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Abstract

This study aimed to: (1) determine socio-demographic and socio-economic
characteristics of students (Grades 7-9) and teachers at Benchama Maharat School in Ubon
Ratchathani, Thailand, and (2) assess the level of agricultural awareness among the
respondents. A quantitative survey collected data from 521 students and 95 teachers via
online questionnaires. Descriptive statistics and inferential analyses (chi-square, Tukey
Honestly Significant Difference [HSD]) were conducted using XLSTAT. The student respondents
(balanced by gender) were predominantly under 15 years old, with parents employed in the
government or private sectors. Parental education was generally at the tertiary level, and
monthly household incomes averaged B32,600-834,600. Teacher participants (aged 21-59)
mostly held master's degrees and earned approximately B36,800 per month. Students
demonstrated moderate agricultural knowledge (weighted mean [WM] = 3.09-3.29), whereas
teachers scored higher (WM = 3.60). Attitudinal measures were slightly positive: students
ranged from WM = 3.54-3.82, and teachers at WM = 4.21. Behavior levels varied by grade:
Grades 7 and 8 showed moderate involvement (WM = 3.25 and 3.24), while Grade 9 and
teachers were more active (WM = 3.44 and 3.83). Chi-square analyses revealed that students’
awareness was significantly influenced by age, gender, grade level, residence location, and
access to information. Teachers’ awareness correlated significantly with socio-economic
factors. Tukey HSD post-hoc tests confirmed that teachers’ awareness surpassed that of
students, and that Grade 9 students differed significantly in attitude from Grade 7. These
findings underscore the impact of socio-demographic factors on agricultural awareness and

recommend curriculum enhancements incorporating hands-on agricultural experiences.
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Introduction

Agricultural awareness, defined as the
understanding of fundamental agricultural
concepts and their societal implications (Akgul
and Macaroglu, 2011), plays a pivotal role in
fostering sustainable development,
environmental stewardship, and food security. In
Thailand, agriculture remains a cornerstone of
the economy and cultural identity (Organisation
for Economic Co-operation and Development
(OECD), 2021; Pongsrihadulchai, 2019), yet
challenges such as climate change, resource
degradation (Boonkhao et al., 2022; Wongsasuluk
et al., 2014), and shifting economic priorities
threaten its sustainability (Poungsuk and Junlek,
2021; Traimongkolkul and Tanpichai, 2005). The
integration of agricultural education into
Thailand’s basic education curriculum reflects
efforts to cultivate awareness among younger
generations (Ministry of Education, 2008).
However, constraints such as limited instructional
hours and inconsistent policy implementation
hinder the effective delivery of agricultural
content (Siriwan et al., 2018). Assessing
agricultural awareness among students and
educators is thus critical to identify gaps and
align educational strategies with contemporary
needs.

This study focused on Benchama
Maharat School in Ubon Ratchathani, Thailand—
a region renowned for its agricultural heritage

but facing environmental challenges such as

pesticide residues and water contamination
(Boonkhao et al., 2022; Wongsasuluk et al., 2014).
The necessity of this research arose from the
need to evaluate how socio-demographic factors
and educational practices shape agricultural
awareness, particularly in a setting where
urbanization and shifting career aspirations might
have been diminishing youth engagement in
agriculture. By examining these dynamics, the
study aimed to provide actionable insights for
curriculum enhancement and community
engagement.

The research aimed to:

1) Determine socio-demographic and
socio-economic characteristics of
students (Grades 7-9) and teachers.

2) Assess the level of agricultural
awareness among the respondents.

Conducted through a cross-sectional
survey, the study employed quantitative
methods to assess knowledge, attitudes, and
behaviors related to agriculture. It was limited to
the response of the students and teachers in
Benchama Maharat School. It may not represent
the whole population in Northeast Thailand or
Thailand.

The findings contributed to the discourse
on agricultural education by highlighting
actionable pathways to strengthen awareness
and were intended to ensure students would
emerge as informed citizens capable of

addressing future agricultural challenges.
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Research Methodology

This research was carried out at
Benchama Maharat School, Ubon Ratchathani,
Thailand, in accordance with ethical guidelines for
human-subject research. The target population
comprised Thai students in grades 7 to 9 and their
teachers. A total of 616 participants were
sampled: 172 grade 7 students, 174 g¢rade 8
students, 175 grade 9 students, and 95 teachers.

Sample sizes for each group were
calculated using Cochran’s formula at a 95%
confidence level, based on the population sizes
of 564 (grade 7), 582 (grade 8), 599 (grade 9), and
149 (teachers). Participants were selected through
simple random sampling to ensure an unbiased
and representative sample.

The study employed a quantitative
survey design to measure agricultural awareness
among the respondents. The survey instrument
consisted of two parts: (1) socio-demographic and
socio-economic items, and (2) a 24-item
agricultural awareness scale developed by the
researchers. This scale was aligned with the Thai
Basic Education Curriculum and assessed
respondents’  knowledge,  attitudes, and
behaviors related to agriculture. Each item was
rated on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). The
guestionnaire was translated into Thai and back-
translated to ensure linguistic accuracy and
cultural appropriateness.

Data were collected via an anonymous
online survey administered through Google
Forms, chosen for its convenience, cost-
effectiveness, and ability to maintain respondent
anonymity. The survey was conducted between

January and February 2024.

Data analysis was performed using
XLSTAT software. Descriptive statistics, including
frequencies and percentages, summarized the
socio-demographic characteristics and response
distributions. Inferential statistics comprised Chi-
square tests to examine associations between
categorical variables and agricultural awareness,
and analysis of variance (ANOVA) was used to
identify significant differences in agricultural
awareness across groups. When ANOVA results
indicated  significant differences, Tukey HSD
(Tukey, 1949) post hoc test was applied to
determine which specific groups differed. The
Tukey HSD test effectively controlled Type | error
in  multiple comparisons, providing reliable
pairwise group comparisons.

The agricultural awareness scale was
interpreted based on mean scores: values closer
to 1 indicated strong disagreement or low
awareness, while values near 5 indicated strong
agreement or high awareness. This interpretation
allowed for a nuanced understanding of
respondents’ levels of agricultural knowledge,

attitudes, and behaviors.

Results

A. Socio-Demographic and Socio-Economic
Characteristics

The study included 616 participants: 521
students (Grades 7-9) and 95 teachers. Students
exhibited a balanced gender distribution in Grade
7(49.42% male, 50.58% female); however, Grades
8 and 9 showed a higher proportion of female
students (56.90% and 65.71%, respectively), with
1.15% of Grade 8 students identifying their gender
as “other” at the time of the survey. A female

majority (61.05%) was observed among teachers
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compared to males (38.95%). Urban residency
was predominant across all groups (67.44%-—
72.00% of students; 64.21% of teachers), a
characteristic ~ that  reflected  Thailand’s
urbanization trends. Parents of students were
primarily employed in government (42.29%-—
48.85%) or business sectors (25.00%-36.57%),
with monthly household incomes that averaged
B 3259854 to B 34562.86. Teachers,
predominantly  holding  master’s  degrees
(47.37%), earned an average of B36,815.30 per
month; their parents were primarily engaged in
teaching (28.42%), farming (22.11%), or

government roles (22.11%).

Other Social Factors

Both students and teachers relied
heavily on digital platforms for agricultural
information. Students prioritized the internet
(20.69%-25.00%) and social media (12.21%-
16.57%), while teachers supplemented these
with professional networks (e.g., fellow teachers:
3.16%). Traditional sources like extension agents
were underutilized (<3.43% among students).
Most students accessed information occasionally
(67.44%-72.00%), whereas teachers
demonstrated slightly higher daily engagement
(15.79%). Notably, 3.45%-6.40% of students
never sought agricultural information, a finding

that underscored gaps in proactive learning.

Over 90% of students expressed no
interest in agriculture, with fewer than 10%
considering agricultural careers at that time.
Teachers reported higher interest (25.26%), yet
only 8.42% had concrete plans to engage with
the sector. This disparity highlichted persistent
perceptions of agriculture as a low-status
occupation among youth, which was consistent
with  Durongkaveroj (2022) observations on

shifting career aspirations in Thailand.

B. Levels of Agricultural Awareness

Students displayed moderate knowledge
(WM = 3.09-3.29), while teachers scored higher
(WM = 3.60, categorized as "Knowledgeable")
(Table 1); this difference aligned with their
advanced education and professional exposure.
Grade 9 students marginally outperformed
younger peers in mean scores, a finding that
suggested  potential incremental  curricular
impact, although all student groups fell within
the "Moderately knowledgeable" category.

Attitudes were slightly positive among
students (WM = 3.54-3.82), with Grade 9 students
showing the most favorable mean score within
this category. Teachers also exhibited a "Slightly
positive attitude" (WM = 4.21), though their mean
score indicated stronger positivity compared to
student groups (Table 2). This difference was
possibly influenced by their roles as educators

and broader environmental awareness.
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Table 1 Respondents’ Agricultural Awareness-Knowledge Level

RESPONDENTS OVERALL SCORE WEIGHTED DESCRIPTION*
FREQUENCY MEAN

1 2 3 4 5

Grade 7 3 21 8 41 12 3.26 Moderately knowledgeable
Grade 8 6 34 80 46 8 3.09 Moderately knowledgeable
Grade 9 1 23 92 43 16 3.29 Moderately knowledgeable
Teachers 1 10 32 35 17 3.60 Knowledgeable

*1-1.80 = Not Knowledgeable; 1.81-2.61 = Slightly Knowledgeable; 2.62-3.42 = Moderately Knowledgeable;
3.43-4.23 = Knowledgeable; 4.24-5.04 = Extremely Knowledgeable

Table 2 Respondents’ Agricultural Awareness-Attitude Level

OVERALL SCORE WEIGHTED
RESPONDENTS FREQUENCY MEAN DESCRIPTION*

1 2 3 4 5

Grade 7 2 10 74 65 21 3.54 Slightly positive attitude
Grade 8 0 11 63 70 30 3.68 Slightly positive attitude
Grade 9 1 6 51 86 31 3.82 Slightly positive attitude
Teachers 0 1 16 40 38 4.21 Slightly positive attitude

*¥1-1.80 = Extremely Negative Attitude; 1.81-2.61 = Slightly Negative Attitude; 2.62-3.42 = Neutral Attitude
3.43-4.23 = Slightly Positive Attitude; 4.24-5.04 = Extremely Positive Attitude

Table 3 Respondents’ Agricultural Awareness-Behavior Level

OVERALL SCORE

WEIGHTED
RESPONDENTS FREQUENCY DESCRIPTION*
MEAN
1 2 3 a4 5
Grade 7 2 25 8 46 13 3.25 Moderately engaged
Grade 8 4 26 8 42 17 3.24 Moderately engaged
Grade 9 1 15 8 56 17 3.44 Engaged
Teachers 0 5 26 44 20 3.83 Engaged

*1-1.80 = Not Engaged; 1.81-2.61 = Slightly Engaged; 2.62-3.42 = Moderately Engaged; 3.43-4.23 = Engaged
4.24-5.04 = Highly Engaged
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Behavior levels varied (Table 3). Grade 7-
8 students were moderately engaged (WM=3.24-
3.25), whereas Grade 9 students (WM=3.44,
categorized as "Engaged") and teachers (WM=3.83,
categorized as "Engaged") demonstrated higher
participation in  agricultural practices. This
observation potentially emphasized the role of
maturity and institutional support in fostering

proactive behaviors.

C. Relationships Between Factors and
Awareness
Chi-square  analyses revealed key

associations:
e  Students: Age (knowledge: p = 0.004;
p < 0.0001),

behavior: gender

(attitude: p < 0.0001), residence

Table 4 Social Factors and Students’ Agricultural Awareness

location (attitude: p = 0.003), and
frequency of information access
(knowledge: p < 0.0001; attitude: p =
0.008; behavior: p = 0.0003)
significantly influenced awareness
(Table 4).
Teachers:  Parental  occupation
(knowledge: p = 0.0002), parental
education (attitude: p < 0.0001;
behavior: p = 0.006), educational
attainment (attitude: p <0.0001;
behavior: p < 0.0001), and monthly
personal income (behavior: p =
0.014)

shaped awareness; these

relationships  underscored  socio-

economic stratification (Table 5).

AGRICULTURAL AWARENESS (P-VALUES)

FACTORS
KNOWLEDGE ATTITUDE BEHAVIOR
Age 0.004 0.582 <0.0001
Gender 0.583 <0.0001 0.505
Grade level 0.026 0.122 0.756
Parents' Occupation 0.160 0.450 0.618
Parents' Education 0.062 0.923 0.747
Family Monthly Income 0.679 0.249 0.360
Sources of Agricultural Info 1.000 0.995 0.917
Residence location 0.877 0.003 0.574
Family Size 0.831 0.609 0.872
Frequency of access to Agricultural Info <0.0001 0.008 0.0003
Mode of access to Agricultural Info 0.978 0.431 0.0002
Interest in Agriculture 0.609 0.128 0.187
Plans 0.254 0.331 0.151
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Table 5 Social Factors and Teachers’ Agricultural Awareness

AGRICULTURAL AWARENESS (P-VALUES)

FACTORS
KNOWLEDGE ATTITUDE BEHAVIOR
Age 0.024 0.788 0.360
Gender 0.219 0.110 0.508
Marital Status 0.973 0.808 0.665
Grade Level Taught 0.279 0.122 0.989
Subjects Taught 0.347 0.283 0.777
Parents' Occupation 0.0002 0.449 0.287
Parents' Education 0.696 <0.0001 0.006
Educational Attainment 0.469 <0.0001 <0.0001
Monthly Income 0.312 0.796 0.014
Sources of Agricultural Info 0.245 0.151 0.013
Residence location 0.788 0.010 0.123
Family Size 0.252 0.229 0.836
Frequency of access to Agricultural Info 0.105 0.597 0.898
Mode of access to Agricultural Info 0.672 0.024 0.002
Interest in Agriculture 0.291 0.296 0.595
Plans 0.213 0.361 0.297

Tukey HSD post-hoc tests (Table 6)
confirmed teachers’ superior awareness means
compared to all student groups (knowledge: p =

0.007-0.014; attitude: p < 0.0001-0.001; behavior:

p < 0.0001-0.0003). Grade 9 students’ attitudes
diverged significantly from Grade 7 (p = 0.020),
which suggested curricular or developmental

influences.

Table 6 Agricultural Awareness Tukey HSD Summary (p-values)

CONTRAST KNOWLEDGE ATTITUDE BEHAVIOR
Grade 7 vs Grade 8 0.566 0.600 0.967
Grade 9 vs Grade 7 0.993 0.020 0.096
Grade 9 vs Grade 8 0.391 0.343 0.248
Teachers’ vs Grade 7 0.007 <0.0001 <0.0001
Teachers’ vs Grade 8 0.0001 <0.0001 <0.0001
Teachers’ vs Grade 9 0.014 0.001 0.0003
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Discussion

Students exhibited moderate agricultural
knowledge (WM = 3.09-3.29), which reflected the
foundational but potentially limited emphasis on
agriculture  in Thailand’s  basic  education
curriculum at the time. Teachers, however,
demonstrated higher expertise (WM = 3.60,
"Knowledgeable"), a finding that aligned with their
advanced education and professional roles.
These results resonated with Akgul and
Macaroglu (2011) assertion that educators’
qualifications critically shaped agricultural literacy
dissemination.

Attitudinal disparities emerged, with
teachers' mean scores indicating stronger
positivity (WM = 4.21) compared to students (WM
= 3.54-3.82), although both groups generally had
fallen within a "Slightly positive attitude”" range.
This divergence in mean scores might have
underscored the influence of maturity and
professional exposure, as teachers were perhaps
more likely to recognize agriculture’s societal and
environmental significance. Student behavior
levels varied, with Grade 7 and 8 students having
shown moderate engagement (WM = 3.24-3.25),
while Grade 9 students demonstrated higher
engagement (WM = 3.44). This difference, and the
overall student engagement levels, could have
signaled a disconnect between theoretical
knowledge and practical application, which
echoed Siriwan et al’s (2018) critique of
Thailand’s agriculture education model.

