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Abstract

The objectives of this research were: 1) to design and develop an
e-commerce system for SMEs in Loei Province, a case study of S. Thaweephan
Store, Loei Province 2) to evaluate the efficiency and the satisfaction of the
prototype of the e-commerce system. The following research tools were used
in this study: 1) the e-commerce system 2) a performance questionnaire
3) satisfaction questionnaire. Mean and standard deviation statistics were used
for data analysis. The effectiveness of the system was evaluated by 5 experts.
It was found that the overall quality was very good. The mean was 4.90 and
the standard deviation was 0.20 and the result of the satisfaction found that
the evaluation was at the highest level. The mean was 4.74, and the standard

deviation was 0.18.
Keywords: E-commerce, SMEs, Online Business
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Analysis
Assessment List — Results
X S.D.
1) Functional Requirement Test 4.95 0.11 Very good
2) Functional Test 4.93 0.18 Very good
3) Usability Test 4.90 0.16 Very good
4) Security Test 4.89 0.11 Very good
5) Performance Test 4.85 0.46 Very good
Total 4.90 0.20 Very good
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Analysis
Assessment List — Results
X S.D.

1) Data accuracy, clarity, and completeness 4.54 0.40 Very good
2) Matching the correct category when searching 4.60 0.42 Very good
3) Consistency of content and images 4.75 0.65 Very good
4) Algorithm simplicity and content continuity 4.65 0.61 Very good
5) Matching the user's needs 4.87 0.30 Very good
6) Accuracy of the grammar in the contents 4.70 0.43 Very good

Total 4.69 0.47 Very good
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geganuitnsaiuauieInsvesidegluseiuinnian (X = 4.87, S.D. = 0.30)

AN5199 3 WANISANWIANURINBLY A1UNITERNLU

Analysis
Assessment List Results
X S.D.
1) Design simplicity 4.67 0.13 Very good
2) Simplicity of layout 4.30 0.20 Good
3) Fonts, colors, and backgrounds are used appropriately — 4.43 0.11 Good
4) Clearly convey content using text and images a.47 0.17 Good
Total 4.47 0.15 Good
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Analysis
Assessment List Results
X S.D.

1) Ease of use of the system 4.48 0.20 Good
2) Information relevant to the user's request 479 0.11 Very good
3) Speed of system response 4.85 0.22 Very good
4) Enhance accessibility and shopping 4.95 0.18 Very good

Total 4.77 0.18 Very good
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Analysis
Assessment List — Results
X S.D.
1) Increase distribution channels for products 4.69 0.47 Very good
and services
2) Sales growth online 4.48 0.17 good
3) Public relations to be known more widely 4.87 0.12 Very good
4) Real-world applications for business 4.92 0.18 Very good
Total 4.81 0.17 Very good
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Abstract

This study was conducted to assess heavy metal concentrations (arsenic,
cadmium, chromium, lead, nickel, manganese, zinc and copper) in water and
6 species, 36 of fish (Channa striata, Silver rasbora, Hampala barb, Hemibagrus
nemurus, Toxotes microlepis and Anabas testudineus) near municipal landfill
in Thatphanom District, Nakhonphanom Province. The estimated daily intake
(EDI) and health risk index (HRI) were measured. The samples were analyzed
for heavy metals using Inductively Coupled Plasma Optical Emission Spectrometry
(ICP-OES). The results found that heavy metal concentrations in water samples
were within the standard except Zn and As. The heavy metal concentrations
in all fish samples were within the standard except Cr. The highest of the EDI
value of heavy metals via fish consumption were Zn>Mn>Cr in all fish species.
The EDI of heavy metals in all fish species was within the maximum tolerable
intake (MTDI). The human risk index (HRI) of heavy metals via fish consumption

was less than 1 in all fish species.

Keywords: heavy metals, fish, municipal landfill, risk assessment
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Introduction

The expanding urban communities and life style changing from
agricultural to urban society, population growth, promoting tourism and higher
consumption are factors that cause higher amount of solid waste in various
areas. The amount of municipal solid waste in Thailand generated in 2019 was
28.71 million tonnes which is a 3 percentages increase from 2018, 2 million
tons is municipal plastic waste (PCD, 2019). The municipal solid waste (9.58
million tons or 34%) was separated at its source and re-utilized. For remainder
of the municipal solid waste, 10.88 million tons (39%) was disposed of
appropriately, while another 7.36 million tons (27%) was still disposed improperly
(PCD, 2019). Thatphanom sub-district municipal located in Nakornphanom district
of Thailand. The total municipal solid waste was generated 5 tons per day.
However, household hazardous waste is not separated. The open dumpsite
was used to dispose municipal solid waste. Moreover, leachate management
is improper, resulting in heavy metal contamination in the environment. Leachate
is formed due to the interaction between the waste in the landfill and water
from soil moisture, precipitation, and other liquid waste disposed of in the
landfill site. Leachate can also be formed as a result of chemical and biochemical
processes within the landfill. One of the adverse effects caused by solid waste
disposal onto landfills is the contamination of surface and groundwater by
leachate. The quantity and quality heavily depends on the waste components
and rain for leachate in landfills (El-Fadel et al,, 1997; Capelo & de Castro,
2007). A wide variety of contaminants such as heavy metals was reported in
various studies (Rikta et al., 2018; Baun & Christensen, 2004; Kanmani &
Gandhimathi, 2013; Phoonaploy et al,, 2016). The heavy metals present in
municipal landfills include chromium (Cr), cadmium (Cd), mercury (Hg), lead
(Pb), and a metalloid such as arsenic (As). Some metals such as Cu and Zn are

essential for the normal physiolosical regulatory functions of organisms but
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can bioaccumulation to toxic levels, while others such as Pb, As and Cd are
non-essential and lead to intoxication through bioaccumulation in tissues
(decreased fertility, cellular and tissue damage, cell death and dysfunction in
a variety of organs), depending on their potential toxic effects (Mishra & Mohanty,
2008; Paul et al., 2014; Pereira et al., 2016).

In last decades, studied on heavy metals in freshwater ecosystem have
been major focuses (Plessl et al., 2014; Mutia et al., 2012; Ogamba et al., 2016;
Arantes et al., 2016). Fish have been recognized as bioindicator for environmental
contamination, providing an integrated insight into the status of their environment
over longer periods of time. This is particularly valid for most metals, as they
show very long biological half-lives. Therefore, elevated tissue concentrations
can occur even if the exposure is not continuous (Hofer et al., 1995). Moreover,
fish is an important food source for humans in many parts of the world, and
monitoring their trace element levels is therefore also important to ensure food
safety. Exposure to heavy metals can cause a variety of adverse health effects.
Heavy metals are transported and compartmentalized into body cells and
tissues binding to proteins, nucleic acids destroying these macromolecules and
disrupting their cellular functions. As such, heavy metal toxicity can have several
consequences in the human body. It can affect the central nervous function
leading to mental disorder, damage the blood constituents and may damasge
the lungs, liver, kidneys and other vital organs promoting several disease conditions
(Monisha et al., 2014; Jaishankar et al., 2014). The present study investigated
heavy metal accumulation in the water, and fish near the municipal landfill
area. Additionally, the estimated daily intake (EDI) and health risk index (HRI)

were investigated.
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Methods and Materials

Study area

The study site was the fishery pond located near a municipal landfill
in the Um-mao sub-district, Thatphanom district, Nakornphanom province of
Thailand with the latitude and longitude 16.8843799, 104.6795057. The distance
between the affected reservoir and the municipal landfill was 50 m. A municipal
landfill was located approximately 1 km from the nearest residential area. In
the municipal landfill area, most of the untreated effluent flows into reservoir
and a small stream, particularly in the rainy season, and then flows into the
Mae Kong River. Major agricultural crops around this area are rice.

Water samples

Water samples were collected from fishery pond over a distance of 50
meters downstream of the municipal landfill with glass bottle samplers, which
were previously washed and rinsed with deionized water. 6 water samples were
collected at multiple locations in the water body. Water samples were taken
directly with the bottle’s mouth facing the flow of the water. The samples
were directly acidified in the field to analyze the metal content by adding
concentrated nitric acid until the pH was less than 2. Bottles, which already
contained water samples, were labeled according to the sampling station and
time. The samples were then put in a cool box and taken to the laboratory
for metal analysis.

Fish samples

Fish were caught with a bottom trap net from 6 sample sites. Fish
samples were transferred to a properly aerated cage made of bamboo. All fish
was identified to species onsite by project scientists using a range of taxonomic
keys and brought to the laboratory for heavy metal analysis. Muscles were
removed with stainless steel scalpels and forceps, washed in distilled water,

and then stored in polyethylene bags and frozen for metal analysis.
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Sample preparation and analysis

Heavy metals in water analysis

Each water sample (25 mL) was put in a beaker, 1.25 mL of nitric acid
was added to the beaker, and the beaker was covered with a watch glass. The
beaker was then placed in a water bath at 90 °C for 30 min. After cooling, the
digested samples were adjusted to a final volume of 25 mL with deionized
water. The final suspended mixture was filtered through an 11-mm membrane
filter with standard quantitative cellulose filter paper. The samples were analyzed
by inductively coupled plasma optical emission spectrometry (ICP-OES) (Chand
& Prasad, 2013).

Fish samples

The fish muscle samples were thawed and then homogenized with a
laboratory blender and digested by adding 7 mL of nitric acid to 1 ¢ of the
weighted sample. One milliliter of hydrogen peroxide was then added and the
samples were heated in a water bath for 2 h at 90 °C. After cooling, the digested
samples were adjusted with deionized water to a final volume of 25 mL. The
final suspended mixture was filtered through an 11-mm membrane filter with
standard quantitative cellulose filter paper. The fish tissues were analyzed by
5800 ICP-OES. The detection limits of each element analyzed were As: 0.006
mg/kg; Cd, Cr, Zn and Ni: 0.001 mg/kg; Pb: 0.005 meg/kg; Cu and Mn: 0.002
mg/kg. The ICP-OES wavelength analyses for As, Cd, Cr, Pb, Ni, Cu, Mn, and Zn
were set to 188.979, 226.502, 267.716, 220.353, 231.604, 324.752, 259.327, and
213.857 nm, respectively. The accuracy of the metal concentrations was
evaluated with certified reference material (CRM) via the standard 3111C

method (APHA, 2005).
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Estimated daily intakes (EDI) of heavy metals through fish
consumption
The EDI of metals depends on both the metals concentration in food
and the daily food consumption. In addition, the body weight of the human
can influence the tolerance of pollutants. The EDI is a concept introduced to
take into account these factors. The EDI was calculated as follows equation 1
(Fu et al., 2008):
EDI= (CxCon)/Bw (1)

where C (mg/kg) is the heavy metal concentration in fish, Con (kg/day) is the
average daily consumption of fish in the region (0.052 kg/day); and BW (kg/person)
is the average body weight of people in the region (65.30 kg).

Health risk index (HRI) for heavy metals via fish consumption

Health risk index (HRI) for heavy metals via fish consumption In this
study, the HRI associated with fish consumption was defined as the ratio of the
estimated daily intake of metals to the oral reference dose (RfDo) for each
metal. The oral reference doses were 0.003, 1.50, 0.001, 0.004, 0.20, 0.30, 0.14
and 0.040 mg/kg/day for As, Cr, Cd, Pb, Ni, Zn, Mn and Cu, respectively (USEPA,
1997). The HRI was calculated with the following formula (USEPA, 2000)

HRI = EDI/RfDo 2)

Statistical analysis
Descriptive statistic include mean and standard deviation were used in

this study.
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Results

Heavy metal concentrations in the water samples

Concentrations of heavy metals in water samples were shown in Table 1.
The heavy metals concentration in water samples were within the standard

except Zn and As (2.526+0.06 mg/L).

Table 1 Heavy metals concentration in water samples

Water samples (mg/L)

Heavy metals Standard’
(N=6)
As 0.011x0.01 0.01
cd 0.004=0.02 0.05
Cr 0.02120.01 0.05
Cu 0.023+0.03 0.1
Mn 0.047+0.12 1.0
Ni 0.043+0.03 0.1
Pb 0.014=0.01 0.05
Zn 2.526+0.06 1.00

* Water quality standards for surface water sources, “Exceed the standard

Heavy metal concentrations in fish samples

Concentrations of heavy metals in fish samples were shown in Table 2.
The highest As (0.07+0.01 mg/kg), Ni (0.87+0.06 mg/kg), Pb (0.04+0.03 mg/kg)
and Zn (47.06+1.33 mg/kg) were found in S. Rasbora, Cu (0.79+0.03 mg/kg) was
found in H. barb, Cr (2.00+0.17 mg/kg) and Mn (8.29+0.24 mg/kg) were found in
T. microlepis, and Cd (0.16+0.05 mg/kg) was found in A. testudineus. The Cr
concentration in all fish species exceeded standard of Thailand’s food quality

standards.
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Table 2 Heavy metal concentration in fish samples
Heavy C S. H. H. T. A a
Standard
metals striata rasbora barb nemurus  microlepis  testudineus
As 0.04+001  0.07+0.01  0.04+0.01  0.04:0.01  004:0.01  0.06+0.01 0.1
d 0.40£0.03  0.06£0.01  005:0.01  005:0.02  007+0.01  0.16+0.05 0.5
Cr 141:003 190006 157008  1.37x0.13  200:0.17  1.59+0.11 1.0
Cu 0.49+0.02  0.66£0.04  0.79+0.03  051x0.11  0.71x0.04  0.59+0.06 -
Mn 442019  4.06x0.44  2.88+0.14  2.56+0.36  8.29:024  3.74+0.17 -
Ni 0.61£001  0.87+0.06  0.86+0.04  0.70+0.12  0.80+0.11  0.79+0.07 -
Pb 003001  0.04+0.03 ND’ 0.03+0.01 ND' ND’ 0.3

Zn 38.87+0.22 47.06+1.33  43.09+0.84 45.06+1.53  45.80+0.35 47.72+1.52 200-600

*Thailand’s food quality standards, ’ ND =Not Detected, " Exceed the standard

Potential health risks from heavy metal exposure via fish consumption
The EDI and HRI values for heavy metal exposure via fish consumption
are shown in Table 3 and Table 4. The highest EDI of Cd was found in C. striata,
As, Pb and Zn were found in S. Rasbora, Cu and Ni were found in H. barb, Cr and
Mn were found in T. microlepis. The HRI of heavy metals via fish consumption

were less than 1 all fish species.

Table 3 The EDI of heavy metals via fish consumption

EDI (ug/kg/day)

Heavy
C S. H. H. T. A.
metals MTDI
striata rasbora barb nemurus  microlepis  testudineus

As 0.032 0.056 0.032 0.032 0.032 0.048 1.00°
Cd 0.319 0.048 0.040 0.040 0.056 0.127 2.00°
Cr 1.123 1.513 1.250 1.091 1.593 1.266 1.00°
Cu 0.390 0.526 0.631 0.406 0.565 0.470 4.50”
Mn 3.520 3.233 2.293 2.039 6.602 2978 11°
Ni 0.486 0.693 0.696 0.557 0.637 0.629 0.90°
Pb 0.024 0.034 ND 0.024 ND ND 0.30°
Zn 30.953 35.438 34.314 35.882 34.435 38.001 a0’

MTDI Maximum tolerable intake ° FAO/WHO (2002), 0 FAO/WHO (2004), “ JECFA (2005), ¢ Institute
of Medicine (US) Panel on Micronutrients (2001)
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Table 4 The HRI of heavy metals via fish consumption

Heavy C. S. H. H. T. A RfDo

metals  striata rasbora barb nemurus microlepis  testudineus (mg/kg/day)

As 0.106 018  0.106 0.106 0.106 0.159 0.0003
cd 0319 0048  0.040 0.040 0.056 0.127 0.001
Cr 0001 0001 0001 0.001 0.001 0.001 150
Cu 0010 0013 0016 0.010 0.014 0.032 0.04
Mn 0.003 0002  0.002 0.001 0.005 0.002 1.40
Ni 0.024 0035  0.035 0.028 0.032 0.031 0.02
Pb 0.007  0.010 ND' 0.007 ND' ND' 0.0035
Zn 0103 0151  0.114 0.120 0.148 0.127 0.30

"ND= not detected

Discussion

Heavy metal concentrations in the water samples

The Heavy metal concentrations in the water sample were within the
water quality standards for surface water sources recommended by the Pollution
Control Department in the Ministry of Natural Resources and Environment of
Thailand except Zn (PCD, 1994). The Heavy metal concentrations in municipal
landfill depend on various factors such as the composition of the waste,
biochemical processes that occur in the degradation stages of the waste, amount
of moisture, and the local parameters (Ma et al., 2018). The results of this study
found that Zn is the highest concentration in water samples. Most of the Zn
concentrations in the water from the municipal landfill are likely to be from
spent battery. Since the solid waste in this site is not sorted. Portable batteries
have become essential in supplying energy to various electronic devices such
as remote controls. A considerable amount of battery wastes is generated due
to the short lifespan. In particular, primary cells such as alkaline and zinc-carbon
batteries are non-rechargeable and disposed of after one-off discharge. Hence,

this can create serious environmental problems during disposal process as there
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are hazardous components such as heavy metals (Nyame et al., 2012; Intamat
et al., 2017; Phoonaploy et al.,, 2016; Sriuttha et al., 2017). Heavy metals
contaminated in water samples were from leachate. Leachate causes the
pollution of the surface water, groundwater and would finally be enriched in
the sediments by adsorption, complexation, flocculation, and sedimentation
(Wang et al., 2016). The improper leachate management in this area resulting
in leachate spread to environment and organism. Landfill leachate is a concem
since it is a complex mixture composed of several pollutants, such as heavy
metals, soluble inorganic and organic compounds (Mavakala et al., 2016; Naveen
et al., 2017).

Heavy metal concentrations in fish samples

This study investigated the heavy metal concentrations in local fish
that were consumed by local people who live around municipal landfill. Six
fish species, 30 samples were investigated. The Cr concentration in all fish species
exceeded standard of Thailand’s food quality standards. Whereas the other
heavy metal concentrations were within the standard. This result indicates that
to consume fish from this area may expose the Cr. The range of Cr concentrations
in fish samples was 1.37-2.00 mg/ke. This result concurs with a previous study
in the Khon Kaen municipal landfill (Sriuttha et al., 2017), in that the range of Cr
concentration in four species of fish was 0.57-1.90 mg/kg. Hexavalent chromium
(Cr (V1)) is the toxic form of chromium whereas trivalent form is relatively non-
toxic (Velma et al., 2009). Cr (VI) has higher solubility or higher mobility rate in
aquatic medium (Vinodini & Narayanan, 2009a). It can readily penetrate the
gill membrane by the process of passive diffusion which is mediated by pH of
the system; as a result, they are accumulated in fish which live in the surface
water. Cr (V1) is allowed to enter easily into the cytoplasm of aquatic organisms
(Vinodini & Narayanan, 2009b). Thus, it can be said chromium enters the

body of the fishes mainly through the gills (Velma & Tchounwou, 2009). The
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bicaccumulation of Cr depends upon size and organs. With subsequent increase
in size and dimension, the concentration of Cr in soft tissues and shell is reduced
substantially. Cr accumulation occurs differently in various sorts of tissues. Its
concentration have found to be highest in gills, kidneys and liver of fish while
hardly any tendency for Cr accumulation in muscular tissues (Sadig, 1992).
The high Cr concentrations were found in fish samples in this study. In addition,
both physical and chemical properties of water and seasonal changes are the
main factors accountable for the intensification of heavy metals in various
types of fish tissues Cr accumulated in fish may affect the physical, behavioral,
biochemical, histological alterations, genetic and immunological (Arunkumar
et al.,, 2006). The aquatic toxicology of Cr depends on both biotic and abiotic
factors. The biotic factors include the type of species, age and developmental
stage. The temperature, concentration of Cr, oxidation state of Cr, pH, alkalinity,
salinity, and hardness of water constitute the abiotic factors. Moreover, lethal
and sub-lethal concentrations of the metal and its speciation also determine
the sensitivity of the individual organism (Velma et al., 2009). Fish provides
essential nutrients especially proteins. Local people eat fish regularly, thus they
are at a risk of Cr exposure.

