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The Usage of Rice Straw as Roughages for Cost Reduction in Deer Farming
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ABSTRACT

Deer farming business is one of the alternative agriculture for agriculturists who have been already
invested with other agricultures. These people who are interested in deer farming investment will consider
the amount of money invested in food for feeding deer as the first priority. Ramkhamhaeng University Deer
Farm researched whether low cost roughages would affect the productivity which we used the body weight
as the indicator or not in order to be the basic information for the investment in deer farming business. Sixty
Rusa deer and 60 Sika deer, aged 3 years with similar body weight were experimented. Among 60 deer of
each species were divided into 2 groups, group 1: 30 deer and group 2: 30 deer. Both groups have been fed

with concentrated feed/ fermented Napier grass/ molasses/ and dry Pangola grass for 6 months from April —

September 2018. The experiments were started in October 2018 : group 1 of each species was fed with the
same food as before but group 2 of each species was fed with concentrated feed/ fermented Napier grass/
molasses/ and rice straw for 6 month from October 2018 — March 2019. The body weight of 120 deer were
measured before and after the experiments. The results showed that the body weight of both Rusa deer and
Sika deer group 2 were not significantly different from group 1 in spite of the difference of food price. A Rusa
deer of group 1 consumed 13.05 Bahts /day and a Sika deer of group 1 consumed 11.03 Bahts/day. After
the experiment of changing food from dry Pangola grass to rice straw of group 2, a Rusa deer of group 2
consumed 7.99 Bahts /day and a Sika deer of group 2 consumed 6.98 Bahts/day. These show that the

usage of low cost roughages to feed deer does not affect the productivity of deer.
Keywords: rice straw, Rusa deer, Sika deer
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ABSTRACT

The purpose was to document and analyze herbs used of Thai traditional healers for menopause
treatment in Nakhon Si Thammarat province. Research methods contained purposive sampling, semi —
structure interview and analyzed in form of lectures, 4 Thai traditional healers were conducted. Result

founded total of 68 herbs, consist of 65 medicinal plants, belonging to 34 families, 1 animal herb and 2

) Corresponding author: Thai Traditional Medicine Department, Faculty of Science and Technology, Rajamangala University of
Technology Srivijaya.
! Thai Traditional Medicine Department, Faculty of Science and Technology, Rajamangala University of Technology Srivijaya.

2 Food Technology Program, Faculty of Agricultural Technology, Phuket Rajabhat University.
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mineral herbs. Total of 34 Families of medicinal plants, belonging to 53 genera, the most dominant family
was Zingiberaceae for 12 percent (8 species). The most part used was root and rhizome for 29 percent
(19 species). Total of 9 taste of herbs revealed from 10 taste of Thai traditional pharmaceutical theory, the
most taste of herbs was pungent for 31 percent (21 species). The most consensused species by 3 Thai
traditional healers were Atractylodes lancea (Thung) Dc., Cyperus rotundus L., Piper chaba Hunt,
Plumbago indica L. and Salacia chinensis L.. Knowledge of 4 Thai traditional healers signified their wisdom
for menopause treatment harmonized with Thai traditional medicine and pharmaceutics. These database can
be utilized for next recipe development for menopause. Additionally, these database can be alternative way
for elderly woman who wants to make self-take care. Knowledge of 4 Thai traditional healers were inherited

from the ancestors which based on Thai traditional medicine theory.

Keywords: Herbs, Knowledge, Medicinal plants, Menopause, Thai traditional healers

Introduction and knowledge, contains Nakhon Si Thammarat
Menopause is the stop working of ovarian, mountain range which has plentiful of natural
occurs in women between 45 — 55 years, permanently resources and herbs, still has experienced Thai
loss of ovulation, estrogen and progesterone, traditional healers in community.
confirmed by permanently stop of menstruation period Elderly society is becoming problem in
for 12 months. Symptoms contain hot flashes, Thailand, elderly person will raise up to 30 percent
imtability, insomnia, depression, moody, fatigue etc.. in 2036. 20 year national strategy (2018 - 2037)
(Xu et al., 2005; Santoro et al., 2015). Complementary support and promote knowledge of Thai traditional
and altemative medicine are one of main role for medicine for utilization in Thai social contain
menopause treatment (Hill-Sakurai et al., 2008) such objective of self-healthcare in elderly person (Thai
as soy, black cohosh and St. John's wort. (Khadijeh et government, 2018).
al.,, 2010; Mayo, 1999) Current herbal research for menopause
Thai ftraditonal medicine has occured showed dominant herb species such as Black
together with Thai social since ancient times, analyze cohosh, Ginseng, Angelica sinensis, St.John's wort,
from other medicine theory such as Thai traditional Curcuma xanthorrhiza, thus this research provides
medicine, Chinese medicine and Ayurveda. Thai many herbs database for future research and can
traditional medicine knowledge often inherit from alternative herbs for nationwide to reduce
generation to generation. Thai traditional healer is the economic and import budget.
doctor who has knowledge and experience in For above reasons, Researchers had
traditional medicine, treat people in community all of objective to documented and analyzed knowledge
somatic and psychological disorders. of Thai traditional healers on utilization of medicinal
Nakhon Si Thammarat province is in plants for menopause treatment, contained data of
southemn of Thailand, full of history, culture, tradition herbs which can be database of next research.
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Methodos
1. Study area and example

Nakhon Si Thamarat province was study
area, place in middle of southern Thailand, total of
23 districts, pursosive sampling was conducted
through criteria consist of at least 10 years of
experienced in Thai traditional medicine, used to
treat menopause patients and be willing with this
research by signed in consent form.
2. Data collection

Knowledge documented by semi-structure
interview in 5 items consist of herbs, habits of
medicinal plants, medicinal plants part used, taste
of herbs and claim of herbs.
3. Plant identification

Well-known medicinal plant species were
identified by confirmed crude drug and description
of species back to Thai traditional healers after
they revealed the knowledge through established

interview, Plant scientific name was specified base

Table 1 General information of 4 Thai traditional healers.

on Thailand plant names book by Tem Smitinand
(Smitinand, 2001). Data was analyzed in descriptive
form. Research performed from June to December

2018.

Results
1. Thai traditional healers

4 Thai traditional healers were selected
consisted of 1 woman and 3 men, general
information showed in Table 1. All of them have
inherited Thai traditional medicine, experienced in
all of somatic and psychological diseases.
2. Herbs

A total of 68 herbs consisted of 65
medicinal plants (96 percent) belonging to 53
genera, 2 mineral herbs (3 percent) and 1 animal
herb (1 percent) (Table 2). The most prominent
genera was Piper spp., there were 4 species
consisted of Piper chaba Hunt, Piper nigrum L.,

Piper interruptum Opiz and Pijper sarmentosum Roxb..

Thai traditional healers Sex Age (years) Experience in Thai traditional medicine (years)
PL Female 75 60
SS Male 77 67
CHS Male 78 57
RS Male 83 73

3. Habits of medicinal plants

All of 65 medicinal plants grouped in 4
habits, herbs for 42 percent (27 species), Tree for
26 percent (17 species), Shrub for 18 percent (12
species) and climber for 14 percent (9 species).
4. Family of medicinal plants

Total of 34 Families grouped from 65 medicinal
plants, The most dominant family was Zingiberaceae for 12
percent (8 species), next below were Fabaceae for 11
percent each (7 species), Apiaceae for 9.2 percent
(6 species), Piperaceae for 6.2 percent (4 species),

13

Asteraceae Combretaceae and Lauraceae for 4.2 percent
each (3 species), Clusiaceae, Euphorbiaceae, Poaceae and
Simaroubaceae for 3.1 percent each (2 species) and 1.5
percent each (1 species) contained Acanthaceae,
Agavaceae, Aloaceae, Apocynaceae, Asclepiadaceae,
Asparagaceae, Avicenniaceae, Brassicaceae, Celastraceae,
Cyperceae, Lythraceae, Marattiaceae, Menispemmaceae,
Myristicaceae, Myrtaceae, Nelumbonaceae, Oleaceae,
Plambaginaceae, Ranunculaceae, Rutaceae, Sapotaceae,

Thymelaeaceae and Urticaceae.
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Table 2 Herbs used of Thai traditional healers for menopause treatment.

