualygadud
Psunmupana Asiludenaz 1.03+0.21 uazAnewmaiianiian 0.068+0.008

ANATY: Amdenananes ualiuess lwunalgiadu nnsiuisuuunuges

A1 1 aelszanmden videdeansyan Wudu (Liang
et al., 2013; Park et al., 2018)

' = a A a o = P a -
guienaganeduloenluuuaiFaoia ifaqiiudnisszansldunlsiiuaafann
wnsnauRsenausaalusfn Tusiu An1Rn wazus 899NT A INARUWITnaINUATY LHesangusing
A Y o A a = el - o = o -
510 8nNeeld - Ilalaetu uazualsiuaa s Judansenindenindaende wazdselond
uanssnuanyadaseidAty (Bingula et al, 2016;  28981W1IHINNIUA LI AUBEATN IAAINNN9dILATIET
Wu et al., 2016) walsAuaasnnuluaiusienaed Asi iuundulugpannnssnanmnidaunanyes
NeIRNINTe 0.3 - 2.6% Aun -carotene, zeaxanthin walsfiuesmAavuinliuetngsanifa adrelsfinna

LA e R-cryptoxanthin (Ambati et al.,, 2019; Assuncao laqtiunisldualsnusamiudounanluuansiued
et al., 2021; Finamore et al,, 2017) @auAlsN U s A1 unselape N Taanin lunsldeuannuaneade 1

Wunguessndngfinauns du wdes azangldly  Sacwliiafusge biazanei aanesaldieannuas
st gnansnsnuunualivesslulianadu2 ngn gumgi madu sndclussminanszusunsudsgd
(Kiokias et al., 2016) boi LA Lm‘lls‘wu (carotene) WA Y LATNALALSNE (Ribeiro et al., 2020) a4 lan11701in
wrulsiag (xanthophyll)mmuwmm cdndanla wplsiuas sl lunaninsfansldlnans ans
ansndunnsiualsfiuesdiodld dssududes  asanaunlsfiuesmiuegluslreniuiu Feanunsn
1#suannunasdu wuldlutguazaduniding ¢ udladymndnsnldlagnsimaluladiouuatl-
Tnaunlsfiuasfluausiatuillszdnsninly matundszynldlunisienuazdaaiuns-
nnduunseres assediAnfuedldantan-  saedldieswalsfivens Snidazaansienis
wals¥iy (Assuncao et al., 2021) ﬁm’hﬁzﬁ’ﬁﬁmhm- il

mea?ﬁmmuuwﬂim:zﬁ’m’ﬁﬁwLﬁmzuuqﬁﬁuﬁu nseuwalgiadudumnaiianisiniiuans

| al' a @ a 1 al' o E 8% v A v | v
wardaeanAdNdes lunanalsANsFingi1g o aarasaladnaliiulu udardaunaaansiau
Tsarinladaziaaniden Munalsainadasiuansmi FNULAN ANN17071 IENANEAT 11 NN
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ugitianuds (freeze dry), LoNdn3du (extrusion),
Trazinaiatfu (coacervation), Ng @ alagiun (fluidized
bed coating) LazN1TNILASLLUN UL a8 (spray
4 @ amda as
drying) 3tudantenlduinngalugnaiunsses
y dam vy g o
819119 HesandTsn99 leen Fuuen Y
nanangs nadsr@nsninlunisieunalgiadu
Tuegiudmsnisluaredsiont1e AINAY waY
gmn31n13tuaresania guungiandi wazanesen
wananuuainaesansvien dududadudAny
lunszuaunisiauuaLlgiatu (Soukoulis and Bohn,
2018) Fannsldansvieuisineiuininesaatnan e
HAMNINNINIENIN WATLARAFNT UMY LU
ansngunadudnanles uarlsfiu sy ansviain
d‘a ¥ dl I 3 T a U
Mlaulduaningn pe Nealnindrsu iuansngu
waauinalasnlaainnisdeslnianazsesani s
vadauliiduanadu ) sesimanglaa Hantmlu
& Al & Ao Py ¥ |
n3ugUWaNNA arusnazanelanluul wsd
Py Ao o A0 =& o P o
AanLF lunsidugiatunmn asfesldsuiuans
aurinauiiesainaisanaualsnuesfog
Tugtaesiindi aepasvinldeg lumvsndnmnnyas
nawniniseukAlgiatu Inantein e luszuy
fladuafinunduludn (oil in water, W/O) Aaszuu
Mlsznaumisayninuidu (a1sainualsiuass)
fnszansuaauassadluinniaul Tnsansvieiud

