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383U
1. uu 1.1
1.1 Avduuyn (idunidaeia) Janansanendu S/U $1uu 4 wihein

613 791 dunumamaluladdiniw 1 1(0-2-1)
(Seminar in Biotechnology 1)

613 792 dunumamalulagdinin 2 1(0-2-1)
(Seminar in Biotechnology 1)

613 793 Funumamaluladdinin 3 1(0-2-1)
(Seminar in Biotechnology IIl)

613 794 dunumaalulagdinin 4 1(0-2-1)
(Seminar in Biotechnology IV)

1.2 Ing1inus @andieuwin) 48 widaenin

613 891 Ingdnus fAAgumn 48 denn
(Thesis)
2. BWUU 2.1
2.1 AY1U9AU U 6 ein Usenausmesiedusase Ul
613 501 walulagIIn IngInady 3(3-0-6)

(Contemporary Biotechnology)
613 502 seileudTidetuamanalulagdinn 3(3-0-6)
(Advanced Research Methodology in Biotechnology)

2.2 3vduuun (Qadunidqein) Tanansanwiduy /U $1uiu 3 wihedn
613 791 dunuamalulagainin 1 1(0-2-1)
(Seminar in Biotechnology 1)
613 792 dunuamalulaginin 2 1(0-2-1)
(Seminar in Biotechnology 1)
613 793 Funumanaluladdinin 3 1(0-2-1)

(Seminar in Biotechnology i)

2.3 Jynden swlitdesndt 6 mhednlnglidendnumanneindelud
(1) AFUAIYIANTTUAAAS

613 511 Amnssuiedidinndugs 2(2-0-4)
(Advanced Biochemical Engineering)

613 512 UftRmsimnssuaifanmdugs 1(0-3-0)
(Advanced Biochemical Engineering Laboratory)

613 513 nszvIunMTmMamelulaBinndugs 3(3-0-6)
(Advanced Biotechnological Processes)

613 514 nsvuunsUmeimeamalladiinam 2(2-0-4)
(Downstream Processing in Biotechnology)
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613 515 UfTRnsnsruIumsUarstmanalulaianm 1(0-3-0)

(Downstream Processing in Biotechnology Laboratory)

613 516 waluladuniuie 2(2-0-4)
(Membrane Technology)
613 517 UURNsmAlulaguruLEe 1(0-3-0)

(Membrane Technology Laboratory)

613 518 NFRULITANTININLTRAAIINTTY 3(3-0-6)
(Industrial Drying of Biomaterials)

613 519 U USSR UL TaRTIN LT IRMaN NI 1(0-3-0)

(Industrial Drying of Biomaterials Laboratory)

(2) nguAIBIMIFIULENALBLNUTIAINTIY

613 521 Ingenanitinmsyiuigaduaslinanadugs 3(3-0-6)
(Advanced cellular and Molecular Bioscience)

613 522 wialulagiu 3(3-0-6)
(Gene Technology)

613 523 gudndn 2(2-0-4)
(Gene Therapy)

613 524 Frmeluanatugdlunisuiulgaiusivg 2(2-0-4)

(Advanced Molecular Biology in Crop Improvement)
613 525 1A59as9vInIntianasn 3(2-3-4)
(Nucleic Acid Structure)

(3) nguivImamalulagvasvaduaziilows

613 531 weluladisaduazidaBofindugs 3(2-3-4)
(Advanced Plant Cell and Tissue Technology)

613 532 weluladiwaddnitugs 2(2-0-4)
(Advanced Animal Cell Technology)

613 533 Yennssuilede 3(2-3-4)
(Tissue Engineering)

613 534 N Inensziuigas 3(2-3-4)

(Cell Based Toxicology)

(@) nguivimalulagduad
613 541 weluladiasatanintugs 2(2-0-4)
(Advanced Biocatalyst Technology)
613 542 wialulagwedluesdinw 3(3-0-6)
(Biopolymer Technology)
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(5) nguIvmAlulagyanmnisinens nineinsuazianindau

613 551 waluladtnmdudseden 3(3-0-6)
(Environmental Biotechnology)

613 552 nsmunslsafiafed s tugs 3(3-0-6)
(Advanced Biological Control of Plant Pathogens)