No. Scientific name/Local name Family Part used Taste Habits Users
Medicinal herbs

1 Acacia concinna Willd. Dc. Fabaceae Leaf Sour Shrub PL
(Sompoi)

2 Aegle marmelos (L.) Corréa ex Roxb. Rutaceae Fruit Sweet Tree RS
(Matum)

3 Aloe vera (L.) Burm.f. Aloaceae Leaf Nauseating Herb PL,CHS
(Yadam)

4 Alstonia macrophylla Wall. ex G.Don Apocynaceae Stem bark Bitter Tree SS
(Thungfah)

5 Amomum testaceum Ridi. Zingiberaceae Fruit Pungent Herb PL
(Kravan)

6 Anethum graveolens L. Apiaceae Seed Pungent Herb PL,
(Thiantatukatan) CHS

7 Angelica dahurica (Fisch ex. Hoffm.) Benth. Apiaceae Root Fragrant Herb PL,
& Hook.f. ex Franch. & Sav. CHS
(Kotsor)

8 Angelica sinensis (Oliv.) Diels Apiaceae Root Fragrant Herb PL,
(Kotchiang) CHS

9 Angiopteris evecta (G.Forst.) Hoffm. Marattiaceae Rhizome Bland Shrub CHS
(Wankipraet) (Fern)

10 Aquilaria agallocha Roxb. Thymelaeaceae Wood Bitter Tree PL
(Kritsana)

11 Artemisia annua L. Asteraceae Whole Bitter Herb PL,
(Kotchulalunpha) plant CHS

12 Asclepias curassavica L. Asclepiadaceae Leaf Pungent Herb CHS
(Faidueanha)

13 Atractylodes lancea (Thung) Dc. Asteraceae Rhizome Fragrant Herb PL,RS,
(Kotkhamao) CHS

14 Avicennia marina (Forssk.) Vierh. Avicenniaceae Wood Bland Climber PL
(Samaethale)

15 Boesenbergia rotunda (L.) Mansf. Zingiberaceae Rhizome Pungent Herb SS
(Krachai)

16 Bridelia ovata Decne. Euphorbiaceae Leaf Bitter Tree PL
(Maka)

17 Brucea javanica (L.) Merr.) Simaroubaceae Fruit Bitter Shrub PL
(Ratchadad)

18 Carthamus tinctorius L. Asteraceae Flower Fragrant Herb PL
(Khamfoi)

19 Cassia fistula L. Fabaceae Fruit Sweet Tree PL
(Ratchaphruek)

20 Centotheca lappacea Desv. Poaceae Whole Bland Herb CHS
(Niaoma) plant

21 Cinnamomum camphora (L.) J.Presl| Lauraceae Wood Pungent Tree CHS

(Karabul)
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No. Scientific name/Local name Family Part used Taste Habits Users

22 Cinnamomum porrectum (Roxb.) Kosterm. Lauraceae Wood Pungent Tree CHS
(Theptharo)

23 Cinnamomum verum J.Presl| Lauraceae Stem bark Fragrant Tree PL
(Opchoeithet)

24 Clinacanthus nutans (Burm.f.) Lindau Acanthaceae Root Bland Herb SS
(Phayayo)

25 Cordyline fruticosa (L.) A.Chev. Agavaceae Root Bland Shrub SS
(Makphu)

26 Cuminum cyminum Wall. Apiaceae Fruit Pungent Herb PL,
(Thiankhao) CHS

27 Curcuma xanthorrhiza Roxb. Zingiberaceae Rhizome Pungent Herb CHS
(Wanchakmotluk)

28 Curcuma zedoaria (Berg) Roscoe Zingiberaceae Rhizome Astringent Herb PL,
(Khaminoi) CHS

29 Cyperus rotundus L. Cyperceae Rhizome Pungent Herb PL,RS,
(Yahaeomu) SS

30 Derris elliptica (Roxb.) Benth. Fabaceae Wood Nauseating  Climber RS
(Hanglaidaeng)

31 Derris scandens (Roxb.) Benth Fabaceae Wood Bland Climber PL
(Thaowanpriang)

32 Dracaena loureiri Gagnep. Asparagaceae Wood Bitter Shrub PL
(Chandaeng)

33 Eleusine indica (L.) Gaertn Poaceae Whole Bitter Herb PL
(Yatinka) plant

34 Eurycoma longifolia Jack Simaroubacceae Root Bitter Shrub SS
(Plalaiphueak)

35 Foeniculum vulgare Mill. subsp. vulgare var. Apiaceae Fruit Fragrant Herb PL,
dulce (Mill.) Thell. CHS
(Thiankhaopluek)

36 Glycyrrhiza glabra L. Fabaceae Wood Sweet Shrub PL
(Chaemthet)

37 Jasminum sambac (L.) Aiton Oleaceae Flower Fragrant Climber PL
(Mali)

38 Kaempferia galanga L. Zingiberaceae Rhizome Pungent Herb PL
(Prohom)

39 Kaempferia parviflora Wall. ex Baker Zingiberaceae Rhizome Pungent Herb CHS
(Krachaidam)

40 Lagerstroemia calyculata Kurz Lythraceae Wood Fragrant Tree PL
(Khondok-tabaek)

41 Lepidium sativum L. Brassicaceae Seed Pungent Herb PL,
(Thiandeang) CHS

42 Ligusticum sinense Oliv. cv. Chuanxiong Apiaceae Rhizome Fragrant Herb PL,
(Kothuabua) CHS

43 Mammea siamensis Kosterm. Clusiaceae Flower Fragrant Tree PL

(Saraphi)
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No. Scientific name/Local name Family Part used Taste Habits Users

44 Mesua ferrea L. Clusiaceae Flower Fragrant Tree PL
(Bunnak)

45 Mimusops elengi L. Sapotaceae Flower Fragrant Tree PL
(Phikun)

46 Myristica fragrans Houtt. Myristicaceae Wood Bitter Shrub PL
(Chanthet)

a7 Nelumbo nucifera Gaertn. Nelumbonaceae Flower Fragrant Herb PL
(Bualuang)

48 Nigella sativa L. Ranunculaceae Seed Pungent Climber PL,
(Thiandum) CHS

49 Phyllanthus emblica L. Euphorbiaceae Leaf Sour Tree RS
(Makhampom)

50 Piper chaba Hunt Piperaceae Fruit Pungent Climber  PL,CHS
(Dipli) , RS

51 Piper nigrum L. Piperraceae Fruit Pungent Climber CHS
(Phrikthai)

52 Piper interruptum Opiz Piperaceae Wood Pungent Climber PL
(Sakhan)

53 Piper sarmentosum Roxb. Piperaceae Root Pungent Herb PL
(Chaphlu)

54 Plumbago indica L. Plambaginaceae Root Pungent Shrub PL,RS,
(Chettamunphloeng) CHS

55 Pouzolzia hirta (Blume.) Hassk. Urticaceae Whole Pungent Herb CHS
(Khobchanangdaeng) plant

56 Pueraria candollei Wall. Ex Benth. Var. Fabaceae Rhizome Fragrant Shrub PL
mirifica
(Kwaokhruea)

57 Salacia chinensis L. Celastraceae Wood Nauseating Shrub PL,CHS
(Kanphaengchetchan) ,SS

58 Senna alata (L.) Roxb. Fabaceae Leaf Nauseating Shrub PL
(Chumhetthet)

59 Syzygium aromaticum (L.) Merr. & Myrtaceae Flower Pungent Tree PL
L.M.Perry)
(Kanphlu)

60 Terminalia bellirica (Gaertn.) Roxb. Combertaceae Fruit Sour Tree PL
(Samophiphek)

61 Terminalia catappa L. Combretaceae Stem bark Astringent Tree SS
(Hukwang)

62 Terminalia chebula Retz. var. chebula Combretaceae Fruit Astringent Tree PL,RS
(Samothai)

63 Tinospora crispa. (L.) Miers ex Hook.f. & Menispermaceae Wood Bitter Climber RS,CHS
Thomson
(Boraphet)

64 Zingiber montanum (Koenig) Link ex Dietr. Zingiberaceae Rhizome Astringent Herb PL,CHS

(Phlai)
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No. Scientific name/Local name Family Part used Taste Habits Users
65 Zingiber officinale Roscoe Zingiberaceae Rhizome Pungent Herb PL,RS
(Khing)
Mineral herbs
1 Alum - - Sour - PL,CHS
(Sarnsom)
2 Magnesium sulfate - - Salty - PL,RS
(Dekluea)
Animal herbs
1 Viverricula indica Viverridae Smell- Fragrant - PL
(Chamodchet) liquid from
civetgland

