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In reality, concentrated areas of ethnic minorities in Yunnan are significantly in
need of a strengthening of their development through the talent available from
higher education. Based on statistics of the 15 EEMs, the researcher statistically
calculated the numbers of illiterate/ semi-illiterate and those in higher
education, as shown below (Table 6).

Table 6. The proportion of illiterate/ semi-illiterate and higher education of the 15
EEMs in Yunnan (%)

Ethnicity YN Han EEMs Hani Bai Dai Lisu Lahu Wa

Illiteracy/ 7.99 6.86 1196  14.70 5.74 1152 1880 1591 14.22

Semi-illiteracy

Higher 6.21 7.05 4.64 2.93 7.63 391 260 2.67 2.44

education

Ethnicity Naxi Jingpo Bulan Pumi Achan Nu Jinu Deang Dulong
g 8 o

Illiteracy/ 7.20 9.62 14.62 1477 8.28 1613 920  19.63 16.92

Semi-illiteracy

Higher 1146  3.70 3.42 7.77 4.67 568 621 2.06 5.98

education

The data showed that a considerable gap still existed between the Han majority
and the EEMs at both a low and high level of education. The EEMs’
illiterate/semi-illiterate people (11.96%) were almost double that of the Han
(6.86%), while Han's higher education students were 2.41% higher than those of
the EEMs. Among the 15 EEMs, Naxi, Bai, and Pumi’s proportions of higher
education were a little higher than the Han, and Naxi had the highest ratio of
students who accessed college or university. However, some EEMs such as Lisu
(2.60%) and Deang (2.06%) had a deficient proportion in higher education,
whereas the illiterate/semi-illiterate ratios were very high. It showed that
“poverty and illiteracy always come together and feed each other, and this circle
needs to be broken” (Wan & Jun, 2008, p.148).

The 15 EEM groups were chosen on purpose as samples to represent ethnic
minority groups in Yunnan which were rationalized before. The low education
level inevitably hinders the local socioeconomic development. Through later
interviewing, it was found that some other factors were determining the
necessity of implementing PAPs for ethnic minorities in the NCEE. In the
following data, geographical remoteness and regional gaps, socioeconomic
determinants, linguistic barriers, etc. are prominent. Within these factors usually

b?ings forth the fundamental problems causing the academic differences amon
different ethnic minority groups. .

4.2 Three determinants of PAPs in Yunnan

GeogapMcal Remoteness and Regional Gaps

For historical reasons, most ethnic minorities live in nomadic

mountainous highlands, and border areas, where

sev'er.ely restricted economic development. Although there are many su i

s(ci)hc1e§ to enhap'ce Yur.man’s socioeconomic reforms, uneasyylivgpor:r\ig
ucational conditions still largely exist, and geographical remo’cenessg often

pastoral localities,
geographical conditions
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results in educational disparities for minority students. From a geographic
perspective, poor transportation in mountainous areas increases the difficulties
for minority students’ schooling. The data show that EEM students’ locations or
origins have gradually become a key element in the implementation of PAPs.
Those minority students need bonus points in their NCEE, which allows them
priority in university admissions over most Han students even when all the
other criteria are the same. A Lisu student from the Nujiang ethnic community
revealed that in his childhood, he and his fellow students often walked a long
distance to school and the conditions in his primary school were poor:

I still remember when I was at primary school, there was only one

classroom for two classes, and only three teachers. One was female, the

others were male. (Lisu S-2, KUST-Y2)

Nujiang's poverty ratio was 38.4%, almost ten times that of the average

for China, and that leads to a high dropout rate as well. (Han Offical-2,
KEB)

In the interview, Mr He, who had abundant working experience for ethnic
minorities, said:
Nevertheless, how to work well with the introduction of good school
teachers is a hard task since difficult mountainous conditions usually
hinder teachers’ personal development. (Naxi Official-1, YPDE)

This finding agreed with Gil and Adamson (2011) who emphasized that a lack of
access to good facilities and qualified teachers usually resulted in minority
students becoming poorer performers than most of their Han counterparts (Gil
& Adamson, 2011). In Yunnan, minority education development varies from one
autonomous ethnic area to another. A Hani student mentioned that different
education conditions of ethnic areas to a large extent resulted in the differences
in the implementation of PAPs: '

We have different education platforms. Surely PAPs are in need. (Hani

S-6, KUST-Y3)

Besides, the regional disparity between the rural and urbap areas in autonomous
ethnic areas is also increasing. Compared with urban regions, many rgral areas
have fallen behind in economic, educational, and rr.ledlczfll services Ivz;nci
developments, and a large proportion of rural areas .remame.d 13 ;f)roverty. M I(z;
interviewees confirm that the educational gap is mag\l.y derlve. 1912;6%0 -
disparities. Conversely, regional e(i}:lcatxon disparities are inclin
' - wth.

enlargE? :;Il'ﬂ—;(t};;efais;rtﬁfaclz;fem;; irizh-quality education resources that are

alloZ:i,‘ed between the city and rural areas also enlarges the gap between

the Han and the ethnic minorities. (Zhuang Adm-1, YMU)

China, educational development is

. itive country like .
In such a highly competitive y erminants, particularly economic

influenced by some social det : ' ‘
greatllzpmuelﬂ}cl Cul’furaly differences among different areas and various ethnic
eve ]

i ' i istent with what Li et al.
critical role in education. It is consis ‘ :
grou5p g als'itziiayoit. He stated that after mass college expansion ti glglhz
(2;)1 )ﬁgﬁl in 1998 in China, rural youth from remote counties had Ie
educa
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opportunities to go to college or the elite Project 985 and 211 universitiest than
urban youth. There were even more significant gaps existing for disadvantaged

subgroups of rural youth from poor counties, such as female or ethnic minority
children (Li, et al., 2015).

The necessity of PAPs in the NCEE for higher education should be traced back
to primary education. In recent years, competition in examinations in China has
shifted from university entrance down to junior/senior high schools, and even
to primary schools. Enrolment in a key high school is now construed almost as a
dependable guarantee to enter college or university. It demonstrates the
importance of school conditions in children’s education. However, most
minority students typically have no access to key schools unless they happen to
live in those urban areas.
The farther away from cities, the fewer resources a school has. The fewer

resources a school has, the less it prepares its students academically for
Gaokao (NCEE). (Bai Adm-2, DU)

In Yunnan, one of the problems is severe poverty in some areas which manifests
itself in a small number of economic development opportunities and limited
educational resources due to ethnic and regional disparities and low quality of
local education systems. In China, the NCEE plays an important role in not only
reallocating educational resources but selecting talent for higher education.
Under the present circumstances, PAPs fill the regional gaps and increase the
proportion of higher education for more ethnic minorities which, in no small
degree, will determine their future academic and professional development.

Socioeconomic Determinants
The rapid socioeconomic development of China in the past decades has
provided ethnic minorities with both chances and challenges in overall
development. All the preferential policies have strongly promoted the
improvement in the livelihood of people inethnic minority regions. But
comparatively slower economic growth in Yunnan still results in a lower
educational investment in minority areas. Reversely, lower level of education
hinders Yunnan local socioeconomic development. And it also causes poverty
and lower literacy conditions in some ethnic groups. Even as the overall level of
poverty has dropped, new inequality has increased. Practically, social
determinants play a critical role in the educational development of ethnic
minorities, particularly, economic development and cultural differences among
different regions and various ethnicities.

Economically speaking, educational quality is inseparable from economic

growth because education requires a good deal of financial input to

provide sufficient resource including qualified teachers and teaching
facilities, etc. (Han Official-2, KEB)

“Project 211 and 985 are projects of key national universities initiated in 1995 and 1998,
respectively, by the Ministry of Education (MOU) of the PRC in an endeavour to found
world-class universities in the 215 century.
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As Verhoeven and Zhang (2016) state that, the economic development of
territories in the remote mountainous areas, border areas, and pasturing areas
in the western parts of China lags far behind the national average level
(Verhoeven & Zhang, 2016). Yunnan's situation exemplifies this.
The relative lagging of economic development of Yunnan mainly liesin its
weak foundation in talent resources. Inadequate educational investment is
destined to affect school conditions and therefore, the general quality of
education. Under such circumstances, both the central government of China
and some local, provincial governments like Yunnan have started to pay more
attention to ethnic affairs than previously.

Besides, agriculture and livestock are the primary sources of economic
development in minority areas in Yunnan. Concentrated areas of ethnic
minorities, in particular, depend on agriculture. As described by some
interviewees, most ethnic villages in the rural areas of Yunnan continue to use
very traditional farming methods with cattle and horses. Consequently, a small
employment market and some underdeveloped industries impose a relatively
low demand for high-quality labour and technology.

Some of us [EEM students] cannot concentrate on our study because we

have to labour in the fields for our parents. (Dai 5-6, DU-Y1)

On the one hand, most rural ethnic minority families depend on farming and
labour for herding or subsistence agriculture. Parents often have to make a
living by farming, and thus the labour of all family members is critical to their
survival. On the other hand, the illiterate rural parents can at most support their
children to go to school but not help with the children’s studies even if they
want to. Lacking guidance of family education and parents-cultivated cognitive
strategies to manage schoolwork often degrades the ethnic minority students’
school records and increases their difficulties to be academically successful. To
some degree, this lack of development limits local people’s views of education,
which in turn impedes a positive motivation on minority students’ learning
during school days. Two teachers from YMU and KUST commented that:

Families cognitively/ culturally influence their children’s education.

Also, poor minority families cannot financially support their children’s

education. (Zhuang T-1, YMU)

I believe PAPs just attempt to put students from different socioeconomic

and educational backgrounds on an equal footing in the competition for
higher education. (Han T-2, KUST)

The three administrators from YMU, DU and CNU stressed that the purpose of
higher education for ethnic minorities was to cultivate more professional talents
to serve sustainable cultural and socioeconomic development in the
concentrated areas of ethnic minorities. It was vital to maintain the stability of
China, a state with multiethnicity, achieve equality and mutual respect among
different ethnic minorities, and ultimately promote cultural retention and
adaptation. Those minorities with a higher proportion of higher education
usually have more advanced social cultural and economic development in their
regional construction. Through the focus group interview, it was confirmed that
Bai and Naxi people have a comparatively higher level of education than most of
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5.3 Language Ecological Implications

Linguistically, in Yunnan, except for the Hui, Man, and Shui minorities who use
Mandarin Chinese, other minorities speak 25 languages, have 22 written scripts,
and almost 6 million ethnic minority people are not able to speak Mandarin
Chinese (Dao & Hu, 2005). Language, as an essential instruction medium at
school, is the most prominent determinant influencing the level of minority
education in a cultural perspective (Wang, 2015).

First, Yunnan’s multi-ethnic social context is well-suited to bilingual, trilingual,
and even multilingual education, which is underpinned by the characteristics of
minority students’ different ethnic language backgrounds. Trilingual education
can play a decisive role in both social and economic development, and it can
provide a boost to cultural tourism in Yunnan as well, in which the links
between L1 and L2 can be effectively connected. Briefly, for a minority group, L1
is crucial for maintaining their linguistic and cultural heritage, ethnic identity,
and the cognitive development of their children (Gynan & Baker, 2011). L2 is
equally vital for social and economic integration, and L3 helps engage with
internationalization. However, some factors in bilingual or trilingual education
need to be emphasized. On the one side, the constant spread of the high status
accorded to L2 and L3 imposed an external pressure on the minority languages
(L1), which have the low social status due to the lack of associated economic and
political capital. L1 is becoming endangered while L2 and L3 are still reinforced
by systemic education mechanisms, such as the NCEE. On the other side, the
realistic situations should be considered, such as a lack of comparatively useful
resources, including qualified bilingual or trilingual teachers, teaching resources,
and trilingual learners’ difficulties in L3 acquisition in an EFL (English as a
foreign language) environment especially when ethnic minority students” L1
and L2 have not been fully developed.

Second, China’s “The Belt and Road” (B&R) policy has shifted Yunnan from a
border province to the forefront of reform and is opening it up to Southeast Asia.
The coexistence of the three languages that ethnic minority people face in
Yunnan pushes them to take on the acquisition of L2 and L3. Moreover, L3 has
become an interlanguage between the local and global perspectives. The local
economies are woven into a global economy, including the flow of labour,
goods, tourism, and capital. When L2 and L3 become increasingly more
dominant than before, minority languages are endangered because promoting
these two languages can lead to cultural and linguistic imperialism (Ludwig,
Pagel & Mithlh4usler, 2018). Accordingly, it is suggested that the government
add some specific and supplementary regulations into preferential policies to
protect minority languages, especially those of small ethnic groups, to boost the
language vitality of their L1. At the same time, in minority education practice,
bilingual or trilingual education is a necessary procedure to improve the
ecological balance of multi-languages in Yunnan.
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6. Conclusion

For decades, Yunnan’s education level has been comparatively lower than that
of many other provinces in China. PAPs intend to put minority students from
different socioeconomic backgrounds on an equal footing in higher education at
the critical moment of the NCEE. PAPs have helped a significant number of
ethnic minority students to become beneficiaries with better education
opportunities at university. Meanwhile, PAPs contribute to restore education
equality, compensate for the cultural tilt of the test toward fairness. This research
project is in agreement with the necessity of PAPs due to the geographical
remoteness, regional gaps, socioeconomic determinants, and linguistic barriers
of Yunnan ethnic minorities. Based on the data analysis, PAPs are currently
justified in Yunnan’s multi-ethnic social context and are indeed a significant step
towards ethnic equality in education. These policies provide considerable help
to ethnic minorities, especially to those whose academic attainment is not
sufficient for the NCEE owing to the external constraints of society, school, and
family, which are concurrently intertwined, to achieve equality in higher
education. However, PAPs are not a fundamental solution to the ethnic
education problem. Gaps still exist between the implementation of PAPs and
expectations. Even though the local government is supportive of minority
students and willing to accommodate their needs, especially at higher education
level by PAPs, limited education investment often paralyzes students’ academic
careers. This study calls for a more comprehensive set of policies for PAPs,
including issues of pedagogy, social economy, and even cultural and linguistic
diversity itself. Both the government and educators should be increasingly
aware of the great importance of bridging the relevant gaps in the education of
ethnic minorities in a modernized and multi-ethnic Yunnan, China.
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Abstract. This research project took Yunnan (YN), the most
southwestern province of China and a frontier province with the largest
number of ethnic minorities along with multi-ethnic languages and
abundant ethnic cultures, as a specific case. It studied both the current
situation of minority education and the necessity for Preferential
Admission Policies (PAPs) in the particular stage of the national college
entrance examination (NCEE) from a social perspective. Quantitative
statistics was used to analyze data from the different education levels of
the minority groups. Document analysis and in-depth interviews with
four groups of participants (exclusive ethnic minority university
students (EEMs), university teachers, administrators and provincial
officials of Yunnan Province) were conducted to explore the rationality
and feasibility of PAPs. The findings reveal that PAPs are indeed
justified in Yunnan’'s multi-ethnic social context, at the same time,
geographical remoteness and regional gaps, socioeconomic
determinants, and linguistic barriers contributed to the need for PAPs at
present under the average level of minority education in Yunnan.

Keywords: Yunnan; ethnic minority education; Preferential Admission
Policies; entrance examination; social context

1. Introduction

1.1 Overview of Ethnic Minorities in China and Yunnan
The People’s Republic of China (PRC) is a multicultural, multi-ethnic, and
unified country with a written history of more than 4,000 years, and it is home to
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56 ethnicities. The Han majority makes up about 91.51% of the total population
in the mainland, whereas other ethnic groups constitute 8.49%. The term “ethnic
minority” refers to the 55 non-Han China’s officially recognized ethnic groups in
the PRC. They are defined as “historically constituted, stable community of
people, formed based on a common language, territory, economic life, and
psychological make-up manifested in a common culture” (Mackerras, 2003, p.2).
They share “a language, an area, an economic life, a culture” (Gladney, 1994,
p.98) and “an awareness of belonging to the same group” (Campos, Ren &
Petrick, 2016, p.258). The total population of the minority groups has increased
to over 113.79 million, and most of these ethnic groups inhabit in frontier and
rural areas with their own distinctive cultures and customs (Guo, et al., 2019).

Yunnan was reported by the government authorities of the 6th National
Population Census of China! that currently the total population of Yunnan
province is 45.966 million. 30.629 million are Han, which comprise 66.63% of the
Yunnan’s population. Yunnan contains 52 out of the 55 ethnic minorities in
China, among whom 25 minority populations exceed 5,000 people and 15.337
million in total, and they composes of 33.37% of the whole population of Yunnan
(Cai, 2014). Meanwhile, statistics shows that nearly one-third of the poverty-
stricken counties? in Yunnan and some other western parts of China are
primarily inhabited by ethnic minority people (Yang, 2005, Adamson & Xia,
2011). These regions are considered as less developed and “the most
economically deprived regions in China” (Feng & Cheung, 2010, p.258). In
practice, ethnic minority education is of great significance for Yunnan's
socioeconomic development.

1.2 PAPs for Ethnic Minorities in the NCEE

Key Regulations of PAPs

Despite the rapid economic development of China, it is evident that there is
unequal access to good quality education for people. The vast differences
between China’s prosperous eastern coastal provinces and the poor western
inland provinces have widened the gap. The differences between urban and
rural areas are in the same situations (Adamson & Feng, 2009; Sunodula & Feng,
2011). In minority education, PAPs are designed to recruit minority students by
lowering the required scores for the NCEE according to the level of economic
development of some particular concentrated areas of ethnic minorities?, and
then by giving those ethnic minority students priority in admission to higher
education over the Han majority. The most recent PAPs have been implemented
since 2000 by taking both ethnicity and level of socioeconomic development as

IThe National Population Census of China started in 1953. It was usually held once
every ten years ever since 1980. The 6% National Population Census of China was
conducted in November 2010 and released in 2011, and so far, the data are the latest.
2There are five levels of primary administrative divisions in China: provincial level (1st),
prefectural level (2nd), county-level (3rd), township level (4th), and village level (5th).
3Concentrated areas of ethnic minorities: those ethnic community areas with people
mostly from the same dominant ethnic minority group.

©2020 The authors and I[LTER.ORG. All rights reserved.



358

criteria. Some critical regulations on bonus points are illustrated as follows (Bao
& Liu, 2015; Hu & Ga, 2016; Guan, 2019).

First, minority college applicants from border counties receive 30 bonus points
in the NCEE. Han applicants who were born in the concentrated areas of ethnic
minorities or the families have lived there for ten or more years earn 20 bonus
points. This item gives ethnic minorities a slight edge over Han students from
the same place. Second, the PAPs of Yunnan regulate that university applicants
from China’s interior regions can obtain ten bonus points on their NCEE. 19
ethnicities in buffer and inland zones (including the Hani, Dai, Miao, Lisu, La,
Wa, Jingpo, Yao, Bulang, Nu, Achang, Pumi, Deang, Dulong, Zang, Mongol,
Jinuo, Shui, and Buyi) may receive ten bonus points. However, Hui, Bai, urban
Zhuang, urban Yi, and Manchu applicants do not accept any bonus points.
Third, for underdeveloped counties from the concentrated areas of ethnic
minorities in nomadic pastoral areas and mountainous highlands, ethnic
candidates may apply for 20 bonus points in the NCEE. Fourth, ethnic minority
applicants are frequently given priority over Han applicants in college
admission when they have the same college admission scores if they are from
the Hui, Naxi, Bai, Manchu, urban Yi, and civic Zhuang ethnic groups.
Meanwhile, the methods or assessment for students’ enrollment in vocational
schools, adult education, and technical secondary schools are similar to the
regulations previously mentioned.

PAPs for Ethnic Minorities in the NCEE

The Ministry of Education (MOE) in China has adopted PAPs to lower
admission scores for ethnic minority students in the NCEE. To know the
background of Yunnan’s PAPs for minority college applicants, it is necessary to
have a comprehensive understanding of the history and social functions of
China’s NCEE. The NCEE began in 1952 and has been considered by the public
as the academic criteria for college entrance throughout China ever since then.
The NCEE constantly plays a critical role in Chin’s education only with the
interruption of the ten-year Cultural Revolution (1966-1976) (Gorter & Durk,
2015). In China, the purpose of the NCEE is to select the top students who are
usually those with higher examination scores to gain access to university, and to
allocate limited high-quality educational resources based on students” academic
performance rather than social status or their family conditions. China has set
PAPs to redress the inequality in college enrollment while maintaining the
practical implementation of unified NCEE scores because minority groups are
often disadvantaged due to certain “historical factors as well as geographic
remoteness” (Wan & Jun, 2008, p.140). If only one cutoff score is adopted
nationally, applicants from some concentrated ethnic minority communities and
remote regions will lose their opportunities to receive higher education, which
will absolutely result in disparity in education. Therefore, for decades some
ethnic minority students have had to resort to PAPs, which lowers the “entrance
threshold” (Verhoeven & Zhang, 2016). As a result, a wide range of the minority
population (which amounts to one-fourth of the total minority population) that
lives in the concentrated ethnic areas, are mostly integrated with the Han and
thus have become beneficiaries of PAPs (Sautman, 2010).
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1.3 Novelty of This Study

Although there have been some previous research programs concerning ethnic
minority education in China, most of them focused on bilingual or multilingual
education problems (Yang, 2005; Sunuodula & Feng, 2011; Adamson & Feng,
2014; Wang, 2015). Some emphasized on minority education situations in
specific ethnic autonomous regions or provinces such as Tibet, Mongolia,
Xinjiang, Guizhou etc. (Sunuodula & Cao, 2015; Postiglione, Jiao & Tsering,
2009; Dong, Gou, Wang & Qiu, 2015; Ba, 2009; Finifrock & Schilken, 2015). So
far, only a few research programs have considered preferential policies (Wang,
2009; Teng & Ma, 2009; Zhou, 2009). But most of these studies were carried out
in a macroscopic perspective, in which a general situation of ethnic minorities in
China was analyzed. In 2015, Professor Yuan and his colleagues surveyed on
trilingual education in Yunnan (Yuan et al., 2015). That is one of the minimal
indigenous research involved Yunnan minority education, where, as mentioned
above, is a province with the most diverse ethnic cultures and ethnic languages
in China. Above all, studies on PAPs for ethnic minority students at the critical
moment of the NCEE in the context of Yunnan are still rare. This study hopes to
fill these gaps in the perspective of PAPs for ethnic minority students in Yunnan.

2. Research Purposes and Questions

2.1 Purposes s of the Study

The purposes of this study were to obtain a picture of the minority education
situation of Yunnan, China, as this province is uniquely characterized by multi-
ethnic cultures and includes various and diverse ethnicities. Also, it aimed to
explore the factors which possibly determine the necessity of PAPs in the NCEE
from a social perspective, uniquely combining the local ethnic education
condition with PAPs situation together.

2.2 Questions of the Study

To achieve the objectives, the study attempted to answer the following two
questions:

(1) What is the current situation of ethnic minority education in Yunnan?

(2) What are the factors that determine the necessity of PAPs” implementation
for ethnic minorities in Yunnan in the NCEE?

2.3 Limitations of the Study

The results of this study cannot be generalized to all minority students because
the sample chosen in this study does not include all the minorities in Yunnan,
China. Moreover, the data elicited from the 6th National Population Census can
only work as a reference because this is the latest information available. This
study was conducted in Yunnan, China, from 2017 to 2019.
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3. Methodology

The study adopted a mixed-methods approach with the qualitative method
being dominant. To understand the general situation of the ethnic minority
education level of Yunnan, the descriptive statistics was used to illustrate the
status of minority education in Yunnan. Concerning the qualitative approach,
based on the education level of the ethnic minority samples, a semi-structured
interview was conducted to elicit data from different ethnic participants, whom
will be explained in the following part, to comprehend the rationality and
feasibility of PAPs implementation in Yunnan context. By using these two
methods, it enabled the researcher to confirm findings from various data sources
and develop an understanding of the overall situation. Besides, the researcher
used a longitudinal approach, starting from primary education to higher
education. Simultaneously, horizontal multiple comparisons and analysis of
different ethnicities, including the Han, were carried out to obtain an objective
and comprehensive view of the research.

3.1 Research Participants

Samples for the Quantitative Approach

Although Yunnan is a province with a large number of ethnicities, there are only
15 exclusive ethnic minorities (EEMs) including Hani, Bai, Wa, Naxi, Jingpo,
Bulang, Pumi, Dai, Lisu, Lahu, Jinuo, Achang, Nu, Deang, and Dulong. EEMs
mean those ethnic minorities who only live in Yunnan province. As these 15
EEMs are mostly representatives of the local ethnic minorities of Yunnan (Sun, et
al., 2013), therefore, the study mainly chose the 15 EEMs as samples to analyze
the minority education situation in Yunnan province. The data were obtained
from the 6th National Population Census, China.

Samples for the Qualitative Approach

The samples for interviewing consisted of four groups of people, i,e. EEMs,
university teachers and administrators, and officials in Yunnan. About four
representative interviewees for each 15 EEM groups of subjects (60 students)
participated in both the individual and focus group interviews. They were
randomly recommended by their teachers and voluntarily joined. Also, five Han
students were included for some specific comparison. Besides, four university
teachers with various work experiences on minority education programs were
selected purposefully from four government-funded universities which are well-
known for the enrollment of local ethnic minority college applicants from
Yunnan, i.e.,, Yunnan Minzu University (YMU), Dali University (DU), ChuXiong
Normal University (CNU), and Kunming University of Science and Technology
(KUST). Also, three administrators were respectively from YMU, DU, and CNU,
and another two officials were from Yunnan Provincial Department of
Education (YPDE) and Kunming Education Bureau (KEB). Altogether, 74
participants were investigated as a mixture of different ethnicities, from different
areas of study and with a longer or shorter term of learning and work experience
by using both random and purposive sampling methods. The use of multiple
resources embedded EEM groups and four university sites enabled data
triangulation and provided reliability in the findings.
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Table 1. Basic information on the participants

Participants Number Method of selection  Notes of sampling

EEMs & Han 65 random sampling 4 for each of the 15 EEMs,
plus 5 Han students

University teachers 4 purposive sampling  YMU, DU, CNU, KUST

Administrators 3 purposive sampling  YMU, DU, CNU

Officials 2 purposive sampling  YPDE and KEB

Table 2. Demographic information on the EEMs and Han participants

Universities YMU KUST DU CNU
Individual interview (No) 20 16 12 12
Focus group interview Naxi-5 Han-5 Bai-5 Deang-5
(Ethnicity-No)

Level of education BA & MA BA&MA BA BA
Location (City) Kunming Kunming  Chuxiong Dali

Table 3. Demographic information on teacher participants

Samples Teacherl Teacher2 Teacher3 Teacher4
University YMU KUST CNU DU
Professional Title EFL lecturer EFL Asso.Prof. EFL lecturer EFL Prof.
Pseudonym Ms Du Mrs Gao Mr Li Mrs Mei
Ethnicity Zhuang Han Miao Bai
Years of Teaching 6 20 8 25

Table 4. Demographic information on administrative and official participants

Samples Adm-1 Adm-2 Adm-3 Official-1  Official-2
Work unit YMU DU CNU YPDE KEB
Pseudonym Mrs Haiye DrYangzi MrLin MrHeZhi MrDong Ying
Ethnicity Zhuang Bai Han Naxi Han

Years of working 16 12 21 22 18

3.2 Data Collection

Quantitative Data for Research Question 1

All data on the 15 EEMs and the Han of Yunnan were collected through the
official website of the 6th National Population Census of China. The percentage
of the index for describing the situation of minority education in Yunnan were
measured (see Table 5, 6).

