nangasIneFIansUMIAN
dunvimalulagnianiivasdaine,
(nangnsusuU3e wnsAnsy 2565)

AMzAINgIAEnsuasinAlulag
UNINYIAY TNV 89318



AN

nangnsIne mansUiadia a1v3vmalulagniauaiiuazdaing) vanansusuuss
WA 2565 1undngasiiviuussnnmdngnsinenmanstiudin a1viviadl ndngasuiuuse
W.A. 2554 LAagNANgnTINeAansiadin a1v13v¥33nen nangasuuuse w.e. 2560 Tu
anwEraNgATUTAUINITAEIALUIAANITYTUINITNTIANSISBUNSaaUlumansN FaLAe?
fu Inensusuusmdngnaadsildusuusadommein mnsauudfiou Snftafiolvd
mnuviuaiodeanmsailaniiagiu Feinisiasundatedennuagsana é’ﬁwﬁﬂqm
WermansUiudin a1vivinalulagniuaiivazdnine) nangasuTuuse wa. 2565 39l
amud Ay funsSouiiunsufiaauglufungud weligiGeuiinimug arwamnse
vinvzuazaudeImyiumeluladmaaiuasiyine WunsiialenmalifudiSeulu ns
Usznouon@nntendanisdnianisined Snivasandostuaudesnisuomannuas
Auslapduaziiluganuluainasiely

ﬁgqumwé’ﬂgm YBVOUNTEAMUANLNITUNITANTIAMIA HUIN1TVOIUMINYTY
sAdesse Aanase Wil eaensugiidiuAeademnviiu Adduvilrnsduiuay
Uudgmdngnsluadsd uludeanudsutosdefiun w Toniad

AMYINYIFARSHaTIALLLAE
UM INENRY IV LT3



1599
nuN 1

NUIN 2

NUINN 3

U

v o Y
dayaniluvawmdngns
YONANgns

Y
a

FoUstyaywavanuiv

UL/ AT NeN

uumheiniiGounasandngns

JULUUYRIVANGAS
g0uNNIRIMENgRILasN1IRsUNYIR/ATureunaNans
msvesunsUssdiudiotunsdoundngns

o ¥wiiannsausznauldndsdnianisinm

Fo fumis uazAaNAn1ANY v 815E T URRTEUVANGNS
anundnmsSeunisaou
anumsaineusnvensiaunfisududesiuniiarsan
TunIT R UTRNENgNS
NaNsEMUABMTAMANgRsLaY AR UTLSAY
VBIUYNINYNY
Anwdsiusfundngmsduaaevlunas/neividuresan vy

JoyalanIzvamangns
USaayn AnudnAty waringUssasdvemangns
WNUARILNUTUUSS

FTUUNTIANTIANET N15ATIUNT waslaseadnevasmangns
SEUUNNTINAITANE

MIAHUNTRANGAT

VANgNSLaTeINTIHaDY

safUsEnauRsIfUUsTaUNMsaRvdn (Mstlnanunseaniafng)
Formuumiatunsvhlasinsisensenuday

OO 00 A W W N N - = = -

14
14
17
a7
48



1599
a
U 4

NUIN 5

NUINN 6

nUIN 7

#1508y (si0)

HaN13l3eus nagnsnisaauLasn1TUTHUNE

N AMENYMERAYYRIINANY

A isesHadndmaisuivesindnyiluusazdud
mMyiannransEouslunguinsgunansBeuimnadnuily
LHUTILARININTENE AN S URRYE LI IUHANS B EuS N vaNgmS
ajiw%mmm%ﬁﬂmﬁﬂﬂ (Curriculum Mapping)
MINAUINaNITSEUS luuAaEAULIAIY A NTE
LHUTILEAINNTNTEINIANNTURRTEUINAT LRSS BUFNTdngRs
§91839veMNIAIYaNE (Curriculum Mapping)

nannualun1sUsTIUNaUNAN®W
ngszilsunsenaninaalunsissauazsiug (1059)
ﬂszmuﬂ1'imuaaummigmmaﬁ’mqmésuaﬂﬁﬂﬁﬂm
mm%maéﬁL%ﬁ]miﬁﬂmmwﬁﬂqm

ANSNAIUIAIRISE
ASLM3EUNTTANMSUDIS T
nsimANskasTinwelilnAu1asd

n13UsEAUAMAMUANEAS

MSANUNINTFIY

Ui

UnAnw

9139158

VANgAs NMILSEUNITEoU NMIUseliiugisey
Asarfuayumsisoud

FrUansAdiue (Key Performance Indicators)

50
51
53
57

60

74
74
75

76
76

14
14
14
78
79
79
80



#1508y (sia)

504 v
wuIndl 8 n1sussliuuaryFuussnsaniuauvemangns
nsuszilluysedndnavesnsaeu 82
nsUssiuvangmstunIns 82
NFUTLEIURANTANT UL EALIBEAVANERAT 82
NSNUMUHANTUTEINLAENSNUNUUSUUSIrangns 82
LAZLHUNAENSNTHOU
ANANUIN
ANANUIN N ANENTTUNSUSUUTINANERS 85
MAKUIN U AMZNTTUMTININEAANGAT 88
MAnuIN A Useifenansdisuiinveunangnsuay 92
819158Us8MANaNS
AARUIN § ToTIRULNINGIFET1VA DL TE95187308N15ANY 119
FulSae a3 w.a. 2563
AANUIN 3 ToTIRULNINGIFIIVANTENT18IN0E 134
NMsAuUTEUUAS LI AnTERURANANY
W.A. 2563
MANWIN 2 TaIeumgunangasiadiunangasusulse 142
NNSANINY 2565
ANANUAN ¥ ABEUIETIEIN 242
AMAKNUIN & FUUINANWIVINTARUNEUNIVDI91975E) 290

HSURAYRUNANERTHALD1158UTEIMaNgNS



NANgATINEIAEATUMIN
dvivmalulagniaaiinazdaInen
Bachelor of Science Program in Chemical and Biological Technology
(nangnsuSuuse w.A. 2565)

Yora1Uugaufne WNINIREIVAY 58
ANYVA/AUL/F1UN/N1AIY AMEINEAERSwaTwALLLaE
nUN 1

v o o
dayaniluvawmangns

1. %awé’nqm
nMwlng : MAngaTIneeansingen andvmalulagniuniiuagdvine
19199y Bachelor of Science Program in Chemical and Biological
Technology

2. YUY MAZEIVIIV
sWavdngms  : 25541431100998
oy (ne)  : Imemansiudie (maluladyaeiivazdinine)

'
A

Yoo (lne)  : mu. (mealuladgniuaiikazdine)

=

Foufy (89ngw) : Bachelor of Science (Chemical and Biological Technology)

=

Yo (99ngw) : B.S. (Chemical and Biological Technology)

3. WIUSIYY/AB 8N
3.1 wyuRvunaluladuazuinnssuniai
(Chemical Technology and Innovation)
3.2 WIUNTUNALULAELAZUINNTIUNTIING

(Biological Technology and Innovation)

4. Iunileinfiseunaaanangns
Taitlpenin 122 wihefa



5. sUluUYawmIaNgAS
5.1 gUuuu
wanansseaulyyes 4 U Wuldaunseuninsgiunandissnugaudnyuied

)
[y a

W.A. 2552 (TQF) Ysen1ANIENIINANYIENIT 1509 INUTININTFIUNENgNTTeAUUTYNI193
W.A. 2558

5.2 USELANYRInangns

a

MANgnsIEAuUUIInINIININIg

5.3 ANYIN Y
) a < 1% o o A &
nsannsiseunsasuluniwlneg Taeldenansusenaunisaauarsing Nandu
AMElneLazAB18IngY

5.4 N155UNUNANEN
Sutn@nwilne wazdnfnwidiauseine Allauaiuisalunisdeasniwlne oy
28719R 19N e 97U hazlIsy

5.5 AvnUTINlanuan1Uudu
Jundnamsansvesmine desudglessy

5.6 MIliUSgauiganianisanen
TSy Liesanivhen

6. FATUNINVBINANGATUAZNITRANTUNBYNR/AAUYOUNENGAS

M wéngnsinermanstadin arvivinaluladniveiinazdines wdngns
UFuuse A, 2565 USuU9n nangnsineimanstiadin a1v13vail vanansusuuse
WA 2554 UagyangnsIne1emansUudin a1un3ndiinel vangasuiuuse wa. 2560

M andvmsuminedesvdgidivese IdRnsalirnuiuseulunisusya
adedl 2/ 2565 \dlotuil 11 Wou nuawiug we. 2565

M anuminendesudgidesne Idiansanldmniureundngaslunisysea
adsfl 3/ 2565 dlotuil 18 \ou Turau wa. 2565

Waaeuluniansdnund 1 Ynisfnwn 2565



7. msvedumstsaifiuietunsifeundngns
dngRsTlmNUNToNTar e FUNTUSITULALINEUNT AN NUAZINATE UM NNTOULATE Y

AandisTiugauAnw Wi we. 2552 (TQF) Usemanssnsadngidns See nassianasgu

wengnssziu3ayaes w.e. 2558 Tul w.e. 2567 wdsihnmsdaaewdunm 2 U

8. ;nTwilausnusznauldndaduianisinu
dudinfdnansfnwmainndngnsinermansiadin avnivimaluladniaaiias

F9ine1 néngnsuTuuss na. 2565 andudadiniiannd inve uavaussausiaividn

nsURTROlumhenusg 9 Tnass LargInalenuuTAEes Saoluil

8.1 Uneanuuy AnAu tagiuuinnssunuaiivasdiing)

8.2 U¥noUe1TndaseAunisiasied nadou uasAuatnAgIRuUNAR S maIN1g
Ingnemant Tuluisnslidvinuiiedunsinnisaudaendeluiesu jinmaed
LAZTIINYIVDINUIBIUFN |

8.3 lwehiinsIvaeuAmn N

8.4 i mihiivesl fuRn1smdineeans

8.5 wiinnululssnugnainnssy

8.6 Iningmaniuszdueiosile

8.7 fusznaumsaumAlulagmaaliuasinine

8.8 thnmsmanaieniunsueeiesiioinermans Jan wazansiadl

8.9 in3¥N15 UNITY

8.10 A 819139

8.11 fidrmamameiiavesuitmiltisafundnsarimaineeans 1ail wazdainen



9. WD AUWUY UAZANAINITANEYI1YB991ASILTURAYIUNENEAS

a19U 3o - ana AUNLUINIIYVING A GULEL dnusansiinu U w.e.
NV fidnZansinen
wvuIrInAlulaguazuinnssuniaadl

1 WINENTIN SHANa HYIEAANT1A75E WA, Al uninegaedeslvl 2555
(@M AITTENE) WA LAl UINedededlngd 2551
WU \Adl WIS uIT sl 2548
2 UENIUAT AN 919158 WA, \Adl UINgduRelng 2551
WAL LAl UInedegedlngd 2548
WU \Adl WIS edlnd 2542
3 WIUIINA F0UAITIA HYIEAANT1A75E WA NsERUINEIAIENS UAINYIRY TNV LTI 2550
(@A) MW.U. Fuediuazdiadiwalulad | uIneaedesin 2539

wvurnaluladuazuinnssunisiainen
il Wgdun ugluses HYIEAANT1A75E Us.9. ANYIFERTTINN unIngduuLa 2554
(@ITIINE) WA I¥Inen WP edlng 2539
AU. e Weduag el 2535
5 | welswasy hegn HYI8ANENI1A75E M4l Frinen W ingdedeslv 2541
(AN 3NWIINY) M. a%IMeN wInedesgeslg 2539
6 WNEAUNT nsloyde 813156 MA. e wnTIneaedeslvl 2555
ML IyInen W INedudealngd 2549
MW.U. e UINeR T edlng 2546




10. #01UNINNTITIEUNNTHDU
Jn1sieunsasuiinugIneImansiazmalulad InInede AWy wagyin
n1snUszaunsaiednluanIulsenaun1snIvessguasienvy

11. aaunsainieuenvisemswanniisidudsnhunfinsanlumsnausuiaumangns
11.1 §07UNTAINTANITHAILIMNINATEFAR
dmiuiasugavesUszmalnglussognarfiiuan Tnsdsuulasannisld
weluladivuadotufiunandnmanisinuns auduuliiegldusslovianguanug
LazniNeInssITNAieaauianssliiAnyadfiumaasugie Sauualiunsiaun
wswgRvludnuusiortuiidaduiimmainiauisuamenasusilandufientu de
FiuilassaiaasugiavesUssmalnediusndiuasuannstundeulssmasonia
gnamnssuluglassairanisnaniigatunisldnalulad arwdnaieassd uazuinnssy
WieLiuyarduduazunisiasegia A (319) wnuimuiAsegisuardanuuied atui
13 (1.6 2566 — 2570) 399 ndudesBansauuiAnuazndnnislunismaunuiidfey leua
(1) msdeniuwazUszyndldnanysvgyrvevasugianeios (2) audugudnaisvenis
Wawnegedldiusiun (3) MmyadvayuiazduaSuuwiAansufsuusema uaz (4) n1siaun
gausiung sfaAs Sy denuegsinusdrafinnugy ludagduanuasymainemans
wazimealuladfnndiodenais neldiAanisdsunladtenia Seanaiumnisdiu
wisusRanardeay nvensdaainensdvilfannisusiuisnielusaznneuenussine
myianMsAnwnaziindadnenmlunisuanyaainsiifienad mnuannsauasinusssy
Fududssndudonsiauiusema Fadsaenadesfunnunisfnyiuissnd (wa. 2560 -
2579) YBINTENTWANYITNT WNUNAYNTURINNIINGNFUI1VA Y8318 wazilimune
gMsmansveInsauLleuIBeINTENTINTRNANYT Inemans Tdeuazuinnssy Ay
msduasukazisssansimmMaauuIneImans malulad wazuinnssy hdundes
Usena Tamiin1saienunssvinuagiauin1sSoudnsiwinemans melulad way
uinnssuliidudenugiunimg dsfinuiAedestunanedie wu msufsussuunindau
ety N1satuayuNIsRULATNasNEsIALaTnIdY Lﬁaiﬁéﬂszﬂaumsmmmﬁw
naAdenasninddumalgaluimnndesannisndniludunuasuinisgaain nswsey
yAansifiuAnaieassd 01i msufguszuunsine Ugnilsliienvunsemiinluaiy
dfuemsngdunislagn a'%ﬁmﬂa'm;gt,%mszmgﬁLﬁaaﬁﬁaqﬁum'su'%miﬁ'mmsm%’wéﬁu
melaygn WWudu mmJ?iaumeméwﬁéqwamzmﬂumqmqLLawwﬁamaé’amumﬂu
UssmansluniasguazionsulifiAansimunludiunisdum Yiuuss uasiauiuianssu
iieliiaenndestfunisiasuuiaweaasugialanlfegwiuafiuszneufuainuuinidn
“Uszinalne 4.0” vee¥5uialne MuliAnauliuIevlunisudedunansvgiasediu
unmAneliuinnssunareuAnaiisassd smdngnsmaluladmaaiiuasirinendaty
mMsduasukazisssanIsiMduuIveImans malulad waswinnssy ilundawes



Usena Taunsaieanunszdnuasiamnsisuinesdwinemans melulad way
uinnssu Tiiludsaugrunnuiididydoauinmimaasegie Wesnnfeadesty
welulaBuazguamnssuvainuansdu fdunisudayaainsfidianuieiuannioame
magunaluladnaaiivazdiiner Sududshdyunlunsiaunyssme

11.2 #91UN13IN3INTHAININHIANLAE TIRIUGTTX
MsMaRULezUFuUTmdngasdifanuavnansiaunvesssmaniig o silan
s fusislugeaiuasis Tnoussmasis q mduiauigusuiesduvesmueadusgig
110 Usgnoufunsfiesdnsaniszamalsimusliidunmssvisianmsiamvedan Jeds
waneliAanisasuntasludiuing q uanue lddesduluSeweinsdnuseivg
uinnsilvl q fensiieunaia wamiudn vietagdu o vesdsandu iWhuuuldln
IngaNinUTLTLYaIAL ATIIETYRsTTUUMIARasInsAsan Sadunisuansliiiiy
AL YANINTINIINYIAEAT LAz AUNINTIAWUNATULAE AADAIUNITUNIATZAE
meTamusssuidsalfiAansdsuulasmuandingn nswasuulamanaluladegng
fanszlan Anuinunthedimnswewnalulaasauna waluladTinm maluladian
wazulumalulad adennudsunlawieduasusiuasdsnuvisluduleniauas Sy
anany Sedndudeanioumdealiviudenisiudsuulaseunaluladfanalueuian lng
wiesdinsudmsiamsssdnrmdosnadussuy famstauvdoaiisesdarmg saufenis
Uszgnaltinaluladfimnzauwaunausmiugaudsludanlng 019 afremmidenles
maiuiaﬁﬁ’ui’wuﬁsimLLazgﬁﬂﬁyapﬁaaﬁu ioadamanfiuliduauduazuinig Inns
U%mi%’mmiaﬂ%m‘éuazaw%ﬁ’miLLazmiﬁmmaw%’wé%umwaﬁQQWQSWQﬁﬂiz%w%ﬂww ST
wusunauseloviidusssuivyuou duaduyuvuduuds dsnuduiqy iasugian i
afesnm uaginunAundenseediiy
A15URUNENFATIN (319) UHUATHAUILATYFAILATFIANLIIE aduil 13
(w.a1. 2566 - 2570) laltmmdflunsiannnuninay lngnsinnsnyiiienisiamn
Fnnnvasay warlilonaniinisdnuiuinnau fegiamauamdiavoisiuials
ATUTINIY ATUAINST AUTINEEAINANNTA azauaRUayyn siufenisiinssuau
MsBeudiazmsuimsianisesdanuiluviesiudifiuuuuiifinnamannnansnunidany
fmnzay uavaensunmssuiuiinuugiunineins aiidyan weeitiuusssuguvy ioan
AravideuAsdsan iteriuamduudslinnadenn dignisimunUssmangnedsiu n1e
MNuunundngasieiiinisussgndldusannisiauaussauluiuiu eniseanuuy
HARSuAluAISoU Lazndndugilun1ngaaInnssy TINdNsTRIRue I AUsN vy
sutsdnAnnsuagivdn arudilalunissde Aeduninnssulnifiisslovidedsny
Tnedesfiinueesiioniin uenanindngnslddiiunisussgndldaiuiiomisdiy
Fausssug Ry viesiu wmealulad wazuinnssy Wensimuinisnisuaiunioug
Usznelney 4.0



12. wansznUnde 11.1 waz 11.2 den1simuangnsuazasieadasiuiusioves
UNINYIRY

wansznuandadefisyyluinde 11.1 way 11.2 demswanvdngnsuazanuieidosiv
ftusfavosmingtdy anunsosuunldssdl

12.1 MIRAUMANEAS

INNANTENUVDIANUNITUNGUBNUAZNTHAUIMNAATEFAR F9rY WAz TausTsy

yilimsiaumdngasidululudenifdnenmlunmsiaundinuiaziasugavesUszina
uam’mﬁﬂﬁaﬁwﬁwiumi%’um?ﬂauﬂizmﬂmj “Uszmalny 4.0” Fadunsuudeu
Tassaaasusionniuiiduindousenisimudssansamlunimanningraivnssy
1Ug “Innovation driven economy” %3 “iasugiafiduindsusiouianssu” Tnennsld
ANNARAS9ETIA WINNTIN Ingaans walulad uagn1sidewasiaiu suazidilugns
Windneuannsalunsudsturesdsmealussiumnaznuind wazannsauiuiaey
lupuauiesnisvesssmanazfuiivoufulussduaina sauvsesfuanunisninig
Wasuwlasiienaifatuluouian Tnen1sudnyaainsmiaaiiuazaineriifininuiaig
aunsaisunfenludmguiuazaiuisauiulssendlglunisufufinuaiusng o ldegi
manzay aenndostuulouigvesnmsiseaisgdduiuliuayssmaludumdsey dudu
AudnansweamsRaLiifesauaiuiaasusia dnu Yausssu uasAuindon Taginun
Fsmsianndedu uazanuegifuugy

12.2 anuigadesiuiusisvesumineds

unendesvindesneiiiusiafiddquilenandadinfinousnenmg
AAB9IlATIeY duasiget laasssunazadesssy nidenagiaun Weadeanandy
uingdefidemnlunduussmaguiinlas Hudnsmadrnswndses iydigamaun
AavzlarTausssy LLﬁ%Qﬁﬂ@@?ﬁaﬂﬁu suaseymansliinnuduudmiaiannis uas
Fndndugs Anwide dusduwardvanlasimssuidlonnannsynedh’ dmdninost way
Bnsuimsdanistudiesiitunldlunisuimsumine ds Ussneuduidmuneveanis
Wﬁﬂhmmwﬁmmé’mwﬁgL%smwﬁaquﬂdﬂmﬁu “AUUNINNITYIUINITRIAAINS
adeuinngay devenmalulad LW@ﬂ’]iWGNUWIENOU@EJNENEJu” lundugaamnssuyar
Fiugs 1wy avndininneasuasmaluladiinm defunstaumdngnsiauuiiazee
QﬂaﬂﬂiﬂﬁﬂLﬂuLLﬁ%‘U’J’mEJ’IIMLUHQJJQEMﬁﬁJJR]ﬁEJﬁﬁN wiaus swinviulan Sanududin
waziliruadidneindn fnsduaiunisianisSounsaeuiiiugSoududfy vug
YBINTYIUINITAUMTITY UINITIDINTT eUnsITe afraunIedigausiuiienuive
LazUaseasIANInNTIUTEnIan Ity dauasunisusuldvieysannsauinisaiiag
Faineresengitygiesduguinnssumeineimans eimuigaunmiinvesauly
vioatu uazduaiunisoonuumsuinnssudiddeiaiesiu yuwu aunsaududsulam
mswasuulamanaluladlnifidunedsieilos lnslamzegedslunisairsyadiia



THuningauanmanisnens ieustlowdiensgulnanienisuilan saufsnsdamsiFou
nsaouiiiun1sAnydaysan13fun1s¥au (Work Integrated Education) Bnuulv
ABouidnmsAniieedt aisassdnacu WewAtymildiusuvuuazdsan Tasnsysanns
MTeRazuInTHnnsHIuTeivee 9 ludnvaglasenis iietnanuesindnuly
afaselevilvnugnsunasdenaluaniunsalass wasduasuliin@nuiladdiusiulunis
sogennandnvesniiyaviesiu ieairsassAnanuidouazuinnssy Jadusngiuves
aaAnu3ivsidneey

13. anudunusiunangasauniUagauluane/naividuvesaartu
(% s

nangnsIngrmanstudia arv1ivunaluladniuaiuazdaing Ianuduiusiv
wangnsulunmInendy sl

13.1 ngudvvseinlundngnsiiiasoulneans/naien/mingns
nquseinAnmmludsindnwidesseusuivindnuanauy i waz
Ine1dudu wazdanisiFounisasulnoams d1n3vn warinerdesdu lnsuszneuse
eoinlunguiviadamans Inereaniuazmalulad nqunivinaznisdeans nau
uywemMansuazdIANmans Laznguiviysannishasasaivinysin

13.2 ngudv /s lunangasnilaaeulinniv/n1a3v/mangnsdu eunsaun
seuld

(%
a o

Tedvnlaaeulundngasil dnAnwiaiviivduaiunsaidenssuniuaiuaula
Dudvdeniasla

13.3 N1SUSHITIANS
9191585 TURAYRUNANAN SHRIUTEANUNUAUD11T IR SURATOUTIEIV WAL eI TE
AGR! LagIngnsdlunaruenuINedeitigtemuevnanss wazn1sIansiSeunIs
aou wielildidovn arwd wasiinuwesne o Weliindnuldussauaniadoudmuiisinuely
lundngns



PUIN 2
UayalaNITYRMANGNT

1. YSugyr anuddny uazinguszasAvaavangns
1.1 USygrvaanangasimenmansiudgia a1vnivimalulagniaaiivazdainen el
nangnsInemansiadin a1v13vinalulagniuniinazdiine) mﬁuiumsmﬁm
Sudinfifauiiumeluladnaaiiuazimaluladnisding afrsassduinnssuiiinunin
Lﬂuﬁaamﬂuﬁqﬂmﬂmu annsahanusluvszendldlunisiuduszneunisuasaanados
fumaluladfdsuluegnsdundu ensimusulddsauvisluilagduuazewanldifu
98797 \AnN"sENIERUAMN M InvosUsEvrULaiiudnauanansalunsuaduves
Useinaluszauaina wazluvaesifeaduiifinausnuazgilaluanidu Tausssy way

USLNANAUVDITRA

1.2 ANUFIAYYamANgATINeIAansUadia d1v13vimalulagmaalivazinamen i

De

&

nananTIng1mansiudia arvidvimalulagniaaiuasdiinet laydaimuiauniy
LUIMNITBS (319) unuTALLATYgRILAs ALY RaTUT 13 (WA, 2566 — 2570) “Wan
lauUsewmelne gdsauinimi mswmaiwmmamqmw” LAz awﬁﬂmmmmmﬂm
inuaudmulangalnduaznisimuiauiegramnssy Wivinveuazaudnuusi
wngauulangalal savinueluduaug inssmmangingsy uaraudnvueauusvia
sifvesdany Tassjanioumumiouduideuiiaunnaonndosiuanudoinisves
a1k IBerdenisuiulassaaasugialugnianisanuasuinig degdulimaneiid

o

FneamuaznannIngstu PeiaumdnUsstfukasmndunsomsdnilodaaiuaay
fundludin Wundngnsnyjandnduninidauaiwuwaziianuiiumaluladninaiuay
F2Imen annsauszgndldanudifiesesenlsiegnnireuing finnuanunsauiusiludy
Ingrmansuazmaluladlyel o WensiFeuinasndin annsotianuiluuszgndldly
TAnuszanu aFesillndi naonudesiifeniesiudsnunaraanndon o1fity N3N
Snwgveunsiveswnueazfuliusmnlsassegisiiussaniamm madenassemsuaz
g nemslifinue mmdiussenindadliTinuazdaunnden nsiigatndngiu
NNNYVUY nMsufledlynduandousa o uaﬂmﬂﬁmmiﬂmé"}umﬂiuhﬁwmmﬁLLaz
%’ﬁwmE"J’ﬂmmiaﬁﬁlﬂgimﬂﬂWiﬁ’umam%ﬁu 9 langenainuany 1wy waluladnienis
winng nalulagdinimmniee1@aing e1msuussy wddinim uagnasunisden usu
Sadinamsathanusluldnasusslevdlu@inuszdriu iiluiauisdosonssdniuiile
widnindeasauinnssuionswauiviosdunasUssmanalidivinegesiuny &

aamé’mﬁ’mmmumEJGU'eNﬂa'maa11°J’umiﬁﬂmﬁuaawﬁwmé’mwﬁg Weanendneglungy

WWUW%&J%UW@QQUMi@EZﬁM‘UH@u ‘L!@ﬂf\ﬂﬂuEN?ﬂ’]lIWiQUW‘lﬂiﬁmUﬂ"liﬁﬂHWQ aizé’uqq Waasna



10

psAnmslmiviounlUuszgndlilnensysanmsfumansduieliiAnUsslovigean 39
aenndeaiy (519) unuiauLATYgRuar AU RaTUT 13 (W.a. 2566 — 2570) Lok
gvsenansend 20 T Afdhmnenisimuniiddusnfinsuivlasaisssnalnglug
Uszwelng 4.0 tlesjag “anusiuns Sads uazdsdu” wazaeafusumsimuaidimneves
nsnanlavaniugaufnyivesunine dosvdgdeasonldfvuaidevimiadugnsg
B “anfuuianisysannisesdaud aieuinnssy deneamalulad iienisiaun
vipsiiuatnadsdu”

1.3 TnguizasAvasndngnsinerdansiadia arvrdvimalulagniwaiivazdainel o
fvuslvidauaenndestu (319) wnuimuAsvgiaazdsauuisn@adudl 13 (w.e. 2566
~ 2570) waggnsAansy1A 20 U (w.A. 2560 - 2579) lngn1sduany $nw Aegenn1siawn
pundnUfsanuenasugianaifios ukseguuiiugruvesmuneyszana anuivana N3
aanfiduuda mudfunisldifouly 2 UssmsiiterdnAumsinuafiensuasyseifiuns
wauludusing 9 1éud Feulvannug Tnensldesdanuimadnnisiiseusu wasiteuls
A5 Inedntonauszlevdvasiszrisuiazanudusssulunniifvesdiny Tneys
Wnelumsiaugawudieadu suwuiuleuigvesnguaniunsdnwiyaiauiyuwy

Viosiunseyurudy Ndunquuosun e desvinidedsis Aadl

d' a Y

a ada 175 a a S a ] =
1. LW@Na@Um%WWNﬂ’JWNi@‘UE@WULVW‘]IUI@EWHQL@@JLLagslj’J’JV]EﬂVlﬂﬂ']ﬂVli]‘UaLL'ﬁS

'
wa a

AU UANAAARRITUAINABINITVRIRIAY ANUNTOHEUNTILAZE18NBAAIINS I AYUYY
Tnoidufiithdnne Tausssu uazadesssulunisuszneuduundn T3nd1in wazaa
Sulinvaunadiny

2. \lowdntudinfianunsoihanuisumaluladnaniuaziainer luussgnaldlu
msadassruianssuuaznsduduszneunis wiedesenldegisninawing anmnsasiaun
Uuugsenuduey Aunwiinvesnuies wazdsnuldogamngay

3. Weviamvinwesunsdeasluiiauszd fulaeliniwssussina awilne uay
walulagansaumevosindnw Wanusathanuiuiussyndldlunisasedin Ysuduas
SyiviunsBeuntawing 4 dedudeny Yansssu msidles iasugha Awwandeuiilusedy

719904 SEAUUSENA hazseaulan



2. uruuIUTuUe

11

TgazlRyaLNuTRuILarUTuUTIangnsInemansdudn a1v3vimalulagniuad

a a Y o 2R dy
wazdInen lanvualisadl
2.1 MIIANTNANGNT

LHUNITARIUY/tUABuRUAY

nagns

NANFIU/AUY

1. YSuusmangnss
Dulumusnasgiulisnniag
#na. AvuA

1. YFuusmangnss Ay

¢ ° A aa
WU 71 @NB. NUUANS N
ARERIGEOIRIGR
2. AneNbazUTELIY
wangnsunn 5 U

1. enasuiulsmangnsy
2. S19UNaN1sUTEIUY
NANgNS

2. Ufuusaviangnsa i
AL ULATADAAABINUAINY
ABINITUDINAIALTIIIUY

1. HARIUAINUADINITVDS
NIBIIU DIANT LavAD U
Jsegnaunis

2. ARANUNIEAITHIUT
YU UIA

1. 1e9uNan1sUseLEu
Anuanalalunsiatadin
Y83d01uUsENBUNSIAY
wasluszuf

2. Srunudadiafifiauri

3. MAWIYARINTATUNTISEY
ANSEBUNITIVYWALUSANS
ABINNT

1. daauenansdnnaulvia
$IOUTUNIBUTEYNIYINIS
2. daasulienansdveny
3o warlithanudis
nengufuazuUnAves
ATelU1de3s Lilevh
Usgleyilviunyuou

1. NBUTL/NAIUINULDIVEY
91138 URAYOUNENGNT
2. "Adelnsens/Aanssy
Adudselovideyum

4. AuasUANNAINNTATBY
UnAnwlunisduaugu

ToyaanizATULaENI
iauenaulugULuUANa 9

1. YSuUsessuunsanng
Feunisaeulusiedun
fununazlasinivy

2. IANAINTIUEATUNANGAS
4‘ Y v K al b4
WielwinAnwiilonale
UnauenauIdeluguuy
F4 9

1. 919a888AU951879N
(1AD.3) LAYIILINUNA
N13ALHUNITVDT187
(1AD.5) UszaIv1duuun
LazlATINITITY

2. 1ASINSIANANTIULETY
NANGATUALIIBIIUNANTT
ANdulAsINIg

3, SuauNaIWITINSTS
NIWELNTVDILNANEN
UsgaT




2.2 NININTUTZNBUNNSIIIUNTTEDU

12

LHUNISARIUY/tUABuRUAY

nagns

NANFIU/AUY

a v = v a wa =
Tvesuniaalurinisiall

A a A 1Y) =
wardIng e lin1sseunIs
aaunglunaikaznigusn
LaUsEANS AN

1. findagunsalsing 9 lu
Yy o = o
Vo TeuanIaaunil
Usgdngnm

2. fiveaufuinisiaiinas
N a N cay v
Fimenilgunsainte
WMsFIUEINS LWa L
UnAnenlaiseulaginUiun
3. Wauviesayaly
anuAnwINIAI T

PJ9F097199991UI8 LaLED

1. IUTILazUuin
ansdugUNIalsiadI
ndnen Sruaudalusd
UnAnwldvesuianisad
WAz

2. FIUTINUIUAT NI OU
uazgUnsnindneaiified
wlonviusinansldau

3. @1579ANUNIND LAVB4
UnAnwisianisusnmsaunsal

gunIalene 9 agailane | WiensAny)
2.3 msliAdsnwuazanudigvaasatindnud
uRUASHAIY/AUREULURY nagns NANFIN/AUY

wantinAnyailnnaTAn
WM MNBUNIATT
vioaiu uazanUUTENOUNS
ABIN1s UnANwIa
ATANNTOIFLATINTS
LAZilANEITUITUFITY

1. §vandwmsula
AUInELATAANEN

2. W3EUUIEIANINISANEN
wazwgANIINVRIUNANYILY
emsinsieluauinn

3. SR ananIshnse
sEnIalnAnwiuenansed
4. Tfsranunuiaduayy
USAISNNNSISIUNITADU
waglrAusnwAutnAne)
atuayuenldIedmsu
NANTIULEATHUDNIINGAS
stadaasalsinAnwd
AINTTU

5. S wthituszanueu
AenfuRanssutaduuen
NANEA

1. $runutaluansi
ANUINW

2. PIUIULALONTIEIUY
Unnwdfidnganisanuly
wRazln1sAnYl

3. UseiRvastindne

4. MUIUAINTIULETUUDA
NANGN3 SruutnAnu i
TIUUALONTIAIUNRU
UGN

5. i inin e
wioulunsatvayuauns
SYUNTEOULAY
Useanuun1syinnangsy
6. HaN15ETIIANUNINDLY
YpaunAnwIRenITIiNIg
atfuayusing 9 luwdaznia
N3ANEN




