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3.1.3.3 51839

WA A BUU A 1

s183v1U9AU (lutiunuiein) 911U 5 wiheds

613 501  wialulagyninsmads 3%(3-0-6)
(Contemporary Biotechnology)

613691  dunumawmaluladgdinin 1 1%(0-2-1)
(Seminar in Biotechnology )

613692  dunumamaluladyinin 2 1%(0-2-1)
(Seminar in Biotechnology )

WINUS (HAAguiii) 36 nieie

613 693  ANLTANUS AU 36 wUIwAn
(Thesis)

L d‘ a a d‘ nll ] ! (% a
NUNYLUR UNANYILNY N WUU N 1 muﬂiiyigmﬂumﬁmauwmewmﬂumsmm’]

wialulad@inn endndudessousedndinfunugaidsvesniaigsinaluladdinin lag

Liunmbeinsulundngns Metliveusylovilunsvininginug

WA A WUU A 2

183Uy $1uau 8 wieiin Uszneudeseivdelui

613 501  waluladTinnsmads 3(3-0-6)
(Contemporary Biotechnology)

613502  sudouiisedugimanaluladdnm 3(3-0-6)
(Advanced Research Methodology in Biotechnology)

613691  duuumamaluladyinin 1 1(0-2-1)
(Seminar in Biotechnology )

613692  dunumiamaluladdinin 2 1(0-2-1)

(Seminar in Biotechnology II)
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613 513

613 514

613 515

613 516

613 517

613 518

613 519

613 521

613 522

613 523

613 524
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NEUIVIIAIMNTIUAGNS

Amnssuiadfanndugs

(Advanced Biochemical Engineering)
ﬂﬁﬁ’amﬁmﬂﬁmﬂﬁ%’smw%uga

(Advanced Biochemical Engineering Laboratory)
nszvIuNmamalulafinindugs

(Advanced Biotechnological Processes)
nszurumsUaneimaneluladfanin
(Downstream Processing in Biotechnology)
UfTRnsnszuumsUaetmanalilaTanm
(Downstream Processing in Biotechnology Laboratory)
weluladuruie

(Membrane Technology)
UitRnsmeluladusiude

(Membrane Technology Laboratory )
NFOUMITANYININLAQMANNTTH

(Industrial Drying of Biomaterials)
UURNIINITRULIIANTINWLTIAAmNTTY
(Industrial Drying of Biomaterials Laboratory)
naudvImMamalulagdluananaziugifningsy
IgmansTinmezduiaduasiuanadugs
(Advanced Cellular and Molecular Bioscience)
wialulaggu

(Gene Technology)

Buvn

(Gene Therapy)
Frmeluanadugdlunisusuusaiugin

(Advanced Molecular Biology in Crop Improvement)

upa. 2

2(2-0-4)

1(0-3-0)

3(3-0-6)

2(2-0-4)

1(0-3-0)

2(2-0-4)

1(0-3-0)

3(3-0-6)

1(0-3-0)

3(3-0-6)

3(3-0-6)

2(2-0-4)

2(2-0-4)
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613 541

613 542

613 551

613 552

613 553

613 554

613 555
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1Assas9v0InIAtaAadn

(Nucleic Acid Structure)
nquivmaluladivaduaniioibo
weluladiwaduasiodofiviugs

(Advanced Plant Cell and Tissue Technology)
welulaBiaddn itugs

(Advanced Animal Cell Technology)
Jmnssuilede

(Tissue Engineering)

NeIng1seiuleag

(Cell Based Toxicology)
nguvnalulagyuall
weluladinssdanmdugs

(Advanced Biocatalyst Technology)
wialuladnediuesdinin

(Biopolymer Technology)
nguivmaluladdaninnisinens niwensuazdunnday
wmaluladinminudandey

(Environmental Biotechnology)
nsmumlsafitdeTiidugs

(Advanced Biological Control of Plant Pathogens)

Uuin1snismivaulsaiemeVisTugs

(Advanced Biological Control of Plant Pathogens Laboratory)

NsgogaaIeuarMINUNANINEWINGRUAILTITT
(Biodegradation and Bioremediation)
wuAmes lawau1Un

(Bacteriophage Therapy)

upa. 2

3(2-3-4)

3(2-3-4)

2(2-0-4)

3(2-3-4)

3(2-3-4)

2(2-0-4)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1(0-3-0)