Potential health risks from heavy metal exposure via fish consumption

Fish consumption has been identified as one of the major pathway of
human exposure to the toxic heavy metals. The EDI of heavy metals in all fish
species were within the maximum tolerable intake (MTDI). This indicates that
these fish might low risk of heavy metals to the consumers in the study area.
Though the EDI of the studied metals were lower than the MTDI, but periodic
surveillance will be necessary to set up regulatory norms for dietary intake of
those fish species.

HRI are parameters for risk assessment which compare the ingestion

amount of a pollutant with a standard reference dose and have been widely
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used in the risk assessment of metals in contaminated foods. In the present
study, the average HRI values for all the six fish species were below 1, which
indicates that the intakes of metals by consuming these fish do not result in an
appreciable hazard risk for the human body. HRI exceeding 1 indicates that the
metals are toxic and present a hazard to human health (Li et al., 2013). Toxic
heavy metals (Pb, Cd, As) are generally considered the most toxic to humans
and animals; the adverse human health effects associated with exposure to
them, even at low concentrations, are diverse and include, but are not limited
to, neurotoxic and carcinogenic actions (Castro-Gonzalez & Méndez-Armenta,

2008).

Suggestion
The public should be in control of the leachate, and increased public

awareness is needed to reduce the risk to human health.

Conclusion

This is the first study that revealed heavy metals concentration in water
and fish samples near Thatphanom municipal landfill. All of the samples
contained heavy metals contamination, although the heavy metal concentrations
were within the standard ranges allowed by Thailand food quality standard
except Cr concentration in all fish species. It may be a potential source of human

health risks for those living around the municipal landfill.
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2562 uaznuAuS 2562 wan1sAne wummkaduannin Jumbo Yosdian
(3.28%) usiiatunninin C wnilan (47.13%) Fansisuifisudnumeynanmenn
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AuuANEIvNadRveaasiduddiunsulsznuld dunatuaunin C fusunu
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voaudsiiazarorld (total soluble solid, TSS) Anilan (P<0.05) wAnatunaiA1M

Jumbo fiUFununsaiilainsnle (titratable acid, TA) g@efiga (P<0.05) vinlvina
FUAMAIN Jumbo Hdndu TSS/TA f1fian (P<0.01) dun1sANYIAIUYINIAINIT
Wufgamuitlunnduauninumsiffinsinuifedlugisuggnia (Reusuiaw)

dnuNMHARNIYILABURN
AENARY:  WNITTUNER, TUAMAIN

Abstract

The aim of this study was to investigate the impact of fruit grading
and harvesting timing on the physical characteristics and quality of 'NomSod'
jujube. The research was conducted during the harvesting season of the
2018/2019 production year in the farmers’ fields of Kham Muang District,
Kalasin Province. The experimental design was completely randomized
block design (RCBD). In the grading part, the jujube fruits were categorized
into four classes: Jumbo, A, B, and C. Another experiment was carried
out within three grading classes (A, B, and C) to assess the influence of
harvesting timing on fruit characteristics and quality over three months:
December 2018, January 2019, and February 2019. The findings revealed
that the percentage of Jumbo-class jujube fruits was the lowest at 3.28%,
while the C-class had the highest representation at 47.13%. In terms of
fruit characteristics, Jumbo-class jujube had the highest weight; pulp weight,
and seed weight. However, there were no significant differences in the
proportion of edible parts among the different class grades. Regarding class
quality, it was observed that Class C jujube had the lowest total soluble
solids (TSS) content (P<0.05), whereas Jumbo-class jujube had the highest
titratable acid (TA) content (P<0.05). This resulted in Jumbo-class jujube
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having the lowest TSS/TA ratio (P<0.01). In addition, the study on harvesting
timing indicated that jujube fruits harvested early in the season (December)

exhibited superior quality compared to those harvested in other months
Keywords: ‘NomSod’ jujube, grading

uni

wnsuguLan, Ziziphus mauritiana ‘Nomsod’ si3aiienamuiiudiugnii
sy Wusaliasugiaiidfouesdminniwdug Tngldiunsusesnaunin
miﬂﬁﬂ’amﬂmimwmﬁﬁ (good agricultural practice, GAP) Laz91115Uannfe

[

Y093 IANwaNg (Kalasin Food Safety) lngvmsnlusiualnu §unedise Jawin
nwdug Bulgninsilul wa. 2526 JagtuiiufionzUgnifinduinnndi 1,600 19
IonandnlsazUszuna 4-5 fu aunsaiunandnliussann 4 WeousreUlutiusiou
Suneudsiuinuvemny (adns drs1ans o ogsen uazAmy, 2563) dmSussuy
msudannsnduuuunagsmdnedunlusisivnsegluraslifanauaznaiing
WyAula uardinmaiugdsuhiymniimasigiulameidy dnvarnsudnnme
Tufiuidegluguuutinunsnsmedesifiuiivgnmsuszana 3-10 lesos1s (assen
dnpnyasal uavane, 2563) Tnevtiluwnanansnsadnoglunduialsinaiunsou (tropical
fruit) wazlinaluniedou (sub-tropical fruit) %ﬂﬁagj 2 wlla A9 NYY mauritiana
wag jujuba (Anjum et al., 2018) ImwmwﬁﬂqﬂiuﬂizLwﬂimﬁwzi’fﬂagiuﬂﬁjm
mauritiana ¥39138n31 Indian jujube Lﬁaﬂé”aaﬁuwmiﬂﬁé’ﬂwmshjﬁﬂw’%aLG?JEJ’J
maonl dwngu juiuba dzfuldndaly %QL'%smwm’mzjuﬁ'j'] Chinese Jujube (Azam-
Ali et al.,, 2006)

srvumsndnvesmstulng Snsfaudsidufeunsisy uagiinisda
ySWLLUULHASTuULEagenfiuAuUszana 1.5 wes ludnvuzadnedunisdans
nswietedu wasnnaisuiiniseenseniufeunaaufisunes Tasvhluwndaag
szeza s iulnvesnasuieszeziuiieiuszana 90-120 Yundsoenaen

= o ™

(Ma et al,, 2021; Niyanut et al., 2021) maﬂwmzmsaaﬂmmammi'mﬁms
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nsxned dwalinsiufemandninnsnssaeideludinfousunauiiuiay
Faildnanmiuda warlufunuaimwandnvosmamuitmnniviinaveudi
azaoih (total soluble solid, TSS) wazuUSunansadilawmsnld (titratable acidity,
TA) fisdunuengraugeaalutiiinaiiigsroganuinaaisinel (physiological
maturity) Wiosvesiimanzaslunmafiuifes (Niyanut et al, 2021) aghslsfinuain
nsnszaesavemanaslusrsfiuien iardsalinandnfiiuiedluusiagdiaia
LAMUBANFNTUAIEY
uaﬂmﬂﬁizuuﬂﬂiﬁi’mﬁwwmwaqﬁuﬁé’fma'nﬁmﬁm@mmw (grading)
wsoonidu 4 Fuaman Tiud suialugifivay Jumbo), vuelug) (A), suAnang
(8) wazaunmdn (O) Tnssasmieveudazvuiaiisianadodedlansu fil
%u@mﬂﬂw Jumbo wag A fisAade 25-35 U, %uﬂMﬂ’IW B fis1Auady 15-25 uw
LLaz%uQMﬂﬂw C fi1aiady 5-15 U %uwiaz%y’uﬂmmwﬁmmLLmﬂwhwzﬂuLLdé’ﬂwmz
yuianakazAunIwNe Tneludnvusnauazaunmaaiinuiuulsidesiniug
wagnTdaMIuUas ufstenainsasaiulavess uasnsiuiien (slam et al,
2015) %ﬂwmmmmﬁwwﬁagammLLmﬂﬁhwaaﬁﬂwmsmaimﬁy’mmmwwa Suiiles

NMNFUAMAMRAET NS U useul Msndndwsidousunaudenuniug

¥
v Aao

AW TInQUIT Ao AN W INaVRITUAMNINKE 4 TUAMAIN LaZYIIAT

2 o a v ¢ ~ v &
ﬂ’]iLﬂULﬂEJ')'V]@JNaﬁaaﬂﬂmgﬂq\jﬂ']EJ.ﬂ']WLLﬁ%ﬂmﬂWWNaWW§qWUﬁqUNaW L‘W@%L‘U‘u

wwmslunisianisnmiswianmiegilnunweely

/auliun1Idg
msfnuravesmsTatuauLarT MM afuRerednuaramen
wazAmANKaN IR uguLan dudunislusasnuasnafugnamalufiufisiva
hulnu Snediaing Smianmidug Tnevihms@nwiludsnsiiuifemandasening
Weuswiau 2561 - flureu 2562 laswuseanidu 2 nsnaaes laun navesnisdn
FunAMAe AN YUENIINBANUAL AL MHANTTIUSUNAR LOZHATDITIEIAN
nsifuifeadednuaznsnanLazauaRams U uLan Tnefineaziden
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NUNABBIN 1 HAVIINITINTUAMUNINADANHAUENINIEATNLAZAMNIN
NAWNIINUGUNER

v A

MnsARdondunms 5 Ay 1NEUNIlUTUTBIEIUMIUNITINYATAR (GAP)

lugrudeafuidvuialndifesiudfvunanssiuning 3.5 wns dnvugaruniuy

[

Wuneeu NguYARUN 40 (NguANTIUMeIUANTENNNIRAINRYNaUa 1 YIBinY

9

1%
a =

Funiailonetu) audeyavesszuviiausunufigafuuinsdiu 1:25000
(NuWaUTIAY, 2563) LLazmiLﬁULﬁmmawmﬂmﬁaué’mmm 2561 kAauIUAR
wentupmnMAASNSTeNAYATNT neutveandu 4 Fuaanm 1 vuelng)
e (Jumbo) vualng) (A) BWIANaNN (B) wazawiadn (C) 19UNUNITNAABILUY

completely randomized block design (RCBD) ¥inn1sgudog1sunazsiuluisias

q
o v
v v o

FUAMAIN U 15 KA 5IUMIMUA 45 Ha vedusazduauaIn MsIndivinng

q

v
o % <

uazuena wazvnsindwinidenaiisuusemuldfudminugs wimndui
Lﬁamamﬂi&ﬁumﬂmmulﬁa (firmness) F81A309 Force Gauge (FG520K, Daiichi,
Japan) udwhmsauihandenaiiefausinamewdefiazareild (total soluble
solid, TSS) #8LA38Y refractometer (PAL-1; Atago Co. Ltd., Japan) ﬂﬂﬁﬁ%uﬁmm
5 faddns wnUesifudnsadilamsvld (titratable acidity, TA) lneldansazane
113371 0.1 N NaOH Taeld 1% Phenolphthelein Usuna 1-2 wen 1w indicator
yhmslmmsnauisgegilasasazadsududuy aaiSues AOAC (1990)

uNeassil 2 NavesTIIAIMIAUIEINTnadasNYNENIINIEATIN
VYBINA

yhsRnwtasnamMaAuigfinadednuaEnenen LAz AN IWHE
IneAMEaNNNII91UIU 5 Aiu completely randomized block design (RCBD) 14dka
wslutuann A B uaz C lasudshananisfuifeeondu 3 929 1éud deu
$urPa 2561 UnTIAN 2562 wagnuATuS 2562 Tasudastunmniwainaiiosis
Tuusiazdiaaan wanifmedwmauindnyENa WAEANAMHANINTSTNTIRdNYLY

wazAmuA KA ludIN 1
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NaN5IBUAZBAUTIENE

dadruvamaudaznsindunanasnggniaiiuiien

nsdndunavesmsusaautsoonidu 4 $u Tdun sueluaifiey Jumbo)
gwalvi (A) wanans (B) uazwaidn (© Taemsmdndauvesusazdunalaens
Sufinfeyanaifuifemanmuauudu wuimmaifing Jumbo Hosdign (3.28%)
wagfinadu C nfige (47.139%) feguil 1 uarluseumafuifendeusunau 2561 -
Wouiiunaw 2562 Tasmawuin Jumbo axiflutisiungmaiufufousumeuyiniy
FudurrusniwniEuinisionauagsunumauududadlinnntn feinarudinius
YOIVUIAHAKAZ 1AM N153ANTSTdAd e ISnsdanisifiedindndiu
wawdnlutunmain Jumbo wazdugman A Faaztaeliinunsnsiseldifuty
othatuiBnsinmstuas oegramngay uiu lnsanglugasiinnaegiugg
VBINTAANG

3.28

Il Jumbo
mA

OcC

15.50

JUN 1 Wesiuddndiunisinturemannsneiuannnsiiuiemasvanuudy

Tnsuvseanidu 4 Fuamnm
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ANYULHAVIINNTININNITIATUAMNIN
NSANYIANYUEHAVBINNTING 4 FUANAIN (115797 1) WUIT KA Jumbo
Ingifian (AIUNT19ANE1Y wazdIdnNa LM1AU 51.48 mm 58.28 mm uag

106.43 ¢ MUAIAU) NaTuAMAIN A Hauradnnd wa Jumbo Uszua 2.5 1

(P<0.01) drunatunmunIn B way C Lifinuunne19n19ada aenndesiudiud

= a

fuuszmuldauiiona (pulp) & fmsdsuwdasmuihainuaoun daudmin
wanuitua Jumbo fudaluajfiae uailinuanuuandsvesiminudelunady
AN A B uay C uaziflefiansanlususunsanasinanunianazaseiina
s uguanidnvauznansanan (round shape) ileanenisiiorsandviisusng
(shape index) MNAAAIUTDIAIININALAZAIIUNIINANINTTVDS Abdel-Sattar
et al. (2021) wuhwmandunmawilen shape index agluts 116-128 Fslanunf

a o 1

nnTAaraeRuglsUnsauana1eiuly dwmsunsussliuvdadiunsudsenula

VBNANNIIM ¢ Fupunmlinuauwansneats tneddndunsulseniulaves

HABEYIZIIN 86-93 Wasidus (3UMl 2)

MTN 1 ANYULHAYRINNTININANTIATUAMAINAT Tadln Jumbo A B wag C
Tuseulnsudn 2561/2562 Ineiuifenaninszninafeusunay 2561

fafloununiug 2562

Whole Pulp Seed Width Length
Grade
(9) (9) (9) (mm) (mm)
Jumbo  106.43+1357 A 98.87+12.41 A 4.71+0.90 A 51.48+4.74 AB 58.28+1.62 A
A 40.59+9.09 B 34.89+10.05 B 1.86+0.40 B 39.80+2.83 B 43.00+4.35 B
B 26.65+4.07 C 24.79+ 4.03 C 1.31+0.20 B 34.68+1.93 C 38.57+2.09 C
C 18.21+£2.41 C 16.48+ 2.88 C 1.26+0.82 B 30.85+0.98 D 33.34+1.39 D
F-Test . . . . .
ngme: ** dauuandnsadinlag P < 0.01
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100 -

ns
| ] I | l
o J
B C

Jumbo A

Edible part (%)

JUN 2 Weswuddwnsuusemuldvemannsiuguuan ¢ uamunmn

oA Jumbo A B way C

A Oooa .
VUG LOUARIALAZDULUIAY AD standard deviation

NAVBITUANN THADANNIWKE

nsnwIguNIATBINALAAETuAMAIM TdinsAnuUTI TSS, TA,
dndauves TSS/TA uazaImLUuLiona (3UA 3) wudwmawuin Jumbo A wag B
fiUgina TSS laiusnsnevnea dunatuganin C fusina TS teefian (P<0.05)
uin15ATIERUesdud TA wuiina Jumbo fiesidud TA gefig (P<0.05)
aonadosudadauues TSS/TA Ha Jumbo fiAdnfign (P<0.01) Fsdanalsina Jumbo

Hsav1RauUSenauninu @ruA Uk UL e lUNUAULANAPUANLLLULTL DD INE

[ [V
o

VNTUANATIN INNITWSEUIBUAMAINNAYRINNIITUTUNaRlUNSAn YIRSy

NAEAlanLdunsuneunil wulmmsusuianiiAafevesUsuna TSS uas
Wesidud TA Andnseauresmsilungy Indian group @ntee lneAade TSS
waz TA lus1891u909 (Abdel-Sattar et al,, 2021) fiA10guya9 13.43-23.55 “Brix

s ~ ] o

wag 0.38-1.27% MIUAIFU FIUIILAAIINAMUNULUTVBINUTNNINTUANF 9T Y
aghslsimulussnununimnanns1lungy Indian group lne Islam et al. (2015)
wag Niyanut et al. (2021) wuinda1 TSS TA wazdadiu TSS/TA fianlnalAsenu

msfinwagall dauemnuwiuiedilinuaruunnansluynduamunimne wansliiiuii
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o
[ =

AunsouvaannIluudaztuaua nnainulndifiesiu agnelsiniuainns

q

dunwaiinunanatdnnma wulmmsilutusmniw A uag B fuslaaliniseeusy
uniigaaginansawnsdirunseuiivanzan wasiisannee lnsuanse
dneusewhe TSS/TA Aindwannsnduamnin C daumatunmamm Jumbo Té5uns
gousuluFesunanafsgamuaulavesiuslan
HavaItIsRAINsIURE T NAde AN wMENSNEATWYBIHA
nsRnwFnanaiuieiinadeamn Taduiunslunatunmaim
A B wag C 1iesdena Jumbo La‘wwﬂuﬂmﬁwmﬂamwaﬁﬁwLLiﬂIuLﬁau%’u’nﬂu
Fanuirdnwauenienieninvewa téud dindnua dainidena dniniuda
ANUNING kazANenINg dwwildulinuanuuanstmsadifvesdnuaennienm
yomannsluudazdisaansifuifsssriaieusunau-nuaniug (sl 2)

o o

dmSunMsIRzRnUNNRATULATINAINTAUNEY WUTWATURANMAIN A WAz B

S & A

miufeIlufeusunaukarunAn naluuna 1SS geandmwaiiuifedlufiou
nUAIUS dauesidud TA fangnatunmunin A Anuiesidud TA Wiufedly

| [N

outunauuazunsauiigainimaiiiuiflufoununiiug (P<0.05) dawdadau
93 TSS/TA lamuanuusnsensadiluyntsnaimafuifsesmntunmnmes
dmsuanuuiudonaduamnn B wa C Mifuifsrlufeusunaudauuduile
geniwaiiufelufeuniauaznunius (P<0.05) :InmsAnwenuiiiun
(Abdel-Sattar et al,, 2021; Islam et al,, 2015 wag Niyanut et al., 2021) Tanu
mAfeiadlalulssifudnvarnauazaannnalurianainsiiuifoiwendieiy
FsmsiwnmamnsafufsmalduiuUszann 3 WeuAndlomnymniitisszezim
nmseenmeniuAnsafuaenndestumsiaiauAulnvea Tagsienuues islam et al.
(2015) ua Niyanut et al. (2021) lakansgaorgnmsiauveanannalungy Indian

group 8glure 90-120 Tunasesnaan

Vol.11 Issue.3 (September — December 2023) | Ufi 11 atiufl 3 (fusney - Suau 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NIFIneemanswasinalulad wnInedus1vigensend

