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ABSTRACT

The aim of this study was to isolate lactic acid bacteria with antifungal activity against Penicillium
digitatum, a major source of post-harvest decay in citrus. Thirty-eight and 32 isolates were isolated from
vegetables and fruits (basil, coriander, mao and papaya) and fermented foods (fermented lettuce, fermented spider
weed, Thai traditional fermented beef sausage and fermented cattle feet), respectively. Some morphological and
physiological characteristics were investigated. Glucose fermentation patterns are both homofermentative and
heterofermentative. Titratable acidity as lactic acid was from 0.10 % to 1.49% (pH 4.44 to 6.28). Six lactic acid
bacterial isolates had displayed high antifungal activity against Penicillium digitatum by an agar well diffusion
assay. The diameter of inhibition zones was found to range between 11.16+1.30 to 24.23+5.63 mm. Both cell
suspension and cell-free supernatant exhibited inhibitory effect against the target mold. Identification by 16S
rRNA gene sequencing showed that all six isolates were Lactobacillus pentosus (99% identity). Lactic acid

bacterial isolates with antagonistic activity could be good biocontrol candidate against P. digitatum in citrus.

Key words: lactic acid bacteria, Lactobacillus pentosus, antifungal activity, Penicillium digitatum

° o Y ) [ 3 a =
NI Jagtiulnanudidagydenisus Inneinish

E4
@ v W 3 o
15511887 (Green Mold) SluaHaves Yasads aaiun1siaoIgnITnuTnuIdud0
: as z:i [ Y a [ 19 A ® A
e, 4 'J‘ﬁfﬂi‘ﬂllllﬂ@i?ﬂﬂﬂﬁ]u@]i'lﬂllﬂﬁdﬂiIﬂﬂﬁ]\ulﬂ'ﬂll

AnuFomemuAIHgnandneIdy i lddu
L

=}

9 1 A A a I =
naMsideMendan el Tasliro s 1ae) iaule wuaiiensanananiunuaiGounsy

=

g & o q.9 i ldzumsseusundriiunna iz ety
Penicillium digitatum 11 W1%031811%9) Tagii 1

a ' ' 3 o Y 1 1a:
Lﬂﬂﬂmng{ml%ﬂllﬂﬂﬁ%ﬂhﬁ%ﬂ’JNmiLﬂ‘Uiﬂ‘kﬂ aoans (Generally recognized as safe bacteria;

9 Yo ' a .2
R SLTSIE SR NRRMAICAIIA MR GRAS) W'ldi 1 luuvaesssumanaz Tunuin

a A S a 3
LL‘ﬂ\‘]ﬁL"UEJ'JiJZﬂ@ﬂ f)Wﬂ"lililllliﬂﬂﬁlﬂﬂif)ﬂ“ﬁ"lblﬁc]
g \ A ] T,
L‘IJU'N ADWIVTINNVYIYUUIAYU WUNITEHIINULAU

= a ¥ = 9 s
clf]ﬁ"lﬂ')ﬂ'il')ﬂ!ﬂﬂ"l\‘]'if)fl‘lﬂlm%%%ﬂﬂ"liﬁﬁ"lﬁﬁﬂﬂiﬂ
a 1 =1 =S 2 d'
Qﬂlﬁ{]iﬁgﬁ'ﬂﬂ 15 939 28 mmmawa’dium% 3-5
s A ° o A
ngi]$WUﬁﬂﬂiﬁlmﬂ?%’luﬁ]uﬂ’lﬂiu?u‘ﬂ 7-8 Iﬂﬂ

o A ' ' <
%3'1/]”Iclﬁ}!,ﬂﬂﬂTiLLWiﬂigﬂ"lﬂ"ll'ﬂﬁiiﬂﬂﬂ"lx‘]ijﬂlij

& g o 1] ¥ ] a
ﬂ']iﬂ')‘]J‘f’]iJl"]f@i']uﬁ1lﬂiﬂ'ﬂ']Ulﬂiﬂﬂﬂ1iclal$ﬁ1ilﬂll
WaesUA 1Y imazalil, thiabendazole 1@ ortho-

I 9 v [} <3 a
phenylphenol 11udu uaeg1elsnaunumsina

) a’dy L. A Y
ﬁ”IfJWM‘Eﬂ'ﬂfJ"I"U'ﬂ\‘] P. digitatum VIMﬁTLﬂGﬁnﬂﬂWii"ﬁ

a5l lignat (Palou, 2014) Bnnedus Inalu

U

Ay lunszurunsnineImisnaleyia 910
1 == a = Qoa
i']f]\ﬂl!W‘U’NLHJﬂVILiUﬂiﬂllaﬂﬁﬂﬂﬂ‘lﬂ‘ﬁiuﬂWi
v Y
§U6U%0351 (Antifungal activity) lavianeyia
. o ) 8. v & &
Aspergillus, Penicillium, Fusarium 1Wuau Nl

a A o

Y
o a v J
YuniaLazaeWUFY09aUNTd (Dalié e al.,

2010) Temitope and Oluchi (2015) WU A. niger,
v
Rhizopus stolonifer Wa& Mucor sp. Qﬂﬂﬂﬂﬂﬁ’gl}i}ﬂ
A o a [ ' o I
L. plantarum NAAUINIINNAANUNUNYUN L]J‘Ll
) ' o D) A Y £ o & X
AU ﬂEJNhliﬂﬁWiJ‘llﬂHalﬂfJ’Jﬂ‘]Jf]T]‘ﬁiuﬂWifJ‘]JfNL‘?[f’E]

51 P. digitatum lasuuaiisensatanandaitios

9 9
S v v

' s
ﬂﬂ‘VNfN51]1@518\111!!?18’3ﬂﬂf]1/]‘ﬁ11!ﬂ15EJ‘]JEN


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7K-3WV9GR8-2&_user=122832&_coverDate=06%2F01%2F1999&_rdoc=1&_fmt=full&_orig=search&_cdi=5061&_sort=d&_docanchor=&view=c&_searchStrId=1039436371&_rerunOrigin=scholar.google&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=08c235ace40e98ebe6360b4448606e29#bbib27#bbib27

586 75815398 YH1INNDeNA 11 1ag51%UIAaAT 1% 14(3) : 584-593 (2565)

[

P. digitatum Y9UUANITINTALAAANNAALLNIIN
A @ Y
Wpaze1mIninve Inome
a o dﬁld [ a A a
NUIATBUIIAAUINULANITINTAUAAAN
@ Y a @ 4 v KR
INAN WA lil LarNaARA UMD IMITHIN ANYA

o a A A (2 A a A
AUJIUINYT TITINYASAAADALUUANITINTA

o & X J

' s
HAAANNNONTIVIUFOI P. digitarum TINNITLY

v A

a A A a A Yy A A
FUAVBILUANLIINIALAAANN ﬂ!.ﬁf]ﬂvlﬂ INDINUY

~

H 9
TomalumsnunuanGenlauauialumsdug

'

=1

X L. I & =
15031 P, digitatum TVuauiguoImsdoude
yosduazazii ligmslfiieniuqunisniy

£ y ] o Y 9y 2 2
youros1 Iiansanusndu ldonuuiu v

v A v 1 Y a =1 9
gauanuaeansaerus Inndna Y

AaA o a Aa v
IBAUHUNIFIIIVEY
[~ U \l
1. M3tAuAIBENg
< o [l % 9 1 =
NUAIDEINKN  IAUA ATZINIAZHNY
9 9 ] ] [
ma'ld laun winazuzaznogn e1M13HIN
o 9 L] Y c;’
Usziandn ldun Ainnanes Fndeuass 91113
o t&’ v J Y J ° ﬂi’ 9 Y o
nindsznniiodad laun niuileuazduinh
A < o o L ~
1nAa1A 11 9.1009 2. @NAUAT INUTNBIAIDEN
a o a d
QUMY 4 At Loz AnIIEHA e Y
24 %2 134
U IS =
2. MIAANEILANISENIAUAAAD
[ a A a o Y
AauenuuANFensaananaInin na'ly
a @ 4 o v W 1 [
HAZHAANUNDINITHNN 1A8FIA10819 25 NTY
1399197208 0.1% peptone  water 131105 225
a aa a1 Y A a =
Jaaans A1uAI81AT89 Stomacher YU 90 IUN
A @ ] Yy [ A A
199919920819 19 U EAUAN WD NN Z AT Y
Y A A a an ~
AALYNILLANISINTALAAAN 1ABIT spread plate N
o A %’ 9
sLAUANNITIBINAY 2 $11a8]H011115 MRS agar
4 A . g s A 4
Ay 1% caco, unluanzi lulieendan
a I
QUi 35-37 oA s adod 1 unan 24-48
A A

¥ 1ue duswulalatniusnalaseulalall

HALIIPNUIUIUVDUVANIT INTALAAAN I LA

Y
=

Az@19819 (CFU/g) 1aonlalailimetudvi e

a ]

£ y Eo v
V3T laglde1M131089%0 MRS agar LAUNL
o g { a
Fnuudelu 10% Skimmed milk MUY -20
NI
3. MIANHIANHUZMITUGIINGWAzEITIING
a A a
vaszmsveauuanizensanandn
=2 L% v a k4
3.1 fAnydnvazmedug Inanmeld
k% d
NaeIYaNI AN
9 = = [
gONTUVUUATULALANYIAN YU E
@ a o w
nedugIneneldndesganssmimacveny
1,000 1311
= % Z
3.2 Anvngduuumsnaininenanglaa
40X o £ 2
WerpuIgNTaslue1m11ags
g A [ 24 ]
1%® MRS broth NUFIHasaanund UNluan1y

a

= (=) a = =y I
nhifioon®ou Ngungil 37 esruvaFod 1u
o a Y @
181 24 ¥ 119 AFIINANAMSINALNE IUKiaoAAN
9 [
Une Iﬂﬂﬂq&l heterofermentative lactic acid bacteria
[ @ Y 1
wwnuadunaluiaoaa nuAa @91 homofermentative
[ 9%
lactic acid bacteria 9% lUWUMIAT 1N
=S Y d
3.3 Anvmsaraeulrimanaa
d‘ dy a Lg 1 4
WeFpuSgniasuunkua laa
4
naaoulagvieaaisazats 3% lalasauiles
4 Aaa A 9
ponlad (H,0,) asrawalasuuniizenaiig
4 9%
ou lyimaagaznuweauna
3.4 NAAdUANNTINTOIUMTAIINTA
HanAn

=

ES | a a
ReuFeuuafGonsaLananly

a

9 Y H
911113100930 MRS broth Nt 37 DI usaiBod

Q

< 4 4 { 2
funar 24 2 Tue TumIead1ea219159 10,000

~ a = I =)
rpm Qi 4 vIrUTATEA 1 10 WA 1
1 4 Y
asazarearuladsiannsaa u1lnmsadae
= 4
arsazatwlmdeonuleasenlequiasgiu (0.1 N
Y v
NaOH) muuilsuansananuan lnmsaldlu

sUveInIALanfn M11ITVBI AOAC (2000)



215815398 YH1INNAONA 11 a1 ¥UIAAATIFY 14(3) : 584-593 (2565) 587

4. MInaaeugNBIUMSEUEUYe P. digitatum
(Temitope and Oluchi, 2015)

G a A a
4.1 MIMBULBANLIISNIALAAAD

=3

ES | a a
ReuFouUANTInIALananlu

Y 2 '
91111512894%0 MRS broth NeaNAN 37 9IAN

&
i)

a I ] a AA o
LBALY T lﬂul’)ﬁ] 18-24 G]f')IlN LOULBDNUITUIU
P

v
a A

6 Jd a = A
10" i¥aanouannng m‘lﬂ“lumwmamma MRS

broth US1193 15 Hadaas TasldSuamninu

'
a

Y
2% inoculum UMFONQAINYN 37 DeAITATYA

u

v v
G =

3| o Yo <3
Lllulﬂ]ﬁﬂ 24 G]f’ﬂiN umﬂumaawmmwa 10,000

a

~ =y I =1
rpm  NYUNYN 4 DA UFAFOA 11101 10 WIN
1 o 1 A & J A A F)
wenaulavazihdrundumaduuanizelld
X ¥
#18 0.5 % NaCl Yasaiye 3 AFa esazay
' s S o J oAy v
arulalsransaaazivadsamusunldun
o & XA
NAFOUAIINAINITO I UMISTUTUFDI
P. digitatum
o X
4.2 MINIBNBONATDU
v 9
WoI¥0 P. digitatum a4UUBIYNT
O L g4 A -
@oure PDA invuh liiungumgil 25 oee
= 3 o a ¥ o &
wrated 1ual 53U euinaulaoal¥e
=Y Aa Aaa a Y dy dy
133105 2-3 U0aanT AIUURININBINITIABD
H a &' Y 4
nsuasguda 19gddasai¥ervealosiuig
Y
A J o
THvgaoon udrldthatasairogaailes i
J o ) q.z o
duosdamusuldwusiurunieldndoeq
o 9 Y A 4
9an33¢1 1ns 1% hemacytometer 118219991901/03
[ ) o I'4 el
anuruldusuualesdszana 10° allosdo
Uoaans
d v v
¢ v v A
43 manageugnslumsiuduresiiag
ad . .
1 agar well diffusion
A d v o §
MlaaosFamusuinasoula
9 a 2 X 9
1AV 4.2 1anadluaueI1Taeurs0 PDA a0
a Y dy dy A J
mAla pour plate 3¢ lao 11580l atesves

Aa

[ Jd aa
P. digitatum w10 10° d1loiaelindans miziu

Iifunquauuia 6 Tadwnas Taold cork  borer

i v
asare antuiiaisazatealuladsiean
4 < o d A a Y a
raguaziyadsamusuneason13dSu1as 100

lulnsaas @uasluvguinz 1uda i luun

a

I @ Y
auUNY 25 ﬂﬂﬂ'll"lfal%ﬂﬁ Wunan 5 IU IAUVUIA

v
a Y

Usnadudilaely¥  Vemier caliper luniiie

a a

fadwas WFeuieunamsnaassiuenisiaes

¥ MRS broth fifluganiuguiean

5. MI3zYYHAYRINLATIIENIANAAAN
sryyiaveuuAfiGonIaLanAnaly 16S

rRNA gene sequencing m3ueuna lilddu 16 rRNA

1% universal primers 27F 5' (AGA GTT TGA TCM

TGG CTC AG) 3' uag 1492R 5' (TAC GGY TAC

CTT GTT ACG ACT T)3' 1/jii3¢1 PCR Usznoud e

a

. .
M3 activation 10U Ty Taq polymerase ﬁqmwﬂu

U

95°C,2 W luu@azssuved PCR muuali

a =

Denaturation ﬁqmwnu 95°C, 1 UM, Annealing 7

U

a

NI 55°C, 1 WM 1Az Extension NYUNfL 72°C,

QU

A o Y

3 1
1 W9 Menauan 35 seu d@auluseugane

q

Y a

S
ANAIYYUNYN 72 per A 10ua 10 wIn

P}

ud il PCrR product 17]1@91’ U3 q ﬂgiﬂﬂi% multiscreen
filter plate (Millipore Corp., Bedford, MA, USA)
17 sequencing 19 PRISM BigDye Terminator v3.1
Cycle sequencing Kit SN sequencing primer 785F
5' (GGA TTA GAT ACC CTG GTA) 3' uag 907R
5'(CCG TCA ATT CMT TTR AGT TT) 3' #a4910
ihininnaswaeudwualagld ABI Prism 3730XL
DNA analyzer (Applied Biosystems, Foster City,
CA)

av a J
HWaN13v8atasIV1TUNG
% A A a
1. MInaugniUANIIanIALanin
A o a A a

LUDAALYNUUANLIYINTALANANIN
Y 1 &Y Y a 9 1 v A 1
ma&nwnuazwa”lm 4 ¥UA “lﬂll,ﬂ NSINWIT WY LU

HazyzaLnNe WUNLUANGenIALanAn IuA1981


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7K-3WV9GR8-2&_user=122832&_coverDate=06%2F01%2F1999&_rdoc=1&_fmt=full&_orig=search&_cdi=5061&_sort=d&_docanchor=&view=c&_searchStrId=1039436371&_rerunOrigin=scholar.google&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=08c235ace40e98ebe6360b4448606e29#bbib27#bbib27

588 75815398 YH1INNDeNA 11 1ag51%UIAaAT 1% 14(3) : 584-593 (2565)

Y Y A o ' 3 X
Anuazwalld 51152119 4.40 x 10° D3 8.90 x
4 A o aa a
10° CFU/g (3797 1) tagAauentniiiG snsauanan

U J 1 a o J o
18 38 loTanan uazauded kAT MaIRIMITHIN
a 9 ' o &Y dy 'o ci’
4 %iia Taun Anmanes, An@ouass, witile uaz
Y Y o Ao a A a U
dui 32 I wunuaiiiensauanansz1ing 1.06
8 = 9 [ A A
x 10° 019 1.04 x 10’ CFU/g uazAauenuuaiise
niauanan’la 32 loTsan yn'lelmaniidnyue
<3 a 1 [
TaTafinay ywandes Aviisey diulvgla
a A 9y ] 4 gi J
1 Tz @es u vnadurIugUINa19R g 0.05
19 0.4 uUAIWAS HUATIGINTALAAANTIITOND

g a @ J a
"lﬁ'slmua AN UNIINUY IZUUNINLAUBINIT

o [ 4 Y 1
YOINYHINALAATNALDIHITHINADIA1I
(Axelsson, 2004; Liu et al., 2014) Taguuaiisensa
HanANNAALEN 181N IMITHINTTIUIUTEH I