13

2.4 AYUABINITVRINAALTINULATAIANLATAUNINE lavaIUIEdAaAMAIN

Utuain

LHUNISARIUY/tUABuRUAY

nagns

NANFIU/AUY

wantnAnwTinauas Rl

- fanuiuagiinuesiiauna
AUAMNADINITVDIUIEAN

- fiaruanunsadugiing
A1TN warilaUSURAYaURD
Viosdunazdany

1. w9AUTNYIINRUIBIUY
A3y uazfusznaunisiiteld
Tunsuuugmdnansy Tu
DUAR

2. Ussdluvinweanus
ATYIUTTOULAT AT
meheuduiivvesindnwi
gusansanw

3. Anausuiazi@uindned
wielsmsulszaunisaiass

4. FARARNINAMAINIG
9350TUTSUM S ULAYLON
NI

5. RvssuluninivAnw
vl Funnsiannenugivi
MUENIUNNTAILATAIINRATN
981530

6. TrewiRslavatuayy
Aanssuaiuuenudngasitiu
AIMETTU F3UTTTU

1. adan1sviruluaneniaon
wialulagmaaiiuazdinined
YoIRANTINIFNW

2. INUBLEUDLULVBIUNYIN
mheunadgiazionwuuly
Tumswaunuazunlondnans
3. AATITRANITUSEIIUAIM
Nanelavesungdng BB
AA3guasionvuiiinesdnse
N3ANY

4. AT TUANAITIANN
lUiuasseussas uas
PHINANTNIUTINAY

5. SruauAanssunselasinisd
Lﬁﬂﬁ@ﬁﬂﬂmﬁﬁiu 3T




14

NUINN 3
FTUUNTIANSANE NMsaniiuns wazlaseaievaandngns

1. SEUUNISINANISANE
1.1 32UUNINTA
nsdnnsAnenduiuuninia Inely 1 Uns@nwuiadu 2 aanisdnwnunid Tu
wilsnianisAnefiszezsnatlitesndn 15 e wazlidulumudodsduumine s s
FsaeidemsinutduuSyyes we. 2563 (Manuan 9)
1.2 MsdansAnwininggiau
Lifimsdnnisfnwiniaggiou
1.3 MsiiguRgeruaeialuszuuninim
laifinsiisuiAsesniiefsluszuuninig

2. MIAuN1INangNS
2.1 U - vanlunsaliunsiseunisaau
Jan1siFeunsaouluiasnunis sendneiudunsisiuans lnegranailtuusiazain
Boumufivinmsvesminendenedy e dweluid
amaeudl 1 sewiadieu figuisu - nanau
aaGeudl 2 sewiadieu waednieu - puaius
2.2 aauvRvasgidnfnen
AuanRlUvesatnadndne sl
2.2.1 dnfansfnundushssduieufnunoutats viewisusimnany i
2.2.2 du 9 Widulumasemauvninendesedigdose Bes msduatasindne
srAuUTeyQns lulaazUn1s@ne
2.3 JgywnwasinAneusnidn
2.3.1 thnwiinnudiugiunisdiuinetmans wu ademans 18nd 1il 373men
finweiugumslfnumeluladasaunanasinusfugumslinusnguoglussduiifes
GNGEOTIYY
2.3.2 YgminisufudinnnisiseulusedutsoudnwundunisSouiidesfine
Auatmeawsadundn vlidnAnwvivediudesesnainnisiiounasdu
2.3.3 Yymnrsudenaivestnfneiidfonssuienisteuluiosazianssuasy
NANgN



2.4 nagnslunmsaidunisieutlatam / desriavesindnuilude 2.3
2.4.1 Fal¥dnsevsuuuiugumeduinemansuasmaluladdmsuindnuiun

1 warlinsveaeutaseiueuiiugrudmiutnAnwiusnds 1éud nismaaeunugiu
wialuladarsaunelsnign (Basic Information Technology ; BIT) kagn1snAgouaNITaus
AUNTBIBINOBRINLTT (EN-PPT) Taeninlin1unaein1snaaauassoudnsun1sausuniy

YOMNUAVDINNINENS

15

2.4.2 Iolvsimsuguiimedin@nuiivil wusihwetlansiEeulagnsiam alisenansd
MEnwussdmyiFeu dwelvdSnuuusimiuindnmsuaemsusum
2.4.3 Ipnanssuivedaasuanudilalundngasuwarassmnuduiusnn senindndnm

wazszvriinfnwuazannansdiaeulundngns ineiudnnisasegvesindnuiluvanans
2.5 ununssutindAnwuazddnianisanenlusses 5 U (2565 - 2569)
2.5.1 WU e luladuasuinnssuniaadl

UIUUNANY Un1sAnu
sEhuURaaStuTi 2565 | 2566 | 2567 | 2568 | 2569
1 30 30 30 30 30
2 - 30 30 30 30
3 - - 30 30 30
q - - - 30 30
394 30 60 90 120 120
Srunuiihdnefinadrazdndanisine | - - - 30 | 30
2.5.2 waunigunaluladuaruinnssuniediinen
UIULUNANY UnsAnu
sERuUR e tuTi 2565 | 2566 | 2567 | 2568 | 2569
1 30 30 30 30 30
2 - 30 30 30 30
3 - - 30 30 30
q - - - 30 30
39U 30 60 90 120 120
Srunutindnefinnadiazdndanisine | - - - 30 | 30




asUurunssutindnwuazddniansfineiluszes 5 Usaunnuuuads

16

UIULUNANY Un1sAnu
seiuUT STl 2565 | 2566 | 2567 | 2568 | 2569
1 60 60 60 60 60
2 - 60 60 60 60
3 - - 60 60 60
q - - - 60 60
394 60 120 180 | 240 | 240
suautnnefinadiazduSamsdnen | - - - 60 | 60
2.6 SUUTZUIUATULNY
2.6.1 9UUSTUIUSIBSU (W28 : U)
- . Ysuuszano
IUASBEATIEIY 2565 2566 2567 2568 2569
ANSISULEUNISAN 960,000 1,920,000 | 2,880,000 | 3,840,000 | 3,840,000
ﬁuqmwﬁéumﬂ%ﬁuqa 180,000 360,000 540,000 720,000 720,000
$9U518%4 1,140,000 | 2,280,000 | 3,420,000 | 4,560,000 | 4,560,000

wueng : A1ldTeReTeitnAnwinaeandnans Anlu 16,000 um Ael/au (Arsssuloud
szylulumudszmanmine dessdgiliessne 3ea fMvuadnsiAsssudeunisfinwniaund
(FeuTudunstalugns) seauUTanns UYsednUn1sfing 2565 asiuil 9 @wnau 2564)

2.6.2 9UUIZUIUTI818 (WU : UIN)

Ysuuszaune
e Soway | 2565 2566 2567 2568 2569

1. Awouunu 19 4.2 50,000 50,000 50,000 50,000 50,000
ARUULAYIAR)
2. AnansnseyuUlag 4.2 | 20,000 | 50,000 60,000 60,000 60,000
3. AAgiue] 69.3 | 500,000 | 600,000 | 1,000,000 | 1,000,000 | 1,000,000
4. ¥An19L58uNS 22.3 | 200,000 | 220,000 | 300,000 | 300,000 | 300,000
AOUNATIIETIBDY 1

SoUNSAY 100 | 770,000 | 920,000 | 1,410,000 | 1,410,000 | 1,410,000

e : G3laiTINIUUTEIN MR UANATUAYUA Y/ ABULIUYARINT WBIRINANE

Ineeansuazwaluladidudiusianis lasutuiouainnsudadnans




17

2.7 sEUUNSAnE
2.7.1 wuuidduiiounan duluautetsfuuninedesed g deaseindae
nsAnuTuUS e es A, 2563
2.7.2 3UuuunsIan1sAnyinude Uesduan1Ing1de sy iees1831018n13
AunuITIUARIINEAnTEAURANANYY W.A. 2563 (MAKWIN 7)
2.8 mMsiigulauniegin srgdvuaznisamaiisudruuminendy
Ay leef nuuaniugeafndy 4 snfe ded-Anyhmdngesiiaunsadeulawniog

Anls Metilidulumunasfiiavesruznssunisuinmsnangns uasdevsiuummingrdesy
W97 1198NTANYITUUTYINT WA 2563 (NANWIN 1)

3. nangAsHazaIsdaeu

A
osAUsEneuYemdngnsuUsoendumnaiviiiaenndesiuiidmunlilunseuuinsgiu
AandiseRUgANAN YL WA, 2552 fall
3.1 wangns
3.1.1 Swuvdaeiin sunaeavdngns ideendt 122 wiiedn

3.1.2 lpssadramdngns

A. w3 EAne Al 30 WU2enA
1. nguivadinenans meemansuasinalulad
Tiseulidesnin 6 Mienin
2. ngsATIITWIAEATARENS
Trseulddesni 12 wiaene
3. NNy wuAansLazdRNans
Tiseulidesnin 9 iein
4. NAIIIYIUINTUaLESNATIINYE AN
Tiseulidesnin 3 yiein
2. ULV RN Tseulddasnin 86 Wu2wAN
L Fuamisiiugn Wiseu 16 vuaefin
2. AW UANEAY Tissulditesnin 63 RUIYAR
2.1 wuRrnalulagilazuinnssunaai
- gy endsRy Tiseu 36 nihgdin
- ngudveniden Widenseulddesndn 27 mihehn
2.2 WAUNT AU ELaTUINNTIUNSTIINGN
- gy endIRy Tiseu 30 Mg
- N eniden Widenseuliitaunin 33 wdiefin
3. AWHNUTTAUNTANVIINVTDENN AN 7 wwhn
A. NUINIVLADNLES 6 WuU28NA



18

3.1.3 3787391
ANNINEYReTTaUsEINI v UMIIA v g ulunangn s
Faenws 3 Fausn MR ReuIes
A9nws SCI e %mwwﬁugmiwmmam% 8831970 Science
Fon®s CMS Muee 3911unAluladilazuinnssumiaadl gou1an
Chemical science
fones BIO nuede Avamunaluladiazuinnssunietiingn geun
91N Biological science
Fan 4 wdn Sanamnesedl
@uii 1 Usuendssedudutinisdne
@i 2 Usuendsdnwasiiloniun
@uiadl 3 — 4 Ysuendedsuneuna e

[y

ANAUNDUNRRIVBIIT

ANWULILNNIT

L% 1 Gl :.JI =]
FEAUAINYINNYNTTUU

RUINIV

ALY FlaY Ffi 2
18 0 Mg mjaﬁmLawwﬁugm‘iwmmam%
@Y 1 e nguivengiudiny
1A% 2 MNERa NI ILeNERNAURNEIINT T/ NY
@Y 3 Mg nguivenEeniuRUTIU/MaunGn Suel/dn
% 4 el naivendendudomnasineluladTanin/qdurie
8% 5 vanefis nauivndensudu o
@Y 6 vuneda nguivUURNMswagiinUseaun1salinndn



n. nAAITIAnEIRlY 30
1. ngudvadiacnans merAansuazinalulad
ThSeulidesndn 6
1.1 U9AUBU 97u2U 3 wilehin

SREIY
GEN1001

F2AU

ANYFANS AT AINANERS LUTINUTZINTU

Essential Science and Mathematics in Daily Life

1.2 1@NK38UIINTI8IVIR UL 91U 3 BUEAR

SRV URRLY
GEN1002  guawivedin
Healthy Life
GEN1003  inalulagfdviaiienisdeansiasnisiseus
Digital Technology for Communication and Learning
2. nguAnwIken1saeans Wiseulideandd 12

2.1 USAUISEU 97U9U 9 wuenn

SREIY
GEN2001

GEN2002

GEN2003

Yo

ﬂﬁﬁqéhﬂq%nﬁaﬂﬁiﬁaﬁﬂil
Communicative English |
ﬂﬁ@?éﬁﬂﬂ%ﬂﬁ@ﬂ?igﬁﬁﬂiZ
Communicative English II
ﬂﬁ%ﬂlmULﬁ@ﬂqiéaﬁW31UﬁmﬁiTHﬁ 21

Thai for Communication in the 21° Century

2.2 \@ansguainsedvsalull 91uau 3 wiaein

SREIU
GEN2004

GEN2005

GENZ2006

GEN2007

GEN2008

A a
UBIAVN
AN e TN UIEaIAMIYINIG
English for Academic Purpose
mmﬁaﬂqmﬁamiﬂizﬂaum%w
English for Careers
MWRUNDN5EESLUDINY
Chinese for Basic Communication
a A A & v
MYYUNONI AT UDIAY
Japanese for Basic Communication
MY BNDNSERANS UDIRUY

Burmese for Basic Commmunication

19

“ilenn
80
“ienn

3(3-0-6)

“ulenn

3(3-0-6)

3(3-0-6)

“ulena

u28nn
3(3-0-6)

3(3-0-6)

3(3-0-6)

Mu2enn

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)



20

WAV Fodw wilenn

GEN2009  miwunviaiienisaeansidesdiu 3(3-0-6)
Korean for Basic Commmunication

GEN2010  mwwigaunsiiionisieansidesdiu 3(3-0-6)

Vietnamese for Basic Communication

3. nguAvuyweransuazdiauaans Tiseubidesnd 9  wiqein
3.1 U9AUITEU 91U 6 wuEhn
eIV Fodun nuein
GEN3001  waillash 3(3-0-6)
Good Citizen
GEN3002  famsnszs1vn 3(3-0-6)

The King’s Philosophy
3.2 @aniSeuaIns1e3vna Ul I1UIU 3 ULehn

SRAIY Fodw wuaenn

GEN3003  03mus5u 3(3-0-6)
Cultural Way

GEN3004 UFUey1veaLAsugianeLiies 3(3-0-6)
Sufficiency Economy Philosophy

GEN3005  quyiseasneasse 3(3-0-6)
Creative Aesthetics

GEN3006 nsidlsauaznguunelan 3(3-0-6)
World Politics and Laws

GEN3007 ANTIOULVDIU T 3(3-0-6)
Competency of Graduate

GEN3008  Usev1Auelou 3(3-0-6)
ASEAN Community

GEN3009 nsilesnsunasesine 3(3-0-6)
Thai Politics and Government

GEN3010  ngmuneludiauseiniu 3(3-0-6)
Law in Daily Life

GEN3011  vinwzain 3(3-0-6)

Life Skills



4. nguiviysaumsuazdsuaiivinesdin Tissulidesndn 3 wileha
ThdenBewnnsedvsoluil

SHEIY Fodw wu2win

GEN4001 mseanidinesiedin 3(3-0-6)
Exercise for Life

GEN4002 WASUAUNITANTUTIR 3(3-0-6)
Energy for Life

GENA003  ms§wiviunisdeans 3(3-0-6)
Communication Literacy

GEN4004  nsiufuszneumsluaiasugiaiiey 3(3-0-6)
Entrepreneurship in Special Economic Zone

GEN4005  Awnndexlulantagiu 3(3-0-6)
Environment in Today’s World

GENG006  nguaneriun1susznauadnlugadivia 3(3-0-6)
Law and Occupation in the Digital Age

GENG007  awdwlomundin 3(3-0-6)
Meditation for Life Development

GEN4008  wywd d3pu bATHENA wavNITHmL 3(3-0-6)
Human, Society, Economic and Development

GEN4009 Inoranfionsiantiasduiunisuinisdany 3(3-0-6)

Volunteering for Local Development and Social

Services

9. AUINIVUANN ThSeulideasndn 86 nuBAn

1. Avnawziugy Iniseu 16 TRtin

eIV Fodun nuein

SCI1001 NANTIINE 3(2-2-5)
Foundation of Biology

SCI1002 nanLAdl 3(2-2-5)
Foundation of Chemistry

SCI1003 nanANAAENS 3(3-0-6)
Foundation of Mathematics

SCI1004 nanwand 3(2-2-5)
Foundation of Physics

SCI1005 walulagasaumnadusuinenrans 2(2-0-4)

Information Technology for Science



SREIY IBIV

SCI1006 anpdusuINeNFEns

Statistics for Science

2. AYANIZAY Tiseulddasnin

63

22

“ilenn
2(2-0-4)

“ienn

Tmasniseusednlukrudnlawvusiviniase ldiewudvsfe) 3ruiuldtesnin

63 NUIBNA
1) kU INAULaE LAz U IANTTUNI9LAL
2) WU NALUIATLAZUINNTTUNI9TIINGN

1) wrusIvnalulaguazuinnssuniaad

1.1 ngudvenUey Tiseu
SHERYN Fodun
CMS1102 Afidugs

Advance Chemistry

CMS2101 wnilofiunig
Inorganic Chemistry
CMS2102 \PIBUN3Y
Organic Chemistry
CMS2103 WwiAs1E9

Analytical Chemistry
CMS2104 \nilLTeNANd
Physical Chemistry
CMS2105 FAL
Biochemistry
CMS3101 ARNIMOTUSEENAULAL]
Computer application in Chemistry
CMS3102 waluladazen
Clean Technology
CMS3103 winnssunamalulagiadl
Innovation in Chemical Technology
CMS3104 nsann1sAan I mSueslURn1sIAL
Quality Management for Chemistry Laboratory
CMS3105 N15d1aeuazeenLUUllaNaMuARNRIADS

Computer aided Molecular modeling and design

36

“uenn

U2enn

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(2-0-4)

3(2-2-5)

2(2-0-4)

3(2-2-5)



SHEIY
CMS4101

CMS4102

a

¥9IY

Funumanaluladlazuwinnssuniaail

Seminar in Chemical Technology and innovation
lassmvemanalulaguazuinnssuniaai

Research Project in Chemical Technology and innovation

1.2 nguAveniden Widensauainsedvseluil bidesndn 27

SHEIYN
CMS2106

CMS3201

CMS3202

CMS3203

CMS3204

CMS3205

CMS3301

CMS3302

CMS3303

CMS3304

CMS3305

Fodn
nsdeansmwdingudviumaluladuazuinnssunaad
English Communication for Chemical Technology and Innovation
inafleiinseitugedmiumeluladuaruinnssumand
Advance Instrumental Analysis for Chemical Technology and
Innovation
N3TUIUNITRAAIVNTTUNIHALRALLINTFIUNEN S eUa
Chemical Industrial Process and Production Standard
NsuUsUNeRLoTLAYE NS TINATINTTAN

Polymer and Natural Rubber Processing for Commercials
ETRILT]

Nanochemistry

UlnslAeuuazgnaIvnssunssuIuNIsadl

Petroleum and Chemical Process Industry
wialulagrdnans

Cosmeceutical Technology
welulagnsndniifunonsemelugsiaaUuazauam
Production Technology of Essential Oils in Spa and Health
Business

MR WEnSuNAULUULaEinYeUsENaUNTS

Prototype Development and Entrepreneurship
welulafdmeuayddeudmiviaviayuwy

Textile and Dyes Technology for SMEs
winnssuaiinedwesluendosdon

Polymer Innovation for Cosmetics

23

u28nn
1(0-2-4)

4(2-4-4)

i28nn
i28nn
2(2-0-4)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)



SHEIY

CMS3306

CMS3307

CMS3308

CMS3309

CMS3401

CMS3402

CMS3403

CMS3404

CMS3405

CMS3701

Hodun

wialulaginflieuazayulnslve

Medicinal and Thai Herbal Chemistry Technology
WONWLALIYDINYYAAE

Phytochemistry of High Value Plants
wialulagansaumadmussiandniaaniued
Chemical Product Business Information System

NSANENDAUTANTIUNINLAL

Chemical Innovation Transfer
walulafnsudndowdaaifanmantanmield
Production Technology of Biochemical Fuels from Waste
Materials

wialuladuazuwinnssunisdual

Technology and Innovation in Biochemistry
wialuladioulad

Enzyme Technology

wialulagiailue1mis

Food Chemistry Technology
wialuladuazwinnITundunILgen

Technology and Innovation of Alternative Energy
WL AENI9LAL

Special Topics in Chemistry

2) LIUIIVINALULATAZUINNTTUNITIINEN

2.1 nguAvandafu TSy 30
WA Fodun
BIO1101 2% INeN
Microbiology
BIO2101 Wugeans
Genetics
BI02102 Urnen
Ecology
BIO2103 mMedneuazassivevialy

General Anatomy and Physiology

24

“nuenn

3(2-2-5)

3(2-2-5)

2(2-0-4)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

“uenn

“uenn

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)



SRAIYN Fodn
BIO2104 Fmenseaugaduazluang
Cell and Molecular Biology
BIO3101 AnANI9IINY
Statistics for Biology
BIO3102 waluladfnmfionisasieuinnssy
Biotechnology for Innovation
BIO3103 1A59N19I9emamAlulauazwinnIIuNIeT e 1
Research Projects in Biological Technology and
Innovation |
BIO4101 dunumaaluladuazuinnssun1einine,
Seminar in Biological Technology and Innovation
BIO4102 Tassmsidenavaluladuas uinnssun1eTine, 2
Research Projects in Biological Technology and Innovation |I
CMS2102 \PIBUN3Y
Organic Chemistry
CMS2105 Fual
Biochemistry
2.2 nguivneniden ThienBsuanmedveelull litesnd 33
WAV Fodw
BIO2201 WONWANEAS
Botany
BIO2301 Usdaninen
Parasitology
BIO2302 A35IMY109ER 3
Animal Physiology
BIO2501 msldiasasdiomameluladuazuinnssunsdiven
Instrumentation in Biological Technology and Innovation
BI02502 IuInng
Evolution
BIO2503 awﬂim%mmzmwmmrmmamq%amw
Taxonomy and Biodiversity
BIO3201 nonLALlLazn15UTEYNALY
Phytochemistry and application
BIO3202 AITINUIVDINY

Plant Physiology

25

u28nn
3(2-2-5)

3(3-0-6)

3(2-2-5)

1(0-2-1)

1(0-2-1)

1(0-2-1)

3(2-2-5)

3(2-2-5)

Mu2enn

NU28nH

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(1-2-3)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)



SREIY

BIO3203

BIO3204

BIO3301

BIO3302

BIO3303

BIO3304

BIO3305

BIO3401

BIO3402

BIO3403

BIO3501

BIO3502

BIO3503

BIO4201

BIO4401

BIO4402

BIO4403

Hodun

NONWANANILATEENA

Economic Botany
amseineuarinsindiine ey
Introductory Phycology and Protozoology
AUAINUADERT

Animal Diversity
wialulagnisudnuazmslduseloviandn
Animal Production Technology and Utilization
ANINYMBTLUALATYFAY

Entomology and Economic Insects

Un#inegn

Ornithology

Tneineaznginssudn’

Ecology and Ethology

AYIINY1NFVNTTY

Industrial Microbiology

WmuALEY

Bacteriology

walulad@rnnamsievuinan

Microalgal Biotechnology
mﬁmﬁwﬁﬂmmwﬁﬁ

Water Quality Assestment
WINNTTUNALANISTIINGN

Innovation from Biological Technique
maduuszneunsiumaluladinmuazuinnssy
Entrepreneurship in Biotechnology and Innovation
wialulagnsuaniaznslausgloviainie
Plant Production Technology and Utilization
@TIMeAndeunaznsustynd
Environmental Microbiology and Application
WINNTIURIMNTINNAUNTE

Microbial Food Innovation
Qﬁﬁ@@ﬂﬁaqﬁuﬁugauw§é

Microbiology for Local Wisdom

26

“nuenn

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(2-0-4)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)



SRAIY Fodn
BIO4501 WinNsTUNMITnNsuaziauInEnSaiviedy
Innovation Management and Products Development from
Local Wisdom
BIO4502 NANNIATUANAMAINLAZNTUTENMUAMANNERTTUY]
Principles of Product Quality Control and Quality
Assurance
BIO4503 193955 TURAEAUUADANYNITININ
Bioethics and Biosafety
BIO4504 ﬂﬂiﬂﬂﬁhuazﬁu@vnq%aﬂww
Biological Treatment and Remediation
BIO4505 3maﬂﬂ13%a§avn3%aﬁwaﬂrﬁamﬁu
Introduction to Biological Data Science
BIO4506 nsuanLazN1sIaUsElesitInGn
Production and Utilization of Bioproducts
BIO4507 AulaendelurieauiRnsuaslssnu
Laboratory and Industrial Safety
BIO4508 WALANINLaURUBA
Antibodies Techniques
BIO4509 WINNTIURALUINTFIUNINSIN RSt el
Modern Agricultural standard and innovation
BIO4510 seidouItiTemamaluladuaz uinnssun 19T Ine,
Research Methods in Biological Technology and
Innovation
3. ARnUszaumMsalIvIInusaannafnen 7
in

TdeniseuannguivilanguiviviissislUiliieanguiien
1) NN NNUszauNITalIYTIN

SHEIYN
SCI3601

SCla601

A a
YoYU

a =L fa = ¥ = a
A15LHTBURNUSEAUNNSANBTNA WAL AT N LATILAY
I INe
Preparation for Field Experience in Chemical and Biological
Technology
AsHNUsEauUNsanvTINaumalulagniwadnasdininen

Field Experience in Chemical and Biological Technology

27

“nienn

3(2-2-5)

2(2-0-4)

2(1-2-3)

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(2-0-4)

3(2-2-5)

3(2-2-5)

1(2-0-1)

e

“ulenn
2(90)

5(450)



2) nguivIaunaAnen

SHEIYN
SCl4602

A a
JBIW1
ANNaAnNYI

Co-Operative Education

A. NUINIVNADNLES
TdnAnwidenseunnaginiUnaeulundnanssedudsyanivesuminedesudy)
Weese Tngldgniusiglunineseuuiead auulidsenin 6 wuiein

3.1.4 WAAILAUNISANE
3.1.4.1 WYUIVUNATUTATRASUIANTTUNINAN

6

28

80
7(540)

“ienn

U 1/ mamsAnedl 1 wiagin | naws | URUA | Anwdagnuies

GEN1001 | Angnaansiazatnfansiugie 3 3 0 6
Uszaniu
(Essential Science and
Mathematics in Daily Life)

GEN2001 | nmwhdanquiitonisdeans 1 3 3 0 6
(Communicative English 1)

GEN3010 | nguianeludiinusedniu 3 3 0 6
(Law in Daily Life)

SCI1001 | ndnaINen 3 2 2 5
(Foundation of Biology)

SCI1002 | dniAll 3 2 2 5
(Foundation of Chemistry)

SCI1003 | wianAmnA@ns 3 3 0 6
(Foundation of Mathematics)

394 18 16 q 34
Srurudaluy/EdUai 54




29

Uil 1/ nansfnunil 2 midgin | nau) | UJUR | Anwddgauias

GEN1003 | wialulaf@dvaifionisdeaisuay 3 3 0 6
nsseus
(Digital Technology for
Communication and Learning)

GEN2002 | mwndanguiiiontsdoans 2 3 3 0 6
(Communicative English II)

GEN3002 | ANdmswszs1v) 3 3 0 6
(The King’s Philosophy)

CMS1102 | taditugs 3 2 2 5
(Advance Chemistry)

SCI1006 | affdusuIneImans 2 2 0 4
(Statistics for Science)

SCI1004 | nandand 3 2 2 5
(Foundation of Physics)

394 17 15 q 32
Srurudluey/duans 51




30

Uil 2 / pansfnunil 1 midgin | naw) | UJURA | Anwddgauias
GEN2003 | nnwlnewiioniseanshumnissy 3 3 0 6
7i 21
(Thai for Communication in the
21° Century)
GEN3001 | walilasf 3 3 0 6
(Good Citizen)
CMS2101 | adlatun3e 3 2 2 5
(Inorganic Chemistry)
CMS2102 | wasidunsg 3 2 2 5
(Organic Chemistry)
CMS2103 | 1afidiasIzsh 3 2 2 5
(Analytical Chemistry)
CMS2106 | nsdeansaendsngudmsiu 2 2 0 4
waluladiazuinnssumaail
(English Communication for
Chemical Technology and
Innovation)
394 17 14 6 31
Srurudluey/duan 51




31

I 2 /7 nan1sAneN 2

Yd8nn

N6

AnwIRIenAULEY

GEN2005

o = =
AMYIBINEBNNITUTENDUDITYN
(English for Careers)

3

6

GEN4004

< v a
nsilugusgnaunislumiasygia
ety
(Entrepreneurship in Special

Economic Zone)

CMS2104

Wi WEnd
(Physical Chemistry)

CMS2105

Al
(Biochemistry)

CMS3202

N3UIUNNTINAMNTTUVNLATILAY
UINTFIUNENT N

(Chemical Industrial Process and
Production Standard)

SCI1005

walulagasaumadannsu
IngAnans
(Information Technology for

Science)

EIEY

17

15

32

UYL/ FUAN

51




32

U 3 / nAnsAnen 1

Yd8nn

N6

AnwIRIenAULEY

CMS3101

ARNTMOTUTEYNATLAY
(Computer application in

Chemistry)

3

5

CMS3102

walulagazen
(Clean Technology)

CMS3103

PIRNTSUMBnALlUlagadl
(Innovation in Chemical

Technology)

CMS3201

\ASeula AT etuEd My
wAluladwaruInNIsUNILAL

(Advance Instrumental Analysis
for Chemical Technology and

innovation)

CMS3405

WwAlUlAE WAL U IANTTUNAIUY
71198810

(Technology and Innovation of

Alternative Energy)

XXXXXX

PUINIVILADNLES

(Free Elective)

34

17

13

30

MBI/ FUAT

51




33

I 3 /7 nAnsAneN 2

Yd8nn

N6

AnwIRIenAULEY

CMS3105

ns3naewazeanwuuliiananiy
ABUTIILADS

(Computer Aided Molecular
Modeling and Design)

3

5

CMS3203

MWl FUNOTUOTLALENEITUYR
a5

(Polymer and Natural Rubber

Processing for Commercials)

CMS3304

walulad dmadazddoud nsu
AMNAYUYY

(Textile and Dyes Technology for
SMEs)

CMS3401

welulagnsrandomanaiitanmn
Nnanmasly

(Production Technology of
Biochemical Fuels from Waste

Materials)

SCI3601

NS ENRNUTLEUNTARYITNA
wAlulagniaiuazdiingn
(Preparation for Field Experience
in Chemical and Biological
Technology)
(anunstlldenannafnen)

2(90)

XXXXXX

PUINIVILADNLES

(Free Elective)

34

17

11

26

UGN/ FUAT

45




34

N 4 / aanisAnen 1

i2enn

Nl

= 1'%
ANYINIBAULDY

CMS3303

AINAILINANAUTAULUULAEINYE
AUsENaUNTT
(Prototype Development and

Entrepreneurship)

3

5

CMS3307

NONWLATIVDI YRR
(Phytochemistry of High Value
Plants)

CMS3404

walulagwiiluenmns

(Food Chemistry Technology)

CMS4101

duyumawmaluladuasuinngsy
7195
(Seminar in Chemical Technology

and Innovation)

CMS4102

lAsINTIemanaluladuay
YIRNTTUNIAL]
(Research Project in Chemical

Technology and Innovation)

EIEY

14

12

23

UGN/ FUAT

43

N 4 / nan1sAneN 2

Mu2enn

e

= 1'%
ANYINIYAULDY

SCl4601

AMsEnUsEAaUNSARTTNATU
walulagnaAlnazdinen
(Field Experience in Chemical and

Biological Technology)

5(450)

UfUR
0

0

Gl
n3v

SCla602

annafne
(Co-Operative Education)

7(540)

LY

5/7

UGN/ FUAT

40




3.1.4.2 WUV INAUIAB LA UIANTTUNI9TIINEN

35

Uil 1/ nman1sinunil 1 widgin | nawd | URUA | Anwdignuies

GEN1001 | Ingnmransuazatineansluain 3 3 0 6
Uszaniu
(Essential Science and
Mathematics in Daily Life)

GEN2001 | nmwndanquiiienisdeans 1 3 3 0 6
(Communicative English 1)

GEN3010 | ngpaaneludiinusedniu 3 3 0 6
(Law in Daily Life)

SCI1001 | wanaInen 3 2 2 5
(Foundation of Biology)

SCI1002 | wdniAll 3 2 2 5
(Foundation of Chemistry)

SCI1003 | wanAdnA@ns 3 3 0 6
(Foundation of Mathematics)

394 18 16 q 34
Sruautaluy/duansi 54




36

Uil 1/ nMansnunil 2 widgin | nawd | UHUA | Anwdignuies

GEN1003 | wialulaf@dviaiiionisdeaisuaznis 3 3 0 6
Seu3
(Digital Technology for
Communication and Learning)

GEN2002 | mwndanquiiion1sdoans 2 3 3 0 6
(Communicative English II)

GEN3002 | Aamsnsz31vn 3 3 0 6
(The King’s Philosophy)

BIO1101 | a¥¥inen 3 2 2 5
(Microbiology)

SCI1004 | wanWand 3 2 2 5
(Foundation of Physics)

SCI1006 | af@dusuINemans 2 2 0 4
(Statistics for Science)

39U 17 15 q 32
Frurudaluy/duani 51




37

Uil 2 / man1sinunil 1 widgin | nawd | UHUA | Anwdignuies
GEN2003 | nnwlnewiioniseanshumnissy 3 3 0 6
7l 21
(Thai for Communication in the
21° Century)
GEN3001 | walilasf 3 3 0 6
(Good Citizen)
BIO2101 | Wugeans 3 2 2 5
(Genetics)
BIO2102 | HWAINeN 3 2 2 5
(Ecology)
BIO2501 | nsldiedestiomanaluladuay 2 1 2 3
UINATTUNITIING
(Instrumentation in Biological
Technology and Innovation)
CMS2102 | wasidun3g 3 2 2 5
(Organic Chemistry)
39U 17 13 8 30
Fruaudluey/duani 51




38

Uil 2 / nMansnuil 2 widgin | nawd | UHUA | Anwdignuies
GEN2005 mmé’aﬂgmﬁamsﬂizﬂauaﬁw 3 3 0 6
(English for Careers)
GEN4004 | nsiludusznaumsluiuniasugia 3 3 0 6
WAy
(Entrepreneurship in Special
Economic Zone)
BIO2103 | mednauazadsinevialy 3 2 2 5
(General Anatomy and Physiology)
BIO2104 | FVinensERugaaLazluang 3 2 2 5
(Cell and Molecular Biology)
CMS2105 | Faiail 3 2 2 5
(Biochemistry)
SCI1005 | walulagansaumadniu 2 2 0 4
WFEns
(Information Technology for
Science)
394 17 14 6 31
Sruautaluy/duan 51




39

Uil 3/ nman1sinunil 1 widgin | nawd | UHUA | Anwdignuies

BIO3201 | wonwaluaznsusesyndly 3 2 2 5
(Phytochemistry and application)

BIO3301 | AnuvaInuanedn’ 3 2 2 5
(Animal diversity)

BIO3401 | 3A%7INIREIMNTTY 3 2 2 5
(Industrial Microbiology)

BIO3501 mﬁmiwﬁﬂmmwﬁﬂ 3 2 2 5
(Water Quality Assestment)

BIO3502 | WinNIsuvMALANISTIINg) 3 2 2 5
(Innovation from Biological
Technique)