A) B)
P<0.05 P<0.05
15 - 05 -~ A
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& . B B
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(@) D)
P<0.01
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60 4 “' _l_

A
] T T
40 40
20 l ’2o-j I
0 0
B C

Jumbo A B C

TSS/TA
o)
Firmness (N)

Jumbo A

SUAl 3 mavestuAmAIw 4 Fu (Jumbo, A, B uaz O) deamainwa led Usuiw
vodefiavareiild (total soluble solid, TSS; A) wWasiiudnsaiilansvle
(titratable acidity, TA; B), @nduTSS/TA (O) tazanuiuuLiie (firmness; D)

Yannsiuguan luseutnisudn 2561/2562

NUBWA:  UOUARIALAGBULLIAY AB standard deviation WarN13AAUAIEAIBNYSTILANAIIIUEAIY

uanAneeEnRlneISAsiSsuiisuAadsuy LSD 9 P=0.05

' v

msfinwilunsveaeddliifiuimmeduge EunauasunsIay) Hanns

q

=~ =~

finunmuaiiininvateggluiounuaiiug dadudeyafidrdyiinunsnsiiay
finsannisianisielinandnnmsifinuawainanonasniasggaiativiien
Fsammiinananuangadinunimdesnindugg enaAnidesanduggumsniinigly
mslulawnsnazaunionslulainsniiliieglusulassaine (total non-structural
carbohydrate, TNC) lulumsimumalugisiugguin vivlvivade TNC lugiategg)

UoEAY AMNTMHATDINNTIUa809T9anas B9 Galindo et al. (2015) WudnAuNN
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a a | v = 1% =1 = ' '
V]llNaNamlnﬂ'ﬁqNaIMQMﬂ’]WNaNﬂmﬂ’]Wﬁ@aQVL@ u@ﬂf\]qﬂuwmiquﬂqiumﬂiu@@uslwu

WndulugisUanemauunsiay nasnnflvinananluyramidaavinlimanniswes TNC

senindlusauiunandnfindouiuieslurinfounuaius Fweraduaivgmilad

Mlvigunmaaluiusanianas nelnuneassislleafinunmsivisuidames TNC

Tulu viensnszatevessigemmsuiseiie wu lulasiau uwaslnunadey (Galindo

et al,, 2015 wag Isarangkool Na Ayutthaya., 2019) S?fuﬁlmsﬁaﬁumiﬁmm@mmw

vawaldivelifnanudaauvesanrsiiieitesiununmiavesnmssoly

M990 2 ANwEINIEAMYBIHANNTIRUTUIEn Lok Umlinnarianue (whole

fruit), Yrntdniile (pulp), Yintdniuda (seed) AINUATIS (width) way
ANE1IKE (length) Tutianainisiiuiietseninafeusuinan 2561

fafloununiug 2562

Month Whole fruit Pulp Seed Width Length
() () (9) (mm) (mm)
Grade A
Dec 38.12+11.83 36.43+11.43 1.69+0.53 39.35+3.71 42.54+6.73
Jan 37.05+ 5.60 31.22+ 7.15 1.87+0.13 41.41+1.69 45.18+2.43
Feb 38.52+6.83 32.03+ 6.99 1.78+0.27 40.01+2.70 45.54+3.37
F-test ns ns ns ns ns
Grade B
Dec 26.24+5.57 25.22+4.69 1.26+0.15 34.66+2.23 B 35.02+2.53
Jan 25.43+3.85 22.48+3.81 1.22+0.31 35.44+1.46 B 35.71+1.41
Feb 25.09+5.57 22.32+4.69 1.36+0.15 38.15+2.23 A 38.44+2.53
F-test ns ns ns * ns
Grade C
Dec 20.06+3.20 AB  17.98+4.24 1.90+1.66 AB 31.90+1.71 33.74+1.40
Jan 17.60+3.27 B 15.34+3.01 1.15+0.22 B 31.71+1.32 33.62+2.79
Feb 21.90+0.70 A 19.48+0.58 2.50+0.23 A 35.61+0.92 39.40+2.89
F-test ** ns ** ns ns
waewn: s lifianuuananisatialag * Ianuuand1amseEdiflas P < 0.05 uay ** IAuuane

MeadAlAg P < 0.01
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ns P<0.05
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Nav0ItaIaINTIAABITENINReuF AL 2561 Baidoununisius
2562 (s0UTN1HAN 2561/2562) Aislsionaninua Tiun Usuuvosuded
araneinld (total soluble solid, TSS) Weddunsavlamsvld (titratable
acidity, TA), &ndau TSS/TA waganuuuiile (frmness) vaanatuganIn
7199 laggu A f9 D LAPIKARAATUALAIN A sUE I H LAAIHAKARTY

AN B uazsU |- uansnanantunmnn C

MBWN:  ULOUARIALATOULWIAY AD standard deviation warn1smfumemanysiuanesiuinig

wansnaeEnRlneISNsiSsuiisuAadsuy LSD 9 P=0.05
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Abstract
In this paper, by using elementary concepts of number theory, we show
1 1 1
all positive integer solutions of two Diophantine equations - + P —”Z;’ and

1,1 -1

—+5 = i , where a, b,n are positive integers and p,q are prime numbers

with p > nq. The research results showed that all solutions of the equation

nq+1
pq

1 1
St = are
(a,b,p,q,n) €{(29,2q,nq +1,q,n)}
U{(q(q+1),q+1,nq+1,q,n)}
U{(pq,p,v,q, 1D}
{(p(p+q) q(p+q)’ ’ ,n) . ptq c Z}
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pq(pq+1) pq+1 pq+1
(P e pan) B e 2
q nq+1 ng+1

nq-1

All solutions of the equation §+ % are

(a,b,p,q,n) €{(2p,p,p,2,2)}

e S pan)gs e )
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when n > 1.
Keywords: Diophantine equation, positive integer solution, Egyptian fraction
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nsalgeY 2.1.1 ged(q,a;) = 1 970 a,|qb, Fai a,|b, dzdduaufy
U3 b, M by = a,b, WaEaN ged(p, by) = 1 Fathy ged(p, by) = 1 LAZANNAUNIT
(18) 931677 p = b,((ng + 1a, — q) waza1n p LTUTIWIULANIY wariy p=

(ng + Da, —q wag b, =1 90 a; = (p + q)/(ng + 1) Uag b, = a; Wzaviu
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a=pp+q)/(ng+1) uar b=qp+q)/ng+1) Tuee (abpqn =
P® +)/(ng +1),q(p + @)/ (nq + 1),p,q,n) o (p + ¢)/(ng + 1) Huuidu
nsdigey 2.1.2 ged(q, ay) = q S9N gla,9siisunuduuan o, 3l
a, = qa, Wazanaun1g (14) et pa, = ((nq + Da, — b, waziilednnn
ged(a,, (ng + Da, — 1) = ged(p, b)) =1 Y117 a, =b, 8% p = (ng + Da, — 1
azlAdn a,=pP+1)/(ng+1) meazﬁ?u a; =qp+1)/(ng+1) Lag b, =
p+1/(ng+1) ﬁjﬂ‘liju a=pqglp+1)/(ng+D) ez b=q(p+1)/(ng+1) ﬁuﬁa
(a,b,p,q,n) = (pq(p + 1)/(nq + 1),q(p + 1)/(nq + 1),p,q,n) \ile (»+1)/(nqg +
1) Wudhuiwiy
nslEioy 2.2 gcd(q,b) =1 LLazL‘ﬁIanﬂ gcd(g,ng +1) =1 hagdaunig
(13) 22181 qla, Seiuailunudiuun a, 8915 a, = qa,

KazINAUAIS (13) 3glaan
pqa, = b((nq + Da, — 1) (15)

dlesann ged(p, b) =1 wag ged(q,b) = 1 WWI12azUdU ged(pg, b) = 1 waziiiosann
ged(a,, (ng + Da, — 1) = 1 wazaunis (15) 1691 a, = b uag pg = (nq + Da, — 1
MUY a, = (pg+1)/(ng+1) 1A a, =qlpg+1)/(ng+1) tNS1gagUU

a=pqpq+1)/(ng+1) wag b =(pq+1)/(ng+1) ﬁ’uﬁa

(a,b,p,q,n) = (pq(pq + D /(nq + 1),(pq + 1)/(nq + 1),p,q,n)

e (pg + 1)/(ng + 1) Jusruiufu

o w

dreusaliazuinaLaasianua N dus1uIuLfuUINYeIauNIs (5) way

L4 a

\1199970 Prugsapitak (2023, 2024) lafigaunsdlil n = 1 uda astuluiiagiiarsan

Y

aa
NN n>1

nquiiun 3 19 a, b, n WHudaudinuin waz p,q \Wudwauane laef n > 1 uaz

p > ng wlenauns (5) dnamasianuaidusiuuduuln il
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1) (a,b,p,q,n) = 2p,p,p, 2,2)

2) (a,b,p,q,m) = (p(p + 9)/(nq — 1),q(p + q)/(nq — 1),p,q, 1)
dlo (0 + q)/(ng — 1) Juswmdu

3)(a,b,p,q,n) = (pa(p + 1)/(nq — 1),q(p + 1)/(nq — 1),p,q,n)
dlo (0 + 1)/(ng — 1) Wusunusiy

4)(a,b,p,q,n) = (pa(pq + 1)/(nq — 1), (pq + 1)/(nq — 1),p,q, 1)
dlo (pq + 1)/(ng — 1) \Jusuawdiy

Wgad anauns (5) awlaa
(a + b)pq = (nq — 1)ab (16)

199970 p Wudwiuaniy way p > ng M9t ged(p,ng — 1) = 1 Ws1¥aziuan
aun1s (16) aglen pla vi3e plb lngliidetded Ay auuiii pla AaiuasiisiuIudy

UIN @, TN a = pa, wazanaunis (16) aglain

(pa, + b)q = (nq — )asb (17)

[

waztasann p Wuswany fuiaunsaweniasants 2 sl aadl
nsil 1 ged(p, b) = p A¥LeN plb etz wANUIN by Tl b = pb, uaY

nFUNT (17) azlai
(a; + by)q = (nq — 1)as by (18)

waza1n g Wuduauenie way ged(q,ng — 1) = 1 693U gla, 50 q|b, laglaiide

o (% a

WodAny auu@in gla, feduaziduiuduuin a, 39 o, = qa, wavanaunis

(18) aglaan
bl(l + az) = qaz(nbl - 1) (19)
\{0997n ged(by, nby, — 1) = ged(ay 1+ ay) =1 §95U b, = a, W30 by, = q N30

b, = qa,
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'J']ﬁﬁ']ﬁswlil']ﬂ?ﬁﬁﬁLLaﬂLWﬂIuIaﬁJ mwﬁwmamwngqmmu
nsalgae 1.1 b, = a, Laranauns (19) aglan
1+a, =q(na, —1) (20)

N512R8Y 1+ @y > na, — 1 ¥3e 2 > (n—Da, Fatu n = 2 UAE a, = 1 UA¥IIN

aun1s (20) 1@ g = 2 et a, =2Uag b, =1 WSIzRLI a = 2p Way b = p Wy
Ao (a,b,p,q,n) = 2p,p,p, 2,2)

nsaigae 1.2 b, = ¢ waraNaun1s (19) eldin 1+ a, = ay(ng — 1) uay

9N ged(a,, 1 +a,) =1 oty a, =1 Fathy ng = 3 LaLIN

g Wudwuame wzaztu n = 1 Faduldldle Wesan
n>1
nstigas 1.3 b, = qa, Laz1Na@NN1s (19) LldN 1+ a, = nga, — 1 9

WWululdla 1iesann ng > 3 way a, = 1 798U nga, — 1 >
3a2 - 1 2 1 + az
N3l 2 ged(p, b) = 1 aansafigatiluhueudeaiunsd 2 vemguiun 2 lneldeu

mﬂnq+1L'ﬁ‘qu—1

NAN13IBUALRAUTIENA

Tumquiiun 2 uar 3 Ifuanmamasiauaiiiusnudauinvesaosauns
Talourlulnid (4) waz (5) muadu wazazdunalainanaslunguiun 2 48 4 - 6
wazlunguiun 3 9o 2 - 4 TANUARIBAUAINAIAU WAFTLANANTUANIZAIEIY
Wit Tnewaeuan ng + 1 10U ng — 1 uaﬂmmfﬁwLﬁudﬂmuﬁ:}uiwqwﬁum 2
waz 3 annsaideulvieglugunasiuveaavdrudisidnimmdunds (Unit fraction)
Taefishdmdudwudiuuiniunnseiy Saavdrufieglusuuuumsdeuding

= ' ! Aa ¢ . . ' a a 7 t%
158NN LAWEINBEUA (Egyptian fraction) WU IANUHUN 2 @AY 51%68

Y

Y

1 1 a a 5 PN, 1 1 P |
TusU = + = uagnguijun 3 awsaldou — Weglusy — + — udu Jurvdiu
7§ 6 ‘ 57 v v 228 12
dgUAlLUs RAansNe1uIuwaslasuanaulaandnafinAIanss1uIuuIn

(Clemente & Fortuny, 2021)
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A3UNANI3IY

1%
o

Tunudsedvinlimsunaeastauafidusuaufuuinvesdosaunis
Tolownulvy @) waz (5) melditeuladl o b, n \Jusruawdiauin was p, g Wudwau
a1z 1aefl p > ng Tnglumsfigadldamuifiugiunmguidniu wasdsihiauls
TumsAnwduaieell fe nsdifl p < ng waznmsmramasidusuiufuuinves

sl 1 1 m A °
aumsialouulmifieglugl = + - = oq e m Judwwsuuania o

ARRNSSHUIZANA

AIdeuevaunn an1duideunarimul waransIneimansiuazinalulad

WINEIRETAgnans Nlvnisatuayuluniminideesel

LONEI5819B9
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N513YAUTNYa98BALT18081919 (CAULOKAEMPFERIA APPENDICULATA
K.LARSEN & TRIBOUN) fwtawrziuvasinelugnndasnide
IN VITRO SHOOT GROWTH OF PHOR PHU ANG KHANG (CAULOKAEMPFERIA
APPENDICULATA K.LARSEN & TRIBOUN) ENDEMIC SPECIES IN THAILAND
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v '
aa v & A

Usglerilamndudlangemnis mimeassiiiiinguszasdiiafinwnisasyiule
LLazmisusnsﬁuéfmiwqéwmﬂuamwﬂaEmLﬁ??a Tngfdunsensinteiwdaisy
genanslumsavanslnideslalunaslsvifiermndudu 5 uag 10 Wesidud muddy
WMIZAAUUOIMITEILATIZENT Murashige and Skoog (MS) dautas nwinis
LQ%EUULa‘UIGW’eNEJE’J@LU?WSQ@IN‘SUN‘?‘L‘W’]SL’gﬁNUuaﬂ%’ﬁﬁjmi MS sl Benzyladenine
(BA) ANULIUTY 0, 0.5, 1.0, 1.5 wag 2.0 4n./a. Wutian 6 §UA% wan1s@nud
wui1 9193gAs MS i BA anmdudy 1.5-2.0 un/a. Snheeniuzgeisa
I#a9an 5.05-6.00 Baa/fu AENMITINLAETILILTINTLLITTNanaudomnzdes
vuaIgAT MS M BA arundudugedu Tnsarnmavaaesil wuth msveneiiug
Waegenandluanmuasaidoaunsamizideuuemigns MS iy BA 1.5-2.0

Un./a.
Adfty:  Wzenawns, mameiheilade, anasnzy, annlaeniie

Abstract

Phor Phu Ang Khang is a rare and endemic species in Thailand. It is one
of the members of the genus Caulokaempferia with more than 30 species.
The most propagation of Caulokaempferia sp. by divided rhizome and seeds
distribution in natural conditions. Plant tissue culture is another method that can
quickly increase the amount of plant species for conservation and commercial
use. This experiment aims to study the in vitro growth and propagation of Phor
Phu Ang Khang (Caulokaempferia appendiculata K.Larsen & Triboun). Phor
Phu Ang Khang seeds were sterilized with sodium hypochlorite solution at
concentration 5 and 10 percent, respectively. Seeds were germinated on
modified Murashige and Skoog (MS) medium. The study of in vitro shoots of
Phor Phu Ang Khang was cultured on MS medium supplemented with various
concentration of BA 0, 0.5, 1.0, 1.5 and 2.0 mg/L. The results revealed that MS
medium supplemented with 1.5-2.0 mg/L BA induced the highest number of
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shoots (5.05-6.00 shoots/explant). The growth trend of root number and root
length were reduced after culture on MS medium with high BA concentration.
In this experiment, in vitro propagation of Phor Phu Ang Khang can be cultured

on MS medium supplemented with 1.5-2.0 mg/L BA.

