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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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1WININFH 122951
W.¢. 2559 W. 6. 2561 W.¢. 2559 W. 6. 2561
Total Carbohydrate 2.98 £ 0.91 2.86 £ 0.85 1.92 £ 0.74 1.24 £ 0.81
(Include fiber) (g/100g)
Protein (g/100g) 19.52 + 0.98 19.06 + 0.87 23.48 £ 1.45 22.86 + 1.86
Total Fat (g/100g) 0.66 + 0.06 0.45 £ 0.02 0.87 £ 0.11 0.73+0.16

Calcium (Ca) (mg/100g)
Phosphorus (P) (mg/100g)
Magnesium (Mg) (mg/100g)
Sodium (Na) (mg/100g)

8983.00 + 879.77
4338.00 + 467.34
198.54 + 22.49
319.00 + 30.46
113.00 + 17.05

8064.00 + 991.04
3306.00 + 336.76
178.38 + 26.57
307.00 + 32.44
107.00 + 15.94

Potassium (K) (mg/100g)

Manganese (Mn) (mg/100g) 0.06 + 0.01
Zinc (Zn) (mg/100g) 3.91+044
Copper (Cu) (mg/100g) 0.08 £+ 0.01
Iron (Fe) (mg/100g) 3.13+£0.27
Selenium (Se) (ug/100g) 4.93 + 0.86
Vitamin B1 (mg/100g) 0.04 £ 0.02
Vitamin B2 (mg/100g) 0.04 £ 0.01

0.06 * 0.02
3.52 £ 0.83
0.07 £ 0.01
2.94 £ 0.41
4.56 + 0.58
0.04 £ 0.01
0.04 + 0.01

10939.00 + 956.53
5296.00 * 576.90
186.83 + 24.77
379.00 £ 22.47
134.00 + 13.79
0.06 + 0.02
3.03 £0.35
0.15 £ 0.01
3.59 + 0.65
211 +£0.12
0.04 £ 0.01

0.06 + 0.02

9248.00 + 855.69
5282.00 + 476.92
181.69 + 25.61
349.00 + 37.51
123.00 + 14.88
0.06 + 0.01
2.85 £ 0.54
0.07 £ 0.01
3.14 £ 0.48
1.56 £ 0.39
0.04 £ 0.01
0.05 £ 0.02

a ‘4
d3UuazIvabNa
ﬂs:ma"twm”aagilmw%au%u REREY
ladSoulusasvesnisvinneaInysy $aiw
A A A o A
wannatovaIsiavasfizanisndgnliiie
Wosdad ildinsasniniinisdqdadilonas

WeIFaTe881n1INWaInTie agl9lsnay

3

& . & &

o ' o A A a y
Juwagnuin FATRRoIRUINaNaNARBs S
anal0t1d 1u Anandatduuy wiaiduile e
Wulnnansdaw tduedn

a o A v o 6 :;l

HANAARANT AN IVNWITULR IR
A ' LA o A a '
fla 1wn2ddean waldavsunuisNninada
N33 QY VO ILBININIB AU LTU JHan e
a A ~ ' A o ¢
nfsundasasaanaildnadanisRuwus
2YBININILAENNTIANANANLYININIB DU (WITY,
2552; WHUATNITE, 25597) NIUINITIANIINNG
ffinadaniuiduaguasninlasianie
n13%11%n2191a38a (Hauer and Heibig, 2005:
Grovenburg, et al., 2009; Omsjoe et al., 2009;

Goddard, 2014) 52u89319%wn197Assluaean
finadanisniyidulauaznsfuwus (Warren,
2011) 81598411279 BIUNT UATWHINITNANS
faNaNAALUININ98a% (Demarais, 2002) wasluil
msfnsannianin svwsziialwuianeiunang
Adssludszimnelng fazvinlinandawininssamn
figuniwgs Wuduinauin dasldlternns
Resrialanfianitring udduomsnaunain
1He §31897U31 THaVa901R1INLANAIIA W
finadamaaiyidulavaininauanadnany (uiiuae
Athe, 2556N,%; 2557n,%; French et al., 1956)
nanmsIsuluasai ayuladn sfiavas
DIMITURZHIBHENTDITRABIMN TN AN IR U
fuadutadanisaiydulaveswiningdan
1aidn é’nﬁngﬂiwwaummwéauua:iwﬁa
Inwmmiﬁ'ﬁaglmmmwdau LNTIZBNAITHEN
ﬁiﬁﬂ’s’]d;ﬁ‘ﬁ’]LLEI:ﬂ’J’]G%ﬁ’]ﬁ%ﬁ"]ﬁﬂ’J’]&ma’lﬂ‘ljﬁ@]
unuazfidrlwadusdiunas azdudud1ilne
Wit lwaua v lwnasldnandamniend
AN UEQANANYITE §I8IY VU1 LAY

PRnnan luymeNannIInaundaNunaInTia



MIEIBNNMURS Anenengasuazinalulad) 37 22 auf 2 nsngren - sunan 2562

Bounituazlifdlna vinlvnanelinanda
mnmwa'auﬁﬁmmaugmiua:ﬁqmﬁﬂnmmms
lunnnatesndn wudn Tull w.ea. 2558 §IuHaY
289811 THFUA LA IN19T A wnaInTiia
283019130 D w.a. 2560 F9vinlAienang
ﬁ@‘i’ﬂluﬁjﬁru Tud w.a. 2559 fansmzuad
LN EAURIYINNNIN LLa:ﬁqmmInmmmi
TWl9IN2198 aWNINN31IN2198 a Wi o a L]
W.¢. 2561 mmni”]uﬂaﬁ'ﬂﬂﬁ'ﬂﬁﬁwa@iaqmmw

PYRILVININIB W

a oA

aanIsudsznd
VBVDUAHURIINIIRIITUATLNA S
ﬁaﬁuagmm?ﬁ'ﬂmaaWw‘mm']wm?w gRE

FIUALAS

v =Y

LAN&1T 199

WITH 29FIEW. 2547, LATIN139ariINIsuNIN9
FO1UUITUUASWA U NRIINLIAY
FIUAULR. NIUNWIRIUAT. RUNAUN
TINALRI.28 RN,

WITE 29A18WY. 2548. NITUNININHIINLIAY
VAR, WRIINLIRDIINALRAS 34 T
A 56-60.

WITY 39AIN&UN. 2552. wamaqqﬁmmﬂﬁﬁ@ia
nsagsnelwlsznalng. 113815398

o a 6 a
NUAAI Aneraaasuazinalulad).
12(1): 67-75.

VA 0TIIIUWY. 2551, 9wIFBINNITUNIN9
VRIAINUIREIINAILTAI. VARNI18UD
FOIUBITUUASANA W URIINLIREY
FUALRY. 2(B): 1- 6.June2551.

Nk 8TIIUUN. 25540, I IRINYIVBILINNY
. A & &
danraInININLauIlwnNITININ
URITNUIRYITINATLKI. I1TR1IIEY

o a 6 =
NUAIAI noraaasuazinalulad).
14(1): 40-70.
WO BTITVWUY. 25549, ANNFNWUTTLHING

1IBUMIAIYVBIINIWAUNIRUNBE.

10

MIRTITUTINAUSAI (ANLIEFATURL
walulad). 14(2): 1-16.

WO DTITIUB. 25550, miﬁuw”uﬁfmaoﬂmaﬁlﬁym
TuWsuNIIN BRI NEIREINA LR,
MIFNIITUNNALAS ANLIFATUARS
walulad). 15(1): 1-17.

udl 87 UuA. 25559, n13UTUUTIRUEN14
wswanalulszinalneg. 113813398
NudAnd Anoremaasiazinalulad).
15(2): 1-25.

Nk BTITIUUY LATWITH 29ANIUN 2559n.
AIwa sy nIsduuuuludsena
Tney. 19 1un1533ud1unanu
AUZNITNMITITLUAITE. 79 Wi,

Nh TITIUUY URZWITEY 9ANEU" 25599,
HANIzNUIadIgnIWndainae
MUasunlasdanananuas WasunaIg
NAIINLINYITUAIURIINTRNITIY
NUAILRI (Inereaasuazinalulad).
19(2): 1-15.

N 8TITIUUY WITE 19A1aUN Bansau
lnENEne uasdy Y0 q@";u. 25551,
UszRnTnwuesniniseudasIsing
MIFUNUTVDINURUUUIEAUN W UT
7U8032219.2138133 98310 AIUR
Gneneaasuazina lwlad).15(2): 81-119.

YA BTITIUUY WITH 219d1 U1 Tansal
lenEnfna uasdy - qé’lu. 2555 .
HALE I UWSWLAZ 138597 89N 13 ABILINING
douludSunmgeuazluszozonnlugad
Lgmagnﬁaﬁuumsmﬁ%’mwﬁmm
Grnoreaasuazinalulad). 15 @y
WLF): 1- 36.

Wt 8TITIURT WITY 2w uaziaTning
BUNIA. 2556N. ANVUINUVBIDTAT
NRUFILTVINITUNININRITNER Y
TIVAIURI. 211TF1ITTUINUAIUA S

Gnenemaasuazina lwlad). 16(1): 1-12.



MIEIBNNMURS Anenengasuazinalulad) 37 22 auf 2 nsngren - sunan 2562

VAL BTITIUUY WITY IIAINTUY LAzI a8
ATWITITN. 25567. NATAINITUINT
Samsthdananaana oM IRa AN
AMURITINLIRU TN AL, I1TRITITEY
NI Gnenmaasuazinalulad). 16
(1): 48-58.

