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Hemp: novel feedstuff for raising laying hens to healthy egg production
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Abstract

Hemp seed is rich in nutrients, especially for the essential amino acid and essential fatty acid necessary to maintain
a healthy life. Hemp seed contains 32 to 34% carbohydrate, 33 to 35% fat, 24 to 25% crude protein and 9 to 11%
include fiber, vitamins and mineral. In addition, hemp seed oil contains 75 to 80% polyunsaturated fatty acids (PUFA)
including 60% linoleic acid, 17 to 19% Ol-linolenic acid and making balanced source of n-6 and n-3 PUFAs. Moreover,
the bioactive component in hemp seed is a A-9 tetrahydrocannabinol. Based on the results of the current review, the
inclusion in higher levels of the hemp seed (>20-30%) hemp seed meal (20%) and hemp oil (>9-12%) in the diets of

laying hens does not affect overall performance of birds and leads to the enrichment of the n-3 fatty acid content of eggs.

Keywords: Hemp, Laying hen, Feedstuff, Healthy egg
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A. Hemp inflorescences

B. Hemp seed

C. Hemp seed oil

Figure 1 Hemp
Source: 813 (Wu1).)° (A.) Medthai (2015)" (B.) az Wan (2017)"" (C.)
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Marijuana Hemp Marijuana
A. Stem B. Leaf

7

Hemp Marijuana

Marijuana Hemp Marijuana

C. Inflorescences D. Seed E. Stem height

Figure 2 The difference between hemp and marijuana
Source: &3 (Ju1.)° (A. B. C. and D.) uaz MedThai'? (E.)

Table 1 Morphological and chemical characteristic of hemp and marijuana

483

AN L] N7
e a e ae w T - ae e L ia
s fdugauadszanm 2 was nsuanfatas fdeydeasn Semandununie mauanfisann fdaudasau wWianuns
waenwn Tiidulosnuszgmnings lamilen aanon Wiiduloauuszgmnine
Lewle aduliidnlodseuna 35 wWesidud Sduliidulodszanm 15 wWesidud
lulwgifdordaunsadmbvrannios il 7 fs 11uan luidnuauBenennidisnde Tl 5 8 7 uan (Fgmwienszsan
u o e e . o a oem o aae oy
TuSesdiarilinsmaianalus 1 5 uan) ludsadadanu lsnsamauiniiolailysouas
aandangannii 4 16eu Toaandunatias JLkunm THC aondangdszann 3 \haw Taaansisnsunn Ju5unm THC
= c = ¢ & A A o = ¢ ¢ & Xa o , o A
aan 1lszano 0.1 B9 7.0 wasidud neftlifonsinluuas dszanas 1 59 10 wWesidud neitfiuasihlunsztanandiiivan
. ; . . ; ~ < N X
goaandidvangy Wasnnvlilemain guitasnnindunaauazeangnivnldiaduinau
< : . e A e “ . m e a
Wi wiavalva Awienudin Sansdnan WaATWALEN fdam Jane
TN nniduszuunuia Fnupwesiwanunn nniduszuuTnuta F5nuwIsiwInann

Source: 2IAMILAFINTINUAZANALATDANE (2561)™



484

Manatsanun Nopparatmaitree and Pitchaya Chumcaun

B9

Qs s & A [

neyr3atduNs29e Cannabaceae luaqa
. A ol o A e
QY1 (Cannabis) TiNwanaiiinimue 3 sila fa Agyw
(Cannabis sativa subsp. sativa) ﬁ'tym (Cannabis sativa
subsp. indica) Wz Cannabis ruderalis AiuivAwlu
ol Melligmainsuznangnsmaaiaduafn
iy Guadlu Figure 1 uaz Figure 2 wnuanqoedans
THC lulSunawiasdslidaduasianiamnianiym™

[ %% a A ' 13 ©

lagaIfNSINFINIINLALANALATaTNE (2561)" $1uun
ANBULNIFUIIUINGT (Morphology) UazaNIWENEAT
(Phytochemistry) UaINTAYT LA NYTIAIINLALDLA
uaaslu Table 1

& Xo o o o Ao o A

miinsuzlannaldresiyrsdniidduige
Feadanugannn 2 was llng veududszasuan
lugaslasnine luddsneninies Llasenaantenanazdl
gndlaiannuaziians THC énin 0.3 wWesidud aetiulu
mangrangsnads iaingrads ssewdafiasan

P U v X =)

fanseengnininizdulszamiauann wananiliden
Agypdsliidulvamaings Sinwvuzdanta wmilen
NUMB WDINTI Lm:LﬂmﬁulﬁﬁmammmﬁwvlﬂLLﬂigﬂ
lwBsgamnnisn 15u §ane nazanw (Hudu Snnssu
wnuvasdunysImanIngaduniulad lusiuasuia
Ayps daedszmihana BReudu’® uaz Jgudinig

J Sci Technol MSU

Inmnnagamanzdmivihanlguszlomt lugamnnamw
LA3 098N 819WIIMINEAMNT 1% MylRdwaEaRs
WiTiaE MR NEAAIILEINENTNS WUANIWER
Fypa uazkaaduudlnaunuinnias

Tagluwlszinalnosuidans=wasnasng weus
NIAWD WIzUTUNTTRRABT AR NIINTETRIAES
lumsdassuliinuasnstgnigssluiuiidoanumnss
snewunse Saniaan tiathanlsus:lomiluasaGon
LLa:mSNa@lLﬂ%aﬂ}Gﬁ&l” uanmﬂﬁgaﬁ’ﬂmamwmaLLa:
amﬁ'u’i%’mm:ﬁwmﬁuﬁga (BIFMITNWITU) E9RUBINAY
wszimm’aﬁﬂuﬂﬁ%’ﬂLmzﬁmﬁaﬂﬁufﬁmmuﬁalﬁﬁ
§13 THC 6n shednsdadanuuy Mass selection virls
lefnypaduwan 4 Wug fia RPF1, RPF2, RPF3 Uaz RPF4
Alesumstunad EURUTINNINITIMIANBAT NINTN
InuasUuazaWnIal e TuA 10 A 2554 Gl Table
2 * lasluilaaiumagn Aysludszndlnoatagndas
muﬂgﬂmﬂﬁaﬂ@ﬁuau;zyma]’mﬂizm’mmmsmqm
deunsdanlasldfinssniiuuszdsliaanindgnld
GHgNE ﬁ”'qﬁluﬂaqﬁuﬁaaﬁﬂﬁ'@’lﬁmwwwmUmu%'gl,ﬂu
fuoananaviniu Taslusiuvesdszmauiialdaansn
vaaugadanldmuunwinig de aveuaiaas luifiu 1
15 wé’amﬂﬁm:maammimqmﬁmiﬂs:mﬂmgqjm
giall™

Table 2  Characteristic of hemp breed in Thailand

Characteristic of hemp breed RPF1 RPF2 RPF3 RPF4
THC content (% of weight) 0.3 0.3 0.3 0.3
CBD content (% of weight) 0.5 0.5 0.5 0.5
Seed width (mm) 4.47 4.1 4.50 4.49
Seed height (mm) 5.11 4.89 5.21 5.13
Seed thickness (mm) 3.75 3.52 3.86 3.69
1,000 seed weight (g) 34.20 30.87 34.40 30.93
Stem height (m) 3.16-4.67 2.65-4.90 2.81-5.40 2.73-4.42

o A o A A . 18
Source: FOTURIFLURWAUWINRNG (BIANITUAITY) (SJSJﬂ.)
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r'la 5 Juuy iou Wwiansa (Whole hemp seed) Lu&a
AywInszinzidfan (Dehulled hemp seed) LiRantuaa
ﬁ'ruum (Hemp seed hull) ﬁwﬁumﬁ@]ﬁ@m (Hemp seed)
LLazmﬂLugﬂﬁmjﬁd (Hemp seed meal/cake) %\‘1 LLaQOﬂ'ﬁ
nslnTinnszesuiafyTInasiAm R Ao niuda
AT G9uadln Table 3
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Table 3  Nutrients composition of hemp
Nutrients composition (%) Hemp seed Dehulled hemp Hemp meal Hemp seed hull
Dry matter 94.10 93.50 95.10 92.60 94.40 94.90
Moisture 6.50 6.50 5.40 6.80 5.60 5.10
Crude protein 24.10 24.80 32.30 31.70 33.50 12.70
Ether extract 31.10 35.5 45.40 11.80 11.10 10.30
Ash 6.20 7.20 6.10 7.00 7.20 3.90
Carbohydrate - 27.60 - - 42.60 -
Total dietary fiber - 27.60 - - 42.60 -
Digestible fiber - 5.40 - - 16.40 -
Non-digestible fiber - 22.20 - - 26.20 -
Neutral detergent fiber 35.00 - 7.80 38.90 - 64.90
Gross energy (MJ/KG) 23.70 22.00 23.90 17.00 17.00 20.20
Source: Sandis:sn Callawa:zl Sandist;sn Sandisc:sn CaIIawe::t Sandisc::l
(2017) (2004) (2017) (2017) (2004) (2017)
Table 4  Fatty acid in hemp seed
Fatty acid (% of oil) Hemp seed oil
Palmitic acid (Cm:O) 5.00-7.00 5.00 7.40 6.50
Steric acid (Cm) 3.00-4.00 2.00 2.90 2.40
Oleic acid (C, ) 8.00-13.00 9.00 15.00 10.80
Linoleic acid (C_ ) 52.00-62.00 56.00 56.00 55.30
Gamma-linolenic acid (Cm) 3.00-4.00 4.00 1.70 3.10
Alpha-linolenic acid (Cm) 8.00 -13.00 22.00 16.30 19.80
Stearidonic acid (Cm) - 2.00 - 1.40
PUFA - 84.00 - 450
Bazdidi et al.

Source: Leizer et al. (2000)*

Callaway (2004)* Sandison (2017)*

(2016)"
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Figure 3 Protein in hemp
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Table 5 Amino acid and protein in hemp

Hemp: novel feedstuff for raising laying hens to healthy egg production

Amino acid in hemp

Protein in hemp

Amino acid and protein in hemp (%) Hemp

Dehulled

Hemp seed

seed hemp Hemp meal hull Albumin Globulin
Histidine 1.20 1.42 1.25 1.30 3.68 3.87
Isoleucine 1.20 1.27 1.33 0.96 2.02 2.86
Luecine 0.94 0.90 0.91 0.89 4.05 5.57
Lysine 0.62 0.61 0.58 0.50 7.37 3.69
Methionine + Cystine 1.63 1.77 1.60 0.90 4.94 7.39
Phynyalanine+Tyrosine 1.13 1.20 1.13 1.02 3.34 6.68
Threonine 1.23 1.04 1.02 0.85 4.63 2.60
Tryptophan 0.87 0.96 0.91 0.52 0.16 0.34
Valine 1.36 1.42 1.40 1.59 2.90 3.41
Glycine - - - - 8.26 4.10
Serine - - - - 5.12 5.73
Glutamic acid - - - - 20.37 21.48
Proline - - - - 3.82 3.87
Aspartic acid - - - - 7.93 9.47
Arginine - - - - 12.82 16.12
Alanine - - - - 3.91 2.84
Aromatic amino acids® - - - - 3.50 7.02
Hydrophobic amino acid® - - - - 17.82 22.07

Source:

Sandison (2017)*

Malomo and Aluko (2014)%

# Aromatic amino acids: Tyr, Phe, and Trp.
bHydrophobic amino acid: Ala, Cys, Val, Met, lle, and Leu.
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Figure 4 Cannabinoids in hemp
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Figure 5 Effect of endocannabinoids on fatty acid synthesis
Source: Modified from J3a (2009)*°
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Abstract

The objective of this research was to study the population dynamics of Mud Crab (Scylla spp.) using length-frequency
data collected during May 2012 to April 2013 at a mangrove forest that receives effluent from the Phetchaburi
Municipal Wastewater Treatment System at Laem Phak Bia, The King’s Royally Initiated Laem Phak Bia Environmental

Research and Development Project (The LERD Project), Phetchaburi Province, Thailand.

Monthly length frequency data of Mud Crab were analyzed by FiSAT_II. Asymptotic length (L,,,) and growth
co-efficient (K) were 16.54 cm and 0.29 year ', respectively. The growth performance index (/) was 1.90. Total mortality
(2) by length-converted catch curve was 2.81 year', of which fishing mortality (F) was 0.94 year'and natural mortality
(M) was 1.87 year'. The exploitation level (E) of Mud Crab was 0.33. The recruitment pattern was continuous with

one major peak in the months of February to June.

Keywords: Population Dynamics, Mud Crab (Scylla spp.), Mangrove Forest, Wastewater Treatment System
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H.M. The King's Initiative Laem Pak Bia
environmental research and development
profect. (The LERD Project )

Mangrowve Forest

Gulf of Thailand
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Figure 1 Localization of Mangrove Forest of Laem Phak Bia Receiving Effluent from Phetchaburi Municipal

Wastewater Treatment System, The LERD Project, Phetchaburi Province, Thailand.
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Figure 2 Mangrove Forest of Laem Phak Bia Receiving Effluent from Phetchaburi Municipal
Wastewater Treatment System, The LERD Project at April 2, 1997.
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Figure 3 Sample point of Mud Crab (Scylla spp.) at Mangrove Forest of Laem Phak Bia Receiving Effluent from
Phetchaburi Municipal Wastewater Treatment System, The LERD Project, Phetchaburi Province, Thailand.

Figure 4 Mud Crab (Scylla spp.) at Mangrove Forest of Laem Phak Bia Receiving Effluent from Phetchaburi Municipal
Wastewater Treatment System, The LERD Project, Phetchaburi Province, Thailand.
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Table 1 Length frequency data of Mud Crab (Scylla spp.) from of Mangrove Forest of Laem Phak Bia Receiving
Effluent from Phetchaburi Municipal Wastewater Treatment System, The LERD Project.