52 7 Ao a
10’0310’ CFU/g (Rezac et al., 2018) UBNIINUEGIN
P
318UMIUENFDULANIT INTALANANIINENLAE
wa lfu1awiia (Di Cagno et al., 2013; Yang et al.,

=}

2016; Ruiz Rodriguez et al., 2019) Tasuuani

30
4

ATALAARNNAALYN IATTIUIUTLHIN <10 D4
10° CFU/g (Di Cagno et al., 2013; Ruiz Rodriguez

etal., 2019)

d' o S A a A Y @ 9 a o d o
M1319N 1 i]”lu’JuLmﬂ‘VlliElﬂiﬂ!,mﬂﬁﬂ‘lfluﬂﬂllﬂ‘MﬂNﬂ wa"lmm::wammmmmmm

f30813 Sulnalail (CFU/g)
NTLING 4.60 x 10’
in% 4.40 x 10’
i 6.50 x 10’
ULaznNe 8.90 x 10"
HNNAADY 3.50 x 10"
A A 1.33 % 10°
e 1.04 x 10’
GEIARE) 1.06 x 10°

= v s a A A
2. MIANFUGINEWazaIINVIalszms
S A a
Vo WUANISENIANANAN
aA a Ao Y aa
wuaisensauanannaauen IailuwaiiG e
= 1 N O
unuUIn Bg1l51enan (cocei) $119u 35 ToTanan
51140 (oval) $1u9u 29 ToTanan uazgineu (rod)
o v 4
$1uau 6 loTsan yn'le Taan hiadraoulxia
a A a o =
auaa uuaizensauanansiuau 57 loTaan i
o 3 ¢
sUsuumsniimhaiang laauvulaTumle sy
° I
mil wagsrwau 13 leTaan Hunuuenme1s
4 = A S A a
oswumiivl (mmi 1n) nuaiiGensauananaz

=

a a = I a o A Y
Nﬂ@ﬂiﬂllaﬂ@]ﬂcﬁﬁlﬂuﬂﬁﬂ@uﬂiﬂ‘ﬂvlﬂ%Wﬂ

v
ATLUIUNITHINUIATAUUY homofermentation
uazgﬁaﬁmiﬂﬁmmu heterofermentation 3ZNWU
msasnsaanantdlda laninesdan 1ws1uea

4 Y a A S
wazasvou lavon lsdale nsadunsdiluas
S aa a 9 ,%’ =
arus lannuuanGensauananas 19y Uzl
[ o J o d' 1 I~
anudaunusnumsilasuulasainnuilunsa
1 4 a I'd g’/ {
A i InzHIsnansanavuan lnmsa 181y
= \ S A =) d' %
sUnsauandn wuluuaiiGensauananiaaen
18 ndnuazmalifadansalastdSuiunsa
?x‘/ d' YA 1 =
nanuan Inmsaldiaiseniang 0.10 99 1.40

4 4 o Y I [
wosiwud uazim limanuiunsaarslueims



215815398 YH1INNAONA 11 a1 ¥UIAAATIFY 14(3) : 584-593 (2565)

Cz‘ j s 1 s 1 ) ]

108U¥® MRS broth MﬂWﬂﬂﬂQNﬂW@giuﬂf’N 4.44-
1 a A a L:i [ 2

6.28 ﬁﬁullﬂﬂﬂliﬂﬂiﬂLmﬂﬁﬂ‘ﬂﬂﬂllﬂﬂllﬂiﬂﬂ

v A (A g A 9y
E)THTE‘VHJﬂNﬂiiJWmﬂiﬂﬂﬂWiJﬂﬂllﬂLﬂiﬁqﬂ

589

[ = S I 4 1 I
FLHIN0.62 D9 1.49 1)eosidua uazainwmilu

ATAANTLNIN 4.51-5.10 (MW 19 1AL 1A)

& A

SIMUANGenIALENAN
(laTpan)
w 5

homo-
hetero-
homo-
hetero-
homo-
hetero-

NITINS AT i

._.
n

=

Punansantnmsald Gevay)
[(—]
" _
[ ]
=
(I
]
[ ]
(—
(—
[ ]

[ - e 7 o o .o
i g = = @ ® E e
= )= 23 [ G = a=
» < G = -z =
b'ad 22 = = = =
= = £ e pra

b

= 3%

n
1 1 1 1 1 |l 1 1 1 |1
& & & £ & £ & £ E G
£ £ £ £ £ £ § £ £
= = = = =
o o A . A I ARY)
wzAzND  ADMAARY  An@ouAY  winia dwmh
7
fl
2 6
[y
r
=
= 5
T - -
2 N I ol | in
o
E 4
3
F = ,E [} =z =z @ Df'“
cE % E § 2 EnE E
= < & = -3 =
e 2 = 2 F 2
= 2 £ e G
T €

1 ’s { o [ 1 { o 3
a1 Suusuaiiensauananiidauen Idnnurdsaieg Amswimiarang Tnauu homofermentative

X a A 9 ' a3 ' X &
1 heterofermentative (), ﬂ’iiJWmﬂ'iﬂ‘l/lll‘l/lLﬂ’iﬁhlﬂ () llﬁgﬂﬁlﬂj']lllﬂl‘lﬂiﬂﬂ'm VONDTUTLAYUUYD

MRS broth Had@sareoiluna 24 52114 (A)

d v k4
3. manaaeugnslumsduduves P. digitarum
vouuniiSensauanind 835 Agar well diffusion
a A A Ao Yo

nuaisonsauandniaatenlasnuiu 31
loTaaniigns lunsdudusesi P. digitatum 1oy
I AA Ao k) v A ]
WunuaiGenaauenldnndn®, w1, wzazne,
o o dy ° dy Y Y o
ANNIANDY, WNLFIUADY, WUUUO Lazdn1ig
U4, 3, 5, 4,4, 7 uaz 4 loTaan awday

1 9

Wenadounnuasolumsduds P. digitatum

froiadd ANy NI NFURIUgUINa19UD

9
v v

VFTNUFVIRIVUIATLHIN 8.54+1.06 D9 24.2345.63
fladas nazilenaaeudisaisazarodiula
YTIANAEAE NUNTVUIATENIN 8.66+0.75 B9
2098429 aamAs (MWH 2) LuATE snsAUARAD
Aiqnssuds P, digitanum 143 14un loTaan
CR2-B 1ay CR3-A fisauon1dnndn®, FLT6-2
NANNNAADY, KJ6-1 NNANETUADIIAY FSBS-3
taz FSB7-1 e Taorsnadudiousad

cﬁmwm‘?uﬁmmmmin 18.06+4.04 5\1 24.23+5.63



590 75815398 YH1INNDeNA 11 1ag51%UIAaAT 1% 14(3) : 584-593 (2565)

a a 1 1 .
Taawas aruarsazarealulalsiaanwaal
VUIATLHIN 11.16+1.30 049 20.98+4.29 Nadwn3
y 2 \ ¢ S

nanasazareaulalsiaannsadvoan 6
ToTarantfSuansan lnmsaldsz w19 0.94 B4

sl I v 2 A = £
1.38 HJ'EJ?L“U‘L!G] NOUHHIULIAGUITIEIITUIIONTD

E4
v o =

§063 P. digitatum vouuaiizensauanan laun
2 tg’ S A a

Ma et al. (2019) fiauen¥ouunfizensauanan
a Yy a A g Y [

nnRazludu autnuanaIuduy saunely
v v

vounaad lauuaiiFonsatanannanuadiuiu

1 A A d'd de g’l

68 o Tasian wuniidies 10 le Tasanniignsdues
- Y ] = [

P. digitatum 188 WUABINY Gerez et al. (2010)

519U TAAUINUUANITINTALAAANTIUIU 8

=

o o 2 4
loTmanlignslumsdudu¥esi P, digitatum

v
=) %

NUUANGTeNIvine 33 loTwannaauenain

' '
A (2 o

a [ d
NARNINUY, WOINA, 97, nszvaila uaz

a A Jd =

9
sourdough NIYgVINYaAUNT ﬂ%@ﬁllﬂﬂﬂﬁﬂﬂﬁﬂlmﬂ@lﬂ
= 9 @ a a J Y aa
INYIVBDINUNIABDUNTY llﬂllﬂ NINBDTHANLUASNTA
a & g s o ' [
tlﬁﬂﬁﬂ“?\‘lﬂ]u?ﬂiLll@]ﬂ@"laﬂﬁﬂflﬁ‘ﬂWﬂ’JﬁJLﬂu
1 Y] L a A I A A
NIAANUDIFUTATANII NTADUNTYNUUANLIY
a 2 o & a
ﬂiﬂllﬁﬂ@ﬂﬁ%ﬁ\iﬂlﬂﬁ”liﬂ'iﬂElTJENﬂ”I'iL%iﬂJ"UEN

a a g Y a qy/ = 4 a A
@auma"l@‘nam%ua NP A S HUANLITY

v
o A Jdo 9

g Q{ Y a o 4
N INHgNT UM ITUEIaUNI IgUNEY

e)]

L
€

=

= o a d(lly

v
waﬁ%wwaaummsmiiymawauma #l

q
v
< a A o S

v
UONINUYNT UM TIVIAUNTIVIUANITY

a

a I a 4 '
ﬂiﬂllaﬂ@lﬂ@’ﬁllﬂuWall’]i]’]ﬂﬂ'ﬁwaﬁﬁ’]igu%ﬂ LYY

4 4 I'4 4
msvoulaeenlua, lalaswunleseonlya diacetyl
<] 4 1 A a
FFVUIAANDU) 1¥U reuterin LAZLUAINDS 1OFY
(Lindgren and Dobrogosz, 1990; Axelsson, 2004;
Ouwehand and Vesterlund, 2004) NAMIANEIVDY
r'd Y 9
Gerez et al. (2010) 518911 NYNT IUMTTVGUFDI
P. digitatum \DEIBINUNTALAAAN NTABLTFAN
a2y a A A A A 9 1 ' ]
waznsadtauandannuuaniseas 19y 0619150
a A I A £ @ 3}4 ..
AMUUBNNNNIADUNT INN NG IUMITVYS P. digitatum
&2 Ma ez al. (2019) Fanunasisznovilszian
a A A A a 9 é‘ ==
TsauivuanGensauananas19vuNNUNLIN
v
ABMIEUEN P. digitatum A28
r'd 9 Y
QNF UMV P. digitarum WUNIIN
a 7 v o '
AINTINVRUTART AN UFULAza1TazateadIuld
4 4 o
U51A9nad (MW 3) T9ANdBIRUIIPNUVDA
{ 1 g‘/ 4
Denkova ef al. (2013) NWUNNUY¥AD Lactobacillus
Tuom511a (Liquid culture) Laza1saza1odIu
= L{ % ?.I dy 1 =) %
Tatgns lumssususes 1I5UABINY Abbaszadeh
[ o
et al. (2015) WUUKQQVUDN L. acidophilus, L. rhamnosus,
L. casei, L. paracasei W% Bifidobacterium bifidum
£ v & X
Tuermsmanlgns lunNsdueuses1 4. flavus,

P. chrysogenum, A. niger 0% A. parasiticusvlﬁ}

9
v

1 1 4 Qod W
annasazareainla iesnngnslumséud
dy = Y @ a A I A
103 1UNIINILINGIVOINUNIADUNTINLUANIT Y

Y
3193 u0d1 §9019AA1NNITUUITUIAZIE
911 1TVOIUUANITINTALAAANLAZIFDT TIUN]
9 Jd A a a A
myadnaswave laiasgl TasunaiiGonsa

HanANAIY



M5815298 YH1INBeNA 11 1agT1¥UINaAIT %Y 14(3) : 584-593 (2565) 591

30

25 F

20 -I
J 1°1 &

a a

VNAUIIUGUE P. digitatum (NaIUNT)

o

a

& Z &8 Z & 2 ® Z ® Z ® 2 ® &

- - - - - - -
o A v @ o A . A PR
WY 1un uzazno WNDIAABN WAITYUADY N FRINITG) aummN

{ e \ ¢ A o & X 7o &
ﬂ]Wﬁ 2 mm’cjmmzqqqmmwmm’ﬁumuﬁu&mmwiL’Jmﬂumt%aﬂ P. digitatum Tﬂﬂwaa%mwu%uuaz
' s A A A Ao v Vo A Y  an
’miaza1EJ’d’mGl’mJiWﬁlmwaaf’uENLL‘]Jﬂ‘ﬂLiﬂﬂimmﬂGlﬂﬂﬂmwﬂ‘lﬂmmmawNG] IHONATDUAIYID

Agar well diffusion

IAAILAY N LLET R

. ; \ 4' e

M 9 r v
MNN 3 VNAUTNIUEVEI P. digitaum tlonaapumsasymmusutazasazasaiulalsennwad
vouuaniensauanan le Tsan CR2-B (0), CR3-A (¥), FLT6-2 (A), KJ6-1 (), FSB5-3 (3) uag

FSB7-1 () tiionaaouaeat Agar well diffusion /Feutfiguiy MRS broth fifluganiuaudan

a a 9 a . '
4. M332YFUAVDILATISENIANAAADN l#matin 16S rRNA gene sequencing WU
4 a A A a A a & A = I
Lﬁf]ﬁ$‘]4"]51!ﬂ‘ll'ﬁ]\1llﬂﬂ1/ll5ﬂﬂﬁﬂuﬁﬂ@lﬂ'ﬂﬂ 6 UUANLTUNTALLAAANN 6 Ul@I“]fm’Vl WI?J‘ULﬂEJ\TLlIH
H 9
loTaannduds p. digitatum 8@ 1dun CR2-B, Lactobacillus  pentosus (99% identity) aanaaalu

=3

CR3-A, FLT6-2, KJ6-1, FSB5-2 uag FSB7-1 lag M5191 2 Ma er al. (2019) l&szywiiaunaiise



592 75815398 YH1INNDeNA 11 1ag51%UIAaAT 1% 14(3) : 584-593 (2565)

v r'd 9
NIALAAANTNNYNT 1UNIGUEY P. digitatum 31U
v a3 . .
10 vl’EJTGULﬁ‘VI wuluilu L. sucicola, Weissella
paramesenteroides MAE Pediococcus acidilactci
cg‘ 1 S A
UONNU Gerez ef al. (2010) WUNUUANITENTA

a o v J 1
LAAANTIUIU 8 A1BWUT |ALA L. plantarum (CRL

1081, CRL 778, ttag CRL 1073), L. casei (CRL 76
1ag CRL 208), L. acidophillus CRL 1063, L. paracasei
CRL 1501 ttag P. pentosaceus CRL 908 ﬁqw%lu

v & Y
MseUE3 P. digitatum 14

ci a A A A Aa £ o & ﬁ’ .. Y 9 a
M1 19N 2 Naﬂﬁigu%uﬂﬂlENEL“]Jﬂ‘IﬂL‘iElﬂiﬂl,!,aﬂ@]ﬂﬂhﬂﬂﬁiuﬂﬁﬁmﬂﬂl%@ﬂ P. digitatum ulﬂﬂ Tﬂﬂi%mﬂu@]

16S rRNA gene sequencing

Tolasian amdaﬁm Accession Description Identities
Match/Total percent
CR2-B inT NR 029133.1 Lactobacillus pentosus 1497/1499 99
CR3-A inT NR 029133.1 Lactobacillus pentosus 1499/1504 99
FLT6-2 WNNAADY NR 029133.1 Lactobacillus pentosus 1501/1503 99
KJ6-1 ﬁﬂléﬁluﬂﬁ)ﬂ NR 029133.1 Lactobacillus pentosus 1503/1506 99
FSB5-3 ‘Ifiii%“é@ NR 029133.1 Lactobacillus pentosus 1501/1503 99
FSB7-1 mj’nﬁ’@ NR 029133.1 Lactobacillus pentosus 1505/1506 99
asi Insnvamaunszifesd santaanaunasi

Q

S a Ao @ 9
LUANLTINTALAANNNAALINIINWD W'ﬁllll
a o 4 o o £
UAZHANNUNDIVITHUN T1UIU 6 h],f)I"’]ﬂ,a‘Vl flfﬁ/l‘ﬁ

% 09‘/ Y A a
Gluﬂ'liﬂ‘lJEN P.  digitatum ulﬂﬁ RIS YTUAVDN
nunfisensatananalemnailn 16S rRNA gene

. 1T d

sequencing WUINIY Lacrobacillus pentosus Tag

U J

' v v
ONB IUMSOVIS P. digitatum WONIIUdIUFAA
[ @ 1 Jd o g’.; _® A
Fenusunazaiuladsianinisan A9uuel
anudlu 18 lumsih 115 uarsaugunig

Fanmluduae 'l

faAnssulsema
AMZAIT6VOVDUAUYUANDAYUNTITY

AT R AN IS BIRBATANERS

HAZUDVDUAMAUTNINEINIFITINWIALAY

QAAINATIUINEAT UNIINOIBBINEATAIER T

@

o = A A o a
ﬁuuﬁygu’dammmzmiawaiumﬂln ]

1PNE1501904

Abbaszadeh, S., Tavakoli, R., Sharifzadeh, A., Shokri,
H. 2015. Lactic acid bacteria as functional
probiotic isolates for inhibiting the growth
of Aspergillus flavus, A. parasiticus, A. niger
and Penicillium chrysogenum. Journal of
Medical Mycology 25(4): 263-267.

AOAC. 2000. Official Method of Analysis. 17" ed.
Association of Official Analytical Chemists,
Washington, D.C.

Axelsson, L. 2004. Lactic acid bacteria: Classification
and physiology, pp. 1-66. In Salminen, S.

and Wright, A.V., eds. Lactic Acid Bacteria:



215815398 YH1INNAONA 11 a1 ¥UIAAATIFY 14(3) : 584-593 (2565) 593

Microbiological and Functional Aspects.
Marcel Dekker Inc., New York.