Socio-demographic  factors played a
pivotal role in the awareness levels observed in
this study. For students, factors such as urban
residency significantly correlated with attitudes

towards agriculture (Table 4, p = 0.003), a finding

that mirrored Thailand’s urbanization trends.
Teachers’ awareness was significantly associated
with  factors like their own educational
attainment, parental socio-economic background
(occupation and education), and monthly
personal income, which highlighted potential
systemic  influences and  socio-economic
stratification. These findings from the current
study generally aligned with OECD (2021) reports
that had discussed Thailand’s education policy
challenges, where rural-urban divides and
curriculum gaps appeared to persist.

To address the gaps in awareness and
engagement identified in this study, several
strategies were considered for recommendation.
An action plan that focused on integrating
experiential  learning (e.g., school gardens),
enhancing teacher training in  agricultural
education, and fostering community partnerships
was proposed to potentially prove beneficial.
However, for such initiatives to have been
sustainable and impactful, broader policy
reforms, including considerations for instructional
hours and resource allocation for agricultural

education, also seemed essential.

Conclusion

A. Key Findings

This study clearly demonstrated that
students at Benchama Maharat School possessed
moderate agricultural knowledge (WM = 3.09-
3.29), while teachers exhibited higher expertise
(WM = 3.60 for knowledge) and more positive
attitudes (WM = 4.21 for attitude). Students’
attitudes were generally slightly positive (WM =
3.54-3.82), and their behavioral engagement
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varied by e¢rade, with Grade 9 students and
teachers having shown greater involvement (WM
= 3.44 and 3.83, respectively). Chi-square and
ANOVA analyses confirmed significant differences
in awareness levels between students and
teachers, as well as influences from various socio-
demographic factors such as age, gender, and

information access.

B. Socio-Demographic Insights

The findings indicated that socio-
demographic factors—including age, grade level,
residence location, and frequency/mode of
information access—significantly shaped aspects
of agricultural awareness among the participants.
For instance, this study found that factors such as
urban residency correlated with student attitudes
towards agriculture, while the frequency of online
access to agricultural content appeared to
enhance their knowledge. Teachers’ awareness
levels were further influenced by their parents’
occupation, their own educational attainment,
and personal income. These results underscored
the need for tailored educational strategies that
addressed the diverse backgrounds of both

students and educators.

C. Curricular Implications

The findings suggested that the existing
curriculum  may have inadequately bridged
theoretical knowledge with practical application
for many students. To address this, the following
curricular adjustments were recommended:

e Integrate practical agricultural
experiences—such as school gardens,
farm visits, and project-based learning—

to deepen students’ understanding.

e Align lessons with local agricultural
challenges (e.g,, climate resilience,
organic farming) to enhance relevance

and engagement.

D. Action Plan Highlights
Based on the study's findings, a proposed
action plan was developed, prioritizing the

following key areas:

® Curriculum Revision: Embed hands-on
activities and interdisciplinary projects

related to agriculture.

® Teacher Development: Train educators
in modern agricultural techniques and

participatory teaching methodologies.

® [Experiential Learning: Establish  and
utilize school gardens and partner with
local farms for immersive learning

experiences.

® Community Partnerships: Collaborate
with agricultural cooperatives and local
experts to expose students to real-world
agricultural  practices and  career

pathways.

® |nclusivity Initiatives: Develop strategies
to ensure equitable access to agricultural
education resources and opportunities
for students from diverse backgrounds,

including both rural and urban settings.

E. Long-Term Vision

Ultimately, the implementation of these
integrated strategies will empower students and
teachers to become knowledgeable advocates
for, and active participants in, agriculture as a vital
pillar of community well-being and sustainable

development. By fostering a generation that
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values and understands agriculture’s
multifaceted socio-economic and environmental
roles, Benchama Maharat School can contribute
significantly to Thailand’s agricultural resilience
and food security goals, particularly within the

Ubon Ratchathani region.
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Abstract

The objective of this study was to assess the yield and quality of four Japanese sweet
potato varieties grown in a limited area, serving as foundational data to enhance growth and
productivity. A randomized complete block design with four replications was conducted in
the field training farm, Faculty of Agriculture, Ubon Ratchathani University, from February
2021 to May 2021. The study focused on four Japanese sweet potato varieties: Purple Sweet
Load, Silk Sweet, Purple Okinawa Kugami Imo, and Yellow Kiaro Imo. These varieties were
tested in the Roi Et soil series. The results showed that the sweet potato varieties exhibited
different yields. The accumulated heat units ranged from 1372.60 to 1377.70 GDD (Growing
Degree Days). Among the varieties, Purple Sweet Load responded best to the planting area,
producing the highest tuber yield of 2348.80 grams per pot. Regarding physical evaluation,
the tubers had an elongated shape and size, with firmness values ranging from 12 to 13
Newtons. The skin and flesh color values differed significantly among the four sweet potato
varieties. The findings suggest that Purple Sweet Load, which is color of the skin is bright red,
and the color of the flesh is bright purple, which are some of the product's characteristics
according to market demand. It has the potential to achieve high yields even in a limited

planting area. Moreover, the other varieties have a lower yield of 52-717 grams per pot.

Keywords: Sweet potatoes, yields, growing degree days
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GDD F9@nunsabitananla

Table 1 Temperature and growing degree days (GDD) for each month

Minimum Maximum Rainfall GDD
Temperature Temperature
(‘O (°O (mm) (°Cd)
16-28 February 20.39 34.87 0.00 486.75
1-31 March 24.26 36.65 0.26 1,372.60
1-30 April 21.66 31.95 0.00 1,148.25
1-31 May 26.06 3591 4.40 1,377.70
Mean 23.09 34.84 1.17 -
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dl 1 U t I~ N fa
guenn 710 NTUNBAU TBIANUIABANYNUTVAFIN

]

(197 nfudadu) areiugiatleiu1n (166.25 niusie
fu) avaneiugmdesAtelsy (27.50 n3usonuy) A1
dwinu ey haneitusBaainlidminus
gegefl 1.04 nfusedy sesaunAoaroiuding

s

waiaainaesn aewugiieleiu1n uazaneus
Aelsy mudy dudrinisiufenadelduandng
M9edA (Table 3) Munandn wuinsumadgyusiig
aneugiinandnuansnsiuneadflogaisiugiog
LwaL‘ﬁaaﬁmaa%miﬁmawﬁmﬁqaﬂqaqmﬁ 2,348.80 N5u
AENIEANY SevaNNAREIEWUTAAIN (717.50 N3u)

'3

(667.50 NTU) WazAIYNUS

]

anenuguaelaiui
wieafielse (52.80 n¥k) AwaU (Table 3) auiiiu
@ fumaansiusiunei aainaoindwalv
Fuuisiosy uaznananiangiign sosasunde

aneusfasain aneiuginlenuin Fadanuduly

v
o

Ionsumeagdunguiliinsneuauasnisiasydvlald
7 widnwauzidugu3en (long elliptic) (Figure 2)
WoTANANERAIN VU ALFURIANINATE A1U1TANUS

Y L2 t&l Y 1 6 C%
sonlalu 3 wndsll vwnlngiduraudnansia
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funndn 5 wuRwes suianandidusngudnans
2-5 wuRAsLazvLALANTId UK AU nanaendy
2 wuAlung vuiaiinandesniseglugsvuinii
nassvwInang (61u7e 933089 LazAue, 2556)
910 Table 2 wag Figure 2 11 831507
WHUR AU Nl AINTATIUUNVUIATDS
Handndunaaeiugdesdielszdneglunguuuin
g unandnsfumaaeiugianeiiaainaoin
wazargnugiilefudnlungurandnvuInnge

a o I

wazdumaaeRusTaaindnaglunquuaninuuin
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g1eRusIAULANGNAU (Kowyama et al., 2008;
19198 ATruTIal wazudargy) anendd, 2562)
usnInugnss Sulldlademsaninundendiing
Aon1sfnwaaLazNanan liun aamngl uaATTY
duind qungifimanzauegszning 20-25 em
waidoa wazarud uduing 62-75 Wedidus
(Lebot, 2010) &slun1sdnwiasad Ugnuaaoui
gamailiads 20-29 ssmwaldea dudugumgfii
Aaut19ge wisfumAdsanusaddneninlunislina

NARLA

Table 2 Numbers of tuber, length of tuber, and width of tuber in sweet potatoes

Varieties Number of tubers Length of tubers Width of tubers
(no./tubers) (mm) (mm)

Purple Sweet Load 14.00° 133.95° 41.52°

Silk Sweet 11.75° 27.38° 8.22°

Purple Okinawa Kugami Imo 6.25° 100.15° 28.67°

Yellow Kiaro Imo 2.75° 241.25° 60.15°

Fotest xx . o

CV. (%) 25.32 29.44 25.92

Means in the same column followed by the same lowercase letters are not significantly different at the 0.01 probability

lever by DMRT **: Highly significant at the 0.01 probability level

AN MHANAAYBSuMAdY
Frutminiudenvesiatiuma wuinans
ftuslvntniudengeanfoaeiusiaainil 13.62
n§u 50997 Ae areWugiruneliiaainaeda
(12.78 n¥u) arewugaineleiuid (10.90 N3v) way

angudivdesdielsy (3.15 n3u) My (Table 4)

v

AMUNUIUADNNUIN @NUNUST LT AIUTUIUEDN

q

v '
a

geanfe argWusuiuneliaain assaf 0.21
Taduns sesmenAoaenusTasiv (0.17 daduns)

s

aneugindesdielse (0.07 Taduns) uagaiewug

a

112918111171 (0.06 Tadums) m1ua1nu (Table 4)

AUTIMUNL T BN U@ 18N US T LU T nLl asluwna

q

g ugegansatgiugiieleiunii 201.63 n3u

JeRuRRAEUETaaIN (150.95 N3u) UG
weLiiaain aegn (150.15 n¥u) waganeugindes
Atalse (38.51 n¥u) A1UaIAU (Table 4) uagau
mmLLﬂuLﬁaWinm8ﬁuﬁ:17'i‘[,ﬁmmmmﬂiuﬁagaqm

¢

AoaneWusTaaing 13.00 Ty sewmaunfoaoiug
shdlofunn (12.98 fad) aneitugshaneiaai
a93n (12.01 WFL) waganenugimdesdielsy (5.90
fiadf) muddy (Table 4) Fapnuuiiodudai
vavenvesernisavaunasnilvigas baun
a1sUsegnaudminumedy waglad leliwaglad uay
aniu lenaenguintu viliuszansnwnsBai

YouadLarANNLlLTIveladeanad (atly yue
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WESH, 2556) 91NA1SANYIT ASIEBUAILLUULLD
vl adanisiA LA eadedanaladuwy il ol

Waguwlasunndn

Table 3 Tuber dry weight, total dry weight, harvest index (H.l.), and yields of sweet potatoes

Varieties Tuber dry weight Total dry weight Harvest Index  Yields
(¢/plant) (¢/plant) (g/pot)
Purple Sweet Load 710.00° 0.95° 0.92 2,348.80°
Silk Sweet 197.00° 1.04° 0.68 717.50°
Purple Okinawa Kugami Imo 166.25b° 0.70° 0.89 667.50°
Yellow Kiaro Imo 27.50¢ 0.52° 0.76 52.80°
F-test x> x> ns xx
CV. (%) 36.32 18.88 37.30 24.95

Means in the same column followed by the same lowercase letters are not significantly different at the 0.01 probability

level by DMRT, ns: non-significant, **: Highly significant at the 0.01 probability level

Table 4 Quality components of skin and flesh in sweet potatoes varieties

Varieties Skin weight  Skin thickness  Fresh weight Flesh firmness

() (mm) (9 (N)

Purple Sweet Load 12.78° 0.21° 150.15° 12.01°

Silk Sweet 13.62° 0.17° 150.96° 13.00°

Purple Okinawa Kugami Imo 10.90° 0.06° 201.63° 12.98°

Yellow Kiaro Imo 3.15° 0.07° 38.51° 5.90°

F-test *x *x *x *x

CV% 37.18 35.41 27.78 31.44

Means in the same column followed by the same lowercase letters are not significantly different at the 0.01 probability

lever by DMRT, **: Highly significant at the 0.01 probability level

Tuduresrd (L* a* way b*) Mduaiide vanuanaIfed 1 dudinides uidian b* Wuau
Tumsuszifiudnuazusinguesiogisivinisine waneidhognaduinb (@un3 auuas, 2550; B30
TaAn L* fin1ng 100 nuneds saegrediauaing ing wnesiu uazAMg, 2555) FIHANTNAADINU
winautdudvrinsedas uadam L Walnd 0 nsiaAddenuardifovosutiunaiien L* a* uay
wneds fegaiiauainaiosasaududngn daw b* uanaiuegsddsddy lasludnwazan L
A a* Mluuan uansindaegaduduns usen a* 7 Waenveshumameiufihaneiiaainaeda fid L*
\uau wansiiiodradudiden waglud b* M8y gefign (L* = 68.76) aghaildfuddny sosawundeans

N5AIMINENTTVAY UN 24 aUuil 1 unsiau-lquieu 2568



WugTaaIn (L* = 45.71) agiugilenun (L* =

' =

37.72) uazaneugindesdlelsy (L* = 33.11) agad

v o o | s

Hud1Ag drudnvuyal L* 1oduvaAresaignug

93.00) agnaldudnfgy

<

60.99)

Faaindan L* gengn (L* =
JesaaNAEENUg e A IVaase (L* =

g1ewugiviies Alelsy (L* = 60.08) warangiugaiig
Tofu (L* = 41.59) egwiltiedAgy (Table 5 and
Figure 2)

@

A1 a* YasFenvosiuwmagUuaneiugaog

ToAunnilen a* = 47.79 Feunniignograiidoddny
Tnewdlofisufuaeiugiraneiiiaainaosa fan a*
fopnianeiugdu (@ = 7.02) daudilelVisnumeen
a* gefign aeRufianeifiaainaeda (a* = 42.42)
ag13iitiudnAgy (Table 5 and Figure 2)

A1 b* vaauienvesiumeynatenugly

LANFAIAUNIEDR WAAN b* Ve avasduimnaans

[ S

WuUgTaaIng b* = 29.94 sesmunAeae Ui

q

Atalse (b* = 23.72) agWugaruneiiiaainassn

(b* = -8.00) uar arenugiaelefiul (b* = -15.58)

o o

pe9illdAry (Table 5 and Figure 2)
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INI18U BIUANG LMNLTAY UazAuy
(2555) @Anw1ANUFUNUSYRIN1TUSEIdUAE LAY
Ysunaweulnleerduluadadilne 31 aneug
wuihdnwazsinaueulnlsedutmualuwd el
andunussauiuAd L* uag b* waanwagUsunu
woulnilwendunmuslugdadinnuduiugneuindu
And a* Tu TangInena wagAng (2557) 51894
arsiuiualsiududnuusuSuia lneasiuin
walsyudaudunuslulsuinauad a* und
auduiussautuand L* Sanamnaosingudty
naaeutdunguiunaudendrsundnuvasdiile
wAnA19AUIRANE L* Lay b* unna1eiu 398y
DuldldshunametusBaaiviiun i iinuuey
Inlwendiugs LaruenaNg A1 b* uanadsrudu
Adeazdindu Taales b* Wuavszuansdin
Fuun nrsnaaeut wansliiiufeaetuguag
ToAun uanadn b* 7 —15.58 wansisdidefiany
HugdhGuan FetuunliudwSnaneulnlyendud
avaulusumea usviainsnaaouasedldldnaaeu

uUSunauseulnlyeniiy

Table 5 Skin and flesh color value (L*, a* and b*) of sweet potatoes varieties

Varieties Skin color Flesh color

L* a* b* L* a* b*
Purple Sweet Load 68.76° 7.02°  -1.98  63.99° 4212°  -8.00°
Silk Sweet 4571° 4075 274  63.00°  -6.24°  29.94°
Purple Okinawa Kugami Imo 37.72° 4779 442 4159°  34.01° -1558°
Yellow Kiaro Imo 33.11°  38.10°  -526  60.80°  2.25°  2372°
F-test . * e * . .
CV. (%) 2459 2784 1019 3243 1530  17.22

Means in the same column followed by the same lowercase letters are not significantly different at the 0.05 and 0.01

probability lever by DMRT, ns: non-significant, *: Significant at the 0.05 probability level, **: Highly significant at 0.01

probability level
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Figure 2 Flesh and powder color of (A-B) Purple Sweet Load; (C-D) Silk Sweet; (E-F) Purple Okinawa

Kugami Imo and; (G-H) Yellow Kiaro Imo
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Abstract

The quality of eggs and the hue of yolks were examined after incorporating meals from
marigold flowers (Tagetes spp.) and peacock flowers (Delonix regia (Bojer Ex Hook.) Rafin.) into
the diet of layers. The study design was completely randomized (CRD), comprising three
treatments. The treatment consisted of a commercial layer diet (CLD; control) and CLD
supplemented with 1.0% marigold and peacock flower meal. The data were subjected to analysis
of variance, and the means were compared utilizing Duncan's multiple range test within a
statistical software application. The research revealed that incorporating marigold flower meal
into the diet significantly enhanced the yolk color score compared to the control treatment
throughout the initial week of the trial. During the eight-week duration, the egg color score
remained persistently high. Supplementation with peacock flower meal can induce variations in
yolk color compared to the control treatment by the third week of the experiment. Feed intake,
hen day egg production, feed conversion ratio per dozen eggs, feed cost per dozen eggs, egg
weight, egg albumen height, and egg quality index were all influenced by either material color
that was not substantially different. Consequently, the inclusion of 1% marigold in the diet served
as an alternative method for enhancing yolk color quality. This does not affect the performance

of laying hens or the quality of eggs.