5. Part used of medicinal plants

Part used divided into 8 categories, the
most part used was root and rhizome for 29
percent (19 species), next below were wood for 20
percent (13 species), fruit for 15 percent (10
species), flower for 11 percent (7 species), whole
plant for 6.2 percent (4 species) and seed and
stem bark for 4.6 percent each (3 species)
6. Taste of herbs

A total of 9 taste of herbs revealed from
10 taste of Thai traditional medicine theory, just
oily taste disappeared, the most taste of herbs was
pungent for 31 percent (21 species), next below
were fragrant for 22 percent (15 species), bitter for
15 percent (10 species), bland for 9 percent (6
species), astringent, nauseating and sour for 6
percent each (4 species), sweet for 4 percent (3
species) and salty for 1 percent (1 species).
7. Consensused species

The most consensused species from 3
Thai traditional healers were Atractylodes lancea
(Thung) Dc., Cyperus rotundus L., Piper chaba
Hunt, Plumbago indica L. and Salacia chinensis L.
next below from 2 consensused wereAloe vera (L.)
Burm.f.,Alum, Anethum graveolens L., Angelica
dahurica (Fisch ex. Hoffm.) Benth. and Hook.f. ex
Franch. (Oliv.)

and Sav., Angelica sinensis
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Diels,Artemisia annua L.,Cuminum cyminum Wall.,

Curcuma zedoaria (Berg) Roscoe, Foeniculum
vulgare Mill. subsp. vulgare var. dulce (Mill.) Thell.,
Lepidium sativum L., Ligusticum sinense Oliv. cv.
Chuanxiong, Magnesium sulfate, Nigella sativa L.,
Terminalia chebula Retz.var.chebula, Tinospora cris
pa. (L.) Miers ex Hook.f. and Thomson, Zingiber
montanum (Koenig) Link ex Dietr. and Zingiber

officinale Roscoe.

Discussion and Conclusion

All of Thai traditional healers had inherited
wisdom from ancestor as same as with general
Thai traditional medicine for long time and match
with other countries (Gessler et al., 1995; Biswas
et al., 2010).

They utilized all types of herbs in harmony
with  Thai traditional

pharmaceutical theory,

contained medicinal plants, animal herbs and
mineral herbs (Division of Healing Arts, Office of
the Permanent Secretary Ministry of Public Health
and general Traditional medicine Subcommittee,
1999; Wutithamawech, 1997). Angelica sinensis
(Oliv.) Diels was Chinese herb that was utilized as
an agent for menopause in other countries (Mayo,

1999)
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All of plant habits represented in this

research match with Thai traditional
pharmaceutical theory, indicated expert experience
of Thai traditional healers and plentiful variety of
plants and natural resources in Nakhon Si
Thammarat. The most plant habits were herbs for
42 percent as though general Thai traditional
healers (Neamsuvan and Ruangrit, 2017;
Neamsuvan et al., 2016; Maneenoon et al., 2015;
Wongwiwat and Pinsook, 2009).

Zingiberaceae was the most utilized for 12
percent next below were Fabaceae, Apiaceae and
Piperaceae for 11, 9.2 and 6.2 percent respectively
associated with many kind of researches in
Thailand (Maneenoon et al., 2015; Neamsuvan et
al., 2016; Chotchoungchatchai, et al., 2012) also
with other families in this research such as
Asteraceae, Euphorbiaceae and Combretaceae,
and match with distribution of plants in Thai
scenery (Phumthum et al., 2018; Neamsuvan et
al., 2015).

Root and rhizome, wood and fruit were
the most part used from all Thai traditional healers,
popular root of Thai medicinal plants usually
utilized such as Boesenbergia rotunda (L.) Mansf.,
Cyperus rotundus L., Zingiber montanum (Koenig)
Link ex Dietr.,, Zingiber officinale Roscoe and
Eurycoma longifolia Jack, Some of them were
ingredients in Thai

kitchen, every parts of

medicinal plants were utilized followed Thai
traditional pharmaceutical theory that all parts of
medicinal plant could be utilized entire same and
different properties, match with other researches
(Jarié et al.,, 2018; Phumthum et al., 2018;
Neamsuvan and Ruangrit, 2017). Some research

indicated root and rhizome were the most

18

part utilized (Maneenoon et al., 2015), there was
ethnobotanical survey in Nakhon Si Thammarat
province represented rhizome part was the most
applied (Neamsuvan et al., 2016).

A total of 31 percent of pungent, 22
percent of fragrant and 15 percent of bitter taste
harmonically represented Thai traditional medicine
theory for

and pharmaceutical symptoms of

menopause that pungent taste wused for
ameliorated energy in body, fragrant taste used for
psychological problems and made delightful and
bitter taste used for decreased moody, hot and
increased internal organ function (Division of
Healing Arts, Office of the Permanent Secretary
Ministry of Public Health and general Traditional
medicine Subcommittee, 1999), symbolized the
taste of herbs in Thai traditional pharmaceutical
theory were deputy of properties for any symptoms
treatment.

Since all of knowledge of herb used from
4 Thai traditional healers signified their wisdom for
menopause treatment harmonized with Thai
traditional medicine and pharmaceutical theory and
naturally scenery of southern Thailand. This
be database for next

research can recipe

development for menopause and can be
alternative way for elderly woman who wants to
make self-take care may affect quality of life and

reduce national public health budget.
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ABSTRACT

Deer is a new economic animalwhich their productivities such as soft and hard antlers, deer meat
and deer skinand tourism business are the main economic returns. However, the successful deer farming in
limited area paddock and intensive management must learn and understand deer behaviors. Dominance
hierarchy is the most important factor which causes the stressfulness and consequently, cost
productivities.The dominant one will access to food, water, and area much more than the subordinate ones
including repelling the later ones out of their resources. The results from this study showed that dominance

hierarchy strongly affected Body Condition Scores.
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@1319% 1 &7Um3lwazuun (Body Condition Scoring)s1eiuiluDominance Hierarchy uazaMaaaYIiIaINg

naaLaY Body Condition a16uli Dominance m’mﬁuysnﬁmaam’mﬁ y\‘lmm‘lﬁu
SIRET R0 Scoring Hierarchy
[e b
RUS051 Score 3 11
RUS052 Score 3 16
RUS053 Score 4 10
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naaLaY Body Condition #1011l Dominance m’mﬁugsnﬁmaam’mﬁ ”ammﬁu
sz Scoring Hierarchy
NI
RUS054 Score 2 18
RUS055 Score 4 6
RUS056 Score 4 9
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naaLaY Body Condition #1011l Dominance m’mﬁugsnﬁmaam’mﬁ ”ammﬁu
sz Scoring Hierarchy
NI
RUS057 Score 3 12
RUS058 Score 4 8
RUS059 Score 5 1
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naaLaY Body Condition #1011l Dominance m’mﬁugsnﬁmaam’mﬁ ”ammﬁu
sz Scoring Hierarchy
NI
RUS060 Score 3 17
RUS061 Score 5 3
RUS062 Score 4 7