Dalie, D.K.D., Deschamps, A.M. and Richard-Forget,
F. 2010. Lactic acid bacteria-potential for
control of mould growth and mycotoxins: a
review. Food Control 21(4): 370-380.

Denkova, R., Denkova, Z., Yanakieva, V. and Blazheva,
D. 2013. Antimicrobial activity of probiotic
lactobacilli, bifidobacteria and propionic
acid bacteria, isolated from different sources.
Microbial Pathogens and Strategies for
Combating Them: Science Technology
and Education 2: 857-864.

Di Cagno, R., Coda, R., De Angelis, M. and Gobbetti,
M. 2013. Exploitation of vegetables and
fruits through lactic acid fermentation. Food
Microbiology 33: 1-10.

Gerez, C.L., Carbajo, M.S., Rollan, G., Torres, L.G.
and Font de Valdez, G. 2010. Inhibition
of citrus fungal pathogens by using lactic
acid bacteria. Journal of Food science
75(6): M354-359.

Lindgren, S.E. and Dobrogosz, W.J. 1990. Antagonistic
activities of lactic acid bacteria in food and
feed fermentations. FEMS Microbiology
Reviews 7: 149-163.

Liu, W., Pang, H., Zhang, H. and Cai, Y. 2014.
Biodiversity of lactic acid bacteria, pp 103-
203. In Zhang, H. and Cai, Y., eds. Lactic
Acid Bacteria. Springer, Dordrecht.

Ma, J., Hong, Y., Deng, L., Yi, L. and Zeng, K. 2019.
Screening and characterization of lactic acid

bacteria with antifungal activity against

Penicillium digitatum on citrus. Biological
Control 138: 1-8.

Ouwehand, A.C. and Vesterlund, S. 2004. Antimicrobial
components from lactic acid bacteria, pp. 375-
395. In Salminen, S., Von Wright, A. and
Ouwehand, A., eds. Lactic Acid Bacteria:
Microbiological and Functional Aspects.
Marcel Dekker, Inc., New York.

Palou, L. 2014. Penicillium digitatum, Penicillium
italicum (Green Mold, Blue Mold), pp.45-
102. In Bautista-Barios, S., eds. Postharvest
Decay. Academic Press, Elsevier Inc., London,
UK.

Rezac, S., Kok, C.R., Heermann, M. and Hutkins, R.
2018. Fermented foods as a dietary source
of live organisms. Frontiers in Microbiology
9: 1785. doi: 10.3389/fmicb.2018.01785.

Ruiz Rodriguez, L.G., Florencia, M., Juliana, B.,
Roxana, M., Luc, D.V., Hebert, EIM. and
Fernanda, M. 2019. Diversity and functional
properties of lactic acid bacteria isolated from
wild fruits and flowers present in Northern
Argentina. Frontiers in Microbiology 10:
1091. doi: 10.3389/fmicb.2019.01091.

Temitope, F.P. and Oluchi, U.E. 2015. Studies on
the antifungal activity of Lactobacillus
plantarum and Lactobacillus fermentum on
spoilage fungi of tomato fruit. Journal of
Microbiology Research 5(3): 95-100.

Yang, J., Tan, H. and Cai, Y. 2016. Characteristics of
lactic acid bacteria isolates and their effect
on silage fermentation of fruit residues. Journal

of Dairy Science 99(7): 5325-5334.


https://academic.oup.com/femsre
https://academic.oup.com/femsre

594 75815398 YH1INNDeNA 11 1ag51%UIAaATI%Y 14(3) : 594-607 (2565)

= A A g < v a_ o«
‘m‘iﬂﬂ‘lsﬂﬂ”lﬁ!ﬁ"ﬁJ!El@‘ij!NﬁﬂWﬂﬂl”l’JNﬂHﬂﬁNﬁﬂlﬂ!‘ﬁﬂﬁﬁg‘lﬂ‘Wﬁ
s y A
WNANINNIIINIDNAN
Study of Gac Fruit Aril Powder Enrichment in the Production of Ready-

to-Drink from Medicinal Mushrooms Blended Chrysanthemum

T 337@ins
Wattana Wirivutthikorn

Received: 16 August 2020, Revised: 7 May 2021, Accepted: 22 June 2021
QU T
unnage

o ¢ au A A = o 9 g A 9 < v = ~
’N]Qﬂi$ﬁﬁﬂﬂ?u’)fﬂﬁlul‘w’E’)ﬁﬂ‘hﬂﬁﬂTJgﬂ]i‘an!fl’i\il'ﬁﬂﬁlﬁlullW3LlﬁZLEI’EJHNLNQﬂﬁﬂﬂlTﬁlLﬁ%ﬁﬂH?ﬂiN?m
A g < ) 1 ¥ < y A a ¥ g y A
"llENL?JE)“I{IIJL‘JJEW’]‘Vu\rﬂ"ll'I'JN\WIE)ﬂmﬂ'IWGUENuHWﬂﬁL‘IUUlW5NﬁﬂJLﬂﬂﬁﬁlﬂWiﬁ)Nﬂ‘N miwamuu‘vmmgullmwmmu

] a 3 g ] { ] & <
1%114@6{3414%3 2 ¥UA ﬁf) IAALUVUNDI uazmﬂtngmn ﬁmgmmﬁ?}mmmu°Lumsamﬁammwmm mw

a

A g < Y o Y A a ' A )
TV Llﬁmﬂﬂﬁulﬂﬁﬂﬁﬂ‘lﬂ?ﬂ1ﬂ1iﬂﬂltﬂﬂﬂqmﬁﬂﬂ 70 DIFAUFAHIT WU L’Jﬁ']“l/llﬁﬂ']gﬁﬂcluﬂ'liﬂﬂllﬁﬂ

Q

=1

2 < A & ' Yy A 9 <3 Y A 4
Lﬁﬂlﬂlﬂﬂﬂﬂllﬁzlﬁﬂﬁﬁﬁﬂﬂﬁﬂﬂ 24 @Jf'ﬂllil muwammmzﬁﬂumiammmaumuaﬂﬂﬂmnﬂa 22 GB’JTEN
a % g ' 3 ] o < 1y
'“lumswammmﬂﬁuu"lmﬁqﬁmauwaumm@uu‘nm Lﬁﬂﬁﬁl&‘lﬂ’) 2.5 NI UAZINNIIY 15 NTN U
o = A g < 9 ] = wa ¥ Y 1
‘ﬂ'lﬂﬁ'ﬁﬂ‘kﬂ‘lr%NWmLEJ’E]HiJLiJaﬂﬁﬂ"UTJWQiE)fJa8 1.0 1.5 2.0 uag 2.5 ANHITUUAATUDIYNIN U],ﬂll,ﬂ AN
[ (= =) A =3 a 4 = Y 1o I [
I ANFUAY  ANFIN DN uaz‘ﬂimmmﬂau mammiwmmmwmamu llﬂll,ﬂ ﬂ']ﬂ’NiJLﬂuﬂiﬂ-@N

=Y H) =y 3 A ¥ 9 o = a A Yy
Usmaunsanavua ‘lJilﬂi;l!ﬂJENLHNV]a%ﬂTEJuWUlﬂ‘VNﬂiJﬂ u,az"laiﬂﬂu AUNNNNYAFIINGT "lmm SIEEVRLY

E4
=) 3

a d ¥ @ 2 a o I
yaunsdnanua uazguammalszamduialudud nau sand uazmssousyTassuTag1935 9-point

' ' ' ' ' 1 I '
hedonic scale BTIANANITNAADINUIT ATANNTIN LAY m?’(mﬁm suasaznou manuunsa-a1g

@ @ a

o S A ' @ = o a F) 3 A 3 Y
5unsaninua Llazqaiﬂﬂujdﬂ'J'IZULWIﬂ@]’l\?ﬂu@ﬂ’]\iﬂuﬂﬁ’]ﬂiyﬂ'l\?ﬁaﬁ flﬂL'JUIGll'lmﬁlla\uléll\w'laga']ﬂu']llﬂ

A ] ] @ aa A AA A A Y [ 9 A X o Y1 9 4
V]Qﬁllﬂ"lNLl@ﬂWW\iﬂuvn\jﬁﬂ@ TﬂElﬁ\ﬁ/]ﬂaf]\ﬁ/]iJ‘]Jﬁ1]']ﬂ!lfJf]ﬁiJLiJaﬂﬁﬂsll1’JLW3J511UVITiﬁﬂ]i@Uagﬂiﬂﬂ\iWﬂJﬂ

9
a ~ [

3 a v = a J 2 1
waz laTadlwnnay gunimniegadriner ldwudSnagdunidnsualunndmanss drugunInmig

Usgamdudadud nau sanad nagmisoniulagswmun Ianuuanaeneadannaiu mamulsna

1Y

annoehaaiuazma luladmseons auzmaluladmanyes uninedoma Tuladssuenasan sunetanfi daialnusil
12130

Division of Food Science and Technology, Faculty of Agricultural Technology, Rajamangala University of Technology Thanyaburi,
Thanyaburi, Pathum Thani 12130, Thailand.

* Ya P A oA d A < . .
g«luwuﬁﬂizmmm Tsuaigoiannseling (Corresponding author, e-mail): wattana@rmutt.ac.th



215815398 YH1INDUNA 11 a1 ¥UIAAATIFY 14(3) : 594-607 (2565) 595

] Y
woruilni s manniudimailinmssensusiumalssamduianndivanas gnadeuduliazuuu
) 2 A Aa a A g 3 Y 9 9 a o A
vousuludanaaee 1 AimsaSubefuaaindndosas 1.0 AusamnauazmsveniuIagsuunnga

9P 6.93 1Az 7.06 AUAINY

o o W < A 9 < ) o A A
RIGA! i’Uu: mwm;u"lwa, LEJE]‘kjiJLiJaﬂﬁﬂ“’lﬂ’J, INNFIY, INTDIAN

ABSTRACT

The objective of this research was to investigate the optimum conditions for drying medicinal
mushrooms and gac fruit aril. The quantities of gac fruit aril powder toward the qualities of ready to drink
medicinal mushrooms and chrysanthemum juice were performed. The study of the optimum time for drying
golden needle, Tremella mushroom and gac fruit aril was dried at 70°¢. 1t was found that the suitable time for
drying golden needle mushroom and Tremella mushroom was 24 hours while the proper one for gac fruit aril was
22 hours. The production of medicinal mushrooms consisted of 2.5 g of golden needle, Tremell mushroom and 15
g of chrysanthemum and blended gac fruit aril and chrysanthemum beverage which were gac fruit powders (1.0,
1.5, 2.0 and 2.5%) by weight. The physical qualities of medicinal mushrooms blended with gac fruit aril and
chrysanthemum beverage as brightness, redness, yellowness and sedimentation volume were detected. The
chemical properties including pH, total acidity, total soluble solid and lycopene were determined. The
microbiological quality was analyzed as total microorganism. The sensory quality in color, odor, taste and overall
acceptability was done by 9-points hedonic scale. The results showed that brightness, redness, yellowness, pH,
total acidity, total soluble solid and lycopene (excepted for total soluble solid) in all treatments were significantly
different. The treatment showed that an increase in the amount of gac fruit aril resulted in a rise in the percentage
of acidity and lycopene. The microbiological results showed that there were no microorganisms in all treatments.
As for the sensory quality in terms of color, odor, taste, and overall acceptance, it was found that all values were
statistically significant (p<0.05). However, the higher levels of gac fruit aril cause a decrease in all sensory scores.
The panelists gave the highest acceptance scores in Treatment 1 which enriched 1% of gac fruit aril on taste and

overall acceptance values of 6.93 and 7.06, respectively.

Key words: medicinal mushroom, gac fruit aril, chrysanthemum, beverage
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ABSTRACT

This research aimed to study the potential of biogas production from palm empty fruit bunches which
were difficult to digest. The palm empty fruit bunches with swine manure on the steel sieve at the top part of the
3-section bioreactor were fermented in the anaerobic solid state. The wastewater in the middle part of the 3-
section bioreactor was sprayed on fermented material 5 liters per day. It was found that the system produced the
highest biogas of 10.52-10.83 liters per day with methane content of 66.98-68.49%. The sprayed wastewater
gravimetrically flew to the bottom part of the 3-section bioreactor for utilization and the new wastewater was then
sprayed on the top part of the 3-section bioreactor. Fermentation materials could be reused for biogas production
with high nutrient contents which met the soil improvement material standard. Fermentation materials were mixed
with soil 1 : 1 (w/w) for bok choy planting. Liquid bio-fertilizer was used for watering until 20 days and
compared to tap water. It was found that bok choy planted with fermentation material and watered with liquid bio-
fertilizer gave the higher wet and dry weights of 37.50 and 2.04 g per plant, respectively. Liquid bio-fertilizer
from recycled sprayed wastewater was used for hydroponics plantation. Liquid bio-fertilizer was mixed with
nutrient solution at a concentration of 0 25 50 75 and 100 % v/v and used for plantation for 20 days. It was found
that bok choy watered with the liquid bio-fertilizer and 25% nutrient solution obtained the highest wet and dry
weights of 54.90 and 3.11 g per plant, respectively. Therefore, the biogas production from palm empty fruit
bunches could be considered as a zero waste guideline for the cost-effective and sustainable management of

agricultural waste.

Key words: palm empty fruit bunches, biogas, soil improvement material, liquid bio-fertilizer, zero waste
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ABSTRACT

The aim of this study was to develop an encapsulation method for perilla oil, using an encapsulation
substance of a mix maltodextrin and soy protein (with the ratio of 9: 1) in water to encapsulate three levels of
perilla oil at 10, 20 and 30% w/v. Two encapsulation methods were studied: (1) a spray-drying method and (2) a
foggy spray combined with a hot-air oven. The methods were evaluated for their respective ability to encapsulate
oil during storage and for the resulting solubility. We found that the optimum formula for encapsulating perilla oil
was using 20% (w/v) by spray drying. It gave the highest encapsulation efficiency (80.73%) and solubility
(84.97%), plus ae peroxide value (P.V.) of not more than 20% meq oxygen / kg. The final product contained the
moisture content of 4.7%, aw of 0.31 and color parameters of L* (91.85), a * (-0.57) and b * (9.89). The
microstructure of the samples encapsulated with oil showed (using SEM) that the adhesion, dimples or wrinkles
increased with increasing oil content. The microcapsules dried with the hot-air oven had no dent in the middle and
had larger particle sizes than those produced by spray drying. Therefore, we succeeded in producing micro-
capsules of perilla oil suitable for adding to beverage products, thereby providing nutritional quality

improvement.

Key words: encapsulation, perilla oil, maltodextrin, soy protein, solubility
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ABSTRACT

The objective of this research was to design and develop the bag-type bulrush reed products by applying
a Quality Function Deployment (QFD) technique. Customers’ voice and satisfaction related to the bag-type
bulrush reed products were surveyed. Then customer requirements were converted into the product planning
matrix or House of Quality (HOQ). The need of customers consists of style, quality, material, usability, and
others. After that, the bulrush reed appliance products were designed into 3 types including a multi-purpose bag, a
men's shoulder bag, and a women's shoulder bag. The customers’ satisfaction to new bag-type bulrush reed
products was also investigated. It was found that the bag-type bulrush reed products that have been newly

designed and developed are able to meet the needs of both groups of customers (product users and general bulrush

reed products stores). The highest satisfaction was found on the material ( X = 4.77), followed by the functionality

(X =4.75), respectively.

Key words: product design, quality function development, house of quality, bulrush reed
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The Effect of Extracted Color from Mixed Betel Nut, Piper Betel and

Red Lime for Dyeing Rayon Fabric
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ABSTRACT

This research aims to investigate factors affecting rayon fabric dying using betel nut extract mixed with
piper betel and red lime. The ratios of betel nut, piper betel and red lime were tested at 4:3:1, 8:6:1 and 10:8:1.
The ratio of mixtures to water was at 1:5 wt./vol. The color water at optimum condition was applied with 3 fixing
agents at different concentrations. They were (1) NaCl 10%, 20% and 30% wt./vol, (2) AIK(SO,), 0.3%, 1.6%
and 3.3% wt/vol, and, (3) a mixture of NaCl and AIK(SO,), at 11:1, 5:1 and 1:1 with concentration of 10 wt./vol.
The dyeing time was studied at 20, 40 and 60 minutes. The results found that color extracts were at pH 9.98 -
12.12. At 70°C for dyeing and all dyed rayon fabrics gave the same shade of color (a yellowish-brown). At ratio
of 10:8:1, the highest a* (redness) and b* (yellowness) values were obtained at 9.53 and 18.65, respectively. For
the color of the rayon fabric after dyeing with NaCl and AIK(SO),), of 5:1, the lowest L* with highest a* and b*
values was observed. The AE* and C* values were also the highest. The optimum dyeing time with color from
optimum condition was 20 minutes. Additionally, the color strength in sunlight after 20 days was at moderate

level.