XXXXXX | MndgLaenias 3 3 0 6
(Free Elective)

374 18 13 10 31
Srurnudaluy/duani 54




40

N 3 / n1AnsAneNn 2

i2enn

N6

= 1'%
ANYINIBAULDY

BIO3101

aa

ADANI9TIINYN
(Statistics for Biology)

3

6

BIO3102

WAULAETINNBN1TES
YINNTTU

(Biotechnology for Innovation)

BIO3103

TAsansidemamaluladuay
UINNTTUNTIINGT 1
(Research Projects in Biological

Technology and Innovation 1)

BIO3302

wialulagniwaniaznslduselovud
NNERNI

(Animal Production Technology
and Utilization)

BIO3503

miL“ﬂu;:IUizﬂaUmiéf’mmduia@
N NATUIANTTY
(Entrepreneurship in

Biotechnology and Innovation)

SCI3601

NS ENRNUTLEUNTARYITNA
wAlulagnisaiuasaiinen
(Preparation for Field Experience
in Chemical and Biological
Technology)
(anunsalldenannafnen)

2(90)

XXXXXX

PUINIVILADNLES

(Free Elective)

374

17

12

27

UGN/ FUAT

45




41

N 4 / nMannsAnen 1

i2enn

N

= 1'%
ANYINIBAULDY

BIO4101

[y

dunumawmalulaguwaruinnssunig
I e
(Seminar in Biological Technology

and Innovation)

1

1

BIO4102

TAsINFIemamatulagay
YINNTTUNNTIING 2

(Research Projects in Biological

Technology and Innovation II)

BIO4201

wialulagnisuaniaznslgusylovi
INNY

(Plant Production Technology and
Utilization)

BIO4501

UINNITUNITINNITHAS RN
wAR ST

(Innovation Management and
Products Development from

Local Wisdom)

BIO4502

UANNNIATUANAMNINLAYNTUTENY
AMNNHEN U
(Principles of Product Quality

Control and Quality Assurance)

BIO4509

UINNTTULATUINTFIUNNITINYAS
aviglny
(Modern Agricultural standard and

innovation)

EIEY

13

10

21

UGN/ FUAA

39




42

N 4 / nan1sAnen 2

miein | nawl | JUR | Anwidlsaues

SCIA601 | nsAAUSTAUNSIIBTNATY 5(450) 0 0 0

walulagnaadilazdainen

(Field Experience in Chemical and

Biological Technology)
139
SCI4602 | annafine 7(540) 0 0 0

(Co-Operative Education)

39U 5/7 0 0 0
Sruaudluey/duani 40
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3.2 Y2 AUNUN WAZAMRAINITANYIVDIB1R15E
3.2.1 919138Uszdmangns
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W, | el WInedededlng 2548
MU, | il UInedegedlngd 2542
3| weusINe 0UEITIA HYI8ANENT1A75E WA | MsdsuINeIdIEns IS INVAY LTI 2550 15 | 15 | 15 | 15 | 15
(@3 vvLadl) wu. | FTueduasduaiinalulad | wninerduidedlud 2539
4 | undleng elay HYIEANENT1A75E wma. | Wndumans wnIneaedeslu 2550 12 | 12 | 12 | 12 | 12
(@A) mal. | adl WINPTl 2541
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7 | wesmasy egnn HYIEAanIIase | ma. | 33men wneaedesi 2541 12 | 12 | 12 | 12 | 12
(EWINTTINY) | MU | 98TIINeN iRl 2539
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3 N1SANYN
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2 | wellAin wevmanse HYIemans19158 WA, | AdnA1Ens wneaedesinl 2557 4 | 4 | 4 | 4 | 4
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uinnssuni1sdnnisuas Waunan s
Viosfiu

Innovation Management and Products
Development from Local Wisdom
AENNTAIUANAMNIMLAEATUTZTY
AMANRER ST

Principles of Product Quality Control
and Quality Assurance

193855 5ULazANUUARAABVINNTINN
Bioethics and Biosafety
nstdauaeunsianw

Biological Treatment and Remediation
Ingnmsdeyansiiiendesiu
Introduction to Biological Data Science
nsudnnaznslduselosidmansiun

Production and Utilization of

Bioproducts

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(2-0-4)

2(1-2-3)

3(2-2-5)

3(2-2-5)

3(2-2-5)
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BI04507  Anulaeasitluiesufifnsuaslsenu 2(2-0-9)
Laboratory and Industrial Safety

BIO4508  wiatiAvnaLeufuaf 3(2-2-5)
Antibodies Techniques

BIO4509 u':]l(?'lﬂiillLLa%ll'l(ﬂiﬁ']uVl'Nﬂ'ﬁLﬂHﬁli 3(2-2-5)
alel
Modern Agricultural standard and
Innovation

BIO4510  szileuididemnanaluladuazuinnssy 1(2-0-1)
M9T33INeN
Research Methods in Biological

Technology and Innovation

1.4 nguividnUszaunisalivdin 7 miefia
y3eaunaRNEN
- AvilnUseaun1saivIn
sHasedn  Fodv whefn
CM4803  msim3esiinUszaunisallundwiadl 2(90)
Preparation for Professional Experience
in Chemistry
CM4804  msiinUseaunsallivnTwad 5(450)

Field Experiences in Chemistry

3. AW RnUszaumsalivndnvisedunadnen 7 wdaeia
TidenSeuannauinitanguizmiseluiiiieangudes
1) naEAvnUsvaunisalinnan

sain  dedwn nwhn
SCI3601  maessLRnUszauntsalivnTweu 2(90)
waluladvanaiiuazdine,
Preparation for Field Experience in
Chemical and Biological Technology
SCIa601  msRnUszaumsaRmdnsumalulad 5(450)
naAdiazininel
Field Experience in Chemical and

Biological Technology

YSusviaiunlvimsemuud
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- NGWIYIEVAARNY 2) nasimaniafinw
CO4809  annafne 7(450) sign  deim Whwhn
Co-Operative Education SCI4602  awitafinw 7(540)
Co-Operative Education
2) vangasmenmansiudin a1windTine
mneIrany WSeulidesnin 103 wihoia
2.1 nguivunu iSeu 24 wiein
sWasedn  Fedn YaVel3alo
BI0401 Fvenitugn 3(3-0-6)
Foundation of Biology
BI0402 UfTRmsEIneitugu 1(0-2-1)
Foundation of Biology
Laboratory
CM0401 wilifugu 3(3-0-6)
Foundation of Chemistry
CM0402 UftRmsiaiitugu 1(0-2-1)
Foundation of Chemistry
Laboratory
MA0401 Adlarans gL 1 3(3-0-6)
Foundation of Mathematics |
MAQ402 AdAFAnS g 2 3(3-0-6)
Foundation of Mathematics I
PH0401 Handiug 3(3-0-6)

Foundation of Physics

¢o1
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PH0402

SN0401

ST0401

UfTRmsEnditugy 1(0-2-1)
Foundation of Physics

Laboratory

weluladansaumenaznnsieans 3(2-2-5)
Ineans

Information Technology and
Science Communication
anfdusuinAnwIng Aans 3(3-0-6)

Statistics for Science Students

2.2 ngdvnawizdnn  Wiseulidesndt 72 wiieda

- JgnantsAu TiTeu 51 wiein

J9d whefn

18739 Foim

BI1301 #nrinen 3(2-2-5)
Zoology

BI2201 NONWAENS 3(2-2-5)
Botany

BI24011  Wugenans 3(2-2-5)
Genetics

BI2602 9aTIINEN 4(3-2-7)
Microbiology

BI3102 AnAInen 4(3-2-7)
Ecology

BI31041 Iinevegan 3(2-2-5)

Cell Biology

vol
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BI3108

BI3109

Bl4210

BI45011

BI4502

BI4903

BI4904

BI4905

CM3503

CM3504

CM2310

nMeimekazassing iy
General Anatomy and
Physiology
auﬂiﬁmuuazmﬂwmmnma
NTINN

Taxonomy and Biodiversity
Fiung

Evolution

lulasmaiia

Microtechnique
wmadan1sininen
Biotechnique
1ATINTINNTIINGT
Research Projects in Biology
fFunundinen

Seminar in Biology
adAnsTiainen

Statistics for Biology
Faaditugu

Foundation of Biochemistry
UftRmsTuaiiiugu
Foundation of Biochemistry
Laboratory
\niTBunIsug

Basic Organic Chemistry

4(3-2-7)

4(3-2-7)

3(2-2-5)

3(2-2-5)

3(2-2-5)

2(1-2-3)

1(0-2-1)

3(3-0-6)

3(3-0-6)

1(0-2-1)

3(3-0-6)

Go1
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cM2311  UftRmsedidunidfiugu 1(0-2-1)
Basic Organic Chemistry
Laboratory
- yneniden Wiseuliltdosnii 21 wiieie

WoniBeunnedvn 4 ngadv ek

nguIvIT2IINe 21 wiasfin

Wasedr  Todw VaVe Gl

BI1302 Aginen 3(2-2-5)
Entomology

BI26041 aANmIeINGT 3(2-2-5)
Phycology

BI3105 DYTIINE 3(2-2-5)
Molecular Biology

BI31061 I menseusng 3(2-2-5)
Conservation Biology

BI3107 AUWAREATNITIINYT 2(1-2-3)
Bioinformatics

BI3201 dugnivewazniginiaemans 3(2-2-5)
VDI

Plant Morphology and

Anatomy

BI3202 A3TINYNVDINY 3(2-2-5)
Plant Physiology

BI36011 wlulagFamidosdu 3(2-2-5)

Introduction to Biotechnology

991
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BI36021

BI36041

Bl41041
BI4106

BI41081

BI42011

Bl42051

Bl4301

Bl4402

BI4503

Bl46051

Tnsngainen
Protozoology
Aeuuaiisy
Bacteriology
nene1veRiunsd
UNTUITUYBINY

Plant Taxonomy
Frinervewmaie
Pollution Biology
nsnzReaiededi
Plant Tissue Culture
M3dTIaziUTIUTINRUG Y
Tuvfosiu

Survey and Collection of
Local Plants

3TN V0N

Animal Physiology
ugimnssudosu
Introduction of Genetic
Engineering
Anine1vesdn
Animal Ecology

RV PRI RIERH

Industrial Microbiology

3(2-2-5)

3(2-2-5)

3(2-2-5)
3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)
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BIA4907 Wswnsudsaguiudaiven
Biological Software Package

BI4908 52 0BUInITINTINEN
Research Methods in Biology

NguIY19aTIINYD

sHamedn  ToTw

BI26031 dTIME1v0AUYRE
Microbial Physiology

BI26041 aAnTIeINen
Phycology

BI26051 37181
Mycology

BI2610 windardostumsqataiven
Basic Technique in
Microbiology

BI3105 DYTIINE
Molecular Biology

BI36031 Inehtadou
Introduction to Virology

BI36041 Aeuaiilsy
Bacteriology

BI41041 TnAIMe1ves9auUN3
Microbial Ecology

BI41051 BUNTUITMUVDIEUNTY

Systemic Microbiology

3(2-2-5)

2(1-2-3)

21 wu2ein
SATernt
3(2-2-5)
3(2-2-5)

3(2-2-5)

1(0-2-1)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)
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BI44011 WugAmansveRauYsy 3(2-2-5)
Microbial Genetics
BI4402 WugImnssulowu 3(2-2-5)

Introduction of Genetic

Engineering

BIA6011 gaduasdadnalulad 3(2-2-5)
Yeast and Yeast Technology

BI46021 mnatinuuaiizlolad 3(2-2-5)
Pathogenic Bacteriology

BIA6031 RTVINGINAY 3(2-2-5)
Soil Microbiology

BIA6041 ATVINGINUATITUAY 3(2-2-5)
Sanitation Microbiology

BIA6051 AuUvIIana Iy 3(2-2-5)
Industrial Microbiology

BIA60T71 wan st silTRAuNTS 3(2-2-5)
Microbial Food Product

BI46081 NIATUANAMNNNERNSTUTID1MS 3(2-2-5)

Quality Control of Food
Product

BI46091 ATIINYINNRIMT 3(2-2-5)
Food Microbiology

BI46101 waluladnisngdn 3(2-2-5)
Fermentation Technology

BIA6111 Inengiifuniv 3(2-2-5)

Immunology
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BI4908 52 0BUIR TN TIVEN 2(1-2-3)

Research Methods in Biology
nguIYINgNBAERS 21 wiqena

Wasedn  Todw YVel3alo

BI3105 DUTIINEN 3(2-2-5)
Molecular Biology

BI31061 Fmenseysng 3(2-2-5)
Conservation Biology

BI3201 dugnAveuazniginiaemans 3(2-2-5)
YDINY
Plant Morphology and
Anatomy

BI3202 ATIME1veINY 3(2-2-5)
Plant Physiology

BI3205 daugivevesiiviivioddes 3(2-2-5)
Morphology of Vascular Plants

BI3315 NONWAENSLATYFAD 3(2-2-5)
Economic Botany

BI4101 Anenineveiy 3(2-2-5)
Plant Ecology

BIA4106 BUNTNITIUVDINY 3(2-2-5)
Plant Taxonomy

BI42011 nMswnsisaioidoiy 3(2-2-5)
Plant Tissue Culture

BIA4203 Tuslelad 3(2-2-5)
Bryology

0LT
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BI42051 MsdTuaziuTIUTINNUG Y 3(2-2-5)
Tuvfesiiu
Survey and Collection of Local
Plants
BI4211 NsimUINATYgRaLay iy 3(2-2-5)
ayulng
Development of Economic and
Medicinal Plants
Bl4212 TsafivIng 3(2-2-5)
Plant Pathology
BI4213 gosluuny 3(2-2-5)
Plant Hormones
BI4908 521 08UITITeN 9T INg 2(1-2-3)
Research Methods in Biology
nguIvIEnIAIEns 21 wiasfin
9 o AEnn
BI1302 Aganen 3(2-2-5)
Entomology
BI23011  Us@mInen 3(2-2-5)
Parasitology
BI2302  dwniliinszgndunda 3(2-2-5)
Invertebrate
BI3105  @nTIINeN 3(2-2-5)
Molecular Biology
BI31061  ¥1inemseying 3(2-2-5)

Conservation Biology

1.1
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BI3301 AelnamansiUSeuliisuvesdn) 3(2-2-5)
fnszgndunds

Comparative Anatomy of Chordate

BI3302  Fgiimansuazniseusny 3(2-2-5)
Biogeography and Conservation

BI3303 NEANTTUINEN 3(2-2-5)
Ethology

BI3305 funen 3(2-2-5)
Ichthyology

BI3306 Aululad 3(2-2-5)
Limnology

BI3307  dnidnszgndumds 3(2-2-5)
Vertebrate Zoology

BI3311 ey Inen 3(2-2-5)
Histology

BI36021  Twslwdadnen 3(2-2-5)
Protozoology

BI4301 A3TINYNVOIER 3(2-2-5)
Animal Physiology

BI43061  Un¥inen 3(2-2-5)
Ornithology

BI4307 WA AN IUATYEAR 3(2-2-5)

Economic Entomology

BI4503 Jningwesdnd 3(2-2-5)
Animal Ecology

cL1



q Rl wengasin nangasuiuuse wnsdnsy 2565 waralun1suTuUTe
ningasmerAansinda aru1dviall wnsAnsay 2554
néangasinerAansindin aru1dnndiainer wnsAnsiy 2560
BI4908 531 08UTT I8N 19TINeN 2(1-2-3)
Research Methods in Biology
2.3 nguividnUszaunsalivnBnseaunadne Tiseu 7 AfnUszaumsalivilinieaniadnen 7 wioeda
wihedn Wiindnwidenseuneivlunguivilanguivmilseluil 1ﬁL§anL‘%‘wmnnq'm‘»jsuﬂ,ﬂﬂdﬁs{nwﬁmamﬁl,ﬁmﬂ@:mam
. . 1) ngAvEnUsyaunsalivTn
- NANAVINNUTZAUNITUIVIIN .- d - Do
oo “ oA TURIVN LIV NUILNG
B GRN 3 ein - P
VoI SCI3601  ASIMSBNENUSEEUNISANYIINATUY 2(90)
a =% fa a
BI3811  MSIMIBUHNUITAUNITAINIIN 2(90) waluladmaaiuazdiinen
a a
TN Preparation for Field Experience in
Preparation for Field Experience in Chemical and Biological Technology
Biology SCla601  nsEnUszaunsavTnaumalulag 5(450)
BI4811  msHnUszaun1saliyAngaInen 5(450) maafiuasTIImen
Field Experience in Biology Field Experience in Chemical and
Biological Technology
- NgUIYIEVRANEN . .
2) NGNIYIENNANY
SWAIY ‘Tiafs‘m WA BGen| Foin dEAn
g SCI4602  anfiadnu 7(540)
CO4809  annafinw 7(450) ) )
. . Co-Operative Education
Co-Operative Education
NUINIVIEINLET 1.) ningnsinemansUndin a1u13vnadl Tiseulivesndy 6 wulwin
Tiseulitdesnt 6 Mizgin IidenGeuneinle q lundngasuminendesudy

TdenSeunginla q lundnansuminerdessdgiliossy
Inglidduseiniineteunud uasdosliduneinfvuali
SeulaglddumbeiayulunasimsdiSadngnsveddsunsuiv

Weaelaglisiunednieeseuanedl wazdedlididu
sednAnmualiseulaglidumbeinsulunusinisdisa

WangnIvadlUTUN 1IN

¢l
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2) véangasImenmansiudin @winTTine

6 yihefin
TdenSeuneinla q lundnansuminerdesudgliosy

TngligfuneimiaeFousud uasdodsiifunedniitmusils

Seulagldfunbeiyalunasimsdiiamdngnsveddsunsuiv

Tiseulideenin

10

ANB3UNETIBAVITHETIEIY uaz

FuTNLLAY

SWEIV
5CI11001

SCI1002

Fo3wn

NANTYINEN
Foundation of Biology

audRveded@in msdasruudadin
sulauitinemans arsnilvesTinwas
wasluuMUeddu Wugeans nalnves
Fwu1n1s ANUNAINNaI8veIadiTin
Tnssadiauay nifivesiy Tnseadeuas
wihfivesder duineuaswginsu

Properties of life, organization of
life, scientific methodology, chemicals
of life, cells and metabolisms, genetics,
mechanisms of evolution, diversity of
life, structures and functions of plant
and animal, ecology and behavior.
nanial
Foundation of Chemistry

Taseadrsoznen USunauansdunus
Wusziall audfvessnSioumiinuay
N3 ATY A veuvan a1savansy Jaduds
Qauvnarans IauNarans aunalall nsa
- wa il wedifaedes wildunsd
wildaandon

wiuenn
3(2-2-5)

3(2-2-5)

ﬁﬂ%wﬁugwwawﬁﬂqm
INYNERTUUTR F1V1IU0
walulagnaaiiuasdinen
Javheiuilmisua 6
187397 kA HnUszau-
A5ARTTNTIWIU 2 5187
Wsmuislunwnamelulad
wazuIanssumaall uay
wialulaguazuinnssunis

a a
PIINY

vLl
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SCI1003

SCl1004

Atomic  structure, Stoichiometry,
chemical bond, representative ele-
ments, transition gas, liquid, solution,
solid, thermodynamics, kinetics, acid-
base equilibration, electrochemistry,
nuclear chemistry, organic chemistry,
environmental chemistry.
nanAdinAERs
Foundation of Mathematics

flafdu n3w Afin Audeidiesves
Waridu eyiusvesileddususides n1s
Usgynd ndninasilalnig eyiussudvas
wavUsiusidesdu

Functions, graphs, limits, continuous
of function, derivative of a function of
one variable and  application,
L’Hopital’s  rule, higher  order
derivatives and basic integration.
nanwang
Foundation of Physics

ﬂaﬂ'lﬂ(s“lif miﬁuuam?{u BUNNG-
pransvaslva aurnlviln aunuudindn
uas s Tandgalvl

Mechanics, wave and vibration, fluid
thermodynamics, electric field, mag-
netic field, lights, sounds, modemn

physics.

3(3-0-6)

3(2-2-5)
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SCI1005

SCI1006

walulafansauwmadguiuingimans
Information Technology for Science

msldreufinnesuazldsunsudniagy
Tunsinseideys n133nnis Toya uae
n1sUszuIana naenlun1sUTsendly
waluladansawnalunisdudu duasizn
waznaue Jeyalugduuunng q lusu
nsdeansinenmaniesnsiiusydving Tne
Wun1sAnURTRT mungaufuudaz
AU

Application of computers and
package programs for data analysis,
management and processing, effective
application of information technology
for data searching, synthesis and
presentation in scientific
communication by intensive practice
specifically on each subject branches.
abfdmsuInemans
Statistics for Science

g unsEdR ansiandu i
wUsEH N13UANUIIVRIMILUTEN N3N
f0819 N1THANKIIVBIANEDA N15UTTUIN
AMAENITNAFRUALLRTIUNFUF LA
#89NgU N15LATILRAULYTUTIU A3
nagoulAaLals LarnTATIEinIsanney
wazanduNus

2(2-0-4)

2(2-0-4)
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SCI3601

Preliminary  statistics, probability,
random variable, random variable
distribution, sampling, sampling
distribution, estimation and hypothesis
testing of one and two sample mean,
analysis of variance, chi-square testing,
and regression and correlation analysis.
nsw3ssEnUszaunIsaivITneu
walulaBnaeduaziiine,

Preparation for Field Experience in
Chemical and Biological Technology

FalitiAanssuilewssunrumsouves
HiSeunsueentn Yszaunisaldvidn
Wenfudnunzresnuuagloniaveanis
UsgnauenTn mawawdmgiFeulyiianmg
W lannd usagela wazgudnue
winrzaudvividnlaenisnszvinly
anunsaiviogukuus 9 FuRuatesiu
ey q ﬁﬂuﬁ@mﬂwﬁwﬁ%
AnUszaunselivdn uazdnduuuiietin
iy

Provide activities to prepare the
learners  before field experience
practicing in biology related to career
opportunities, development of the
learners to have knowledge, skills,
proper attitude, motivation that suit
the profession by practicing in various

working situations, observing activities

2(90)

L1
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at places of field experiences and
provide seminars for increasing skills.
SCla601  misEnUszaunsaiivdnaumaluladnig

wiluasdinen
Field Experience in Chemical and
Biological Technology

nsHnusumalulagnivaiivay
F7Anen w anuiigsanituivue finns
uararuwazTenudundngiuiitiu
N1SENAULED

Training in Chemical and Biological
Technology field at the designated
places presentation and reports are
required for internship proof.

wrumaluladuazuinnssumandl

GELY Fodn

cms1102 iafiduge
Advance Chemistry

nsn-ud aunaiall tadlnin ans

Faluana lassadrswazaudfves
a138un3d naswmSeunasUiseves
asBun3s efiliuedes UftRnindeaty
Uffsensn-ua aunawadl ndlndy n1s
W3sNLazUjAse1ve9a1sdunse uas
UftRnaindifiaonedestuidomiviad
fuga

5(450)

Wuwn
3(2-2-5)

ladnvihsneduludduau 34
seAndmsuiansiSeuns
gaulunrudrmaluladuay

winnssumaall

8.1
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CMS2101

Acid-base, chemical equilibrium,
electrical  chemistry, biomolecules,
structural and properties of organic
compounds, preparation and reaction
of organic compounds, nuclear
chemistry; laboratories related to acid-
base reactions, chemical equilibrium,
electro-chemistry, preparation and
reaction of organic compounds.

o e ae
WO TUNTE
Inorganic Chemistry
FidesSeuannou: IAYugs
(CMS1102)

- p
nwanIUanNInTLaznosu nyu

anugndulsernauuazluiana
Fydnwaiimenveasudeeiunid Tnssad
nén wnilaafudu nqujauundnuag
asUsznoudsdeu waznalnufisen n1s
Ieilassainswesansuseneulstou

a NeaA & o aaa a wa
arsotunsgndumiseli)nsen ynuanis
NAABUAYINU ANNULEDYTVBIANIUY
28NTLATU NISAUATIZY N1TATIEBYU
dnwazlanig uagn1sfineuisenves
a@sUsyneu afunsd ansusznaulreesa-
wdu wararsusenaulanydunsd n1s
FuasigarsuseneulBedeu wmadalu
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Group theory and Point group,
atomic and molecular energy state,
Term symbol, inorganic solid state,
crystal structure, coordination
chemistry, crystal field theory and
complex compounds, and reaction
mechanism;  complex  compound
structure evaluation, catalytic
inorganic ~ compound  and  any
laboratories related to stability of
oxidation state, synthesis, identity
characterization and  reaction = of
inorganic, coordination, and
organometallic compounds, synthesis
of complex compounds, techniques
for studying of magnetic properties,
spectroscopy and conductivity.
wnildun3d
Organic Chemistry

arudiiosfuiisafuiniidunss
Tassaamyilsfuansusenoudunis ans
Fluana aweslowndl audAninienn
siauaznalnnisiinujisenaiidunid
NM9ELASIENE1ToUNIdeg19dne
anlnsalnUuaznisussyndniaaidl
Bun3d talilBanasvasarsduniduay
UftRnismaasafsrfumaiadosiuly
nsuenansBunIsuarnsinansliuians
Anwufsenamsuazigaliondnual
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Yo9A15oUNIIuazn1FILATIER
a19UsEnaUdUNSILAENITIATIEREN LT
AN

Basic of organic  chemistry,
structure and functional group of
organic  compounds,  biochemical
compounds, stereochemistry, physical
properties, type and  reaction
mechanism of organic compound.
Simple organic synthesis,
spectroscopy, and organic chemistry
application. Organic photo-chemistry
and basic experimental related to
separation and purification of organic
compound.
niAAszi
Analytical Chemistry
iideSeusnnou: mﬁ%uqa
(CMS1102)

vminieafunisiesginiaad nns
TATIATIAUAIMN N15TATIEIT
YSurw adflueiidinsizi nsveasy
anuldldvesis nmsnszhlaedmn
mslnmsadaeufisenisanazneu n1s
TnmsasieUjisernisifieaisuszney
Wedou mslmsadieujisensandindu
Fendu wazmsmsgvinalilded ns
iufog1a nswSenfieg1s MsiATen
WeRA I N15IATIERBSuieE
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Faudn Tdun n1shnsedlagtmin waz
mMeieszilagUnmsuasujoanisi
gonndostuifomdnedy

Introduction to analytical
chemistry, qualitative and quantitative
analysis, process of  analytical
chemistry, statistics in analytical
chemistry, method validation,
gravimetric  analysis,  precipitation
titration, complexometric  titration,
oxidation -  reduction titration,
electrochemical analysis and
laboratory practices in relevant topics.
il dsand
Physical Chemistry
Fniifoasousnrou: iaiifugs
(CMS1102)

FnwrautFuasuia aun1saniizes
wfid ngvguvnamansidunll auga
wndl augasevinaa ansazatgupudLan
Insladuazdidninslad waidludn
saunamaniidund wdiuia fase
Uisen uwualasluans Aeaaeed way
UfiRnsiiaenndostudominedu

Study of gas properties, state
equation of gases, thermodynamics’
law in chemistry, chemical
equilibrium, phase equilibrium, non-

electrolyte and electrolyte solutions,

3(2-2-5)
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electrochemistry, chemical kinetics,
surface chemistry, catalysts,
macromolecules, colloids, and
laboratory practices in relevant topics.
Fuadl
Biochemistry

Tnssadanthitvesialinana toulw
WATTINENNUY LUVURATULALN1TAIUAN
nsuanseennIaiugnssy UFTRnasi
aapndesiuiitengud laun nisvegeu
NaNgAnLasIaiiansdaluena n1s
AT1EMTIUTUIU FaUNAAIENSUDS
wulwl nasdAnwinalnlunszuiunig
wunuedduassaisiulemsn n1sld
asazaretniloslunistaei

Structure  and  function  of
biomolecules, enzymes and kinetics,
metabolism and regulation of genetic
expression. Practice consistent with
theoretical topics, including physical
and chemical testing of biomolecules,
quantitative analysis, enzyme kinetics
mechanisms in the metabolism of
carbohydrates, and buffer solutions in

biochemistry.

3(2-2-5)
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AounesUssyndLund
Computer Application in Chemistry
AoumesUszandidenll nsdudu
waznsldgiudeya n1sldlusunsudae
Weouussuiynsy n1stdiusunsy
lulasgoniionwaidosduuasnis
Usegndldifoundtgmimianainisadng
awedeulm 2 ffuay 3 fflumand
msdeulaseasisluana Tu 2 Gfuay 3
48 YfURnisialanass wadauam
Wosdu nmsfuralasldnaraniida
Tutana NITAUIULUULENATAR N3
Amuadlasldnamansaiouiu waznis
mwnlegldnamansidaluana
Computer  applied  chemistry,
querying and using databases, program
using in bibliography, introduction to
Microsoft Excel and its application to
solve chemistry problems, 2D and 3D
animations in chemistry, 2D and 3D
molecular structure writing, simulation
chemistry practicing, basic computa-
tional chemistry calculations using
mechanical  mechanics,  empirical
computing, molecules using quantum
mechanics and computation using

molecular dynamics.
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wialulagazein
Clean Technology

waluladazen nszvaumslunisan
Ygywwafivuazveznistiiavesds n1s
vndsnunietanmaunuiiieandam
wafiv nsUszndandanuuazdunuly
msudn arsediildlunisieuazenn
fvinazany

Clean technology Process for
reducing  pollution  and  waste
treatment waste Finding energy or
alternative  materials to  reduce
pollution problems Saving energy and
production costs chemicals used in
cleaning solvents.
winnssunnawmaluladiadl
Innovation in Chemical Technology

Anvwuida ngul uinnssy was
wialulagniauadl NTEUIUN15UBINTAS
winnssu nsihluld msdseduna nis
YFuusauinnssumanalulagiadl n1sin
winnssugnisuifuaznislii@eonnded
mMsian1snsngdunslagn

Studies of concepts, theory,
innovation  and  technology in
chemistry, process of innovation,
applied, assessment, improvement of
innovation in Chemical Technology,

launching innovation to market for a

2(2-0-4)
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commercial  purpose, innovation
achievement evaluation, intellectual
property management.
nMsdnnsaunmdviuiosfinisiadl
Quality Management for Chemistry
Laboratory

wdnn1svialuresnisdanisamnm
WosUURinnsuaslstau MuNInsgIu
osUfuRnisnadasuwazasuiiiay
ISO/IEC 17025 szuuAadnIw 1SO-9001
viounsguduiiAados uaznisuseiy
AN MINATEIURIU URNS

General principles  of  quality
management in laboratory and factory
according to ISO/IEC 17025, 1SO-9001
or other involved standards for testing
and  calibration  laboratory  and
laboratory quality assurance.
MsTapazanLUUlIEANaNIY
AONTLAOS
Computer Aided Molecular Modeling
and Design

nsldmeuiinmesdieluniseanuuy
Anwraudd uwazdunsizervedluana
wadiwed a1stiluiana wazaing
WUUTIADIFIBNTZUIUIONNAAIERSLT
lulana namanintauRl uasnanans
Waluana
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Computer aided design, properties
and interactions of molecules,
polymers, biomolecules and modeling
by molecular mechanics quantum
mechanics and molecular dynamics.
Funumamaluladuazuinnssuniaai
Seminar in Chemical Technology and
Innovation

AMIUNEUBLAYRAUTIENAIIUITENIY
wilflihaulanninsansivinismanadi
Yiuae

Presentation and discussion on
interesting chemical research from
modern chemistry journals.
Tassnsiemanaluladuazuinnssy
VNG
Research Project in Chemical
Technology and Innovation

nsdITakarinsizd Jguiau
Fosnisuinnssulutiosiu sausiudeya
PNUNAN 9 Fuatienarsuifed
Weades 3nsdoudlasdidenay
viaue nsiiudfeyauazinsizidoya
119UV YNAUBAIIUA1INTND
NaN1SITY N1SITEUIIUIUITY LAy
dauaNanITIvY
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Exploration of local needs and
current trends of country, collecting
information from various sources and
literature review; proposal writing and
presentation, collecting and analyze
data from research, progress report of
research;  research  writing  and
presentation of results.
nseasnmndsngudmiumelulad

wazwinnssunaadl
English Communication for Chemical
Technology and Innovation

ndnnslunisldarvdaingulunis
Inermans Frdinnsinguiiiieades
Aumaluladuazuinnssuniuall n1s
FoumArnadesu maiaueay
mseAvTe MsUsadiuunaadvinisi
At nswssuluadnsnusazdunival
U

Principles of english use in
science, english vocabulary related to
chemical technology and innovation,
basic academic writing, presentation,
discussion on chemical technology
and innovation issues, critical appraisal
of scientific articles published, job
application  preparation and job

interview.