28



ETIsEnuium (Ingnmaasuazinalulad) 99 23 adud 2 nsngrew - swnan 2563

naaLaY Body Condition #1011l Dominance m’mﬁugsnﬁmaam’mﬁﬁammﬁu
sz Scoring Hierarchy
NI
RUS063 Score 5 5
RUS064 Score 3 13
RUS065 Score 5 2
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naaLaY Body Condition #1011l Dominance m’mﬁugsnﬁmaam’mﬁ y\‘lmm‘lﬁ%
sz Scoring Hierarchy
NI
RUS066 Score 1 19
RUS067 Score 5 4
RUS068 Score 1 20
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#Wa1UlaY  Body Conditon  @10u1w Dominance m’mﬁugsnﬁmaam’mﬁﬁammﬁu
sz Scoring Hierarchy
N9
RUS069 Score 3 14
RUS070 Score 3 15

NNELAG Score 1 =HATNULLNIN, Score 2 =ANNULE,
Score 3 =anWUNa19, Score 4 = FNNA

LAz Score 5 = ANTNANIN
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The Impacts ofthe Layout inside Standard Deer Paddock on Deer Behaviors
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ABSTRACT

The layout inside standard deer paddock is the main factor for qualified deer farming, decrease loss,
accident, mortality and increase productivity. Every deer approaches to the resources almost the same time
and same amount. This research showed behaviors of female Rusa deer after the layout inside standard
deer paddock was managed. The paddock was30 x 40 meters, made from high tensile wires, 2.40 in height.
The layout inside standard deer paddock were feeding house with two places for grasses, four places for
TMR and a pair of 80 cm. circular cement for drinking and bathing water. This layout was very effective. The
competition for food decreased. Every one of them was able to access resources almost the same time, no

fighting, no injury, decrease loss 100 %.

Keywords: behavior, impacts, layout, standard deer paddock
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ABSTRACT

Relapse is a serious problem caused by vivax malaria. The dormancy stage called hypnozoite can
be latent in the hepatocyte for several weeks or years, waiting for reactivation before developing into liver
stage schizont. The biology of hypnozoite is not well understood. Furthermore, the study of the liver stage of
human malaria is also difficult, due to the lack of small laboratory animal models and the restriction of
specific binding molecules between human malaria parasites and human host cells. Thus, the study of the
hypnozoite marker would be beneficial for further study of hypnozoite biology and the relapse mechanism.
Rhoptry Neck Protein-2 (RON-2), the well-known rhoptry marker, was reported for localization in the invasive
stage of the malaria parasite including sporozoite and merozoite, the invasive stages for hepatocytes and
erythrocyte respectively. However, there are no reports for the expression of RON-2 in the liver stage.
Therefore, we hypothesized that RON-2 which was found to be involved in the invasion process would be
expressed in liver stage parasites and would be used as a marker for liver stage schizont and hypnozoite.
Here, the human hepatocyte chimeric mice were infected with P. vivax sporozoites before collecting the
infected liver tissue for examination using the immunofluorescent technique. The results showed that RON-2
was expressed at the apical end of P. vivax sporozoites and merozoites. However, RON-2 was localized in
the surroundings of liver stage schizonts and hypnozoites, and co-localized with Up-regulation in infective
sporozoites protein 4 (UIS-4), a well-known form of PVM protein. In conclusion, RON-2 localized at the PVM
of the liver stages of schizont and hypnozoite, can be a novel marker for the identification of P. vivax liver
stage schizont and hypnozoite. This could be beneficial for further investigation on the treatment and control

of the relapse caused by vivax malaria.
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Introduction circulation of the human. After that, the sporozoites

Plasmodium vivax has the high incidence invade into the hepatocyte and develop inside the
in worldwide, which has been found predominantly hepatocyte, called the liver stage. The liver stage
in South America and Asia including Thailand parasites develop into schizonts containing with
(World Health Organization, 2018). To complete its numerous merozoites. Then, the merozoites are
complex life cycle, P. vivax requires both of human released to the blood circulation. They invade and
and female Anopheles mosquito. During the bite of develop inside the red blood cells, called the blood
infected mosquito, the salivary gland sporozoites stage. During this stage, the precursor of sexual
are injected and transmitted into the blood stage parasites, gametocytes, are also develop
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and wait for ingestion by female Anopheles
mosquito for transmission. (Mueller et al., 2019).
However, the considerable stage of P. vivax is a
hypnozoite which can remain in the hepatocyte as
a latent form. The hypnozoite can be reactivated in
several weeks, months, or years after the primary
infection. The activated hypnozoite can develop
into the liver stage schizont and further cause
symptom in the patient who had been completely
cured by the medical treatment. Many reports
suggested that hypnozoite was the most serious
problem of vivax malaria treatment and control
(Anstey et al., 2009; Mikolajczak et al., 2015; Price
et al., 2007).

Plasmodium spp. was categorized as the
intracellular parasite which resides in the
parasitophorous vacuole (PV) within the host cell.
PV formation was initiated during the parasite
penetration into the host cell. PV was the cellular
structure originated from the host cell membrane
with modification by parasite proteins. Therefore,
the complete of vacuole membrane formation could
be used for identifying the success of parasite
infection. The parasite modulated the
parasitophorous vacuole membrane (PVM) by
parasitic proteins for their growth and replication
(Nyboer et al., 2018; Spielmann et al., 2012).
These proteins had been contemplated in the
blood stage parasites, however, UIS-4 was the
only well-known protein for PVM marker of the liver
stage parasite and hypnozoite (Mikolajczak et al.,
2015). Therefore, the discovery of the novel liver
stage schizont and hypnozoite marker would be
benefit for the P. vivax research.

During the step of invagination into the red
blood cell, parasite formed the moving junction

(MJ) to anchor between the parasite and host cell
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which the actin-myosin motor of the parasite was
the power for invasion (Lamarque et al., 2011;
Shen et al., 2012). Initially, several proteins such
as Rhoptry Neck Protein-2 (RON-2) was released
from the rhoptry, an apical organelle commonly
found in Apicomplexan parasites, during the MJ
formation. The RON-2 protein extended to function
as a receptor for Apical Membrane Antigen-1
(AMA-1) during further step of invasion (Delgadillo
et al., 2016; Salgado-Mejias et al., 2019). Thus, it
could be hypothesized that RON-2 would function
in the liver stage and might be identified as a novel
marker of liver stage schizont and hypnozoite.

In this study, the human hepatocyte
chimeric mice had been utilized for P. vivax liver
stage propagation. The infected liver was then
collected for investigating of RON-2 protein

localization in the liver stage schizont and

hypnozoite.

Methods
Bioinformatics analysis of PvRON-2

The PvRON-2 gene was achieved from P.
vivax Sal-1 strain genome via PlasmoDB database.
The SMART version 7 was used to analyze protein
sequence of PYRON2 (Arévalo-Pinzon et al., 2011;
Roobsoong et al., 2014).
Animal model and P. vivax infection

Human hepatocytes chimeric mice were
imported from PhoenixBio Co., Ltd. (Higashi-
Hiroshima, Japan). The protocols for study were
approved by the Faculty of Tropical Medicine-
Animal Care and Use Committee (FTM-ACUC),
Mahidol University, Bangkok, Ref No.: FTM-ACUC
003/2016. Briefly, the P. vivax sporozoites were
collected from the salivary glands of day14 infected

Anopheles mosquitoes. After that, one million
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sporozoite were injected to the mouse via
intravenously administration.
Specimen preparation

The samples from liver stage parasite,
sporozoite and blood stage schizont were prepared
in the different protocols. For P. vivax sporozoite
samples, the infected salivary glands were
dissected from mosquitoes. The dissected glands
were smashed in the microcentrifuge tube
(Axygen, USA) before washing and spotting onto
the 8-well slides. Then, the samples were allowed
to air dry and fixed by 4% paraformaldehyde
(Merck, USA) the

before performing

immunofluorescent assay. For liver stage
parasites and hypnozoites, the liver samples were
collected from mice on day8 after P. vivax
sporozoite inoculation. Then, the liver tissues were
fixed with 4% paraformaldehyde and followed by
paraffin technique (Cui et al., 2017). The tissue-
paraffin blocks were sectioned at 4 pm thickness
by microtome (Thermo Scientific, USA), placed
onto the glass slides, and dried at 45°C for
overnight. The tissue sections were further
proceeded to immunofluorescent assay. For P.
vivax infected blood samples, the infected blood
from the patients which the Ethical Review
committee of Faculty of Tropical Medicine, Mahidol
University, approved a Human Subjects protocol,
was cultured for short-term to harvest the mature
blood stage schizont. The cultured blood was
spotted onto the glass slides, allowed to air dry
and fixed by cold acetone (Roobsoong et al.,