Key words: color fastness, extracted color, rayon fabric, betel nut, piper betel, red lime, fixing agent
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ABSTRACT

This study aimed to investigate the effect of mushroom (Flammulina velutipes) extract combined with
gelatin coating on the quality changes of tilapia fillets during refrigerated storage. Tilapia samples were applied
with mushroom extract (ME), gelatin (Gel), and 10% mushroom extract incorporated with 2% gelatin (ME+Gel)
solution which was selected after antioxidant and antibacterial assay. They were then stored at 4 °C for 10 days.
The results indicated the ME+Gel treated samples showed a reduction in the deterioration of weight loss
compared to the control group. Besides, the increases of pH, K-value, total volatile basic nitrogen (TVB-N), and
thiobarbituric acid reactive substances (TBARS) were significantly delayed in the ME+Gel treated samples
compared to the control group (p<0.05). The bacterial counts were also lower in the ME+Gel treated samples
compared with those in the ME or Gel alone and control samples. The sensory characteristics proved the efficacy
of ME+Gel coating by maintaining the overall quality of tilapia fillets during refrigerated storage. Moreover, the
ME+ Gel treated samples remain acceptable up to 6-8 days, whereas shelf life of control samples was not
extended beyond 4 days. The obtained results demonstrating the potential of the combined application of
mushroom extract and gelatin might be a promising method for maintaining the post-harvest quality of tilapia

fillets during refrigerated storage.

Key words: Tilapia fillets, mushroom extract, gelatin, shelf life
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Figure 1 DPPH radical scavenging activity of mushroom extract and gelatin solutions. Letters show

significantdifferences among the groups at p<0.05. (Gel: Gelatin, ME: mushroom extract)
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Figure 2 Weight loss (%) of tilapia fillets during refrigerated storage. (Gel: Gelatin, ME: mushroom extract)
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Figure 3 Changes in pH (A), K-values (B), TVB-N values (C), TBARS values (D) of tilapia fillets during

refrigerated storage. (Gel: Gelatin, ME: mushroom extract)
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Figure 4 Changes in total viable count (TVC) of tilapia fillets during refrigerated storage.

(Gel: Gelatin, ME: mushroom extract)
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ABSTRACT

The objective of this research is to study the metamorphosis behavior of the sheared edge of piercing
hole on high and ultra-high strength steel sheet at four levels of the clearance: 3%, 10%, 20% and 40%. The
different grades of high and ultra-high strength steel sheet with 1.2 mm thickness were tested with the circular
piercing punch with 20 mm diameter. The tooling was produced from cold work tool steel grade SKD11 (JIS)
with high hardness level at 60+2 HRC. The finite element technique combined with statistical analysis was
performed to investigate the effect of the die clearance on the metamorphosis behavior of the sheared edge of
piercing hole during the piercing process. The experimental results showed that the long shear surface was
observed for high strength steel workpieces at the narrow clearance. While the clearance increased, the shear
surface of piercing hole decreased. For ultra-high strength steels, the small shear surface was found for the
piercing at the narrow clearance (3-5%) because of low elongation characteristic. Therefore, the narrow clearance
was unable to produce the long-sheared surface. When applying the wider clearance at (8-10%), the sheared
surface was longer. However, the sheared surface gradually reduced when the clearance was wider than 10%.
Results from statistical analysis emphasized that the difference in clearance distance significantly influenced the

sheared surface of piercing hole for both high and ultra-high strength steels.

Key words: clearance, high strength steel, sheared surface, piercing process
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Workpiece Materials

Mechanical Properties

SPCC 440W 590Y 780G 980Y 1180Y
Yield strength (MPa) 215 339 405 512 707 823
Tensile strength (MPa) 321 460 619 807 1060 1285
Stress coefficient (K) (MPa) 415 817 1020 1320 1630 1695
Strain hardening exponent (n) 0.16 0.14 0.21 0.22 0.12 0.07
Critical damage value; (C)

1.47 1.12 1.135 1.15 1.05 1.08

(Cockroft & Latham)
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Materials Source DF Adj SS Adj MS F-Value p-Value
440W Clearance 5 0.86623 0.173246 111.77 0.000
Error 24 0.03720 0.001550
Total 29 0.90343
590Y Clearance 5 0.80858 0.161715 386.57 0.000
Error 24 0.01004 0.000418
Total 29 0.81862
780G Clearance 5 0.363679 0.072736 254.08 0.000
Error 24 0.006870 0.000286
Total 29 0.370549
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M50 3 AuuuNAdamansveunannaInNULTUITIGE 40W, 590Y Hag 780G

Material Model
The regression equation for 440w Sheared surface = 0.6148 - 0.01232(Clearance)
The regression equation for 590Y Sheared surface = 0.5150 - 0.01130(Clearance)
The regression equation for 780G Sheared surface = 0.3676 - 0.007564(Clearance)
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Material S R-sq R-sq(adj)

440W 0.0520376 91.61% 91.31%

590Y 0.0169194 98.15% 97.76%

780G 0.0458101 84.14% 83.58%
Fitted Line Plot Fitted Line Plot
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ABSTRACT

At present, an apple purchased from market is not guaranteed for sweetness. A standard method for
determining the sweetness uses a device that measures the sweetness from apple juice. This research applied the
principle of the near-infrared absorbance for non-destructive evaluation of apple to develop a portable device for
determining the sweetness of an apple which operated with a smartphone. The device measured the absorbance in
a reflectance mode at a wavelength range from 900 to 1700 mm. The device consisted of a spectrophotometer
housed in a plastic box with width of 40 mm, length of 70 mm and height of 60 mm, and an application operated
on the smartphone. A prediction equation for the soluble solids content (sweetness) was derived from the
relationship between the near-infrared absorbance and the reference soluble solids content determined using a
refractometer. The device operated by connecting the spectrophotometer via Bluetooth, controlling the
spectrophotometer to scan for the near-infrared absorbance of the apple, calculating the soluble solids content, and
displaying the sweetness result. The prediction equation for the soluble solids content was used to write the code
for the sweetness calculation part of the application.

In testing the device for determining the sweetness of 50 apple, which were not used in the development
of the prediction equation, the results showed that the device provided good accuracy for the sweetness
prediction, yielding the correlation coefficient of 0.916 and the root mean square error of prediction (RMSEP) of
0.808 °Brix. The sweetness portable device developed in this research displayed the potential of the near-infrared
spectroscopy technique for prediction of the sweetness with a determining speed of about 5 seconds without

destroying the fruit.

Key words: apple, sweetness, near-infrared, non-destructive measurement, portable device
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ABSTRACT

This research aims to study the influence of resistance spot welding parameters on joints of 316L
stainless steel plates (thickness 0.5 mm). The factors included welding current, welding time, and electrode
pressure. The study also considered mechanical properties including shear force, micro hardness, microstructure,
nugget size, and failure mode. The Box-Behnken design was employed as the experimental strategy, and the
desirability function was used as the optimization tool. The results revealed that welding current, welding time,
electrode pressure, and 2-way interactions between welding current and electrode pressure were the main effects
that influence the shear force of joints at Ol = 0.05. The optimal welding condition was 0.3 MPa of electrode
pressure, 4,500 A of weld current, and 2 s of weld time, and the corresponding shear force load was 2,679.59 N.
The experimental results of microstructure, microhardness, and failure modes showed that nugget size and tensile
shear strength increased with the increasing of welding current and welding time. In contrast, the increasing of

electrode pressure affected the decreasing of nugget size and tensile shear strength.

Key words: resistance spot welding, stainless Steel 316L, box-behnken design
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ABSTRACT

The objective of this research is to study the extraction methods that affect physiochemical properties
and antioxidant activities by DPPH radical scavenging activity of Yanang juice (Tiliacora triandra) for 4
treatments: (1) fresh Yanang leaves were extracted with water at 1:2 (w/w) ratio and at speed 1 for 5 min
(control); (2) fresh Yanang leaves were blanched at 100°C for 2 minutes and were blended with water at 1:2
(w/w) ratio and at speed 1 for 5 min; (3) fresh Yanang leaves were blended with water at 1:3 (w/w) ratio and at
speed 1 for 5 min and were boiled at 100°C for 10 minutes and (4) fresh Yanang leaves were blanched at 100°C
for 2 minutes, extracted with water at 1:3 (w/w) ratio and at speed 1 for 5 min and then boiled at 100°C for 10
minutes. Chlorophyll a, b, total carotene and beta-carotene were 261.64 to 478.58 ng/100 gfw, 27.06 to 102.36
ng/100 gfw, 45,655.27 to 62,610.61 ng/100 gfw and 29.64 to 40.86 mg/100 gfw, respectively. The L* a* and b*
values were 28.27 to 29.58, -0.32 to -2.45 and 3.65 to 5.66, respectively. It is concluded that the optimal method
of extraction of Yanang juice is treatment 4 because the sample concentration that can inhibit 50% of DPPH
radicals (IC, ) was the lowest in comparison with standard BHT and Trolox, and had the highest total phenolic

content of 1.27 mg/ml and 3,668.05 mg GAE/100 g sample, respectively.

Key words: yanang, extraction methods, antioxidant, blanching
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ABSTRACT

The gravity dam is constructed to resist against water pressure by using the weight of the material. This

study presents the designing model for calculating the optimal dimensions of the dam to store water at a depth of

75 meters, to minimize the cost of the construction of the dam, and to provide sufficient stability. Linear

Programming was used to calculate the dimensions of the dam section and Microsoft Excel Solver was used to

design mathematical modeling of the dam parameters. Parameters in this research were dam top width, dam base

width, dam height, etc. The ratio of dam base to dam height is 0.85 and the ratio of dam top width to dam height

is 0.13. The results of analysis showed that the minimum dam weight should be 57,547,894.64 Newton per meter

(N/m). The optimal height and base width are 75.9 meters and 64.52 meters respectively. The mathematical

modeling may provide help for parameters estimation in designing the dam and increase the efficiency and

precision of the calculation.

Key words: gravity dam, Linear Programming, mathematical model
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Forces Value (N/m) Nature Lever arm (m) Moment (N.m)
Weight of Dam (w1) 18,737 Vertical (d) 63.76 1,194,750
Weight of Dam (w2) 17,632,226 Vertical (d) 58.45 1,030,657,747
Weight of Dam (w3) 39,896,931 Vertical (d) 35.68 1,423,511,031
Weight of Water Supported 814,628 Vertical (d) 63.95 52,096,132

by Upstream Face (w4)

Weight of Water Supported 7,807 Vertical (d) 64.14 500,749
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ABSTRACT

The aim of this study was to develop the sound absorber from natural materials
(cultivated banana fiber) to substitute for synthetic materials (asbestos and fiberglass). This
sound absorber was presented particularly on Sound Absorption Coefficient (SAC) and Noise
Reduction Coefficient (NRC) according to following factors: (1) fiber length of 0.6, 5.0, 10.0
mm., and (2) banana fiber-gypsum with a ratio of 1:9, 2:8, and 3:7 by weight at 25.0 mm.
thickness of each specimen. This experiment was determined on SAC and NRC by impedance
tube method based on 1ISO10534-2 standard in the frequency range 250-4,000 Hz. In addition,
the structural and scattering images of banana fiber and surface adhesive by using Scanning
Electron Microscope (SEM) were investigated. The result showed that NRC 0.52 of banana
fiber specimen in length of 0.6 mm and banana fiber-gypsum ratio of 3:7 by weight appeared
more porous and space. Likewise, mathematical model from this experiment showed the
variance on the significant (F-Test) to be 0.09 and p - value of banana fiber-gypsum ratio to
be 0.05 which was interacted with the value of NCR. Hence, sound absorber from banana
fiber can be applied to noise reducing purpose.

Key words: sound absorber, banana fiber, sound absorption coefficient, noise reduction coefficient,

image of scanning electron microscope

INTRODUCTION

Sound level of 90 dBA or above is
harmful to the whole human hearing
(Ratanalak et al., 2017). Practically, the
sound path control is a sound reducing
method, by blocking of sound from one
side to the other. In the present, a sound
reducing medium or “Sound Absorber”,
which is taken from the "sound absorbing
material” that has the ability to reduce the
sound energy due to fictional loss
(Cheremisinoff, 1977). When a sound
wave impinges the surface of the absorbing
material, some sound wave would be in
motion within this material. The motion of
sound wave causes the fibers on vibration.
The fibers vibrations allow air to flow in
the gap between fiber and particles. The air
motions through narrow constrictions
cause some energy loss (Bies and Hansen,
2009). The losses of sound energy indicate
some sound energy is absorbed within
material through dissipation process. In the
previous study (Allard et al., 1989), the
porous or dissipative absorber is a great
sound absorber in medium and high sound

frequency complying on the explanation of
sound when passing into the porous wall as
result of the sound energy reduction due to
its friction loss. Various research have shown
many new natural materials for noise control
as alternatives to the traditional ones (for
examples of asbestos and fibre glass) that
natural fibers appear to be cheaper, lighter
and environmentally superior to synthetic
fiber (Asdrubali, 2006). The measurements
carried out samples of natural fiber have
shown to porous or dissipative absorber
materials as result of good sound absorption
coefficients (Sound Research Laboratories
Ltd, 2004), especially at medium and high
frequencies (Berardiand lannace, 2017).
For mechanical properties of Natural Fiber
Composites (NFC) compared with Glass
Fiber Reinforces Plastic (GFRP), NFC was
better than GFRP in term of stiffness and
cost, but values of tensile and impact strength
were less than GFRP (Pickering et al.,
2016).

The value indicated that Arenga
Pinnata panels were highly absorptive
material. The best sound absorption was
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performed by panel added with 10 % Latex
with a maximum Sound Absorption Coefficient
of 0.96 at 3,000 Hz. The average Noise
Reduction Coefficient for all panels was
0.40 (Ismail, 2012). Also, the research that
rice straw was chosen because of its availability
in local region. The manufacturing parameters
were: the specific gravity of 0.4, 0.6, and
0.8, and a rice straw content (10/90, 20/80,
and 30/70 by weight percentage of rice
straw/wood particle) of 10, 20, and 30
weight % (Yang et al., 2002). A commercial
urea-formaldehyde adhesive was used as
the composite binder, Sound Absorption
Coefficients of the 0.4 and 0.6 specific
gravity boards were higher than the other
wood-based materials. The utilization of
fiber from Oil Palm Empty Fruit Bunch
(OPEFB) to be alternative native acoustic
material that are different densities and
thicknesses (Or et al., 2017). Measurement
of absorption coefficient based on 1SO10534-
2 found on 0.9 at frequency 1 kHz. In order
to properly use these materials, in addition
to knowing the benefits and suitability of
absorbers for use in the intended environment,
the effective factors in sound absorption
such as fiber size, air flow resistance,
porosity, curve, thickness and density of
absorbers were considered (Ghotbi et al.,
2015). The advantages and disadvantages
of different kinds of fibrous materials in
noise reduction were explained that various
fibers, inorganic fibers including glass
wool, carbon fiber and basalt fiber have
been utilized in noise reduction with the
unique advantage such as flame retardant,
high temperature resistance and moisture
resistance, metallic fibers were widely
used in extreme environment for sound
absorption (Tang and Yan, 2017). Natural
fibers including kapok, hemp, coir, kenaf,
sisal, banana fiber and wool are environmental-
friendly and low production cost. Definitely,
bananas are one of the most widely cultivated
crops in Thailand, there were 547,055 Rai
of banana plantations and 782 million tons
of produce including total exports of
35,266 tons (Suthanukool, 2015).In
previous banana fiber research, the

importance key properties of physical, and
mechanical implied on this porous fiber
have shown on their characteristics equivalent
with others natural fiber (such as sisal and
kenaf) (Koizumi et al., 2002) including
chemical compositions (cellulose and
lignin influenced on the ductility and
elongation values) and tensile strength
(Santijitto, 2011). Banana fiber was also
investigated by scanning electron microscope
as a long line which this fibrous configuration
comprised of many cavity or porosity within
parallel fiber bundle and were coated with
cellulose and lignin (Deelaman et al., 2016).
To meet living environment requirements
and increasing social perception, the natural
material might be greater chances. Thus,
the continued development of technologies
is forced to support on these needs. In previous
studies, there were many ways in which
the natural materials can utilize in modern
construction. Normally, fiber plants are
often subject to fungi and parasites and are
less resistant to fire than typical mineral
fibers; furthermore, they often need special
fiber preparations before being used (Santijitto,
2011), which reduce the inherent sustainability
of the raw materials. Also, these natural
fibers are often commercialized in cement
panels and blocks by using some binder.
These considerations suggest to the
environmental impacts of all the products
used during the entire process of transformation
of the natural fibers into building materials.
Thereby, the role of acoustic material such
as room acoustics, industrial noise control,
interior lining in automotive, building,
enclosure, ducts, aircraft, etc. is the interesting
expected study in advance, specially the
special characteristics of thermal resistance,
moisture resistance, extended weather ability
and increased durability. These attractive
features of banana fibers are low cost, strong
and durable in any typical environment
condition such as wet, temperature. Therefore,
banana fiber could be the potential opportunity
for consumer to increase insulated compatibility
with the main direct materials. In this
paper, banana fiber mixed with binders as
gypsum and fused silica were studied



746 75815398 YH1INNDeNA 11 1ag51¥UIAaATI%Y 14(3) : 743-754 (2565)

relate to (1) fiber length, (2) banana fiber-
gypsum ratio, at 25 mm. thickness of each
specimen.

MATERIALS AND METHODS
1. Raw materials
1.1 The cultivated banana fiber
The type of banana for this research
was the cultivated banana (Scientific
name:Musa ABB CV.Kluai “Namwa”)

was divided as diameter of 2 - 3 mm of
straight line because the cellulose molecules
were arranged orderly or called “Crystalline”
which affected on the strength of natural
fibers (Karlinasari et al., 2012). After dehydration,
these banana fiber was equivalent to 20-
30% of moisture, with average cut length
of 0.6, 5.0, and 10.0 mm, consecutively,
the physical characteristics of banana fiber
are presented in Figure 1.