3(3-0-6)

3(2-3-4)
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NENIWIVMALULAETININGATIMNTTULAZWAIUTINN

613561  wialuladmstioatidedugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)

613562  AMUAMITILaZALULAINAIIUTININ 3(3-0-6)
(Bio-energy Technology and Progress)

613 563  inAlulaBiadideinasgdurie 3(3-0-6)
(Microbial Fuel Cell Technology)
NFUIVINITUINIGT  NITIANTUALNITATUANAMAIN

613571 ninddunsdywazssianalulagiinin 2(2-0-4)
(Intellectual Properties and Business in Biotechnology)

613572 ANSIANSHALAIVANEAITOUAT Y 3(3-0-6)
(Management and Control of Hazardous Substances)

613573  93391UTTAMLAz3UsTIHluMWITEAumAluladtIn W 2(2-0-4)
(Ethics and Morality in Biotechnological Research)
ngu3vdu «

613581  LSesdmanznamalladTanm 1(0-2-1)
(Selected Topics in Biotechnology)

gndinus @aniieusin) 20 wiein

613694  Angfinud fAandiguwin - 20 wuaede
(Thesis)

LN

5183v109AU S1uau 8 miedin Ussneuseegivselul

613 501  walulagTinnsmads 3(3-0-6)
(Contemporary Biotechnology)

613502  suleuititedugimnanaluladdanm 3(3-0-6)
(Advanced Research Methodology in Biotechnology)

613691  dunumiamalulagdinin 1 1(0-2-1)
(Seminar in Biotechnology 1)

613 692  dunumamAluladdinin 2 1(0-2-1)

(Seminar in Biotechnology i)
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613 512

613 513

613 514

613 515

613 516

613 517

613 518

613 519

613 521

613 522

613 523
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NEUIVIIAIMNTIUAGAS

Amnssuiadfanndugs

(Advanced Biochemical Engineering)
ﬂﬁﬁ’amﬁmﬂﬁmﬂﬁ%’smw%uga

(Advanced Biochemical Engineering Laboratory)
nszvIuNmamalulafinindugs

(Advanced Biotechnological Processes)
nszurumsUaneimaneldladfanin
(Downstream Processing in Biotechnology)
UfTRnsnszuumsUaetmanalilaTanm
(Downstream Processing in Biotechnology Laboratory)
weluladuruie

(Membrane Technology)
UitRnsmeluladusiude

(Membrane Technology Laboratory )
NFOUMITANYININLAQMANNTTH

(Industrial Drying of Biomaterials)
UURNIINITRULIIANTINWLTIAAmNTTY
(Industrial Drying of Biomaterials Laboratory)
naudvImMamalulagdluananaziugifningsy
IgmansTinmezduiaduasiuanadugs
(Advanced Cellular and Molecular Bioscience)
wialulaggu

(Gene Technology)

Buvn

(Gene Therapy)
Frmenluanadugslunisuiulgaiugiio

(Advanced Molecular Biology in Crop Improvement)

upa. 2

2(2-0-4)

1(0-3-0)

3(3-0-6)

2(2-0-4)

1(0-3-0)

2(2-0-4)

1(0-3-0)

3(3-0-6)

1(0-3-0)

3(3-0-6)

3(3-0-6)

2(2-0-4)

2(2-0-4)
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1Assas9v0InIAtaAadn

(Nucleic Acid Structure)
nquivmaluladivaduaniioibo
weluladiwaduasiodofiviugs

(Advanced Plant Cell and Tissue Technology)
welulaBiaddn itugs

(Advanced Animal Cell Technology)
Jmnssuilede

(Tissue Engineering)

NeIng1seiuleag

(Cell Based Toxicology)
nguvnalulagyuall
weluladinssdanmdugs

(Advanced Biocatalyst Technology)
wialuladnediuesdinin

(Biopolymer Technology)
nguivmaluladdaninnisinens niwensuazdunnday
wmaluladinminudandey

(Environmental Biotechnology)
nsmumlsafitdeTiidugs

(Advanced Biological Control of Plant Pathogens)

UfuRn1snsmivaulsANyR e IsTuas

(Advanced Biological Control of Plant Pathogens Laboratory)

NsgogaaIeuarMINUNANINEWINGRUAILTITT
(Biodegradation and Bioremediation)
wuAmes lawau1Un

