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The Effects of Mixed-feed Varieties on Deer Velvet Antler Production
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ABSTRACT

Deer velvet antler is the main product of deer farming business. Each year, the harvest of deer
velvet antler occurs once a year. Velvet antler is soft and covered with velvet-like peel. After being soft
for 150 days, the velvet antler becomes harder and sheds. After the stage of no antler for 15 days, the soft
antlers gradually come out. The properties of deer velvet antler which generate healthy condition are
long-time acceptance both in traditional Chinese medicine and western society. Deer velvet antlers with
high quality are the ones which are big, heavy and beautiful. This study was to search for the mixed-feed
varieties which enhanced the quality of deer velvet antler. It showed that after feeding both sika and
rusa deer with more varieties of mixed-feed especially with corn for a year, the velvet antlers

which were harvested next year after the treatment had better shape, bigger and more nutritional value
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than the velvet antlers of deer which were fed with fewer varieties of mixed-feed and no corn

in the mixed-feed. It is empirical conclusion that food types and varieties of mixed-feed are the principal

factors which affect deer antler production.

Keywords: corn, deer velvet antler, rusa deer, sika deer
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Comparative Study on Productivity and Nutritive Value of Maize and

3 Sweet Sorghum Varieties

H909 a8’ LazNl 8T ITIUUN2

unAaga
6

AN HART LAz AN LN TUINIV89919W1 9% % (Sorghum bicolor (Linn) Moench) 3 Wg
ldun 919919 UuRRT Wray Cowley waz Keller lasidSouifisunuglnawusuasaissd 3 fagniiee
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ABSTRACT

The study on productivity and nutritive values of 3 varieties of sweet sorghum (Sorghum bicolor
(Linn) Moench) (Wray, Cowley and Keller) compared with maize variety Nakhon Sawan 3 were cut at age
60, 75 and 90 days. The results showed that the total dry matter yields of the sweet sorghum and maize,
significantly increased with an increase cutting age. Wray variety had the highest dry matter which average of
60, 75 and 90 days were 114.48, 134.91 and 202.10 gram per plant Respectively, followed by Keller sweet
sorghum, Nakhon Sawan 3 and Cowley sweet sorghum. However, the average dry matter of
Nakhon Sawan 3 variety were not significantly. different from Cowley sweet sorghum variety. It was found
that Wray had the highest protein content (13.24 %) when harvested at the age of 60 days. The protein
content decreased significantly when cutting age increased with the average of highest crude fiber content

25.05 %. The crude fiber content as well as the NDF and ADF values of sweet sorghum and maize

T dndnsUSygnien Ma3TEingn amIngmans In1INEIRETINEIURY
2 5936NRAT1N3E AT {E1EMIEINTWIBUAZWAI WA INENRETINAIUR
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increased as plants grew older. Wray sweet sorghum variety at the cutting age of 60 days is therefore the

most suitable in terms of yield and nutritional quality.

Keywords: nutritive values, productivity, sweet sorghum
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ABSTRACT

Plants in the cucurbitaceae family have been widely cultivated in Thailand i.e. cucumber,
watermelon, melon, cantaloupe, pumpkin and bitter gourd. The major problem in cucurbitaceae cultivation is
the plant pathology outbreaks which cause substantial economic damage. The cucurbitaceae epidemic plant
disease is caused by three types of pathogens: Watermelon mosaic virus-2 (WMV-2), Potyvirus and
Acidovarax avenae subsp. citrulli (Aac). Chemicals therefore are wildly used in the cultivation of these plants.
In this research investigation, the researchers studied the use of crude extracts from herbs and chitosan to

inhibit plant pathogens in cucumbers. Cucurbits-3 in 1 easy kit (NSTDA) was used to detect the inhibitory

! {ranmaanand anzaieaa’ maniruad amIneauneademe
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effect on the cucumber leaves obtained from the experimental planting plot which had been sprayed with
biological substances for thirty days. The result showed that the mixture of chitosan and Siam weed
(Chromolaena odorata) extracts was efficient in inhibiting all three types of pathogens and the cucumber
leaves did not show signs of infection. The mixture of chitosan and neem leaf (Azadirachta indica) extract
and the mixture of chitosan and guava leaf extracts showed a positive effect on Potyvirus and the plant
leaves showed signs of infection with yellow-brown spots on the leaves. Cucumber leaves sprayed with
chiosan only were found to exhibit negative effects on all three types of pathogens. Plant leaves were
damaged by insect bites. The study of the chemical components of the chitosan solution and Siam weed
extracts using the GC-MS technique found that the major substances were Acetic acid, Ethanol, Propanol,
2-methyl, Acetone and Butanal, and 3-methyl. The basic study found that the components of chitosan
solutions and Siam weed extracts exhibited efficiency in inhibiting the three types of pathogens in cucumbers

and could prevent insect pests when compared with the use of chitosan only.

Keywords: chitosan, cucumber, potyvirus, Siam weed
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11 20.689 Linalool C1oH1g0 154.25 0.34
12 22.564 (+)-2-Bornanone C1oH160 152.23 4.42
Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-
13 22.725 C4HoN,O 154.2493 0.03
methylethyl),(1.alpha.,2.beta.,5.alpha.)-
14 23.488 Terpinen-4-ol C1oH10 154.253 0.02
15 23.854 alpha.-Terpineol CqoH480 154.25 0.06

a I3 3 =
2.3 HANLATIZHDIAYTENAULANY DIEIIHAN
dazanglalasiwuazaisanaluaiuide
a 6 a 6 6

NANITALATITHHNANNTIATIE R 0I5z na Y
WivaIsINRNRITaz Ay lalasuwuazansanaly
ULRD laud 5% tanuwaalwinduaivinazany 3

& a & a < X a

p3nUsznauaiNInNe 17 19a Nendans
am‘ﬂs:ﬂauﬁwumﬂﬁq@ﬁa Acetic acid lag i
WasiFuanuAlaNe YNy 76.38 0N LaNKE8,
Propanal, 2-methyl, Acetone I & ¢ Butanal,
3-methyl fiasidudnunldne 1vinnu12.85, 1.82

WaT 1.57 USIAULALENTEWE (A131N 4)

31

a I3 6 =
24uan153A31eWovAUsEnauLAN YD
davazanalalaoiw

a 6 =

NaN1TLATIzRRITaz ey e laau laad

5% Lan1uaaluindualvinazans Jedalsznau

a & a & Xa & A

ARNINNG 7 Tha NIRTasasalsznounnuNIn

fgafia Acetic acid lasfidafiFudnunldna
WAL 99.81 n@N1 Dodecane, Hexanal Whas

Sulfurous acid, 2-ethylhexyl isohexyl

ester J1asiFuanunldna Winny 0.06, 0.04 kA

0.03 MUSAVULAZENTAW & (13197 5)
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A13197 4 LIAIBIAUTZNOUNIILATVIRITHENRITALANE A LATIULRZRITENALUAULED tasinaila GC-MS

T
)

aau RT #a gaslaana  analaana  %Area
1 1.571 Acetic acid, [(aminocarbonyl)amino]oxo- C3H4NLO4 132 0.77
2 1.825 (S)-(+)-1-Cyclohexylethylamine CgH47N 127 0.22
3 1.983 Ethanol C,HsO 46 12.85
4 2.333 Acetone C;HgO 58 1.57
5 3.238 Propanal, 2-methyl- C4HgO 72 1.82
6 4.202 Acetic acid C,H,0, 60 76.38
7 5.348 Butanal, 3-methyl- CsH,0 86 1.53
8 5.621 Butanal, 2-methyl- CsH4,0 86 1.48
9 6.564 Pentanal CsH4,0 86 0.14
10 6.757 Furan, 2-ethyl- CeHgO 96 0.54
11 10.058 Hexanal CgH1,0 100 0.23
12 12.271 2H-Pyran-2-methanol, tetrahydro- CgH420, 116 0.08
13 20.693 Linalool C1oH180 154 0.69
14 22.571 Benzene, 1-ethenyl-4-methoxy- CgH100 134 0.14
15 31.329 alfa.-Copaene CisHos 204 0.41
4,7,10,13,16,19-Docosahexaenoic acid, methyl ester,
16 32.729 Cyp3H3,0, 342 0.81
(all-2)-
17 35.310 Cadala-1(10),3,8-triene CisHz 202 0.33
Gl']i’]\‘lﬁ 5 LLﬁ@]dﬂdﬁﬂiZﬂﬂUﬂ’NLﬂﬁﬂladﬁ’]‘iaza’]&l‘lﬂi@]‘ﬁ’]uiﬂElL‘Vlﬂﬁﬂ GC-MS
A10L RT 5o gaslaana  alalaana %Area
1 4.313 Acetic acid CH;COOH 60.052 99.81
2 10.046 Hexanal Ce¢H420 100.161 0.04
3 17.358 Octanal CgH1gO 128.21204 0.02
4 23.788 Nonane, 3,7-dimethyl- Cy1Hos 156.313 0.02
5 31.418 Dodecane CiaHae 170.340 0.06
6 33.935 Nonane, 3,7-dimethyl- Cy1Hos 156.313 0.02
7 35.804 Sulfurous acid, 2-ethylhexyl isohexyl ester C14H3005S 278.451
aEﬂ LAISOINE wazssnguaazanelalaaunsssssnalunso

Uszansnnlumsdugaranalynuasni

25%@ lawn 5 a8 Watermelon mosaic virus-2
S o C T e ,

(WMmv-2), e laalungulndilasa (Potyvirus) waz
dq’ a A .
L DaUANLIY Acidovorax avenae subsp. UBIRNT
nananIazans lalamuuazansanansaywlnsan
TAA329 Cucurbits-3 in 1 Easy kit WU RIINRY
vazaylalamuuazaI’NalUsIULFD 813130
gudInIstasyvedsanaliang 2 sie uuly
Lm{lmﬂ"l.@‘fﬁﬁq@ J098987A8 aTazaylalasn,

RITINRURIINCAN ileﬂI@ISﬁﬂuLLﬂzﬁ’]’iﬁﬂyﬂlﬂazL(ﬂﬂ
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o o A& ' A
aNEGY TInuansdnsnyiadasddaznay
YPIRITHFNFITAAY bALATIULRZIIIRN A bU

A A & a & A
FULFAWLIN T30 UsenauLAlNIvNG 17 Tha
Y ¥ . r A o
nitiianTasdsznauinuuinfigade Acetic acid
TaulasiSudnuildna 1vinny 78.38 aandn
LaN 1w 88, Propanal, 2-methyl, Acetone L & &
Butanal, 3-methyl J1dasiGudnunlada tvinnu
12.85, 1.82 LAz 1.57 @ANUR1AU LATRITOW 9 T3
290UIENOULARY B IRV TNRNLARILFINS AR TN

§N1I0SUIINTS YvadtTane lsauainamg 3
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e Sﬂwg\aﬁ'@mmm‘ldmeﬁ'@]gﬁﬂsﬂﬁmﬁ'@ﬁu
luwasna'le Taslanizasdlsznounanfiinuée
Acetic acid ﬁamm{wﬁumﬂ"gﬁslf'ﬁl,ﬂu@”aﬁﬁazmﬂ
Tumaassuansazanelalasu Gefeauise 7
Anwrlszansninasinduaiulidonisls
WURIRUR W UTD LTI wuinsiduaswliann
ﬁuﬁu%‘ﬁﬂ%mmﬂma:%@mmzﬂuaaqaq@ Ao
82.56 Uaz 6.56% Vnlwinduasulaianduang
mmsn"lduummuvlﬁﬁﬁq@ Waisuriuiidun i
Tfanndunserian duuzaiag eirduaiwld (Wood
vinegar) wiantalwlsdaniflos (pyroligneous acid)
Wussdszinnnsagwideinuniaesdan
Usznausetin 80-90% uazasisznaudunagni
200 THa daulnaiduniaezdan, azGlaw uas
WNBes wananiinwasnInwwssinisle
Wy mﬂgLLa:ﬁwﬁmfuvlﬂumnﬁmNawﬁmLLaz
Arsaidanalsafizaeg uaselidsnoou
NRIHITLNITINININTN

fmiudayanisldasanaanlusuiied
s lgysslosdludrunisinsase g
uwinane teldiiuasiinwdmsuasnnuay
daAaINTEN9 9 FImaanNaInUIINIT a4
Afolabi et al. (2007) Afns MIataluguidedis
LINBDALAZTN LLazwuvmyjLﬂﬁﬁé’]ﬁnﬁnﬂmiaﬁ’ﬂ
lusuiFede ansUs=n@UNIN tannins, sterioids,
terpenoids, flavonoids LLas cardiac glycosides lag
ﬁauﬁa:awmﬁw fawan tannins, phenol Laz
saponin G991uispitleinamsataluauideluls
HuasTosnuuuas uazianalsafieldadsd
Usz&NTAN mea@ﬂﬁmﬁmm?ﬁ'ﬂmaaqmmﬂ
WazAATT (2553) wuingsanalusuidenainy
% 1000 ppm §ANIDEU ST Phyllosticta
citricarpa ﬁLﬂummm alinaadrvasdulaldis
68.2%

