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S1873%91
1. WU N BWUU N 1
1.1 Av10eau (lduninena) Sanan1s@nedu S/U 91U 5 ndein

613 501 walulagiinnsuay 3(3-0-6)
(Contemporary Biotechnology)
613 691 Funumawmaluladgdinin 1 1(0-2-1)

(Seminar in Biotechnology 1)
613 692 dunuanaluladdiniw 2 1(0-2-1)
(Seminar in Biotechnology 1)

1.2 Fng1inus @aAniisuinn) 36 Buen
613 693 Ingdnus AU 36 U287
(Thesis)

U UNANILEY N LUU N 1 AU esluaivauiieuinduanunivivalulag
Fam onadndudeassunedviiuduaunaiidavesnalsinaluladinm Inglidunieinsuly
wangns Matiteuseleviilunisvinineninug

2. WHU N WU N 2
2.1 AY1U9AU 91U 8 thein Usenaumiesieiviselull

613 501 walulagfininsiuads 3(3-0-6)
(Contemporary Biotechnology)
613 502 seileudTidetuamanalulagdinn 3(3-0-6)

(Advanced Research Methodology in Biotechnology)

613 691 dunumianalulagdinin 1 1(0-2-1)
(Seminar in Biotechnology 1)

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

(Seminar in Biotechnology 1)

2.2 3yuden swaulddesndt 8 mhedn Wdendnwansedvaelui
(1) nguivrIANssuAEns

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

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

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

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

613 515 UfRnsnszuIumsUarstmanaluladanm 1(0-3-0)
(Downstream Processing in Biotechnology Laboratory)
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613 516 weluladusiude 2(2-0-4)
(Membrane Technology)

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

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

613 519 UUANIINTOULTTARTINMTIRA N TTY 1(0-3-0)

(Industrial Drying of Biomaterials Laboratory)

(2) nguAvmamalulagdalutanauaziugIAIngsy

613 521 Inenmanitinmsduisaduarlinanadugs 3(3-0-6)
(Advanced Cellular and Molecular Bioscience)

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

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

613 524 Frmeluanatugdunisusulsaiusit 2(2-0-4)

(Advanced Molecular Biology in Crop Improvement)
613 525 1A39a319909n39HIAGEN 3(2-3-4)

(Nucleic Acid Structure)

(3) ngudvimalulagiwaduasiiiolte

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

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

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

613 534 NINeTzAULEaa 3(2-3-4)

(Cell Based Toxicology)

(@) ngudvunalulagyaad
613 541 waluladfussdanmdugs 2(2-0-4)
(Advanced Biocatalyst Technology)
613 542 wialulagwedluesdinw 3(3-0-6)
(Biopolymer Technology)

(5) nfuAvmalulagdanmnsinens niwensuazdaundey
613 551 waluladtnmdudsndon 3(3-0-6)
(Environmental Biotechnology)
613 552 nsmunslsafinfed s tugs 3(3-0-6)
(Advanced Biological Control of Plant Pathogens)
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613 553 UftRn1snsmuaslsefiefediiidugs 1(0-3-0)
(Advanced Biological Control of Plant Pathogens Laboratory)
613 554 nstosaaneuayMHuanMAIIAdDNF 8T 3(3-0-6)
(Biodegradation and Bioremediation)
613 555 wuAwaIlamau1dn 3(2-3-4)
(Bacteriophage Therapy)
(6) NFIVINAIULABYININGATMNTTULAZWENTUYINN
613 561 walulagmstidaindetugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)
613 562 AMUAMINTLazAlUlaENa U W 3(3-0-6)
(Bio-energy Technology and Progress)
613 563 welulafleadifomaniunse 3(3-0-6)
(Microbial Fuel Cell Technology)
(7) NFUAVINTUINT N1TIANTTUATNTITAIUANAMAIN
613 571 nindaunedyguazgsiamaluladdinin 2(2-0-4)
(Intellectual Properties and Business in Biotechnology)
613 572 N3IANTUAYAITUANATOUATIY 3(3-0-6)
(Management and Control of Hazardous Substances)
613 573 93380 TTUUAz3 5T TUN WM U ATulaBTIn W 2(2-0-6)
(Ethics and Morality in Biotechnological Research)
(8) nguAvIBU 7
613 581 Sosfamzmamaluladianm 1(0-2-1)
(Selected Topics in Biotechnology)
2.3 negniinus @Anfisuin) 20 wiein
613 694 nefnus Handiguwin 20 nulwie
(Thesis)
3. WU U
3.1 5183909U $1u0u 8 mhedin Uszneudeseivdeluil
613 501 wialuladyinmsmaiey 3(3-0-6)
(Contemporary Biotechnology)
613 502 suduTietugmanaluladtanm 3(3-0-6)
(Advanced Research Methodology in Biotechnology)
613 691 dunwmamalulag@inin 1 1(0-2-1)
(Seminar in Biotechnology 1)
613 692 dunumanalulagdinin 2 1(0-2-1)