Keywords: Phor Phu Ang Khang, Tissue Culture, Genus Caulokaempferia,

In vitro

N

fiwanawsnzg (Caulokaempferia) landidwau 30 viia Wuiiwdugnen

Y
1% '

yane¥ nsvareiusluiiuiliunfoutuvessemeduii Suneuld Wouun Foaunu
a7 wazUszwelng ImwimmlmLﬂuﬁuﬁﬂuéﬂmqmmwmﬂmmmaﬂﬁ%aqa
L‘inﬂU (Chaiyoot, 2007, Phokham et al., 2015; Wongsuwan et al., 2020; a34nua
yeIeI wazane, 2548) lnsivanalusegiinunszaeiugludsemelne Thun
C. pubescens Picheans. & Phokham, C. sirirugsae Ngamr, C. amplexicaulis
Suksathan, C. pedemontana Triboun & K.Larsen, C. larsenii Suksathan & Triboun
kae C. appendiculata K.Larsen & Triboun Wudu (Phokham et al., 2015;
Ngamriabsakul, 2008; Larsen et al., 2004; Suksathan and Triboun, 2004; Larsen,
2002) fisrgaunsldusslevdivanasieglulseinaduife Ingyui Chakma
Tuduisuaztasnaunealdlu C linearis (Wall) K Larsen iuiiwasulwsiiieldlunns
$hw1e1n153038uATue (Rai & Lalramnghinglova, 2010) Tuvasiiussinalned
F1891un15tdUselewil C phutokensis Picheans. Wuayulnslunissnwiennis
szazLLﬁﬂsuaamawiauQﬂwmﬂm (Picheansoonthon & Koonterm, 2008)
nsasiulaluaninsssuyAvesiivieddedulng sauteivana ey
fanuduiusiuyTna anudeiles uazdnansmnuesy tngdiuunniivana
Winznazwuansseivlaeendu 2 nqundn liun nauiasAuTavuiiufy
wagnguilaiyivinnizuuluafiufifiannudugs Wang et al. (2008) 318917

nssgLAulaluaninsssusAues C. coenobialis (Hance) K.Larsen agtiiulauu
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NuRnvesfsuiiuluiiufiviiuiu audaiineinnsnaudies (self-pollinated)
w99 C. coenobialis (Hance) K.Larsen agWmuinazsondudundiuazadianii
yuadnioufiazfenauds uazmirvunadnasiaundudiudnadilugey fivana
Winzniasyivlaluiiuiivssmalnedumnndufiedfaouzamdeudionen
wazdiauawiefuanmwindenvesusazitufivesing fetradu C phutokensis
Picheans., C larsenii Suksathan & Triboun wag C. appendiculata K.Larsen &
Triboun dufuivaniziuvesing (POWO, 2023) seslsfnu fasiiusemealng

@ X A 3 =~ 1 a
%Lﬂuwuw@uﬂﬂmﬂmmwmﬂwa”lsJGUE]\'iW"Uaf]aLlliwg WANTENALUIIZAA8YUA

9 Y
¥

fapuninideudisdesdon1sgnyinateuazayvieaniug 1eaandnuazves
#unsyaeiugndeudiuany fuiu nsiawuumdunseysnduasldusslovd
ANUNAINTAENITINNTYANaUTIZeEg 988U YIe I TaTnY

Worugnssuivanaweguitemsldusvleviluewanle

'3

nseusnyYueniuiey (ex situ-conservation) MelugUkuULUAITIUTINNUG

q

aungnumans waznseusneluanimlaeniie \Wudnuilauumsluniseysndity

i

2Bl (@wa wauan, 2550) Iefinseysnbuasiuuinudeiugnasufivluanm
Uaonidie (in vitro conservation) FsanansniiiuTinasuiusivlduiinaannluszes
nandu warannsafiuinuideiugnasuldesnaiiusydviam mamizdeaieibe
Hyddedlngjazldemsdunsienians Murashige & Skoog 1962 (MS) Fdnans
muaunstasgyiiulafigngulelnlafiu laun BA TDZ way BAP 1usu Tnaszeau
anududuresansauaunmaaiyiviafeililunsnizidsadedofiviedds
frogradu Msinsiasulsesa (Kaempferia larsenii Sirirugsa) Tuanmdasnide
WU 91913ges MS s TDZ avwdadu 1 un/a. anansadniilfiAngeniade

= = a ] v o oA
ll’]ﬂ‘m?jﬁ (6.6 89A) YULNDIMITNVUIZAUNBNTVYNUITINUTIZIIAT AD a'ﬂﬁ’ﬁqgw

al

MS i 1AA msdudu 05 un/a. (3510501 waRes uazAME, 2558) Yazilo1vns
ans MS i TDZ arandudiu 0.1-2 un /o, wnzassenamgidesfivanansdiiiv
(Globba schomburgkii Hook.f.) lugnindaoniie (Saensouk et al., 2018)
manedsadedoivluanazn wuth S9enunamnedss S 2 wia THud

We1zg (C thailandica KLarsen) kazliz)nnais (C. phuluangensis Picheans.
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& Mokkamul) #4mwu3n mmamwm?ﬁqum MS iy BA AuLdudu 5 un./a.
LAz SENs MS s BA Anmdudu 0.5-1.5 un/a. muddu Tasannsadni
goaUTIEg) $11IU 15 Bon/Fudiu wavaunsadniisensznarads S1um 2.92-
3.85 Ban/Aud1u (Auufing yuuia wasaue, 2549; Tadinn wiggier uwasaus,
2565) pgn9lsnnu ﬁalajﬁmmmmﬂwwLgaawiwga’wwm (C. appendiculata
K.Larsen & Triboun) figvignuagfigianisduaslneluaniniaenide fadu
mavnaesiaailingUsrasdifiomsueiusiunegensnduanmdasnde Tnsfnw
syiumudituresasmuaumssiapAulsiivngulelvladurie BA Weifiuuiina
Fuitusuaziiieimuisnmsfingaudeniseydnsiuszgesudluanmuasnide
soly

vatun133e

LﬁUGT’JaEJNLuﬁmLinsgéﬂmﬂmﬂﬁuﬁﬂaaéww JanTadesingd Aauen
wiaflanysal Sadoruudadethazein wiwdaluweanssedanuidudy 70
Weddud sveziaan 2 wifl Wensidewdnluasavaneladionlelunaslsyt (sodium
hypochlorite) S1uaw 2 Afs finanududu 5 waz 10 wWodidus 1hiu Tween 20
$119U 3 e WY 10 waz 15 undl mudidu wdsaindudraadadiedinguy
fidsinde w3 ﬂ%ﬂ"] av 5 wil udaiiiunisensdemnrasunems
wauﬁymgm MS (Murashige & Skoog, 1962) anwUas wzidsadusyevioan 4
Fak wdnniu shdundienluldlumsanumsasayiulsluanmiuasnide

msﬁﬂmmm%m@u‘lmawamLﬂswzgéwﬁmﬂuamwﬂaamL%ua WA
oALUTITN19I YA 1 4. ULBIMTEAT MS fandas MAu BA anmidudu
0,0.5, 1.0, 1.5 kag 2.0 /8. I9UIU 5 AT 314LNUNITNAADILUUFLANYTO)
(Completely Randomize Designed; CRD) 9112 10 §1 918y 2 ven inzidesdly
Houmedsaiede muquanmniinde 2642 ssmueaidoa likas 14 Falusdletu
finnuiduuas 3,000 &nd 1udeyadiurusen mnueIBen S1uIUTIN waTAN
1750 TNy 4 uag 6 FUnindeineasemamzidss AesedianuuUsunu

N9EnA WIsuuAMULANAI9BIALRaslagdd Duncan’s Multiple Range Test
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(DMRT) A15gaumnaidasy 95% lagldlusunsuitasiginieaia IBM SPSS 22.0
AUINENTINSIATYAULNAINGAT Growth rate (GR) = (G4-Gy)/G, x 100 1l Gg
A Msasulafieony 6 dUavinauniziies uar G, Ao N19RsHAVIAToNY 4

FUAITA NI LAY

HaN153IvBuazaNUTENa
manenuEnUnzneshemsarasluielelunaslsvianusosidnde
fufwdnlfuaziudaansnsenldfuuoimameidosgns MS ethiudiusen
vosfundTzneviildluveefiuuinuduuueanizidsgas MS fifu
aseuaumaaigivianfislungulelnledu wui nssyiviavestudiuson
LUiWQE]INSU’NﬁLW’ISL?;IEJQ‘UUE]’]W’]?QWE MS i BA usazasidudu unnsinsognad
todfaymaeadalunndnuny Tagemnsgns MS Midu BA Anututu 1.0-1.5 un./a.
asadnilfainuegenveaUsnzgesunseniuiniign (2.21 uag 2.40 o,
p1udRy) (Table 1) Madnidudiusendsznnaaiiediuuiinmusen wuii
91WN3gMs MS Tiia BA mudiudu 1.5 uag 2.0 un/a. ansnsanfinUSinaeenisiy
genwnsleinniian (5.05 uaz 6.00 sea/fu mMuIFU) vazdl 8 sgRs MS iy
BA Aandudiu 1.0 un/a. awnsadmiiliAasinuinilan (1.90 $9n/6u) wazdinn
g1 MNTIEA (0.98 ¥a1) INMIMAGRS WU MSVEETUSIUTIzg8nssluan
vaondediaudniudesimmaaesgnsormslumsdninliifnsn osnne
gorafesnldtosilamzsruuomnsiiuasauaumasyiulafitlungy
lalnlady (Figure 1) uonani n1sld BA lumududuniniudawasiosiuausn
vosruUzgeuslaeiiuunliuiwaunndesaudeifinuinamiududuves BA
Tuvmedl Srmmsta3auiuln (growth rate) vessensnzgersvisluaniwdaonide
flong 6 dUai wWisuisufunisadydvlaiiony 4 dUnindunzdoduanim
Uaonide nud1 evnsgns MS i BA anududu 05-15 un/a. fdammaaiy
wulludnuazanugeiuldd udfissduanadudu 2.0 un/a. T8smsiedyivle
fumnugadutiosnin Tuvue? dnwazdiuiusen wuin 01vsgRs MS AN BA

ANNdNTY 0.5 un/a. Fensnsasaiulanludnuasuiusenlannan dnvue
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WU WU 8WNTEAT MS ALAN BA AT 1.0 un/a. T8nsinisiasyiiule
ANlER LazD1MITanT MS MRy BA A1naduty 1.5 un./a. 18n31n151a3gLiule

9 Y

TudnuarAnueINAiign (Figure 2) Fsarnuanisnaass wuin lugiseny 4-6
ﬁﬂmﬁmaamimwL?ﬁy&mLﬁaL?iamswQa’wmﬂuamwﬂaamLfga DIMTGNT MS G
BA anansonsefunIsinganuaz1nsznensunsldd sl esein A Wuans
mugumnasyAulaivlungulelvladu AlauaudAlunisnszdunisuisvaduay
fimuvesmeeniiv Weldlutiinueududuivangay aunsanszdunsningen
Tunmuaeaitovestudaudivly

Mndayamamnsdesiivananeg Tiu Wieg uassegonais nud
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Y99 gUUANg Yuu1A LagaAn (2549) Wudl AseduAuNdY 5 un/a. ¥e9 BA
anusadnilfiinsenldgeds 15 sen/Audiu agndlsfiniy Taudinn yades uay
Ay (2565) wui nsdntheeavendegoraisluanimdaondelasimeidsuy
91M5gA3 MS faudas Mdx BA Anmuidudu 0.5-1.5 un/a. awnsadnihldifios

2.92-3.85 g90/TUAIY FI@BAAABINUNITNAABIT NNV 21913gAT MS Anudas

a

fufin BA anunsndnihsenveadsiznssusluanindasaideannsadmisenld
gegaiites 5-6 vaa/Fudiuwiniu Tuvaed n1siinsnvesnezgersudluanin
Jasaidie nudn fnmsifnsntosun Weifeufunsinigidsalsggraliuas
Wiz fannsadnihsnldfdemzidssuuemagns MS iy BA iftssegaien
(guuding yuuna uavane, 2549; Taudinn WlgyaSey wazany, 2565) F1a1NNAYDS
nnaesll wud Wignsrwsdienudniufiazdomeassgasermaiiiednili
sundluanimuaeaidoiinansely
Wregenmaufinmenuaginiuievedne Aimaasydulaluiud
Q139 warlionmgfideutnshusedimutuiigs fnsatyiulafideudnaensiu
anmuandouvasituionds (Suksathan & Triboun, 2004; POWO, 2023) Fauiidn
giisenuinfivanaseguisriiaiinsnausdiied (self-pollinated) liidasande
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asmnuInanneufingimuas wazsegarulun1sesafiulndnass (Wang et al,
2004) yihliianudssganazgliannsadsessansuaziasaiulalaluganiadaly
WieldsumansgnuainanuwlsusuvesTinatiluuazaududuinglueinie

Aty wWiegenariivanausegidanudnluegeddunisisamuumiddy
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=

nseysn¥luiiuiieg (in vitro conservation) $3uAUNITHAILINTEUIUNTTINNE AL

Aon1seusnyueniuiiey (ex situ conservation) WeliiAnUsedniamasanlunis

Y
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Table 1 The in vitro shoot and root formation of Phor Phu Ang Khang (C.
appendiculata K.Larsen & Triboun) on MS medium with BA different

concentrations after cultured for 6 weeks.

shoot height shoot root root length
treatments

(cm.) number number (cm.)
MS free hormones 1.31° 1.80° 1.05° 0.37"
MS + 0.5 mg/L BA 1.55 3.35° 1.00° 0.58"
MS + 1.0 mg/L BA 221" 4.25™ 1.90° 0.98"
MS + 1.5 mg/L BA 2.40° 505" 0.50° 0.36"
MS + 2.0 mg/L BA 1.83” 6.00° 0.45° 0.24°

F-test * * * *
C.V. (%) 60.01 66.31 23.90 72.43

* = significance at p<0.05
Values are mean, different letters within the same column indicate

significantly differences analyzed by DMRT at p< 0.05
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MS + 1.5 mg/L BA

Figure 1 In vitro shoot growth of Phor Phu Ang Khang (C. appendiculata
K.Larsen & Triboun) after cultured on MS medium with BA diffe

rent concentrations after cultured for 6 weeks.
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Figure 2 In vitro growth rate of Phor Phu Ang Khang (C. appendiculata
K. Larsen & Triboun) after cultured on MS medium with BA
different concentrations after cultured for 6 weeks. (T1 = MS
free hormone, T2 = MS + 0.5 mg/L BA, T3 = MS + 1.0 mg/L BA,
T4 = MS + 1.5 mg/L BA and T5 = MS + 2.0 mg/L BA)
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Abstract

Zingiber cassumunar Roxb. (Plai) is a medicinal herb which has
been officially listed on the National List of Essential Medicines. Plai has the
effect of reducing inflammation and relieving pain, so the herb has been
receiving a great deal of attention. This research examined the utilization of
ultrasonic-assisted extraction of Plai oil. The variables that were adjusted in
the preparation of Plai oil were temperature, frequency, and time of extraction.
Gas chromatography-mass spectrometry (GC-MS) was employed for studying
the chemical composition of Plai oil. Important chemical components of Plai
essential oil according to industrial product standards such as a-Pinene,
Sabinene, a-Terpinene, Y-Terpinene and Terpinen-4-ol. The study on extraction
frequencies effect (28 and 40 kHz) revealed that the quantity of extracted
chemicals had a tendency to remain unchanged. At room temperature it was
showed that there was a tendency to obtain higher amounts of the essential
oil components, but a-terpinene was not found. As for the results of extraction
time, it was found that using only 10 minutes was sufficient to obtain essential
components. From the experiment, the best extraction conditions were found
at 40 kHz without heating for duration of 30 minutes. The highest essential

components were obtained, however, no a-terpinene was found.

Keywords: Zingiber cassumunar Roxb., ultrasonic extraction, chemical

composition, GC-MS
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{ 1 o A aa -l g a L.
(flow rate) ASVILYINAY 1.2 Haddans un Mmqmmmm injector wag detector

Wity 250 esrnwaided dmsugau (oven) dagangilin 60 esrmwalduaduian

'
a

3 W uaLiteuniimesns 1 ssmwalduasiouy uisgumgil 80°C A1ty

9 Y

(9

Wugamaisnesas 3 ssrmwalduasound s 120 ssrnwaldoa udgrsgaving
Wingumgiisnedns1 4 ssrmwalduasiound aufis 220 ssmiwa@oa vhnsuay
Ainreiesdusznauiaiivesansadaihdulnalasisuiisussnirusaaiuansu
vasansusazviinfuuiaalanSuinsgIuYesINTeLaves Flavour and Fragrance

Natural and Synthetic Compounds Library (FFNSC 3)

An5197 1 annenlglunsaiaundulna

. AvA gaumnnal 181
719819
(kHz) (°O (min)
S1 28 60 30
52 a0 60 30
S3 40 Unheated 30
sa 40 80 30
S5 a0 80 10

NAN5IBUATaAUTIENE
nsafninduanagulnsdieisnsldedusaniletineraldsudninanin
Jadeeinae 1wu narlunisadn gaumgll W&USanTI91IUR kaTUTELANYBIAT
vhavas dadudinaniinadenisatnansdidyuesaulnsifianuaonndomie
Faudatu msinuluaaiddnunicdedesinansensatnasdfyrenisiulne
(Thilakarathna et al,, 2022) asdUsznaumaadiifaldainmaia GC-MS vesiisu
Twaflafinseisnsldndusanslaindedoulusmeguandunsed 2 Ardovazitui
fmsdauanifaunnvesesdusenevreduihiulng fiaenadosiudinafians
gnvzeandNAeaul (retention time) lngiTesandunmuian myfignliendnualves

asfusznoumuailuthdurenszmelaslsouiisuaidnasuduanasuuinsgiu
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lugrudoua FENSC 3 anuantsvnaes thifulnafiadalddodoulamu s1 f S5
aunsnszyesrUseneumaniilaluinuau 28, 25, 22, 29 uay 24 SRR U
losanUiinaansfiannsoazfnlaiiviunauindesiunnasiu ludogisuna
fegnTinumsusiedideniiuniieznsadulddsilidnaussduseneuisey

' [
SNa o W °

lefianuunneneiy wuesAusenaumuaiindrdguasiiiureussmelnaniuunnsgiu

[ '3

HANSUNIAEINNTIN (WBN. 1679-2562) (F1UNIUNINIFIUNEAS uTTanaInNT Ty,
2563) ﬁﬁmum@mmwmmfwﬁwamzmalwamuﬁgqﬁwﬁmlﬁm a-Pinene, Sabinene,
o-Terpinene, y-Terpinene Wag Terpinen-4-ol FLunﬂlfilau‘l"U LU S3 (UH30mA0kH)
uay S5 (80C10mMA0kH) Ailiiwy acTerpinene ilefiansanasiuszneumaniilutiiy
veusvwmelasSeuiisuanasuduanasuuinsgiulugiudeya FENSC 3 uaa
¥msidenanizesiusenauiitimduiinnundiendety Similarity Index (SI) faus
80 Suluazldnadauandunaed 3 TuanimoaziBeavesunaluana gusluana
Y0909AUTENOULALILABEAT LazyiINITA1RUNALABITEIAINEIAULET AIRTTAIL
AarepdsiuludAmsadinmanslunisiuseudisuanumiiouvesaiunaSuvesans

naaeulUTeuTiguivanasusaspulugudeyadiaunis (Wan et al., 2002)

¥ (ﬁ ><100)2
N

SI =

e i Wuenuduvesdygraainmsinluudaziia
i, Wumuduvesasunsguildiifeu

N AedruuiinvesdgaueseinusynouLail

' = & I A o o ay v =
A1 Sl f\NL‘U‘Uﬂ'TV]LLaﬂ\‘iﬂ’JqllLsﬁallufl']aLﬂiﬂfﬂillﬂ‘l@lﬁmﬂa’]i‘ﬂ@aaumﬂ?qu

@

wiloufuasneudiilugiudeyauazarunsatunldiuisuiiisufunanismaass
TueRnfiduunld seruseneunaaidiifian sl a1 @an Sl feenin 80%) enaidu
degradation products aslwardersuszniniidslinulasiadmaniifiude
wsorlu fragmented products Guaqmsﬁgﬂﬁﬂﬁlmﬂéfﬂu%umauiwdwmﬁm GC-

MS (Bazso et al., 2016)
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A15197 2 99AUSENBULATINNSIANUINNAITIA GC-MS vastndulnananinanieisnis

ldmausansilalindniotoulumnng

Sample
Compound S1 (60c30m28kH)  S2 (60c30m40kH)  S3 (UH30mA40kH)  S4 (80c30m40kH) S5 (80c10m40kH)
RT %A Sl RT %A S RT %A Sl RT %A S RT %A SI