(Bacteriophage Therapy)

upa. 2

3(2-3-4)

3(2-3-4)

2(2-0-4)

3(2-3-4)

3(2-3-4)

2(2-0-4)

3(3-0-6)

3(3-0-6)

3(3-0-6)

1(0-3-0)

3(3-0-6)

3(2-3-4)
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NENIWIVMALULAETININGATIMNTTULAZWAIUTINN
welulaBnistinindetugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)
AMUAMINTILaZIALULABNAIUTIN N 3(3-0-6)
(Bio-energy Technology and Progress)

welulafiwaditomaniuras 3(3-0-6)
(Microbial Fuel Cell Technology)

NFUIVINITUINIT N1TIANITUALNTAIUANAMNIN
nindaunadayguazgsianalulagdinm 2(2-0-4)
(Intellectual Properties and Business in Biotechnology)
NIIANTUALAIUANFITOUATY 3(3-0-6)
(Management and Control of Hazardous Substances)

255910 TMLeE 3 UsTSHluMWITEAuAlula BTN 2(2-0-4)
(Ethics and Morality in Biotechnological Research)

ngu3vdu «

SosdmamgnamalladTanm 1(0-2-1)
(Selected Topics in Biotechnology)

[V

N9 1UnAN19198 2L sUTIBIFUEDNVDIEIVIIVIDU ¢ NIDAMLIVIDU N3

Tuvazuenan1tu TneniuAuiIugaUYTINIAIT AUl AS TN N

v Y a a0 a 1 1 a
N1SAUAANDEATY (UANEULNI) 6 KRUIBNE

613 695

A1SAUAIDATY JAnNeuwn 6 Nuwhn

(Independent Study)
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3.1.4  WHUNSANEN
3.1.4.1 uwRuAuwuUn 1
W 1 mensAnend 1
WAV Fosre3m FIUIURUWAR
(u-U-w)
613 501 | walulagvinmsanas 3%(3-0-6)
613 691 | duuumiamalulagainin 1 1%(0-2-1)
FTIUIUY -
W 1 mensAnendt 2
eIV Fosre3m FIUURUWAR
(u-U-u)
613 692 | dunumamalulagyinin 2 1*(0-2-1)
613 693 | Anednus EaAnieuvin) 12
FITIUIUY 12
i 2 anansinend] 1
eIV Fosreiwn FIUURUWAR
(u-U-w)
613 693 | Anednus Eaniieuvn) 12
FITIUIUY 12
I 2 mensinendi 2
WU Fosreiwn FIUURUWAR
(u-U-w)
613 693 | Ieinus @aAnAguinn) 12
I 12

“infnwdetsamndeu Inglitumheinsududuniiwemangns uagldnanisfinuilu S
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3.14.2 uWunLuun2

UM 1 aansaned 1

upa. 2

WAV Fosre3 FIUIURUWAR
(u-U-w)
613 501 | malulagvinmsanas 3(3-0-6)
613 502 'izLﬁauiﬁiﬁe%uquwmwiuia@%amw 3(3-0-6)
613 691 | duuumanalulagyinin 1 1(0-2-1)
A aen a
FTIUIUY 11
W 1 mensAnendi 2
eIV Fosre3m FIUURUWAR
(u-U-u)
613 692 | duuumiamalulagyinin 2 1(0-2-1)
Auaen 4
FITIUIUY 5
I 2 mensAnendt 1
eIV Fosreiwn FIUURUWAR
(u-U-w)
613 694 | Inednus @aniieuvn) 10
FITIUIUY 10
I 2 mensinendi 2
WU Fosreiwn FIUURUWAR
(u-U-u)
613 694 | Ineinus @aAnAguinn) 10

I

10
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3.1.4.3 WU ¥
I 1 mensAnendt 1
WAV Fosre3 FIUIURUWAR
(u-U-w)
613 501 | malulagvinmsanas 3(3-0-6)
613 502 'izLﬁauiﬁiﬁe%uquwmwiuia@%amw 3(3-0-6)
613 691 | duuumiamalulagvinin 1 1(0-2-1)
Auaen 5
FTIUIUY 12
W 1 mensAnendi 2
eIV Fosre3m FIUURUWAR
(u-U-u)
613 692 | duuumiamalulagyinin 2 1(0-2-1)
Auaen 9
FITIUIUY 10
I 2 mensAnendt 1
eIV Fosreiwn FIUURUWAR
(u-U-w)
Auaen 8
FITIUIUY 8
I 2 mensinendi 2
WU Fosreiwn FIUURUWAR
(u-U-u)
613 695 | N1SAUAIBDATE (HAWTEULNN) 6
I 6
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3.1.5 A185UIE518IUN