(Seminar in Biotechnology i)
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3.2 sag3vnden udulidesndn 22 wiieis Tidend@nwiainsiedvsselul
(1) AFUIYIANITUAEAAS

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

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

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

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

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

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

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

613 518 NFRULITIANTINTNLAIRAEUNTTY 3(3-0-6)

(Industrial Drying of Biomaterials)
613 519 U RIS UL Tan TN W aena NSy 1(0-3-0)
(Industrial Drying of Biomaterials Laboratory)

(2) nguivImamalulagyluanauasiuginingsy

613 521 Igenanitinmsyiuigaduaslinanadugs 3(3-0-6)
(Advanced Cellular and Molecular Bioscience)

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

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

613 524 Frmeluanadugslunisusuuaiugiy 2(2-0-4)

(Advanced Molecular Biology in Crop Improvement)
613 525 1A59a519v99nIATiIRAEN 3(2-3-4)

(Nucleic Acid Structure)

(3) ngudvunalulagivaduazilols

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

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

613 533 Jennssuiiiowde 3(2-3-4)

(Tissue Engineering)
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613 534 AYINYSTAUAS 3(2-3-4)
(Cell Based Toxicology)

(4) nguAvmalulagduadl

613 541 weluladiasetanintugs 2(2-0-4)
(Advanced Biocatalyst Technology)
613 542 wialuladwediuesdinw 3(3-0-6)

(Biopolymer Technology)

(5) nguivmalulagyanmnisinens nsweinsuazdanindau

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

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

613 553 UftRmsmanuaulsafiafediidugs 1(0-3-0)

(Advanced Biological Control of Plant Pathogens Laboratory)

613 554 msdananeuaznsHuylanauandeudie i 3(3-0-6)
(Biodegradation and Bioremediation)

613 555 wuAeslawau1n 3(2-3-4)
(Bacteriophage Therapy)

(6) NFNIVIUNALULATYININGATIMNTTULATWENTUYININ
613 561 weluladnstionidedugs 3(3-0-6)
(Advanced Wastewater Treatment Technology)
613 562 ANuATILazAlUlagna 1 udININ 3(3-0-6)
(Bio-energy Technology and Progress)
613 563 walulofleadifomanaunis 3(3-0-6)
(Microbial Fuel Cell Technology)

(7) NEUIVINITUTNIT ATAANTITUASAITATUANAMUAIN
613 571 nindaumelaauazgsiamalulagdinn 2(2-0-6)
(Intellectual Properties and Business in Biotechnology)
613 572 MIIANTUALATUANFITOUATIY 3(3-0-6)
(Management and Control of Hazardous Substances)
613 573 95581UTTAULes U TNl uMWITaAumAluladTIn W 2(2-0-8)

(Ethics and Morality in Biotechnological Research)

wangasInemansuyUudia avivmaluladdinim rangasusuuge we. 2561) wi 7



(8) nguIVIaU 7
613 581 SDIANINIEINALLLATTIN W 1(0-2-1)
(Selected Topics in Biotechnology)

[V

il dnAnwrorvameidouseivifenues@1vnivndu 9 WsonusIv1du elulaguen
a0 Ingauaudiugeuresn Az unaluladiinw

