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Feasibility Study the Methane Production with Co-digestion between Napier
Grass in Degrade Land and Swine Manure
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ARTICLE INFO ABSTRACT
Article history: This research was feasibility study the methane production with
Received: 21 May, 2020 co-digestion between Napier grass in degrade land and swine manure.
Revised: 16 June, 2020 The feasibility consideration was divided into 2 parts: methane
Accepted: 5 August, 2020 production and economic feasibility. The degrade land is saline, acid, and

Available online: 3 February, 2021 compact soil. The ratio of co-digestion between Napier grass and swine

DOI: 10.14456/rj-rmutt.2021.1  manure was 1:2 and the conditions were controlled for methane

Keywords: feasibility study, production with completely mixed. This research found that the

methane production, co- methane production from acid soil was effective with cumulative
digestion, Napier grass, methane 9 liters, methane production potential 9,280 ml, and maximum
degrade land methane production rate 872.20 ml h™, in term of Napier grass in saline,

and compact soil were 293657 and 1,967.75, respectively. The
maximum methane production rate from Napier grass in saline, and
compact soil were 767.45, and 91056 ml h”, respectively. The
consideration of feasibility study for the project was studied benefit /
cost ratio (B/C ratio), net present value (NPV), internal rate return (IRR),

and payback period (PBP). The research found that B/C ratio was more
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than 1, B/C ratio is the first of factor that can be considered economic

feasibility. Payback period was less than 1 year. NPV and Internal rate
retun (IRR) of Napier grass in acid soil were 95,991.95 bath and 117%,

respectively. These factors showed that this project is worth to

investment for methane production in household.
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analysis, research trend graduated with bachelor's and higher bachelor degree. They have
more than 5 years in Ballistic forensics experience. The interview is
included activity details of gunshot residue analysis such as Type of
gun, testing method and the material sample. The problem in their
work, Applied the research in working and also the interesting study
topic. The result of trends analysis of gunshot residue examination
was shown in 3 categories 1. Trends of gunshot residue examination
for practice 1.1. Strengthen the relationship between the related
organization 1.2. Continually sourcing innovation of weapon
information which could contribute to the characteristic of gunshot
residue 1.3. organize document 2. Trends of gunshot residue
examination for organization 2.1 Support officer in terms of training 2.2

Scholarship or observation study abroad 2.3. Increasing budget for
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scientific equipment for the provincial part 3. Trend of gunshot residue

examination for the researchers shows by the interest topics,

1.) Interested topic and relate to recent research. 2.) Interested topic

and new research. 3.) Interesting topic and could reference by

American research, which could direct the future study and the result

of this research would be an advantage to the near future.
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a purposive sampling method. Data were collected and statistically
analyzed by using mean and standard deviation statistics. The results
revealed that the developed system was evaluated by the experts
at an acceptable high level. After refining the system according to

the expert’s opinion and was used to evaluate the system, the

quality of the system was considered at a high level (X = 4.64, S.D.
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= 0.18) and satisfaction level of sample towards for the system was

considered at a high level (X = 4.60, S.D. = 0.04). It can be concluded

that the smart farm management system in the greenhouses model

through the embedded system improves convenience and ease the

burden for farmers. Which farmers can control turning on-off

watering in greenhouses via smartphone from anywhere at anytime.
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ARTICLE INFO ABSTRACT
Article history: Brownie is a bakery product with the main composition of
Received: 23 June, 2020 wheat flour. Therefore, this research was to develop brownie made
Revised: 6 August, 2020 from three colors of bean (black-, white-, and red kidney beans) to
Accepted: 31 August, 2020 replace wheat flour and to add nutritional value to the brownie. Based

Available online: 15 February, 2021 on the results of the selection of basic brownie recipes, consumers

DOI: 10.14456/rj-rmutt.2021.4  rated the most preference recipe from The Health and Cuisine

Keywords: brownie, beans, magazine (S3). The score was in the range of 7.2-7.9 (moderate
sensory evaluation, nutrition,  preference) due to its higher chocolate and cocoa composition than
physical properties the basic S1 and S2 recipes. Therefore, the S3 recipe was a prototype

in the development of three-colored bean brownie, which was a 100%
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substitute for wheat flour. In the study of bean ratio (black: white: red),
the ratio was 50:25:25 (M1), 25:50:25 (M2) and 25:25:50 (M3). From
sensory evaluation, it was found that consumers rated the highest
preference recipe for M2 in taste and overall liking, significantly
(p < 0.05). The score was in the range of 6.8-7.5 (slight to moderate
preference). For the physical properties of M2, its color showed L*, a*
and b* as 6.75, 2.24 and 1.18, respectively. Its water activity (a,,) was
0.75. The nutritional value of 3 recipes of three-colored bean brownie
products in comparison with S3 (50 grams of weight per serving was
used in the calculation) showed that all three-colored bean brownies
contained protein and fiber with the increased average volume by
14.31 and 67.72%, respectively. According to customer acceptance
testing (100 persons), it was found that 88% of consumers accepted

and were willing to purchase brownie M2.
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ARTICLE INFO ABSTRACT
Article history: The research is to study a light filter adjusting the color
Received: 5 June, 2020 temperature of comparative light which is blue light frequency or (Color
Revised: 22 July, 2020 Temperature Blue: CTB) of number 201 Full CTB, 202 Half CTB, and 203
Accepted: 31 August, 2020 Quarter CTB by using with Fresnel Lens Lamp from 1000 W Tungsten-

Available online: 21 February, 2021 Halogen (T-H). Then, the measured value was compared with the

DOI: 10.14456/rj-rmutt.2021.5  calculated value from McCamy formula. The result found that, in the case

Keywords: correlated color of non-filter, the CT of T-H Light was 3060K of the measured value and
temperature, color 3067K of the calculated value. To change the CT, in the case of altering
correction filter, luminaries the number 201 filter which could change the CT from 3200K to 5700K; it
for motion pictures could be measured the CT of the light from 3060K to 5258K with 7.754 %
of the deviation, and the calculated value of the CT of the light changed
from 3067K to 5259K. In the case of altering the number 202 filter to
change the CT from 3200K to 4300K, the measured value changed from
3060K to 3910K with 9.069 % of the deviation, based on the calculation
of 3067K to 3916K. In the case of 203 CT-change filter, the value was
measured from 3060K to 3430K and its deviation was 4.722 % from the
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calculation of 3067K to 3439K. The causes of CT value of the deviation

lisht in this research were in the measuring step, and the calculation. For

the measuring step, the filters from various production companies

contained different properties to change the CT, and the measuring

instrument were not held steadily while studying. For the calculation, the

CIE-1931 was needed for the basis of the measuring steps from moving

the measuring instrument while measuring the value resulted in the

deviation in the calculation step. Consequently, the research selected the

properties of the Color Correction Filter of Blue Light Frequency or CT

Blue: CTB which could bring the result to use an option of other light filters

for measuring CT value of the color light frequency.
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Measurement (%)
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Tungsten-Halogen No Color - 0.4330 0.4033 3060 3067 0.220
1000W Correction
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Beam 201 Full CTB 3200K to 0.3385 0.3518 5258 5259 0.019

Spot (8 °) 5700K
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The CIE-1931 (x,y) Correlated Color
Color Correction Filter Measurement Temperature (CCT) Relative
Type of Luminaires MK350S (K) Error
Type (LEE) Converts X y Measurement Calculation )
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Color
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3800K
Beam Diameter 206 Quarter 6500K to 0.3613 0.3620 4473 4478 0.111
0.3 m CTO 4600K
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Type of Luminaires

Type (LEE)

Tungsten-Halogen 1000W No Color

Correction Filter
201 Full CTB
202 Half CTB

203 Quarter CTB

Beam Spot (8°)

Throw 3 m

Beam Diameter 0.4 m

HMI 1200W No Color

Correction Filter
204 Full CTO
205 Half CTO

206 Quarter CTO

Beam Spot (5°)
Throw 3 m

Beam Diameter 0.3 m

Color Correction Filter

Result
Converts Correlated Color MIRED Shift
Temperature
(CCT) (K)
- 3060 326
3200K to 5700K 5258 190
3200K to 4300K 3910 255
3200K to 3600K 3430 291
- 5725 175
6500K to 3200K 3094 323
6500K to 3800K 3871 258
6500K to 4600K 4473 223
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ARTICLE INFO ABSTRACT
Article history: This study was aimed to compare the botanical characteristics
Received: 14 April, 2020 of four Lotus cultivars. The experiment was conducted by completely
Revised: 10 July, 2020 randomized design (CRD). Lotus were planted 10 replications in 50 x 50
Accepted: 31 August, 2020 cm pot size and repeated 3 bio-replication. This study was done form

Available online: 21 February, 2021 June to November 2018 at the Lotus and Waterlily Museum of
DOI: 10.14456/rj-rmutt.2021.6  Rajamangala University of Technology Thanyaburi. The qualitative of

Keywords: Nelumbo nucifera  the botanical characters for utilization; No. of leaf, petiole, peduncle,

Gaertn, cultivar, botanical flower, petal, stamen, pistil, torus, seed and rhizome were study and
characteristics, utilization compared between the differences four lotus cultivars. N. nucifera

‘Pathum’ cultivars showed the fastest growing and the best flower
production (16 flowers per plant) that suitable for cut flowers utilization.
N. nucifera ‘Nakhonsawan’ showed the highest seeds production
(84.11%), following by N. nucifera ‘Pattama ubon’ (75.29%) and the N.
nucifera ‘Rachinee’ (67.96%) respectively. N. nucifera ‘Rachinee’
showed the highest root (rhizome) production (885.17 grams per plant),
following by N. nucifera ‘Pattama ubon’ (585 grams per plant) and N.
nucifera ‘Nakhonsawan’ (430.67 grams per plant) respectively. The

average in each parameter was statistically significant differences
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(p < 0.05) when compared by the Duncan’s New Multiple Range Test

(DMRT). The results revealed that the capacity to select the suitable

lotus cultivar for utilization lotus improvement in the future.
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information

Stakeholder management is gained more significant in both
government and organization management because stakeholder
has an impact on organizational accomplishment. As the existing of
information technology, stakeholder management will be more
effective when it applying with an information system application.
However, there are hardly find the right one to deploy in the
organization. This paper focused on developing both stakeholder
data processing and application, which had been collected from
the stakeholder management process. This development
employed the stakeholder management process applying American
Productivity and Quality Center (APQC) best practices to offer
stakeholder data management in each stakeholder process which
includes policy planning, stakeholder identifying, analyzing and
recommending strategy, and engaging stakeholder. Additionally, the
stakeholder data architecture was divided into policy, profile,
classification, characteristic, recommendation, and activity. With the
pre-defined stakeholder data processing design, the stakeholder
management information system was developed accordingly. The
expert opinion was conducted. 17 experts who have experience in
managing policy from different industries were purposive sampling.
The 5-level Likert scale questionnaires (5=strongly agree, d=agree,
3=neutral, 2=disagree, 1=strongly disagree) were provided with
research description. The stakeholder data management system

was provided for evaluation as well. From our survey, the expert
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opinion concluded the developed system was satisfied in terms of
it covers key stakeholder management process, it will be improved
operation efficiency, it will be convenient to use, and it will be
practical to deploy in real life. With the stakeholder data

management system, both policy creator and the project owner

will  improve

engagement.

their

Furthermore,

stakeholder analysis and stakeholder

it will lead to organizational

productivity, competency, and success.

INTRODUCTION

Stakeholder management has been
studied for more than 30 years. Many pieces of
researches have focused on stakeholder
definition and stakeholder management. For
example, Freeman (1) defined stakeholders are
groups or individuals that may affect or be
affected by achieving the organizational
objective. Stakeholder management processes
were studied in serveral groups (2-7). Schmeer (8)
studied the stakeholder analysis to help policy
makers and manager systematically analyzing
health reform stakeholder data. The guideline
suggested ensuring the obtained data. Pandi-
Perumal (9) applied stakeholder management in
a clinical research environment with Project
Management Body of Knowledge (PMBOK)
stakeholder management process model (7).
Four project stakeholder management processes
were studied which were Identify stakeholders,
Plan  stakeholder

management,  Manage

stakeholder  engagement, and control
stakeholder engagement. The outputs were
stakeholder register, stakeholder management
plan, lIssue log, Change requests, and Work

performance information. The Yilmaz and Gunel

(10) described the importance of stakeholder
management in the tourism industry by studying
the expectation and impact of stakeholder,
collecting data from interview stakeholder based
on their interest.

As Information System and Technology
era, most of the business process has been
developed on the computer system. However, it
hardly found the stakeholder management
process and software stakeholder management
system.  To implement a  stakeholder
management system, additionally, it required
well-defined stakeholder process and data such
as profile, classification, characteristic from
various sources.