Pun I Arsluan s an T lunadudsiad nes s

wazang P NAAn Wy nnezadn Tuduanngs
o=l o = = ,
lalnsnananssm dainensialuanaeniide (Acacia)
= L a o o ¥ o dld a
Handmlunisduddatunaslinauasians uask
4 5 A g9 IS . .

parnntasaldranidndunin (Oliyaei et al.,
2020) Aenldiduarsiauifidsz@nsnnlunisin
ALANIFIATYWINARI UGN ]

Aatiu naseukALlglatuasd A Aaeans

v k%

AYNANUUDNAZTIEAANITAATEIAITRIANTAN ALLA L

W
= e‘d‘ v ' a o 1
Muaad Alaana1usieindaanes Lazfanenang

=
nn

v &

= 2 Ao s =

a1 ] Ul AsldpnizasdineAnsnisieunay
fiaduansanaualsiueasildainaimiieinagonas

mfmmw‘huﬁumuwmﬂﬂ Tnanis3auieusile

Anueazaansanisillisyensild lun@nsinet
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uazdnIdsuBesansviedy 2 4tn laun sealaind
psu wazinazaiinludnandoulnanaa 2.0:0.0,
15:0.5uay 1.0: 1.0 uargauugianLdi 140 uaz
180 aeATATua ilfadsz@ananmlunisieuuay
LU $INTANINTNNNENN UaZIAT BT
BNuNTieUkALgIATY

o aa
AUnsaluazIang

NNSLATENFITANAAINFINILLNARLINDY

N1381ALALITNIURLARAINEINTILINALIN DS
anmsnemaiialulasiansanana (Aaulasdzann
Elik et al., 2020; Hiranvarachat et al., 2013) ANUUA
FRINAIUIDIAINTVELNALINDY (ﬁmﬁnuﬁq) 5Ig
Ysumuas iy ([?Tqv‘im”mﬂ Tugmandaulnanaa
1:100 Tag 14 1a3aelulasian (Toshiba 71 MW2-
MM24PC(BK)) mmﬂmwmmwmmeaummnm
Fhuaan 5wt udausnansainildainnisaadag
m’?mmumﬁ'mmuqmmmﬁ (Hettich 314 MIKRO
220) NUUAAIINLFITEY 3,500 rpm ﬁ@muqﬁ
4 aeAalies Whinan 10 und annthufugnsada
FF N undsnilewiaunseuualgaduans
arfaualsfiuaasildannavieainaainaadaenis
NUAUULLN U BE

mMsauuALlgaTussANALALSALaEANNENUSE
INALIMNBINIENATANTVILRILLLN U B
nstauualgiaduansaiaualsfiuassfann
ANUILNAEINEIRALWATIANNTINWALLWLE R Tnel
NUUART ﬁlﬁ"m‘“}uﬂ'ﬂ\ﬁ/{]ﬂﬁﬂiﬁﬁfﬂ{{]ﬂ’]ﬂ“j’]ﬁu (@3anm
Lm‘mu@m) Feasvievin ensaaulag 7:1: 2 nandy-
mmmu@mgmmmu‘lu Lmﬂﬂu‘ﬂmﬂmu Tween 80
Funnufatay 1.0 Tesgaunaiaun doensedlalya
VLWH"]]M@WJ’]&JL?'J@‘\? (homogenizer) (IKA g‘u T25) NIUUA
AANIEY 7,500 rom lwnan 5 19 AniuriusTag s
ABmeviwiuuuWuRes (BUCHI $u B-290) tneldeman
Mslvavessnating 6.5 aaARTAEWT 7iANNAY 40
117 (Faulasiiann Kang et al., 2019; Tolun et al,, 2016)
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NInN1sAnEIgRIdauNealatant A3
uazinazsdnresasvieulunisieulalgiadu
ansanaualsfiuass lawn 2.0:0.0,1.5:0.5 uaz 1.0:1.0
LLazﬁﬂ‘]ﬂﬁ'ﬂqmmqﬁmL% (inlet temperature) 3849N13%11
W ULUNUElRET 140 LAY 180 a9ATAITEE LAY
fEUNNHNI18AN (outlet temperature) 7180 +5 uay
100 + 5 B9ANTALTUA ANNATAL