613 501

613 502

613 511

613 512

wiAlulagyanwsuady 3(3-0-6)

(Contemporary Biotechnology)

Gouly: dndAnwiuwu n wuu n 1 fanamsAnwndu S wie U
nEnnsfiuguwariwunsvesnalulafanm weluladeaduaziiedo

Hyuazdnd agu@iinen Imnssuiugeans malulagdisadinin maluladdinin

nsinens eluladTanmdunndon naluladiinmgeamnssy weluladnineins

PN Na1UTININ nalulagnisndnuazuenudaiua N15UINITIANITLAE

nsmuANAMAAUmMALLlaETINmW AuATIT i analulagdinm

szileudsivedugamanalulagdanin 3(3-0-6)
(Advanced Research Methodology in Biotechnology)

¥

NUITEAUmMAlLLaYINIIN A15IUNY NTAUAUTEYR Warn1silgudalaus
159719398 TURBUVBINTIINNWITY N15IATIERRELUTEUIANANITITULTIAMNINLAE
WeUSuna ndnadfluaideniingiemans n1sidguunanuLaznsitauslunUssyy

a aa 6 av Y aa
MIVINTT AIANNANAUIAUNALULaETININ

Aensaualidanmeugs 2(2-0-4)
(Advanced Biochemical Engineering)
Snwapwarmsvinueseiesfnsniduadlunssuiunismindugs wdnnis
wazwaliAn19aTine) FTualiuayianssuailun1susulnandudiiasnandnves
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meansainvdn MsihsenukazinauenuITesunsrdntuas

UftiRn1sdranssualitanmeugs 1(0-3-0)
(Advanced Biochemical Engineering Laboratory)
Jyafuieu : 613 511 Amnssuiaddanmdugs

o1 ssunsauiula

v I3

Ao (% r_?{l a a a 5
nsNAaRINFuRWSAUen Wi 613 511 AFINIIUANYINTNVUEN
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nszurumamamalulaianmaugs 3(3-0-6)
(Advanced Biotechnological Processes)
nszvruMstugamesiumaluladiinmituszgndldlunisifouasnisuaslu
SeAURRAIVINGTI NTEUINNITTINN wBaSugigaamnssuielussfulsaduay
N3rUIUNMIHES M3ldaouieaslunTeuIUNITNINFININ AITHAIUINTEUIUNITN

I NeY19E98UY

A52UAUNT5UA8UI M aNALUlaE TN 2(2-0-4)
(Downstream Processing in Biotechnology)
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a o
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UftRnanszuauntsUarethmanelulagdaniw 1(0-3-0)
(Downstream Processing in Biotechnology Laboratory)
Jdaduron © 613 514 nszuaunsuasiimaneluladiinm
p1aseunsouiula
nMsneaesidutusuowludn 613 514 nszuaunsUanetimg
wAalulagyinin

AN15ANYIUBNEDIUT

walulagusiuga 2(2-0-4)
(Membrane Technology)
Y Al o Y v v oA
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UftAnsmaluladusude 1(0-3-0)
(Membrane Technology Laboratory)
dadunew: 613 516 waluladuiude

913 sUNIauAula

NsNAaBINaUNUS UM ILWAY 613 516 wAluladuHuLe

N1OULKITANTINTNLTIDAFINNTTH 3(3-0-6)
(Industrial Drying of Biomaterials)

ndnn1siugUTesNITaUNAY auliviegamwaranivessruUaINIA-1h LA
vosufetu mnutuanna saunamansn1seuLiiuasnsIasmIsAdamanives
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U URN1IIN150ULAITANTINNLTIAFIANTTH 1(0-3-0)
(Industrial Drying of Biomaterials Laboratory)
UeAUARY : 613 518 NMIBULIIIAATININLTIRAAMNTTY

91 3sunauiula

Ao o sw d’lj a Y o IS a
NsNeaeIduNusAUlenluivn 613 518 NIIDULIIFRATINTNLTIATIVINT TN