Keywords: layer, marigold flower, peacock flower, yolk color, ege quality

unii AUTEINA (@0NT WagAe, 2537) adikwiniensi

asdannivlusssurfunlduselowil 9 An3L509

Huslaalylnlulsvmalnedeulydend (marigolds) Fainenmans Tagetes spp. \iulinen
ihnauagliunsdidy Taefianuidedlidduanlagay duan fnonvarsiandiueyfuatsius lunduaen
TUseansomsuasfisavAiianit aenadesinlnd Asesazdarsnguualsiiuesn As wrulnilas
aunnAaglilyunsdidunitlnguanlid (Cisneros, (xanthophyll)(Leigh Hadden et al,, 1999) 11715 8¢
2021) v wmalwnsvingese naid selnldly ngunenddumunzdvivigniduiivdundian 1aun
gRAMNITULNIINISHANANTATUATIEN TIMInans ftugnoined oaisudion tuiunds uas ozwoala lned
A1lsflad (carophyll) WAUMIWEUTIW (cantaxanthin) USurauwaulniad tmianyu 15,249.54 13,751.34
Fetfiudlyuns wilugnsownsiiunasansdaindrilng 13,376.79 uag 13,323.32 ppm. AMUE10 U (@ULWYT,
ogudfny deansddaunsgsiduiiosans1va laid 2546) niunenAIFeiUTInuusUlnladgw@use
ANAIMIOIMNIUARENSLS kazllTANeiaig1an vhunlduseleviiiuansfiudliunanagdmislaled
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@n1nws wazAe, 2537; Guenthner et al., 1973;

Lokaewmanee, et al., 2011) eAuaNURveE1T B
carotenes viuti it dulusiniiuie degnivasuidy
Fanfiuerderdnginenie wsulniladidudiuuszney
1097 (lutein) tUuastievngsanen wasduyudy
(zeaxanthin) \Juansfueuyadase (antioxidant)
Yosiunsiinugise (malignant tumors) wazaziSsrou
Ymdes (non-Hodgkin lymphoma) (Kelemen et al,,
2006) @9uUn19UNg Il 9 (peacock flower) T
Tned1ans Delonix regia (Bojer Ex Hook.) Rafin.
anwauzduldigusiu a1 10 - 15 wns eenaendunudn
vsomdedludinfouuwgu-10uiey AennIeUNgs
Wi adansualsfiuesd i ddyegnarevia laun v-
carotene, rubicxanthin, phytoene, lycopene, lutein,
zeaxanthin uag phytofluene (Veigas et al., 2012) N5
yudsuarnIsgfuuAlsiuesdiAntundsnisgneoslu
a1lddn walsiiueedgnazatonausylu micelle
(Parker, 1996) wa 1 na AT UK 1ugad vasa1bdLAN
saifudu chylomicrons thandhgszuuimdos uéa
gndsdrssuudndsadennszagludusadidedesy
(During et al., 2005) msautswdnantalulusiu
Tuideruiead ualsiiuesdndsgnaaduazasaluead
lusiu Ssgnavausiueglulvunduiian (Perez-vendrell
et al,, 2001) WWWHEITUATITBY ansAluABNMIIUNYS

H5a9199zanunsariun g duwnrasansdlua1nisdniUn

v
=

161 (Veigas et al., 2012) NM3vudIarN139ATUIL LY
fuUsennveawalsiuses Usununlasulueimis way

o

Tuianaiugiuresasaidoglumasingivemis (da
Silva Pires et al., 2020) MATendai ﬁi’mqﬂizmﬁtﬁa
AnwinsiaduansdainnennidiFosuazaenyinsug e
Tuemisinlydndswanedlyuns aaainly uay
aussnamnswanvesulaly ieidunuimeuiulge
Aunndldunddagnisiaiuansdannunassniuag

nsaafunuNINEnlilY
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gunsaluazIsns

LHUNISNARDY
TIUHUNITNARDILUUE UaNY Sal
(completely randomized design; CRD) Usznaun e
3 ViEVLLUA il
nInuudd 1 e1mslalydnsagunie
N5AN (NFUAIUAL)
nInuudd 2 rmslalydnsagunie
M3 LEsuRenAIE Uy 1.0 Wesidud
Tuams
nInuudd 3 ermslalydnsagunie
M3 EsunenaungsUy 1.0 Wesidud
Tuems
LAaEVINIUATINISNIAGR 3 1 udaznLe
Usgnaumelnlinugddusndsserly o1y 40 dUans
$1uau 5 sadldullaviedy 45 f Bedunsedunuy
Faufvn Wiihazendmiuiuiunasnnat wusdi
oWnTiuas 2 iio A dednan 07.00 U. uazilauie

nan 15.00 U, WalWlvuasaingiuay 15 $alus

nsdawrssunananaBestu aenvnsungaFalu uas
MNINARDY

\funonaniFes wazasnmsungarsaaInduy
ndnnenienanizndunen wildilueulugeua
o1 (hot air oven) 1t panUF LB aszniean
AuTuaT (water activity: a,) Wn31 0.7 aanduun
TagAurtsaesdaoiad esduiiu (blenden) Iazidun
NTBABAIURIFILATIUNTITOU VWA 2 TABAT UTTY
navnnsseulugeiuden diluidudiunaueimsinle
dU593UN19N19AT NI1LATENEIMITNAADY YIS
AuUIINUABNA1ILT osULLAT BN IUNEIE TS
Ju Andu 1% vesdminemns wagdsimindas
\SestauuUAdnea nsnanennEosuLaTABNYg

UNgIH TV UAUDIMT 1AgineIm15aINNeIITIuIY
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wils udmanngninddulsiiafaneuthdunanly
AaniAdnAuneseMsaLide nseveingAunamLin
fuf vssgemslanszasudmivilunnaeadiedlily
wazguiiusogsomnsldmauzidadiadaiusnuly

afu dmsuihlulinseiluiesdfiinns

nstuiindayauazinssianninly
vihnstufinu3unaemsiau (feed intake)
wazduiinnistiluvesliusasdidusetu thdudin
ToyaiildunAumiefidudnandnlisetu (hen
day egg production; HD) §ns11UA U msduly 1
e dunuatenstunisudnly 1 na dguiiuldniae
naastag 3 Weos luduaainevesnndiai Ui
asavaeunannatsly 24 Falus #a81A3 099599
A anInley (Egg Multi Tester) 5w EMT-5200
(Robotmation Co., Ltd, Japan) R TR A EIR

W84 (whole egg weight), A3111g ¢14 9173 (albumen

Table 1 Nutrition contents of experimental diet
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v

height), &launs (yolk color score), Wuuﬂﬁ‘?;}ﬂmmw
9419 (Haugh unit) Feiiasaaruiadiisnlud@ain
4un15 HU = 100 x log (H-1.7W*¥+7.6) vl © H Ao
Arwgavasldeny; W ie dviinladianes uazindly
waReaLTieud (Yolk Colour Fan, Thailand) iield
Wisuiisufunisiasieiades Egg Multi Tester wae
Tanaunurvealdannly (shell thickness) Taeld

electronic digital caliper

A5AATITHANVULDNNNTNAABY
fegsomsiiguiivinulilugidu thuh
n13ATeesdUsenoumsall lawn Taguis (dry
matter, %DM), 1UsAiumeu (crude protein, %CP), 1
(ash, %), Tusiu (ether extract, %EE), 18 olawenu
(crude fat, %CF), wavaslulawmsniigesdne (nitrogen
free extract, %NFE) (AOAC, 2019) HaN15ILATIZAT

LAYULDIMNTNAABY FIRITIN 1

Contents Commercial diet Commercial diet + 1% Commercial diet + 1% P-Value
(control) marigold flower meal peacock flower meal
DM (%) 90.97 + 1.11 90.62 + 0.97 91.60 + 0.12 0.41
CP (%) 14.08 + 0.27 15.37 + 0.37 15.07 £ 0.28 0.16
CF (%) 28.94 + 0.25° 29.40 + 0.15% 28.84 + 0.17° 0.03
EE (%) 2.14 £ 0.36 1.51 £ 0.90 1.91 +£ 0.15 0.43
NFE (%) 24.99 + 1.47 2576 + 2.34 24.21 + 0.84 0.55
Ash (%) 14.80 + 0.27 15.37 + 0.37 15.07 £ 0.28 0.16

3 different letters in the same row denote a highly significant difference (p<0.05)

DM = dry matter (%), CP = crude protein (%), CF = crude fat (%), EE = ether extract (%), NFE = nitrogen free extract (%),

Ash (%),
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nsaanzideyanieada
Tyaf1FUNAN1TNAADILINIIATIFNIAIY
kU5UIU (analysis of variance) AMULNUNITNAABY
WUUH U a:uuuﬁﬂj (completely randomized design,
CRD) 7IAABUAMNLANANITZNIALRAE 35 Duncan’s
multiple range test kazILATIZRARAUNUSAIAZLULE
Iiuasnseuiainifieudtueiomsanuninly Tng
T4 1Usunsudia3un19aif SAS® On Demand for

Academics

NAN15398LLazN159AUS19NANTSIVY
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dussanmniswanveslaly

annsveaeesnudn wiladilasuemsdnse
11971581 (control) wazudllafile Suormsdnsania
N1sAETIABNA1TeIUY kavaanvnaungsUl 1% lu
2115 AUSHun1sAule mandnluaindrviuulnuday
u Smsvasuemnduly 1 Tva uazduyuatems
sold 1 Ina Luuansrefunieadd fanns1edl 2 Tag
Usnaesilafulndifssiusauugihnugiients
A oslawusse1usag @ 112 n$u/f/u (Hendrix
Genetics Corp, 2020) La# Adegbenro et al. (2020)
wuztnisemsiaeslasenusnidilugize aasle

9115 115 NSN/6/ U 9UAIUANAIMNAATYFNNER

Table 2 Comparison of productive performance of layer supplemented with marigold flower and peacock

flower meals

Traits control 1% MFM 1% PFM P-Value
Mean + SD Mean + SD Mean + SD

Feed intake (g/h/d) 113.81 + 0.72 113.98 + 0.46 113.41 + 1.36 0.75

Hen day of egg production (%) 88.82 + 1.68 89.05 + 1.15 88.09 + 2.09 0.78

Feed intake per dozen egg (kg) 1.56 + 0.04 1.55 + 0.03 1.57 + 0.05 0.82

Feed cost per dozen egg (bath) 2391 + 0.59 2376 + 0.44 24.03 + 0.75 0.86

MFM = marigold flower meals, PFM = peacock flower meals

anwazaunnlyla
Aannllnifievinisiasuasunenanisog
Yu uavaanysungsUu 1% Tuermsdnsanianisdn

daasioA1usdinunnly Ae dmdnly anuaslden

v
I A=

AunuUdenly AUs¥isaanInly (Haugh unit;
HU) ldunnenadunisad (p > 0.05) Tnevisnauddivh
mna?maﬂmﬂuﬂqasﬁq 1% Fuurlifuaziian HU s
N7 MIndAuAN lneni1sesunena1niesdudian
UeiFsgmnmle HU geftan agnlsfimudrustnmnin

T HU 9's 3 w3nuudgenda 72 i ednnataniy

WINTFIUAUAINIYUDINTENTINNYATANT FBLUTN
(USDA) ansnsadnaaninegluaaiaseau AA (USDA,
2000) Ing AT IUANAINLYYBINTENTINAYAST
ansgeisni windu mana AA fifn HU 72 wiegeni
Aaa AdA1 HU 5811919 71 - 60 Aa1@d B dA1 HU
5¥MIN9 59 - 31 uag Aaa C fidn HU 30 w3orni
(USDA, 2000) Fansanaunwldansnsaldsuuasls
Mndadanorninergmsiiuinm sugliiuinm ns
wisuAUdenly wazyilnvesianindaudaly

(Nongtaodum et al., 2013; Yuceer and Caner, 2020)
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Table 3 Comparison of egg quality of layer supplemented with marigold flower and peacock flower meals

Traits control 1% MFM 1% PFM P-Value
mean + SD mean + SD mean + SD

Ege weight (g) 57.26 £ 0.94 58.11 + 1.46 56.84 + 2.28 0.65

Egg albumen height (mm) 6.62 £ 0.15 6.96 £ 0.43 6.22 + 0.45 0.12

Haugh unit 81.36 + 1.09 83.71 + 2.25 78.34 + 2.69 0.06

Egg shell thickness (mm) 0.20 £ 0.01 0.20 + 0.01 0.19 £ 0.01 0.37

MFM = marigold flower meals, PFM = peacock flower meals

dlaung

madsunladdliunmann 8 Uasivosnis
NAADY mﬂﬂ’]ﬁ’mﬁm,ﬂ%"aqmammmwlﬂd (egg multi
tester, Ju EMT-5200) fan51971 4 wazgud 1(a) nu
nsiasundameddliunmdaallnldsunisasuumras
miﬁmﬂmaﬂmaﬁaaﬂuLﬁ'mqﬁfuu WANF 1998193
Toddeybmaada (p<0.01) mﬂm%'w,uuﬁmuam%wi
FUariusnanaanisiasy lnedlaunsreamsniuudiass
nonaiTesluilmgeg1aillfedfynasnnismaaes 8
FUaat Fapzuuudliunafiuiulnewasan 1.94 1y
3.64 Avuuy Anduasuuuifiududesay 87.78 d1u
mimﬁammaqﬁwLLmLﬁaLﬁmanmauﬂgaﬂu WU
miﬁmﬂmaﬂmauﬂgaﬂummimLﬁmmuuﬁiﬁiLmﬂé’
wilinuanuuanstmneadfdunInmudemuanluga
FUp¥il 1 - 4 9esnsvnaes uiluraan1saaoIsLs
Un97 5 - 8 wazazuuudlduninasnnisnaass

[

WUIHAUANUUANANNIIETA TUNTNUUARIUAY

'
°o v a '

pe9ldydIAY DT (p<0.05) UITIINITLETNADNATILTDS

Juanansafisdldunddly uazgsninnisiasunenma
wngeUuludns sl 1%luemnsuiniu wargendinis
LilasuagnafitudfyBaneadn (p<0.01)
Msnsaviansdsuutasdlinng aannnsld
a19M1RWWALT B UE (egg color fan) T waluiiAnig
iwerfufiunsiadieiies uiaiinldazgeninnisin
foias osnsanannlilunaniniud Fuandlu
AN5797 5 LLazg‘Uﬁ 1(b) WU MsLEsUABNAIEBIUY
dawaron1sifindliuniniinisliiaduegafitudfyda
NeaEhA (p<0.01) AausdUniusnnsztsdUnsid 8
YBININARDY dunstasunensungsdudawalin
azuuLAldunaduuandannydnsuimuguludua
7i 3 vean1snaaes WoRsaazuuudldunuads
AABANITNARBY WU NISLEUABNATILTIUUAINTE
indldunslduniian deunnsnmisaddfuniaady
ponvsungeluiansaiisdliuadldsosann uas
nsasunenmiaung s ui arunsai udlyundld

o o

WINNIMINUUATIAIURANEE T d Ay et
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Table 4 Comparison of yolk color measurements using the egg multi tester throughout 8-week experiment

week control 1% MFM 1% PFM P-Value
mean + SD mean + SD mean + SD
1 1.96 + 0.22° 3.14 + 0.43° 2.06 + 0.05° 0.01
2 2.19 + 0.54° 4.21 + 0.63° 278 +0.78° 0.02
3 2.17 + 0.34° 451 + 0.24° 3.07 + 0.64° 0.002
aq 232 +0.62° 4.14 + 0.38° 284 +0.51° 0.01
5 1.79 + 0.30° 2.99 + 0.63° 2.72 +0.08° 0.03
6 1.94 + 0.17° 4.20 + 0.67° 3.07 + 0.68° 0.009
7 1.52 + 0.21° 3.28 + 0.48° 218 +0.11° 0.001
8 1.61 + 0.29° 262 +0.22° 272 +0.33° 0.02
average 1.94 + 0.20° 3.64 + 0.36° 2.68 + 0.20° 0.001

e different letters in the same row denote a high significant difference (p<0.05)