2(2-0-4)
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wipsiieiaszvidugedmiumalula
uazwinnssuniadl
Advance Instrumental Analysis for
Chemical Technology and Innovation

Nqui ndnn1s drulsenauve
wissdiedinsiginiund waznis
Uszgnaldisnisiinsizviniuaiilay
aninsliiniums lasurlnns
willuiln n13uszgndldauiiioadns
winnssuiuaiinarUftinisiidonade
fuiiformndnagu

Theories, principles, components
of chemical analysis instruments and
applications, chemical analysis
methods  including  spectrophoto-
metry,  chromatography, electro-
chemistry; application of advanced
analytical instruments for innovation
process in chemistry and laboratory

practices in relevant topics.
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ﬂi%ll’luﬂ'liﬂﬂﬁ’]ﬁﬂiiﬂﬂ’ml,ﬂﬁLLa%
WINIFIUNERSTE
Chemical Industrial Process and
Production Standard

ﬂizmumiwﬁmmﬂqmmmswmmi
nanduaiionueny Tuduwazidiu e
wagnszn1y Yudiuud a1s Ulesiadl

2 o as o s
wandugianUlnsiden 819 watadn ay
nagnWonuazalsiAfiouila vinves
mmgﬂumﬁmﬁm%qmmmssu LA DMLY
d.o v oo o e
wnsgruiinluldndndad unsgiu
A v« 44w
WNARNEUN i%UUiJ'WIiﬁ']uVILﬂEJ’J‘U@ﬂu
159970 gaamnssulussuy 15O ¢4 9
FIUNY UINIZIU GMP, HACCP W3¢31%-
YyelAnmsgrundndast anamnssy
o oedd o

NHRNYNIUTENLNYIVBY

Food industry production process,
beauty products, fat and oil, Pulp and
paper,  cement,  petrochemicals,
petroleum products, rubber, plastics,
soaps, detergents and coatings. Types
of industrial product standards. The
standard mark applied to the product.
Product standard, the standard system

involved in the factory industry in

3(3-0-6)
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various 1SO systems, including GMP,
HACCP  standards, the Industrial
standards act related commercial
laws.
MsuUTFUNDALIBSUALE 1B TTUYRLTS
n13A1
Polymer and Natural Rubber
Processing for Commercials
BI9ETIUYIR B1FLATIZIA @ILAULAS
Tuge audRvossrsuaswodues
Tassadamaniiuaziand n1svadeusna
uaznadimed nstugUsnuasnodiuos
Aud Augruiieadundadusions
nszUuUsgURdnsasianiena ey
nARAuAAldIn nsruIuNITYY
ASYUIUNITHED NTTUIUNITIAGDU
nspvrunstiunes uazkdnsusiensdu 9
Natural rubber, synthetic rubber,
chemical additives in rubber, rubber
and polymer properties, chemical and
physical  structure, rubber and
polymer testing, rubber and polymer
forming, basic knowledge of rubber
products, basic processing of rubber

latex products, products from dipping

3(2-2-5)
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process, casting process, coating
process, foaming process, and other
latex products.
sty
Nanochemistry

wniivesansusenauiifilassadiesedy
wilu Yadouaznisimseniaguilulegldis
mandl audf n1snTIamdnsuzane
wagn1suszgndvesluanaiifilaseaine
wuusng 9 1 walulagwataun aynia
Tusgdvunlu violuseduuilu taflids
gusluana

Chemistry ~ of  nanostructured
compounds, factors and preparation
of nanoparticles using chemical
methods, study properties, and
characterization. And the application
of molecular structured such as
plasma technology, nano particles,
nanotube, and supra molecular

chemistry.
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UlpsideuuargnannssunssuIunIsied
Petroleum and Chemical Process
Industry

Anfineesllnsiden drudsznav
Tassade audAniaaiinagnienionn

v a

vallnsidon ufasssumAuasinsiuiu
N1SAUASIERAITOUNTIRS 9 910
nanduginfasssufnagnisiiluly
Ysglevd wagnisuiauimaaily

UszynAlugnaInnIsuuas LU

a0 o |

ﬂszmumsmﬁmwmmy WU d nrany
LLa%L?jﬂﬂﬁ%ﬂ'ﬁ‘} ﬁwﬁ'u ﬂEJ ‘1:!6'](51'16 Y34
uinnssumaaiignamnssuiiindsogly
ANuala

Petroleum  source and its
composition, structure, physical and
chemical properties; natural gas and
crude oil, organic synthesis from
natural gas and utilization; application
of chemical knowledge in industrial
and manufacturing process e.g. paint,
paper and pulp, fuel, fertilizer, sugar,
and  other interesting industrial

chemical innovations.
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wialulagvdions

Cosmeceutical Technology
Mﬁﬂmiﬁugmiumiﬁ@umﬁﬁuLLaz

MsnAnnAndusiaiosdorsszianing

9 sdangdens laun ndndusiada

« a8 v o« o .
waalavuayndndusinsedususie

R ]

a '3 o

nanfugssiumiswazadnnauda
HAR SR TULEURLRaY YL NARS T
ludesunn nadndusieduniunnuna
NARAagidmIuEy nandusiunoy

- . . .
saudesruvihdauuing waluladln

1

wazanAfeiiiedes

Principle of product development
and production of various cosmetics
including cosmeceuticals such as
anticellulite products, antiperspirant
and deodorant pro-ducts, hair care
products, oral care products, make up
products, nail products and perfumery
products as well as novel delivery
systems, technologies and relevant

researches.
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welulafmsudmisumessnelugsia
aulnazaunIm
Production Technology of Essential
Oils in Spa and Health Business

wadanisataiitunenssmeain
dquusenauris q 3nfiv eeAUsEnaU
muailvesiifunensying msduesen
1:!6'11/1811 Qﬁa?ﬁﬂiﬁuﬁﬁﬁaﬂ BAFINNITY
thifumenszive msldihifuneussnely
nsthdnlse wazal Wusu

Extraction and purification  of
essential oils from various plant
components; chemical compositions
of essential oils; perfume synthesis,
perfume industry, essential  oils
applications in aromatherapy and spa

products.
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mMsiREnSaTifusuULa iy
Kusznaunts
Prototype Development and
Entrepreneurship
ANMUAIAQYUBINITWAIUIHA NN U9
NITUIUNTHAIUINAASUINATLANUADING
voanaInkazngudIvue n1snIvua
WIRAKAA S LAZNITNAFOUAMAIN
uandoe uwuadanmsiduduseneunis
dnuazrain1susznauns MsUsenaums
fivszauanuduie naonaunurAnnis
9135579 N159uNUgSAY N15TRReAns
wagnnensuyuslugsia mstingdlaiie
fuindougsia n1sAauAY Anniy
Useifiunasing tneyjutduuszaunisaily
AMUNITHER NITUTHIT WASNTEUIUNTT
aeluifude swfaneiinisnisadna
gafalnl waznagns nsensedunsdanis

a

gafaliianuansalunisudady
Importance of product development,
product  development  process in
accordance with target market and
consumer needs, generation and
screening of new product ideas and

quality testing, entrepreneurship concept,

business categories, successful business

3(2-2-5)
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operation models, business management,
planning,  organizational and  human
resource management, art of persuasion
for business drive, business control and
evaluation with concentrates on
excellence in manufacturing, service and
internal processes as well as new business
development techniques and strategies
for  enhancing  competitiveness  of
business.
welulaBamenazddoud wiuiamia
YUY
Textile and Dyes Technology for SMEs
Inermaninodiuosiuiiugiu audh
Mapfinaznienmyeswedles wedlues
Fedrdlunaindme Iaseadiuay
Fugruinerveanadiues auldives
wodwesadme wadan1svidnune
Bnswazedesdlefilddmiunsiesei
autfvemediuesdme nswseudme
neunslid nszuIuNsdond n1sauun
ddou nsdmunuazesdUsznaunuail
Y3dton pnupuveddenuwduled
ne n1smIsutagdmeneunisdond
gRUKATNIZUINNISHARA MO LA

gl

wansTaua
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Basic polymer sciences, physical
and chemical properties of polymer;
commercial  polymers in  textile
market; structure and morphology of
polymer,  properties of  textile
polymers; characterization techniques,
methods and instruments used for
properties analysis of textile polymers;
textile  pretreatment  prior  the
coloration; dyeing processes,
classification of dyestuffs; classification
and chemical compositions of dyes;
dyeability and fastness properties of
dyes on textile fibers; preparation of
textile material prior to dyeing; raw
materials and manufacturing processes
of textiles and products.
uianssueaiinediesluedosdions
Polymer Innovation for Cosmetics

nannisuazvinvasnediues
auautd w1 n1sdwunviia nns
fvemfwin guvmarans n1svauas
anautFluanmeffuveuduaziuds
nguin1sgaduremeiues uasAuaudR

YINBALUBSNANUITAAALTIRIR
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Tngawgnedwa v ldlundn s
\3osd1ens nmsUssgndlinediueslu
\3esd1an9 nrsiifuAIUANLaEAIIL
Uaonase

Principle and type of polymer,
properties,  function, classification,
weight, thermodynamics, fluidity and
properties in solid and semi-solid
conditions Polymer absorption theory
and properties of polymers that can
reduce surface tension especially
polymers used in cosmetic products;
application of polymer in cosmetics
and aesthetics, quality control and

safety.

waluladiafiouavayulnsine
Medicinal and Thai Herbal Chemistry
Technology
wlanquayulnsauesfusznaunig
il anandAniuainasnigninues
a15U5znaudIfAgy NanNITWENEIs N5
nsaoudosiuvesayulnsuanan s
anayulng Tnsudsnguamansdelui

aslulansm WUsiu nsmevily Whsiunew

3(2-2-5)

661



=p.

nangnsLAn
ningasmerAansinda aru1dviall wnsAnsay 2554

néangasinerAansindin aru1dnndiainer wnsAnsiy 2560

nangasuiuuse wnsdnsy 2565

waralun1suTuUTe

CMS3307

S3LME LOAMABER NIADUNIY

Herbs are classified according to
their chemical composition. Chemical
and  Physical Properties of Key
Compounds  separation  principle.
Preliminary examination of herbs and
herbal products that are grouped
according to the following substances:
carbohydrates, proteins, amino acids,
essential oils, alkaloids, organic acids.
ngnuindvasiivyange
Phytochemistry of high value Plants

arsngnuialvaafivirsugiao wu
w1 AgYe Nszviau N1saia n1swen
frgmalianiwal n1snaasungy
awgnuiafiBsannin ndnnsvesansii
poNQMEMNg FramvesarsngnuAiiulg
yllakazn19mssunandugnvAsughe
W Ay Ages nszviey ey

Phytochemicals of herbal
medicines, extraction, separation by
chemical techniques, testing qualita-
tive of phytochemicals, principles of
bioactive ingredients and structure
activity  relationship  of  some
phytochemicals, basic of therapeutic
guidelines of herbal medicine in

3(2-2-5)
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primary health and basic of herbal

production preparation.

welwlagansaumedmsugsiandnsioun
-
NNAL
Chemical Product Business
Information System
P
29AUTENBULALUTLLANYBITEUY
asaumnanidlun1saniuauniegsia
RUNNYITTUVATAUNARDNITIANTS
0IANT ATHAUITEUUAITAIUANTN Y
ANNUADANBVDITEUY NIFTMUNUTZLAN
vosgsnadiannselind (E-business) N3l
walulanoufiamesniegsna n1sasng
nled nsdufiugstalagldnannisves
a fa & a I3
NUYIBENNTIUNE (E-commerce)
Components and  types  of
information systems used in business,
the function of information systems
on organizational management,
system security control, classification
of electronic business (E-business), the
use of computer technology in
business, website  creation, and

conducting  business  using  the
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principles of electronic commerce

(E-commerce).

AsanenenauInNITUNIaLALl
Chemical Innovation Transfer
WAAAAYITUASIRANISUIANTTUNNS

Al UNUINUBITMUTITUDIANTHONT
Jamsuianssy mstAnesdriiithlug
Msaseuinnssy nseeneneAnIug
vosyaanshuesdns nsarelenuinnssy
wazmaluladinnieuen Jadediduase
n9AsuLUaIURIDIAnTUALN1TAS
uinnssy

Concept of chemistry innovation
management; the role of coroperate
culture in innovation management;
knowledge achievement leads to
innovation  creation; knowledge
transfer  of  personnel it the
organization; innovation and
technology transfer from outside.
Factors affect organizational changes

and innovation creation.
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waluladnssdndemanadfanman
Yaowdold
Production Technology of Biochemical
Fuels from Waste Materials
ndnnsuazuudAnlunisuszynd
walulaBianmifion1sdanisanudold
wrganllawaznisuualszianvesiag
waeld malulagnisdnnisagnield
nsuszgnaldinalulagdrinmlunisan
wazidatagumiald nswdafedinim
waziesiueasindaqndeldlae
weluladTinImnienIsinens n15asng
yarinanTanudslluviesiu
Principles and  concepts  of
biotechnology application for waste
management. Source and classification
of waste materials, waste
management technology. Application
of biotechnology to reduce and
eliminate waste materials; biogas and
ethanol  production from  waste
materials by agricultural biotechnology
creating added value from local waste

materials.
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wialulaguasuinnssumnaduad
Technology and Innovation in
Biochemistry
mmil,ﬁam”uﬁ'mﬁULwﬂIuIaﬁnﬁ
niin Aaanssulusiu wmalulad
aslulanse waluladdln 39740 was
MsUszynAlinIeImsuaznIBnYas
Introduction  to  fermentation
technology,  protein  engineering,
carbohydrate technology, lipid tech-
nology, biomaterials and applications
in food and agriculture.
weluladouley
Enzyme Technology
AmanUininieninuaziafive
wuled NsAIANISHARLAZNTYINT
vouaulesl saumansvesoull n13dn
wongaunIgindnoules n1snaeule
msUssenaldiouluilugaavnssusing g
ﬂﬁﬁ’aﬂﬁﬁaaﬂﬂé’mﬁmﬁ@mmﬂmsma
Physical and chemical properties
of enzymes; regulation of enzyme
synthesis and activities; enzyme
kinetics; isolation of enzyme-producing
microorganism;  enzyme  immobili-
zation;  industrial  application  of
enzymes; laboratories that correspon-

ding with the context in the lecture.
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waluladiaiilusims
Food Chemistry Technology

29AUsENaULALIATIAS19U098115
anvAnuaiivasidndvetesAlsznau
9115 UfAseuazdedeiidnarents
Wasuulamiuaifounagseninmis
wU33U naenaunITiiusnel dae
weluladivauntusll

Composition and structure of food.
Chemical and physical properties of
food composition. Reactions and
factors affecting chemical changes
prior to processing and during
processing as well as storage with
using innovation technologies.
wialuladuazuinnssundanunadon
Technology and Innovation of
Alternative Energy

FULUUNEIUNIEen Wrdandsny
maden mswaumalulad niswdeu
JUNSsu mswawunalulad Ay
Na991U Uselovunasnansgnuaed
waluladndumaden nsdindnu
madenuUszgndld dluninniaFeu
LAYMAMNTTY

Alternative energy model,
alternative energy sources, technology
development, energy transformation,
development of energy storage,
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benefits and effects of alternative
energy technologies, Application of
alternative energy both in the
household and industrial sectors.
Hdafivawniaad
Special Topics in Chemistry
Wadediurauls arud1mdiuay
Inensadielmifiiedostuivuad
Recent interested topics,
development and innovation in

chemistry.

wruvInaluladilazuinnssuniedainen

eIV
BIO1101

oA
9aT3MeEN
Microbiology
Awiugureagadainet Anwn
Wisuieulnsuaslonuazyunslen n1s
TunUsein dugruinel a553nen
n1ssgiule nsduiug nsaauau
Arwduiug v9s9Aunidreams 1
fu 8N NITRAAINNTIN N3
guiiuia lsafnsowazglidiuniu
NsAn¥INIAEUIN
Basic knowledge of microbiology,
comparative study between prokar-
yotes and eukaryotes, classification,
morphology, physiology, growth,

reproduction, controls of micro-

3(3-0-6)

wdnefin
3(2-2-5)

90¢



=p.

nangnsLAn
ningasmerAansinda aru1dviall wnsAnsay 2554

néangasinerAansindin aru1dnndiainer wnsAnsiy 2560

nangasuiuuse wnsdnsy 2565

waralun1suTuUTe

BIO2101

BIO2102

organisms related to food, water,
soil and air, industries, sanitation,
contagious diseases and Immunity,
field studies.
Wugenans
Genetics

mmé’ﬁyugmmqﬁuqmam% Wug-
FNENSUDANULAD NITILATIZANANT
Tpdnswas n1sulswaduuululnda
uagluleda Wugnssuseduluiana n1s
noAsHa N1swUsIia Tamdu n1s
AIVANNITVINNUVDIEY FUFIAINTIY

Basic knowledge of genetics,
Mendel's genetics, pedigree analysis,
cell cycle, mitosis and meiosis cell
division, molecular genetics,
transcription, translation, mutation,
gene regulation, genetic engineering.
dnringn
Ecology

mmﬁﬁyugwmaﬁnﬂ%mm EEANRY)
WA wasau Jadedndn ndnsvesans
Usgyng guau nsiAsuLUaumud
N15N58918 WAy N153ANIS
NNINTEIIUTIRLAE FIwIAdBI 113
Tinquinisidnaineludesiuuas
wilodgnidauandon n1sinua
MAEUY
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Basic knowledge of Ecology,
ecosystem, energy, limiting factors,
nutrient cycle, population, commu-
nity, succession, distribution,
pollution, natural resources and
environment management, appli-
cation of ecological theory to
prevent and reduce environmental
problems, filed studies.
MedaanazasTIneily
General Anatomy and Physiology

mmi’ﬁyugwumamﬁmma:
a3IneesdsdiTin ndaunazauga
vosansluddiTinnszuunsuunve-
duuavioules n1einAnavaisine,
vosdadiimAnafunszuaunisiiugiu
Won1s1seiinesdedidia wu nns
nielasgaviwaa ldun n1saane
mslulawasn TUsiu uaglody dielsls
WE99IU n1sduAsIgLas laun
Uz nslduas Ujisenlulduaaves
e C3, C4 way CAM sldundsoms
HAZNITEREDINIT NITVUALATNS
fudes nmsmdaveadelulasiau ns
Auviug

Basic knowledge of anatomy and
physiology of living systems, energy
and balance of organisms,
metabolism and enzyme, body
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structures and basic metabolisms of
life such as cellular respiration
including the carbohydrate protein
and lipid metabolism,
photosynthesis including the light
reaction and dark reaction of C3, C4
and CAM plants, food intake and
digestion, nutrient transportation,
nitrogen waste excretion,
reproduction.
Inessavwanuazliang
Cell and Molecular Biology

Tuana®anm lnssadrauagniind
03005UNLUAA Lwadlnsuaslontay
gueilon sdvluana druivieviuead
Tpdnsvenwaduazn1sAIunl N1uU
wad n1swisuan nvenead 33013
Anwnuiiveveused auaulRuas
TassaseveInIndanddn nsinansdn
voaRdwen1snensialuanafiiue
nsuUasia nsdunsiedlusiu n1s
LAAIDONALAZNITAIUANNITLAAIDDN
V098U

Biomolecules, structure and
function of organelles, molecular
levels of prokaryotes and
eukaryotes, cell envelope, cell cycle
and its control, cell division, cell
differentiation, methods in cell
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biology, properties and structures of
nucleic acid, DNA replication, DNA
transcription and translation, protein
synthesis, gene expression and
regulation.
AAVNTIINEN
Statistics for Biology

nsiiudeyauaziegietoyanis
Fne n1sldlusunsupauiiamesiu
n1sviadifyagiutieddudeya
dnsrdrunasiosar nsunauedeya
femsanazunugll n1sllusunsy
aeufiameslun1siinszideyanie
ABnsadiAeng o WU MTIATIEINaNIS
ADUWUUABUAIN NITASIVABU
AUNAFIUNETAAN 7 1GU AITNAFDU
laauend n1snsandeuAadesieis z-
test, t-test, Paired-test W a ¥ A 19
Jipszinnunlsususazilseuliisu
ANAdY FIUFINITINUNLNITNAADA
WU 9 919823987

Data collection and biological

data samples, Using computer
program to obtain t he fundamental
statistics for information, ratio and
percentage, Presenting data with
tables and charts, Using computer
programs to analyze data by various
statistical methods such as the

3(3-0-6)
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Analysis of questionnaires, test of
statistical hypotheses by the Chi-
square test. Z-test, t-test, Paired-test
and analysis of variance with mean
comparison. including the experi-
mental design in biology.
welulagTanimitenisasauinnssy
Biotechnology for Innovation

wurRaniamaluladdanaw
walula8@anwaufis dnd uaz
aun3ditoadrauinngsy nszuauns
niamalulagdainaw nasu™
walulad@ianluldlunsWaun
WINNTTU ATYTAUINTT N9ES9LATNIS
Unimzuianssu nsdAnwuinnssui
Uszavarudnsauavimalulagfidu
uinngsu

Concepts of Biotechnology,
Exploitation of plant, animal and
microbial biotechnology in creation of
innovation,  biotechnology  process,
Applying biotechnology to innovation
development, integration, incubition.
Example of  biotechnology  and

innovation success case.
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Tassnsidenawmaluladuasuinnssy
N9TIven 1
Research Projects in Biological
Technology and Innovation |
MM3LEuelATINIUNITITENALYIING
Aevramaluladuazuinnssunig
Trinen
Research project proposal, doing
research in the topic related to
Biological Technology and Innova-
tion.
Funumamaluladuazuinnssumig
Irinen
Seminar in Biological Technology
and Innovation
AMTUNAUDUNAIIUIABINITNY
waluladuazuinnssun1s@iingiain
M vImsiienisedusy
Biological Technology and Inno-
vation research presentation of
academic journals for discussion.
Tassnsidenawmaluladuasuinnssy
NI 2
Research Projects in Biological
Technology and Innovation I
MA1539NeTIMen Anw Auadl

NAADY TIUTMLATLAUDHANULAZITIU

FIYNUNANNTITY
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Biological research and, study,
experimentation, presentation and
writing report of the findings.
WnBAERS
Botany

= o

WelBefiy dugruineiuay nne-

«

U o Aa o s

Inavesiiy I9InsTinuaznisduiug

3

Yafiynen @353y durive1vesiey
Fiuuns mMstuwundsean

Plant tissues, plant morphology
and plant anatomy, life cycle and
reproduction of flowering plants,
physiology, plant ecology, evolution,
classification.
Usdninen
Parasitology

a a

mmi’ﬁuﬁmlﬁmﬁ’umamwm A3
Juundsenn J9instie dugiuinen
waz a3sine1vesusanlulndud
\Rendeuazduiusiumyud mssus
uazLAudeENsUsan NsAnYIAAEUI

Basic knowledge of parasitology,
classification, life cycle, morphology and

physiology of phyla related to human,

collection and preservation of parasite
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specimen, field studies.

#3591 v0dn I
Animal Physiology
Tassa$rwazninfiveniedodns
msanwlIsuiieu nalnnisassine1ves
Fmiluszuusng 9 Uszneume szuudszam
wavszuudenldve nalnnisuanivdeunta
seuunywieulaiin svuusiediusiene
iwuna”wmﬁaua:ﬂs:@ﬂ SEUUNTE0Y
8115 spuudune wazsvuuduiiug s

$1990a wazn1sUudmeassing1vesdnd

o

wiensegsenludanindounuuin 9 uas
UjtRmsiiiieados

Structural and function of animal
tissues, a comparative study of animal
physiological systems including nervous
and endocrine system, gas exchange
mechanism, circulatory system,
Integumentary system, musculoskeletal
system, digestive  system, excretory
system, and reproductive  system,
homeostasis, physiological adaption of
animals  to  survive in  different

environments and related laboratory.
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milfiatesdieniamaluladuoy
UIMNTTUNTIINeN
Instrumentation in Biological
Technology and Innovation

UftRnsdmiunisldindeaiie
ﬁyugwumd%ﬁmm Tunsds mae 3a N1
wiby @3l nannisuazismsldndes
qanssaudidanseu msilninvsdmdu
Hiadoafionts awnlnsldlown?
wadnn1sviauveuaiesiions q lu
#eaUiiRn1smedainen wu adesiiuy
wissusmiaudnans uaoaide
Lﬂé@\?ﬁﬂﬂ?']ﬂéjul@ Lﬁué’u AU
Uaoasdeluiosl§URn1g a3esssunsly
dnrivmaes

Laboratory  of  fundamental
instrumental  in Biology  for
measurement, stock solution and
working solution preparation,
principles of electron microscopes,
UV and visible spectrophotometry
and general instrument in biology
laboratory such as centrifugation,
laminar air flow, autoclave, lab

safety and animal ethics.
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Fauns
Evolution
o . P 2 2 ama

1lunrdeennsiu Nsiinddidin
ginluduazaruvainvaie Auld
FTwuIN1T wazyinaal Wugaans
Usang

Darwinian concept, origin of new
species and diversity, evolutionary
trees and timelines, population
genetics.
aqmﬁmuuazmwwmwmEﬂ/m
5
BINN
Taxonomy and Biodiversity

vaa v v

UszidiTauinig mmgﬁugfmiu
MssuunUssanad®in udninasinig
FuunUszan wdesdlelunisdnwinis
TATEUU AIUNAINWAYLATNITIA
Fwundsfidin n1sa¥isguisiu s
SWTILazAUTaE1

History of phylogeny, basis of
organism classification, criteria for
classification, tools for taxonomic
study, systemic taxonomy, biodi-

versity and classification, key genera-

tion, sample collecting.

3(2-2-5)

3(2-2-5)

91¢



=p.

nangnsLAn
ningasmerAansinda aru1dviall wnsAnsay 2554

néangasinerAansindin aru1dnndiainer wnsAnsiy 2560

nangasuiuuse wnsdnsy 2565

waralun1suTuUTe

BIO3201

BIO3202

nenwaluaznisUszynald
Phytochemistry and application
Tassadanaznsvinauvedmad i
sz - o
L NuUaagi mimimaqa‘ua&ww @19
nAgnivesiiy wadanisainaisdiAty
Ny Wliuneusze a1500n9N5N19
5 y -
BINMN LLa%ﬂWiUi%QﬂGﬂ%a'ﬁWqﬂ'lﬂLﬂiJ
Structure and function of plant
cells, metabolism, plant bio-
molecules, plant secondary
metabolites, plant extraction tech-
nique, essential oil,  bioactive
compounds, and  phytochemical
compounds application.
P o
AITINYIVDINY
Plant Physiology
anuduiussznIniiviuiaelugad
5Mp1NIAY NMsdndsnazesvaily
Tulpslumunueddy maasyivlavosity
wagansmuANnsaTaAulavasily gasluy
“
WY
Relationship between plants and
intracellular water and minerals, plant
vascular system, nitrogen metabolism,

plant growth and regulation, plant
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hormones.

nnYAERSIATEgAa
Economic Botany

4 do o o v 2

Wﬂﬁ’lﬁ'}ﬂﬂﬂuﬁﬁﬂuﬂaﬂﬂuuaﬁ‘ﬂiﬂmFi
NsNARLAZANUAIAYNILATYFNIVEA
iy Aslulanse Avlushu fgngdu g
Wule faaiesiu Avayulnsuasy

4 o " <

LAIDINA WYEIU U'ﬂﬁJLﬂiHﬁﬂﬁ]

Economically important  local
and national plants, production and
economical values of carbohydrate
rich plants, protein rich plants, oil
crops, fiber plants, beverage plants,
herbs, spices, horticulture,

agriculture woods.
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amseineuaginsndainendesiu
Introductory Phycology and
Protozoology

Tanveslosluwuafilss amsae
wazlnslnda osfUsznoume 9 vos
Wwad 2993830 n1sdnduundugiu
Anen @¥5Inen Tariner nsmzdss
Tggnluwuadiisy amsie wazlnsnd?
warwaiafifsadesnnuddyludu
A3 9 wazednmd waluladdanim
warufnnssuieadulesluwuaiise
amse uwaslnslndilulantagtu uas
UftRnsiieades

The world of cyanobacteria algae
and protozoa, cell components, life
cycles, classification, morphology,
physiology, ecology and importance
of  cyanobacteria, algae  and
protozoa, cultivation of
cyanobacteria, algae and protozoa
and related techniques, knowledge,
biotechnology and innovation of
cyanobacteria algae and protozoa in
the current world and related

laboratory.
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AnUMaINTaIeEn s

Animal diversity

P
v

ninnmeynsuIsuvesdnidedy
msRiemadngdans inasinisdadiLun

77 fiug1uuuIAanNITITRININTI09dRn T

Pl

De

YY) faw

wAszAuiugaansifwuinig Wenis

3

See
Z

ﬁwmmﬁmwuﬁﬁi“ﬂzuﬁugm GRRH]
nanmateneiinmuesdnd Anvagiau
vosdnluuraylvdy Anuvainvate ns
dn9uun drainer 3Tmuinig uay
anudAgnaasygiavesdniluudaslndy

v saa o

yiavesdnindanudAgluedons fuoen
il uasUftRnmsiiAeades

Principles of fundamental zoological
taxonomy, Study of nomenclature,
principles of animal classification, The
fundamental principles of evolution in
animals from genetics through to
development, Basic  systematics  of
animal, Biodiversity of animal, Main
characteristics of each phylum and their
diversity, classification, ecology,
evolution and economic importance,
Important species in South East Asia, and

related laboratory.

3(2-2-5)

0¢c



=p.

nangnsLAn
ningasmerAansinda aru1dviall wnsAnsay 2554

néangasinerAansindin aru1dnndiainer wnsAnsiy 2560

nangasuiuuse wnsdnsy 2565

waralun1suTuUTe

BIO3302

walulaniswdsuaznistiuszlevian

o

i

Animal Production Technology and

Utilization
fugIunaiugeansiuguazany

Wuguesdnd nannisdndenuazszuy

o &

nsHaNugdnd u1nsgIunasy way
nandmeiandnd Wnawdunisfinwdnd
wiswgnaluwaarawis wdnnas
waluladdinmadeludlun1sudndni
waznananaindnd wmalulagnis
Wz nsaddng nispauuenanuil
Genetics background, breeds and
strains  of animal, principles of
selection and mating  system,
standards of farm and animal
product especially in  economic
animals  of  Northern  region,
utilization of modern biotechnology
in animal production and related

products, animal cell  culture

technology, field trip.
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AN M MALUUANATYFAT

Entomology and Economic Insects
FIIMy1vouNal Fugruined

#3581 n1staseyAule 2995330 N1s

Fn9uun wuaslududusng 9 anwuz

uYaINatluLAa SUAU N15TIUTIN

waziiudiedrsunasluvesiy

Y a

ATUEAIALYVDILUAIUATEYINT LhasNIT
Wzidguuasiiainudfyniedy
LATEEND

Biology of insects, morphology,
physiology, growth, life cycle, insect
classification in  orders, insect
characteristics in  each  order,
collection and preservation of insect
samples in local area, important of
economic insect and economically
important insect cultivation.
Undinen
Ornithology

Fugnuivien mednia d553nen N3
Fwundszianassun n1sd1saaunly
FITUVIA N15N52918 ITAIUINIS
ngAnssu n1seysnyiudun n1sfnu

AAFUNL
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Morphology, anatomy, physio-
logy, classification of birds, survey of
birds in natural habitats, distribution,
evolution, behavior, bird conser-
vation, field studies.
Tneineuaznginssudnd
Ecology and Ethology

AauduNussgninadnidu
Aawanden Yadedidnadonisdsy
wUaagnuIn Useyns naswaedu way
nsnsEnefvenszrng nsldannug
nadnainedinsziyie wasyuyy
99803 woAnsuvesdnd Arudfey
Ypemginssudifienuamisalunig
otjsonlusssuf fugrumieadsing,
YDINOANTTU NITHAUINGANTTY
NOANITTUNIFIAL WeAnNIIUAY
Aswandon wnAnssuduiiwwinig uas
fuftAnsiidenndosiungu

Relationship between animals
and  environment, factors  of
population  changes, competition
and distribution, the use of
ecological knowledge for specie and

community analysis, animal
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behavior, animal behavior and
tendency of survival in environment,
physiological mechanisms of
behavior, behavior development,
social  behavior, behavior and
environment, behavior and
evolution, experiments related to
lecture.
aTVINIRAMNTTY
Industrial Microbiology

Asuen Falden Waul Liusnen
FAUNSY NMIAIVANNISIISYURIRALNSY
wialuladnisudn walulagnisviiensia
U3gnd n1swaneniuea euleiain

A o o o P
qauwsa BINITINUN Iﬂimumaamm
wagn1suannsnesdlu n1sannse
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BUNY msUgmuz Lagda19d N9
oy o ace
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Isolation, selection, development
and  preservation of  microbes;
microbial growth control,
fermentation technology, purification
technology, ethanol  production,
microbial enzymes, fermented foods,
single cell proteins and amino acid
production, production of organic
acids,  antibiotics and  colors,
application of microbes in cosmetics,
patents, application of genetics in
industrial microbes, industrial
wastewater treatment and related
laboratory.

Inguuaiise
Bacteriology

dugiuinet a35nen Wugnssu
AUNTUIFIU UarAIUNEIAY YD
wuaiiise m&qmammsu LNWNINITU
LAENeNISUINNG

Morphology, physiology, genetics,
taxonomy and the importance of
bacteria in industrial, agricultural and

medical aspects.
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waluladTnmensisrunaidn
Microalgal Biotechnology

awdiuguisafuamitesun
dn n1sdmdenamigvuindndiil
Ay niaAsygne nasld
weluladFanmlunsmzidesnisifiv
Aewaduagnisuiulgaiugnasues
awmsngvuiadn n1susylevdnaznig
Usgynaldamsisvuinidnlu
ARAMNTIUA 9|

Basic knowledge of microalgae,
selection of economic microalgae,
microalgal biotechnology for culti-
vation, harvest and strain improve-
ment, utilization and application of
microalgae in various industries.
mﬂmwﬁ@mmwfw

Water Quality Assestment

o
S

mimaﬁﬁms']zﬁﬂmmwﬁwLLazm
S - = A
e Aunienw 1edl wazdanan 1nedd
103511 WiounaIBn1seuna Msula
HANTAATIZY

Water and wastewater quality
analysis in  terms of physical,

chemical and biological
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characteristics using standard

methods; interpretation of analytical

results.

winnssunadanesdiinen

Innovation from Biological Technique
nisldmaiiauazisnaslunis

UfURAN I Inen n1siiudaedng

o 1

PPN o
WTIN NITOALNAL N15ABI NITARN

P\

e

a1 uwarn1saesuNINInenaans
wiadade 9 Tun1siwSeudiegiaiie
= v P =
Anwngla NABIFANTIIAU LYU N1IAN
o = o & 4 v
foee N3EeEn nsAnLlaLEe n1sden
PR G o ¢ A a p
fulloBofivuavdnd ondnalan n1s
afauasnsiannuinnssy

The wuse of techniques and
practice in biology, preservation of
organisms, pressing and drying plant
specimen,  preservation,  animal
stuffing and  scientific  imaging,
microscopic  specimen  preparation
techniques for sample fixation,
embedding, sectioning, plant and
animal tissue staining for microscopic
study, creation and development of

innovation.
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madugusznaunisinu
wialulagTanmuazuinnssy
Entrepreneurship in Biotechnology
and Innovation

Foudanssu nsidenloswesaug
naganmgnisimunu fuszneunis
gumalulagyinmuazuinnssy n1s
Fan1sninddunislg gy Uszian
sUMUULAZUNUGIAY nanNTdANTT N3
FAN19AIUNITAAIN N1THER N5
Joy¥ 218 nguunegsia gsfasendng
Useine waglsesssuainsy
Husznauns

Bio-innovative,  the  linkage  of
biological ~ knowledge  to  entre-
preneurship development in
biotechnology and innovation,
management of intellectual property,
types of business, forms of business,
business plans, principle of management,
marketing  management,  production
management, financial management,
accounting,  taxation, business  law,
international ~ business and  business

ethics for entrepreneur.
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BIO4201

BIO4401

waluladnswdauaznisldusslomian
-
Ny
Plant Production Technology and
Utilization

nanniswmalulagdinmiia n1s

R ..
WglRgallagany AudAyLay
o & ) o g

RANNITAUFIUVDINITUTUUTINUNY
wazszuuNsduiuuofia wwafanI
. ‘x 9 o ¢ a
WUFAEAINUNITUTUUTIN UG tnaTla
adlvidwsuniswdniio

Principles of plant biotechnology,
plant tissue culture, the importance
and principle of plant breeding and
reproductive  systems in  plants,
concepts of genetics and plant
breeding, modern techniques for
crop production.
AT Tinendwindennavnsuszend
Environmental Microbiology and
Application

aunIdluaninuindonsig 9
unumvesduniglunisinwianin
auna uasn19Wasunyadve
annwindeniiiie1deiugAunid n1s

wilvaninuindeuduiivlanedsnig
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a%Inen wazmelana@iiveluana
Microorganisms in various
environments, role of  micro-
organisms in environmental balance
and environ-mental change
associated  with  microorganisms,
remediation of polluted
environment by  microbiological
methods and biological molecular
techniques.
winnIsueMsINAUNIY
Microbial Food Innovation

a ¢ al
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BIO4403

Microorganisms and food, food
spoilage microorganisms, pathogenic
microorganisms and toxins in food,
composition of the food that affects
microbial growth, nature of spoilage,
food spoilage in various kinds of
food, sampling technique, detection
of microorganisms in food, milk and
dairy  products,  microbiological
standards for food, prevention and
elimination of microorganisms in
food, food preservation, field
studies.