Ingmansdinnsziueauazlaanatugs 3(3-0-6)
(Advanced Cellular and Molecular Bioscience)
ANTIVBUYAAUATIATOINBIUNTITENEITULYAE aTIINYT N1SE1ENn

Payan1aiugnIsy lassadawagnisvinnuveswadlunisfauenuazds 1ulusiu 97

= 7
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walulagdu 3(3-0-6)

(Gene Technology)
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(Gene Therapy)
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(Advanced Molecular Biology in Crop Improvement)

lasasevadansugnIsuiivasourauiladua Aaslsnanas uazlulnnounse

Y v
a = o

Tuduse q veafiy nsAnwIpsAUsEnauvesduluiy Fudruvesiidueiinugniy

o A ::4' Y va & < a s =
LLagﬁqiwuﬁqﬂiiﬂJmanqiﬂLﬂa@u‘ml@ ﬂ']ﬂﬂj@lLE)'ULE)Lﬂi@ﬂwﬂqﬂmﬂia‘UQQN@qiLawLL@aW L9

=

a & Al o v e a ) Y d' Y I v A
LNLLaan LLEW@'WL@W@Iuﬂqiﬂi‘UUE\‘]‘WUﬁqW% ﬂ']TVT']@LE)‘ULE)Lﬂi@ﬂﬁll']ﬁﬁ/]')']ﬂﬁ]')@%lﬂaEJ‘LW]

o w 1 a A

d1fgmansineng nsadaunuiduuulasiulen n1sdadeduninediedlndfiduie
A3 0INUELALN1TITLATRIMIEWAIUTIETUN TAALADNITUGHY NUNIUITIUNTIY

= a ¢ aov o a %] o 9] aa & o v sa
ﬂﬂ‘i‘!ﬂLLagjLﬂﬁqg'ﬁﬂqujgﬂEJV]Lﬂﬂ?%@\iﬂUﬂW{LsﬁLﬂﬂI‘lﬂaEJ@L@UL@IUﬂ'ﬁﬂﬁUUE\TWUﬁW%

]



613 525

613 531

613 532

613 533

30 upa. 2

Tassad19vaansationasn 3(2-3-4)
(Nucleic Acid Structure)
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(Advanced Plant Cell and Tissue Technology)
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(Advanced Animal Cell Technology)
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(Cell Based Toxicology)
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(Advanced Biological Control of Plant Pathogens)
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(Advanced Wastewater Treatment Technology)

Snunuazunasinde deudeu %y’umaumiﬂﬂﬁmﬁwLﬁaiuizé’uqmamﬂsiu
WAL YT szuumsthimidelpesyuufiRmsmenienm mssdnngnouuuusig 4
AsBUARUNITUENUAENITTIAEnoulgIEIMaATiuazn1sam nsthdaiidelag

ATLUIUNTNNTINNLUUTR N AkaLZ 1S 91N1ATUSEUULYIUADELALTZUULNIEU URD

S ea o o/

Aanane matianisnsivaeuqdunsdnviuadelussuuiide ssuunsiiueInia 6
Ufnsaithdmindeuvusing @ szuunsthdmindeniaaiasounqunisgadudie
Asuou nMsuanUasuysey msuenseliiiuazidenseuazeealudawuuiundy
U398 N19AIUIULAZNITODNLUUITTUUUITALUUAN 9

I~ = A
UNFANWIUBDNADIUN

AMUAINTNLALNA UL AT WA UTININ 3(3-0-6)
(Bio-energy Technology and Progress)
WAlUlaELAZNTEUIUNSRUTENINAIEITN1SN1TANE wilkasT35v09Tu7a
Jaourwndenienisinensuazsgnannssu i lundinudinm wamdavaiuazuia
dy a U a U b4 = U a
LWDNAY WAIIUTINIANAINUANULSBUINNTIALRensEUIUNSAUnU Tnlsladawasy
WAATALATU NISHANLIANDTRALAUNITNIIN WHALYEDd tUlaAWA LAATININ  WAIIU
lalasiau nandusnaeslilagNanIsNUYDINITHAANGIIUAIS 9 N1TULEUDLAY

FYIIUANUNNINLINTUNEI9TU

=

walulagiraatawasgaunsd 3(3-0-6)