3.3 N15AUAINDESE (HATsUYN) 6 Buenn
613 695 A1SAUAINDESY A iguwin 6 Baens
(Independent Study)

AN95U85183Y1
613 501 walulagyaninsauade 3(3-0-6)
(Contemporary Biotechnology)
Gouly: uhAnwman n wuy n 1 Sananis@nyuil S wis U
pdnmsiuguwariaunsveanaluladtanm melulaBiwadussdoBofivuardng ogy
Finen Amnsstusmand meluladfusedanm welulad¥anmnanuss maluladfinmduanden
walulag¥inmgnainnssy malulagnsnenstinin nawuginin welulagnisvdnuasienningdoe
NMsUIMsTIANIsuaENIsAIUANAMAINAWMALLLAET NN AUATIvTImamalulagdinm
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.

613 502 sufuisisedugimanaluladdanm 3(3-0-6)

(Advanced Research Methodology in Biotechnology)

NUITEMUNALULABTININ N15I1UNY MTFUAUTRYA warN1TlgUTaIEUlATINITIAY
fumeurensineiide melinsziarUsananamsididisnunmuandaiing winaddlunuidens
Ingnmand Madeuunarauazmstiausluivssgumisinins msffaninanAdesumeluladanm

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.
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613 511 AranssuAidanInduge 2(2-0-4)
(Advanced Biochemical Engineering)
SnunizuagmavhauresaiesUfnsaiduailunssuaunsviindugs udnnisuazaie

99837381 Tuafuagimnssuailunsuiuusmanfusiuasnandnvosnsndnidlused Uidouay

AFINNITU LNLLMU@%%@J%@&QauW% JaunaransveInmin nMsmansfivinzan  n1sasa

WUUTIADINARAAIEAT N1TUTENIUAILAZAIANITAINITALN  N19YN51891ULAZUNAUIUITEAIUNTS

wﬁﬂ%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 UftAnsiaansanafidanindugs 1(0-3-0)
(Advanced Biochemical Engineering Laboratory)
SvieAunou: 613 511 Fmanssuaiitaniniugs
o1 Seunsaunule
nsvanesfidiiusiudenluin 613 511 "“Jmﬂssumﬁ%’;mw%uqa

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

613 513 nszuaunsmMamaluladdanindugs 3(3-0-6)
(Advanced Biotechnological Processes)
nsrvIuNIsTugemsdumaluladfanwdivssgndldlunsidouas nsndalusedu

QAT NSEUILNITININ KBRS usignamnsTilussAumaduaznsrUILNSHEn nsldRoufiamed

TunszuIunsmedanIn. MsRmwINszUIUNsMaTinInegesady
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.

613 514 nszurunsUaethmamaluladdanm 2(2-0-4)

(Downstream Processing in Biotechnology)

PANNTT %%ﬂ’liLLa%5Lﬂ%@ﬂﬁ@luﬂﬂiLLSﬂNﬁ@ﬁW‘Vi@@ﬂﬁﬂﬂﬁ?%ﬁﬂ AsuwenaaLayn1SYInlA
waduan madansinlikandusivians sdefviuadslumswenmisdanin nadfng

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.
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613 515 Uftansnszurumsaetimamaluladanm 1(0-3-0)

(Downstream Processing in Biotechnology Laboratory)

Surisunaw: 613 514 nszuaunisuareimanaluladdinm

o1uSyunsouuly

nsnaaesiduiusiuilemluin 613 514 nssurunsdaneimaneluladdanm

fins@nwuenaniuil

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

Field trips required.

613 516 waluladukuide 2(2-0-4)
(Membrane Technology)
winmIuarnguiililunssuiunisuenarsuarmavilidutulaeudiudoduaset vin

mMsm3en Msdsuasiivinuuiudodanse audnvazwiube ta3esilogunsaitaznisuszynd

nsrUIuMILKLLedaATzsilugma s 9
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 Uftansmaluladusiuide 1(0-3-0)
(Membrane Technology Laboratory)
Fornasunou: 613 516 waluladushude
919 SguNTouTUle
msnnassidiusAudiomiluin 613 516 weluladusiuie

Experiments related to the contents of 613 516 Membrane Technology.