9

niityaviosdiuiugduns

N

Microbiology for Local Wisdom
a N A o a
UNUMYRIRAUNIEM AR UH-
Yy grviesduveslnelagianiznig
91115 N19LAYATULAE FIWINADY LD
nsinseikarduaszigi Yy gy
WelvlAauwiAatianswauIve1ena

L - N
wiesesannideyglnediedBnisnig

AInereans

Roles of microorganisms asso-

ciated with Thai local knowledge

and wisdom especially in the areas
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BIO4501

of foods, agriculture and the
environment; analysis and synthesis
of traditional  knowledge and
wisdom, to decide on possible
future developments that are based
on using scientific methods.
winnssunisdanisuasWauwansdue
Tioafiu

Innovation Management and
Products Development from Local

Wisdom

9 1Y

WANNITINNITNINEINTEITUYR

a a v

Yoy Asandouyuy uaz)iidynn

a o A

Yesdiu midnieningau nsinseuuaz
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nsudsguinghudszianang q lu
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v a o

fioedu nannisiugiulunisimun

a o

nandusigulan uslaa n1suszandld

%

ymmﬁmmgLLazqﬁ{]nﬁywﬁmﬁuLﬁa
adeufanssuitanusafausslovd
NG

Principles  of local  natural
resource management, community

environment and local wisdom, raw

material selection, preparation and
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BIO4502

processing of various local raw
materials, basic principles of product
development, applying local natural
resources  to  integrate  local
knowledge and wisdom to create
innovations that can bring maximum
benefits.
MANNIIAUANAMNINLAZNTUTEAY
AUNWHERTET
Principles of Product Quality Control
and Quality Assurance
MANNUAETTNIAIVANAMAINYDS
nanduailunszuiruniswdnnig
QAAMNIIN FULAT ATUNBAN AU
38un3d n1sduiieg1e n1sAIuAN

v a

AUATNUBDIINOAU NSTUIUNITHUTS

il ]
P

uazndnSsiduaang ielidaunn
AsIUdaNIMUALINTE IO ARSI
sswmsﬂszﬁuqmmw UINIZIU 1ISO
uaznganedy q fifieatos Anwiga
uaﬂamuﬁ

Principles and product quality
control in chemical, physical and
microorganism. in industry, sampling,

quality control of raw materials,
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BIO4504

processing and final products to
ensure the quality meets the
standard  requirements of the
product, quality assurance system,
ISO, and other relevant laws, field
studly.
T1938555ULazANLUARAABVNTININ
Bioethics and Biosafety
asseussalunislidninaaeaile
n15398 a38555un193 98 lunywd
ANEIRRYUIANUADANENINTININ
32AUVRIANNUADAAENTINNLAY
1055 un1sUHTRluesU§uRnns
Ethics of animal use in research,
ethics in human research,
importance of biosafety. Biosafety
levels and standard practices in
laboratory.
nstdauasunsianw
Biological Treatment and
Remediation

A1TUNINTEINBVRIEITHATEIUAY

P
5 o a

Ware1na winnisuazimaialunis
TdawasitunFuwndeuiivuileulnsly

ASEUIUNTTNIAIUTINN LU N5y
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BIO4505

8un3g wazdiy lunisminuazgos
aaneuaansfig o n1sUseiliuNanssnu
Awandeuiitinainanseng 9 Wang
nea1w il wazdanim suneliiin
Hymdaandounaznisudsuulam
PIRGEVER

Distribution of pollution in soil,
water and air, principle and
techniques for environmental treat-
ment and  remediation  using
biological process for example
application of microbial and plant
for  pollutants  removal  and
degradation, Environmental impact
assessment from physical, chemical
and  biological agents  causing
environ-mental ~ problems  and
ecological changes.
Ingnsteyansiiinendosiu
Introduction to Biological Data
Science

nslfuazdundeyaniudaingn

nadedrsdumesiin Tassadng

¥
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o

aAuLuaLarn1TIATIzRa R vesiily
nsfinwaneiudITauinisiegldaiu
Aduevsedwunsneyilu nsiAsw
WAMATUINTS

Use of software and Internet
based data interpretation  of
biological related information, basic
understanding  of  bioinformatics,
biological database, bioinformatics
for nucleotide base and amino acid
analyzing, assessment of life
evolution by computer programing.
nsudnnaznsiduselonifman S
Production and Utilization of
Bioproducts

= < v A o e
FINAANUNNIIATUNY @R AL

s as v v =
Aun3d muAmtuazimaluladves

QA D

WANSUA N1SHANTINERSuailuTe

QN

319 ui’mﬂiima:msﬂszqﬂ@ﬁ hae
B
NIUANYINENYIVDY
Bioproducts from plants, animals,
and microbes, progress and technology
of  bioproducts,  production  of
bioproducts for business, innovation

and application, case studies.
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BIO4508

Anulaeaseluiesfifinsuas
159974
Laboratory and Industrial Safety

waialunisnsadudsunsieiionn
Wntulukesfifnisuaslssnu ns
unun3etlasanisiiieafunig
JoaiugUfvng wasu1nsin1sA31y
vaondoluunazUssianaodne
Ufudnisuaslssanu U9t 9A211
Uaaaden19TinIwn

Techniques in identification of
hazards in laboratory and factory,
project planning about accident
prevention,  safety rules and
biosafety in laboratory and factory.
wadaneuivef

Antibodies Techniques

winn1sszuuifuiunufy uazgldudy
IaSuinanends auandivesuaufinuuas
wouRuad wallanrseudvaidniy

a

arindanunmaz Ui madaduy
Tufnfadu nenuasn nafisuuasy duy
Tugaloefians meilndlagn uas duglulas

slansil
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Introduction  to  Immunology,
principle of Innate and adaptive
immunology. Properties of antigen
and antibody. Qualitative and
Quantity immune techniques. Immu-
nodiffusion, Dot blot analysis,
Western blot, Immunohisto-
chemistry, EUSA techniques and
Immuno-chromatography.
u':]lc‘lﬂiiuLLa%iJ']Gliﬁ’luVl']\ﬁﬂTSLﬂHGli
aslelul
Modern Agricultural standard and
innovation

WNeRILNUE T9uRdnily n1s
A529d0UdauNaU UINIFIUNNINIT
wneas nsiludusenaunisinens
Jamnanensuladlng uinnssu
namsinuasadeln

Precision  Agriculture, Plant
factory, Traceability, Agricultural
standard, entrepreneurship in
farming, Mega Farm Enterprise and

Modern agricultural innovation.
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suilouisiTemamaluladuasuinn s
M9TIINeN
Research Methods in Biological
Technology and Innovation

ANEIAYV09N19398T1TIN Y
Funsuniseuiiun1sive n1siaue
FJoauslasinis nistmueinguszasd
wavauuAgIu nsiuTiuTindeya n1s
%Lﬂi']%ﬁLLa%ﬂ']iL%B‘uNa AU
nan1y39e ULy

Importance of biology research,
research  methodology, proposal
presentation, objective and hypo-
thesis decide, data collection,
analysis and writing results, applying

research results.
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n. nuInYIANEMILY
1. ngudadiacnans meraansuazinalulad

SHEIY FodvuazAraiureseivn WUWAN
GEN1001 MeAERsLazAtNAERS lUTINUTEINIU 3(3-0-6)
Essential Science and Mathematics in Daily Life
NsrUIUNSARYeIIYYE N1smuinyeEnTEUIUNSAnKan1sUTEEnalYly
Ausing o ludindszdndu Basmadnemans Auin1ainermansiuaImuinig
Aneneandiiioy vanadamaniisniuluiinUsesiu wavadidedu
Human thinking process, development and application of thinking
process skills in daily life, scientific method, scientific knowledge and pseudoscience,

essential mathematical principles in everyday life and elementary statistics.

GEN1002  gunwiiiedin 3(3-0-6)

Healthy Life

aqﬁﬂizﬂauﬁugm mmﬁﬁmﬂaaqmmmﬁa%ﬁm ANMTFUANUAZAITALA
U NORNTINGVAN mam’sﬁlfmmwLﬁaaﬁuﬁaamuLaﬂ N1IUgUNYIVIA DIUNTUAY
Tngung miaaﬂﬁwé’qmmﬁaqmmw gIaTAITEANAA dUNNENITRTYNUS LazgunInan
annsnthanuilaludszandldluiinusydiu

Explains the meaning, basic element and importance of healthy life.
Health status and health care, health behavior, basic health check manually, first aid,
food and nutrition, exercise for health, medication and drugs abuse, health,

reproductive health and mental health knowledge to be applied in everyday life.

GEN1003  weluladAdsiaianisdesnsuaznisisous 3(3-0-6)
Digital Technology for Communication and Learning
arudidosiuieiumaluladidva nslimaluladdumesdauazdedsny

soulauaggniInungIneLarasesTIimenalulagidva I5n1ssnwianudaensisly

nsldmaluladddsia nsldmaluladfdsialunisdeals nsseud waznsdududeya
ansauwe arudiuguieatulusnsunesfianes

Introduction to digital technology; ethical and legal use of internet
and social media, security use of digital technology, utilization of digital technology
for communication, learning and searching for information; basic knowledge of

computer programs.
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2. NFUINNWIUALNNTTIHT

SHEIY FoivuazArasureeiv wuawnin
GEN2001 Mudangeiionsdedns 1 3(3-0-6)

Communicative English |

finvzn1sdoansntwdanguludinysedriu Tnenisysannig vis 4 inws
¢un nsils nswe n1381u wagnaiBou nsdeansluaniunisaisng 4 sanisigoul
TAUFTTUVDIANVDINIY

English communication skills by integrating all 4 skills; listening,
speaking, reading, and writing in everyday life, communication in various situations

including learning the culture of native speakers.

GEN2002 AMuSInguiansaeans 2 3(3-0-6)
Communicative English Il
finwrnsAeansnundangulusyduiigaiulpenmsysanmsit 4 e 1éun

n15#e N3N N1587U warnndewiienisdeasluaniunisalidudoudtu Tnewunis

wamsnuAniLluUsTIAUANS 9 DETLVALATHA msldduunuifienisiasaideses n1s
laUszaunisalilazauaula

Advanced English communication skills by integrating all 4 skills;
listening, speaking, reading, and writing for communication in more complicated
situations with an emphasis on giving opinions in various issues logically, using

language expressions for negotiation, sharing experiences and interests.

GEN2003  mwlneiiienisdeansluanissud 21 3(3-0-6)
Thai for Communication in the 21°* Century
Uszituieatunisldniuivelummssed 21 anudilalunisldaiwilneg

wazmsltlFessgnioauanmanzaniugears i 4 fvgddny Tiun n1sils nsye g

warndeu Wen1siesen duasen wasinnuldegnsadnasse
lssues relating to Thai language usage in the 21°' century,

understanding Thai language usage correctly and properly for the era in all 4 skills
including listening, speaking, reading, and writing in order to analyze, synthesize, and
interpret creatively.
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INEIY FovuazAresuresein i8N
GEN2004 nMwdanquiitaTnguszasiniedvanis 3(3-0-6)
English for Academic Purposes
finwrnsenuuaznslsun1wdnguisuludmsunisdearsmduinig
Tneuiunseudainssiuasduasziidemaindess q vededeiu delanvind uazde
ooulatl uvsnadeuaguai
Essential English skills for academic purposes by focusing on reading
and writing skills; analyzing and synthesizing of texts in authentic materials from

printed and audio-visual media and online resources as well as writing summary.

GEN2005 AMEsangesianisUsznauenIn 3(3-0-6)
English for Careers
ﬁﬂmmmé’qﬂqwﬁaﬁLﬁuiuﬂﬂiL@‘%&Jmé‘haﬁmqmﬁgqmimﬁ’nmmmu g

FoulsySaduin msdeusamneadaseu waznsdunvelny susainunisdeansly

aouivihuegaliuseansnim mawssuanundeumsiauinveisndulunsedouds

dusunisasulnda (TOEIC)

English skills needed for a job application preparation including job
seeking, writing resumes, writing application letters, and job interviews including
effective communication skills in workplaces; skills needed in preparing for the Test

of English for International Communication (TOEIC).

GEN2006 e Iuientsdeasiesdu 3(3-0-6)

Chinese for Basic Communication

sruudssnwdunans edwsiduiiugiudaus 400 MIUIY duauiazsy
Usrlemagradrgarnunaunuiluaniunisalaing q lagidunisiniinyeaiunmsilabaznisne
naonTundIluAI Ui ss LA Tamsssusg  Welddmiunisharedoarsndesiu
AUYIIU

Chinese phonetic system, basic vocabulary of more than 400 words,
simple expressions and sentence patterns from conversations in various situations by
focusing on the practice of listening and speaking skills as well as general knowledge

about manners and cultures for basic communication with Chinese people.
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INEIY FovuazAresuresein AYRlnL!
GEN2007 nwﬂzqﬁ:ﬂmﬁamiﬁaamﬁaaé’u 3(3-0-6)

Japanese for Basic Communication

Uszinnindnuslunwidlu szuumsesnides msiindinuznisile ya 61u
wazilou lnetulsenuuazilouamninieuszluamesneslsdu duiutazlaseaing
1’;mﬂsmwummwdsﬁumsaams L mmmdummium’m mswml,uummw,aa 19
VBNFAMLUUS N1TUBALIAN ﬂ”liWG]LﬂEJ'Jﬂ‘UﬂiE]‘Uﬂ'ﬁ’JLLaulWTTJ‘V]EJ'Wa&I ﬂ?ﬁ%@LLﬁJUWEJﬁUﬂ'] N7
YnYIU LLaymmuzmamummaamm Lﬂumu Lﬂi@ﬂ’J”IJJEVI’JVL‘ULﬂEJ’Jﬂ‘UaﬂUmzaﬂﬂll IRIUBITU
Ussindlvosdiiu Weanudilanwmugiu sssudenujifuazanunsailudeasldetng
muéu

Types of characters in Japanese, pronunciation system, practice of
listening, speaking, reading, and writing skills with an emphasis on reading and writing
vocabulary and sentences in Roman alphabets, basic expressions and grammar
structures for communication, such as greetings in everyday life, self-introduction,
telling locations, telling time, talking about family and university, buying and selling
products, persuading and recommending tourist places, etc., general knowledge
about social characteristics, culture, and traditions of Japan for understanding the
language along with the customs and practices to be able to communicate

smoothly.

GEN2008 s waniientsdeansiesdu 3(3-0-6)
Burmese for Basic Communication
i“’UUEJﬂ‘UiW?J’WIﬁZJW‘L!ﬁﬂ‘Ui”UULﬁEN Iﬂiﬂﬁi’]ﬂﬂi”I?JﬂWU%’]u ANANIA ‘ﬁug’m

Hnvinwen1sile g 91U Lazlgyuy Iﬁﬁﬂﬁﬂiﬂaaﬁ’]iﬂ’]‘lﬂ’]WSJ’]iﬁLUiuﬂUL‘UENG]‘L!

Myanmar alphabetical systems in relation to phonological system.

Basic sentence structures, basic vocabulary. Practice of listening, speaking, reading,

and writing skills in order to communicate in Myanmar language at a fundamental

level.

GEN2009 e maienisdessiledy 3(3-0-6)

Korean for Basic Communication

fdnusntunning Tassadiaseloaiugiu ddns szuulensaldu
fuguuarystloauguilddeasluiinsss iuluaniunsalinag

Korean alphabets, basic sentence structures, vocabulary, basic
grammar system and basic sentences used for everyday life communication in

various situations.
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INEIY FovuazAresuresein AYRlnL!
GEN2010 menIgaunuienisaedsideiu 3(3-0-6)

Vietnamese for Basic Communication

syuudsaniwBeauni fdnusieauiy féwiflddeansludinysesiiu
Anwduiuuazsulselenograieluaniunisaleing 9 welwfiSeuamnsoiluldlunis
deansld

Vietnamese sound systems. Vietnamese alphabet, vocabulary, simple
expressions and sentence structures applicable for various language use situations for

daily communication.

3. NUAIYUYBEAIENTIAZTIANAIENS

GEN3001 WaLlan 3(3-0-6)

Good Citizen

Ufvgrvesmadunaidiod ansuaznininailios nadlesfugusssu
38555UALMINEVBINTNIIARBTUTY JULULUATENwAENNTYRIRReTUTY FBnssedy
59930 ARSUTU Msdusumsdsay Inenatuazinaisisas lanaRvesyaAnaludsay
aziihuaznsviaududin ndnuyveduiiuduaznisfndedeals sssuanfviauay
wuanslunisasieauansind sauisnisunlalymlnedudis wazn1sdvinwensdanuuey
wanledlummssudl 21 WeviiiAnnadiosdivesdiay Useinani wazvedlan

To study fundamental approaches of good citizen, rights and duty of
citizen, citizen and morals & ethics, meaning, form and characteristic, and resistance
of dishonesty and corruption, social participation, voluntary and public mind, social
attitude, leadership and teamwork, human relation and communication, good
governance and national unity creation, problem solving with peaceful meaning, and
enhancing of social skill of the 21th century citizen for building of good citizen of

society, nation and global.
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FWeIY HoIvuazdasursein VPRI
GEN3002 ANERINITINYN 3(3-0-6)

The King’s Philosophy

NANNITHAZUUIAANTTNAIUIVDINTEUINAULAINTZUTUYUNITLUAS
UINADNALATLINTIY UTHUNOUTRT (3n1afl 9) wagnszusulvunefunsAny LA
N1SHA UV IAUVBINTEUIMANLA N2 UTUNTIIUISURAS AUNTUN1IT 51890 Tl
wszadsindnanegia (Funnadl 10) wWhisnsddunsfianunsaldlunsdniunsuiulse
pnszauAulueguaznInsaTinvesussrrrunielitedninwazaruiauaaulid
AW STuae Safsuardadu nmaduaufvesyusy dieu wagUszna auddgyiunis
vhauswiuguvy vieshiu dany mhsnuiliedos uasunfnesugioneliios

Principles and concepts in development of His Majesty’s the King
Rama 9 and royal plans and strategies for education and local development of His
Majesty’s the King Rama 10. Focus on how things can be improved upon with a view
to achieving greater prosperity, stability, good living and sustainability on what course
of action should be taken when people encounter hardship; being a good members
of community, society and nation. Collaborate work with communities, societies and
related organizations; sufficiency economy principles are amongst key principles and

concepts implemented.

GEN3003 D IUUSITY 3(3-0-6)

Cultural Way

AUEIAY UTetnnva9aTausssy nszuiun1slun1sas1saugilaninu
AN T RIS I T LA N5 aN SUAILLANAT M MU TN TTeTRUsTTUSE AU aehy
STAUTIRLAYTEAUEING ﬁﬂm’a’@uuﬁsmLLamﬂﬁ{JzyapﬁImLﬁumaaﬁaﬂﬁwaﬂlwEJLLazsuaﬂaﬂ
audilaludausssy gidgainnududuuiuazdesie AsasunUamatmusssy
waziilayainisiinlanuevesinusssuwaz)idya Lﬁaﬂﬂﬂqjm3a%ﬁqaiiﬁwwi’wuﬁisu
veaiTyan

Signification, type of culture. Process on how to generate people’s
understanding and acceptance of cultural differences in local, national and
international levels, remarkable wisdom of the local Thai and world; and to
understand culture and wisdom of the Lanna and Chiang Rai, change and adjustment
of culture and wisdom, and value of culture and wisdom for creativity in culture and

wisdom.
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INEIY FovuazAresuresein AYRlhL
GEN3004 USyeurvaaAsugianaLines 3(3-0-6)

Sufficiency Economy Philosophy

ANUAIAYVIMANUSYEY WATYIAINBLNES DULIHAADUUININITANTUTIA
v99Uszv19u Insfandnnisatnarsdutlugaugauazdeduainquanvay 3 129
fio AnumeUszana Awdvana nstgddududia uas 2 Fouly fe n1sfinuilunng
UfuRnuLazausssunglinsailiuAanssuauanAsygRane e uunIme wasn1s
Uszendldludinusedniu lnen1svinday® n1seeu N5EUNIslETe nsvisudssana
dIUYARANITAMUEILYARS NTEENNY LagNsUIsRuiBawIAn

Signification of sufficiency economy philosophy which affects people
living with the middle path for balance and sustainability based on three
characteristic cycles: sufficiency, rationality and immunity and two conditions:
knowledge and know how, and moral under proactive activities of sufficiency
economy philosophy and application in daily life including accounting, saving,
expense planning, personal budgeting and investing, taxing, and future financial

planning.

GEN3005  guwniga3neassa 3(3-0-6)

Creative Aesthetics

N1395enUng NeiUeIAANINUFIUNAAUE AUAT WATNITLARY LilD
WaunAnwlidnlanszuiums wazanunsnassassnnulsialyivnlusesendunau

4’{ d‘ -'-NI ¥ % aa o W Y

UuitugIuINgIeaiuANy wasUssandlsludinusydriule

Awareness of basic art, music and performance knowledge in order to
develop students in terms of creativity process and art making ability which could be

further developed and applied into everyday life usage within beauty groundwork.

GEN3006 nsiliasuazngranglan 3(3-0-6)
World Politics and Law
vsunnsidedlan Tmu1n19909dIANTEINeUsEna szuulaniayesAnis
sevineUsemAnIuTINlonudakgssenitelsena ssuunguuiglan ysiinngvune
5¥INUTEINA NTANTENINUIZINA Lazn 13523 UToRNINTENINUTZINA
Global politics context, evolution of international society, world system and
international organization, international conflict and cooperation, world legal system,

international source of law, international trade and international dispute settlement.
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INEIY FovuazAresuresein nienn
GEN3007 ANTTOULVDIUMGN 3(3-0-6)

Competency of Graduate

wdnmsRmwnueiienudutudinfifiaszad ndnnsaseny AsetAy
asosy nwrlunisidads Wilawasiauinuies Wnwediaiduduluanissed 21
Usenausienan 3Rs uag 7Cs §amdn 3Rs fie e1uean Jeuld Anwudu wazndn 7Cs Ao
inweaun1sAnog19iiiansugyIu wazvinevelun1suAtdyuni Minveaiun1sadeassflay
WINNTIN Nz UANT a9 Tmus TN AenssUIuial HinveauauTuilenisvingu
Guity wazanzdih Fnwedunsdeasansaumaazviniude sinveiuneuiames uaz
waluladansaumenaznsieans vinuzendn wagiinwensidous

Self-development principles for being desired graduate, manner for
self-management, personal management, and work management, competency in
access, understanding, and improvement of self, and skills for the 21st century which
consist of 3Rs and 7Cs: the 3Rs are Reading, (W)Riting, and (A)Rithmetics; and the 7Cs
are Critical Thinking & Problem Solving, Creativity & Innovation, Cross-cultural
Understanding, Collaboration, Teamwork & Leadership, Commmunications, Information

& Media literacy, Computing & ICT Literacy, and Career & Learning Skills.

GEN3008  UszwAuaey 3(3-0-6)

ASEAN Community

MeTgRgiinnendoudein fanedudse Tausssy JsyTRaans
LATYFAY N13LTRY warAUFURUSIENIeUssne aiulinednsedeu 1ATeasn909Ans
AenTeu nalnAuINTaAIUNITIEEY AT¥ENY wavdIrLIRuET TN ANNdNTUSHaNgY
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m'aﬂ1iLﬁmﬁmua’n%wLLazﬂﬁm?ﬂ'auLLiJm‘ﬁLﬁumaﬁsialwmt,azﬂizmmm%ﬂﬂimmu
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lumsvigsiavessenaluedeu

To analyze ASEAN Community deeply in society, culture, history,
economics, politics and international relations, started point of ASEAN, organizational
structure, the way of ASEAN life, country coordinating mechanism in politics,
economics, and cultural society, relationship to the group of dialogue partner

countries, transformation of Thailand.
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WAV FoAvuazArasureseiv nwiaenn
GEN3009 nsillasn1sunasesvasing 3(3-0-6)

Thai Politics and Government

adontunaznsyuiunisileslne UseiRaansnisunasesveding Anwd
WOANIIUNINITLII09 AATIFAUNUINTBIEDTTUNINTSIEID9 ﬂmz%’guum% F3an1 A1a WIIA
nsilesnisidenas nisunasesiesdu anudunaios nsilestuiadinyszanvy
TAUUTTIUNINITEDY N1TIANITAMUTALISLaZEURANEN

Institutions and processes of politics in Thailand, historical dominance
of Thai politics. Analying of the role of political institutions, cabinet, monarchy,
political parties, parliament, courts, election and local government. Citizenship,
political and people's lifestyles, political culture, conflict management and peace

education.

GEN3010  nguangludinusedriu 3(3-0-6)

Law in Daily Life

AuddYy Snwnznazdssnnvesnguansifauinisuazddudnives
ngranglng Anwinguaneiluivssnvumnamsu wazdndudeddludinszdiu 10u
AU Uszaiangvuewnawagnidlydineiy yana GAnssudyyn wwnmadiygyl asauaia
Uszaaangvune 81gy13eae e Uszann fans Ji daduauu Sudusasdesiulaeveu
Aengvuny Jumalnas wssvUiygAs13s neesylygfenanin wies1yUy s
ANATOINUTLNA WU RAYIR Usvananguungdsiansanauey1iInig U Au
Uany @nSlunTruIuNITERTITU HaTNITUIUNTT YRATITUNIUNLAZEIRY

Significance, characteristic, category and evolution of law including
hierarchy of Thai law, judicial process in civil and criminal cases, general laws that
people need to understand and essential for daily life, for instances - civil and
commercial code in cases of person, legal act and contract law, specific contract,
family; criminal code in cases of - intention, carelessness, culprit, user, supporter,
necessity and prevention by the law, anger, traffic act, narcotics act, consumer
protection act, nationality act; code of criminal procedure in cases of-arrestment,

investigation, release; the right to justice process, and civil procedure.
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SREIY FoAvuazArasuneTe v “nienn
GEN3011 NNWLYIN 3(3-0-6)
Life Skills

mnAamedsingiiAgafunshaendlasaziuaneivemueaasdu
nszUIuNNsARLieaieg R ANfuTInliunues nswdayyny msdanisersuallunis
MukaznsaLluEInUsedn T nsiawsinyenediny Aavensldtinegraiinnuavuy
ﬁugmmmwmﬁm ANANNTOIUNITIANITHALEBNLULTIARIUNTTIRUAIUGT N1599U
maddsey uarnsliTinsufudau madeud msdadwansluiinfiaenndessenseua
nsiwdsuutadiuanissudl 21 eneulandaudeinisvasdany

Life Skills involves studying psychological concepts to understand and
appreciate selfness and others, and systematic thinking in order to foster mental
immunity, recognize and avoid problems and cope with them; managing emotions
at work and in daily life; improving social skills; applying the art of happily living with
sufficiency; developing the ability to manage and design private life in terms of
personal finance, career, social life, and human interaction; and learning to set
corresponding life goals based on the changes in 21st century in order to meet social
needs.

4. NFUIVIYTUINMSUAIETNATIINBETIn

GEN4001 nseenf&Ineiatin 3(3-0-6)

Exercise for Life

auduiusvesn1seanfdsnedestuudng q Yeseniefineadesiunis
ponidsny warnstluussgndldludinlsedrfu sonmdaneiitequnim nisiaiuaiis
AUTTONINVNNIY NITNAFBUALTIONNNNNY $TnITnsdesiuuaznissnwinisuiniu
NNNITODNAIFINTE

The relation of exercise and body system. Exercise and daily life;
exercise for health; enhancing of physical capability; the physical capability test;

injury prevention and injury treatment from exercise.
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SREIY YBIVLATA1DTUIYSI18IYN wUBnA
GEN4002 WALUNUNISANTUTIN 3(3-0-6)
Energy for Life

(% [

Uszinn wiasilinvaandsnuiagguwuunislidan anudidyvemany
Aunisaniuddn ludian lan wazuumenisidnadsnulusuiag n1seysnendanuly
TAnUszdriu nadifnwuazanasniseuinmindsriluiiuiisosg

Energy classification, energy resources and their uses, importance of
energy in daily life, community and world life including trend of energy in the future,
energy conservation in daily life, case study and energy conservation measures in

selected area.

GEN4003  msdwinviunnsdesns 3(3-0-6)
Communication Literacy
L.LmﬁmLLawé’ﬂmisuENmsiwhﬁuﬂWsﬁaaﬁﬂuu‘%uwé’mumiaumﬁ ndwa

LLazg‘ULstuaqmsmaUé’ﬂmﬂmﬁﬁams Minveuaresrusenaun1sinseinisieansidie

Anuasyntinuasviniun1sdeasvesnueazyanadu nénnsilnsu msidhds wagans

wWeLNsnIENTaslugARdTia AudnuAzYeSvITuNSA0as NansENUTBIAINSIYN

ﬁUﬂﬁﬁéaﬁﬂiLL‘lJ’JVlNﬂﬁ‘f]ENﬁJuﬂﬂigﬂﬂiauﬁﬁﬂﬂﬂsﬂﬂﬁﬁ aufuiinveulunisdeans
ngneLarasusTITiAeIesTunsieans ndnnsvanideansdeasineliAnlnusiony
nazdansluguuuusing q uumsnslideyaiiviaogsaiassdieysylovironuioas

GEGH
Principles and concepts of communication literacy in information

society context, influencing factors and patterns of dominance in communication,

skills and components of communication literacy to build up an awareness of
communication literacy of self and others. Principles of information exposure and

information accessibility and publicity in digital era.
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FAeIY FoIvuazdasuresein VPRI
GEN4004  madudusznaumslulvnasugianiay 3(3-0-6)

Entrepreneurship in Special Economic Zone

NaNN1THAZIULUUEINY nann1slun1salugsia wulfauaznis
wisundeudmiunndufuszneunislugadavia msFusulunissznounisssia wun
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wnsuluaesyghafivey Jesiziuuimanisiduiuszneunistuniasegiafiausiuiu
n1sEnuURluanIunIsal

Principles, concepts and types of business operations preparing for
entrepreneurship in digital era. Starting business, guideline in starting business,
business functions operation, regional economic cooperation and world economic
cooperation. Characteristics and importance of Special Economic Zone, government
and private sectors’ policies toward Special Economic Zone, analyze of being
entrepreneur in the Special Economic Zone and including of practical knowledge in

Special Economic Zone.

GEN4005  Fwandaululaniagliu 3(3-0-6)

Environment in Today’s World

29AUsEnay wasUssnnuesduinday mm&;uazﬂﬁwﬁ?ummé’am
wansenuniymaunnden aonunsadwndentagiuluseduriodiu sedumd seiu
28R wagsEiuLIUINR AnussrtniEesdaadesluniiununeid anudfyvese
MANMANENNITININ MIynEiieatan MsRmuegsduiuiiefnuaunalunisuilaa
NINYINTFITUVIALAZNITNAUNUY LaznNTUANY

Component and types of environment, Cause and environmental
problems, Impacts from environmental problems, Current environmental situation in
local, national, regional and international levels, Environmental concerns in
international venues, importance of biodiversity, conservation for the future,
Sustainable development on balancing of natural resource consumption and

replacement and case studies.
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SWERY FadvuazasureseIv Vel
GEN4006  nguaneiun1susEnaueInlugafdiia 3(3-0-6)
Law and Occupation in the Digital Age
Amnufifsafungmnefiaenadeiugiia waznisusznouarinludiaan
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Law regarding careers and business in the time of technological
disruption; intellectual properties law, privacy, data protection law including
technology related laws; the implementation of law in careers and business,
including the trends of disruptive legal changes which were caused by technological

advancement in the near future.

GEN4007  sunSieWaunTin 3(3-0-6)

Meditation for Life Development

ANUVLNERINTVIANTS 9aUsEad 33015 Tuneu 9aBuduresnIi
#1135 ANWAZYDINITUINITULATNITVIENT Uszloviuesanis dnvauzeIn1saofIuauns
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Meaning of meditation; objectives, methods, processes, the beginning
of meditation practice; characteristics of reciting and meditating; benefits of
meditation; meditation resistances and applying meditation to daily life; meditation
as related to education and work; characteristic, processes, qualities and benefits of
the states of absorption (Jhana) and insight knowledge (Nana); fundamental
knowledge about insight meditation (Vipassana); differences between the foundation
meditation (Summata) and the insight meditation (Vipassana); layout of the
foundation meditation (Summata) and the insight meditation (Vipassana); Insight

meditation as related to the world population.
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INEIY FovuazAresuresein AYRlnL!
GEN4008 UYBe FIAN LATYFN LAZNITHAIL 3(3-0-6)

Human, Society, Economics and Development

ndnnsissoguesywdneldnsuasumdsay anmuesdsanluusiay
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Living principles of human under uncertain conditions of social
aspects, different of generations, multisexaul; trends of economic and social
development, innovation-based economic development; creative economy; social
enterprise (SE.), sustainable development learning towards Sustainable Development
Goals framework (SDGs); and the engagement and relationship of economic and

social development both national and international level.

GEN4009 Inonaienswaniasduiunsusnisdenu 3(3-0-6)

Volunteering for Local Development and Social Services

LuIRA ¥&NN1s Aeatuinenaniienisimunviesdiu Ineraifunisusnis
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Principles and concepts about volunteering for local development;
volunteering and social services; volunteering and business sectors; process of
volunteering operation; getting start, organizing, operating and developing; focusing
on developing and enhancing skills for students to be able to perform volunteer

activities.
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. RUINFVUANIE
1. A nanIzNugIY

SHEIY FoYvuazmesutesedv WUWAN
SCI1001 NANYIINEN 3(2-2-5)
Foundation of Biology
audRvededldin nsdnszuuaddin sudoudTineeans arsweilvesdin
wad uazsuMUeATY Wugmans nalnuediiwuinis amnuvanvalsuededdin laseain
wag vihitvesity Tnssasauagniifivesded dnminewasngingsy
Properties of life, organization of life, scientific methodology, chemicals
of life, cells and metabolisms, genetics, mechanisms of evolution, diversity of life,

structures and functions of plant and animal, ecology and behavior.