This paper focused on developing both
stakeholder data processing and computer
application which had been collected from the
stakeholder management process applying APQC
(11) and the process defined by Lertnawapan
and Tanawastein (12). The expert survey on
satisfaction of our development system was
performed, and the result from users was

positive.
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MATERIALS AND METHODS

Methodology

We conducted the expert opinion for

their satisfaction to our proposed system
development by using questionnaires with 5-
level Likert scale—Strongly agree (5), Agree (4),
Neutral (3), Disagree (2) and Strongly Disagree (1).
The seventeen experts were purposive sampling
and from at least 6 different industries. The
samples were at the management level with
direct experience in managing stakeholder, and

they were at least 40 years old. As Dalkey

Classify
Stakeholder

@R

Name
Organiza! tion

Class

Organize
Stakeholder
Information

Power, Interest,

Knowledge, Position

Analyze and
recommend strategy

Perform Activity and
Receive Feedback

Provide report

Figure 1 Stakeholder management concept
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experiment (13), when the number of experts is
17 or more, the decreasing rate of average group
error is minimal. Moreover, when group size is
more than 13, the reliability is satisfied with a
correlation coefficient is greater than 0.8. The
median was chosen to measure the middle value

of the dataset.
Process

In this paper, we gathered stakeholder
data and processed according to the stakeholder

process concept as below Figure 1.

Policy Plan
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|25 T
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The process began when policy owner
created a policy plan including policy title,
description, effective period, responsible person,
impact eroup, etc. Once it was ready, the
stakeholder information would be gathered. The
stakeholder Name, Title,

information was

Characteristic, Position for the policy, for
example. As per the process, the stakeholder will
be classified based upon the APQC process
classification framework. The stakeholder power,

interest, knowledge and position were identified

Define Policy

Identify Stakeholder

as well. When stakeholder data were ready,

stakeholder analysis and strategic

recommendation were developed to assist
policy owner to manage target stakeholder. The
strategic

activity was performed to the

stakeholder and lastly, all activities and

responses were recorded and summarized. This
was input to the policy owner and assisted
him/her in  managing stakeholder better.
Stakeholder management process was shown in

Figure 2.

J

{
|
| Gather Stakeholder
| Information
|

Classify Stakeholder

Characterize
Stakeholder

Analyze Stakeholder

Build Relationships

Figure 2 Stakeholder management process

There were 4 main components.

1. Plan Development System (PDS): The
policy data will be defined and collected.

2. Know Your Stakeholders System (KYS):
The stakeholder data such as profile, classification,
and characteristic, were defined and gathered
from both direct and indirect source.

3. Stakeholder Analysis and Strategy-
formulation System (SAS): The stakeholder data

Recommend
Strategy

Monitor
Relationships

Summary

Policy

was analyzed and the system provided strategic
recommendation for each stakeholder.

4 . Stakeholder Relationships System
(SRS): Stakeholder engagement data relevant to
suggested strategy was collected in the system
for future plan.

From the stakeholder process, we
derived the required stakeholder data as shown

in Figure 3.
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4 N\
Data Group Detail Data
. . . Effective Responsible Target
Policy Policy Name Description Date Person Stakeholder
Profile Sl Title Organization Address ID Contact No.
Name
Classification Ivestor Government Board of Legal Public Target
and Industry Directors g Relation stakeholder
Characteristic Power Interest Knowledge Position
Recommendation Maintain Convert Ignore Weaken
Activity Activity Activity Date Response Re;;;(tngse Summary
o J

Figure 3 Stakeholder data architecture

There were 6 stakeholder data groups
and each data group was provided dataset as

follow:

1 . Policy Data € {Policy Name,
Description, Effective Date, Responsible person,

Stakeholder}

2 . Profile Data € {Name, Title,
Organization, Address, ID, Contact No.}
3 . Classification Data € {Investor,

Government and Industry, Board of Directors,
Legal, Public Relation, Target}

4. Characteristic Data € {Power, Interest,
Knowledge, Position}

5. Recommendation Data € {Maintain,

Interest, Ignore, Weaken}

Activity Data € {Activity, Activity Date, Response,

Response Date, Summary}

Policy

The policy data were directly collected
from a policy owner and recorded in the system
on the pre-defined field. The data included
Policy name, Description about objective and
what policy was about, Effective date or period
for the policy, Responsible person who managed
the policy, and the target stakeholder who policy

will be affected either positively or negatively.
Profile

The stakeholder profile included
Stakeholder name (First name, Last name), Title,
Organization he/she was working, Address,
Identification number (Citizen ID was preferable,
other would be passport number), Contact
number which could be telephone number

and/or email address. The stakeholder profile
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was gathered with questionnaires and recorded
in the system. Data was recorded field by field.
In  case stakeholder worked with many
organization or title, we primarily requested the
main title and organization or the one in which

stakeholder spent most of the time.
Classification

With applying APQC, we proposed
stakeholder classification as 6 classifications—
Investor, Government and Industry, Board of
Directors, Legal, Public relation, and Target
stakeholder. The Government and Industry class
was assigned to support stakeholder who was in,
for example, Government, State enterprise,
Chambers of commerce, Trade Organization,
NGO, Vendor, and Supplier. The target
stakeholder was stakeholder who was directly
impacted by the policy.

We  proposed a called

Stakeholder

process
Classification  Process (SCP) to
examine each stakeholder and classify each one
into the appropriate category.
Let N be the total number of active stakeholders
Let S(i) be a stakeholder i
Let SC(i) be a class of a stakeholder i
For stakeholder S(i) where i = 1
If stakeholder S(i) class SC(i) = “investor”
Stakeholder class SC(i) is investor.
If stakeholder S(i) class SC(i) = “government and
industry”
Stakeholder class SC(i) is investor.

If stakeholder S() class SC() = “board of

directors”

Stakeholder class SC(i) is board of

directors.

If stakeholder S(i) class SC(i) = “legal”
Stakeholder class SC(i) is legal.

If stakeholder S(i) class SC(i) = “public relations”
Stakeholder class SC(i) is public relations

Default Stakeholder class SC(i) is target;

Go to next stakeholder S(i) where i = i+1

Repeat Untili =N
Recommendation

For the analysis and strategic

recommendation purpose, we consolidated
stakeholder characteristic data from 5 levels into

2 or 3 levels as following:
For Power:

If Stakeholder’s Power is more than
“Fair” then its Power is “High” else its Power is
“Low”.
SW(i) equals High when SW(i) € {Excellent, Good}
or Low when SW(i) € {Fair, Poor, None}
For Interest:
If Stakeholder’s Interest is at least “Interest”
then its Interest is “Much” else its Interest is
“Little”.
SI(i) equals Much when SI() € {Very Interest,
Interest} or Little when SI(i) € {Moderately
Interest, Slight ly Interest, Not Interest}
For Knowledge:
If Stakeholder’s Knowledge is more than “Fair”
then its Knowledge is “Much” else its Knowledge
is “Little”.
SK(i) equals Much when SK(i) € {Excellent, Good}

or Little when SK(i) € {Fair, Poor, None}
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For Position:

Each stakeholder position will be classified into

3 groups—Support (Strongly  Support and

Support), Neutral, and Opposition (Opposition

and Strongly Opposition).

SS() equals Support when SS(i) € {Strongly

Support, Support} or Neutral when SS(i) €

{Neutral} or Opposition when SS(i) € {Opposition,

Strongly Opposition}

The strategic recommendation was processed as

below.

Let N be the total number of active stakeholders

Let S(i) be a stakeholder i

Let SS(i) be a characteristic of a stakeholder i

For stakeholder S(i) where i = 1

If stakeholder S(i)

“opposition” AND SW(i) = “high”
Do  “Weaken

characteristic  SS(i) =

the opposition” by

incubating interest, knowledge or decreasing

power.
If stakeholder S(i) characteristic SS(i) =
“opposition” AND SW() = “low” AND SI(i)
="little” AND SK(i) = “little”

Do “Ignore” (do nothing).
If stakeholder S(i) characteristic  SS() =
“opposition” AND SW() = “low” AND SI(i)

="little” AND SK(i) = “much”
Do “Convert to supporter” by increasing

interest, knowledge or lobbying.

If stakeholder S(i)

“opposition” AND SW() =

SSG) =
“low” AND SI(i)

characteristic

="much”

Do “Convert to supporter” by increasing
knowledge or lobbying.
If stakeholder S(i) characteristic SS(i) = “neutral”

ISSN: 1686-8420 (Print), 2651-2289 (Online)

Do “Convert to supporter” by increasing
interest, knowledge or lobbying.
If stakeholder S(i) characteristic SS(i) = “support”
Do “Maintain the support” by increasing
interest, knowledge or keeping relation.
Go to next stakeholder S(i) where i = i+1

Repeat Untili =N
Activity

The activity data included Activity—the
task performing to stakeholder, Activity Date,

Response—the feedback from stakeholder
regarding  the  activity, Response Date,
Summary—the  conclusion of stakeholder

activity. The activity summary would be among

Reinforcement, Countermeasure, and Ignore.

RESULTS AND DISCUSSIONS

From all data requirement and design,
we had implement stakeholder management
system. The stakeholder profile, characteristic,
activity, and report were shown in Figure 4, 5, 6,
and 7 respectively. The system was
systematically supported to collect, analyze and
recommend all stakeholder data according to
the defined processes.

We applied APQC PCF 12.0 Manage
External Relationship to the process because of
its reputation for the world's foremost authority
in  benchmarking, best practices, and
performance improvement. The APQC process
solved a issue

policy owner in  grouping

stakeholders because of various definitions.
Moreover, APQC primarily assisted policy owner

to engage with stakeholders depending on their
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classification. However APQC did not mention  therefore we applied stakeholder analysis (8) to

any of stakeholder characteristic and analysis, handle the stakeholder information.

Stakeholder Information

Stakeholder Number :

First Name : |

Last Name : |

Title : |

Organization : |

Address : |

T —

E-mail : |

Telephone :[ |

Classification :
O Investor O Government O Industry O Board/Council

[0 Legal OJ Public Relations [0 Target

Created Date :

Figure 4 Stakeholder profile

Stakeholder Characteristics

Stakeholder Number :
Policy Number :

First Name : |

Last Name : |

Title : |

Organization : |

Characteristics :

Power : [J Excellent (J Good [ Fair [J Poor [1 None

Knowledge : O Excellent 0 Good [J Fair O Poor 00 None

Position : [0 Support [0 Neutral O Opposition

Created Date :

Interest : [ Very Interest [J Interest [J Moderate [J Slightly Interest [0 Not Interest

Figure 5 Stakeholder characteristic
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Stakeholder Activity
Stakeholder Number : | soo00001 -
Policy Number :

Activity :

Activity Date : [18-06-2009 ~

Response

Response Date : [18-06-2019 -]

Action Summary :
O Reinforcement/Incubation O Countermeasure [ Ignore

Comment :

Summary Date : | 18-06-2019 ~

| submit |
Figure 6 Stakeholder activity

Operation Report

Policy Number :

Stakeholder Number : [soo00001
rﬁ“t Last | It led ition |Strategy [Activity [R v
[
[
[

Figure 7 Report
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Table 1 Survey result from expert opinion

Stakeholder Data Management System Median
The system meets the objectives. 4
The system is fully comprehensive. 4
The system will improve operation efficiency. 5
The system is convenient to use. a4
The system is practical in real operation. 4
You are willing to recommend this system to others. 4
The computer system was implemented REFERRENCES

and the result of the survey was in Table 1. The
expert panel mostly agreed on our stakeholder
data management system, giving Median at least
4 (Agree). Al information system would be well
organized and kept permanently. It automatically
enhanced management. This would strongly assist

organizational operational efficiency.