9
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(Intellectual Properties and Business in Biotechnology)
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(Seminar in Biotechnology )
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(Seminar in Biotechnology II)
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(2014). Drying of Rice. In Handbook of Industrial Drying, 4" ed. Mujumdar, A.S., Ed., CRC
Press, New York, USA, pp. 595-608.
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Engineering Quarterly. DOI:10.2298/CICEQ160511004S. (ISI)

Chemical Industry & Chemical

Wichienchot, S., Hemmaratchirakul, J., Jaturapiree, P. and Pruksasri, S. (2016). “Evaluating
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2241-2248. (Scopus)
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Pruksasri, S., Nguyen, T.-H., Haltrich, D. and Novalin, S.(2015). “Fractionation of a
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Separation and Purification Technology. 151: 124-130. (ISI)
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Symposium on Agricultural and Food Chemistry, 151-156. Montien Riverside, Bangkok,
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Suwattana Pruksasri. (2015). Dairy stream lactose fractionation/concentration using polymeric
ultrafiltration. In Membrane Processing for Dairy Ingredient Separation, Kang Hu and

James Dickson (eds), Wiley-Blackwell, p.35-66.
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Phongtongpasuk, S., Poadang, S.and Yongvanich, N. (2016). “Environmental-friendly

method for synthesis of silver nanoparticles from dragon fruit peel extract and their

antibacterial activities” Energy Procedia. 89: 239-247. (Scopus)

Phongtongpasuk, S., and Poadang, S. (2016). “Green synthesis of silver nanoparticles using

pomegranate peel extract” Advanced Materials Research. 1131: 227-230. (Scopus)
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(Scopus)
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method for synthesis of silver nanoparticles from dragon fruit peel extract and their
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613 501

613 502

613 511

613 512

190 uAd. 2

Contemporary Biotechnology

Basic principles and development of biotechnology. Plant and animal
cell and tissue technology. Molecular biology. Genetic engineering. Biocatalyst
technology. Agricultural biotechnology. Environmental biotechnology. Industrial
biotechnology. Bioresource technology. Bio-energy. Fermentation and separation
technology. Management and quality control in biotechnology. Advancements

in biotechnology.

Advanced Research Methodology in Biotechnology

Biotechnological research. Planning, searching and research proposal
writing. Steps in research. Qualitative and quantitative analysis and processing of
research results. Statistical principles in scientific research. Article writing and

presentation for academic conferences. Research publications in biotechnology.

Advanced Biochemical Engineering

Characteristics and functions of biochemical reactors in advanced
fermentation process. Principles and techniques in microbiology, biochemistry
and chemical engineering in the improvement of fermented products and yields
in research and industrial levels. Microbial metabolism. Fermentation kinetics.
Optimization. Mathematical modeling. The estimation and prediction of
fermentation. Reports and presentations of research articles on advanced

fermentation.

Advanced Biochemical Engineering Laboratory
Experiments related to the contents of 613 511 Advanced Biochemical

Engineering.



613 513

613 514

613 515

613 516

613 517
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Advanced Biotechnological Processes

Advanced processes in biotechnology applied in research and industrial
production. Bioprocesses for industrial products at cellular and process level.
Computer application in biotechnological processes. Sustainable development of

biological processes.

Downstream Processing in Biotechnology
Principles, methods and instruments used in separation of products from
fermented broth. Cell separation and breakage. Product purification techniques.

Recent topics in bioseparation. Case studies.

Downstream Processing in Biotechnology Laboratory

Experiments related to the contents of 613 514 Downstream Processing in
Biotechnology.

Field trips required.

Membrane Technology

Principles and theories used in separation and concentration processes
utilizing synthetic membranes. Types, preparation, cleaning and storage of
synthetic membranes. Membrane characteristics. Equipment, apparatus and

application of synthetic membrane process in various industries.

Membrane Technology Laboratory

Experiments related to the contents of 613 516 Membrane Technology.



613 518

613 519

613 521

613 522
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Industrial Drying of Biomaterials

Fundamental principles of drying. Thermodynamic properties of air-water
system and moist solids, equilibrium moisture content, kinetics of drying and
mathematical simulation of drying process. Classification and selection of dryers
in industries. Dryers for solid particles, slurries and sheet materials. Drying of

selected biomaterials. Innovations in drying technology.

Industrial Drying of Biomaterials Laboratory
Experiments related to the contents of 613 518 Industrial Drying of

Biomaterials.