a 4
aﬁqﬂ HALAZIITNE
mnwamwmauﬂa:ﬁﬂﬁmwmaam‘swau
]IS ﬂ"lﬂT(ﬂmuua:maaﬁ'@ﬁ*’mquvlwwi anIv

o & & & 1%
EJUEI\‘]L"H@]ﬂE]I‘SﬂLL@I{Iﬂ’]’]luLLﬂﬂ{]'ﬂ(ﬂﬂﬂd LU BJIN
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WUINENINENVBIENTRZAY LA LA ez &I IENA LU
A o o & a & & P A &
RULRD AN UEINIIAALT AN 2 THha Ao 1T0
Watermelon mosaic virus-2 (WMV-2) uazia T
lungulnfilasa (Potyvirus) ld uazluuaananla
LRAIBINNTANLTD AIUEINRNAITAZAY b LAT I
LRTRITANALUFZLAN LAZENTRZANE A LATIRILAL
FIIRNAIUHTI WRAINAREUDILTD Watermelon
mosaic virus-2 latNes 1 7ia wazluuasnaugas
nsdalsalusnsnzsazanslalaownysadng
W@E7 §INIIDHUHINIAALTEN 2 Tha be waly
Lme"]vl@T%'uNaLf?wmmﬂmeﬁ'@lgﬁ"nﬁ@ﬁﬂu
= 6 =1
INNANIIANBIIAUTENAUNIIA TS
FINFURITAzA L balas wkazlusIULEe @2
wafia GC-MS wuasdlsznauaingay 5 1ia
A9 Acetic acid, Lan1ua |, Propanal, 2-methyl-,
Acetone L&z Butanal, 3-methyl
= dq’ U dq' o
IINNANITAN BT BIG W 81013037 1
W”@umgmms%’;mwmnvlﬂi@lsmmmﬂum‘uLﬁa
d' a s 6 v Yo s > ‘_.j‘ 1
warluwndanmsiduuuuleinee fasnuisanalse

=1 =] 1 2
LLmﬂ'J'msawm‘szqaLLm@]avl,ﬂvl,@]

=) =
naanIsNdIzn@

INWITVRLATUNTRIY FRUIUU I
UM YINIILNNNHITBITUDANUUIINIFLNA

(UUTZUT LN W) W.¢.2562

¥ a
Lland1Iadald

o

AN NTY. 2547. ANTANBINITITRITRN AN T

2?

aywlwsvssfialunsgudanmsiaiyaes

& A Ao o & A

Lﬁaswmmqiiﬂwmﬂmmyluwuwa:ma
a.uNIN T oslnd N awa w1l
NRAA YT DI DU TTUURITRUNAIIWITY
RONUUITUUBTWAUY NWINLIRBIITA Y-
a 1
Veslnal.

Fadun laaddlawsd, Ta12330l oy uazqfa
E]‘E‘Iéf@)lﬁ. 2558. msaﬁ'@mmuﬁmmqu
TsauintazeaIinNaa111U4. 213813 Thai

Journal of Science and Technology. n 4

AUT 3: 244-254.
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ogWIF LWEUTSIFIIA. 2560. WA INENTENAIINIY ayiny duthuth. 2561. dszninmaaslalasu
mmﬁalumimuquLwﬁwﬂéauﬁ;'s Aphis dansaduqulinlugavasdundiidu
craccivora Koch (Hemiptera: Aphididae). Wi, 1sEsuniuineas. 99 46 ady
1M13F1IINYIANFATUALINA L lad WA 1: 1087-1091.
NRIINIRBURIEITANY. ATUT 37(1): FD1NA b W% UAzAADY 23DATIR. 2553. HAVaY
79-84. srvanaaywinsurialunisdasniu

W N30k th w3, 2556. UszAnSawaasingy Ardaliagadivesdula. 213813
atuldlun1saiuqudrindadnuaz Agricultural Science Journal. Vol.41(3/1)
AMIAneININEe nsldseloaiuas (Suppl.): 81-84.
‘L{W guatunldludiniad nasI . Afolabi C. Adinmoladun, E.O. lbukun and I.A.
ingrfinusdigaringrdaiaas Dan-Ologe. ~ 2007.  Phytochemical
Nnrv o n . U naysn h.ame constituents and antioxidant properties of
wmalulafdnisineas ¥ni1inese extracts from the leaves of Chromolaena
mﬂiﬂaﬁi’lﬁmﬂaﬁ@,q%. odorata. Scientific Research and Essay.

Il L%aqty, ol widw uazadn adwiail, Vol.2(6): 191-194.
2559. s ANTn1naeInGa i maiindu Murray B. Isman. 2000. Plant essential oils for
ﬂi'uvl,u“l,umsmuQuisaiug@ﬁﬁwmwaiu pest and disease management. Crop
FLUUMINRAT12. 213813 Thai Journal of Protection. Vol.19: 603-608.

Science and Technology. fl‘ﬁ 5 aﬂ’uﬁ 2:
135-143.
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a It { A' 1
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Production of Levan by Levansucrase for Value-Added Industrial Waste

%

v € a €1 aaa a_a & a o v 3
TWIRNW NTNINE TWITh 'ﬁiqaﬂ@]@lWGﬁ LLREINIR LD HN

Q 1
1NAnga
. . LS a A ea a a A a
Bacillus siamensis Lﬂu'gaumﬁ‘nmmmNamauvlsnﬁmnwgmia (Levansucrase) T3JANMURINIIN
lunisdensapglasaiiunszuiunisialasiada (Hydrolysis) uazvinninfluninigeudaluiananiiu
& a v a a =2 a & & = Y
nizuauminnudiinladantwiaduasfuindaduamdzinnwefudnanlsd lavazilaseairadu
iaaninInsideudanudiunus: B2—6) linkages 1y B(2—>1) linkages lusonanuazlsfsaudrau
ae X e Ao ~  a o , 4 . -
nwispRisdnsnaihuianTienloinnafunid Bacilus siamensis uazfinmanizfimanzandaniinga
sIawIudIBlanlmifuiugiate Nenuduiuvesglass anudunia-as (pH) wazamnndena g wudn
snfiminzaudanIHAafuIWYNAY anudiduuesglate 20%wiv) pH 6 annd 37 aseiaaifos win
< 2 o A . a a Aa & A 1 _a _aa <&
48 Talas Badusnzfivanzaudanmsndamsduan lasdifansmuenlsdgiga 0.68 yladaiiadfas :niu
o = 0 @ a A a v @ @ ea
nsAnsnsiidasanfogasnniineimindglassanudutu 20% wh) drsewladduiugias

Ar

USEND 7 pH 6 unzamnyd 37 BIANTALTUE U1 48 B3I wud'lﬁﬁmﬁul,au"lﬁnﬁﬁ@hgdq@ 0.57 gitasia

AdATy: A8uNIL Bacillus siamensis V0ILFUARIWNTIN Bl AUIUTLATE

ABSTRACT

Levansucrase is excreted from Bacillus siamensis which can degrade sucrose through hydrolysis
reaction and transfructosylation reaction to form Levan. Levan is polysaacharide with the structure of fructose
linked with bonds of B(2—>6) linkages and B(2—>1) linkages in the main chains and branched chains,
respectively. In this research investigation, the researchers examined the enzyme purification of Bacillus
siamensis and the conditions appropriate for the production of Levan using Levansucrase with sucrose
concentration, potential of hydrogen ion (pH), and various temperatures. It was found that the conditions

appropriate for the production of Levan were 20 percent (w/v) sucrose concentration, pH 6 at 37 degree

! m"ﬂgmmmﬁ“ﬁﬁmmwﬁaLL’mﬁau anAaINIINMeEas uwﬁwmﬁ&lgsww
2 m"ﬂgmmmﬁmmé'mmam;%amw ADLAFTANEAT UM INENRDYTA

8 %5ﬂ§mmmﬁ°ﬁﬁmﬂiimmﬁ AMAAINTINANRAS wﬁ‘nmﬁngiww
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Celsius for 48 hours. The enzyme activity was at the maximum of 0.68 unit per milliliter (IU/mL). The study of

food industrial waste management with 20 percent (w/v) sucrose concentration using pure Luvansucrase at

pH 6 and 38 degree Celcius for 48 hours found that enzyme activity was at the maximum of 0.57 IU/mL). It

can be concluded that pure Levansucrase could transform waste into Levan which is a valuable substance to

promote its development to be quality products.

Keywords: Bacillus siamensis, industrial waste, levan, levansucrase

UNUI

ﬁmm”uﬂmmmaﬁmuaﬁwﬁt,ﬁmnﬂmi
ﬂumﬂmmaaammﬁmmmm laganiznsdaay
mmmammmmmmmm SINANTENUADTNTY
mamanauwaglﬂammENm ﬂtymmﬂmu
ANNTRANBEAU LTU GIUFUNINNTINBURE
3013 NIWBININITITNTIFUAZANRANNRANY
nagrnmwluundsindennsuuazisnuinanas
%\1Q@lﬁ’]%ﬂii&laﬂ%ﬂiLﬂ%q&a’]%ﬂiiNﬁﬁ’]ﬂV@ﬂii’l{‘l
witiwaslszine Lﬁaamnﬁmmﬁaamwaag}’u’ﬂm
WManndu Gedesoddnfidnadalioou
q@amnimﬂﬁaﬁwuamﬁua:méaaﬁu fa
alganslunisindanaziidaaes (KicikaSik et
al., 2011) Faiin MINAWIATIRNTIUNAIUUAE
afE2n W (Bio-refineries) uuudifufiduiasnu
f9uaaan %‘ﬂﬁ%’ummauiammjﬂ‘s:naumi
ARINNIIN LWIRaRIAEITIRUNITHA®
f3UIzNaU@Nd g LT \HoiwasEinw, msed e
WHIIUARINNUASINSIUNAUNY LT% TINIA
(Alam and Hossain., 2007) ﬂs:mummﬂigﬂ‘ﬁa
maL‘flu'i'a@ﬁ'amwﬁ@uﬂsﬂwﬁmmmLﬁ'uga@h
mamﬂ:@ﬁwaa’i’mqﬁuﬁﬁﬂuﬂaqﬂuuam@ﬂ%mm
ﬁnﬁﬂﬁwﬁmvlﬁmﬂq@mv\msmm 9

’Lué’muﬁfagu”ummivlsjvlﬁﬁvlﬁﬁamm
FOINTENUNAIITUD B I3 LR I UAES
winlundumssasiuguniw anuaulansu
qmmwﬁlﬁwﬁumaaQﬂuiumuﬁaﬂ{uﬂizmu
81%13 (Dominguez and Rodridues., 2014) Tuga4
Tt i gaulianuddyiungdnssuns

a &/ d' v 3 v
uﬂmmmsmﬂmmmzawwﬁiﬂlﬁﬂszlﬂmuazgﬂlﬁ
AMUFUIIN I IUNIINBIFVA TN IN B
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819n (Levan) Wulalalwsusaan lsdofianiond
ﬁwmaﬂgnimadaﬁmﬂumwﬁ'ﬂ (Cerning, 1990)
EjmNﬁ@vl,@i’mﬂL%aa;ﬁuﬁﬁ%mﬂ%mwﬁ@ (Ebskamp
et al, 1999) N1TANBUALIAUNITIILIAN
NTFILATIZHLAZNNTHEAR N Budusznined
W.el. 2413 9 2483 lwwasuil dSas uazdinnw
(Hendry and Wallace., 1993) %8n31namau @
ﬁ"'avl,ﬂmao§Lnuﬂ’aﬁqmaw”ﬁma%’smmwwsfﬁ'e?'lﬁ‘zy
LT ansdaduanyadase, dunaniay, Jaink
139, 1vdaduiead (Judu (Dahech and
Belghith., 2011) wazg4ldAuat1sunwinaie
qu@amﬂﬁum%aaﬁwmﬂum‘ﬁm‘hﬂ%uﬁa
vaslaalsiwas (Yang, 2007) nsladszlowiain

= A o = =S
ﬂL’)%luﬂ’]ﬂE‘]‘@]a’]ﬁﬂ‘i'i&l&lﬁ]’]%’l%&l']ﬂ NI
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naaduasnedudaanlsdndranussiinasni
ANMNUABINITIUARNA I@wmnmﬂumawa@ﬁﬁgam
:A d' 1 v a = o a o a
oE Fanunurbadn1sdneivinniidsnluszau
USnyqiiwusues alfdl uaz 3amiun (2017) lag
ANBINITIATITANANAAN 16 LRTNUINR AN WIS
Tassaradua1taninalranIaddadnsney
Nuclear magnetic resonance (NMR)
NWIBRANBINIHNAATITAUIW (Levan)
A a a ' ° A =5
SﬁdLﬂuﬁWSWSVLUIa@]ﬂHQQWEIO 1 Bn1IviuIgNs
ea a a 6 . . .
Lauvl,énwmnwgmmmnqaumm Bacillus siamensis
LREHIRANIENANITRNADNITHRA T TALIUG Y
a Af { v v
Lau"l,snﬁﬁl,nwgmsamqm ﬁmmmwumaag‘[ma
ANUIUNIA-63 (pH) uazgmangiiang g uazfnm
mswfﬁmmsﬁmumﬂmaatﬁsqmm%nsmﬁﬁﬁma