AL OTITIUUYT WITH WANFU TFN8 8TNIBITY
uaLIAINH dun296. 2557n. NI
Lﬁmﬁwga@hwﬁ@ﬁmsﬁmawh%umw
VR1INYIRLIINAILRI. 21T813398
NUAWR (nenemaasuazinalulad). 17
(1): 38-49.

B OTITIUUY WITE 29FNRU IF8 TNIBIIW
WaziaInam Bunaad. 25579,
ﬂs:ﬁ‘n%mwmaagam'miamiﬂaﬂmﬁwﬁ
AFUNIIUAITINE RN UEIURI.TRNT
FA0IINAIURI ANo1AIEASUAL
walwlad). 17(2): 1-13.

NG BTN WITE 29FEUT D989 LunaaY
3aInnny Bun9d 59T Trwadiad Tazyw
UILA. 25610, NNIHWLUTVIIITBUNNT
BIYVBIIININUASHOANTINNIFUNRUT
PININIMALIANITINIIU R TN A
TINAIUTRI. 71TFITITUINUAIURA S
Gnenenaasuazinalwlad). 21(1): 1-12.

adh 8T Uur Wity 13dnaun Fasnn
Bun9d 59ty Troafing T3zqw wiia.
2561%. N15U3W1IIANITNATUNL9
UAINENALIINAUAILAZNNTIONTI AR
ANNIE. NINTILTWAUNR
Anenenaasuazinalulad). 21(2): 1-19.

T9w93d umagy ad 8T Uun Tandad
andnina Wity 29dawY ULazFY YN
q@fu. 2555. AaeAIN19lNTUINTTV D
WWIN1988%. 1NTENTIVUITINAIURAS
Gnonanaasuazinalulad). 15(1): 96-
108.

Chen, J., Yang, Y., Abbasi, S., Halinezhad, D.,

Kontulainen, S. and Honaramooz, A.

11

2015. The effects of Elk velvet antler

dietary supplementation on physical
growth and bone development in growing

rats. Evid. Based Complement. Alternat.

Med. 2015; 2015:819520 Doi
10.1155/2015/819520.
Demarias, S. 2002. Managing for antler

production: Understanding age, nutrition,
and genetic influences. Res. Adv. Forest
and Wildlife Research Center. 7(1): 1-4.

C.E., McEwen, L.C., Magruder, N.D.,
and Swift, RW. 1956.

French,
Ingram, R.H.
Nutrient requirements for growth and
antler development in the White-Tailed
Deer. J. Wildl. Manag. 20(3): 221-232.

Goddard, P. 2014. Deer Handling and Transport.
InGrandin, T. (ed.) Livestock Handling
and Transport.4™ edition. CABI, UK, pp.
342-377.

Grovenburg, T.W., Jenks, J.A., Jacques,C, N,
Klaver, R.W. and Swanson, C.C. 2009.
Aggressive defensive behavoiur by free
ranging white-tailed deer. J. Mammal. 90:
1218-1223.

Hauer, G. and Heibig, L. 2005. Bison Handling
Facilities. Alberta Agriculture, Food and
Rural Development, Edmonton, Canada.

Kuo, C-Y; Cheng, Y-T., Ho, S-T., Yu, C-C. and
Chen, M-J. 2018. Comparison of anti-
inflammatory effect and protein profile
between the water extracts from
Formosan sambar deer and red deer. J.
Food Drug Anal. 26(4): 1275-1282.

Omsjoe, E. H., Stien, A., Invine, J., Abon, S.D.,
Dahl, E., Thoresen, S.l., Rustad, E. and
Ropstad, E. 2009.Evaluating capture

stress and its effects on reproductive

success in Svalbard reindeer. Can. J.

Zool. 87:73-85.



MIEIBNNMURS Anenengasuazinalulad) 37 22 auf 2 nsngren - sunan 2562

Tang, Y., Fan, M., Choi, Y., Choi, E. Moon, S.,
Debnath, T., Yu, Y., Lee. |. and Kim, E.
2018. Protective effect of sika deer
(Cervus nippon) velvet antler extract
against cisplatin-induced kidney and liver
injury in a prostate cancer PC-3 Cell
Xenograft Model. J. Chem. http://doi.org/
10.1155/2018/6705156.

Warren, R. J. 2011. Deer overabundance in the
U.S.A.: recent advances in population
control. Anim. Prod. Sci. 51:259-266.

Zhang, L., Wang, J., Li, T., Li, P-Y., Wang, Y-H.,
Yang, M., Liu, J-P and Liu, J-H. 2019.
Determination of the chemical
components and phospholipids of velvet
antler using UPLC/QTOF-MS coupled
with  UNIFI software. Exp. Ther. Med.
http://doi.org/10.3892/etm2019.7372. pp.
3789-3799.

12



MITILTNAUA (Insmaasuazinalulad) 97 22 aduf 2 nangraw - $unew 2562

s

n'mﬂ'%fﬂuLﬁsmNaN§mu,azqmcsi'lma‘[mjmn'lswaaﬁ’ﬂfwmLtazv'\hdwrm 3 N5

L]

Comparative Study on Productivity and Nutritive Value of Maize and

3 Sweet Sorghum Varieties

F989 WNA0s" LAZNL OTITIUUN2

unAAga
6

nsAnsNaniauazg AN 19lnTUINIV8 98139 99U (Sorghum bicolor (Linn) Moench) 3 Wik3
laun 71019 URKT Wray Cowley Uaz Keller I@mﬂ%ﬂuLﬁauﬁ'u%ﬂwwﬁuﬁjummﬁﬁ 3 flenynIaa
o . A v o \ o a o o v a X
60 75 uaz 90 Tu HAINMINARDIWLT N1ILRNIYMIGaT IR I NBLAZT NG HanFaninuAs AL
. Ao o w aa & o | o ¢ A o ) = A % o a A
atefitudANIda GeT1awnuRLg Wray Sihwminudsgefiga lasdiminuisadefiany 60 75 uaz
90 % 1AL 114.48 134.91 UAz 202.10 N3NGaFU AWEGY T898931f8 T1IHRURUT Keller 11lna
WTUATEITIA 3 WAzT1ININUNUT Cowley auAIAL a14b3n ey dninduiaisvastilna
WTUATIITIA 3 NUT1IWIRNMURUE Cowley lidanuuandranunisadid druasdlsznaumaadinudn
TN IURUT Wray SdFinaddsunniige lasuSumlusfugegaais 13.24 wasidud flany 60 T
a a L A o aa A o A X a Py A A
losdSanmldsduazannsadnadinmayniadalloangnidadiudu uazdSanoubelonugengaais 25.05
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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

TunfAndSygnen Me3TTiing) ameIngmans IR1INEIRETINAIURS

2 393fEAT19758 @3 {E1EMIENNTWIBUAZWAI AR INEREIINAIUNR
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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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Effect of Herb Crude Extracts Mixed on Chitosan to Inhibit

Cucumber Pathology
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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

! fumaaTand anazinaas ;213ed amINesunTAFems
2 anizA3eaas a0 3TIAl anAnsauNTAYITsITY
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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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Sulfurous acid, 2-ethylhexyl isohexyl ester &

~ A/ dl v A 1] >
WasiFuaNuNldna 1vinnu 0.06, 0.04 Laz 0.03

MUMALUAZRITAW § (AT 5)

A19191 4 uaadasfdsznaumdaivasmnInauaTacas b laanuuazansanaluauiie lasimnafia GC-MS

aau RT o gaslaiana  analaana  %Area
1 1.571 Acetic acid, [(aminocarbonyl)amino]oxo- C3H4N,04 132 0.77
2 1.825 (S)~(+)-1-Cyclohexylethylamine CgHq7N 127 0.22
3 1.983 Ethanol C,HsO 46 12.85
4 2.333 Acetone C3HgO 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- CsH400 86 1.53
8 5.621 Butanal, 2-methyl- CsH400 86 1.48
9 6.564 Pentanal CsH100 86 0.14
10 6.757 Furan, 2-ethyl- CgHgO 96 0.54
11 10.058 Hexanal CeH12.0 100 0.23
12 12.271 2H-Pyran-2-methanol, tetrahydro- CgH120, 116 0.08
13 20.693 Linalool CyoH4g0 154 0.69
14 22.571 Benzene, 1-ethenyl-4-methoxy- CgH400 134 0.14
15 31.329 alfa.-Copaene CisHos 204 0.41
16 32,790 4,7,10,13,16,19-Docosahexaenoic acid, methyl ester, CohO, 240 0.81
(all-Z)-
17 35.310 Cadala-1(10),3,8-triene CysHa, 202 0.33
@119 5 usnsasstsznaumaafaasasazanslalamulasinedia Go-Ms
aau RT o gaslaiana walanana %Area
1 4.313 Acetic acid CH,;COOH 60.052 99.81
2 10.046 Hexanal CeH120 100.161 0.04
3 17.358 Octanal CgH;60 128.21204 0.02
4 23.788 Nonane, 3,7-dimethyl- Cy1Haq 156.313 0.02
5 31.418 Dodecane CioHog 170.340 0.06
6 33.935 Nonane, 3,7-dimethyl- Cy1Haq 156.313 0.02
7 35.804 Sulfurous acid, 2-ethylhexyl isohexyl ester C14H3,05S 278.451 0.03
ayUlua $I15DtHE Lmewvl,@Tﬁﬁqﬂ J098931Ae aTazanslalaau,