ML (Cm) May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.
2.00-2.49 4 1 1 2 2

2.50-2.99 1 3 9 6 2

3.00-3.49 8 7 10 11 5

3.50-3.99 5 20 20 26 3

4.00-4.49 6 14 24 16 3

4.50-4.99 1 1 4

5.00-5.49 1 1

5.50-5.99

6.00-6.49

6.50-6.99

7.00-7.49 1 2

7.50-7.99 1 1 1 1 2 3
8.00-8.49 2 1 2 1 1 10 5
8.50-8.99 6 2 2 3 4 8 4
9.0-9.49 4 1 1 9 5 4 6 14 5 12
9.5-9.99 1 14 6 6 3 2 11 15
10.00-10.49 2 2 0 1 10 7 3 6 7 7 14
10.50-10.99 1 2 6 7 7 6 6 12 4
11.00-11.49 4 8 7 8 2 3 11 10 7 6 3
11.50-11.99 1 4 1 5 7 10 3 3
12.00-12.49 7 4 1 3 2 4 6 8 10 4 4 5
12.50-12.99 1 1 1 3 2 2 3 1
13.00-13.49 2 2 1 1 1 1 4 1 3 2 1
13.50-13.99 2 3 3 3 2 2
14.00-14.49 2 1 1 1 3 1 1 1
14.50-14.99 1
15.00-15.49 1 1
15.50-15.99 1
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W=21.877L"** (*=0.85) (Figure 7)
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Month Recruitment (%)
January (J) 0.21
February (F) 5.16

March (M) 11.84
April (A) 20.55
May (M) 20.56
Jun (J) 15.18
July (J) 12.62
August (A) 7.66
September (S) 4.56

October (O) 1.57
November (N) 0.09
December (D) 0.00

Figure 10 Recruitment pattern of Mud crab
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Table 2

Crab as reported in other studies.
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Population parameters of Mud Crab (Scylla spp.) in Mangrove Forest of Laem Phak Bia and other Mud

Parameter Klong Ngao Mangrove® Study area
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Recruitment pattern
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Abstract

Nelumbo Nucifera Gaertn. is a colorful water plant which has economic value and if mutates into a new species
it's price will increase . This research aims to 1) culture tissues from embryos of Pink Lotus and White Lotus and
2) determine the sensitivity of their seedlings from tissue culture to gamma rays. Seeds of both Lotus varieties were
sterilized with the sintering method. Then, their embryos were separated based on the standard color template RAL
into 4 shades including Fern green, Yellow green, May green, and Leaf green. After culturing the embryos on MS agar
for 8 weeks, the growth of seedlings was measured. The results showed no statistical significance of the petiole length
and root number of the seedlings obtained from each shade of embryos. All seedlings had only 1 shoot/plant, therefore
3 mg/L BA broth was added onto MS agar. After further culturing for 8 weeks, the shoot numbers were increased in

all plants. Then, the seedlings of both Lotus varieties were treated with different dosages of gamma rays at 0, 20, 30,
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Embryo of pink lotus and white Lotus (Nelumbo Nucifera Gaertn.) tissue

culture and determination of seedling sensitivity to gamma rays

and 40 Gy. The treated seedlings were cultured on MS agar for 4 weeks and their survival rate was determined. The

probit curve analysis revealed that the LD50 of Pink Lotus and White Lotus were 36.99 and 35.34 Gy, respectively.

Keywords: Pink Lotus, White Lotus, embryo, gamma rays and LD50

LN
IuﬂszLﬂﬂvlﬂﬂﬁﬁuﬂgﬂﬁmmuﬁaﬁman waslAUHNEa
Tagiadswnitarng 6-10 il :1enfnas 10-20 U Thnaas
saldinduiigliinassfaassznelng iilasen
sansninauvestnaian il lomdld wu Tna
ez lEsenanamnslearaenivnanu lusasn luuruas
@aﬂﬂwgﬂaﬁ@ inaslizadumnasmmguiizeiale wéa
wivaulu’
ﬂaqﬁuﬂﬁuﬂuﬁ%wﬁaumiﬂgnﬁaﬁﬂamlﬁmw
sularuinaneiuslng uddgminuluwsmsi do wl
lfandunfadiiuilnisgaseafinnuuddsliioime
#aANNFBINTVINANA 2 1auFILNA laNNTIAINTUNEY
aanyaLszey mnwu%é’uﬁuﬂanmﬁaﬁuﬂm winm
ganladuaz 300-2,000 UM 'lumm:ﬁﬁ'mmomwuua:ﬁ’a
%mwnmﬂﬁunf@%uau fisnenuszanme 80-200 1 B9
ﬁ"aﬁufuﬂaﬂlﬂajd’sulﬁzyﬁaugﬂmLﬁwmﬂ@mﬂszmﬂﬁt\‘i
A’ é’aﬁmnﬂumiﬁmnﬂu‘lwsmmmwfﬁwﬁ‘mmaﬁuﬁf
Tnailatas @1aamuﬂ%fuﬂ‘gaﬁuﬁjﬁmmaﬁuﬁ:@%Laumzﬂ,u
ﬂﬁzLﬂﬂIﬁﬁga@hLﬁu%u msviAeTnasfiflan e
wanlniaredTnmsnsuingIlnginsudasin Wwae
thgnusuiulng deuusuazanglulufige®

NMSILRsILaLEaTuaIwandan, ludat Wy
0NN IIaTIad Aolimrdwieugiiiiasannguaiu

e =p 2D

sifmaasyidulaldwihdmswdeuganiwssalld
ﬁwﬁﬁmmﬁtylﬁu anitai ¢ uaziifodelisnansanu
@iammL“ﬂ’wﬁumaaaﬁWan%hL%a’Lm:ﬁum’mLﬁuiuga
s mimm%‘a?ﬂ,mumLﬁaﬁalﬁl,ﬁ@msnmﬂﬁuﬁj vJuns
Usndysiusialilanuglne o %ogﬂﬁwml‘*ﬁﬂmmums
nEuINgs Wiesannldiiandunin ﬁaﬁuﬁ%%’ﬂﬁaﬁﬂmi
ﬁﬂmmnﬁuéwmuﬁmmwumLLa:ﬁmmwn lagls
afinmawnziasaiioianniussle uasmsidusan
AldunareSeaunuan Sadunszuawmsininldiians
nauwug Lﬁmﬂuummﬂumimmﬂﬁuﬁjﬁmma Lae
WU LN ANz EUER TN TR TR
IWiAaRuglna %uﬂun’mﬁm'}s”l@ﬂﬁﬁumwmﬂsﬁ'ﬂgﬂ

Tnadsae W luauwaa

A5nmsd@nm

1. n3tivdlage

fhognafiailslunnasesdawiatiney oo
Ineneaas (Nelumbo nucifera Gaertn.) Tasutiadun
WAITUY (Pink Lotus) WUy uazina911 (White
Lotus) w3atinymmin 3aatflwiad Nelumbonaceae lan
Luﬁﬂﬁaﬁqaadﬁuﬂﬁmﬂﬂﬂﬁaﬁﬁmq 4 Fonk Gsiln
TRV TUNUINFINO DAINT thugnsny uazin
TRANVNNNEIUAUFUET LNTANDS mwmm‘ﬁ'ﬂgﬂ
tnasludsniauasiay

X A P [ a o

2. MIwazagstiatdaaneauslaianang

TUW UaziINAW
- X X 4 4 ae X

WARANITINIzRuLitaLHa Al T e uido it
aaulasanauivdevasday © I@ﬁﬁ']ﬂﬂﬁ";ﬁdaaaﬁufm
unzindaaen YanUfaniwae warlgasvaailannim
MItssTaua nnmwinsWansdBacis 70% ethyl
alcohol WLIAT 1 U7 LRWNTY LTANANNFEZE1AVIA
nMuwaNeIE 70% ethyl alcohol AawiingrneiitaLiia
uwazthiseaitadnaTolaiuiatianaisga 95% ethyl
alcohol BAIRWINALAES NNLURATIUUAZWNITIAEN Yinan
2 a5 ItRadaanuaszwiarie laglililawduusladng
luigenig ansuwisnaaddnyslelaofisuiuuluuy
Lﬂ.@ﬁu’l@lig’lu RAL (German Reichs-Ausschuf} far
Lieferbedingungen and Gatesicherung) (Figure 1) %1
LS;JU'%IaLL@iasz%wazL?}muummiw"ﬁdgm MS
AMULTNLRI 2,000 &N JToIaN 16 T2 lu9 CREY
25+2 g3ANTALDoE auwztaoaduszoziian 8 §Uanw
iufinnanmsasuidulavasdusauin®ai9a1nauen?
Mly FIUIUTIN WAZIIUINL DA IMNUUNTILFILDIAT
LAY BA ANNTY 3 Faaniudafas Usunasuiess 5
Aa aa 2 .2{' = | s 6 o &
188807 wawwzLassdedniduszezian 8 #lawt Uuin
HRIIWINY DA

3. N13NIVFBUANN IIABSIRUNNNVDINK
2aRIINABNN RAZIIRAIVIIN LADINNITLNL
X & 4
LRagtibatia

ﬁﬂﬁuéauﬁmmaﬁaamWufﬁvlﬁmnmsmﬁ:
X A A = P o o
WReaiitatdalue1wisuds MS Mnviual8a1%ITiia) BA
ngrneiiada ﬁmﬁanﬁudauﬁaugmi BINNTO QLGS
wamulukazsinesn Windsanmzdduiazuoa wadla

507



508  Atikan Yampul, Manussawee Dechkia,

Tharathon Teerakathiti, Sirirat Phakpaknam

sl aNrua 8 aaud wNLAIaIasSIFLANAN
Tog 1SS 987 0, 20, 30 WAz 40 LNTE MATzIRINNT
ANHTIRUANGI9NY Ao 0, 27, 41 LAz 55 IUN aua1aY
IMNURINTUFIUNTRRI D TIFUANNILRINNANIZLRE
UUaIMIIUIIEAT MS URTWIIUES 50% NMnnil 2552
asenvrartos Aiduan 1 §lonwt Mé'amnﬁu%mq@mi
s v a 6 g 1

WILRI taulATUAMNNLES 2,000 AnS WANLREIAD
I Qs 6 Qs = Qs Aa
Wuszezna 3 §Uat JuNneadnsinigseadia was
FATINIIANLVDIG DU

4. MINaNTRToyaneadf
Jianeremeaiaaisllsunsy SPSS 1aiiu
23.0 AUt 0.05 Gait
- wWisuifisunavedaafanusladenis
WSgiulavasdudan imMmasasaz 5 i I@ﬂﬁﬂ"ﬂ’aga
anuemuly Sunn uaziwungaaundengiens
3% One-way ANOVA (CRD) Lazid3auifiguanuuandns
@iﬂmﬁﬂﬁa:@;hu%%mawﬁwm (Scheffe)

- ﬂ@]aauﬁ’lﬂ%mmifﬂi’lmimU%’dﬁLLﬂ&lm
'Y]L'ﬁln /U YINMINANIAT 5 ‘Iﬂ I@Iﬂﬂ']u'lm%']ﬂ'] LD
(ﬂiuqmj\ﬁauﬂuw’]ﬂ'ﬂ’]lﬁwqﬂﬂqEJ 50%) ﬁ]’]ﬂﬂ?’]&]ﬁuwuﬁ
Taﬂﬂiu'\ﬂlﬁﬂaﬂua@]iqﬂqi@nﬂmﬂ@@luaa%ua'ﬁa"l\‘] ﬂ'lﬂ
23 probit

Patina green Fir green Pine green

Emerald green Grass green Mint green

Leaf green Reseda green Chrome green

Signal green

Olive green Black green Pale green Mint turquoise

Blue green Olive drab

Moss green Yellow olive Traffic green Pearl green

Grey olive Black olive Fern green Peatl opal green

-
J

Bottle green

Opal green

Turquoise green Pure green

Brown green Luminous ereen

5l

Figure 1 The standard color template RAL (German
Reichs-Ausschuf far Lieferbedingungen
and Gatesicherung)
Source: https://psscolorguide.com
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Petiole length, root number, and shoot number of Pink Lotus and White Lotus seedlings obtained from

tissue culture of 4 embryo shades on MS agar for 8 weeks.

Pink Lotus

Write Lotus

embryo shades petiole length No. of root/plant

No. of shoot/plant

petiole length No. of root/plant  No. of shoot/plant

Fern green 15.28 +1.77° 7.71+3.12° 1.00 + 0.00* 15.47 + 1.83° 8.60 + 1.19° 1.00 + 0.00°
Yellow green 15.97 + 2.00° 7.43 +2.63° 1.00 + 0.00% 16.35 + 0.70° 8.42 + 1.92° 1.00 + 0.00°
May green 16.18 + 2.15° 7.94 + 3.43° 1.00 + 0.00* 16.45 + 0.68° 8.67 + 2.02° 1.00 + 0.00°
Leaf green 15.58 + 1.66° 7.35 + 3.14° 1.00 + 0.00* 15.95 + 0.50° 8.25 + 1.83° 1.00 + 0.00°
Total 15.73 £ 1.93° 7.60 = 3.07° 1.00 = 0.00° 16.02 = 1.17° 8.71 = 1.81° 1.00 = 0.00°

* Data was analyzed by using one-way ANOVA and determined the differences among means withScheffe’s test.

* values are meanz SD (n=5) same letters within a coluum indicate 0.05 level.

Figure 2 Seedlings of Pink Lotus (A, B, C, D) and White Lotus (E, F, G, H) obtained from 4 embryo shades, including Fern
green (A,E), Yellow green (B, F), May green (C, G) and Leaf green (D, H) cultures on MS agar for 8 weeks.

Table 2

Shoot number of Pink Lotus and White Lotus seedlings obtained from tissue culture of 4 embryo shades

on MS agar and 3 mg/L BA broth for further 8 weeks.