Qualitative Data for Research Question 2

As “the interview is the most widely used method of generating data in
qualitative social research” (Nunkoosing, 2005, p.698), a semi-structured
interview was utilized to explore EEMs’ growing up experiences and their
opinions of PAPs. The meetings were organized at both the interviewer’s and
interviewees’ convenience and were open-ended to allow for complementarity
and expansion of related questions. Each in-depth individual interview lasted
approximately 20 minutes, and the time for the focus group interview was from
half an hour to one hour. Most of the interviews took place on the campus of the
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4 sample universities, in classrooms, office, or on outdoor benches. Chinese was
the primary language used for the interviews. The English language was also
employed when it became necessary. Above all, confidentiality was the central
policy. Based on the four different groups of participants, opinions obtained
from the EEMs described their educational experiences and perceptions of PAPs.
Besides, the data of the teachers concerned the consequences and influence of
PAPs towards ethnic minorities. Moreover, the statements made by the
administrators and officials explained the contents of PAPs and their original
purposes. Also, a review of all the related policy documents was conducted, and
the materials were obtained from the Yunnan provincial library.

3.3 Data Analysis

Research Question 1: All data elicited from the 6th National Population Census
of China were fed into the SPSS 2.0 data analysis program for the statistical
frequency to measure the percentage of the index for describing and
generalizing the situation of minority education level in Yunnan.

Research Question 2: A content and thematic analysis were carefully conducted
with the interview data and policy document analysis. In the process of
analyzing the data, three necessary steps, i.e.,, domains, core ideas, and a cross-
analysis were used to construct common themes across the participants (Hill, et
al., 2005). In order to establish the reliability of the data, intra-coding was
employed, and afterwards, the data were developed into categories and themes
through refinement, comparison, and analysis. Complicated interactions among
these categories and themes were also examined. After a cross-analysis and a
member-checking on the data, the essential extracts of the interview transcripts
were elicited, and later translated into English from Chinese.

4. Results and Discussion

Historically speaking, PAPs for minorities have figured most prominently in
Yunnan’'s implementation of central laws and policies. In Yunnan, the
concentrated areas of ethnic minorities have traditionally suffered from the low
level of economic and educational development. These areas are also confronted
with a shortage of human resources. The government has implemented a series
of particular preferential policies to promote the local population increase,
develop education, offer human resources training programs, and encourage the
regional economic development to alleviate poverty. PAPs are one method to
increase the proportion of minority students who can access higher education.

4.1 Current Situation of Minority Education in Yunnan

To understand the new situation of the minority education in Yunnan, the study
took the 15 EEM groups as well as the Han of Yunnan as samples. Relevant data
of population were collected from the 6th National Population Census of China,
and the researcher measured the percentage of the index for describing and
summarizing the situation of minority education in Yunnan by using SPSS 2.0
for frequency analysis of the statistical data.
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Table 5. Education Situation of the 15 EEMs in Yunnan, China

Population of Uneducated Primary Junior High Senior High  Higher

Education School School School Education
YN (N=million) 3.393 20.043 12.591 38.131 26.361
Percentage (%) 7.99 47.19 29.64 8.98 6.21
Han (N=million) 1.954 12.653 9.028 28.593 20.095
Percentage (%) 6.86 44.39 31.67 10.03 7.05
EEMs 7.322 31.149 1.568 4.227 2.840
(N=million)

Percentage (%) 11.96 50.88 25.61 6.91 4.64

(Source of the population: https://www.yearbookchina.com/)

Note: The data for the educated population here only included students above
six years old, which meant the data of children under six years old (school age)
were excluded. For the population, three decimal places were used, while for the
percentage, only two decimal places were adopted. Higher education here
covered college, university, and postgraduate levels of education.

Based on the data, Yunnan education was mostly focused on the stage of
primary education. Its education level fell behind many other provinces in the
eastern part of China. Furthermore, almost half of the EEMs finished their
primary school (50.88%), a quarter of them could continue with junior high
school (25.61%). A small number of them were able to further rise to senior high
school (6.91%), and only a few of them finally reached higher education (4.64%).

What's more, the data also revealed that the average years of Yunnan students’
schooling was 7.57 years. For the Han, it was 7.85 years, while for the EEMs, it
was 6.93 years. Among the different minorities, Naxi (8.53 years), Bai (8.12
years), and Jinuo (7.65 years) showed a higher than average level of education in
Yunnan, while the other 12 ethnic minority groups were lower. Compared with
the Han proportion (7.05%) at a higher education level, the EEMs percentage
was 4.64%, 2.41% lower than that of the Han.

Why is a higher education of such great significance in minority education
development? Chen’s finding showed that the status quo in the minority
education of Yunnan is still far from satisfactory (Chen, 2019). In China’s
context, for ethnic minorities, higher education functions not only to cultivate
the high-quality talents of minorities to serve the government’s unity and
stability, but also to accelerate the socioeconomic development of these minority
regions (Feng & Cheung, 2010).

Article 8 of the Higher Education Law of the PRC stipulates that:
In light of the characteristics and needs of ethnic minority groups, the
PRC assists and supports the development of higher education in
regions inhabited by ethnic peoples to cultivate ethnic talent and train
senior specialists among them (National People’s Congress, 2018, p. 3).
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the other minorities in Yunnan. With a long history and their scripts, i.e. Baiwen
and Dongba, Bai and Naxi ethnic groups are culturally advanced. While Deang
students like to discuss their cooking traditions as well as board and lodging
etiquette rather than science or technology. Their language belongs to the South
Asia family but lacks any script. The Yunnan government encourages minority
university graduates to return to their hometowns by offering special provision
programs to “targeted-area students”. It means PAPs mandate lowered cutoff
score for college applicants from specially targeted concentrated areas of ethnic
minorities on the premise that these students commit to returning to work in the
targeted areas upon graduation.

PAPs state that college applicants who commit to working in 25

counties along Yunnan's borders and three counties in Diging

prefecture after their graduation will receive an additional five bonus

points on the NCEE. And for members of any ethnic group with a

population smaller than one hundred thousand, an additional ten bonus

points will be rewarded. (Naxi Official-1, YPDE)

However, despite PAPs having been implemented for decades, gaps that result
in ethnic minority students lagging behind in primary education later hinder the
general level of minority education. The effect of the considerable difference in
socioeconomic development has led to low investment at all levels of
educational sectors. Yunnan is a typical province in this case. Some ethnic
minority parents hold the view that it is too costly to send their children to
college and then remove them from schooling at an early age. Unfortunately,
many youths from the remote and poor mountainous rural areas drop out of
junior high school. Furthermore, the number of female teachers in the ethnic
regions is relatively small, which has greatly affected the education for both girls
and women, and hindered the development of female teachers.

Linguistic Barriers

Yunnan encompasses the minority groups’ native languages (L1), Mandarin
Chinese (L2), and a foreign language, typically English (L3). The multilingual
environment creates a triangular complex that increases possible policy
configurations nowadays. But the implementation of bilingual and trilingual
education still needs to be improved.

Concentrating on the ethnic assimilation and ethnic pluralism, bilingual or
trilingual education is essential to cultural integration and cultural pluralism.
Although progress has been made, shortage of qualified bilingual teachers and,
at a later stage, trilingual teaching resources, add to the difficulties that ethnic
minority students have to confront with at school. For example, a Bulang
student recalled his bilingual learning as follows:

We (Bulang children) had to read Chinese textbooks and immerse them

in Mandarin instruction as soon as we started primary school. We could

do as well as our Han classmates at the very beginning, but gradually

fell behind because language became an increasingly formidable barrier,
(Bulang S-4, YMU-Y3)
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Standard Chinese (Mandarin) is a compulsory course for all Chinese students
from primary education. School curricula now require all pupils, including
ethnic minorities, to study Chinese. Mandarin Chinese is not only the national
language, but also a prerequisite for school education. Strenuous efforts have
been made to promote national cohesion and unity through popularizing
Putonghua as a lingua franca in China. With the emphasis on teaching and using
Mandarin in minority primary schools, the pressure on minority students to
learn L2 is unavoidable. A Jingpo MA student who majored in Humanities
specified the situation as follows:

Mandarin Chinese is difficult for me...[em] My [L2] writing proficiency

is weak, and I often find my writing is without originality and

creativity. In senior high school, my maths and physics were poor too.

Our teacher always criticized me for not reading and analyzing

questions clearly. (Jingpo S-3, YMU-MAI)

Some participants stated that L2 deficiency in practice affected minority
students” regular school performance, but more importantly, influenced their
academic score in the NCEE. For some minority students who especially grew
up in concentrated ethnic communities where Chinese was hardly spoken, they
were less competent and competitive than their Han counterparts. It is an
essential factor that puts minority students at a disadvantage both in local school
education and in national examinations.

In our village, people all talk to each other in Dai or some in the Lincang

dialect. Those teachers of the village primary school didn’t speak

Mandarin as well. My Chinese scores in the NCEE were only 82 points

[out of the total 150 scores], so I nearly failed to enter university. (Dai

S-2, KUST-Y1)

Although under high pressure to learn L2, ethnic minority students are obliged
to study Mandarin Chinese on all accounts. The government’s policy is to
promote bilingual education in concentrated areas of ethnic minorities.
However, Mandarin Chinese must be given priority.
Bilingual education is necessary at the starting point of education. But
after middle school, it is formulated by the Ministry of Education
(MOE) that Mandarin Chinese is the only language of instruction
[except for English class]. [Mandarin] Not only helps them get more
chances of higher education, but have better job opportunities after
graduation. (Naxi Official-1, YPDE)

Also, Yunnan is one of the provinces in the west with the most limited English
teaching resources in China. In many primary or secondary schools that ethnic
pupils attend, mostly due to a severe shortage of qualified English teachers,
opportunities for ethnic minority students to learn English (L3) are scarce.
When [ was at primary school, there was no English class offered. In
secondary school, we had a substitute English teacher. He was not an
English graduate, but a graduate in maths...I was hopeless in English
grammar, always feeling confused...Now at university, I can’t follow.
The English teachers all speak English in class.
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The teaching of L2 and L3 was introduced in a top-down manner through the
medium of China’s national language policies into the curricula and practices of
local schools and universities. Especially at a basic level of education, the
experience of ethnic minority students in developing their language proficiency
often lacks symmetry. Furthermore, what the data from EEMs reveal is that the
students” language deficiencies later even create difficulties in comprehending
those increasingly complicated school textbook materials when they study other
subjects like physics, mathematics etc. Unfortunately, it undermines minority
educational performance overall. Yunnan ethnic minority learners encounter the
dilemma that bilingual education is mainly implemented only in primary
schools. When students enter in secondary schools and universities, all school
formal education in L1 stops. The discontinuity results deficiency in both
languages for ethnic minority students. Moreover, it was found that L3 often
started from junior secondary school in most places in Yunnan. Trilingual
education at the higher education levels in China, not only in Yunnan, is
conspicuously absent. The sense of being on an unequal footing with majority
Han students and thus of being disadvantaged seemed to prevail among the
EEM interviewees. It has to be noted that concerning the minority groups in
Yunnan, these students have to take the NCEE in their L2, and L3 is also another
compulsory exam- course in the NCEE.

5. Implications of the Study

This study highlights the necessity for the implementation of PAPs in the
circumstances of Yunnan's multi-ethnic but low-level minority education. To
redress these unfavourable constraints requires multi-dimensional interventions
by the government, schools, and ethnic minorities themselves, including their
communities and families in the context of Yunnan. Based on this study, three
types of implications are proposed.

5.1 Pedagogical Implications

Since schooling at a primary education level is one of the most influential factors
fundamentally contributing to ethnic minority students” unsatisfactory academic
achievements and eventually in their NCEE performance (Wang, 2009), some
problems are emphatical to be addressed.

First, priority should be given to solving the problem of teacher shortages in
ethnic rural areas and strengthening professional teacher training programs with
special compensation packages provided for teachers’ personal development,
including substitute teachers who work in compact ethnic minority areas.
Besides, as is revealed by the study, regional disparity between the rural and the
urban frequently enlarges the educational gap. Thus, it is highly suggested that
the Yunnan local government consider providing more substantial financial
support by explicitly targeting ethnic minority regions, especially in the
mountainous, border, and rural areas, to strengthen the equipment of teaching
facilities and reduce the gap. For some poverty regions such as Nujiang etc.,
more boarding schools can be set up for students who are from border areas
starting from primary school due to the geographical remoteness (Li, 2014). It
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may help consolidate schooling and provide a practical option for nomadic
students in sparsely populated and remote areas.

Second, although the research was carried on the node of the NCEE, it also
uncovered that similar educational opportunities for ethnic minorities should
not be confined to a fair admission to higher education after the NCEE. Instead,
equal education platforms should be reflected at starting points, processes, and
achievements from primary school. The actual difficulties in minority education,
especially in providing educational resources, require that a more systematical
minority education be tackled with an ultimate purpose of bridging the
educational gaps between different ethnicities where regional disparities still
exist. Moreover, at a higher education level, universities should consider
offering various elective courses to help minority students make a smooth
transition from primary education to higher education, and adapt to a uniform
academic assessment system at the tertiary level. Universities with ethnic culture
programs, like YMU, DU, and CNU, etc., should be aware of the significant
disadvantages of minority students caused by external factors and make more
considerable efforts to promote equal educational opportunities for them.

5.2 Socioeconomic Implications

Economic support for education is necessary to mobilize a series of
improvements with well-qualified teachers, excellent teaching facilities, and
even the enhancement of relevant research on minority education, which the
academic success of minority students is dependent on.

First, all higher education institutes in China started to charge fees since 1996,
and tuition fees have continued to rise. Rising college tuition fees have become
too high for some ethnic minority families to afford (Hayhoe, 2011), and this
prevents many poor rural minority students from continuing their higher
education (Li, et al., 2015). PAPs should not only focus on college admission, but
also help minority university students complete their academic attainments with
various stipends or scholarships after they enter universities. In particular,
effective measures should be taken to encourage more ethnic graduates to help
develop local social economies and to bridge the gap between rural and urban
areas in education.

Second, as China’s education system is extremely competitive, it has to be noted
that with the expansion of higher education, Yunnan ethnic minority students
are also facing unprecedented competition from Han majority and even other
ethnic minority groups with better social and economic backgrounds and
educational conditions. College graduates face a tough job market in recent year,
and those with better education background will have more opportunities for
career development. Differences in access to college will continue to be a
significant obstacle in achieving social equality and intergenerational mobility.
Higher education institutions can play a much more active role in promoting
multilingual and multicultural education by giving more emphasis to both social
integration and individual ethnic differences.
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Abstract

Effective reading comprehension instruction has been a ubiquitous
problem for teaching and learning English at middle schools in China (Hu,
2013). The English lessons failed to foster students’ higher-order thinking skills
with ineffective activities, and was overly focused on language points instead of
making meaning (Zhang, 2008). Consequently, this study investigated whether
English reading teaching integrated with the problem-based learning would
foster EFL learner's reading comprehension skills and learning attitudes. Fifty-
seven grade 9 students in a middle school were randomly assigned to the
experimental and control groups for the extracurricular English reading training.
The control group underwent traditional teaching, while the experimental group
received metacognitive instruction with a problem-based learning approach in
reading. The data used for the study included the participants' scores on the
reading comprehension test, written questionnaires of metacognition, and semi-
structured face-to-face interviews. Results of the study showed how the PBL
approach was implemented to improve reading comprehension skills and
revealed the participants' attitudes towards metacognition in a PBL environment.
The study might have implications for PBL applications and future research in
EFL teaching and learning.

Keywords: learning attitudes, metacognition, problem-based learning, reading
comprehension skills

INTRODUCTION

Reading is one of the most important skills in language learning (Gu, 2010), particularly
because it leads to lifelong learning and improvements in both first and second language
skills (Li & Wilhelm, 2008). Even when though comprehension may be the ultimate goal
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of reading (Hu, 2013; Lu, 2010; Luo, 2007). Additionally, in 2001, the Ministry of
Education (MOE) in China required higher objectives for students’ reading
comprehension instruction in middle school versus elementary school (Hu, 2013). At
secondary schools, the goals were intended to equip students with the ability to
understand and learn from English texts (Hu & Baumann, 2014). In order to educate and
train students® English reading comprehension skills, the instructors may need to teach
more than just the skill itself (Lin, 2017). In addition to foster students’ reading
comprehension skills for understanding the course content, the instructor needs to
cultivate the students’ metacognitive awareness, which is metacongition. Metacognition
is indispensable to improve reading comprehension skills because it may have a great
influence on the use of reading strategies, and it may even provide tools for learning
English effectively. According to the findings of the research team of Soto et al. (2019),
they proposed that students who have high reading comprehension skills were those with
a higher self-reported metacognition among middle-school students. As Li (2010) said,
metacognition refers to how to learn and be a mental learner, use the skills of monitoring,
and how to regulate one’s own cognitive process.

In attempt to reach the educational objectives of MOE for middle school in a feasible
study context, the problem-based learning (PBL) approach was assimilated into an
English reading curriculum to increase students’ reading comprehension skills outside the
classroom. In other words, PBL was used to satisfy the demands of English teaching and
learning in which it was assumed that the PBL techniques would improve reading
comprehension skills in this present study. Considering reality of an empirical study (Lin,
2017), some limited conditions were taken into consideration the context of middle-
school EFL classroom: (1) typical English classes include learning all language skills
rather than focusing on reading skills; (2) most students learn English as a subject to pass
entrance examinations for entry into secondary school and tertiary level educational
institutes, and thus their learning goal is test-oriented rather than comprehension-based
learning; (3) large class sizes and the constraints of middle-school EFL teaching might
have an impact on the effectiveness of using new approach. Therefore, this study on
improving students’ reading comprehension skills using PBL was conducted outside class
in extracurricular English reading training.

PBL is simply defined as “an instructional (and curricular) learmer-centered approach that
empowers learners to conduct research, integrate theory and practice, and apply
knowledge and skills to develop a viable solution to a defined problem” (Savery, 2006,
p.9). PBL is an innovative instructional technique because it highlights learning in a
student-centered way, which is based on the principles of using real-world problems as
the starting point for the acquisition and integration of new knowledge, that appears to be
a suitable approach or an alternative method for implementation in the English language
classroom (Legg, 2007). The six core characteristics of PBL (Barrows, 1986) as follows:

-Learning 1s student-centered.
-Learning occurs in small groups of students.
-A tutor acts as a facilitator or a guide.
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-Authentic problems are presented at the beginning of the learning sequence.

-The problems encountered are used as tools to achieve the required knowledge and
problem-solving skills, and eventually, solve the problems.

-New information is acquired through self-directed learning.

More importantly, PBL allows for the construction of an extensive and flexible
knowledge base; the capacity of effective problem-solving skills; the development of
self-directed and lifelong learning skills; the effective collaborators; and the intrinsic
motivation of learners (Hmelo-Sliver, 2004). In the PBL classroom context, it is more
motivating to reward students for deep understanding, independent thought, and action
than many traditional classrooms use a relative reward performance system (Ames, 1992;
Ramsden, 1992; Biggs, 1985). In reality, PBL is not new in teaching and learning English
(Boothe et al., 2017) and some studies have been conducted on using PBL for language
learning. Aliyu et al. (2016), for example, explored the implementation of PBL in the
development of metacognition and writing performance among Nigerian undergraduates.
The mean score for metacognitive knowledge for task completion in post-treatment (M =
40.16) was found to be larger than that for the pre-treatment (M=31.83). The results of
the analysis showed that PBL significantly increased the participants’ awareness of
metacognitive knowledge in writing. Moreover, Lan (2014) investigated the effects of
PBL and PBL materials on the English speaking ability of Chinese EFL medical students.
The statistical data revealed that the students’ speaking ability in group discussion
improved after the PBL lessons while the descriptive data indicated that the students had
a positive perception of the PBL approach. Additionally, Azman & Shin (2012) reported
on research assessing the implementation of PBL in an ESL classroom at a local
university in Malaysia. They found that the students had positive perceptions on problem-
based language learning and that PBL had a positive impact on the students’ language
skills, particularly on their speaking skills.

However, in the review by Ansarian & Mohammadi (2018), they found that research on
problem-based learning was quite scant in language learning classrooms, especially for
teaching reading. They said: "there is no specific journal dealing with problem-based
language learning, finding articles dealing with this issue was cumbersome" (p.17).
Besides, they concluded that “not many researchers have delved into the effects of PBL
on the receptive skills of listening and reading as compared to its effects on the speaking
and writing skills”(p.17). On the other hand, PBL research studies in the Chinese context
have tended to focus on teaching English in universities rather than in middle schools.
Seeing a gap, the present study aimed to explore the effects of PBL on reading
comprehension skills as well as learning attitudes among middle-school students.
Thereby, the desire is to implement a PBL approach to improve reading comprehension
skills and to reveal participants’ attitudes towards metacognition in a PBL environment.

RESEARCH QUESTIONS

In order to achieve the research purposes of this study, the two following research
questions were formulated to guide the study:
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Q1: What are the effects of the PBL approach on promoting the reading comprehension
skills of middle-school students in China?

Q2: What are the students’ learning attitudes towards metacognitive awareness on
reading comprehension in PBL instruction?

METHOD

Research design

This study utilized a quasi-experimental design. All participants were randomly assigned
to PBL and non-PBL groups. The pre- and post-tests were analyzed to determine the
effects of the independent variable instruction conditions (PBL or non-PBL) on the
dependent variables (students’ reading comprehension skills and learning attitudes
towards the awareness of metacognition). The reading instruction in PBL treatment
condition was not taught using traditional teacher-centered explanations, but rather the
students learned from the process of problem solving. At this point, they could learn and
gain new knowledge from the process of data collection and problem solving during such
student-centered activities. Specifically, the participants were assigned the ill-structured
problems to work collaboratively and it was assumed that they’d seek viable solutions
through reading conducted outside the class. So they were required to solve the learning
issues, that is, the gaps in knowledge they needed to understand. Under the facilitation of
instructor, the participants were expected to find out possible solutions, to conduct the
brainstorm and to identify pertinent information related to the problems. After that, they
needed to categorize and assign learning issues within the group and identify the
available resources in which to find the missing information. Then, they gathered the
information through self-directed learning and small group discussion. Simultaneously,
they were encouraged to share their ideas within group members in order to learn from
each other. Eventually, they presented the viable solutions in front of the whole class. A
debriefing was conducted with the instructor in order to monitor the participants
discussion of the PBL-related issues for each topic enabling them to seek for available
information following the given questions.

Participants

This study recruited 57 grade 9 students from the No. 21 Middle School in China. They
were encouraged to join the extracurricular English reading class by their English teacher
since they needed to complete their learning objectives of the school in regular class. In
order to ensure trust in the extracurricular class, their English teacher was invited to act as
an instructor in the study. Before the PBL instruction, the researcher provided the
instructor training on PBL-related knowledge and procedures. And the participants were
separated into several small groups to carry out the PBL activities.

Research instruments

The research materials focused on two topics: how can we become good learners and
how we’re trying to save the earth. Thus, reading materials related to these two topics
were selected as research materials. For example, the reading materials on the theme of
how can we become good learners consisted of one unit from a textbook and extensive
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tutorial materials for reading. All selected materials were non-fiction. Samples of the
problems and the relevant reading materials for this theme of the PBL treatment are
included in the appendix. Also included in the appendix is a questionnaire which is
employed to answer research question 2 in the study.

Data analysis

The data used for the study were the participants' scores on the reading comprehension
test, the written questionnaires of metacognition, and the semi-structured face-to-face
interviews. The present study aimed to investigate whether the PBL approach could
improve the participants’ reading comprehension skills and their learning attitudes with
regard to metacognitive awareness. To answer these research questions, independent
sample 7-tests and paired sample #-tests were conducted for between-group and within-
group comparisons as well as the descriptive statistics for questionnaires. Both
experimental and control groups were taken the scores of pre- and post-test as the
analysis data to address research question one. The scores on the RC post-test of the two
groups were used to evaluate the learning outcomes of each treatment, while the pre-test
score ensured consistency in the initial baseline for the English level for both groups. In
addition, the experimental group implemented metacognitive strategy usage, which was
adapted from the study of Phakiti (2003) and Whichadee (2011) in terms of the
metacognitive survey. It comprised 16 closed-ended items using a 5-point Likert scale.
The questionnaire clicited information regarding of the participants’ metacognitive
awareness (see Appendix) from three reading parts. However, in order to triangulate the
data collected from the questionnaire, a semi-structured interview was conducted with
half of the participants based on the guiding questions at the end of PBL treatment. The
interview enabled the participants to express and share their experiences of PBL in
relation to their awareness of metacognition in their reading. The interview was audio-
recorded, transcribed and categorized for the study.