Uszansawlumssudadanelsauasni
2950 leun 198 Watermelon mosaic virus-2
(WMV-2), L%avh%'asl,umjwiwﬁvlﬁa (Potyvirus) Laz
\Bauunfl3e Acidovorax avenae subsp. U0IENT
wawaTazaglalamuuazasanadsayulnsiin
TA329 Cucurbits-3 in 1 Easy kit WU RITHNRY
81382818 Al uuasaI’Na lURIULES 8131

dugInIssyvedtenalsans 2 afia vuly
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RITHFNRIIAZANY LA LATIULAZRITRNA bURSLAD
LRZENTHFNEIIATANE bA L AT IUUAZRITRNA bUK T
aud1ey Fannuansdnsviiadasdsznay
YPIRITHNANFITNAU AL ATIULAZEITRN A bU
A A & P a
FULRaWUINTesAYsznauainnNa 17 wiia
& Xa & P P A X .
nifdasasddsznaufinuuiniigada Acetic acid
lagfilasiFudNuildna 11Ny 78.38 aaudn

La N1 da, Propanal, 2-methyl, Acetone L & ¢
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Butanal, 3-methyl 1o Sifudiuildia tiniy
12.85, 1.82 WAz 1.57 IS0 WAZE13aU Y 59
098152 N o ULA U ITN TN RUIAENHFINA AT TN AN
mmsnﬂ'uﬂ&amiw%mumau%aria‘[iﬂ LAINAINS 3
il Sﬂﬁgaﬂ'aa'lmmvl,sil,mmﬁ'@lgﬁﬂ&ilﬁmﬁ'@ﬁu
luuasnale Taglawizesssznaunanfinude
Acetic acid ﬂ%amm{’]ﬁumn‘*gﬁlﬁflmﬁﬁm:mm
Tumsessuasazanslalaosn Sefeamise 7
Anwrlszansanvesiiduainlideanisla
LLmqmumﬂﬁmfam%ﬁ'u wuiinduaiuliann
ﬁuﬁu%‘ﬁﬂ%mmm@a:%amm:ﬂuaagaq@ Ao
82.56 L&z 6.56% Vnlwinduasulianduang
mminvlﬁil,maamuvl@i"ﬁﬁq@ Waisuiudidunin
Tsfannedunsziias duwzsiae einduaiiulsd Wood
vinegar) wIansalwlsdnifios (pyroligneous acid)
Wussdszinnniatsui@ganuniaasdan
Usznaudsin 80-90% uazansUsznaudunadnin
200 Ba daulnaiduninesdan, azdlaw uas
WNI%ea wonanHinwaTnIARTIwTIInslE
‘L{ﬂéfumﬂﬂgLLa:ﬁﬁﬁuﬂquLu“LumﬂﬁuNawﬁmaz
frsadanalsanadiag uadolddsnoon
NAIIWITENINITINITUINGN

fmiudayanisldasanaanlusuifed
s lgUszslosdludrunisinsasasng
uwsnane Waldiduastinndnsudasina:
AvadaINsa1g 9 BIgaanfaInuIuisuae
Afolabi et al. (2007) Adns M IatalusuiFeday
LN HALAZEN LLa:wuﬂgmﬁﬁé’nﬂ”mumnmsaﬁ'@
lusuiFeda a13UT=n@UNIN tannins, sterioids,
terpenoids, flavonoids LLa¢ cardiac glycosides las
§2ufazanuuin @awan tannins, phenol LA
saponin G991uispilleinasanaluauideluls
WuasTesnuuas uazifonolsafioldad1ed
UszEnBnIw LAzFaAARDINLIWITLYBIFDING
Laz@@Ty (2553) wudngrsanaluguiienainy
L% 1000 ppm fNIn LU ITa T Phyllosticta
citricarpa ﬁl,ﬂummqm alingadvasdulaldis
68.2%
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AMNHNANINAFOUUITEANT NNV IR THEN
mm:mU"LﬂIWmuLm:miaﬁ'ﬂﬁ%ayuvl,wwiami
o < X & o
gugaganaliawainintuulainassd 1Dasdn
WUINENINENVBIFNTRZAY LA L a1 as 8N IRNA LY

A o o & a & & P A &
FULRD AN UEINIIAALTENS 2 THha Ao 1T8
Watermelon mosaic virus-2 (WMV-2) wazibe lva
Tungulnilada (Potyvirus) 16 wazluuaananls
LRAIDINIIANLTD EIUEIINFNEITRZAE b laTi
LRTRITANALUAZLAN Laza1Tazans o laswas

I o o & &
F1IRNATUNTI LRAINAOUEILTa Watermelon
mosaic virus-2 vl,ﬁl,ﬁﬂ{l 1 790 LLaﬂULmeWLLam
nsaalsaluwasnasazaslalaouinusatng
3 e & . X e
W@E7 #INIDEUHINNTAALTENI 2 Tha be e lu
waan N IdsuRaFsmsInuUadazATianuly

INHANTANEIBIAYITLNOUNIIAR VDI
FITHRURITALA balas wnaz lURIULED a2
walla GC-MS wuaddlsznautaindan 5 wiie
A4 Acetic acid, Lan1waa, Propanal, 2-methyl-,
Acetone L@z Butanal, 3-methyl

MnuansAnwIeIduil aru1sndinly
walwgasanstininanlalamuuazluauiie
di a s 6 v Yo [ a &' 1
waldundanmaiauwuuuleninae asnuisanalse

A A 1 £
Lmammsawmszqmmmavl,ﬂJvl,@

=y =)

naanIINUIzn@
mu%a‘i’aﬁvlﬁ%'umiaﬁfuagmuﬂi:mm

MIUNTTINIBINNUIIITUANBUIINITLIN

(UUTZU N UGR) W.F.2562

LONE1TDN9DY

AN ATE. 2547, N3ANBINSITRISANANT
sywlwsussfialunisgudiniiaigaes
& A do o & A
denaunglinfisndanylunufiazais

A a oA @

audfu vafoslndiNowa wnin
NRAN ANV D901, IZUURIIEUNANHITE
FONUUIIURATNAUY NI INLIREIITAY)-

WFeslwa.
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a _a aa & a ¢ & a
AN Iﬁ@]ﬂq‘la‘w\jﬂ, AN L“Hﬂ'l_qlfy LLﬂz@!ﬁ(ﬂ

a%tﬁwﬁ. 2558. mmﬁ'@ﬁmuﬁﬂnmuqu
T3aLLaz 898N NA21UR. 2138135 Thai
Journal of Science and Technology. n 4

aluf 3: 244-254.

MINIA LUTUTIIFIIA. 2560. NAINENIENAIIN|Y

suLFalunisniuquiniudauda Aphis
craccivora Koch (Hemiptera: Aphididae).

a [ =
1MsF1IAneataasuazina lulad
UNIINLINPURIRIIAN. AUUN 37(1):
79-84.

WBIINTDE Db UAT. 2556. UTeRNTANNWUINFN

atuldlun1saivqudrindadnuaz

= a L% 6
n1sAnEINIINES nslTU s lusiives
induaduliludandiadnusid.
ingrfinusdiawringrdiaas
ynidmA e, Unusid. ame
maluladnisineas ¥n13nelay
inaluladnrusnasyys.
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a6

Aamal ey, audld widu uazqia aSyiant.

q

2559. 5 ANTA 1NV INE AT A N FN
ﬂ'ﬁ’uvl,ﬁ‘lumimuQuimiuq@ﬁﬁmmlu
TTUUNITWNAG T2, Thai Journal of
Science and Technology. 5(2):135-143.

GRREal ! WU LasAAss 25UAIIR. 2553. NaUDd

mmﬁ'@a&gﬂwsmwﬁmlumsﬂmﬁu
Ardalingadivasdule. 113813
Agricultural Science Journal. Vol.41(3/1)

(Suppl.): 81-84.

auiny duthith. 2561. UszanSninaaslalaann

@1’amsmuquiiﬂiuq@mauﬁuﬂﬁmﬁu
HI0%. MIFTLAULABAT. TN 46. 2TV
Wiy 1: 1087-1091.

Afolabi C. Adinmoladun, E.O. Ibukun and I.A. Dan-

Murray

Ologe. 2007. Phytochemical constituents
and antioxidant properties of extracts from
the leaves of Chromolaena odorata.
Scientific Research and Essay. Vol.2(6):

191-194.

B. Isman. 2000. Plant essential
oils for pest and disease manage-
ment. Crop Protection.Vol.19:603-608.



MITILTNAUA (Insensasuazinalulad) 90 22 aduf 2 nangraw - sunew 2562

miw?mmiﬁu'm@’f'smauvlﬁmfﬁl,nwgtmmﬁamstﬁa\lga@hmnmaaLﬁﬂ
L RVTEREY

Production of Levan by Levansucrase for Value-Added Industrial Waste

v € a € > adaa a _a & a o v A 3
ITWIRNW NTNINEY It ﬁﬁqaﬂ@‘l(ﬂWdﬂ LREINIR LILa 8N

UNANED
Bacillus siamensis Lf]mgaumz]’ﬂmminNamauvlsnﬁmnwgmia (Levansucrase) T3AMURINIIN
lunisdevsareglasaiiunszuiunisialaslada (Hydrolysis) uazinninflunisgendaluiananiu
14 a a a i< a A 1< a < [ a % |
nzvwnInnudnnladantwiadussfuiudaduamsdszinnwedudnan’lad lasazdlassadradu
ananinInsFandanuaiunus: B(2—#6) linkages U B(2—>1) linkages lumeonanuazldisarudiay
ao A ° a =~ a a ) . . P ' a
nwidptAsdnsinisiuignTiewlsianydunid Bacillus siamensis uazdnwan1izinanzaudeniinga
sIfuIndrstaulmiiuwgess NNt utusesglaa anwdunia-a9 (pH) wazgunniidngg wud
snzfiminzaudanIIHAa WYY anududuuasglaTa 20%wiv) pH 6 annd 37 aseniaaifos wn
& = A ' a a Aa & A 1 A _aa &
48 Tlas daduannzfivminzaudaniindamsauon lasdfansmuenlodgige 0.68 yliadaliaffas :nuu
o 2 o @ a Ao Y 'Y &al
nsAnsnsidasenfogamnniineiniindglasaanududu 20% wi) drslewlodaniugiare
=5 A A o A ' a '
n% 71 pH 6 uazgannd 37 aseuwaBod w1 48 Talus wudrfanssueuloifidgiga 0.57 yiiade

g
oD

q
a :n = L2 6 a n€ A a v & a né ) ai
AaRaAT mnmsﬁnmm;ﬂ"lmwLauvl,snuamwgmmmqmmmmLﬁaﬂugﬂmauaﬂ’[ﬂ WWRITRLIY T TusIN
flyadn LﬁadaLa%usl,ﬁﬁmiw”@nmLﬂuwﬁmﬁwﬁqmmw