NNSILATIZUSRLRSHANAR (%)
NINATIZFRUATNANAR (%) VBINITNL
nsulALlgadu a19NInAINAINENNIIT 1

mass of encapsulated
Total mass of feed solution

Yield (%) (1)

n1s3tAsIElSNT A NG ULaEANNBLAa S
waARIa (a,)

LT C TPl NAPSTAAYC SRR QP TIRY oY
331 PIFIU AOAC (2000) mezmﬁ WzAames
waA?iae (a,) 199629819 A2EILATEN Aqualab LITE
(DECAGON, USA) ‘ﬁlqmmﬁ 25 BIANLTA LTS

nsatAsz I ulinn-unlsyiu (B-carotene)

et ennAATeitBunuinn-ualsnu
ﬁfmLm?‘@ﬂmmiwmﬁmmmmmmmuzqq
(HPLC Agilent Technologies ‘;ju 1260 Infinity)
Idnaauiltiia Agilent Poroshell 120 SB-C18 (111M
2.1 x 100 mm, 2.7 micron) kaz 16N 2 1ia Ae
40 % ethyl acetate Wufanazane Auas 60 %
methanol tlusavinazane B nuuald Adnsnis
lua 0.6 HaAARsFaWNT Hgmuundl 30 eeALTa-
@ea THa13LAT1Z (run time) 10 W17 WAZIIANTY
(retention time) 5.2 - 5.4 W17 n9adalasld Diode
array detector (DAD) ‘ﬁlmwmq ﬁalu 450 W Tuiumg
wazyFunuleenFaudisuiunaniinsguing
Ifa1sumsgudnn-unlsiu (C4582-5MG, Sigma-
Aldrich) (Amuilasatann Kupan et al. (2016) uaz
Kiokias et al. (2016))
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nsAtAsilEanaualsiuaamnanan

mMnsiBnauualsTuessiann Tae
Fasaaeing 5 N3 avangludarinazane (hexane :
acetone : ethanol =2 :1:1) U3u1519 25 NaAART
L‘ufjﬁqmmﬁﬁm BaeLeRa e (shaker) fhuaan
1 dalug Wiidn antdu denizdaula SpAnns-
@umnﬁuumﬁ' 450 wnluims daenesesaitniasinln
dmad (Thermo Fisher 1 Genesys 10S UV-Vis)
wWranieuduasuinsg uini-ualsiu (C4582-
5MG, Sigma-Aldrich) A1uamdiunsualsNuas s
vavnn lumiios Sadnsu Tan-ualsiiu de 1 niu
#1381A (Mg B-carotene / g extract) (AnkLasizann
Hiranvarachat et al. (2013)

mﬁLﬂi'\sﬁﬂizamﬁmwiumimuLmﬂf_qmﬁ'u

(encapsulation efficiency; EE)

Encapsulation efficiency =

Total carotenoids content of encapsulated %

100 (2)

Total carotenoids content of feed solution

ANBUEAUFIUTRIAYNIAAILNADIFANTTAU
2 LSn MTAULLUARINGIA (scanning electron
microscopy; SEM)
NSANHIANHOTATUFIUIBIBUN A LTEN
o 1 val d’l v 1 v ] v v
faatelilAnTutesndnfasas 6 dedsaenang
9aN37AUBLANATAUULUAINTIA (Thermo fisher
scientific Inc. §u Prisma E) AnAqULNel 2,000 1N