Wnasdlsznay
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A5AHWN1IY
1. msm%'wLa%vlmfﬁmwgmiamn Bacillus
siamensis

o

°1§3§u°n%'5 Bacillus siamensis 4111117
A 6

meﬁu‘nmLﬁyaw‘l"uuummmiaL%dﬁ;%ﬂ‘%ﬂ’g@i
Differentiate media ¥nnsrataanlalafifiasradian
ﬁwmsnﬁmaﬂummimmL?iymﬁ;ﬁm’%ﬁgm Enrich
media LﬁaLWW:L’gmqﬁuﬂ%ﬂﬁﬁmiLﬁ@La‘iﬂm lag
dvadunideanindwan 1 gu uacldluiagdouy
2119 250 Iadaas U501a5 100 Tadans twinfiely
1 8% 628 A2NNL32 200 JoUAAUIN ﬁqm%gﬁ 37
DIANTALTE R ﬁ'}ﬁ;ﬁuﬂ%ﬁﬁﬁﬁmﬂmmsmmLgm
Enrich media $113% 1,000 tulasaas unlaluwqa

a

S & a6 a
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nunlilatanlaveanyn lagweg1nely 24 52l
@28 AN 200 SaUGEWIN ﬁqmv&gﬁ 37 29en
~ v & o Aa eal
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2. msu,amLauvlﬂmfﬁmwgmm‘lﬁn%qfﬁfmn
Bacillus siamensis
iasazansanlodileluTumiss aae
ANNLIITaY 4,500 SaUAaUIN LHULIa1 20 I
NIWATHI5FY (TOYOPERL DEAE-650M) adlu
AaaNth USUaNIW@28 Phosphate buffer (pH6)
nnswinmsazansdnlan ldannistiwmiss
giﬂaé‘wﬁﬁa”@mmsvlm 1mL/min AHRNA AONLAY
Phosphate buffer (pH6) tutaan 10 Wil tiarsa
g1IazanssIniiueanly wazrinn1TL@N Sodium
chloride “0-1 M NaCl lagaufinuitutwednld
G nswinasazanslaluvinnmesauiewles
I@Umsﬁnmia:mﬂLL@iazf’ﬁNVlﬂﬂmﬁa@mﬁaﬂsiu
yogawlmf winudutusas NaCl Adasldiiads
ewlofaananiivessBuuasinnmasasdn 3
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nmanagauianssuzasenldauingiase
(Levansucrase)

L@’%ﬂuﬁwmasgimaﬁmwL“}T;J"ﬂ’u 20%(W/v)
82818 @28 Phosphate buffer (pH 6) U3u1mh 3
fasans aslunraaanaaas 15 Taaans mninlon
enlrdAwiugiass 5w 3 Tadfas adlunaea
NAfI ﬁwiﬂﬁwﬁqm%nﬁ 37 a9eLTaLTad, pH 6,
Tasldaiui5250u7 200 soudaw udaeely
uan 48 $2lus nasantwinansazanslUdud
goundl 100 asanoaides 1uan 10 wifl uasus
Twindusa 0 asemaidos Wwa 10 wfl e
wyanIiusaswles ¥imnasasd 3 4

URZLALNANINARDS
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3. @nwranmzimanzaazaenlaafawingiasy

m%‘wﬁﬂmaﬁmaﬁ 10 20 WaE 30%(W/v)
lusg1sazany Phosphate buffer (pH 3 6 L8z 9)
USua 3 §afanT adlunasanassd USunas 15
ERGIR] ﬂaw,auvlfmfﬁl,nwgl,ma AL URBBANARDY
USum 3 TadnIu in1stue8a213157 200 YU
dawfi ‘ﬁ'qmvxgﬁ 30 37 uaz 50 a9 TaLTaE
181 48 $2lu9 nasansutiiasazarsldui
gaennd 100 aseiaidas Lwaan 10 Wil uazus
Tuindusa 0 svrmimafos Wwaa 10 Wit tie
wyanIRiusasiowlesl ¥nnaaasdn 3 6
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4. M3AwImNINIINY Lo lara]
ﬁﬂﬂﬁ';”@ﬂ%mmﬁﬂmasgima nalaauaz
WEﬂImaﬁmm%im HPLC 34 Shimadzu UFLC uaz
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AaaNit 40 asrLTalBuR
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1. HABIANNITNTRVDITLATEIADNIINAAES
= ¥ =1

Aunalztanlnala WIRYLAIH (Levansucrase)
nnInansinnuduiuasglasaluennindos

ﬁ;ﬁuﬁﬁﬁﬁmwLﬁuﬁumadfﬂma 10 20 waz 30%

Uiz lalavlads (wiv) pH 6 Ngaennd 37 aseuoniFos luiaan 48
A o o ' °
WHAaN13IE °IJ”JISJ\“] mmﬁ’nau 200 iaummﬁ LLa$‘V]'m']iLﬁ'U
@108719711981 0, 12, 24 U8z 48 Talug tiafanITw
Lowbnal @aanIwa 1
0.5 ! —4=Total Activity
o a =—4=Total Activity ~ os b «fl=Hydrolysis Activity
E‘ ’ =f=Hydrolysis Activity :EI_ . =y Transfructosylation Activity
2; 0.3 =—gr=Transfructosylation Activity % 06
g 02 o 04
g 3
& 01 & 02
0 0
0 12 24 48 0 12 24 48
Time (Hr) Time (Hr)
06 c -g=Total Activity
= 05 wfi=Hydrolysis Activity
‘5 0.4 =nfyeTransfructosylation Activity
&z
2 03
&
@
g 02
oy
Yoo
]
0 12 24 48
Time (Hr)

nwi 1 fansswzadenlmilumnfaa st a) 10%(wiv) 18971038 b) 20%(wiv) Va47LATE uaz c) 30%(w/v) Tadglasa #

pH 6 gaund 37 BvFLTALTUE A1NLTITOU 200 TaUABUT Ll 48 409

lugq9ta1v89n15NR 12 T2 luenudn
Aansyutonlosd Vfwmﬂjmfgiﬂmﬁm‘fu 10 WA
30% (wiv) lanfien 0.17 uaz 0.34 piiadadadfas
ANURIAU f’fi\‘lﬁmﬁaﬂﬂ'hsgimam’m]”u 20%(w/v)
athaiuldta landen 0.68 piiadaiadfing Gadu
gnzimanzay Wotndtaluei 24 wudn
Aanssutewlodrisnua Jendas ag"ﬁ' 0.16, 0.37
sz 0.32 lghiadaiiadnns aus1ey Feazdinlein
7 20%(wiv) ﬁmﬁamimauvlsnﬁgaq@ wazUIum
7lasananadnie 1.17%wiv) wasiilavuistalusi
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f8880s aus1ay 9 na1Aanssuten Lol ale
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0.68 ghiadaiiaifas Aantsuewlodvasdfjizen
"LaI@]sVLaf’Emm:mmﬁﬂgn‘[w’fmLafumaammﬂﬁyﬂd

a

afunidndglasmdntu 10% (wiv) Id1g9ga 0.088
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uaz 0.098 piladaiaffiay 71 12 Talus awdau
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a 6 aaa a 6
Aanssutenloduesdfisenlalasladauasninud
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anndl 37 pia Ty 1Tuwa1 48 Talua
ANL5ITAL 200 JaURAUN WRSYNAIALAIBENS

AR 0, 12, 24 LAz 48 TILUI LNARINTINLOW brs)

) I o o 'Y P
TILUN UL AININN 2
1
1 a == Total Activity b
=p=Total activity
= 08 08 wfi=Hydrolysis Activity
E Hydrolysis activity :E'_ =y Transfructosylation Activity
2 ey Transfructosylation activity 2
z 06 > 08
H 2
8 2
E 0.4 E 04
> >
N S
& 02 G 02
-3
0 0
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Time (Hr) Time (Hr)
01 o 01 -
c ; d
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> 006 - o > 006 3
H efe=Transfructosylation Activity 3 g Transfructosylation Activity
ki ki
® 0.04 ®
9 9
£ £
2 2
5 0.02 5
0
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i 2 Aanssuadian lrsflumsnaaansauan a) pH 3 b) pH 6 ¢) pH 9 uaz d) pH 12 ﬁmwwﬁwfwﬂma 20%(w/v)
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Tug91981989n13007 12 F2laawudn
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ANE1aL iAn b luaniwanududs n3a pH
¥1nN3 7 zvinlinanssuleu loddd1anadatine
wnldta uasiiannzanuidunie owloldiag
mmmv‘mmvl,ﬁagjLwiﬁﬂs:ﬁﬂﬁmwﬁaﬂﬂjwﬁ pH
WAt 6 Gudugn1izimuizsudnsunisiia
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& A, a X A
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sz 0.014 giiadailadans auday WA ladnA pH
6 deasdienfansauanloigge uazdSuglasan

NAAILARED 1.17%(w/v) waznanzanuiduiug 9z

LA A o a oA &
WUINAININTTNLOW M 9 H96NRIBNL U BRI WIUT

'
A

= P oA ¢
LLﬂ:LSJE]‘iJlmG"mI&J\WI 48 WU ﬂﬂﬂijLauvLsﬁaJ

NIRNAVDIDNNIINVBIAN pH 3, 6, 9 LAz 12 Ua
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U
3
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Ml 2 Fldiining pH 6 WAL M NG AT
a'mumnﬁa;@ lasanldszozaiitesnin uasd
dflanvantonlodgs
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aulmivasl jisenlalavladauaznaiudninla-
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n 12 T?IN\? ANNAIAY Wae pH 12 ¥a1NINITVN
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€

Lauvlsmmnwgmsa
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NMTHAARITALIUINTANINTVBILRE
qmammmﬁﬁmmLiuiumadl,ﬁﬂ 20% (wiv) i1
nsaduiaan 48 $alug A pH 6 gunnil 37
KRG RIGHE | wuduﬁﬂﬁa}ﬂﬁmauvl,snﬁgoqﬂ 0.57
pliadoiiafags e 12 Talus tiamslalaslada
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fafaas muden (nnd 4) lnsmsidornunwuin
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Development of Rules for Predicting Academic Learning Outcomes of Freshmen

Students using Data Mining Techniques

a e a A; 1 a
WINNA mﬂgwcﬁnw F zpﬁ naaNALes! '

unAaga

(2
@ A

mu‘ia}yuﬁi’@qﬂszm&ﬁaﬁwmmjmsﬁwmﬁaa‘*ﬁagam%mﬁzﬁwamsﬁﬂmaaﬁnﬁnmimm%m
@199 PoILHHNTANENTUIR 1 edTsda aainemaas amu”umﬂIuIGﬁwszaamnﬁ’nﬁﬁ@;mﬂms
ManIztd uazaInganuANRUSIzRIIRanISpwIasT eI TwazinIaAnazaudInin 2.00 lasling
AMUFUNUS (Association Rules) @a8aana3finawslas (Apriori algorithm) Wazngn13aaawladIniuduwn
Jaya (Data Classification) fasLnaiia J48 waazldianinaukumaSausasindnsn anmsfnswuding
AlFlunsiuunuamaisouvesindnsaudi 1 ﬂa;uﬁLni@Laﬁﬂa:au@iﬁniw 2.00 WAz mjuﬁ"l,@ﬁﬂmmﬁ'sga
1 2.00 doinadia 448 lkdanugneadgeiis 91% wazS NN AR UTUaI BT AlinadainTaads
fzausnin 2.00 vasindnsouif 1 Swanrii 5 duanudeiud 1.00 waz dawdRUEIAINNIA 1.00

AdATY: NANITow npANUENELS MIduundays mauwilssdays nsviuns

ABSTRACT

In this research investigation, the researchers apply the knowledge of data mining to analyze the
academic learning outcomes of the students in various courses in the first year study plan of the Department
of Statistics, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang. The researchers also
establish the relationship rules between the learning outcomes of the courses taken with a grade point
average (GPA) lower than 2.00 using the association rules with a priori algorithm and the decision rules for
data classification with the technique of J48. The results could be used to make a plan for the study of the
students. The study found that the rules used for the classification of the learning outcomes of the students
under study with a GPA lower than 2.00 and those with a GPA higher than 2.00 using the J48 technique
yielded the accuracy of 91 percent. The number of the association rules of the courses that affected a GPA

lower than 2.00 of the students under study was 5 with the reliability at 1.00 and Lift>1.00.