Acetoin 222 078 97 222 071 97 222 043 95 222 025 92
2,3-Butanediol 295 018 81 -
2-Heptanone - - - - - - - - - - - - 522 053 89
Cyclohexyl alcohol 523 0.07 78 523 012 81 523 0.16 79 -
a-Pinene 691 053 92 692 043 92 692 0.70 90 692 053 91 6.92 0.65 92
Sabinene 888 2469 95 888 2366 96 889 31.17 96 889 2324 95 888 2646 96
B—Pinene 9.13 112 93 913 093 94 914 122 91 9.14 083 93 9.13  1.06 93
ﬂ—Pinene 990 052 90 990 056 91 991 075 8 991 054 90 990 0.67 91
a-Terpinene 11.63 0.21 89 11.62 0.19 81 - - - 1163 0.15 83 1162 0.18 75
Y-Terpinene 1476 065 89 1478 057 89 1478 0.63 86 14.78 056 89 1477 0.63 88
Terpinen-4-ol 2649 316 89 2648 330 89 2650 323 88 2650 3.68 89 2649 380 90
§-Octalactone 3456 1.00 94 3455 1.18 94 3457 1.63 92 3457 140 94 3456 147 92
a-Terpinyl acetate - - - - - - - - - 3865 0.12 83 3864 025 86
ethyl-Decanoate 4141 0.10 82 - - - - - - 4142 0.11 74 4142 0.46 92
§-Decalactone 4518 1.77 95 4519 1.84 93 4519 283 94 4519 188 94 4519 230 94
a-Funebrene 4540 0.14 74 - - - - - - - - -
Sesquisabinene 46.43 038 92 46.43 0.39 90 - - - 46.44 032 89 4643 036 86
(Z2)-methyl-Isoeugenol 4713 019 75 4714 022 74 4714 018 75 47.14 0.16 71
n-Dodecanoic acid 4784 042 91 4783 037 89 4785 160 92 4785 080 92 4784 0.16 70
2,3,3-Trimethyl-1-indanone 4794 050 70 4794 045 69 47.96 0.41 66 4794 0.64 69 4794 0.71 70
trans-Doremox 4838 034 62 4838 029 63 4839 016 53 4839 029 65 4838 027 61
Myristicin 4879 075 65 4879 074 68 4879 065 65 4879 081 66 4879 080 67
ethyl-Dodecanoate 4897 050 92 4898 0.63 92 4898 0.92 93 4898 0.67 93 48.98 0.85 92
2,3,3-Trimethyl-1-indanone 49.97 3218 70 49.97 3268 70 4997 2792 70 4998 3243 70 49.98 30.72 70
§-Dodecalactone 5226 0.74 93 5226 0.72 92 5227 138 92 5227 0.77 92 5227 087 91
4'-tert-Butyl-2',6'-dimethylacetophenone 5294 0.67 59 5293 0.63 59 5294 052 62 5294 081 58 5294 095 63
n-Tetradecanoic acid 5386 0.83 64 5386 0.86 66 5388 1.56 71 5387 1.07 57 5387 0.87 55
4'-tert-Butyl-2',6'-dimethylacetophenone  55.23 17.36 64 5523 18.28 64 5524 14.62 65 5524 1807 65 -
Methyl thujate 56.69 201 58 56.69 235 58 5670 152 56 5670 241 64 -
§-Tetradecalactone 58.08 029 85 58.09 029 8 5809 047 86 5808 024 86 -
Verdoracine 59.80 8.11 64 59.80 7.72 64 59.81 598 65 5981 6.68 65 -

nUBWR: RT = Retention time, %A = % area and SI = Similarity index

Wethdeyaanm1eit 3 uuandluguuuuns i lanadagus 3 annsv

e Vi A . a a A A Ay X A ) A
Juiiuleanfians Sabinene Usinaunniigaluynteulfedisevazvesiuiludegai

199 5 laun 24.69, 23.66, 31.17, 23.24 WAy 26.46 MUARNU USHnaesrUsenauLall

59989NINUAD Terpinen-d-ol dAFosaziiufiogluyie 3.16-3.80 drdusioun

WuUSu1a9e a-Pinene, y-Terpinene TnatAssiulutisusuiusosazvosiui
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0.43-0.70 uaznuUsu1 a-Terpinene HUaefigalunquasnusenaulpiind1fgyniu
wnsgulndulnag wazas §-Octalactone, 8-Decalactone, §-Dodecalactone,
§-Tetradecalactone Mnutwduesduszneuniivosansenssmennuldainiibu

1¢N317 (Dimzon et al., 2021)

AN5197 3 29AUsENRUMLIANNKAN1TTA GC-MS vastindulwaiannmeisnisldnauy

danslelindmoRoulusieg @onanizesausynaundan Sl asus 80

e

July
Samples
Compound S1 (60c30m28kH) $2 (60c30m40kH) S3 (UH30m40kH) S4 (80c30m40kH) S5 (80c10m40kH)
Peak Peak Peak Peak Peak
RT %A RT %A RT %A RT %A RT %A
No. No. No. No. No.

Acetoin 1 222 0.78 1 222 0.71 - - 1 222 0.43 1 222 0.25
2,3-Butanediol - - - - - - 2 2.95 0.18
2-Heptanone - - - - - - - - 2 5.22 0.53
Cyclohexyl alcohol - - - - 1 5.23 0.12
«- Pinene 2 691 053 2 692 043 2 692  0.70 3 692 053 3 692  0.65
Sabinene 3 8.88  24.69 3 8.88  23.66 3 889 3117 4 889 23.24 4 8.88  26.46
ﬁ— Pinene 4 9.13 112 4 9.13 0.93 4 9.14 122 5 9.14 0.83 5 9.13 1.06
'[)’— Pinene 5 9.90 052 5 9.90 056 5 991 075 6 991 054 6 990  0.67
« -Terpinene 6 1163 021 6 1162 019 7 1163 015
Y -Terpinene 7 1476  0.65 7 1478 057 6 1478  0.63 8 1478 056 7 1477 0.63
Terpinen-4-ol 8 2649 316 8 26.48  3.30 7 2650 3.23 9 2650  3.68 8 2649  3.80
§ -Octalactone 9 34.56  1.00 9 3455 118 8 34.57 163 10 34.57  1.40 9 3456 147
a - Terpinyl acetate - - - - - - 11 38.65 0.12 10 38.64  0.25
ethyl -Decanoate 10 4141  0.10 - - - - - - 11 4142  0.46
§ -Decalactone 11 4518 177 10 4519 184 9 4519 283 12 4519  1.88 12 4519 230
Sesquisabinene 12 46.43  0.38 11 46.43  0.39 - - 13 46.44  0.32 13 46.43 036
n -Dodecanoic acid 13 47.84  0.42 12 4783 037 10 4785  1.60 14 4785  0.80
ethyl -Dodecanoate 14 4897 050 13 4898 0.3 11 4898  0.92 15 4898 0.67 14 4898  0.85
§ -Dodecalactone 15 5226 074 14 5226 072 12 5227 1.38 16 5221 077 15 5221 087

§ -Tetradecalactone 16 58.08 0.29 15 58.09  0.29 13 58.09 047 17 58.08 0.24

NULHA: RT = Retention time, %A = % area

13

JUM 4 wruiinansSovazuasiiuivetesAlsenauiaiannn1sin GC-MS

Y8IiRg 1T ULTUTENINtReAYSENOULATNA ATy WALV ILANALARILNUYI

Wiguieutadeainud (S1 fu S2) Jadegaumail (S2, S3 uay SA4) kawsyeslIninig

U

ane (5S4 uay S5) luesAUsznaulAll a-Pinene, y-Terpinene Wag Terpinen-4-ol

WauAMuaLTIUaIN 28 WU 40 Hz YSuaansnanaladwuilvuladsuwlas
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warliifanslaumeld oniiu ethyl decanoate dsunazifuansanninunznin
(Dimzon et al., 2021) WowSsuiivuszninsenmgil 60 (2) fu gamgiisies (53)
UsinaansfiafalafuwlvuddsunlasisiavesaswasUsunawesas wuini
paumgivestiuun iU sddyuesinaginit uinudt a-terpinene ey

anvmneiiernaamgiiludiuiglunisain a-terpinene denndesiuauideves
Ozturk uaganiz (Ozturk et al., 2009) MBI UNAYRIRUNNNNINARBABNTALTR
alpha-terpinene wiansduqludnludesivgamall Weiouiieuseninsgamgll

60 (S3) U gumadl 80 (S5) Usunaansiafaladuwalialivasundas wazladl

' '
a a

a1sivumeld onveuuuldingunginiudulilaiuauaiuisalunisaiaans
gannlna usguvgiinadenisain a-terpinene (lunsel S3-52) Haveguyil
roUSuuvetesdusnauvesayulnsdinslidonnisaiuiiasainuianisfneinuid

gunIngeuvildansddgursintesas (Mohammadpour et al., 2019) 199370
¥ o

AufuleNguINNIsiNguMINguliunuiliuiaginliussfeiavesayulng

@

warflvinaratefanad Mlvneso1n AN ANAINNSEUIUNNTDaRS I eTn TwsInu

szilnesauiloiuiuleulangumgiidesndt ilvllusedulsiiisanelunisia

@

A3d1AYUINTTAY a-terpinene 981370 oil cells #39 oil droplets ﬁa&jﬁaﬁa
parenchymal cells voaunirveslna (Thilakarathna et al.,, 2022) wansi3suliieu
$4-55 Wu31 Wioantiatann 30 w1y 10 wad Ysuraansfiadaladuualdy
Wasuwaniwiinvesansuar3inaesans wuindloannanasiiuunlduiisiuune
asddyuedlnagindt winuin a-terpinene mold enamszindelinares

<

aalilifiganesionsarin a-terpinene oany g iiargeini S4-S5 nsemsly

Y

1 1

aaudanslednlunisadinluaugiiaviiiugWusey g9t uonIINUUNUATT
a-terpinyl acetate 119 S5 wag S4 7% S1-53 nduliny MueAIUIIgUNALNES 80
ssrnwalea asludmsasienslminenafinuisenduny acetyl Tiun a-terpene
@ v & | [ o ,°, % P ' v v
Ale Tuamsautusimudn S3 liansdAgaiuinsgrudidulnauinige weilyla
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V9adn (p<0.05) funisifiusnenluiudl 7, 14 waz 21 (87.39-103.64 mg eq GA)
qwéé’hua%aéaizaﬂaqaemﬁﬁaﬁﬁigmqaaa (p<0.05) Tuszwinanisiiusnen
(377.73-643.84 mmoles TE) 4arAMAINNINATIINGINGOATZELIANITAUINY)
\ulumadszniansensnsansisugy (adufl 293) w.a. 2548 309 wanfusLasTy
91915 A Ly Staphylococcus aureus sop1ms 0.1 Jadans ldwu Clostridium
spp. 9919115 0.1 Tadans luwu Salmonella spp. 781115 25 Jadans uay
E. coli Wpeni1 3 aep1ns 1 Jadans 1neds MPN

v

Adfn:  dunaaelsd, wnasil, inTedduiioguan, asiusyyadase

Abstract

The objective of this study was to evaluate the physical, chemical and
microbiological quality of pasteurized orange juice mixed with bee pollen
during storage. The orange juice was prepared by using orange (Citrus reticulata
Blanco cv. Sainampueng) supplemented with 4% bee pollen (Apis mellifera),
followed by pasteurizing at 838 °C for 15 min and storaged at 4 °C. The physical,
chemical and microbiological properties were examined during the storage day
(1,7, 14 and 21). The result revealed that pH decreased after day 1 of storage,
a significant difference was found during storage between day 1, 14 and 21
(p<0.05). Titratable acidity and total soluble solid increased after day 1 of
storage, a significant difference was found during storage between day 1 and 7,
14 and 21 (p<0.05). Viscosity increased during storage, with significant difference
(p<0.05). L* color decreased after day 1 of storage, a significant difference was
found during storage between day 1, 7, 14 and 21 (p<0.05), while mean values
of a* and b* color increased during storage. Total phenolic content decreased
after day 1 of storage, a significant difference was found during storage between
day 1, 7, 14 and 21 (p<0.05) (87.39-103.64 mg eq GA), antioxidant capacity
decreased during storage, with significant difference (p<0.05) (377.73-443.84
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mmoles TE). The pasteurized orange juice with bee pollen during storage had
microbiological quality that met the standard criteria: no Staphylococcus
aureus, Clostridium spp., Salmonella spp. and Escherichia coli less than 3 per

1 milliliter was found.
Keywords: Pasteurized Orange Juice, Bee Pollen, Functional Drink, Antioxidant

unin

\nasia (Bee Pollen) Ao wwadduiuginaivasneonliifitsnufusus
Tnemadluagniedrfusuinasiieliinasinuuniuda anduisldondadesmiu
Hurouldluiifiuinas (Pollen Basket) U3 msudiuifiulunaonsisesssi
ieldiduemsdmsuuszannsludsiardviuiasaisou (sudl aIUuAng, 2555)
ansemsiinulunasisUszneusenislulawmsn TUsiy ussng andiu lusdu ule
913 WALANT88NNNEN19TAM (Bioactive Compound) Lty asilu aimesea
wanluesd ualsiiuesd avsusznaufluedn (Linskens & Jorde, 1997) quins

s

FanmesansUsenauiuedn 1y Audunid Aun1sdnau Aun1snatenug

]

2

fusyyadasy (Pascoal et al, 2014) gvdfusyyadaszvesarsUsznouiiuedn
fusslomidequnmiiesainiisananudeswedsaiiAinainnnsiaionoondindy
(Oxidative Stress) LLaxs’J“Uéy’amil,ﬁmaaﬂ%m%uﬁummﬂuLaqalmﬂui'wma (Silva et
al,, 2004) FreamuAdlaTuINsuazAMUsElesif UM sANaSIRUNINEINET InasHs
Jadutngivivanzaslunisiadduaslundadasiomnsiileauain wazidunisdaesy

nsldusEleviuaziiuyadrduainunsaennaesivulauienistundon “iies

dll v =t

winn331811115” (Food Innopolis) nMsiasuinasislutaiesnutindudaduidinald
nlasupnuieuiiesandsavifnuariinuavidlaruinis Jadunisimuiaims
ieaunnlugluuuiesashunenusinaiiuauazaInauIslarysEndanatdmsy

uslaafildlaguaavnin Medadunsiiuyaadudeimiudadunandaninis

ey

nyRIndaNudAymLATysiavesUsema Taglud wa. 2565 dNuinisinizuan

ATy 130,521 15 uagiinandnsiu 288,467 siu (d1nauasugianisinuns,
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2566) Uaguuiliiien1sidendnsiudiaseshuidumanslsdiasunasiaia iy

E]’]W]iLWE]’ﬁGUﬂ’]W B35 Usins LLamﬁuu, 2563) uidalifin1s@nwunefuaunm

¥
Ay A= o

voswdnduslluseninniniuine fufu n193deiehnsfnyinmaasuulas
ANAINNNNIEAN MuAT Lagn199aTIng1venansiueiemsiiequain fe
wisesnuthdumaslsdigdunasiis weldidunwuimddunisussdivengnisiiusng

YINANN U NBUNSHARLNBNTINMUNesB LY

Bnsaniiueuidy
WduBEIUITUgaeUIRa (Citrus reticulata Blanco cv. Sainampueng)
Mgnlushuadunsig suaees Jamindesdml undemediazen dduunuase

4 i

UaniUdonaan AUAIELAIDIALULIEL LRNLNESRNIAINAINUS (Apis mellifera) Bala

)

nnenlsivaneuiia (Multifloral Bee Pollen) 15 menlussiu a1uide $17lna fieg
Tuwnsunewiy Srindedl lutsinadesay 4 Wewniliieiesmuthduna
welsdilansUsznouftuedniamunuargvisuoyuadassganiignniuu 2,16 uay
2.62 W muddy Bms UFsins uazamg, 2563) nturnisniaaelsdi
gaun il 88 BeM ATy WK 15 T udIuTTRUaIETeuaslumauiIdv Unaiin
A S uun LLazLﬁU%’ﬂmﬁqmmﬁ 4 perwaLded (Fellow, 2000) AaUILATIZY
ﬂMﬂwwiui’uﬁ 1,7, 14 waz 21 ¥aImsAusny ﬁﬂﬂﬂﬁl,ﬂswﬁ@mmwﬁaﬂf

msneinuammsenn e amnudunsa-aneeiedos pH Meter
(C1010P, Consort, Belgium) USunaunsana83sn1siminge (Titratable Acidity; as
Citric Acid) (AOAC, 2019) USinamesudeiiavanessnunde Hand Refractometer
(Master-20Alpha, Atago, Japan) auviingeLades Brookfield Viscometer (RVT-
DVII, Brookfield, USA) uazAnd L* a* b* saewasesind Colorimeter (ColorFlex EZ,
HunterlLab, USA)

mMenTgaunwaed Tiud a1susznoufiuednitanua #2835 Folin-
Ciocalteu (Lu et al., 2007) LLazqméé’wuaqgaﬁaiz #2835 DPPH Method (Katsube

et al., 2004)
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WaYNITIATILRAUNINVNIYaTIINeN Lawn Staphylococcus aureus (Tallent
et al,, 2016), Clostridium spp. (8010U81%13, 2565), Salmonella spp. (ISO 6579-1,
2017) wag Escherichia coli 738735 MPN (Feng et al., 2017) TagUSunuqaunie
fnulundnfausidoadulumuuszniansgnsisansisagy (aduil 293) we. 2548
509 WARAAIATLE1MT (NT8NTIESTUAY, 2508) Ae laimy Staphylococcus
aureus #8115 0.1 faaans ldwu Clostridium spp. $i991915 0.1 fadans liwy
Salmonella spp. #9015 25 Hadans waz E£. coli Wounin 3 A1 1 Jadans
1neis MPN

MBHUNITNAABIUU Completely Randomized Design (CRD) ¥iNN13vaaad
3 41 Jesgaruulsusulagld ANOVA uasilisuiiauriadelngld3s Duncan’s
Multiple Range Test (DMRT)

NaN15IdBUAzaRUTENE
HANTIATIEAAUANNNNENNYBNN AT I WU UIRUETINES

Fefewaz 4 wiawelsdiegumall 88 evrmwaldea wiu 15 3uil Tuszninsnsiiu

Shwigaumgil 4 esmwaidea Ui 21 Tu uandlun1snei 1

M1599 1 AunIwnInIgaImesiduniawelsdiasunasitsluseninenisiiy

Snuitgaunnil 4 ssriwaLtes

ﬂ‘ﬂJﬂ"IW ixﬁlﬁL’Jﬁ’]LﬁU%’ﬂU"l (’3’u)

NINIYATN 1 7 14 21
anandunsa-ang 38974003  387°:0.01  3.807+0.03 3.78"
U3uaunsn (g/100g) 0.55+0.01 0.61° 0.61° 0.62°
Usinawewdeftazanevionun (CBrix) 11.53°+0.06 12.00° 12.00° 12.00°
aamila (cps) 1.87°:0.01  193:0.01  1.98°:0.01 217
A L* 5288°+0.09  51.74°:0.02  51.72°:0.14  51.85°+0.03
Md a* 17.13+021  17.56°+0.06  17.96+0.10  17.32°+0.03
And b 46.61°+0.53  47.01°+0.13  47.90°:0.20  47.62°+0.06

newg:  Snusidnsiuluwanfediuninefsanuuansivessiided1Aynieata (p<0.05)
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a