SCI1002 nanadl 3(2-2-5)

Foundation of Chemistry

lassasvernon USunaansduius Wussindl audfivessgsnsiwumiiniag
NIUATU fe veaman @1sazasy Yadhia qmw‘wamam% QUNAAEARNS amqamﬁ 3R —
wat il wniiduedes wildunss wilduanden

Atomic structure, Stoichiometry, chemical bond, representative
elements, transition gas, liquid, solution, solid, thermodynamics, kinetics, acid-base
equilibration, electrochemistry, nuclear chemistry, organic chemistry, environmental

chemistry.

SCI1003 nanANAAENS 3(3-0-6)

Foundation of Mathematics

flsidu nswl aln mnusedlesvesiladdy syfusvesilsdduduusiien
nstszend ndninasilalang eyiusdudugs wazditusidosdy

Functions, graphs, limits, continuous of function, derivative of a
function of one variable and application, L'Hopital’s rule, higher order derivatives

and basic integration.
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WAV FodvuazArasureseiv wienn
SCI11004 nanwana 3(2-2-5)

Foundation of Physics

namans nsdunazadu guvwamanivesiua aunulii aumusimén
was 1dee Wandeall

Mechanics, wave and vibration, fluid thermodynamics, electric field,

magnetic field, lights, sounds, modern physics.

SCI1005 walulad @ saunaaInsuIneAans 2(2-0-4)
Information Technology for Science
nsldaeufinmesuazlsunsudniagulunisiiaseidaya n15dnns

Y
¥ 2 (3

Toya warn1suszatana nsussegndldimalulagarsaumalunisdauau duasies uag
tiauedeyalusuuuusiie 9 lununisdeasineremansedsiiuszansaa Tneidunsiln
VTR nzauiuLsazauin

Application of computers and package programs for data analysis,
management and processing, effective application of information technology for data
searching, synthesis and presentation in scientific communication by intensive

practice specifically on each subject branches

SCI1006 anpdusuINYIAIEN3 2(2-0-4)

Statistics for Science

mmiﬁugmmqaﬁa AU U FUUTdN N154INEIIVBIRIRYTE
N154UAI8E19 NTUANUIIVBIAIANR NITUTEUIUAALNITNAGDUALNAFTIUNGUG 8IUAL
GRAGH N193LAT121ALLUTUTIU N1snaaaulAdnAls warn1sIATIZYNIS0n00 LAY
AVALNUS

Preliminary statistics, probability, random variable, random variable
distribution, sampling, sampling distribution, estimation and hypothesis testing of one
and two sample mean, analysis of variance, chi-square testing, and regression and

correlation analysis.
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2. AYANIZAIY
1) BVUIIVINATULATHAZTUIANTTUNILAN
1.1 nguYNBNUIAY

SREIY FBIVLATAIDTUIYII18YN WU2BNA
CMS1102  adlvuge 3(2-2-5)

Advance Chemistry

nsn-tua aunaail il a1s¥iluana lassasiuazandfivesans duvsd
mMawIeuLarUAze1veansdunid wiiduedes UiTRnafetuUiAseinse-ua auna
il alllni nswseukasU)isevesansdunse

Acid-base, chemical equilibrium, electrical chemistry, biomolecules,
structural and properties of organic compounds, preparation and reaction of organic
compounds, nuclear chemistry; laboratories related to acid-base reactions, chemical

equilibrium, electrochemistry, preparation and reaction of organic compounds

CMS2101 waiiatiunse 3(2-2-5)

Inorganic Chemistry

AniidaaiFounnnou : iafitugs (CMS1102)

naudnIU wasnesuniy an usnasuesnaukazluana dydanyal
wenvosdieliunid lassadrwdn wnillaeefiudu nquiauundnuazasusznoudsiou
waznalnUiizen nsieneilassaiisvesansusznouliedou arsetunisndusiuss
UAR3e7 UidAn1smaasiendu anuaissvesaniugoantiadu n1sdaunsied n1s
ATIVFRUANBULLANTE wazNISANYIULATEveIE1sUsEnaveliuni g a1susenoulnoasn
wau wazansusznaulangdunis nisduasizialslszneudsdou watalunisfinw
audAnaudan aunlnsalnl nsilui

Group theory and Point group, atomic and molecular energy state,
Term symbol, inorganic solid state, crystal structure, coordination chemistry, crystal
field theory and complex compounds, and reaction mechanism; complex
compound structure evaluation, catalytic inorganic compound and any laboratories
related to stability of oxidation state, synthesis, identity characterization and
reaction of inorganic, coordination, and organometallic compounds, synthesis of
complex compounds, techniques for studying of magnetic properties, spectroscopy
and conductivity.
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FWeIY FoIvuazAasuresein AVREnT)
CMS2102  A¥Buwn3d 3(2-2-5)

Organic Chemistry

auifesduiisatuiaiidunis Tassadramyilsduar susznoudunis
a15¥iluana aweslewnd audAinisnienin vllauaznalnnisiianujisenaisunsd
NsduATIERaNBunsdegndey awnnsalnUuasnsussyndmaaidunss nilidauwasves
asduniduarUfifnsmaasuiefumaiadesdulunisuenars Suniduagnisviransls
U3ais AnvuiisenanisiasfigrilondnvaivesansduniduagnisdunseiaisUsznou
UNTIUALNITAATIETANITIAUNIN

Basic of organic chemistry, structure and functional group of organic
compounds, biochemical compounds, stereochemistry, physical properties, type and
reaction mechanism of organic compounds, simple organic synthesis, spectroscopy,
and organic chemistry applications, organic photochemistry and basic experiments
related to separation and purification of organic compounds.

CMS2103  a%AAT1Z% 3(2-2-5)

Analytical Chemistry

AvnfidaeiFausnniou: infidugs (CMS1102)

uniiAeafunsiinsssimiaed Msiegiidnaunin Msieseiid
USHad NIZUIUNIMIRATIATIZH adfluaiidnsizi nisnegeunuldlauesisnis
Awseilagnin mslnmsadieuiisenisanazneu nislnmsadeufaseinisiia
a1sUsznouleteu n1slmnsameuisesonBnduiantdu wazn19iwnsnsinislii wag
UfRnmsfiaenadosiuitiovdnediu

Introduction to analytical chemistry, qualitative and quantitative analysis,
process of analytical chemistry, statistics in analytical chemistry, method validation,
gravimetric analysis, precipitation titration, complexometric titration, oxidation — reduction

titration, electrochemical analysis and laboratory practices in relevant topics.
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WAV FodvuazArasuresein wienn
CMS2104  adiLaieWEnE 3(2-2-5)

Physical Chemistry

AvniidaeiFausnnou: iafidugs (CMS1102)

Anwaudfveuia aunisaniizveuia ngnIeuvnamansiiuall auna
Al dumasenInala arsavansusudidninslanuazdianinslas wdlniln aunarmansids
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fl wedliuf §ussWiAsen ualasluena Aeaaesd wagUfiinisd aonndestuiden
UIAY

Study of gas properties, state equation of gases, thermodynamics’ law
in  chemistry, chemical equilibrium, phase equilibrium, non-electrolyte and
electrolyte solutions, electrochemistry, chemical kinetics, surface chemistry, catalysts,

macromolecules, colloids, and laboratory practices in relevant topics.

CMS2105 ¥l 3(2-2-5)

Biochemistry

Tnssaframifivestaluiana toulesiuazdmdsny wunuedduuaznig
muANNILanIDeNIugNITL UfTRnsfiaonadesiuiidengud 1dun nsmaaeuna
mEJm‘WLLasmaLﬂﬁmi%ﬂmaqa MTIATIEMTIUINI daunamansve doulesd n1sAnen
nalnlunszuiunsuvusdduvesasiulamsn nsldarsazarsiwmeslunisduad

Structure and function of biomolecules, enzymes and kinetics,
metabolism and regulation of genetic expression, practices consistent with
theoretical topics, including physical and chemical testing of biomolecules,
quantitative analysis, enzyme kinetics mechanisms in the metabolism of

carbohydrates, and buffer solutions in biochemistry.
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INEIY FodvuazAresuneseiv AV
CMS3101  mauiNnasUszandigand 3(2-2-5)

Computer application in chemistry

AN IwesUsEYNAluAll nsduAuuaznsidgIuteya nsldlusunsutie
Feuvssanynsy malilusunsululasweniensaidesiu wasnisussgndldifioud Jaym
maadl msafunmedeulm 2 33 uag 3 Iflumaed nmadoulassadalinana lu 2 T4
uar 3 77 UfoAnsaiisiaes wildaidesiu madunlneldnamansidduana ns
AUV AR NaFansAtauRl Wagnaranildaduiana

Computer application in chemistry, querying and using databases,
program using in bibliography, introduction to Microsoft Excel and its applications to
solve chemistry problems, 2D and 3D animations in chemistry, 2D and 3D molecular
structure writing, simulation chemistry practicing, basic computational chemistry
calculations using mechanical mechanics, empirical computing, molecules using

quantum mechanics and computation using molecular dynamics.

CMS3102  waluladazen 2(2-0-4)

Clean Technology

walulagagein nszviunIsiunisandayninaiwiazveznisuiinueuds
mMsndsnunietannaunuiiiean Jymuaiiy nsusendandunazdunulunisnin
aspdfldlunsvhanuazenn dwhazans

Clean technology processes for reducing pollution and waste
treatment, alternative energy and materials, saving energy and production costs,

chemicals in cleaning and solvents.

CMS3103  winnssunmamalulagiadl 3(2-2-5)

Innovation in Chemical Technology

ANWIMuIAA NuY Winnssu wazmalulagniuall NTEUIUNITVBINITATI
winnssy n1sdlle msUssiliuna mMsSulsauinnssumamalulagied nisdninnssud
nsufURkanslodamndiag msdanisninddunadyan

Studies of concepts, theories, innovations and technologies in
chemistry, process of innovation, application, assessment and improvement,
launching innovation to market for a commercial purpose, innovation achievement

evaluation, intellectual property management.
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AN FovuazArasureseiv AYRlnL!
CMS3104  n13daMsAINIWEmSURRIUURNTIAd 2(2-0-4)

Quality Management for Chemistry Laboratory

wé’mwaﬁ’ﬂﬂmaqmi%’ﬂmiﬂmmwﬁaqﬂﬁﬁ’amﬁLLazT,iwu NUNIRTFIUY
WosUuRnsnageuLazaauLigy ISO/IEC 17025 S¥UuAMAIN ISO-9001 MT03IMTFIU
SufiAedes LLasmiﬂizﬁ’u@mmwmmigmﬁawﬁﬁami

General principles of quality management in laboratory and factory
according to ISO/IEC 17025, I1ISO-9001 or other involved standards for testing and
calibration laboratory and laboratory quality assurance

CMS3105  N153719994a2aRNKUULNLENARIEABUNILADS 3(2-2-5)
Computer aided Molecular modeling and design
nsldmeuiawaivisluniseenuuy Anwiauldd wazdunsiservedduiana

wodies a1stiluana wavasiwuunansiignseuuIsnenamansidciana nafans

AIBUAY LagNaransITaluana
Computer aided design, properties and interactions of molecules,

polymers, biomolecules and modeling by molecular mechanics, quantum mechanics

and molecular dynamics.

CMS4101  dunummianalulaguazuinnssuniaad 1(0-2-4)
Seminar in Chemical Technology and innovation
nstnauelareAuTnarAfonaaifihaulaainnsansivnsmania

Nuage
Presentation and discussion on interesting chemical research from

modern chemistry journals.

CMS4102  Tasan153demamalulaguazuinnssuniauadl 4(2-4-4)

Research Project in Chemical Technology and

innovation

nsdsauariiese Japmanadesnisuinnssuluriesiu sausudeyaan
uasine Auadienanssideiieades BBmaidewiilasdsouaziiaue msiiudeya
LLaﬁLﬂ’i’lzﬁéﬁanaﬁ]’m\‘i’maﬁﬂ UNAUDAIIUNIINUIVDINANITIVY NITIEUTIBIUITY Uag
auaNan1IdY

Exploration of local needs and current trends of country, collecting
information from various sources and literature review; proposal writing and
presentation, collecting and analyze data from research, progress report of research,
research writing and presentation of results.
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SHEIY FodvuasArasureeiv wu2win
CMS2106  nisded1smensengudmsumaluladuazuianssuniaadl 3(2-2-5)
English Communication for Chemical Technology and

Innovation

wdnnstunsldnudsngulumanemans Adninundnguiiieides
fumaluladuaruianssuniaail n1sdeunuivinisdesdu n1sunausay
nMseAUse MsUsefiuunanuivinisfinfiad mswedluatasnusazdunieeiay

Principles of english use in science, english vocabulary related to
chemical technology and innovation, basic academic writing, presentation,
discussion on chemical technology and innovation issues, critical appraisal of

scientific articles published, job application preparation and job interview.

CMS3201  inFasfiafiasnzidugedmiumaluladuazuianssumaad 3(2-2-5)

Advance Instrumental Analysis for

Chemical Technology and Innovation

ngud nénn1s drulsznouvenaiedleinszviniaed uagnsuszendly
Bashanginmaeilasaninslilnems lasulnasil il msuszendldanuie
asutanssudnueiivaru foRnsiirenadoatuiievndneiu

Theories, principles, components of chemical analysis instruments and
applications,  chemical  analysis  methods including  spectrophotometry,
chromatography, electrochemistry; application of advanced analytical instruments for

innovation process in chemistry and laboratory practices in relevant topics.



265

FWeIY FoIvuarAosuneseivn AV
CMS3202  NSEUIUNITYAEINNTINNIUATUATUIATTIUNAAS U 3(3-0-6)
Chemical Industrial Process and Production Standard

NSPUILNTHAANIgRAVINTILMNT NAN ST Tioaues Tasuuasinsiy
Houaznszay Yudwud a1stlnsiadl nandueionnTlnsidon e1s wanadn ay nednmen
LATANSARBUNT YUAVBININTTIUNARNT NI QNAINNTTY Lﬂ%iawmsmmﬁ’mmamﬁm%
wmsgIuRAnSel svuuinassufiiededulssnueramnssalusy vy IS0 e sauvs
1IA551U GMP, HACCP w3z tayaffnnsgunansiasignamnssinas ngvanemadi
Aeades

Food industry production process, beauty products, fat and oil, pulp
and paper, cement, petrochemicals, petroleum products, rubber, plastics, soaps,
detergents and coatings; types of industrial product standardization, product
certification marks, product certification, industrial product standard regulations
including 1SO, GMP, HACCP standards, industrial standards acts and related

commercial laws.

CMS3203  N1sUUsFUNDANRILATENNTTINTIALBINTITAN 3(2-2-5)

Polymer and Natural Rubber Processing for

Commercials

BNTITNYIA B 1FUATIZY a1TANuaslueny auifvessrsuaznediues
Trssadamaniiuagiand niaveaousisazwodiued n1stugUsrsuaswodiued Al
flugruferfundadusions nsviuwusgundadusianineradosiu ndafusildan
NILUIUNTYU NTLUIUNNTNAD NEUIUNSIAERU nsvuIunslunes wasnAnsuTiendu 9

Natural rubber, synthetic rubber, chemical rubber additives, rubber and
polymer properties, chemical and physical structure, rubber and polymer testing,
rubber and polymer forming, basic knowledge of rubber products, basic processing of
rubber latex products, products from dipping process, casting process, coating

process, foaming process, and other latex products.


https://www.thailandntr.com/en/goods/national-trade-and-customs-laws-and-rules/download/341
https://www.thailandntr.com/en/goods/national-trade-and-customs-laws-and-rules/download/341
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FWeIY FoIvuarAosureseiv AVREnT)
CMS3204  Adiunly 3(3-0-6)

Nanochemistry

wnilvesansusznouiilassaireseiuuly Jadeuazninndoniaquilulagly
Bvnaad autd msnsemdnuazians waznsuszgndveduanaiilassaiiauusig o
W mealulagwanaun sunialuseauunly vieluseauunly wilidgusluana

Chemistry of nanostructured compounds, factors and preparation of
nanoparticles using chemical methods, characterization, and application of various
molecular structures such as plasma technology, nano particles, nano-tube, and supra

molecular chemistry.

CMS3205 U3 auLazaAE NI IUNTEUIUNTAL 3(2-2-5)

Petroleum and Chemical Process Industry

Millnvestlnsden @rulsenau 1A59aie audain1aalLaznien1esnIn 989
VMnsidou whasssuTIRLasIuiy N1sduAsIeRasdunIdans 4 annanfusiuis
sysuvdnarnsinlUldUselond wagmanihanuimaaiiluussendlugnanvnssuias b
nsvUILNIRANTIE 1 § nseatvuaziBenszany tiuideinads Je dhma was
winnssumanignavinssuiiidsegluauauls

Petroleum source and its composition, structure, physical and
chemical properties; natural gas and crude oil, organic synthesis from natural gas and
utilization; application of chemical knowledge in industrial and manufacturing
process e.g. paint, paper and pulp, fuel, fertilizer, sugar, and other interesting

industrial chemical innovations.
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FWeIY FoIvuarAosuneseivn AV
CMS3301  wialulagiivdians 3(2-2-5)

Cosmeceutical Technology

Mé’ﬂﬂﬁﬁﬁugwuiuﬂwsﬁmuwﬁw%’uu,azmimammamfw’meﬁméaaﬁﬂmwmm N9
7 Taufsnvdiens Wun nandneivinwaglad wandusissiuvlonazudnndus naniaei
Aerfuidunuuazou #dndueilutesuin ndnsusidmsunnues ndadusidmiuidu
wAnSosiimen sudsruuthdauulng meluladlml uaseuideiiieates

Principle of product development and production of various cosmetics
including cosmeceuticals such as anticellulite products, antiperspirant and deodorant
products, hair care products, oral care products, make up products, nail products and
perfumery products as well as novel delivery systems, technologies and relevant

researches.

cMs3302  walulaBnswantnsiuneussvelugsiesuiuazgunn 3(2-2-5)

Production Technology of Essential Qils in Spa and

Health Business

walamsatmiiiuneusyienindiuusyneusng 9 anity ssiUszneum
wilveniduneussne nsduassitmen qmammsmfmau qmmwmiuﬁﬁﬁummzma
nsldhsfunesszmelunisitalan wazal Wudy

Extraction and purification of essential oils from various plant
components; chemical compositions of essential oils; perfume synthesis, perfume

industry, essential oils applications in aromatherapy and spa products.
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INEIY FodvuazArasureseiv AYRlnL!
CMS3303  mswaeaaduaduLuuLasineedUsznaunns 3(2-2-5)
Prototype Development and Entrepreneurship
ANMNEIAYVBINITHAIUINAAAUN NTTUIUNITHAUINAR U AINAIIL
ADIN13VBINAIALAENENUNMINY NIMVUALLIAAKERAUIILAZNITNAFDUAMA TNHER Tou9
WawwwIAan1silugusgnounis anwazuen1susenaunis nsUsERUNTAIUSTAY
ANUANLTY AFEAIUKIANNITIANIITING NITINUAUTING NTTNBIANT waznINeNTUYLY
lugsia ma%ﬁwgﬂmﬁa%’umﬁauﬁﬁﬁa N15AUAN AnAINUIEIHUNAsIAY tngyaily
Usraunsalludunisudn n1suims warnssuaunisnsluiluda sumianadnisnas
a319gsnalual waznagns N1sensEAUNSIANSgIRaluliauausalunIswYady
Importance of product development, product development process in
accordance with target market and consumer needs, generation and screening of
new product ideas and quality testing, entrepreneurship concept, business
categories, successful business operation models, business management, planning,
organizational and human resource management, art of persuasion for business drive,
business control and evaluation with concentrates on excellence in manufacturing,
service and internal processes as well as new business development techniques and

strategies for enhancing competitiveness of business.

CMs3304  wialuladdmeuazddondmiuiamniagusuy 3(2-2-5)
Textile and Dyes Technology for SMEs
Anereansnediwestuiugiu antiniaaiinagnienmveimediues

wodlesdandludlunaindave lassairuasdugnivnervomediued audfivoanediues

dwe wmafiinsusdnuae FBnsuazdedlefilddmiunsinneiautfvemmediuesime
nMawIendmenaunisTid nszviunisdond nssuundden nssuunuazesdUsenay
maaivesdden anunmuresddenvuduledme manIoutagdmensunisdond

FngRuuaznsTUUNTHARA MO LALNEN 0]

Basic polymer sciences, physical and chemical properties of polymer;
commercial polymers in textile market; structure and morphology of polymer,
properties of textile polymers; characterization techniques, methods and instruments
used for properties analysis of textile polymers; textile pretreatment prior the
coloration; dyeing processes, classification of dyestuffs; classification and chemical
compositions of dyes; dyeability and fastness properties of dyes on textile fibers;
preparation of textile material prior to dyeing; raw materials and manufacturing

processes of textiles and products.
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FWeIY FoIvuarAosuneseivn AVREnT)
CMS3305  wianssuiaiweduasluiniasdrons 3(2-2-5)

Polymer innovation for cosmetics

ndnnsuazviaveanedmes anant® v nisduunvda nstmue
hwiin guvmamans nslauasuantiluanneiiiuvenduariuds nguginmnadu
yosnedie wazanauTAveamedweifiaunsoanussiaiy Insangwediueifitunlily
nAnAasiaIesd1e19 n1sUszyndlinedimesluiniosdiens nsdfuauguuazaAIy
Uaansy

Principle and type of polymer, properties, function, classification,
weight, thermodynamics, fluidity and properties in solid and semi-solid conditions
Polymer absorption theory and properties of polymers that can reduce surface
tension especially polymers used in cosmetic products; application of polymer in

cosmetics and aesthetics, quality control and safety.

CMS3306  wialulagiadieuazayulnsine 3(2-2-5)
Medicinal and Thai Herbal Chemistry Technology
wusnquayulnsmuesdlszneunivall anaudiniuaiivaznenInyeg

a15UsENoudIAYy MaNNISHENENS msmmaauLﬁmé’u%maguiwmaswamﬁmeﬁmﬂazgulm

Tneutsnguauarseeludl a1slulewnsn Wi nsnesdlu inuvenseve  uoamases

NIABUNTE

Herbs are classified according to their chemical composition; chemical
and physical properties of active ingredient, separation principle; preliminary
examination of herbs and herbal products that are grouped according to the
following substances: carbohydrates, proteins, amino acids, essential oils, alkaloids,

organic acids.

CMS3307  WoNWANYasNYYaAIEs 3(2-2-5)
Phytochemistry of high value Plants
m'ﬁwqﬂmﬂﬁ%aﬂﬁ%Lﬂwgﬁmﬂamqa WU AYYn ARYBe NILYIBN N15aN NI1SHeN

memallanigadl mi‘wmauﬂﬁjuaﬂiwqﬂmﬂﬁ@q@mmw %5ﬂﬂ’]ﬂ@\‘la’]§ﬁ@aﬂﬂ%§%w N

vosensngnuiaiiusdanasnswieundnfasifivasegia wu Sy fyes nssviou ey
Phytochemicals of high value economic plant such as cannabis, hemp,

kratom; extraction, separation by chemical techniques; phytochemicals quality testing;
principles of bioactive ingredients and structural activity relationship of some

phytochemicals, and basic of herbal production preparation.
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FWeIY FoIvuarAosuresieiv AVREnT)
CMS3308  walulagansaumaAdmsugsiananduginiail 2(2-0-4)

Chemical Product Business Information system

psAUsEnaukazYsEIANYeasEUUAsaLmAT T lun1s Al usunegsia
wihivesssuumsaumaAdan1sianIedng MafmusruunsmuaNinwInLUaonde
YDITTUU MITMUNUTENVVRIgINBLannsetind (E-business) nsldinalulagneuiivnes
1195379 n1sadrendled nrsellugsialasldndnnisvesnidivddiannseiind (-
commerce)

Components and types of information systems used in business;
information systems functioning on organizational management; system security
control development, classification of electronic business (E-business); the use of
computer technology in business, website design, and conducting business using the

principles of electronic commerce (E-commerce).

CMS3309  N15618NBAUIANTIUNINLAL 3(2-2-5)

Chemical Innovation Transfer

wAnieatunsanIsuianssumaadl unuinvesimusTINeddnsHens
Fanisuinnssu nsiinesdanuifiinlugnisaiisuinnssy nmsdienenssinuives
yaanslussdng n1sanslouuinnssuuazimaluladeinnisuen Yadeiifinasionis
\WRsULUAeI0IAn Az TaSaL TN U

Concept of chemistry innovation management; the role of coroperate
culture in innovation management; knowledge achievement leads to innovation
creation;  knowledge transfer of personnel it the organization; innovation and
technology transfer from outside. Factors affect organizational changes and

innovation creation.
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CMS3401  walulagnisuanamaaiidaninainiagmwasly 3(2-2-5)

Production Technology of Biochemical Fuels from

Waste Materials

nannsuazuuAslunsUssgndmaluladdinmitonisinnsiagmdeld
wrasillawaznNskusUssinnvesianmastd walulagnisdnnmsianmaeld nsussendld
welulagdinmlunisanuazindnfanwdeld MIndaingdinmuaziesiueadnianmas by
Tnomeluladdanmmanmsinens msadayariinanianmdsldluvioadu

Principles and concepts of biotechnology application for waste
management. Source and classification of waste materials, waste management
technology. Application of biotechnology to reduce and eliminate waste materials;
biogas and ethanol production from waste materials by agricultural biotechnology

creating added value from local waste materials.

CMS3402  wAlulaguasudInnssun1edLal 3(2-2-5)
Technology and Innovation in Biochemistry
FwrdideaSeusnniou : Jauadl (CMS2105)
aufidosduAsadumaluladnisudn daanssulusiu wmalulad
mstulansn maluladdln ¥33a0 warn1sussyndldnisemisuasnisinums
Introduction to fermentation technology, protein engineering,
carbohydrate technology, lipid technology, biomaterials and applications in food and

agriculture.

CMS3403  wialulagiaulesl 3(2-2-5)

Enzyme Technology

JwriideaFeuninou : Fuadl (CMS2105)

AnanTAnIINMen nkazAiivaweulel NSATUANNITNENKANITYINNUYDS
woulesl aaumansvosieulul MsfnuonqdunIdindneules] msniaoulesd maUszendld
ulwflugnamnssudng 1 Uitinsiisenndestuiomanaussens

Physical and chemical properties of enzymes; regulation of enzyme
synthesis and activities; enzyme kinetics; isolation of enzyme-producing
microorganism; enzyme immobilization; industrial application of enzymes;

laboratories that corresponding with the context in the lecture.
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Food Chemistry Technology

p9AUTENaULarIATIAS 1998901915 autAvuniluasidanduesAlsenou
9113 UFATeuazladeiitinasionisidsunammaiaiinounazszninanisudssu nasnau
AsRUSY Fewmaluladfiwmunduunl

Composition and structure of food. Chemical and physical properties
of food composition; Reactions and factors affecting chemical changes prior to

processing, during processing, and storage with using innovation technologies.

CMS3405  wAluladuazuinnIsunassIunIagaan 3(2-2-5)
Technology and Innovation of Alternative Energy
sULuUnganumaden unamdanumaden mawammalulad mswasy

sUnasu nsauinelulaginfundanu Usslesduagnansenuvesmalulagndsany

NS00 miﬁﬂwé’\‘mummﬁaﬂmﬂisqﬂ&ﬂ% ﬁﬂiﬂﬂ’]ﬂﬂ%’aL%@ULLazqmﬁﬁﬁﬂiiiJ
Alternative energy model, alternative energy sources, technology

development, energy transformation, development of energy storage, benefits and

effects of alternative energy technologies, Application of alternative energy both in

the household and industrial sectors.

CMS3701 Yo NLAYNILAL 3(3-0-6)
Special topics in Chemistry
danutaula AnunItNkazINeInsas el gIvesnuIv el

Recent interested topics, development and innovation in chemistry.
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2) wYuITINAlUladLAZUIANTTUNIITIINEN
2.1 nguvnendefy

SREIY FBAVLATAIDTUIYSI8IYN WU2BNA
BIO1101 aY2INEN 3(2-2-5)
Microbiology

ANUINUFIUYDIRTIINYT AnwiTeuiieulnsuaslentazyuailon N3
FIMUNUTAN FUgIINGT a35IM87 NMTATYAULR N15FUILE MImuAuAUEUTUS Yo
QAuniddeamns i Au oA nsgeaimnssa MIguAvia TsaRndouasgifiuniy
NSANYINIAEUIY

Basic knowledge of microbiology, comparative study between
prokaryotes and eukaryotes, classification, morphology, physiology, growth,
reproduction, controls of microorganisms related to food, water, soil and air,

industries, sanitation, contagious diseases and Immunity, field studies.

BIO2101  wugenans 3(2-2-5)

Genetics

Arudiugiumaiugmans Wugmansvonuea nTATeindng Sgdns
wad n1suvagaduuuluindauasluleda Wugnssuseduluana nsnensia n1suUssia
Tamdu MImuANMIINUYeIEY Wugimnssy

Basic knowledge of genetics, Mendel's genetics, pedigree analysis, cell
cycle, mitosis and meiosis cell division, molecular genetics, transcription, translation,

mutation, gene regulation, genetic engineering.

BIO2102 UraAInen 3(2-2-5)
Ecology
mmifﬁyugmmqﬁnﬁimm seuuilnd wasu Uadednin 109nsuedans
Usn gud Msiwasunlaunuil 11305918 taity MsinnImineInssssumAuay
dawandon nslivguinsinaineludesiusazudlutiyvidsundon msnwnirauy
Basic knowledge of Ecology, ecosystem, energy, limiting factors,
nutrient cycle, population, community, succession, distribution, pollution, natural
resources and environment management, application of ecological theory to prevent

and reduce environmental problems, filed studies.
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FWeIY FoIvuazAasuresein AV
BIO2103 nMe3nauazasTIneialy 3(2-2-5)

General Anatomy and Physiology

arudiiugiunnieinienavaisingwesdsditin ndsnularaunavesans
Tuaaddinnszurunswunuedduuasioulesd medniauaraisineivesdadidiafendy
nsruaNNTiugIuion1si5eTinvedel®in wu mswielaszduwad Toun nsaans
milulawnsn WWsiu uaglusiu wielildwdsnu nsduamevinas Tdud UgAsenslduas
Uiz lllduasosiio €3, C4 wag CAM msléunfsenmnsuagnsgesemng nsvudias
nsades n1sndnvesdalulasiau nsduiiug

Basic knowledge of anatomy and physiology of living systems, energy
and balance of organisms, metabolism and enzyme, body structures and basic
metabolisms of life such as cellular respiration including the carbohydrate protein
and lipid metabolism, photosynthesis including the light reaction and dark reaction of
C3, C4 and CAM plants, food intake and digestion, nutrient transportation, nitrogen

waste excretion, reproduction.

BIO2104 A IMenszauaaualuEang 3(2-2-5)

Cell and Molecular Biology

Tuanadinin lassafruazuihiivesoasuniuad wadlnsuaslonuas
guaslen szauluiana drudiieiuiwad Jpdnsvensaduaznisniugy nsutawad nns
Wasuanmuesead BnsEnwsuitineveusad auaRnarlasiaiaueansaiandsn
n1391809iveRduen1snensHaluanamoue n1swlasia n1sduaszilusiu n1s
LAAIBDNLAZNITAIUANNITHAAIDBNYBIEY

Biomolecules, structure and function of organelles, molecular levels of
prokaryotes and eukaryotes, cell envelope, cell cycle and its control, cell division,
cell differentiation, methods in cell biology, properties and structures of nucleic acid,
DNA replication, DNA transcription and translation, protein synthesis, gene expression

and regulation.
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INEIY FodvuazAresuneseiv AV
BIO3101 A0ANI9YIINYI 3(3-0-6)

Statistics for Biology

maiudeyauaziiegidayansdniven nsldlusunsuasuiunaslunism
affyaguieafudeya Shidnazfosas matiausdeyasemaazunugil nsld
lUsunsuARUNIABSIUNITIATIEVUaYAA8TTNNTATAMANN 9 WU N1TAATIEINANITADY
LWUUADUATY N1TATIVABUANNATIUNNEDAAS 9 19U n1neaeulaakals N15nsIdeu
ALaAR35 Z-test, t-test, Paired-test wagn153AsIERANLUsUINLATIUTBUTIBY
ANAAY TINTINITIIRHUNTVIAADILUUANS 5 NTIINEN

Data collection and biological data samples, Using computer program
to obtain the fundamental statistics for information, ratio and percentage, Presenting
data with tables and charts, Using computer programs to analyze data by various
statistical methods such as the Analysis of questionnaires, test of statistical
hypotheses by the Chi-square test. Z-test, t-test, Paired-test and analysis of variance

with mean comparison. including the experimental design in biology.

BIO3102 waluladdnimienisadeudnnssu 3(2-2-5)

Biotechnology for Innovation

mnAnmamaluladiinim weluladfinmduiiy dd wazqauvsdiiieains
winnssy nszvaunsmamaluladgtnm msdwalulag@inluldlunmswauiuinn sy
N1TYIUINIT MsadiaasnsUtIzLIANsTL nsddnwuianssuiivszaumnudiiouas
weluladluuinnsy

Concepts of Biotechnology, Exploitation of plant, animal and microbial
biotechnology in creation of innovation, biotechnology process, Applying
biotechnology to innovation development, integration, incubation. Example of

biotechnology and innovation success case.

BIO3103 TAsan1539emIanalulaguazuInnssuniediainen 1 1(0-2-1)
Research Projects in Biological Technology and
Innovation |
MsIEURlATINUATITELAEINNITIEMIaAlUladLarUTRNTIUNNTIING)
Research project proposal, doing research in the topic related to

Biological Technology and Innovation.
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WAV FodvuazArasureseiv wienn
BIO4101 Funumanaluladuazuinnssuniedainen 1(0-2-1)
Seminar in Biological Technology and Innovation
A1SUNAUDUNAIINIBINITN I ALUlA LAz UIRNITUNINTAINYI19IN
Msainsiieniseduse
Biological Technology and Innovation research presentation of

academic journals for discussion.

BIO4102 TA53n15398ManAlulaguazuInnssuniedaine 2 1(0-2-1)

Research Projects in Biological Technology and

Innovation |l

YNN5IN19TIINGT AnY1 AUATY N1AABY TIVTIULA SLEUBHANULALLTYU
FIEIUNANITINE

Biological research and, study, experimentation, presentation and
writing report of the findings.

2.2 ngu3vneNLEeN

BIO2201 NONWAEAS wuqein
Botany 3(2-2-5)
Hoideity dugnineuay meiniavesity Ypinstinuarnisiuiugueaiiy
AON @3TINYT TWIFINYIVBINY TIAUINIT NIFIMUNUTELAN
Plant tissues, plant morphology and plant anatomy, life cycle and

reproduction of flowering plants, physiology, plant ecology, evolution, classification.