Keywords: academic learning outcome, association rules, data classification prediction, data mining
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(Agrawal, et al., 1993)
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wuuie{aan (Supervised Learning) lavaanasiy
J48 w38 C4.5 Walwilag Quinlan 1uil a.a. 1993
(Quinlan, 1993) J48 11881910 ID3 i8¢
WANNIIV A Information Gain %38 Entropy
Reduction §1%3Us1uunfis (node) vasdulal (tree)

&
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NGB UNITIVYHOIAYNIZTUIBNIT
mmg’m‘lumﬁmsw:ﬁfagamsﬁwmﬁaﬁaga%}a
wandulud o.a.1906 lasarusruiioves 3
US® 7N @8 DaimlerChrysler SPSS L az NCR
NTLUIBNITRINBHITHNIN “Cross-Industry

Standard Process for Data Mining” %38138n¢ 8731
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“CRISP-DM” (Shearer, 2000) la st sznauaae
6 Tunauyndatitosii sanwd 1 o

1) Business Understanding Lflu"nzu@ aUNIY
i ladymuazudasTaymildliaglugulandues
maviunilostaya

2) Data Understanding L wn1v@ 37988 U
”auaﬁvl@i”ﬁwm‘smmaum"lﬁl,ﬁiaﬂmwQﬂé}”awaa

U

2

2 A

Taua LLazwmsmﬁwﬂ"ﬁiagaﬁ'&%u@ﬁ%

2

o & (3

Fuiudeaiandaysvssmanlslumsiionz

3) Data Preparation \uduaaufiinnsuas
iagaﬁiﬁﬁwmnﬁunmmm (Raw Data) 14
naneLud; agaﬁmmsmﬁnvl,ﬂ‘imezﬂufuﬁﬂvlﬂvlﬁ

lasdaadinvhdayaliondas (Data Cleaning) 11

Deployment

~

miudastoyalhagluzig (Scale) iduanu nian1s
\intayafimanialy (Missing Value) iludu

4) Modeling \Juduaaunsiianzvidayads
iafiariunilosdays lunierduimaiianisning
AMUFTNNUT LAz QRECRIRENE luunssanaay
dasinsfeunaulUfvuaeu Data Preparation viNe
LL‘].]EN"LTGHEIU’NdﬁulﬁL%uﬁ:ﬁMﬁULLGiazmﬂﬁﬂﬁ’JEI

5) Evaluation \JutuaanwIalsz@ntniwues
HAaWIT ladnasenuiagUszadn lainualilu
Juaannsn wwaarlalfouudasudlaaldlana
@ & Ao v
AWTANNFaINT e

° [ oA 2
6) Deployment lun13tintanasdnuinld

wiani Ul laa5luasdnInsausem

Data
Preparation

11

Modeling

4

NN 1 nezumManasulinIiimdasdoya

2. ﬁagamfi‘lumﬁﬁ'ﬂ

’Lumu?ﬁ'ﬂﬁa:ﬁaﬁmwiagawam‘n’%'muma\‘l
Wndnwn madaaa luudazaimvesiwii 1
@mJLqumsﬁﬂm%é'ﬂg@ﬁﬂmmamﬂ'msﬁm(aﬁa
Uszgnd) szninelnnadinmn 2559 — 2561 $1uau
383 sziflon Gemunsautsneimeandussim
Tunguimeneg G

a

1) nauITIUNG Usznaudra eI mash
— IWEI71 05016201 UARAAF 1
—  IWRITN 05016202 LARAA 2

—  SW&IT1 05016213 NTADAALTILF W 1
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— 571 05106030 Ladnia Ly
— &I 05206500 T23Nen1iall
—  #1 05306003 Wanaaly

— MR 05406002 HANANG
2) nANATILIAL Usznauseneimasit
— &7 05406004 §DAILATIZR
— 98371 05506003 M3tdauldsunsu
mguv'ﬁ‘yugm
— 98371 05506004 M3tdauldsunsy
FaaauLang
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3) naviTmemaas dznaudienein
it
— IR&TT1 90201001 A1WIAING W
ﬁvugm 1
— IR&TT1 90201002 N1WIAIN G W
ﬁvugm 2

3. in3asilanlFlunsise

3.1 Tilsunsu Microsoft Excel 2010

Hnldsunsunmediuansnsdiuam wieh
\Funt wlsada (Spreadsheet) iiluldsuninluga
Microsoft Office fin11N&1NTALUATBAITAINS
@179 MIFWIB NNTILATIEA NTeanT8uwln
sUupyarTuaznTv lasiunldlunisaion
oy

3.2 lilsunsa Weka 3.7

ldsunsudszynd RapidMiner Aadulnd
2006 311N Ingo Mierswa and Ralf Kilnkenberg KN &
#137997n Kdnuggets T 2014 wuin (Jusuay 1 lu
ﬂﬁquﬂELLmuﬁmm‘ﬁmﬁ:ﬁ"ﬁaga W8z Gartner 96
1% RapidMiner aglungu Leaders lul 2015
FIUNY snaW@TLLﬁmjuf: fia SAS, IBM, KNIME uas
RapidMiner @28819U59N7 1% RapidMiner USHN
Paypal 3116 N1TW w1614 Business Intelligence
Lflumﬁl,m'l:ﬁﬁaHalmé’aﬁagmﬁiaﬁaﬂaﬁfmgu
mIaadulalun1usnisiansasdns Usznauee
s:nuﬁ@mﬁagaLLazIﬂiLmimLawwﬁm‘*ﬁ"u@i”mm's
Aenzidays (MoTa, 2558)
4. wmakan1sviuiiastaya

4.1 NMSWINYANNENNUS (Association
Rule)

Lflumﬂﬁﬂmﬁwaamsﬁwmﬁaa{faga
(Data Mining) I@Umiﬁummwﬁuw”uﬁmmiayja
mnﬁagammmlmﬁ‘ﬁ'ﬁayjLﬁaﬁﬂvl,ﬂmgﬂLmuﬁ
\AeduLias 9 (Frequent Pattern) waawsdldidung
ANUFUWUT (Association Rule) a1u130L 08w L6l
memmaﬁmmsﬁLﬂum@; Vl,ﬂg'n,ﬁmﬂuaaimmiﬁ
SIPA s'fiaﬁi'mgmmmﬂmﬁLﬂi’]:ﬁmﬂ%”mmﬂ

'
v A

(Market Basket Analysis) L3% §nat

v

ToENSDNFIN
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[l & a 6 v v A o ¥ ]
Injazdadoidan dayaninanldazagluzduuy

Nominal %38 Ordinal L¥iN14is

o

NMIRINHANUTUWUTAIL DN

a a A ~ ' &
aw3la% (Apriori Aigorithm) G99zfiat 2 1w

)

asnu
0%
g Ao
1. mannaalamna (itemset) 1dun131n
gﬂl,mwaa‘ﬁagaﬁl,ﬁw‘fuiwﬂ”uﬁaU 9 lugudaya
W30NNNT1A minimum support Arnnualuduaan
fazuolddnin 2 Tuaaudas o
1.1 nvaiyduvuvadisalamny
(itemset) lavn13 join azldyuvuvasizalany
(itemset) AfdmAnn31 minimum support 41¥iI1N"Y
siegduuuvessalamny (itemset) ffwuraea
anniufiazniteinldSas g
1.2. MITUAN support BaIINNAFI
suuvvvasimalainy (temset) lauda JuTaun9z
YINNIANWITUAN support Afadn lapd support fia
drnanidasifudinuiaalama (temset) ln
3 uUaya (Database)
2. MIRTNNHANUTUWKT (Association
Rule) nasanfintoalama (temset) leudraziin
g‘ﬂLmuﬁm‘lﬁmaﬁ”ﬂaLﬂuﬂgmmé’uﬁ’uﬁ
mIdunInganasunusnanmailunis
Taanusnaula 3 uuy laund
o Aaiuay (Support) WaadfalasiFud
°1Ja\rﬂ”agaﬁnﬂu‘lﬂmungmnﬁagaﬂ%%m@mem'i
1
Support (LHS,RHS) = swounsnilass=neulomatts ues res (1)

41mans1en13lu Database

o A1AN3IWla (Confidence) UEAIHIAINY

ml,%aﬁamaaﬂg LfiagﬂLLuuVI,ammﬁméﬁwf’]waa
NYAMUFUNUT (Left Hand Side: LHS) \Aeduuda g
lanmsifiasduvulamuimadiusinaaing
AMUFNNUT (Right Hand Side: RHS) u1nitas
winla %aa:ﬁma%}i:%dw 0-1alnatdng 1
wunefsdnnudadulumImanuauRusNIn 69
FUNT (2)

Confidence (LHS = RHS) = Support(LHS,RHS) (2)
Support(LHS)
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o ANRNFNWUT WI0L38NINANANS (Lift)
ﬁa@hﬁﬂwaﬂ'j’lmnﬁﬂgﬂuuuvlammﬁnmﬁwﬁw
PINHAMUTFN WS (Left Hand Side: LHS) uas
gﬂl,muvl,ammwﬁmmwaangmwé’uw"’uﬁ (Right
Hand Side: RHS) fianuauwusauuinnie b lag
dd1and Jeuvindy 1 ugasdingduuy LHS uaz
RHS lidudaniss (Independent) Lagndaruinnia 1
AN 9 waasingrisadinnuFuRusiuIINaE
AIRUNT (3)

Lift (LHS = RHS) = Support(LHS,RHS)

Support(LHS) x Support(RHS)
13192 NIITHLANIZANNTNNUINA AN

@)

aﬁfuagmm:@hmmw”'usl,agaﬂ'h@haﬁfum}uﬁﬂq@
(Minimum Support) Laz@A1A 1Y ﬂ;ula 6‘% 1§ @
(Minimum Confidence)

4.2 M3 unnaaa(DataClassification)

mafanisituwndsziandayaiins
m:mumm%’wﬂuLﬂaﬁ‘@nﬁﬁi’aga’[ﬁagiuﬂ@ﬁ
ﬁmu@mlﬁmnmjuﬁaaziwiagaﬁﬁmdwiaga
§OUIZVLY (Training data) ﬁLL@ia:Lmeaa"ﬁaga
Usznaudoflasnsauaaniiadonadudidoiios

(Continuous) w38 f1n §4 (Categorical) Tagasd

(2
A

waan3tIRuL9 (Classifying Attribute) Sadudaied
ANFY89TDYA YadzaidvaInITILuNY TN
“ﬂ”agaﬁ'amia%ﬂumamuwﬂuaw%ﬁa@T‘mﬁﬂ@ﬂ
Juruuaanidadaug lasdrdiadszantnnaas
MULUNIIUUNTDYS e

1) f1Al1ugnday (Accuracy) Wudrnldia
Uszansanlunsituunnlaidudiiavuaves
ANNAANAIa Bind1aunndasdiatuInazd

AMUAANAAUDY AIFUNT (4)

- v - . v
WU ARSI D RADD

ANuDNAay = (4)

- v z
VTP AELEV-RALR

2) @rauuLangn (Precision) 1 waas 81w 9
msﬁwmmTagaiuﬂmavl,@‘fgﬂﬁaamnﬁhmuﬁaga

Nninualuaaans aIaunT (5)

. v - = v_ o=
‘-'."'.-:';’.EL‘:—'.T.T"J"HEl'l.TE-:.'J-"‘:-"‘."