613 553 UftRn1snsmuaslsefiafed it dugs 1(0-3-0)
(Advanced Biological Control of Plant Pathogens Laboratory)

613 554 msdenameuaznsHuanauandeudie i 3(3-0-6)

(Biodegradation and Bioremediation)
613 555 wuAwaslamau1dn 3(2-3-4)
(Bacteriophage Therapy)

(6) NGNIVINAIUTATYININYATIMNTTULASWAIIIUYINN
613 561 weluladnsthimidetugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)
613 562 AMUNTIMELaZIATUTABNASLTIN N 3(3-0-6)
(Bio-energy Technology and Progress)
613 563 welulafleadifomaniunse 3(3-0-6)
(Microbial Fuel Cell Technology)

(7) NFUIAVINITUINNT NTIANITUALAITAIUANANN
613 571 nindaumelaauazgsiamalulagdinn 2(2-0-6)
(Intellectual Properties and Business in Biotechnology)
613 572 MIIANTUALATUANFITOUATY 3(3-0-6)
(Management and Control of Hazardous Substances)
613 573 95381UTTALe U TNl uWITaAumAlulaETIn W 2(2-0-8)
(Ethics and Morality in Biotechnology Research)

(8) nguAvIdue
613 581 BRIRARNIEGNALUlagTIN N 1(0-2-1)
(Selected Topics in Biotechnology)

2.4 Anendwus Jaisuwin) 36 miieia
613 892 Ingdnus AU 36 U8R
(Thesis)
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3. WUU 2.2
3.1 Syeu S1uau 6 miheRn Uszneumesieindelud
613 501 wialuladdinmsmaiy 3(3-0-6)
(Contemporary Biotechnology)
613 502 sufouisitedugmanaluladanm 3(3-0-6)
(Advanced Research Methodology in Biotechnology)

3.2 Avduuun Qaifumhein) Tanansenwudu S/U s1uiu 6 wiheia

613 791 dunumamaluladdinin 1 1(0-2-1)
(Seminar in Biotechnology 1)

613 792 dunumamalulagdinin 2 1(0-2-1)
(Seminar in Biotechnology II)

613 793 dunumanalulad®dinin 3 1(0-2-1)
(Seminar in Biotechnology IIl)

613 794 dunumaalulag@dinin 4 1(0-2-1)
(Seminar in Biotechnology IV)

613 795 dunumamalulagdinin 5 1(0-2-1)
(Seminar in Biotechnology V)

613 796 Funuanalulad®dinin 6 1(0-2-1)

(Seminar in Biotechnology VI)

3.3 3y dan Iuuliteenii 18 miheislaglidend@nyiainsieivseludl
(1) nguivIAINTIUAEAAS

613 511 Amnssuiedidinimdugs 2(2-0-4)
(Advanced Biochemical Engineering)

613 512 UTRnAmnssmelitanmdugs 1(0-3-0)
(Advanced Biochemical Engineering Laboratory)

613 513 nszvIuMTmMamealulaBinndugs 3(3-0-6)
(Advanced Biotechnological Processes)

613 514 nsvurumsUaeimameluladiinamn 2(2-0-4)
(Downstream Processing in Biotechnology)

613 515 UfTRnsnsruIumsUaretmanaluladanm 1(0-3-0)
(Downstream Processing in Biotechnology Laboratory)

613 516 wealuladuriuie 2(2-0-4)
(Membrane Technology)

613 517 UjtRnsmeluladusiude 1(0-3-0)
(Membrane Technology Laboratory)

613 518 NFOUWALTANTINNBSQREVNTTY 3(3-0-6)

(Industrial Drying of Biomaterials)
613 519 UFURANIINTRULTTARYIN AR MNTTY 1(0-3-0)

(Industrial Drying of Biomaterials Laboratory)

wangnsuTv e iadin a1vivinaluladyinim mdnansuiuuss wa. 2561) Wi 6



(2) nguIvIMFIUaNaLATNUTIAINTTY

613 521 Ingenanitinmsyiuigaduaslinanadugs 3(3-0-6)
(Advanced cellular and Molecular Bioscience)