N53ATISUTaNANINEDA

N9 AT LI UNN TN ARBSULIL 2 3
factorial experimental in CRD #1483 ax131AT129
ANNLUTUIIUN9AD A (analysis of variance,
ANOVA) uazti3eileuninuunnsneassniais
#2835 Duncan’s new multiple range test (DMRT)
Ineldlsunsudniiagy SPSS Statistic 17.0 (SPSS
Inc., USA) sz dumannuidesiufasay 95 lunis
AATZINANNAT A



msiauualgiadusisanaualsfiuagnann
AUINENALIMNBIRIENTTILRILLLN UK B

NANITNAXRY LL’&%'AJQ']iﬂi

N9AATIZUSRURLHANAR

AMNHANNTAIATZ R AT HANAATEIHAT
runsienialmadustenealndndmauLasiney-
mﬁﬂ‘ﬁlammgﬁmﬁﬁ 140 LAY 180 BIANLIALTE A
(Table 1) Wus31 Hfesaruananaglutiionas
20.35 - 24.19 Inainglduaalamandaiusiniuines-
sndnluniseunalgiaduifesazuananuinnagn
nslduealmsndmauiasasnuneaenailiadnAny
NWERR (P < 0.05) GaaildIndiAe LAt uns
Alvarez-Henao et al. (2018) 31s191uq105asay
nandnegludasfonaz 21.00 - 21.30 ilaliaanu
Yaugnuunfiandnd 185 + 5 eeaaadag lu
nsAnEINaTadINIslauuAlgadug s e als-
Windasusansuinesanin deswinasaiaualsi-
uaesas ugreniidsin i lasadhouylalas-
Ao (Hydro-lipid) uanizinealafndasuiianig
mmmslumi%ugﬂ%ru wazmadudiladusi sk
finnsduiueniuuarlnsaainaldvien Aedanals
Sounzuanand iieandnnsldsaaiuiuiuesandn
fillassaraviadani D lalrsiiauarlalasilan
(Tupuna et al, 2018) wananiu goung et
NIV ULIL WU B2 A N AR B SR AL NANR AU
frinuniseuunlgiadu Iennsldgnmndgeinls
Sasinzuandntianndignmnfisestedhisd Ay
A0/ (P<0.05) HasannnstnemanatesnIuien
Tumsssmeszwinansinuieuuurivdes danasld
gnugfisniAamsviedilddn asfanegryidadenas
nandAnes  sinlineldenmgisndfesazuanan
m@amﬁ'r:huma‘mmmﬂq;L@ﬂﬁumﬂﬂfjﬁﬂ’w‘l"i’qmmﬁ
galunavinuiaununuelas (Kaderides and Goula,
2019; Pindn-Balderrama et al., 2020)

[

M5ILASIZHLS HIIANHNT ULAZAIBLARS LARNIF

FnrnANTuLazAnana suaain sy
adudn Ay NaInananIIuAIsa LazaNnI9LiL
SnnaasansdiAnylun s uSn e nan S using
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anwuziiune Tnsialdnesetneiiiniseunal
fiaduiniuasilE e nanliinuienas 3 - 4
9178 ANNBLMAFURATIARLEENIN 0.6 (Aksoylu Ozbek
and Gun¢ Ergdnul, 2017; Alvarez-Henao et al.,
2018) B9annnsAne1 luauRaedl (Figure 1) wuqn
IV RRERIS L TR R E RIS SIS TSR LI
fnndauresNea tnndRIuuarinazsnindnasie
FUNUANTU wazARamasianfiag taanisld
qruug R 140 ssAnmadios HTunnanuTue)
Tudassaeay 1.84 - 2.48 Tuansginsldgomniandn
180 avAtaded H1FunANTuet ludasenay
1.03 - 1.75 Fanai lHAanARBII LN UAAE Y9 Tolun
et al. (2016) 918971191 N9 ldgunniigelunisny
tag il msnstnemanfaunalusuningau
i llgnisszmemaainldsamiatiu aeinliipauau
wa9uAat 197 I dgunnRandi 180 esmadea
= d’j v 1 k3 a ¥
HFunuANTuleandnsldanmgiandn 140
A9ATLEALEEIA (Lourenco et al., 2020) Wananiiu
WHANAN TN DNHALDIER I daueB9A TURIH WLIF
nslduealmandrsusoniuinazsinludndon
dl AI d?/ a v ° % dw !
MANTUT R IR ISR A NTULaZ AN 98-
wasuaniananaet WTEE1ATYNADRA (P <0.05)
dll @ T a A % d‘d 1 a
Wasannuealnsndssuillasaiandivy lansanda
o ¥ . ¥ -
gadumgnaeuin avinbiluianaressitaiuisota
Anfdunslansendasesnealaindniulan Aoy
msldnealnsndsiuiuaisvieduiieatnafen
BuuANduIInnIInslduaalaAndasusan
AuinayDnugnda NN (Archaina et al., 2019)