(c) 5.0 mm banana fiber
Figure 1 The physical characteristics of banana fiber length

Banana fiber was magnified at
350x by Scanning Electron Microscope
(SEM), it can be seen as a long line which

(d) 10.0 mm banana fiber

this fibrous configuration comprised of
many cavity or porosity of fibers within
parallel fibers bundle as shown in Figure 2
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Figure 2 Longitudinal section of banana fiber by SEM image (350x)

1.2 Gypsum powder

The type of gypsum is Type 2B according
to Thai Industrial Standard No.188 (TIS 188,
2004). The properties of gypsum powder
or calcium sulphate dehydrate (molecular
formula: CaSO4.H,0) show that the physical
properties has the setting value of expansion
is less than 2.0% and surface hardness that

1.3 Fused silica (SiOy)

The general name is Fused silica as
by- product of Quartz. The physical properties
describe on its molecular weight: 60.1, specific
gravity: 2.2-2.6, melting point: 1,710 °C,
white color, and its size: 0.1-0.5 mm. Fused
silica has the characteristics of strengthening
and adhesive agent which the chemical

Figure 3 GS/psum by SEM image (500x)

diameter of indentation is less than 5 mm.
The chemical properties, SO3 is the main
component equivalent to 35.0%, CaO > 23.3%,
and MgO < 0.3%, respectively. Picture of
gypsumwas magnified at 500x by Scanning
Electron Microscope (SEM), it can be seen
as stacked identical spheres as shown in
Figure 3.

Stacked
identical
spheres

properties consist of SiO, min: 98.5%,
Al,O3 max: 0.1-0.5 %, and Fe,O3; max:
0.03%, respectively (Pluanjumpee, 2004).
Picture of fused silica was magnified at
500x by Scanning Electron Microscope
(SEM), it can be seen as stacked identical
spheres and sharper than gypsum as shown
in Figure 4.
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Stacked identical
spheres and sharper

2. Specimen preparation and analysis
methods

Based on this experimental research
and literature reviewing, the specimen were
prepared by various factors: (1) fiber length
of 0.6, 5.0, 10.0 mm., (2) banana fiber-
gypsum ratio on 1:9, 2:8, and 3:7 by mass,
at 25.0 mm. thickness of each specimen.
The reaction between gypsum and water
was able to linkage with banana fiber,

Figure 4 Fused silica by SEM image (500x)

especially fused silica with Si - H bonding
reinforcement.

These specimens were aimed to
determine on Sound Absorption Coefficient
(SAC) and Noise Reduction Coefficient
(NRC) by impedance tube method based
on 1SO10534-2 standard (ISO 10534-2,
1998) as following on Table 1 and Figure
5.

Table 1 The mixture proportions of each specimen

Specimen Fiber length Banana fiber-Gypsum Water-Fused silica
No. (mm.) ratio (by mass) ratio (by mass)
K1/1 0.6 1:9 5:1

K1/2 0.6 2:8 5:1

K1/3 0.6 3:7 5:1

K2/1 5.0 1:9 5:1

K2/2 5.0 2:8 5:1

K2/3 5.0 3.7 5:1

K3/1 10.0 1:9 5:1

K3/2 10.0 2:8 5:1

K3/3 10.0 3:7 5:1

(@) Specimen # K1/2

(b) Specimen # K2/3

(c) Specimen # K3/3

Figure 5 Some experimental specimens
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The process of specimen preparation
was started by the banana stem cutting- off
step to prepare banana fibers which had
determined to slit of 2-3 mm fiber diameter
by cutter and then dehydrated on these banana
fiber. Therefrom, fiber length reducing on
10.0 mm and 5.0 mm were consecutively
cut. Eventually, a high speed grinder was
applied to mill these fiber and then 30 US
Mesh filter was utilized reducing fiber length
to 0.6 mm. Each mixture proportion was
provided on 6 specimens, which were

molded into a pair of circular shape at the
diameter of 9.8 cm and 2.8 cm, and 25 mm
thickness for testing in low-sensitivity zone
(0-1,600 Hz) up to high-sensitivity zone
(1,600-6,400 Hz), respectively. After that
each dried mixture consisted of 6 specimens
(3 pairs of specimens) were testified to
determine on their average of SAC (o) at
frequencies 250, 500, 1,000 2,000 and 4,000
Hz. Also, total of 54 specimens were recorded
on weight before and after drying to calculate
on bulk density as below equations:

Bulk density (g/cm®) = Weight of Each Dried Specimen D
Volume of Each Specimen

In comparing sound absorbing materials
for the noise control, the impedance tube
method using the Kundt’s tube (Or et al.,
2017) can be demonstrated on NRC is the
arithmetic mean of SAC (a) at frequencies

250, 500, 1,000 2,000 and 4,000 Hz on the
ability of sound absorption on the surface
of the material as the equation (Barron,
2003)

NRC = (0 p50 % 0L 500+ 0L 1000+ O 2000+ O 4000) @)
5
When sound. Also, the value of NRC: 0.4 - 1.0
NRC Noise Reduction Coefficient indicated at the high level of noise absorption
o Sound Absorption Coefficient (Cowan, 1994). Results of specimens testing

In addition, each specimen was
investigated on the structural of the banana
fiber and banana fiber-gypsum mixtures by
Scanning Electron Microscope (SEM) at
35x-150x times to analyze on the banana
fiber porous, scattering and bonding. Lastly,
all data from each specimen was analyzed
in order to determine the correlation equation
of 2 factors (Fiber length and Banana fiber-
Gypsum Ratio) against NRC by multiple
regression analysis.

RESULTS AND DISCUSSIONS
1. The sound absorption coefficient and
noise reduction coefficient

This NRC value imposes highly
absorbing material characteristics on incident

in Figure 6, the percent of Sound Absorption
Coefficient (SAC), average at the frequency
range 250-4,000 Hz were found that specimen
K1/3 equivalent to 78.46% at 1,000 Hz and
maximum equivalent to 83.99 % at 4,000
Hz. Particularly, the percent of SAC related
to size of the banana fiber 0.6 mm. that displayed
the less length and the rational of banana
fiber- gypsum on 3:7 by mass as result in
the higher SAC. At 250 Hz - low frequency,
all specimen found the percent of SAC was
similar and very low. It is observed on
specimen K3/3 that fiber size 10.0 mm and
the rational of banana fiber- gypsum on 3:7
by mass as result of the percent of SAC
more than 40.00% at 2,000, 4,000, 1,000
Hz and Average frequency, respectively.
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0.00

K1/1 K1/2 K 1/3 K 2/1

o —
= 4 v
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SPECIMEN NUMBER

Figure 6 Sound absorption coefficient of different frequencies

The average of Noise Reduction
Coefficient (NRC) showed on Figure 7 that
the result of specimen K1/3 (fiber size 0.6
mm and the ratio of banana fiber-gypsum
equivalent to 3: 7 by mass) was indicated
the sound absorption ability to 0.52, the
specimen K1/2 (fiber size 0.6 mm and the
ratio of banana fiber-gypsum equivalent to
2: 8 by mass) was equivalent to 0.47, and
the specimen K3/3 (fiber size 10.0 mm and
the ratio of banana fiber-gypsum equivalent

0.60
0.52

0.50 0.47
0.40

£0.30

. Q

= 0.29
0.20 0.25
0.10

0.00

K1/1 K 1/2 K 1/3 K2/1

to 3: 7 by mass) was equivalent to 0.42,
consecutively. This experiment can explain
that the more rational of banana fiber and
gypsum can influence on the sound absorption
ability. However, the result of specimen K2/3
(fiber size 5.0 mm and the ratio of banana
fiber-gypsum equivalent to 2: 8 by mass)
was indicated the sound absorption ability
to 0.31 due to the specimen preparation or
other factors needed to investigate in
advance.

0.42
0.35 o

0.38

0.31
0.28

K 2/2 K2/3 K 3/1 K 3/2 K3/3

SPECIMEN NUMBER

Figure 7 Noise Reduction Coefficient (NRC)
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The bulk density as displayed on
Figure 8 and its average was found 0.98
glcm®. The ratio of banana fiber-gypsum
was equivalent to 3: 7 by mass of each
specimen size (K1/3, K2/3 and K3/3) that

K 3/3 s 0.592

K 3/2 s 1.0033

K3/1 s 1.3183
K 2/3 s 0.6917

K 2/2 s 1.0767

K2/1 s 1.3483
K1/3 maaasssse  0.698

SPECIMEN NUMBER

was obviously less density than others ratio
of banana fiber-gypsum was equivalent to
2:8 (K1/2, K2/2 and K3/2) and 1:9 (K1/1,
K2/1 and K3/1), respectively.

K1/2 s 0.9133
K1/1 s 1.1967

0 0.2

4 06 08
Bulk Density (g/cm?3)

1 1.2 1.4 1.6

Figure 8 Bulk Density

2. The structural of the banana fiber

and binders (gypsum and fused silica)
When using a Scanning Electron

Microscope (SEM) magnified at 35x-150x

Silica

Gypsum

times, these fiber can be seen distinctly as
a porous fiber with binders scattering and
bonding. These configuration were presented
on Figure 9.

Space

Porous
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Long Fiber

(c) Specimen # K2/1 at 35x

Figure 9 SEM image of some specimen types

These investigation revealed that
the fine banana fiber indicated as the short
fibrous, more porosity and space area. The
specimen # K1/3 indicated apparently on
Figure 9 (b) as the short fibrous, was
interfered between binders (gypsum and
fused silica which was shown on Figure 9
(@) of the specimen # K1/2) with porous,
and also appeared on space area into this
specimen. Thus, size of the fibers had
small length and more surface area as
result in the higher sound absorption
coefficient and this porous material
indicated as excellent in term of sound
absorption that be enable to explain on
natural fiber have shown to porous or

= Long Fiber

(d) peC|m 3/1 at 150x

dissipative absorber materials as result of
good sound absorption coefficients (Sound
Research Laboratories Ltd, 2004). For
SEM picture 9 (c), the specimen # K2/1
found binders were being scattered on the
long fibrous. Also, the 9 (d) picture of the
specimen # K3/1 found these binders were
being scattered on the long fibrous and
found obviously space area into this
specimen.
3. Multiple regression analysis

To determine on the correlated equation
of 2 variable factors (when x;: Fiber length
and x,: Banana fiber-Gypsum Ratio) and
Noise Reduction Coefficient (y) was showed
as following on this mathematical model

y = 0.2564 - 0.0069x, + 0.7169x, (3)

This correlation coefficient was
equivalent to 0.54 between the experimental
values and the predicted valued by this
mathematical model. The analysis of variance
(ANOVA) was summarized on the significant
F to be 0.09 and p - value, banana fiber-
gypsum ratio of 0.05 and p - value, intercept
of 0.2564 as the interested keyword.

The testing to determine on the coefficient
of noise reduction by using the acoustic
material experimentation according to the
ISO10534-2 international standard were
found especially the natural fibers in a
straight line such as banana fibers was
good absorber. For value of Noise Reduction
Coefficient from this study were distinguished
on the development of banana fiber

reinforced gypsum at frequency ranges between
250 Hz and 4,000 Hz with the average value
of the sound absorption ability to 0.52. In
fact of the porous or dissipative absorber is
a great sound absorber in medium and high
sound frequency complying on the explanation
of sound when passing into the porous wall
as result of the sound energy reduction due
to its friction loss. Furthermore, this research
also revealed the importance factors effecting
on sound absorbing ability that (1) size of
the fibers presented the less one as result in
the higher sound absorption coefficient, (2)
density was also the important factor when
dealing with the sound absorption behavior
of the material, (3) the ration of banana
fiber - gypsum according to the above
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mathematical model presented the influence
on Noise Reduction Coefficient. In addition,
the effective factors in sound absorption
such as fiber size, porosity and density of
absorbers were considered (Ghotbi et al.,
2015) and The utilization of native acoustic
material are different densities and thicknesses
(Or et al., 2017). However, the intercept
value of 0.2564 could be implied that the
other influence factors will be subjected to
research later.

CONCLUSION

In this research, the experimentation
to determine on the Noise Reduction Coefficient
by using the acoustic material examination
according to the 1SO10534-2 standard at
the frequency range 250-4,000 Hz, demonstrated
on specimen # K1/3 (the mixture proportions
of fiber size 0.6 mm and ratio of banana fiber-
gypsum equivalent to 3: 7 by weight) which
the Noise Reduction Coefficient was indicated
the good sound absorption ability to 0.52.
Accordingly, Noise Reduction Coefficient
value of 0.4 - 1.0 was announced on the
high level of noise absorption. In addition,
the percent of Sound Absorption Coefficient
was equivalent to 83.99% at high-sensitivity
zone (4,000 Hz) became apparently positive
outcome for the research in advance. In
addition, the higher bulk density varied on
the lower ratio of banana fiber-gypsum. By
using Scanning Electron Microscope, the
specimen # K1/3 was found as the short
fibrous, was interfered between binders
(gypsum and fused silica) with porous,
likewise appeared on space area into this
specimen. Finally, mathematical model
presented the variance on the significant F
to be 0.09 and p - value belonging banana
fiber-gypsum ratio to be 0.05 that implied
the linkage with the value of Noise Reduction
Coefficient. The SEM investigation revealed
that the fine banana fiber indicated as the
short fibrous, more porosity and space area
influence on Noise Reduction Coefficient.
Likewise, the scattering and bonding of
banana fiber with binders influence on the
strength of sound absorber needed to be
more investigation on mechanical properties.

Furthermore, the other parameters and
variations effecting on Noise Reduction
Coefficient might be investigated to develop
in sound absorber from banana fiber in advance.
Owing to its noise absorbing properties,
banana fibers are flexible to be used in
broadly engineering applications. Regarding
to features offered, banana fiber is appropriate
for an alternative engineering material, with
a focus on; (i) Minimizing the use of local
materials and resources, (ii) Recycling of
wastes, (iii) Maximum use of local skills,
and (iv) Environmental prevention and
Energy conservation.
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ABSTRACT

This research proposes a model for Sentiment analysis of emotional levels of users’ opinions towards
online products and services. The techniques used in this research are Machine Learning, Text Mining integrated
with 3 types of Word Segmentation and Bag of Words. Four sentiment analysis methods: K-nearest neighbors
Classifier, Random Forest Classifier, Logistic Regression and Support Vector Machines (SVM) were used for
analysis. The model was developed through 5 steps including 1) Data Collection and Preparation Phase, 2) Text
Processing Phase, 3) Training & Streaming Phase, 4) Classification Phase, and 5) Model Evaluation Phase.
Consumers’ opinions were gathered from social blogs related to online products and services. 252 articles with
1,412 comments were collected making up 83,670 words in the dataset. The model can help consumers make a
decision for purchasing of goods and services, and help entrepreneurs gain the information to improve products
and services in the future. This proposed method classified opinions into 3 scales: positive, neutral and negative
opinions. Each method offered different levels of forecast ability: the K-Nearest Neighbors revealed the accuracy
index at 56.2%, Random Forest Classifier at 71.6%, Logistic Regression at 77.2% and Support Vector Machines
(SVM) at 79%. However, the combination of SVM and Longest Word Segmentation performed better compared

to other techniques and is more appropriate as part of sentimental analysis model for Thai reviews and comments.