613 522 wialulagdu 3(3-0-6)
(Gene Technology)

613 523 gudndn 2(2-0-4)
(Gene Therapy)

613 524 Trmelaanatugdunisusulgaiusity 2(2-0-4)

(Advanced Molecular Biology in Crop Improvement)
613 525 1As9@519989nsAIAaDN 3(2-3-4)
(Nucleic Acid Structure)

(3) nguivImamalulagvasvaduaziilows

613 531 weluladiwaduszideBofivdugs 3(2-3-4)
(Advanced Plant Cell and Tissue Technology)

613 532 weluladiwaddnitugs 2(2-0-4)
(Advanced Animal Cell Technology)

613 533 Jmnssuiioide 3(2-3-4)
(Tissue Engineering)

613 534 NeIneszAuLad 3(2-3-4)

(Cell Based Toxicology)

(@) nguivunalulagyiadl
613 541 weluladiasatanindugs 2(2-0-4)
(Advanced Biocatalyst Technology)
613 542 walulagwediuasdinin 3(3-0-6)
(Biopolymer Technology)

(5) nguAvimaluladdanmnisinens nineinsuaziawnday

613 551 wealuladinmdudando 3(3-0-6)
(Environmental Biotechnology)

613 552 nsmunulsnfivdedistugs 3(3-0-6)
(Advanced Biological Control of Plant Pathogens)

613 553 UftRmsmanunulsafiafedisduge 1(0-3-0)
(Advanced Biological Control of Plant Pathogens Laboratory)

613 554 nstosaaneuayHuan A IAdoNF T3 3(3-0-6)
(Biodegradation and Bioremediation)

613 555 wuaaslomatidn 3(2-3-4)
(Bacteriophage Therapy)
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(6) naNIVINALULATYININGATIMNTTULAZWENTUYININ
613 561 weluladnsthtnddetugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)
613 562 AMUAMINTLazAlUlaENauTIN N 3(3-0-6)
(Bio-energy Technology and Progress)
613 563 welulofleadifomanaunis 3(3-0-6)
(Microbial Fuel Cell Technology)

(7) NFUAVINITUTNT NTIANITUALAITAIUANAAN
613 571 nindgaunedyguazgsiamalulagdinin 2(2-0-4)
(Intellectual Properties and Business in Biotechnology)
613 572 NSIANTUALAIUANENTOUATIY 3(3-0-6)
(Management and Control of Hazardous Substances)
613 573 933870 TsUUa3usTILTUNWITEM WY ATLlaBTIN W 2(2-0-4)
(Ethics and Morality in Biotechnology Research)

(8) nguAnduq
613 581 SDIANINIEIVALLLAETIN W 1(0-2-1)
(Selected Topics in Biotechnology)

3.4 einus @edieuin) 48 wueia

613 891 Ingdnus fAfgumn 48 uena
(Thesis)

A3 UY5187UN

613 501 wAlulagyan s INade 3(3-0-6)

(Contemporary Biotechnology)

pdnmsuguasiawnsveanaluladanm meluladwaduanieBofivuasdng any
Frinen Amnsatusmand naluladfusedanm weluladTnmnsnuss maluladfinmdswndon
walulagTanngaairnssy walulagnine1nsdinin ndanudinim welulagnisudnuasiwenudn o
NSUTMIINNITHEE NISATUANAMAINAUWALLLABYINTN ANUATIanalulagTinn

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.
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613 502 iztﬁaﬁgﬁﬁﬂ%uqemaLwﬂiuiaﬁ‘*?nmw 3(3-0-6)

(Advanced Research Methodology in Biotechnology)

NUITEMUNALULABTININ N15IWKY NTFUAUTEYR kavnSeuTaLEUalATINITIAY
Funouvesnsihanudds malieneiiarsrnanamaifodmunmiaseiinu ndnadilunuidens
Inenmand Madeuunarauaymstiausluissgumidiving msfaninanuidesumeluladanim

Biotechnological research. Planning, searching and reseach proposal writing. Steps in
research. Qualitative and quantitative analysis and processing of research results. Statistical
principles in scientific research. Articles writing and presentation for academic conferences.

Research publications in biotechnology.