Pink Lotus

Write Lotus

embryo shades No. of seedlings

No. of shoot/plant

No. of seedlings No. of shoot/plant

Fern green 24 4.46 £ 1.74° 13 2.85 + 1.63°
Yellow green 25 3.88 + 1.99° 9 2.22 + 1.48°
May green 28 421, £1.73° 12 2.75 + 1.42°
Leaf green 23 4.09 + 1.38% 9 2.67 + 1.80°
Total 100 416 £1.72° 43 2.65. = 1.54°

* Data was analyzed by using one-way ANOVA and determined the differences among means withScheffe’s test.

* values are meanz SD (n=5) same letters within a coluum indicate 0.05 level.
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Figure 3 Increasing shoots of Pink Lotus (A, B, C, D) and White Lotus (E, F, G, H) seedlings obtained from 4 embryo
shades, including Fern green (A,E), Yellow green (B, F), May green (C, G) and Leaf green (D, H)
cultures on MS agar and 3 mg/L BA broth for further 8 weeks.

Table 3  Gamma ray dosages, irradiation period, total treated seedlings, survival and dead seedling numbers after

gamma ray treatment of Pink Lotus and White Lotus.

Pink Lotus White Lotus
Rediation dose Time ( d)
Ime (secon
(Gy) Total No. Of Survival  No. Of Dead Total No. Of Survival  No. Of Dead
0 0 20 20 0 3 3 0
20 27 40 40 0 20 20 0
30 41 20 17 3 10 4
40 55 20 7 13 10 6
60
= 47.55
c 50
=
c 40
=
c
°Gc
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Figure 4 The probit curve analysis of Pink Lotus.
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Figure 5 The probit curve analysis of White Lotus.
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Abstract

This research 1) collected and studied data sources om ecotourism in Khao Kho district, Phetchabun province
2) developed a recommendation system for ecotourism using ontology and 3) assessed performance of the
recommendation system. The research process was divided into three parts:-1) collect ecotourism knowledge from
websites and knowledgeable persons 2) develop the recommendation system consisting of an ontology knowledge
base, relationship database management system (RDBMS) by MySQL, SPARQL command for querying ontology,
Python and PHP for web application development and 3) assess the performance of the recommendation system using
precision, recall and F-measure and user satisfaction assessment.lt was found that the ontology knowledgebase had
3 levels 18 nodes and 6 rule engines. The performance assessment of the recommendation system was F-measure

89.7% and user satisfaction overall was at a high level (4.48 + 0.53).

Keywords: Recommendation System, Ontology, Ecotourism, Khao Kho

1 ¢ a o a s o a o o &
279738, s i unaluladasawna aminsmansuasnalulad UAMNERYNTNYLNDTIUI 67000

' Lecturer, Major of Information Technology, Faculty of Science and Technology, Phetchabun Rajabhat University 67000



Vol 39. No 5, September-October 2020

LN

%’o%i’mwmgimﬂﬁﬁmmqmma@l%ﬁmiﬂ 5 1 (2561-
2565) TaoWam 1w iuwisnda 4.0 uaziiln Area Based #
L%amiaﬁ'mlqmma@f 20 T westlszinelng Taaasdasd
ﬂ’m@%wmmwﬁ”amLLaW’mLmeami@i']Lﬁumuiwﬁu
mmwmnmamumnmmm Imyhwlanssuanlslums
mULﬂaauLﬂsmnwaammm Taiawzognadslunmenis
“naammmmma’mrgwmuauamLﬂmgnwaamma
meyizﬁ mniayjamumiﬁamﬁm WU J3 1w
ﬁﬂﬁamﬁ?{mlﬁuﬁunﬂﬂ lawlutl 2561 H31mwau 142,776
an 1o ldanmvieafisnsioan 399.90 SMUM uazED%
Uszneumsfiinusudidanmadrinfdiadn uazimia
mesgitﬁﬁamuﬁﬁauﬁmﬁﬁnﬁamﬁmﬁymﬁwmﬁm
mnﬁq@ Ao d1nande lesanameaiugunoaasail

dugudnuanunanuaenisdiniw ﬁuﬁjﬁ% Lm:ﬁuﬁf

o & & a o4 A > v A o ed
§A3 IINVNAIANDILN EI’)‘V]LL’J@]NB&JVM@]’J HNINAUNTILINY

Lm’mwmiﬁwmmsﬁauﬁm%’wi’@]mesgmi

lﬁﬁﬂizﬁ‘ﬂ%ﬂﬁwLLa:aaﬂﬂﬁadﬁUﬂqﬂ 4.0 AdTaaLdunIs
ﬁwmLma'd'ﬂ'auv?‘imlﬁ@uﬁﬁ%‘mmmmsmﬁu lasande
anumusavanaluladasva Agqeliinriesfion
Vlﬁrﬁﬁﬁﬁagam‘saumﬂﬁmmiﬁauﬁmw’mfﬁia@m6]
vwadetnsdumafiia sudteuldasiledef 5 lums
FUABTINaH1IULA 392 Lwisl,uﬂaqﬁuil’awm'} MIRUIMy
iagmma’wimL“?immdﬁﬁu‘mﬁmuﬁuLmﬂwam%'u
fnannansunaitaya %ﬂumiaumdﬂﬁ“ﬁagamwwz
vssdunasliiigswadamsdaaulavesinriesiien
‘ﬁlﬁaqmﬁﬂiagaﬁwLLu:'ﬁnLLazﬂa%'stuﬂﬁé’@ﬁulﬁ]ﬁgﬂu
FAWAWNINSLEWNS AN FIEIWIBANUFZAIN FO%
ﬁﬂauﬁmuumamuvﬁaagilnéfﬁuﬁﬁmmmmmmﬁ’u
anuTauuazaNyarlazadudazyana FITIUL TN
anldareluniveafion neilliuueUnaiadudnag 3
PoulwanNNF N0 lumsliuadnSlanzdasiidum
ﬁwmﬂﬁnviauﬁmﬁaamﬁagaﬁ%mn%mmmzﬁmm

o & A w oo o A ' D ° o
uduidaslstoyalunmsdaduliotiassdu anevily

daafoalunmadifisdoysannain g iulad e
I%VJLWMWWQLwamuﬂ‘ﬁauuauumm@auhlﬂLm
uﬂ‘naamm muamuﬂﬂaammﬂuﬂmaﬂwmv LT
mmg@h BN NNEZAIN M UMW I Uae
ﬂ%fwmnsmwﬁﬁlﬁu’%mi vldaanufisnsiwmnanzay
wazwionlwusmsdmiuinvaniion® deiladudsnsnn

zgusahn i lunszuiumIdaaulawniinra e be

aanlnlatiduneninuiltussonslaseaing
BRZANNRNNWTVDITEUUH U A UAL LR T UTY WazQn

Recommendation system Khao Kho natural tourism by ontology

W lslusunaisarulasawizauidygilssfuvg®
saulnlafaztiniandssininmlunsfududaya lasas
tpvppdduliidriedayaldedimadusslduaing
;:1' v v nl' 6 u‘A' v

mamumﬁmmmimﬂﬂq@ lagmandudsnlaannnis
"“J%’Usl,uﬂ%foﬁﬁlzmmmﬁwLauaﬁaylaa’liaumﬂvlﬁuumm
guﬁ WAz dUsRNTAIWNNINA NI ULTIA NN RN BB
g B

viaanoalasya bl

V) '3
B EELET

1. LﬁaﬁnmLLazmm'saJiTaQaLméoﬁaaLﬁmma
ywmalnaadunands Jwiawasysol

2. N NAUITEUU LRI LARIVIB I ABINN
FITNTR VAN BN D %’m“a’mwmigmi AIURANNNT
aaulnlad

3. Wiadss i nd s ANt nszuuL UL RaIviag
WEINITTINTNA lluadinande %’mi’mwmgitﬁ
aunanmIaaninlad

ﬂumuaismns‘muawmuﬁﬁﬂﬁtﬁmﬁaa

1. WA DI ABINISEIINTIG

R T waa WA LA INIITITHT AT
anufipunnvasTaniaiwryinl Sanunainnais
MaBInw AufRzuaziuiaal ﬁg@ﬁauﬁmﬁu’mﬁam
ldhafirimiiarnny asian d1 e wie Wi
QT L°1nﬁavl,@’%fun’ﬁﬂizmﬂlﬁﬂuqﬂmul,wio'*mﬁ
§rufl 125 sesdszinalneg fidedntrslngouia
301,698 13 ﬂiaUﬂQuﬁuﬁﬂw 4 ¥asft Ao LnenauLi
g1lnanaNan d1lnatiled wazdllnalvida 3930
Lwﬁsgmi ﬁuﬁﬂ%augnﬂnﬂquﬁwﬁuﬁa %aLﬂuvl,ﬂnga
mﬁuﬁuagmﬂ MALIURLUIEAN0AT LazLOUIAT
N9 5\1Lﬂmma'wiaaLﬁmﬁ"L@T%’ummﬁwmﬂﬁq@
LLm%ﬁwaamegsrﬁ“

2. FTUUUWZI

szuuﬁl,l,u:ﬁﬁa;gawa@]ﬁmﬁ wiagaulwiugly
szuy lapdndannaundziunsiouideyaninuzey
WianudaIns o uiziuYad {7 I sy lUszuumesin
Usznauludae 4 sau ldud 1) saudoyaiugiufideddlu
MIUszanana 2) mumiﬂawﬁagamm;ﬂ“ﬁm fudanasiiu
s’féﬂmﬁl'avlﬂuﬁmzﬁayj 3 3wan fa Contented-Based
Recommendation, Collaborative Filtering Waz Hybrid

Filtering L8z 4) §aUN1THLEMAALLZYN°

515



516  Thinaphan Nithiyuwith

3. maluladaanlnlad

aaulnlad (Ontology) Aa uwiaudalunis
ER ULt AN LI wiasniunitadunsieny
oimualaseails wazanuduRnivasFnaulalind
AMInANy auvauavadasany} lagldeas ana
FUNUTIZRIIANE wazamENUAvesnaE JUuuuNg
mimmaauiﬂiaﬁ%uaglj'ﬁumm"?il%l,muﬁagm%amw
WiNE 1% XML, RDF, RDFS uaz OWL® 994N
mMavawaaunlnlal § 3 WINIFaMINAUMLLLURS
819 (Top-Down) AN TRAWILDUE9T UL (Bottom-Up)
WaENIWAWILULNEY (Combination) &luaudTaitls
WIININIRRIMLULUHSIENS (Top-Down) tHuiTns
AsuannmsinuanowdUdlulawwinlliGududs
@‘hﬁmﬂ@Uﬁl'avlﬂﬁwumﬂﬁq@muLLmﬁﬂIuIﬂLuuLLasz
anuidmmgiwllaadummausziimuanawdUdd
fanuanZI91299 119 SduieMIaiInaFEmnSL
wdalagmllveshfniusenesndondes 9 (Sub
Class) luasnain

4. WITeMAgITas

Supranee W&z Sirikanjana’ ﬁﬁ%’ﬂﬁaunﬁﬁuﬁu
ia;&m%ammmnwaamiviam,ﬁm"lmﬂﬁaUaauiﬂiaﬁ
lavlt RDF wae SPARQL %aﬁnuﬁayammanmmaz
ﬁuﬁuﬁagaﬁlﬁmiaoﬁumﬂIuIaﬁﬁm%am']wuw
saulnlad udnhanmanuduRuizastoys Rashan
sanuuuuazaiaeulnladlasld ROF Gaiulassans
n’mﬁuﬁagm%m%’ulﬂm:uuﬁuﬁwﬁaga Uaz@LiunNg
g IninEnMIAadauaTNMIRUARTaYA 8NN
HTML JavaScript waz PHP lagld RAP-RDF API for PHP
Lﬁaﬁdﬁagaa']ﬂ"l,wg? oWL Aildanmsaseaninlad lay
14353 SPARQL Query lunmsfiudutioyaan|ws RDF
mwﬁowalﬂ@mmﬁmmﬁﬂag’ﬁ 3.94

Seksan W&z jakkrit’ iN3T8 NI INGIM Iz LU DU-
ﬁmau’[ummuzmmms"?immmm%w%‘mjﬂm Tasuin
lufinmsusasdimsnumuesitmiudasssloadaw
ﬂ'nenvlmmﬁmﬁ’um%nﬁmm:auﬁ’m%’uqjﬂwﬁl,ﬂumm
sroumdlliunmmildlunsseuniugiudoyaninug
aaulnlad (SPARQL) S’JuﬁamiﬁmqwﬁizuuQ’L"T}mmm
lagiawiznalnausny (Inference Engine) antaslunis
LLu:ﬁnmmﬂﬁgﬂﬁmLLa:mmmu@%m%'ugﬂmvl.ﬁasm
fdve@ninn %owamiﬁwmizuummmmalsl,ﬁ;jﬂm
T lasudnustinlunsuslaaemisidasnizzaan
05w ndn udeghelsfaudsfiuszloadonuluug
nsfReNnaensaERagIiNado st amsTRINE AN

J Sci Technol MSU

é’(m%wj’ﬂw K}’ ﬁ’]ﬂ']llﬁﬁﬂ'ﬂ&liﬂ’]LLQZﬂQ&ILﬂ%E’J

251137398

myisueSsiludseandu 3 Tunou

Suaaudi 1 MIANBITIVTINGIAANS 1o
a%“wgmm"]uﬁmmmﬁumdmauﬁmmammmﬁ
lu%u@auﬁgﬁsﬁnmimaaﬁ”’ml,l,amﬁmwi'swﬁaga/
am‘mmfl,ma'wimLﬁﬂamaﬁﬁuma ANLONRITURE
Lmﬁiaﬁa;&aaauvlaﬁﬁﬁaﬁavlﬁ (Explicit knowledge) wa
NNUszaUNINATY (Tacit knowledge) maa@%‘mmty
FuM a9 fisINIsIsNTd $1wn 5 an lasdaiden
LLUULm:mmﬂr;jﬁﬂizaumimﬂuﬁaqﬂiﬁamwLflum
\WUN19 Lanansal LLa:ﬁg@]ﬁogcﬂlwammuﬁﬁau‘ﬁ'm
wsiazusis luwadunawnda JsnTauwssysal laolduuy
FUABLTIAN