ANNLAHEN = < - - (5
-'_"J:'J-'_E:;?ﬁ.':;?'?l'."l"fﬂl?:ﬁ*:—’ﬁ'i
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3) A1ANIEAN (Recall) W wa@INaI1%289017
o Al o A o o = v A oo
AunuaaRNINaAINUAIaLazdnIAwARlAAY
;ﬁ"ﬁﬂ”ﬂLaﬂmiﬁmmmﬁwaﬁwummuﬂ’] a4

]UNTT (6)
- drmdnpaimhulegn Fadunsne
ANNIZAN = - - (6)

ey e
TSRS VR A E-I-TALT
w

4) f10210T299a (F-Measure) LI AN ULEA
ANMNFUAUTTER AN VLN BELRZAIANNTZAN
WamIA1ANE 99 lagenf ldannnisdiuimazi
1 ] ' = £ 1 lil o v v U
Aagizring 0 D4 1 drdndrwarmlaidlng 1
BUNBAMNI NIRRT LRN ST ANT AW
&9 wazdnadIwIn A lng 0 uwaNdn N3
Ttalunssuunddsz@niniwen asauns (7)

Amransiudaziasdn)

ANNTNS = (7)

Py FITLE g B S H
magieauldaadula c4.5 Iouasgn

o ' . i A A o A

80TEIULNL (Gain Ratio) 1Naliangmanwmeaz

(3 (g

s dusnnsaluua ri”ﬂwmmaga M Usznaudly

]
anduldlada (my, my, ..., m} uazldarusinay
Wuazifiadl m iy Pm,) 2z lainainu
8138ULNA (Information Gain) 83 M WUwUNUE2E

I((M) @981 (8)
(M) = > -P(M,) log, P(M,)

fRualA T Lmumﬁammiagaﬁ'm%“ﬂ%

(8)

a‘%”né’muuLLazqmé'ﬂwm:'ﬁ'Lﬂuimu@ Ao x uazden
vanuandulale n A lnuaaginazutisaiating
T sanawiadu (t, b, ..., t} awdrmduwlyldues
X I I ST TARIUI AR NN TEWNAREIIN
WLNONUAIARN B IAT X laasauns (9)
Gain(x) = I(T)-1(T)

Tasdi 1_(T) :Zn“%l(tl)

9)
(2.9)

NAN1322Y
A ¢ & ¥ A ) a
1. HANIIILATIEHILT 2IA RN YINUNANIITLIYW
2DIBNANE
INNINN 2 LEAINITHINKIIANNAVDI

AR AURERNVDINNANEITWIN 1 AT /DA



sETItEuium (Insnmaasuazinalulad) 99 22 auf 2 nsngrew — fwnan 2562

aneInenemaas aanUnaluladnszaauindiin-
AMNMINANIELY 2R iadnsdnm 2559 - 2561
TaBUNY X WNUTIIVBINIADRORERY UAZ UNW Y
unusrwanindaneflainsaadsszanluudaz g
% WU dsnemeuithe mieanamedne) Tagdien
auLY (Skewness) LYiNNU -0.79 LAZAILAADT D
INIALRREEEUYINAY 2.42 uasdiindnsnsiwan 53
au DldnIaaasszauiasndi 2.00 910 $1U7%

NINNA 383 au AavuTasay 14 LUaNaNTLEN

ANUIBATIAIG AINTINN 3 LAAINITUINUIY
A a a ' & A
ANUAVBINAN TS ORI U BT TIA19 9 VaITHIN 1
wuIBnAnENISauNeITIRaNaN G anallasdn
= a a v =) = v 1 a
uazNradiafadu duanmaSouwiaonin ¢ Glama
a v P o ' A
qdm):"lmnml,aaﬂamumm’l 2.00 1%484931N
a o ' a A g o @
nuimanariduiziunudadunugindanuas
Fududamsdnsluseimdri g daldvasnain

06 AIINLNFRAT

Histogram of GPA
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183 167
ag
74
59 48
16
e 2 [ I PR

FOUNDATION ENGLISH 2

132

100
42
e | | P

T

(@ E=REER )
OUTCOME CALCULUS 1 GENERAL CHEMISTRY PRINCIPLE STATISTICS
330 113 120 L i3
102
74 B2
0
43 ” 46
i | I. O M [ dal
I m=—| o | PR - -2
PROGRAMMING FUNDAMENTALS FOUNDATION ENGLISH 1 CALCULUS 2 LINEAR ALGEBRA 1
135 120 a3
116
50 62
s - 51
& 53 58 42
26
30 28
1 | | . e . [
GENERAL BIOLOGY GENERAL PHYSICS STATISTICAL ANALYSIS OBJECT-ORIENTED PROGRAMMING

78
70 60
56 51
4 50
13 13
i | | . = .ILI

211N 3 LLN%QﬁLLﬁ\‘] BbRAINTILLINLLIIVD mmlmwia:f‘mw"w LLuﬂIVﬂ PAUNANTTIIE

P v o ¢ a  da \ % o = & A
M1319N 1 ﬂ{(]ﬂ')’]&la&lwuﬁ“lla\'ﬁ']U'J"I.T’W]llNﬂ@]E]ﬂ?iﬁaﬂvlﬂmaduﬂﬁﬂﬁ'ﬂjuﬂﬂ 1

0} NNANNANNWS din
@ R EISTE PN @
ANaILTa s ANANNIS
1 05016202 = “Withdraw” = Result = “Failed” 1.00 0.45 2.22
2 05016201 = “C” -> Result = “Failed” 1.00 0.42 2.38
3 05016213 = “Withdraw” 9 Result = “Failed” 1.00 0.40 2.50
4 05406002 = “D+” = Result = “Failed” 1.00 0.38 2.63
5 05406002 = “C” = Result = “Failed” 1.00 0.38 2.63

v o ¢
2. ﬂgﬂ')'\&lﬁ&l‘ﬂ%ﬁ

v o ed

a &
IMMNANTIURAINH ANURUANUINLINAY

(2
v A

sanIneunengny 5 Tanlaasi
e ngvaf 1 dunAnBInauIIBITN
@ v o =2 A ' & A o
LARARE 2 waRnAnEda NNz leinIe
RUFTRNGININ 2.00 G28A1ANVLTANUN 1.00 AN
suuaRwi 0.45 ARRFNWUDIN 2.22
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e npfadl 2 fndAnwSousnin
LARAAE 1 AWNANITIHWYNAL C udindnu il
anuitanduiazldinaaioazaudinin 2.00
frua1AaL s wA 0.99 @haﬁuaguﬁ' 0.42 @1
SNANNUET 2.38

e ngiafl 3 dindnsinausiein

a A a @ v o K a ' oA Y
WD WA LTI LLmuﬂﬂﬂﬂ’mﬂ’a’mmﬁmﬂuw%‘l@
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' '
o A

INIALARUFZENEININ 2.00 AI8d1AINLT 0
0.99 @haﬁfum&u‘ﬁ' 0.40 ANEMEURUEA 2.50

e npTafi 4 fuindnsiSouneizman
ROANNANITITOULYINIAL D+ Wa? WnANBINAIN
wenduiezldiniaaioazaudinin 2.00 dredn
AuLdatui 0.98 maﬁfum‘l,uﬁ 0.38 FANARFANNUS
7 2.63

e npfaf 5 fuindnsFSounsizman
OAANANITISUYINNY C Wi wnAnwIdaw
wnazdufiesldinTaadusraudinin 2.00 daoe
AuLdatui 0.97 maﬁfum‘l,uﬁ 0.38 FANARFANNUS
7i 2.63

3. NYMIAAFWID
nnmylanzideyalasdulidaduladas
Inaiba J48 WU’)"]ﬂ’J’]NQﬂ@Ta\‘J (Accuracy) iU
91.00% A8 LA we (Precision) LYinNu 90.70%
ANNTZAN (Recall) WiNNU 91.10% Waz F-Measure
WY 90.90% ngnisaasnlasuisndanatung
laot
STATISTICAL ANALYSIS =B : Pass (1.0)
STATISTICAL ANALYSIS = C+: Pass (107.0/2.0)
STATISTICAL ANALYSIS = A: Pass (43.0)
STATISTICAL ANALYSIS = B+: Pass (50.0)
STATISTICAL ANALYSIS = F: Failed (4.0)
STATISTICAL ANALYSIS =D

50

| LINEAR ALGEBRA 1=B : Pass (0.0)

| LINEAR ALGEBRA 1 = B+: Pass (0.0)

| LINEAR ALGEBRA 1 = A: Pass (0.0)

| LINEAR ALGEBRA 1 = B: Pass (3.0)

| LINEAR ALGEBRA 1 = W: Pass (4.0/2.0)

| LINEAR ALGEBRA 1 = C+: Pass (0.0)

| LINEAR ALGEBRA 1 = C: Pass (2.0)

| LINEAR ALGEBRA 1 = D+: Failed (2.0)

| LINEAR ALGEBRA 1 = D: Failed (2.0)

| LINEAR ALGEBRA 1 = F: Pass (0.0)
STATISTICAL ANALYSIS = C: Pass (70.0/12.0)
STATISTICAL ANALYSIS = D+: Failed (26.0/9.0)
STATISTICAL ANALYSIS = B: Pass (56.0)
STATISTICAL ANALYSIS = W: Failed (13.0/1.0)
lagoaziduavaingaasduliananls ugasas
MW 4 uaz Confusion Matrix w&asluan197i 2 &9
A19031ANYNABILEILIN (TP Rate) 1Ny 316
A19ANANNYNADILTINY (TN Rate) L¥inny 33 ¢
AATAIVAANAIALTIUIN (FP Rate) 1Yinny 14
LRz A1EOINANUAANAIALEIAL (FN Rate) Lvinnu
20

13199 2 Confusion Matrix

Predicted/Actual Pass Failed
Pass 316 14
Failed 20 33
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Tree View
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Tnadanansisou

v dl v Qs a 1

Jayaniltlunisatiingardoneimlungs
S0 uluTudN 1 $19% 10 597 WATHANITIS %
migfanganuFNNUS ldimuadaiuayudud
WRZANANLTONUI WG 1IN 0.1 WAz 0.8 ATNAIAU
INMIITUWUNYANUFUAUSVIN LI NTHAGE
mysauiuvasndnsnTuii 1 laund ;a3 nan

Aa a Aa €A = A A A A

0@ AT NENF AT 000 wazAT 1T N DI Tn
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'
a
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= 1 a aa
nMsfnEnde eI TanAde b
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6 v a [ 1 ::' 1
WYINTHEI8INAle J48 a218819NYNWULT U
YNANHN NI RUEERNAINTN 2.00 NN dNa
MISUUIYITRDAIATIZALYIAY D wazudon
NTANALTILFWLYININLY D I@Uﬁmwgﬂﬁaa
(Accuracy) tiNNU 91.00% AU KEN (Precision)
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Winny 90.70% ANNTAN (Recall) LYinAy 91.10%
W8z F-Measure L¥inNU 90.90%
AIRUIMUITEAININUINYANMUTNNUT
wazngnmiaadulaldszondldlunswamszuy
o a o o o =R 4 A o @
wwzinTISauERIURnAn TN 1 1Nl
' o & 4 &, %
sansagaudulliFauluszdutunigedudalyld
K e 1= a
uldistisannsdnysnslumsnsunuwnssew
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IUBNUAEAAL R MUY WIITFRTLUNANEN
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Uszinnmsina1niszaslan lwunasnamnziausmeIAInIziuh
INININNYI
Feeding Types of Fish in Seagrass Beds in Khung Kraben Bay Area,

Chanthaburi Province

5555 sugAamwass’ wmadn WKWDY WasTIoh TIWINa TG

Unanaga

nsdnsdszinnmifinenmvesdmluwndsmgnaauTumenndonsziuu 3wmiaduny3 lasiiy

7208719 ML A BUNNTIAN W.7.2560 - LHBUNNINAN W.A. 2561 RINITALAUA19Ua e 38 Bila 826 da88N9
A A a @ o o ¢ A
WUIRY Tz AN mINUa1uslne 4 Ussanvian tawa 81m13UsAnaad e1mi3UssAndT 01wisdIsan
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ABSTARCT

In this research investigation, the researchers study the feeding types of fish in the seagrass beds in
the Khung Kraben Bay (KKB) area, Chanthaburi province. There were thirty-eight fish species
in the 826 specimens that were collected between January 2017 and January 2018. It was found that the
food types that fish consumed could be divided into four major types: animals; plants; planktons; and detritus.
These could be divided into twenty-five minor groups of food. The dominant food items in each type mostly
consumed by fish were shrimps, seagrass, copepods, and sediments. The highest proportion of fish
in the sample fish population from the seagrass beds in the KKB area were carnivorous fish (65-79 percent).
The proportion of food consumed by the fish in each area studied could be divided into two groups of feeding
types based on the distribution of the seagrass. In the area of seagrass distribution were fish consuming

animals and plants. In the area with no distribution of seagrass there were mainly fish consuming animals
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and detritus. The gut fullness index (FL) showed an average of 5.61 + 2.67. It was also found that the FL

was higher during the ebb tide than during the high tide. This means that the fish coming to the KKB utilized

seagrass beds as the source of food supply.

Keywords: Chanthaburi Province, feeding types, fish community, Khung Kraben Bay, seagrass beds
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ABSTRACT

Oleaginous yeasts are potential lipid producers that could be used for biodiesel production. In this
present study, leaf and soil samples from a mangrove forest in Chonburi Province were collected and used
for the isolation of yeasts in YEPG broth containing 2% glycerol as a carbon source in shaking flasks. The
total of 26 isolates of yeast were obtained and they were further investigated for their ability to accumulate
lipid by Sudan Black B staining. The result showed that 7 out of 26 yeast isolates; 1A 2C 3E 5B 6A 8A and
9A had intracellular lipid droplets. All of these isolates were estimated for their approximate amount of lipid
accumulation by Nile Red fluorescence assay and only one isolate namely 1A that was isolated from leaves
of Avicennia officinalis expressed the strongest potential for high level of lipid accumulation.

After kinetic studies of biomass and lipid production of isolate 1A at 240 hours of growth in GMY broth, 24.24
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+ 0.06 g/L of biomass yield, 3.63 + 0.04 g/L of lipid yield, and lipid content of 14.98% of dry biomass were

significantly achieved (p < 0.05). Strategies for improvement on lipid production from this isolate is needed to

be further investigated prior to its utilization in the future.