613 511 AranssuAidanIndugs 2(2-0-4)
(Advanced Biochemical Engineering)
Snwaizuaznisinnuvenaiosufnsaiduailunszuiunnindugs vdnmsuesaie

y99ad73ne1 Fuafuagimnssueilunsfuussdnfusiwasnandnvosnisninislussduidouay

NANMNTTU WILNUDATUVDIAUNTE FaUNAAIANTUBINITNIIN MsmangTingan nsasiauuusass

NMIANAAIERS NMIUTEINUALAZAIANTTAIN TN mﬁﬁﬂswmmmzﬁ’]LauaﬂﬂuﬁﬁaﬁﬂuﬂWiwﬁﬂ%uqa
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 vyields 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.

613 512 UftRnsiaansanafidanindugs 1(0-3-0)
(Advanced Biochemical Engineering Laboratory)
SvisAunou: 613 511 3minssuaiFanimiugs
oruTgunsouuly
nsvanesfidiiusiudenluin 613 511 3mﬂssumﬁ%’;mw%uqa
Experiments related to the contents of 613 511 Advanced Biochemical Engineering.

613 513 nszuaunTMamalulaBianmeugs 3(3-0-6)
(Advanced Biotechnological Processes)
nsrvaunstugameiumaluladdinmivszgndldlunisifonaznisnanlusedu

QPAMINTIY NSEUILNTTININ HARSaignamnTsITdlussiuwaduaznIsUIunsHAn msldroufiuned

Tunszuaunsmadanim. masfaLInszUmNIIITIn e edsdy
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.
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613 514 nszuaumsUaeimamaluladfann 2(2-0-4)

(Downstream Processing in Biotechnology)

wdnn1s Fensuaviedesilelunisuenndndusieanaintiingn msuenwaduaznisili
waduan windansvinllvinanAnsiuens Fdefiviuadelunisuenmadanim nadifng

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.

613 515 UfuAnIsnszuraunsuanediniamalulagdinam 1(0-3-0)
(Downstream Processing in Biotechnology Laboratory)
JrsAUnaY: 613 514 nssuIunIsUaIgdIIuneluladyinin

o19SyUNTauNUle
ASNARBINAUNUSAULHBM LIV 613 514 AszulIuMsUatguImanaluladdinin
In1sANYILNFRIUT

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

613 516 waluladusiuie 2(2-0-4)
(Membrane Technology)
vinnsuagnguiililunssuaunaenansuazmavinlidudulasusdudodaunsed via

mMsm3en Msdsuaziivinuuiudodanse audnvazwiube ta3esilogunsaitaznisuszynd

nsruruMILKuLedaaTzilugmans g o
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.

613 517 Uﬁﬂ'ﬁn'ﬁmdu‘[ﬁﬁuﬁulﬁa 1(0-3-0)
(Membrane Technology Laboratory)
Setssuneu: 613 516 waluladushudle
o19SguNTouT Ul
msnnaesiduiusAuiiomiluin 613 516 weluladusiude

Experiments related to the contents of 613 516 Membrane Technology.

613 518 N150ULAITANTININLBIAFMNT TN 3(3-0-6)
(Industrial Drying of Biomaterials)
nEnnITNUgILTRIM TN auTRvsguvmamanivesszuuamA-i wazresudedy
ATATUANAR JauNamaninseuLiLarn1TaemsAdinmansveINTEUIUMIIUNKY MILtsUszLan
uazmsidenliinieseuuridlugnaivnisy inieseuuriidmiveynaveands Tanwaudnwauzivatu way
Fanuiy NIBURATTERTININUNUTENN Tuinslrdveamalulagnisouui
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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.

613 519 UfuRn1sn1seuwieIangInWIZeQnann T 1(0-3-0)
(Industrial Drying of Biomaterials Laboratory)
JsAuneu: 613 518 niseuunaianFanImGaenaInnssy
orusUNsoUTIld
nsnaaesitduitusiuidenluin 613 518 msuwisTagTanmiBsgaamnssu
Experiments related to the contents of 613 518 Industrial Drying of Biomaterials.