n153AsIERUS I tia-uAlsRukazUSLA
TsAUDLANIUNA

° a - A =~ a

Nn153As el unudn-walsiuunay
1 BN AT U FTINNATRNT LA NN TLa 1AL
faduarsainualsnuesdainaiuiiainaaanas
(Table 2) wudn N1sldg e (140 sATaLTeA)
= ~ a P - ]
A0 AN-wA TN U kazt TN LA TINUaANINNGN
msligningigs (180 asantaLTes) Slumfmmm«mu
vislos @ennslduaalmfndniu (ieeTintagad
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Table 1. Yield of encapsulated powders with different inlet temperature and wall material ratio of maltodextrin (MD)

and gum arabic (GA)

Wall material ratio (MD : GA)

Inlet temperature (°C)

Yield of encapsulated powders (%)

2.0:0.0 140
1.5:05 140
1.0:1.0 140
2.0:0.0 180
1.5:05 180
1.0:1.0 180

22.95 +1.16™
22.87 +0.84™
24.19 + 1.46°
20.35 + 0.38°
21.05 +1.07°
22.07 + 0.50%

“® Common letters in the same columns represent a significant difference (P < 0.05)

0.2 -+
0.175 4
0.15 4
0125 { @

| 140

o

1

O
o

0.075 c ¢

0.05
0.025

Water activity

20:00 15:05 1.0:1.0

wall material ratio of MD and GA

[]180°

°C

C

4 - W 140°C
5 4
s .1 A []180°C
§ 5 A abc ab
C
§ % 7 be
e °
2 1 4
L
o 5
=
O n T T 1
20:00 15:05  1.0:1.0

wall material ratio of MD and GA

Figure 1. Water activity and moisture content of encapsulated powders with different inlet temperature and

wall material ratio of maltodextrin (MD) and gum arabic ratio (GA)

grunniadn 140 asAgaiiaa J15u0s
Tmn-uaTsfiu 5.43 £ 1.06 pg/g dry powder kaLFNNN
walsfiues Mianua 145+ 0.10 mg/g dry powder
Tusnisfignmgfiandn 180 asagaden flsuns
dmn-unlsfiu 250 +0.18 pg/g dry powder LAY
Uunnualsfiuasiionun 1.14 +0.03 mg/g dry
powder \ilaaannnisldgnugianlunisszaai
28N ANNIndanann1sAaLfaTesuAlIiue s LA
Andan13ldgungige (Correa-Filho et al., 2019)
Aguansliiiudiguuniandnlunisvinuieuuunu
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tlapdenasiatFuiudnn-ualsfiu waziBunniualsi-
u@mﬁwumbﬂ@amﬁioﬁ”mnmil,aml,mﬂsgl,@%u
[flafiansnundnIdruaesuaalnfndssw
uaztuezainildiluansviasu wodn figumnian
W1 140 aeAIALEed Tun1snaLEeRu U et
nngldansngaaurasuaalafndpsusanuazsndn
1.5:0.5 WAz 1.0:1.0 FuFuudnn-unlsfiu 524 +
0.87 WAY 4.77 + 0.5 pg/g dry powder uaziTunn
Lmi@ﬁ-u@m“lummﬁﬁimmmmmﬂﬁwﬁu 1.66 &
0.05 uwa 1.91 + 0.12 mg/g dry powder ANNATAL
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Table 2. B-carotene content, total carotenoid content and encapsulation efficiency of encapsulated powders

with different inlet temperature, maltodextrin (MD) and gum arabic ratio (GA)