CONCLUSION

In this paper, we developed best
practice stakeholder data processing guide and
application system by applying the APQC process
classification framework best practice. The
stakeholder data included policy, stakeholder
profile, stakeholder classification, stakeholder
characteristic, analysis and strategic
recommendation, and stakeholder engagement
activity. All the process was comprehensively
applied in developing stakeholder management
system. When deploying the system, the policy
owner would be a benefit to understand and
manage all pre-defined policy and stakeholder

better.
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ARTICLE INFO ABSTRACT
Article history: This study aims to conduct a spatial analysis of crimes related
Received: 5 June, 2020 to motorcycle thefts, the time that crimes happened, and crime
Revised: 13 July, 2020 prediction for motorcycle thefts in the next five years. Criminal data
Accepted: 10 August, 2020 were collected in the Thai-Cambodian border in three subdistricts in

Available online: 21 February, 2021  Aranyaprathet District, Sa Kaeo Province, including Aranyaprathet, Pa Rai,
DOI: 10.14456/rj-rmutt.2021.8  and Ta Kham. A total of 81 motorcycle theft cases between 2017 and

Keywords: GIS, crime, density, 2018 were examined. Research results demonstrated that there was a
motorcycle theft high density of motorcycle theft cases in the area with high population
density, which was Aranyaprathet Subdistrict. Therefore, it was
predicted that motorcycle thefts would tend to happen in the city areas
where a lot of people live, such as schools, government facilities, fresh
markets, shops, and restaurants. Particularly, a permanent Thai-
Cambodian border crossing checkpoint, Klong Luk Boundary Post, is
located in Aranyaprathet Subdistrict, which has been considered the
most important gateway for international trade between Thailand and
Cambodia. As people are allowed to cross the border via the
checkpoint, it is more likely that crimes will happen in the area. A high

level of migration at the checkpoint could result in dilapidated housing,
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poverty, and population diversity that may cause conflicts in society. All

of these problems could be obstacles to social organization and

eventually lead to crime. Especially, motorcycle thefts are usually

committed by juvenile delinquents who have more tendency to steal

things. Research findings can be utilized for crime risk assessment and

surveillance for crime prevention in the studied area in the future.
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ARTICLE INFO ABSTRACT
Article history: Dried lotus stamen was placed in different types of plastic bag
Received: 5 August, 2020 including polypropylene (PP bag), PP bag with a moisture absorber (PP
Revised: 21 September, 2020 bag+MA), vacuum bag and aluminum foil zipper bag (AF bag) to
Accepted: 6 November, 2020 maintain quality of dried lotus stamen. All samples were moved to

Available online: 21 February, 2021 store at 30°C for 6 months. The color, moisture, antioxidant activities,

DOI: 10.14456/rj-rmutt.2021.9  carotenoid and odor of dried lotus stamen were determined. The

Keywords: lotus stamen, results showed that the visual quality for the lotus stamen inside the
packaging, dried, color four types of bags decreased continuously throughout of the storage
period. The lotus stamen packaged in both vacuum bag and AF bag
significantly had a better color of L* (37.57 and 41.57), a* (18.69 and
17.92) and b* (33.96 and 29.33), moisture content (4.55% and 4.05%),
antioxidant (37.61 and 33.14%) and carotenoid content (40.51 and
40.00 mg/L) than PP bag and PP bag+MA. It was found that on the six
month of storage, the lotus stamen inside the vacuum and AF bags had
normal odor. On the other hand, the acceptable of odor for the
produced packaged in the PP bag and PP bag+MA were not different
and were unacceptable after storage for five months because of lotus

stamen were odorless. At the end of six month storage period, the lotus
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stamen packed in PP bag significantly had the lowest L*, antioxidant and

carotenoid content. However, qualities of sample in vacuum bag and

aluminum foil significantly had showed antioxidant and carotenoid

content more than plastic bag PP. The lotus stamens are rich in

antioxidant and carotenoid content which makes them healthy,

nourishing and also important ingredient in the food industry.
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a aa a o § ¥ a aaa o . . a a = a o ¢
sondinauaznediueasendinavinbiinUfisen  wdu (Autooxidation) IAnnAusawazdvesnadnsioue

maaiillosneuledivaivazufiseneelneand  ARaUNG (9)

JUN 1 nsussnasdmaidlunivurussalianng o msusslugeanaiadinla (A) nsusslugeananadinla +

ansgatuALAL (B) MIusTlugeayaIn1a (O warnsusselugeeqilileuness (D)
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anwazraunastImatlunvususTiene o lugwanadnla (A) msvssylugewatadnla + ans
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AnduaTy (B), 15uTTalugegna (O) uagn1sussqlugeegiiiileamlesd (D)

A13190 1 Adauadng (L) vesnastianmaiuinuluussydusivdasg o

And L*

fa814 szzranAuine (Haw)

0 1 2" 3 4 5 6
PP bag"* 40.38° £0.50 41444053 433182020  46.80%+1.73 41.62°+0.59 40.95€+0.04  32.28%°+0.31
PP bag +MA 39394036  41.85%%+0.04  43.27°+0.55  45.63'+2.02  41.97°%+0.10  40.58°P+0.17  33.94¢+0.03
Vacuum bag 40.38°+0.20 42.42%°40.67  44.06°:0.48  46.13°+0.72 42.26°°+0.03 42.67°°41.08  37.57°°+0.03
AF bag 40.18%+0.15 40.93P+0.67  43.39°+0.20  45.76"+0.40 44.77%+0.13 43.88°°+0.11 41.57%°+0.63
F-test * * ns ns * * *
CV (%) 0.307 0.543 0.227 1.641 1.751 2.156 14.027

wBWR: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, ™ uansfshiwansrafiuegldeddynieadn
* uanstauwananeiuegediveddgvneada, = wansisnnuunnaedsfitedfynisadfvesaadslunuids (P < 0.05)

A LansiennuuanansegnsdidudAgynisaifvesaiadsluwwiueu (P < 0.05)
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A13197 2 Aduad () veunasthinmsiiusnunluussadasiviana o

And a*
fino89 szazIa Ui (Haw)
0 1 2 3 4 5 6

PP bag"* 11.25%°+0.38  10.75°40.53  10.37°°+0.59 19.16*+0.87  7.23"°+0.05  11.08°+1.04 16.14°°+0.25
PP bag +MA 10.42°6+0.35 113284019 11.41°%+0.15  19.40%+0.52 7.16%+2.25  10.61°°%+0.14 18.41%+0.43
Vacuum bag 11.17%¢4£0.03  10.70°+0.15  11.68%°+0.15 17.50%%£1.11  11.14%0.05  9.78%°0+0.03 18.69%°+0.85
AF bag 15.42°%+4.61 111154079 11.38°+0.26  18.80°™+0.55  826"+0.12  9.34°°+0.39 17.92*%8+0.10
F-test * ns * * * * *
CV (%) 8.127 0.250 0.356 1.059 3.768 0.926 1.250

yneWg: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, ™ wansialiunnsreiuesdidudAgymnieeaia

v
a o

A15197 3 Andune

* uanstawanansiuegadiveddymieada, = wanstsnnuunnaedsivedfynisadfvesdadelunuids (P < 0.05)

A wansiianuuanasessiidedfgynisadAvesatadsluluiueu (P < 0.05)

a

u (b) vesnasthannsiiuinwluussgiausivdasiig

Ad b*

A0E19 szezaniuinen (1Haw)

o 1 2 3 4 5 6"
PP bag"* 42.37+0.40 41.76°+305  41.92°4292  27.93°:0.65 26.14°°+£0.03 40.92"+3.24  33.96%+3.06
PP bag +MA 42.43%+1.16 44.80*+1.67  44.36°%+0.66 29.36"+2.00 26.18%€+0.29 41.11°°+1.46  26.145+0.58
Vacuum bag 41.11%+0.35 44.30°"8+0.29  47.24*+1.02  27.43°+2.13 24.31°°+0.42 48.33%+5.74  33.96°+0.26
AF bag 42.37°+0.78 40.78°+1.79 4471744033  27.16°+1.74 23.28°+0.39 40.50°+2.13  29.33%+8.19
F-test ns * * ns * * ns
CV (%) 0.742 5.926 5.731 2.978 1.743 20.658 25.952

o w

yinewg: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, " wansdaldlunnnatusgrafifuddnieada

* uanadawanansiuegeditdeddgynisata, *° wanstsrnunananegsivudAgnsaifvesanadsluwuads (P < 0.05)

v oo w a

~ Lansiernuuanasedaivuddynisaifvesinaisluluiueu (P < 0.05)

A13197 4 Anudurenasiinnnisfiusnwiluussiueivdaeig q

&
A1UYU (%)

A10E19 szgzaLiuine (Haw)

o 1 2 3 4 5 6"
PP bag"* 1.837+0.01 209%+0.03  2.10%x0.02  2.37°+0.06 2.59%°+0.00 3.10%+0.01 4.58°+0.04
PP bag +MA 1.82°+0.01 1.96°°+0.01  2.04°°C+0.06  2.18°:0.15 2.57°%+£0.00 2.83%£0.05  4.45"+0.40
Vacuum bag 1.74°+0.18 1.96°+0.02  1.96%+0.02 2.36°+0.20 256°%+0.14  257%+0.06 4.55"+0.46
AF bag 1.857+0.02 1.95%+0.02  1.97°£0.01  2.22°+0.11 2.55%+0.01 2.43%+0.06  4.05%+0.04
F-test ns * * ns * * ns
CV (%) 0.008 0.004 0.004 0.022 0.000 0.074 0.117

yewg: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, " uanstsldunnasiuedaiifodfymsana

* uansdauanansiuegneiiteda

v o W a

A uanstannuananseensfitedrdynisaifvesaiadslunuiueu (P < 0.05)

veadd, > uansderanuuanssegalideddgvnsativesanadsluuuina (P < 0.05)
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A a* Ferduns wuitludeud o fduns
vounastmalugeegiiflenvesaiiigaan winiu
15.42 laiusnsnanninastivassiiussalugananadin
Ta wazneqnaniadsdadunainfu 11.25 waz
11.17 audfy dauendunaveunasiinasussgiu
qunanadnla + anspadueadudayinty 1042 Tu
Woudl 1-3 wuinnastanansiiussqlunivusi
4 wiladandundlduandnetumeada Ingluideud 3
Adunsiirngagnoglugag 17.50-19.40 Tuidioud 4
Adunsdisnanasuanduiudnadiuioud 6 Tased
unsvesnastamvalsiusslugag e nasai
vrsalugmanafinla + asgeduanudy uasinast
vasiussglugeqiidoamesdiiageniunasii
viasfiussglugenanadnlaeg el fodfynieaia
lnedAwviniu 18.69 18.41 17.92 uay 16.14 (11319
i 2) fetiulUluTnauelsussdlunastman
HUSINanaINMIHIUeaN e 0aN TALT d e
sorAnAannasTvaniussylugmaainlade
teuniussydusif annsodeatusendiouled
Inganzegiiiioumloss (18)

A1 b* nierdmdssnuindiuuiliuanas
sgalufoudl 4 ndsndudanfuduludoud 5
wazanasluiioud 6 Tagluifoudl 0 Ardivdesves
wnastmatlunnussyiausladanuuwaneeiu lng
oglur29 41.41-42.43 Tuifoud 1 uaz 2 1nasih
vasitussqlugeegiileameoss inastamaiussqly
qemanainla + asgaduaudy wasqsayaINe
Faflehdindesganinnastivansussglugemanaiin
Tanwiau Tufewd 5 Admdeswennasimasi
vssaluguaMAliAngian sesamnAeinastad
vssqlugawanainla + a1sgaduanud inasth
viarsfiussalugananadnla uazinasdamansdiussg
lunlsuanua1dvu Inedanviniu 48.33 41.11 40.92

ag 40.50 (miwﬁ 3)

inastavaravdanisussgiugava 4 wied
AuFuRLTuSdundosay 1.74 19y 4.58 Tu
Wouaane Tagludeud 0 Arwdureunastvans
lunnussadasiliinnuunneneiy lngeglugas
Yovay 1.74-1.85 luioud 1 uay 2 wuidnauiy
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a a
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naaei ussalugewaradnlafaaud uuniian
ogslafimailinuanuunnsiswesaudulunious
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A13190l 5 ansdueyyadaszeunasiinnnisiiusnwiluussdaeiaiianig o

ansiueuyadase (%)

fi0E9 szazIa Ui (Haw)

o 1 2 3 4 5 6
PP bag"® 64.73"+0.64 59.53°+1.17  55.58%°+0.59  39.48°°+206  28.09+1.67 33.69¢+0.41 28.09+1.67
PP bag +MA 64.18"+0.32 59.76°+2.88  5570°°+1.72  39.68"+1.05  31.52°F+2.28 34814063  32.69°°+0.71
Vacuum bag 64.56"+0.48 59.73%+0.49  53.73°+1.23 40.46°°+0.76  37.61%+1.07 41.05°°+0.41 37.61%6+1.07
AF bag 64.41%+0.56 61.52°+0.35  50.87°+0.59  42.77%°+0.56 32.69°7+0.71 37.27°+2.22 33.14°7+1.22
F-test ns ns * * * * *
CV (%) 0.239 2517 5.094 2.999 14.478 9.728 13.497

yineg: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, ™ wanstsldunnsnsiueddTeddymeata

* uansaunnansifuegsdidedAynieada, = wanstsnnuunnasegsdiduddgmiaiivesanadsluwwins (P < 0.05)
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F-test * * * * ns * *
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wBWR: PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil, ™ uansfisliunnssiueeafidoddymneain
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e PP = Polypropylene, MA = Moisture absorber, AF= Aluminum foil

AzuWWY 5 Munefe ndunastanniign Az 4 vanells ndunasiaunn
Az 3 el ndunastidiunans  Azkuy 2 el naunastaudnides

Azuy 1 e ldiindunastn



Research Journal Rajamangala University of Technology Thanyaburi, Vol 20, Issue 1, 2021 99

ISSN: 1686-8420 (Print), 2651-2289 (Online)

inastavaravanisussglugaa 4 vind
a13AuoYYadaTTANaININTZELLIAINITAUS Y
Taeifoudl 0 uaz 1 Avuzusseliiinasrouua
ansiuoyyadase wislnandsanideud 2 1usu
U Tnenisussyinasyavanslugegayyiniayie
YAON1TANAIVBIAITH B UL AT ATELANINATY
ussalugeenilillouness wazussylugenanainla
+ ansgadumntuiianisuifisutugaanadinla
luideugavinevesnisiiuine laefiusunanvindu
J08ay 37.61 33.14 32.69 uag 28.09 A1NAIRU
(A57197 5) ansdueyyadasy uasiiaiunse
yraonseleosiulfnsersandinduluseaniuwu
Wy oules uazdiduie dadunisldansid
Auaudfliuansdueuyadase ¢35 DPPH ay
Pedudamainoyyadaszliliiasesduseney
Yaugad luvateauiTenddnermansnuinans
fusyyadasyiunumddglunisanninudes
1nAsiialsARie o W 1sAuzise lsamela way
W (21) nastavandasinueyyadass 1
fuedn wavrlarliuess (3, 22) Fa9nuiseves
Limwachiranon wagane (23) Wu31n1sAnediu
19 9 veatanarielu wée wavnondans