=

AEAN: I0UNIE Bacillus siamensis YILFUYATNNTIN AU AIUTIATE

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 [3(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

! wé’ngmmm%ﬁmﬂssuﬁaLmléz”au AUSAMINTINAEAT wﬁwmﬁﬂgsww
2 ﬁé’ﬂgmmwﬁmLné’%ﬂﬂa@]{%’anww AULLNFTANEAS UAINERBY T

* nangasanNITamnyIad AMUAAINTINAEAT URINERDY I
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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

UNHI

ﬂ“’aaQ'ﬁ'uﬁtymmaﬁmwaw“wﬁl,ﬁ@]mﬂms
VLNEIVIRATANTING9 9 lapianiznsdas
ﬁnﬁﬂadg’umdn{wﬁumﬁ RINANIZNUADTNT Y
w3ansiseudiaglndideslssnu Joywiiiadu
AUNITRNEAU LTU AIUFUVNINNTIINBURE
3012 NINBINTINITIINTIAUAZANNRANNAANEY
nadrnwluunasindenTnsuuazdsuinanas
5’1?\1qma’mmsummnﬂuqmm%mmﬁﬁwﬁtyasm
witiwaslszine Lﬁmmnﬁﬂmmi”am?naa@j”uﬂnﬂ
Wawndu Sedesoddyddnadalsoou
qmm‘ﬁﬂﬁumwﬁ”ﬂummmazm%mﬁu Ao
algdnslunisindanaziitaes (KicikaSik et
al, 2011) a9iin MINAW AT ANTTUNAIIIULAL
fF2n W (Bio-refineries) uuudifudiduiasniu
Founadaw ﬁavléf%mmaulwmgij’ﬁi:naumi
DARINNITY wwaAailiAsideanun1snEa
F3UIzNoUN 9 1w [awasTImn, saed wia
WIS AN UABINSIIIUNAUNY L% FINIR
(Alam and Hossain., 2007) n3xUa%N134133U %7
maLﬂu'i'a@;‘”ﬁ'smwﬁLﬂuﬂsziﬂmﬁawwwsnLﬁ'uga@h
mammgﬁwaai’mqﬁuﬁﬁﬂuﬂaqﬁmm:aﬂﬂ%mm
ﬁwLﬁﬂﬁmamvl,@'fmnqmammsmm6]

1u§<1ﬂaJﬂaqu”ummﬂ&ivlﬁﬁvlﬂﬁamm
FOIN T UNS I UDBIINI NI RDILTTE0 We e
LﬁuvlﬂmaﬁmmimLa‘%uq“umw AnuanlanImu
q*’umwﬁl,ﬁ'u‘fumaaﬁaulunwnﬁan%’uﬂszmu
81%17 (Dominguez and Rodridues., 2014) Tug9
TiAd Ak daulianuidyiungdnssunis
u‘ﬂnﬂmmsmﬂﬁfmmzmmiﬁlﬁﬂiﬂwﬁazgﬂﬁ

mmaulamaﬁmms%‘nmqwmwmawgwﬁ
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a a P A Aa
a1 (Levan) iulalulndusaalsdofianitsnd
ﬁwwwaﬂgﬂima@iaﬁmﬂumwﬁ'ﬂ (Cerning, 1990)

Aa

a v & A 6 a
E]ﬂNﬂ(ﬂVL@‘ﬂ']ﬂﬂiﬂ‘ﬂﬂ%ﬂiﬂ‘lﬁﬂ’]ﬂ%fﬂ’] guUe (Ebskamp

H
= =

et al., 1999) N1FANHILABINLNITIIVIIN
ATFILATIZHUAZNTHAAR IS 3T wsznIn 9]
W.e. 2413 B9 2483 lwiwasuil disias uazssngw
(Hendry and Wallace., 1993) %an31na m eyl @
ﬁ"’s"l,ﬂmaa5Lnuﬂ'aﬁqmauﬁﬁma%ammww:Tﬁé’m“’ty
\Tu esdaduanyaDaTE, dunvoniay, Jaanu
Wz159, a1vdedwieas LJudw (Dahech and
Belghith., 2011) uaz Il TAUBEIIUNTH A Y
IuaqmammsuLﬂ%‘aaﬁwmﬂumiﬁ'@ﬁm%u e
waulaa bsiwas (Yang, 2007) n1sltdszlowiiann
fnnluniagasimnisuddiuiunin fuauis
naoduanneiudaalsdfiadyusnduasnid
ANNABINTIUAANA T@ﬂﬁﬁl,nw,ﬂuwawamﬁﬁyam
GE Fenr e lddn1s@nwrvinnsiselusseu
USyanfinusues aifdl uaz 38T (2017) lag
AnsnsiaTeinandanle uaswuindsns o
Tassgadussauindlsindosfiodiasey
Nuclear magnetic resonance (NMR)

NWITERANEINNIHEATTALIN (Levan)
%ai]umswﬂu‘[aﬁnga@hgq T@smiﬁw%qwﬁf
awlodiuaugiasaainyduniy Bacilus siamensis
LAZAIENIE A NIZENA BN THAAEITAUINADE
Lau"lsxjﬁﬁmu:qmsau‘%qw%gﬁmwLiuiumaasgiﬂm
aNudunIa-a1s (pH) wazgaennieng g uazdnm
mwﬁmmsﬁmumnmadLﬁﬂqmm%nﬁuﬁﬁiﬂma
Wuesddsznay
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Ad o A A o
ADANBDWHNIINVEY

1. ﬂ’]%'LGI?JSJNLﬂ%1‘63f§u’]%‘§tﬂ‘5&ﬁ)’m Bacillus
siamensis

a

ﬁn’gauﬂ%ﬁ Bacillus siamensis ¥1¥i1N13

Y
a6 A v <

wanyfunididasduunemsuinfoaniunidgas
Differentiate media ¥inn1InaLaanlaladnasiaiian
o & g A a6 i
maasasluemwandIfunidgas Enrich
i A g a a val A A
media tWaiwnziapaAunISlitinmaigidavle lag
= a a 6 o 0 1
Avafunideanundwan 1 gu uazldluagdouy
PU19 250 Fa8aAT USH193 100 TaRaaT 1wenfia by
1 A% 928 AN 200 SaUGAUN ﬁqm%nﬂﬁ 37
DIANLTRLT R ﬁﬂgﬁuﬁﬁmﬁmﬂmmimmgm
Enrich media 31431 1,000 bulasaas v laluwaa
gﬂmuﬁﬁm%wmmimauﬁmqﬁuw%ﬁgmﬁ
Selective media Y3104 200 J8d805 tWarinn1g
nunlbatanloeanyn lagweg1iely 24 5219
@18 AN 200 SaUGa U ﬁqm‘mgﬁ 37 29en
A o & Y Ao ea

LTRLTUR NRIINNHWIL IAENTREAUNT oW T AN
miasananag iaaazanslulfuoniaw sl
a ﬂgl

uignidaly

£
5

6 ¥ A
2. ﬂ’]‘illﬁlﬂLﬂ%l%ﬂﬂﬂ’)%%ﬂﬂ‘iﬁiﬂﬂiﬁﬂ 1N

!
Bacillus siamensis
inasaraniaw ol flaluTwmndes e
A7NNL37I70Y 4,500 saudauwfl Lula1 20 wi
NILASENL3FU (TOYOPERL DEAE-650M) adlu
naaNyt USURNIWA28 Phosphate buffer (pH6)
nniuhasazansdwlaildnmatuwies W
qﬂaﬁmﬁﬁé‘:’mwmﬂm 1mL/min I¥ANA daNLGN
Phosphate buffer (pH6) 1utaa1 10 wfl a9 a
g1azansdIuniiueanty wazriin1IL@Y Sodium
chloride “0-1 M NaCl" laaffaufinanuitutuen'ly
84 nniwhasazanefileldvinnsmasauiew e
I@ﬂmsﬁ,’]miazmULL@ia:“ﬁNVlﬁJLimﬁag@i’lﬁamm
yostawlml winnuguTures NaCl Adasldiiads
ewloiasnaniivessBuuazinnmasasdn 3

1 LAZLNUKNANIINARS
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managauianssazasanladfuingiase
(Levansucrase)

L@%UuﬁﬂmwasgiﬂsaﬁﬂaﬁuL°1Tu°1Tu 20%(W/v)
8281868 Phosphate buffer (pH 6) U3u1m 3
fn5ans asluraaanaaas 15 Taaans niutlam
enlodawiugiass Usunm 3 Taffas alunaea
Nasad ﬁwvlﬂﬁwﬁqmwﬂ“ﬁ 37 29 TaLTH®, pH 6,
Tagldausrsoud 200 seudouwfi uddols
wnan 48 $alus nasaniwinasazanslydud
gaunnd 100 aveniaaidua Liwaan 10 kA uasus
Twinfusa 0 aseumaidos 1waan 10 wft e
WHANIA TSt Lma] ¥imnasasdn 3 4