BIO2301 UsanInen 3(2-2-5)

Parasitology

mmﬁﬁugmﬁmﬁ’umam‘iwm N3P MUNUIEAN T0INTTIN deuguInen
ua a35inevessanlulnduiifsateaazduiusfuuyed nssunuLaziiufmedi
Usdn N1sAnwnIAau

Basic knowledge of parasitology, classification, life cycle, morphology
and physiology of phyla related to human, collection and preservation of parasite

specimen, field studies.
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INEIY FodvuazAresuneseiv AYRlnL!
BIO2302 #339NUNVDIANT 3(2-2-5)

Animal Physiology

Tnssadrawasniniiveaidedodand msfnvuiouiieu nalanisadsine
voudasluszuung 9 Useneudae stuudssamuazszuudenlive nalnniswandsuunia
izuumguﬁauiaﬁm iz‘U‘U‘viaﬁaJs'NmEJ 33UUﬂ§1NL5@LLazﬂi$Qﬂ JTUUNITUDUDIMIT TEUU
Fude wazszuvduiug n13s15ena waznsUTURINeESTInewesdniifientsegsenlu
AwandoNuuusng 9 uarufoRnisiiAeades

Structural and function of animal tissues, a comparative study of
animal physiological systems including nervous and endocrine system, gas exchange
mechanism, circulatory system, Integumentary system, musculoskeletal system,
digestive system, excretory system, and reproductive system, homeostasis,
physiological adaption of animals to survive in different environments and related

laboratory.

BIO2501 msldiasasdemanaluladuazuinnssuniedaine 2(1-2-3)

Instrumentation in Biological Technology and

Innovation

UftRnmsdmnsunsliaiesiionugumaiaine lunsds aas Yo mawey
a9iail ndnnnsuazisnislindesqanssmididanseu msiiniinurdmivldiaTosiiona
anInslnlown’ wénnsvinnuveaaiesdions q luesufiRnismiedine wu wedeq
Hudssfrousmiquinais fuasade wissilsanudule Wudu arudaoadely
WosUuRn1g Asusssunslddnineasy

Laboratory of fundamental instrumental in Biology for measurement,
stock solution and working solution preparation, principles of electron microscopes,
UV and visible spectrophotometry and general instrument in biology laboratory such

as centrifugation, laminar air flow, autoclave, lab safety and animal ethics.

BIO2502 IMUINT 3(2-2-5)
Evolution
wluiadvoenisiu nsinasdddnsdalnduazainunainnans duld
TINUINTT HavYInIRT WUgAEnIUTEIINT
Darwinian concept, origin of new species and diversity, evolutionary

trees and timelines, population genetics.
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INEIY FodvuazAresuneseiv AV
BIO2503 AUNTUITIUUALAUNAINTAINITINN 3(2-2-5)

Taxonomy and Biodiversity

Jse I Ty anudituglunisduundsenndsddie vininmusinng
FuunUsznn wdesdiolun1sAnvinisdnssuy AnurainatsLasn1sInTILLNAdidin
ﬂﬁa%ﬂdgﬂ%m NNITIVTINUALAUAIDE

History of phylogeny, basis of organism classification, criteria for
classification, tools for taxonomic study, systemic taxonomy, biodiversity and

classification, key generation, sample collecting.

BIO3201 wonwainazn1sussenaly 3(2-2-5)
Phytochemistry and application
1A59a5 1AL IYINNUTDILAANY LLUNURATN ansTIluanaveiiy a15vhe

a A

Diveadiy weallan1sadnaisdidgyainiey hifuneusse a1390ngnENNTININ Lagn3
Uszgndildansngnuadl

Structure and function of plant cells, metabolism, plant biomolecules,
plant secondary metabolites, plant extraction technique, essential oil, bioactive

compounds, and phytochemical compounds application.

BIO3202 A33INY1VDINY 3(2-2-5)

Plant Physiology

anuduiussgnindfisiuihnisluead swemisiie nsdidsaniuas
911508y TulRsuLuNUedTY NMsesyiulnresiglaza13AIUANNITRSLRULAYEY
Wy gosluuiy

Relationship between plants and intracellular water and minerals,
plant vascular system, nitrogen metabolism, plant growth and regulation, plant

hormones.

BIO3203  wWoNWANEASIATEND 3(2-2-5)

Economic Botany

NuidAglusgiuviesdunasUssima nMsudauazaudfgniaasugiaves
i ansTulewnsn fielusiiu fediy fnduls Auefesiy fvayulnsuaseioans fivann
Uldlimsugiia

Economically important local and national plants, production and
economical values of carbohydrate rich plants, protein rich plants, oil crops, fiber

plants, beverage plants, herbs, spices, horticulture, agriculture woods.
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IWEIV FoIvuazAresureseivn nuenn
BIO3204 swsedneuasinsindainendesdu 3(2-2-5)

Introductory Phycology and Protozoology

Tanvedlweluluaiiise @iy uazlnsingd esaUsenaur1ee) vgad
2995830 nsdaduundugiuine a3sivet duainet mamzsdsddseluuuaiie
amie uarlnslnd uazimaflafAsatosnndrdyludiuiieg Lagesdaiiud
wealuladinmuazuinnssuiefulssluuuaiife awie waglnslndalulandaqiy
uazUfTRNs AT

The world of cyanobacteria algae and protozoa, cell components, life
cycles, classification, morphology, physiology, ecology and importance of
cyanobacteria, algae and protozoa, cultivation of cyanobacteria, algae and protozoa
and related techniques, knowledge, biotechnology and innovation of cyanobacteria

algae and protozoa in the current world and related laboratory.

BIO3301 AMURAINUAEENT 3(2-2-5)

Animal Diversity

Mé’ﬂmam@aumu%mmmﬁ'mfﬁa@éfu nMsRedemeinendans naminig
faduundng fugiuuunAnnsiiauinisvesdaifusssduiugmansiiauints Tugns
i Msdnszuvdnituiugn arurannvanenidinmvesdnd dnvaiduvesdn il
wiaglWdy anuvainvate n133ndnuun Gneang ITunTg wasanudAynInesygie
vosdnilundazlndy vilavesdnind anuddluedonyiusonidedd uazufoAnisd
Aeadas

Principles of fundamental zoological taxonomy, Study of
nomenclature, principles of animal classification, The fundamental principles of
evolution in animals from genetics through to development, Basic systematics of
animal, Biodiversity of animal, Main characteristics of each phylum and their diversity,
classification, ecology, evolution and economic importance, Important species in

South East Asia, and related laboratory.
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SRAIY FouazAadureseiv wuqenn
BIO3302 walulagnisuanuaznistauselasdaindnd 3(2-2-5)

Animal Production Technology and Utilization

fugumeiugmansiusuarasiusuesdnd udnnisdmieniagsruuns
HANusdnd U1nsgunify wasndnduiandnd lnsdun1sAnuidndiasugialuien
Aawile nannsmaluladdinnadeludlun1mandnd Laznandnaindnl waluladnis
wzAsaaddn mageuuenaniud

Genetics background, breeds and strains of animal, principles of
selection and mating system, standards of farm and animal product especially in
economic animals of Northern region, utilization of modern biotechnology in animal

production and related products, animal cell culture technology, field trip.

BIO3303 N INYATUNAUATEFN 3(2-2-5)

Entomology and Economic Insects

FIINYIVOIUAT FUFIUINGT @3TINYT N15TYLAULA 2995830 11390
Fwun wuasluduAuang q dnuuzauveNacluLAazdURU NSTIUTINLALIAUAIDE19
wuasluviosdiu AUANAY VB ILUAUATEFND LLﬁ%ﬂ’]iLW’]%LgﬁJQLLNENﬁﬁWJWmﬁ’lﬁiym’]\‘iﬁﬂu
LATYFNA

Biology of insects, morphology, physiology, growth, life cycle, insect
classification in orders, insect characteristics in each order, collection and
preservation of insect samples in local area, important of economic insect and

economically important insect cultivation.

BIO3304 Und#nen 3(2-2-5)
Ornithology
dugIuinen nginia @351 N139HUNYIELANYBIUN A5EITIIUNLY
FITUPIA N3N TIAUINTT NOANTTU NMFYSNYILTUN NMSANBINIAEWIY
Morphology, anatomy, physiology, classification of birds, survey of birds

in natural habitats, distribution, evolution, behavior, bird conservation, field studies.
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A

AN YIVATAIDZUIYIIYIY AV
BIO3305 AAIneLasnginssuand 3(2-2-5)

Ecology and Animal Behavior

AuduussEninsdnifudanndey Jaduiifinadenisiudsunvasuny
Uy n1sudaty agn13nseaneiivessyyins msldauinisidnming1iiase
viln wagynvuYednd waRnssuvesdnd anuddyuemginssuiiidennuannsaluns
9E50ALUTITUYIA ﬁugmmaagﬁmmsuaqwqaﬂiiu ASWAUINOANTTU WOANTIUN
dau nofnssuivdanndon woAnssuduiiauins uadujdRnisiiaonndesiungud

Relationship  between animals and environment, factors of
population changes, competition and distribution, the use of ecological knowledge
for specie and community analysis, animal behavior, animal behavior and
tendency of survival in environment, physiological mechanisms of behavior,
behavior development, social behavior, behavior and environment, behavior and

evolution, experiments related to lecture.

BIO3401 8% INYIPASNNTTY 3(2-2-5)
Industrial Microbiology

NISUEN ARLADN WAL LﬁU%’ﬂmqaﬂm%é N13AIVANNITITYVDIAUNTY
waluladnisvsin malulagmsvhanslivians mssdaoviuea toulesiangdunid ewns
wiin TWsuwadifen wagnsndnnsnozdly Mandnnsndunid ansufiTuy uavansd nns
Uszgndldadunidiuiaiosansns andlng msuszendliiusmanslugdunidepamnssy
msthimindennlssnugeamngsy uasdfiRmsfiieado

Isolation, selection, development and preservation of microbes;
microbial growth control, fermentation technology, purification technology, ethanol
production, microbial enzymes, fermented foods, single cell proteins and amino acid
production, production of organic acids, antibiotics and colors, application of
microbes in cosmetics, patents, application of genetics in industrial microbes,

industrial wastewater treatment and related laboratory.
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SHEIY YBIVATAIDIUIYS183Y WUBNA
BIO3402 ANYILUATILSY 3(2-2-5)
Bacteriology

douguInegn @393 WUSNTIN BUNTUITIU UagANUEAVRILUATISY
NNQAAMNTTU INWATNTTU WAZNIINITUNNE
Morphology, physiology, genetics, taxonomy and the importance of

bacteria in industrial, agricultural and medical aspects.

BIO3403  walula8Tanmamsigvunnian 3(2-2-5)

Microalgal Biotechnology

mmiﬁyugmﬁmﬁ’uaméwmmLﬁﬂ nsfaLdonamitsruiaLdndil
puddymaasugha nsldinaluladanmlunismzidssnmsiiuifensaduagnis
USuugaiugnssuvesamsigawindn n1susslevidiaznisuszendldamsievuindnty
QAFINNTTUA 9]

Basic knowledge of microalgae, selection of economic microalgae,
microalgal biotechnology for cultivation, harvest and strain improvement,

utilization and application of microalgae in various industries.

BIO3501 nsieesiganwi 3(2-2-5)

Water Quality Assessment

nsmTatinziaanmiuazinds funeam el wegdinm el
119351 NFOURTIBNE NG NsuUaNANITIATIZ

Water and wastewater quality analysis in terms of physical, chemical
and biological characteristics using standard methods; interpretation of analytical

results.
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AN FodvuazArasureseiv AV
BIO3502 UIANTTUMALANINYIING 3(2-2-5)

Innovation from Biological Technique

nsldmatianazisnislunisujiRn1sn1ediainen n1siiudaegis
3951730 n3dausia Mmanes mIafdn uaznsaezuninetmans wadass q lu
nswioudegiafiednuinield ndosgansimi Wy nsrssfegs nsilsdn nasde
deifle msfeudidedefivuazdn? iendnalas msasuarnisianuTanssu

The use of techniques and practice in biology, preservation of
organisms, pressing and drying plant specimen, preservation, animal stuffing and
scientific imaging, microscopic specimen preparation techniques for sample
fixation, embedding, sectioning, plant and animal tissue staining for microscopic

study, creation and development of innovation.

BIO3503 nsdugusznauntsanumalulagdaninues 2(2-0-4)

UINTIY

Entrepreneurship in Biotechnology and Innovation

Faufanssy n1sdenleswesninuiniediningniswaundy
AusznaunImumalulagdinimuazuinnssy nsdantsnindduniclygyn Ussan
SULUULAZUNUEINY 8NN15IANTS N15TANTISAUNTAGIA NIRER N15RW TRy nnd
NYVNNLTING §3N25e1INNUTEINA UagaSesssudmiugusznaunis

Bio-innovative, the linkage of biological knowledge to
entrepreneurship development in biotechnology and innovation, management
of intellectual property, types of business, forms of business, business plans,
principle of management, marketing management, production management,
financial management, accounting, taxation, business law, international business

and business ethics for entrepreneur.

BIO4201  walulagmsuaauaznsldusslevdainiey 3(2-2-5)
Plant Production Technology and Utilization
wdnmswaluladfanmits nsunzdeaiedeiiy muddyuay

pdnMaiugIureInsUSuUTIUSimuas sy uunsAUTuSYesiY wnAameitugaans

fumsusuugeiug wmatleadelvddmsunisudniiy

Principles of plant biotechnology, plant tissue culture, the
importance and principle of plant breeding and reproductive systems in plants,
concepts of genetics and plant breeding, modern techniques for crop
production.
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AN FovuazArasureseiv AV
BIO4401  9aTaAnendawindouuaznisuszgnd 3(2-2-5)

Plant Production Technology and Utilization

AUNSIUANINKIAGDNA 9 UNUIMVRIRAUVSTLUNISINIENNELAS
uaznsasunlasuesanimundesiineatesiudunid maudlvanmuindeudufiv
13591998938 wazmallan19dIIneluana

Microorganisms in various environments, role of microorganisms in
environmental balance and environmental change associated with microorganisms,
remediation of polluted environment by microbiological methods and biological

molecular techniques.

BIO4402  WIANIINBIMITINYAUNIE 3(2-2-5)

Microbial Food Innovation

RBun3siuevis Raunisideliinnisiinde Welsauararsfinain
f\ﬁu‘vﬁﬂumms aaﬁﬂ'izﬂ’eJ‘UGU’eNmmaﬁﬁma@iamﬂﬁaﬂa ﬂ@ﬁu‘vﬁﬁ Anwalzn1s L
Ao maldnidsreseinsussaneineg nsguiiegns nmmamdunisluenms
HARAMIUL WINTFINDMITNNYATIINET T5desiunazidngdunidluaims nsauey
DIMT NSANBINIAGUIL

Microorganisms and food, food spoilage microorganisms, pathogenic
microorganisms and toxins in food, composition of the food that affects microbial
growth, nature of spoilage, food spoilage in various kinds of food, sampling
technique, detection of microorganisms in food, milk and dairy products,
microbiological standards for food, prevention and elimination of microorganisms

in food, food preservation, field studies.

BIO4403 gty iesduiugdumsd 3(2-2-5)
Microbiology for Local Wisdom
memaaq%uw%éﬁ'Lﬁ'ﬂ’maaﬁ’uQﬁﬂw,mwﬁaaﬁmmlwsﬂmmawwmq

2T NMINBATUAY FaIndBY Lﬁamﬁmi’]zﬁt,l,azé’qLﬂiwzﬁgﬁﬂ@mﬂﬁu WieliAnuwIAn

fionsiamnveena m%a&iaaamgﬁ{]igaﬂwaé’aai'%msmfmmmam%

Roles of microorganisms associated with Thai local knowledge and
wisdom especially in the areas of foods, agriculture and the environment; analysis
and synthesis of traditional knowledge and wisdom, to decide on possible future

developments that are based on using scientific methods.
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SWERY FoivuazasurE eIV ienn
BIO4501 ufanssun1siamsuasawanfusitatu 3(2-2-5)

Innovation Management and Products Development

from Local Wisdom

nENN1TIANIININGINTETINVIABaRU Aewandeuyuvu uazyiTayan
viosfiu msdnideningiu mawSounaznisudsguingAuussinete 9 luviesiu wdnns
ugnilunsiaundnsasigulan vilaa MsUszgndliminenssssuvAndegluiesiumn

3 9

saMIanUsuazivaavesduiieaiuinnssunanusainUselevigegn

4

e =)

Principles of local natural resource management, community
environment and local wisdom, raw material selection, preparation and processing of
various local raw materials, basic principles of product development, applying local
natural resources to integrate local knowledge and wisdom to create innovations

that can bring maximum benefits.

BIO4502 MANNIIAIUANAMNNLAZNITUTLAUAMNTWHE RS U] 2(2-0-4)

Principles of Product Quality Control and Quality

Assurance

NANNITLALITNITAIUANAMAINVBIHAN AU LUNTEUIUNITHAAN S
PAANMNTTN AWAT AIUNIBAIN IUAUNTE N1TEUAIBEN N1TAIVANAMNINVBITROAY
nIrUILNILUTIY uaskBafusitugniine dWelidiauniwnsanudonmunuinsgiures
HARSMI SPUUNTUTEAUAMAIN IRSFIU 1SO LLazﬂ{]mﬂEJSu I FArto Anwigauuen
a0

Principles and product quality control in chemical, physical and
microorganism. in industry, sampling, quality control of raw materials, processing and
final products to ensure the quality meets the standard requirements of the product,

quality assurance system, ISO, and other relevant laws, field study.

BIO4503 P2938555:UATANUUADAAENIFINN 2(1-2-3)

Bioethics and Biosafety

a5svusTalunislidninaaeuiioniside a3usssun1sidelunyud
ANUFIAYVIAINUABAAENITININ FEAUTIANUABAAENTININEALUINTFIUNIS
UuRluiesgumnig

Ethics of animal use in research, ethics in human research, importance

of biosafety. Biosafety levels and standard practices in laboratory.
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INEIY FovuazAresureseivn AV
BIO4504 msﬂ'lﬁ’mtazﬁuw”ma%amw 3(2-2-5)
Biological Treatment and Remediation
nsunInsrarevesasuafivluiu tuazernia wdnniswazinadalunig
TrinuaritunAanadoniiuudeulngldnssurunameduanm wu msldiaunis uas
firs Tunsidauazdesaatenaasnng 4 nsUsadiunansenuasundeufiinanaiseng ¢
Wmsnien 1as wasdanan sudsliAniymaundenuasmsiasuutamedneine
Distribution of pollution in soil, water and air, principle and techniques
for environmental treatment and remediation using biological process for example
application of microbial and plant for pollutants removal and degradation,
Environmental impact assessment from physical, chemical and biological agents

causing environmental problems and ecological changes.

BIO4505 "“mmms%’agama%ﬁwEJ'lLf’J'aaéiu 3(2-2-5)
Introduction to Biological Data Science
nslfuagdunmdoyadudingraniaietiedumesiin lnssadreiiugiu

Suwesidadmsu Transauna grudoyane@iansauna n15IATIRERULUALAYNS

Beszidwvezdilu nsfnwaneiugiiaunislagldaduiiduenseaiunsnezily ns

AATIFINANUITAIUINT
Use of software and Internet based data interpretation of biological

related information, basic understanding of bioinformatics, biological database,

bioinformatics for nucleotide base and amino acid analyzing, assessment of life

evolution by computer programing.

BIO4506 nsuankaznslEUslavuTnana 3(2-2-5)
Production and Utilization of Bioproducts
FINFNAUNNAUNY §07 Uazdunid anuimtuasmealulagves 7
wanSuT Mandntananiasludasi uinnssuuaznsUszend wagnsdlfnuiliAeades
Bioproducts from plants, animals, and microbes, progress and
technology of bioproducts, production of bioproducts for business, innovation and

application, case studies.
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INEIY FodvuazAresuneseiv AV
BIO4507  anuUaaadulurasufjianisuaslsenu 2(2-0-4)
Laboratory and Industrial Safety
wadalunsamadusunseieraintuluies joanisuaslsenu nns
Nuwuvizenslassmaifeafunstestugtimg uazannsmsanuasndsluudazyseinn
yowies UTRnswazlssnm suienuaendomedanin
Techniques in identification of hazards in laboratory and factory,
project planning about accident prevention, safety rules and biosafety in laboratory

and factory.

BIO4508  wallAn1suauAved 3(2-2-5)
Antibodies Techniques
anusilesruingfugiauiuinegr nannsseuuniauiunausy uazniinuiu

filssuinnevads auantRveueuRlauazouUef ademateuRueidmsunInTaide
A muazidaIina waladuylufviindu aevuaey nafisuvaen Suylusalaiafians
watladlag way Suylulasuilans

Introduction to Immunology, principle of Innate and adaptive
immunology. Properties of antigen and antibody. Qualitative and Quantity immune
techniques. Immunodiffusion, Dot blot analysis, Western blot, Immuno-

histochemistry, EUSA techniques and Immunochromatography.

BIO4509 WINNTTULALUINTFIUNNNTN A Tasie T 3(2-2-5)
Modern Agricultural standard and innovation
NERIHUUET 15NUNEANY N139TI9FBUTOUNAU UIATFIUNNNITNYAT
maduiuszneunisinuns Jamtanuesudating winnssunemsinuasadieln
Precision Agriculture, Plant factory, Traceability, Agricultural standard,
entrepreneurship in farming, Mega Farm Enterprise and Modern agricultural

innovation.
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WAV FodvuazAraiureseivn wienn
BIO4510  suilaudsidenianaluladuasuinnssuniedininen 1(2-0-1)

Research Methods in Biological Technology and

Innovation

ANAIAYVDINITIVEAIING Fumeunissifiunside mseuetewaue
1A59N1S mﬁﬁmu@’j’mqﬂﬁsmﬁu,asamagm miLﬁUﬂUi’msﬁaga NTIATITALAENIS
Wouwa n1siwan1sIssluly

Importance of biology research, research methodology, proposal
presentation, objective and hypothesis decide, data collection, analysis and

writing results, applying research results.

3. wuIndvIUsEaUnIsalnIAEUN
1) ngu3vEnUszaunsalivITn

SCI3601 nswmsenEnUszaun1salivnaumalulagniaasl RuWAN

wazIIINYN 2(90)

Preparation for Field Experience in Chemical and

Biological Technology

ﬁmiﬁﬁﬁaﬂﬁmL‘ﬁaL@‘%&lummw%’amawﬁﬁaudauaaﬂﬂﬂ Uszaunisal
IdnAfudnyuzvosnularlemareanisusznevendn msimundgSoulid
Awg Vinwy Lanaf u399ele Lazpudnvarmunzauiuividnlagnisnszyily
anuN1sAlvseULUUAN 9 Fudeestuamiluindmiy q Anwgaluniediagiin
Usgaumsalivndn wardnduyundieflndinusifisiia

Provide activities to prepare the learners before field experience
practicing in biology related to career opportunities, development of the
learners to have knowledge, skills, proper attitude, motivation that suit the
profession by practicing in various working situations, observing activities at

places of field experiences and provide seminars for increasing skills.
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SREIY FDAVLATAIDTUISI8IYN VYNt
SCl4601 AnsEinUszaun1salnvdnaumalulagniawad 5(450)
LAY ING

Field Experience in Chemical and Biological

Technology

a oy a ' = P ¢a S v

AYNNDILTYIUNINDY : NISEATYIUNNUTSEUNITAUIVIYNATU

walulagniaaiinazdadne (SCI3601)

ANSHNIIUATUNALLTAENIWATLATTIINGT A ADIUNTIFDITUAINUA 3
msLauamaﬂ’mLLax51ENWuLTJuMé’ﬂgm’htihumi?lmml,lﬁ%

Training in Chemical and Biological Technology field at the

designated places presentation and reports are required for internship proof.
2) ngudvaviafn

SCl4602 annaAne wuwnA
Co-Operative Education 7(540)
mMsuftRslumhsnumass visenuuludnvarminauiingm mu

TAssnuiildSunouning naenaunIseRThsIBnuLaNSILELD
Practicing in government or private sections as temporary staffs

according to assigned projects, preparation of reports and presentation.
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Abstract

Canthium parvifolium Roxb. is a native plant found in the northern region of Thailand. Canthium
parvifolium Roxb. has been found to have pectin in the fruits. Accordingly, the botanical
characteristics of C. parvifolium and characterization of its pectin were evaluated. It was found
that the habit of this plant is shrub with paired straight supra axillary thorns. Leaves are simple and
opposite in arrangement with interpetiolar stipule. Young branches and lower surface of leaves are
covered with pubescence. The inflorescence is axillary cymose. Calyx is green and limb is very
short undulating 5-lobed with subglobse ovary portion. Corolla is tubular with 5 lobes, green to
white or yellow in color. There are 5 stamens inserted at corolla throat. The ovary is inferior, 2-
loculate with only 1 ovule each. The edible fruits are ovoid in shape and the skin is green or
yellow, depending on maturity. The fruits of C. parvifolium were used as plant materials for pectin
properties. The extracted pectin was designated as pectin with high degree of esterification due to
its low moisture of 10.00% and the approximately 76.92% degree of esterification (DE) with
methoxyl content around 7.06%. In addition, C. parvifolium yielded pectin around 38.00%. The
chemical structure of pectin was studied through Fourier Transform Infrared (FTIR) spectroscopy
and 'H NMR spectroscopy. On the other hand, the molecular vibration was confirmed by using
Density Functional Theory (DFT).

Keywords: Canthium parvifolium, botanical characteristics, pectin, density functional theory

1. Introduction

Canthium parvifolium Roxb. or “Nam Ma Khet” in the Thai vernacular [1], is one of the
dicotyledonous plants belonging to the family Rubiaceae, order Gentianales [2]. C. parvifolium is
a local plant which is widely distributed in the northern region of Thailand, e.g. Chiang Mai and
Chiang Rai. In Chiang Rai Province, C. parvifolium is found in Wiang Chiang Rung District and
Chiang Rai Rajabhat University. The fruits of this plant are very interesting because it could serve
as another source of pectin [3].

*Corresponding author: Tel.: 05-377-6011 Fax: 05-377-6012
E-mail: em_waleepan_r@crru.ac.th
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Pectin is a carbohydrate polymer compound that is found in plants. Pectin is a substrate
of the enzyme pectinase which is found in plant cells between fibers at the top of the first layer
cell wall. Pectin serves to anchor cells together. Pectin is the key component of parenchyma tissue
which contains arabinose, galactose, and galacturonic acid [4]. It is a high-molecular weight
compound with pectinic acid that could be served as a gelling agent when mixing it with food and
water. Also, it is used as thickener and stabilizer in many types of food products, such as jam and
jellies [5]. The gelling properties of pectin are known to be closely related to the degree of
methylation (DM) and distribution of ester groups. Both rupture strength and gel threshold were
found to be partly proportional to the free energy of hydrophobic interaction between the CHs-
groups in the model systems [6]. However, there are many factors which could affect the
functionality of pectin, e.g. their composition, DM, solubility, pH, temperature and presence of
soluble solids. Typically, the objective of commercial extraction of pectin is to obtain certain
water-soluble and high molecular weight pectin [7]. There are different approaches to elucidate the
pectin structure reported in the literature [8]. Nuclear Magnetic Resonance (NMR) was
extensively to study pectin in food carbohydrates at a structural level [9]. However, the application
of NMR as a quantitative analytical tool in carbohydrate determination is still limited despite the
NMR’s great capability [10]. DFT was used to study biology of some methylxanthines. According
to the previous theoretical study [11], B3LYP was employed to calculate the gap between highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). The
result from the gap is representative for pharmaceutical properties of pectin. The result of this
important properties of pectin is supported by the experimental study [12].

Moreover, the studies of silk retardant through plasma treatment, computational
simulation, and vibration give a good agreement with FTIR in the work of Chaiwong and co-
worker [13].

Thus, the objective of this research was to study the botanical characteristics of Canthium
parvifolium Roxb. In addition, the physical and chemical properties of pectin in C. parvifolium
such as methoxyl content, degree of esterification, equivalent weight and moisture were also
evaluated. Lastly, we preliminary investigated the structural properties of pectin in C. parvifolium
using the DFT as a tool for calculation together with the experimental approach.

2. Materials and Methods
2.1 Plant and extraction methods

The intact C. parvifolium plants were collected from Chiang Rai Rajabhat University, Chiang Rai
Province, Thailand. The fruits of C. parvifolium were used as plant materials for pectin extraction.
Fresh fruits were cut into small pieces and dried in an oven at 105 °C. Pectin was extracted from
the ground C. parvifolium fruits with water (Ratio 25:1w/w) mainly to remove pigments. The
material was filtered and the solids were treated with a solution (6% w/w) of sodium hexameta
phosphate (SHMP) at 80 °C for 90 min. A pH 3.0 was obtained by adding HCI (1 M). After
extraction, the pectin solution was filtered through a white filter cloth. Then, 95% acidified
Alcohol and Acetone were utilized to precipitate the filtrate. To explain this step clearly, there is
the persuasive detail: at the first, acidified alcohol was employed to remove impurities, and then
the residue was dried by acetone. This process continues literately. 5 iterations were required to
produce colorless filtrate.

The formed gel was allowed to precipitate at 25 °C for 24 h. After that, the pectin was
dried at 35 °C for 24 h. The dry pectin was ground to pass through 60 mesh sieves for further
study. The functional groups of C. parvifolium pectin were investigated by FTIR method with
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Nicolet 6700 FTIR spectrophotometer (Bruker, Germany). The spectra were collected by
averaging 64 scans at a resolution of 4 em™' from 400 — 4,000 cm™!. The 'H NMR spectra were
acquired on a Bruker 400 MHz spectrometer, operating at 400 MHz for proton. Spectra were
collected at 298 K, with 32K complex points, using a 90 ° pulse length. Sixteen scans were
acquired with a spectral width of 8278 Hz, an acquisition time of 3.95s.

2.2 Physio-chemical

C. parvifolium fruit was analyzed as dry matter content [14]. Crude protein, crude fat (ether
extract), crude fiber, and ash content using the standard techniques [14]. All samples were
analyzed in duplicate and the results were reported including the total energy (cal/g) with bomb
calories.

2.3 Methoxyl content

Methoxyl content was determined by dissolving 0.5 g of pectin in a 250 mL Erlenmeyer flask with
100 mL deionized (DI) water and then adding 1 g of NaCl with 6 drops of phenol red for titration
with 0.1 M NaOH until the indicator color changed (pH 7.5). This solution was used to determine
the methoxyl content by adding 0.25 M NaOH 25 mL, 0.25 M HCI to be titrated with 0.1 M
NaOH.

% Mehtoxyl content = (NVEx100)/1000S (1)

Where S is dry pectin weight, N is base normally used in the titration, V is the base
volume in the titration and E is the equivalent weight of methoxy.

2.4 Degree of esterification

The %DE was determined by dissolving 0.5 g of pectin powder with 2 mL of ethanol into 100 mL
of water. The mixture was stirred until the solution became homogenous. After that, 5 drops of
phenolphthalein and 0.5 M NaOH (V1) was added for titration. After that, 0.5 M NaOH (10 mL)
was added and stirred for 15 min. After that, 0.5 M HCI (10 mL) was added and stirred in until the
solution was colorless. Finally, a phenolphthalein indicator was added followed by titration with
0.5 M NaOH (V2). The methoxyl content and %DE was calculated by the following equation.

% DE = (NaOH volumel/NaOH volume 1+2) x 100 (2)
2.5 Equivalent weight
Equivalent weight was determined by weighing 0.5 g of sample in a 250 mL conical flask and 5
mL ethanol was added. Then, 1 g of NaCl and 100 mL of distilled water was added. Finally, 6
drops of phenol red were added and titrated against 0.1 M (N) NaOH. The titration end point was
indicated by purple color. This neutralized solution was stored for determination of methoxyl
content. Equivalent weight was calculated by the following formula:

Equivalent weight = 1000S/N.V. 3)

Where S is dry weight, N is normality concentration, and V is the quantity of NaOH.
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2.6 Moisture

The moisture of extracted pectin was analyzed by weighing 0.5 g pectin into a crucible and
content was weighed (W1). The whole crucible was baked at 105 °C for 9 h. The crucible was let
cool and weighted (W2). The moisture content may be calculated as follow.

% Moisture = (W1-W2)/0.5) x 100 @)

2.7 Theoretical Study

The ground state optimization of a model compound of pectin was performed using DFT.
Calculation of molecular structure in order to predict pectin properties was achieved using DFT
with Beck-Lee Yang Parr (BLYP) functional of the Generalize Gradient Approximation (GGA).
All simulations were performed under the conditions corresponding to 0 K. The analyzed effects
of the structural features and molecular energy were achieved at the same level function. After
that, the optimized structure was used to study the vibrational mode using a Dmol® module in a
Materials Studio (MS) [15] program package

3. Results and Discussion
3.1 Botanical characteristics of C. parvifolium

The botanical characteristics of C. parvifolium were shown in Figure 1. The plant appearance is
shrub with paired straight supra axillary thorns. Leaves are simple and opposite in arrangement
with interpetiolar stipule. Young branches and lower surface of leaves are covered with
pubescence. The inflorescence is axillary cymose with a few to several flowers. Calyx is green and
limb is very short undulating 5-lobed with subglobse ovary portion. Corolla is tubular with 5
lobes, green to white or yellow in color. There are 5 stamens inserted at corolla throat. The ovary
is inferior, 2-loculate with only 1 ovule each. The edible fruits are ovoid in shape. The skin is
green or yellow, depending on maturity. Moreover, it is interesting to note that the fruit of C.
parvifolium is the one excellent source of pectin [3].
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Figure 1. Botanical characteristics of Canthium parvifolium Roxb. (A) habit (B) leaves and stipule
(C) flowers (D) young fruits and (E) cross section of young fruits

The results for physicochemical characteristics of C. parvifolium Roxb. fruit are
displayed in Table 1. The ash content is at 0.57% dw. The protein content is 1.5%. The amount of
fat is significantly low compared with apple pomace (0.69%). The dry matter is 19.65%. The
crude fiber in C. parvifolium Roxb. is at 4.96% which is in the same range as of apple pomace.
Finally, C. parvifolium Roxb. has a high total energy at 828 cal/g which is lower total energy than
apple pomace.

Table 1. Proximate composition of Canthium parvifolium Roxb. fruit

Composition Samples

Dry Matter (%) 19.65

Crude Fat (Ether Extract) (%) 0.69 (3.49-3.90)
Crude Fiber (%) 4.96 (4.7-48.72)
Crude Protein (%) 1.5 (4.45-5.67)
Ash Content (%) 0.57 (1.82)
Total Energy) cal/g) 828 (2,950)

Note:* The numbers in parentheses is a reference value from apple pomace [16]
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3.2 Characterization and properties of C. parvifolium pectin

It was found that the appearance of dry extracted pectin is light brown color as shown in Figure 2.