613 521 Anenmansdanwszduivaduasiuanatuge 3(3-0-6)
(Advanced Cellular and Molecular Bioscience)
AmsInveadiaziadeaiielunsifeiivaiuwad eydiiner nmsdienendoyanis

Wugnssu laseadsasmsinauvesgadlunisAnwenuazdsinulusiu FImdsnuwazi unueddy ns

\nAsufiveusad Anvenwaduardaaioa N15AedyNIMVBNTAT 199TVBNTATLANITANEVOLTAE 11T

WAILINST00eas aeduiusnIITauInsluseAuluanauasN1TIINLING ANUNEINTNANENINTININ
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.

613 522 wialulaggu 3(3-0-6)

(Gene Technology)

vinnsvesmaluladiu nmsmvesiusmansluiana wadaifgrfuiugmaniluana
sudanslaaudu welulaBrosufndrgnldiduie aefiusitafiedidue nslevslaeduasiugnasu
LazlAdoslonsiasesitu mamaluladdusnuszyndlumsinudasiusnssuveasadedunid lwadily
Laziwaddnd iensifiunandnarsitinim nsUssgnddaliFindanUasiugnssnioldusslonilug
NSINYAT PAAINNTIUNYAT Awndon uagn1sume

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 substance. Applications of genetically modified organisms in agriculture, agro-

industry, environment and medicine.
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613 523 gudin 2(2-0-4)

(Gene Therapy)

yaguszaulianaveduwaznIsiinlsn nannsvesduinUalunisshwilsn wwinising
nsanglaubukarnTinsgviniswanseanvesdululdagiu vliavesmivedigu nswawmngigudndn
Tunsidsdu ledlnihedlolndnieaisioueladndwadilvung Butidauaziwadintn uidouas
winlinluswirnvesButtn

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.

613 524 Fameluanasugelunisuiuusswugiie 2(2-0-4)
(Advanced Molecular Biology in Crop Improvement)
lassasnvesasiugnssuiivaseunguinndea raslsnatad wazlularaunsaludiu

fne 4 vesity MaAnwesUseneuestuluiiy FudiuvesiiBuefiAntugiiu uarasiugnsuiianuse

wndouilld mslifidueirommnefinseunguensienusail otoviueadi wazorflofimlunisuuussiusiiy
mMamAdueleismneineieglnduiiddymisnsinens msairunuituuulaslulen msdnsedud

Neeglndfiduiaindomnsuarmsldiniosmnemardutaglumsdmdeniugiis numuassunssy

Anvnariienginideiifedosiunslimaluladfduelunsusuussiugio
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.

613 525 1As9d519909nIALIAADN 3(2-3-4)

(Nucleic Acid Structure)

milvgesuarlasiasnweifoue  lASIES1aLasALMAINNA1EUBIB1SIOULD NI1TAAT
seisfiduenasAdule Usznausme Aduleindeia Smenginge uas Adutededdu vievesnisandy
ANTFAATIAUATALDUBLUUAN q TINDINTUNTNTEWINLUE NMSTUAUTDOUE kaznITIULUULAI AU
BnsAnulaniaivensadieddninoaiosdedinsed  uddslmififedestumedn TUfoRnnsi
duusiuwmailasig o

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.
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613 531 welulafiwasuanilodeivtuge 3(2-3-4)

(Advanced Plant Cell and Tissue Technology)

NaNIUFIAINTIUAIUNY T3n15anglouduiidivwazn1siaseiivanwlasiugnssy
nsfnnsmuRuLazsuanseenvesBuluiiy msUszendelulaiSaonduuwsiniduleiilendnnaninsi
Mnwaduazilefoity TujtRmsiiduiusiumaiaag 9

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.

613 532 welulafiwaddnituge 2(2-0-4)

(Advanced Animal Cell Technology)

Tnevensaddn fimeides stugimnssumaddat nsdaulasrouduuulusiiundans
wasia msvszendisaddnfinnzdsniiondalusiuifautifidueinulsn Teuslauwazninaaluly
Tnaaueuived maimgidsagaddnilussiugpannnisy msmueuaanweaafasimeluladiann

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.