LAZLNUNANIINANDY

3. ﬁnmamazﬁmmzawaaLauvlbzrafﬁmwgm‘sa

m%'wﬁﬂmasgimaﬁ 10 20 W&z 30%(W/v)
lus13aza18 Phosphate buffer (pH 3 6 LAz 9)
U3 3 §afans aslunaeanaasd Usunas 15
fiadfay Jowenlmifuiugiass adlunasanasas
U3um 3 Jadniu vin1stne28a213137 200 YU
daufi ﬁqm%gﬁ 30 37 uaz 50 a9 TALTE (D%
181 48 52 lu9 nasansuiiasazarsldui
gaunnd 100 aveniaidua Lwaan 10 kM uazus
Twindusa 0 ssrimaidos 1Wwaan 10 Wt tie
wyan1Ivinuvasianlsd ¥in1snaaeddn 3 4

LAZLNUWNANIINARDY

4. NIAIWIBNINIINVDILD W L258]
ﬁwmﬁﬂﬁ%mmﬁwmaiﬂma nalasuaz
WEnIma@TmLﬂ%iaa HPLC 3% Shimadzu UFLC uag
ABANNILATIZA 7% Luna 5 pm NH2 100 A 2114
250 x 4.6 mm lFiWsiafanil (Mobile phase) 1iuas
#lalulasd (Acetonitrile) uaztin DI ludasndn 80
do 20 sanTlng 2 Sadaasdeuit aunndl
AOANI 40 perLTaLTyR
ﬁan‘nmau‘lmﬁmadﬂﬁﬁ%mﬁ%%mmmm
f@iﬁannﬂ%mmmaangi@aﬁgnﬂamJa'amnﬂmi
saneWuszraIgless lasfuiugiase 1 niaugn
fnualdauisandanglas 1 lulasluadeunl
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a 6 aaa a a
Aanssutenladvesd jisonlalesladasiuisaia
ldandSnnunlasdaszfiiodu uazfianssuves
UffTen nwmaranladaaduaunsadimwinldan

NRGIIIZHINNNINTINNINNAUALAINIIND B
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Nan13Ivy
1. HABIANMAT LUV DIBLATHADNIINAATS
Auanartanloalduingiasa (Levansucrase)

‘ﬂ’]ﬂﬂ’]’i‘ﬂ@Eﬂé]\‘lﬂ’l’]llLﬁui%ﬂﬂdﬁgiﬂiﬁluﬂ’]ﬁﬂi

Ujfiinlalaslads Lﬁmqﬁuﬂ?ﬁﬁﬁmwmﬁm‘fm aaﬁgima 10 20 W@z
30% (w/v) pH 6 g d 37 89 NTALTO |
WA 48 TALud ANNLSAITAY 200 SoURAUIT
LRZHINISIAUA18819N381 0, 12, 24 La2
48 T1N9 LAANANIINLW LY AINIWA 1
05 ! -=$=Total Activity
o a =4=Total Activity s b B=Hydrolysis Activity
g ' == Hydrolysis Activity :EI‘ ’ =y Transfructosylation Activity
% 0.3 —a—Transfructosylation Activity i 0.6
] 3
8 02 8 04
g 3
& 0.1 & 02
0 0
0 12 24 48 0 12 24 48
Time (Hr) Time (Hr)
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Development of Rules for Predicting Academic Learning Outcomes of Freshmen
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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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Feeding Types of Fish in Seagrass Beds in Khung Kraben Bay Area,

Chanthaburi Province
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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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Isolation and Screening of Oleaginous Yeasts Capable of Using Glycerol

as a Carbon Source
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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. sails,
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 gl
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/l 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
0.D.gyo 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
yeast cells observed under a

were light

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.gy, 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 M 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.gy, 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/1)] * 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 vyeast 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/l, 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
2C Filamentous Flat Filiform Rough Whitish 1
cream
3A Circular Convex Undulate Glistening Cream 1.90
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 q 9A Soil sample

moluccensis ‘

(Lamk)
M.Roem. ‘

5B Rhizophora

apiculata Blume
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Fluorescence Intensity (a.u.)
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1A 2C 3E 5B 6A 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)
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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

UNII AUNAITIUNIULT 989 nsdsndudmIndan
n1stsziduyadnndan (valuation) i foiduisiiniazdasldaiuifornig A
AuddguaztisddasiugInsanluasiaiiv °ﬁ"mfﬁLll-mm“ﬂ“ﬂ'mﬁmmmﬁ@"ﬁ‘“’mﬂg
ANANY LazITULIATEINIveslzina lnidu ﬂs:Lﬁuﬁﬁ@iagam AN 1i§aqm§'nwm:@m g
ag19nn M andunisdsafinyadiniwdau vosmindiu Jimadindunuiiahiinnuday
LA DR TRITAN R NS ﬁﬁuaw%m;mawmw wazdanudndudansudgdulunn 9 dszan udlu
U 9 9 '
DRINITUNTWIUAZDILTHNNA W DFINITUNTNE Jaguunisdszlingadivasdnlgnasnaniuns
FasianavranannIndo sz ey Umfiugadamaignisldnusasanans laglile
wanUszAuniseanuaziauas s uiilsziu o fnsameseuarrawiingnneiimkariounts
9 a
nIHMNITaT NN ﬁmzijqﬂﬂaﬁlﬁmﬁau MAKATINABAINLAIVBIDINT

Lﬁﬂi“ﬁ/ﬂ‘nﬂ UM TN TN TA LAY 9\1§%YI§'WF:I(

72



MITIWTNAUA (Insnensasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

M3ATIIFLD1ANT LWIBUIENawnIIATIR
FVNWVBIIWNY Faaslesumsasadszinadng
ayiuaue aghedaniaz 1 ass willieeiuied
N vndemsuaadaanianNIsaInsdsae le
Frinafi onansidwdsan Wednisldanansh
AsimsaTaseuanwasImInLaNe DFIUE
uaﬂquwmu%ﬁamuimaammsﬁ@ﬂﬂaﬁ’w
VERYEY

Tunnsisuassit {Adajaiulunsfdnm
a3 HNaf 0NNTATIIFOLFNIWOIANTENNNI
Lﬁaﬁﬁiagamimmaauamwmmimﬁmm
TAFEATIINATVEIDIANTAIRNIY W bAnT
%'ﬂmﬁzaﬁa:ﬂdnﬁaLﬁmgammmmmwﬁdmﬂﬁﬁ
MINTIIRAVBIANTSUTouLED St analuaIn
AFUszidfiumailasdfianziyadiandunu
(Cost Approach) LR 893818 8211 1w T9n1s
as19gauanINo1A1TE TN wlulra N ud
ﬂ‘gomwumum’luﬂ%ﬁ finsaaseulasny
Funasomeuarinie axliruinmasoudi
aetLASaslafiamant: WiounInTIaFaUAINY
TuaIudousInazszuuds 9 Mifeadaaiieninu
Unaanuuesdiauasningan ntuianiase

TG ANTINATVDIDNANIRIHNIH ALY

mimnaauamwmmiﬂa'«g‘ﬂ'mhuﬁu Tas55
ﬁ'ms*}:ﬁgammr}ﬁunu Lﬁalﬁgamﬂagﬁu
ANIZRUAURAINEIANT I@ﬂﬁa'ﬁmﬁ"mﬁ'umq

8710717 LazALFaNTIAN

ada o

=) s Q
A5ALBWNI3I2Y
a o uq/' :3/ a e 6 t:i v
n11daisi Slagdsidiiadanis

NIUAIaAIT83810130NEN N1 T U
lapfinm MuTINTaya NIATIIRAVANINGIANT
FUNI INLANENT 6131 1BU UWIAA NOB
INWIVNLNDIT DI z%'umwniglfﬂi:ﬂau?m%wﬁm
AAINI3Y LLazgﬂiznaﬁm%w@Tﬂumsﬂiuﬁu
YRAININE T LNaATIIFALANINIANTAENI
o ' A o o @
@79819 TIHINRINNNITATIIRAUNIIATLAURNIN
mmma:ﬁ,’]vl,ﬂgjmsﬁmum’]m@iami’mLummaa

A o A ' o  &a aa
21017 ek lddszifiuyadiniwdau lasds
a 1 U lé a v
AlemzAyadnnndunu SsasUnandmlugarie
ananzaylunsin oy

Funuazidsalunsaagey luwinuiay
AleaT19R0ULALYNITIHINUNITATIVFAURAN
21a13uazUnInkd19 g vasarans lasldinua
NI AT AUAZ LW LT AN a7 1

A1319% 1 10 mev‘i‘i:@”uml,mummﬂa ANYEATUNIU LA URN ﬂluﬂ?i@li’)ﬁ]ﬁ@ﬂ

‘nﬂmsﬁﬁmmmaanmungﬁmm AZUWBHITAL AZUBHIIN
anulaaany

ANNIUAITIUTITaIaNANS 15 15
FUUUIMILRZEWILANUREAIN 8
s:uuqmamﬁmmzﬁam@ﬁau 8 30
seuutlasnuiazszduanane 14
gusTouzUn land luaznanit 12
susTnuztasasnanauss ihoneean 5 25
ammu:ﬁ:uuLLﬁi"dm@;Lwﬁavlﬁﬁ 8
uNwMITadnwuasszduanany 8

30
UNBNNITaNAN ﬂW;ﬁ’lﬁﬁmmi 10
LHWMIL3MssAMI A iuanulaeanis 8
WHBNNILIHITIANNTVBINATIITALDIANT 4

73



MITIWTNAUA (Insnensasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

31M@137197 1 Arsmiinnalwenans (A) uaztfizauazuus = 60 azuuw noidn
FBNIUAIDLWNNHIBNIIATIVFEY BN T=ZAU 21ANIFNINIZAUGT ( B ) laufnuaanuaunus
AzUWWY 2 80 AzUnn DatuarA1IanINIzALF FRINFMNANINUA TN A9%