RESULTS AND DISCUSSION

The effects of the PBL approach on promoting reading comprehension skills of
middle-school students

To analyse the quantitative data obtained from the pre- and post-treatment scores as well
as the questionnaire, SPSS version 18 was used to calculate descriptive statistics. To
ensure similar backgrounds between PBL and non-PBL groups, an independent #-test of
the pretest confirmed that there was no significant difference (¢ = -.017, p = .612)
between the two groups, which indicated that the two treatment conditions had similar
backgrounds in this study. After the implementation of the PBL and non-PBL instruction,
the learning outcomes of the two groups are shown as in Table 1. Table 1 provides the
descriptive statistics (number of means and standard deviations) of the PBL and non-PBL
groups’ scores for the RC post-test. The independent sample z-test was conducted to
compare the effects of the experimental and control treatment conditions. For the post-
test of both groups, the mean score of the PBL group (M = 18.96) was higher than that of
non-PBL group (M = 13.73) so that the total score of the RC post-test (¢ = -3.224, p
= .045) indicated a significant result between the two groups through an analysis of the
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independent sample r-test. Additionally, the results showed that the PBL group
comprehended the articles better than the non-PBL group.

Table 1: Mean, standard deviation, and t-test of reading comprehension posttest

Groups Mean SD T-value P-value
Non-PBL 13.73 5.00 -3.224 045
(N=30)
PBL (N=27) 18.96 7.15

To respectively address the effects of two instructional treatments within the groups on
the participants’ reading comprehension, a paired #-test was implemented to examine the
differences between the test scores. The mean score (M = 18.96, SD = 7.15) of the PBL
group’s post-test was higher than that of its pre-test (M =12.88 , SD = 5.30). There was a
significant difference within the PBL group’s pre- and post-tests (1 = -5.205, p = .000).
That is, the participants in the PBL group made a significant progress in their RC ability
after the PBL and non-PBL treatment. For the non-PBL group, the mean score of the
post-test (M = 13.73, SD = 5.00) was higher than its pre-test mean score (M = 12.86, SD
= 4.74); however, the mean scores did not differ significantly (z = -1.383, p =.177). The
results of the paired f-test further confirmed that the participants in the non-PBL group
did not show significant improvement in their RC ability after participating in the
traditional techniques for teaching reading. In order to make the above data more intuitive,
Table 2 are shown as below.

Table 2: Mean scores and analysis of the reading comprehension pre-and post-test within
PBL and non-PBL groups

Groups Mean SD T-value P-value
Non-PBL 12.86 4.74 -1.383 177
(pretest)
Non-PBL 13.73 5.00
(posttest)
PBL 12.88 5.30 -5.205 .000
(pretest)
PBL 18.96 7.15
(posttest)

The students’ learning attitudes towards metacognitive awareness on reading
comprehension in PBL instruction

To research question 2, metacognitive questionnaires and semi-structured interviews
were applied. In the design of the questionnaire, metacognitive strategy usage through a
scale of five (I-never; 2-sometimes; 3-often; 4-usually; and S5-always), the total mean
score on their opinions was calculated at 2.68. On the whole, the students had a very
positive perception of PBL as an approach on the basis of 16 items in Table 3.



Proceedings ICELS 2019
The International Conference on English Language Studies

Table 3: A comparison between pre- and post-metacognitive questionnaire scores

Metacognitive Strategy Survey Pre Post

No. | Statements X | SD | X | SD

1 [ planned how to read the text in the test. 1.85 | .76 | 3.07 | .99

2 I determined what the test tasks/questions required me to do. 1.81 | 96 | 233 | 1.17

3 I used pictures (if any) to predict the content of the text. 251 | 1.28 1340 | 1.04

4 When [ read, I asked myself how the given text related to what I | 1.85 | 1.19 | 2.55 | 1.12
already knew.

5 I monitored the topic or keywords of the reading text to activate 2.03 | 1.05 | 2.96 | 1.28
prior experience.

6 I tried to understand the questions adequately before attempting | 2.11 | 1.21 | 3.03 | 1.34
to find the answers.

7 I selected relevant information to help me understand the reading | 2.07 | 1.14 | 2.85 | 1.16
texts and answer the test questions.

8 I was aware of which strategy to use and how or when to use it. 2.00 [ 1.03 | 2.48 | 1.05

9 I used multiple reading strategies to help understand the reading 1.85 | 1.09 | 2.66 | 1.30
text. (e.g. Main idea, inference, word meaning, details
information, summary).

10 I was aware of how much the content remained to be read. 222 | 1.21 | 2.55 | 1.0]
11 I asked myself some questions as | was going through reading. 1.66 | .67 | 2.40 | 1.00
12 | adjusted my reading rate according to the difficulty. 1.96 | 1.22 | 2.37 | 1.04
13 | kept track of my own progress to finish the text on time. 200 | 96 | 240 | 1.11
14 I corrected mistakes immediately when found. 2.59 | 1.33 | 3.03 | 1.22
15 I checked my own performance and progress while completing | 1.55 | .75 | 2.03 | .97
the test.

16 I checked my accuracy as I progressed through the test. 225 | 1.25 |1 2.85 | 1.02

Total 201 | 27 | 2.68 | .35

From Table 3, the overall mean score of strategy usage of the students before the
mstruction was 2.01 and improved to 2.68 after PBL instruction for reading
comprehension skills, which be interpreted that PBL increased significantly knowledge
of metacognitive awareness in this study. These 16 items evolve three sections of reading:
before-reading (1,2,3); during reading (4,5,6,7,8,9,10,11,12,13); and after-reading
(14,15,16). The three strategies with the highest mean scores after the instruction
included predicting the content by pictures (before-reading); understanding the questions
adequately before finding the answers (during reading); and correcting mistakes
immediately (after-reading) (with 3.40, 3.03, 3.03, respectively), while the lowest mean
score was checking their performance and progress after testing (2.03). In a short, the
findings from the questionnaires’ instrument revealed that there was a statistically
significant difference between the pre- and post-score of 5-Liket scale indicating that
students had increased their metacognitive awareness.

In order to find out how the PBL approach improved the participants’ metacognitive
awareness and to reconfirm the second research question, a semi-structured interview was
implemented with half of the participants at the end of the PBL treatment. There were
three aspects identified from the responses of the interviews. Firstly, it found that
metacognition in reading during the PBL process encouraged the participants to apply
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multiple reading strategies. It also encouraged the participants to be aware of their
knowledge of personal learning process. Finally, PBL gave the participants a new
perspective to English texts.

CONCLUSION

In general, the statistical results of the pre- and post-RC test revealed that PBL
participants make much more improvement in reading comprehension than their
counterparts. By examining the students’ responses to the questions, the degree of
Chinese middle school students’ metacognitive awareness of EFL reading strategies was
able to be measured which indicated their learning attitudes towards metacognitive
awareness on reading comprehension in PBL instruction. The findings of the study
indicated that PBL instruction could be used to increase students’ metacognition in
reading. According to the findings of Wichadee (2011), metacognition might be an
effective way to improve students’ reading comprehension; unskilled readers can become
skilled readers after the instruction in effective strategies. That is, when metacognitive
awareness increases while using a PBL approach, reading comprehension skills might
also be improved. Such findings support the published research in this field as conducted
in other contexts.

The study has practical implications for EFL reading instruction in Chinese middle
schools or other educational settings that share similar characteristics. It contributes to the
field of English reading instruction by providing empirical evidences supporting the
effects of the PBL approach on improving reading comprehension skills as well as
developing students’ awareness of metacognitive strategies. Language instructors and
teachers can adopt this approach in their reading classroom to develop students’ reading
comprehension skills and metacognition. Although the study has revealed benefits that
could be derived from the findings, there was a major limitation in this study in that the
study needed to be conducted over a short period of time and with only two topics. As the
results, the changes were minimal in the analysis of the dependent t-test and the paired t-
test for the scores of pre-and post-test between and within the experimental and control
groups as well as in the findings of metacognitive awareness survey. To address the
limitations of short time frame, further studies can be conducted with grade 9 students in
China for a longer period of PBL instruction. Eventually with additional studies,
hopefully, there will be a clearer picture on how to integrate PBL with EFL content and
which can act as a model for further studies of L2 reading, or, to see if there similar
findings were found.

ACKNOWLEDGEMENTS

I indebted to all the participants for their ready participation in this study and their
English teacher for PBL instruction as well as their assistance in the data collection. I also
thank senior English teachers from the No. 21 Middle school to adapt and revise the
Chinese version of participants’ questionnaires as well as the guiding questions of semi-



Proceedings ICELS 2019
The International Conference on English Language Studies

structured interview. Any errors or inaccuracy that still remains in the paper is my
responsibility. Last but not least, I gratefully acknowledge the financial support of this
research by the Suranaree University of Teachnology (SUT).

REFERENCES

Aliyu, M. M. (2017). Problem-based learning on metacognition and writing performance
of Nigerian undergraduates (Unpublished doctoral thesis), University Putra
Malaysia, Malaysia.

Ames, C. (1992). Classrooms: Goals, structures, and student motivation. J. Educ. Psychol.
84:261-271.

Ansarian, L., & Mohammadi, F. S. (2018). Problem-Based Learning in Action: Review of
Empirical Studies. Pertanika Journal of Social Sciences & Humanities.

Azman, N., & Shin, L. K. (2012). Problem-based Learning in English for a Second
Language Classroom: Students' Perspectives. International Journal of Learning,
18(6).

Barrows, H. S. (1986). A taxonomy of problem-based learning methods. Medical
Education, 20, 481-486.

Biggs, J. B. (1985). The role of metalearning in study processes. Br. J. Educ. Psychol. 55:
185-212.

Boothe, D. R., Caspary, M. D., & Wickstrom, C. D. (2017). Multicultural Problem-based
Learning Approaches Facilitate ESP Language Acquisition. International Journal
of Learning, Teaching and Educational Research, 16(3).

Gu, L. L. (2010). Report on using the PPPC method to improve reading comprehension.
Proceedings of the National Teacher Research Fund eleven- fifth stage
achievement collection, pp. 39-46, Shanghai, China.

Hu, R. (2013). English Vocabulary and Comprehension Instruction in Secondary Schools
in China. New Waves-Educational Research & Development, 16(2).

Hu, R., & Baumann, J. F. (2014). English Reading Instruction in China: Chinese Teachers'
Perspectives and Comments. Reading Matrix: An International Online Journal,
14(1).

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn?
Educational psychology review, 16(3), 235-266.

Lan, Y. (2014). A4 problem-based approach for learning medical English (Doctoral thesis,
Suranaree University of Technology, Thailand). Retrieved from

http://sutir.sut.ac.th:8080/jspui/bitstream/123456789/5339/2/Fulltext.pdf

Legg, M. (2007). From question to answer: The genre of the problem-based leaming
tutorial at the University of Hong Kong. English for Specific Purposes, 26: 344—
367.

Li, F. (2010). A study of English reading strategies used by senior middle school students.
Asian Social Science, 6(10), 184.

Lin, L. F. (2017). Impacts of the problem-based learning pedagogy on English learners’
reading comprehension, strategy use, and active learning attitudes. Journal of
Education and Training Studies, 5(6), 109-125.



Proceedings ICELS 2019
The International Conference on English Language Studies

Li, H., & Wilhelm, K. H. (2008). Exploring pedagogical reasoning reading strategy
instruction from two teachers’ perspectives. The reading matrix, 8(1).

Lu, X. H. (2010). English teaching strategy and investigation under the new curriculum:
Vocabulary instruction in secondary school, Policy Research & Exploration, 6, 32.

Luo, C. K. (2007). Vocabulary instruction in secondary schools. Heilongjiang Science
and Technology Information, 13, 203.

Ministry of Education. (2001). Jicoyubu guanyu jiji tuijin xiaoxue kaishe yingyu kecheng
de zhidao yijian. (MOE guidelines for actively promoting the offering of English
classes in elementary schools). Retrieved October 30, 2006, from
http://www.edu.cn/20010907/3000637.shtml

Phakiti, A. (2003). A closer look at gender and strategy use in L2 reading. Language
learning, 53(4), 649-702.students. ABAC Journal, 30(2).

Ramsden, P. (1992). Learning to Teach in Higher Education, Routledge, New York.

Savery, J. R. (2006). Overview of problem-based learning: Definitions and distinctions.
Interdisciplinary Journal of Problem-based Learning, 1(1), 3.

Soto, C., de Blume, A. P. G., Jacovina, M., McNamara, D., Benson, N., & Riffo, B. (2019).
Reading comprehension and metacognition: The importance of inferential skills.
Cogent Education, 6(1), 1565067.

Wichadee, S. (2011). The effects of metacognitive strategy instruction on EFL Thai
students’ reading comprehension ability. Journal of College Teaching & Learning,
8(5), 31-40.

Zhang, Y. N. (2008). Problems in English reading instruction at secondary schools.
Journal of Basic English Education, 10, 50-53.

APPENDIX

Samples of problem and learning materials:
Problem: How can you become a good learner?
Samples of learning materials: How to learn English well
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Sample 1

As we all know, English is one of the most important languages in the world. It’s
necessary for us to learn it well .How do you study? Everyone learns English in different
ways. I think the best way to improve your English is to improve your English skills—
listening, speaking, reading, and writing.

Firstly, we should practice them every day. We should remember more words and
grammar. Reading more English story books or novels . Watching more English cartoon
TVs or movies. Listening English tapes and repeating after the speaker.

Secondly,you are not afraid to make any mistakes you speak English as much as
possible.

Finally, you ask the teachers when you don’t understand any knowledge .It’s very

good for you if you are interested in English.
You will find studying English is interesting and helpful. One more thing
remembers “Practice makes perfect”! I hope everyone makes progress. Thanks!

Sample2

-----------
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Metacognitive survey

Explanation: 1 (Never); 2 (Sometimes); 3(Often); 4(Usually); and 5(Always).

What did you do before reading?

No | Before reading (Planning) 2 |3
1 I planned how to read the text in the test.
2 | I determined what the test tasks/questions required me to do.
3 I used pictures (if any) to predict the content of the text.
What did you do while reading?
No | While reading (Monitoring) 2 13
4 | When 1 read, 1 asked myself how the given text related to what 1
already knew.
5 I monitored the topic or keywords of the reading text to activate
prior experience.
6 I tried to understand the questions adequately before attempting to
find the answers.
7 | I selected relevant information to help me understand the reading
texts and answer the test questions.
8 I was aware of which strategy to use and how or when to use it.
9 | Tused multiple reading strategies to help understand the reading
text. (e.g. Main idea, inference, word meaning, details information,
summary).
10 | I was aware of how much the content remained to be read.
11 | I asked myself some questions as I was going through reading.
12 | I adjusted my reading rate according to the difficulty.
13 | I kept track of my own progress to finish the text on time.
What did you do after reading?
No | After reading (Evaluating) 2 13
14 | I corrected mistakes immediately when found.
15 | I checked my own performance and progress while completing the
test.
16 | Ichecked my accuracy as I progressed through the test.

(Adapted from metacognitive strategies Questionnaire by Phakiti, 2003 & Whichadee,
2011)

Thank you for your cooperation!
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In this paper, glucosamine was produced by acid hydrolysis of five mushrooms. The glucosamine yields were investigated, and the
optimum conditions were obtained as follows: acid type, sulfuric acid; acid concentration, 6 M; ratio of raw material to acid
volume, 1:10; hydrolysis temperature, 100°C; and time, 6 h. Under these conditions, the glucosamine conversion from chitin
content reached up to 92%. The results of hydrolysis kinetics indicated that hydrolysis of five mushrooms to glucosamine followed
zero-order kinetics. Moreover, the relatively low activation energy for hydrolysis of straw mushroom (18.31kJ/mol) and the
highest glucosamine yield (56.8132 +3.5748 mg/g DM, 0.9824 g/g chitin) indicated that hydrolysis of straw mushroom was
energy-saving. Thus, sulfuric acid hydrolysis of straw mushroom for glucosamine production should be considered as an efficient

process for the future industrial application. However, further study is needed for glucosamine purification.

1. Introduction

Chitin, the well-known natural biopolymer, has been
widely applied in food, pharmaceutical, and biotechno-
logical industries owing to its nontoxicity, biodegradability,
and biocompatibility [1]. Nowadays, most of the com-
mercial sources of chitin are crab and shrimp shells.
However, in nature, chitin occurs not only in the exo-
skeleton of arthropods but also in the cell walls of fungi and
yeast [1-3]. Therefore, fungi can be considered as the
potential candidate for the production of chitin. Mush-
rooms, one of the most known fungi, have been consumed
throughout the world for many centuries [4]. Besides their
nutritional value, they exhibit therapeutic and medical
properties related to preventing various diseases such as
cardiovascular diseases, diabetes, and several types of
cancer [5-7]. In addition, the chitin content of mushrooms
has been reported in the range of 0.3-19.6% DW (dry
weight) [3, 8].

Chitin has several applications when converted into its
oligomers and monomers, such as glucosamine (2-amino-2-
deoxy-D-glucose). In recent years, glucosamine with well-
studied efhicacy and satisfied safety has been widely used as a
dietary supplement for osteoarthritis treatment [9]. It is a
well-known fact that the hydrolysis of chitin with concen-
trated acids yields the formation of glucosamine [1]. For
industrial  production of glucosamine, concentrated
hydrochloric acid is usually employed to hydrolyze chitin
[10]. However, this method has low yield (below 65%) [11].
Another concern is the high content of sodium chloride in
the finally product may increase the cost of production and
the risk of some diseases, such as stroke, heart failure, os-
teoporosis, stomach cancer, and kidney disease [12]. Al-
ternatively, previous studies have reported that sulfuric acid
could be employed for hydrolysis of chitin and other bio-
polymers [1, 13-15].

According to the literature review, production of glu-
cosamine by acid-catalyzed hydrolysis of chitin in



mushrooms is feasible. However, no study has been con-
ducted to compare the efficiency of different acids for
glucosamine production, and little is known about the
optimum conditions and kinetics for acid hydrolysis of
mushrooms. Therefore, the objectives of this study were to
compare the acid-hydrolysis efficiencies of hydrochloric and
sulfuric acids, to optimize the hydrolysis conditions, and to
investigate the kinetic models.

2. Materials and Methods

2.1. Materials and Chemicals. Five species of edible mush-
rooms that are widely used for human consumption were
selected in this study. These include enoki mushroom
(Flammulina velutipes) (fresh), oyster mushroom (Pleurotus
ostreatus) (fresh), straw mushroom (Volvariella volvacea)
(fresh), shiitake (Lentinus edodes) (dried), and wood ear
mushroom (Auricularia auricular) (dried). The mushrooms
were purchased from a local market in Nakhon Ratchasima
province, Thailand. The three fresh mushrooms, namely,
enoki mushroom, oyster mushroom, straw mushroom, were
washed, cut into small pieces and dried in a Gamma 2-16
LSC freeze-drier (Martin Christ GmbH, Osterode am Harz,
Germany). In the freeze-drying process, mushroom pieces
were frozen at —85°C for 1h in the freeze-drier chamber,
dried at —=65°C for 72h, and then finally dried at 30°C for
24 h. The entire process was carried out at —85°C cold
collector temperature and 0.001 mbar chamber pressure.
After freeze-drying, five dried mushrooms were ground
using an [IKA-WERKE M20 universal laboratory miller with
a cooling jacket and 4-edged blade and then sieved to obtain
a fraction below 40-mesh. The ground mushroom samples
were well-sealed in the plastic bags and kept at 4°C
throughout the study.

N-(9H-Fluoren-2-ylmethoxycarbonyloxy) succinimide
(FMOC-Su) (98% purity) and D-(+)-glucosamine hydro-
chloride (minimum 99% purity) were purchased from
Sigma-Aldrich Chemical Company (St. Louis, MO, USA).
Triethylamine, trifluoroacetic acid, and acetonitrile were of
HPLC grade while all other chemicals used were of analytical
grade.

2.2. Mushroom Hydrolysis. Acid hydrolysis of mushrooms
was performed with a Gerhardt Kjeldatherm digestion unit
equipped with a digital temperature controller (Gerhardt
GmbH & Co. KG, Konigswinter, Germany) according to the
method described in our previous study [16]. Firstly, the
efficiency of hydrochloric acid and sulfuric acid for glu-
cosamine production was investigated. Based on the pre-
vious reported conditions of hydrochloric acid hydrolysis,
the parameters selected for the comparison were as follows:
ratio of raw material to acid volume (1:10, w/v), acid
concentration (6 M), hydrolysis temperature (80°C), and
hydrolysis time (8 h) [17]. Mean values of glucosamine yield
from all acid hydrolysis conditions were compared. Further
study was conducted to determine the optimum condition
for sulfuric acid hydrolysis conditions of the mushrooms.
One Variable at a Time (OVAT) was used to select the
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optimum conditions for sulfuric acid hydrolysis of mush-
rooms. Several experimental parameters such as acid con-
centration (1, 2, 4, 6, and 9 M), ratio of raw material, and acid
volume (w/v, 1:5,1:10; 1:15,1:20, 1:25,1:30 and 1:35),
hydrolysis temperature (40, 60, 80, 90, 100, and 110°C), and
hydrolysis time (0.5, 1, 2, 3, 4, 6, 10, 12, 15, 18, 24, 36, and
48 h) were examined. Aliquots were periodically taken from
the reaction mixture, cooled at 4°C, and neutralized with
calcium carbonate. 'The neutralized hydrolysate was used for
glucosamine quantitative determination.

2.3. Analytical Methods. The crude chitin content of
mushroom samples was measured based on the residual
mass after extraction. The extraction procedure was adapted
from the study of Ifuku et al. [2]. Ground samples were
deproteinized by 2% NaOH for 24 h at 90°C and demin-
eralized by 2M HCI for 48h at room temperature. After
washing with deionized water for 5 times, the residue was
dried at 70°C in a vacuum oven for 24 h. The measurements
were repeated 3 times. The average values of chitin content
were reported and used for the calculation of glucosamine
yield and conversion.

Glucosamine was determined by high-performance
liquid chromatography (HPLC) according to the AOAC
official method 2005.01 with minor modification {16, 18, 19].
Briefly, 0.75 uL. trimethylamine was added to 1 mL sample
solution and the mixture was allowed to react for atleast 12 h
at room temperature. Subsequently, a 100 4L portion was
mixed with 0.5mL 15mM FMOC-Su and reacted in the
sonicator water bath at 50°C for 30 min. After that, 4 mL
mixture of mobile phases A (water containing 0.05% tri-
fluoroacetic acid, pH 2.4)/B (acetonitrile) (1/1, v/v) was
added. Chromatographic separation was conducted on a
ZORBAZ ODS C18 column (5um particle size,
250 x4.6mm 1. D.), employing a C18 precolumn guard
cartridge. The column temperature was maintained at 30°C.
Detection was performed at a wavelength (1) of 265 nm with
an analytical time of 17 min. Samples were eluted with the
gradient mode at a flow rate of 0.8 mL/min. The mobile
phase consisted of A (0.05% trifluoroacetic acid in DI water,
pH 2.4)/B (acetonitrile), which was programmed with a flow
rate of 0.8 mL/min as follows: 0-6 min, 30% B; 6-11 min,
30-100% B; 11-15min, 100-30% B; 15-17 min, 30% B. A
calibration curve was prepared from glucosamine chloride
standards (20-120 pg/mL).

The glucosamine yield is defined as

M,
glucosamine yield (mg/gDM) = M-‘Ll, (1)
S
where M, represents the mass of glucosamine in the
mushroom hydrolysate and Mg represents the mass of
mushroom sample.
The glucosamine conversion is defined as

M, x0.973

glucosamine conversion (%) = 7

x 100%, (2)

<

where M, represents the mass of glucosamine in the
mushroom hydrolysate, M. represents the mass of chitin in
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Glucosamine and ACE inhibitory peptides were produced from five mushrooms by sulfuric acid hydrol-
ysis. Straw mushroom, hydrolysed at 100 °C for 4.03 h by 5.67 mol L~! sulfuric acid, had the highest glu-
cosamine yield (56.81 mg/g), while oyster mushroom hydrolysate presented the maximum ACE
inhibitory activity (ICsq, 64.111 mg/mL). Glucosamine was enriched 2-fold in the ethanol-soluble fraction
after ultrafiltration and ethanol precipitation. The potent ACE inhibitory peptides were purified 69-175
folds by a four-step purification procedure. All the purified peptides showed satisfactory residual activity
against heat, pH, and in vitro gastrointestinal digestion. Eighteen novel peptides were identified, of which
ASPYAFGL was found to exhibit high inhibition potency with ICs, values of 1.080 x 1077 mol L™, These
results suggested that mushroom hydrolysates containing glucosamine and ACE inhibitory peptides

Keywords:
Glucosamine
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Mushroom
Sulfuric acid could be exploited as multifunctional ingredients for drugs or functional foods against osteoarthritis
Hydrolysis and hypertension.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

It is well-established that mushrooms exhibit diverse nutri-
tional and medicinal effects due to the presence of proteins, carbo-
hydrates, fiber, mineral elements and other bioactive compounds
(Kalag, 2009; Konno, Chu, Feuer, Phillips, & Choudhury, 2015).
Mushrooms are rich in chitin ranging from 0.3 to 19.6% (Manzi,
Aguzzi, & Pizzoferrato, 2001; Mario, Rapana, Tomati, & Galli,
2008). Hence, mushrooms have the potential to be used as raw
materials for the preparation of chitin and its oligomers/monomers
such as glucosamine (GlcN, 2-amino-2-deoxy-p-glucose, CID:
439213). GlcN, the building unit of polysaccharides chitin and chi-
tosan, is widely synthesized in bacteria, yeast, fungi, plants, and
animals (Zhang, Liu, Li, Du, & Chen, 2012). Owing to its remarkable
effect on the regeneration of human joint cartilage and non-
adverse effects, it is extensively used for osteoarthritis treatment
(Henrotin et al., 2013). For decades, GIcN is commercially produced
by acid hydrolysis from exoskeletons of shellfish or other marine
resources (Sitanggang, Wu, Wang, & Ho, 2010). The GlcN produced
from these sources could become limited by unstable raw material
supply as the demand continues to grow (Sitanggang et al., 2010).
Moreover, GlcN from shellfish may not be suitable for people or

* Corresponding author.
E-mail address: msutheera@yahoo.com (M. Sutheerawattananonda).

hetp://dx.doi.org/10.1016/j.jtf.2017.06.049
1756-4646/© 2017 Elsevier Ltd. All rights reserved.

consumers with shellfish allergies (Sitanggang et al., 2010; Zhang
et al, 2012). Although acid hydrolysis based on concentrated
hydrochloric acid has been reported for many times, this procedure
has some problems such as high cost and low yield (Sashiwa et al.,
2003). To overcome these limitations, it is necessary to find a new
source of raw material and to develop a novel and efficient method
for GlcN production without possible allergens.