Usgnauuedn 31u3u 12 919 wazwanliuaun

'
=

F1u3u 90 ¥ia Fagnursaurluldlugnaivnssy

[

a1m3ba M3l iniekavgeeaiideuosd

LIRS e ]

= £

Fuvraon1sgadsasiueyyadaseliiiioning

o

aeavlinlasiuigeandiauiivilviianisidey
dangvesansinueyyadasyle
ATt IMaNInaIN1sUTIIUgIe 4 ilad

ﬂ%mmmiiﬁuaUoﬁamaqmmzaxnmmﬁtﬁu%’ﬂm

lngluasudounsndiaivSunaualsiiuesnaag

Y
T34 60.68-65.48 9 nuulwfaun 3 wuinas
Yanarslugeeqiiffouesadualsfiusedaly
waneninasiavassusslugaanadinla + ans

o

AATUAINTY eagyIna Tuvaeiinasdiva

ussglugenanadinlaivalsiiuesdaan Tudoun 4
AU UTTliinadeUsIuAlsiuBea uiluiou
1 5 way 6 nasymadeiussylugagaInIALay

a a

feegilileunesaiiusunaualsiiussnliunndiaiu
wazdigsninnastmarsfivssglugemanadinla +
argnatuaud u uaginastavaadi ussglu
genanainla Inedusunaualsiiueedivindu 40.51
40.00 37.68 waz 35.58 fadndu/ans (M5197 6)
wiualsiiueaddiulngazedludnualidvdes du
uAfigsanunsanuiisnalsfiuesdludnualsidid on
¢ (20) uelsituesdifusisansiuoyyadase (25)
wazdeleaiumsiauzimaneaile ualsiivess
uansfazarsluluiu uazsidussataginuly

paslsnaadnazlaslunarasvaanalyl aanll way

N A

Tureadiy uananuudanulaluansenazyadng
duasziuadld (26) walsiuduarsluanalvgd
anIN1uATl CyoHss wazfinmuanddulusinndue

wazilaualsfiuwandlazlainifiuie Ujnsenllay

v
a = =

Andungludiy ualsiuuignsasindnduduns
sufilalazangluthusazansludhazaiedunid
MNEANIIARBLNATU MR AwdeRwWualsiiuesn
Aoudragelufoud 0 ndsanduiiviinaana
\osanualsiiugnesndladliinelaseondiauly
91M1A (18) Faawiiiuinnsussginastamandlugs
doyanid wazgaegiiflouneenvisSnwusuiaue
Tsfuessld a1nnsfinsuzussquiaidestufie
panTaunut1oanls
ﬂﬁl‘uLﬂﬂﬁﬁ?ﬂaﬁﬂﬁﬁﬂﬂ?iUiﬁﬂqu‘?ﬂ 4
iinfinauanasaunszyislifindunuszeraing
\Ausnwn Teeideudl 0-2 fimsiinduveanastaud
deiusnwsiululufeud 3- 6 Inastvaisuss
Tuganaradnla wazganatadinla + a1sgady
Aduiinduegluszduiunats uazanasaunszits

a

geanaInaLazgegiieuvesdiindulusedu

U

lufindulufougavine luvasinasianaisussqlu
q



100 Research Journal Rajamangala University of Technology Thanyaburi, Vol 20, Issue 1, 2021

Urunasluifougavnelaglinunauinuniluinas
Tamansii ussgluneis 4 9iin M15197 7) 210
muiTevesywsfusarany (27) Ifadainiunon
FEMEINNATTIMATINUI03AUTENBUNS
wilvoshiunensyiveiiatndedviazaiouagly
vy laun @15 2,3- dihydro-3,5-dihydroxy-6-
methylpyran-4-one ka¢ Lidocain Tuus i
wanenefy dautfunenssmed atadaedasi
azarguazlysounuianizals Ethyl Palmitate
peAUTENRUNILAvaLNas TV dLwIldugn
anelddrea1nufAsereandiadu (Oxidative
Reaction) LA M1AN15¥UN AT 8158 T 19 1%
pandiauluusseiniauazosd Usenauniaiadl
widniu fegnaty mMainUfAseeendndures
arsusgnounaliuseduaziniiiug navednis
\AnUfAzereondindurilugnisdedsaunm
sundusa uazAmAMelATUINITIENIaNISIAY
$nw1 nsrudIuazn15199 e Felund ud
wegllvaanastiarmdniusnyiiuly 6 weu
Wovsrlugenanadnlaenadesanamandsa
wanadniexlvingeendiaunule uazn13UTIY
wnastmatslugeegiifeuresadaaiunisduniy
Y03 1900nT1au vauma AL Tauvsdosiy

naula

dyuna

INNIANYINAVBIUTIVA U A DAL N
Guaamaiﬂmmmﬁﬁﬂmﬁqmmﬁ 30 pIFgaLTed
s¥HE19a7 6 W aunuInasTImaredi ussalugs
qiyzymwmﬁ'alﬁuﬁ“ﬂmmu 6 LADUTIAIN AL 03

a13iueYNATaTy WarwAlTiuBYAdINIINITUTI

a a

wnastmalugeegiiouviesd wazgenaradinla

Y
v
~ o w '

fﬁﬂﬁUﬁWiQﬂ%}Uﬂ’ﬂM%u ANFINU FIUNTTUITYLNET

v
° v

Ymawlugamanainladdaan arsdueuyadase

wazuAlsiveuAmgayNvsliiinduvatnasiamads

ISSN: 1686-8420 (Print), 2651-2289 (Online)

AnRNIINUIZNA

vavouAaAnzinaluladniIsinyns

Y

i ingrdewmalulags1vuenadyusnlaatuayu

v
o

Runuaunela Ysgdnd 2563 Tunsanided

LONE1591999

1 duniu yuessedeas. ayulnsldnudiu (2).
ATUNN: VTN Usemvu 91a. 2541,

& s

2. Sanveil Junsasu. Uanas. dydnwaliig

a s & & v oA oo
wsznnseaw [Bunesiia]. [Fufuiietun 27

1.8, 2562]. 91n: https://bit.ly/39NH8IS

3. Jung HA, Kim JE, Chung HY, Choi JS.
Antioxidant Principles of Nelumbo nucifera

Stamens. Pharm Res. 2003;26(4):279-85.

4. Bhuvana S, Mahesh R, Begum VH. Effect of
Nelumbo nucifera flowers on plasma lipids
and slucose in young, middle-aged and aged

rats. Pharmacology online. 2008;2:863-74.

5. Mukherjee PK, Saha K, Das J, Pal M, Saha BP.
Studies on the anti-inflammatory activity of
rhizomes of Nelumbo nucifera. Planta Med.

1997;63:367-9.

6. Ono Y, Hattori E, Fukaya Y, Imai S, Ohizumi
Y. Anti-obesity effect of Nelumbo nucifera
mice and rats. J

leaves extract in

Ethnopharmacology. 2006;106:238-44.

7. Kunanusorn P, Panthong A, Pittayanurak, P,
Wanauppathamkul S, Nathasaend N,
Reutrakul V. Acute and subchronic oral

toxicity studies of Nelumbo nucifera stamens



Research Journal Rajamangala University of Technology Thanyaburi, Vol 20, Issue 1, 2021

ISSN: 1686-8420 (Print), 2651-2289 (Online)

10.

11.

12.

13.

14.

15.

extract in rats. J Ethnopharmacology.

2011;134:789-95.

au1a1 mAadaudng. n1sussyiueiueniiv
dMTUYIBULIL. 315815N1TINYATINVAY.

2561;17(1):34-41.

Lee J. Green tea: flavor characteristics of a

wide range of teas including brewing,

processing, and storage variations and
consumer acceptance of teas in three
countries [Doctor’s thesis]. Kansas: Kansas

State University; 2009.

J9un1 A@gensnis. madszdiuongmaiuinw
V89917 [LenansAaeuIvINAUINGA ).

NFUNN: UMINeSeINuATANEns. 2540.

YU ARITYLALTA, AUNT ARITYLAEIA. UTTY

A9, NTANN: NBLEY; 2541.

a o a a ¢ a a
wg3 aaaden. Naunarainildlunisussy
AUNDDINITING. 15AITNAERN. 2536;10(3):

72-5.

unng 92lau. N15U33381113 (Food

packaging). NFIWIN: Lo&.W.48%.; 2550.

Knack K, Christensen LP. Effect of packing
materials and storage time on volatile
compounds in tea processed from flowers of
black elder (Sambucus nigra L.). Eur Food

Res Technol. 2008;227:1259-73.

[ o

IAARY, Laodnual ladusini, agauns

ol
=
o
e
ho))}
)

390 n1sdnwignidusuyadasyvesdn
VA9, MIANTINYIANEAATINGAT. 2557;45(2

NFW):673-76.

16.

17.

18.

19.

20.

21.

101

o 1 a v

Uees 13N, Asdnwal Yogassas. grignisenu

v
& v

puyadaszvaniulu lasansiewdIyan

LA gA1ans U MY AL NS LN

UNINYRBUTAAG; 2549,

Kundu P, Anitha K, Ramani N. Feeding impact

of the vegetable mite, Tetranychus

neocaledonicus André (Acari:
Tetranychidae) on Mentha Rotundifolia L.

Int J Recent Sci Res. 2016;7(4):10406-9.

Dumbrava DG, Moldovan C, Raba D, Popa
MV. Vitamin C. chlorophylls, carotenoids and
content in basil

xanthophylls some

(Ocimum  basilicum L) and rosemary
(Rosmarinus officinalis L.) leaves extracts. J
Technol.

Agroaliment Processes

2012;18(3):253-58.

Techavuthiporn C, Nakano K, Maezawa S.
Prediction of ascorbic acid content in
broccoli model

using a equation of

respiration. ~ Postharvest Biol Technol.

2008;47:373-81.

Villanueva MJ, Tenorio MD, Sagardoy M,
Redondo A, Saco MD. Physical, chemical
histological and microbiological changes in
fresh green asparagus (Asparagus officinalis
L.) stored in modified atmosphere packaging.

Food Chem. 2005;91:609-19.

Chew YL, Lim YY, Omal M, Khoo KS.

Antioxidant  activity of three edible

seaweeds from two areas in South East Asia.

J Food Sci Technol. 2008;41(6):1067-72.



102

22.

23.

24.

Research Journal Rajamangala University of Technology Thanyaburi, Vol 20, Issue 1, 2021

Wu MJ, Wang L, Weng CY, Yen JH.
Antioxidant activity of methanol extract of
the lotus leaf (Nelumbo nucifera Gaertn.).

Am J Chin Med. 2003;31:687-98.

Limwachiranon J, Huang H, Shi Z, Li Li Luo Z.
Lotus flavonoids and phenolic acids: Health
promotion and safe consumption dosages.
Compr Rev Food Sci Food Saf. 2018;17:457-
71.

More RS, Chaubal SS. Determination of stress

and  comparison by estimation of
chlorophyll-a, b and carotenoid contents
among plants growing along Mithi River,
Mumbai. International Journal of Scientific &

Engineering Research. 2017;8(1):1-8.

25.

26.

27.

ISSN: 1686-8420 (Print), 2651-2289 (Online)

Klomsakul P, Pumjumpa D, Khunpratum S,
Chalopagorn P. Determination of antioxidant
property from some medicinal plant extracts
Thailand.  Afr  J

from Biotechnol.

2012;11(45):10322-7.

Dhir R, Harkess RL, Bi G. Physio- logical
responses of Ivy Geranium “Beach” and
“Butterfly” to heat stress. J Am Soc Hortic

Sci. 2013;138(5):344-9.

o a v a

ywsAu Fide, e AsENaing, 4133 Nesdy.
YT UNDUTLNYINNLNATUINAISITH. 15815

Ineranswaznalulad. 2560:25(1):27-34.



Research Journal Rajamangala University of Technology Thanyaburi, Vol 20, Issue 1, 2021 103

ISSN: 1686-8420 (Print), 2651-2289 (Online)

|, J1sansve ..