Wall material Inlet B -carotene Total carotenoid Encapsulation
ratio temperature content content efficiency
(MD : GA) (°C) (ug/g dry powder) (mg/g dry powder) (%)
2.0:0.0 140 5.43 +1.06" 1.45 +0.10° 28.62 +0.27°
15:05 140 5.24 +0.87 1.66 + 0.05° 32.54 + 0.95°
1.0:1.0 140 477 +0.55™ 1.91+0.12° 39.69 + 2.48°
2.0:0.0 180 2.50 +0.18° 1.14 +0.03° 19.97 + 0.43'
15:0.5 180 411+0.42° 1.49 + 0.04° 26.92 +0.73°
1.0:1.0 180 6.97 + 0.52° 2.50 +0.16 47.34 +2.96

*" Common letters in the same columns represent a significant difference (P < 0.05)

WeanBauiauiugnmgiandi 180 esAmaiias
Tunsmwiasuunuelas Adnsdiuresnaalning
pisusainersndn 1.5:0.5 waz 1.0:1.0 HUFuNudmn-
wAlsNY 4.11 £0.42 uaz 6.97 +£0.52 pg/g dry
- A
powder LazUTuuATsNua Y A M NSRS NN S-
wuuAlmaduy 1.49 +0.04 uaz 2.50 + 0.16 mg/g
dry powder ANNATAL AU THALAZERINEIUD
ansviarui ldaaduiladud Ay Ndsnasiafum
P = a e ~
TM1-bALINY hazUFuNLATINUAATIAUN ATBINGT
dnunisienuatlgiaduiduiu iesaniuazanin
HanuaniAlunisairaian waviduddadinieas
5 lnaduezsdndsenaumosdiuaednssnd-
TunwaAWNY (arabinogalactan) wazlnalalusiy
(glycoprotein) eldsAuldounidulalasindn
wazlalnsWan anunsadianngleiago unundy
1371 A lunnsdusad svanu vinldannsn
vatuansd1Any ludnduniunzdulsangn (Bustos-
Garza et al., 2013; Oliyaei et al., 2020; Ribeiro
et al., 2020) N1 ANERAIUURIANDET10N 1T
1 v ==& o val a = o (-3 o o
vty Aein ldddss@nsnnlunnsinifiuansddny
9/44? 44' o a % al e val
A1 1Hesaninezs dnaunsnaiaian 5
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wazilaariun1sunnaewyisnt wanannildednase
ANBUTAUNIALEIABL 1R UNTIBULALITATY
anse (Adejoro et al., 2019; Kausadikar et al., 2015)