MFM = marigold flower meals, PFM = peacock flower meals

Table 5 Comparison of yolk color measurements using the yolk color fan throughout 8-week experiment

week control 1% MFM 1% PFM P-Value
mean = SD mean + SD mean + SD
1 3.89 + 0.19° 5.33 + 0.00° 3.89 + 0.19° <.0001
2 278 + 1.02° 4.55 + 0.39° 3.44 + 0.20%° 0.04
3 2.33% + 0.58° 4.67 + 0.34° 3.56 + 0.20° 0.001
il 3.45 + 0.69° 511+ 0.19° 3.78 + 0.77° 0.03
5 2.44 + 0.20° 4.78 + 0.51° 3.67 + 0.67° 0.003
6 2.89 + 0.84° 4.89 + 0.70° 3.11 + 0.38° 0.02
7 1.00 + 0.00° 4.67 + 0.34° 3.00 + 0.33° <.0001
8 3.11 + 0.38° 5.11 + 0.51° 3.67 + 0.33° 0.003
average 2.74 + 0.35° 4.90 + 0.23° 3.51 + 0.09° 0.0001

3 different letters in the same row denote a highly significant difference (p<0.01)

MFM = marigold flower meals, PFM = peacock flower meals
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Figure 1 Comparison yolk color score throughout 8-week experiment

(a) measurements using the egg multi tester (b) measurements using yolk color fan
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(2010); Matache et al., (2024) Wu11 NITLEINADA
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AonungalusEAu 1.5% Tugnsomisinliansnyle
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A3UNaN1339
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nsuenYaLasAnwanwazuANseNinalsaieInsEYne (Boesenberg/a
rotunda L.) Tu3a%Ianang
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Ralstonia solanacearum usilvinaauiuelngiies Psol_flic-F/ Psol_flic-R wag 759/ 760/ Nmutl21:1F/
Nmutl21:2F/ Nmutl23:AF/ Nmutl22:InF/ Nmutl22:RR ﬁﬁmwmﬁ’%wwwiavﬁa R. solanacearum &6
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Abstract

Samples of bacterial wilt of fingerroot (Boesenbergia rotunda) were collected from Phichit
Province, Thailand. Bacterial isolates showing irregular, whitish, fluidal single colonies with a
pinkish center on triphenyl tetrazolium chloride (TZC) medium were selected. On nutrient agar
(NA), the colonies appeared white with an entire margin. A total of 26 bacterial isolates that
fulfilled these morphological criteria were further characterized by Gram staining, as well as
physiological and biochemical tests. All 26 isolates were Gram-negative and were capable of
utilizing dextrose, lactose, mannitol, maltose, and sorbitol, which are characteristic of Ralstonia
solanacearum. However, PCR detection using R. solanacearum- specific primer sets (Psol flic-
F/Psol_flic-R, 759/760, Nmutl21: 1F/Nmutl21: 2F, Nmutl23: AF/Nmutl22:InF/Nmutl22:RR) yielded
negative results for all isolates. Subsequently, 16S rRNA gene sequences from five representative
isolates were analyzed using BLAST against the NCBI non-redundant nucleotide database. The

results indicated that these isolates were closely related to Enterobacter spp.

Keywords: bacteria, disease, galingale, bacterial wilt
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TnduuaziidunseUaney vise MSeninsevedu

nsz918 (fingerroot) 4 8T nenAans mﬂmiaqﬁuﬁLﬁaﬁwsmamwﬁagmmﬁmﬁm
Boesenbergia rotunda (L.) N¥augn imdmieaauey nsgeluiuiidmiafidns wuih Tsaundutiymman
Toau douvgnidufivaruniamseiinguy savnasudy vosntsuannszsluiiudl lnsvilidunszasuans
nanvalaauluseasemisungesane asdidylu an1sidulumies Tulng wazdu anudimvevly
N3%Y8 Ao kaempferol quercetin ay panduratinA vsnaldaudusazniefiunniidnvard i eide
fassnauiudouuaiidonazdoruialdd fiu Wagududthna demndlesvaaainini Fsenms
nssniau anld fansdudinisudasadueatdelain 19 Aana11gnIdadudninnn1TdIvinaeues e
i efin1sdassnmanudalupeuinnes (Sanmun, wUATSE wazlun1sInnIslsANYUDRNYASNSLYANS5LALl
2023) ¥lsinandnnszedufideinisvesnainia frdmden Saviumalu anmsTenu wuidaens
wntu nwasnsludwminfiansssdnisvenefiuiing whannsadaldanides Pythium sp. was Fusarium
Ugnnszwreann 795 15 Tud 2560 10u 1,200 15 Tud sp. (Nelwgn d9ALnE uazAme, 2549) LayLd 991
2567 Imaﬁuﬁﬂgﬂdauslmuj%ﬂagiué”]Lﬂaiwéﬂixﬁwﬁw Sclerotium sp. (#n# AUNIAN, 2537) Laziie

s

LagaLnNaUIUNse (NSUFULASUNITINERS, 2568) WUT wuafiise loun Ralstonia solanacearum (Fnf &uws
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9%, 2537; Jibat and Alo, 2020) TnglsafiiAnaniie

wuaSodulsaii dnindanudiAguazasisainy

'
]

demelsitufiviivgnanniiga egrdlsfinm nisiinlse
whvaanseueludmindidas selafinsswunie
annnvoslsn dufy muatedifngUszasdssyuay
Suunidoaunglsn ludunszaefidonisadiseinis
Mnideuuafifennnszeiiuansornaidiedluiui
vosdaniaidnsliuigns Againisnelse nrasey
yinuasduunndureatoanuieszms dWevlug
nsdanslsaiiviignds Wildnandnia daauniwa

ANUABINNSVRIRAIAFD LU
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gUnIaluaEIsNg

nMsiuAlaenelsa
uieg19dunssvrefinansennisiduly
widos Tulngd wazdiu anuvaeuly vshalauduy
wazyieiuaniidnwardih (ol awdsududdnia
GiamLﬁ’lLf]asmqmmmE’ﬂmdwLLﬁiaxiﬁﬁﬂﬁuLwﬁu
(Figure 1) & sdufivgruinfnandouvaiiie R
solanacearum AUSIBNUVDS (AN quUNIAW, 2537,
Jibat and Alo, 2020; Kumar et al., 2014) Imaq'mﬁu
Aregefuduzuda x uravgarineiu 1.5-2.0 wns sy
Sruauegneianan 13 fegns Tuiluinianzdgn
Sunelniusyitudne uazsnedunse Sminians
YIULFOUNGARNIBU-5UINALN 2566 nduthyuuende
wuATlSy o vieelfURnTs neddduuasimuIIngInts

wé’qmilﬁmﬁmuam%gﬂmﬁmamwm ASUAYINTS

bNBAT NIANNNAIUAT

Figure 1 Symptoms of wilt on natural infected field fingerroot (A-B), Symptom on fingerroot leaf (C)

=
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NSHENLIBLUATLSY

LUNLYBLUATILSAINAUNTLY18T LARIDINT
Wign Wensdalaufnianlauduusiasesnatade

UnAkaziil o a9 kanao1nis a1ntusyly 70% EtOH
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WWukan 3 Ui a19nleuinauiaelnlde 2 Asauny 2
Y7 FUTA LA IRI8NTEA1BNTBINHIUNITH T DAY
uaduivluinauilseinie uailu spread plate uu

81113 triphenyl tetrazolium chloride (TZC) WU
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oaumgiivies Wunan 48 alus asragleladidmned
anvazdvyuiiyedvunssunsinaidlalal veulSey
NG (single colony) Baniesiouneims nutrient
agar (NA) Usfigaumgfivionduiian a8 dalus ldde
‘U?q‘mé wfusnwdenuniiselu 60% slycerol ﬁﬁ

-20 pIATATYE

N1375780UALAMANTANINIEANUELTIARU
Usennsg

NN15ATIEU 2 35 Usenaumle (1) Anwn
dnwaurduguineveddaladainnisdouduuuwnsy
ANUIT N5V (Schaad et al., 2001) wag (2) n15lY
‘uzmmﬁgﬂ 5 91a lawn dextrose lactose maltose
mannitol wag sorbitol ML3BN15V0e (Hayward, 1964)
Tngviniana 5 vdnd1denviumageurduunds
aslulansnvesuuafisefisaanisdne wWefinisld
Yimaasyinldemsiua suaindifendudmdes

waanunigamaiivieaduian 7 Ju

nsduundauvaiiFeanvglsaisadaeinaia
Polymerase Chain Reaction (PCR)

dan'm genomic DNA Luav 15 elneld 73
modified CTAB (Sambrook et al., 1989) 1118 uLe
niszysinidenuniiFedidomisinudelnsses
759: 5'-GTCGCCGTCAACTCACTTTCC-3" / 760: 5'-
GTCGCCGTCAGCAATGCGGAATGG-3" / Nmutl21: 1F:
5'-CGTTGATGAGGCGCGCAATTT-3"/ Nmutl21:2F: 5
AAGTTATGGACGGTGGAAGTC-3" / Nmutl23: AF: 5-
ATTACSAGAGCAATCGAAAGATT-3' /Nmutl22:InF: 5'-
ATTGCCAAGACGAGAGAAGTA- 3" / Nmutl22: RR:
5TCGCTTGACCCTATAACGAGTA-3' (Xu et al., 2009;
Waki et al., 2013; She et al., 2017) @U1OFWATIEN
wauAmBueldiavan 2 uau Tnsuaud 1 szyindude
wuafilse R solanacearum w19 280 bp LazALOuLe

WAUT 2 S8U phylotype ¥aaLd auuAN i e R
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solanacearum @a5adUATIERL 4 VWA lagvun
144 bp dnaglungu phylotype | WaUABUBULIA 372
bp dneglungu phylotype Il waufduevuin 91 bp
dneglungu phylotype lll Wagngu phylotype IV wans
LOUFABWEIIA 213 bp ludiuresdu egl uazeglns
FH Psol flic-F: 5'-GAACGCCAACGGTGCGAACT-3Y/
Psol flic- R:  5'GGCGGCCTTCAGGGAGGTC- 3
(Schonfeld et al., 2003) @1115084ATILAUOUALOULD
AuIn 400 bp Fesumzsedy AIC veadouuniise R
solanacearum @ 38 ¥ AU N1 581 TP1000 ExcelTag
(Smobio, Taiwan) d34A512KLAURLEULEAI8LAS B
muquqm‘wqﬁ T-Professional (Biometra, Germany)
LENYUIAVBIANBALE ULDA2875 gel electrophoresis
UU 1.5% agarose gel Tu 0.5X TBE buffer nvul
wswarsuiindlelndvesdiedadewundiSefiine
nsdnsuunifuauiuideuuafide R solanacearum
FMRLUSINBUUSIN 165 IRNA dhuau 5 lelaian
Taeldlnsiues F8: 5-AGAGTTTGATCMTGGCTC-3'/
rP2: 5-ACGGCTACCTTGTTACGACTT-3' (Wahid et al.,
2013) uaadsliui¥n Solgent (USLnaLn11a 1#)
Ansrgvasuianalelve wazily blast Wisuifisy
1‘14531‘1465’@ 4 8 National Center for Biotechnology

LY

Information (NCBI) tessyInavaualuaiiie

ASASEUAALYIUaRBLUATISY (cell suspension)

X & Aa Ay =

LB UUTBLUATILS 891H 89N1SANEIVLDIMNT NA
gamgdwenduian 48 47lus andudnslaladuu
HavhemnsmeuinauilsainieinA1nsganiulasi
A11L81IAA YW 600 UILULNAT (ODgyy ) IIN19LTDA
Tilaaisuvivaeeiwad ndagandukaniaiy 0.5
fisher scientific

(Spectrophotometer, Thermo

evolution 300 PC, USA)
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fignimsnalsavaadauuaiite
(Koch’s postulation)

figainisnolsaluf uuasenuazdanun
Usvanal 0.5 wufiuns TnsUgnideuuniii3ediseanis
Anwrasuudunasenuasdafiiiunise 1l euui i
AIBITNITNEALAA WIIUABELUATILT B USUIAT 0.1
fiadanseio 1 5u nysuifar 3 11 Unlifgumgfives
Funno1ns 2-3 Yundsnmisugnidie daudasnis
994 (Jayathilaka et al., 2006) @ iun1siigatinisne
Tsauwfavenlngfirunisendouuiiofe Tnednead
LIUaeEd suuAfiis sasuunenwalugusuins 0.1
fiadanssio 11 n3suday 3 41 Ualifiguunivies
Wunan 10-15 i diauwvasanisnisves (Nishijima et
al, 2004) wagfigarinisnelsaludunszyeeny 1 ey
Tnedawad wwauaesd suuailoid1usnudy
nsane U3ums 1 fadansse 1 dunssuises 3 o1 lag
ﬂqm-ﬁyaszhmmtﬁu Aquienawarainuy 12 $2lug
waathgeeen dunpeinisiluan 4-8 dUavindsann
nsUgnifsluanimlsandou fauasainisues (Paret
et al.,, 2008) TuninuaLUSeuLisuiunssuisniuau lag
\Wouuailide R solanacearum axiliuduileidet
Waswdudiiana dunszveuansennisiite 1du
Tuwdes Tulngd dau wazarudwveulu dunasen

uazveuluguanionnsun@d
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NaN15398LLaZN159AUSIINANISIVY

mMsusnieuuniite

Auseg1anszresIuIY 13 fega fikans
armaudien Wuluwdes Winsl wazdhu audmveu
Tupdnea V daudidunuuiinavient vieemnsuas
Whailededsuiuiihana susnideuuaiidelag
Apsasunesiasnite T2C wudnwaelaladinay 3
1guiigadvuysounsinardlalad veuou aniy
Selalathiervontennasweuuems NA wulaladl
wuafiFefdnuvardunguadreiiun B S yu
(Figure 2) Sauaustsdu 26 lolwan dlalaivunin
911113 TZC wae NA ddnvaedugiuingindigadaiu
L ouuALse R solanacearum wavaonAd o ey
(Jayathilaka et al., 2006; She et al., 2017) usin13AN®A
SnuarduguinewenteuuaiiFefiasaivlauy
wihonsildeensdmdensdnvaslaladfiasdomn

a o 1

wiadnwimaby insizowuaniseluu1adva o
Pectobacterium spp. mmqiimﬁiuasﬁﬁa”wmg
1Alad UUnU 191915 AR UARINULUANLS 8 R
~ ' % = o & v
solanacearum W BBY UUNUIBINIS NA 9931t JUA D49

91AeI8nN159uY Tun1sseyuasduuneunuaiiesaly
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Figure 2 Colony characterization incubated at room temperature for 48 hours; triphenyl tetrazolium chloride