613 533 Jaanssuilede 3(2-3-4)

(Tissue Engineering)

winmsimnssuieie wadnihedendeiBonazeinvonsad YanTanw nsdaamey
ma%ugﬂimﬁw nsmsnaeuauufiviewad uazanudufivdoansiugnisuvesian nismneides
wad wazdeufnnl msnsrvaevantRwadfiiauiuazning mstiaueuazefuneiteiteientu
Yennssuideie TUfTRnsTiduRuSTumaTiacg 4

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.

613 534 NYINYITZAULYAA 3(2-3-4)

(Cell Based Toxicology)

mmﬁﬁ"ﬂﬂtﬁmﬁuﬁﬁmm Frimeweusad visveuvaduarmsinzidsuadiiiofudu
wuusiaeslunsinen ity fivsaunaransluwadiniziaos ndnnsuarisinsiivseduewad fivde
1AS9E3519 LLLUTY 1151930y WIWVUDATUVRUYAE WAz iYhod1TNUGNITUVDUYAS LNUTILAZNIINTIVEBY
msUszifiupnulasadovesndnsusimaluladfinim nnsiiauetazedusemdeiduiertuiivine
seulad SUFTRNMsRduiusfumadaia
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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.

613 541 walulaBiaisedanmaugs 2(2-0-4)
(Advanced Biocatalyst Technology)
weluladlyifldlumawdsuasSuunaudnumzvosiausedanineg q selugluuuiasg

FanmdaszuazgUuuuisad msldFusedinmaneldanneiiaainaniizwindeninly disediniwly

wialuladazein nsfinwinalnnisisesufnen
Novel technologies for the preparation and characterization of biocatalysts in

individual biocatalysts and cells. Use of biocatalysts in non-conventional conditions. Biocatalyst in

clern technology. Study of reaction mechanisms.

613 542 walulagwadwasdanin 3(3-0-6)

(Biopolymer Technology)

anwaue 1Aseasng audd wagnslduselevivesnediwestinmuas narainangaunsd
14 9 NIPUIUMSHER TNQAU N1INTINATIEN UaznisnadeuautRvesnefiuesdiininuaznaiadin
walulagnsguiunisuussunediuesdininuaznaadin nMsunauaiazeiusiertelfenunediues
FINNUAENAERNIINYAUNTE

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.

613 551 waluladdnmudandon 3(3-0-6)

(Environmental Biotechnology)

AN LAz UlLAYLmAlLlaiTinniuAwInden nsdanisuaznnsUsegndld
Ustleminnuesvdefisninyuvu mansasuazgeannnssdemaluladiinm mdssgndlfinaiana
weluladfnmivuadoifoysslomilunsuidgmiudunndon ulsusuagngmnedundey

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.
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613 552 nsmauaulsnfirdedisduge 3(3-0-6)

(Advanced Biological Control of Plant Pathogens)

Usedi M wagdadefiieadostunisaumulsadis mandnujiuasineqdunis
Uftinuaznalnniseengy’ weluladnsuiudmeiugauniduiing sunuuvestadusianuuaiise
uazites1 Mmavszgndldadunisuitnslunsmuauidelsafivluszuuinunsdunid

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.

613 553 UftiRn1snisaugulsafiedaedaisdugs 1(0-3-0)
(Advanced Biological Control of Plant Pathogens Laboratory)
SwiiAunou: 613 552 msmavpulsaiiviie52350ug
919458 uNsoUNUlS
mannsesidiusiudenlumedn 613 552 mamuaslsafindieTiBdugs
Experiments related to the contents of 613 522 Advanced Biological
Control of Plant Pathogens.

613 554 msaiaaamauaxmsﬁuvjamwéaLLaﬂﬁamﬁaﬂ%ﬁ% 3(3-0-6)
(Biodegradation and Bioremediation)
aruduiussewinsgAunidiumsaasdesasuudouluanwuindon Jadeiidbonts

ganefuazmsdonanin nsdanefvesansUuiey msdenannuaznsiostumsdeudnin msida

Taveminlagdimetinin waluladnsiinansuudiou wadanmsieszsivssiansng q mstauouas

enuanIimamsgesaaekazn1sinasUnilou ﬂiﬂjﬁﬂwﬂﬂﬁiﬁuﬂﬁﬂﬂwgﬂLL’méIEJjJWN‘?I’mWW

1ATINTNTEI1VAN3

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.