AU 2 80

ALFANANATIN

SENLIPARS)

21ANTEIRNITUN seal A

HIUNIIATIIROL

ANRDULLL

LHUA T

2NN 1 ANUFUWBTIZTATIEMIWIANTALALFEN

A v o & ' v A o
IINAINNA 1 ANUFNNWTTZRINIRAIN Uszindlng dlvzauazuun = 60 azuun Datdn
81A1INUANREN 81A1TFIRNITUNNIUNT 81A1TRNINTZAUEN ( B ) azldiTnnInidaan
A a o . > . A i,] o I oA
ATIIFOU NATZAUAZLUY = 80 AzuuY Dasdn 21ANTLUULFUATI LAUANLFENDIAITANN AT
9IANTRNINITAUEFI (A ) TagaznidRaN a1y CERCEI IR R TR RRT gRuLIUIzinalng
a1ua1sFuIauEd sz ndInw FHRWLA I Ioazd0a9f

AunaudUsziiudmindduuvisszmalng

mi'nﬁwum‘fnsﬁaua=1|a«iuﬁauﬂﬂﬂsqﬁwanjqnﬂhq

NynM3 agvadlsadoudegnasrauazdnnfovazvasdidon
Uszum 1)2|3|a]|s|6|7|8]9]|10[11[12]13|10]15[16]17| 18] 19| 20] 21] 22| 23| 20
Ussinniin
(Amuninwiumdn, Tnsathamén)
vindoudi 1| 2| 3| a| 5| 6| 7| 8] 9[10|12|14|16]18|20|22|24]
Uszinnadaiinadals
Wnrdous 2| af 6| 8|10[14|18]22|26|20| 30| 38| a2| as| 50| 55| 60
Useannldl
inrndtoutovns 3| 6| 9|12|15|20|25|30| 35| a0| as| 50| 55| 60| 65| 72| 79
mn’.ﬁ.lmqh»u‘!auﬁ«dgnﬂh«

1) Tsadeudwgnateilldfueygn Widufufusdignainsdmiadudiiuds suidiitimstadnmyad-lsdoudsgnatineis Taodusstiugi

2) Tsedauaugnathaitiontralaglildsuaygan Wil fsurtasmingruiunngriefiguinuddimaneaiandudt wals Wiuduiinids euistidons
ﬁmﬁﬁmma‘;adﬂwﬁeuﬁmqnﬂ%‘wqﬁu Tneiumutiugitu

3) Tsddoudwgnatreitiontheddiindaate  Vidudusdiugamsnoaindlaodnedanluoygareainmams (wu o.1) Adwineuioddusonts
waliifluayapn 0.1 wmenganiudEdunil sudsOiinsRasmoyarTsGoudsgnainah nsdusnnutitumsdugiu

2w 2 c«'i'nﬁa&la'm'ﬁmmm'mamﬂugﬂmﬁumwfw FRunrisdszinelng

Lﬁavl@i”ﬁagmﬁmﬁ'umimwaaumms é’ummﬁa:ﬁnlﬁﬁmﬂuﬂsamquLtazaaﬂﬂﬁaa
1130 I uI18911N15ATIREL AT TINDIUN AuianUszaIdueInIsiey INERININ AU
”umwnipjl,%m‘*mmw dudaanssnlosn uae yadna1nslasdienziyadaneauu Bsmanan
Qﬁmmmw@Tﬁuﬂwsﬂiuﬁugamﬂ{w &% Daun ugaatdusunisld asi

a a )
FUNIIN 1 ; ﬂima’]ﬂ’]iaﬂ’]Wi:ﬂuqﬂ (A)

74



MITIWTNAUA (Insnensasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

nIdiALFaNANANTINENNAN (1)

£ a 1 [ €A '
Hﬂi:muﬂ’]‘l’ﬁ‘wUﬁuLL‘Vh‘l‘].]‘i:LYIﬂVLVIU

; NIHANTFOUUDULEUAT

)

E]’lthﬂ’]ﬂfmu (d) ; Swaaamﬂugaﬁ%ﬂi:l,ﬁuﬁ’m%'wﬁﬁuumﬂizmﬂvlm

DRC = RCx[1-D]
lagf
DRC = Qa@i’lﬁunuﬂmmuqvﬁ ( Depreciated Replacement Cost )
RC = WafduNINALNY ( Replacement Cost )
D = duFeusen (%);( Mg 2 )
n = ownldnwee (D)
gUMIN 2 ; NIl IENMNIZAUG (B )
DRC = RCx[1-(nxD)]
D = 100% : (3)
N
lasf
D = saneFensendadl (%)
N =
Mnualioransgaiag < 23 was da1gnisldau 50 I
NAaN13298

MIANENI8aTIN LuAn¥INITATIIREL

4 =3 4 o = A} dl

wansdszduyadivasanansiinnulwuadun
A Y o

nyumwEnIuas a9ldvianisasiamevanans

) o ' ' = o a
FRIUNITUAIDYUTVILRIRWILTUITANNLEN S'Jllﬁ\'i

m lassavenans

B UTUUINNT

| ﬂWL{JD']ﬂ’ﬁ/ﬁﬂ’\Wa'Wﬂi mmnum/msgua{nm

AN 3 %aya:mnmmﬁmLﬁumaacjﬂs:nau

TN UIAINTTY

IINATINN 3 WAz AINN 4 LTUNITUIAS
%aﬂa:mnmwﬁﬂLﬁumaagﬂi:nau%ﬁﬁwﬁm
AAINIIY LLa:Q’ﬂszﬂau‘?m%wﬁmﬂiuﬁugaﬂ"]

NIWO AU 'jﬂﬂafﬁ’ﬂﬁLﬁm’;jl”aaﬁ‘umiﬁmsmwam

75

nmIsuA iU sznauITIndniaanTiy uaz
dusznovImdwdiudsziduyadiminddu i
Taspfifnadan15as29 e UaNINENANTEHININL
laglddaiosdrauanuddywany sastaya

a

&
Jh

m lassahuonans

B UTUU8INT

| mqmms/amwmmi mimnmio/mi@ua{nm

NN 4 %ama:mnmmﬁ@Lﬁumaa@s:nau
Ardwdudsmifiuyadiniwgdu

o @ A o o Aad v
a1 sEmnnwik NI lENunug lasisdunu
%:Lﬁuvlﬁ'ngﬂs:ﬂau"?"m%wﬁm‘?mnsm G REY
AAAUINIUITUUBNAT Lﬂuﬂaﬁ‘ﬂgaqﬂﬁﬁaﬂa:

36.3 1AT98319971A17 38989NNNT0URT 27.3 LAz



MITIWTNAUA (Insnensasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

81881013 ANINDIANT NIANLAY NITQUA BE7N
U & v v a = U

Fouaz 182 TandudUsznauITITwdIu
ﬂsuﬁuga@hﬂ%'wﬁﬁu FanuAaAnINNITANLGS/

msgua%’nm Lﬂuﬂafﬁ'ﬂgqq@ f93088y 53.4 g

& v
R e

2NN 5 %azmzmnmwﬁmﬁummﬂﬂi:nau

FTINAUIAINTIN

IINNINA 5 waz N1INF 6 LnnTuEA
JasazaneuAaiuradUsznauiTTwe
Aenyaw wazgfUszneu AT indinlszidnyacin
niwgau Aaimalsduyadmindauludiuas
21A1TEIUNINY AITIA AR NITATIIEB UFA W
ovasieundanduyadinialal azdulddng
Usznauids1inaiuiadinssusasas 100

81013 / FNTWBIANT 58IRININTBHAT 33.2 WAL
1AT9831991077 DU 9TUIUU0101T LD ua1aU
q@ﬁmﬁ%aﬂa: 6.7 YNNu

& v ‘&
R 2k ) .1Nlﬂﬂﬂ1ll

AR 6 faﬂazﬁnﬂmwﬁﬂLﬁmmgﬂi:ﬂan
%ﬁwﬁ’mﬂiuﬁuga@hw{wﬁﬁu

fanudaiuinasliiinsanasauenaisien
n3Usziiinyadn %whamnmwﬁmﬁumadq
ﬂ‘s:naﬁm%wﬁmﬂiuﬁugaa’w%‘w5?{% TLNe
%008z 50 1w AdauAatfininaaslidngg
@mfﬂaaummsriaumsﬂs:tﬁugam fIuanIoeas
50 1w ldsuduiasdasldinisarasauenais
fawmsUszilingadi

&
W Winady

N7 %aua:mnmmﬁmLﬁumaagﬂi:nau

TN UIAINTTY

A A =
IINAWNA 7 war ANWN 8 LTun1TuEa
ﬁ”aﬂa:mnm'mﬁﬂLﬁumaagﬂi:nau%ﬁ%wﬁm

FAINITY Lmzpjﬂs:nau?m%wﬁmﬂiuﬁuy‘am

= inae
i 8 JoazananuAaAnadLsznay
3’15’1"&W@T’1uﬂiuﬁugad'm%“w 5%
niwddu Aadraalindnaudsziduyad