Advanced Cellular and Molecular Bioscience

Overview study of cells and tools used in cell research. Molecular
biology. Flow of genetic information. Structures and functions of cells in protein
sorting and transport. Bioenergetics and metabolism. Cell movement. Cell surface
and nucleus. Cell signaling. Cell cycle and cell death. Cell differentiation.

Molecular phylogeny and evolution. Biodiversity.

Gene Technology

Principles of gene technology. Overview of molecular genetics.
Techniques in molecular genetics including gene cloning, polymerase chain
reaction based technology, DNA fingerprinting, nucleic acid hybridization, and
tools for gene analysis. Application of gene technology to modify genetic
materials of microbial, plant and animal cells for improvement on yield of
biological substances. Applications of genetically modified organisms in

agriculture, agro-industry, environment and medicine.



613 523

613 524

613 525
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Gene Therapy

Molecular basis of genes and causes of diseases. Principles of gene
therapy in treatment of diseases. Current study approaches in gene transfer and
gene expression analysis. Types of gene delivery vehicles. Development of
vehicles to deliver therapeutic genes, oligonucleotides, or RNAI into target cells.

Gene therapy and cell therapy. Research and future trends in gene therapy.

Advanced Molecular Biology in Crop Improvement

Plant genetic material structures including nucleus, chloroplast, and
mitochondria in various parts of plants. Study on components of plant genes,
repeated (satellite) DNA, and plant transposable genetic materials. Use of DNA
markers including RFLP, AFLP and RAPD in crop improvement. Identification of
DNA markers that are closely linked to important genes in agriculture. Gene
mapping on chromosome. Genetic engineering of genes closely linked to DNA
markers and use of those markers in the selection of crops. Review, study and
analysis of research papers related to use of DNA technology in crop

improvement.

Nucleic Acid Structure

The building blocks and structures of DNA. RNA structure and diversity.
DNA-DNA recognition including DNA triple helices, G-quadruplexes and DNA
junctions. Types of synthetic agent and DNA recognition, including intercalation,
groove DNA binding and covalent binding. Methods of studying nucleic acid
structure via analytical instrument. New research related to the field. Laboratory

related to various techniques.



613 531

613 532

613 533

613 534
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Advanced Plant Cell and Tissue Technology

Principles of plant genetic engineering. Plant gene transfer methods and
transgenic plant analysis. Plant gene regulation and expression study. Application
of recombinant DNA technology for production of products from plant cells and

tissues. Laboratory exercises related to various techniques.

Advanced Animal Cell Technology

Biology of animal cell culture. Genetic engineering of animal cells. Post-
translational modification of recombinant proteins. Applications of animal cell
culture for therapeutic protein production. Hybridoma and monoclonal antibody
production. Animal cell culture in industry. Quality control of biotechnological

products.

Tissue Engineering

Principles of tissue engineering, cell building blocks and cell types.
Biomaterials, synthesis and modeling of scaffolds. Cytotoxicity and genotoxicity
assay of scaffolds. Cell cultivation and bioreactors. Assay of differentiated cells
and their functions. Presentations and discussions on research topics related to

tissue engineering. Laboratory exercises related to various techniques.

Cell Based Toxicology

General knowledge of toxicology. Biology of cells. Cell types and cell
cultivation as model for toxicity studies. In vitro toxicokinetics. Principles and
assay methodology of toxicity in cells. Toxicity in structures, membrane,
proliferation, cell metabolism and cell genotoxicity. Criteria and validation for
safety assessments of biotechnological products. Presentations and discussions
on research topics related to cell based toxicology. Laboratory exercises related

to various techniques.
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613 542
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613 552
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Advanced Biocatalyst Technology

Novel technologies for the preparation and characterization of
biocatalysts in individual biocatalysts and cells. Use of biocatalysts in non-
conventional conditions. Biocatalyst in clean technology. Study of reaction

mechanisms.

Biopolymer Technology

Characteristics, structures, properties and applications of biopolymers and
plastics from various microbes. Production processes, raw materials, analysis and
testing of biopolymers and plastic properties. Technology in the processing of
biopolymers and plastics. Presentations and discussions on research topics

related to biopolymer and microbial plastics.

Environmental Biotechnology

Definition and scope of environmental biotechnology. Management and
application of biotechnology in reusing municipal, agricultural and industrial
biotechnology residues. Application of current biotechnological techniques in

solving environmental problems. Environmental policies and laws.