2014). The fixed blood samples were air dried and

stored at -80 °C untl used for the
immunofluorescent assay.
Immunofluorescent assay

The section of liver sample was

deparaffinized by xylene (RCL Labscan, Thailand)
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and rehydrated with ethanol (Merck, USA) and tap
water. The sporozoite and infected blood samples
were brought out from the storage and prepared at
room temperature. After that, the samples were
blocked from the non-specific protein binding by
4% bovine serum albumin in PBS at 37°C for 2 hr.
Then, they were incubated at 4°C for overnight
with rabbit anti-PvRON-2 (100 time diluted in PBS;
1:100) and counterstained with the optimized
dilution of well-known marker of each parasite
stage. The counterstains were mouse anti-PvUIS-4
(1:100) for PVM of liver stage (Mikolajczak et al.,
2015), mouse anti-PvCSP (1:20,000) for the
sporozoite surface (Swearingen et al., 2016), and
mouse anti-Bip (1:250) for endoplasmic reticulum
of blood stage schizont (Roobsoong et al., 2014).
After that, the samples were washed by PBS
containing with 0.05% Tween-20 (PBS-T) before
incubating with goat anti-rabbit conjugated with
Alexa 488 (Invitrogen, USA), goat anti-mouse
conjugated with Alexa 568 (Invitrogen, USA), and
4’, 6-diamidino-2-phenylindole (DAPI) at 37°C for 1
hr. The sample slides were washed with PBS-T
before coversliping with Prolong® gold antifade
mountant (Life technologies, USA), and sealed with
nail polish. The results of immunostaining were
observed and taken for photomicrograph by using
the inverted confocal laser scanning microscope

Fv1000 (Olympus, Japan).

Results
Bioinformatics analysis of PvRON-2

The PlasmoDB database showed that
PVX_117880 was rhoptry neck protein-2 (RON-2)
in P. vivax Sal-1 strain. This gene was found in
chromosome 12 containing 1 exon. The coding
sequence was 6,612 base pairs and the protein

length was 2,203 amino acids. The signal peptide
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is localized in amino acid position 1 to18. In
addition, the length of transmembrane protein is 22
amino acids which is localized at amino acid
position 2,087 to 2,109. This information revealed
that PvRON-2 may function at the membrane
portion which possibly be organelle membrane,
parasite plasma membrane (PPM),
parasitophorous vacuole membrane (PVM), or
host-cell plasma membrane (HPM).
Expression of PvRON-2 in P. vivax

The counterstain with well-known marker
of each stage was specifically detected at the
cellular compartment of the parasites as observed
in the previous reports (Mikolajczak et al., 2015;

Roobsoong et al., 2014; Swearingen et al., 2016)

DAPI PvCSP

PvRON-2

PvCSP was found at the peripheral surface of the
sporozoite (Figure 1A). PvUIS-4 was presented at
the PVM as a circumferential pattern at the
peripheral of parasite in liver stage schizont (Figure
1B). Bip was located at the cytoplasm of parasite
which limited to the endoplasmic reticulum of the
parasite (Figure 1C). The expression of PvRON-2
in sporozoite was clearly detected at the apical tip
of sporozoite (Figure 1A). Accordingly, PvRON-2 in
blood stage schizont was localized at the apical
end of merozoite and presented as the punctate
pattern (Figure 1C). Interestingly, PvRON-2 was
exhibited as the circumferential pattern at the
peripheral of liver stage parasite and co-localized

with UIS-4 (Figure 1B).

merge DIC

DAPI PvUIS-4 PvRON-2 merge DIC
| . .
DAPI Bi PvRON-2 merge

Figure 1 The immunofluorescence image of PvRON-2 expression in sporozoite (A), liver stage schizont; day8 after P. vivax
sporozoite inoculation (B) and blood stage schizont (C). Each stage was stained with fluorescent stain for DNA
(DAPI; blue), PvRON-2 (PvRON-2 primary antibody plus goat anti-rabbit conjugated with Alexa 488; green) and

counterstained with the well-known markers. PvCSP was counterstained for sporozoite surface (PvCSP primary-
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antibody plus goat anti mouse conjugated with Alexa 568; red). PvUIS-4 was counterstained for the PVM of liver
stage schizont (PvUIS-4 primary antibody plus goat anti-mouse conjugated with Alexa 568; red). Bip was
counterstained for the endoplasmic reticulum of the parasite in blood stage schizont (Bip primary antibody plus goat
anti-mouse conjugated with Alexa 568; red). The structure of each stage was represented by DIC image. The micron

bar was indicated on DIC image of each parasite stage.

Expression of RON-2 in P. vivax liver stage and
hypnozoite

In the present, UIS-4 is an only well-
known marker for liver stage parasite. Our study
showed that RON-2 was also detected at the liver
stage schizont on day8 after P. vivax sporozoite
inoculation and co-localized with UIS-4 (Figure 1B).
Therefore, in this experiment, the expression of
RON-2 was evaluated in P. vivax hypnozoite,
which known as the existence of small and non-

replication form. Normally, the period of liver stage

merozoites transitioned into the blood stream and
infected the red blood cells (Mikolajczak et al.,
2015). Thus, the parasite with a single fluorescent
nuclear stain (DAPI) and the PVM marker (UIS-4)
positive could be identified as a hypnozoite.
Interestingly, PVRON-2 was detected as a
circumferential pattern at the peripheral of parasite
and co-localized with UIS-4 in both the liver stage
schizont (Figure 2A) and hypnozoite (Figure 2B).
The results revealed that PvRON-2 could be a

novel marker of P. vivax liver stage schizont and

growth and development to the mature schizont in hypnozoite.

the hepatocyte is around 8-9 days before the
DAPI PvUIS-4 PVvRON-2 merge DIC
DAPI PvUIS-4 PvRON-2 merge DIC

Figure 2 Immunofluorescence image of PYRON-2 expression in liver stage schizont (A) and hypnozoite (B). The liver slide
sample from day8 after P. vivax sporozoite inoculation was stained by fluorescent nuclear stain (DAPI; blue). PvRON-
2 (PvRON-2 primary antibody plus goat anti-rabbit conjugated with Alexa 488; green) and PVUIS-4 was
counterstained for the PVM marker (PvUIS-4 primary antibody plus goat anti-mouse conjugated with Alexa 568; red).

The structure of each stage was represented by DIC image. The micron bar was indicated on DIC image.

Conclusion and Discussion to form the MJ during invasion. (Lamarque et al.,

RON-2 was claimed as the critical protein 2011). Similarly, the Bioinformatics analysis of
for the parasite invasion. It was secreted by PvRON-2 in our results also showed 22 amino

parasite and inserted into the host cell membrane acids of transmembrane protein which revealed the
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function of PvRON-2 as the membrane portion.
The previous study suggested that RON-2 was the
well-known rhoptry marker of sporozoite and
merozoite (Arévalo-Pinzén et al., 2011). Likewise,
our study showed that PvRON-2 was expressed at
the apical end of the P. vivax sporozoite and also
detected as the punctate pattern at the apical end
of merozoite in P. vivax blood stage schizont.
Moreover, our results also showed the expression
of PvRON-2 in both

liver stage schizont and

hypnozoite as a circumferential pattern at the
peripheral of parasite and co-localized with UIS-4.
It can be realized that after Thus, RON-2 can be
the novel marker for the liver stage schizont and
hypnozoite which would be benefit for identification
of malaria parasite in further research on liver
stage schizont and hypnozoite, especially for vivax
malaria biology. In addition, the evidence of
PVRON-2 expression in hypnozoite would benefit
for research on the drug discovery which aims to

treatment and control of relapse of disease.
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A Study of the Acceptance of Imitation Products of Khao Lam
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ABSTRACT