NIN ﬁﬁuﬁmmﬁﬁaaéfu’lumﬂ%ﬂ BNUINE U

=\ 1 3 U v a =
ATIFOUDIANINID b a:muvl,m']gﬂszﬂammmw

76



MITIWTNAUA (Insnensasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

AAINTITY WA I}Eﬂi:ﬂ AUATITN ﬁwuﬂiuﬁugaﬂ'ﬂ

o €a 3 a a & ' v
NINYRW 30882 100 Nﬂ'l']uﬂ(ﬂl,'ﬂ‘l«l»'l']ﬂ'lii‘lﬁ

a a ' >  a A o & v
W%ﬂx‘ﬂ%ﬂ?ﬂ&l%%ﬂﬂ?'ﬂ‘iw Uﬁu&lﬂ?'\&JEL‘U awuiu

M3l B9IINAATIINOUBIANT

m lassasrsonans
21NN 9 %aua:mnmmﬁﬂLﬁumaopjﬂi:nau

T BWAWIAINTIN

INATINA 9 LA ATNN 10 LDUNITUEA I
%”aﬂa:mnmwﬁ@Lﬁumm@’ﬂi:nau%ﬁ%wﬁm
FaInTIN LLazpjﬂs:ﬂau"‘sﬂm"ﬁwﬁmﬂiuﬁuga@h
NINTFW 1870 1AVI071A1TFIRNINNNAAITIH

o A A o  &a ad
ANUEIRTYNINTFA lunstsafiuwningaw lauis

AN ﬁ]zLﬁuvlﬁ'jﬁQﬂi:nau%w%wﬁm’imnsm

» lTassadsonans

W WITUUIATT

mMwin 11 SepaznenuAaiuedlsznay

FTTNEUIAINTTY

ANATN 11 wae AW 12 L1JunITuEa
Fesazanatudaiinyadliznoud T Tw
AWIAINTIN Lng}”ﬂs:nauﬁm’ﬁwﬁmﬂiuﬁu
yarniwgau sulavasermsfindslianuidy
BRI Rrteatee ﬂ%mqmﬂ‘ﬁmu AR AIN
dusznavimInduwiains anudAaiudiulng
Youaz 67 UA1UAALABINIIBITLUBIANT
Lﬂumuﬁﬂﬁ‘rgﬁqﬂ 3098931 Sanaz 33 fAa laseasne

81013 I@ﬂgﬂ”ﬂs:ﬂ BUATITW ﬁwuﬂiuﬁugam

77

4 4

B Aundwmnay @ lasease @ mMIanuas

AW 10 %ar_lazﬁnnﬂ's’mﬁmﬁwaapjﬂi:nau
’imiwﬁmﬂsuﬁuga@hﬂ{wﬁﬁu
Youar 100 §A10AALARINIATIFII901AS
[ o @ A A A < o
mﬂﬂmwmmymnﬂq@ TInWAALABYBIE
ﬂi:nau‘?m%wﬁmﬂsuﬁugaﬁm%’wﬁﬁu VAN
49’ ‘ﬂl 1 U lﬂl v
NUNFIUNAII LAY 1ATIFII9871A1T N1AIT LA
o o A % o . ' A
ANUAIAYNINNFA doTasa: 42.9 YK FIu

ARDTBHAY 14.2 ABNNTANLAY

w lassase

W 9wIEUUYaINl

A & '
B ARNaEINNag nMIANLAaY

AN 12 %”aﬂa:mnm’mﬁﬂLﬁwaa;‘?ﬂs:nau
f‘am%wﬁmﬂsuﬁugadm%’wﬁﬁu
% €A a ~ 1 T a
nindan aufainaInlng sauas 36.3 Hadw
faliuin nmIanueavaradusInsmaNINLA7
RO %‘%amuﬁmﬂ"ﬁmu J8IRINT SBUAT 27.3
fo 1398319971017 WAT NUNEIUNANI NLIIUTTULY
o @ Iy A o . @
01017 Wludraugarineniasaz 182 1vinnw
A a o & X oa o v o
FINNTANBIATLATIN Ed’J’i]Sleﬂ‘Yl’m’]i@li’Jﬁ]ﬁE]ll
o a @ ' ' = o a
2IANTEIRNINUAE1IURIRBIL1UTTANA LN
A a A = o &< A 4
lasinuazidoa Ao 1IuaNIRBNNK 6 Th WK

8101337 756.00 91319067 N TTwldan 814



MITILTNAUA (Insnenaasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

91a15 27 T (VoRIIUANT NN TUINTBNANS ﬁ'ayj'
91013 Wazdalsvasanans ) ennslifuuuuan
dn Tananuwmelassaaonansmen tan, Wu, A
uazlasanain Wunauniaaiuman ananliag
ludsauarungniznaag avufl 33 (W.f1.2535 )
2BNANNAIY W.IU.AIUANBIATT W.F.2522 LWTE
lasulueygranesinsenaisneungynizning
avud 33 Swafsaule uazlaiiduannisdszinn
ALANNITITINNNIIATIVRBVAIATI RN

18819 GUITANALEN BAIINNNIATIVFALOIAT

Warundereiauud iWuenasann “ szau
a1 B” uazlunsiansanesdusznanlassiuves
ERGREE I R IO EA L ITE RE R wu'lddn
TeazeanIieaid iuauszaugmaIwan
“druna1s” auilasradean nnd 13 laadnng
izqﬂm@hriaa%’wmmséﬁﬁfmmvli’l,tﬁ’s lasa1as
#1inauaadn9 ueransdaingw g9 6 T

ATNININAN “Urnans” i::qu'] I1ANGaNRBIY

'
=

ayj‘nmiﬁamma: 17,850.00 U

5 swenbuarenisroste | sewh | mewueen |

TIMgL Tunfinrsan  Tildosdussneulpomumoredan aurmussiifiowssndihldiFasuiivanievuse
507 ewndninen nswAnuuUnunfiveseAs -nbnflui*u‘;w'imis'w.n:ﬁuamuiﬁ"uuﬂlﬂuﬂmv'myumn"sn'lf
- ewwvingaliliiu 5 $u 11,300 12,450 15,000
- wwmifings 68 Su 14,800 17,850 22,300
- ewwifinge 915 $u 16,100 19,400 23,750
- mmfings 16-25 Su 17,700 21,300 25,800
- owmiings 26 Ty iy 19,600 23,500 27,700

wazBeaniaionin mussdvgunmanm

ATneN nmg

1 |enfu-gusn-senn

s uneeunds F1uTn Aas.

i wmounde gen aaa

wnduamounds Pusn aas.

2 |lnsadn

3 |Insedamiapndann

Trssairobaluidu naa. wiomdn

1 ¥ = 3
Ansandamindngungin anazilesaeunneg

Tassaionludu nas. wewdn

Tnsawdenmngunasn oy Metal Sheet Savaufumadou

Tassadanluidu wasn. wiomdr

Trsondamindngunasn 3pfn Metal Sheet Tawaufunamideu

. v o al e yod o
wiiwaliilpsdauuiiv wiensevunililiesdsgnitnnaven

Y o s d P . - ) . ” o
a  |flwwen wiltidlouds, wadhngrssdesusuidoy inThlitloude npfuieapueudovanuspwiodon wd, wiliitpeds nplufelaqueidouauedo nseu
o s T PP o ¥ PP o3 P
5 [fiaiu ooy wietimucou faiu Floor hardener wiedivuoin fau Floor hardener winifiuuoh
Yoa y < v ° < § sy , v - - ¥ sy o

6 |reuarimnts slsrioneundmudonewissusuug lind +ilyrieneunimulonauivy witvis wiens Metal Sheet slaripnounaudonaruuiou mikiy wiesds Metal Sheet
. Yol o e aed o o asa P T v Yoy o e

7 |mnusg e senuliitieuds viabeglidn Midesdmiivm 7 5§ Asnuliiosds vudsegiadn Anuiulidingniin asnuliitiowns, uee Vsguniliidindn amadiulidngriin

wisli¥aviiu wiensevnulidngnitnnszen

wisinnitu sdensevmdidngefinnszen

st ooy
8 |awieun Aleniviesdn

v § o - 2. - P AN
e walrieBgauphadoulifanngionls, Munionh ans

O 2, o
sennmlnebgeuudmunnszilsnafioug 1.600

¥ koo s Z o »
Mo ganwy R WNAT

9 |Vulegnnieilearsmadule

S ry
LiHanyiony, lodnlmaniany

Vuleliidfouts, gnssilassmadule Widouds

P g a4y .
fieni aaa. Jrawidpnndov, lode Tnanidasn

Vulalidfouds, grmsdlidnnBuormnamilalidocts

F ) I 5 ¢
muwieni aaa Pnaztensniln, lednlesnisy

Vula-smiula Wises, uxn gnnselith Liee nfsaonany

10 fusah, guiivs,

viswnsnh #38 Busey viesswmdvislalaon R18

vz R3E Hads veszvindvsielalaon 738

veaas 158 Haalt vessudimelalaon 738

11 [sruvdumé

vense-vefy fduasididspieman Andevednluih

Lilsevvivmdadalui

b - -
o nimdndy, Tuednove/dal, gunsainunmnnes

DiifsruvdumBsinluald

o {3 - . ~ .-
Saimide, edneeeduly, qunsdivind

vrvuiuwdsdaluli

12 |szuuli-gunsdnala

Imiliigeeisawuineumeain/ i

P

FIlf v Tulif wuune

m of
el Wumuaou@niv),

il wusRTBUNS WA/ WIeTa

nifulwih wun

1.2, ot a b L
sulvifumsapu@nu), Ands Safety Switches

melviBumoiounio, fnds Safety Switches

13 [ssuvoudeniaia (Gnid)

2NN 13 8aLLEIANINBFTINMNITALTIAND 2560 aULEIUANTANINTIMN

INNNTATIFROUBIANTFNUNINUAIDENI
IUITTANALLN BRIITNNITATIFIFAUDIAT b
HNI3A129 a2 LT Ue1ANIFAIN “ SEAUEN B

NI &l’]%’lﬁﬂﬂl’] ﬁ%n%ﬂ(ﬂ LL‘Y]‘LLE‘!‘Y]% 303101610

DRC

RCx[1-(nxD)]
17,850 x [ 1 — (27 *0.02) ]