Research Journal

Science and Technology

Rajamangala University of Technology Thanyaburi

A Cost-Effective and Environmentally Friendly Approach in Using Green

Tea Extracts for The Determination of Iron lon with PICOEXPLORER

Yaowalak Khanhuathon and Napaporn Wannaprom®
Chemistry Program, Faculty of Education, Chiang Rai Rajabhat University, Mueang, Chiang Rai 57100, THAILAND

“Corresponding author e-mail: napaporn1107@gmail.com

ARTICLE INFO ABSTRACT
Article history: This research has been developed by using green tea extracts
Received: 24 July, 2020 as a green reagent for the determination of iron ion in pharmaceutical

Revised: 1 September, 2020  products with PICOEXPLORER as a detector. PICOEXPLORER is a
Accepted: 6 November, 2020  modern instrument based on the colorimetric system. It is a compact
Available online: 13 April, 2021 system and a portable device of a new generation. It is a small size

DOI: 10.14456/rj-rmutt.2021.10  colorimeter based on the RGB analysis system which allows displaying

Keywords: green analytical ~ RGB intensity and absorbance for each Red (R), Green (G), and Blue (B)

method, green reagent, mode. The device is controlled by a program using an application on
green tea extracts, a smartphone with either iOS or Android operating systems. This
PICOEXPLORER device, portable device is convenient for on-site micro-scale analysis. Green
pharmaceutical products tea extracts can be used as an alternative low cost and easily available

reagent for the quantification of iron without purifying extraction
before use. Parameters affecting the determination of iron content
were optimized. Under the optimum conditions developed herein, the
results showed good linearity over a Fe(lll) concentration range from
2.5 t0 30.0 mg-L™" gave correlation coefficients of 0.9985 (y = 0.0093x—
0.002) with a detection limit (LOD) of 0.5 mg-L™" and quantification limit
(LOQ) of 1.3 mg-L™". The repeatability of the proposed method was
less than 4 %RSD (n = 7). The proposed method was successfully
applied to pharmaceutical products. The results matched well with
those obtained from the standard method as compared at a 95%

confidence level with the paired t-test. The proposed method is
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common, cost-effective, reduces the sample and reagent
consumption, and is an environmentally friendly method. In addition,
this device could be used as an alternative tool for spectroscopy study
in terms of quantitative analysis instead of using a conventional

spectrophotometer.

INTRODUCTION

Iron (Fe) is one of the important minerals
that help in the formation of red blood cells
which is the source of oxygen to feed various parts
of the body, development of the brain and
regulation of body temperature (1). If the iron
content is not enough in the body, it can cause
disease as iron-deficiency anemia (2). Thus, iron is
produced in the form of iron pills to provide
enough iron content where is instead of eating.
Therefore, quality control of antianemic
preparations and quantification of iron content
containing good accuracy and precision, simple,
fast, and low-cost systems is interested.

Several methods have been used to
quantify iron ion in pharmaceutical samples
consist of UV-Visible spectroscopy (3), flame
atomic absorption spectroscopy (4, 5), inductively
coupled plasma-optical emission spectroscopy
(6), electrochemical (7, 8), and high-performance
liquid chromatography technique (9, 10). These
methods can present a high sensitivity, good
accuracy and precision. However, they require
skillful analysts, large instruments, high prices and
tedious methods. Moreover, these methods use
large quantities of a hazardous substance that
lead to environmental contamination and health
effects. PICOEXPLORER device is a new instrument

based on the colorimetric system. This device is a

small instrument that requires a 30 L of
minimum standard/sample volume per time. The
analysis of samples was measured in a PCR tube.
It can be easily controlled by a mobile phone or
tablet and the signal of RGB light absorbance was
recorded. Moreover, a calibration graph was
constructed and saved in an application on a
mobile phone or tablet and also all data will be
uploaded to a computer.

Previous studies have reported on the use
of green reagents for quantitative analysis of metals
ion. For example, the determination of aluminium
in pharmaceutical preparations with heartwood
extracts (11) and the use of tea leaf extract for
copper quantification in tap water samples (12).
Both as mentioned above research was
used sequential injection system based on
spectrophotometric as a detector. The
spectrophotometric flow injection system using
green reagent extracted from morinda citrifolia root
for the determination of aluminium in tea (13).

In this context, we are interested in using
green tea extracts as a green reagent for the
determination of iron ion due to in the north of
Thailand especially in Chaing Rai province have a
lot of green tea. Green tea contains the
importance of polyphenolic compounds which
are catechins, (-)-epigallo-catechin gallate (EGCG),
and  (-)-epicatechin  gallate (ECG). These
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compounds can be chelated with iron ion to
obtain iron-polyphenolic complexes (14-17). For
the determination of iron ion by using green
reagent extracts such as the quantification of iron
in pharmaceutical samples using flow injection
system with green reagent extracts from guava
leaf (18) and green tea (19).

The aim of this research is the use of
green tea extracts as an alternative green reagent
iron ion in

PiCO-

for the determination of

pharmaceutical  products using the
EXPLORER device as a detector. The proposed
method shows several advantages including
common, fast analysis, small instrument, cost-
effective, environmentally friendly, and reduces

the sample and reagent consumption.

MATERIALS AND METHODS
Reagents and chemicals

A stock solution of 1000 mg-L™ Fe(lll)
was prepared by dissolving 2.1585 ¢ of

ammonium iron(lll)  sulfate dodecahydrate

(FeNH,(SO,):12H,0, Univar) in deionized (DI)
water containing 1 %v/v concentrated sulfuric
acid (H,SO,, RCl Labscan Limited) and then
adjusted with DI water to a volume of 250 ml.
For the preparation of acetate buffer solution of
pH 5.0 (1.0 M, 1000 mL) was prepared by
dissolving 87.83 g of CH;COONa+3H,0O in DI water
containing 20.30 mL of CH,COOH.

The study of interferences that affect
the analysis of iron content in a real sample was

done by adding seven cations into Fe(ll)

solutions including Mg”" (Mg(NO5),*6H,0, QR&C),

105

Ca®* (CaCl,*2H,0, RCl Labscan Limited), Ni**
(NiCl,*6H,0, QR&C), Mn*" (MnSO,*H,0, QR&Q),
Cu™ (CuCl,+2H,0, QREC), Cr** (CrCly*6H,0, QReC),
and Co*" (CoCl,*6H,0, QR&C). Green tea was
purchased in local stores that are produced in
the area of Pasang, Maechan, Chiang Rai,
Thailand. Green tea extracts were prepared with
5.00 g of dried green tea in 70.00 mL DI water at
60 °C. The suspension was shaken for 15 min.
Then, the suspension was filtered through a
piece of No.1 filter paper (Whatman) and finally

adjusted with DI water to a volume of 100.00 ml.

The extract was prepared daily.
Apparatus

The device used as a detector in this
study was the PICOEXPLORER™ Model PAS-110
photo absorbance sensor from USHIO Inc,,
Japan as shown in Figure 1. A standard method
based on spectrophotometry using 1,10-
phenanthroline as reagent was used to compare
with the results obtained from the proposed
Scientific

method. A  Thermo

840-208100 UV Vis

Genesys
spectrophotometer  with
quartz cells was used for the detection of the
absorbance of the iron-1,10-phenanthroline

complex at 510 nm.
Sample solutions preparation

Fifteen tablets were ground to obtain a
powder portion. A powder portion which is
containing about 40 mg Fe was precisely
weighed and mixed with 25.00 mL of DI water
and 1.00 mL of concentrated hydrochloric acid

(HCl, RCl Labscan Limited). The mixture was
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boiled on a hot plate for 30 min, then let it cool
down at room temperature, and diluted with DI
water to a volume of 500.00 mL. The mixture
was filtered through filter paper (Whatman No.1).
The filtrate sample solution was diluted (10
times) with DI water and then a 5.00 mL of
diluted sample solution was transferred to a
25.00 mL. Standard Fe(lll) solution was added to
flask to the final added

each obtain

concentration of 5.0, 7.5, and 10.0 mg'L‘l. A 0.25
mL of hydrogen peroxide (H,O, Merck) was
added to make sure the complete oxidization
from Fe(ll) to Fe(lll) before making the final

volume to 25.00 mL with DI water.

Determination  of

PICOEXPLORER device as a detector

? ,A\)

Mixture Measured by
solution ~ PiCOEXPLORER
(Absorbance of green light)

fron ion by using

Y4 *?%

j 1)
E]» 7». N

Pipette 25 puL
of green tea
extracts

Pipettel 75 pL 0f1rnn
Std./Sample

Figure 1 The set-up for determination of iron
jon using green tea as a green reagent
and recorded the absorbance of green

light by PICOEXPLORER device.

A simple determination of iron ion by
PICOEXPLORER device was set-up as shown in
Figure 1. Firstly, 25 uL of green tea extracts and
175 pL of standard or sample solution was
added in PCR tube. Then the mixture was
reacted for 5 min before the absorbance of green

lisht was detected by PICOEXPLORER device.
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RESULTS AND DISCUSSION
Optimization

Parameters affecting the analysis of iron
contents including the concentration of green
tea extracts, extraction time, extraction
temperature, buffer solution (pH), reaction time,
and volume of green tea extracts were

investigated. All results will be discussed below.
Effect of the concentration of green tea extracts

Figure 2 shows the effects of the

concentration of green tea extracts (1, 5, 10, 15, and

20 %w/V) that interacted with 10 mg-L™" Fe(lll). Green
tea contains various polyphenolic compounds. The
major polyphenolic compounds are catechins, EGCG
and ECG. The polyphenolic compound is their
capability to reduce and chelate with iron ion and
to form Fe-polyphenol complexes. Previous studies
have been proposed mechanism about the
complex formations that consist of two steps, firstly
Fe(lll) go through an ion-transferring process when
forming the complex with low molecular weight
catechin and EGCG, and then Fe(lll) is reduced to
Fe(ll) and the catechin is oxidized to quinone (14, 16).
This study showed that the absorbance of green
light enhances to 5 %w/v of green tea extracts
concentration after that the absorbance decreases
due to the concentration of green tea extracts more
than 5 %w/v may contain much caffeine. Caffeine
cannot interact with Fe(lll) making the detection of
absorbance of green light decrease. Therefore, the
concentration of green tea extracts at 5 %w/v was
chosen as the optimum concentration for further

studiies.
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Figure 2 Absorbance of green light recorded by
PICOEXPLORER device for the study of
green tea concentration effect in the

range of 1 to 20 %w/v.
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Figure 3 Absorbance of green light recorded by
PiCOEXPLORER device for the study of
extraction time effect in the range of 1

to 30 min.
Effect of extraction time

The effect of extraction time was also
evaluated since a longer extraction time should
allow the more polyphenolic compound to be
extracted but will also lead to a longer total
analysis time. Extraction time varied from 1 to 30
min (1, 5, 10, 15, 20, and 30 min). The results

showed that the absorbance of green light of
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extraction time slightly increasing for the first 15
min and then decreased. Extraction time over 15
min making the absorbance of green light
decreased due to longer extraction time may
cause the amount of caffeine more than
polyphenolic compounds which are the major
compound in green tea (20). An extraction time
of 15 min was chosen because it gave the highest

absorbance as shown in Figure 3.
Effect of extraction temperature

Figure 4 exhibits the effect of the
temperature of the solvent for green tea
extraction. In this study, an extraction
temperature varied from 40 to 100 °C (40, 60, 80,
and 100 °C). The result indicating that 60 °C
shows the highest absorbance of green light.
Therefore extraction temperature at 60 °C was

selected.
Effect of buffer solution

This research has been studying the
effect of acetate buffer solution (pH 4-6) and a
phosphate buffer solution (pH 7-8) on the
formation complex of Fe(lll) with green tea
extracts. The buffer solution was optimized from
weak acidic to weak alkaline buffer solution (pH
4, 5, 6, 7, and 8). Figure 5 displays that acidic
buffer solution (pH 5) was a suitable condition
for the formation of the complex of Fe(lll) with
green tea extracts because it gave the highest
absorbance of green light. At weak acidic,
neutral, and weak alkaline buffer solution (pH 6-
8) the absorbance is decreased due to this buffer

solution making the structure of polyphenolic
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compounds change. Therefore an acidic buffer

solution (pH 5) was selected.
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Figure 4 Absorbance of green light recorded by
PiCOEXPLORER device for the study of
extraction temperature effect in the

range of 40 to 100 °C.
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Figure 5 Absorbance of green light recorded by
PiCOEXPLORER device for the study of
buffer solution effect in the range of 4

to 8.
Effect of reaction time

Various reaction times (1, 5, 10, 15, 20,
25, and 30 min) were studied. The variation of

reaction time indicated that the absorbance of
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green light is proportional to increasing reaction
time and constant at long reaction time. As
shown in Figure 6 the signal between a reaction
time of 5 and 10 min is not different. Thus to
save the analysis time the reaction time of 5 min

was chosen.
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Figure 6 Absorbance of green light recorded by
PICOEXPLORER device for the study of
reaction time effect in the range of 1

to 30 min.

Effect of the ratio between green tea extracts

volume and standard/sample solution volume

Owing to the limitation of PCR tube
capacity (PCR tube, polypropylene, 200 pL). This
research uses the ratio between the natural
reagent and standard/sample solution in 200 pL
as total volume. Figure 7 displays the plot of the
volume of green tea extracts (25-175 pL) and
green light intensity. The results indicated that
the volume of green tea extracts to
standard/sample solution increase but green
lisht intensity decrease. Therefore, the suitable

condition of this study is 25:175 pL of the ratio
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of green tea extracts and standard/sample

solution.
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Figure 7 Absorbance of green light recorded by
PICOEXPLORER device for the study of
the ratio of the volume of green tea
extracts and standard/sample solution

effect in the range of 25 to 175 pL.