In addition to GlcN, the previous researches have shown that
the protein in mushrooms is ranked below most animal meats
but above most other foods (Lau, Abdullah, & Shuib, 2013). There-
fore, this makes them a good starting material for the production of
peptides with bioactive activities including angiotensin-I convert-
ing enzyme (ACE, EC 3.4.15.1) inhibitory activity. ACE is recognized
as the key enzyme in the regulation of hypertension mainly
through the renin-angiotensin and kallikrein-kinin systems since
it facilitates the production of vasoconstrictor angiotensin II and
the degradation of vasodilator bradykinin (Paiva, Lima, Neto, &
Baptista, 2016). Thus, inhibition of ACE has been considered as
the first-line target in the prevention and treatment of hyperten-
sion. During the last two decades, a series of ACE inhibitors have
been clinically used as antihypertensive drugs. However, these
synthetic drugs are associated with undesirable side effects such
as chronic dry cough, taste disturbances, difficulty in swallowing
or breathing, headaches, insomnia, diarrhea, allergic reaction,
inflammatory response, angioedema, hyperkalemia, tachycardia,
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and decrease in the white blood cells (Paiva et al., 2016; Toopcham,
Roytrakul, & Yongsawatdigul, 2015). Since food-derived ACE inhi-
bitory peptides are safer and healthier than synthetic drugs, they
have attracted increasing attention. In Japan, the thermolysin-
digested dried bonito (Katsuobushi oligopeptide) has been offi-
cially approved as “Foods for Specified Health Use” by the Ministry
of Health and Welfare and marketed for hypertension treatment
(Fujita, Yamagami, & Ohshima, 2001; Nakashima et al., 2002). In
recent years, some research papers have reported ACE inhibitory
peptides from water extracts of some mushrooms (Choi, Cho,
Yang, Ra, & Suh, 2001; Jang et al, 2011; Kang et al,, 2013; Lau,
Abdullah, Shuib, & Aminudin, 2014). However, no study has been
conducted on the production of GIcN and ACE inhibitory peptides
from mushrooms by acid hydrolysis.

Therefore, the objectives of this study were: (1) to find the opti-
mum hydrolysis conditions for GlcN production by response sur-
face methodology coupled with Box-Behnken design, (2) to
fractionate and purify GlcN and ACE inhibitory peptides from
mushroom hydrolysates through a four-step procedure, and (3)
to investigate the purified ACE inhibitory peptides in terms of pep-
tide analysis, inhibition pattern study, and residual activity assay
against temperature, pH, and gastrointestinal proteases.

2. Materials and methods
2.1. Materials and chemicals

Five edible mushrooms: enoki mushroom (Flammulina velu-
tiper) (fresh), oyster mushroom (Pleurotus ostreatus) (fresh), straw
mushroom (Volvariella volvacea) (fresh), shiitake (Lentinus edodes)
(dried), and wood ear mushroom (Auricularia auricular) (dried)
were purchased from a local market, while shrimp shell waste that
serves as the control was collected from a restaurant in Nakhon
Ratchasima Province, Thailand. The three fresh mushrooms and
shrimp shell waste were first cleaned and freeze-dried. Subse-
quently, all dried samples were finely milled and kept in sealed
plastic bags at 4 °C until used.

Table 1
Box-Behnken design matrix, results and ANOVA of the regression model.

N-(9H-Fluoren-2-ylmethoxycarbonyloxy) succinimide (FMOC-
Su) (98% purity), p-(+)-Glucosamine hydrochloride (minimum
99% purity), ACE from rabbit lung, N-[3-(2-furyl) acryloy]-L-
phenylalanylglycylglycine (FAPGG), pepsin, and chymotrypsin
were purchased from Sigma-Aldrich Chemical Company (St. Louis,
MO, USA). Captopril tablets (specification: 25 mg per tablet) were
bought from the local drugstore. Acetonitrile was HPLC grade while
all other chemicals used were of analytical grade.

2.2. Preparation of mushroom hydrolysates

One gram of ground sample and 10 mL 5.67 mol L~" sulfuric
acid were well-mixed by a vortex mixer, then heated under
100 °C for 4.03 h. The reaction was stopped by cooling the reaction
solution to room temperature and then neutralized with calcium
carbonate. The soluble fractions were separated from insoluble
fractions by centrifugation and stored at —20 °C for further use.

2.3. Optimization of GIcN production by response surface methodology

Response surface methodology based on Box-Behnken design
was employed to explore the effect of sulfuric acid hydrolysis on
the GlcN yield from oyster mushroom. Hydrolysis temperature,
hydrolysis time, and acid concentration were selected to optimize
the conditions of sulfuric acid hydrolysis. The levels of the vari-
ables and the experimental design were shown in Table 1.

Experimental runs were carried out randomly and the data
were fitted to the second-order polynomial Eq. (1) model gener-
ated by Design-Expert software (Version 9.0.4.1, Stat-Ease, Min-
neapolis, MN, USA) (Miao et al., 2015).

Y= ﬁo+ZﬁX.+Zﬂ.,X2+ZZﬁ,,xx (1

i=1 j=i+1

in which Y is the dependent variable, X; and X; represent the inde-
pendent variables, fo is constant, B;, fi;, and B;; are coefficients of lin-
ear, quadratic and interaction terms, respectively. n represents the
number of independent variables.

Run No. Hydrolysis temperature Hydrolysis time Acid concentration GlcN yield (Y, mg/g DM)

(X4, °C) (X2, h) (X3, mol L71) Observed Predicted
1 -1(70) -1(2) 0(6) 15.05+0.33 16.11
2 1(110) -1(2) 0(6) 23.12+0.66 23.31
3 -1 (70) 1(6) 0(6) 15.88 £0.13 15.70
4 1(110) 1(6) 0(6) 24.66 £ 1.20 23.62
5 -1(70) 0 (4) -1(3) 8.43 £ 0.05 8.02
6 1(110) 0(4) -1(3) 19.94 £0.33 20.42
7 -1(70) 0(4) 1(9) 11.98 + 0.08 11.50
8 1(110) 0(4) 1(9) 13.82+0.36 14.22
9 0(90) -1(2) -1(3) 16.52 +1.04 15.86
10 0(90) 1(6) -1(3) 1538 +1.58 15.96
14 0 (90) -1(2) 1(9) 15.23 £0.03 14.65
12 0(90) 1(6) 1(9) 13.80£0.32 14.45
13 0 (90) 0 (4) 0(6) 25.99+0.85 26.15
14 0(90) 0 (4) 0(6) 26.10 £0.96 26.15
15 0(90) 0(4) 0(6) 25.39+0.86 26.15
16 0(90) 0(4) 0(6) 26.92+0.78 26.15
17 0 (90) 0 (4) 0(6) 26.34 +£0.90 26.15

Xy Xz X3 X Xa X1 X3
p-value <0.0001 0.9404 0.0730 0.7088 0.0011

X2X3 b X3 X3
p-value 0.8782 <0.0001 0.0010 <0.0001

Model Lack of fit Adeq. Prec. = 25.890
p-value <0.0001 0.0780 R*=0.9900, Adj R* = 0.9770
F-value 76.65 4.96 CV.%=478

DM: dry mass.
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The analysis of early gonadogenesis during larval development requires a molecular marker that is
specifically expressed in the germ cell lineage, such as the vasa gene. In this study, we cloned and
characterized vasa in the striped catfish (Pangasianodon hypophthalmus), and designated this as Phy-vasa.
Phy-vasa contained all of the predicted consensus motifs that are shared among the vasa genes in other
fish species, including RG and RGG repeats, ATPase motifs, and a DEAD-box, and phylogenetic analysis
using various DEAD-box family proteins demonstrated that the Phy-vasa protein clustered within the
Vasa family. Reverse transcription polymerase chain reaction (RT-PCR) indicated that Phy-vasa mRNA
only occurred in the testis and ovary, and in situ hybridization showed that the gene was expressed only
in the germ cells, with strong expression in the spermatogonia and oogonia. To investigate early gona-
dogenesis in catfish larvae, we undertook histological characterization and in situ hybridization using a
Phy-vasa probe, which showed that migration of the primordial germ cells (PGCs) most commonly
occurred in larvae at 2—10 days post-fertilization (dpf), the PGCs started to be surrounded by gonadal
somatic cells at around 10—20 dpf, and rapid proliferation of the PGCs had begun by 30 dpf. These

findings provide a valuable insight into early gonadal development in the striped catfish.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

The vasa gene, or Ddx4, encodes an RNA helicase that belongs to
the DEAD-box (Asp—Glu—Ala—Asp) protein family. vasa is specif-
ically expressed in the germ cells in a wide range of organisms
[1-4] and has also been shown to be a maternally-expressed gene
based on the detection of its mRNA during embryonic development
prior to zygotic gene activation [5-7]. The conserved adenosine
triphosphate (ATP)-dependent RNA helicase that vasa encodes
plays a crucial role in primordial germ cell (PGC) formation and
germ cell differentiation [2,8]. For example, gene targeting has
shown that the vasa homolog in mice (Mus musculus) is involved in
the proliferation and differentiation of male germ cells [9].
iurthermore. although vasa does not appear to be crucial to PGC

* Corresponding author.
E-mail address: surinton@sut.ac.th (S. Boonanuntanasarn).

https:{/doi.org/10.1016/j.theriogenology.2019.01.022
0093-691X/© 2019 Elsevier Inc. All rights reserved.

proliferation in medaka (Oryzias latipes), it is considered essential
for PGC migration [10]. Therefore, although the precise function of
vasa does not appear to have been conserved across animal taxa, its
expression is specific to the germline lineage.

PGCs are progenitor cells that differentiate to produce gametes.
As in other vertebrates, fish PGCs are generally large in size, have a
low nucleocytoplasmic ratio, and have a distinct nuclear border and
granular nuclear chromatin [ 11,12]. These hallmark traits enabled to
identify PGC in medaka and zebrafish (Danio rerio) by morpho-
logical characterization using transmission electron microscope
[13,14]. In addition, combined with PGC morphology, histological
identification using eosinophilic granules as a marker was
employed to characterize PGCs in zebrafish [ 15]. Nevertheless, it is
difficult to identify PGCs, particularly prior to their complete
migration toward the genital ridge, highlighting the need for a
molecular marker to confirm PGC identification and thus enable the
investigation of early gonadogenesis in fish larvae.

Several genes are specifically expressed in germ cells in various
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animals and so represent potential marker candidates, including
vasa, nanos, dazl, deadend, and cxcr4b [reviewed in 16]. Among
these, the vasa gene products have been extensively used as mo-
lecular markers for the identification of germ cells. The specific and
strong expression of vasa has allowed it to be used to identify PGCs
in larvae, as well as in spermatogonia and oogonia throughout the
reproductive cycle [7,17,18], and the localization of vasa mRNA
makes it useful for characterizing and tracing the migration of PGCs
in Drosophila [19], zebrafish [17], medaka [20], rainbow trout
(Oncorhynchus mykiss) [G], toadfish (Halobatrachus didactylus) [7]
and brown-marbled grouper (Epinephelus fuscoguttatus) [21].
Moreover, transgenic animals have been produced that carry a
green fluorescent protein whose expression is driven by the vasa
promoter, allowing germ cell migration to be tracked [18,22,23].
Thus, the characterization of vasa expression profiles can provide
valuable information and has various applications in the field of
reproductive technology, such as early gonad development through
sex differentiation [24,25] and germ cell transplantation [21,26].

Germ cell transplantation technology in fishes has been devel-
oped by isolating PGCs, spermatogonia, and oogonia from donor
fish and transplanting them into recipient larvae during the period
of PGC migration [22,23,27—29]. In addition, isolated spermatogo-
nial cells were demonstrated to intrapapillary transplant into the
testes of the adult fish [30]. The establishment of a reliable germ
cell transplantation technique would have a number of practical
applications for fish biotechnology, such as the restoration of en-
dangered species and the use of small-bodied fish as a surrogate
broodstock for the production of large-bodied fish over a shorter
generation time. However, this would require the precise identifi-
cation of germ cells, including PGCs, spermatogonia and oogonia in

e early stages of reproductive development.

Fishes in the family Pangasiidae are found across southern Asia
in both fresh and brackish water. Many of these have been classified
as critically endangered species in International Union for Conser-
vation of Nature's Red List, such as the Mekong giant catfish (Pan-
gasianodon gigas) and the Chao Phraya giant catfish (Pangasius
sanitwongsei), while several others, particularly the striped catfish
(Pangasianodon hypophthalmus), are economically important as a
major source of whitefish products on the world market and so
have been extensively cultured. Full-cycle cultivation of the striped
catfish is well-established, from the hatchery stage through to seed
production and grow-out farming. Consequently, the striped catfish
has potential as a recipient fish for the germ cell transplantation of
endangered or commercially valuable pangasiid catfish, which
would be of benefit to both conservation and aquaculture. There-
fore, in this study, we cloned and characterized vasa cDNA from the
striped catfish, and demonstrated the localization of vasa expres-
sion in both immature and mature gonads using in situ hybridiza-
tion. We then used vasa expression as a marker for the
identification of PGCs during early gonadal development.

2. Materials and methods
2.1. Ethics statement

All the experimental in vivo protocols and procedures involving
fish were performed in accordance with the ARRIVE guidelines and
.EU Directive 2010/63/EU for animal experiments.
2.2. Fish

The striped catfish that were used in this study were cultured at
a farm at the Suranaree University of Technology, Nakhon Ratch-

asima, Thailand. Immature fish (0.12—0.85 kg) were maintained in
an earthen pond (10 x 40 x 1.5 m) and fed a commercial feed (36%

logy 131 (2019) 61-71

crude protein, 4% crude fat) at 5% body weight at 10.00 and 16.00 h
each day. Broodstock fish (females, 1.5—2.5 kg; males, 1.0—2.5 kg)
were maintained in an earthen pond (10 x 40 x 1.5m) and fed a
commercial feed (25% crude protein, 3% crude fat) at 2% body
weight at 10.00 and 16.00 h each day. Spawning generally takes
place from March to October. Throughout the study period, the
pond water was maintained at a temperature of 26 °C-30°C, a pH
of 74—8.5, and a dissolved oxygen content of 3.0—5.1 mgl~".

For seed production, the broodstock fish (1:1 males:females)
were transferred to a canvas pond (2 m?3) and anesthetized with
100 ppm of clove oil for hormonal injection. An intramuscular in-
jection was performed twice. The female fish were first injected
with pituitary from the donor fish of equivalent weight to the fe-
male spawned and 300 IU kg~ of human chorionic gonadotropin
(HCG). After 8—12 h, the female fish were given a second injection
containing four glands of pituitary from the donor fish of equivalent
weight to the female spawned and 900 IU kg~ of HCG. After
10—12 h, artificial fertilization was conducted by mixing the eggs
and milt, following which fertilization was activated with 0.85%
NaCl. The fertilized eggs were washed three times to remove any
excess sperm and transferred to hatching tanks (0.5 m?) filled with
freshwater at 28 °C-29°C. After 36 h, the hatched larvae were
transferred into a new tank (0.5 m?) with aeration at a density of
100 fish 1. The larvae were fed newly hatched brine shrimp (5—15
individuals ml~") from 3 to 14 days post-hatching (dph) followed
by a commercial powdered diet (36% crude protein, 4% crude fat).

2.3. Total RNA extraction and molecular cloning of vasa and -actin
cDNAs

One male (body weight, 800 g; gonad weight, 0.31 g; gonado-
somatic index [GSI], 0.04%) and one female (body weight, 840 g;
gonad weight, 2.46 g; GSI, 0.29%) striped catfish were sampled and
dissected to collect tissues for total RNA extraction. Total RNA was
extracted from the sampled tissues (c. 100 mg) using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and digested with RNase-free DNase
I (Promega, Madison, WI, USA), according to the manufacturer's
instructions.

To clone the full-length cDNA of the P. hypophthalmus vasa gene
(Phy-vasa), rapid amplification of 3" and 5' ¢cDNA ends (3’ and 5’
RACE) was performed using a SMART™ RACE cDNA Amplification
Kit (Clontech, Palo Alto, CA, USA), according to the manufacturer's
protocol. The 3" and 5’ Phy-vasa cDNA ends were then cloned using
nested polymerase chain reaction (PCR). For the 3’ end, two gene-
specific forward primers, vasa-F1 and vasa-F2 (Table 1), were
generated based on the highly conserved regions of other vasa
genes. For the 5" end, two gene-specific reverse primers, vasa-R1
and vasa-R2 (Table 1), were designed according to the DNA

Table 1

Sequences of the primers used in this study.
Primer Sequence (5'-3') PCR
vasa-F1 GAYGABATMHTKGTVGA GTBAGYGG 3' RACE PCR
vasa-F2 AAGCCBACYCCDGTVCAGAARYAYGG 3' RACE PCR
vasa-R1 CCABKWVGGMACYTCCTGYTG RGC 5' RACE PCR
vasa-R2 TTHCCRCAKCGDCCDGTKCKBCCRA 5' RACE PCR
UPM-L CTAATACGACTCACTATAGGGCAAGCAG 3'and 5’ RACE PCR

TGGTATCAACGCAGAGT

UPM-S CTAATACGACTCACTATAGGGC 3'and 5' RACE PCR
vasa-RT-F CGGCAAACCCTTATGTTCAG RT-PCR
vasa-RT-R CATTGTTCTCTGCGTACCTG RT-PCR
B-actin-F ACTACCTCATCAAGATCCTG RT-PCR
f-actin-R TTGCTGATCCACATCTGCTG RT-PCR

PCR, polymerase chain reaction; RACE, rapid amplification of cDNA ends; RT, reverse
transcription.
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+ Aging- and temperature-related changes in the numbers and stem cell functions of
type-A spermatogonia (ASG) were investigated in medaka (Oryzias latipes).

+ ASG numbers increased continuously from pre-puberty stage until adolescence stage,
but they decreased at senescence stage.

+ Low water temperature appeared to slow down both testis development and aging
processes.

+ Stemness of each ASG, measured by transplantation assay, were not changed during
aging process.

Abstract

Spermatogonial transplantation can contribute to developing a novel method of producing seedlings for both
aquaculture and biotic conservation. This study's purpose was to investigate aging- and temperature-related changes in
the numbers and stem cell functions of type-A spermatogonia (ASG) in the model fish medaka (Oryzias latipes). The ASG
numbers in medaka of different ages were quantified via histological observation and enzymatic dissociation of vasa-
Gfp medaka testes. The ASG numbers were higher in eight-month-old medaka (maturation) than in four-month-old
medaka (the onset of maturation). However, ASG numbers decreased in 18-month-old medaka (senescence). Low water
temperature appeared to slow down both testis development and aging processes. To study the effects of aging on ASG
stem cell activity, testicular cell suspensions containing GFP-expressed ASG were prepared from vasa-Gfp medaka
donors at 4 and 18 months of age and transplanted into recipient hybrid larvae of medaka (O. latipes x O. Curvinotus),
which provided young stem-cell-niches. The findings revealed no significant differences in ASG colonization rates
isolated from medaka of different ages. Each group displayed similar rates of germ-line transmission. Furthermore,
water temperature had no significant effects on each ASG's stem cell activity. Taken together, these results indicated
that aging and temperature affect ASG numbers. However, ASG isolated from medaka with different ages were
transplanted into gonads with a young niche microenvironment, and there was no evidence of donor aging on stem
cell activity.
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1. Introduction

Germ cell transplantation (GCT) has been developed in fish as a novel tool for seed production in both aquaculture and
conservation applications. For example, in aquaculture, this technology would allow small fish with short generation
times to be surrogate parents for offspring of large fish with long generation times. Recently, both allogenic and
xenogenic GCT has been shown to be capable of producing surrogate broodstock to generate donor-derived offspring
in commercially important species [1,2].

Currently, the world is experiencing destruction of the habitats of many fish species, and this has had a negative impact
on different populations of wild fish. Consequently, several fish species have become endangered, and various fish
populations are faced with extinction. Therefore, conservation of endangered fish is an urgent issue and must be
implemented using various biotechnological approaches. Although techniques for cryopreservation of fish sperm have
been demonstrated in several fish species, cryopreservation technique for fish eggs is not yet available [3,4]. As an
alternative, cryopreservation of immature germ cells has been developed, and a combined approach, using
cryopreservation and GCT, has become a valuable technique for producing both donor-derived eggs and sperm for
restoring the offspring of endangered fish species [1,[5], [6], [7]].

GCT was developed originally in salmonid fish through isolating immature germ cells, including primordial germ
cells (PGCs), type A spermatogonia (ASG), and oogonia (OG), and transplanting them into recipient larvae during early
gonadal development [[8], [9], [10]]. For spermatogonia transplantation (SGTP), transplanted ASGs can be incorporated
into recipient genital ridges, resume gametogenesis to produce donor-derived eggs and sperm and, eventually, donor-
derived offspring. Aside from salmonid studies, allogenic SGTP has also been achieved in and produced both donor-
derived eggs and sperm in yellow tail (Seriola quinqueradiata) [11], Nibe croaker (Nibea mitsukuri) [12], and Chinese rosy
bitterling (Rhodeus ocellatus ocellatus) [13]. In addition, SGTP has been used successfully in xenogeneic transplantation;
masu salmon (Oncorhynchus masou) have produced eggs and sperm derived from donor rainbow trout (O. mykiss) [14,15],
and grass puffers (Takifugu niphobles) have produced eggs and sperm derived from donor tiger puffers (T. rubripes) [16].

In order to apply SGTP to a broader range of fish species at a practical level for aquaculture and conservative purposes,
there have been several factors of concerns to improve SGTP's efficiency such as donor-age, sex determination system
of donor, capability of recipient to support germ cell transplantation. Among them, donor-age should be a critical
factor in achieving maximal SGTP efficiency [17,18]. So far, there have been no studies of ASG's transplantability in aged
fish with decreasing reproductive activity. It is particularly important to address this question since, when SGTP is
applied to conserving endangered fish species, wild donor fish of a suitable age may often be difficult to capture.

Medaka (Oryzias latipes) has been used widely as an experimental fish because it has short life cycle, and its mating
system, under laboratory conditions, has been well-developed. Recently, medaka has served as a model species for
aging because ofits short lifespan [[19], [20], [21]]. SGTP has been demonstrated recently in medaka [5] enabling use of
these fish in investigating ASG aging. Thus, in this paper, we used medaka to study the effects of aging on both the
numbers and transplantability of ASG. In addition, as with other fish, medaka are poikilothermic animals that exhibit
temperature-dependent testicular development which might also influence SGTP efficiency. Therefore, we have also

examined the effects of low temperature on testicular structure aging and ASG transplantability.

2. Materials and methods

2.1. Fish culture and breeding

The medaka used in this study were cultured in dechlorinated tap water at 26+1°C under a light-dark cycle (LD 14:10)
at the Tokyo University of Marine Science and Technology (TUMSAT, Shinagawa, Japan). For both adult fish and larvae,
all rearing methods were performed according to the specialized experimental protocols for medaka [22]. olvas-gfp
transgenic medaka [23], obtained from Dr. Tanaka (Nagoya University, Japan), were used as donors. To study the effects
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A reversed-phase high-performance liquid chromatography with diode-array detection (HPLC-DAD) was developed
and validated to estimate the phenolic acids (gallic acid, caffeic acid, syringic acid, p-coumaric acid, sinapic acid, and
ferrulic acid), flavonoids (catechin rutin, myricetin, quercetin, apigenin, and kaempferol), ascorbic acid, and cugenol.
The chromatogram condition was set in suitable wavelength 272 nm and run flow rate 0.7 pl/minutes using HPLC
Agilent Technologies 1260 Infinity, a reversed-phase Zorbax SB-C18 column (3.5 um particle size, i.d. 4.6 mm x 250
mm) with the mobile phase solution (1:9, HPLC-grade acetonitrile:1% acetic acid). The linearity, precision, limit of
detection, limit of detection, and accuracy were R? > 0.9907, relative standard deviation < 1%, 0.005 pg/ml, 0.015 pg/
ml, and 96%—102%, respectively. As a result, all the selective compounds were successfully separated, identified, and
quantified. The enormous contents were found in quercetin and eugenol, expressing crude content (mean, 5.989 mg/g)
and residue content (mean, 1.934 mg/g) for quercetin, while crude content (mean, 3.209 mg/g) and residue content
(mean, 0.184 mg/g) for eugenol. Consequently, this method could be applied, repeated, and developed for the later
observation, especially in commercially inclination of Piper betle analysis.

INTRODUCTION

Regarding  pharmaceutical — development inviting
utilization of organic compounds is broadly critical issue for
human health properties, even more in animal welfare. Phenolic
compounds, or commonly as polyphenols, had been considered
as rife organic compound characteristic, ubiquitously in plants,
fruits, and vegetables. These are secondary metabolites that
contain simple phenolic molecules and benzene rings through
shikimic and pentose phosphate pathway. Lin et al. (2016)
reviewed polyphenols have a host of medicine values, such as
anti-inflammatory, antioxidant, antidiabetic, and anticarcinogenic,
representing action by its members: simple flavonoid, phenolic
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acid, complex flavonoid, and hydroxycinnamic acid. The
interaction of polyphenols with neighborhood substances and
its derivative had been linked to specifically other functions.
For instances, polyphenols persuading essential oil as eugenol
had been used revealing antimicrobial mode and stress-linked
phytochemical corresponding to water-soluble vitamin profoundly
as ascorbic acid. Hence, elaborating study to obtain, extract, and
modulate a comprehensive knowledge whether using single
polyphenols or combining with other essential compounds should
be more investigated.

In earlier study, Begam ¢r al. (2018) reported that the
ethanol Piper betle L. extraction bring up 10 major fractions,
leaded by eugenol using gas chromatography—mass spectrometry
procedure. Moreover, Syahidah ez «/. (2017) confirmed that the
Piper betle L. has an abundant of flavonoids, tannins, and alkaloids
where the methanolic assay was subjected under high-performance
liquid chromatography with diode-array detection (HPLC-
DAD) machine. Hence, elaborating study to obtain, extract, and
modulate a comprehensive knowledge whether (about) using

© 2019 Purba and Paengkoum. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).
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single polyphenols or combining with other essential compounds
should be more investigated.