Keywords: sentiment analysis, text mining, machine learning-based approach, online shopping, Thai word segmentation,

opinion mining
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o 9

1 v o o I'd
WudgnszuIumsad 1unaemIAwN (Bag of Words)
X g { o '
FuduTuwaanldluaudautalszsinndoniy
(Text Classification) ﬂ’cjﬁJ"UENﬁWZQﬂEI%‘]JW@%}’JEJ

¥ o o d A 1 o [ 9
AIATANNYIONITINQUITINVDIAN Iﬂﬂl‘lllllﬂ
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=KX K [ o w

° P {a
MA9D91an 1e1nTal ANVINNY LaZd1a Ve
o é A o Aa 49@’ 9 d' o a 4
M Farniaunavu ludenNuN NIz
vy 'y 9 1A o A o Y
unumale 1 ugan ludonnu lusisinmmua e
' o I A
unua1aae 0 Tasrinlfniluqueauida (Feature)
TumsHnOUTH (Training) A9 ALLLINYBANY (Classifier)

g o Y 1 9 a o w
mﬂuuwwmiﬂizmawaimmamagamﬂwmﬂu

[ 4 [
(Label) 52AVUDI015UD 3 52AU uazuﬂmﬁgﬂ%m

U

9

TWogluztuwuvs csv iverh lilFilugatoya

U

9 [

= = 9 . .
A3 Ul neUTHIUVNRTOU (Supervised  Learning)

= a J A
GI'GIIIJJ FINAMIAATIEHATaLaaslua1s19n 1

[

vo &
AU

—

y a o w [ 4 [
M3190 1 uaaInan13aathemny (Label) SEAUUDIDITU 3 T2 AL

[ Y] J d 4
LAUANNIAN/B1IND weSidua
1¥9190 (Positive) 20%
Id
1W1na1e (Neutral) 44%,
CALYT (Negative) 36%

1NA15199 1 LLﬁﬂ\iNﬁﬂﬁ%Lﬂ§1$ﬁ’i$ﬁ/ﬂ
y=2 9 a
mmg’dﬂmﬂmiﬂs:mawa@u@mmuazmmﬂ

o w v J [
Themnu (Label) 5£A1U09915U] 3 FEAUINYA

Youarniu (Training Set) 1HoNTUIINTINIU

QU

9 ! 19 y=R
VBUANUIN ﬂﬁllﬂl@llﬁﬂﬁ?llgﬁﬂlﬂﬂﬂﬁN (Neutral)

U q U

1 a < @
ﬂ1§1\1ﬁ 2 fﬂiLlﬁﬂ\‘]ﬂ')’]llﬂﬂn’iullﬂﬂ@nﬂigﬂﬂﬂ’ﬂﬂéjﬁﬂ

Ao ) a vy P
mmauﬁuagaquﬂ 44% ﬂqmayjammgaﬂ

1H981 (Negative) 36% Loz nguioyanIus anid

170 (Positive) 20% HIAINITDUAAIAIDEIINT
< Y]

HAAIANNIHULINAINTEAUAIINS ANINYA

9

[ Yo P~
Uoya 3 ¢ llﬂﬂ\WﬂiN‘Vl 2

u

MIUAAINNNAAITY sTAUANGAN
¥ . 33 -

115193 QUIFOYUNIAY 190N

= Y Id

A laniguung Wunais
= ) Ao W a

uue lude iy ndea luiinudu 1901

3) YuneUMsHNBUINYBNA (Training &
v
Streaming Phase) Tuduneumsasuduwudmsy
msﬁ&mf (Supervised Learning) Gl"]?ﬂill’dhﬁﬁﬂﬂ
9 g‘/ o ¢ A P
§AVDYA (Feature) NINVA 3 Aoaus tiel4luns
Al (Training) HAYNATOU (Testing) 1AUA title
. 1 I
tokens, title length, label uammwﬂ%gaaamﬂu
2 9@ (Split Test) D YAV OYANNHY (Training Set)
Y o e 9 o
80% lumsaisduuumsinevsudoya 910

o 9

Mmsigaveyanaael (Testing  Set) 20% 197

Q

A a o 19 Y= {1
NITUIUNTINDUATICUICAVANNIANNUADNT
a <3 1A 9 a A
uﬁmmmmmumaaumua‘zmﬂﬁmﬂumyﬂm

Fanszurumsnadounugatoyass Inatians

. . <3|
Gﬂug”uuuﬁﬁ_ﬁ’aau (Supervised Learning) t1Un13

FouiTavordotoyaiidowd iy 15 udedi

A Y] A Sq Y = v 9
e lvnasuiuaes l¥lumsnfSeumeunudoya

Tnunundiuensodarnuranininiiuy

U

Indifeanumnigalieglunguifen
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4) Yunpumsuanilszian (Classification
@ a <3
Phase) ABNILUIUNTANAANUAATUIINNIT
=3 9 A . . S 9
138UIUDUATON (Machine Learning) HUVUHADU
(Supervise Learning) Taenaa auﬁwg@%’aga (Testing
Set) 20% WUVINTLUIUMINIUIHA (Prediction)
a 4 [
uamﬂﬂwamiamiwzmzﬂummg”ﬁﬂ (Sentiment
. Y a

Analysis) lagldimatanisuendszinnuanis

a 4 a J
Wn51H 4 matin 1AuA K-Nearest Neighbors,

Random Forest, Logistic Regression L& Support
Vector Machines Gluﬂizﬂiumiﬁ%}Nﬁlu‘U‘Uﬂﬁ
Ansigianuidnnersusidinivunaiy

o A o Aa 1
uuzihaumesulainw Ine Tasldimaiaaiy
a 9 A . . Y °
NMILTIUIVDIUATON (Machine Learning) AI1UNITN
MJ9TBANY (Text Mining) TINAUNANANITAA
[ '

1 (Word Segmentation) LaZMTA314AIMANT

(Bag of words) eninsauand laananini 2

—-{ Data Preparation ‘
DATASET

I

_,@ Sentiment Model H Classification }—»{ Evaluation ‘
Test Set L ) L ) L )

f

‘ Data Cleaning ‘
R — |
‘Word Segmentations ‘
I S
‘ Bag of Word ‘
I T
‘ Text File Processing }7
*17

Training &
Streaming

Training Set

Positive Neutral

‘ v

'

' 9
ﬂ]Wﬁ 2 l,l,ﬁﬂﬂ“llu@@uﬂi%ﬂ?uﬂﬁﬁ%’l\mm!ﬂﬂ

v v
INNINA 2 HAAIVUADUATSUIUNT
k) % o v A Jd [ 4 YR
asndmuudmsuinsziszauersuinuian
2 v A P Y v P ¥
Tagisuanmstasndoyalinsoulsay e
N3zUIUMIMIANNAZRIATOYA N1TAAAT N3
v o @ 4 [ 1
afrademidnd msdagavoyalieglugduny
] I~1 1
text file tazuiegadoyavoniiu 2 ga Tdun ga
Aoyarniu (Training Set) 80% Hazdoyanadou
Y
(Testing  Set) 20% a1nuuirgatoyadndudn
Y
nszUIUMIAnoUsNTaYa TuApUADNIAENITIN
gadoyad s unadeuInIzUIUMIHIoLAE

. . Y= 4
1uen3zAN (Classification) ¥9IANNIANDITND 3

sean'ldun anuian@auan (Positive) 1iunang
(Neutral) LLazi¥ay (Negative)

5) M5U52IUAINVY (Model Evaluation
Phase) Lﬁmhwf?umummﬂﬂﬂmm (Classification
Phase) i3 613 081187 921 WaM3 i INeIINILUIUMS
Uszidiuduiieiaanuutudivesn Tae
F9151910 AU (Accuracy) AIAUNITH 1
AMUYNADY (Precision) Faaunsh 2 Anuszan
(Recall) FIaUMIN 3 LazANRGY (F1 Score) V04
Precision 118 Recall A9 3Jmi'ﬁ 4 (Limkonchotiwat,

2018; Promla and Sanrach, 2020)
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2 TN +TP 1)
Y = TP ¥ FP+ TP+ FN
Precision = L @
TP+ FP
TP 3)
Recall = TP+—F1V
Taofi Precision 10 A1ANULNUE 1HADINMITIIA
TP fio foyafiinegndeailofsuiumas TP WUABUAY FP
FT fio foyaiieglumasud lifims e Recall fip AUYNADY 1AA9INNITIIAT TP
(AR FN) YUNBUNY EN
FN fio doyafisinouda ligndeadiorfion F1 Score 0 AAABVDY Precision 11 Recall
numag
F Precision * Recall )
L= et (Precision + Recall)
Tudrdudauivzudainansiuunis 21716 (Word  Segmentation) 14 3 yUuuuiidl
dsziiudrnuy TaofSeumneuazuuuniiu AUENTRLANA AT TTOUTAIRININT 3 B9
13181 (Accuracy) ANUYNADY (Precision) AR AT 6 fail

= 1 d' U o
5280 (Recall) 1azALNAY (F1 Score) 11NNITAAA

ACCURACY SCORE PRECISION SCORE
—o—NEWMM —fli—Longest AttaCut —0—NEWMM —fli—Longest AttaCut
100 100
= e o S S S >
0 0
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RECALL SCORE

——NEWMM —fli—Longest AttaCut

100

F1 SCORE
——NEWMM —li—Longest AttaCut
100
0

1 2 3 4 5 6 7 8 9 10

2N 3 taasramsysziuanuuiudrvesdanuy Tasldinatinnsuentseianiuy K-Nearest Neighbors

1NN 3 uaasrannmsUsziiuaiy
wiudreadmuy Iagldmaiiamsdaas (Word
Segmentation) 3 YU UY FIUAVINAUA
ATLUIUMI A5 AIAIFTNT (Bag of Words) 1Ay
M3Iuenszaniuuy K-Nearest Neighbors Classifier
mnmsdszurananmsdszliuaruvunenaiy

E4 E4
maNANSAAf 3 mala matinag 10 500 NIl

ACCURACY SCORE

——NEWMM —li—Longest AttaCut

100

0
1 2 3 4 5 6 7 8 9 10
RECALL SCORE
—4—NEWMM —li—Longest AttaCut
100
0

WiniuANNN LAz anond IuMTszuiana
di a 1 = ] o YA
dennsanaundeazuuuanuiudiaglldne
mslHnaiianMsaamuy AttaCut THANULLUEN
lumsihwewauiniiga Ae azuuuaNuLiUG
(Precision) 55.7% ﬂ:uuummgﬂﬁm (Recall)
52.6% uagAUnay (F1 Score) 50.A% @WUUN

anuuud lumsmiuena (Accuracy) 52.6%

PRECISION SCORE

——NEWMM —fli—Longest AttaCut

100

T e T

0

1 2 3 4 5 6 7 8 9 10
F1 SCORE

——NEWMM —li—Longest AttaCut

100
1 ; Am ot
"_‘7"‘-\"?',,_7.. Lo

0

1 2 3 4 5 6 7 8 9 10

MU 4 ugaawamsdszuanuuiudivesdany Tasldmatinnisuenilsznnuuy Random Forest
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1NN 4 uaasrannmsszifiuaiy
wiugvesduuy Tasldimaiamsdadl (Word
Segmentation) 3 YU UY FAUAVINAUA
ATLUIUMIATASIFIFNT (Bag of Words) 1A
M3uenszaNUyUy Random Forest Classifier 411
msdszuranamsdsadiuauuunenaumaln

S ] v
MIAAAT 3 (NAUA MALAAE 10 01 mﬁgﬁmwu

ACCURACY SCORE

——NEWMM —li—Longest AttaCut
100
o e e A
50 e RN el
0
1 2 3 4 5 6 7 8 9 10
RECALL SCORE
——NEWMM —li—Longest AttaCut
100 N
AN RPN TN =
| ety
0

Ao - n
ANMU¥eNULazananalumsiszulana 1o
a 1 d' ] o YA

HnsaAundenzuuuauuiudiaglldne ms
IHimasiansaaA DY NewMM 1iauti 16
lumsihwenauniiga Ae azuuuanuutud
(Precision) 73.5% ﬂzuuummgﬂﬁ'm (Recall) 71.6%
HagAURaY (F1 Score) 69.6% AMUUNANULUUEN

Tumsyihinena (Accuracy) 71.6%

PRECISION SCORE

——NEWMM —fl—Longest AttaCut
100 o

h = l\-‘" i “V')' - .‘

, FeatEN
0

1 2 3 4 5 6 7 8 9 10

F1 SCORE

——NEWMM —fli—Longest AttaCut

100

50 -

2N 5 taasramsysziuanuuiudivesdinuy Tasldimatinnsuentseaniuy Logistic Regression

1NN 5 uaasranInmsUsziiuaiy
wiudrveadmuy Iagldmaiianmsdan (Word
Segmentation) 3 UL UV FAIUAVINALA
ATLUIUMIATASIAIFNG (Bag of Words) 11ag
m3iuenilszianiuy Logistic Regression Classifier
nsdszurananisissiiualnuuntenaiy

9 4
mANANTAAAT 3 mAlA malnag 10 50U NI

WisuANNIN LAz anond UM T szuiana
d‘ a 1 = ] o YA
dennsanaundeazuuuanuiudiaglldne

9 a ) Y 1 o
M3 1HFNANANTAAR WD AttaCut IHANVUNUEN
lumsinenauniiga Ao AzuuUANUILUE
(Precision) 78.4% ﬂzuuummgﬂﬁ’m (Recall) 77.2%
HazAURAY (F1 Score) 76.2% AUUNANULHUUEN

Tumsyiuena (Accuracy) 77.2%
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ACCURACY SCORE

—4—NEWMM —l—Longest AttaCut

RECALL SCORE

—0—NEWMM —fli—Longest AttaCut

100

PRECISION SCORE

——NEWMM —fli— Longest AttaCut
100
0

F1 SCORE
—o—NEWMM —fli— Longest AttaCut
100
|y e = k < 77.“—’* ='b l
0

MR 6 uaaswamsdsziiiuaNuu VeI IﬂElﬁlslsf‘mﬂﬁﬂﬂﬁllﬂﬂﬂizlﬂ‘mmﬂ SVM

1NN 6 uaaerannmM3Usziuay
wiugvesduuy Tasldimaiamsdadl (Word
Segmentation) 3 JU VY FowAVINAUA
ATLUIUMIATASIAIFNG (Bag of Words) 1A
msuenlszianuyuy Support Vector Machines
(SVM) Classifier 11mMsidszuiananmsilssiliuan
HUVLINAUNANANITAAA 3 (MALA NALAAY
10 501 WatilounNudeiiutazanendluns
szanana definsanauaaenziuuanuiug
ajllane msldmatiamsdaduy Longest 1%
mmmjue‘h"lum3ﬁ1u18wamﬂﬁq¢1 Ao AzIUY
AMIIUE (Precision) 79.3% AZUUUANUYNADA
(Recall) 79% 1aANRAY (F1 Score) 78.8% A1

sanuudud lumsiuiena (Accuracy) 79%

au a J
WNAN13IIVYLAZIVTIIUNA

MINMINARBIASIAMUUMITUATIEH
J o o o A
anuiannisersualdimiuunanuuuzidud
J Y o l 9 o
poulaw Taglddredrsdoyaunnnunuzii
a a 5 J
Fudazuimsnndiylesa www.blognone.com
o a ] o
TIUIU 252 UNANY MIUAAINNNUAATUTIUIY
=] o o o 4 @
1,412 Anuiu 1 83,670 /1 ieasnedd
npudmSunsinsIzRszAUAIN AnABNTS
a 3 1A F) a P
ugasaNuAMuAs AuA Az U soou lalin
<3| a 1
Wunwlne TagldimatindiunisSouives
& . . v o A gy
1A784 (Machine Learning) ATHM3TIUMTDT0AIIN
(Text Mining) 5 WA UNANANMIAAR 1 (Word Segmentation)
3 30upn18n NewMM , Longest 1182 AttaCut

v o w o g
HazMI a5 19ASIFANY (Bag of words) 91011
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o a 4
u']!,"lsl}'lﬂi?‘u"]J'Juﬂ’]iLlﬂﬂﬂﬁglﬂﬂwaﬂ1iﬁlﬂ51$°ﬂ 4
matina vlﬁlm' K-Nearest Neighbors, Random Forest,
Logistic Regression U6iZ Support Vector Machines

9
(SVM) a1 uid1ns£uIUMINAa0d 5 TUADY
Y 1 <3 ~ 9
vlﬂllﬂ 1) NINUIIVIINUATNITIATINVDYA (Data
Preparation Phase) 2) m3lszuranatoninw (Text
File Processing Phase) 3) M3A ﬂemwﬁlmga (Training
& Streaming Phase) 4) M5ueNUIZNN (Classification
Phase) a2 5) M3UILHUAMILY (Model Evaluation
Phase) 910MIE3 1AMV VAWITOUENTZINN
o YR t4 I v A

igﬂﬂﬂ’ﬂhgﬁﬂﬂWQﬂ”ﬁNmf)f)ﬂlﬂu 395¢AUAD

YR a .. I
AUIANIBIVIN (Positive) Wunaig (Neutral)

a . = Y o =2
1azIFIaY (Negative) FIAOAAADINUNITANY
v94 (Anurag and Vijauy, 2015) lafnyuinialu

a 4 9= Y Yo o
fﬂi’Jl,ﬂ‘i”lgﬁﬂ’ﬂllgﬁﬂﬂlﬂﬁﬁ;ﬂ%Iﬂﬂi%ﬁ’mumﬂﬂﬁ

M319i 3 uaaswanmsdszduanuiudvesd
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Wunilostoya 1agmsANyIV0I (Trupthi er al., 2017)
YR asy a 4 Y= o
ladneIsmsinszranuidn lagnsananau
a [~ a s A =1
AaiuuunIames enfSeufeuaussousyea

v

19 unUszaN  (Classification) @115UNS
a 4 YR tﬁ a 4 Y a
AUATITHANNIAN WD UATIEHANNIIFIUIN
9=t YR A 1Y A
ANUIANIUNAN LaZANUIANFIAY WU 013
a r'd o YR I [
M3PATEHIZAUANUIANoN UL 3 A1
o 9 ’.f % v A [ I
MIMMInUoIMTAATUTEAUVDIDIT UM NN
y 2 23 2 - o
9NARANTUBITY TuT R UM T TZuAIDY
MmsUsziusgnaunaAlanIsAAA1 3 mala
a a 4 a
gazmnANAMILENUTLIANHANITAATITH 4 1NAilA
v Y
Tagmagnan1snIIUNANANIHNAUDILARY
madia ansaagUranmsdsaiuanuuiugives

@ Yo =~
@l'JlL“U“Uulﬂﬂ\?Wlﬁ'N‘Vl 3

Word Segmentation Engine

Classifier Model NewMM Longest AttaCut
accurac
precision  recall fl accuracy  precision  recall fl accuracy  precision  recall fl
y
k-nearest neighbors 47.7 513 477 46.1 48 47.1 48 46.1 52.6 55.7 52.6 50.8
Random Forest 71.6 73.5 71.6  69.6 68.7 71.5 68.7 66 70.1 723 70.1 67.6
Logistic Regression 75.9 76 759 748 73.9 75.2 73.9 726 77.2 78.4 77.2 76.2
SVM 71.7 78.5 717 714 79 79.3 79 78.8 74.9 76.1 74.9 74.7

NAMIIEH 3 FansaosineIdaail

1) m3lFmatiamsuensznnin K-Nearest
Neighbors 3IUAUINATAMTAAMR LU AttaCut 17
ﬂmuummgmuﬁmm‘ﬁqw A9 52.6%

2) M3 lFmatiamsten1lsnnUY Random
Forest IIUAUIMNANANIAAA MDY NewMM 141

AZUUUANNUNUENNNNGA 7D 71.6%

3) M3 lFmatinmsuenUsenuuy Logistic
Regression 33UAUMANAMIAAAUY AttaCut 197
ﬂmuummuﬂué’mmﬁqw A9 77.2%

4 mylFmatinmsuenysznnuuy Support
Vector Machines (SVM) S2uAUMANANTAARA
HUD Longest I¥AzuuuANuiuduNniiga fio