From all the above results we can
summarize the variable ranges and optimum
condition for the determination of iron ion using
green tea extracts as a green reagent recorded
by the PICOEXPLORER device which is a newly

developed method as shown in Table 1.
Study of interference

Interference studies were observed by
adding seven cation including Ni**, Co**, Cu®,
Mn®*, Ca** and Mg” into Fe(lll) 10 mg:L™

solutions to obtain the last concentration of 1, 5

and 10 mg-L™" which concentration ratios of
Fe(lll)interference ion is 10:1, 2:1 and 1:1,
respectively. The absorbance of green light

obtained from these solutions was compared

with the standard 10 mg-L™" Fe(lll). It was found

that absorbance of green light of all
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concentration ratio is slightly different with

standard 10 mg-L™! Fe(lll) by showing %RSD less
than 3%. In this work, we did not study higher
ratios of interference: Fe(lll) concentration
because pharmaceutical products usually do not
contain these studied interfering ions at a higher

quantity.

0.35

0.30 y = 0.0093x - 0.002

0.25 R? = 0.9985
0.20 ]
0.15 4

0.10 4

Absorbance of green light

0.05 4

0.00 T T T T T T
0 5 10 5 20 25 30

Concentration of Fe(lll} (mgL'l}
Figure 8 The linearity range of Fe(lll) standard

using green tea extracts as a natural

reagent recorded by PICOEXPLORER

device

Various parameters were optimized and
optimal conditions as shown in Table 2 were
applied for the studies of analytical characteristics
including linearity range, the limit of detection
(LOD), the limit of quantitation (LOQ) and
determination of iron in pharmaceutical products.
As indicated in Table 2, it was found that the
linearity range of standard of Fe(lll) is 2.5 to 30 mg*
L™ (Figure 8), 0.5 mg-L™" of LOD and 1.3 mg-L™" of
LOQ, respectively. To provide the reproducibility
of the developed method, we studied the

interaction between green tea extracts with

various concentrations of 5, 10, and 20 mg-L'1 of
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Fe(lll) and detected the absorbance of green light  deviation (%RSD) of all concentrations are 3.4-4.3,
by PICOEXPLORER device (n = 7). Precision, which is an acceptable range.

calculated as the percentage of relative standard

Tablel Variable ranges and optimum conditions for the determination of iron using green tea extracts

as a natural reagent recorded by PICOEXPLORER device.

Parameter studied Range studied  Optimum level
Concentration of green tea extracts 1-20 %w/v 5 %w/v
Extraction time 1-30 min 15 min
Extraction temperature 40-100 °C 60 °C
pH 4-8 5
Reaction time 1-30 min 5 min
Volume of green tea extracts 25-175 pL 25 pL

Table 2 Study of analytical characteristics obtained from Fe(lll) standard solution

Parameter studied Fe(lll) standard solution
Linear regression equation y = 0.0093x-0.002 (R* = 0.9985)
Linear range (mg/L) 2.5-30
%RSD (n = 3) over the linear range 0.0-3.6
LOD (3G of blank) (mg/L) 0.5
LOQ (100 of blank) (mg/L) 1.3
Precision (5.0, 10.0 and 20.0mg/L) (n = 7) 4.3, 3.5, 3.4 %RSD

Table 3 Determination of iron in pharmaceutical samples by the proposed method and by the

standard method based on spectrophotometry system

Amount of Fe(ll) (mg/tablet) %Deviation
Sample Form of
. Label Standard Proposed from standard
No. iron
amount method method method
1 Fumarate 100 105%1 10242 -2.9
2 Fumarate 200 19716 199+4 1.0
3 Fumarate 200 234+10 23148 -1.3

4 Sulfate 135 117+3 11613 -0.9
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Application of green tea extracts for the

determination of iron in pharmaceutical
products
The pharmaceutical products were

purchased from local drug stores in Chiang Rai,
Thailand. The sample preparation procedure was
modified from the Association of Official
Analytical Chemists (AOAC) method (21). A
procedure as mentioned above in the part of
experimental, three-drug and vitamin samples
were analyzed using green tea extracts as a green
reagent with standard addition method. A graph
of the standard addition method was established
by plotting the absorbance of green light versus
iron

the added concentration of iron. The

contents in  samples were evaluated as
summarized in Table 3. The standard method
based on spectrophotometry system using 1,10-
phenanthroline as reagent was used to compare
with the results obtained from the proposed
method. It was found that the results from the
proposed method were in good correlation with
the standard method as compared at the 95%
confidence level by the paired t-test (t, =

0.4588, t.;; = 4.3026).

CONCLUSIONS

PICOEXPLORER as a modern instrument
based on a colorimetric system was developed
for the 1.3 determination of iron in
pharmaceutical products using green tea extracts
as a green reagent. Green tea extracts can be
used as an alternative low cost and easily

available reagent for the quantification of iron

without purifying extraction before use. The
green extract can be classified as a selective
reagent for iron ion assay more than the other
studied cation interference at the show on the
iron pills products. This proposed method was
in the determination of iron in

successful

pharmaceutical products and provides an
alternative to other methods which is common,
cost-effective, environmentally friendly, high
precision and reduce the sample and reagent
consumption. Iron contents were compared with
the standard method; the results found both
methods were the non-significant difference at
95% confidence level by the paired t-test. In
addition, the proposed method can be classified

as a micro-scale portable device.
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ARTICLE INFO ABSTRACT

Article history: Bread is a popular food and convenient food that provides
Received: 10 August, 2020  high energy from the carbohydrate. Consumers eat it as a substitute
Revised: 30 October, 2020  for rice in @ meal or as a snack. Supplementing the nutritional values
Accepted: 12 November, 2020 or phytochemicals in bread increases the nutritional benefits from the
Available online: 28 April, 2021 consumption of bread. The purposes of this research were to study

DOI: 10.14456/rj-rmutt.2021.11  the effects of supplementing soybean powder in breads and marigold

Keywords: sensory petals in pound breads on the sensory characteristics. The soybean
characteristics, bread, powder replaced low-protein wheat flour at the levels of 0 25 and
soybean, marigold 50 % (w/w) and marigold petals in the ratios of water: marigold petals

as 1:0, 1: 1, 1: 2 and 1: 3 (by weight) were evaluated using a
preference test with a 5-point hedonic scale. The sensory evaluations
of the breads supplemented with soybean powder showed that the
appearance, color, odor, flavor, taste, texture, and overall liking of the
3 bread recipes were not significantly different (p > 0.05). The pound
breads supplemented with marigold petals at the ratios of 1: 0, 1: 1
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and 1: 3 had the highest odor (3.8, 3.7, and 4.5 scores, respectively)

and texture characteristics (4.4, 4.3, and 3.9 scores, respectively). At

the ratio 1: 3 was the highest for flavor (4.2 scores). The

supplementation with soybean powder in breads and marigold petals

in pound breads did not affect appearance, color, taste, and overall

preference (p > 0.05). Therefore, soybean powder and marigold petals

can be used in the functional foods to increase the nutritional value

and phytochemicals in them. They can be used in other bakery

products and commercial foods.
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Received: 29 May, 2020 ing the germination of self and cross-pollinated seeds in Nymphaea
Revised: 21 July, 2020 rubra ‘Maeploi’ and Nymphaea pubescens Willd. The self-pollinated
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DOI: 10.14456/rj-rmutt.2021.12 nated seeds were surface sterilization with 20% (v/v) sodium hypo-

Keywords: Nymphaeaceae, chlorite (NaOCl) at various times (5, 10, 15 and 20 min), followed by
interspecific hybridization,  the second surface sterilization with NaOCl at different concentra-
hand pollination, germination, tions (5, 10, 15 and 20% (v/v)) for 10 min. MS medium at different
ex situ conservation strengths (MS, 1/2MS, 1/4MS, 1/8MS) was also studied to rescue the
cross-pollinated seeds, compared to control. The results showed that
the fruit set percentages of N. pubescens x N. rubra ‘Maeploi’ and N.
rubra ‘Maeploi’ x N. pubescens were low at 5% and 3.33%, respec-
tively. The N. rubra ‘Maeploi’ self-pollinated seeds were soaked with
20% (v/v) NaOCl for 5 min, followed by the sterilization with 5% (v/v)
NaOCl for 10 min showed without the microbial contamination. More-
over, the suitable medium for N. rubra ‘Maeploi’ self-pollinated
seeds was 1/8MS semi solid medium under dark condition. The ger-
minated seedlings were developed shoots (609%), immature leaves

(51.67%), and roots (48.33%) after 4 weeks of culture. Germination
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percentages of N. rubra ‘Maeploi’ and N. pubescens self-pollinated

seeds cultured on 1/8MS were 51.67 higher than those of cross-polli-

nated seeds of N. pubescens x N. rubra ‘Maeploi’ and N. rubra

‘Maeploi’ x N. pubescens (35 and 31.67%, respectively).

INTRODUCTION

Nymphaea is the largest genus of

waterlilies that classified into the family
Nymphaeaceae, which consists of two groups:
Apocarpiae and Syncarpiae, (1-4). The Apocarpiae
group contains three subgenera, especially
Anecphya (an Australian tropical waterlily),
Confluentes (an Australian tropical waterlily) and
Brachyceras (a day-blooming tropical waterlily).
In the Syncarpiae group also consists of three
subgenera, such as Hydrocallis (a night-blooming
tropical waterlily), Lotos (a night-blooming tropical
waterlily) and Nymphaea (a hardy waterlily) (3).
The members of this genus are approximately 50
species which are widely distributed in both
tropical and temperate areas (1; 5) for example,
Nymphaea rubra Roxb. ex Andrews and N.
pubescens Willd., which are classified into the
subgenus Lotos. They are a night-blooming tropical
waterlily and their flowers are opened during
07.00 p.m. to 10.00 a.m.) in the Thai climate (3).
N. rubra ‘Maeploi’ is a Thai waterlily hybrid cultivar
in the nature that registered to the international
waterlily and water gardening society (IWGS) by
Dr. Slearmlarp Wasuwat in 2002 (Figure 1A). This
waterlily cultivar has the light brown on adaxial
side and dark green on abaxial side of leaf. Its
dark pink flowers like a ruby which are smaller

size than its related waterlily species, especially

N. rubra Roxb. ex Andrews. For N. pubescens

Willd., a beautiful night-blooming tropical waterlily
with the white flowers and yellow stamen, which
is beyond to be its unique characteristics. It has
been reported that the ethanolic extract of its
flowers could induce apoptosis in human cervical
and breast carcinoma cells in vitro, and there-
fore, this plant species was used as a medicinal
plant for cancer therapy with anti-proliferation
activity (6). These two waterlily species have
been chosen because they are tropical potted
aquatic plants and used as ornamental waterlilies
for building decoration and water gardening (7).
In order to conserve this natural waterlily hybrid
for genetic resource and to produce a mass
numbers of germinated seedlings of the in-
terspecific waterlily hybrids, the both of self and
cross pollination were investigated. However, the
report on seed culture under aseptic technique of
these two waterlily species is still limited.
Hence, factors affecting on fertilization,
fruit setting and germination of cross-pollinated
seeds between N. rubra ‘Maeploi’ and N.
pubescens were observed for the interspecific
waterlily hybrid production. The main goal of this
study was aimed to develop the culture
medium for increasing the germination and
survival percentage of self-pollinated seeds of
N. rubra ‘Maeploi’ and N. pubescens, and cross-
pollinated seeds between N. rubra ‘Maeploi’

and N. pubescens. According to the results from
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this study will be used as an effective procedure
for further studies and research involved in in
vitro and ex vitro propagation, varietal improvement
and ex situ conservation of a night-blooming

tropical waterlilies and several aquatic plants.

MATERIALS AND METHODS
Experiment I: Self and cross pollination

Self-pollination of N. rubra ‘Maeploi’, N.
pubescens, and cross pollination between N.
rubra ‘Maeploi’ and N. pubescens (N. pubescens
x N. rubra ‘Maeploi’ and N. rubra ‘Maeploi’ x N.
pubescens) were performed by hand pollination
that is described as conventional breeding. The
vigorous parental plants of two selected waterlily
species were collected at lotus museum, Division
of Building and Site Administration, Office of the
President, Rajamangala University of Technology
Thanyaburi (RMUTT), Pathum Thani, Thailand,
which were used as plant materials in this study
(Figure 1A-B). Because of the receptivity of stigma
former their stamen within the same flower on
the first day (1% day) blooming, therefore, the 1°
day blooming flowers were only used as the
female parent plant (seed plant) while the sec-
ond day (2" day) or the third day (3 day)
blooming flowers were used as male parent
plants (pollen plant). To cross pollinate these
two selected waterlily species, the pollen grains
were collected from one flower and then taken
to deposit them into the nectar or stigmatic fluid
on the center of stigma of a first day bloom,
following by reciprocal cross pollination. Each
pollination of self and interspecific cross in N. rubra

‘Maeploi’ and N. pubescens was performed by

sixty flower blooms. Fruit set percentages of self
and cross pollination were monitored and

recorded after hand pollination for one week.