Nt 1 wmﬁLﬁav‘inﬂﬁﬁu%’ﬂmfﬁuWﬂawal'ﬁsﬁl,a'%uma'ﬁﬁﬁqmmu
4 erwalded wiu 21 Ju anudunse-mavesiidunalaslsoiasunasisanas
wdnui 1 Tnedanuuandnstuegnadifeddayn1eada (p<0.05) funisifiusne
Tufudl 14 uay 21 Jadiduadeowinfu 3.89£0.03, 3.87+0.01, 3.80£0.03 uay 3.78
AudISU denndestun1s@neues Tiencheu et al. (2021) finunanudunsa-aa
YonhdunamaNou 39 uavinhanaslsdanadustinsnsiiusnuiu 4 anv
flgungfl 25 uaz 4 ssmwalTua Raji et al. (2022) wunihdugnantidudese
wiawelsdfgumgll 97 ssrwaidea uiu 5 uidl fanudunse-asanasmuszey
aInsAuSnEn uenainidu Dos Reis et al. (2018) nuindiaasanaaolsdi
oumgll 88 ssmiwaldua Uiy 15 Junit usnuiigamal 8 ssmiwaloa Ay
Junsa-msanaadlofiudnuwiuiu 15 54 wufu 91nn1smeasinuiinaenszezian
mafiusnuveswdnsaidiaianudunsa - dWesanlunaliifiosdusznaves
NIABUNIIINUIUNIN (Farzana et al, 2010; Tiencheu et al., 2021) wazAuu
n3n-AnsvastimalidituegifusrozauanvowwaliiEnde (Falade et al, 2003)
yonantuanudunsa-mdduihdumnaeslstesunasisianasiusewiamsifu
Shwrorainanmeiudadussduszneuinuluniliradfivldsuulandunse
LWnin (Pectenic Acid) (Raji et al.,, 2022; Wisal et al., 2013; Yadav et al., 2014)
‘vﬁaLﬁmmﬂﬂﬁﬁ%maaﬂ%lm'fuﬁumfﬂma?ﬁaéﬁ (Mehmood et al., 2008; Raji et al.,
2022) 3eliUsinansadiutudunaldmnudunsa-aisanas (Wisal et al, 2013)
paenstzaINsAuInvNansaidaudunsn-aseglurig 3.78-3.89 dadneg
‘Lumjummiﬁﬁmwmﬂmm (mnudunsn-A1a<4.60) Audunsa-arsdanunsa
Fudinnssenuarnisadrealedueadie Clostridium botulinum fatuaaaudy
nsa-Arafusivuansidevesiwals (Farzana et al, 2010) Tnelduszidiu
Anulaendsaugdunidluseninamsiuine (Geraldi et al, 2021)

Usinaunsevestndumiataslsdiasunasiaiivdundiainiui 1 Tnedany
uwanesfuegnalifoddn1eada (p<0.05) Aunmsiiusnwiluiuil 7, 14 uae 21 84
fiAnadeiniu 0.55+0.01, 0.61, 0.61 WAz 0.62 ¢/100g ANANU @DAAADINY

AN5AN®IYB9 Tiencheu et al. (2021) ANUINUSUIUNTAVDIUNAUNAULAUDU T4
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5 X e 1A & ' @ o o ¢ a
wazuemnaralsdiidninvulusgrintamsiiuinuuny 4 §Uawi Meamgi 25 way
4 sarnwaea Tunaliiuseneumensndunideguaeviniusgiveiauazaiuan

vosmaliidsdmasionmuamalaruinig mliissassuaslinudnuazianeiu

'
a

wiasnutNaldl Tneusunaunsaidudiiivunsawd (Acid Taste) Tuvinealsl Tuvae

anudunsa-aanansdanwiliuveansuindeaingduvsd (Farzana et al., 2010)

‘\]’lﬂﬂ’]iﬂﬂaﬁ]\‘iWU’j’]ﬂﬁ’mLﬂUﬂﬁﬂ—ﬁ?ﬂﬂ@ﬂﬁ?ﬁﬂﬂ/‘l’]ﬁﬁ]@iﬁ%@%ﬂ Lﬂﬁﬁﬁ\iﬁlﬁu

v o A

Shwlutuil 7 Senuuanenatusgnedidoddynieada (p<0.05) futuil 14 (3.87+
0.01 wag 3.80+0.03 Muadu) duusuiunse (Titratable Acidity; as Citric Acid)
yesdumiamelsdiasunasiaifiuineluiudl 7 uas 14 iinnuusnsnaiums
adf (p>0.05) finadswiiufe 0.61 eraiflesninnsinusinansafilamsnldasTa
ANUdLTuYeINsAlueIms drumanudunsn-arsazinanudunsaainlalasiau
Tesoufinulusiodns anudunsa-nrafu Titratable Acidity a1alalduiusiu
ue Titratable Acidity danudunusuazlduszaunman Total Acidity (Nielsen, 1998)

Usinameadeiiazaneiaunvesindumamelsdasunasiafiudundann
Judi 1 Tnefianuwanansiuegnaifod fynieadn (p<0.05) funsiiiusnuiluiud
7, 16 waz 21 Tagluiud 1 vesmsfivdnuiidnadewinfu 11.53+0.06 Brix uazly

o A

JUfl 7, 14 wag 21 ¥99n1sAusnen Fallatedsindufe 12.00 “Brix LWuLfefu

AMsAN®I8Y Tiencheu et al. (2021) INUINUSUIUVDILTINaLA18TINUAVDIU FU

'
a

auaNoy 39 wazihienaselsdildnfintulusewinamsifiudnviuig 4 §dav
ﬁqmmﬁ 4 9ariwalfua Gouma et al. (2020) nuiwesufsfiazarsfanualuti
LLﬂsawwmLaalssz?ﬁﬂ’%mmgﬁuLﬁﬂﬁaﬂussmwmiﬁu%’ﬂm USinameaudefiazans
Wonaintuenluseninanisiiuinviinnisaatssvemeaudnanlsdidu
TuTuudnenlsduarlodlnudnalss nsfivsunamedsiiazanevanuniiingu
TuszninensiiudnuuansisaniiznisiiuSnuiimunzay TnemnUsunameuds
fazaneimusluiwalianasuansinianmiinveadeydunidinetinagnidey
Fumiveulaeenles 1 uavueanosed (Wisal et al, 2013) Uunamesudfiavans
anuafinuluirduniaaelsddainainnisaduinasis Inessms Uiisins

hagAy (2563) nuUSunaaslulawmsalunasieioeay 52.83 LagfanuINnIsiasa
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nashsluedesfutndunnaelsdtear 0, 2, 4, 6 uaz 8 VAN SuiTiuTu
Yoaufaflazanervunadswintu 11.93+0.12, 12.06, 13.20, 14.20 waz 15.20 “Brix
pudfu Uiinmveaudeiiazarsioualuniesiuihdumanelsdgeduagaed
HodAyN19ada (p<0.05) LﬁaLa'%umaiﬁﬁuﬂ%mmﬁqﬁu

auniaveindumaielsdiasunasioiiviuogefidodfynicada
(p<0.05) Tusewinansifiusne Tneflaedewinfu 1.87+0.01, 1.93+0.01, 1.98+0.01
uag 2.17 cps MudAU Gouma et al. (2020) lvhnswiaelsiiuaseniigamad
0, 60 WAy 80 BIALYALTE wuinluseninensiiusnuitiuasendluniunisle
anufeuiinnunilntosniniiuaseniiiiumsldninudey Wesanaendenisly
mm%auﬁ’uﬁgmaiﬁ%ﬁﬂﬁlﬁmmiasmEJSUENLWﬂauLLazLszjaqiaamﬂwﬁwﬁaéﬁsu
uduianerfifureseumedsualiaumiingaiulussienafuing (Gouma
et al,, 2020) amilavesindumaaelstiasunashariiutuluserinennsiugnm
Hurarnvaiuuazeagladluduuasinasis

Ad L* (Anuadng) vesindumaiaelsdiasunasisanamasainiudl 1
Tnefiannuuandnstuegefiduddunieadi (p<0.05) funmafvinwluiui 7, 14
waE 21 dudnd a* (Bung) war b* (Evdes) venduwiaelsdiasunasieiuiui
7, 14 wag 21 Guaqﬂmﬁu%’ﬂmﬁml,a?{aLﬁugﬂﬁuwé’ﬂmﬂi’uﬁ 1 Ao JAwAY wavdd
WiaewnnTu Avestndumalselsdiasuinasiainanesduszneuveindy Taun

I 2

LALSTIUDEA WALAVBWNASHWAAINNANTIUDYALATLALITIUBEA LBVIN1TANYN

@

MmAFpRInsEsunasidundaingiomis wu idmiaaelsd G3ms Ujnsins
wazany, 2563) vundevliafldiidiuyseneuvesnginu (Conte et al, 2018) Jafn

(Krystyjan et al,, 2015) AnAl (Sokmen et al,, 2022) uasldnsonusedAnosines
(Novakovi¢ et al., 2021) Wuﬂ%ﬁaLﬁ%mmaiﬁﬂuﬂ%mmqﬁu%dmaiﬁm% L*

¥ '

anas duA1d a* waz b* g9lu maUdsuulasdvenindunaelsdiasunasiie
Aevaannsinuseukazlusnitenisinuinvinanufizeorsendindu was

lsomerization ¥84LAlsTUBES (Wibowo et al, 2018) SUT 1 (n) inashafidlunis

Y

naassiduiniaseu (Light Brown) uazdinastesu (Pale Yellow) duaatnasis

= 1

aa' Y ey N oA gy = a5 = a s
WWUI&IWUW?ITJQ%N?{LV@@Q@@U GINAARN ﬁamﬁ]ug]ﬂau’]@']a%ﬂLﬂﬂﬁ]qﬂwaqiﬁuaﬂﬂLLaS
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v 1%
= 15>

walsiiueaieglunasisuard@uagivuunaveanas Wnanieunniu (Nectar)
NHaWauniuLngs (Stanley & Linskens, 1974) waz (v) Wrduniaiaelsdiasunasis
fusnwigamall 4 esrnwalded lnenaenszesiaManusnefidenunanyae

NUNYAINITIUDIRNBULNUTEaMFURAvoINAR S TANulNALAaiyY

(n)

()

Jud 1 Fun 7 Juh 14 Juh 21

UM 1 (n) dnwauzuazdvennasilsililunimeas wag (2) anvagnInIEnIw

Ypanduniaslsdiasunasieluszminanisiusn

HANTIATIERAMAMNINATvesdT eI uiuga e d R AT unasHs
Sovay 4 wawelsdiieguugll 88 asanwaidoa uiu 15 Juil lusninanisiiu

) a a a ) a
5ﬂ°m‘1/lqm‘vmull 4 29ALTAYd WU 21 U LLﬁﬂﬂum’ﬁ’N‘Vl 2

M998 2 qunmmaaiivesiduniaaelsdasuinasidluszninanisiiuinei

I ARG RR GG

2 w s
ITYLLIANUINW (W)

AMANNIGLAL
1 T 14 21
miﬂsxﬂau?\luaaﬂﬁwm 103.64°+0.52 96.22°+0.55 94.86"+0.56 87.39°+0.18
(mg eq GA)

VSANueuyABass (mmoles TE)  443.84°+0.83  42383°+0.84 41270084  377.73°+085

naewe:  Snusisinsiuluwonferiunnedenuuansiuegalfed Ayvneadn (p<0.05)
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a

et 2 wotidlevnafuinuiidumaeslsiadunasisiigungd
4 pseaiBea wiu 21 Tu asUsznevilusdniiamunvasidimiaislsdiaiinnas
ReanawmdennTui 1 TnedinuuansnsiuegeiidedAgyn1eads (p<0.05) funIs
usnwilududt 7, 14 way 21 FaflAedewinty 103.64+0.52, 96.22+0.55, 94.86+
0.56 waw 87.39+0.18 mg eq GA (adniuauyavesnsaunadn) dethdy 100 faddns
AU denndesiunuddesng q inuiinamsussneuiiuednanadlusening
MSEUSNWHEAST WY Tdug R duUrsannaeelsd (Raji et al., 2022)
tiansannaaslsd (Dos Reis et al, 2018) 5ﬂmﬁmglﬁawmma%% (Jachna et
al,, 2016) Ydunautiuasenmaaelsd (Khalil et al, 2023) iwwifeaiu Alim et al
(2023) fifnIUTINMANTUsEneuTueantavaaludinalsl 1Hud duetila dhdu
wazinduuzan MelusUuuuitliiiuniaudssy hwaldfan) duniswiaaelsdi
gl 70 samusaLia wiu 30 Wil uasraliussuiswmieluisnana wutn
arsUsenevfiuednivunanadluszainaninfuinu figungll 4 sseeaidoa
w21 Fu mIanasasasUszneviueanintuilesannsinuauiinlowas
pondlau Anufeudgminansldine uarSianmsavimihiiduansiuouyadassd
Predosfiunsesndladansiueyyadaseidu (Kim et al, 2018)

gviafueyyadasyrsihdumianelsdiaduinashsdianasedieiifddy
M@ (p<0.05) MUTTELLIAINITLAUTNY TagluYudl 1, 7, 14 uag 21 fAnade
Winfiu 443.84+0.83, 423.83+0.84, 412.70+0.84 wag 377.73+0.85 mmoles TE
(Trolox Equivalent) sevndy 100 faddns mudiiu denndesiun1sisevss Dos
Reis et al. (2018) Fswuingisuoyyadaszlutansamanslsdanaduiuil 6
194n13Lfunw1 Odriozola-Serrano et al. (2008) wungnddueyyadassluii
ansofuosimaelsdanadluiuil 7 vesnisiiugne wag Chen et al. (2020) wuin
Qvismueyyadaszrenimalivefiunamaslsdfianasmuszeznanmaiiuinu
Lﬁmsﬁuﬁaamﬂﬂ%mmmiﬁma%aﬁaszﬁa@aq MnMTITbansUsEneuTiuedniiun
wazquFueyyadaszronidimanslsiaiunasieanawusrszaInIafuinwm
FeuguifuoyyadasrrennasiainuduiusfuuinumsUssneufiuodniaan

ﬁwuiumaiﬁy\‘i (Kaskoniene et al., 2015; Kroyer & Hegedus, 2001)
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HANTIATIRAMNINIATVINGNVRIUNEUTL I IUN LT BUIRLETUNATHS
Sovay 4 wiawelsdaiuguugll 88 samwallea wiu 15 3udl Tusenitamsiiu

Shuvigaunadl 4 ssmwaldiea w21 Tu wanslunisned 3

M397 3 AUNIMNIRaTIINe et dunaelsdiasunasislusznininisiu

) ~ a a
ﬁﬂ‘i?}’]‘i/la‘m%ﬂuu 4 DNALYALTYH

AN . szgzraniusnen (Ju)
. NAFIATFIY
M998 TIINen 1 7 14 21
lainu domns ‘ ‘ ‘ ‘
Staphylococcus aureus - Taiwu Taiwy Taiwy Taiwy
0.1 fadans
lainu domns , , , ,
Clostridium spp. o Tainwy Tainwy Tainwy Tainwy
0.1 fadans
lainu domns , , , ,
Salmonella spp. o Taiwu Taiwu Taiwu Taiwu
25 fadans
Woundn 3 {oa1Mns
Escherichia coli . an <0.3 <0.3 <0.3 <0.3
1 faddns

emg: <0.3 = linunsiatguedde (Growth was not found)

a

NA15197 3 Wmf’]Lﬁ'aﬂfhmnﬁu%’nmﬁwé’mwWamavl,ssﬁl,a%umasﬁaﬁqmmm
4 psmieadea uiu 21 Yu ihdumaelsdiasuinasiiauninnisgadiine
Dulumadsgnmansensaisisuay (duil 293) we. 2548 1309 wanfusiay
91913 Ao Wy Staphylococcus aureus $o0 15 0.1 §addns, Clostridium spp.
#99719115 0.1 1adans, Salmonella spp. $1991113 25 HaadnT WAy Escherichia
coli founin 3 sivems 1 Neddns neds MPN Tunsnaneiesmuidunanelss
duinashsdinminuaunszuIunsnanTignaudnug uarnisdenldngAuinasiia
Fiflindeanune 08, 91nN15I48U89 De-Melo et al. (2016); Pascoal et al. (2014)
wuhansusznouituednlunashedonsdnuadunas Tnsanansadds Staphylococcus
aureus, E. coli, Pseudomonas aeruginosa Wa¢ Candida glabrata d7UN15338

984 Morais et al. (2011) nuIN@SENRIALNESHIA1N1508UES Bacillus cereus,

Staphylococcus aureus, Salmonella typhi, E. coli waz8a Velasquez (2022)
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laldansannaininasiafuasly K-carrageenan Edible Films Aldd@msuiiinin
WuIMaIwTaduds E. coli, Staphylococcus aureus, Pseudomonas spp. hag
Aerobic Plate Counts uon21n11 De-Melo et al. (2016) WUAUEUNUSTZWIN

a o

USurasusenauilueaniumnuaiusalunisdugagdunidvawnasie lngainy

3

a

aunsatumMsdugaunidasiiagunulsunamsusenauiluednlunasis
A7UNAN13IY
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1% a [
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wazinasia lusendmafuinumed L* anas luvmeiidnd a* uae b* fdade
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a15Usznauiluedn lnglutugavievesnisiiuinvimuusunaasusgnouiluedn
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YIIUINTAAREIVNT DRTIEIU 50:50 Wag T1INUINY1ILTHUDS NANITNAABINUIN

Y

Frvundnalsgiueiiindn 3 Ju dnnuninuadedesiign Windu 16.9+0.4%

5 a

war USuaueanegaatadeniian iy 0.58+0.03% ag1elded1Ayni1eaia
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HANIVARBIANAINIIMNS WU T1vanndilsdiuesiilusiunazleamsgeign
Wiy 6.33+0.09 wag 5.24+0.06 N3use 100 NSU MNAIFU Weiguiud1IvuIn
8n 2 gns savstmuntlsdiued Jusunadiuednvianun windu 71.10+0.25

a [

fadnsusia 100 N3 fansdueyyadase Wiy 194.60+3.10 lulasluasie 100 N3y

1 =l o w a

wazilmuaiunsndudeyyadaseiiigaedrslidedrAyn1eadia windu 87.56%

9

= 13

Turmeditnomnnits 3 gasannsansranuiadiifissavsnmsudinsaiauede
WURTILSe Escherichia coli iamavinaasnuin Badlelgianaindrivannd1imileanta
(W15) uazBadlelaananndrimunndnlsdiued (B1) durugudnarnda i
11.67+0.11 upe 9.80+0.20 fadums Ay Wossyvstanewugdadludromain
JEAUNUTNTTUVDIBAAAILITNNT sequencing USLINUFIMNUIT N 2 UTLI AB
Internal transcribed spacer (ITS region) wazu3LIa 265 rRNA WUl Badlelyian

W15 way Bl Ao Saccharomycopsis fibuligera \iuLngnfiu

Adfny:  11vind1alsdiues, Anumiue, a1siueuLadasy, ANAINIIMNS,

AUBLUATISY Escherichia coli

Abstract

Khao-Mak is fermented food with microorganisms from Thai wisdom.
However, there are many research articles showing its benefits to consumers.
But Khao-Mak is still not popular for consumption. Therefore, the aim of this
research was to develop fermented rice from Riceberry. By specifying 3
treatments for Khao-Mak, there are white glutinous rice, Riceberry rice mixed
with white glutinous rice, ratio 50:50 and Riceberry rice. The results showed
that 3 day fermentation, the average value of sweetness (°brix) of Khao-Mak
Riceberry rice was the lowest as 16.9+0.4% and the average alcohol content
was the lowest 0.58+0.03%, significantly. The results of the nutritional value
investigated that Riceberry rice had the highest protein and dietary fiber as
6.33+0.09 and 5.24+0.06 grams per 100 grams, respectively, when compared
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two others Khao Mak treatments. Moreover, The total phenolic content of
Khao Mak with Riceberry rice was 71.10+0.25 milligrams per 100 grams, the
antioxidants were 194.60+3.10 umol per 100 grams, and the best free radical
inhibition ability was 87.56%, significantly. In addition, all 3 treatments for
Khao-Mak showed that isolated yeasts were effective in inhibiting the growth
of bacteria Escherichia coli could be detected. The results showed that isolated
yeast from white glutinous rice (W15) and isolated yeast from Riceberry rice
(B1) had clear zone diameters of 11.67+0.11 and 9.80+0.20 mm, respectively.
When identifying the genetic level of isolated yeasts via sequencing the 2
specific regions, namely the Internal transcribed spacer (ITS region) and the
26S rRNA region, found that the isolated yeasts W15 and Bl were also

Saccharomycopsis fibuligera.