Tuaoufi 2 NMINAUITTULY KATuaanuuy
THABUMNTU T8 8955 LU BUHNTW UML UasWaiu
Vuuedwiiadu wdadu 3 s ldun 1) guanag
saulnlad laglolusunsu Protége 2) szuudanmsgnu
FoyaBidunus laslillsunsn MysaL 3) lugans
Jansgruenaieaulnlad ussngiiensuussin laold
mm Python AuU'lausn® RDFLib uaz PHP lunns@as
anwinneeulnladdrisnis SPARQL wazuaniasn
Tayaday Json

@ '
o a

PuawN 3 NIUTLARYILRNTAIWNIIVINH
wazanuisnalaglddenisldnuszuny Faiimsiaesew
ﬁa;&mﬁlawmauﬂs:%ﬂ%mwmsﬁuﬁuiaHaL%amw
winy lamnue 6 ﬂi:Lﬁuﬁmamquluﬁaaamuﬁﬁaa
L“?'imsl,wmwg@mﬁu Aanssumsvieadfisn anui
viesifigafiinanlalwdumoriig Ssfianusaandauas
ﬂiuﬁmmwm’mﬁ@Lﬁ’umaa@%mmmﬁmmsﬁauﬁm
ﬁﬁmsmﬁﬁagamiaumﬂmmﬁa:Lﬂuﬁiziwﬁuﬁ
Knviaaiien ﬁmmﬁwﬁﬂﬁzy/ﬁayaLﬂﬂ%uﬂﬂ‘?‘i@%mmty
W W 30 Mda/days Mniunaseulsziniam
mifududayaluudazlzn Lﬁaﬁﬁﬂmuﬁagaﬁﬁuﬁu
wu/ldwy mﬁﬂmmmmmmgﬂﬁm wazl s TN
precision, recall, F-measure LLazLLﬂawmzﬁummﬁdwah
ldeszun Tagldeiaio uazddndosumnasgin

WNAN13398
1. HANIANBIUAZIIVIINTDYRY
mmma@ﬂtﬁamﬁd Table 1 LLﬁaﬁﬂmgﬂLLuu
WINFUNIwmMIAUSnsve e Unanduan
MINaIREINITITNTE AIRUIMsURunssaanlad



Vol 39. No 5, September-October 2020

496% Fagu1Tavinan b uuwinslunseanuuunas
WAIW32U 69 Table 2 nasanuudnwnglunisuueti

Recommendation system Khao Kho natural tourism by ontology

a

\I9AN Daa7Uds Table 3
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Table 1 Summary of eco tourism knowledge in Khoa Kor, Phetchabun

Knowledge Topics Details Resources

30 tour places at Phetchabun - History - Tourist review https://www.wongnai.com/
- Picture - Location on Gmap
- Facility - Nearby Accommodation
- Vote - Service time

Khao Kor nature park - History - Service time http://www.painaidii.com
- Direction - Linked keywords

- Contact info -Review from tourists

All Accommodations at khao Kor

- History - reservation Link and agency
- Price info
- Facility - Link to other tour places

- Contact info

https://www.emagtravel.com/

Khao Kor - History - Restaurant https://www.paiduaykan.com/
- Accommodation - Tourist review

Travel at Khao Kor - History - Picture gallery https://travel.mthai.com/
- Accommodation - Tour place news

- Tourist review

Table 2  Result of studying functions and services of eco-tourism web application on internet
Functions/Services
amount of
Link to .
URL Normal . Semantic Offer Social Function
Review related o
Search search promotion networking (%)
keyword
- v v x v ULike, x
https://www.wongnai.com/ 66.7%
share,checkin

http://www.painaidii.com v v x x V' like v 50%

https://www.emagtravel.com/ v v x x x x 33.3%

https://www.paiduaykan.com/ v v x x x x 33.3%

https://travel.mthai.com/ v v x x x x 33.3%

% in overview 100% 100% 0% 16.7% 33.3% 16.7% 43.3%

Table 3  Specialist opinion to tourism recommendation rules
Rule details Amount of specialist Percentage

1. Tour place data in the same category 5 21.7
2. Interested activities in each tourist location 4 17.4
3. Tourist attractions on the same pass 3 13.0
4. Accommodation nearly locate with tour place 5 21.7
5. Photo point in each tourism 4 17.4
6. Photo points which are the same view 2 8.7
Sum 23 100.0
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Figure 1 Overview of ontology knowledge base

Table 4  Explain the overall ontology
English Thai Relationship
Node Node Structure
mountain aoufidszinnagian -
nationalpark amuﬁﬂimﬂqwmuuﬁaﬂma -
4

garden AOUNUTLLANRIBRITITUE -

watersource FOUWAUITANUARIINBIINTIG -

waterfall en Subclass of
watersource

reservoir g19LAuIn Subclass of
watersource

accommodation  1WN -

activity fAanssunmaviaafien -

review_traveler 3319nUNviadLien -

coffeeshop U -

bustimetable AITNNITLAUNII -

) o X o

placeinfo aYANUIIUBITIUN -

direction LN -

checkpoint fg@ﬁma‘ulﬁ) -

caution fLdauieanuiEwng Subclass of
vehicle

vehicle WIRUE

privatecar INFIUG Subclass of
vehicle

bus TnlassTEn T Subclass of

vehicle

2.2 WaMI08NUULIULIEITAR8ITTUUA Y
UML S9luunainuitiniauewiiod Use case Diagram
wihiku @3 Figure 2 lasfigldszun léun dnvisafien
% 6 6 a £ ] AI
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Figure 2 Use case diagram
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Table 5

SPARQL commands for querying ontology knowledge base followed specialist opinion
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Recommendation rules

SPARQL commands

1. Tour place data in the same category

SELECT ?place ?place_type ?place2
WHERE {

?place rdf:type ?place_type.

?place2 rdf:type ?place_type
FILTER(?place=x:%s)

FILTER(?place2 !=x:%s)

FILTER(?place_type !=owl:NamedIndividual) }

2. Interested activities in each tourist location

SELECT ?place ?place_type ?checkpoint
WHERE {

?place x:has_activity ?checkpoint
FILTER(?checkpoint=x:%s || ?place=x:%s) }

3. Tourist attractions on the same pass

SELECT ?place ?place_type ?road
WHERE {

?place x:has_direction ?road
FILTER(?place=x:%s) }

4. Accommodation nearly locate with tour place

SELECT ?place ?place_type ?accom

WHERE {

?place rdf:type ?place_type
FILTER(?place=x:%s)

FILTER(?place_type '=owl:NamedIndividual) }

5. Photo point in each tourism

SELECT ?place ?place_type ?checkpoint
WHERE {

?place x:has_checkpoint ?checkpoint
FILTER(?checkpoint=x:%s || ?place=x:%s) }

6. Photo points which are the same view

SELECT ?place ?place_type ?place2
WHERE {

?place rdf:type ?place_type.

?place2 rdf:itype ?place_type
FILTER(?place=x:%s)

FILTER(?place2 !=x:%s)

FILTER(?place_type !=owl:Namedindividual) }

2.4 NANSWAIWITZUY DILaUafl08195uY

ANamud ludiuvasninaandn (Figure 3) e
Maasedayalusiin1IensLTianunang

(Figure 5)

aulasiainsvasaaulnlad (Figure 4) uazniinaanns
LmzﬁwiagamiﬁaaLﬁmmummauiwaaﬁnviamﬁm
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’ sy e Ao sV A a LA Table 6  Resultof performance testing of recommendation

- o il system by specialists

A swtvrres fonasunils desvhlavmiis fnien

Result of semantic

ftammsdun % Test lists searching

(A) (8) (©)

w 1. Tour place data in the same 3 0 1

\ — category
2. Interested activities in each tourist 2 0 0
amviieannidanl Jummedeint 1 anaren . 238 g iuadn e Wanisahansoseedin e Sandu e location
eednd vdoision Munailawi o 675 Y
3. Tourist attractions on the same 2 0 0
Figure 3 main user interface pass
4. Accommodation nearly locate with 1 0 0
tour place
bosheh 5 raIraDak SamE g0
AT 5. Photo point in each tourism 3 1 0
abemnisaneorfa e farbiinnemaeamatalas
e AR 6. Photo points which are the same 2 0 1
miun Fubbosy view
Mean 217 0.17 0.33
Precision 86.7%
1. e e ey e fuleadrion 1,758 asg auaaiine 4 Wi 42 0%Ls 4 1Euiaant] o
It tesoragurinesaread Fravnaavieeii s dn T ey i A e w0yl Recall 92.9%
4 i 5 et plaisanadighde
F-measure 89.7%
ki res hoakch
héhOnrdee 12 £8aiaan 1 ik W At das s sudaaieiciaan it s

) , _ 970 Table 6 &3UldTzuumansanUztintoya
Figure 4 Presenting semantic knowledge ? ks

ldatagndasuazasuiumuanuaulazadls lasde
F-measure YNy 89.7%

followed ontology structure

& a =1 ' '
sluumsvaafinuassauivatsls 3.3 WaNIUILLABANUNIN E]I‘i]@] 83cUUY WU

dnuneaniuid ¥ g ¢ aneuuvend | dven O duy

dlfszunfanufialalunmmwegluszauann fdwade

vindafuudald =vin luvin, & a %
1w 4.48 UEAITURZLBUAAY Table 7

fAanssuiouimidacamp

[ox Table 7  User’s satisfaction to recommendation system
tn (koakob . .
In overview
ANUUUVITN AN AusaInaT Satisfaction level
avenuiiissrnfiussrnvwiadaniauysal deanliihffusoruwainauyia bitu Types
Mean S.D. Result
. . . . . Content 4.59 0.59 Very high
Figure 5 Recommending tourism information

followed interesting of tourist Design and Alignment 4.19 0.55 High
Useful 4.67 0.45 Very high

Sum 4.48 0.53 High

3. wan1suszdinlsz@nsninszuy
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1nafia Naive Bayes tnafia Support Vector Machine (SVM) tnadia K-Nearest Neighbor tnafiadulaidadula C4.5 uaz
1aa Random Forest T@ﬂLﬁmauym‘*ﬁagamwﬁ@Lﬁu@iamuﬁaﬁaﬁuﬁﬁ‘hmu 3,798 Tany lunszuinnIAaLien
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AmandtaLduswInann ;ﬁ%’ﬂ%ﬂﬁﬁwmmﬁﬂmwﬂ@ﬂmiﬂ%fm’nmuqamaﬁagaﬁa 835 SMOTE (Synthetic Minority
Over-sampling Technique) WazlEwannns 10-fold cross validation ’l,ummi_iaﬂa;uﬁagaLﬂuq@ﬁagaL'%su;‘fl,m:’qwﬂa%la
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Abstract

Text mining is one of the most effective data analysis processes using alphabetic methods. Currently, text mining
techniques are classified in a variety of ways. This research aims to find the most effective of 5 techniques that were
Naive Bayes, Support Vector Machine (SVM), K-Nearest Neighbor C4.5, and Random Forest. The data collected, in
total of 3,798 messages, were all made by the viewers. The categorization process divided the data into 2 groups:
positive character and negative character. Interestingly, the process has only indicated selection of adverbs and slangs
as a core division to produce positive and negative characters. After analyzing the data, two problems were found class
imbalanced. SMOTE were used for filtering and to increase the minority class. 10-fold cross validation was applied to
segment the data into training and testing sets. Moreover, precision recall and accuracy are used as the criteria for
selecting the most effective model. The results showed that the K-Nearest Neighbor produced greatest accuracy in

categorizing the messages with a precision of 99.75% recall of 100% and accuracy score of 99.87%.
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2 SongKung 1/2/2019 imiiuladuwmivasasuinaiu 1 Ny n AU
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4  mau 1/2/2019 @anamanain illudauilanuiauaunmn 2 aun adv ATILAE D
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Table 5 Examples of defined a class

Rows [@uwig| & |Huin| 1 | ofud laiviu| P N | Class
1 0 1 0 0 1 0 3 1
2 0 0 0 0 0 0 1 3
3 0 0 0 0 0 0 1 1| 8 |
4 0 1 0 0 0 0 2 1
5 0 1 0 1 1 0 2 1
6 1 2 0 0 0 0 4 2
7 0 0 0 0 0 0 1 1 B
8 0 1 0 0 0 0 1 1 B
9 0 0 1 0 0 1 2 4
10 | o 0 2 0 0 0 2 1
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Abstract

The objective of this research was to study the application of graph theory to seek the relationship between words and
categorize groups of words for finding the meaning of the groups of words by analyzing messages sampled from social
media like Twitter on the topic related to “Amazon” during 11-18 February 2019. The study revealed that the most

» o«

frequent bigrams were “funko pop”, “billion profit”, and “pay tax” respectively. Moreover, cluster analysis using a random
walk algorithm showed that the most popular “funko pop” was BTS-Funko Pop-Jungkook while billion profit and pay
tax have a particular correlation because during that time Amazon was indicated to be a company did not pay any tax
to the US government although they generated profits of a billion dollars. This is consistent with graph analysis which
by measuring centrality found that in a word network, the word “tax” is the centrality of the word network and plays its
role as a central node in the word network, a central node connecting to other nodes, and a central node connecting

to other nodes of distant networks to be reachable through degree centrality and betweenness centrality measures.

Keywords: Graph Theory, Text Mining, Social Media, Cluster Analysis
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Introduction

Nowadays information technology plays an increasingly
important role in people’s daily lives, especially internet
communication services that have gained much popularity.
Multimedia is a platform spreading information that
contains messages, photographs or videos and news in
the form of text files that are widely publicized via online
media such as Facebook or Twitter. Messages are
considered unstructured data but the pattern of the
message carries hidden contents, relationships and
effects on what people are interested in studying. In the
meantime, the varieties and the bulk of messages are
input into the media systems at all times. Therefore, to
investigate the content, the knowledge, the relationships
or the influence on what people are interested in using

various techniques called text mining are required.