(TZC) (A), nutrient agar (NA) (B)

msfeuduuunnsusaznagaunisidinaaveadie
LUAdiLsY

nséeuAuuunnsy wuinnuaiideda 26 lely
wan WuluafiiSeunsuau deufndunsues safranin o
dededldndasganssm uazdnnsldimars 5 via
1o WA dextrose lactose mannitol maltose @ ¥
sorbitol Tnga1m151U8 suandif o udind e
Wudeatuidewuaine R solanacearum (positive
control) %&Qﬂﬁ'@agﬂuﬂdm R. solanacearum biovar 3
Tngnaiana 5 vdn ALudneiauisasasiuun
R. solanacearum biovar 1 14 5 1@”1‘141,5@&@1"14 210N
A13A N¥1UDY Waki et al. (2013) S1891U7 LT 0
R. solanacearum Tu ¥nsgnadsa1nUszinady
padnsidouavdulaiudeanuisadiuunlaidu
R. solanacearum biovar 4 duuﬂizmmjﬂuuaﬂwa
35‘UﬁLﬁj U L‘ﬁya R. solanacearum biovar 3 hag 4
anudeu Tnewdie R, solanacearum biovar 3 fnsly
fﬂma lactose maltose wag dextrose @7u biovar 4
‘lsﬁ'uy"'}ma lactose maltose mannitol dextrose Lhae
sorbitol (Schaad et al., 2001) WANTSHaUFUUULATH

LaTNAFaUNSIUNINaveLYakuAsadaliaiunse

seylduduowindudie R solanacearum 3asiodinis

nadeufemAtinduY atuayusioll

nssuuniauuafiifeaunglsaiisadenaia
Polymerase Chain Reaction (PCR)
nssuundeuuaiiSedeuiase) PCR Tadld
Alnswwes Psol flic-F/ Psol_flic-R wag 759/
760/Nmutl21:1F/ Nmutl21:2F/
Nmutl23:AF/Nmutl22:InF/ Nmutl22:RR 7 1l
AusuIzaeile R, solanacearum avinlsaiiien
WU%IWL“‘I?UE] WUAN LS8 R solanacearum (positive
control) Tiuauandulwsiuesina 2 gnanunsodunse
wouFowedivwin 400 bp fuglnsiwes Psol flic-F/
Psol_flic-R uaruauALoulovuIn 281 bp Lazvuln
144 bp dneglungu phylotype | Aulnsiues 759/
760/Nmutl21:1F/ Nmutl21:2F/
Nmutl23:AF/Nmutl22:InF/ Nmutl22:RR 1 uLsigiiu
Waki et al. (2013) uaz She et al. (2017) Tilnsiues
759/ 760/ Numult21:1F/ Numult21:2F/
Numult23:AF/ Numult22:InF/ Numult22:RR wazlns
\Wwe3 Psol flic-F/ Psol flic-R fLumiizq%ﬁasuaﬂL%a

WUATSY R. solanacearum wilRaa Ui UL UATISY
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v 26 lelatanannseganseaneiiuansonmsidies 39
vhnsseydnduunuuaiiGennqaunideindu Ingld
guusian 16s rRNA 97u2u 5 lelaian lngldlnsiwes
F8/ rP2 Jwmsnzviarnuilimdlelne waziily blast
wWisuiiisulugiudeya NCBI i eszyivavesde
wuaiiseludostunazanuansinszsigiduiianale
nd wudwuaiiFedwau 5 leluan gnavyindude
Enterobacter spp. daitewuaiiSeIdatansnsanuld
waldluanmundousssund wiednsdriassn

NAIRNWOANNALIATIUTIDTS

fignimsnalsavaadouvaiise

(Koch’s postulation)
ﬁqf\]ﬁﬂ’ﬁﬁ@l‘iﬂﬁlaﬂL%@LLUﬂﬁﬁ‘c’Jﬁgﬂ 26 lole-

wanasiy 4 wia laun neuialug 99 wasew uay

ns¥ane wuin Weuuaiiens 26 lolwan vinldaven

vl wardawansernisd e ewdswdudiima

wasInn1sUgniie 10 Ju Wevuliigaumgiivies uay

a

LLﬂi@%ﬁﬁ’lﬂﬁUQﬂL%@L§QJLL?IGNEJ’1H’I§6§’WI sesIan 2-3
fu vniuidaifoguiauanvdsuduiima deuy
wnty Wesuiunssuiiugnidiofedindu (nseiis
AIuAY) (Figure 3) @aAAdeiU Nishijima et al. (2004)
'ﬁsy’i%ﬂuwﬁya Enterobacter spp. LagLATBNLARNY
p1Nskidenndaeiu Jayathilaka et al. (2006) ﬁszq
dﬁLﬂuL%yaiuﬂa;uﬁﬁ’ﬁ Erwinia spp. mmfuﬁwmiﬂgﬂ
WouuafiBeasuudunszane Susuiumsluriniiou
nunWusTeigure 2567 Geanmwndeuliivanga
sanisnelsa lnellgamgll 37+2 semigai@ea Tuyas
nansiunaz 27+2 ssawaldea Tugrenaiadu wuid
é’uﬂizmaﬁv‘hmiﬂqm%aLwﬂﬁﬁa‘ﬁﬂ 26 Tolwtanuans
9115UNA WuieIfunIIuIsALAN nT1e91ulsA
Wigaiinannidewundise R solanacearum fivaz
LaAsINSIRBILaTA8aE19TInE) TABLAAIINIS
Tumdes Wwkesdlunarsion shusuazuinaie

vnUasufiuduinianan Uibat and Alo, 2020) uay
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INN3ANWIT0Y Paret et al. (2008) Jeiugeoulauay
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UaZINTIB9UVBY Nishijima et al. (2004) na1ailud
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(2020) wag Zhao et al. (2022) wualsATaundinig
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Tsanuwd ouuniise 2 S0 £ cloacae uas
R. solanacearum 3 adeuuailide 2 3vadlianunsa
wendnYENIIdugIWIVeTls donadesiu Nishijima
et al. (2004) izqﬁ%ﬂuﬁa Enterobacter spp. Wag
LATENLEAIBINISLUNEEAARINU Jayathilaka et al.

(2006) Tiszuinduidelunguidta Envinia spp.
#5Unan1339Y
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17U 26 lalatan danwardusuIngIuuntne s
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wazdniiaonadesiuwuailise R solanacearum u
wuimadnwilneinaia PCR foyalnsesiisnme
woid e R solanacearum s¥ulul91d 0 R
solanacearum uagHadATIzaRuAalelnavesdy
165 rRNA vaadonuaiiiesiuiu 5 loluanssyiniu
o Enterobacter spp. ﬁw%“uﬁqa]ﬂmiriaiimau%a
wuATliSe (Koch’s postulation) Tudesufjuanisnuin
FeuuniiSen 26 lelsanshlitmenlve uaviuds
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JorduBLu

dusunisanuiudanlualsiiuiusingna
Wy NMInsvgeuAnaudAINIINIEn MLaETILAl Lag

AMTIMUABLUATIISEA8WATA Polymerase Chain

Reaction (PCR) Mifia1ua1tw1e wiuganduluns
JEULAZNITINTUNYBUUATISY Enterobacter spp.

W BT UNNSIANISSALA g9t UsEANSAn annns

EjiylLa‘EJ?JQQLﬂEG]Sﬂi

Figure 3 Symptoms produced by bacterial from fingerroot on onion bulbs and carrot and ginger slices; Healthy

onion bulbs (left), and yellow onion bulbs (right), after inoculated 10 days at 25 °C. (A), Healthy

carrot slices (left), Mild rot symptoms (discoloration, water-soaking) in petri dishes (right), after

inoculated 10 days at 25 °C. (B), Healthy ginger slices (left), Moderate rot symptoms (discoloration,

water-soaking) in petri dishes (right), after inoculated 2-3 days at 25 °C. (C)

IAINTNYATIVAY TN 24 adudl 1 unsreu-Tguieu 2568



L@NE1591999

nalug dnene, gal Sfusy uay et Suniew.
(2549). M3lddesn Trichoderma spp. lugy
sudeanaunulsaminiiveansye. lu
MITUTEYUNITVINITYOINAIINE AN AT
mIans A% 4d: a7y (U, 489-496).
INYIABLNYATANARS.

NIUANATUNITNEAT. (2568). (12 UNTIAU 2568)
liusnIsveyamIsarunanIsann 11U
113N9AS: ATEYIE. https://production.doa-
e.go.th.

fni qunsas. (2537). lsmesdnuazmstioadumsn
(furindadt 2). medwlsndiy Aazinums i
INYIABLNYATANEARS.

Hayward, A. C. (1964). Characteristics of
Pseudomdnas solanacearum. Journal of
applied bacteriology, 27(2), 265-2717.

Jayathilaka, K., Kelaniyangoda, D. B., & Ranaweera,
B. (2006). Development of a detection
technique for identification of rhizome rot
diseases of ginger. Faculty of Agriculture
and Plantation Management, Wayamba
University of Sri Lanka.

Jibat, M., & Alo, S. (2020). Epidemiology and
management strategies of ginger bacterial
wilt (Ralstonia solanacearum) in Ethiopia.
International journal of research in
agriculture and forestry, 7(5), 41-49.

Kumar, A., Prameela, T. P., Suseelabhai, R., Siljo, A,
Anandaraj, M., & Vinatzer, B. A. (2014).
Host specificity and genetic diversity of
race 4 strains of Ralstonia solanacearum.
Plant pathology, 63(5), 1138-1148.
https://- doi.org/10.1111/ppa.12189

Lin, J., Zhao, Z. & Wang, C. (2020). First report of
rhizome rot on gingger (Zingiber officnale)
caused by Enterobacter cloacae in
Shandong Provine, China. Plant disease,
105(1), 210. https://doi.org/10.1094/PDIS-
05-20-1108-PDN

Nishijima, K. A., Alvarez, A. M., Hepperly, P. R,
Shintaku, M. H., Keith, L. M., Sato, D. M.,
Bushe, B. C., Armstrong, J. W., & Zee, F. T.
(2004). Association of Enterobacter
cloacae with rhizome rot of edible ginger
in Hawaii. Plant disease, 88(12), 1318-
1327. https://doi.org/10.1094/-
PDIS.2004.88.12.1318

Paret, M. L., de Silva, A. S., Criley, R. A, & Alvarez,
A. M. (2008). Ralstonia solanacearum race
4: Risk assessment for edible ginger and
floricultural ginger industries in Hawaii.
HortTechnology, 18(1), 90-96.

Sambrook, J., Fritsch, E. F. & Maniatis, T. (1989).
Molecular cloning: a laboratory manual.
(2" ed.). Cold Spring Harbor Laboratory
Press, Cold Spring Harbor.

Sanmun D. (2023). Natural products to reduce the
severity of coronavirus 2019: A literature
review. Science and technology Review.
16(2), 3-15.

Schaad, N. W., Jones, J. B., & Chun, W. (2001).
Laboratory guide for the identification of
plant pathogenic bacteria. https://-
www.cabidigitallibrary.org/doi/full/10.5555
/20013064240

Schonfeld, J., Heuer, H., Van Elsas, J. D., & Smalla,
K. (2003). Specific and Sensitive Detection

of Ralstonia solanacearum in soil on the

NIANINTNEATIUAY VN 24 adun 1 unsiau-Tquiey 2568


https://production.doa/
https://doi.org/10.1094/
http://www.cabidigitallibrary.org/doi/full/10.5555/20013064240
http://www.cabidigitallibrary.org/doi/full/10.5555/20013064240

43

basis of PCR amplification of fliC Xu, J., Pan, Z. C,, Prior, P., Xu, J. S., Zhang, Z,,
fragments. Applied and environmental Zhang, H., Zhang, L. Q,, He, L. Y., & Feng, J.
microbiology, 69(12), 7248-7256. (2009). Genetic diversity of Ralstonia
https://doi.org/- 10.1128/AEM.69.12.7248- solanacearum strains from China.
7256.2003 European journal of plant pathology,

She, X, Yu, L., Lan, G, Tang, Y., & He, Z. (2017). 125(4), 641-653. https://doi.org/-
Identification and genetic characterization 10.1007/510658-009-9512-5
of Ralstonia solanacearum species Zhao, N., Yang, J., Liu, H., Li, L., Yan, H., & Liu, D.
complex isolates from Cucurbita maxima (2022). Ginger rhizome rot caused by the
in China. Frontiers in plant science, 8, Enterobacter cloacae in Tangshan, China.
1794. Plant Disease, 106(4), 1293.

Wahid, N. S, Bunawan, S. N., Amin, N. M., Hing, J. https://doi.org/10.1094/PDIS-08-21-1812-
N., Kadir, M. K. A, & Ishak, Z. (2013). PDN

Isolation and identification of bacteria
from infected banana samples on TZC
medium using 16S rRNA gene-cloning
method. https://mspp.org.my/files/Full-
Papers_TransactionMSPPVol21.pdf

Waki, T., Horita, M., Kurose, D., Mulya K., &
Tsuchiya, K. (2013). Genetic diversity of
Zingiberacese plant isolates of Ralstonia
solanacearum in the Asia-Pacific Region.
Japan agricultural research quarterly,

47(3), 283-294.

NIANINTNEATIUAY VN 24 adun 1 unsiau-Tquiey 2568


https://doi.org/
https://mspp.org.my/files/Full-%20Papers_TransactionMSPPVol21.pdf
https://mspp.org.my/files/Full-%20Papers_TransactionMSPPVol21.pdf
https://doi.org/

Received: February 6, 2025 Revised: May 20, 2025 Accepted: June 24, 2025
n15UszludndnwaliiasiuvainaniaunaienugauasIvsiil
Preliminary Assessment of the Flower phenology of

Centella asiatica (L.) Urb. ‘Ubon Ratchathani’

ganed ayaslal’ 21aun gaawsun!  uazauing guuisud’

Surapong Anuttato!” Watsana Supaprom! and Anurak Sukkarom?

! udiouasiannmanunsiidng 13 vy 6 dvalsede dunewdies Ywmiaiidng 66000
! Phichit Agricultural Research and Development Center, 13 Moo 6 Rong Chang Sub-district, Muang District, Phichit, Thailand
66000

6§

nMawaudaiugiaun nusnsnisiawdnd Fasnainimieunauiugueeuasduiugidu
Ussiiuiliilomaiivenudifanisairsgnuan Ynquszasdueseniddod iofnwasnainmandon
wauveseiszduiusuestiunmeiusguaTvs i nuln MIuuvesnenaznEBEU LB elesTiaz
pon lngiiuuiuanasnnats MevsInaAennalsuIuade 1.22 uas 2.44 Ju aengdesusnuazaentes
fiaesuru audifu drunsndeunauiugveseiorzduiug wui1 dranarfinasmedeniounaver
5¥MINaNAT 05.37 - 06.28 . Ingduisayduusnaziuusnesnlunanfsdfurdslndidssiu uazguuuy

nsuAnvasduLsailunennals Aendeslsn Lavnangesiiaas linuauuaneneiy

Y

ArdAgy:  Uiun 37N een

*Corresponding author: s.anuttato@gmail.com

Abstract

Crossbreeding in Centella asiatica (L.) Urb. has shown a low seed set rate. The timing of
reproductive organ receptivity is a key factor that can potentially increase the success of
hybridization. The objective of this research was to study the receptive period of reproductive
organs in the Centella asiatica ‘Ubon Ratchathani’. The results revealed that the flowers bloom

continuously, one by one, starting from the central flower. Following the blooming of the central



flower, the first and second florets bloom on average 1.22 and 2.44 days later, respectively.

Regarding the receptivity of reproductive organs, it was found that the stigma receptivity period

occurs between 05:37 and 06:28 in the morning, coinciding with the dehiscence of the first anther

at a similar time. The pattern of anther dehiscence was consistent among the central flower, first

floret, and second floret.

Keywords: Centella asiatica, biology, flower
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Figure 2 Event of floral biology of Centella asiatica ‘Ubon Ratchathani’ line (A) pattern of flower opening

(B) pattern of anthesis and receptive
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Figure 4 The observed natural pollinator in this study (A, B) Ant (C) Leafhopper (D) Spider
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Abstract

This study aimed to develop an integrated approach to managing bacterial wilt in
Galangal (Alpinia galanga), caused by Ralstonia solanacearum, in Phichit Province, Thailand.
Field trials were conducted on farmers’ plots in Thung Noi Subdistrict, Pho Thale District during
2022-2024 by adapting the integrated ginger production technology developed by the
Department of Agriculture. The method involved soil treatment with a mixture of urea (80
kg/rai) and lime (800 kg/rai), followed by the application of Bacillus subtilis BS-DOA 24.
Rhizomes were soaked in the solution before planting, and the biocontrol agent was applied
monthly after planting. Infected plants were removed, and the soil around the planting holes
was treated to prevent further spread. Results showed that the integrated method significantly
improved yields, producing an average of 4,329 ke¢/rai, compared to 3,253 kg/rai in
conventional plots. The disease incidence was also reduced to 1.64% versus 17.7% in the
control group. Economic analysis indicated that farmers using the integrated method achieved
a 103% higher net income and a benefit-cost ratio (BCR) of 2.23 compared to 1.78 in traditional
practices. Additionally, five demonstration plots were established, and 30 farmers participated
in knowledge-sharing activities, expressing high satisfaction with the integrated management

approach.