Advanced Biological Control of Plant Pathogens

History, development and factors related to biological control of plant
pathogens. Production of antibiotic substances by antagonistic microorganisms
and their mode of actions. Strain improvement technology for antagonistic
microorganisms. Formulation of bioproducts from bacteria and fungi.
Applications of antagonistic microorganisms to control of plant pathogens in

organic agricultural systems.

Advanced Biological Control of Plant Pathogens Laboratory
Experiments related to the contents of 613 522 Advanced Biological
Control of Plant Pathogens.



613 554

613 555

613 561
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Biodegradation and Bioremediation

Relationship between microorganisms and degradation of contaminants in
the environment. Factors affecting biodegradation and biodeterioration.
Biodegradation of contaminants. Biodeterioration and its prevention. Elimination
of heavy metals. Contaminant elimination technology. Analytical techniques.
Presentations and reports on the advancements of biodegradation and

bioremediation. Environmental Bioremediation of Royal Initiative Project.

Bacteriophage Therapy

History and development of phage therapy. Life cycles of bacteriophages.
Mechanisms of bacteriophage infection of bacteria. Bacteriophage classification.
Bacteriophage control of pathogenic bacteria. Applications of bacteriophage
therapy in livestock, food industry and medicine. Presentations and discussions on
research topics related to phage therapy. Laboratory related to various

techniques.

Advanced Wastewater Treatment Technology

Wastewater sources and characteristics. Contaminants. Municipal and
industrial wastewater treatment processes. Wastewater treatment systems
utilizing physical operational system. Various methods for sediment removal,
including separation and chemical and physical flocculation. Wastewater
treatment in aerobic and anaerobic biological processes within suspension and
media attachment systems. Novel microbial determination techniques in
treatment systems. Aeration systems. Various types of wastewater treatment
reactors. Chemical wastewater treatment systems, including carbon absorption,
ion exchange, electrodialysis and reverse osmosis. Factors, calculations and
operational designs for various waste treatment systems.

Field trips required.



613 562

613 563
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Bio-energy Technology and Progress

Technology and conversion processes utilizing physical, chemical and
biological methods to convert biomass, agriculture and industrial waste into bio-
energy, liquid and gaseous fuels. Biomass energy. Biomass heat energy produced
by combustion, pyrolysis and gasification processes. Production of alcohols by
fermentation. Gasohol. Biodiesel. Biogas. Bio-hydrogen energy. Energy production
byproducts and impacts. Presentations and reports on advancements in bio-

energy.

Microbial Fuel Cell Technology

Definition and principles; mechanism of chemical, bio-chemical and
microbial fuel cells. Bio-electrochemical systems, microbial fuel cells (MFC) and
application of microbial electrolysis cells (MEC) for hydrogen gas production.
Types and sources of microorganisms, enzymes and mediator substances for
microbial fuel cells. Instruments and compositions of MFC. Types and efficiency
of electrodes and membrane mediators. Factors and optimal conditions.

Applications and benefits of MFC. Presentations on MFC advancements.

Intellectual Properties and Business in Biotechnology

Types, importance, regulations and laws governing intellectual properties.
Patents, copyrights, trademarks and ownership. Searching and utilization of
intellectual property database. Intellectual property research planning and
commercialization. Basic  business  plan  writing. Biotechnology  business

operations.
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Management and Control of Hazardous Substances

Chemical and biological waste characteristics. Impacts of hazardous
substance utilization in factories, establishments and agriculture. Measures and
protocols for receiving, separation, storage and transport from source to site.
Methods, instruments and techniques for control and complete eradication of

hazardous substances.

Ethics and Morality in Biotechnological Research

Understanding of bioethics. Impacts of research and advancement in
science and technology upon life, society, culture, environment and economy.
Law and management for controlling, solving or reducing problems resulting from

research. Professional ethics and good practices for biotechnologists.

Selected Topics in Biotechnology
Literature review and presentations topics of interest in biotechnological

research and class discussions on the topics.

Seminar in Biotechnology |
Presentations and discussions on topics of interest in biotechnological

research topics in Thai and English.

Seminar in Biotechnology I
Presentations and discussions on topics of interest in biotechnological

research topics in English.

Thesis

Biotechnological research under the supervision of a thesis advisor.

Thesis

Biotechnological research under the supervision of a thesis advisor.

Independent Study

Biotechnological research under the supervision of an advisor.