Keywords: glycerol, microbial lipid, oleaginous yeast

Introduction

Recently, demands on biodiesel as a
biofuel have been increasing in America, Europe,
and Asia since it is considered as an
environmental-friendly alternative fuel (Eamcharoen
and Rungrojchaipon, 2016). Glycerol is an
industrial waste derived from biodiesel production
via transesterification or alcoholysis of vegetable
oils. Generally, proportion of 10% (w/w) of crude
glycerol is produced from biodiesel (Santibafiez et
al., 2011). Yeasts could convert glycerol to
intermediate compounds and eventually produce
dihydroxy-acetone phosphate as a product via
glycolytic pathway. Dihydroxyacetone phosphate is
further changed to citric acid which is subsequently
converted to storage lipid (Rakicka et al., 2015).
Therefore, application of glycerol as a carbon
source for the growth of oleaginous
microorganisms such as oleaginous yeasts (Kitcha
and Cheirsilp, 2011) would be attractive in terms of
waste removal and cost reduction for microbial lipid
production.

Oleaginous microorganisms are those
such as yeasts, molds and microalgae that could
accumulate lipid above 20% of their biomass (Evan
and Ratledge, 1984). Lipid accumulation in yeasts
usually takes place when carbon is in excess and
nitrogen is limited (Amaretti et al., 2010). Some
genera of oleaginous yeasts; Rhodosporidium sp.,
could

Rhodotorula sp., and Lipomyces sp.

accumulate lipid up to 70% of dry biomass (Li et
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al., 2008). Oleaginous yeasts store intracellular
lipid in lipid droplets that are distributed in the
cytosol. Lipid content varies between different
yeast strains as well as cultivation conditions
(Cuimin et al., 2009). Major composition of yeast
lipid is triacylglycerol (TAG). In addition, lipid of
oleaginous yeasts has fatty acid profiles similarly to
those of vegetable oils that are commonly used as
substrates for biodiesel production via
transesterification reaction (Sitepu et al., 2014).
Thus, this is a great potential to replace vegetable
oils for biodiesel production in the future. Taking
that into an account, when yeast lipid is utilized as
a substrate in transesterification, glycerol would
also be produced alongside biodiesel.
Subsequently, the obtained waste glycerol could
be recycled by applying it as a carbon source for
growth and lipid accumulation of oleaginous yeasts
again. These processes could be carried out
indefinitely to exploit the full potential of both yeast
lipid and glycerol.

Oleaginous yeasts are widely distributed
in natural habitats (Jiru et al.,, 2016), e.g. soils,
leaves, flowers, and from various environments as
well as mangrove forests (Kunthipun et al., 2018).

Therefore, the aim of this work is to
isolate and screen for potential oleaginous yeasts
capable of using glycerol as a carbon source from
biomaterials at a local mangrove forest. Lipid
content of a selected yeast isolate was also

investigated.
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Methods
Sample collection

Five samples of leaves from five different
plant species (Rhizophora mucronata Poir., Rhizo-
phora apiculata Blume, Xylocarpus moluccensis
(Lamk) M.Roem., Avicennia officinalis L. and
Ceriops tagal C.B.Rob.) and five soil samples near
five different Rhizophora apiculata Blume trees
were collected from Mangrove Forest Conserve
and Natural Study Center in Chonburi province,
Thailand. Leaves were cut from the living trees and
placed in sterile plastic bags (One plant species
per bag). Each soil sample was taken at the depth
of 2 cm under the soil surface and collected in a
sterile plastic bag. All samples were transported to

the lab for the isolation of yeasts.

Isolation of yeast strains

After cutting into small pieces, 2 g of each
leaf sample was transferred to a 250-ml
Erlenmeyer flask containing 100 ml of YEPG broth
(20 g/l peptone, 10 g/l yeast extract, 20 g/l pure
glycerol) with the additon of 0.05 g/l
chloramphenicol. Five grams of each soil sample
was added to a 250-ml Erlenmeyer flask containing
100 ml of YEPG broth. All flasks were incubated at
room temperature with 150 rpm for 3-5 days.
Samples were diluted in 0.85% NaCl and spreaded
on YEPG agar (YEPG broth with 2% agar and
0.05 g/I chloramphenicol). Colonies with different
morphologies were picked, observed under a light
microscope and streaked on freshly-prepared

YEPG agar plates to obtain pure cultures.
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Primary screening of oleaginous yeasts by
Sudan Black B staining

A few colonies of isolated yeast strain
were added to 100 ml of GMY broth containing 4%
(w/v) pure glycerol and 0.3% (w/v) yeast extract as
a carbon and a

source nitrogen

2015),

source,

respectively (Munch et al, with initial
0O.D.gyy Of 0.02. Flasks were incubated at room
temperature with 150 rpm. Five-day cultures were
used for Sudan Black B staining. After smear
preparation, the experiment was followed by air
dry, heat fix, flooding the smear with Sudan Black
B solution for 15 minutes, discarding the solution,
and flooding the smear with 0.5% Safranin O
solution for 30 seconds (Burdon, 1946; Jape et al.,
2014). Presence of lipid droplets in the cytosol of
cells observed wunder a light

yeast were

microscope.

Secondary screening of oleaginous yeasts by
Nile Red fluorescence assay (Sitepu, et al., 2012)

Selected yeast isolates from the primary
screening were cultivated in 100 ml of GMY broth
with initial O.D.g, of 0.02 at room temperature with
150 rpm for 5 days. Yeast culture was further
adjusted the O.D.gy, to 1.00 for further use in Nile
Red-containing mixture. A Nile Red-containing
mixture for each yeast culture was prepared in
triplicate. A Nile Red-containing mixture contained
250 MU of yeast culture, 25 I of DMSO/GMY
broth (1:1, v/v) and 5 Hlg/ml of Nile red. The 200
M of the mixture was transferred to each well of a
black microtiter plate and fluorescence intensity
emitted from Nile Red stained lipid was measured
in a fluorescence spectrophotometer using
excitation and emission wavelength at 530 and 590

nm,respectively.
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Kinetic studies of biomass and lipid production
of a selected yeast strain

A selected yeast strain from secondary
screening was transferred to 100 ml of GMY broth
with initial O.D.gy0 of 0.02 and incubated at room
temperature with 200 rpm for 10 days. Yeast
cultures were collected every 12 hours for
investigating the biomass and lipid production by
measuring the weight of dry biomass after drying in
a hot air oven at 60°C until the weight was
constant. The experiments were carried out in
triplicate. Dry biomass was further used for lipid
extraction (Tapia et al., 2012; Castanha et al.,
2013) by treating with 2M HCI to disrupt cell wall
with a proportion of 2M HCI : dry biomass as 4 ml
: 0.3 g. After the mixture was incubated for 1 hour
at room temperature, the acid was discarded and
then cells were mixed with 4 ml of sterile distilled
water, 10 ml of methanol and 5 ml of chloroform.
After being

incubated with shaking at room

temperature for 2 hours, the mixture was
centrifuged at 180 x g for 2 minutes. Lipid was
obtained by collecting the chloroform layer and let
the chloroform evaporated and dried at 60°C. The
obtained lipid was weighed and further calculated
lipid content using the following formula;

Lipid content (%) = [Dry lipid weight (g/l) /

dry cell weight (g/)] * 100

Statistical analysis

Values of Nile Red fluorescence
intensities, biomass production, lipid production
and lipid content were analyzed independently for
the statistical significance at p-value < 0.05 using
one-way ANOVA in IBM SPSS Statistics (version
22). Data (n = 3) are presented as means %
standard deviation following by different lowercase
alphabets which represent significantly difference

between each value.
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Results
Isolation of yeast strains
In this study, 26 yeast isolates were

collected from leaf and soil samples from
Mangrove Forest Conserve and Natural Study
Center in Chonburi province. Most of yeast strains
were isolated from five leaf samples (5 isolates
from Rhizophora mucronata Poir., 2 isolates from
isolates from

M.Roem., 4

Rhizo-phora  apiculata Blume, 6
Xylocarpus moluccensis (Lamk)

isolates from Avi-cennia officinalis L. and 4 isolates
from Ceriops tagal C.B.Rob.). Moreover, 5 yeast
isolates were obtained from soils. Each isolate
conferred different colony morphologies on YEPG
agar, some of them are exhibited in Table 1.
Additionally, cells of each isolate appeared
similarly from ovoidal to spherical in shape and
reproduced asexually by budding (data not shown)

which were typical characteristics of yeast cells.

Primary screening of oleaginous yeasts by
Sudan Black B staining

All of yeast isolates were grown for 5 days
in GMY broth, which is a nitrogen-limited medium
providing essential condition to induce high amount
of lipid accumulation in oleaginous yeasts (Amaretti
et al.,, 2010), and subjected to Sudan Black B
staining to determine the potential of each yeast
isolate for lipid accumulation. The results showed
that, from a total of 26 yeast isolates tested, lipid
accumulation was observed in 7 yeast isolates; 1A
2C 3E 5B 6A 8A and 9A. As shown in Table 2,
grey to black and round-shaped intracellular lipid
droplets in red cytosol of these isolates were
observed, especially in isolates 1A and 2C which
had evident lipid accumulation in terms of dye

intensity and large lipid droplets.
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Secondary screening of oleaginous yeasts by
Nile Red fluorescence assay

Seven yeast isolates that showed lipid
accumulation based on Sudan Black B results
were further cultivated in GMY broth for five days
and proceeded to Nile Red fluorescence assay.
The results showed that isolate 1A had the highest
level of fluorescence intensity (Figure 1) which
implied that isolate 1A was able to accumulate the
highest amount of lipid in comparison to other

yeast strains tested.

Kinetic studies of biomass and lipid production
of a selected yeast strain

Based on its highest potential in lipid
accumulation, isolate 1A was selected for time
course study of biomass and lipid production in
GMY broth. As shown in Figure 2, it was found
that lipid production of isolate 1A was relatively
correlated with biomass production. The maximum
biomass production, lipid production and lipid
content were significantly (p < 0.05) achieved
24.24 £ 0.06' g/I, 3.63 £ 0.04° g/l and 14.98%" of
dry biomass, respectively, at the end of incubation
(240 hours) which was during stationary phase of

growth.

Table 1 Colony morphology of some yeast isolates obtained from leaf and soil samples.

Colony morphology

Yeast
Form Elevation Margin Surface Color Diameter Representative
isolates
(mm) images
1A Circular Umbonate Entire Glistening Pink 1 i
2C Filamentous Flat Filiform Rough Whitish 1 ; d -
cream ‘ .‘

3A Circular Convex Undulate Glistening Cream 1.90 a
8A Circular Convex Entire Glistening White 1.50
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Table 2 Lipid was stained with Sudan Black B in the cells of 7 yeast isolates. Images were captured with a

total magnification of 1000x under a light microscope.

Yeast Source Cells stained with Yeast Source Cells stained with
isolate Sudan Black B isolate Sudan Black B
1A Avicennia 6A Ceriops

officinalis L. tagal C.B.Rob.
2C Rhizophora ‘ 8A Avicennia

mucronata Poir. | officinalis L.

3E Xylocarpus 9A Soil sample

moluccensis

(Lamk)
M.Roem. h

5B Rhizophora

apiculata Blume
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5.04°

3.08¢

5 13008 2.39%

1,320

Fluorescence Intensity (a.u.)

1 0.69%
0.26° £3

0 4 i

1A 2C 3E 5B BA 8A 9A

Yeast isolates

Figure 1 Fluorescence intensities of seven yeast isolates that were stained with Nile Red.(Different lowercase alphabets after

each value represent significantly difference, p < 0.05)

30

—&—Dry biomass
25 - —-Lipid yield
—A—Lipid content

20

15

10

Dry biomass (g/L), Lipid yield (g/L) and Lipid content (%)

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240

Incubation Time (Hours)

Figure 2 Biomass yield, lipid yield and lipid content achieved by isolate 1A cultivated in GMY broth for 10 days. (Different

alphabets above time points represent significantly difference, p < 0.05)
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Conclusion and Discussion

In this study, 21 yeast isolates could be
isolated from five leaf samples and 5 yeast isolates
from soils resided in mangrove forest. This result
implied that leaves and soils are decent sources
for the isolation of yeasts since they are common
inhabitants of leaf and could be found in various
soils (Jiru et al., 2016).

Further experiments showed that
approximately 27% of the total yeast isolates,
based on Sudan Black B staining, were oleaginous
yeasts. Sudan Black B is a lipid-soluble dye
capable of staining intracellular lipid (Jape et al.,
2014). In this study, lipid droplets stained with
Sudan Black B were observed in 7 yeast isolates
which were in concordance with a previous
published report that also observed lipid droplets in
the following genera of yeasts; Candida spp.,
Candida tropicalis and Rhodotorula mucilaginosa
using Sudan Black B staining (Jape et al., 2014).

Nile Red fluorescence assay was also
utilized for the selection of an oleaginous yeast
with the highest potential for lipid accumulation.
Nile red is a fluorogenic dye that could stain lipid
and its level of fluorescence intensity is dependent
on the amount of lipid in the cells (Sitepu et al.,
2012).