613 518 N150ULAITANTININLBIQATINNTTH 3(3-0-6)

(Industrial Drying of Biomaterials)

Mﬁﬂmsﬁugflummmiauuﬁq amﬂamﬂqmwwamam‘suadis‘u‘ummﬂ—1?’1 wazvoIufaty
mm%uama AUNAANAATNITOULIILAZ ATTIADIWIAUAFIANTUDINTZUIUNITOULAS NTLUIUTELAN
uazmsidenliinieseuuridlugnaivnisy inieseuuriidmiveynaveands Tanwaudnwauzivatu way
Fanuiy NIBURATTATININUNUTENN auinslrdveamalulagnisouuii

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.
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613 519 UuRn1sn1seuwieIangInWegnann Ty 1(0-3-0)
(Industrial Drying of Biomaterials Laboratory)
JnsAuneu: 613 518 nrsouunaianFinImdaonaImnssy
oruTsUNsoUTIld
msnaaesitduiusiudenluion 613 518 NFRULITANTININTQAAIMNTTY
Experiments related to the contents of 613 518 Industrial Drying of Biomaterials.

613 521 Inenmansianwszduimaduasiuanatuge 3(3-0-6)
(Advanced Cellular and Molecular Bioscience)
AmInveadiazinieaielunsifuiisiiuwad eydiiner msdreneateyania

ugnssu lassafisarnisiauvesgadiunsAnuenuardsiulusiy Smdinuuaziuw ueddu n1s

wasufiveawad Avesvaduarilunded N15A0dUNIMVINTAE 1VTVDNTARLATNIIANEVDUTAR N1F

WAILINST00eas deduiusnIdTauInsluseAuluanauasNTIINLING AVUNEINTNANENINTININ
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 wialulagtiu 3(3-0-6)

(Gene Technology)

vinnsvesmaluladiu nmsamvesiusmansluiana adaifgrfuiugmaniluana
sudanislaauiu weluladvesfniengnisiiduie aefwithiiofifuie mslevslawdumsiugnssy
uagtAdoslonsiesgiitu madimaluladdusnussgndlunisdauaniugnssuveasadydunie lwadiy
Laziwaddnd iensifiunandnaritinim nsUssgnddaldindaunUasiugnssioldusslonilug
MSLNYAT PAEVINTTNLAT AUAEBN WazNITUNNS

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 Buinln 2(2-0-4)

(Gene Therapy)

yagwsyiuluanavesdulaznisifialsa nannsvesButndalunissnwilsn wwin1sfinw
nsangloudukarn1sTinszrinisuanseenvesduludagdu vliavesmnzinguy nmavauinvgdguindn
lunsihdsdu ledlnihedlolndnieoisiduelodngwadidmune Buindauazigadundn uideuas
wwilduluswanvesBuindn
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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 FaneTuanadugelunisuduuseiugiie 2(2-0-4)
(Advanced Molecular Biology in Crop Improvement)
lassasnavesansiugnssuiivaseunguiladoa raslsnatad uazlularownseludiu

fne 9 vesity MaAnwesUseneuestuluiiy JudiuvesiiBuefiAntugiiu uavasiugnssuiianunse

wndouilld mslifiduieirdommnefinseunguensienusail otoviueadi uazorflofimlunisuuussiusiiy
mMsmAdueetemneineieglndduiiddymsnsinens msairsununfuuulasluley msdnsedud

Neeglndfidueniomneuar msldiedomnemaiuiaeslunsdadeniugiiv numuissunssy

Anvinariienginideiifedosiunslimelulagfduelunsuivussiugi
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 Tassadsvaensatiandan 3(2-3-4)