Keywords: Alpinia galanga, bacterial wilt, integrated management,

Bacillus subtilis BS-DOA 24
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Figure 1 Field preparing for galangal cultivation in Phichit.
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Figure 2 Galangal cultivation in 2022 and 2023.
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Bacillus subtilis BS-DOA 24 5vnzeu Winandsdslusu
G5 10,568 Alansusels §wnninisinensns aau
wWasWudnsifialsanuin nssiRSvensaivImsinems
wumsielsaitenlulas 1.64 Wesdus tesniinssis
NEASTNUNTARISAW End 17.7 WosiSus (Table 1,

Figure 3)

Table 1 Percentage of Disease Incidence, Young Galangal Yield, and Galangal Yield of DOA’s technology

were compared with farmer’s technology in galangal productions during 2022-2023.

Young Galangal Yield (kg/rai) Galangal Yield (kg/rai) Disease Incidence Rate (%)
Farmer no.

Test Famer Test Farmer Test Farmer

1 4,326 3,618 865 724 0.00 0.20

2 3,126 2,693 625 539 0.00 0.00

3 4,732 4,056 946 811 0.00 0.00

4 2,879 2,459 576 492 0.00 1.25

5 4,598 4,008 920 802 0.35 4.50

6 3,070 0.000 614 0 9.50 100

7 2,519 2,139 504 428 0.00 0.00

Average 3,607 2,710 721 542 1.64 17.7

t-Test 2.45% 2.45% 1.05"

FoayanieinuATygAEns
NIsUITVeFRULAUNUNITNER 63,720 UM
sols gandnssuisinunsnsiddununsan 57,281
unels n3eg9n71 6,438 U Aadu 11.2
Wosiud nssuiSveasuisiuls 142,600 umeals
gumﬂdmsiﬁ%mwmmﬁﬁimﬁ 103,831 U naals
W39gendn 38,769 um Andu 37.3 wWesidud d

s1eldansnuin Bvaaeuilselagys 78,880 unse

s qdﬂ’jﬁ%mwmﬂsﬁﬁiwlﬁ 38,769 U sals %38
49111 40,110 vnsiols Amdu 103 Wesidud dle
\iunanouLusievaeasu (BCR) wuh Tuidiia 2
TnTmanauLnuNITamu (BCR) #x1nndn 1.00 B
wneau seldunninsedne msuantuiiiils
fiaudssiosaiunsarinisuanls lnonssuss
nedeuiian BCR waswindu 2.23 Tuvasdingsu’s

LNWASNSIAN BCR WAy 1.78 (Table 2)
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Figure 3 Bacterial wilt in Galangal.
ab Experimental plots for testing the control of bacterial wilt disease in Galangal during  the 2022/2023 season.

c-d Galangal plots cultivated using traditional farmer methods (comparison plots) during the 2022/2023 season.

Y a o o ¥ ' a d do o aa

Jupaui 2 Iavwlasdunuukazaienaamalulag solanacearum WUUNANNAUIUNUNTINTANTRT
L daviudasiunuy inalulagnisdesiu wlasnunsnsyedey gnelnyeia 3mTaNIng

AAAlIALAEIUIUINLASTALARINIT L UATISY R. (Figure 4)

Figure 4 Prototype transformation of integrated technology for controlling and eliminating

bacterial wilt caused by Ralstonia solanacearum in Phichit Province
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Table 2 The production cost of DOA’s technology were compared with farmer’s technology in galangal productions

during 2022 - 2023.

Total costs (Baht/rai) Income (Baht/rai) Profit (Baht/rai) BCR
Farmer
no Farmer’s DOA’s Farmer’s DOA’s Farmer’s
’ DOA Farmer DOA
Technology  Technology Technology Technology Technology

1 74,902 64,756 164,388 137,484 89,486 12,728 2.19 2.12

2 59,365 52,519 118,788 102,334 59,423 49,815 2.00 1.95

3 74,214 65,652 179,816 154,128 105,602 88,476 2.42 2.35

4 46,798 41,608 109,402 93,442 62,604 51,834 2.34 2.25

5 73,200 66,554 174,724 152,304 101,524 85,750 2.39 2.29

6 53,840 20,000 116,660 0.0000 62,820 -20,000 2.17 0.00

7 45,741 42,231 95,722 81282 49,981 39,051 2.09 1.92
Average 63,720 57,281 142,600 103,831 78,880 -38,769 2.23 1.78
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(Figure 4)
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19 AU (63 LWosHua) 599891178 sEAUTsEUANEN

ABUAU MBUUANY LA BULYN 31UIU 10 AU (33

Wesidud) uavseauusygInssiuiu 1 au (4

Wasdud) Table 3

Table 3 Personal information of Associate (gender, age and education) of Organizing a seminar on

technology transfer for the integrated control of bacterial wilt in galangal caused by Ralstonia

solanacearum in Phichit Province at Thung Noi farmers' plots, Phichit Province.

Personal information Person Percentage
Gender Male 14 53
Female 16 47
Totally 30 100
Age 21 - 40 years 2 7
41 - 60 years 23 7
> 60 years 5 16
Totally 30 100
Education Elementary School/Primary School 19 63
Middle school/Junior high school/
10 33
Senior high school
Bachelor’s degree 1 4
Totally 30 100

2) AUNIna lafawAlulagveInsuIBINISNEAS
LTINS ALLUUTATEAUAITUN

welave| 1T raruinagg uLlasanenan

wialulad Falamvuanausinisusziulaewuadu 5

&y Aatl

Average Satisfaction level
4.21 - 5.00 Very satisfied

3.41-4.20 Satisfied

2.61-3.40 Neutral

1.81 - 2.60 Slightly satisfied

1.0 - 1.80 Unsatisfied

anunanaladamalulagvansudvinisinens
1. andelufiu Tnen1seuAumgyiSenauyy
217 80151 80:800 nn./13 LileanWeanvnvedlsaly

Auneudgn frnuianelasgseiunelauin Andy

Fowaz 66.7 wolauniian Amduievay 33.3 Fadl
ANRAY 4.33 Jsvaunauseiiiu darufianalauin
an (Table 4)
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2. MIMFA U9 BS-DOA 24 Tunistesiu
Aanlsalsaiiendiniuasfitinandenuafise R
solanacearum danuianelasgszaunalauin fn
\Jufewas 66.7 nelasniign Andudesay 33.3 G
flaade 4.33 fszsunauszdiv faufianelauin
'17'1'23@ (Table 4)

3. msldiuiugiinuguasnlsa dnnudi
welvegszaunely Anduesaz 20.0 walawin An

Jufewaz 66.7 wolaundiagn Andusesar 13.3 &

61

fidads 3.93 dszdunauszdy Sanufianslaun
(Table 4)

4. m3saamsunssruelunyadlaeyadud
\lsmeenannuasuas Tdyusmuinavauiye i
anuianelaegszaunely Anlufevaz 23.3 wela
wn Anidudesay 50.0 welawnian Andusosas
25.0 Feflenade 4.03 fszdunauszifiu Tanui

walaun (Table 4)

Table 4 Satisfaction with the Department of Agriculture's Technology

Satisfaction level (n= 30 Person/Percentage)

) Strongly Strongly ~ Average Results
Topics Disagree  Neutral Agree
Disagree Agree
1.1 Soil sterilization by solarization
using urea mixed with lime at a 20 10 Very
- - - 4.33
ratio of 80:800 ke/rai to reduce soil- 66.7 333 satisfied
borne pathogens before planting.
1.2 The use of the biological
control agent BS-DOA 24 for the
20 10 Very
prevention and control of red shoot - - - 4.33 fed
67.7 33.3 satisfie
ginger wilt disease caused by the
bacterium Ralstonia solanacearum.
1.3 The use of disease-free planting 6 20 4 3.93
- - Satisfied
materials or rhizomes. 20.0 66.7 13.3
1.4 Reducing the spread in the field
7 15 8
by removing infected plants and - - 4.03 Satisfied
233 50.0 25.0

applying lime to the dug-out holes.
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Figure 5 Organizing a seminar on technology transfer for the integrated control of bacterial wilt in

galangal caused by Ralstonia solanacearum in Phichit Province at Thung Noi farmers' plots, Phichit

Province.
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Abstract

This research aimed to analyze active compounds and antioxidant activity of northern
local yams by examining active compounds and initial chemical compositions in local yams.
This research aims to support the development of alternative health foods and commercial
cultivation, as well as to provide data for the conservation of indigenous plant genetics. The
study was conducted on 10 varieties of local yams consisting of Luead yam, Sa yam, Jaoprao
yam, Krab yam, Hua Chang yam, Praoyao yam, Mue Suae yam, Aon yam, Sao yam and Lueang
yam. A complete block randomized design was used, replicated 3 times, in the farmer's plot
of the agricultural product processing community enterprise, Ban Pa Kha, Bo Suak Subdistrict,
Mueang Nan District, Nan Province, in the 2024/2025 production season. The experiment found
that the 10 local yam varieties gave significantly different yields (p < 0.01), with Luead yam
being the variety with the highest yield potential at 3,713.94 kg/Rai, and there was a positive
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correlation between the yield and fresh tuber weight, dry tuber weight and leaf area index.
Luead yam revealed the highest starch content, while Jaoprao yam had the lowest, with
values of 79.24 and 55.86 grams per 100 grams, respectively. Krab yam showed the highest
protein content, whereas Jaoprao yam had the lowest, at 13.13 and 8.87 grams per 100 grams,
respectively. Lueang Yam contained the highest fiber content, while Sa yam had the lowest,
at 5.60 and 2.68 grams per 100 grams, respectively. Hua Chang yam indicated the highest total
phenolic content, and Luead yam had the lowest, with 323.08+0.17 and 102.52+0.11 mg GAE/g
sample, respectively. Jaoprao yam exhibited the highest flavonoid content, while Luead yam
showed the lowest, with 330.41+0.23 and 238.81+0.05 mg GAE/g sample, respectively.
Moreover, Hua Chang yam illustrated the highest antioxidant activities, with 61.68+0.13%
inhibition by the DPPH method and 86.73+1.45% by the ABTS method, respectively. The
antioxidant activity of Luead yam extract was strongly correlated with its phenolic and
flavonoid contents. The results of this experiment showed that Luead yam had a potential
for planting in the Northern region of Thailand. For further research, the genetic variation of
the native yam should be studied to maintain the genetic diversity that will help maintain the

quality of the native yam.

Keywords: Growth, Flavonoids, Phenolic compounds, Antioxidant activity, local yam
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Table 1 Common and scientific name of northern local yams

No. Common Scientific name No.  Common name Scientific name
name
1 Luead yam Dioscorea alata L. 6 Praoyao yam Dioscorea glabra Roxb.
2  Sayam Dioscorea filiformis 7 Mue Suae yam Dioscorea esculenta L.
Blume
3 Jaoprao yam  Dioscorea spp. 8  Aonyam Dioscorea esculenta (Lour.)
Burkill
4 Krab yam Dioscorea inopinata 9 Sao yam Dioscorea filiformis Blume
5  Hua Chang Dioscorea nitens 10 Lueang Yam Dioscorea wallichii Hook.f.
yam Prain & Burkill
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Figure 1 Characteristics of local yam 10 varieties 1. Luead yam 2. Sa yam 3. Jaoprao yam 4. Krab yam 5.

Hua Chang yam 6. Praoyao yam 7. Mue Suae yam 8. Aon yam 9. Sao yam 10. Lueang Yam
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N159AsIEUSINE1sUSEnaUUedNn
ARSIV UNENsUSEnauTluednmae

35 v99 Basma et al. (2011) lagn1suiansannalu

v '
=T =

futu Nanalauiazaglueniuea 1 Jadnsuse
ad8ns Usu1es 0.2 adans antusiuasazany
Folin-Ciocalteu auttudusasay 10 Tudsuns 0.5

Jadans wasfuuinauludsuins 0.5 0adans

MnduRNa1sazatelelfguA1SUBLUANT LS pEaY
7.5 (W) U313 0.8 fadans rnaulidnfundadsls
Tuiifia fgamgdeaduiian 30 urdl wdah
asazaneiildianindnsgandulasiietndosi
Adaaunlnsinlafines finue1indu 750 wilu
LUAT mﬂﬂguﬁm’wmsamﬂé‘uLLawmmiazmalﬂ
AulrUsuIuasuseneu Ausdnlaglansiv

mmgm%aﬂimmaﬁﬂ

A59ATITAUSUNIEsWaN 1A

153 USUEsHa LI ue U A LTy

1%
= £% £%

NuUU fae75v84 Patil et al. (2012) Inguansana

FUNUUIY 1 AU Wainneen1uea 31Nt ulsu

Y o v v

Usuwsidu 50 Tadans warthansazatuansanag

Nutu Nadalaun 4 Jaddns lWideanalwmdu 10

£%

1088n35 way Yeway 10 AlCL, 0.1 Hadans Asnelin

t%

QRIVE RN

[

Yunan 30 w9 rasazareitainun

a

farnsganduuasneiniesyi-adaanlnsinle
fines fiaue1indu 415 urluluns AU
Usunaansaliusenlaaiisuiunsmunsgiuves
WosTAY wanwalFuraasnaluesd sy

adansrasTRumansy

mwwaauqméﬁma%aﬁasz 2,2-ciphenyl-1-
picrylhydrazyl (DPPH)
nsneaeUqVEFnueyyadaTs DPPH Fes
299 Ayoola et al. (2008) lngn151uasazaty DPPH
(AMududy 0.05 dadluariluteniuea 95 %) 3
fladans thansadafisdenluinsiuadluvasamaans
uduRasaraneiuiiutuiinududy 355 -1000
fadnsusdefing wanansainuiung 750 lulasing
waz DPPH 0.1 lulasdng ludnsndiu 1:1 Tdadly
nagamnaosudiluisliluiifalugumndvondy
a1 30 Wil vdsnduiaasin1spanduuade
\n3osg-AdiTaauninslnladimes Aemendndu
517 wiluwns MnduthAnisganduuadunnvasn
neasuaraanmuAl Awalulesidus Radical

scavenging lAgAIMANGAST 6iail
% Radical scavenging = [(Ax - Aqmple)/Acd x 100

We Ay ARAINMIAANAULAINDIATAZAY DPPH
Acmple FRAINNIQANTULAIYDIENTAYAY DPPH

WelANaTunsgIuY

msﬁnﬂaaquéé’ﬂua%aﬁaiz 2,2-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS)
mﬁmaauqmémﬁﬁmmiawaafﬁz ABTS
A18735909 Thaipong et al. (2006) A3 ENAITAZAE
ABTS fiaundudu 7 fiadluand fu K,S,0, 1udu
2.45 fiadluans Inevhazarglutindu snsndau
1:0.5 fadans naulddrfundnhluiiluiifiely

gamndendunial 6 widl anduiiaisazaied
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wisuladnninAinsgandunasiieinseegd-3a
Waaunnsinladines AAueIAaY 734 w1ty
LS mﬂﬁ'uﬁwﬂ"]miamﬂﬁuLLawnﬁauﬁ’Uﬂ'mﬁ

AendunasiunasnaIuAi 1gseugSnUaYLA

Y 9

a

ddsy ABTS LUUAIY09 S08a¥N1SEUE S AU

Wi iuiuIsnsmgrsaueyyadase DPPH

nsaATideyaneain

ihdeyailiuniiaszsinuuysusiumig
@@ (analysis of variance) ANULHUNITNAABDILUY
quneluvfionanysal waAIANLANANTZIINg
ALadedieis Duncan’s new multiple range test
wardiasizvianduius nuISves Gomez and
Gomez (1984) Tngldlusunsuiinsgvivoyansada
STAR 2.0.1