613 555 wuanaslamatada 3(2-3-4)

(Bacteriophage Therapy)

UsiRuagnsiaunuameslomatide 2mstinvesuuameilewa nalnnisfnide
wuAfissvesuuameslama mssuunuuameslemla msmuamdauuadiSerelsalasuuameslowa ns
UszgnduuameTmavrtaluladnd gnaimnssueinis kaenswnnd nsulauekazeiuseiiteidy
Reafuimathdn TuftRnsiduiussumeaiama 1

wangnsuTv e iadin a1vivinaluladyinim mdnansuiuuss wa. 2561) wi 15



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.

613 561 walulansidadndedugs 3(3-0-6)

(Advanced Wastewater Treatment Technology)

Snwazuazuvanings Asuideu %umumiﬂwﬁmfﬁL?lalussﬁuqmmmaml,awmu
szuumstiaidelnesyuufiRnismanmenin msfidanzneuuuuig 4 ASBUARNNTTHENKAYNITIIN
nzneulagsnmamaaiivaznmenm mstidaiudelasnsruiunismetiamuuulienniauarldorniely
STUUWIUADELAYSYUUINZULIMINGS Wallansnsiaaeugdunidivuaielussuutnde szuunmaiis
91m1a faufnsaithdadidsuuuding q szuunisthdaiidemnaedaseunqunisgadudiaiivou ms
uaniAsuUszq msuenselifiuazidensesuazeealudanuuiundy dad nsdulamaznsesnuuy
FEUUUIUALUUAN 9)

finsfnwuenanui

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 ANUAIMTIasNATUlAENAIIUIININ 3(3-0-6)
(Bio-energy Technology and Progress)
wialulaguaznszuiun1sklsanIneiedsnsmiiland iwnluasii5vesdinie Januey

mﬁamdmiLﬂwmLLa%56;mammiﬂﬁlﬂuwﬁamuﬁamw Foumdavauasuiaidemas ndunuunandeny

aufounindialaenszuiunisduny  Inlsladauasufadilindu nsndnueanssedlnenismin wiia

lggoa lulefiwa wiatinn  wasnulalasiau wandusnaslilasnanIznuvreInITNAANSINUAI 9

NFUNAUDLAZ T1E9TUAINAINTIATUNEIN Y
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.
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613 563 walulaBlwadifomasqaunas 3(3-0-6)

(Microbial Fuel Cell Technology)

ALY 1815 nalnvengadilomaneil wadileindaiuall waswadifoimas
aun3d sruuaiiliihdinm wadidemasqaunis (Suend) uarnsuszgndldisaddianinsladanoes
Aun3e (81T dmsunisudanialalasiou sllauasunaweagdunid wulsduavarsdnansdmivigas
Foundagaunid indesflouazdruusznevreeadifonaaqdunid Ussinnuagseansninvosin
BanlnsauaziBowniusudinans Jaseuazaniefivanzay miﬂizqﬂﬁiﬁi’fLLawidwﬂﬁumLézjaél,%al,wﬁa
QAun3s fnmmiauensnuaufuidueedifemaniunse

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.

613 571 ninddunslayyuazgsnamalulagdanin 2(2-0-4)

(Intellectual Properties and Business in Biotechnology)

Useian anudidgy TateAU wavnguuigAuasaamnindaunistygyn nsing dedn3
iesngnsiuaznisuanseuudives msdududeyauazmslivsslomdangudeyaningauma
oy nsnawsddodielildnsnddumadggivaznislivsslosiludmidud ﬂ”ISL%EJULLNUQSﬁQLﬁMﬁu
nsafiugsnawmealulagdinin

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.