(Nucleic Acid Structure)

wihegosuarlassadleveidule TassadniaraunaInnaIsvedeIsioule n5ans
sprisdiuleuasiduie Uszneude Mdueindsiay Imeagingy waz Aduledeidu viavesnisandd
A158UATIZAUATAOULBULUUATY 9 FIUTINITUNTATENINLUE N15IUAUTBIALOULD WAZNITIULUY
Taaud 35nsfnunlasiadavensaiinddnlneniasiletiases 1uddelmif ferdestusedn &
UFtRnsiduiustumnaiama 1

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 walulaBiwaduazidoidafvtugs 3(2-3-4)
(Advanced Plant Cell and Tissue Technology)
MANRUTIAINTSUAUNY TFn15anelouduidngivwaznsia senigdauUasiugnssy
nsAnwIMsmIUANLAzsLanseenvasiuluiiy msUszgndimaluladnonduvurinidueiilondnndn fas
Nneaduaziiadedis UftRnsTduiuSTumadama q
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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)

TAnevensaddn fimeides stugimnssuwaddat nsfaulasronduuulusfiundans
wasita m3Uszgndiwaddnfimedsafondnlusiufifausiduesnulse lovilauuagnisuanlaly
Tnadaueuived mameidsagaddnilussiugnaunisy msmuauamnweanSasimaluladianm

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 Jaanssuiiore 3(2-3-4)

(Tissue Engineering)

ninmimnssudede wadmhedeuidodouazvinvonsed Tandanm maduase
miéﬁugﬂimqsﬁq nsnsiaeunuiuiiviowad uazanuduivasaisiugnssuvesian ARETU MR
wad wazdeufnnl mInsavaevantRwadivauiuagming mailausiarefuneideifuiieiu
Amnsaunilede fufThnsiiduiusfumeadasig 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 NINYITTAUYAR 3(2-3-4)

(Cell Based Toxicology)

mmﬁﬁ"ﬂﬂtﬁmﬁuﬁﬁmm Fiveveswad visvenvaduarmsinasuadiiodiugy
wuusaadlunsanuity fveaunamanslulmadinziaes ndnnsuazisdnssiiivsssuias i vie
1AT9ES19 INLUTY NISIASEY WUNUOATUTDIYaa LLazﬂwiamiﬁugﬂiimmLﬁziaé LNEUTILAYNISATIVEDU
mM3Usuiuanulasadevendasuinaluladiinim msiiausuazedusetiteideiefufivine,
sefulad SURTRNMRduusfumATaia 1

General knowledge of toxicology. Biology of cells. Cell types and cell cultivation as
model for toxicity studies. /n 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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613 541 walulagdsedanmdugs 2(2-0-4)
(Advanced Biocatalyst Technology)
weluladlmifldlumawisuasduunaudnurvesiauiedinineg q dilugluuuiasy

FrinmdaszuazgUnuuiad nsldfusdinmaglianiizfidnsnannizwind oumly dusedininly

wialuladazon nsfinwinalnnisisesufizen
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.

613 542 walulagwadwasdanw 3(3-0-6)
(Biopolymer Technology)
anvaue 1Assasne auldd waznslduselevivesnefiueidinimuasnarainangaunsd

a

A9 9 NIBUIUNITNER TRgAU N139539TATIEN kagn1sneaeuatdRveInefiuesTinntasnalasn
walulagnszuiunisuussunediuesdininuaznatain n1suiauewarefuseiteidesuneiiues
NN NAFRANIINAUNTE

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 waluladfnmduduandey 3(3-0-6)

(Environmental Biotechnology)

A LAz UAvesmalulaiTinwiuAswinden n1sdanisuagnisUssgndld
Uselomiannvoanienennnyuru manwnswazgnamnssusemaluladiinm msussgndldinadama
welulaBTanmiiuadeifiousslonilunisuidgmiuduneden ulsuiswazngrusdnndey

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.