WNaN1538LazN159AUS18HANTSIVY

1. M3R3YAUlnvasEAULAZUSUUNANER
Funutuns 10 Wug durminiaan
Uminiuine aviiuilu dmdnionas dandnien

LIS 91U A GUUS UIURIF AU LAz UL

v
1 o A

nanAniasels (Table 2-3) wudud utIuNe 10
Wug Winandnsineiu egefidedidgygamnieada (p <
0.01) 91nN15AN®INITLAS LA UIAUDIAIAULAY

USUNUNANERYD I UNUTIY 10 WUS WUl WIndni

anugiunutume 10 Wug Suwinanegsenin

3,895.11-6,921.84 nSu wavlneiadsduwinan

1%

5,752.52 154 lngduidan Tuknay Juns1ie17 way

v Yy o« 2 o sa

fusauiiiminmanliwnnanaiunisada tJuius

2
v

fuminanunndniugdy o egreditdudAnydmng
add (p < 0.01) Imefuminian 6,921.84 6,536.92

6,375.15 uay 6,266.04 ¥y AUy luvasd g

o

du 9 HulvnindiantesninegnitudAydmig
adif (p > 0.01) Wmdnuiaiugdunudiune 10
Wug dumdniiuniaegsening 516.60-902.38 n3u

warlagmasiunntniwe 767.76 n3u lnesulnay

72

N

Julden duni11e17 dudou wazdulolde 9l
wrmdniuislaunnanesfuniead @ 1 uiugid

a

tniuiennndniugay 9 sgddudAyome

7

87 (p < 0.01) Tnefhimiinitausts 902.38 877.98

863.21 861.10 way 778.37 ASUAUAIAU TuET

Wugou 9 duilvmdniuwisieenitegraiideddgy

v

evnaadi (p > 0.01) (Table 2) Fuduiluiugiiu

wutwne 10 Wug Advilnuinluegsening 1.07-1.99

ASURLUAT kaclaeRdulasinuily 1.41 1519

'
O | v faa v

wuies lnesdudannazaiuen Hunusna sudnug

]

lunnndiugdu q egnddediAgynieada (p >

0.01) Tnadiada uilu 1.99 uay 1.97 A1519

a

wuRuas luvusidudoudaduiugiuniudu 7

NERsNSReNUaniuuINAdatudaninuueg el

Y 9

' ¥
v o v A N oA

Hod1AyBm19ada (p < 0.01) Inesiudoudauinum

Tu 1.56 Ans10guRuUns (Table 2) nandnianols

Wugduitutuns 10 Wug dnandaiasielseysening

)

1,185.51-3,713.94 Alansussls uavlnoiadeiinandn

Pnals 2,457.52 Alansumals Imaﬁmﬁamﬂuﬁuﬁ:ﬁ
finandnvselsinnnii ugdu 4 egredifuddnmis
aid (p > 0.01) Inedlnandniminals 3,713.94 Alansu
sols luvmeditudeudadu fusdufiuduiinuasns
fenvgniuinniigaludminuusgrefidoddad
Nad @ (p < 0.01) Tnedudoulinandnianols
2,260.87 Alansusiold (Table 2) dwdniananius
fumutuste 10 Wus duminiaianey seniis
1,060.05 - 2,928.26 n%a wavlneiadsiitnminionan
1,994.05 n¥u Tnesfuidenuasdudou Sethmine

el

anlyuanaetuniead s sJunusnduindnianan

q

'
a

WINNIINUAY 9 egeddudAydmisada (p <

o

0.01) Tnefldmiinianan 2,928.26 W8¥2,914.72 ASU

' ' v
[ o v a

pruddy lurmefiiusdu 4 Suildwdnionantios
niregadiveddydoneadd (p > 0.01) (Table 3)
i uaiusutiut i 10 Wug Sdwiinn
Wiiseg581Ine 229.77-524.83 n§u wazlasiod ol
thwiinianusis 422.89 n¥u Tnesfuidon sfus sl

LATTUDBU TN UIMTNL LTIl LANANa A UN9EDR
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WJu "’uﬁ:"“'umﬁmmuﬁamm’hﬂ’uﬁ‘ﬁ'u 9 agdl

Waddy8meadd (p < 0.01) Tnefldmdniouie

524.83 509.03 500.50 Lay 486.70 NTU ANUAIHNU

Tuvauzdi ”uﬁ: Bu  duibudnonukalosnitegsd

u

Taddadmeadd (p > 0.01) (Table 3) 1w

¢ o

LLGUUQWQWUWUﬁMUWUUWUVN 10 Wug M‘\]’]H’JUﬂQLLGUUQ

]

mamuagizmw 1.33-3 fN LLaSIG]EJLQa aummum
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LY

LYUIABAY 2.43 N4 lagduden Juw Juns1ie1)

ffufloide wagsuan 1uiugATduuAususios

wnnIugdu 9 egrditfuddameada (p > 0.01)

<

¥

Tnefidnuiufsuusiony 3 A luruedudou T
dwiugduiutuiinwesnsieuvgniuanniiaaty

Jrinvnuet1eildudAgydwneada (p < 0.01) lay

TUdaU NI UIUNIWIUIRBAY 2 N4 (Table 2)

Table 2 Fresh weightof tuber, dried weight of tuber, leaf area index and yield of local yam 10 varieties

Local yam Fresh weight of Dried weight of leaf area index . .

Varieties tuber (g) tuber (g) (sg.cm.) vietd g/
1. Luead yam 6,921.84° 877.98% 1.99° 3,713.94°
2. Sa yam 5,328.32° 670.38" 1.97° 1,787.45°
3. Jaoprao yam 3895.11°¢ 516.60° 1.07¢ 1,185.51'
4. Klab yam 6,536.92°° 902.38" 1.83° 3,530.55"
5. Hau chang yam 5,590.34° 750.43° 1.27° 2,301.34°
6. Praoyao yam 6,375.15" 863.21% 1.12° 3,036.83°
7. Mue suae yam 5,800.64° 778.37°° 1.18% 2,706.67°
8. Aon yam 6,266.04°° 861.10° 1.56° 2,260.87"
9. Sao yam 5,340.15" 716.49° 1.14° 1,604.61"
10. Lueang yam 5,470.92 736.65° 1.10° 2,407.83°
Mean 5,752.52 767.76 1.41 2,457.52
Ftest o = = .
CV (%) 6.92 7.43 4.53 1.93

** = statistically highly significant difference (P < 0.01); Different letters labeled in the same column showed statistically

highly significant differences (P < 0.01) using Duncan's New Multiple Range Test.

uuiseduiugiuiud1une 10 Wug 4
UL UaYTENIN 2.00-9.67 sy uazlay

WRAYNIIWIUNIADAY 3.17 WINAU Lagdudoy Lay

Tugn d91uuimsenuldluaneaiuniass Lﬁuwu

2N

o

ﬁﬁﬁwmummammﬂmwwuﬁau 9 pe9tTydA EU

o
o

An

e

N9aif (p < 0.01) Taedlduruiinedu 9.67 Lay

Qe
b

3.33 WARAUAINEIAU TUVUETINUS DU ) Wuil

)

v a q(

TuIuiIReRulseniteglitedAydmieata (p

< 0.01) (Table 3) NNNANITNARDILT BT 215 0
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v
P

Handnveiugiunutune 10 Wug wudduiudiu

Tinandnsinanusgnaditedn

Tnesudenduiugil
du 9 agefieddyd wmnead i
nawan 3,713.94 Alansusels waziiioRarsannig
WigdulnvesdduarUSnanandnsiuiutiu fe
dveinstaan thuiniuste suiiuily nandadels
VA nienan tanidnia e SIUIUA WU uat

Sunuisenu uandliiiui duiudiuis 10 Wugi

v
]

'
a

1)

FoyBaneada (p <0.01)

Winandnaandniugdunuinu
(p < 0.01) Tawlw



fianuaunsalunisusui wazlinandndstudle
Ugnlu ufl Sandauiu wazainuanisiiaaes
ANAUNUSTEWININANER DIAUTENOUVDINANARN VD
fuuu e 10 s Wi nenAnTasuiutu
solsfanduiusmeuiniu tudnifan tndnoh
Wik wazsrdiuily Tnefldandusiugvindu 0.8326,
0.8075 tag 0.4485 aua1au (p < 0.01) (Table 6)
Feaoandesiun1snnasived UsIaa gULAL LAz
UM %’umgsaﬁ (2567); az009Fs ASINET WarANY

v o

(2561); $ndy ATUITINTA (2558); §1UIY BITAN

594 upzAME (2558) Lagindy ATUTIINTN uavAe

¥
v v § ' o A

(2558) InglaNdUNUSTEUININANAARITUN WU 1UT

o

gaiuaniduiugNdesAusenevrenandniiffe

74

Wwiinian dminiuis wasdvliuilugs eenals

fimunisiiudenlinandnganitiugdu 9 du A

]

sala '3

WinasuduiusNlesAUsenauvaINanannf 393l

]

Ymtinan 6,921.84 n5Y fmensus 877.98
n%u figadlituiilu 1.99 msraeufiuns wasaenndss
fun15nnaes Darkwa et al (2019) finudn HanAEn
solsfigeiuasdanduiusmauinsswinmananiiadi

gaiuNISRSULAULAveIERUNG 1y dmniian

v '
1Y o

audnuilu 3Usrelu Adanudunusnisuindiy
HaRdn M8 AsuINnNITeaesiidsasulan du

donluiugiiuiuiunlinandnguazinuigdmiu

nsUgniuituiniamile

Table 3 Vine fresh weight, vine dry weight, number of branching/plant and heads/plant of local yam 10

varieties
number of
Local yam vine fresh weight vine dry
o . branching/plant heads/plant
Varieties (g/plant) weight(g/plant)
(branches)
1. Luead yam 2,928.26° 524,83 3.00° 2.00°
2. Sa yam 2,720.47° 509.03%° 3.00° 3.33°
3. Jaoprao yam 1,085.83' 229.77 2.00° 2.33
4. Klab yam 1,313.12° 339.77° 2.00° 3.00%
5. Hau chang yam 1,644.78° 430.07° 1.33° 2.00°
6. Praoyao yam 2,443.87° 483.13" 3.00° 2.00°
7. Mue suae yam 1,060.05' 432.67° 3.00° 2.00°
8. Aon yam 2,914.72° 486.70°° 2.00° 9.67°
9. Sao yam 2,631.85° 500.50" 3.00° 2.33%
10. Lueang yam 1,197.43° 292.40° 1.00° 3.00™
Mean 1,994.05 422.89 2.43 3.17
Vv (%) 3.83 4.11 7.50 9.99

** = statistically highly significant difference (p < 0.01); Different letters labeled in the same column showed statistically

highly significant differences (P < 0.01) using Duncan's New Multiple Range Test.
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2. Paanausnsddey wazansdnuoyyadasy
nsAnwIaIsNaNuAll USuiaansdanfigy
AnuAslATNTg waznvdsuoyyadasy dldi
nM3AsziUTuauds Ysunalusiu Ysunanduly
Usuauansituedn Usunaansvanliuesd gqusau
PUaBds¥A1875 DPPH way ABTS assay luilu
futi 10 Wus ot Uanauds wugiufiudust
10 #ug HUSunaudeagsening 55.86-79.24 n3u sio

100 5y wazlneadedusunanda 63.47 nsU #o

[V 4

100 n3u lnedudemduiugAfivsunauntsgeni
Wugau 9 egraidudAyBaneada (p < 0.01) lned

USunauwds 79.24 nsu #9100 NSy TuvpueAwugu

goudaduiugiunuduinuasnsioudgniuuin

ngaludaninuudusunauts 56.31 n3use100 nsu

s

(Table 4) YSuaulusau sugsiunuduns 10 Wug

]

USunailushuegsening 8.87-13.13 nfusia 100 N3y

waslagpdsiusunaldsiu 10.65 ASU Ao 100 N5U

o

Tneiuunay wazduden Wuiuglivsinalusivas

)

'
v a

nIMugd 9 ag1aditdAydmneads (p < 0.01)

o

Taefusunalusiu 13.13 way 12.92 nSuMa100 N5u

75

Tusneiiugiudeudaduiugiufiuthufiinuasns
Touugnifusnniigaludmiauivunalusiu 9.12
NTuUMe100 NTU (Table 4) USunanduley Wugsiu
fiuthusita 10 Wug Uhnaudulogsswing 2.68-5.60

A5 #i@ 100 N5U waglasRdedusunanduly 4.13

o

n$u wio 100 N3u Teesfuvdes WurusAiuSunandu

q

'
a

legendniugdug egrelddedAgdmisada (p <

o

0.01) IaesiuFuaw v uly 5.60 N$U #9100 N3Y
Tusagiiusiudoudaduiugduiuduiiinuasng
feugniusnniigaludmimiuiiuiinandule 4.99
nuse 100 n¥u (Table 4) 9MnKHaNIINAADILIlD

NATUINITN IO UM T A Y LAz UTENOU

v a

Maadidaerulugdunuinuanenuegralidedfgda

o

N9@dA (p < 0.01) FadvidwavesasRudTuTuiing

AeuTuamds 1siu uazidule Jsaenadasium
VARBIYBIUTIN QUUM Uavayy Junsysal (2567);
azRIAs ASINAT wavAe (2061); $nde ATUIIAA
Im (2558); 9118 BITNNITOY UagAME (2558) LAy

[

3Ny ATUTILAININ LagAuUy (2558)

Table 4 Starch content, protein content and fiber content of local yam 10 varieties

Local yam Varieties

starch content (%)

protein content (%) fiber content (%)

1. Luead yam 79.24° 12.92° 2.90"
2. Sa yam 65.25° 12.54° 2.68°
3. Jaoprao yam 55.86 8.87° 4.99°
4. Klab yam 58.38° 13.13° 4.25°
5. Hau chang yam 62.99° 10.11° 2.94
6. Praoyao yam 64.21° 10.00° 5.01°
7. Mue suae yam 67.85° 9.11° 3.21°
8. Aon yam 56.31" 9.12¢ 4.99°
9. Sao yam 63.31° 9.09° 4.68°
10. Lueang yam 61.30" 11.63° 5.60°
Mean 63.47 10.65 4.13
CV (%) 0.25 1.21 2.35

** = statistically highly significant difference (p < 0.01); Different letters labeled in the same column showed statistically

highly significant differences (p < 0.01) using Duncan's New Multiple Range Test.
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v '
~ v zl

Fratf uitus sTud ududl S nenmuas
wunlinliUSuua ssdfey waresrusznaunaail
Wesugs Idunsuden dallnmamisoimsysina
TUsfuge Vimnauth Vnandule egluinausivia wa
nsAnuURInaAsTiueAnwusTunutuste 10 Wug
fUSunaansiuedneysening 102.52 = 0.11-323.08
+ 0.17 fadinfuauyaveinsaunadinaeniuaisana

wazlnuadedUsunuarsiuedn 284.91 dadnsy

auyaveInIaLnadnsensuasaia lagduiidne du

= = s

N5 warduden FeiUsunuiuednuINNIINUG

]

A

3u 9 egedidudfydmnadd (p < 0.01) wazidu
s siuedngsiign Inesiusunaemnsiue
8n323.08 + 0.17, 321.59 + 0.09 wag 320.86 + 0.11
fadnfuauyaveinsaunadnaensuasann auanu
Tuvaugiiiugdy o TuTunumsiiuednuandaaingiy
Fou egafidudfyBaneada (p < 0.01) tnefudou
HUSunaansiuedn 280.01 + 0.10 TadnTuauyaves
nInunadnsansuansann (Table 5) aannaadiuy
NAADIVBY UTTAE QUUAT Uaradisen innaaus
(2567); YU1N3 AIA UazANE (2566) waz Mohsen
and Ammar (2009) Wu31 YFuua1susgney
Huednanansannanmdudeniusinuilueingy

a9 InedUsunuarsusenauiuedn 320.86 + 0.11

Y

a a o a

fafnsuauyavesnsaunadnaensuansann way
Usanaansalauesdiugiunuduts 10 Wug 8
YSunuarsnanliuesn oy seming 238.81 + 0.05-
330.41 = 0.23 TadnSuauyavonnesBiudaniuans
afn uarlagiadedusumansrailiuosd 310.22

fafinfuauyavensaunadnsensuaisanna lagdu

OV %) =

319317 dunnav Suden Suan uazliuingns Jad
Usunuansianlauesduinniniugdu q egnadl
Taddydamneadd (p < 0.01) Lﬂuﬁuﬁ:ﬁﬁﬁmm
aslaluessigsiian lnedusunams waluesd
330.41 £ 0.23,330.35 £ 0.22, 329.47 + 0.15, 324.07
+0.12 way 323.58 £+ 0.05 TAGNT UANY AVDY
\nesaRusonsuansatanudy Tuvaediiugdu