613 572 N15IANITUATAUANEITOUNTY 3(3-0-6)
(Management and Control of Hazardous Substances)
ANYAUOIAULATLAZE15TININ NanTENUTDINIslga1sounsIelulsseny aanu

UTENBUNITHALLNYATNTIU mmmmawé’mﬂmﬁﬂﬁﬁﬁ%ﬂLLGim'ﬁ%JUL‘ﬁ’I NMSAAUEN NMSAUTIVTINNAEANT

yudsnunasislugsanildau 38ns indesdlowazinaiad niunisaiuauuagnsidnansivesis

ATUNAT
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.
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613 573 358U TIMMAZTEsTTuTUUITEAuAlulaBdIn W 2(2-0-4)

(Ethics and Morality in Biotechnological Research)

AILTAFIUTINILANENT NANTZNUVDINITVNITERAZAINATIRUIPIUINE AR TUa Y
weluladsedin dau Jamsssu Aunndeutaziasugia nguuisuaznsinnsiienuau uilvviean
Hoymanmeviendde  asseussdndnuasmsufiRdaiadmiutnmeluladdanm

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.

613 581 Fasdaanizmamaluladdanin 1(0-2-1)
(Selected Topics in Biotechnology)
msfuauazinausderuisenanaluladfinmdiuiauls uazsmuanidouainy

Aniuienturdeludueu
Literature review and presentations topics of interest in biotechnological research

and class discussions on the topics.

613 791 dunumamalulagdanin 1 1(0-2-1)
(Seminar in Biotechnology I)
nshaueuarmMIsAuMeideiteMinaulamaneluladdanmilunvsangy
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 792 dunumianalulagyanin 2 1(0-2-1)
(Seminar in Biotechnology II)
nsthiaueuagn1seAueideiteiuraulanmaneluladiinmdunwdangy
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 793 dunumiamalulagyanin 3 1(0-2-1)
(Seminar in Biotechnology III)
nshiaueuarmMseiuMehdeitefiinaulamanaluladtinmilunvdangy
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 794 dunumanalulagdinin 4 1(0-2-1)
(Seminar in Biotechnology IV)
msthiauenazniseiuMeidedfeiuiaulamanalulagiinmdunivdangs
Presentations and discussions on topics of interest in biotechnological research

topics in English.
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613 795 dunumanalulagdanin 5 1(0-2-1)
(Seminar in Biotechnology V)
nshiausuarmMIsAuTeitelteMmnaulamaneluladdinmidunrssdangs
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 796 funumanalulagdanin 6 1(0-2-1)
(Seminar in Biotechnology VI)
nshiaueuarmMssAueitelteMminaulamaneluladdanmidunwsangy
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 891 Ingtinug fALiguwin 48 widena
(Thesis)
Adgluaadrmalulagdinim angldnisauauvese1asdnusnyiinendnus

Biotechnological research under the supervision of a thesis advisor.

613 892 Inegtinug fAnfiguin 36 wiqenin
(Thesis)
nudgluavIvmalulagdinin melanismivauvese1asgnusnuinerdnus

Biotechnological research under the supervision of a thesis advisor.

wnagin1sdsamsfnenuvangns
1. Juluaudeteruuminendsfaling Isensanunseaudufindne w.e. 2550 way/ 5o
fifinsiasuulaanends
2. Bulumudsznansznse@nensnis e NUTNIATIIUNENgRTTEAUTNIRAN Y WA,
2558 way/ sefiiinsasuulaniends
3 Juluanudemmunfinfuvesniaismaluladdanin augienssumaniwazimalulad
gnannTIN fail
3.1 mslasunsanunaanulungans
(1) dnfnunlundngns wuu 1.1 Foslnaruniediunilivomanuinednus iz dos
IFsuniseensulianuilunsasmsivnsseiuuiufedgietos 2 1309 Tngathedes 1 Besoudy
NIAIMAVINTTERULIR g IUTRYA IS]
(2) thdnwluvdngms uuu 2.1 destinasurSediundsvestanuinednudiiazsios
Iisunsseniulianilunsasmannssesuumnnalugiuteya 151 egnados 1 Ges
(3) dnfAnunlundngns wuu 2.2 Foslinanuniodiunilsvesmanuingdnusiazsios
Ig5uniseensulianuilunsasmamnisssduuumietiedes 2 Bes Tnsegretios 1 150sdeudu
NIAIMAVINTTEAUUIWNRLUITRYE IS
3.2 ﬂ'mauaNamwiaﬁﬂsgﬁqu%mmi
fndnwilunnununisinwidesiausnanuuuuiindidediussynivnisseeiu
WINTR egaties 1 1309
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