8,211.00 UM §ia ANIILNAT

100% =
N 50

MTNLNATVIDNATEBN I@mmmmsmgaﬂ"]
ﬁunuﬂmmuqﬂﬁm 290711 TRIBNIIBRNINDIANT

seau B leangunsn 2

a LA o
D NIMALRANLLLLEUATY  (4)
. n=01987A13939 27 g

2%



MITILTNAUA (Insnenaasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

Ha@hﬁunuﬂmmuqﬂﬁ Winnu 8,211.00
UIN 68 A1TI9LNAT azﬁﬂﬁwmugammmﬁ
§195N91% 6 T4 AudilTany 756.00 A1519L0AT
ﬁga@hwiﬂﬁ'u 6,207,516.00 U1N F9%1N31
N1IAI1988UBIANIFIBNINUA2I8 LY

DRC

RCx[1-D]
17,850 x [ 1 — 0.44 )

9,996.00 U A ANIILNAT

Ha@hé’unuﬂmmuqﬂ% vinnu

9,996.00 UV 68 §1I19LNGT azﬁﬂﬁmmgam

a ‘4
aﬁgﬂuaz'sm‘smwa

armmsﬁnwﬁﬁ?ﬂmﬁg\aﬁmmina;ﬂNa
panuln 2 §2u 698 Ao #IWA 1 nswBEnn
SE@UBAIEINNRAI819 nasaniladnsean
MARWINATIIROLBIANTUAD Laga1ANTEUNINY
sreshsluisuassit amwmmsag’lumwﬁizﬁuﬁw
(B) uaz §Aufl 2 mmﬁagaﬁwﬂiuﬁuq@ﬁmmm
21013IEUNNK MNMIRATIERY AU UNAUNY
anT #IaTAdaaNTNATYBIIANTEIUNIY
Winny 8,211.00 LN @Taifugamﬂiuﬁumﬂﬁ

o @

GRS

‘4 a o Qq// g o 7 1 o %)
Fan13390luaT9% vinlvnInudn ana1sdinan

N91% 6 T V1N U 6,207,516.00 U1 N

#2081909NE17 mﬂﬂiuﬁugaﬁﬂmﬁhjﬁms
ATIIRDUDANINOU ﬁ]:ﬁﬂﬁﬁgammmimﬂﬁ'ﬂ
7,556,976.00 LN %aﬁgamgdﬂiwmmsmﬁdm
NIATIIFOURAINDIATITLAD UTzumIouas 20
AINU RINVBIDIFNINDIANT Dh J290%ua" il
qad' v a . A v =3 1
Ewlﬂjsmmuﬂﬁ:mumwﬂauvlmmmmgammmi

A
auNaITIzLlu

naanssnlsend@

;ﬁﬁ'ﬂm amauqmmsums;ﬁ'@ms USHN

e ﬁmi,l,m’]zﬁ*ﬁagaﬁaaﬂ'nmﬂﬁ

2 A A v a

1NN WALNaKg W a9 9 Imnmnriun

é’uﬁ@n?ﬂ

TWarusiomasaniilrnauidvatuiiaiy
awgirﬁuawsiqmwi’@qﬂizmﬂﬁ gaviiy
VOVAUAUUAINDIRDTIWAWAS M uunaalid

(5)

79

Wathandenziud Wueransanin S:@TU;;N A’
mmmﬁnmmHamé’unuﬂmmuqﬂﬁ BnI0AAD
ANINLUATVDIBNANTRIBN Iﬂmmmmsmﬁa@h
ﬁunuw@Lmuq‘nﬁ’uaammiﬁ’lﬁfmmamwmms

seu A leangunsn 1

D =44% (NN 2)

AIANTFINNINU 6T U WNuNlTaay

756.00 M1949LUaT Ayad LAY 7,556,976.00 LN

L‘%ﬂuf"'ﬁ“”m LLa:é'dﬂwuaa;jﬂuﬁl,ﬁﬂ'sﬁaaﬁ'un’mﬁﬂm
szaudSaailn S'Jwﬁmmwmm’uam‘ﬁ%ﬁwﬁnﬂ
1 d' v [l =) d‘y = 2 1

i wvl,@‘ﬂmmmmﬁmaammzmmauﬂmamﬂ
athildgasldldend

v a
BhGRRERRNED]
a € @ an & o o € %

w11 Fazlniww,nwad AW, INIWUT nivaz
o ¢ A € ~ a o A &
Jaaadud Moftolofuloaty Buwed
MWATNT WD, LazAkE<).2559. dila
MAaBANITATIIROUBIAITLNDAIY
Uaaans (§1MIUN1IATIIRALDIAIAN
NYWUNY).(AURATIN 3).NTUNNURIUAT.
Jensusounrislssinalneg lunszusy
gl

aa a ' e €A ] [

yalifdamdudmindauuiadszinalng (asdns
a1yt sz lowl). 2562, s1aUTzifiudn
Aa&31981A1T W.¢A. 2562. N1 WN:
https://thaiappblog.files.wordpress.com/201
9/05/1019_cost-web-thai.pdf

Jeanssuanowuisdszinalny luwszusy
pUdus. 2558. MIATIAROUDIANT. TINN:
http://www.thaiengineering.com/2015/index.
php/technology/item/579-building-inspection

amwgﬂiuﬁu@hw%‘wﬁﬁwmmizmﬂ"lm. 2561.
Uy T31a101AII%E9Lanaine 2560 iy
NAWNNITRNINTIUH. N3N hitp://www.vat.or.th

/about?cat=6



MITILTNAUA (Insnenaasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

surauinUsziliusaidaszling. vnaIgiunas
137010 TBATITN T STl uy A AN
nswdanludszinalneg. fAun;
http://www.tva.or.th/Files/Name2/CONTEN
T5a28a3f57dbb8f1400a3e3512599114487
77979.pdf

@Tum‘s:ga. 2561. ﬂ’]iﬂizLﬁ%Hﬂﬂ"]

22
D
=
Ca

F9USUNIWE REAL ESTATE VALUATION
. (ﬁuﬁﬂ%&ﬁ 2). NTNWURIUAT. UIHN
iila G3maa 300

LONIT LNTIROLAALW. 2556. ﬂaaﬁ'mﬁdawa@iagam
ARNAVBIBNATAIWNIN lasTTRIITUN
a1ns old nsdlAnwa Aud
NIUNWURINAT. MIAUATIDRIERANGAT
INYIFRATNAITUNA G (WIANTINNTT
WA WIaFINITUNTHY). NTINNY. Az
RO1TAUNITTNAIRASUAZNITHILA B

UAINEROTITNANEAS

80



MITILTNAUA (Insensasuazinalulad) 90 22 aduf 2 nangraw - sunew 2562

ANMNTNNWSIZTHININIARAINDINLAzazN I wIwln latan
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
different

habitats  due to

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

82

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,;H,,0;, (MW 318.27)

UV(EtOH): [Kmax 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,gH3Og (MW 374.33)

CH3
OH
CH; O
m"‘“

HO CHz O

COOH
UV(MeOH): [7\.max 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 M[]-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 1.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 pym 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
tinctorum is shown in

lichen Parmotrema

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



MITILTNAUA (Insnenaasuazinalulad) 90 22 aduf 2 nsngraw - sunew 2562

Table 1. The Sampling Time and Amount of Lecanoric acid and Atranorin

Sampling time Amount Sampling time Amount (Lg/g9)
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
2701.70 411.3 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 244353 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.

Keywords: biowaste, hydroxyapatite, nanosized , precipitation
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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
(Choochaisangrat, et al.,, 2015,

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

researchers

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
(KuS'nieruk, 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, CiineytTas,
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
crushed, milled and

calcined bones were

screened through a sieve (140 mesh; 106 [lm) to
obtain fine powder. The powder of the cattle bone

ash was composed of big particles of HA with
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some impurities. So, the HA powder was further
purified by dissolving the cattle bone ash with 1 N
of HNO;, adding 10% wi/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, et 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
study phase of the HA products. The big particles
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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

showed the absorption band at 1421 and 875 cm”
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1 due to the carbonate ion substituted at the PO43'
site or type B. The HA synthesized from egg
shells displayed the absorption band at 1541 cm'1
due to the carbonate ions substituted at OH' sites
(type A).

apatite were expected to be high bioactivity

Nanosized particles of carbonated

materials (Othman, et al., 2016).
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,

2016). The results

dehydration and
decomposition (Modal, et al.,
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
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Intensity (A.U.)}
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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).

‘ }ﬁ HA from cattle bone

%mem m ) W}\N
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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 c) XRD patterns displayed the pure
phase in both types of HA
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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 3451 cm’’ 3532 cm’” Eslami et al., 2018
PO,* bend V1 1035,565 cm”! 1036, 564 cm’

and V3 1094, 1035, 964 cm’’ 1035, 955 cm” lto, et al., 2014
PO, bend V4 604, 565 cm” 585, 564 cm’”

CO,> 1421, 875 cm™ (type B) 1541 cm™ (type A) Kamitakahara

etal., 2015

Table 2 Reaction of HA powder during heat treatment

Temperature ( oC) Reactions

25-150 Evaporation of surface water
150-600 Evaporation of water in lattice
600-800 Decarbonation

800-900 Dehydroxylation of HA

Smp  O0EMT%
935185003 mg

3 Residee 78,5038 %

SNz 107685 mg

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

Table 3 Properties of HA prepared from cattle bones and 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

a b c

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 Ca,(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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