Experiment |I: Surface sterilization on self-pollinated

seeds of N. rubra ‘Maeploi’

Self-pollinated seeds of N. rubra
‘Maeploi’ (Figure 1E) were pre-sterilized by mild
detergent and then dipped into 70% ethanol for
60 seconds before sterilization with sterilizing
reagent. The first surface sterilization was examined
by 20% (v/v) sodium hypochlorite (NaOCl) solution
in various soaking times (5, 10, 15, and 20 min).
Regarding to the second surface sterilization was
studied at different concentrations (5%, 10%,
15%, and 20% (v/v)) of NaOCl solution for 10 min.
Seeds were cultured on semi solid Murashige
and Skoog (MS) (8) medium without plant growth
regulators (PGRs) and then incubated at 25 + 2 °C,
under the cool white fluorescent light at intensity
of 37 umol/m?/s for 16 hours per day. Each
treatment contained six replications and each
replication had ten seeds. Contamination and
seed germination percentages were recorded

after four weeks of culture.

Experiment Ill: Culture medium development for

seed culture of N. rubra ‘Maeploi’

In case of culture medium development,
self-pollinated seeds of N. rubra cv ‘Maeploi’,
0.2 - 0.3 cm in diameter were cultured on different
strengths of MS semi-solid medium: MS, 1/2MS,
1/4MS and 1/8MS, pH at 5.6 - 5.8 and then
maintained under the same light condition in
experiment Il, when compared to dark condition.

Six replications were performed with ten seeds
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per replication. Seed germination percentage,
seedling survival percentage, shoot formation,
leaf formation and root formation were recorded

after four weeks of culture.

Experiment IV: In vitro culture of cross-pollinated

N. rubra ‘Maeploi’ seeds

Self and cross-pollinated seeds of two
selected waterlily species were obtained from
the experiment |. The sample seeds were surface
sterilized using the suitable procedures from the
experiment I, cultured on the suitable strength
of MS semi-solid medium from experiment I,
compared to the control. The experiment was
also taken to place under the standard culture
conditions that consisted of incubation temperature
at 25 + 2 °C, under the cool white fluorescent
lamps originating the light intensity of approximately
37 umol/m?/s for 16 hours photoperiod. Fach
treatment was performed with six replications
and ten seeds per replication. Seed germination
percentage, seedling survival percentage, shoot
formation, leaf formation and root formation
were also monitored and recorded after four

weeks of culture.
Data collection and statistical analysis

All experiments were arranged by a
completely randomized design (CRD). The data
were statistically subjected to a one-way analysis
of variance (ANOVA, F-test) using SPSS version
22.0. The means + standard error (SE) were
compared by using Duncan’s multiple range test

(DMRT) with the level of significance at 5%.

RESULTS AND DISCUSSION
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The results showed that fruit set
percentage of self-pollinated flowers of N. rubra
‘Maeploi” and N. pubescens were 1.67 and 11.17%,
respectively. Whereas, the cross-pollinated flowers
of N. pubescens x N. rubra ‘Maeploi’ and N. rubra
‘Maeploi” x N. pubescens resulted in 5% and
3.33% of fruit set (Table 1). This data indicated
that fertilization processes rarely occurred in
both self and cross pollinations of these two
Nymphaea species. Thus, the self and cross
barriers in the same species or interspecific
hybridizations, including the pre- and post-fertiliza-
tion incompatibility of self and cross pollination
are required for further investigation.

Previous study, Sun et al. (21) reported
the pollen viability, pollen germinability and time
after pollination (hour, h) influenced on self and
cross-pollination of four tropical waterlilies, es-
pecially N. odorata ‘Peter Slocum’, N. colorata, N.
micrantha and N. gigantea. The results showed
that the highest number of germinated pollen
grains on stigmas in the self-pollinated N. odo-
rata ‘Peter Slocum’ was peaked at 12 hours af-
ter pollination (HAP). At the same time, the self-
pollination of N. odorata ‘Peter Slocum’ gave a
high percentage (81.2%) of normal embryos.
Whereas, the normal embryos and seeds were not
produced from the N. odorata ‘Peter
Slocum’ x N. micrantha, N. odorata ‘Peter Slocum’
x N. colorata and N. odorata ‘Peter Slocum’ x N.
gieantea crosses. From the results suggested that
pre- and post-fertilization barriers existed
together in these crosses, which may be the

main causes resulting in the failure and embryo

abortion of interspecific hybridizations in waterlily
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(21). Like the low seed set in some crosses be-
tween Nymphaea ‘Fen Zhuang’, Nymphaea ‘Bai
Lu” and Nymphaea ‘Hong Ying’ was from the
low pollen viability, low pistil receptivity and
embryo abortion (22). In another plant species,
hand pollination in Oxalis corymbosa for eval-
uating the flower characteristics in sample popula-
tion. The resulted showed that some sample
populations were not produced seeds after fer-
tilization that caused from limitations of pollen
transfer. Almost cross-pollinated seeds were less
germination and also failed to grow in early de-
velopment of embryos and seedlings, which indi-
cated that the embryo rescue or embryonic cul-
ture are necessary (10).

According to surface sterilization of self-
pollinated N. rubra ‘Maeploi’ seeds, the sample
seeds were soaked in 20% (v/v) NaOCl for 5 min,
followed by the sterilization with 5% (v/v) NaOCl
for 10 min showed without the microbial
contamination and the highest seed germination
percentage of approximately 5% after four weeks
of culture (Table 2). This sterilizing treatment
could inhibit the microbial contamination and
maintain the clean culture in the long period of
cultivation time. In preparation of plant tissues
and explants before culturing, the selected
explants must have to be rendered aseptic
techniques, especially surface sterilization. The
various dilutions (10-30% v/v) of Clorox® or
commercial bleach containing sodium hypochlorite,
(5.25% w/v NaOC) often used as the active ingredient
and disinfectant for removal microorganisms (23).
Likewise, the ability of sodium hypochlorite (NaOCl)

to inhibit the growth of microbial contaminants
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in Ziziphus spina [christti] seeds has been
investigated in vitro. The experiment revealed
that the surface sterilization with 4% NaOCl for
20 min, followed by dipping seeds in 2% benomyl
for 5 min and then rinsed with distilled water was
the best sterilization treatment for culturing 2.
spina [christti] seeds, when compared to other
sterilization treatments. Seeds tested in each
treatment were aseptically cultured on agar-
solidified MS medium in culture tubes. However,
this sterilization treatment also gave the highest
number of the germination of sterilized seeds
in Z. spina [christti] (24). Moreover, sodium
hypochlorite was used as media sterilant in the
production of sugarcane plantlets at commercial
scale, which was the total active chlorine
concentration at 0.002% in the culture medium (25).
On the other hand, in vitro surface sterilization
of Nymphaea gigantea ‘Atrans’ hybrid seeds
have been previous studied. This waterlily hybrid
cultivar was from the cross pollination between
N. gisantea var. violacea and N. gigantea
‘Atrans’. Regarding to break the seed dormancy
and in vitro culture of Nymphaea gigantea
‘Atrans’ hybrid seeds, some selected surface
sterilization procedures were also investigated.
The sample seeds were soaked in 70% (v/v) eth-
anol (EtOH) for 30 seconds, followed by a two-
step procedure: 7.5% and 4% (v/v) hydrogen per-
oxide (H,0,) for 5 min in each step and then
rinsed thrice in sterile distilled water for 5
min, respectively. From the results showed
that without the microbial contamination and

gave the highest percentage of surface sterilization
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(100%) of 60 days-stored seeds after two weeks
of culture, compared to the others (26).

After the four weeks of in vitro culture,
self-pollinated N. rubra ‘Maeploi’ seeds cultured
on 1/8MS semi solid medium and incubation under
dark condition gave the highest germination per-
centage (75%) and survival percentage (75%). Most
of the germinated seedlings produced shoots
(60%) , immature leaves (51.67%) and roots
(48.33%), respectively (Table 3). However, the im-
mature leaves of germinated seedlings formed un-
der dark condition were pale yellow when com-
pared to those of germinated seedlings grown un-
der light condition (Figure 1 F-G). Culture medium
is an important factor affecting on growth and de-
velopment of cultured explants (i.e. seeds, shoot
tips, dormant buds, plant meristematic tissues and
callus). Application of culture medium depends on
many factors, especially plant species, plant organs
and tissues. In various plant tissue culture media,
MS  (  Murashice and  Skoog)  basal
medium is widely used in plant tissue culture,
which is attainably enrich in both macro and
micronutrients (17). Many culture media have been
examined in both seed and tissue culture but not
all of them were effective to use, depending on
plant species and other factors. The highest germi-
nation percentages of N. rubra ‘Maeploi’ and N.
pubescens self-pollinated seeds were at 51.67%
on 1/8MS culture medium whilst the germination
percentages of N. pubescens x N. rubra ‘Maeploi’
and N. rubra ‘Maeploi’ x N. pubescens cross-polli-
nated seeds were at 35% and 31.67% on 1/8MS

culture medium, respectively (Table 4). The results

showed that the interspecific hybrid seeds of
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Nymphaea species germinated well on 1/8MS
culture medium and self-pollinated seeds could
germinate and growth better than cross-pollinated
one. This may be because Nymphaea seeds
required low concentraions of MS medium.
Buitendijk et al. (11) denoted that the interspecific
hybridization in Alstroemeria spp. was also found
the problems about early growth and develop-
ment of hybrids, which known as post-
fertilization barriers. The developmental rate of
hybrid seedlings was gradually decreased after 18
days of fertilization. On the other hand, Liu et al.
(12) studied on culture medium used for embryo
rescue of Leucadendron hybrids after the
interspecific hybridization. MS medium containing
2% (w/v) sucrose and 3.0 g/L Phytogel was suitable
culture medium for accelerating growth and
development of the interspecific hybrid embryos
and seedlings in this plant genus. Manzur et al. (13)
reported that Capsicum spp. seeds culture on half
strength MS (1/2MS) agar medium containing
4% (w/V) sucrose gave the highest germination rate
that used to rescue the hybrid embryos.
Bodhipadma et al. (18) reported that the suitable
culture medium and condition used for in vitro leaf
induction in Nymphaea nouchali var. versicolor
‘Bua Phuean’ tuberous rhizomes, it was found in
explant cultured on MS semi-solid medium
supplemented with 25 meg/L BAP and 0.1%
activated charcoal under light condition for four
weeks of culture. However, more related studies
and database of in vitro propagation and
improvement of lotuses and waterlilies are

needed. In addition, this study was to develop the

suitable culture medium used for enhancing the
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seed germination and produce vigorous seedlings
of self and cross-pollinated seeds of N. rubra
‘Maeploi’. Moreover, these practical treatments
provide basic information for future research and
studies on the ex situ conservation, propagation
and improvement of tropical night-blooming

waterlilies and their hybrids. For further studies,

techniques are also important and necessary for
developing the plant variety production,
hybridization and other breeding programs that
applied to precise any quantitative and qualitative
trait of interests, for example; the application of
plant genomic selection and deoxyribonucleic acid

(DNA) marker selection (14).

the biotechnological approaches and molecular
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Figure 1 Interspecific hybridization of two selected Nymphaea species, (A) Nymphaea rubra

‘Maeploi’ (black scale bar = 2 cm), (B) Nymphaea pubescens Willd. (black scale bar = 2
cm), (C) N. rubra ‘Maeploi’ seed pod (black scale bar = 2 cm), (D) N. pubescens Willd. seed
pod (black scale bar = 2 cm), (E) self-pollinated N. rubra ‘Maeploi’ seeds, (F) self-pollinated
N. rubra ‘Maeploi’ seedlings cultured on one-eighth strength MS (1/8MS) semi-solid

medium under light condition (white scale bar = 1 cm), (G) self-pollinated N. rubra

3’

‘Maeploi’ seedlings cultured on 1/8MS semi-solid medium under dark condition (white
scale bar = 1 cm), (H) cross-pollinated seedlings between N. pubescens and N. rubra
‘Maeploi’ cultured on 1/8MS semi-solid medium under light condition, (I) cross-pollinated
seedlings between N. rubra ‘Maeploi’ and N. pubescens cultured on 1/8MS semi-solid

medium under light condition.

Table 1 Fruit set percentages of self and cross-pollination of two selected Nymphaea species.
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Treatment

Fruit set (%)

Self-pollination of N. rubra ‘Maeploi’

N. pubescens x N. rubra ‘Maeploi’

N. rubra ‘Maeploi’ x N. pubescens

Self-pollination of N. pubescens

1.67 + 1.67°
5.00 + 2.84%°
3.33 + 2.34%°
11.17 + 4.18°

Value presented as mean = SE; different letters within a column that indicate significant differences

at p = 0.05 according to analysis of variance (ANOVA, F-test).

Table 2 Utilization of NaOCl for surface sterilization of self-pollinated N. rubra ‘Maeploi’ seeds.