613 552 n1sauaulsafivdaedaisdugs 3(3-0-6)

(Advanced Biological Control of Plant Pathogens)

UsgdA M wagdadefifeadestunisauaulsaiiy mandnuiduanslnegdunid
Uftnsuaznalnniseengy’ walulaBnisufulgametugadunisufing suuvvesiatasianuuaiite
wazitesn Mavszgndldadunisuiinslunsmuamidelsafivluszuuinunsdunid

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.
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613 553 UftiRn1snsaugulsafiedaedaisdugs 1(0-3-0)
(Advanced Biological Control of Plant Pathogens Laboratory)
SwitiAunou: 613 552 msmavpulsaitviieFa3siugs
or5gunsauiula
manasesidiiustudenlumedn 613 552 mamunaslsafiviaeTiiiduge
Experiments related to the contents of 613 522 Advanced Biological Control of

Plant Pathogens.

613 554 mss.iaaamaLLasnﬂiﬁuvjanﬂwﬁeLnﬂé’aué’w%ﬂ% 3(3-0-6)
(Biodegradation and Bioremediation)
AruduiussErinsgAunisiunmsaaesesansuutevluaninundeu Jadeiidronis

amaﬁ"masﬂmﬁammw ﬂ?ﬁﬁﬁ?ﬂﬁ?%@ﬂﬁ’]iﬂﬂﬁ@‘u ﬂ?iL%@Mﬁﬂ?WLLazﬂﬂﬁﬂ’e}\‘IﬁUﬂﬂiLg@Mﬁﬂ"IW A15ANTA

Taveminlagdimedinn weluladnsiidnansiuion madamsinsisiussandis q msiaueuas

Menueuinvimamsgesaaekazn1siinasiuilon ﬂia‘jﬁﬂmmiﬁuﬁamwﬁqLmé’ammq%amw

1ATINITNTZIIVAN3
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 wuAmaslawmauiln 3(2-3-4)

(Bacteriophage Therapy)

UseTanasmswautsuameslewativn 2astinveuuameslowls nalnnisinide
wuai3svesuuameslama mssuunuuamesloma mimuamdauuadiSerelsalnauuameloma s
Uszgnduuamosimavidaluladnd gnaimnssue1ms wasn1swnvg n1sdnaustazefuseiivedde
Reafuimathde SUFoRnsduiusiumeaiasia

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 technigques.
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613 561 Lwﬂiuiaﬁn'ﬁﬂ'lﬁ'ﬂﬁmﬁﬂ%'um 3(3-0-6)

(Advanced Wastewater Treatment Technology)

dnuwazay LL‘VIaQ‘U’]LaEJ m‘duwau “UUWE’J‘Uﬂﬂi‘UW‘Uﬂ‘U’WLﬁEJI‘LJi”ﬂU@G]ﬁ"MﬂiTMLLa SYNTU
33UUﬂ’]§ﬂ1ﬁ®U7LaEJIﬂEJi%‘U‘U‘UQ‘UGm’]3‘1/1’Nﬂ18ﬂ’1‘w MIMIANLNBURVUAN 9 ATBUAGNATITUENLALANT
sunznoulpgisnsmaaiivasmenn msthdmidelnenszuaumsmadanimwuulfernmasaglforne
TuszuuuvInasuarsEUUINEULRIRINGNS nadansnsiaaeuqdunidfviuarisluszuutitn szuums
Fnoina feUfnsaiviintndenuusig wwmiﬂwﬁ’mﬁmﬁwwmﬁmamqums@m%’uﬁasmﬁuau
ﬂ’]iLLﬁﬂLUgﬁJuUi%} nsuendelniiuazidonseuareealudawuuiundu Jade nsduaukazn1soanwuy
szUUUIURARUUAIS 9

finsfnwuenaanuil

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 ANUAIITwazwmAlulagnaITudann 3(3-0-6)
(Bio-energy Technology and Progress)

a

wialulaguaznszuiun1TwlsanInemeian1smeiand 1alluastid5vestiiia Tanay
mﬁavmmimwmuazqmamniiﬂﬁﬂuwﬁwm%amw Fomdavanasuiademas ndanudunandny
anufounndauialaenszuiunisduaiy Inlsladauazufadindy n1swdaueanssedlaenisusin uia
lggea luledwa uwiadinn  wasulalnsiau nandusnaslALasNaNIENUTDINITHARNAIITUAT 9
NTUEUBUATTIE9TUAMUATIRTNATUNS I