Glutinous rice roasted or Khao Lam is a popular food that is eaten as a dessert. It has a sweet taste
with the main ingredients that are glutinous rice and coconut milk; black bean in some recipes. Because
Glutinous rice roasted in bamboo joints or khao lam is popularly consumed as a dessert. It has a sweet and
nutty taste with the main ingredients of glutinous rice and coconut milk. Some recipes also include black

beans. Khao Lam is flavorful so it is consumed in large quantities.
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However, the frequent consumption of khao lam may result in obesity, high blood cholesterol, diabetes, or high blood pressure.
More people nowadays pay attention to their health. The researcher therefore developed khao lam kala (khao lam in coconut
shells) for health using riceberry as the main ingredient. Stevia was used as the sweetener instead of sugar. Fat-free milk was used
instead of coconut milk. Khao lam kala for health yielded low energy and was different from other khao lam. In this
experimental development research, mix fruits with low calories were used as ingredients in the production of
different flavors of khao lam with coconut shells as containers for roasting. The survey using a questionnaire
to elicit the level of satisfaction with khao lam kala was conducted with thirty members of a sample population
of fifteen males and fifteen females found the following. The members of the sample population in the
Phoenix Park Housing Estate exhibited satisfaction at a high level (M = 4.5, S.D. = 0.72). They found that the
product packaging was novel and the flavors were tasty. The recipes and ingredients were different from
those offered in the markets. The price was appropriate and the product was a healthy alternative to the

traditional khao lam.

Keywords: glutinous rice roasted in bamboo joints, glutinous rice roasted in coconut shells, glutinous rice

roasted for health
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ABSTRACT

In this thesis, the researcher examines the demographic factors and the behaviors of tourists on
community-based tourism; analyzes the components of the factors affecting these tourists; analyzes the
differences in the demographic factors affecting the decisions of the tourists under study on community-based
tourism; and analyzes the relationships of the factors affecting the decisions of the tourists under
investigation on community-based tourism in Nakhon Nayok province. A questionnaire was used as a
research instrument to collect data from 400 tourists visiting Thung Na Mui Bridge. The statistics used in the
data analysis were frequency, percentage, mean, and standard deviation. The techniques of factor analysis,
independent t test, one-way analysis of variance (ANOVA), and multiple regression analysis were also
employed. Findings are as follows: 1. The highest proportion of the questionnaire respondents were females,
aged between 17 and 36 years with a bachelor's degree. They worked as company employees having a
monthly income between 15,000 and 25,000 baht. Their domicile was in the Bangkok Metropolitan Region.
2. In regard to tourism behaviors, it was found that the respondents’ major objective for tourism was for
recreation. They used personal vehicles for travel. They traveled with friends or colleagues. The travel
periods were on Saturdays for one or two hours. In regard to the number of visiting times, it was found that
they came for the first time. The expense of one journey was less than 1,000 baht. They received tourism
information from websites. The problems in the tourist attractions were the difficulties in finding the location of

ATM machines and insufficient parking spaces. They liked the location for picture taking at the highest level.
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3. The results of the variable input and the composition of the components found that there were forty-one
variables that could be organized into eight components with an eigen value exceeding 1.0. All of these eight
components could explain the total variance of all the variables at 68.129 percent. These eight components
were (1) service; (2) personnel; (3) place; (4) values and lifestyles; (5) tourist information centers; (6) price;
(7) incentives; and (8) the environment. 4. The factors affecting the tourists’ decisions on community-based
tourism regarding tourist destinations enabled respondents to make decisions to travel at a high level. At the
highest level was the aspect of values and lifestyles. Next in descending order was the aspect of personnel.
The lowest level was the aspect of service. 5. The comparison of the service factors found that the variable
influencing the decision to travel at the highest level was income. Next in descending order was occupation.
The lowest level was domicile. The personnel factor found that the variable influencing the decision to travel
at the highest level was age. Next in descending order was educational level. The factor of values and
lifestyles found that the variable influencing the decision to travel at the highest level was occupation. Next in
descending order was age. The lowest level was income. 6. The multiple regression analysis found that the
factors of service; values and lifestyles; tourist information centers; incentives; and location affected the
tourists’ decisions on community-based tourism at the statistically significant level of .05. They could predict
the decisions to travel at 16.4 percent. The factor of service (B=0.232, sig.=0.000) affected the decision to
travel at the highest level. Next in descending order were the factors of values and lifestyles (|3=O.204,
sig.=0.000); tourist information centers (B = 0.183, sig.=0.000); incentives (B =0.149, sig.=0.001); and
location (B =0.114, sig.=0.014). The factors not affecting the decision to travel were price, the environment;

and personnel. The regression equation appropriate for an estimate of the decision level of tourists on

———

community-based tourism and the factor of marketing mix was the following }’2 = 54.688 + 3.941A + 3.466D
+ 3.110E + 2.542G + 1.939C. A was the factor of service. D was the factor of values and lifestyles. E was

the factor of tourist information centers. G was the factor of incentives. C was the factor of location.

Keywords: community-based tourism, decision making, marketing mix
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(One-Way ANOVA) lumsiianeisdasomasn
Uszansanaaifuandainadedasuns 8 au
HAGIANTIN 3 uaz 4

1NN 3 uaz 4 sgluSouidsudeds
dusnag leaait

1) Yaspduusns daudsndansnadenis
ﬁﬂﬁﬂwiaal,ﬁmmnﬁq@ﬁa 7o'ld (@1 Partial Eta

Squared=4.2%) 789898108 815W(A1 Partial Eta

P A

uazdoufngafa nda LW (eN

Q

Squared=2.8%)
Partial Eta Squared=1.1%)
2) ﬂ%ﬁ'ﬂﬁmyﬂﬂa fulsnisniwadans

v A ' a P A : .
@@auI"ﬂ'ﬂﬂﬂLﬂﬂquqﬂﬂq@ﬂa mig (ﬂ’] Partial -

EtaSquared=2.7%) 389898188 32AUN1IANMA
(AnPartial EtaSquared=2.1%)

3) despdnanudl aaudsndsninadanis
daaulariasifisanindigadio andw(en Partial Eta
Squared=4 %) 84a381da Mo'ld (f1 Partial Eta
Squared=2.4%)

4) dasadudrfisuuazsduuunmsdingia
fudsifianiwademsdasuleviasifisnanniigade
81TW (6" Partial Eta Squared=2.7%) 3898941A8
81¢) (AN Partial Eta Squared=2.6%) LLa:ﬁaﬂﬁq@
fa u'ld(@n Partial Eta Squared=2.4%)

wontwhifanuuandrsegrefitoday

N1980& 0.05

31911 2 ausasaaisuazEwdssunaIIRIaINIfadularias eI iguruasinvaied

q

ABE
1 -
oo TIMVEADH y .
1805 AuRag 261 A
W5
=5
) =
L aumsusmsg 3.64 0.69 170 8
Yy -
2. AUYAAa 4.11 0.65 10 2
; .
3. A Iun 3.73 0.68 A 7
4. dnarilsuuazzlununisdsaiia 4.36 0.60 ANgA 1
_ ) 1 ' -
5. muuﬁmﬂjaa;ulaﬂﬁ‘naﬁlﬁﬂq 3.80 0.65 170 6
3
6. A1UIIA 3.89 0.62 170 3
¥ oy A ¢ _
7. muﬂmﬂﬂgﬂa 3.83 0.56 170 5
3 Y
8. AUEMNILIAADY 3.87 0.63 170 4
Aunaslae NN IN 3.91 0.47 M
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AlaAareIreAUn1sAndulariaanetdedn
quTU

1a91inviaaiien

1. AIUNITUTNNS
4.5

8. fnuaninuanfan 4 2. fnuynaa

3.5

7. fnufudeela

6. AUTIAN

3. ANUADNUN

4. fnuAHaNuay. ..