Text mining is the process of exploring and
analyzing patterns, concepts, and correlation hidden
in text data by using fundamental knowledge such as
statistics, mathematics, machine learning, etc., while
obtained results are most likely on the basis of frequency
of words, correlation within words, or patterns of words,
etc." With regard to the study on correlation among words,
either the words occurring within the same document or
the words accompanying other words, many methods,
such as creating N-grams, are employed to generate
a set of words. The words occurring at the same time
are classified by means of probability to examine which
words have a tendency to appear after other words and
have correlations with surrounding words, or by using a
diagram of word networks to explore correlation within
words. One of the popular instruments creating a diagram
of word networks is a graph theory showing correlation

within words.

Graph theory is a model to show the relationship
between objects. The objects are called nodes or
vertex (vertices). An edge is a line that connects two
nodes together, that the strength of their connection is
represented by the weight value. A diagram or graph can
be divided into 2 types. The first one is an undirected
graph ; a graph in which the edges are not ordered. It
has no arrows on edges indicating directions. The second
one is a directed graph ; a graph that is made up of a

set of nodes connected by edges, where the edges have
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a direction associated with them. Consequently, graph
analysis can be used to identify both the strength of the
relationship and the direction of relationship. There is a
variety of analysis methods such as centrality measures.
(i.e. degree centrality, betweenness centrality, and

closeness centrality) 2

This research studies the application of graph
theory to investigate the relationship between words and
categorize groups of words for interpreting the meaning
of the groups of words using messages posted on social
media like Twitter on the topic related to the subject

“Amazon”.

Methods
R software was used to collect, manipulate, and

analyze the data according to the following procedures:

Data collection method

R software was used to gather data from Twitter
social networking platform during 11-18 February 2019
for 100,000 messages on the topics related to the word

“Amazon”.

Data manipulation

The message data were manipulated by deleting
website addresses (URLs), and gimmicks ; for example,
words starting with @, #, Tag or RT including http, etc.,
The messages were also adjusted by removing other
languages than English or characters that do not exist
in English, replacing abbreviations with full words,
converting the size of the letters to be small letters in
English to obtain entire words in the same dimension,
and deleting a full stop symbol, punctuation marks in
English, spaces between words, and endings such as
-ed, -es to ensure that all words have a unity and are in

the same pattern.

Data analysis

After the message data were completely
manipulated, a bigram was created to generate a pair
of words that most commonly occur simultaneously and
the frequency of the obtained bigrams was shown in the
form of word cloud. Next, an undirected word graph was
created. Nodes of the graph were represented by words.
The weight value of edges was calculated by counting the

number of occurrences of those two words which could be
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noticed from the frequency of the bigrams. Graph analysis

was performed with the following methods:

1) The groups of words were divided by utilizing
cluster analysis with a random walk algorithm. This is to
find all subgraphs in a large graph using a short random
walk technique. It is likely to occur within the same group

or the community.’

2) In research, centrality measures were
performed on degree centrality, betweenness centrality,

and closeness centrality, detailed as follows:

- Degree centrality (D) refers to the number
of ties linking a node to other nodes. A node with a high
degree centrality will have a great influence within its

network accordingly.* The equation can be written as

D=3, (™)
J=1

where i represents node i and j represents other
nodes. When n[j:] means a connection between the two

nodes and ”U:O means no connection between them.’

- Betweenness centrality (B.) measures how
important a node is to the shortest paths through the
network. Nodes with high betweenness centrality are
nodes that lie on communication paths. The equation can

be written as

B = Zﬁ )

ik & Jjk

where 7 is the total number of nodes, i, j, k
represent different nodes, gjk is the number of the
shortest path from j to k and 8iik is the number of the
shortest paths from j to k through i.

- Closeness centrality (C_) is a measure of the
degree to which an individual is near all other individuals
in a network. It is the inverse of the sum of the shortest
distance between each node and other nodes in the

network. The equation can be written as

C.(n)=>.d(n,n) 3)
Jj=1
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where d( nl.,nj) is the number of the shortest path

form node i to node j through other nodes in a network.

Results
Based on generating a pair of words and
measuring the frequency of the obtained double

morpheme, the result is shown in Figure 1

funko pop -

billion profit - |

paytax- ]

tax billion = |

now york ]

b0 rock | ]

bestseller - |

school firefight -

profit school =

infrastructur resear -

firefight infrastructur -

paid tax~
ocasio cortez~
now avail -
chanc win -

rock bts ~

seller toy -

toy figur -

will pay -

last year -

2000
3000
4000~
5000

Figure 1 The top 20 frequency of bigrams
as arranged in descending order.

Figure 1 shows the top 20 frequencies of the
bigram in the form of a bar graph arranged in descending
order. It can be seen that the most frequently occurring

bigrams are “funko pop”, “billion profit”’, and “pay tax”,
respectively. All bigrams will be generated groups of words

(Word Cloud) later as seen in Figure 2.

Figure 2 shows how the word cloud is gener-
ated and it can be seen that bigrams consist of large and
small scales depending on the frequency. The bigrams
with large sizes are “funko pop”, “billion profit”, “pay tax”,
“tax billion”, and so on. The bigrams and the frequency
generate a set of nodes and a set of edges in the word
graph. The graph nodes are represented by words while
edges and the weight value are represented by the
frequency of occurrences of those two words obtained

from the frequency of bigrams as shown in Figure 3.
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Figure 3 Word Graph

Figure 3 shows the big picture of the network
in which nodes represent words and edges that connect

those nodes representing the connection between those
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two words. The weights of edges are the frequency of

occurrence of those two words. It can be noticeable that

the word graph has a connection as a complex network.

Therefore, network analysis is necessary to seek the

correlation within occurring words.

Classifying groups with cluster analysis

To classify the groups of words, we use cluster

analysis with a random walk algorithm. This is to find

all subgraphs in a large graph using a random walk

algorithm as shown in Figure 4. From Figure 4, the interesting

groups of words are obtained as shown in Table 1.

Figure 4 Dividing groups of words using cluster analysis
with a random walk algorithm

Table1  Groups of words from cluster analysis using a random walk algorithm.
Group Groups of words Information retrieval on the internet
1 paid tax feder will pay
Amazon will pay federal taxes on billion profits.®”
2 billion profit school firefight infrastructur resear
3 avail now releas dread
. The Extraordinary Story of Jared Kushner and Ivanka Trump
4 know book jare . s
that will be for sale on Amazon website.
5 kushner ivanka trump report
7 jungkook funko pop rock bts BTS Funko Pop figure-Jungkook for sale on Amazon website.’
8 figure toy seller best Top-selling figure toy on Amazon website.’
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It shows that, the messages on Twitter in
February 2019 can be concluded into 3 major topics. The
first topic is about Amazon itself that generated its profit
of greater than 11.2 billion US dollars but did not pay
federal taxes,” causing Amazon to be attacked by criticism
from multiple sources on social media like Twitter. The
second topic is the story of lvanka Trump, the daughter
of the US President, Donald Trump, who is married to

Jared Kushner, a businessman. Both of them are White

J Sci Technol MSU

House Senior Advisors. There will be an explosive book
about their greed, ambition, and corruption, ' causing this
book to become interesting for people in general and it
later became a bestseller on the Amazon website."" The
last topic is the story about Funko Pop figures or figures
with a large head. BTS Funko Pop figure-Jungkook is the
most popular on social media. The website www.
allkpop.com publicized its article that Jungkook Funko

Pop marked the best -selling figure."
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Figure 5 Degree Centrality and Betweenness Centrality measures

Graph analysis

Graph analysis is performed through measuring
centrality in 3 characteristics as degree centrality,
betweenness centrality, and closeness centrality shown in
Figure 5 and Figure 6. Figure 5 (a) is a degree centrality
measure. It is found that the word with the largest node
is node 4 which is the word “tax”. That means tax is the
central node performing its duty as a hub and has the

highest power in the network, followed by node 5 that is

the word “new”, node 25 that is the word “book”, node
6 that is the word “pop”, and node 1 that is the word
“funko” respectively. As observed in Figure 5 (b), it is a
betweenness centrality measure. It is found that the
largest node is node 4 which is the word “tax” again. This
means that tax is the central node performing its duty as
a connection to other nodes of distant networks enabling
them to be reachable, followed by node 183 which is the

word “get’, and node 25 which is the word “book”.
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Figure 6 Closeness Centrality measure

According to Figure 6, the closeness centrality
is measured. It was found that large nodes have similar
scales ; for instance, node 203 which is the word “short”,
node 256 which is the word “story”. Nodes that are close
to each other like this are considered the central nodes
in the networks that are close to other nodes using the

shortest paths as a measuring standard.

Conclusion and Discussion

The study on the application of graph theory to seek
the relationship between words found that making an
undirected graph by generating bigrams and counting
the frequency can only explore the words that are most
mentioned at that time but cannot indicate how those
words correlate with other words. For example, the word
“funko pop” has the highest frequency but it does not
indicate that which funko pop is the most mentioned or
the best-selling. When a word graph is made for cluster
analysis, it can indicate that the most popular funko pop
is BTS Funko Pop-Jungkook, the best seller compared
to other Funko Pop figures of other members.>'> The
number of the frequency is followed by the word “billion
profit” and “pay tax” respectively. Considering the cluster
analysis, both words relate to each other because by
that time Amazon had been noticed about not paying
federal taxes even though they could generate billions of
dollars in profits.*” This is consistent with graph analysis

by centrality measures. The word tax is the central node
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of the network, performing its duty as the central node
of the word network and the central node to connect to
other nodes, and the central node connecting to other
nodes of distant networks to be reachable through degree
centrality and betweenness centrality measures. With
regard to closeness centrality analysis, it is an analysis
of the central node of the network close to other nodes
using the shortest paths as a measuring standard. This
means that the node of words has the least number of
active connections or there are a small number of people
who posted this word a few times. The objective of this
analysis is to seek the relationship of the words that are
mentioned most frequently in the network. Therefore, the
closeness centrality analysis is not necessary. The use
of graph theory to analyze word networks is useful to
find opinions hidden on a large scale of messages but it
cannot indicate whether or not they are positive or
negative opinions. Thus, to acquire both the quantity
and quality of the message posted on social media, the
obtained results need to be performed by sentiment
analysis. Moreover, understanding the trend or the impact
of the messages can lead to a new branch of knowledge
which can be applied or extended into other aspects such

as marketing or communication, etc.

References

1. EDUCBA. (2018). Difference between Text Mining
and Natural Language Processing. Available from:
https://www.educba.com/important-text-mining-
vs-natural-language-processing/Accessed 27
December, 2018

2. Chonnikarn Rodmorn and Maturos Panmueang.
Social Network Analysis using Graph Theory: Case
Study of Instructors of Faculty of Business
Administration, Bangkokthonburi University.
The 10" National Conference on Computing and
Information Technology: 2014.

3. Pascal Pons and Matthieu Latapy. Computing
communities in large networks using random walks
(long version), Available from: https://arxiv.org/abs/
physics/0512106 Accessed 4 January, 2018.

4. Wasserman, S., and Faust, K. Social Network
Analysis Methods and Applications, (Vol. 8),
Cambridge Cambridge University Press. 1994.



538

Suruswadee Nanglae, Thanayut Changruenngam

Durland, M. M., and K. Fredericks (eds). New
Directions For Evaluation: Social Network Analysis
in Program Evaluation, (Vol 107). San Francisco:
Jossey-Bass. 2005.

Laura Stampler. Amazon Will Pay a Whopping $0 in
Federal Taxes on $11.2 Billion Profits. Available
from: https://fortune.com/2019/02/14/amazon-doesnt-
pay-federal-taxes-2019/, Accessed 7 May, 2019.
Christopher Ingraham. Amazon paid no federal
taxes on $11.2 billion in profits last year. Available
from: https://www.washingtonpost.com/us-policy/
2019/02/16/amazon-paid-no-federal-taxes-billion-
profits-last-year/?noredirect=on, Accessed 7 May,
2019.

Richard Johnson. Jared Kushner, Ivanka Trump bracing
for release of Vicky Ward book. Available from:
https://pagesix.com/2019/02/08/jared-kushner-
ivanka-trump-bracing-for-release-of-vicky-ward-
book/, Accessed 7 May, 2019.

Amazon. Customers who viewed Funko Pop! Rocks:
BTS-Jungkook also viewed. Available from: https://
www.amazon.com/Funko-Pop-Rocks-BTS-Jungkook/
dp/ BOTKPSYW?7Y, Accessed 7 May, 2019.

10.

11.

12.

J Sci Technol MSU

Allison Pecorin. lvanka Trump says she and Jared
Kushner got no special treatment for security
clearances. Available from: https://abcnews.
go.com/Politics/ivanka-trump-jared-kushner-special-
treatment-security-clearances/story?id=60940398
Feb 8, Accessed 7 May, 2019.

Amazon. Kushner, Inc.: Greed. Ambition. Corruption.
The Extraordinary Story of Jared Kushner and Ivanka
Trump. Available from: https://www.allkpop.com/
article/2019/03/bts-jungkook-funko-pop-become-the-
number-1-best-sellerworldwide, Accessed 7 May,
2019.

Allkpop. BTS Jungkook Funko Pop become the
Number #1 Best Seller, worldwide. Available
from: https://www.allkpop.com/article/2019/03/
bts-jungkook-funko-pop-become-the-number-1-

best-sellerworldwide, Accessed 7 May, 2019.