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 waluladwaniawagaunsd 3(3-0-6)
(Microbial Fuel Cell Technology)
AUNUIY NENNIT NALNVBWTARLTDLNAILAT LYad oL NAITIATl WaLLYAALYBLNAY

Auvsd szuundilninginin waddendqaunsd (Buend) uaznisuszgndldiwaddaninsladaves
3

@ aa

a
quvisd (1BNd7) dwunsndauialalasiau vlauasunaivesgdunsd eulsduavarsinansdmivisas

\Hounaauns infesdiouasaiulsznautensadiiomadnaus UssinnuarUssninmuesintianinn
wazdeaunusuiinans Jadeuarannefivangay miﬂizqﬂﬁ%LLﬁzUixT%ﬂ%ﬂL%aél,%al,wawauﬁé i
nsthiauemenuaui i eadFomanaunis

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 audidy TedvAU waznguunefuaseannddunielygy ansins avdns
iesngnsiuaznisuanseuudives msdududeyauazmslivsslomdangudeyaningauma
Hoyun nsnawsddedielilavsndadumadtyuasnislivssloviludamndyd mm%uumuqsﬁﬂuﬁmﬁu
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 N1TIANITUATAUANEITOUNTY 3(3-0-6)
(Management and Control of Hazardous Substances)
ANYAUTOIAULATLAZAITININ NANTENUTDINISITa1ToUnT18TulseIu danu

USENBUNITHALINYATNTTY mmmmawﬁﬂLﬂmwﬁﬂﬁﬁaﬁy’ummﬁmsﬁ’h NSAALEN NSIAUTIVTINUATANT

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.

wangasInemansuyUudia avivmaluladdinim rangasusuuge we. 2561) Wi 17



613 573 338U TIMMAZTEsTTuTUUITEAwAlulaBdIn W 2(2-0-4)

(Ethics and Morality in Biotechnological Research)

AILTAFIUTINILANENT NANTZNUVDINITVNITERAZAINATIRUIPIUINE AR TUa Y
weluladrioTin dau Taussm AundeunaziaTegia ﬂg‘vimaLLasmi%’mﬂmﬁammu wilunsean
Hoymanmeviendde  asseussadndnuasmsufiRsifdmiutinmeluladdinm

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

Anuienfurdeludueu
Literature review and presentations topics of interest in biotechnological research

and class discussions on the topics.

613 691 duuumamalulagdiniw 1 1(0-2-1)
(Seminar in Biotechnology I)
Fouly: dhAnwiuay n wuy n 1 Sananisinyndu S wie U
Astauanarn1seAUs18TTeITeiutaulanianaluladdinniduarwlnenay
AYIDINGY
Presentations and discussions on topics of interest in biotechnological research

topics in Thai and English.

613 692 dunuimamalulagdanin 2 1(0-2-1)
(Seminar in Biotechnology II)
Gouly: dhfnwuau n wuy n 1 Sanamsinw i S use U
nshiaueuarmseiuMehdeitefiinaulamanaluladdinmilunvdangy
Presentations and discussions on topics of interest in biotechnological research

topics in English.

613 693 Ingiwus JAguin 36 wilenn
(Thesis)
Jv10AUneu: 613 501 waluladdinInsiuady
613 691 duuumunaluladvinin 1
iAdeluavivimalladtinm meldnsmuesuesenansdiiuinuineninug

Biotechnological research under the supervision of a thesis advisor.
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613 694 Ingtinug fALiguwin 20 widenn
(Thesis)
Roule: nAnvidesdmieinavay $1ua 12 miedn
sATluavAvimaluladianm aelinsauauuesenansdfivinvineinug

Biotechnological research under the supervision of a thesis advisor.

613 695 nsAuAdnBase fALiiguwin 6 viaein
(Independent Study)
InsAuneu: (FeusI8INITIAUATUYNTIEIY)
mMsfdunsiteifuauirmeluladtnmniglinismuniuesennnssiuin
Biotechnological research under the supervision of an advisor.
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