Keywords: fermented Riceberry, Low sugar brix, Antioxidant, Nutritional value,

Against bacteria Escherichia coli

unin

a ¥ [

19970 (Khao-Mak) tluenmanidnaegdunidangfideyailneg dusisu

(9

danudnandamiervndanaauivgnudsdiimunn Taeggnudetivuind

Y
a

drunauvasayulnsinevatsyiln uwazdydunidlusssurnd laun 51 wueAfisy was

3

=

gad Wiethumllervnfegnuandugnuduluszeznamile ianssuiunisndnany

S a

s35UR Agldvunniifisanivausasiindureuvesweanagedsysus (Limtong
etal, 2002; Limtong et.al,, 2005) 9nMuidenuingaunsdlunssuiunisdnves
91mun an 51 Mucor sp., Amylomyces sp. asraeuleiiozlulaa gosudsain
Frliduhnne thmaitlédamumudszana 30-40 °brix (Unanhaanmdundy
‘U@dﬁﬁﬁimaﬁia 100 1adan3) (Limtong et.al,, 2002; Limtong et.al., 2005) dlowin

i3 a

' I N a 'l = N I oA s
maiﬂﬂf\]guﬂauuaﬁﬂaﬁaaaauq LUBDIANUYARAUNNYUA LYU U6 Sacchacomyces

. C% %}I Y & s v a a a 6 U
sp., Saccharomycopsis sp. windmaliduweaneged 11vundauvsetieUsu
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nalnlusenelidanuauga shlfseneansaaiadesssumiludldivaels
nszvIuMstesRtu Snvedndu Mfueyyadase warteiugidutuuniame
(Tanasuoawat & Komagata, 1995; Chanchaichaovivat, 2010) d1n5ugadlug1anuin
fisslovilunisadrsndndasivainnatssdefidaaiugiduiulusisniouyud
o1y dnnquay 1uarsusznounedudnailse (polysaccharide) Anuusian
Tnssadanifneadbad fmonuaudineduadvosdmnguauiiataaindas adind
mnguauduselovideguainvesuywd (a5 vydeiyiITul wazamy, 2558;
Chanchaichaovivat, 2010) ﬁmu%’aﬁLLamwéJﬂgmmﬂmimmaaﬂuisﬁué’mimam
wagluywdinandifiuindanguauaindad awunsaaneoinisiiviaeldnane

(%

Uses Tiddaldun mnuanselunsanUiinasadusduasiiosen ann1sinide
&enskdn luAuRam BT uazansasMafindiuiuveshialumy (swine
flu virus) (Demir et al., 2007; Hong et al., 2004) FadwuldulunisAnwrdngas
wnldfostunsindelrfalinialualuewen 1Hduarsifiugisunuliiuyed
NnuamAdeuansliiuiquantivesdandninguauiiazihunldifueimsiady
pifuiulsauavduansimueuyadasyldegnauinine (Kogan et al., 2005)
mifedeunihivhmsdnwamamsasunisvesiiomnn eeimunan
nstddnwmdeivnn udu frawmbeadnauiuiandesdeineaingsnsidn 1:1
Tdamdn 3-7 Ju wudt JlUsiu 3.6% Tludu 0.16% fanuninueglugae 33-42
obrix fuoanesedoglutag 0.13-0.47% iadsd ueulnslesiiiugs uasfiefifus
NsenueYYadaszannndl 50%DPPH (glsssay Jwuna uazan, 2555) iy
funuiteiidnwdrmnnirmisnnansedudininaiyrentouvaiiFerelse
Escherichia coli, Staphylococcus aureus, Salmonella typhi, Shicella spp. 1§
savsdinsiesziqaunidinulugnutieiiamunn @y Judad candida
parapsilosis, Candida quercitrusa Wag Pichia kudriavzevii 51 Rhizopus oryzae
wag Mucor indicus WUATILEY Pediococcus pentosaceus (Chanchaichaovivat &

[V GLsuzlo.;

Pasuk, 2013) Usgimalneiinisusuujanuginlvdanvasinuludiunuainig

9

[ '

1nguIns Ae mﬂwma (Oryza sativa) LU‘LJ‘UTJ‘V]Lllﬁ@llﬁll’NL?JiJﬂﬁ']Elﬂ‘UﬁﬂL'Uaii

Fflasady dnduneniiduendnualionzdy H1unsTRRRBLAUIEILWNTY
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v

= o o 4 ! 14 1 1% v v A & A
awwﬂwm@mmmﬂmmmﬂ”ﬂmmamumu Y1IFTYNUTULUANNAUINVBY

q

waullyeniiu (anthocyanin) Wuansfifienuaninsnfueuyadassléd wenand
falamAdefnwguAmsemsvesinlsfiued wuidlasduoyyadaszgs ran
a9 waualsiiu unuulelsyuea 3n15us Fanfiud 1 gitu unuily dnegd Towm 3
swdn ndTluoa ils uaziiduihiamh dsansewnawaifidaudiglunistig
$19me Yrgsanen Usesssuulszam anmnadesiensiinuzide diedostulsa
#199 Iefegnannine eilsaiumnu Tsannusdaiings lsaaueaden Tsaladinang

PIYLaoANULALA (AUGINEIAIANSIT UNAINEIFBINEATANERS, 2566; TUTA

a

dwgyn, 2558; Wdin JANAY LazAMy, 2555; Suttiarpomn et al., 2016)

9 <9

Ua0u drvannfisundazdauddsunnunenssuiauselesddeduilan

o

VY oW 1 & aa =
LLWU’]’JﬂﬁﬂﬂﬂENVLQJL‘U‘LW]‘NEJJJI‘Uﬂ"IiUiIﬂﬂ@J’]ﬂ‘Uﬂ QUﬁIﬂﬂLLﬂLWBQLQW’]“ﬂaM I‘L«!GU?ZL!‘“

Lﬂﬁ]’iﬂuﬂ’]iWGlJ‘LJ’]"U’]’J‘ViiJ’]ﬂf\]’]ﬂSU’]’JvLisﬁLUE]i‘EJ\‘iiN’m?J%/EJaEJu@EJ i']ﬁJVlN’]LDﬁ]EWW]’]ﬂ’ﬁ
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AnundadludnmnndenistudinseiyvendowuaiiGenelsanaiuemsiil

v
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pgtieiuiu Auiulunwdded Javhmsiaudimnnaindnilsdiuesiussuiiey

fudhmnndrimiesvn ynduhdnmnnunesadesiziaunmmaei anuduy

N39-A"19 (pH) USHAunIIL (Cbrix) wazUSuInueanased AsIaaLATIEVAMAN

a e
NNDINIT ATINIATIZUNUDAN ‘1/]\‘1‘1/11191 LLaumimuauuaaaiu (DPPH assay) umau

s a

aolutilolsandadusans Anuenlantavunnudazgnsluneaeuauaunsaty

q

msfudadenuafi3orelsamaiuamis £ coli sausisinnsseyusianeiuganii

fusyanSamnangalumsdudaudenuaiisenelsamaiuamismeimenluang

q

nan1snaaesfildaziludeyalunisimuinuninuasauamieeimsvesdiinuin

Thduemnaiieguammadendmsuduilan wavaduayundndueidiinuineims

a

niinangideyeywiesduvesiminnssunsasessensioly
/AU

JUADUNITNIT1INNIN

[
[

v ~ S a 1% 1% ~
mWQMMﬁﬂwiﬂumﬁiwﬂaaﬂﬂiduu 3 Eﬂfﬂﬁ A9 1) VINUINYIUNAUYIVIN
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2) Framnndnilsdeinandrivanndrimiens Sisia 50:50 wag 3) Fravan
Frilsfiued Inedunsumsindramunniised vidilsdueinteduniionnn uih
Auarermduian 12 4alu mﬂﬁ?uﬁﬁsi’mLm'asqmﬁmﬁwé’wﬁﬁmsmmﬁﬂ 1 pdq
wdrFahdnanidlfan anduthdndanundnlilfsuuunisurazein Jadaed
yUNareniHIunsivenge idnddanurargasunaniugnutsinimnn
Aaniadn i wdnihnsdnussgadlutenanainazoin Yadilvidade winlii
gaungiivies WWunan 5 Yu drmnnusiazgnmsnaaesin 3 41 d1ay 10 de

N153ATZRRNINNILATT LTI InNN

WIINLsazgRs WdesginnUasuulasvesaraadunsa-a
FaeuAses pH meter USmamedefiasaneiléionmn brix) §1eides handheld
refractometer uazU3unauoanesed fela3os Ebulliometer WAALYANITNARDY
FnsmadeU 3 81 sz iull 0 auiviudl 5 vesmenmtndamann

N1531AT12RAAAININE T ud %N

thinwnnusiazgns Mnfnidunan 3 Yu indinsizvesduszneumsdang
Tneuszanas T panudu Tosfu @ Wiy wagleems daudasisnisues AOAC
(2016) wazaslulalnse wau AnLUasisn15ves Sullivan & Carpenter (1993)
UARZYANITNARBIYININTNAGDY 3 e

nMsAeTeiuianuasUsznauiluadniuuauazansdueyyadassly
41anun

nMsiaTziUSuaiiuedniun ﬁwié‘lﬁmaﬁﬁhmmaLwiagqmﬁwﬁmﬂu
van 3 Tu gansar 5 nsu wuaneu wanldluvasanaaes wuaisazate Folin-
ciocalteu phenol reagent 1¥udusesay 10 InsUsunsasly 5 Sadans saniels
5 il gnduiy 2 fadansvesansavanelefisunisusiun (Na,COy) Wududosay
7.5 lnvaiareUinins Uauinvaeadionistiidy feislifgumgiives WWuian

Y

1 Halas thluinAn1sganfuuaciiniuenaay 725 Wiluins LHasyanIsNAaedyin
3 41 (AALUad91n Maikaeo et al., 2019) MIATIEAIsAOYYABATY U 1Ivan
WwAneu gasar 1 nfu nduadameioniuea 5 1adans 9ty Wwleurase

nAaoLANaITazany DPPH (2,2-diphenyl-1-picrylhydrazyl) 1wudu 0.1 mM Tu
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Wnuealdluiaaanaass wadnasanaivaindlulaasiy 100 pl waslsmdniu
FalAludifle 30 Wil Wisuifeutuansazans DPPH Alilldansadadmann thlun
AnsgAnduLasiinue iy 517 wiluwes vinnsmaaout 3 ads uagiien
fildmurniesazvesauaIunsasueyyadase (% inhibition) (FaLUasain
Mongkontanawat & Lertnimitmongkol, 2015)

nmAdauANEINsavasBafdansiudateuuaiie £ coli

ihlelwanfaduagvsndauenldandmnnudasgns smeaeuyszanam
nstfudateuuaiiie £ coli feidFautatan Kim et al (2016) Fuainipio
asazasuuaiitse £ coli lue1msiuad nutrient broth Uuilgaumail 37 seen
wadea WWunan 24 Falus Minduinieudedsdu 1x10° CFU/mL frenaidiey
1"M5§71 McFarland standard No.0.5 wénirluindsliihiantihomnsuds nutrient
agar ANHULANEVRUAIE cork borer TuIAEURIUAUENa1Y 0.5 Sadiuns dmiy
fasiusqviudarialaifidausnldaindromunnudazgns gnsay 30 Taladl Wi
iziassluemsivan yeast peptone dextrose ﬁmﬁqquﬁ 30 9IALALT Y
Hunan 24 $alus arnduildusmieefinanuaseu 3000 rom Wunan 5 wid
nntuhansazanelaldadluvauiianzliuiuns 60 lalasang insvaaes 3 41
Mnduimdurinugudnanala (clear zone)

N153ATIZANEANISERR

wnansnaaesiild thulnnevinameadismensmeiedotardundeuy
19551U wazlUTeuiBuAILANA1aYesA1ladelngds Duncan’s New Multiple
Range Test fisvfuaiudesiufl 95 Wesidud (p<0.05)

nsszyUedaeiugBadludranuniifinauanunsadu udouuadize
E. coli

thiadfideuanunsadudadeuuafide £ coli 1Afiandiléarndramnn
favun 11 2 Taladl vhmsszyusianeiusBaflanisudunnsatafiduevesdan
M135N15U84 Tangsombatvichit et al. (2015) ¥in1s purified ALdulevRIBaRAIY
DNA purification kit (QIAGEN) LLé}’JﬁWVL‘UG]i’:lﬁ]ﬁ@Uﬂ’J’]iJU%E:WI%‘éJDEJLﬂ%aﬂ Nanodrop

spectrophotometer (Thermo Scientific) a1t U lUATIFEDUUSIUTUNY
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2 fuvie Ao 1. USLaad Intemal transcribed spacer (ITS region) sgalnsiues TSI
5 TCCGTAGGTGAACCTGCGG3’ way ITS4 5’ TCCTCCGCTTATTGATATGC3 2. Ushied
26S rRNA ﬁ?ﬂ@:iWiLiJ’eJ% LROR 5’ ACCCGCTGAACTTAAGC3’ thay LR7 5’TACTACCAC
CAAGATCT 3’ (Macrogen sequencing)

HaN133d8UazafuTIoHa

AanWIaLAsi lug1amnn

Sothimmnnusiazges iasaaeumsasuudasaaiudunsa-ss (oH)
710 fia 5 fu wansnaasswuin 7 0 u Frmnndnlsdiue’ drmunndnlsdue’
wanwdlennn (50:50) wae Favanndamiennn e pH avedlutie 6.4-6.6
densyuaunmsusidietu 7 1 3u wud Srmnndmiissvnilen pH wde Wiy
3.3+0.1 Ganasniinimnndn 2 gas 71 2 Yu dravmnndis 3 ges fien pH dsey
Turag 43-0.7 35 Yu d1vannita 3 gas fe1 pH 1wAseglutas 4.3-4.8 agifiuiy
doinnszurunisinauvesgdunisaingnutls iinn1swdsundliduding

a ! =

Wasuimaiduueanssed waziAnnsa 91nfanssuvesdunisngusiuasar
Wl pH wWasuwas daeaudunsaiiudy (Tanasuoawat & Komagata, 1995;
Chanchaichaovivat, 2010; Manosroi et al., 2011) @9AAABIAUIIUITLVDY
Mongkontanawat & Lertnimitmongkol (2015) ¥IMn15WaAILIT1IMIINAINT1IATE?
i \dleae pH wu Wensrurumsnsiniatu luiuil 1 i1 pH wasanas wazly
$ufl 2 f pH wAsiinty sndulutuil 3-7 f1 pH waeasdl
¥nsTauSinae Y Cbrix) vesirvnnii 3 gn3 NANITVAGDINUT
7l 0 Ju d19mmniis 3 gas FArAumaueds wirku 0 7 1 Ju Framundn
wilgrvaifidinnumauedsuiifu 16.4+1.10% Feganitdnivaindn 2 gas
dlensyuiumendniintuluuil 2-5 wuin $rmundramiieavniidinnum
wasgafign Wefisuiutmunndimnndilsdiueinandrumieinn (50:50
wazdmanndalsdiued Tuvmed Pravanndilsdived Sananurnuadsludi
16.9-18.1% Taitgn Gananismaasidenndostueuiseres Mongkontanawat &

Lertnimitmongkol (2015) ¥iA1SAAIUITIIUNINANTIINRTLIAT WU Liotatu
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Ny °brix vest1munnmiledrvndaadeganitdrmandiamideas

a

Wululeinlaseasramadueiivetsludnlsdiussidiunaaunsdgeslaenn wWiowin

3

nszuIumMIunmusssd wlsilsdiuediadenfeqdunidndusiuasiad
pdemngnuililddinitdmiennm waedinisidenuindnlsiueitisuithnadh
(Audinenmanidnn umInerdoinunsenans, 2566; Judn dwan, 2558; Ndin
S35Ndg wavAly, 2555; Suttiarporn et al., 2016)
FmsinUSinaieanageduesinainn Kan1svnaasuI 91 0 Ju $1amuan
i1 3 gos SSnaueanssediais Wiy 0 7 1 fu drmnadmisniiuiin
Leanagedindewiniu 0.39+0.04% s‘z’faqaﬂdﬁnmmﬂﬁﬂ 2 gn3 dlonszuaunswiin
Aadulutudl 2-5 wudn dramundramierrnniiviniaueanesediadsgeiian
dlodisutudmundmunndiilsdueinandamieinna (50:50) wazdamuan
F19lsdued Turasiidrmuindamuind1alsdiuednaud1mieawas (50:50)
flUsunaueanasediadslutag 0.96-1.56% drudrmuind1ilsdiues dusunm

' v
& a

woanagediadelutig 0.48-1.37% lunsvaassaiall UTunnueanesediiiniuly
nsruIunvsindmnniidaeandodunuianssuvesadunidgnuls fausie pH
warUsuIuAIUnIY (Manosroi et al., 2011)

AuAMI9MTTUd1ININ

UTINNUAREENTUTIATIEAAMAININEINIT HANTNAGBINUTT T19MaIN
Fnlsfiueiilusiugsiign sesasundedavuindranuindnlsdiueinandin
niHg3v17 (50:50) kazd1IMUINTIUNTEIV1Y 111U 6.33+0.09 5.65+0.10 Uav
4.57+0.08 N3/100n3u sy sasialawng dramnndralsdiueilooimag
flan sesasnfeininnimnndnlsiveinaudmilonm (50:50) wagdhamunn
P1IniEIV1Y WU 5.24+0.06 3.82+0.04 Uag 1.22+0.05 n$1/100n5U AE6U