ﬂ’]‘il,ﬂ%ﬂ‘uLﬁﬂﬂ%ﬁﬂﬁiaﬂﬁ%ﬁaﬂ')']&dﬂ’]‘lel"ﬂ‘ﬂﬂizﬁ'i’]dLﬂﬂﬁﬂﬂﬂi%ﬂﬂ?ﬂuﬂgﬁﬂﬂﬁdlgd
AMNRNILAIL YA DHITIBINBINITHUAZINARANITARAIAILNTHIUULF IO
Tayaat19llaseaig
The Comparison of Data Query in Thai Text between Text Processing and Structured
Query Language (SQL)

A av £ Ao
INTANG AN
Idhisak Sridam’

Received: 9 October 2019 ; Revised: 14 February 2020 ; Accepted: 13 May 2020

UNAAED

miﬁuﬁwﬁaga‘*?il,flwiammmmvlm pismudhisdayadismeuuuseumudaysatsiilasiaanodgymnsigs
ﬁagaﬂ'ﬂ&i WnzaULa aTIiuANNABINNT uwmmﬁﬁqmﬂmm ﬂumsmuamsmaaumsﬁuﬁu‘*ﬂ’a;‘Jla'*iTam’mmm
TneseninemsysznianadannuaINuIaTIanNuAE8ARILTIANANDE? ﬂ%y’u@auﬁﬁ%aﬁugmiuLm:msvﬁﬂﬁa
Toyamumsuuuseunadaysadnifilasiaii

ms?m'm‘ﬁLﬂummmuﬁ'ﬁs:mnmﬁ%’ﬂL%aqmmwLLaxmﬁ%'m%aﬂ%mm@T’aUmﬁfﬁ'maﬂaﬁ LaZN1II9Y
BInaaad Lo Umiﬁwuﬂﬂmﬂim@1aaumiﬁuﬁuﬁagaﬁammmwﬂﬂU@T’JymiﬂszmaNaﬁammmumm’?@mm
ﬂé’ﬂUﬂﬁdL%amﬂwmm‘fw%umau’i‘ﬁ%&ﬁugniw wazan lWsunsunassumadhisdayadismmuuuseumatoya
otnallasesis alSoueulsinsaw sasdasmIsunudannufizud LLa:nmﬁl‘*ﬁﬂﬁ:mawaﬁuﬁuﬁaga

HAMSANEN IINMINaseUMsEURudaaum e lng $19m 10 05 wazwAaduUsz NS A WAL
mydsadudszansnm 3 6 laun dranuszan deanuiissnse uazAaniuimes wu mefiansmanuedonis
L%qm’u\mmmﬁﬂ‘*ﬁu@]auﬁﬁ%uﬁuqmm feaauanusan Ay 0.981 AL@ALANUAEIATI WU 0.986 uaz
ALaasteWLLITey iy 0.983 mumﬂﬁﬂmsﬁumﬁaamwnmuaaumwﬁagaaaiwaﬁiasaa%wa fienaasnnusan
WU 0.155 fladnnutiiesnss iy 0.295 wazdnadstewiaias iy 0.203

ad@d:  ndEananatanu MIMANIAMEARITIANNRING TUADUWITLTINUENTIN MILUUFEUNUTYS
agadl lasamsng

Abstract
Most query systems use Structured Query Language (SQL) to Thai query data but the data is unmatched and dissimilar
to the data required by the users. This article aims to propose the test of Thai text search by comparing the method

of text processing to the semantic-based similarity measurements using a Genetic algorithm with SQL.

This research used both qualitative and quantitative research methodology which consisted of documentary

and experimental researche. The testing used Thai text in searching for the semantic-based similarity measurement.

The results revealed the efficiency average from searching Thai text 10 times according to the 3 efficiency
evolution criteria, i.e., recall, precision, and F-Measure. The semantic-based similarity measurement technique using

Genetic algorithm with the average of recall, precision, and F-Measure were 98.1%, 98.6%, and 98.3%, respectively.
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Moreover, the search technique using SQL had average of recall, precision, and F-Measure of 15.5%, 29.5%, and

20.3%, respectively.

Keywords: Text Processing, Similarity Measurement, Genetic Algorithm, Structured Query Language
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Effect of degree of roast on roasted coffee physical and sensory qualities using
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Abstract

This research studied the on physical and sensory qualities of roasting coffee using a spouted bed. The arabica
coffee bean samples were treated by wet processing and roasting temperatures of 255, 258, 261 and 264 °C (degree
of roast were called city(-), city, full city and Italian, respectively). The results demonstrated that changes in physical
quality with increased degree of roasted were true density, bulk density and color of roast coffee decreased but roast
loss and organic roast loss were increased. In addition, studies of sensory quality found that aroma, clean cup, acidity
and flavor were decreased. While, degree of roast “city” showed that sweetness, mouth feel, aftertaste and balance

were highest and the best coffee flavor.

Keywords: Coffee, Roasting, Degree of roast, Spouted bed

213, manirunalulaindanu anAinmmaasusznalulad sninmaoinalulainsusaanziuvesn dunaeinm fiwiazay3 20110

2 dindine anivunaluladndsnu aninmenaaiuazinalulad uminmdvnalulainawsaanziuean dunain fswiazay3 20110

* frawmaanansd, maunalulabgamnnis aunnalulabaamwnsmy, awinmasimaluladnoigRyasseny dunaidias fmiaRsnlan
65000

E‘T‘ﬁ?ﬂﬂﬂﬁﬂﬂﬁ]’lig, ﬂ’]ﬂﬁ‘ﬁ’]LﬂﬂIuIﬂﬁ%’m’]W ﬂm:‘imnssumam‘uaxmﬂTuTmﬁqmm%ﬂim WAIngNaedalng 3%3’]L°ﬂ@1Wi$ﬁ’1°ﬂiﬂﬁ%’]3ﬁf%ﬂ§
dnaiiiad 39nIauasLlan 73000

Lecturer, Energy Technology Department, Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok, Sriracha District,
Choburi 20110, Thailand

Graduate Student, Energy Technology Department, Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok,
Sriracha District, Choburi 20110, Thailand

Assist. Prof., Department of Industrial Technology, Faculty of Industrial Technology, Pibulsongkram Rajabhat University, Muang District,
Phitsanulok 65000, Thailand

Assist. Prof., Department of Biotechnology, Faculty of Engineering and Industrial Technology, Silpakorn University, Sanamchadra Palace Campus,
Muang District, Nakhon Pathom 73000 Thailand

* Corresponding author ; Kittisak Witinantakit, Energy Technology Department, Faculty of Science and Technology, Rajamangala University of
Technology Tawan-ok, Sriracha District, Choburi 20110, Thailand. k_yong28@hotmail.com

IS

N

w

4



552  Kittisak Witinantakit, Suchon Supsing,

Eakpoom Boonthum, Chaiyong Taechapairoj

VNI

muniineiasduilasuanufisuilan vinlitiains
FosnTiuianiuniAinnnds 1udl w.ea. 2560 @9
Uszinalnofianudesnisudaniunlugasinnisw
Uszanm 90,000 Gu Aatduyadngsndn 10,000 fuun’
nuwasdni (Arabica) LﬂumLLV\Imyﬁuﬁjﬁﬁaﬁﬁw
Ugnuazdrmislwemdisd 1e3gyaulalddluiu
gaﬁﬁmmmﬁu efisndanludniananamiiovas
rnneng wu @ waadoslnd iudu nmun endm
finduney samdnaunden wazdUSuimanWduen
mstumunTisaanuFssdansdulsauzss lsa
dalmua’ lsnduair uazlsamale Hudu’ maudsgy

uantna I dunaaniunaunsaansniun Bunls
ad = U ) > o 2
Amsudszduuuden LRINIAAYNANNEzaA LY LA

I MUNAT WA WTNENTEUIRNITN

iRpsmmunynmihfisomanyfauliiuwae
mundutiaaswiwmunefilve uasnaufivanrans
AUANNRBINT LASIMTnanLLLeNT 1T Leiasen
LLuuﬁmguumuamm:um%\iLﬂuméaﬁumu%\nau
Aldsuanuiow a:@ﬂé’ﬂummﬁ:aﬁmﬁﬂ‘ﬁ'ﬂgmﬂﬁw
wianmunamed IWldsuanutananmahriuwn
2098362? F9msmnsmnanuieudisnsiiezsiniims
AUNANNTOUAILNNTNY BaztuFanIuW a3 e Ty
anuenlisinane E*i’JuLﬂ%ia\'ié;’JLLUUWQ%VLWELMG]LLN:’
LA aeMuuURULAALARZaNFEMTTNEIMAN TN
omataulagmswdundn® ¢ Sald0d Ae anmetou
ﬁ]ﬁﬂ@mﬂﬁ’]ﬁumaﬂvlﬁaL'I’W\‘l‘l;l;’sﬁd AINNIINNULNANY
Jougs vl dszaznanlumsddn’ waziasosduuy
mmmcﬂL'ucﬂmm‘mﬂi”Uﬂ@ﬂ%ﬁ'ﬂi’ﬁ@ﬁﬁmmﬂimﬂ uazd
sﬂmmvlmﬂunmﬂmﬂvlﬂ@ mimmwuu@aumwwam
PIMUN Uae Lﬂumumauﬂmﬂm‘nmNa@laimjm WazNAw
PINUNALAN AT snwuagﬂmmaamm:mﬂuﬂ
LaWNE3028915967 aa@ﬂﬁaaﬁuﬁuﬂﬂﬂiuﬁwﬁuﬁﬁw
@mmwalawsamLLWm‘ummumLLWa’lmiﬂ mlﬁuﬁina
Humundasintu Soudaruasiinduuszsamaves
mLLWLmn@haﬂumuagﬂumﬁ@muw ARMI URTUNES
nzdgn’ Lﬂumol,'é'anlﬁﬁu;ju‘%‘[mﬁ%mauﬂ?iu LA
samdvasnuniudanlng

msmmunlagldiaiasificnsimanuiouds
MINN %aﬁé’mwmsﬁmmmm%auga v dlsianlu
I LLa:LuﬁﬂmLLWVL@?%'umm%aumjnaua‘qmuﬁ@
I@mawmﬂ‘%aqﬁﬁLm‘ummmﬂm@ﬁmmzﬁ’u’ia@;mm@
l‘mgLLazgﬂwsavl,&iLﬂuLsmmﬁm“ uazLASsm ATl SaIMT

dpnanuiougs azanansndsufoulsinansaqle

J Sci Technol MSU

AANRANY 6‘1’%\18}\1wa@'aqmmwf%ﬁmmﬂmwuaz'ﬂi:m'ﬂ
Fulauasnunad doin 9uideildvinsdneinig
ﬁ"'m'n,l,wgq'mﬁufaﬁﬁﬁﬁ @ nTsnTadoslng) lagld
L3I MUILAAILA NARBITINUNTATZIUNNTEd0w
Aeedy Lﬁaﬁﬂmwamadqmﬁgﬁuaznmﬁiﬂumsﬁq
(s:é’umsé"'s) @iaqmmwﬁmmﬂmwmaamuw&"ae LT
§ NMIFYLRBUIA AMURUILUL WAZATLNINNINA
UseanauTauoanunsn

KQQﬂﬂiMLLaw?ﬁﬂﬂiﬁﬂﬂﬂ
Lﬂiﬂdﬂ')ﬁlﬂ'\lﬁlﬂtﬂﬂ

input coffee bean .
SD< — exhaust air
5.cyclone
®/W 4
@~ :: 3 tempfaratur?
f®  fx 3.spouted bed Ty = inlet air
@/:r 5 tube T, = inlet hot air
3 s

T, = coffee bean
T T4 = surface tube

Ts = outlet hot air

Too = ambient air
4.cooling

chamber [z = | 2.heater

1 N,
T1 ) ambient air
1.blower
()

—

roasted coffee

Figure 1 Diagram of spouted bed roaster
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Figure 2 Coffee roasting profile
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Figure 3 Temperature profile of hot air and coffee bean
during roasting at “city” roasting level
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Figure 4 Temperature profile of coffee bean during
roasting at different degree of roasting
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Table 2  First crack, heat duration and moisture content
of roasted coffee
Degree of  First crack time Heat duration Moisture content™
roast (min) (min) (% d.b.)

city(-) 7.25 9.32 1.18+0.97
city 6.25 10.05 1.05£0.52
full city 6.00 11.85 1.42+0.26
Italian 5.50 12.73 1.57+0.27

ns mean that the data not statistically significant (p>0.05)

91N Table 2 M3 AAEIUSLANIINMSALER
muWagﬂm’m 5.50-7.25 Wl Liiaszaumsedutiuszes
LamsAaEsIdsuanINMIEaMuNEuastnIde
los Tasfiszdumsdaduguan city(-) 1T city 32821987
mMaAaEusUSuanauasteunsunUsznmiasas 13.79
wpeRsEduMsAIduTuan city L full city waz full city
W% Italian 3282028 S AALEDIUSUANEUAILUTENN DA
Jouaz 4.00 uaz 8.33 AWATU wavziiszuziianlunsld
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city(-) +T% city uaz full city 1 Italian szazIa AT
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AUENGU dufiszaunse city L4 full city szpza lwns
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Table4 Roast loss and organic roast loss of the

roasted coffee

Table 3 DenSity of the roasted coffee Degree of roast Roast loss (%) Organic roast loss (%)
Degree Bulk density True density Void fraction city(-) 12.86 1.63
of roast (kg/m®) (kg/m®) (%) city 13.36 1.69
city(-) 414.22+9.46° 520.02+9.48° 20.35+0.37° full city 14.86 1.88
city 398.19+8.13% 502.15+11.10% 20.70+0.13° Italian 17.14 217
full city 370.1443.00° 464.83+2.49° 20.37+0.22°
_ ] ] . Faasndarua
Italian 332.14+6.96 415.2747.24 20.02+0.40
a-c in the same column with different superscripts mean that the data
significantly different (p<0.05) Table 5 Color of the roasted coffee
Degree of Color
91N Table 3 URAIAIAMURWILUG URZFAFIW roast L* at b
TBIANDINE WU AMNNURW L}uuﬂiﬁﬂguazmﬂwm city(-) 30.45+1 04° 3.9140.11° 3.88+0.11°
winaSefumlduanasatnssaiites laslanziszauns , ) . N
0 ” o ~ , SO city 37.3240.40 2.75+0.27 2.74+0.43
A7 city D397eaL Italian YANVLANANNINROEG BLIITALIW
. 5 full city 36.96+0.57™ 2.47+0.29° 2.44+0.69"
(p<0.05) IG]Uﬂ?’lﬁJ%%’]LL%%ﬂi’mQaﬂmﬁl’m 414.22 kg/m
Italian 35.43+0.20° 1.61+0.09° 1.18+0.09°

fissdun3aa city (-) 1Wla 332.14 kg/m® fisrduNIIAA
Italian LRZAMNAWILUKIIINARIAN 520.02 kg/m® sz
N3 city(-) thAB 415.27 kg/m® AxdUN3A Italian waz
fiszdumsdduinanszdunse city(-) 1Iu city, city
vlu full city waz full city 1w ltalian aanawwIkIULIINg
fenanassasas 3.87 7.04 Uaz 10.27 LAZANAWILLL
390ANaARI 3.44 7.43 Uz 10.66 AWAGTY LATYNILU
myiiiadmtasivonmalndidssinlasdaUszanm
Sawuaz 20.02-20.70 uazlifiauuandrsiuagef

o @

woRAYNIRHa

mMIgLdsaI

31N Table 4 WEAIAINIFYLFUUINVDILUAA
MU wuin MIFQYLRININUAEMIFYLFIAIAUAIE]
wnlifuiRnduednsdaiios I slmsgzyl,'éﬂmmﬁu%umn
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ltalian waziliaszdumsadudnanszdunsen city (-)
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Fowaddfintuioss: 3.89 11.23 uaz 15.34 uayms
gtytﬁﬂmal,l,ﬁaﬁmlﬁu%ﬁaUa: 3.68 11.24 uaz 15.43
ANEIAU

a-c in the same column with different superscripts mean that the data
significantly different (p<0.05)
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Vol 39. No 5, September-October 2020