nsasizidszAnimwlunisiauuailgady

Use@nsaanlunisieunmlgiaduyed
ansanaualsuaasana useinaganes Jaanu-
gannaeaiuLBuIudn-walsNy wazdTunnualsi-
LREMIMNATE mﬁmumwaul,mﬂsgmﬁu Ine
Bnnudinn-ualsiiy Bunnualsiueesiamates
nefitruniseuuadgiaduddiuianan $ialid
ﬂizz?m%mwsl,uﬂw,ﬂw,l,ﬂﬂégLmﬁuﬁlﬁﬁ”w (Table 2)
IneAINNANIINAARY WUT1 NsldgaumnHandi 180
aaATaded lunnsnudaluunites uazenadau
vpsnealmAntmsuseinazsdn 1.0:1.0 Hd5unu
Tan-unlshin 6.97 + 0.52 pg/g dry powder 131
walsAuesdlunafaatng 2,50 + 0.16 mg/g dry
powder uazHse@nsnmnisieuualgiadu faaas
47.34+£2.96 %'\‘1Lﬂummfamm@”mmmmmmmgﬁu
ﬁ'ﬁlzﬁqmLﬁmﬂ?ﬂmﬁﬂuﬁu%wmm%u | BE198
TRIGVIATYNINADS (P < 0.05)
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mﬁLﬂiqzﬁﬁnumzﬁmgqummﬂqmﬂmﬁw"m
nstauuAlgiady
mma‘ﬁm:mﬁﬂwmzﬁmgqummwmmmﬁ'
rnunsieuwalgadusaanisinuisuuunulas Ty
BNINAIUVBIAIVRTNUATR NN NI TEN 7] Agel
NABIANIIAUE \AnAseuLLLdaINIeTIALENe
2,000 1 A4 Figure 2 Wu31 nasldaniugiantda
140 aamgaiTea (Figure 2. A1-A3) HEUNIATBINS
171'mumimmmﬂqmﬁmﬂuﬁnwmuﬁmﬂuum
uniaaslusr AU “lumm:ﬁfqmuqﬁﬁmvﬁ’ﬁ 180
agALIaLEaE (Figure 2. B1-B3) ﬁ@gmmmmﬁl
nuniseuwalgiadu danwusilunsananiofay
u@nmnﬁmﬁmLL@xﬁmimqummmm@ﬁ:uﬁqmN@
ﬁi@ﬁﬂwm:ﬁmﬁmmmwmﬁmﬁmumﬂ@mmﬂ
gaduwduiy Inanislduealnandrsusoniuiney
s10nludnsndan 1.0:1.0 HlssAninnlunisviasin
1#a7gn azidnenzaasusiafauidunsananld
andnslduaalafndrsuiiuansvefuiesailn

Wi Wesaindmanlunisssimanazgungilunig-
uls v lfiian e AanTuLaziufaag
aei939m59 TwrnuziReaiufansaieiaun L
fiawan Mnldeyuniaresneiiiiunsanandaonudn
L a oA o A gy Ly A o 4 o
uuuEavTeuasia e lda s fu st Fansvin
wiesegauun s v liiAanisunsnszatevesin
P = o | Y & | v a
fag Asldrrazinalunisvetinninau daaliiie
o a4

naasuglresnaeuialganiduseaiiiantiy uay
& Bl (Adejoro et al., 2019; Alvarez-Henao et al.,
2018; Tolun et al., 2016) AnmniedgIUIBIRLNA
neuanvasnaneunIseuLALlgadudugednAny
MeuanivANAIAILATeIgNIRALSN¥I289479
arnunlsnuassnanisavieiuanseangns b vinli
daaduansdrAyannisiindjisaeendindu
Was WTRanINLandeNNIEwan vineaaeigniaiu
fnansanauwalsfines M lAuIuIL uaza N0
inlilsegnslldiunandnailaatnanainuaiy
(Burhan et al., 2019)

Figure 2. SEM micrograph of encapsulated powders at different inlet temperature (A) 140 °C and (B) 180 °C
with different ratio of MD:GA (1= 2.0 : 0.0, 2= 1.5: 0.5, 3= 1.0 : 1.0)
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Taun nealawsndssuuazinezsn ludnmdining
1182.0:0.0,1.5:05 U8z 1.0 1.0 uazanmniadn
140 uay 180 avANaliea wudn grungiandiuay
snsrdaurnsarsvieduidudadod fyfidinaste
SaaasHanan UunnpaNty Banndini-ualsiy
unnuualsfivens v wazalss@nsnmlunis-
L'aw,mﬂﬁgLm‘fummcm'?imummuumﬂmﬁu@ﬂ'wﬁ
U ANATYN AR (P < 0.05) TANITNIUAILLLINY
denfigruuniandn 180 asrisadas uazldueals-
wndmsudanuazsiniiuaisviedy ludnsdou
Tnenoa 1.0:1.0 Hulsz@vsnmluniseuualgiadugs
ﬁlzg ;e Bunnulim-wAlsfin 6,97 uglg dry powder Uae
Funnualafiuesfiaan 2,50 mg/g dry powder
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