79%
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Actual
neg

neu

pos

neg

Confusion matrix

Predicted

-100

-80

- 60

40

20

pos

y a v J [ @
ﬂﬂ/‘lﬁ 7 UAAIA15 1N Confusion Matrix MIUTLNUNAENENTINUIA NIV

100INA 7 1loNIITUIINALUUY
v
nanuaazllane msldmatianisdanl (Word
Segmentation) 1111 Longest HutungAumsl¥da

'
oA

Mne1nga saununslsmatianisadiends
o o 4 = 9 1% =
fMANN (Bag of Words) ¥980AAR09NUNISANYA
YR a o 4
V94 (Chumwatana, 2015) 1@AA¥IMIAATIZH D15 UD]
a I~} Ly a 1
ANUAAIY NAUARYDIRAY HazANUTANAONS
a <3 a a
uaasnnuAamuluFwInvseFaaunngnai
1 a 3 P
¥12'Ineg WuI1 MIsuEaIRIINAALT U AT Y
I H ] ] [
M Inadludennun ludmsusdiu sz Ton
a (% [ q' = o d' = Y a
aanuy onvseh lulvewwaa ielins lgmaiin
A Y v o w J1 o 9
(Bag of Words) tNoa319naaMAnn A ums 1%
MANAMNTAAAR (Word  Segmentation) 1 a 314
% o Y a 4 [ YR
v iansadnsigissauanuiannig
' o A é’ a
P1TUANANVUUUSINTIVY aZMATANTLEN
1/3219NUVY Support Vector Machines (SVM) 1
1 ) o a 4
azuuuaNnNuiud lumMsMuenanIsuaI Iy
) ¥R o A A
FLAUAINIANNOITVANINNAGA (Accuracy) AO
79% HIA0ANROINUNITANYIVOY (Haseena and
Ahmad, 2014) lddnwimsuSeuneumaians
a 4 [ 1 o
AUATIEHILAVANUTTN WD N15TIMUN
anuianlagldinadia Support Vector Machines

(svM) Tdanumiudrgeaninganss unisuen

UsginnuuuduiielFausiuiumaiinnisisous
A . . 1 I
YDIUATDI (Machine Learning) a9 l5naulums
9 (Y a 4 YR J
A5 1AWV UNITAUATILHAIN ANNI199 15 4Dl
o [ o A d o [y
Frnsvunanuuuziiduaieoulaidinsy
unanume Ine Tasldmaianisdanl (Word
Segmentation) U1 Longest Engine FAWAUMS
¥ o w 4 a
#51989ANN (Bag of Words) lazinafinnms
wendssnnuuy Support Vector Machines (SVM)

Mz AN

agl

9 A :ﬁy a kY I
doyalumsidonsedumosu laritini

= )] ~ Y a Yy a d

WaINMa1e H9 1901992 1015819990 U0 AMTAY
A a 3 a < a 9 gl.: 19
MnavuluaNuAATHYIFUA U LAG 1NN
Yq 9 Y ' a a 2 ' A A
AlFdeso1unazAniuanufaiuaIeg Nl
o Y I o Y =
sruaudeyadusiuruwin drvaniina'ln
1 A Y a 3 Aa L] @
Froiaol 19 iunsaglanuaaauiiiogludd
Fuaazusmsld aeelszrdananazin 1y

' Y
#lavoyaisrasunayiih 1 1Fdadulald

=5

ee

o

a o dy 9 as 9 %
\11!1!\1114’35]5141@1!11?(148’J‘ﬁﬂ1i’(?fi1\1{5]’JLL‘]J‘]J

EQ&

dmfuinizHazduanuianmeersusidmsy
o A L4
unanuuuzidudieoulainivlne Taold

MATAFIUNITITOUS YD I1AT DI (Machine
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. 4 v Aa a <3 1T Aa
Learning) 1HBAAAUANUAARUIINADTUAILAY
Y33 Tasriunaiinmiios¥ea1u (Text Mining)
FAINUNAUANITAAAT (Word Segmentation) 5NN

9 v o W 4 ~
MIASWARIAIANN (Bag of Words) laglinis
a SR a d' d'
Anszndagduuurazimalanmuizaunag
o Yo a & a4 3
i lgsuanuaamiunduaiv Ine vaziily

= v o 4 zﬁ ]
giuu)szTonen taglindamann 1o rIonI09

1 o A & a a =®
wazuyalszanamitluFauinuazi¥aan 57109
Mn3e1 Muuae mldnadseansomlums

A o @ ] V1 ]
VU FIHadns Iaeswazmuladn ngley

N
ANINA

J

Aa A o 9 @ A 1 A Aq ¥
mananiuauedz ldnaaninaniunaianly
v 9
Taen 11 TunoumsnaassdmsunInageUa?
= =) a
wuy Insufseumemnaianisuendszinn 4
AR Ulﬁ)uﬂ‘ K-Nearest Neighbors, Random Forest,
Logistic Regression L& Support Vector Machines
2 A 9 (2 g Y 1
FaunszuIumMIasedmuy 5 Juaeuldaun
1< = 9
1) MFINUTIVIINUALMTIATENVOYA (Data
Preparation Phase) 2) m3lszuranatoniny (Text
File Processing Phase) 3) mﬁlﬂamwﬁ’ay‘a
(Training & Streaming Phase) 4) Msuendszinn
(Classification Phase) tag 5) m15UseiuuaLLY
(Model Evaluation Phase) Lﬁﬁ)ﬁ’%ﬁﬁ’)tmﬂiumi
o YR [y o Id
wenilszianszauanuianuuusn luinesnitlu 3
v A YR a .. I
JELAUAD ANFANFIUIN (Positive) 1T UAAIN
(Neutral) 1azt¥3ay (Negative) 310N1TNAADY
as1adnuy msldmatianisaafl (Word
Segmentation) 11U Longest 32UAUATA319ASS
o @ 14 a
AN (Bag of Words) ttazinatianmsuenilszinn
1D Support Vector Machines 92 1¥anuaiugn
Tumsineramniga NszauaNuuiud 79%
é 1 a d’ d' |~ =) =
Faganiunataduinl/Teuwney Tagiaiw
! o ' o { & o
mzaunazih I lFausmduniv Inendlud
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ABSTRACT

Drainage water from intensive Channa striatus fish pond especially during harvesting is often found
unqualified by the sewage water quality from aquaculture control standard 2007 and thus causing pollution. This
research aimed to do a deep study and dilute the problems by an efficient draining and settling in cultured pond
technique. Water from fish pond in Ang Thong province before and during harvesting was sampling in different
depth and time. All water samples were pooled and let them settle for 48 hours. Results showed differences in
water quality at different depth levels (p<0.05). The over 100 cm depth water was unqualified and the farmer
draining practice significantly reduced the water quality. Setting the pump suckling head on the pond bottom
caused sediment diffused and increased the total water suspended solid, consequence in whole pond water volume
unqualified to the control standard. The total suspended solid was the biggest problem and cost the longest time to
be settled. After sedimentation treatment 24 hours can significantly improve all water quality parameters to reach
the control standard.

It is suggested that during water draining farmers must not disturb the pond bottom, not diffusing the
sediment or mudding the drained water. Draining technique such as bended pipe, syphon hose or setting suck
head far above the pond bottom should be used to remove the surface water. For the rest, water about 60 cm over

the pond bottom must be further treated either by sedimentation or combining with other methods.

Key words: wastewater treatment, snakehead fish pond, Channa striatus
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Table 1 Water quality parameters and method reference analysis

Water quality

Control standard Unit Method Reference Analysis
parameters
BOD <20 mg/1 APHA (2005)
Total nitrogen <4.0 mg/l Raveh and Avnimelech (1979)
Total phosphorus <0.5 mg/l Raveh and Avnimelech (1979)
Total ammonia <1.1 mg/l APHA (2005)
Total suspended solids <80 mg/l APHA (2005)
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Figure 1 A summary diagram of the experimental process stages and the collection of experimental data throughout

the trial period
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Table 2 Water volume of the fish pond in each depth level from water surface

Water Depth (cm) Water volume (ms) Water volume(%)
160 2,146.76 100.00
150 2,002.84 93.30
100 1,303.03 60.70
60 766.56 35.71
50 635.65 29.61
20 250.50 11.67
10 124.62 5.81
5 62.16 2.90

Table 3 Water quality parameters (mg/1) in fish pond before harvesting

Water Depth BOD Total Total Total Total
from surface nitrogen phosphorus ammonia suspended solids
10 cm 11.4+0.32 ° 0.68+0.10 ° 0.306+0.042° 3.56+0.031" 71.3+1.13°
20 cm 18.6£0.46 % 127+020°  0.415£0.035%  3.89+0.028 ° 74.3+1.41°
50 cm 19.040.52°  1.78+0.14%  0.445+0.028°  4.56+0.035° 74.842.32
100 cm. 19.840.31°  1.9740.12"  0.494+0.064"  5.78+0.029 ¢ 92.543.62°
150 cm 224+1.12°  2.11£0.04°  0.540+0.056" 8.45+0.256" 142.7+6.52°

Pond bottom 54.8+2.28 " 5.01+0.64" 0.650+0.140" 12.45+0.56 ° 912.7+48.08

Mean=SD with different superscript letter in column showed significant difference at p<0.05.
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Table 4 Drainage water quality parameters (mg/1) at different depth levels during harvesting

Water Depth water quality parameters
from surface BOD Total Total Total Total
(cm) nitrogen phosphorus ammonia suspended solids

drain  Part 1: 160 67.6+2.83"  3.67+0.12°
Part 2: 159 - 100 48.7£0.57°  2.82%0.14°

2nd

drain  Part 3: 99 - 60 68.6+4.74"  4.1240.14°
Part 4: 59 - 20 57.943.89°  3.52+0.19°

Part 5: pond bottom  68.8+4.24"  527+0.16"°

0.78+0.023 °  5.23+0.31° 1032.6+12.84°

0.48+0.032"  3.87+0.22° 269.5+6.78 °

0.85+0.045 "  6.92+0.42°  1167.4+12.07"
0.78+0.042 ™ 4.67+0.13 ¢ 453.749.76

0.89+0.067 °  12.83+0.34"  1307.3+14.35"

Mean+SD with different superscript letter in column showed significant difference at p<0.05.

4
=1 1 VoA 3 @

9
@529 TUATIH NN ATATUAUNTINUINNAD X

a

D.

J ] A %’ 3’,, '
mgeluszozrrausuduvesnmsguiin falugaei

v

1 vazluwan 2 uazazimanadlurasLauin
1 g’.z dy d’ g 3’,, cg’ 9
aou Neiliiiesainlumsguinassiinyasns Ia
@ d' SO‘Q [ tg Y ] [ g’a
9%z THaniAT oI guINAANUNUAULD AaTiY

S AR R I g
WeguihluinnaswziIdmasiiguaimimn
A A 2 ¥ A 9
muauiugavy mazlumsguinluszesGudu
9

1 [ 1 4 9 1
Gl'ﬁlﬂflﬂﬂiﬁﬂzﬁﬂTﬁiﬂﬂQHUTWHﬂu‘Uﬁllﬂﬂ Uag

L)
4 9

A 3 o & ' Y 9 '
LJJ’Elﬂ‘]J“L!”IUl‘]Jﬂﬂi$ SHUINUNANUIVNUUUUDIA

EY)

v
° v A

' Y
avtigunimihmnallinanas uavzlannu gy
1 o 3 sldy Y ] A = =
NTﬂiu"ﬁ’N’izﬂ‘Uuﬂﬂawuﬂu‘]J’ElLM’EN%”IﬂiJ"U’ﬂQLﬁfJ
a dy Y ' 2 @
ﬁzﬁnmnmwuﬂuuaiuﬂsmmnm ﬂ\‘lllﬁﬂﬁclu

Table 4 taziiionFoumsuls vaanudus Uy

=S =

1 % ao’ 1
mﬂ%ﬁﬂmmwmmzﬂummaﬂmmuﬂ,umq 59-

] ]
=

Y

20 FUANATINAIN Az NTZAVANVANVD AN
a g Y 1 1Y [ =3 ?,’ 1

PINAUNUAULD NUTTAUANNANYDIU1TU%I9

a = oy/ [~ v Aa
159-100 1¥UAINAT FIN 3 TAUITUTEAUNTNS
¥ @ & Y 9 1 A v

gquinndnszezriiudd lulyszezGuduvoans
Y 1 1 =) 1

gquinny wun WBnaasuvivasssinluie
~ y v A X sl @ '

PANWVNVUNUYY 68.35 1lo515Ua (0.68 1111)

R~ 4 1 o W

e 385.08 WosiFua (3.85 111) mwaey Usuia

- - y v A X P

son Tt e IWNANANIUNLUY 20.67 1o idua
1 @ o 1 o w

(021 191) taz 231.52 o5 ua (2.31 11) MUaIAY

- a y 9 A X

WSwaluTasmusiuianuduvuniuyy 24.82
- o 1 Jd o ]

wosigua (0.25 11) uaz 86.88 1Wosiua (0.87 111)

auaey USuaeanesasiutanududy

P | s 3 < '
AU 62.57 105U (0.63 1N1) LAY 85.42



215815398 YH1INDONA 11 a1 ¥UIAAAT I¥Y 14(3) : 770-784 (2565) 779

s I 4 1 o @

Woesua (0.85 1) auaray uazasuail leal
y 9 A X P )
ANWANVNNUY 18.89 1105 i¥ua (0.19 1911) L

S I 4 1 [ =
41.27 1WoIFUA (0.41 111) MNILAVANVANVDY
¥ ] a o W =Y
1111929 159-100 5uans auaay lagsuna
Yy 9 1T v A ?,’ 1 =
ANUVVTUYRIAAFUAVNINUIA ) DLUAIN
) 2 o ¥ g v & v
Wudugavuluszauinlndiunuie Haaeandod
AT1891UV09 Schwartz and Boyd (1994) 118
Y Yy 9 A
519911 13 nududuvesasemsnas 1N
1 [ v o [ [
melutevsianuaunusuuuulsuniunUsEaY
= 3 ' A K '
AuanvetnglulovuznguiiesnIINle
cg’w 1 9y 9 a =1 =
UBNMAUTINUNAN VNI UV0IUT U121 Toa
UsuraluTasnusiv dSumaneanesasau
Fuaueu Tuiiesiy nazdSuaa1suvIuase
59U UANVUANANAY TLHINNTLAVANNANYDA

0o w a

%’ ! A o a =Y
e nNisd1AyN19ana (p<0.05) Tagluia

ANuTuTueIaIseImsaziinigagaluyig
Y
FZAUANANVDINI 20 1HUAUATFANIONT
s 2l o 9 = 9 o
11.67 10515 UAGANIY FIADANADINUT 1D
YOI Munsiri et al. (1996) e Teichert-Coddington
et al. (1999) 118318911115 M Nud v UV
< ¥ 2 A 9 A
#1501 15uazueIuTI luuinaduud Ty
é’ =) ~ 1 s < 4
ey uazlinunnga Tuyas 520 1esigud
9y =) g Lg’ ~ 1
gameveafTuanihninlassszuigesnuiain
10
Yy ¥ Aq v I 1
NANITNAADIVIIA LT I IFUIINT
dy 9 1 1 | A
FUNIUAZAOUNUNULDFINAAD NSNS U
) .
d1suviuaeesiuluiiiuiniga sevasuifo
sy Tutiesrv Usura luTasausiuy
Fnaveaesasiy uazlsuaiiled muainy
g’; dy A a dy 9 ] Id [

NI 091N VTNUNUNUUBIZR HUaIa Y
aznIUYRAFA1I Nelulonasanal tieling
A v A~ ¥
sunIUHUAULe Tagmniziolnsguinsziig

9 Y ' f
HIMNODNINUD ﬂ%ﬁiwaiﬁ}ﬁgﬂ@uﬁﬁuﬂnua@ﬂ

a9 9 namsfenszaeldde dowalianfFum

A o Y Y 9y 9
ﬁTil!,"lJ’JuaE]EJS’J?JIH“LH‘VW]i’Jiﬂ’JﬂUlﬂiJﬂ’ﬂméUiJGIJu
v Y
W‘IQJ%‘L! MUaIAY (Ayub et al., 1993) Glmmm?m’mu

S unamen Tudlss e luTasnus U5

aar A K

Woawodasou wazard Tod Naningavuluszay
2 A ] VY A
5090911 Netiiiosninlagaaulvaudd Usuw
1Y o o <3
TuTaswunazeawesainvzgngaduinuazdu
F
a Y 1 ]
adldluAuiunuiio e1vvzazanegluglues
TuTasnusiu vazeareSasiu aananaiiina
Y1 A a A &‘ Y A da!
TimT TeAuT AN UNULBNAIGIUY (Islam, 2005)
Schwartz and Boyd (1994); Boyd (1995);
Teichert-Coddington et al. (1996); Teichert-Coddington
C Y2
et al. (1999) 1831691149111 N9NT2U89DNNIIN
1 dy [ o’%’ % Y JREPN
UoIagedn 1 1nlszneualea1T0111sNNAN
] 1 e % 901 Qy o 1
MsazanlugITeriemsage Fa1neaanain

a ~

o { a
152noUAIIALNOUAITOUNT T NINADINNITAE
4 Ao o %’ a =
VouWaInAY 01MIINdatii1lidu uazveude
A a z:y [ e’g = ] zsy [
ApANMsagedaIu ¥ luveassauazve
dy F2 1 dyl =& 1
AN MM AIUN Y IUaDERY 1
v 1
W1 1aZNMTANEIVBY Ayub ef al. (1993) Tutie
ci’ a [ [ <3 A a
pegarialuriesevam N UINeINanNan
NS EsuvILassvpIn NEUIZIN LA 1
24 4 y y 2 ,
AU WA UMIFUUITLVI8UINDNINID LAz
AOANADINUITITUVD Teichert-Coddington et al.
Ay v = 3
(1996) i 1@3109UNaANIANEIAUNININININMT
y 2 .2 o
szIneeenIINLomeIdveslszmasougSa
= 1 F2 1% ] v 1
FerlaneniluonsinnunuILLY 7-10 AIADA1519
] 1 Yy 9 2
was wuNmaNuduIuveslsualulasau
a Iy a a 4
59 Usvaeanesasiu dsuaaisedunse
d' ?,’ v A 1Y v J
TuTasnunazanei tazaznouminianuduwus
y 1
uuvslseaiufuszauaNuanveaiinielule
YULNIMIgUI109n01ND
= ?x‘/ dyw 1 =
AN uas 9 gawan 15 wnauen Tadle