Italian

city full city

(a) Roasted coffee bean

Italian

city(-) city full city

(b) Ground coffee

Figure 5 Color of the roasted coffee
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nwitpaduitldinauemsanmenuinluldvasmsesnuuy NIR Spectral Sensor Model AS7263 taa¥imM3
nagouuaziaNsimlaaiurasusIiamageunaIsnaanasagmanzan lagrinnsiamennsasaunduues
LEIINNNRILRONNDY 30 gm@T’aULﬂ%‘aaﬁuLmuﬁa{N%um TuaaumInaaasnuiseitldld NIR Spectral Sensor
snduisznauddylunsfilszdnsiuinnaseuiunalddandaonaumas NIR Spectral Sensor Model AS7263
fifanugniaan 6 nudio 610nm, 680nm, 730nm, 760nm, 810nm ez 860nm luudazainusaanazliamisaasu
fuandnsiu dymsmdaniusaindonaud ldasihundinnsfiiouiuiaiasdaTasnasgu Brix refractometer

InNanIIasaInuamIstlaasulundazanvonadnianudullldlunmsuenssduiuasrinusaiany
PIRVINIILRBNNBIG LAUNANIINARDIVILARTRIUAASTUTANNFNAUTN AR FoAAFDINUAT A laaNLaTa9Ia
ANUKIANY Brix refractometer

o

ardan:  myiegunwealduoyliviae quawaasmalld Inddunisa

Abstract

This research presents a feasibility study of the NIR Spectral Sensor AS7263 for banana quality testing by analyzing
the reflective optical spectrum. 30 Bananas were tested with the fabricated optical reflective NIR portable device. In this
experiment, a NIR Spectral Sensor was developed to be a non-destructive testing device of the fruit. The NIR Spectral
Sensor Model AS7263 has 6 wavelengths, 610nm, 680nm, 730nm, 760nm, 810nm and 860nm. Each wavelength
provides different reflective intensity values with different banana skins. This reflective value of the different bananas

can be analyzed and calibrated with a standard Brix refractometer.

From the experimental results, spectral values of each wavelength are possible to separate the color levels
and predict the sweetness of Kluai Hom Thong. The results of each spectrum are good and consistent with the values

obtained from the Brix refractometer.

Keywords: Non-destructive fruit quality measurement, fruit Quality, NIR
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2 points measurement
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Figure 6 The position of banana tested by NIR
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Table 1 NIR and%Brix result

R(610 nm) S(680 nm) T(730 nm) U(760 nm) V(810 nm) W(860 nm) %Brix
all green 0.490 0.000 0.000 0.000 0.000 0.000 14.270
more green than yellow 0.204 0.908 3.373 4.751 4.279 3.484 17.010
green equals yellow 1.190 1.209 5.493 6.268 5.273 4.760 16.900
more yellow than green 2.015 4.347 8.446 8.465 8.006 7.089 18.363

all yellow 6.286 9.911 11.103 11.176 10.381 9.516 21.140
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Figure 8 Spectral values of Prototypes NIR
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Table 2  Defining variables
Ripeness banana Mean 610 nm Mean 680 nm Mean 730 nm Mean 760 nm

all green Th1,1 Th1,2 Th1,3 Th1,4
more green than yellow Th2,1 Th2,2 Th2,3 Th2,4
half green / half yellow Th3,1 Th3,2 Th3,3 Th3,4
yellow with green tips & green necks Th4,1 Th4,2 Th4,3 Th4,4

all yellow Th5,1 Th5,2 Th5,3 Th5,4
Dif ferenceepe, , = Zis=1—5|1i - Thi,l—Sl = {|11 -

Thyys|+ |l — Thyy—s| + |ls — Thay_s| + |, — Thyy_s| +

|15 - Th5,1—5| + |16 - Th6,1—5|} (1)
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Table 3 Prediction Value

R(610 nm)
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green 0.467 0.467 0.700 0.933 0.000 0.000 0.233 1.167 0.233 0.700
More Green 0.670 0.467 0.000 0.233 0.233 0.233 0.568 0.000 0.000 0.000
Half Green 0.467 1.400 1.400 1.400 1.400 0.233 1.400 1.400 1.400 1.400
More Yellow 2.770 2.055 2.175 2.185 1.838 1.400 2.095 2.095 2.095 2.160
Yellow 6.295 6.275 6.295 6.295 6.295 6.262 6.288 6.282 6.282 6.288
Dayl6 21.828 1.635 1.635 1.635 7.923 1.635 1.635 6.145 6.544 18.032
S(680 nm)
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
More Green 0.373 1.108 0.925 0.925 0.925 1.295 0.557 1.110 1.110 1.110
Half Green 1.110 1.500 1.110 1.110 1.110 0.925 1.240 1.370 1.370 1.240
More Yellow  5.063 4.845 4.530 4.845 3.600 1.110 4.845 4.845 4.845 4.845
Yellow 10.005 9.905 10.005 10.005 9.395 9.978 9.972 9.938 9.938 9.972
Dayl6 2.510 2.715 2.640 2.715 2.488 2.649 2.685 1.848 2.715 2.217
T(730 nm)
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
More Green 1.943 3.807 3.963 3.777 3.777 3.588 3.425 3.240 3.240 3.697
Half Green  3.048 6.230 6.230 6.230 6.163 3.777 4,558 6.230 6.230 6.230
More Yellow  8.117 8.778 8.775 8.775 8.012 6.230 8.775 8.775 8.782 8.778

Yellow 10.193 11.780 10.760 10.760 10.760 11.110 11.093 11.427 11.467 11.113

U(760 nm)
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
More Green 2.257 6.962 4.375 4.485 4.535 4.213 4.722 5.668 5.668 5.345
Half Green 3.752 7.180 7.285 7.285 5.633 4.535 5.333 7.215 7.215 7.250
More Yellow  8.427 8.740 8.740 8.740 7.447 7.285 8.740 8.740 8.740 8.740

Yellow 11.170 11.170 11171 11.347 11.130 11.270 11.170 11.323 11.150 11.350

V(810 nm)
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
More Green 1.900 6.153 4.292 3.620 3.777 4.463 4.372 4978 4978 4.807
Half Green  4.635 5.680 5.665 5.665 4.615 3.777 5.670 5.675 5.675 5.670
More Yellow  7.660 8.492 8.425 8.425 6.988 5.665 8.617 8.425 8.425 8.425

Yellow 10.300 10.200 10.300 10.300 10.550 11.158 10.267 10.233 10.233 10.267

W (860 nm)
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
All Green  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
More Green  0.833 5.033 3.570 3.150 3.150 3.780 2.727 4.617 4.617 4.198

Half Green  4.197 5.035 5.030 5.030 5.030 3.150 5.032 5.033 5.033 5.032
More Yellow  6.610 7.400 7.417 7.750 6.193 5.030 7.400 7.400 7.400 7.517
Yellow  9.448 9.525 9.457 9.440 9.240 10.153 9.518 9.463 9.463 9.452

INHANITNAREY Table 3 waadldifindong  Model PEN-PRO Cat.No.3730 AaNUFNNUTNALaz&131ID
mMydwefldannmssnssumauazaimidiwoie  venenaiadudalllaai
Wisusunuafldann Brix Refractometer % Type
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Figure 9 The 610 nm wavelength relationship
of NIR with%Brix
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Figure 13 The 760 nm wavelength relationship
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Figure 14 The 810 nm wavelength relationship
of NIR with%Brix
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Abstract

This research aims to reduce electricity demand of air conditioning systems in the summer period using a Building
Energy Management System (BEMS) cooperating with Chilled Water Thermal Storage (CWTS). Initially, the potential
and energy consumption pattern of the building in the University of Phayao were evaluated. The CWTS and the
control system, which used the actual cooling load in the area as a feedback, were designed based on the initial
results and implemented with the existing split type air conditioning system. The results show that the peak demand
(PD) occurs during 1.30-2.30 p.m. and the design system can reduce the electricity demand of that period by 26.09
W/m? (35.10%) of the peak demand, which is higher than expectation in design criteria of 20%. In addition, the
system with the actual cooling load feedback control system can effectively be reduced to 15.20 Wh/m’ or 13.16% of

the electricity consumption in the area.
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The study can be included in appropriate energy management design with CTWTS and can be implemented

with the existing split type air conditioning system. In further study, the efficiency of the energy management will be

improved by use of high Coefficient Of Performance (COP) equipment and a controller design based on Demand

Response (DR) combined with the photovoltaic (PV) system.

Keywords: Chilled Water Thermal Storage (CWTS), Building Energy Management System (BEMS), Peak Demand

(PD)
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Table1  The Specific Electricity Demand and Heat
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Figure 8 Compare the use of electricity demand before
(Day 1) and after the CWTS test
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Table2  Summary of test results
Description Quantity % Specific
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energy reduction in air
conditioning systems
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Abstract

This research aimed to study the bio-coal and green fuel production from durian peel. For the purpose of experimentation,
durian peel was prepared as durian peel char (DPC) and durian peel (DP). Both of these were ground and mixed with
a waste grease (WG) binder at a ratio (w:w) of 1:1, 2:1, and 3:1 until the mixture couldn’t be molded. The appropriate
ratios (DPC:WG and DP:WG) were determined from formability and physical characteristics. The fuel properties and
heating efficiencies were then investigated and compared with the Thai Community Product Standard (238/2547).
The results showed that the optimal ratios of DPC:WG and DP:WG were 3:1 and 5:1 with heating values of 25,996
kJ/kg and 21,665 kJ/kg respectively. The corresponding heating efficiencies were found to be 20.14% and 16.94%.
All properties were found to be higher than the Thai Community Product Standard (238/2547) and the energy prices
were 0.31 Baht/MJ and 1.13 Bath/MJ, respectively. The results therefore conclude that the bio-coal production from

3:1 ratio of durian peel (DPC:WG) is a potential fuel which can be utilized instead of wood charcoal.

Keywords: Bio-coal, Green fuel, Durian peel
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Table 2 Characteristics of Bio-coal from Durian Peel

Durian Peel Coal: Oil Sludge (w:w)

Characteristics

1:1 2:1 3:1
Morphology 3 ' - i g i
Compressible (¢} (o} C (¢}
Formability F F F NF
Surface S S S R
Strong St St St w

Table 3  Characteristics of Green Fuel from Durian Peel

Durian Peel: Oil Sludge (w:w)

Characteristics

3:1 4:1 5:1
Morphology . 1
! )
\ ‘
Compressibility (e} C C C C C
Formability F F F F F NF
Surface S S S S S R

Strong St St St St St W
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Table 5 Heat efficiencies of Bio-coal and Green Fuel

from Durian Peel

Average heat

Fuel
efficiency (%)
Bio-coal (3:1) 20.14
Green Fuel (5:1) 16.94
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Abstract

In this study, extracts of Auricularia auricular-judae (Bull.), Pleurotus sajor-caju (Fr.) Sing. and Pleurotus osttreatus
(Fr.) Kummer were thoroughly screened for further development of natural essences. Extracts were assayed for
total polysaccharide content, total phenolic content, and antioxidant activity by the phenol-sulfuric acid method,
Folin-Ciocalteu method, and DPPH assay, respectively. P. osttreatus extract had total polysaccharide and total phenolic
content of 90.01 + 0.26% and 1.107 + 0.05 mg GAE/g, respectively, while A. auricular-judae extract demonstrated
the highest free radical scavenging activity with an IC50 value of 159.55 + 0.47 pg/ml. The antioxidant capacities of
P. osttreatus, and P.sajor-caju extract were also determined as 224.85 + 1.45, and 528.44 + 0.10 ug/ml (p<0.05),
respectively. Consequently, P. osttreatus extract showing appropriate total polysaccharide content and bioactivities,
was selected to formulate the essence. After a 1-month period of stability test, it was found that the essence containing
3% (w/w) P. osttreatus extract was highly stable. Therefore, this formulation has a potential for further development

as a cosmetic skin care product.