1% surface sterilization 2" surface sterilization

NaOCLl (% V/V) Time NaOCl (% V/V) Time

Contamination (%) Seed germination (%)

20
20
20
20
20
20
20
20

5
10
15
20

5
10
15
20

5
10
15
20

10
10
10
10

0.00 + 0.00° 5.00 + 2.84°
3.33 + 2.34° 3.33 + 2.34°
0.00 + 0.00° 1.67 + 1.67°
0.00 + 0.00° 3.33 + 2.34°
0.00 + 0.00° 5.00 + 2.84°
0.00 + 0.00° 1.67 + 1.67°
0.00 + 0.00° 3.33 + 2.34°
16.67 + 4.85° 6.67 + 3.25°

Value presented as mean + SE; different letters within a column that indicate significant differences

at p = 0.05 according to analysis of variance (ANOVA, F-test).

Table 3 Effects of different MS medium strengths on germination and early development of

self-pollinated N. rubra ‘Maeploi’ seedlings after 4 weeks of culture.

MS Condition Germination Survival Shoot formation Leaf formation  Root formation
medium (%) (%) (%) (%) (%)

1 Light 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢ 0.00 + 0.00° 0.00 + 0.00¢

1 Dark 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 = 0.00¢
1/2 Light 35.00 + 6.21°  35.00 +6.21° 23.33 + 5.51¢ 21.67 + 0.05° 21.67 + 5.36°
1/2 Dark 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 = 0.00¢
1/4 Light 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢ 0.00 + 0.00° 0.00 + 0.00¢
1/4 Dark 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 = 0.00¢
1/8 Light 4333 + 6.45°  43.33 +6.45° 43.33 + 6.45° 43.33 + 0.07° 43.33 + 6.45°
1/8 Dark 75.00 + 5.64®  75.00 + 5.64° 60.00 + 6.38% 51.67 + 0.07 48.33 + 6.51°

Value presented as mean =+ SE; different letters within a column that indicate significant differences

at p = 0.05 according to analysis of variance (ANOVA, F-test).

Table 4 In vitro culture of self and cross-pollinated seeds of two selected Nymphaea species on
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1/8 MS medium, compared to control after 4 weeks of culture.
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Treatment Germination Survival Shoot Leaf Root
percentage Percentage formation formation formation
Hand pollination MS medium (%) (%) (%) (%) (%)
(Self) N.rubra ‘Maeploi’  Full MS 5.00 + 2.84¢ 5.00 + 2.84¢ 1.67 £ 1.67¢ 1.67 + 1.67¢ 0.00 + 0.00¢
(Self) N.rubra ‘Maeploi’  1/8 MS 51.67 + 6.51*  51.67 + 6.512 50.00 + 6.51° 50.00 + 6.51° 43.33 + 6.45°
(Cross) N. pubescens x Full MS 1333 + 443 1333 + 4.43°  1.67 + 1.67° 1.67 + 1.67¢ 1.67 + 1.67¢
N. rubra ‘Maeploi’
(Cross) N. pubescens x 1/8 MS 35.00 + 6.21° 3500 + 6.21° 2833 +587° 2833 +587° 25.00 + 5.64°
N. rubra ‘Maeploi’
(Cross) N. rubra ‘Maeploi”  Full MS 6.67 + 3.25¢ 3.33 + 2.34¢ 1.67 £ 1.67¢ 1.67 + 1.67¢ 1.67 + 1.67¢
x N. pubescens
(Cross) N. rubra ‘Maeploi’  1/8 MS 31.67 + 6.06° 31.67 + 6.06° 2500 + 5.64° 2500 + 5.64° 2500 + 5.64°
x N. pubescens
(Self) N. pubescens Full MS 11.67 +4.18° 11.67 +4.18° 1.67 + 1.67¢ 1.67 + 1.67¢ 0.00 + 0.00¢
(Self) N. pubescens 1/8 MS 51.67 + 6.512  51.67 + 6.51° 4500 + 6.48° 45.00 + 6.48% 43.33 + 6.45°

Value presented as mean = SE; different letters within a column that indicate significant differences

at p = 0.05 according to analysis of variance (ANOVA, F-test).

CONCLUSIONS

Low fruit set percentages were obtained
from self and cross pollination of N. rubra
‘Maeploi’ and N. pubescens. Using 20% (v/v)
NaOCl for 5 min followed by 5% (v/v) NaOCl
for 10 min was the optimum for seed surface
sterilization. One-eighth strength MS (1/8MS)
semi-solid medium was suitable for in vitro
culture of self-pollinated N. rubra ‘Maeploi’
seeds and cross-pollinated seeds between N.

rubra ‘Maeploi’ and N. pubescens.
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ARTICLE INFO ABSTRACT
Article history: The purposes of this research were to study the effects of
Received: 7 August, 2020 crude malva nut gum powder and fat on physicochemical properties

Revised: 22 September, 2020  and sensory evaluation of catfish chinese sausage. The suitable ratio
Accepted: 6 November, 2020  of crude malva nut gum powder and fat of 0:10 (control), 3: 7, 5: 5,
Available online: 28 April, 2021 7: 3 and 10: 0 (w/w) were studied. The results indicated that addition

DOI: 10.14456/rj-rmutt.2021.13  of crude malva nut gum powder increased hardness, cohesiveness,

Keywords: gumminess, chewiness, water activity, total ash, total protein, crude
catfish Chinese sausage, fiber and carbohydrate contents but decreased adhesiveness, redness
malva nut gum powder, (a*), moisture and crude fat contents (P < 0.05), while no significant
consumer acceptance difference in springiness, lightness (L*), yellowness (b*) (P > 0.05) was

observed. Sensory evaluation results showed that an addition of
crude malva nut gum powder decreased color, odor, texture and
acceptability scores (P < 0.05), while there was no significant
difference in taste score (P > 0.05). The ratios of 3: 7 catfish Chinese
sausage obtained similar sensory scores to that of 0: 1 (control).

Therefore, the optimum ratio of malva nut gum powder and fat was
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3: 7 or 90 grams of crude malva nut gum powder and 210 grams of

fat per batch.
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AundwasredNanAugINUTETHNIATNIINTY  INNANTITNAGBY NUTITLAUYDUIAAAIINGNHTBN

donndaItunN1IMAanIved Juthong azAme (21)  Miudulinaner1nuadng (L*) wazA1nadud

Anwannzimunzanlunisldiaaaningndises  uas (o) uldfinasiarininuaing (L%) Apasilud
wionaunuladulundndusivyee lneseduves  uas (@) wazAranududmdes (6% ndsainnis

waannngndsesiildlunmaduasmaunuluiu Ao Aiushwiuiu 9 Tu

" (@ | @)

JUT 1 gndrseauazneiuaingndises (n) gnd1ses () gndrsesfiugundunian 24 Halus (p) nefuangndises

W () ) ' ) @)

3UN 2 dnuarvemnudssanniifinislinejugndsemaunuluiuiidnsedu 0 de 10,3 de 7,561 5,7 #ia 3

waz 10 M9 0 lnguvtneuansu

M13197 2 dnuasileduiaveinudssuanniimslinsiugndrsemaunuludu

dn3du Snumsioduia
m’a?@ﬂiﬁm Hardness Cohesiveness Adhesiveness Springiness™ Guminess Chewiness
ma‘l:zmu (N) (N) (mm) (N) (Nmm)
(neinwtin)
0:10 1731.66 +0.13%  1490.60+0.46°  -3.67+0.15 1.42+0.37 305.09+0.53¢  433.19+0.19°
37 2099.80+0.12¢ 1840.53+0.31°¢  -2.59+0.382 1.46+0.25 350.03+0.47° 512.16+0.17°
5:5 2487.83+0.27°  2065.22+0.17°  -1.64+0.38? 1.41+0.22 356.46+0.37° 502.13+0.15°
7:3 2594.08+0.23° 1984.38+0.21°  -5.43+0.61? 1.39+0.21 366.04+0.28° 509.95+0.21°
10:0 3657.71+0.29°  2719.28+0.19° -24.07+0.68°  1.42+0.22 489.64+0.297 695.52+0.19°

nueme: ns vueds LifanuuandnsiuegnsdidedAymeaifvesanadeluiuas (P > 0.05)

a-d 118D DNYSALANANTULEAIDIANULANAIAUDES
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AtludAny
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neainvasradeluwuIfg (P < 0.05)
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M13199 3 AAINTIHYR warAdvesnudeslanniinisldueJugnadrseamaunuluiu

dnsdiunsiugndises Arfanssu And
sieluiiu (netihwmiin) voath Apwadne L9 Aenanduduns@®)  Aenududivdes (b*)m
0: 10 0.79+0.13° 45.97+0.31 -13.43+0.19% 29.87+0.11
37 0.84+0.12% 39.73+0.15 -13.57+0.15% 27.27+0.19
5:5 0.84+0.192 39.10+0.19 -15.87+0.21°¢ 32.47+0.19
7.3 0.81+0.10° 40.83+0.61 -15.53+0.20°° 40.67+0.17
10: 0 0.85+0.16% 39.07+0.23 -12.10+0.28% 30.37+0.13

nuewma: ns vneisliifinnuuansiisiuegildeddyniattvesiiadeluuuiss (P > 0.05)
= o = o = o [P KT IY) aa ' a{' <
a-c Mg nwIuanAeiulansisnNuLansreiuegwillddgynsatdvesaiedeluuuins (P < 0.05)

A13197 4 sdUsEnaumaaiiugurenuilissUaigniidnisldnsiugndisemaunuludy

Samdauneugn nsnTeRuauAniuaiiGeas)
drsesdalusiu »
Angvimiin AT W0 Tushiu T wefule aslulaase
0:10 27.70+0.04* 1.96+0.05° 25.77+0.10° 24.13+0.17* 0.73+0.10¢  19.71+0.14<
3.7 28.29+0.07% 3.23+0.11° 27.38+0.17¢ 19.70+0.17® 1.21+0.15°  20.19+0.18°
5:5 28.39+0.27% 4.38+0.06° 28.01+0.15° 19.49+0.17° 1.49+0.12>  18.24+0.17¢
7:3 25.95+0.34°  4.56+0.08% 27.55+0.13° 16.76+0.17° 1.77+0.19° 23.41+0.11°
10:0 22.72+0.11° 4.67+0.07*° 29.58+0.18* 12.69+0.17¢ 1.87+0.15* 28.51+0.12°

o w a

naee: a, d vl snwiiuanaiulandisnuuanesiuegeliduddyniaiifvesdnadeluuuins (P < 0.05)

]
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nownulugi
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soluiiu (Iaguwiin) d ndu savidns  ileduda  awweulassaw
0:10 7.07+1.61°  6.80+1.41% 6.53+1.25 6.80+1.29% 6.73+1.22°
37 6.70+131%°  7.13+1.38% 6.97+1.48 7.20+1.40° 7.37+1.49°
55 6.63+1.41%°  6.80+1.53®® 6.70+1.61 6.77+1.50% 6.83+1.47°
73 6.70£1.39%  6.60+1.27®® 6.60+1.53 6.47+1.48° 6.67+1.41°
10:0 6.43+1.37°  657+1.25P  6.67+1.56 6.70+1.40% 6.73+1.44°

nuewe: ns vuedshifinnuuanesiuegaddeddynivattvesradeluwuad (P
a-b mngfia Snusiuandnriulanstisnnuuanssiuegeiduddymeainvesdnadsluluins (P < 0.05)

]

> 0.05)

o w

PNMTIATITRIAUsTNOUMBAUgIY  Aueg1eldedrdynieads (P < 0.05) (m151991 4)
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injection adjustment, plastic ~ with waste controlling standard of less than 7%. Both groups are the
injection process main production line of the company. The researcher applied 7
Wastes Theory and Quality Control Tools for data collection then
analysed the root causes of the waste that occurring in the
production line in order to highlight the actual waste proportion in
the production line as well as set the policy for encountering excess
waste by applying ECRS concept, which consisted of Eliminate,
Combine, Rearrange, and Simplify, as a production processes
improving guideline. After improving the production processes, the
machine set up time in chasing processes reduced from average of

25 minutes to 15 minutes. Moreover, after rearranging injection
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moulding machines into each product line, the waste in the injection

moulding was reduced by 45.08 in clear plastic product and 60.17%

in general products which resulting in the total waste proportion was

being within the waste controlling standard limit.
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ARTICLE INFO ABSTRACT
Article history: Annual data of the Pollution Control Department of PM dust
Received: 4 August, 2020 2.5 is an increase in volumes indicating problem air quality. The

Revised: 7 September, 2020  problem is different and more complex. Therefore, it has to be
Accepted: 30 October, 2020  analyzed to identify the cause in order to resolve the problem more
Available online: 31 May, 2021 precisely and efficiently. This research purposes data analytics and
DOI 10.14456/rj-rmutt.2021.15  visualization system for particle dust particle size determination of

Keywords: data analytics, data 2.5 micrometers (PM2.5) in Bangkok using visualization technique
visualization, PM2.5 with R programming language and Mysql database. The system can
display quantitative information that can be measured in many
forms such as numbers, diagrams and graphs as well as being
interesting, easy to understand, and provide clarity in analysis. The
implementation of this research has collected data from the
Pollution Control Department and the Bangkok PM 2.5database,
which monitors the air quality of Thailand to assess the situation of

air quality and alert the case of pollution exceeding the standard.
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The experimental and evaluation of satisfaction by user found that

users were satisfied with the program at a good level. The system

was analyzed to support the work of data analytic and visualization

for users effectively.
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