¥ 1 Qy )
520 TUEINOUTTUI8NIONIINLD V2 WAITY

9 9 A X o = ? Ao
FINVUWNFIVUATNTEAUAIIUANUDIUINATAN



780 75815398 YH1INNDeNA 11 1ag51¥UIAaAT %Y 14(3) : 770-784 (2565)

o v [

audiay asuaaslu Table 3 uaziiieEulMsgu

¥ A 4 Y ¥ ' ¥ ¥ o Y
lﬂL‘WE]LiiJG]l!ﬂﬁig‘]ﬂEJ‘L!ﬂ‘VHJ‘VN 2 ﬂi\ﬁ]g‘ﬂﬂ‘ﬂﬂW
= = A 1 a ¥4 a
ﬂ‘iiﬂﬂlLLE]?JTNLHEJ???J?JﬂWgQﬂ’NﬂﬂGI MNUDIVUNA

= d’j’ 9 i o

INNITTUNIUATNDUVDUFTYNNUNUUDUUENN
Y a Al

NITgUUIBDN WWiﬁLﬂﬂﬂ1iﬂ3u¢]3ﬂﬂuﬂﬁ@ﬂ

~ d[ = d' =) 1 1
wou Tueeonyl ey ludennan lulsaiu

]
[ IS

Tjinea1nazNoNT IR IMIToUNTIIANAADIN

a

' 3

nuaNiE sdosaatseani udranasedii ilw

QU

=2

a 1 90’ a 3 1
MsaeueuTile 11NAZNOUAUGUUAAYLDEI
v v
saamelunar 1iAui (Reddy ef al., 2009) B4
1 A =\ o =3
afSnamenTwdlesawlunnizaunnuanuey

s

1 ' J ¥
HINATGINIUNUNUIATFIUAIVANNITISUIYUN

a9 a
Y Y

a 1 =1 [ o”o’ A 3’,: c;' a
NINVDINIZIABITNINUIANIN NILDIUNADIN
ANVRANAIAVDUNHATNTINGINUNITIANITAIY
] a A ya
211115 1Easns Iermsuinnulyd wselira
1a A Lgl ~ dy Y
a1 darlifve1ns nazmaenazauniuiy
1 1 4 I
o dewaliormsulaeugihiluuenTudie azare
¥y A ' Aa
Turhiiugannninind
v ' Y
Fadennsanguninii lunwiman
afSuna luTasou Weanosauazuon Tuilond)
1 ] 9°l g’.z 1A
WU NPUNNIZAUANNANYDINT AIUAITUAY

A 1w

7 X £ S A
'i$‘1J”IElu”mﬁ%uﬁﬁﬁu’gjﬂﬂ”lilﬂﬂlﬁﬂ’l UAATU

)}

1 a 1 J
qmmwmgﬁaunnm INUNIUNUNUINTTTU
A3

v Y ' 4 o
MVYUMITENBNNININTBIMIZIAIITATINTA
4 dy A a A o
WAL 2550 MU 1HeeImfSIaasaunse uag
a N J =~ = a
pluNIg  neImIsivasnlanuuazmsg
Haailaes veudseanuininarlarlugiveya

k4
uazlaang wwnamMIanaznoudzauls NUNY
' o v a
Autioflundn Tasgngaduinuazauaslyludu
Wunuie agluglvesoaesasiu wiodwald
k4

ldiada =4 Y A

i ﬂummwuﬂuumqﬁu (Gooley et al., 2000)

Y @

FITOANADINY Teichert-Coddington et al. (1999)

2-

9 Y
o % o A 1

Ay v A 9 4L v
ﬂulﬂﬁﬂﬂ1ﬂ15u1u@]u1ﬂ31uualaﬂ\1q3 NAYINIY

2 = J

o msdS s UNT T sAuegeds 40-45 1od1Fua

U U

X 1 1 4 @ ¥ @ 1
FINUNWUIUoTEAUINanadnITeavluga 40
- v Aoy 4 y y 2
wuAATgANe (FalHn5eeguiszueiing
pon9INLe) Az ldmSuadeanesasiu ga
1 I'4 %’ Q" 1
NIUNUNUIATTIUAIUANNTIZUIUININUD

dy o 3 A U 3 a
INIZIAYNT AU ’c’f’mmﬂimm"lﬂmmm’m

o 1

wazdSyrawey Tuilesiy §9UA 1810971 19150

L= '

' J
AIULNUNNIATFIUAIUAUNTTIISUIYUINNINY

3 A

2 o v ) v a A g
wamm’dmm%ﬂ% YANIUITAUUILIUNUNUDD

- y
dmsvlSuaarsuvinanesinlui

L= A g a I A
nuNTANNNFIIN Astudsuadssuia 0.42

QU

o o A 3

mudsieudumsstiauniwiinielulieonsu

a

@ dy Y '

%’ Qy ~ =Y I
sgurgdInanszaununuue Usuuleanesd

1 '
taz luTaswuliaunuau 037  uag 0.05 1191

4 Y
@

3 1 ] 7 2 A
sHgumwimeluleneuszeNInIaA

De

E4
14 Y o

uAULD AIUULUINIIMIIaNINANgaioan

=)

USuaarsuvivaseluteo nasin1sIANTS
Rearumaiiafiazdsannssunuaznouiiuiy
1o Tasnsnauwulumsszneriinsesninio
nszFuaeuugIzduhnouais 3avs
AINTDTITAAMITUNIUANEUT LA e 18 41
“lﬁ’miizu181§1ﬁqa@ﬂduwdn§1ﬁiimnamfmaﬂ
TUB193 213 TIADIAEITINITDHIUINAIAT

v Y ' Y
VINTTIUAIVAUNITIZVIGUINGIINUBLNIZ IR

49 q

s 3 A

@ I a A 9 Y
daiinda vazluinsaeaunadon'ld
wamInaaadn 3 1Wssuwneumsilasuudasves
v 2 . . .
pumwinnsnmstiuigIdairen sznag

NITUVIUNIANASNDU

Y 9
a v v

I

INNITUIAIDYI NUIMNTINNUANNTSA

= v a 3 = X 9 . A
ANAN  NNTTAVAINIUDINUNUUBLaeLan
[l 1 1 < { a o
%8”1uﬂ53353ﬂ313ﬂ15mﬂ!ﬁ53Wﬁwaﬁlﬂijllﬂu
' Y Y a wa v
wazaeslianaznouluealiiams wuaa

v A

E 1 1 2 1
ﬂ"]f‘l!ﬂﬁlﬂ1Wﬁ1nﬂﬂ1ﬁll@]ﬂ@ﬂﬂu53?7’31\15388!’3@1

D.

[} A o

nanazneUd NNNEAIAYNIIADA (p<0.05) A3

uananaly Table 5



215815398 YH1INDONA 11 a1 ¥UIAAAT I¥Y 14(3) : 770-784 (2565) 781

Table 5 Drainage water quality parameters (mg/l and % of initial settling) of the last 50 cm over pond bottom

after sedimentation setting at different different settling times.

water quality parameters

Settling time
BOD Total Total Total Total
(Hour)
nitrogen phosphorus ammonia suspended solids
0 89.9+3.89" 3.72+0.45" 0.79+0.062 * 4.97+0.23 ° 1562.6+22.84"
100% 100% 100% 100% 100%
1 27.540.34° 1.84+0.15" 0.355+0.008" 1.234+0.013" 246.7+5.78"
30.60% 49.50% 44.90% 24.80% 15.80%
6 15.3+0.45° 1.68+0.16™ 0.342+0.006" 0.341+0.008° 116.5+7.56°
17.00% 45.20% 43.30% 6.90% 7.50%
12 12.8+0.15° 1.64+0.18" 0.337+0.007° 0.269+0.012° 105.6+6.73°
14.20% 44.10% 42.70% 5.40% 6.80%
24 9.7+0.38° 1.60+£0.12" 0.335+0.011° 0.260+0.007" 77.848.68"
10.80% 43.00% 42.40% 5.20% 5.00%
48 9.1+0.26° 1.50+013° 0.322+0.016" 0.243+0.005° 62.61+8.20°
10.10% 40.30% 40.80% 4.90% 4.00%

Mean+SD with different superscript letter in column showed significant difference at p<0.05.
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ABSTRACT

The objectives of this study are to develop probiotic yogurt, prebiotic Jerusalem artichoke jelly, and to
study the product quality. Sucrose with 3 different level (6%, 8%, and 10%) and 2 levels of culture starter
contents (2% and 4%) were studied for development of probiotic yogurt. For the development of prebiotic
Jerusalem artichoke jelly, carrageenan content at 3 levels (2.0%, 2.5%, and 3%) were assessed. To study the
product quality in anti-bacterial property on Escherichia coli TISTR 117, nutritional values, and consumer
preference were determined. The results showed that the combination of 6 percent of sucrose and 2 percent of
culture starter gave the optimum recipe. The optimum carrageenan was 3 percent. The result also showed that 35
percent of Jerusalem artichoke jelly in yogurt had anti-bacterial property. The product contained total energy of
98.45 calories, 2.65¢g fat, 15.93g carbohydrate, 2.27g protein, 0.71g dietary fiber, 27.90pg vitamin A, 0.050pg
vitamin B1, 0.094pg vitamin B2 and 93.58ug calcium. Finally, preference evaluation from 100 consumers

showed the product was liked moderately.
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Table 3 Physical and chemical properties of jerusalem artichoke jelly

Carrageenan Carrageenan Carrageenan
Properties
(2.0%) (2.5%) (3.0%)
L* 69.17+0.06 64.87°£0.04 63.28°£0.06
a* 0.01°+0.01 0.68'+0.01 0.65'+0.03
b* 11.22°40.01 12.91°+0.03 13.78°+0.05
Hardness* (N) 5.31°40.19 7.15°£0.38 10.11°+0.60
Gumminessns (N) 0.32+0.64 0.384+0.25 0.46+0.12
Total soluble solid ™ (°Brix) 19.67+0.58 19.33+0.58 19.33+0.58

Characters that differ vertical represent statistically significant differences (p<0.05)

ns = represent not statistically significant (p>0.05)
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Table 4 The liking score (n = 50) of jerusalem artichoke jelly

Carrageenan Carrageenan Carrageenan
Sensory Attribute

(2.0%) (2.5%) (3.0%)
Color™ 6.26+1.53 6.62+1.28 6.62+1.59
Flavor™ 6.201.49 6.46+1.52 6.52+1.78
Hardness 5.86'+1.37 6.40"+1.51 6.74'+1.37
Gumminess 5.50"+1.49 6.04"+1.48 6.28+1.84
Overall liking 6.22°+1.18 6.50"+1.44 7.10°£1.36

Characters that differ level represent statistically significant differences (p<0.05)
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Table 5 Clear zone of synbiotic quality in yogurt with jerusalem artichoke jelly

Formula Clear zone (mm.)
35% 11.67
40% 10.33
45% 10.67

35%

45%

Figure 3 Clear zone of synbiotic quality in yogurt with jerusalem artichoke jelly
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Table 6 The liking score (n = 50) of synbiotic yogurt with jerusalem artichoke jelly

795

jelly jelly jelly
Sensory Attribute
(35%) (40%) (45%)
Flavor™ 6.50+1.42 6.68+1.45 6.26+1.43
Tast" 6.92+1.16 6.92+1.14 6.46x1.57
Texture 6.42°+1.37 6.70°+1.07 6.08"+1.47
Quantity of jerusalem artichoke jelly 6.60'+1.23 6.86'+1.21 6.02°+1.56
Overall liking 6.98'+1.06 7.02'+0.98 6.28"+1.62

Characters that differ level represent statistically significant differences (p<0.05)
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ABSTRACT

This research aims to study two-consecutive kinetics model for torrefaction process of macadamia shell

which was conducted by thermogravimetric analysis using the thermal analyzer, at temperature of 280, 290 and

300° C for 60 minutes, the heating rate 20°C/min under nitrogen environment. Results showed four steps of

thermal degradation of the torrefied macadamia shell. The first step involved moisture evaporation of the biomass,

the second step related to thermal degradation of hemicellulose. The third and the final step were thermal

degradation of cellulose and lignin. The mass yield of torrefied macadamia shell was 57.23% to 72.74%. The

atomic H/C and O/C ratios decreased when the torrefaction temperature increased. This affected increasing of

heating value. The two-consecutive kinetics model showed that the activation energy was between 31.72 and

78.73 kJ/mol with R’ in the range of 0.74-0.98. It can be proposed that the model is fit to predict the

decomposition of solid biomass shell from torrefaction.

Key words: kinetic, macadamia shell, torrefaction, thermogravimetric, biomass energy
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ABSTRACT

The objective of this research was to develop a healthy cookie product by replacing fat with pineapple
cores and supplementing Toddy palm pulp with high carotenoid content. The study of fat replacement with
pineapple cores in cookie products used pineapple cores at 10, 20, 30, 40 and 50% by weight of butter. The results
showed that increase in the amount of pineapple cores resulted in a lower spread ratio of cookies compared to
control. The consumer acceptance test using the 9-point hedonic scale found that consumers accepted pineapple
cores in cookies at 20 %. Additionally, the study of the appropriate amount of Toddy palm pulp supplement in
cookie production at 10, 20, 30, 40 and 50% of the total starch weight was implemented. The results showed that
when the amount of Toddy palm pulp content increased, the lightness (L *) of cookies decreased and redness (a *)
and yellowness (b *) increased. It was also found that the spread ratio, hardness and crispness of cookies
decreased as Toddy palm pulp increased. This may be due to the reduction of wheat flour content and the
moisture content of Toddy palm pulp. Cookie with 10% Toddy palm pulp was received the highest acceptance
score. Using pineapple cores as a fat replacer and supplementing Toddy palm pulp in cookies could reduce

production costs by 15.92%and increase the nutritional value to cookies.

Key words: cookie, toddy palm pulp, fat replacer, pineapple core
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Properties and Sensory Evaluation in Crispy Tilapia Snack with

Seaweed Supplement
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ABSTRACT

Ulva intestinalis Linnaeus is a high nutritional value of green algae. It can be supplemented in food to
increase nutritional value in food products. Thus, the main objective of this study was to develop crispy Tilapia
snack supplemented with dried green seaweed. The optimal ratio between surimi and mince fish (Nile tilapia) was
investigated in three ratios: 100:0, 70:30 and 50:50 w/w. The optimal concentration of dried green seaweed was
also quantified through three concentrations: 1%, 3% and 5 % w/w, compared with control sample of 0% of dried
green seaweed. Chemical physical and sensory evaluation of crispy tilapia snack were determined. The results
revealed that crispness of sample at ratio 70:30 was significantly higher (p < 0.05) than those in other samples as
well as high average sensory score in flavor, taste, crispness and overall acceptance. The ratio of surimi and mince
fish at 70:30 w/w was optimal and used to investigate the optimal concentration of dried green seaweed. The
result showed that a,, and crispness in sample at 3 % concentration of dried seaweed showed no significant
different (p > 0.05) with control sample. Lightness (L*) and yellowness (b*) of sample at 3% concentration of
dried seaweed were not significantly different (p > 0.05) from the sample at 1% concentration of dried seaweed.
Sensory panelists moderately preferred the sample with 3% concentration of dried green seaweed in odor,
crispness and overall acceptance (6.70). Thus, the concentration at 3% of dried gut weed was optimal for adding
in crispy Tilapia snack. Dried Ulva intestinalis has a potential to apply in snack products with beneficial health

effects.

Key words: Ulva intestinalis, fish snack, snack, Nile tilapia, seaweed
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ABSTRACT

The objectives of this research were: 1) to develop a learning application for Intakhil kiln and the
production of earthenware, 2) to find efficience of the learning application, and 3)to compare learning
achievement of students before and after learning via the learning application. The sample group consisted of 2
representatives from a community and 5 academics from universities who checked contents and evaluated the
efficiency of the application. They were recruited by using purposive sampling. The sample group also included
30 users who were recruited by using simple random sampling. Research tools consisted of a satisfaction
questionnaire and a learning achievement test. Statistics used for data analysis were percentage, mean, standard
seviation, t-test, and t-score.

The result of this research was the development of the learning application for Intakhil kiln and the
production of earthenware. The experts evaluated the efficiency of the learning application by using black box
testing technique and the finding had a mean of 4.67, indicating the highest level of appropriateness before
launching the application. A comparison between the students' learning achievement before and after learning via
the application revealed that the mean score after using the application was higher than the mean score prior to
using the application at a 0.05 significance level. The learning efficiency increased by 41.52% after learning via
the application and the users' satisfaction achieved a mean score of 4.44, with a standard deviation of 0.66,

signifying a high level of satisfaction.

Key words: Intakhil kiln, application, augmented reality
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