Piper betle Linn. (Family: Piperaceae) is herb plant (Fig. 1)
whose has a perennial dioecious, semi-woody climber, and swollen
stems. Its common names are betel (English), paan (Indian), phlu
(Thai), and sirih (Bahasa Indonesian). Piper betle L. is cultivated
in tropical Asian area and has a strong pungent aromatic flavor. The
plant is credited for conventional treatments covering antiseptic,
antimicrobial, and medicinally useful for pulmonary affection by
locals. In addition, nutrient value of this plant was categorized as
low protein (3.5%—3.94%), fat (0.25%-0.33%), and energy 21.8
MJ/kg (unpublished data). Dasgupta and De (2004) conducted in
vitro study used Piper betle extracts exhibiting antioxidant role
and Datta et al. (2011) reported ethanol extract of Piper betle had
confirmed diminishing significantly toward to human pathogenic
bacteria (Gram-positive and Gram-negative). As a result, we
hypothesized that the natural organic compound of Piper betle
L. and corroboration method for compelling its interaction were
suspected necessary for further study.

Therefore, quantification of natural present contents and
validation method, including separation and identification of active
constituents was a prerequisite. Hopefully, the actual sentence
of these results could be clear-cut and useful for pharmaceutical
biotechnology community, human nutrition, and animal welfare
group. Thus, the aim was to identify and measure phenolic
compound, water-soluble vitamin, and essential oil of Piper betle
L. leaf as potential antioxidant, antimicrobial, and anticarcinogenic
using different polarity of solvents by reverse phase HPLC-DAD.

MATERIALS AND METHODS

Plant material

Piper betle L. leaves were purchased from local market,
Prachinburi area, East Thailand. Fresh biomass of leaty material
plant was pooled, rinsed, and kept overnight at 4°C. Residue
content of Piper betle L. leaves was made by after steam-
distillation using Clevenger's apparatus to collect an essential oil
(separated report) and the crude content of Piper betle L. leaves
was as untreated steam-distillation. The crude and residue content
were air-dried using oven set 40°C for 2 days, made a powder, and
kept in sealed plastic until the extraction time.

Extraction

Five grams of crude or residue content were extracted
with 20-ml solvents on the basis of their polarity. Water, methanol,
ethanol, chloroform, and hexane were used in this section. The

Purba and Paengkoum / Journal of Applied Pharmaceutical Science 9 (05); 2019: 033-039

extraction were run with Soxhlet apparatus for 3—4 hours. The
extract was filtered and kept. Remaining solid residue on the filter
paper was reextracted for three times with volume of fresh solvent,
Soxhlet, and filtered. All the filtrates were pooled and combined
based on the solvent followed by evaporation using Rotavapor
(Buchi R300). The extracts were finally filtered through 0.45-
um PVDF syringe paper and the volume was made up to 10 ml
using the same solvent and stored at —20°C.

Chemical and reagent

The HPLC-grade solvents were purchased from Anapure
(Bangkok, Thailand) for acetic acid, Avantor (USA) for ethanol and
methanol, Labscan (Bangkok, Thailand) for hexane and chloroform,
and Duksan (Gyunggido, Korea) for Acetonitrile. Standard
chemicals, phenolic acids (gallic, caffeic, syringic, p-coumaric,
ferulic, and sinapic acid), flavonoids (catechin, rutin, myricetin,
quercetin, apigenin, and kaempferol), and essential oil (eugenol) were
purchased from Sigma Chemical Co. (St. Louis, MO). However,
ascorbic acid was purchased from Carlo erba (Strada Rivoltana,
France). All water used in all the preparations was of the double
distillated water grade (Millipore, Illkirch-Graffenstaden, France).

Standard chemical preparation and HPLC equipment

A standard stock solution (1 mg/ml) was made by diluted
1 mg selecting standard with 0.5-ml HPLC-grade methanol
followed by sonication for 15 minutes in ice and vortex. The
standard stock solution was then adjusted to 1 ml with the mobile
phase solution (1:9, HPLC-grade acetonitrile: 1% acetic acid).

HPLC analyses were performed with HPLC Agilent
Technologies 1260 Infinity (USA and Canada) with four solvent
delivery system quaternary pumps (61311B), including a diode
array detector (DAD 61315D) with 10-mm flow cell, an automatic
sample injection valve equipped with a 100 loop and Agilent
OpenLAB CDS 1.8.1 system manager as data processor. The
separation was achieved by a reversed-phase Zorbax SB-C18
column (3.5 um particle size, i.d. 4.6 mm x 250 mm).

Chromatographic condition

A method for chromatographic analysis followed to
Seal (2016) with modification. The gradient elution, flow rate,
and temperature setting are presented in Table 1. Injected volume
was maintained at 20 pl. A photo diode array UV detector run
wavelength at 272 nm according to absorption maxima of analyzed
compounds was set to detect HPLC chromatogram with analysis
total time per sample 65 minutes. Identification of each compound
was decided with identical condition by its retention time inviting

Table 1. Chromatographic design for gradient eluent, flow rate, and temperature.

Time (minutes) Flow rate (nl/minutes)

Temperature (°C)

Mobile phase (%)

Acetonitrile 1% Acetic acid
0 0.7 28 10 90
28 0.7 28 40 60
39 0.7 28 60 40
50 0.7 28 90 10
55 0.7 28 10 90
65 0.7 28 10 90
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Acerola content, which was equivalent with guava content 2 mg/g,
whereas Piper betle L. residue content using methanol was only |
mg/g. However, the non-polar solvents were repeatedly failed to
provoke ascorbic acid in crude-residue contents that indicated the
slightly polar unrecommending used in this way.

CONCLUSION

The reversed-phase HPLC-DAD was successfully
used for identification and quantification of phenolic compound,
water-soluble vitamin, and essential oil of Piper betle L. extract
in different polarity of solvents. The method demonstrated more
compatible with complex compounds involving ascorbic acid,
gallic acid, catechin, caffeic acid, syringic acid, rutin, p-coumaric
acid, sinapic acid, ferrulic acid, myricetin, quercetin, apigenin,
kaempferol, and eugenol, thereby, promising a simple procedure
with more efficiency. LC-MS and FTIR synchrotron technique
may be considered for further investigation. Consequently,
this method could be applied, repeated, and developed for
later observation and the present value of Piper betle L. could
be recommended for problem solving in pharmaceutical
biotechnology community (quality control units), human
nutrition, and animal welfare group.
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The links between supplementary tannin
levels and conjugated linoleic acid (CLA)
formation in ruminants: A systematic review
and meta-analysis

Rayudika Aprilia Patindra Purba:'*, Pramote Paengkoum’, Siwaporn Paengkoum?

1 School of Animal Technology and Innovation, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand, 2 Program in Agriculture, Faculty of Science and Technology,
Nakhon Ratchasima Rajabhat University, Nakhon Ratchasima, Thailand

Abstract

A systematic review and meta-analysis were conducted to predict and identify ways to
increase conjugated linoleic acid (CLA) formation in ruminant-derived products to treat
human health issues with dietary tannins. The objective was to compare and confirm the
effects of dietary tannins on CLA formation by analyzing in vitro and/or in vivo studies. We
reported the results of the meta-analysis based on numerical data from 38 selected publica-
tions consisting of 3712 treatments. Generally, via multiple pathways, the CLA formation
increased when dietary tannins increased. Concurrently, dietary tannins increased A® desa-
turation and the CLA indices in milk and meat (P < 0.05 and P < 0.001, with average R®
values of 0.23 and 0.44, respectively), but they did not change the rumen fermentation char-
acteristics, including total volatile fatty acids (mmol/L) and their acid components. In vitro
observations may accurately predict in vivo results. Unfortunately, there was no relationship
between in vitro observations and in vivo results (R® < 0.10), indicating that it is difficult to pre-
dict CLA formation in vivo considering in vitro observations. According to the statistical meta-
analysis results regarding animal aspects, the ranges of tannin levels required for CLA forma-
tion in vitro and in vivo were approximately 0.1-20 g/kg dry matter (DM) (P < 0.001) and 2.1—
80 g/kg DM (P < 0.001), respectively. In conclusion, the in vivo method was more suitable for
the direct observation of fatty acid transformation than the in vitro method.

Introduction

There is a substantial demand for ruminant-derived products, such as milk and meat, and
quality, especially fat content, has become increasingly important to consumers recently [1].
Saturated fatty acids (SFAs) are present in higher concentrations than polyunsaturated fatty
acids (PUFAs) in milk and meat [2]. The relationship between dietary SFAs and the risk of
coronary heart diseases (CHDs) is strong; CHDs result in 2155 coronary-related deaths
among 344,696 persons annually and are caused by SFA accumulation in the human body
when energy intake is unbalanced, resulting in unhealthy levels of low-density lipoprotein
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(LDL) and high-density lipoprotein (HDL) cholesterol [3]. Habitual alteration may result in a
“healthy life” by reducing SFA intake by approximately <10%, relative to total energy and
cholesterol intake, to <300 mg/d [4]. Over the past 2 decades, many nutritionists around the
world have conducted relevant studies to solve this problem and have identified a natural
PUFA with conjugated linoleic acid (CLA) in milk and meat as a natural key element. Most of
the researchers found that CLA has a health-promoting value in humans concerning the pre-
vention of CHDs, abating or eliminating cancer, improving immunity and treating obesity
through the development of fixed lean body mass [5-7].

Despite the considerable benefits of CLA, it can be hydrolyzed and is present in limited
ranges of 0.34-1.07% of total fat in milk and 0.12-0.68% of total fat in meat [8]. Further,
CLA is an intermediate product produced by shortening linoleic acid (LA; cis-9, cis-12
18:2) and a-linolenic acid (ALA; cis-9, cis-12, cis-15 18:3) through lipolysis, isomerization,
and biohydrogenation; the dominant isomers of CLAs are cis-9, trans-11 18:2 and trans-7,
cis-9, representing 75-90% and 3-16% of the total CLAs, respectively [2, 9]. Unfortu-
nately, ruminants do not have the ability to endogenously synthesize LA and ALA [10].
ruminant-derived products are as follows: an altered biohydrogenation pathway with
regard to microorganism reductase and the origin of the diet in the feeding regimen. It is
well documented that bacteria from group A, Butyrivibrio fibrisolvens, which transforms
LA and ALA to cis-9, trans-11 18:2 and trans-11 18:1 isomers [2], is active in the first stage
of biohydrogenation. Additionally, an activated enzyme remove two hydrogen atoms with
A? desaturase through desaturation deposit more cis-9, trans-11 18:2 isomers [8, 12, 13].
There has been a particular interest in comparing the roles of other microorganisms in
biohydrogenation, namely, protozoa and fungi. Protozoa contribute to 30-40% of lipolysis
activity by adhering to the plant surface (possibly in feedstuff) by an anterior pleated zone,
resulting in an efficient breakdown of cellular membranes [14]. As a consequence, rumen
protozoa were confirmed to be a rich source of PUFAs due to the ingestion of more chlo-
roplasts [15]. Likewise, rumen protozoa of Epidinium spp. were reported to have a positive
association (P < 0.05) with cis-9, trans-11 18:2 and trans-11 18:1 depositions [16]. How-
ever, Epidinium spp. were reported to be unable to induce A? desaturation [15, 17] associ-
ated with bacterial lipids. Rumen fungi were represented by the Orpinomyces genus, which
also accelerated CLA production via the LA lipolysis isomerization stage in slow catalysis.
However, the double-bonded reductase of the ALA fraction was unclear [18].

The original diet in the feeding regimen can be supplemented with feeds or additional
fats, such as forages, animal lipids and vegetable oils, to achieve increased CLA fractions in
milk and meat, as reported in a previous meta-analysis [19]. Recently, the efficiency of the
aforementioned supplementation was confirmed by its affinity for bacterial lipid from
group A, which is toxic to microorganism [2]. Notably, microorganisms that interrupt lipid
production seem to have a clear association with the change in the fatty acid (FA) profiles in
milk and meat. Moreover, tannins applied as phytochemicals in feeding regimens have been
shown to have antimicrobial properties. Typical forms of condensed and hydrolysable tan-
nins have been completely tested to obtain information regarding the bioactive role of target
plants on rumen fermentation considering biohydrogenation [20, 21]. Additionally, tannins
promoted group B of bacteria (Butyrivibrio proteoclasticus), which convert trans-11, C18:1
forms to C18:0 forms [22]. In other words, tannins could be supplemented in feed to
improve CLA production via the inhibition of C18:0 (SA: stearic acid), resulting in
increased A’ desaturation.

Furthermore, two prior meta-analyses showed that dietary nutrients containing PUFAs
and tannins had a dependent relationship with feeding type 23, 24]. Grazing regimens tended

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0216187 March 13, 2020 2/23
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Enhanced conjugated linoleic acid and biogas production after ruminal
fermentation with Piper betle L. supplementation

Rayudika Aprilia Patindra Purba"{’ Chalermpon Yuangklang?{®) Pramote Paengkoum'(’

'School of Animal Technology and Innovation, Suranaree University of Technology, 30000, Nakhon Ratchasima, Thailand. E-mail:
rayudikaapp.007@gmail.com. "Corresponding author.
*Department of Agricultural Technology and Environment, Rajamangala University of Technology-Isan University, Nakhon Ratchasima, Thailand.

ABSTRACT: Piper betle L. is edible plant richer in polyphenols that might improve feed utilization in rumen diet. The objective of the
present study was to investigate the effect of various Piper betle L. powder (PL) doses on in vitro rumen microorganisms, ruminal biogas
and fermentation end-product production, and biohydrogenation including lipolysis-isomerization. The completely randomized design used
five levels of PL supplementation (0, 25, 50, 75 and 100 mg DM) incubated with 400 mg of a basal substrate of Pangola hay and concentrate
(50:50). The matrix compounds (g/kg DM) of 0.27 catechin, 0.11 rutin, 3.48 quercetin, 0.41 apigenin, 0.04 myricetin, 0.27 kaempferol, 0.76
eugenol and 0.22 caryophyllene derived from PL altered the fermentation pattern, with an increase in degradable nutrients and total volatile
fatty acids and acetogenesis without shifting pH during fermentation. These values promoted in vitro gas production, with higher carbon dioxide
and lower methane production. Although, hydrogen recovery from lipolysis-isomerization in biohydrogenation was limited, PL successfully
promoted stearic acid (C18:0) accumulation by changing the biohydrogenation pathway of fatty acids, causing more C18:1 trans-11 rather
than C18:2 trans-11, cis-15. Consequently, this resulted in more conjugated linoleic acid (CLA) cis-9, trans-11, CLA trans-10, cis-12 and CLA
trans-11, cis-13. Enhanced PL supply increased total bacteria and fungal zoospores due to a reduction in rumen protozoa. In conclusion, our
results demonstrated that PL is a feed additive with potential for ruminants, promising improved ruminal fermentation and biohydrogenation,
while reducing methane production.

Key words: fatty acids, feed additive, organic compounds, polyphenol compounds, rumen.

Aumento na produciio de acido linoléico conjugado e biogas apos
fermentacio ruminal com suplementacio com Piper betle L.

RESUMO: Piper betle L. é uma planta comestivel rica em polifenois que podem melhorar a utilizagdo de alimentos na dieta de ruminantes. O
objetivo do presente estudo foi investigar o efeito de varias doses de Piper betle L em . p6 (PL) sobre microrganismos do rumen in vitro, biogas
ruminal e produgdo de produtos finais de fermentagdo e bio-hidrogenagao, incluindo lipdlise e isomerizagdo. O delineamento inteiramente
casualizado utilizou cinco niveis de suplementagdo de PL (0, 25, 50, 75 e 100 mg de MS) incubados com 400 mg de um substrato basal do feno de
Pangola e concentrado (50:50). Os compostos da matriz (g / kg MS) de 0,27 catequina, 0,11 rutina, 3,48 quercetina, 0,41 apigenina, 0,04 miricetina,
0,27 kaempferol, 0,76 eugenol e 0,22 cariofileno derivado de PL, alteraram o padrdo de fermentagdo com o aumento de nutrientes degraddveis e
volateis totais, dcidos graxos e acetogénese sem alterar o pH durante a fermentagdo. Esses valores promoveram a produgdo de gds in vitro, com
maior dioxido de carbono e menor produgéo de metano. Embora a recuperagdo de hidrogénio da lipélise-isomerizagdo na bio-hidrogenagdo tenha
sido limitada, o PL promoveu com sucesso o acumulo de acido estearico (C18: 0) alterando a via de bio-hidrogenagao dos dcidos graxos, causando
mais C18: 1 trans-11 do que C18: 2 trans-11, cis -15. Consequentemente, isso resultou em mais dcido linoléico conjugado (CLA) cis-9, trans-11, CLA
trans-10, cis-12 e CLA trans-11, cis-13. O suprimento aprimorado de PL aumentou o total de bactérias e zodsporos de fungos devido a uma redugdo
O no niimero de protozoarios do rimen. Em conclusdo, nossos resultados demonstram que o PL é um aditivo alimentar com potencial para ruminantes,
prometendo fermentagdo ruminal e bio-hidrogenagdo aprimoradas, enquanto reduz a produgdo de metano.

Palavras-chave: dcidos graxos, aditivo em alimentos para animais, compostos orgdnicos, compostos de polifendis, rimen.
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INTRODUCTION and essential oils (PURBA & PAENGKOUM, 2019).
LOURENCO et al. (2014) incubated forage with

Piper betle L. is tropical, edible and quercetin and eugenol, which did not affect C18:2
affordable plant which is reported to contain a host cis-9, cis-12 yield, but altered the biohydrogenation
of potent polyphenol compounds, such as flavonoids pathway of Cl18:3 n-3. DURMIC et al. (2008)
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reported that Australian plants selected as CLA-
degrading inhibitors were successful in targeting
ruminal bacteria such that biohydrogenation yielded
more CLA. Unfortunately, the non-specific bioactive
compounds were not reported. Since Piper betle
L. has other flavonoids and essential oils (namely
catechin, rutin, apigenin, myricetin, kaempferol and
caryophyllene), it was hypothesized that Piper betle
L. might potentially change fermentation pathways
with regard to pyruvate stage and biohydrogenation.
Therefore, the objective of present study was to
investigate the influence of various inclusions
of Piper betle L. powder (PL) on in vitro rumen
microorganisms, ruminal biogas and fermentation
end-product production, as well as biohydrogenation
including lipolysis-isomerization.

MATERIALS AND METHODS

Animal, feed, Piper betle L. powder and experimental
design

Piper betle L. leaves were planted,
harvested and sampled from random spots at SUT
Organic Farm, Nakhon Ratchasima, Thailand
(14°52°48”N, 102°00°54”E at an elevation of 243
m above sea level). Leaves were removed from
the plant and kept at 4 °C overnight to avoid any
nutrient destruction (PURBA & PAENGKOUM,
2019). The leaves were mechanically ground
(Retsch SM 100 mill; Retsch Gmbh, Haan, Germany)
into a powder (PL) and particles were passed a 1-mm
sieve, and placed into plastic, sealed pouches in the
desiccator (Auto dry desiccator model OH-3S, SPC
RT, Thailand) until usage time. In addition, three
female Saanen goats (40 £ 1.51 kg body weight) were
prepared as rumen donors, with ad libitum access to
water and a maintenance total mixed ration (TMR)
consisting of Pangola hay and concentrate (50:50)
(NRC, 2007). This feed was also presented as a basal
substrate in the in vitro experiment. Animals were
allocated to the TMR for 20 d, including a 15 d
adaptation period and 5 d of sampling. Formulation
and chemical composition of the PL and feeds
(basal substrate) are presented in table 1. The study
was designed as a completely randomized design
with five levels of PL at 0, 25, 50, 75 and 100 mg
DM, incubated with 400 mg of the basal substrate of
TMR and hay (50:50).

In vitro experiment and sampling

The in vitro experiment was conducted
using the Hohenheim gas test method of MENKE &
STEINGASS (1988), as modified by PAENGKOUM

et al. (2015). On the 16™, 18" and 20" day of the
feeding trials, rumen fluid was extracted from the
rumen via oral lavage by suction pump (Hitachi CV-
SF18, Japan) before morning feeding time, avoiding
saliva collection (LODGE-IVEY et al., 2009).
Rumen fluid was strained using a nylon membrane
(400 pm; Fisher Scientific S.L., Madrid, Spain) into
Conical flask, and mixed with salivary buffer (1:2,
ml:ml) under CO, and kept at 39 °C for 24 h. The
composition of the rumen fluid buffer mixture was
as follows: 474 ml rumen fluid, 0.60 g MgSO,.7H,0,
1.32 g CaCl,2H,0, 0.10 g MnCL.4H,0, 0.10 g
CoCl,.6H,0, 0.80 g FeCl,.6H,0, 35 g NaHCO,, 4 g
NH,HCO,, 5.70 g Na,HPO,, 6.20 g KH,PO,, 10 mg
resazurin and 0.40 g NaOH, made up to 1000 ml with
distilled water (MENKE & STEINGASS, 1988). The
incubation was prepared using a 100 ml glass syringe
filled with basal substrate, the PL dose and the rumen
fluid/buffer mixture. For example, the treatment group
using 100 mg of PL contained 400 mg substrate plus
100 mg PL, mixed with 30 ml rumen fluid/buffer. The
sample for incubation was complete after 8 g’lkg DM
sunflower oil was infused into each glass syringe. Ten
replicates of each treatment were prepared in three
consecutive runs, with three blank controls added per
run, containing only the rumen fluid/buffer mixture.
After 24 h of incubation, total gas
production was read based on the model of ORSKOV
& MCDONALD (1970). A 30 ml sample of gas
from the glass syringe was used to measure methane
and carbon dioxide levels by gas chromatography
(Agilent 7890A, USA). The glass syringe was kept
on ice to impede fermentation (JAYANEGARA et
al., 2012a). Once the glass syringe was uncapped, the
pH of the fermented content was measured directly
using a pH meter (Oakton 700, USA). The fermented
content was divided into four portions. The first
portion was centrifuged at 6,000 x g at 4 °C for 15
min and the supernatant was stored at -20 °C. For
volatile fatty acid (VFA) analysis, the supernatant
was fixed with 25% metaphosphoric acid (ERWIN
et al., 1961; FILIPEK & DVORAK, 2009). Rumen
ammonia detection was performed in accordance
with the micro-Kjeldahl method (Foss Kjeltech
8100, USA) (AOAC, 2005). The second portion was
stored at -20 °C for fatty acid (FA) analysis. The
third portion was treated with 10% formalin solution
in a sterilized 0.9% saline solution for observation
and calculation of total bacteria, protozoa and fungal
zoospores using a counting chamber (Neubauer,
Germany) as described by WANAPAT et al. (2013).
The last portion was prepared for in vitro dry matter
degradability (IVDMD) and in vitro organic matter

Ciéncia Rural, v.50, n.7, 2020.
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2.5.1 ununssualinsgiseu/gausy

yAa.2

YA

© v <
uGBEY (AU)

1. vinwgsnugusznaumsiu (Startup Entrepreneurship skills)

TNO1 001  @&deassArdniusiLazusn1suinnssuaae Design Thinking (Innovation & Design Thinking) 40
TNO1 002 msﬁ'muﬂumaqiﬁﬂﬁm Business Model Canvas (Business Model Development) a0
TNOL 003  InAdian1seunazdiasiziaunisiiu (Finance for Non-Finance) 40
TNO1 004 mshiasievsunuitensindulauaznmsaasa (Cost and Price Analysis for Decision Making) 40
TNO1 005 Beuimsiluguszneunisiviesslieardw (Entrepreneurial Thought and Action) 40
TNOL1 006  szeuvuegrslsliuszauaudsa (Start Up Fundraising) 40
TNO1 007 @$auususieealiadluga 5G (Branding 56) 40
TNO1 008  wdngshan1sumdad (Business for Livestock) 300
2. FinWEMUNISMBUAZNISUINTENAT (Sales and customer service skills)
TNO2 001 WwiwdnwgAnssuguilaalugadivia (Customer Insight) 40
TN02 002 wnwneduivm (Professional Sale Skills) a0
TN02 003 pdn (L) &U nagnsnisnaialugaRivia (Marketing Strategy in Action) 40
TNO2 004 nsuinsienundiuide (Excellence Service Provider) 40
3. vinweanumsiiasizideya (Data analytics skills)
TNO3 001 sjﬁaa"aa%asLﬁamsmﬁaumufjﬁﬁﬁa (Business Intelligence for Digital Transformation) 40
TNO3 002  m1sumvirmitoyavnegsia (Business Data Visualization) 40
TNO3 003 mﬁLfmmﬁ‘ﬁ'auuaL’&eﬁﬂmaqsﬁaﬁ’;aLﬁnsﬁwa'ﬁeuqmazmm‘lwﬁau (Business Insights Analytics by 40
Advanced Excel and Python)
TNO3 004 wanmstlyaussRugiienisiiassideya (Artificial Intelligence for Data Analytics) 40
TNO3 005 ﬁismﬁma‘ﬁagauaxﬂéﬁvﬁau“a (Data Governance and Data Warehousing) 40
TNO3 006  uwaswWesunisinsizvuazanidnunssudeyavunlng (Big Data Architecture and Analytics 40
Platform)
TNO3 007  miseenuuundeleyaseinsdmiunisuszananaideiingzy (Enterprise Data Warehouse Design 40
for Analytical Processing)
TNO3 008  N1sUSMSIANTSUBYaBIANS (Enterprise Data Management) 40
4. vinwedunsadreenutunsasademsleiues (Cyber Security skills)
TNOG 001  mnusfunsUaenstlaiuasdmiuusseruiialy (Cyber Security for General Public) 40
TNO4 002 Ariugrudumuiuntaensitleues (Introduction to Cyber Security) 40
5. vinwednudeAdvia (Digital Media skills)
TNO5 001 misdmnisnsnduduazdedusesdnsdonavia (Brand Management and Digital Media Organization 40
Reputation)
TNO5 002 misdeanslunmeingilussdnsdeddsia (Crisis Communication in Digital Media Organization) 40
TNO5 003 miaammuﬂszaum‘irﬂcﬂ%lﬁadﬁu (Introduction to User Experience Design) 40
TNO5 004 miseenuuuUszaunisalfld-nsasrauaznisnaaeuduuuy (User Experience Design : Prototype 40
and Testing)
TNO5 005 ms“zfugﬂuazﬂwmawamw 3 findwmiuueiliudu (3D Modeling and Rendering for Animation) 40
TNO5 006  Msasrsassaladiudy 3 IR (3D Animation Creation) 40
TNO5 007  miswaruiiuiedile (Web API Development) 40
TNO5 008 mswmunSumeuiislaaioust (Client-sided Rendering Web Development) 40
6. inweimudmnssuvususuazsyuusnlulif (Robotics and Automation Engineering skills)
TNO6 001  misifieulusunsumeniwinsau (Python programming 101) 40
40