Results from Nile Red fluorescence assay
were in concordance with results from Sudan Black
B staining which implies that we may use either or
both techniques to simply qualitatively screen for
However,

oleaginous yeasts. these techniques

could not be used to directly quantify the
concentration of lipid. Hence, based on yeast’s
ability to accumulate high lipid content, we found
that strain 1A was the most promising strain
according to the presence of prominent intracellular
lipid stained by Sudan Black B and the highest
of Nile Red fluorescence

level intensity in
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comparison to other isolated oleaginous yeast

strains.

The investigation of biomass and lipid
production of isolate 1A for over 10 days in a
nitrogen-limited medium revealed that the

maximum lipid content (14.98%) of isolate 1A was
higher than Rhodotorula glutinis, R. mucilaginosa,
R. rubra and Sporobolomyces salmonicolor that
had lipid contents of 9.1%, 10.2%, 7.5% and 4.2%,
respectively, in a medium that contained pure
glycerol (Gientka et al., 2017). This result is in
contrast to other reports that showed higher level
of lipid content. For example, Munch et al. (2015)
who found that Rhodosporidium babjevae and
Rhodosporidium diobovatum had lipid contents of
34.9+3.0 and 63.7t4.5% of dry biomass,
respectively, in the presence of pure glycerol in a
nitrogen-limited medium. Castrillon et al. (2017)
found that Meyerozyma guilliermondii BI281A could
accumulate lipid with 34.97% of dry biomass.

Those previous reports as well as this study
demonstrated that lipid contents could be varied in
different genera, species and strains of yeasts,
culture media, types of carbon and nitrogen
sources, C/N ratio, and cultivation time etc. In this
study, GMY medium was used for yeast cultivation
since it had C/N ratio around 50 which was
adequate to stimulate lipid accumulation in yeasts
(Papanikolaou and Aggelis, 2011).

Lipid content in isolate 1A could be
enhanced by further optimization of the cultivation
conditions. The residual concentration of carbon
source and nitrogen source should be further
measured along with biomass and lipid production
in order to understand the correlation between lipid
production and substrate consumption.
Additionally, identification of yeast isolates should
be carried out to obtain more information of yeast

diversity in the mangrove forest.
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In conclusion, our research showed that

oleaginous yeasts could be obtained from
biomaterials at a mangrove forest which is a
natural and valuable resource for the search of
new beneficial yeast strains. In addition, these
oleaginous yeast isolates could use glycerol which
is a promising carbon source for growth and lipid

accumulation.
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ABSTRACT

In this research investigation, the researchers examine factors affecting office building inspection in
Bangkok Metropolis. The reports of office building inspection were analyzed to determine the cost per square
meter of office buildings to be used as asset valuation data in accordance with the Asset Valuation Standards
of Thailand. In this qualitative research, the researchers inspected an office building in Ratchadaphisek area.
Only visual inspection was carried out without any tests using special tools or tests for stability, security and
various systems involved with the safety of life and property. The interviews were conducted with engineering
professionals and appraisal professionals in order to congregate the level of importance of their opinions
concerning affected parameters on the conditions of office buildings prior to the asset valuation. The study of
the opinions regarding the office building inspection for asset valuation showed that all engineering
professionals interviewed agreed that there should be building inspection prior to asset valuation. Only fifty
percent of appraisal professionals agreed that building inspection should be conducted prior valuation.
The other fifty percent expressed that it was not necessary because the inspection did not cause any
significant changes in property values. In regard to factors related to the consideration of value of used office
buildings, it was found that engineering professionals focused on the building systems at the highest level.
Appraisal professionals focused on decorations and maintenance at the highest level. In regard to the
opinions concerning the building parts to be paid attention to: depreciation, or period of use, it was found that
engineering professionals still paid attention to the building systems at the highest level. Appraisal
professionals paid attention to building decorations at the highest level. The analysis of office building value
which considered office buildings based on their conditions found that the conditions of the building inspected
were at a low level (B). The linear depreciation was then calculated. Findings showed that the valuation of
buildings without building inspection was higher than those having been inspected. The asset valuation

reports could assist the users to be informed of the building value as it should have been.

Keywords: building inspection, depreciation, the valuation of building
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Parmotrema tinctorum

The Correlation of Lecanoric Acid with Atranorin in Lichen

Parmotrema tinctorum
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ABSTRACT

In this research investigation, the researchers study the correlation of lecanoric acid and atromarin
using Pearson’s correlation. The collection of more than twenty-five lichen samples was conducted at
different times with different environments at Khao Yai National Park. The technique of high performance
liquid chromatography was used to analyze lichen substances. The hypersil C18 column (250 x 4.0 mm,
5Um) under gradient elution and UV detection at A 254 nm was employed. The two mobile phases used
were methanol as solvent B and buffer solution of 1 percent phosphoric acid as solvent A. The program of
gradient elution started with 30 percent B at the flow rate of 0.7 milliliter per minute. Then, solvent B was

increased at 70 percent within fourteen minutes and at 100 percent within thirty minutes. The analysis
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showed that lecanoric acid and atranorin did not exhibit correlation. It was also found that the average

amount of lecanoric acid and atranorin in the rainy season was higher than in the dry season.

Keywords: atranorin, HPLC, lecanoric acid, secondary metabolites

Introduction

Lichen is a symbiotic partnership of two

separate organisms, fungi and algae and

synthesize numerous secondary metabolites,

known as the lichen substances. Lichens and their
metabolites have manifold biological activities:

antiviral, antibiotic, antitumor, plant growth

inhibitory, antiherbivorous, and enzyme inhibitory
activities. Lecanoric acid and atranorin are the
main secondary metabolites of the lichen
Parmotrema tinctorum. These substances can
habitats

due to different

vary
environmental stresses.

among

Lichens have received special attention
in recent years because of their ability for use as
a bioindicator of air pollution and for the
production of secondary metabolites (Plinio Cesar
Pinto et al., 2009; Bialonska and Dayan, 2005)
which have the potential to be used commercially.
Some of the main compounds of secondary
metabolites, known as the lichen substances,
were produced for survival in extreme
environments, for example lecanoric acid, parietin,
emodin, atranorin, gyrophoric acid,
fumarprotocetraric acid, rhizocarpic acid, pulvinic
dilactone and usnic acid. (Huneck, 1999; Luo et
al., 2009) These substances could vary among
habitats because of different environmental
stresses. It was found that these substances have
manifold biological activities including antiviral,
antibiotic, antitumor, plant growth inhibitory,
antiherbivorous, and enzyme inhibitory activities
(Luo, 2009). Lecanoric acid and atranorin, the

phenolic compounds, are the main secondary
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metabolites of the lichen Parmotrema tinctorum.
Both of them have antioxidant activity and
biological activities. The most powerful tool for
the separation and identification of secondary
metabolites in lichens is high performance liquid
chromatography (HPLC) (Feige, 1993). HPLC is
widely used for the quantitative determination of
secondary metabolites in lichen. Precise
determination of lichen products is essential to
enhance our understanding of the production and
roles of lichen novel products, which have
extensive implications for sustainable utilization in
several aspects.

This work aimed to study the correlation
of lecanoric acid with atranorin by using the
Pearson correlation coefficient. The aim was to
prove that the

production of secondary

metabolites in lichen has no correlation, the
production of each substance depending on its
environmental surrounding.

Lecanoric acid C,zH,,0, (MW 318.27)

UV(EtOH): [7\.,,,ax nm (log€)] 214 (4.63),
270.5(4.30), 305.5(4.09)
Potential: antioxidant activity, antifungal

activity, enzyme inhibitory activity
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Atranorin C,gH;04 (MW 374.33)

CH;
OH
CH; O
f@“"“’

HO CH: O

COOH
UV(MeOH): [Xmax nm (log€)] 210 (4.20),
252(4.16), 312(3.57)
wound

Potential: antioxidant activity,

healing activity, allergenic activity

Experiment
Chemicals and reagents

Methanol was HPLC grade, while ortho-
phosphoric acid, and acetone were of analytical
reagent grade. All of them were bought from
Merck.

The deionization water with a specific
resistance of more than 18.0 MI-cm-1 used in
this experiment was prepared by an Easy Pure
RF Compact ultrapure water system from
Barnstead.

The standard substances of lecanoric
acid and atranorin were prepared by extracting
and purifying them from the lichen Parmotrema
tinctorum. They were prepared by Phiphatpong

Thepnuan (Thepnuan, 2014).

Analysis
Chromatographic analyses were
performed by using the HP 1100 series

consisting of a HP G1312A binary pump and a
HP G1314A UV variable wavelength detector.
Separation was achieved on an ODS Hypersil
250 x 4 mm I.D., 5 ym column.

The lichen samples were collected from

Khao Yai National Park at 14° 24' 52.67" N
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and 101° 22' 36.70" E from August 2015 to
June 2016. Each collection collected had five
samples (N = 5).
The lichen samples were
manually cleaned to remove foreign debris on
thalli, and then ground into powder with liquid
nitrogen using a ceramic mortar and pestle. The
fine powder samples were kept frozen in a
refrigerator until analysis. 10.0 mg of ground
samples were accurately weighed and extracted
with acetone after soaking overnight. The
extracts were filtered and evaporated until dry.
The residues were then dissolved with a small
amount of methanol and diluted to the exact
volume of 70:30 of methanol:water. The solution
samples were filtered through 0.45 pm syringe
membrane before being injected into HPLC.
Two mobile phases were methanol as
solvent B and 1% phosphoric acid as solvent A
(pH = 2.3 - 2.7). The run started with 30% B at
a flow rate of 0.7 ml/min. Solvent B was
increased to 70% within 14 minutes, and then
up to 100 % in 30 minutes (Feige et al., 1993).
At the end of the run time, the post time was
set to 10 min before a new run was started.
The compounds were detected at a wavelength

of 254 nm. The injection volume was 20 pl.

Results and Discussion

The HPLC chromatogram of the
separation of secondary metabolites from the
lichen Parmotrema tinctorum is shown in Figure
1. Table 1 shows the amount of lecanoric and
atranorin of the thirty samples taken at different
times. The results revealed that lecanoric acid
had no correlation with atranorin. The Pearson
correlation coefficient was 0.260 at p < 0.01 as

shown in Figure 2.
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Table 1. The Sampling Time and Amount of Lecanoric acid and Atranorin

Sampling time Amount Sampling time Amount (Lg/9)
Lecanoric acid Atranorin Lecanoric acid Atranorin
2827.56 418.2 2239.99 201.87
5
2604.17 382.2 1645.45 143.25
0
Aug-15 2467.18 328.0 Feb-16 2244.16 270.51
9
2701.70 4113 1919.73 245.94
6
3018.76 375.6 1579.58 285.39
3
2760.18 301.1 1883.89 185.28
9
232547 248.4 2496.13 185.26
3
Oct-15 2611.19 283.3 Apr-16 2443.53 167.73
6
2393.80 266.4 2333.13 214.60
3
2352.38 263.2 861.08 192.41
7
2483.85 112.6 2304.03 163.05
6
2693.00 72.54 2585.18 169.55
Dec-15 1468.34 328.2 Jun-16 2969.87 185.26
9
1747.31 143.8 2173.51 165.45
9
2210.01 47.92 2023.69 132.35
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Figure 2. The Pearson correlation coefficient of lecanoric acid and atranorin was 0.260 at p < 0.01

Conclusion

The amount of secondary metabolites,
lecanoric acid and atranorin can be quantified by
using the external standard calibration curve of
the HPLC technique. It can be concluded that
when lichen produce a high amount of lecanoric
acid, it does not mean that atranorin is high as
well. Some environments may be suitable for the
production of lecanoric acid and other
environments may be suitable for the production
of atranorin. Another reason is that both
substances are produced from different parts of
lichen; lecanoric is produced in the medullar layer
and atranorin is produced in the cortex layer
(Noicharoen, 2002). When comparing the average
amount of lecanoric and atranorin produced over
time, it was found that during August 2015 —
October 2015, which is rainy season, lecanoric

acid and atranorin were higher than those during
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December 2015 — April 2016, which is dry season
as shown in Figure 3. This suggests that the
which have diverse

different seasons

environmental conditions, such as sunlight,
moisture and temperature, significantly affect the

production of lichen secondary metabolites.
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Figure 3. The amount of a) lecanoric acid b) atranorin in lichen Parmotrema tictorum

collected on August 2015 - June 2016
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ABSTRACT
Hydroxyapatite, HA (Ca10(PO4)6(0OH)2), is an effective inorganic material with high degree of

crystallinity and chemical stability. HA was synthesized from disposal waste such as egg shells or cattle
bones to reduce production cost. The nanosized HA was obtained from precipitation technique. Many
characterization techniques such as TEM, XRD, TGA, FTIR, were used to ascertain HA structure. HA was
fabricated in a variety of forms, i.e.; whisker, porous structure and HA substrate with nanofiber. These
products can be applied in biomedical and environmental purposes. In this research work, all processes were

carried out with nontoxic chemicals and environmentally friendly substances.
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Introduction