Keywords: Auricularia auricular-judae (Bull.), Pleurotus sajor-caju (Fr.) Sing., Pleurotus osttreatus (Fr.) Kummer,

Polysaccharide, Anti-oxidation, Essence
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6. NINAFDUANUANISLANNIYATNYDIA T
LD AT RAN N A IBHFNYDIFTINALRARIITNA

ansauaniaraeiimonnaasdiesioud
Mo WLATHAININAROUANAIET Tauutsdiatng
w’ﬁmﬁmeﬁmiglummﬁwmm 10 a5aas Aady
tlans LLﬁ’J%Oﬁ’]VLﬂVmaE]Uﬂ’)’]Mﬂdﬁ’JLLULIL‘S'\mqm‘lﬁﬂ“ﬁ
Sou &duAULEY (heating-cooling) $113% 6 JouU lasiiy
‘ﬁ'qmmﬁ 45 + 2 paerumaidos W 48 $alug sau
+ 2 asrumaidos W 48 dalue i 1
Jau LLa:ﬁquQﬁ 25 + 2 29ALTALTHR, 45 £ 2 896N

Ny 4

LAl Uaz 4 + 2 adeniaaldos uan 1 1Haw ua
USRI UANBUSINIATNENNVBIANTY LORLTUS LoD
Fonadvaaiioninine Tannunievssninimeilasls
Lﬂéaﬁﬂmm%ﬁ@mﬁﬂ cone WaY plate (ﬁ:u RDVD2+Pro
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U3 Brookfield Uszinaanizaiain) uaziadianuiu
n3a-69 lawld pH meter (34 pH-S20K LSHN Mettler
Toledo Yssinaanizaiaini)

7. MSUAASHANAZEAT 1T

WndayaipunzHania YSunmwadudnanlsaau
f3dsznauuedngav LLa:qwéﬁwuaan%L@%‘umaams
shaLAannAgd Wauwei uaziiauasudiandesed
mwmmﬂmumuaﬁamadﬁaga@hs"i%"’“sl,ﬂi'lzﬁﬂ’nu
udsdraniuuiadai@en (One-way ANOVA) Laznagal
ARINTIATEA (Post hoc test) lagld3D Tukey’'s HSD
post hoc test uwaznagaufiszdutuddn 0.05 dae
Tsunsy SPSS Statistics V26 m33aszivngn 3 ais
ugealudads + mul,ﬁmmummgm

NAN137398

1. uan1sanaasnadausnailsdaniia

MNMINanasEiAiaaats 3 Tia Aaanru
a1l uazifiawnssudn sanduvasfiadeiindm
WAL 1:35 WuindifasasnanaaN NN INTsa &% 1:25
waz 1:30 mudnay lasfigasain 1:35 smsaiaiauwsin
ﬁﬁ”am:wawﬁmmﬂﬁqmﬁﬂﬁu 28.20 + 0.36 LUaiidud
(ﬁmﬁn@i 2130107) 799890 A L RAWIITUGLYINAL 22.20
+ 0.47 Wofidud (hwindad3unas) UazLAARAY
WAL 9.28 + 052 Wasidud (hmindeysunas) G
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a 1 > ' a o o > aa
fiannuuandisnuadelnedagniead@ (p<0.05)
daugasly Table 2

a I3 a a & 3
2. MaazimdSaimnadaugn anlsasdw
MM NzRSI e augna lsauluans
FIAREIUINLAANALAT AW LaziRawITNd

v ada =l 13 a a U I~

duATmaspuiuea-niadaiadn lavlinglomduans
a3 wITnsnlsiensdlsinaenslulawesald
NINNANRIAITHIDUNANA U TITNTIANINaUaRTNAT L36)
& 6 a & 6 a I 6
laugnailsd lodlnugnanlsd wazwadudnailsa
g13Usznavanslulaiasasinwanladlnudnanlysduas
waAwdnald sz fRsenfunsadailadn lasgnasns
Wuﬁ:"l,ﬂaiﬂ%nﬁaUniwﬁaﬂﬁnﬁqmﬁgﬁgaLLa:LL@maan
suduihanalaanafisn GeiujAsodaiduayius
suanus1sinea VL@TLﬂumgﬁufmaaLaamas’ %38
VL a A d' I o a v a v ?; 14,15

A3 NI IIuaTUTENa UL TN T UFFN NN AN

PMNNMINARINLINRIFNARLINNUAAUIITY
fridasswdia 1 n¥u deunnau 35 Hadaas fen
Wiy 90.01 + 0.26 Wofifud (hniindalsunas) fien
galnaifaniuiauiiuyintiy 89.66 + 0.95 wadidud
(ﬁmﬁn@iaﬂ‘%mm) %avl,ajﬁm'mLL@m@i'mﬁ’uamaﬁﬁfsﬁﬁﬁrg
(p>0.05) LLa:Lﬁ@@ﬁHﬁﬁﬁmﬁfaﬂﬁq@ (p<0.05) e vy
35.06 + 0.21 Wasifud hwiindersinas) WeuSsufisy
AUAINZABNATIIUNG LARAILEAI LU Table 2

Table 1 Ingredients of Essence recipes that contain form Kummer (Pleurotus osttreatus (Fr.)) extract.
Ingredient Recipe 1 Recipe 2
Y%owlw Y%wlw
mushroom extract 3 5
acrylamide 2 2
PEG-12 dimethicone 2 2
butylene glycol 25 2.5
glycerin 2.5 2.5
caprylhydroxamic acid (and) 1,2-hexanediol (and) butylene glycol 1 1
distilled water g.s. to 100 g.s. to 100

3. MmyianzidSanmansisznauilwadn

MINATEALUITINUuAUadN 62835 Folin-Cioalteu
WU UALRIINIAIZIUNIAUNGEN INN1INARES
WU Aenuidutuaasansdaednaringy 250 lulasndu
Aalanans eIRNANNIAAWITNANUSI mensUsznay
Auadnsau WAL 1.107 + 0.05 AAANITNVBINTALNARN

@ONTUVBIRITINANEY ‘[mmiaﬁ'@mmﬁﬂa%wﬁw
wastAauwern JUSunmensUsznaufuednsiulndifes
N fi9 0.636 + 0.10 ez 0.502 + 0.02 AadnTuvaINIa
LNARNADNINVAIRIIRNAWLIL NEGL WUINUIN
Anadnsawveaians 3 el liuandrsinagned
WofAy (p>0.05) A9uadln Table 2
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a I3 A{ v a v aqa
4, msum’mmmsm%mmaaas:m gD
WLaz (DPPH)
EQ/ a
mnmsﬁﬂmqmmua%aamzluma@m@mad

e ianududuresdAfieT anasiasas 50 (c,)
Winiu 7.256 + 0.548 lulasnSudaiafaas wazannms
nasasnyind IC_ sasmsanaaIniians 3 sia Ianu

WUT1 ®1IN1A33% Trolox RA1ANTuTUaI81sA wand1snued9liie&any (p<0.05)

Table 2 %aﬂavwawamaammﬁ'wmummﬁm%%uﬁw AAWIIAT URZIRAUIITNGT uazHanIInagaulIunm
WﬂﬂLL‘ﬁﬂﬂ’]vlﬁ@ﬁ’)&l USunaiuadiniiu uazel |C sl,umsmﬁmauwaaar"uadmmﬂ@mﬂ%%um WRau9An

LAAWIITUGN 1%8@]3’]ﬁ'JWUﬂGL%@]@]@%’Iﬂ@%LW’mU 1:35 LAZRIININIZNW Trolox

Product Percentage (%w/w) Total Total
ota
Sample Pol harid phenolic DPPH assay
. . . olysaccharide
Substance ratio ratio ratio 4 . compounds IC_, (ug/ml)
1:25 1:30 1:35 (Yowlw) (mgGAE/g)
Auricularia auricular-judae (Bull.) 0.95 + 0.11* 1.12 £ 0.91* 9.28 + 0.52* 35.06 + 0.21* 0.636 + 0.10 159.55 + 0.47*
Pleurotus sajor-caju (Fr.) Sing. 3.28 +0.85* 13.71 +1.23* 28.20 + 0.36* 89.66 + 0.95 0.502 + 0.02 528.44 + 0.10*
Kummer (Pleurotus osttreatus (Fr.)) 2.1 +£0.53* 11.95 £ 0.72* 22.20 + 0.47* 90.01 + 0.26 1.107 £ 0.05 224.85 + 1.45*

Trolox - -

7.256 * 0.548*

IﬂslLﬁ@Q%gﬁﬂﬁﬂﬂﬁumiﬁmmggaﬁai:
Wwiniu 159.55 + 0.47 lulasnsude
188867 LRAWIITNALAZIAAWINHILYINAY 224.85 +
1.45 uaz 528.44 + 0.10 JulasnSudafiafaay awd ey
G9uaadlu Table 2

o a
ynnga dan IC
a 50

5. MInagauamaNTANAINMaAINYaY
ASULD AT WA NANFITANALRABIITNAT

%Wﬂﬂ’liﬁ@]Lﬁaﬂﬁ’]iﬁﬁ@IﬂUﬁﬁ]’]imﬂﬁ]’mﬂ%&l’]m
RIIRAYUAE rmﬁmammw WUINENITRNALAAWIITNEGN
nﬂﬁmﬁamwammmmiuLaawnué‘luﬂsmmmmu 3

uaz 5 Wasidud (hnnndat3nngs) (d15u 1 uaz d15u
2 AURIAL) INMIAAILUEITUNLIN 150 1 aniue
watosaudlduFwaedly Jananudunia-ang winnuy
524 + 0.01 JA101UATla 11Ny 16.50 + 0.17 cP #ad
. o -
PNEBNNINAFOUANUAIAI NN 25, 45, uaz 4
IFNTTHR FUBINRAN T TIA T nTnasla Faanw
wita luandrsiuadnelideddn (0>0.05) iy 17.56
+ 0.64, 15.03 + 6.41 ez 17.71 + 0.17 ANBIAY LA
aanuidunia-ans liflanuuandrsiuadelvodan
(p>0.05) luszoziian 1 1fau wazdsy 2 anwmiite
6 & a A A & ' [

arerudlduiindasla Jaranullunsa-ans winfiu 5.27
+ 0.01 Je1aunikha LAy 17.90 + 0.35 cP
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Table 3 NANIINAFALANNAIAINIILARNBATIND DS Lamﬁnuﬁﬁﬁdauw FUVDIRIIFNA Lﬁ(ﬂi@ ULﬁUq’?ﬁqm%Qﬁ@%ﬂ
(4 +2°C) gunniITied (25 + 2°C) gun)ilgd (45 + 2°C), uaz asnnTTanaauLiin (heating-cooling cycling:
H/C)

Time period
Recipe State Physical chemistry
start 1 month 6 tests

Color Transparent yellow Transparent yellow -
412°C Viscosity (cP) 16.50+ 0.17 17.71+£0.17 -
pH 5.24+0.01 5.88+0.06 -
Color Transparent yellow Transparent yellow -
25+2°C Viscosity (cP) 16.50+0.17 17.56+0.64 -
pH 5.24+0.01 5.82+0.04 -
1 Color Transparent yellow Transparent yellow -
45+2°C Viscosity (cP) 16.50+0.17 15.03+6.41 -
pH 5.24+0.01 5.82+0.02 -

Color Transparent yellow - Transparent yellow

Hic Viscosity (cP) 16.50+0.17 - 25.23+7.94*
pH 5.24+0.01 - 6.22+0.14*

Color Transparent yellow Transparent yellow -
4+2°C Viscosity (cP) 17.90+0.35 28.23+8.03* -
pH 5.27+0.01 5.1410.02 -
Color Transparent yellow Transparent yellow -
25+2°C Viscosity (cP) 17.90+0.35 38.07+2.32* -
pH 5.27+0.01 5.6510.02 -
? Color Transparent yellow Transparent yellow -
45+2°C Viscosity (cP) 17.90+0.35 41.13+24.48* -
pH 5.27+0.01 6.95+0.04 -

Color Transparent yellow - Transparent yellow

H/C

Viscosity (cP)

17.90£0.35

36.83+15.80"

pH

5.27+0.01

7.15+0.02*

'ﬂé’amﬂmumsmaaummmﬁuﬁqnmgﬁ 25,
45, uaz 4 avenoaldos Lwaa 1 W@ew Jdranudn
N3a-614 lluanarsiuadnelngfany (p>0.05) wana
ﬁﬁmﬁuﬁuamaﬁﬁmﬁwﬁm (p<0.05) LATNANIINQFDL
NAROUANNAIAIMLLLTIGUADTTBUSAUAVLEU WU
ARINTNAFBUIIWIU 6 30U @150 1 waz 2 Mlians
Wasnulasasinaaime uadanuniauazanuin
ﬂi@-@hdﬁLﬁu%uamdﬁﬁyéwﬁ@ (p<0.05) Wasaddnsu
F9uaadlu Table 3

Frrotuazayua

nnmiananadudnanliduasmaiansuiiannue
WA waziAauwnasudn anududu 250 lulasnu
daliaaans sroindoufisandinvesfiadatinnawyiniy

1:35 WUAINITANEATIEINTAIUNNITRNAFINRAANT
VAND UV D IS URLHANRARITRNARLILVBILAANS 3 THa

YSunmwadudnan lsauzasrIanaiau sy
ﬁﬂLLa:Lﬁﬂu’]d“N’]fﬂdﬂ’hLﬁmﬂ%k&ﬁ’]@ﬂ&lﬁ’]ﬁu lapUSunm
Wa'ﬁLLS‘EﬂmVlsﬁiwﬁvl@TﬁmwLLmﬂﬁwaﬁu&u%uagﬁu
pydlsznaumiialvaaiaudazaowug f93EmIaia
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Qmauﬁ'ﬁa:mﬂﬁw iissnnwedudnaslseiiossisznau
va9%4 laavanda msldirauatiaazinlwiaduly (mycelia)
mauﬁﬂwadéhLLa:damgu%uﬁﬂﬁaﬁ'@waELL%ﬂmvli@T
panunlefine™ uenaniimsiau 95 WefiFud Lasuos
whuanazneullsdneanunsrslinedudnanlsainng
u%qw%umﬁa%u”
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