TNO6 002 Augrumsuszneuuazmunulasududnluifieyussgndldlususineg (Drone Maker 101)

i
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Y9IV iy (aw)

TNO6 003 sjusudidesudimiusulsessussaior (ntroduction to Autonomous Ground Vehicle (AGV) 40
Robotics for Smart Factory)

TNO6 004 mslfs'aufwadmémﬁmi"uﬁuﬂuﬁ (Introduction to Machine Learning for Robotics) 40

7. vinwgauANMuLtugLarsEUUIaseE (Precision and Intelligent system skills)

TNO7 001 ﬁugwmsmuaugﬂ%w YU wazAieldusadin (Fundamentals of Geometric Dimensioning 40
and Tolerancing (GD&T))

TNO7 002 mnsmauAuiAiesinssaaieslaslinisdomssenitaniosdnsiuiaiaaing (M2M: Intelligence 40
Machine Control)

TNO7 003 misiauagdiaseiaiaaumu uazamshiiisinzueaiagiauutsunty Aldluaunidni 40
5L5nwsaﬁﬂé'§uqa (Accuracy and precision technology)

8. vinwesmumaluladfddunanduinsfiuduindey (Sustainable and Green Technology skills)

TNO8 001  miswamthenamsiwetadefunanfuiinsroduanden (Sustainable and Green Sugar Production) 40
TNOB 002  msidnansduvideniuau Tulasiou uasveanaialutiduaaavnssuemnsienseuaunside 40
WaaWai”amq%amwuumﬁw,u (Removal of organic carbon, nitrogen and phosphorus of food

industrial wastewater by the enhanced biological phosphorus removal processes)

TNOB 003 msdmansduvddmiveu uarlulasimumnihidsgpaimnssuomsienszuaumstidamsdanw 40
(Removal of organic carbon and nitrogen of food industrial wastewater by biological
treatment processes)

TNOB 004  miswAmFpnAmsruuaylnihanfedanmvssyalausluvidumunadn nans uazanelug) 40
(Producing household gas and electricity from dairy manure biogas in small medium and large
farm)

TN08 005 misu@ninihannfe@anwanyagnsluriiusuianans wazawelvg (Producing electricity from 40
swine manure biogas in medium and large farm)

TNO8 006  mAlulaBuaymsuimsiansyanasymudmiussdnsunassdiuviodiy 40
(Municipal Solid Waste Technology and Management for Local Administrative Organization)

TNOB 007  m1sepnuUUYNIfudsALLAzIASYFansaEad B uam3UgRaMNTsI (Economic and socially 40
sustainable design for industry)

TNO8 008 nnsdmmsinaluladetiedisfu (Technology for sustainability management) 40

9. finueuMsRLUsEAVEAWASIIULaLanfUUNSKER (Productivity and Cost Reduction skills)

TNO9 001 YgygusehvgdmsunsaruaunseuaunsHan (Artificial Intelligence for Manufacturing Process 40
Control)

TNO9 002 Fumesdifinuesasswisdmiusyuunisudn (intemet of Things for Manufacturing System) 40

TNO9 003 ﬂ'ﬁ"‘:miﬁs‘m'u.asmﬂmmuszunmimﬁm%’uqe (Advanced Manufacturing System Analysis and 40
Planning)

TNO9 004 msairauuuIABIEnIUMSEIaMEUNISKARTUGHLALNITURY (Simulation for Advance 40
Manufacturing and Planning)

TNO9 005  prsasrauuuIaesEIUNSlEMSUNISNARLUUAY (Simulation for Lean Manufacturing) 40

TNO9 006 wuamnensldnudunesiinvesasswaslussuunisu@n (IoT Approaches to Manufacturing
System)

TN09 007 prswamuuudu (Lean Manufacturing)

10. MinweMmuUNsIANIsHIsUSIaSEY (Smart farm management skills)

TN10 001 wialuladszuudufeundunazgiudeyamuinunsnssuuazuadn] (Traceability Technology for 40
Smart Farm and Livestock Production)

TN10 002  szuvauenatlwdmsumaluladaunsnwisu (Microcontroller for Smart Farm Technology) 40

TN10003  msuszgnald loT dmsuwmalulagauisnwisy (Application of loT for Smart Farm Technology) 40

12
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YA IwugiFeu (au)
TN10 004  Tssnuwdndusnouaaiiondmsunisyiunwaslusu (Plant Factory with Artificial Lighting (PFAL) for 40
Indoor Farming)
TN10 005 misUszandldlasudmsuszuuinumsusiug (Application of Drone Systems in Precision 40
Agriculture)
11. ¥inwerugnamnssNe s (Food Industry skills)
TN11 001 vxé’ﬂnwﬁvnmmams‘uaxﬂﬁﬁﬁmsémﬂmizmunﬁmJigUmmiLtaxauaummﬂﬁvaqﬁu (Basic 40
principles of food processing and preservatin)
TN11002  ANAITWEMISUAZNSNARBUAMA RN TAURRTIINe" 1ndl wazUszamadira (Food 40
qualities and microbiology, chemistry and sensory test)
TN11 003  nvneeIsiazansgudmivana mnssueIms (Food Laws and Standard for Food Industry) 40
12. vinvemaluladnmsudnlilasiw (Korat chicken production technology)
TN12001  Wuguazmswausliide (Breed and breed development) 300
TN12002  ownsuazmisiiemsinlasiy (Feed and feeding for Korat Chicken) 300
TN12 003 a'rmﬂrﬁﬂS"I‘m\?'siaa%'ﬁa'-qmdﬂaé’ﬁuqmmwvﬂa (Feed for differentiation of meat quality) 300
TN12004  missamsielinyseavzniw uazAs199ARNY (Management for differentiation of meat quality) 300
TN12 005 n59aslsein (Hatchary management) 300
TN12006  IsAuazmisdanisiitenisiassulse (Disease and management for disease pervention) 300
TN12007  welulafasaumnaiianisuimsdaniswisu (information technology for farm management) 300
13. Minveauuinnssundndunilnlasiy (Korat Chicken Product Innovation Development)
TN13 001 Iﬂsaa%'wLtazﬂmauﬁ'ﬁmamﬁ‘umLﬁﬁ‘lﬁuﬁsmﬁmﬁmv‘l (Composition and properties of meat and 300
meat products)
TN13002  eluladvdensiiuieaiiold (Post-harvest scince and technology of meat) 300
TNI3 003  mseenuuuRandnsianniieln (Processing and product development of chicken meat) 300
TN13 004  MISHRILISTUUNSASINEUEDUNAY (Traceability in meat industry) 300
FwougBeuiimaiesduanangas (au) 2,660
2.5.2 wwumsiUngau
U w.A. 2563
HNUNISUN —
bal. 8. n.A. al.g. n.A. g.A. n.8.
1. Ussnduius X
2. Ussmasuadasyiseu
3. AnLANuarUsTNANE X
4. IansiseuMsERULsAaYinYE (55 YA3Y) X X
5. finmuuazUssiiung
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NAo.2

2.6 uuszun

1. I95usudssanaatuayuandiinauddansensanisgauding Ineteans Jenavuinngsy
(a1.02.) dwsusudulasinisenseivaussouzidinuiousauifieauian (Upskill/Reskill) Uszsadl
uUsEUNN WA 2563

2. lgnsaduayunisaiiunisndngnsusenimiledng (Non degree) meldlasesnisWauninus

(9

o . . . - o a 2/ [ o
A&epuvaaUsEme (Reskill/Upskill/Newskill) tien1sdsusviuazinisuninunionsossunisvinauly

puIAAATINgANTsSEUInYedkdalalsun 2019 (COVID-19)

o al

Tneussyusulssnnadamiaveanalusil Usshlsuusean we. 2563

2.7 STUUNISAN®N

) H o ¢ Y] PN a5 1Y)
L‘?Jum‘iL%‘EJuLLUUNaiJ (Blended Leammg) aaL%‘EJUVN%']ﬂﬁaaau\lauuaz‘aﬂmﬂ‘w3wwwqjmﬂqaﬂ

2.8 msiisulaunudlein sredvtasnisamzidsuissudnuriinenae

Wulumudeteruuminerdumaluladasuisimessuuadoniein wa....

. WENgNsUATa1RNTLFaY
3.1 wangns WissyuseasiBendssialuil

UIUNUILNG
wangnsiiusenaumerineenan 13 mu lundagyinuevinussneusieinyetes Jauday

LY 1 = 1 a o d’l 2/ L% 1 1 a
Nerepsd 1 BUIE8NA Waﬂﬁj@'ﬁu‘ﬂ’iﬁﬂ?JUVL‘UWQEJ‘Vlﬂ"BEEJ’E)EJ 71 BN

3.1.1 laseadavangns (Usznaudevineedvn 13 fnu)

UIUNUAR

1. vinwgaugusznaunisiva 8 wiqefin
(Startup Entrepreneurship skills)

2. fINEEAINNISYIBUAZNISUINNIENAT 4 wiein
(Sales and customer service skills)

3. finwgAunsiassidaya 8 wuwin
(Data analytics skills)

4. vhuzdunsaieenusiuasasndemdeiues 2 wiaefin
(Cyber Security skills)

5. vinwsdudeddva 8 niwin
(Digital Media skills)

6.  VINWLMUIAINTIURUBUALAZSTUUSALULIA 4 wiawin
(Robotics and Automation Engineering skills)

7. YINEEAUAMUMLIUELAZSTUUDIRTYY 4 wuaefin
(Precision and Intelligent system skills)

8. vnweduwmaluladfiddunanduinsiviwandou 8 wuaefin

(Sustainable and Green Technology skills)
9. inwzMUNSILYsEANEAITNMSYINULAZAARUNUNITHER 6 wiaein
(Productivity and Cost Reduction skills)
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10.

1.

12

13.

NNEeAIUNISIANITHISUSIZ Y
(Smart farm management skills)
TINWEAUAHINNTTNDMNS

(Food Industry skills)

inwzmaluladnisudnlalasnay
(Korat chicken production technology)

ANPEAAUIUINNTSUNARA I LATASIY
(Korat Chicken Product Innovation Development)

15

5 %28nn

3 waefin

7 wu2efin

4 wiaefin

NAD.2



¥

aAa.2

3.1.2 NaNsi3EusNAIANIeYRinuyeAYn (Modular Learning Outcomes: MLOS)

MinweAn Modular Learning Outcomes: MLOs

Vinwedugusenaunisival 1. fiSouamsoAniasevisuu wagsunsiuvesgsiala
(Startup Entrepreneurship skills) 2. JFgumunsafiauIuNugsne mezmunmﬁaﬁuqiﬁﬁﬂﬁ

3. disuannsavszgnaanuilunsaiiauusundud

4. FSouausonansdnuazanuduiii uagihiauouufamgsiald
MINBEAUNISVIBUAZNITUINTGNAN 1. fSeukaniiasseussalunmsuedula
(Sales and customer service skills) 2. cgﬁaummmﬂizqn(ﬁmmg”Lﬁaa%’wna&gwﬁ‘mamsmmﬂlﬁ

3. fluuannsaliesieianusieisuenndt wazaueiunawilalyyli

anfla

Vinvedun1siazideya L. dissuaunsaldlsunsumsuianeslunisiiasgyideyaleanla
(Data analytics skills) 2. Hlsuanuisoeeniuuadileyapiinsdmsumsussananaidalinseila

3. QiSeuansadiasien waruimsianistoyarunalgle
Vinwzduianssuueudlarssuudaludd | 1. Qﬁaurﬁﬂﬂﬁﬁgwu wazngunefiRTemsiueuiuasaenfemale
(Robotics and Automation Engineering s
skills) 2. fi3ouannsadenliidosiolunsanauidsaansonnauyndlaesle
Winweeudedia 1. Qﬁauawuwsaa%maiiﬁﬁauaﬁu@ﬂ 3 AAle
(Digital Media skills) 2. sgl,%auawminﬁsumﬁULﬁaﬂws'l%mumws"sEﬂﬁ

3. fi3suansalidendviaitotaslunisudmsinnisesdnsle
Finwzdumaluladfidsdunanduinsiv 1. Q'SaummmL%iﬂﬂsLm'iumdﬂamﬁamaiﬁaﬁ'ams wazAIUANNISINALS
Aeuandou 2. Qﬁauawuwsaﬂszqnﬁiﬁﬂawuiﬁaaawn1ﬂ81u1§ﬁnﬁuﬁimwudwqqlﬁ
(Sustainable and Green Technology 3. QL%‘FJummmstqﬂﬁL%wﬁnmsﬁwmumaaﬁuauﬁﬁaa%am%laq:ﬁaiuhamu
skills) #naqle
WinwrdunmainysEansnmnisinaulas | 1. Adeuaninsadinszitym wasfmuauuiniaudlydymnieinu
ANAUNUNIITWER Aawndonls
(Productivity and Cost Reduction skills) | o, Q"L‘%aumminaanLLUUﬂszmumsmﬁmmiL%@Lwﬁqmn%maiﬁ

3. HiSsuannsoUsziiuansueuransusluasinsle

4. fBpumunsouszgndenuiievimatanismalulagliiAnaudsbu
FnwrdunsiuUsEAnE N wAIsInaOuuas | 1, Aseuannsalilyyseivglunisaieszuunivaunisain
ANRUNUNITHER 2. JiSeuamsodnsieianugyiuanlunssuiuns wagauaun1santul
(Productivity and Cost Reduction skills) Jszansuale

3, QS&uawuwsma%ﬁauuuﬁwaaﬁaawunﬂiahﬁéf%muwﬂﬂiﬁwawulﬁﬁ%ﬁlﬁ
fingedun1sInn1sWsusInIes 1. fleuannsadaviigrudeyasiunuanssule
(Smart farm management skills) Z. Q’L“aummsmszqﬂcﬂ%mﬂiuiaﬁiuﬂﬁﬁmﬁmmswﬁuLﬁ'ammﬁuaﬁalﬁ
ANWLATUGAFIVNTINBINNS 1 fdufianus AnudnlanneinuANuRuAINeI IS LagN1SNARBURANAIH
(Food Industry skills) SRR

2. fi3ouiianud eudnlufeatudermun uasdodsiusaglugmannssy

U

ANSHANDINIS
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dAa.2

iseuanunsaUszenalindnnismainenmanslunisuussundndaueionms
Ieingnegneies

inwemalulagniswdnlnlasny
(Korat chicken production
technology)

vl <

1% 1 o @ @ @ oo d
fiseuiinnug mudhlafedunstauaenusiilaswuarlnidedu

v

nstavuenansdnd msnauvessssululyiin nsdamsisaiinly ndnnis
IANSUATNTAUAUIAFRT WUUATUINAS

Hi3euainsasduieifentulse msteatusne dmuslusunsuinduuas
TWsunsuaumwdwivdnitnla

v ol 173

sseudlandnmsveanalulad sensor ieldlunisudmsdaniswsy

v

PNBENAILIUIANSSUNARN N LALASIY
(Korat Chicken Product Innovation

Development)

a

HiSpuanunsassuieiesdusenaunanlinuaundRdanihnvesssiuseney
wazanAmNlnsunsvetoliuasnansiuenle
Aissuansoeduiemalulagudinmsituifeailelald

v

ASusenuuusdniueininiileln nssuumsudsguuagmsiiuyar1ves

e,

Walnle

pseuinmaluladvs sl ans s U ELINLUUNI ONAUNSEUUNTS

u

psvaaudaundula
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3.1.4 578731

1. dinwedugusznaunsival (Startup Entrepreneurship skills)

FWEYAIY
TNO1 001
TNO1 002
TNO1 003
TNO1 004
TNO1 005
TNO1 006
TNO1 007

TNO1 008

d a
YA IV

as1eassArdnsusiazuSNIsUIRNSsueIY Design Thinking
(Innovation & Design Thinking)
Msiaulaaagsiacieg Business Model Canvas
(Business Model Development)
wadansoulazilAsIEiiunstiy

(Finance for Non-Finance)
ms‘iLﬂﬂzﬁﬁunmﬁamsﬁm?ﬁﬂaLLasmiév’aswm
(Cost and Price Analysis for Decision Making)
Souinmsiudusenounisinlegaiieatn
(Entrepreneurial Thought and Action)
seauuognslsbivszaumudse

(Start Up Fundraising)

ahanususegniailugn 56

(Branding 5G)

wingshan1suadnd

(Business for Livestock)

2. fiNYEAUNISVIBUAZNITUINISGNAT (Sales and customer service skills)

SWEYAIV
TNO2 001
TNO2 002
TNO2 003

TNO2 004

d <
FoynIv

wgdnwgAnssuduslnalugaadvia
(Customer Insight)

hanedunm

(Professional Sale Skills)

wide (L) §u nagnsniseaalugaRdvia
(Marketing Strategy in Action)
msusnsiiteauuida

(Excellence Service Provider)

3. finweAuN1sIRTIEdaya (Data analytics skills)

SWAYATV
TNO3 001
TNO3 002
TNO03 003

TNO3 004

ﬂ‘ a
YayniIun

ganadaaluionsildsunughavia

(Business Intelligence for Digital Transformation)
msAuavimideyaniagsne

(Business Data Visualization)
msaswiteyailiinmeshiatodndisatuguazaninsou
(Business Insights Analytics by Advanced Excel and Python)
wé’nmsi’Jﬁynmisawﬁlﬁamﬁ,mwﬁﬁaga

(Artificial Intelligence for Data Analytics)

18

4.2

Fuumiein
(usser-UfUR-Anwidleauias)
1(6-6-3)

1(8-4-3)
1(9-3-3)
1(9-3-3)
1(10-2-3)
1(9-3-3)
1(8-4-3)

1(12-0-3)

Fuaumiaeiin
(ussee-UjuRA-Anwndaeauiag)
1(8-4-3)

1(10-2-3)
1(8-4-3)

1(10-2-3)

uUnENn
(ussee-UfUa-Anwdasauies)
1(15-0-1)

1(15-0-1)
1(15-0-1)

1(15-0-1)



TNO3 005

TNO3 006

TNO3 007

TNO3 008

ssanfvadeyauavadoya

(Data Governance and Data Warehousing)
wwasrlpsumsiieswinarannenssudeyasualug

(Big Data Architecture and Analytics Platform)
nseenLUUARBYaBIAnsdmsUNSUsSTIIaRAlBAS A
(Enterprise Data Warehouse Design for Analytical Processing)
MSUIMTIANTSVRYADIANS

(Enterprise Data Management)

4. inweinunsassauduasUaannemslaiues (Cyber Security skills)

SWaYAIY
TNO4 001

TNO4 002

YY1

musiuntUaenseloesdmsuusssmuiily
(Cyber Security for General Public)
amu§uguduanutuasasedeluves
(Introduction to Cyber Security)

5. Vinwzdudendvia (Digital Media skills)

TWEYAIV
TNO5 001
TNO5 002
TNO5 003
TNO5 004
TNO5 005
TNO5 006
TNO5 007

TNO5 008

d a
YN I

N5IANTISASIAUA AL TRLAEIRIANSHRADY A

(Brand Management and Digital Media Organization Reputation)

mseanslunngdngilussinsdondia

(Crisis Communication in Digital Media Organization)
msaaﬂLmuﬂixaumizﬁcﬂ%ﬁaaﬁu

(Introduction to User Experience Design)
nsepnuuuUsEauMsalgld-nsasalagnmsmaaeuRuLUY
(User Experience Design : Prototype and Testing)
ms%uugﬂuaxﬂismawamw 3 fRdmiuueiludu

(3D Modeling and Rendering for Animation)
msassassAnetiutu 3 46

(3D Animation Creation)

M vedle

(Web API Development)
mswandumanuildlaaeuy

(Client-sided Rendering Web Development)

Ao
1(15-0-1)
1(15-0-1)
1(15-0-1)

1(15-0-1)

Fuumizeiin
(ussee-UfUR-Anwdaenuie)
1(15-0-1)

1(15-0-1)

FuunILin
(ussere-UfuR-Anwiiaenulas)

1(15-0-1)
1(15-0-1)
1(15-0-1)
1(15-0-1)
1(15-0-1)
1(15-0-1)
1(15-0-1)

1(15-0-1)

6. inBEAUIAINTTUUBUALAYSZUUSRTULRA (Robotics and Automation Engineering skills)

SAYATYN
TNO6 001
TNO6 002

TNO6 003

d a
YoynIv

Ms@sulusunsumea s lnsou
(Python programming 101)

wugrumsusznounazmuaulasududaludfiieusygndldludusiieg

(Drone Maker 101)
Wueusilowudmivnulsanudanioy

Fuumileina
(ussee-U{UR-AnwsiaenuLad)
1(4-9-2)

1(7-6-2)

1(7-6-2)

(Introduction to Autonomous Ground Vehicle (AGV) Robotics for Smart Factory)

19



yA0.2

TNO6 004 msL%'EJui*uaqm‘%éaé’w%’uﬁuauﬁ 1(7-6-2)
(Introduction to Machine Learning for Robotics)

7. vinvedtuanumsiugazszuuaases (Precision and Intelligent system skills)

sﬁaqm%m %B'Qﬂ?}‘u’l FurundIeia
(ussre-UfuR-Anudiaeauas)
TNO7 001 ﬁugwmsmugugﬂm un wazAieidusundn 1(8-4-3)
(Fundamentals of Geometric Dimensioning and Tolerancing (GD&T))
TNO7 002 nsmuAuiAsesinssanderlnelimsiomsseniueiasinsiuiaiasing 1(4-10-3)
(M2M: Intelligence Machine Control)
TNO7 003 msinuariiasesiainnumun wazamaliihdnzeesTagiauuieunly 1(6-6-3)

q

Mdlurunalwihdidnnsedndduas
(Accuracy and precision technology)

[
o a [

8. finwzdumaluladfidedunazilulinsiudauandau (Sustainable and Green Technology skills)

WEYAIV HoynAun Swaumizein

(ussee-URUR-Anwdenulas)

TNO8 001 nswasmanseegndusanuinsseduindau 1(9-3-3)
(Sustainable and Green Sugar Production)

TNOB 002 nmsrhdnansdunidmiueu lulasiau ussearafaluidegpamnssuomnsiae 1(6-6-3)

ﬂismumsﬁﬁﬂwaaWa%’amﬁamquULme“u
(Removal of organic carbon, nitrogen and phosphorus of food industrial
wastewater by the enhanced biological phosphorus removal processes)
TNO8 003 nsidnansdunidansueu warlulasiauanihidsgaamnssuenmsiae 1(6-6-3)
N3EUUNSUITANIATININ
(Removal of organic carbon and nitrogen of food industrial wastewater by
biological treatment processes)
TNOB 004 miwAnTemAmssuuaziihanfedinmuesyalaunlunisuruiadn nang 1(6-6-3)
wazuualvgy
(Producing household gas and electricity from dairy manure biogas in small
medium and large farm)

TNO8 005 msudalwihanfiedinwannyaanshumhsuvunnnas wazanalug (Producing 1(6-6-3)
electricity from swine manure biogas in medium and large farm)
TNO8 006 wealuladuazmsuimsdanisyarssgurud miusaansunasesdIuviedu 1(6-6-3)

(Municipal Solid Waste Technology and Management for Local Administrative
Organization)

TNO8 007 nMseNLUUNFUdIALLAIATYgAARSaEssTua MU N STy 1(6-6-3)
(Economic and socially sustainable design for industry)
TNO8 008 msdanmsinalulagegdady 1(6-6-3)

(Technology for sustainability management)

9. VinwrAuNsIiuUsEANEAMWANTINULAZARGUYUNISHER (Productivity and Cost Reduction skills)

FWAYAV YaYnIvn Sruaumbeiin
(ussne-UfuR-Anwndasauias)
TNO9 001 Uy ruseRugdmiunisaruaunsyuUN1RER 1(3-9-3)

(Artificial Intelligence for Manufacturing Process Control)
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TNO9 002

TNO9 003

TNO9 004

TNO9 005

TNO9 006

TNO9 007

Sumesiinvesassndsdmiuszuunisudn

(Internet of Things for Manufacturing System)
mﬁLﬂi’wﬁu,azms’mLLNuizuumswﬁmﬁ"uqa

(Advanced Manufacturing System Analysis and Planning)
ﬂﬁsa%’NLLU‘Uinaaaamummie{m%"umsmﬁm‘tfuqmazms’muwu
(Simulation for Advance Manufacturing and Planning)
NSASNKUUITABIEAIUMSAlENMSUNSHARLUUAY
(Simulation for Lean Manufacturing)
wuwnemsidnudumesidnvesassnislussuunisedn
(IoT Approaches to Manufacturing System)
NSHANLUUAY

(Lean Manufacturing)

10. finwzAIun1sInn1sWIsNSvR3E2 (Smart farm management skills)

sWaYnIY
TN10 001
TN10 002
TN10 003
TN10 004

TN10 005

F2YAIV

welulagszuvdudoundunargudeyasiununsnssunazuadnd

(Traceability Technology for Smart Farm and Livestock Production)

syuvaupanailiidmsunaluladausnnisy
(Microcontroller for Smart Farm Technology)
MsUszandld loT dmsunalulagausvvisu
(Application of loT for Smart Farm Technology)
Tssnundaivmsuaafisudmsunsiinensiusy

(Plant Factory with Artificial Lighting (PFAL) for Indoor Farming)

msUszendldlasudmsusyuuinuasuiuen
(Application of Drone Systems in Precision Agriculture)