JUSuauans Wanlrussaunnsnganniiudou Jady
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v ¢

Wugdunwiuiineasnsdeuugniuuiniaalu

Jwriavegnefiduddydmeadd (p < 0.01) Tng
FudauduTuia a1snanlausss 283.99 + 0.17
fadnTuauyavennaidiuieniuansain (Table 5)
A9NAADITUIIUNAADIVDI AUTN WINLAY LAZAME
(2561) fidnwansdfymnelasuinisvesiuideond
WiaAulan ety §svvd swanan anisazau
29AUTZNIUNINLALITOILULEDR way Wu et al (2005)
finun SwﬁwamﬂamwﬁuﬁﬂqﬂLLazmmLLmﬂm"N
vaaenugaziinananslinandnwasUsunnn A
nielasuinisiagtanigluatgwus Dioscorea
oppositea. Wag Dioscorea alata L.

donAdaIty UTTR LAy Aisen (2567)
nuinAnwsfunauariudenduiunaaisuszney
Wanlauessann1sTiasieviaiud uilesana
Dioscorea spp. ﬁqmdﬂﬁuﬁ:gu 9 wamimaaqu%(
Fueyyadasedaeds DPPH wudt suflutiuis 10

v &

g (Table 5) awnsasnueyyadase DPPH fidn3ey

a

v v
U v o

a¥nN1T0UTIAILA 19.96 + 0.85-61.68 + 0.13 Lazlae

\wdeilnnsaueyyadase DPPH 52.04 aesiuiitng

Juiden uazduanimi Jadgniaueyyadase

DPPH 1nnn31iugdu | egelitied1Aymnsada (p

< 0.01) lnedlgnsdueyyadase DPPH firSesay
ﬂ']iET‘UE]zﬂ 61.68 + 0.13 61.29 + 0.18 uas 60.91 =

1.18 Tuvaueiiugdu «q dansdueyyadasy DPPH

]

wanandiudeu Fudwiudiuiudiuiiinensns

U a

aatudaminuiuegeiived1Agds

o

) =

Heudgniuunny
n3adid (p < 0.01) Inesfudeuiigvdiuoyyadasy
DPPH fiA1¥08azn136U8 s 34.03 + 0.43 (Table 5)
LATHANTAADUNYEAIUBYYaDATE ABTS Wuinsiu
fiutiuke 10 Wus aunsafueyyadasy ABTS fia
Sovaznsiudsdaust 46.67+0.51 - 86.73+ 1.45 uaw
Tneladsiiuunugvisinueyyadass ABTS 72.52 Ty
ffusfadne siuden wagsiuanindn dqnsdiueyya
dasy ABTS mmdwﬁuﬁjﬁlu 7 aeafitdudAydmi
afid (p < 0.01) Tneflanddueyyadass ABTS e

SpuaYn1SgUT Y 86.73 + 1.45, 85.43 + 115 way
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84.83 + 0.20 Tuvaueiugau 9 Jonsiueyyadase

'
o a

ABTS upnansaniudeusg1eiitedAgdamnieaia (

©

< 0.01) Ingdiudouilgnsinueyyadasy ABTS A3ee
agn1sg U’ 46.67 + 0.51 (Table 5) annnanas
AR AFUUSEANT andunus senineusuna

o

a1senAty wazauansalunsiueyYadaTyued

¥ v
£ o

WG TuNUTILN 10 UG WU NINAFRUYNSAI

PULAdATYAITS DPPH Handuiusnisuinseaugs

fulSunaansiuedn warUsuaansvaliuesn g

'
=

JAranduniusivndu 0.8855 way 0.9683 Tuaeuz?
nsNAEeUNNS Ausyyadasy ABTS Janduwus
MUINsEAUgIIuUSINasiueanuazUSIMaNs
Warliuesn laulAanduiusyindu 0.6013 uag
0.7758 (Table 7) @0AARBIAUNUNARBITBIUTIAY
guui uaz aAiTe1 wgAUS (2567) Wuingndiu
BUYAIATEAIYIT DPPH Uag ABTS Yesaisaniagiu
nanaziiuLE endauduiusnsuanduUsum
fluednuar Waliueedsiuiieseilalusuiiut

@na Dioscorea spp. kag@onAd 8 uUNNNa 3 9de

7

wazAME (2565) WUIT N1ITNAFBUAITHANWLATILAY
uiadueendiaturesiuiiutiuana Dioscorea sp.
Tuasatatuiiutlasnismeaeude3s DPPH uas
ABST darnudunusvesufurud usdnuas
walaussdfingaawuieilquiduoyyadasy ABTS
vosfui udui duiussswinsUsnafluednuas
Walhuesdenaidunaunannisidigniiaduiu way
Tassa¥rmaadivesiuednuagralaussdfinulu
arsatatuiiutud fnadenisuansqnidusyya
§asz ABST uaz Das et al. (2012) fiwuinGunasens
susyyadaszinulufisurazsdadanuunnsieiy
thutufuaninuanden wasvdaiug Usinausswlu
fiu Tfvdnvesiivithumeaeuyiinuasituedn
USnansrlatliuesd daduarsusznouiifiunum
AdrAgylunisdueyyadass Tngazyaslunisdy
Fssfisevesansiueyyadase sgnslsinunis
fiansatnsiuidng Suamndn waesudendinvddu

auyadasyaae3s DPPH way ABTS laniign

Table 5 Phytochemical, antioxidant activities and inhibition activity of local yam 10 varieties

Local yam Phenolic content Flavonoid content DPPH ABTS

Varieties (mg GAE/g DW) (mg QE/g DW) (% inhibition) (% inhibition)
1. Luead yam 320.86 + 0.11%° 329.47 + 0.15° 61.29 + 0.18° 85.43 + 115°
2. Sa yam 274.17 + 0.15 304.83+ 0.12° 55.25 + 1.15° 61.72 + 1.17"
3. Jaoprao yam 307.26 + 0.21° 330.41 + 0.23° 60.91 + 1.18° 84.83 + 0.20
4. Klab yam 316.65 + 0.24° 330.35 + 0.22° 59.16 + 0.10° 7757 £0.25'
5. Hau chang yam 323.08 + 0.17° 323.58 + 0.05% 61.68 + 0.13° 86.73 + 1.45°
6. Praoyao yam 321.59 + 0.09% 32274 + 0.16° 58.49 + 0.22° 82.38 + 1.12°
7. Mue suae yam 301.37 + 0.18 313.96 + 0.19° 51.64 + 1.46° 64.83 + 0.18°
8. Aon yam 280.01 + 0.10° 283.99 + 0.17° 34.03 + 0.43° 46.67 + 0.51°
9. Sao yam 306.60 + 0.27° 324.07 + 0.12%° 58.02 + 0.75° 79.20 + 1.70°
10. Lueang yam 102,52 + 0.11° 238.81 + 0.05' 19.96+ 0.85 55.86 +1.35°
Mean 284.91 310.22 52.04 72.52
Ftest = = = an
CV (%) 0.81 0.96 1.13 1.63

** = statistically highly significant difference (p < 0.01); Different letters labeled in the same column showed statistically

highly significant differences (p < 0.01) using Duncan's New Multiple Range Test
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Table 6 Correlation between the productivity, composition of the productivity of homegrown local yams

from 10 varieties tested

Fresh head
Characteristics Dried head weight leaf area index
weight
yield 0.8678" 0.4211"

** = There was a statistically highly significant correlation (p < 0.01)

Table 7 Correlation Coefficient between the amount of phytochemicals and an antioxidant ability

The amount of phytochemical

Antioxidation activity

Phenolic content

Flavonoid content

The restriction of free radicals DPPH

The restriction of free radicals ABTS

0.8855 0.9683"
0.6013" 0.7758"

** = There was a statistically highly significant correlation (p < 0.01)
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Effects of Germinated Paddy Rice inoculated with Pleurotus ostreatus
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Abstract

This study evaluated the effects of replacing commercial diets with germinated paddy
rice cultivated with Pleurotus ostreatus on productive performance in Korat chicken. A
completely randomized design was used with 4 treatments: a control diet and diets
supplemented with 3%, 6% and 9% of the germinated paddy rice. Each treatment consisted
of 4 replicates with 8 birds per replicate. The trial was conducted over 28 days. Parameters
measured included feed intake, body weight gain, and feed conversion ratio (FCR), as well as
nutrient digestibility. Results showed no significant differences (p > 0.05) among treatments in
terms of growth rate, feed intake, FCR, or apparent nutrient digestibility. These findings suggest
that germinated paddy rice cultivated with P. ostreatus can be included in commercial diets

at levels up to 9% without compromising conductive performance in Korat Chicken.

Keywords: germinated rice, Korat chickens, productive performance
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Table 1 Effects of supplementing Korat chicken diets with germinated paddy rice inoculated with

Pleurotus ostreatus on productive performance

levels of paddy germinated in diet

week 0% 3% 6% 9% p-value Sig.
feed Intake (g/week)

1 474.22 469.53 470.00 469.38 0.9669 ns

2 694.38 705.31 715.78 712.66 0.8919 ns

3 482.81 514.22 581.88 499.38 0.0934 ns

4 682.97 712.66 731.09 698.91 0.2156 ns

374 1-4 2,334.40 2,401.70 2,498.80 2,380.03 0.1547 ns

weight gain (g/week)

1 78.13 90.63 112.50 125.00 0.0956 ns

2 318.75 271.88 221.88 300.00 0.0551 ns

3 246.88 246.88 287.50 206.25 0.2632 ns

4 240.63 228.13 228.13 246.88 0.8740 ns

37U 1-4 884.38 837.50 850.00 878.13 0.8991 ns

FCR

1 6.19 5.44 4.20 4.05 0.0544 ns

2 2.18 2.70 3.45 2.39 0.0584 ns

3 1.98 2.08 2.05 2.87 0.3605 ns

q 2.96 3.15 3.28 2.84 0.5902 ns

37U 1-4 2.66 2.88 2.95 2.78 0.6005 ns
HAINNITIATIENY Y ausedniainnig Uselemilaveslusiulupmssening 65.97 - 75.51
dovldvoslnsurresemanaaosis 4 gas wud Wesud druAinslduselevilavesmasmuly
nsteslaveddavuglusiu uagnasu lufiaa DIMTITNIN 82.95 — 87.87 Lesidud fuandlu

WANAIAUNISANA (p>0.05) lasdiA1ve9n15ld Table 2

Table 2 Effects of supplementing germinated paddy rice inoculated with Pleurotus ostreatus in the diets

of Korat chickens on nutrient digestibility

nutrient digestibility (%) levels of paddy germinated in diet p-value

0 % 3% 6 % 9 %
crude protein (%) 65.97 71.35 68.44 75.51 0.3605
gross energy (%) 87.87 86.80 84.69 82.95 0.8113

NIAINMBNERTTVAY UN 24 atUil 1 unsau-lquieu 2568



PNNISNAREINISIES UG ensenTling
fede P. ostreatus Tupmnslridelasamuininis
wSuddenseniineidsadae P, ostreatus i
dawansynusonisiasyiivlnvesiniielasne
Wty 013 Budes wasnsty wiReeTs (2563)
IaAnwnauesnslgdUasnnaunlng 1 mesnIua
Tugmsermislafi uidosgnuaunazing waan1s
NAABINUIT @110 1T 1IURDNWOULUNYIND I
vananluomsla i uidosgnuaulusedy 15
wWoeswudvilildnilsasan egrslsfinm amnsald
FenveuusingInesiualugnsonmslageds
25 Woesiius lnglddwmansznuroaussauznswan
uio9azylsFuyunsEfiuIn Ty Wuiei
Linh et al. (2020) naaeslidraudenendsduld

anwaniugiudiosldinusszau 0 - 7.5 Wesidud
d3Uunan1Ivnaeg

MsMIUAaNI@NALNIERIY P. ostreatus
Tuawnstnwilalasiy wuan anunsavasulue1ung
dudaguluszau 3 - 9 wWesdus tnelidwansznu
AOENTINITRTEYLAULA 9R5IN15AUDIMNT NTLUAYY

& 4‘11 a a 1 v
o1vsiduile wazUsezansamnisgeslavadlnvuy

A a Y =~ &
AIUUVIUNUADNIDNNLNIEAY P. ostreatus F1UU

v o a &
LL‘L!'TV]'NSLUﬂr]{L“ULﬁU']C‘]Q@U@’]M'Wi‘lﬂLua

LONE5D1999

v 6 o €

Anf ITUAUTY, YYD yimﬁué, q35m1d ynsnany,

]
s

SRR audy, NARANA WY1, Lag
L@nass Yuds. (2567). naveIn1sliid ol
‘mwﬁmsiamnﬁmqmmmﬂmumaamﬂ
wlsdudevas. nIsinw 51947, 23(2),
100-108.

aUBY NNBY, FURAY 1TTAIUGTTU, LATWUNNT QU
a1u. (2556). @mmwsmmmmﬁalﬁﬁmﬁmﬁ
Beese S1densen. twms, 29(2), 99-
105.

0175 BuAEe waznsdy Wdeenns. (2563). nansld
Irdsndveundngy e uananlu
pmsAeaussauzn1suanvedliiuilos
anuas. IvgTlwmssal, 14(2), 192-203.

Incharoen, T., Roytrakul, S., & Likittrakulwong, W.
(2021). Dietary germinated paddy rice
and stocking density affect egg
performance, serum biochemical
properties, and proteomic and
transcriptomic response of laying hens
exposed to chronic heat stress.
Proteomes, 9(4), 48. https://doi.org/-
10.3390/proteomes9040048

Kayisoglu, C., Altikardes, E., Guzel, N., & Uzel, S.
(2024). Germination: A powerful way to
improve the nutritional, functional, and
molecular properties of white-and red-
colored sorghum grains. Foods, 13(5),
662. https://doi.org/10.3390/foods-
13050662

Likittrakulwong, W., Poolprasert, P., & Srikaeo, K.
(2021). Effects of extraction methods on
protein properties obtained from paddy
rice and germinated paddy rice. PeerJ, 9,
el1365. https://doi.org/10.7717/-
peerj.11365

Linh, N. T., Guntoro, B., Qui, N. H., & Anh Thu, N.
T. (2020). Effect of sprouted rough rice
on growth performance of local
crossbred chickens. Livestock research
for rural development, 32(10), 156.

Nacha, J., Soodpakdee, K., & Chamyuang, S.
(2023). Nutritional improvement of
germinated rice berry rice (Oryza sativa)
cultivated with Pleurotus ostreatus
mycelium. Trends in sciences, 20(9),
5574-5574. https://doi.org/10.48048/-
tis.2023.5574

NIAINMBNERTTVAY UN 24 atUil 1 unsau-lquieu 2568


https://doi.org/-%2010.3390/proteomes9040048
https://doi.org/-%2010.3390/proteomes9040048
https://doi.org/10.3390/foods-%2013050662
https://doi.org/10.3390/foods-%2013050662
https://doi.org/10.7717/
https://doi.org/10.48048/-%20tis.2023.5574
https://doi.org/10.48048/-%20tis.2023.5574

Qui, N. H., Linh, N. T., & Thu, N. T. A. (2024).
Sprouted rough rice as an alternative to
corn for growth, health performance
and meat quality of broilers. Saudi
journal of biological sciences, 31(8),
104034.

R Core Team. (2021). R: A language and
environment for statistical computing.

https://www.R-project.org

86

Steel, R. G. D., & Torrie, J. H. (1980). Principles
and procedures of statistics: A
biometrical approach (2nd ed.).
McGraw-Hill.

Wirunpan, K., Chinwang, S., Chaikong, N., &
Pukahuta, C. (2019). Increasing nutritional
contents of cassava starch wastes using
Pleurotus ostreatus (Jacg.) P. Kumm.
and Lentinus squarrosulus Mont. Journal
of pure and applied microbiology, 13(1),
117-126.

NIAINMBNERTTVAY UN 24 atUil 1 unsau-lquieu 2568


https://www.r-project.org/