(miwﬁ 1)
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M99 1 AauAIn199 1 studInand1alsdiues T1amuintilsdiueinay

1879717 50:50 kaLI1IMNININBNTe1v1d veinduan 3 Ju

. 419370 4ramun 4ramun
' V1IN v ¢ a v a v a
Qmm‘wwmms o P 4 “U’]’ﬂi‘ﬂLUEﬁNﬁM V1ILRUED V1ILRUYD
gaalsdwes o v
U1KRUYIVI? 50:50 U1 a1
1€ (nS1/100 nsw) 0.84° +0.04 0.78°+0.06 0.13°+0.01 0.29+0.49
AU (N$31/100 n$4) 52.18°+0.45 55.22°+0.47 59.00°+0.61  55.86+0.50
TUsfu (0307100 ndu) 6.33°+0.09 5.65°+0.10 4.57°+0.08 3.11+0.50
Adlulawse (007100 N$)  39.56°+0.69 36.18°+0.26 3592°+0.97  38.80+0.50
lush (n$31/100 ndw) 0.86°+0.04 0.64°+0.10 0.39°+0.02 0.35+0.48
wdwanluty @lawnaed/ 82471023 6.88"+0.15 3.51°40.05 laiflua
100 n5Y) NSRS
wsavun (Rlaupaes/  184.72°+1.57 171.33°+1.14 165.05°+1.44 T3ifia
100 n5Y) NSRS
Toens (n31/100 nsu) 5.24°+0.06 3.82°+0.04 1.22°+0.05 1.59+0.25

wewn - fiarlunnsne fie Auade 3 grxdiudosuunnnsgiu
*abc uansAadeveseyaluiiiueuiuneeiueg e lidfyn1eadi (p<0.05)

*I1IDINANNINAABIAINIIUITEVBY Mongkontanawat and Lertnimitmongkol, 2015

19114798999 Mongkontanawat & Lertnimitmongkol (2015) ¥11n15WeaIuA
Frvnandamioad Ansindunat 3 fu waglienesinurmise s wui
AlUsAY Wiy 3.11x0.50 NF/100n34 waziileo1mis Wiy 1.59+0.25 n31/100
nu uanuideres glyissn Yamuna uazane (2555) ¥nsiamIE NN
Tndsiveaingauazimieid wind 3 Ju waglinngiquamaems wuin
fusiu Wiy 3.5£0.03% wag 4.4+0.02% azwiuldin 91munaindnlsdiue’
wazdmnndmnndlsfiveinautmieann (50:50) Tunsvaaesd fusiu
wazleamnsgand Prvanntamiledn visetiunddidvening

USuuansussnaufiueiniaiuauasasdiuayyadassludiauunn

dethdnmmnusiaggnsuniienginiuiunuaisussneufiuednsiavan
wazansinueyyadase Hansvaasanui dnvndlsdiuedininiduna 3 Ju

fUSuuarsUszneuiluednnanuaiaie uaraisiiueuyadasygaigawiniu
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fiflnuannsasudinisasgueadonuaiife £ coli ¢iflan wuin Sadarnd
mnndlsdiue’ Aelelwan Bl aunsadudnisnasyesdewundite £ coli whify
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Limtong et.al., 2005)
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------ ‘ ukaryots(gi F176537) : eerrsammees
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ITS region Uag ¥. NMITLYUNUGNIIUVRIiI0ETad aleian W15

USLIUTIINE 265RNA

Vol.11 Issue.3 (September — December 2023) | i 11 atufl 3 (fusnsu - funnau 2566)



124 UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY
NIFIneemanswasinalulad wnInedus1vigensend

A3UNAN13IY

nsimutvEndadundndasiomandnangilagayiive leedimvua

a

1170 3 gas A P1avantladiues Pravanntlsdiueinaudiamiesnn
50:50 wagdrmndnimieivn nuanmeaesasUlain 41ivannns 3 ges den

< 1 = a L% 4' a £
AL UNTA-AN9LRaY (pH) LSUAUYISEUNM 6.5 LATARAWIBLAANTTUIUNITRUN

2N

nUUAINTUYIY 4.3-4.8 Tuanef A1 brix WindulanszuiunsusnsuluTuws

ALIUMYIINITNARDY MABSLELIAUTNIUN 5 T1IVUINTIUAREIVT LAIAINUNRITUY

' '
a Y

WAYEINgn Wiy 36.2+0.5% dutrmuindilsdiueianiian windu 18.10.2%

q

v
= o v

AuSuAUSENLeaNe8aaLRAY JAMALTULLDNTEUIUNTUINAATUA UL VLN

a

3 gns Wnetvandrimilednnd da1Usunnueanesedniaduaangauseann 2.5%

q

[V
=1 <@

drudmuintnlsdiueImfgaussain 1.3% 91nn151aasInssiasiiulaingnn
nunRau1Intalsdiuesilusiunarleamisgeiian wiidu 6.33+0.09 wag
5.24+0.06 n¥usia 100 NSU AIUANY Walguiui1muingn 2 gasfie 41N

Y1ILSBUBIHAUT ARV 50:50 WATT1INUINTIWATLIVIF FIUNIVIINUINDT?

A a a

lsuad dUsuaiuednyvianua winnu 71.10+0.25 Tadnsuse 100 N5U Ta15AY

pUYadasy WU 194.60+3.10 pmol fia 100 N3u uagilmuaiunsadudseyya
daszhngn iy 87.56% luaued1ivuinme 3 gasaiuisansianudanind

q

= 2

Usvansnmdudenisiasgueaiiewuaiilse Escherichia coli nansvaassnuin Jad
Tolganantmmnntimideivn (W15) way daaleloanaintivaindnilssues
(B1) fidurrumudnanaisla wirdu 11.67+0.11 uag 9.80+0.20 adiuns Aud1dAU

aa

Wosryusdaeiugdanlud1ivuinseduiugnssuvesdanaiedanis sequencing
USLIUAILUULITILNNE 2 USII8d AD Internal transcribed spacer (ITS region) way
USad 265 rRNA wuin Banlelsian W15 way Bl e Saccharomycopsis fibulisera

WULREINUY

ANRNISUUIZAA

¥
av

NuITeilasunisatvayuevyssuinainnemuduaiuauide uns.

#3700 8 UsednUeuuseuna 2563 Y0UAMAIVIIVIINGIMIAASTLERE1UIEAIY

Vol.11 Issue.3 (September — December 2023) | Ufi 11 atiufl 3 (fugneu - Suau 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

. 125
NsATIemansiazinalulad UAINYIAYINTNBATBTIU

A A A aw =1 ¢ a
dzainaniud wseddle aunsallun1siTenaassluasall YauRNUIENBIANITUIINS
dhusuariuin-Unun Sneueliy IminnssuasAsoyse) NatuayunITiaiu
AR iUyyviesdu wasnguwituyuvwivdl-Unu Muugtdiiasdievie

A15YN91ITUN

LBNE1591999

[

WUIT PTSN war Aaseu Jnausny. (2564). nsudauuafiieainansae
VIIMUNTE. 2798753984agUTANTIUNNINYITIFNT UNIINEIFETIVI])
Wageawnsal lunssususigudus, 2(3), 92-105.

Judn Awqn. (2558). lsdiuass 9708 Tuszlend Auduiiletud 28 figuiou 2562, 91
http://lib3.dss.go.th/fulltext/dss_knowledge/bsti 11 2558 Riceberry.pdf.

wiin $35AAg, Sym deiudy uay 1@nild Benanadail. (2555). auamslawuinig
Y0401 9 Meug. 275915 Imansinymg, 43 (aduiliay 2), 173-176.

AUGIMEIAENTTI1T WINEIRBINYATAIERS. (2566). $79l581Ue5 Riceberry. dudu
dlofud 3 wweu 2564, 970 https://dna.kps.ku.ac.th/index.php/research-
develop/rice-breeding-lab/riceberry-variety.

a3 Wi T, aufesh wiignsuna waz inSauia yunas. (2558). N3
AnngikarilIsuiigudaddninguauaingnudatnimunnluniananeves
Usewlne. 215875108398 menmans malulad uazduindeouion)s
15eu3, 6(2), 188-197.

ca v

gl3a9ses Jauung, YAUY 4350 uar undnt WARSAY. (2555). RavmImelaTNINIg
v19Usenislughanunninanaindradadnenivgs. u. 721-729. Tu: nns
Uszaitnisuisnnd adedl 9. 67 Suniau 2555, uminedeinuaseans
INYUVHALNIEL.

AOAC. (2016). Official methods of analysis. Maryland, USA: AOAC International.

Chachaichaovivat, A. (2010). Yeast betaglucan: Food supplement for immune

system. Journal of Research Unit on Science, Technology and

Environment for Learning, 1(2), 113-118. (in Thai)

Vol.11 Issue.3 (September — December 2023) | Uit 11 atiufl 3 (fugneu - Suau 2566)



126 UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY
NIFIneemanswasinalulad wnInedus1vigensend

Chanchaichaovivat, A., & Pasuk, A. (2013). Inhibitory Effect of Fermented
Glutinous Rice on Enteropathogenic Bacteria. The Journal of
Interdisciplinary Networks, 2(2), 30-36.

Demir, G., Klein, H. O., Mandel-Molinas, N., & Tuzuner, N. (2007). Beta glucan
induces proliferation and activation of monocytes in peripheral
blood of patients with ad-vanced breast cancer. International im-
munopharmacology, 7(1), 113-116.

Hong, F., Yan, J., Baran, J. T., Allendorf, D. J., Hansen, R. D., Ostroff, G R., Xing, P.
X, Cheung, N. K, & Ross, G. D. (2004). Mechanism by which orally
administered [3-1,3-glucans enhance the tumoricidal activity of antitumor
monoclonal antibodies in murine tumor models. Journal of Immunology,
173(2), 797-806.

Kim, D. H., Jeong, D., Kim, H., Kang, I. B., Chon, J. W, Song, K. Y., & Seo, K. H.
(2016). Antimicrobial activity of kefir against various food pathogens
and spoilage bacteria. Korean Journal for Food Science of Animal
Resources, 36(6), 787-790.

Kogan, G., Stasko, A., Bauerova, K., Polovka, M., Soltes, L., Brezova, V., & Navarova,
J. (2005). Antioxidant properties of yeast (1,3)-B-D-glucan studied by
electron paramagnetic resonance spectroscopy and its activity in the
adjuvant arthritis. Carbohydrate Polymers, 61(1), 18-28.

Limtong, S., Sintara, S., Suwanarit, P., & Lotong, N. (2002). Yeast diversity in Thai
traditional fermentation starter (loog-pang). Kasetsart Journal Natural
Science, 36, 149-158.

Limtong, S., Sintara, S., Suwanarit, P., & Lotong, N. (2005). Species diversity of
molds in Thai traditional fermentation starters (Long-pang). Kasetsart

Journal Natural Science, 39, 511-518.

Vol.11 Issue.3 (September — December 2023) | Ufi 11 atiufl 3 (fugneu - Suau 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

. 127
NsATIemansiazinalulad UAINYIAYINTNBATBTIU

Maikaeo, L., Sajjabut, S., & Thepthong, P. (2019). Total Phenolic Content,
Antioxidant and Antiproliferative Activities of Methanolic Extract from
Flowers, Twigs and Peels of Mammea siamensis. Thai Journal of
Pharmacology, 41(1), 5-12.

Manosroi, A., Ruksiriwanich, W., Kietthankorn, B., Manosroi, W., & Manosroi, J.
(2011). Relationship between biological activities and bioactive
compounds in the fermented rice sap. Food Research International, 44,
2757-2765.

Mongkontanawat, N., & Lertnimitmongkol, W. (2015). Product development of
sweet fermented rice (Khao-Mak) from germinated native black glutinous
rice. Journal of Agricultural Technology, 11(2), 501-515.

Sullivan, D., & Carpenter, D. (1993) Method of Analysis for Nutrition Labeling.
AOAC International, Arlington.

Suttiarporn, P., Sookwong, P., & Mahatheeranont, S. (2016). Fractionation and
identification of antioxidant compounds from bran of Thai Black Rice
cv. Riceberry. International Journal of Chemical Engineering and
Applications, 7(2), 109-114.

Tangsombatvichit, P., Semkiv, M.V., Sibirny, A.A,, Jensen, L.T., Ratanakhanokchai,
K., & Soontorngun, N. (2015). Zinc cluster protein Znfl, a novel
transcription factor of non-fermentative metabolism in Saccharomyces
cerevisiae. FEMS Yeast Research, 15(2), Doi: 10.1093/femsyr/fou002.

Tanasuoawat, S., & Komagata, K. (1995). Lactic acid bacteria in fermented foods
in Thailand. World Journal of Microbiology and Biotechnology, 11,
253-256.

Wattanuruk, D., Phasuk, S., Nilsang, P., & Takolpuckdee, P. (2020). Total
phenolics, flavonoids, anthocyanins and antioxidant activities of Khaow-
Mak extracts from various colored rice. Journal of Food Health and

Bioenvironmental Science, 13(1), 10-18.

Vol.11 Issue.3 (September — December 2023) | Uit 11 atiufl 3 (fugneu - Suau 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

128 P
NsATIneeansuaznalulad UMINY1QYINVNBAIEIU

Vol.11 Issue.3 (September — December 2023) | Ufi 11 atiufl 3 (fugneu - Suau 2566)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

. 129
NsaTIneeansuazinalulad UNINY1[YINVNHBAITIU

anuynuaziadsvesnsianesludenlulauuiuiiaunsallauazugil $rin
THE PREVALENCE AND FACTORS OF BLOOD PARASITE INFECTION IN DAIRY
COW IN WARITCHAPHUM DAIRY COOPERATIVE LTD. AREA

5ena dauw way Usulie veanes

Theerakul Nilnont and Pranpreya Todtong

avIrmaliansdniunnduaznisnetvadnd ansmelulad wininedesvigensend
Program in Veterinary technology and veterinary nursing, Faculty of technology,

Udon Thani Rajabhat University

Received: 10 July 2023 Revised: 15 December 2023 Accepted: 25 December 2023

UNANED
¢ O Aaw ¢ A ¢ ) a A a
nsAnwasatiingussasdiednumeanuynuasladevesnisianedluben
TudInT1UsEEIuA AR oaLATaLUuTulAUY 9RNLUUNITANYIAEITA1TANY

@
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SEWINADUAULYU WA, 2563 D9 HOUTUIAL W.A. 2564 AFIINTITAANLID UGN
mesviTiaNEeaUIe (Thin blood smear) foudsiy Giemsa-stained wALinLAen
unsBALLIY (packed cell volume; PCV) a1875 Hematocrit centrifugation technique
nan1sAnw wuladanendludaidondiuau 107 @ (38.90%) wiadu Anaplasma
spp 75 1 Anwdu (79.09%) suunilu A. marginale 40 1 Asdu (53.33%),
A. centrale 35 #1 (46.67%) Babesia spp 32 #1 (29.90%) laun B. bigemina Way
NUASAANETSUINAIY 1 38a Sy 12 d Anvdu (11.21%) Tagldwunisfanens
%iln Trypanosome spp , Theileria spp. Tafifanensludensiuau 107 & wuen
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fiflen PV fna1und 1w 13 67 (12.15%) vsudineiivssanalsanens
Tudesiimudesdaneisludontn 5.02 Wi (OR = 5.02) weWlsufurisuiilidine
fusyTanstanedludon egralldeddynisadn (P < 0.05) nsdnwadaiveddn
anunsalnshinnesludenlulaun sEwinafounueeu w.e. 2563 f9 lnauliuiay

w.A. 2564 fanuynszauliunanuazieliiinnnelainasduliunans
Addey:  Anugn, Uade, wersluiden, Tauy

Abstract

The aims of this study were to examine the prevalence and risk
factors of blood parasite infection and evaluate packed cell volume (PCV) in
dairy cows. Cross sectional study was conducted to randomly blood sample
collection from 275 dairy cows from 55 farms in the area of Waritchaphum
Dairy Cooperative, Waritchaphum District, Sakon Nakhon Province. Blood
parasite was investigated by thin blood smear examination with Giemsa-satain
technique including the hematocrit centrifugation technique was conducted
to evaluate PCV. The results found 107 (38.90%) dairy cows infected with
blood parasite. Genus Anaplasma spp was infected in 75 cows and divided
into two species such as A. marginale (53.33%) and A. centrale (46.67%) and
another 32 cows were infected with Babesia bigemina (29.90%). In the group
of 107 infected cows blood parasite mixed infection was found in 12 cows
(11.21%), however there was not found Trypanosome spp. and Theileria spp.
infection in this study. The percentage of PCV of the blood parasite infected
group ranged between 16% - 35% with an average PCV 27.07% with 13 of 107
infected cows (12.15%) had lower PCV than the normal range. The dairy farms
which had been exposed to blood parasites in the dairy population had 5.02

times re-infection compared to unexposed farm (P < 0.05). This study defined
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the moderate blood parasite infection and anemia in the dairy cows of

Waritchaphum Dairy Cooperative Ltd., between September 2020 to March 2021.
Keywords: prevalence, factors, blood parasite, dairy cow
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Abstract

The aim of this study was to investigate the impact of fermenting soil
stabilizer by EM bacteria and the application rate of soil stabilizer on the growth
and yield of marigold (F1), 'Devi'. The experimental design employed in this
study involved the utilization of a factorial arrangement inside a 2x2+1
Randomized Complete Block Design (RCBD) framework, specifically in the
context of planting pots. Factor A refers to the process of fermenting soil
stabilizer using effective microorganisms (EM), which is characterized by two
distinct levels: the first process involves the fermentation of soil stabilizer with
EM, whereas the second process pertains to the non-fermentation of soil
stabilizer. Factor B represents the rate of application, which consists of two
distinct levels. The first level involves the application of 200 g of soil stabilizer
per 5 kg of mixed soil, while the second level involves the application of 400 ¢
of soil stabilizer per 5 kg of mixed soil. The experimental group consists of a
control treatment with a quantity of 5 kg of soil that has been mixed. The
findings indicated that there were comparable characteristics observed in the

soil stabilizers derived from the mechanical and biological waste treatment
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conducted by the Udon Thani Municipality, as well as those obtained from
organic fertilizers. The composition of the soil stabilizer exhibited a significant
concentration of organic matter and macronutrients, aligning with the organic
fertilizer guidelines set by the Land Development Department. The utilization
of soil stabilizer derived from mechanical and biological waste treatment in
Udon Thani Municipality has the potential to be employed in the development
of marigold plants. The marigold plant, when treated with a soil stabilizer,
exhibited increased plant height, plant canopy, number of branches, number
of flowers per plant, size of flowers, as well as average fresh and dry weight
per flower, compared to the control treatment. The utilization of soil stabilizers
in marigold production, without the need for fermentation, presents potential
applications. The recommended treatment rate for optimal results is 200 ¢ per
5 kg of mixed soil or approximately 2,000 kg per rai. This dosage has been
found to effectively stimulate growth and enhance production in marigold

plants.
Keywords: soil stabilizer, growth, yield, marigold
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