11. INWLAUEAENNTIUDINS (Food Industry skills)

TUEYAIV
TN11 001
TN11 002

TN11 003

P a
FYAI

nannsInemansuazujuRnmsdmsunseuaumsulsguomnsuarausueIms

1Upnu (Basic principles of food processing and preservatin)

ANATNIMISUALNITYIAGBUANA AN MO WNIAURATIIMEN 1Al wazUszam
#uia (Food qualities and microbiology, chemistry and sensory test)

NOMINERIMNSUALUATHIUAMTUREMNTINDIMNS
(Food Laws and Standard for Food Industry)

12. inwemaluladniswanlilasiy (Korat chicken production technology)

SWAYAIV
TN12 001
TN12 002

TN12 003

ﬁ. a
VBYNIY

uguaznswaniusiide

(Breed and breed development)
pnsuarnsiomslalasny

(Feed and feeding for Korat Chicken)
pwnsidlasmiftoaisgnsedununimide
(Feed for differentiation of meat quality)
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Nna.2

1(12-0-3)
1(2-10-3)
1(2-10-3)
1(4-10-3)

1(9-3-3)

1(9-3-3)

FuuniILin
(ussere-UfUR-Anwisaenuia)
1(6-6-3)

1(6-6-3)
1(6-6-3)
1(6-6-3)

1(6-6-3)

Fuumiein
(ussee-UfUR-Anwdaeauiad)
1(3-9-3)

1(3-9-3)

1(3-9-3)

Fuumidein
(ussee-UfUR-Anwiaenula)
1(12-0-3)

1(12-0-3)

1(12-0-3)



TN12 004 mssansiteiiuyseavsan IRELEYROET R
(Management for differentiation of meat quality )
TN12 005 n1sinN1slseiin
(Hatchary management)
TN12 006 Tsauaznisdamsiienistieatilse
(Disease and management for disease pervention)
TN12 007 weluladasaunaiionsudmsianisvidy
(Information technology for farm management)

13. MNwERAUILIANSSUNARA M9 lAlAS1Y (Korat Chicken Product Innovation Development)

ViEYaAmN Foyndmn
TNI3001  Taseaduuarmaauiimaeivondeliuasninsio
(Composition and properties of meat and meat products)
TN13 002 welulatudsmsiiufeuideln
(Post-harvest scince and technology of meat)
TN13 003 nseenuuURdnfusnuield
(Processing and product development of chicken meat)
TN13 004 NSWAILSZUUNITATIVADUEDUNSU

(Traceability in meat industry)

MNEWA  AMUNNEVDUAYIIEIY avUsznsein Ussneunieay 6 i1 wiihlesedw deuvinesisil

o w a a '

A0UN 1wy 2 P TRTInN BN

AN 3 way 4 Y YalanN APuvinwevian

o w o o w a i ) @
SAUN 5 6 Wy 7 yneda anduyminluusaeinweman

1.1.3 UARSUNUNISANE (svulunianuan)

1.1.4 AasUNeSEIVT (srylunipuuan)
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1(12-0-3)

1(12-0-3)

1(12-0-3)

1(12-0-3)

Fuuvaein
(ussE8-UjuRA-Anwndaeauia)

1(12-0-3)

1(12-0-3)

1(12-0-3)

1(12-0-3)



3.2 %9 @A AUNLILAZAMIAIYEID1RNSE

dAa.2

(3 o o/ '
3.2.1 mmsaﬂizmmngm (srypransdusydmdngnsiiinuauiRdenndieanunuguInsgIu Mangns wa. 2558)

%o - ana YT IN ANl AN anliu Yiidusa
nsAnw
NALAS.UNINT AVEBYING @"zha Ph.D. Design and Manufacturing Asian Institute of Technology 2552
(Uixmu%é’mjmi) FERSIANSE Engineering
203, SEUUNISHAR uinedewaluladnszosu 2543
INATBUYS
Ay, | Amnssugeamnis wninedewaluladasuns 2541
2.05.950Uf3 YAINUSTANSTY 2158 Ph.D. Chemical Engineering The University of Tulsa,USA 2556
(seeUsEsumdngns) M.Eng. | Chemical Engineering The University of Tulsa,USA 2552
mu. | weluladUlnsied vanges | aadumaluladwszaeund 2549
UMY WIRMMNTANIANTEUY
D.ATITIUN ﬁ'm“smz 219158 Ph.D. Professional Studies (DProf) | Central Queensland 2558
(nssUNSVENERS) University, Sydney Campus,
Australia
M.B.A. International Business University of Wollongong, 2553
Wollongong, Australia
Us.u. aIMsIanIsiseusuIay UMINABUVIURAY 2548
msvieaiien
WA.NT.597 '&ﬁqa Q"zha Ph.D. Computer Science The University of Tennessee, 2550
(nssunsuangns) MaAnsISE Knoxville, USA
2.4, JennssunpuRaAes UM INEBBINERSAERS 2545
iy, | Amnssursuiames UM INRUNYASAENS 2542
0.05.8510% ARyn3uIa 9719158 Ph.D. Automatic Control and University of Sheffield 2559
(NSSUNSUANEAS) System Engineering
204, ANTTUAERTUMTUTN uinendainensaans ven 2550
Grmnssumstunazennie) | ey 500U lsaseuuney
oona
.U, AMINssuFERSUMTIN uwMinedeinunsimans nen 2548

GrnnssunistiulareInIe)

LUAUNLTUY
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NAB.2

=1 - v s a
RUIAN 4. Nﬁﬂ'ﬁ!ﬁ&lug ﬂaqwsmsaauuazms‘ds:muwa

1. MsWAIIAMENEULRIAYYRIINANE

a

AMANYUZALAY

g

nagnsusafanssuvastindne

(1) sunmzanudugiinagnisyinau

U

P vl
SN

lusedyrvemdngasinisimuaidiSsunasfasuianune

Wednaw uanidsuanufaiiu seninedaeuiuliseu uay
sEnINispuies ielvianunarlunisuananinudniiu
gousuilannuAaiuredy wagiuivinyen1sdeasves

a

diseulsenadiuseavtnm

(2)  fuPUSURAvEURATNSTATeTY

AULDY

lunsfnwinsluatanguiuazUualatnlidisoudaniy

v o oo o vaia o
SuRaveusaM s s sumuna i vun Wieilnlrdddelunns

Mausardudunisiinnisinakunisinauasn1siseuliun

(3)  MMUANGITU FLEITU Ude

A358IUTSTUIVNTN

dnsduasuligiseudsengddlvmuizanlaednisaoud
ADALNINAMEITH FTUTITUUAYITIOWTTNIV AN N15iuLA
Uselywdveadsauasinunnidunu ielilindedinunas

Useinasif

(@ shumsiSeusuaznsianme

AULDY

~ 9 P v oo - vog v
finsdamsAnwilvigiseudvluadeuinwimenues
v g va a iy vy o A a v ~
dalvitlsennbigiseuminsodeniSeuldogiaes
Y o oA a wa et vy o a o

wennUudalimsinujuRn s TS euanansadivanug
4 1 & Y a
nlaFsunszyndldliifauseloiieaues wagnuniunig
v & Y ver P U N a N o
dlsluilemla@nwiteud Wedaasuliiianisiauinuies

a -~ A Y o a wa
war Iy niinuiedlauun
MsWauinweneay IT WeaduayunisAnwlugliuy e-
lerning MagidrurdunummlunisVaurinyeaiuaig q Tu

BUIAR

2. mMswawan1siseusluudazau

(2 £ L% o w 4 Q. [ 5
NANGNT “Waruninweiaeputaiuauauisalunisutstuaosusenea” (Manpower Skill

Development for Enhancing Competence of the Country) fsas9bigiSeulasuniswauiinue

P IS a a =) a ¥ o Y IS 1 ! 2/ &/ £
WONTTUTENDUDITNLNULAN ‘lﬁi@ﬂ?iLWNWﬁUﬂ?’mgﬁﬁﬁiUﬂ??U'ﬁ%ﬂ@‘U@'NWiM@J IﬂEJ%NLUUﬂ’]‘iﬁSNT]EJIG‘I

WaLARININISUSENBUD TN IR LUT

2.1 WamsiuinAanisveamangns (Program Learning Outcomes: PLOs) dlgail

PLO1 K3
PLO2 #i3
PLO3 iUl

[

gulasumnuiiiuddlunisiauvinvra@wduuasiasuasiuimenisie dning
suasaUsrendldanuitasmalulaglunsiaunyinuveongn

Uuﬁwn‘lswmiﬁﬂuimaaﬂ%%m (Lite Long Learning)
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PLO4
PLO5
PLO6

L4
¥

<

A
v
HisguansadauaLazeiUsifeInuinyeein
B
v

2.2 Categories of program learning outcomes (PLOs)

dAa.2

Seumansnliessidayaasaunaniuinendans uazinalulad

BruaINsaUfURRUALITTAUTTULaTIANMUSURAYR USDRULD AT E IR

PLOs Specific LO Generic LO Level
1. diouldSumufifudslumsiauvinue v U
DIINIRLLaZIET VAL UIMINSYIe Tl Understand
2. fBsumnsaussgndldnnuditldannnis v A
Beoulumswaunsinueondn Apply
3. inwemsiSeuinaandin (Lite Long v A
Learning) Apply
4. MIUATHTOYARSAUMATAY v u
Wemans uazimalulad Understand
4. madiausuazeAUseieafuinurendn v A
Apply
5. UJURRumuesTeUsIaLarinusuRaey v A
AOAULDLATEIAL Apply
HANTSISEUS nagnsmssouildnmuinisizous nagnsnsUsziliung

1. WANSITHUFATUANSTIY 3855

(1) YURnuse ity anusuiaveu
Arwdedng

(2) uansoondanmzdiirlumsdaaiy
Tnfinsusengfnundnausssu
93555 a0t iiiudenas
nunaukaznsuiloi eWaun
sseussuilFeglutlagtu

(3) TdnaeRtaneriunnsssy 33e555U
lun1sdmnisiuanudauduay

Ugymilinansenusenuipsuassou

1) WfFeufinwvinnu Auaduazg
Auiidelunisyitau nisidn
Seustheariaue

(2) fiFousnunsauszendlinuiile
PMNNSISEU

(3) dapunazfissusiuiusivse
LLaﬂLU?{aummi AnuAaiuleay

T¥fpenaandenidvia

(1) Tuvunagevdndeludnwmuy
AMDTIULUUTIIAAAIAD U
(Restricted Response)

2) THuvunegeuysty wuuldennau
(Multiple Choices question)

(3) dunangAnssunisitiouieu
asasesonal anuldlangig
Aol

@ msasienulnegaeulaziou
SENINVINNISITBUNNTADUY

(5) MswAAY MIBAUTIBUUUNRUUAE
SIUYAAR

2. WaMsiTguiiuALg

(1) enuiluivdnaunsainsig
wazudledynadaeiinasi
AN

fiadu§fiiuads aruiunis
WasuwlasiiAntululanuas
anunsassenuludsanineuay
Faaulanle agramsnza
figufinuaansasiauuysd ms
as1emnud uinnssukazaadu
Qﬂsznaumsﬁaamﬂﬁaaﬁ'u

gnsansyALazUsevalng 4.0

(1) M siSeumsasussuveaulad

(2) SnRanssusernany neutim Tae
finsanuiedu nad ey
w3pudnuiethfoyaueiuse
wazuanImLAnuLanUABuRY
Lﬁauﬁﬁauuazéaau wagliiiu
mmg"l,t,azm'mﬁmﬁtmﬂmaﬁ’u (330
TGN IRERALH)

(3) Wainennsiidemundrnglus
MAatoswuvstulszaunisal
asdlfugiSeu

(1) msideapunuulsieniodnle
detanrud anadlaluidomil
aou

2 nrsTanauvulidifadinou

(Extended Response Question)




dAa.2

| v
WANT3LIBUZ

s Y o/ =1 b4
nagnsnsaeuiiliiaunisGeul

nagnsn1sUssiiiung

3 wamsispuiainweneduan
(1) vinwelunsiieuinienuiedens

foliownaondin iion WAL

AuLBILaY A15ITIneETiAMN N
2) fvnwelunisAnuuuesasanluds
\NBLAZASNATSA
Jisrgrnazindulamiendnnia
Inenenans

(1) N153ATIEYIAULB VBN IS EUIIN
#0UN5I3S Wi NS AlAnW

(2) fanssuedUselaeiunsaiusie
ndu Iafuamgvealyuiuas
msunladegm

(3) wuuilnvnluaruentudeu nou
Uy aiUs e

(1) Usgiiuarnnasiddedasunie
LLUU?Jﬂﬁﬂ*?i'lﬁQﬁauﬁmiLﬂi'wv?
Ugym

(2) Uszifiuannmsigidounsiioay
mouuarlvmmnaulanisnuies

4 wan1siseuiaudinge
AuFuNUSIENINNYARALAY
AUTURAYaU

) v dvovy 1 a Sa o o
(1 3UWU7WQU71@aEnﬂﬂLLaglJQma']uﬂ

~

luauiufiagou §3nnaunulu
N15USUUFINULDIUALDIANT LA
pgNTUsEANEA W

(2) fisraunisallunisvirnusuiu
yuvuLaznguIndw iielidnla
wagidfisaninanuiluaives
gurunarnguinIndinuals

3) Wugvamau dyadnamuas
uywoduwusia Wosulunuies
WDugh dana wazvienududiuld

a

2

(1) fnRanssunisidsunisaouiiniy
mMsdemsALAnsEIIvyARa

(2) ¥aRaNITUNISITEUNITADUAYE
nmsafusengu

(3) dAn19iieun1TARUR BNV
enungy uaviiauslutuiiou

(1) UselluannwgAnssukagnis
UANIDBNYBITEUYMLYINNINTTU
2) dunmannisiianusiuielunns
afivse

(3) Useifiuannaudaiuveiiou
FWNFUINUREZIINATLARLTAY
yaaiteusau fuideu

5 WANISITEUIAIuYinYENIS
AT MiBaRla nsaodns waz
Msimaluladasaune

(1) aruarusalunsidmaianisg
FAsIENN A AAIEASLAZAD

d - o v
Weansuszananalidvdnle

) aunsoltmaluladfdviaionudiu
S7USIU AL FUASIEH LAy
Useiludarsauineiialdlu
MsAnwAUAwaENISALILTIR

a o 1% o

3) fvnwelunisldnlwaiienis
#0d15 NISANYIAUAIT WALNIS
YM9U

(1) daaduliinsdansidounisaoud
J3ouldfiRanssudoarsuagly
nwireg1egnaes lddeeilu
Munlnevsenmwanalseing

(2) WigfiSeutiavedayalagldzuuuy
wazmaluladfmurzay uay
nseRuliindnwiudennnuddey
wazUsglovdainnisldinalulad
asaumelunisiiiausuazuau
1oy

(3) upunuIBUAddruieatoaiy
NS INTLUIUNITANILATIZINLTS
ALAAIARNS LATASSNANEASDENS
gnsipsmusuilouis

(1) Usziiuinwemsldnundeans v
MnsdsuluipassulagaINNIg
Uaunu

(2) Uszlluananugneaslunisly
wmaluladansaumaionisdne
wazduAudoya S2UM93ENNS
gneeslunisiavinienaisnig
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(3) Uszifiuannsyinvedaunasalu
Fouiiddiuisatesiunasld
NSZUIUNITAAILASIEMLT S
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u,wuﬁu,ammﬁnﬁzmaﬂfmu’svuﬁmmummgmwanﬁL‘%Uuﬁmnwﬁnqméswam (Curriculum Mapping)

=i v a ' o 1Y a . .
WHUTILERINTINTEANBANTURRYBUABNANT ST BUSINMENgASES183Y (Curriculum mapping)

® ANUSURATDUNAN O AMNUSURAYIUTDY

umAv.2

wansissuinsznwgswin

1. AMETIY V35T

2. A5
v

3. vinwenalyan

4. vinwgmuduius sewing
yAAaway ANUSURRTEY

5. inwemsiased [Baiia
msdoasuasnstdinalulad

AsaUnNA
| 12 | 13 21 | 22 | 23 30 | 32 | 33 a1 | a2 | a3 51 | s2 | s3

1. finwzA nugfusmeunsi (Startup Entrepreneurship skills)

TNO1001  adassAndniusinacyuimsuinnssuse O O] O L ® L] L L @)
Design Thinking
(Innovation & Design Thinking)

TNO1002  msfimunluaagsiase Business Model O L4 ° L4 @) @) O
Canvas
(Business Model Development)

TNO1003  wallanseuuagiinsipiaunisiu L O O °
(Finance for Non-Finance)

TNO1 004  mdwmmsimunudienisinddlasazmsmsm| O O ° ® ® ® O
(Cost and Price Analysis for Decision Making)

TNO1005  Feuimsiugusznoumsimiedrefionndn O ® O o o ° ©) ) O O
(Entrepreneurial Thought and Action)

TNO1006  svaumuatalsliuszaumudiia ©) ® °® ® ® O] o
(Start Up Fundraising)

TNO1 007  aduusuredniiailugn 56 ® L ® ©) @) L O
(Branding 5G)

TNO1 008 wdngsnamisurdnd O L4 L4 L4 O @)
(Business for Livestock)

2. finyEAun1svIBuaEN1TUIN1SgNA (Sales and

customer service skills)

TNO2 001 wigdnnginssufuilnalugnidvia [ [ [ ] O ® [ O
(Customer Insight)

TNOZ 002 vinwedunm @) O ® O ® O ®
(Professional Sale Skills)

aaaaaaeeeeeee————_________________________________________________ _—— —— ————————————————————— ——————
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ue.2

1. ARSI 3UFITY 2. g 3. vinwemadygn 4. YinwemuduNus sTnin 5. finvenTIATIER [Beiia
v a o 1%
o R YAARLAE AUTURAYOY nsdeansiaznslinalulad
NANTSISEUENTEBE AT
ansauna
141 1.2 13 21 2.2 23 3.1 32 353 4.1 4.2 4.3 5.1 52 55
T™NO2003  iadn (i) §U nagnsnsmanalugaRdvia O] [ ° O ©) °
(Marketing Strategy in Action)
TNO2 004 msuSmstileruuide ° ® ® O [ O ® O

(Excellence Service Provider)

3. vinwzArun1sAiAsideya (Data analytics skills)

TNO3 001 gsfadandeifenisiUAsurudiava O ® ® O L] O ®) ©)

(Business Intelligence for Digital

Transformation)

TNO3 002 msdumvimiteyamagsiia ©] ° O o L O (@) ° ©)
(Business Data Visualization)

TNO3 003 msdiasizvideyaddnngsivedndiea ©) ® O ® L O O @) ®

Hugaazmwilnsou
(Business Insights Analytics by Advanced
Excel and Python)

TNO3 004 wnmsygUszRugifemsinsisitoya O ® O ® O O O L]
(Artificial Intelligence for Data Analytics)

TNO3 005 sssunivnateyauasadfeya ® ©) L ° O ° ©) ° ©)

(Data Governance and Data Warehousing)

TNO3 006  unamwesumsiasiuaraminenssudoya ° @) ° ° ©) O ®) L]
wunlve (Big Data Architecture and
Analytics Platform)

TNO3 007 mspenuUUARItoyaBIANTAMIUNIS ® O [ ] ® O O O )
Jszananaidalinsish
(Enterprise Data Warehouse Design for

Analytical Processing)

TNO3 008 misuimsdnnisdeyansnns o 0] [ ] [ ] O @] O [ ]

(Enterprise Data Management)

4. vinwedunsadreanuiunasuaensesleiued (Cyber
Security skills)

TNOA 001 AowsiumsUsensdeluiesdmiuuszeo ® ® () ® ® O ® [ J ® O
Wy (Cyber Security for General Public)
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une.2

1. ANGIIN T3UFIIY 2. g 3. vinvgnalygn 4. FinwrAuAUNUS 5EWina 5. inugmylasIzn [Wiaae
S ———— yARauay ANUSUinTey msdeasuazmisltinalulad
ANTAUNFA
1.1 2 13 2.1 22 23 3.1 3.2 33 4.1 4.2 4.3 51 5.2 53
™04 002 mudiugusumnhunasadslewes ® L] @) L L] L) O
(Introduction to Cyber Security)
5. inwedudendva (Digital Media skills)
TNO5 001 misdansmsiduduasdaidiviesinsdendiva O L) O ® ° O ® O
(Brand Management and Digital Media
Organization Reputation)
™05 002  misdeanslunmingilussdnsdendvia ° O ® ® ® [ ® O
(Crisis Communication in Digital Media
Organization)
TNO5003  mseenwuulszaumsaiilfidasi ° ® ° O L O L (@)
(Introduction to User Experience Design)
TNO5 004 mseanuUUYsTaUMsaifld-nisaiauayns L] O ® ® O ® O O °
nadsURULUY (User Experience Design :
Prototype and Testing)
TNOS 005 mi%ugt]uawsxmanamw 3 fdmiy @) ® O L] O L] 3 ®)
watigu (30 Modeling and Rendering for
Animation)
TNOS 006  mnsadnaassAwaiiwdu 3 §iR O ® O ° O ® O
(3D Animation Creation)
TNO5 007  mmimuniuieiile O ® O ® O L 4 O
(Web API Development)
TNO5 008 masvimuniumsuililaaiout O ® O ° O ® @]
(Client-sided Rendering Web Development)
6. inwzfnuifanTauusuruaLsEuusAluld (Robotics
and Automation Engineering skills)
TNO6 001 msidsulusunsusmenwingay : Python O ®, ° ° ° O ® O
programming 101
TNOG 002 Hugrumsusznevuazmumlasudusaluii ©) Q ° O ° ® @) (@) O
iouszgnaldlususinag : Drone Maker 101
TNO6 003 Wususiostudmiumulssnuseaies : O ° ° L @) O ° O
Introduction to Autonomous Ground Vehicle

e R B R e e e B A e T e e e T W P
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UAD.2

1. AU 3BT 2. A3 3. vinwegnelgn 4. YinwgAuduuS sening 5. Yinwen1sAs ey [BeEian
' v oa ) v -
L o YARBUAZ AMUTURATOU nseaswarns IHmalulad
NANSIHUINTTABEY LI
N N ASAUNA
120 1.2 13 21 22 2.3 31 32 505) 4.1 4.2 43 5.1 52 5.3
(AGV) Robotics for Smart Factory
TNOG 004 msiFuuvenndosdmiuviuens (Introduction (®) [ ] [ ® O ® ® O

to Machine Learning for Robotics)

7. inwzAuANWiLEIUazsTUUSIRSEE (Precision and

Intelligent system skills)

TNO7 001 fugiun1smuaugusna v uazsieide O L] ©) 0] L (@) L4 O @)
159AdiR (Fundamentals of Geometric

Dimensioning and Tolerancing (GD&T))

4 v v a v <
TNO7 002 msmauAuesewnssanisslngldnisioans O ° ° ° @) ®) @]
' ad v _w od v
syvhaniesdnsiuiaiosing

(M2M: Intelligence Machine Control)

TNO7 003  msianariasizsimnaumun wazAmslni O ® ® L4 ® ©)
Smzvestanfidiununty Alflunuma
Inihddnnseiindtugs

(Accuracy and precision technology)

o o a v oo
8. Minwedunalulandbunaniulinsiviandou

(Sustainable and Green Technology skills)

TNO8 001  miswanthmanseesedsbunazduiingse O ® (@) ® ® (@) O
Faunndou

(Sustainable and Green Sugar Production)

TNOB 002  msfndnansdunsdaiueu lulnsiou uay O L] ® ® O O O
oaneFaluindvgramnssuovnife
nsyvumsfiavoanasamedaninuuy
w“v.uwvu (Removal of organic carbon,
nitrogen and phosphorus of food industrial
wastewater by the enhanced biological

phosphorus removal processes)

TNOB 003  mnsMamansdun3dansueu warlulasiauan O ® ® ® ® (@) (@) O
ihidgnanvnssuemsmenszuaumsiiUn

-
NWYININ

(Removal of organic carbon and nitrogen

e e e e e e e e
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ume.2

wansiivudnsraeginniva

1. AnsTIN AT

v
2. A

3. vinwgnatyg

4. inwganuduius senin
yARALAY AUTUARTBY

5. Yinwensiasey Baiaiay

o v -
nsdedsuarnsidinalulad

AN5AUNA

1.1

1.2

13

2.1

2.2

2.3

3.1

3.2

33

4.1 4.2 4.3

54

5.2 53

of food industrial wastewater by biological

treatment processes)

TNO8 004

msrdndomdumeuarliihaniiedanm
vayyalaunlurhiuwuadn nan waveuin
vy (Producing household gas and
electricity from dairy manure biogas in

small medium and large farm)

TNO8 005

msudntmhnfiedinimanyagnslursy
YuIANaN warnaing (Producing
electricity from swine manure biogas in

medium and large farm)

TNO8 006

waluladuaznmisvimsinnisyaresguuu
dmiuoinsunasasdiuriosiiu
(Municipal Solid Waste Technology and
Management for Local Administrative

Organization)

TNO8 007

MIBBNUUUN WAL IANLAATYEANANTDE
gafudmivgnamnssy
(Economic and socially sustainable design

for industry)

TNO8 008

mMsdnnsimaluladagiedsbu

(Technology for sustainability management)

9. finvzdumsifulszdviamnsihnuuasaadununs

Han (Productivity and Cost Reduction skills)

TNO9 001

Yy seRugdmiunsmivaunseuIumsHin

(Artificial Intelligence for Manufacturing

Process Control)

TNO9 002

Sumasiiinvasassndadmiusruunmisuin
(Internet of Things for Manufacturing

System)
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umAv.2

1. ANEITU V305U 2. a3 3. vinwenelygn 4. yinwgAnuduus 52 5. finwensIAsIzd eala
yAAALAY AINSURATEY msfeansuaznsidinalulad
nansEeuinsEegiein )
ANTAUNA
1.1 1.2 1.3 21 22 23 3.1 3.2 33 4.1 4.2 4.3 5.1 5.2 53
TNO9 003 mi’:mswzv’ma:msmuuusswmsnﬁmﬁuqa O ® O @) L] O O
(Advanced Manufacturing System Analysis
and Planning)
TNO9 004 MSASNLUUMABIENIUNSAIAMSUNISHAR O ® O O ® ©) O
"‘ﬁUQdLLﬁSﬂ'}ﬂNLLNu (Simulation for
Advance Manufacturing and Planning)
TNO9 005  MN3ASLUUII@BENTUNSAIAMSUNITHER O ® ® ® @) @] ® O
wyudu (Simulation for Lean
Manufacturing)
TNO9 006 wwwvmansldnuBumesidnvesasendsly O] [ O ® @) L] O