5. fnuyAAA

ann 4 @hmé’waﬁ:@”ummvmﬁu‘lﬁwiaaLﬁmL%ﬁﬁqmwaaﬁhﬁauﬁm lundaziady

U a '3 % v 6 % 1
6. Yayan13lAazRANNTNN RSV
Aan1snnawlazadinradnglIfaniIsNasnen
a Ag Qs Qs
IBIIDYNTY FINIABATHILN

NNINARAUANMNFNAUTIZHINIUITENI 8 @

NUTEAUMIARaRlaTaINNYIadNEIdaNITrIa L LD

L"Eﬁﬁ?;mu IRIAUATUION  1AMITIATIZRANT
a A N o o

nanaELEINAAD FIRINITONINTNANMNFNNUT

18a9e13197 5

®15197 3 mewaa;ﬂmiﬂ@aauﬂa%ﬁ'ﬂma@‘Tﬂuﬂi:mmmam(ﬁLmﬂ@mﬁwa@iamiéf@ﬁﬂwadﬁfﬂﬁmLﬁm

#aNIMBINLIVBILNRIVIBINET GIUAI99 N9 8 6t

= - = - d P - .
szaunTanAKlItaninrannada Javpduyananaindusiadgig
' .=|
msviaaian S _ _ —
WA | @7y | szeumsanel | andw Twld | gddnw
1. Funnstinag A x *® * v v v
2. fuymea B * v v * * *
3. Fuganuf C x *® * v v *
4. purnfleuwszgluuunisdne@in D * v * v v ®
5. fnuunssdeyaniienfien E " * v * * *
6. AR F * * * v * “
7. fnubnufieatla G * * * ® * v
8. FnusanuLanfiay H ® * v ® * ®
mraow * hifleruusnsivedaitiddumaaii 1 o - 005
v fausnsiednadideddamnvalii 7 a =005
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AN 4 HAMIAATERANULYTUTIRNLET (One-Way ANOVA) H9U38s9HadanIaaanlaues

N0 NEIAaNMINBINLIAIHAT § TIUUNAULIZTINIAEAT

Uszinsmand | Jadud i | Levene's Test of Equality | Tests of Between- Partial
of Error Variances Subjects Effects Eta
F Sig F Sig Squared
adw FULEMS 0.378 0.824 2.854 0.024 0.028
Talddadan | sudsns 223 0.109 8.764 0.000 0.042
EH gAY RV 0.083 0.774 4,612 0.032 0.011
o fuyAng 1.159 0.325 3.633 0.013 0.027
TzdUmMsAN | AuyAnm 1514 0.210 2.882 0.036 0.021
adw Fuamue 3.474 0.008 4.109 0.003 0.040
a'le Fuamud 4.023 0.019 4.952 0.008 0.024
a7 e 1.6069 0.362 3.495 0.016 0.026
sliumrizedin
adw Arifiunun: 3.819 0.005 2.696 0.031 0.027
pliunmsisEin
1ele e 4338 0.014 4.819 0.009 0.024
sliunmsinzain
seRumeRnwn | Fwundadays 2.836 0.038 4.685 0.003 0.034
ATHaTEa
adw HIUTIAN 0.936 0.443 2.5 0.042 0.025
AilEnn *‘ﬁuﬁdﬂdh 0.023 0.881 4775 0.029 0.012
s=fiumsAnen | FammuIade 1.005 0.390 3.404 0.018 0.025
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A13197 5 HANIIILATIERANUFNNRTITHINIUITUAUEINU TTRUNIINTARANTANVFUNUTNUA AT

maaﬁfﬂviaal,ﬁm@iamiviauﬁmL%a‘iﬁ"qmu

Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta

(Constant) 54 688 783 69.861 000
ATUNITUENTS 3.941 784 232 5.020 000
@T’mﬁhﬁﬂmaxgﬂ LN 3 466 784 204 4422 000
A54TIm
AT agaﬂﬁﬁamﬁm 3.110 784 183 3.967 000
ﬁ’m&"q ila 2 542 784 149 3243 001
druamudl 1.039 784 A14 2473 014

Rz =16.4 Durbin-Watson =2.043 F =17.547 (Sig. = 0.000)

= e  a ' T | = o a1 ] '
VL R ENEEY ‘I-"lu‘g'iﬁqﬁ TrHdIga ARl T AUNISNTRAE@ANUM "S'ﬂ'ﬁﬂ%,li'ﬂl -1 UNYIB-LYIE IR E
. e =
a7 ﬂ’]:&l Tk

AUMILEMS A (B = 0.232, sig. = 0.000) \

A11uAAR B (B = 0.086, sig. =0.063) - —_—

andulavas

§ - UnAneaiienns
ATUEIUN C (B =0.114 , sig. =0.014) D4 -
AINDUNYUTA

Aufisamaz luuunsésaiia D (B=0.204,sig.=000) 7: I
! El
/
/
, A

k'

AnumdsiayamInoatien E (B = 0.183, sig. =0.000)

u

/
ATUT1A1 F (B =0.070, sig. =0.129) ‘' /oy
/
N Y . /
mumala G (B =0.149, sig. =0.001) P
/

ATUENTHWIAEDY H (B = -0.018, sig. =0.696) /

— AIna

e Liidawa

* e InfedAeymaaiin 0.05

AN 5 anysuRuTvesdataduanlszrunInIaanandanysunuinuaafulatesinviaaneidanis

. o a aa
NaIng L’ﬁﬂ]ﬂ?u“ﬁu
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gun1snanasfinuizanlunisyszum
seeuaaaulavasinrasierdemivisnfisageia
qumu‘ﬁ'ﬁmwé?'uw”u'ﬁ"ﬂ”uﬂ%ﬁ'ﬂ@i’mmuﬂsmumd
MIAANA INNTAALRENAILUT 628730 Stepwise {
1938fiiAnTos a3en397 5 waznnwd 5

IINWANIINARDUAINIIROAVDIAN
sulszantveseaudssas: laun  @wnsusnms
FULAND U0 auAtouLsIluuLng
CRPALRL @Tml,mﬁiaﬁaganﬁviauﬁm AN
@Tﬁuﬁ'dgﬂa WRSAUTFAINLINGDN FINAADANTWLLD
°uaaﬁfﬂviam,ﬁm@iamwiamﬁmus?ﬁﬁ**gwﬁu lag
mﬁmsw:ﬁmwmmnam%awz} (Multiple
Regression Analysis) WUd1 12su@unsusns
ﬂ%ﬁ’ﬂ@”’mﬁhﬁwLLazgﬂLLuumi@‘ma%‘?m Yasuam
Lmdﬁagamiﬁauﬁm ﬂ%ﬁﬂﬁﬁuﬁa@]ahua:ﬂaﬁ'ﬂ
s ungInadanaawlaresintafisadenis
Viau‘ﬁ'ﬂu%ﬁﬁqmu atafiudAynaahian
320U 0.05 lasfiunuwiiwisanunsaaaula
vasnsrfadusonsr 164 lasfiasodunis
U3m73 (B= 0.232, sig.=0.000) dsWadamsaaaula
ﬁauﬁmmnﬁq@ sevasnleun Uasoeudiion
LLaxgﬂLLuumieﬁﬁa%ﬁm(B=o.204, sig.=0.000) @

R '

wrsITananIviasLien (B=0.183, sig.=0.000)

ﬂ%ﬁ‘i’ﬁﬁmﬁlagﬂa(ﬁ =0.149, sig.=0.001) wazass
druanuii(B=0.114, sig.=0.014) daudasndils
ganadan1saadulaviasiiion laud dusen du

FNTWLIARDN LLazﬁW%HﬂﬂﬂﬁNﬂ’]iﬂ@ﬂaﬂﬁ

o > A

ANTzaN b uNITUTEN Iz auaaaulaves

UNYaINEIANITYINENTIDTNTUAVYAIY

o

AUFIRUTTRINIINITAANG lagunsaanaslunig
szt a9%h
ANNITALHWWBAL

y? = 54688 + 3.941A+ 3.466D +
3.110E+2.542G+1.939C
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ANNIASURWNIAITZ I

y2 =0.232A + 0.204D + 0.183E+0.149G+0.114C
WALLIAGY:

A @2 T298a1%N15uINNS

B fa ﬂ%?ﬁ'ﬂﬁmuﬂﬂa

C da Tosaauaaud

D Ao tadaauarheauaz3luuun1snseiin
E Ao ﬂaﬁ'ﬂﬁﬂmmdaﬁ'agamiﬁaatﬁm

F @ Yaspdusnan

G o ﬂaﬁ'ﬂé’ﬁuéaga‘la

H A9 Ya9u@uamninso

7. nansaTrasauTaanasasawlnns
AAzvinanas (Assumption)
fsoanasiiiosan @ai

1) anuasandonianuudslsinasi lasd
auudsUyineiny O° siude Ei~N0,07)

2) ﬂ's'mﬂmmaﬁam:ﬁaaLﬂu"l,ﬂaai'mimm:vlaj
HANURUNUTAULDY

3) anuamaedaninisuanuasuuudng laod

' a @ & a A
ﬂ']LﬂaElL'Y]']ﬂ'llgl%ﬂLLﬂ$3Jﬂ'T]1]LL'1J'§1]5’Juﬂ\‘I‘V]

1) m‘msmﬂanﬂzywm'a’mﬂmﬂLﬂﬁia%ﬁﬂmu
wsisanlsiasd (Non Constant Variance)
1.1 NMIATIRFOUAILMIINAROURNNAFIN
Fhafaniaanldae Brown Forsythe test
Tuaaud 1 mgaauuﬁgm
Hy: Var(s;) = ¢;% = o*(Homoscedasticity)

H,:Var(s;) # 0;> # o?(Heteroscedasticity

12.1089-12.80142

1 1
9,242797 |—4—
4 200 Zo0O

= -0.74925
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ﬂﬁ'u@au‘ﬁl 3 aﬁé]_]ma a:ﬂﬁmﬁ H0 Lfia 11489910 tE'F = —0.74925 ﬁq"l,;kimmmﬂﬁmﬁ
® — v o & A v o o @
t* = _t_f,v=n—z = —ty 025 v=338= —1.5855 H, 16 aanhus NezausipdAL 0.05 anaussin

A = _ A 4'
wia = itE,_ o = loorsv=3ss=19659 TaInnalaaaneaIm

1.2 MIATIARDUM NI TN ITHINIIN

Scatterplot
" ) v A
Dependent Variable: Anniuwn o IngsiH2DuNISnouLren
- 27 %
5 0
2
un
a
14
-
8 o 8
°
1.
k] 0
2 ° :
n
]
wn
c -2 0
2
n
un
a
o 0
o
44 8
T I I I
4 6 8 10

ATIHFIND TR LT IH DA SN DA £

2N 5
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Scatterplot

" s L ‘_,
Dependent Variable: a7a WD io @ S 1H 2D OISVIDN LFIEN

-2=

e

O0n <
o Gy %gb % o
O 'Dq
Sg
@ oy
L+ ]
s
O
Lap
o Qt‘% a

@ G

o :

@00 @ o
o

Ty

o]
o
o
T T T T I T
-B -4 2 a 2 4

Regression Standardized Predicted Value

2NN 6
PNAINA 5 uae 6 waAIARIIANURYTUTIMIEIANN

A ,:i
ANALARDUAIN

2) M3ATIVFALANNAAIALAR DRR FNANNIS
Zeniwuaziu (Correlated Error)
N1303IIRAUAILNITWANTIIA Durbin-
WatsonWu3161  Durbin-Watson J614vinny 2.043
Fadenaglugis 1.5-25 azfeiliifadgmeany

ARALARAUI AV FUNWTTINWLRZAT
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nanIsevlgwmanlsdardenusunus

NPTGN (Multicolinearity) 9W313061910¢" VIF (Variance

Inflation Factor) W&z Tolerance azfiainaudsdaszlud
a e § o A ' A @ ' 1

ANMUFUNUINULAY LBAN VIF Uatkasnin 10 Laza

Tolerance H6131NN31 0.1 WUI16N Tolerance 289N

gaulsunnan 0.1 uag VIF mammﬁuﬂiﬁamdﬂ 10

LRAITIAIRYIBRIZ AT AINUTUN BTN WD
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3) Mmiasasavulywinnuaaaiafawlud NNIATIIRDUAILNIININIIN Histogram

N1ILANLILUY (Non-Normality)

Histogram
Dependent Variable: y_1_SQ

Mean = -6.94E-17

G0 Std. Dev. = 0.994
N =400

50

= 407

o

3 //‘\

d' _n—

=

2 mn

2 50 -

L.

SN

0 | |
-4 -2 0 2

Regression Standardized Residual

WA 7 Histogram 1890NNAANALARAK

MNANN 7 WUINANMI 8 Histogram & FUNIAT LEAITHIAMUARIALAREUANTLINUIIULD

a

nIwanuadlnaiaesnulasund wiadandnsdang Uné
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NIATIVFALAILNITNINTIH

Normal Probability Plot

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: y_1_SQ

Expected Cum Prob

00T | | | T
0o 02 04 0@ 08 1.0
Observed Cum Prob
AMWA 8 Normal Probability Plot
NNMHA 8 wuiazasidnadiulng ugaItInNNAAIaLRauInIRINKAILLULUNG

agluuwaduasg
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ANTATIVROLAILNITNANTUN Box Plot

200000
00000
-2.000007
144
8]
032
o
|
Unstandardized Residual

AN 9 Box Plot

INMNA 9 WuIENHMEas Box Plot
Aaud19aNNIaT LRAIHIANNARIALARa NN
MIWINUAIULLLNG Fdasandoaiialtnunaray
mugjvl,ﬂéﬁﬂmsmaaaauﬁmmsmaauawagm

HONIINNITATIIRALAILNITNINTIUN
Salaunsu (Histogram) wae Normal Probability Plot

uwirazdasiimilaafidnasaunimaseuaiug LUy
A13191 5 ¢ Kolmogorov-Smirnovilae Shapiro-Wilk

mMIRasmdae lasdasianld da Kolmogorov-
Smirnovitae Shapiro-Wilk

Tuaaud 1 @lzaawmﬁg’m

H, : anwamaindeudnisuanuasuuulng

H, : anuamandewlildfnmauanuasuunin
Tunoudl 2 sddnasoy sBaNlT e Kolmogorov-

Smirnov LLazShapiro-Wilk
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Kolmogorov-Smimov

Shapro-Wilk

Statistic

df | Sig | Statstic | df

Unstandardized Residual | 032

400 (.200 995 | 400

duaaud 3 syUna wdian HoLfia P-Value < 0. = 0.05 1$8937n P-Value = 0200 3¢laitfias H,

A ITAUREEIATY 0.05 AMULARaRIIIMILaNLasLng
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Comparative Study on Compressive Strength of Concrete Using the Recycled
Aggregates as Coarse Aggregate Replacement of Stone Aggregates with same

Mix Proportion
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ABSTRACT

Aggregates have a volume of 70-80% of the total amount of concrete mixture. The aggregates are
transported to the concrete plants which create costs of environmental and economic. Aggregates from the
destruction of buildings to develop areas can be reused as concrete. The objective of this study is to
compare the compressive strength of recycled aggregate concrete with natural aggregate by using recycled
coarse aggregates Class M to substitute natural aggregate at the same mixing proportion. The mix

proportions for this study are Mix Proportion A (1: 2: 4) and Mix Proportion B (1: 1.5: 3) by volume.
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The natural aggregates and recycle coarse aggregates were used in mix proportion. The concrete samples

were prepared according to BS 1881-108: 1983 and curing in water for age of 3, 7, 14 and 28 days before

testing the compressive strength. The results showed that the strength of concrete from the Class M recycled

aggregates had the approximate strength of concrete from natural aggregate at the beginning of curing age.

Its strength develops slowly after 7 days curing and has the strength lower than concrete from natural

aggregates at the age of 28 days about 10 percent. From the results, we can conclude that recycled

aggregate Class M can be used as coarse aggregate for concrete by provide its strength about 10 percent

more expected as natural concrete.

Keywords: concrete reused, concrete strength, recycled aggregate, recycled concrete
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