Hydroxyapatite (HA) is a calcium
phosphate compound with a chemical formula of
Ca10(PO4)6(0OH)2. Typically, HA has excellent
biocompatibility, bioactivity, non-inflammatory and
non-toxic properties (Marugan, et al., 2004). HA
has been used in regenerative medicine, drug
delivery systems, toothpaste formulations, wound
healing purposes and heavy metal removal in
waste water treatment (Uskkovic, et al., 2010,
Krajewski, et al., 2000, and Elliott, 1994). HA can
be prepared from low cost animal biowaste, i.e.,
pig bones, fish bones, cattle bones and egg shells
(Huang, et al.,, 2011, Lorprayoon et al., 1986,
Sobczak, et al.,, 2009). These biowastes were
cleaned with hot water to remove organic
substances, dried and calcined at 1000/ C. Many
researchers 2015,

Huang, et al., 2011, Sobczak, et al., 2009,) used

(Choochaisangrat, et al.,

the biowaste as starting materials for HA

production. These obtained products were
characterized phase and crystallinity using XRD.
The results showed that the low crystallinity of HA
displayed a high reactivity with surrounding tissue
(Kuénieruk, et al, 2016). The calcium to
phosphorous ratio showed a ratio greater or lower
than 1.67. At the Ca/P ratio of 1.67, the high
stability of the material (inert) inside the human
body occurred. The bioactivity of material was
observed with one at a Ca/P ratio lower than 1.67
(deficient HA). HA is a good material for bone and
teeth substitution. HA can be prepared using
different methods such as precipitation, sovo-
thermal, solid state, sol-gel, sonochemical
microwave and hydrothermal methods. (Arends, et
al.,1987, Lorprayoon, et al., 1991, CineytTas,
2000, Jevtic, et al., 2008, Ma, et al., 2009, and
Zhu et al., 2014). The summary of methods,

advantages and disadvantages are shown in
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Laonapakul, 2015 and KuS'nieruk, et al,, 2016. In
this research work, HA was synthesized from
cattle bone ash and egg shells using the
precipitation method. The nanosizes of the
obtained products were characterized using SEM,
XRD and FTIR. Many applications of HA products

were also concerned.

Materials and method
Materials

Egg shells were obtained from household
waste. Cattle bones were collected from Pratum
Thani market. Nitric acid (65%), calcium nitrate
Ca(NO;),.4H,0, and ammonium hydroxide (30%)
were purchased from Carlo Erba. Phosphoric acid
(85%) received from Lab Scan. Tris [hydroxymethyl]
aminomethane (Tris-base) was Ultrapure MB

grade.

Equipment
Egg shells were obtained from household waste.

Cattle bones were collected from Pratum Thani

market. Nitric acid (65%), calcium nitrate
Ca(NO3)2.4H20, and ammonium hydroxide
(30%) were purchased from Carlo Erba.

The phosphoric acid (85%) was received from Lab
Scan. Tris [hydroxymethyl] aminomethane (Tris-

base) was Ultrapure MB grade.

Method

Hydroxyapatite prepared from cattle bone ash

(modified from Lorprayoon, 1991)
HA was prepared from selected parts of

cattle bones. Organic materials had been

removed by calcination at 1000°C for 3 h. The

calcined bones were crushed, milled and

screened through a sieve (140 mesh; 106 [lm) to

obtain fine powder. The powder of the cattle bone
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ash was composed of big particles of HA with
some impurities. So, the HA powder was further
purified by dissolving the cattle bone ash with 1 N
of HNO;, adding 10% w/v of Ca(NO;),.4H,0 and
precipitating with 30% of NH,OH with a pH of
about 10. The precipitate was filtrated, washed
with hot water and dried in a hot air oven. The
obtained products were characterized by XRD, TGA,
TEM, FTIR. and the Ca/P molar ratio was also
examined.

Hydroxyapatite prepared from egg shells

(modified from K-hasuwan et al., 2012)

Normally, egg shells are composed of
95% calcium carbonate, an organic component,
and mineral salts (Rivera, ef al., 1999). Egg shells
can be used as a calcium source for HA
preparation. Egg shells were cleaned in hot water

and dried in a hot air oven. They were then

calcined at 1000°C to totally turn them into CaO.
The obtained powder was dissolved with 1 M of
HNO;. H;PO, (85%) was added into the solution
to bring the Ca/P molar ratio to 1.67. The tris-
base solution (12% w/v) had been poured into the
solution to precipitate the HA. The precipitates
were filtered, washed with dionized water and
dried in a hot air oven. The obtained products
were characterized using XRD, TGA, TEM, and
FTIR. Ca/P and the molar ratio of the purified
products were also studied.

After preparation, the purified HA powder
was fabricated into products such as whiskers, the
porous structure of the HA and substrate for the
PVA-chitosan nanofiber membrane attachments.
Results and discussion
Morphology and phase of purified HA

HA was prepared from cattle bones or
egg shells. An x-ray diffractometer was equipped

with Cu KOl radiation, with the step time of 0.5,

the step 0.02 and scanning range of 5-50° in the
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study phase of the HA products. The big particles
of cattle bone are shown in fig 1a) with phase of
hydroxyapatite (JCPDS card 090432) as shown in
fig 1b). The HA from cattle bone ash contained
some drawbacks such as poor mechanical
properties, low surface area and contaminated
with some impurities. So, cattle bone ash was
purified by the method after Lorprayoon et al.,
1991. After chemical treatment, nanosized HA
occurred as shown in figure 2a). The nanosized
HA from egg shells is also displayed in fig 2b).
The pure phase of both types of HA was recorded
in fig 2c). The tubular particles of HA were 20x40
nm and 10x50 nm for HA synthesized from cattle
bones and egg shells respectively.
Ca/P molar ratio

The Ca/P molar ratio of the HA was
detected using SEM-EDS. The electron
microscope was carried out with an energy
dispersive  x-ray attachment for elemental
analysis. The Ca/P ratio of the HA synthesized
from cattle bones and egg shells were 1.64 and
1.67 respectively. The Ca/P molar ratio affects the
reactivity, mechanical properties and stability of HA
products (Rivera-Mufioz et al.,, 2012, and Laonapakul,

2015).

FTIR analysis of HA powder

FTIR was used to detect in the range of
4000-650 cm™ with a resolution 64 times in the
ATR mode. The spectra of the obtained products
are shown in fig 3. The characteristic bands were
assigned as shown in table 1. The HA
synthesized from cattle bones and egg shells was
composed of OH™ and PO,> groups of calcium
phosphate. The carbonate in the HA occurred
from the absorption of carbon dioxide from the
atmosphere within a synthetic mixture (Eslami et

al., 2018). The HA from cattle bone purified
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showed the absorption band at 1421 and 875 cm”
' due to the carbonate ion substituted at the PO,>
site or type B. The HA synthesized from egg
shells displayed the absorption band at 1541 cm™
due to the carbonate ions substituted at OH" sites
(type A).
apatite were expected to be high bioactivity

materials (Othman, et al., 2016).

Nanosized particles of carbonated

Thermal stability of HA powder
A themogravimetric analyzer was used in
air atmosphere at a heating rate of 10°C/min up

to 1000°C to examine the heat stability of the HA
powder. The results are shown in fig 4a) and 4b).
The reactions that occurred on the HA powder
during heat treatment were divided into 3 steps
i.e., the evaporation of water, dehydration and
decomposition (Modal, et al., 2016). The results
can be concluded in table 2.

HA can be prepared from biowastes such
as cattle bones or egg shells. The properties of

as-synthesized products are shown in table 3.

400
350
300
250

200

Intensity (A.U.)

150

1

8

50

a

Figure 1 HA from cattle bone ash a) TEM micrograph show the big particle of HA

hydroxyapatite.
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Applications of hydroxyapatite

The HA powder was fabricated in various
forms, i.e., porous structures, whiskers, and
substrate with nanofiber membrane. The products
were applied for biomedical or water treatment
purposes.

Hydroxyapatite whisker

The HA powder from purified cattle bone

was mixed with 1 M acetic acid, stirred for 3 h

and put into an autoclave at 150°C for 6, 12 and
24 h. The HA whiskers are shown in fig 5a), 5b)
and 5c). The aspect ratio of a HA whisker was
greater than 20. The obtained products were
expected to be used for reinforcing in polymer
matrix in order to improve the mechanical
properties and applied for biomedical purposes

(Kuanchertchoo, et al., 2013).

HA from cattle bone

| "'

|
s " i \
iy gl

10 20 30 40 50 60

20
b

b) XRD pattern revealed the phase of
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Figure 2 Nanosized HA was synthesized from a) cattle bones and b) egg shells and ¢) XRD patterns displayed the pure

phase in both types of HA

HA from cattle bone purified
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Figure 3 FTIR spectra of HA synthesized from cattle bone purified and egg shells
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Table 1 Assignment for FTIR spectra of synthesized HA

Assignment

HA from cattle bone

HA from egg shell

References

OH' structural
PO,* bend V1
and V3

PO,* bend V4
co”

3451 cm’™
1035,565 cm’™’
1094, 1035, 964 cm™’
604, 565 cm"™
1421, 875 cm™ (type B)

3532 cm’™
1036, 564 cm’’
1035, 955 cm’”’
585, 564 cm™

1541 cm™ (type A)

Eslami et al., 2018

lto, et al., 2014

Kamitakahara

etal., 2015

Table 2 Reaction of HA powder during heat treatment

Temperature ( OC)

Reactions

25-150
150-600
600-800
800-900

Evaporation of water

Evaporation of surface water

in lattice

Decarbonation

Dehydroxylation of HA

Table 3 Properties of HA prepared from cattle bones and egg shells

a

Figure 4 Thermogram of HA synthesized from a) cattle bone b) egg shells

Properties

HA from cattle bone

HA from egg shells

Preparation process

Particle morphology and

size

Functional groups
Phases

Ca/P molar ratio

% Yield

Precipitation

Tubular, 20x40 nm

OH", PO,* and CO,* (type B)
Hydroxyapatite with low crystallinity
1.64-1.65
100%

Precipitation

Tubular, 10x50nm

OH", PO,* and CO,* (type A)
Hydroxyapatite with low crystallinity
1.67
70-80%
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Figure 5 Hydroxyapatite whisker from purified cattle bone were prepared at 150°C for a) 6 h b) 12 h and c) 24 h in autoclave

reactor

Figure 7 membrane from PVA-chitosan nanofiber on HA substrate a) microstructure of membrane b) PVA and chitosan

nanofiber in membrane

Table 4 Efficiency of membrane from PVA-chitosan nanofiber on cattle bone HA substrate in waste water

treatment at Pinthong industrial estate, Chonburi, Thailand

lon in waste water Before treatment (ppm) After treatment (ppm) % Removal
cr¥ 0.5 (+0.133) 0.15 (+0.064) 70
Fe®* 6.20 (+3.025) 2.72 (+2.098) 56
Zn* 39.52 (+2.991) 0 100

Data from Department of Chemistry, Faculty of Science, Ramkhamhaeng University
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Porous structure of hydroxyapatite

HA from cattle bone was turned into a
suspension form with some Cay(PO,), glass
powder. The polymeric sponge (fig 6a)) was used
as a template for the replication of its structure.
The suspension was pushed into a sponge,
squeezed out and these processes were repeated

several times. The sample was dried, burnt out

sponge and sintering at 1000°C for 3 h. The
porous structure of the HA is displayed in fig 6b)
and microstructure in fig 6¢). The porous HA
tends to be used as carrier for drug delivery or
bone filler for orthopedic surgery. (Kuanchertchoo,
1996).
Polyvinyl alcohol and chitosan nanofiber
membrane deposited on HA substrate

Polyvinyl alcohol (10%w/v) was mixed
with 2%w/v of chitosan in an acetic acid solution
at the ratio 1:3. The mixture was formed into
nanofiber using the electrospinning technique onto
substrate of HA from cattle bone. The obtained
products are shown in fig 7 and used as
membrane for the removal of Fe?*, Zn?>* and Cr**
in waste water treatment. The efficiency of the

membrane is shown in table 4. This process is

environmentally friendly and energy saving.
(Butrieng and Wangtrakul, 2014).
Conclusions

Nanosized hydroxyapatite was

successfully prepared from biowaste, i.e., cattle
bones or egg shells through a precipitation
method. Synthesized HA was examined by
different techniques, FTIR showed the functional
groups of carbonated apatite and TEM displayed
the nanorod of HA. TGA ascertained the heat
stability of the obtained products. XRD also
confirmed the low crystalline of the HA phase.
Synthesized HA powder was fabricated into

whiskers, porous structure of HA and HA
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substrate for the nanofiber membrane attachment.

The obtained products were applied for
biomedical or environmental purposes. Moreover,
this research work was also concerned with green

and waste utilization in the process.
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