SEUUNTSHER (IoT Approaches to

Manufacturing System)

TNO9 007  MISHARWUUAY 0] ) O O ® O O ®

(Lean Manufacturing)

10. ¥inweAuNsIANIsHsNSIRIEE (Smart farm

management skills)

TN10 001 weluladszuvdudounduuargudoyasiiu O] ° ©) ©) ) L L
inynsnssukazladnd (Traceability
Technology for Smart Farm and Livestock

Production)

TN10002  sruvauesnaishdmiumeluladaninmiiuy O ® ® (@) ® (@) O ® O

(Microcontroller for Smart Farm Technology)

TNI0003  msuszgndld loT dwiumalulabaunin O L o ©) o L4
yhsu (Application of loT for Smart Farm

Technology)

TN10004  lsenurdnfivsnsuaniisndmiunmsyiinuns O ® ® @] ® O ® O
Tusu (Plant Factory with Artificial Lighting
(PFAL) for Indoor Farming)

TN10005  misUszgneldlasudmiuszuuinensuaiug O ® O ] @) O

(Application of Drone Systems in Precision

Agriculture)

W
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uno.2

nan1siivuinsaegineiv

1. AMETIN A3U5ITY

2. A

3. vinvegnatygn

4. FnveANUEuTuS senin
ypRakay AWSUAnteu

5. Ainvensiaseyt Weiay
o v -
nsdedsuarmsidimalulad

d@15dundg

1.1

[ 12 ]

1.3

2.1

22 | 23

3.1

a1 | a2 | a3

5.1

52 | 53

11. vinwefugnamnssuems (Food Industry skills)

TN11 001

wEhmMsingmaniwasyfuRmsdmiu
NITUUMSUUSFUDMIHATIUBNRIMS
wWewiy (Basic principles of food processing

and preservatin)

O

TN11 002

ANNWDIMTUAZNNTNAADUAMATNKEN T
MIMUTATIINGT 1Al uazUszamauda
(Food qualities and microbiology, chemistry

and sensory test)

TN11 003

NOMNEDMNTUALINATTINE NI UBRAMNT U
815 (Food Laws and Standard for Food

Industry)

12. inwznaluladnisudalilasny (Korat chicken

production technology)

TN12 001

PP
uguwazmaianniugliilie (Breed and breed

development)

TN12 002

onsuazmsiemslilasy (Feed and
feeding for Korat Chicken)

TN12 003

4 v v &
E]'l“’li’lﬂ’iﬂﬁ’l'ill'fli)ﬁi'l\“}ﬂﬂ'] INUAUNHLD

(Feed for differentiation of meat quality )

TN12 004

v o o e \
msdamsiieinUsEdnsnin uavaingani
(Management for differentiation of meat

quality )

TN12 005

msvamsisain

(Hatchary management)

TN12 006

Y - v "
Tsawazmsdanisifiomsdeaiulsa (Disease

and management for disease pervention)

TN12 007

- - a v «
waluladasaumaiionisumsdamsyhsy
(Information technology for farm

management)

m
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umwv.2

1. AETIU 3T 2. A 3. vinwgnlygn 4. YnwrauduRus sening 5. finwemsiATIe Weiau
yYpRaLaT AMUSURRYOY msfpansuaznisldinelulad
NaN1sI3Bu3NTTABEIIeIT i
3 ¥ ASAUNF
1 | 12 | 13 21 22 | 23 31 | 32 | 33 a1 | a2 | a3 51 | 52 | 53
13. YinwenRuIANssunERiueililas1y (Korat Chicken
Product Innovation Development)
™13001  laswaduasamautimaedvouiioliuss ©) o (@) O O O
wansitus (Composition and properties of
meat and meat products)
TNI13002  meluladvdamsiivieniiold (Post-harvest O L] O O O O
scince and technology of meat)
TNI3003  mseenuuukanfnstanidols (Processing [ ] ® ® O O ©)
and product development of chicken
meat)
TN13 004  MISWRIISZUUNINSINEBUSOUNAY [ ] L] L] L] L4 ©) ® O
(Traceability in meat industry)
agUunuiinsnszatanuuinvey
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4. ﬂ'numw%fwawaé'wémsL%qu}f&awwé'ﬂ@m

€
'}

(1) &3
2) %
(3) €5
@ 3
(5) 613
(6) H3

PUFNUNSOULEUDMAYR AU NN U N WL DITN

@ a | 4 aa A .
PUINNYENITLTEUNADAYIN (Lite Long Learning)

guanansauszgnaldanusuazinalulaglunsimuvinuea1din

PUANNNTNUATIVTRYAENSEUNANIA N FERS Wazinalulad

guausaUfURAUMUITIEIUSIULAzTiaLSURATaURDAULDILaT AL

gulssumnuiiiudulunmsiauinveendmfuuasiaiuasawuamensyihenlnd

5. unuiRaawsn1siteudivauanuuzTnaninUszad Usvanvesminerdeuazineely

FANIS5EN 21

ume.2

NUNUINTFIURANTS PLO | PLO | PLO | PLO | PLO | PLO
NATUIASEIUAIUNTDULIASFIUIVITN e . .
Do G . BEU3 MUINYUsTERA
WHTIR ARIANWMZUNNANNIUSTEIAYDY ”
YDINANGAST
wInenasmaluladgsuns ?
* 1 2 3 4 5 6
N5OUNINTZINIVITWUNIYI (TQF)
1 v
2 v v
5 v - "
a v v
5 v v
pauanwIzTusInTidaUszaaR:
vausinininermaniuazinalulad gi
ouif v v v
nilsssu v
piideyan v v v
g v ¥
sinweiioniuluanassuii 21
C1 Creativity and innovation v v
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Module Code
TN13 001

Module Name

Composition and properties of meat and meat products

Aims and Summary
1. Understand the importance of chemical composition and its functional properties as
well as the nutritional value of chicken meat. This fundamental knowledge can be used
to design and development of various products from chicken meat.
2. Understand the chicken meat quality and its changes during storage including sensory
properties and microorganism’s aspect. Also, understand the basic principle of meat

guality assessment.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the chemical composition and its functional properties as well as the nutritional
value of chicken meat.
2. Explain the quality and its changes during storage including sensory properties or

microorganism’s aspect. Also, understand the basic principle of meat quality assessment.

Indicative Content

1. Chemical composition, functionalvproperties and nutritional value of chicken meat and
its products

Meat quality and its changes

Sensory evaluation of meat and meat products

Meat microbiology and shelf-life of meat and meat products

iR BN

Basic principle of meat quality assessment
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for business development.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader

Assoc. Prof. Dr. Amonrat Molee
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Module Code
TN12 007

Module Name

Information technology for farm management

Aims and Summary
1. Understand the importance of chicken efficiency information for farm management
2. Understand the application of information technology for data collection, monitoring,
tracking and solving problems related to production efficiency

3. Understand the concept of sensor technology for farm management

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the importance of chicken efficiency information for farm management
2. Explain the application of information technology for data collection, monitoring,
tracking and solving problems related to production efficiency

3. Explain the concept of sensor technology for farm management

Indicative Content

1. Production efficiency information of broiler chicken

2. Production efficiency information of breeders

3. Using information Technology for chicken farm management
il

Concept of sensor for fam management
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for diseases and prevention management.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Asst. Prof. Dr. Pakanit Kupittayanant
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Module Code
TN12 006

Module Name

Disease and management for disease pervention

Numbers of Credit
1 Credit (12 hours)

Aims and Summary
1. Understand the principals of good management and animal hygiene
2. Understand diseases and etiologies, important diseases in poultry, and primary
prevention

3. Understand immunity development by vaccine and vaccine and health program in

poultry

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the principals of good management and animal hygiene
2. Explain diseases and etiologies, important diseases in poultry, and primary prevention
3. Explain immunity development by vaccine and able to manage vaccine and health

program in poultry

Indicative Content

1. Principals of good management and animal hygiene
2. Diseases and etiologies

3. Important diseases in poultry and primary prevention
4.  Immunity development by vaccine
8

Vaccine and health program in poultry



wéngms “WauninuzidsauiilaiiuanususolunsudeduveaUsuma” TNO12 006

FBnssounaznsiiou

sUuuunsIansnisiseumsasufiuiuy online n1sdavi workshop wavfianssung Lelab]
FoamsliFoufidiusalunisinudenues 1dunsiFouianluieadou nmsussiiunadugniniu
nadwsmseudvesynivi Wanuddyfumsiidusaiufonssumaidous uasmsaduassdlaiielu

a Y a o salf e v
ﬂ’1'i'UTW]'iﬂ'ﬁ‘\]ﬂﬂ']’iLLﬁzﬂﬁi?j'U']ﬂU'm‘LUﬁWJUﬂ‘/lmﬂ

PlaeseianssunsaEeuLasnsius

Usznniangsy Vanild (FTu)
UTIEY 12
UfjuRnns
nAADU/InANNS 3

59 15

*Ussene+URURNTS 93 12 Y.

HUTEEUNUYATIY (Fuilavoundngns)

HALUAN.AS.NATR AUANETUN



o as o o s ad a 1 e
NaNgN3 “WW'U'WIﬂﬂzn']ﬁQﬂULWaW\Iuﬂ'?'l&lﬁ"m'ﬁnlﬁﬂ'\ﬂL‘IN“UU‘UﬂQﬂizwlﬁ" TNO12 006

TUHVDIYATIU
TN12 006

FovesynIvn:

v A L2
Isakazn1sanmstivanistasiulsa

ATUIUNUIYNR

1 wiefin (12 421u9)

Wnanevasyaivn
I 2 [ o/ a n‘A 8/ A [
1 demsdhlavdnmsdanmsuazmsganiuiadaing aaeasumnandilafeiulsauazanimguss
nsifinlsa
o) 2/ aJ (Y o, el v oW &‘ 8/ v 8/
2. fearunlalsandaguesdniUnuazmstesiushwiiowiu sasnaunisaiiaanusuniu
Tsalaeldindy

3. WhlawagannsaimualusunsuinfuuaslusunsuguamdmsudniUnle

=) a
Faulunisiseu

Taidl

NSIEBUMSHAULAENTTEUS
NRANSNSISEUSVDIYNT Y
- a s - re} a
1. gnsesduendnnisinnisuasnisaniviadaing lsauazaimauainisiinlse
= o s @ ol v o J v v ¥ 2
2. gunsoeduislsandrAyresdnitn nslssiushvidewiu nmsassanuiuniulsalagld
Trdu

3. awsaedusuazimualUsunsiiaduuagiusunsuguawdmsudnitnle

o AraBuneyatin
1. wdnmsdamsuaznsguivtadniaa
2. lsAuasaunguesnisiialse
3. Tsafiddnuesdnitnuasnistesiudnuidowiu
4. nsafnanuiunlsalagldiadu
5

msftmualusunsuiafuaslusunsugunmdmsudaitn



o/ o or o W A Q‘ i o
wangas “WainweitderuiRaiiiunmaansnlunisudeduvasdsema” TNO12 005

conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and use the knowledge for production of healthy and good quality chicks.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Asst. Prof. Dr.Wittawat Molee
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Module Code
TN12 005

Module Name

Hatchery Management

Aims and Summary
1. Understand the process of embryonic development in fertile eggs.
2. Understand the principles of artificial incubation of fertile eggs.
3. Understand the process of hatchery management and use the knowledge for

production of healthy and good quality chicks.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the process of embryonic development in fertile eggs.
2. Explain the principles of artificial incubation of fertile eggs.
3. Explain the process of hatchery managemeﬁt and use the knowledge for production of

healthy and good quality chicks.

Indicative Content

1. Egg structure and composition

Egg formation and embryonic development

Chicken parent stock management for producing fertil'e eges
Selecting and storing fertile eggs

Egg incubation and incubator

o mA BN

Factor effecting hatchability of fertile eggs

Teaching and Learning
Learning activities include lecture, workshop, and group activity. This module encourages

learners to participate by self-study in addition to learning in the classroom. The assessments are
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and use this knowledge to apply to generate improvement of Korat chicken meat.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Asst. Prof. Dr. Wittawat Molee/Asst. Prof. Dr. Sutisa Khempaka
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Module Code
TN12 004

Module Name

Management for differentiation of meat quality

Aims and Summary
1. Understand the basic principles of Korat chicken management.
2. Understand the basic principles of the production of Korat chickens in alternative
systems and under heat stress condition.
3. Understand the basic principles of the production of Korat chickens in various
managements and use this knowledge to apply to generate improvement of Korat

chicken meat.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes

1. Explain the importance of the basic principles of Korat chicken management.

2. Ability to create the idea to produce the Korat chicken meat in alternative systems.

3. Explain the basic principles of the production of Korat chickens in various managements

and use this knowledge to apply to generate improvement of Korat chicken meat.

Indicative Content

1. The basic principles of Korat chicken management.

Alternative Korat chicken production system: free-range production system
Alternative Korat chicken production system: organic production system

Management techniques to reduce the effects of heat stress

LA

Feeding strategies to mitigate the heat stress
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the (earning outcomes. This emphasis is given to the participation in learning
activities and use this knowledge to apply to produce functional meat in Korat chickens with

relevance to the consumers’ needs.

Teaching and Learning Hours .

Activity Type Time (hours)
.| Lecture 12
Laboratory
Pre-test / Post-test 3
Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Asst. Prof. Dr. Sutisa Khempaka/Asst. Prof. Dr. Wittwat Molee
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Module Code
TN12 003

Module Name

Feed for differentiation of meat quality

Aims and Summary

1.

Understand the functional properties of chicken meat with relevance to consumer’s
needs.

Understand the basic principles of the production of functional meat in Korat chickens
Use this knowledge to apply to produce functional meat in Korat chickens with

relevance to the consumer’s needs.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning

Module Learning Outcomes

1.

Explain the importance of the functional properties of chicken meat with relevance to
consumer’s needs.
Ability to create the idea to produce the functional meat in Korat chickens

Explain the basic principles of feed processing and use this knowledge to apply to

produce functional meat in Korat chickens with relevance to the consumer’s needs

Indicative Content

Vios e oo

Functional properties of chicken meat with relevance to consumer’s needs.
Remarkable Korat chicken meat

Strategies to produce omega-3 and carnosine enriched meat

Application of herbs and local feedstuffs to produce healthy chicken meat.

The production of chicken meat in low purine content.
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and use this knowledge to apply for the efficient feed management.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Asst. Prof. Dr. Sutisa Khempaka



o “® o o o o A Q. 1 o
NANgng wuWinyeiasauRaiuaMuasnsa luntsidesduvesUseing” TNO12 002

Module Code
TN12 002

Module Name

Feed and Feeding Korat Chickens

Aims and Summary

1.
2

Understand the basic knowledge relevant to animal nutrition

Understand the basic principles of selecting suitable feed or feedstuffs for Korat
chickens

Understand the basic principles of feeding and use this knowledge to apply for the

efficient feed management.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning

Module Learning Outcomes
1.
2. Ability to select the suitable feed and feedstuffs for Korat chickens

Explain the importance of the basic knowledge used in animal nutrition

3. Explain the basic principles of feeding and use this knowledge to apply for the efficient

feed management

Indicative Content

AL S

The importance of animal nutrition

Feedstuffs

Principles of feedstuff quality evaluation

Nutrient requirement standards for Korat chickens
Feed formulation and processing

Principles of feeding management to improve production efficiency
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Teaching and Learning Hours

Activity Type Time (hours)
Lecture - 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader

Assoc. Prof. Dr.Amonrat Molee
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Module Code
TN12 001

Module Name

Breed and breed development

Aims and Summary
1. Understand the importance of the process to achieve the breeding goal
2. Understand the process how to design the breeding goal to meet the need of users
3. Understand the process of breed establishment and breed improvement of Korat

chicken and the others

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the importance of the process to achieve the breeding goal
2. Ability to design the breeding goal to meet the need of users
3. Explain the process of breed establishment and breed improvement of Korat chicken

and the others

Indicative Content

1. Chicken Breed situation in industry level
Analysis of user needs

Designing breeding goal

Concept of breeding

R BN

Korat Chicken breed establishment and development

Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
éonducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for business development.
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Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader
Assist. Prof. Dr. Sareeya Wichitsathian
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Module Code
TNO1 008

Module Name

Business for Livestock

Aims and Summary
1. Know the current situation of the livestock business sector
2. Ability to design a business under realistic situations emphasize in chicken

3. Ability to interpret financial statements, and use in business management

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Ability to design a business under realistic situations emphasize in chicken

2. Ability to interpret financial statements, and use in business management

Indicative Content

Globalization and national livestock situation
Factors effect on livestock situation
Financial statements; read, interpretation

Farm account; read, interpretation

I S

Livestock business design

Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the tearning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for business development.
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to leaming in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for business development.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader

Dr. Jaksuma Pongsetkul
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Module Code
TN13 002

Module Name

Post-harvest science and technology of meat t

Aims and Summary
1. Understand the importance of post-harvest technology of chicken meat
2. Understand the management of pre- and post-slaughtering of chicken meat
3. Understand the preservation process and the value-adding of co-products after

slaughtering.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the importance of post-harvest technology of chicken meat
2. Design and management of pre- and post-slaughtering of chicken meat

3. Explain the preservation process and value-adding of co-products after slaughtering

Indicative Content

Introduction, muscle structure and composition

Animal welfare, standard for the slaughterhouse, and transportation
Biochemical changes in the muscle after slaughter

Pre- and post-harvest management

Meat quality inspection

Packaging technology for chicken meat and product

Preservation technology of chicken meat

O N o n BB DM

Value-adding of chicken co-products
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and understand the overall of post-harvest technology for chicken meat.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture A 12
Laboratory 0
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader

Dr.Papungkorn Sangsawad
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Module Code
TN13 003

Module Name

Processing and product development of chicken meat

Aims and Summary
1. Understand the importance of chicken meat product development
2. Understand the technology for value-adding of chicken meat and co-products

3. Understand the chicken processing procedure

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

None

Teaching and Learning
Module Learning Outcomes
1. Explain the importance of chicken meat product development
2. Design and creative of chicken meat products

3. Explain the processing and value-adding of chicken meat

Indicative Content
1. Introduction and the importance of product development
Processing of chicken products

2

3. Preservation techniques and extending product shelf-life

4. Technology for value-adding of chicken meat and co-products
5

Standards of chicken processing industry, Marketing

Teaching and Learning
Learning activities include lecture, Laboratory, and group activity. This module
encourages learners to participate by self-study in addition to learning in the classroom. The
assessments are conducted to align the learning outcomes. This emphasis is given to participation

in learning activities and understand the overall chicken meat product development.
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Teaching and Learning Hours

Activity Type Time (hours)
Lecture 6
Laboratory 6
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader  Dr.Papungkorn Sangsawad
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Module Code
TN13 004

Module Name

Traceability in meat industry

Aims and Summary
1. Understand the food laws and standards as well as the principle of good manufacturing
practices for quality controls related with chicken meat and its products.
2. Understand the importance of traceability systems for controlling the hazards and
quality standards throughout food supply chain.
3. Can analyze critical control points in food supply chain to create the traceability systems

for quality control.

Requisites (Pre-Requisites, Co-Requisites and Excluded Combinations)

none

Teaching and Learning
Module Learning Outcomes
1. Explain the food laws and standards, as well as principle of good manufacturing practices
for quality standards related with chicken meat and its products.
2. Explain the importance of quality control and traceability systems.
3. Ability to analyze hazards including physical, chemical and microbiological aspects during
production as well as critical control points to control the product’s quality.

4. Ability to design traceability systems using technology or innovation

Indicative Content

1. Importance of tractability and quality control systems.

2. Hazards and their risk in food supply chain ‘

3. Food laws and standard associated with chicken meat and its products
4. Good manufacturing practices for quality standards
5

Technology in tractability system/case studies
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Teaching and Learning

Learning activities include lecture, workshop, and group activity. This module encourages
learners to participate by self-study in addition to learning in the classroom. The assessments are
conducted to align the learning outcomes. This emphasis is given to the participation in learning

activities and creating ideas for business development.

Teaching and Learning Hours

Activity Type Time (hours)
Lecture 12
Laboratory
Pre-test / Post-test 3

Total 15

* Lecture + Laboratory = 12 Hours

Module Leader

Dr. Jaksuma Pongsetkul
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MEMORANDUM OF UNDERSTANDING
FOR ACADEMIC COOPERATION

BETWEEN
SURANAREE UNIVERSITY OF TECHNOLOGY, THAILAND
AND
UNIVERSITY OF SHIZUOKA, JAPAN

\7

2

AW,

Whereas the SURANAREE UNIVERSITY OF TECHNOLOGY, a university established under the
laws of Thailand and having an address at 111 University Avenue, Suranaree Sub-district, Muang
District, Nakhon Ratchasima 30000, Thailand (hereinafter referred to as “SUT”) and for the
purpose of this MoU is represented by its Institute of Science.

and

the UNIVERSITY OF SHIZUOKA, a university established under the laws of Japan and having an
address at 52-1 Yada, Suruga-ku, Shizuoka 422-8526 Japan (hereinafter referred to as “US”),
seeking to improve understanding between their respective academic institutions and to establish
mutually beneficial collaborations benefiting their students, have agreed to sign this Memorandum
of Understanding (hereinafter referred to as the “MoU”) as a first step toward achieving these
shared goals.

NOW THEREFORE PURSUANT THERETO, the Parties hereby agree as follows:
1. SCOPE AND FIELDS OF ACADEMIC COOPERATION
(1) The Parties hereby agree to implement within the framework of the rules and

regulations applicable in each of the institutions and subject to availability of funds
and resources, the following programs and activities, which may include, but are

not limited to:
(a) student and/or academic and administrative staff exchanges;
(b) joint research activities;
(c) exchange of publications, reports and other academic materials and

information; and

(d) sharing of other activities and programs in areas of mutual interest,
where such sharing shall result in benefit to both Parties.

(2) It is agreed that the terms and conditions of any agreed program and activity

contemplated in this MoU shall be the subject matter of separate written
agreements to be negotiated and agreed upon by both Parties and/or any third
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©)

parties, wherever applicable. PROVIDED ALWAYS the decision whether to initiate
and/or implement any program or activity shall be at the sole discretion of each
Party.

The Parties agree to designate, on behalf of each institution, a coordinator whose
responsibility will be to supervise the execution of this MoU and to draw up
programs or activities to be implemented under this MoU, setting out specific
provisions concerning the exchange programs, budget requirements and details of
funding. For this purpose, the coordinator for SUT is the Rector of Suranaree
University of Technology, Associate Professor Dr. Weerapong Pairsuwan, and for
US is the President of University of Shizuoka, Professor Dr. Hiroshi Kito.

FINANCIAL ARRANGEMENTS

(1

The Parties acknowledge that in the absence of any specific agreement in writing
to the contrary, each Party will be responsible for its own costs and expenses in
establishing and conducting programs and activities contemplated under this MoU,
including without limitation its own costs and expenses in travel and
accommodation.

INTERLECTUAL PROPERTY RIGHT

(M

The parties agree that the ownership of and any other rights relating to intellectual
property arising from or in connection with any program or activity under this MoU
shall be determined on case by case basis, and shall therefore be specified an
agreed for such program or activity in a separate written agreement between the
Parties.

CONFIDENTIALITY

M

The Parties agree and undertake to keep confidential at all times any information
or data that may be exchanged, acquired or shared in connection with any program
or activity conducted pursuant to this MoU save where the same is already in public
domain.

DURATION AND TERMINATION

(M

(2)

)

This MoU shall take effect on and from the date of execution of this MoU and shall
continue to be effective for a period of five (5) years and may be extended for such
further period as may be agreed by the Parties in writing.

Notwithstanding clause 5 (1) above, this MoU may be terminated by either Party
giving written notice to the other at least six (6) months prior to the proposed date
of termination.

Notwithstanding clause 5 (2) above, the provisions of this MoU or any other written
agreement in respect of any on-going exchange program or any other form of
cooperative activity under this MoU shall continue to apply until their completion
unless both Parties mutually agree in writing to the earlier termination of the
program or cooperative activity.

WL 3/5



6.

NOTICE

(1

Every notice, request or any other communication required or permitted to be given
pursuant to this MoU shall be in writing, in English and delivered personally or sent
by registered or certified post via air mail or by courier or facsimile (which shall be
acknowledged by the other Party) to the Parties at the address and facsimile
number as stated below:

(a) If to SUT: Suranaree University of Technology
111 University Avenue, Suranaree Sub-district,
Muang District, Nakhon Ratchasima 30000
Thailand
Fax no.: +66-44-22-4017

(b) If to US: University of Shizuoka
52-1 Yada, Suruga-ku, Shizuoka 422-8526
Japan
Fax no.: +81-54-264-5099

MISCELLANEOUS

(1

(2)

©)

4)

This MoU may be modified, varied or amended at any time after due consultation
and with the written agreement of both Parties.

The Parties acknowledge that all visits or exchange of staff, students or
administrators will be subject to compliance with the entry and visa regulations of
Thailand and Japan and with the respective Party’s requirements with respect to
staff and student visits.

This MoU is not intended to be legally binding. It merely expresses the intentions
and understanding of the Parties which will form the basis of any legally binding
agreement to be drafted and executed in the future.

The Parties hereby agree that they are not bound exclusively by this MoU and shall

be at liberty to enter into any separate agreements or arrangements with any third
party without reference to the other Party.
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IN WITNESS THEREOF, the Parties have caused this MoU to be executed by their duly authorized
representatives.

For and on behalf of For and on behalf of
SURANAREE UNIVERSITY OF TECHNOLOGY UNIVERSITY OF SHIZUOKA
Associate Professor Dr. Weerapong Pairsuwan Professor Dr. Hiroshi Kito
Rector President
Associate Professor Dr. Worawat Meevasana Professor Dr. Kei Manabe
Dean, Institute of Science Dean, School of Pharmaceutical Sciences
Witness Witness
Date: oo Date: oo
4.
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