Figure 2. The characteristic of C. parvifolium pectin.

The properties of extracted pectin were analyzed and the results are as shown in Table 2.
All measurements were carried out in triplicate for each of the sample. The results are reported in
mean values and standard deviations. The results revealed that pectin from C. parvifolium fruits
has a high value of 7.06% methoxyl content which was higher than standard pectin and
pharmaceutical pectin. Moreover, C. parvifolium pectin has high viscosity and gelation when
compared with the reported DE of 76.92% [17]. Ptichkina et al. [18] reported that pectin with DE
> 60% is suitable for use in food industry. The chemical characteristics of the pectin that influence
gel qualities are DE, which is related to the rate of gel formation in food industry [19]. High DE
means high gelation temperature when preparing gels by the usual procedure of mixing the hot
ingredients and then solidifying by cooling. When the gel batch is cooled below the gelling
temperature, gelation occurs after a delay, which is short with pectin of high DE and longer with
pectin of lower DE [20].

The moisture of C. parvifolium pectin was 10%, which was quite high compared to the
pharmaceutical grade pectin. The equivalent weight of this study was 181.81 which indicated the
total content of free galacturonic acid. Therefore, it is associated with the % DE and methoxyl
content. According to work of Rouse [21], the higher DE causes the decrease of free acid content
of pectin that the equivalent weight also increases.

The extraction of pectin from C. parvifolium yielded 38.00+0.875 g%, while it was
preliminary studied by Kaewpo [3] following the method described by Rangana [22]. The results
reported that the content of pectin in C. parvifolium was 48.37 mg/ml dry weight, which was 1.6
fold significantly higher than the content of pectin in apple (29.97 mg/ml dry weight). However,
by Rangana method, the high percentage of moisture (21.55%) was found in the extracted pectin.
Thus, this research presented an efficient protocol for the pectin extraction of C. parvifolium.
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Table 2. The properties of C. parvifolium pectin compared with standard pectin and lab &
pharmaceutical grade pectin

Standard Lab&pharmaceutical

Properties G Pll:e"::;_f:f"m Pectin grade pectin
[17] [23]
Moisture (%) 10.00 £ 0.20 - 4.81
Degree of Esterification (%) 76.92 +£0.53 64.95 -
Equivalent weight 181.81 +£0.35 - -
Methoxyl content (%) 7.06 +0.44 >2.50 6.29
yield (%) 38.00+0.87 - -

Note: * Values showing the mean + SD in a column.
3.3 Functional group of C. parvifolium pectin by FTIR method

The samples of pectin were subjected to FT-IR analysis. The bands relevant for the structural
organization are presented in Figure 3. The spectra shows two intense pectin bands at 1,741 cm™
and 1,641 cm™! were assigned to the stretching C=O vibration of esters and the asymmetric
stretching vibration of carboxylate anion v coo-), respectively. The two functional groups are
from carboxylic ester and protonated carboxylic acid groups. The region of 1,250 cm™ — 950 cm'!
is contributed to glycosidic bonding (V(coc)giycosidic bonding). Moreover, the spectra of pectin at
2,929 cm™! was assigned to v(c.i), while the peak shown up at 3,272 cm™ was assigned to vo-n) of
the carboxylic acid group.

. pectin2

.

pectin 1

400 200 1400 1900 2400 2900 3400
Wave Number (cm™)

Figure 3. FT-IR spectrum for extracted pectin from C. parvifolium.
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3.4 Vibrational results

The optimized structure of C. parvifolium pectin model compound was also studied. The ground
state minimization of the pectin model compound was carried out using Dmol3 module in MS
program with spin unrestricted and BLYP functional of GGA. A Fermi smearing of 0.005 Hartree
was used to improve computational performance.

Von

Ve metyt

400 00 1400 1000 1400 %00 400
Figure 4. Vibrational spectra for pectin model compounds.

The vibration spectra of C. parvifolium pectin was presented in Figure 4. The highly
coupled and conformational specific region between 1,100 and 800 cm ™' belongs to non-localized,
highly coupled vibrations of polysaccharide backbones (8c.i, 913 em™ and ve.c, 1,060 cm™) [22].
Two intense bands at 1,634 and 1,579 cm™! are assigned to vc-o, which indicates its stretching
vibration in ester and carboxylic acid. Additionally, the presence of veu, -cus peak at 2,859 cm’'
also indicates an existence of methyl ester group. The peaks at 3,054, 3,236 cm! suggest that there
are stretching vibrations of O-H at carboxylic groups.

3.5 NMR Analysis

The structural analysis by IR is supported by NMR result. As illustrated in NMR (Figure 5), there
is a board singlet peak at 1 ppm corresponding to methyl groups (-CHs) in the structure. Moreover,
NMR shows doublet peak at 3-5 ppm. This is related to hydrogen in hydroxyl group, which is
coupled with a neighboring hydrogen atom. The quartet peak at approximately 3.5 ppm is from
the ring protons.
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—— 4.8097
— 46065
1.0600
0.0513

!
8 3 4 2 0 [ppmn]

Figure 5. 'H NMR spectrum of pectin sample. Experimental condition are reported under
Materials and Methods.

4. Conclusions

This report presents the botanical characteristics of C. parvifolium and an efficient protocol for the
pectin extraction from C. parvifolium fruits. The proximate composition of Canthium parvifolium
Roxb. fruit was lower value compared with apple pomace. However, some properties of extracted
pectin were clarified. It was found that the pectin extracted yield was 38.00=0.87%w/w which is
significant higher that apple pomace (3.5-14.32%w/w), the moisture, and equivalent weight of C.
parvifolium pectin was 10% and 181.81, respectively. The pectin of C. parvifolium had % DE
(76.92%) and methoxyl content (7.06%), revealing its potential for in gelation application. In light
of FTIR spectrum, it is routine to scale the frequency axis by a small amount to align major bands
with those experimentally observed. The co-alignment of calculated vibrational spectra and
experimental bands via the same scaling, as seen here, constitutes good agreement. The structural
analysis by IR and NMR confirm the expected pectin structure. As our preliminary results
mentioned above, we would like to probe and predict gelling factors, such as pH and temperature
of C. parvifolium pectin in our furthered work.
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ABSTRACT

This research aimed to determine the quantity of phenolic and tannin contents in paper mulberry (Broussonetia papyrifera)
extract. An antioxidant activity of the ethanolic extract was also investigated. Crude extract of dry old leaves of paper mulberry
was found to have the highest percent yield (5.09 £ 0.19) and phenolic content (262.25 +9.17 mg GAE /100g), while the dry young
leafextract had the highest tannin content (213.16 +24.26 mg/100g). The highest antioxidant activity with IC, value 0f0.29+0.02
mg/mL was found in the dry bark extract. Also, four parts of dried paper mulberry samples were analyzed for the quantities of
total phenolic content, tannins and antioxidant activities in hot water extracts. The extracts of dry old leaves were found to have
the highest phenolic content (565.67+4.51 mg GAE/100g of extract) and tannin content (16.73 + 5.37 mg /100g of extract). The

highest antioxidant activity with IC,  value of 0.33+0.08 mg/mL was found in the dry bark extract.

Keywords: paper mulberry, Broussonetia papyrifera, antioxidant activities

INTRODUCTION

Paper mulberry (Broussonetia papyrifera) is a plant in the
mulberry tree family. Most of its fiber is in the bark and is
normally used to make umbrellas, artificial flowers, lamps,
fans, kites, various greeting cards, drawing paper, chemical
wrapping paper and several useful substances used in human
ailments in hospitals. It is also a medicinal plant used in the
treatment of several diseases: leaves are used for promoting
diuresis, antidotes to insect bites and stings and treatment
for dermatophyte infection. Ripe fruits are used to promote
kidney function and relieve fatigue. The bark of the trunk is
used for treatment of hemorrhage, coughing and vomiting.
The plant latex can be used to treat edema, bites and stings
from insects (Han and Huang, 2016). In Thailand, 4 species of
Broussonetia, including Broussonetia kaempferi Siebold, B.
kaxinoki Siebold & Zucc., B. kur=ii (Hook. F.) Corner and B.

*Corresponding author ¢-mail: jsirita028(@gmail.com

papyrifera (L.) L'Hér. ex Vent. were found widely distributed
in northern, northern-east and western regions. In this study.
B. papyrifera was collected from Chiang Rai Province,
Thailand. Pollen morphology of B. papyrifera was evaluated
in order to identify their informative pollinic characteristics to
contribute to the taxonomic classification of the species.
The active chemical substances identified in paper mulberry
are kazinol F, broussochalcone A and papyriflavonol A.
Kazinol F can be extracted from roots, and can inhibit
tyrosinase activity during melanin production. Thus, it is used
in cosmetics and skin treatment (Zheng et al., 2008). It has
tyrosinase inhibition activity which is reported to exceed the
activities of kojic acid, vitamin C and hydroquinone. Both
ethanol and petroleum ether extracts contain antioxidants ina
high-performance group such as hydroxytoluene (BHT).
However, clinical trials regarding skin lightening effects are
lacking. A patch test using 1% paper mulberry extract revealed
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no significant skin irritation at 24 h and 28 h (Rashmi et al.,
2013). Plant polyphenols with antioxidant capacity could
scavenge reactive chemical species as well as minimize
oxidative damages resulting from excessive light exposure.
Some plant polyphenols are important components of both
human and animal diets and they are safe to be consumed
(Kim, 2005). There are few reports of biological activities of
paper mulberry grown in Thailand. Recently, the biological
activities were investigated and it was reported that the extract
of B. papyrifera had modest anti-bacterial activities and potent
anti-inflammatory effects. Various parts of the plant (young
leaves, old leaves, stems and barks) were extracted using hot
water. The result showed that the cytotoxicity of aqueous
extracts of all plant parts (0.1-1000 pg/mL) was low against
RAW 264.7, except for stem and bark extracts which possessed
1,000 pg/mL causing up to 40% cell death (Wanachewin et
al., 2019).

The effects of different types of solvents, such as
methanol, hexane, and ethyl alcohol, for the purpose of
antioxidant extraction from various plant parts, such as leaves
and seeds were reported. It was discovered that highly polar
solvents were more effective (Altemimi e a/., 2017). The roots
of B. papyrifera were extracted by four different polar solvents
including chloroform, 50% ethanol in water, ethanol, and
water. The ethanol extract showed the most potent inhibition
(72.3% at 20 g/mL) against xanthine oxidase (XOD) (Ryu et
al., 2012). Furthermore, B. papyrifera fruit were analyzed for
their total chemical composition and antioxidant activities in
ethanol and aqueous extracts. Among the two extracts, the
ethanol extract of B. papyrifera flowers showed the highest
potent radical scavenging activity (Sun ef a/., 2011).

There are still few studies conducted on the phenolic,
tannin contents and antioxidant activities of this plant. Hence,
in the present study attempt has been made on phenolic,
tannins, and antioxidant substances of ethanolic extract from
various plant parts of paper mulberry collected from Chiang
Rai Province, Thailand. Moreover, we also focused on
antioxidant properties of hot water extract of dried samples of
the plant that was commonly used as herbal beverage.

MATERIALS AND METHODS
Preparation of paper mulberry extracts

Various parts of paper mulberry were thoroughly rinsed with
clean water, dried in the shade, then crushed and oven-dried

at 50°C. Dried samples were immersed in 95% ethanol (1:10
weight per volume) for 72 h. and then filtered. The solvent
was evaporated by rotary vacuum evaporator. Resulting
samples were freeze-dried and used for further analysis.

Preparation of the herbal beverage (stock solution): four
parts of dried samples of paper mulberry were infused in hot
water (2.0 g in 200 mL of hot water) for 10 min at 75-80°C
(Barreira et al., 2013) with some modifications.

Determination of total phenolic content

The amount of total phenolics in paper mulberry extract was
measured using the Folin-Ciocalteu reagent method (Savitree
et al., 2004) with some modifications. The 1.0 mL extract in
methanol at the concentration of 1 mg/mL was added to a test
tube containing 2.5 mL of 10% v/v Folin-Ciocalteu reagent
and 2.0 mL distilled water. The solution was mixed and set
aside for 6 min before adding 1.25 mL of 7.5% w/v sodium
carbonate and left in the dark at room temperature for 2 h. The
absorbance measurement was achieved at 765 nm wavelength
using ethanol as a control to analyze the amount of all
polyphenols in the gallic acid form and compare with a
standard curve to determine gallic acid equivalents (mg GAE/
100g).

Determination of tannin content

Tannin content of paper mulberry extract was determined using
the Folin-Ciocalteu reagent method (Savitree ef al., 2004) with
some modifications. The extract at concentration of 2.0 mg/
mL in methanol was added into a test tube containing 0.2 mL
Folin-Ciocalteu reagent and 2.0 mL of 7% w/v sodium
carbonate. Then. the mixture was shaken and left in the dark
for 60 min before measuring absorbance with UV-Vis
spectrophotometer at a wavelength of 760 nm to calculate the
amount of total tannins by comparing with a standard curve
of tannic acid.

Antioxidant activity test

The antioxidant activity of the extract was measured by using
the modified DPPH method (Kim, 2005). Various concentrations
of paper mulberry extracts in methanol (1.0 mL) were added in
a test tube. Then, a solution of 2.0 mL of 0.2 mM DPPH was
added. The mixture was kept in the dark at room temperature
for 30 min before measurement of the absorbance at 517 nm
wavelength in triplicate. When Ac is the absorbance of DPPH
mixed with methanol and As is the absorbance of DPPH mixed
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with sample solution, the formula used for calculation is as
follows:

Ac-As
% inhibition = ——  x 100
Ac

Statistical analysis

The studies were conducted in triplicate and results were
expressed as mean + standard deviation. Statistical analyses
were done by using Duncan’s test with P < 0.05 to define
significance.

RESULTS AND DISCUSSION

Total phenolic content

It was found that the total phenolic content of different parts
of paper mulberry ranged from 47.08-262.25 mg GAE/100g
extract (Table 1). The extract with the highest quantity of
phenolic compounds (262.25+9.17 mg GAE/100g of extract)
was obtained from dry old leaves, followed by dry barks
(181.18 £ 9.56 mg GAE/100g of extract) and fresh old leaves
(179.07+ 12.17 mg GAE/100g of extract), respectively.

Tannin content

It was found that the tannin content from different parts of
paper mulberry ranged from 13.56-213.16 mg/100g extract
(Table 1). The extract with the highest quantity of tannin
(213.16+24.26 mg /100g of extract) was from dry young leaves,
followed by fresh young leaves (167.07 £ 6.11mg/100g of

extract) and dry old leaves (80.66 + 4.98 mg/100g of extract),
respectively.

Antioxidant activity

Results showed that the highest antioxidant activity was
found in dry barks with IC,; value of 0.29 + 0.02 mg/mL,
followed by fresh barks and dry young leaves with IC,  values
0of 0.40 + 0.04 mg/mL and 0.53 + 0.00 mg/mL, respectively
(Table 1).

Quantities of total phenolics, tannins and antioxidant
activities of the extracts from different parts of paper mulberry
were significantly different (p < 0.05) according to the t-test.
In addition, the extracts from dry young leaves, old leaves
and barks showed higher phenolic and tannin contents than
the extract from fresh plant. The extract of bark showed higher
antioxidant activity than other parts, which corresponded to
the study of B. papyrifera stem, bark and wood by Xu et al.
(2010). Also, the extract of dry bark showed the highest
antioxidant activity even though the amount of total phenolics
and tannins were not recorded the highest. It seemed that
there might be other accumulated anti-free radical groups in
higher quantities. The Folin-Ciocalteu method, generally used
to assay the total phenolic compound content, was also used
to measure the total reducing capacity of samples. Total
phenolic content was correlated with redox and antioxidant
capacities as measured by the TEAC or DPPH methods (de
Oliveira et al., 2012). The Folin-Ciocalteu phenol reagent was
used for estimation of the amount of phenolic compounds in
the extract. However, the assay showed nonspecific not only
to polyphenols but to any other substances that could be

Table 1: The percentage yield, quantities of total phenolics. tannins and IC; values

Plant parts % yield Total phenolicsmg Tannins 1C,,
GAE/100g (mg/100g) (mg/mL)
Fresh young leaves 2.84+0.28 143.21£9.66 167.07=6.11 0.78+0.05
Fresh old leaves 3.06=0.15 155.93+15.27 46.95+2.12 0.58+0.04
Fresh barks 2.11+0.03 146.91+16.83 45.48+4.49 0.40+0.04
Fresh stems 1.90=0.26 49.17+£9.46 13.56=1.83 1.40+0.06
Dry young leaves 3.68+0.46 179.07+12.17 213.16+24.26 0.53+0.00
Dry old leaves 5.09=0.19 262.25£9.17 80.66=4.98 0.56=0.02
Dry barks 2.10+0.14 181.18+9.56 52.30+4.56 0.29+0.02
Dry stems 1.07+0.18 47.08+10.59 12.69+2.62 0.77+0.04

Remark: p<0.05

Medicinal Plants, 12(3) September 2020
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Table 2: The quantities of fotal phenolics, tannins and IC, values of herbal tea

Plant parts Total phenolicsmg Tannins IC,,
GAE/100g (mg/100g) (mg/mL)
Dry young leaves 334.33%5.51 15.42£2.07 0.46=0.03
Dry old leaves 565.67+4.51 16.73+5.37 0.42+0.09
Dry barks 337.67+3.21 2.35+0.14 0.33+0.08
Dry stems 233.00+4.58 1.01=0.16 0.49+0.05

Remark: p<0.05

oxidized by the Folin reagent as reported by various
researchers, indicating the poor specificity of the assay. This
statement might explain low correlation between phenolic
content and antioxidant activity (Singleton ef al., 1999;
Escarpa et al., 2001).

Currently, the community needs identity of the products
from paper mulberry. Herbal tea obtained from mulberry leaves
should be another option for promoting products for further
successful commercialization. Therefore, the active
ingredients of hot water extract of various parts from dried
paper mulberry were investigated in this study. The extraction
method was similar to when preparing tea for drinking. Four
parts of dried samples of paper mulberry were analyzed for
their total phenolics, tannins and antioxidant activities in hot
water extracts. The results showed that the highest antioxidant
activity was found in dry barks with IC,; value of 0.33+0.08
mg/mL, followed by dry young leaves, dry stems and dry old
leaves withIC_ values 0f 0.42+0.09, 0.460.03 and 0.49+0.05
mg/mL, respectively (Table 2). The extract with the highest
quantity of phenolic compounds (565.67+4.51 mg GAE/100g
of extract) was obtained from dry old leaves. Also. the extract
with the highest quantity of tannin (16.73 + 5.37 mg /100g of
extract) was from dry old leaves (Table 2). The quantities of
total phenolics, tannins and antioxidant activities of the
extracts from different parts of paper mulberry were
significantly different (p < 0.05) according to the t-test. In
addition, the extracts from dry old leaves showed higher
phenolic and tannin contents than the dry bark extract. It
seems that a herbal tea can be made from muberry leaf. The
work of Wanachewin et al. (2019) revealed that the aqueous
extracts of all different parts of paper mulberry had low
cytotoxicity (0.1-1000 pg/mL) to RAW 264.7, except for stem
and bark which possessed 1,000 pg/mL causing up to 40% of
cell death.

Therefore, further studies are needed to identify which
phenolic compounds are responsible for the antioxidant
activity of the species. Moreover, this research could be used
as a guideline for the manufacture of paper mulberry products
such as cosmetics and medicinal drugs. Guo et al. (2013)
reported that phenyl-flavones derivatives from the barks of
paper mulberry could inhibit the growth of breast cancer and
also had ability to inhibit the growth of tumors efficiently.

CONCLUSION

The extract of dry old paper mulberry leaves had the highest
yield and phenolic content, while the highest tannin content
was detected in dry young leaves. The highest antioxidant
activity with IC,; value of 0.29 + 0.02 mg/mL was obtained
from dry barks. The results showed that the highest
antioxidant activity was found in dry barks. In addition, the
extracts from dry old leaves showed higher phenolic and
tannin contents than the dry bark extract. Different parts of
plant yielded different amounts of phenols, tannins and
antioxidants significantly (p < 0.05). However, further
structural elucidation and isolation of active ingredients is
required.
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Abstract

The aim of this research was to develop a fermented feed formula for cattle from Phu Lae pineapple
peel. In which the fermented food contains 5 different ingredients including: F1) pineapple peel, 2 % of molasses,
and 0.5 % of yeast. F2) pineapple pesl, 2 % of molasses, 2 % of ammonium sulfate, and 0.5 % of yeast. F3)
pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 5 % of mashed cassava, and 0.5 % of yeast. F4)
pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 10 % of mashed cassava, and 0.5 % of yeast.
and F5) pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 15 % of mashed cassava, and 0.5 % of
yeast; The results revealed that the F1 fermented food contains the highest amount of Dry matter (DM), Crude
fiber (CF), Ether extract (EE) and Energy. The F2 fermented food contains the highest amount of Ash and
Crude protein (CP). And the F5 Fermented food contains the highest amount of Nitrogen free extract (NFE).
All contents of DM, Ash, CF, EE, CP, NFE, and Energy of the 5 fermented food recipes were statistically
significant differences (P<0.05). When considering only the protein content of fermentation, it was found that
the F2 fermented food had the highest protein content of 29.5 percent. Therefore, F2 fermented food was
suitable as a protein supplement for cattle raising.

Keywords: Phu Lae pineapple peel, cattle fermented feed, protein supplement
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Antioxidant Activity ofPsang Bamboo Leaves (Dendrocalamussp.)
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Abstract

This research aimed to investigate antioxidant activity of Psang bamboo leaves ( Dendrocalamus sp. ) which
is the natural, traditional plant in Pa PsangWiwat village, Muang district, Chiangrai province. Comparson of
antioxidant activities in young and old bamboo leaves has been done as well as fresh and 40°C hot air oven
dried sample. Antioxidant activity has been assessed by ABTS assay and calculated asTroloxeguivalent
antioxidativecapacity. The TEAC values of fresh young and old Psang bamboo leaves were5.13-8.54 and6.32
— 9.31megfg. The TEAC values of dried young and old Psang bamboo leaves weref.32 — 9.31 and 8.05 -
10.95me/s, respectively. Antioxidant activity in bamboo leaves was not significant affected by leaf age and
the drying method at statistical significant level of .05.

Keywords: Psang bamboo leaves, antioxidant activity, Troloxequivalent antioxidativecapadity, ABTS assay
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Abstract

The aim of this research was to develop a fermented feed formula for cattle from Phu Lae pineapple
peel. In which the fermented food contains 5 different ingredients including: F1) pineapple peel, 2 % of molasses,
and 0.5 % of yeast. F2) pineapple pesl, 2 % of molasses, 2 % of ammonium sulfate, and 0.5 % of yeast. F3)
pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 5 % of mashed cassava, and 0.5 % of yeast. F4)
pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 10 % of mashed cassava, and 0.5 % of yeast.
and F5) pineapple peel, 2 % of molasses, 2 % 0f ammonium sulfate, 15 % of mashed cassava, and 0.5 % of
yeast; The results revealed that the F1 fermented food contains the highest amount of Dry matter (DM), Crude
fiber (CF), Ether extract (EE) and Energy. The F2 fermented food contains the highest amount of Ash and
Crude protein (CP). And the F5 Fermented food contains the highest amount of Nitrogen free extract (NFE).
All contents of DM, Ash, CF, EE, CP, NFE, and Energy of the 5 fermented food recipes were statistically
significant differences (P<0.05). When considering only the protein content of fermentation, it was found that
the F2 fermented food had the highest protein content of 29.5 percent. Therefore, F2 fermented food was
suitable as a protein supplement for cattle raising.

Keywords: Phu Lae pineapple peel, cattle fermented feed, protein supplement
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Abstract
This research studied was performed on the diversity of microorganisms in
some hot springs located in Chiang Rai Province. The objective was to create a
scientific knowledge. The purpose to explore the diversity of microorganisms. By

surveying and classifying microorganisms in Pong Phrabat hot springs, Muang district
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and Pong PuFueang hot spring, Mae Suai clistrict in Chiang Rai Province. It is classified
as an isolate of bacterial, fungi, yeast, actinomycetes, cyanobacterial and protozoa.
And to find the index of microbial diversity in Pong Phrabat hot springs, Muang
district and Pong PuFueang hot spring in Mae Suai district, Chiang Rai province.
Samples of microorganisms from 2 hot springs in Chiang Rai province were collected
from April to June 2015 at a depth of 30 centimeters from the surface.The samples
were taken in laboratory and classified as microbes at the isolate level. Using
morphology and analysis by Dichotomous key.

The results were found total of 49 microbial populations. The dominant were
found actinomycetes, 23 isolates, followed by fungi, yeast, protozoa, bacterial and
cyanobacterial, were 16, 4, 4, 1 and 1 isolates, respectively.This Shannon-Wiener
Diversity Incex in Pong Phrabat hot springs was found to be the diversity incex of the
microorganisms were actinomycetes, 23 isolates, followed by fungi, yeast, protozoa,
bacterial and cyanobacterial. Were 12.44, 1.04, 0.98, 0.85, 0.00 ancl0.00 respectively.
And the index of microbial diversity in Pong PuFueang hot spring was found to be the
diversity index of the microorganisms were actinomycetes, 23 isolates, followed by
fungi, yeast, protozoa, bacterial and cyanobacterial. Were 3.01,2.45, 1.30, 1.25, 0.00
and 0.00respectively.

Keywords: Microorganisms, Thermophile, Diversity, Hot springs, Hot springs in Chiang

Rai province
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Abstract

Test kit development is to evaluate water quality of tap water with three parameters such as pH, free
residual chlorine and coliform bacteria relies on discoloration properties of solution and drinking water quality
criteria of health department (2020). The results indicated that mixed indicator solution of Neutral red and Phenol
red was used to appropriately evaluate pH parameter and the most suitable analyzed free residual chlorine
paramster was modified Orthotolidine arsenite method. Moreover, the most specification of indicator for
detecting coliform bacteria was Bromocresol purple and modified culture media formula 3 (modified lactose
broth No.2) showed the best condition which can indicate the coliform bacteria growth. The test kit efficiency
was correlated at 95% when compare with coliform bacteria testing by using the standard method. The test kit's
working life test with three parameters found that the test kit stored in the refrigerator (4-8 °C) and room
temperature were able to be tested for 60 days.

Keywords: Test kit, Tap water quality, Coliform bacteria
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Innovative production of Psang bamboo leaves tea for Pa PsangWiwat

community, Nang Lae sub-district, Muang district, Chiang Rai Province
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Abstract

Innovative production of the Psang bamboo leaves tea was developed for Pa PsangWiwat
community at Mang Lae sub-district, Muane district, Chiang Rai Province. The processes was performed
by design and construct the solar energy oven, testing the performance of the oven, development of
the transforming processes and testing the product. It was found that, the efficiency of solar energy
oven was about 71.34% in cloudy day and about 97.91 - 99.98% in sunny day. Dred Fsang bamboo
leaves was transformed to tea products by 3 processes consisting of (1) using the whole leaves (original
process) (2) cutting leaves to middle size and (3} griding leaves to be powder. Biological testing of
products was performed by determining Salmonella spp. and Coliform bactena. It was revealed that
Salmeello spp. and Eschenchio coli were not found in the product but Coliform bacteria was found
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about less than 3 MPN/e. From respond of the satisfaction survey form customer, the orginal product

{using the whole leaves) get the highest total score from the customer.
Keywords: Psane bamboo leaves tea, Innovative production of tea, Pa PsangWiwat community
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uuun'n“nmmuuu@ju?mﬂmﬁﬂ (Complete Randomized
Design, CRD) dayanismansaitidazgninunimszsien
AauLsUl3a1n9a B (ANOVA) waznlauifeuAniaaed
suupnMTRTy 95 e (sxAunadnAny 0.05) Aag

TlsunsudiasnzinisanAdnFagy SPSS

HANNTIAE

UAINNTINE AT udausansaadiamilen
L‘Tﬁmgmﬂﬁuq‘ GS.No. 8974 UneMTduATIgRT MS i
Wusnslalnlafinfiuansnaiudiuan 3 ade liud BAP,
Kinetin waz TDZ  Seusiazafiaulsduanmududuaesans
lolnlpflugnaiines 4 szeulfun 2.0, 4.0, 6.0 uaz 8.0
findnsusadns Inevnnsdesiluifideangi 25 + 2
ssradaa luaniwbiuas 16 Saluesedy Wusvazaan
4 dlai Inannsadudeil

1, Mefinfuuarm ity

AINNMTNARBINLIT THALAZ A UdNT LR 9ans
Yaimlatiuinarentsdnin A as s ns R Ty
quﬁjmlm'il'ﬂqmﬁmL?‘ergmuﬁ'wf GS.No. 8974 FiuAnsing
fruadredldadrAngynieais fszdumnndeshdanas 95

Frauanalumnadi 1

2 . . N
A15199 1 uaseAILUTHA s wadv e stamiiundiung

2
ﬂ’]ﬂwuﬁ:- GS.No. 8974 mevdaniawizidaauszazioan

4 Filand
nendEn | gueewng|  wiees | el | Souduse
(mgiL) Fruds
Contral MS free Hormone 0.0 1e
2 MS BAP 2.0 3d
3 MS BAP 4.0 3d
4 MS BAP 6.0 6.3c
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7 MS Kinetin 4.0 ad

8 MS Kinetin 6.0 34d

9 MS Kinetin 8.0 3.6d

10 MS TDZ 20 7.2c
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12 MS D7 6.0 11.6a

13 MS TDZ 8.0 9.6b
cv 2494

ce e L J ) P
BNHIVUANAWTTY MNTUE\WVIWWJQWNNHHHWNﬂuﬂﬂﬂiﬁuﬂﬂﬂﬂmﬂ?ﬂ

afpfsvduanudnidenas 95 (p< 0.05)

o v P
anA1919R 1 uansliiiiugn luynnassdtseanis
dinanslalnlafiuadluanmisdansizigas MS amnsadn
i lFiudousepaesdnwilendiogaeiug GS.No. 8974

Ay o P -
wasuuazii Fnusueafnay endulunindiaun
(control} Wlidnaslalalatiu fanudsainlidndldeon
drawmiendenginsulmildfus s Ganosuls

(mwﬁ 2)

Control 4.0 mg/L 6.0 mg/L

[ corcor N 2one/t T <o mo/t JON oo/t T o
TDZ

A
i 2 n1m‘i‘ry'nmi'nmﬁmémgmﬂﬁuq' GS.No. 8974 a1 4
Fulaf
n. vuamsdaeszigns MS fudu BAP
1. UUBTMTIATIZRGAT MS i Kinetin

A, BIMIgAIIATIET MS TIAiN TDZ

BRI ANNNNARRINLY NIRRT NNSAN TDZ
TunnszFumudiduliuansinin Anfusasmaia
FnnufiugandangsiEnadis BAP uwas Kinetin  uazaIn
2 3 Feusasrun nFunnfueds tanmaag
FUiiwin Aezfuponududuious 20 e 60 Taansuse
Ams A FnnuueieansnAsann Ryl leiuusas
siafiwniudadu enanmaaomudn nesdanisdia
poududunes BAP uax TDZ iFnasluanmedeiasest
§ATMS AN 40 Hadniuredaniue0 Hadniuredns
gmnsalinannfinls el i emafeiuie
s hnnsueAe 1§80 2 winan (3 Fusiedudou
w63 Fuedudnilunadioes BAP uax 62 Fusiedugdou
w116 Audedudnilunsdines T02) lnaniedilinunis

Wt unnsulusnenzsanan lunssdsniada Kinetin

——BAP —s—Kinetn ——TDZ l

dAnnudwudn

o 20 s oo
amudviusssleinlatu @adntudading

4 . sood L& e

a3 wwslinffuudueisresdnmilendeng aaeiug

GS.No. 8974 utemsdnaszd gas Ms inanslslalatiuudaz

aiialuszAvanudinduninansreiu
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annuanenmaesTuANe 2 wodh aliauazagn
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¥ -
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neasAE | ges | alieans | Aovndadu | dwndnas | dwidnudis’
LALRE] (mg/L) (nfw) (nf)
Control MS - - 0.1278d 0.0342def
2 MS BAP 2.0 0.1342cd 0.0330def
3 MS BAP 4.0 0.5697a 0.0837ab
4 MS BAP 6.0 0.6721a 0.0935a
5 MS BAP 8.0 0.1775cd 0.0384cdef
6 MS Kinetin 2.0 0.3840b 0.0402bcde
7 MS Kinetin 4.0 0.1209d 0.0282ef
8 MS Kinetin 6.0 0.2361¢ 0.0413bcd
9 MS Kinetin 8.0 0.1626cd 0.0267f
10 MS TDZ 20 0.2196cd 0.0386cdef
1 mMs | TDZ 4.0 0.3604b | 0.0407bcde
12 MS TDZ 6.0 0.3916b 0.0480bc
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cv 28.66 2321
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3. MAAATINUAENINALARARA

AUFURANNTNATINURENINNALARAY HANIT
naaasnuTiauazandinduedninlafivldanunm

. .
dninldsudiusansesirmiiandeaganeiug GS.No.
8974 NAwAARA 1H wiausndnin9udaneanaasdn

N
wileallinnganeniug GS.No. 8974 insnuazlinasnfe
A¥2IMATAIINAUANANATL Aauanslunwi 6 nel
‘ e . o gat .

wudn nesuAsR e rndnin liudauearaaadnauilen
yo . Y e o
Aeagiiannlddsznausiae nesudtAiuny, nessdsnag
Ay BAP Rszdupudindi 2.0 uaz 4.0 Sadnfusadng
(NN 7n) WAZNIFNAINTAN Kinetin Arzfumaudndy
20, 4.0, 6.0 uaz 8.0 AaAnFusadns (A 71) Taldien
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naatis TDZ Tanunsadninlidiasn s (nawd 7m)

o0 40
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P = = 2 =& o
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2

2
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dlaf

n. Luawmdauamigns MS 5 BAP

9. UUMNATIEGAT MS i Kinetin

A mm-:egm-nmsw:ﬁ MS Tin TDZ

& . adde %
UANAINL AVNHANITNAABINLIN NTTUABALH

YInrmsingegafa nsandinislAn Kinetin  uay BAP

frzsupauidudu 4.0 Sadnfudedns AlWlFuiusn

WL 12.7 990 wAT 12.5 71N ATNRIAL @aunIsHaoan

2

dlfidesnlulinnudesgnfa nssudiaauauils

Fundliiasnlfivint 2 70 fuanslunmi s

1 g BAF @ Kinetn g TOZ

20 40
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ANNHANINARBINLIAN THAnazAN Nt uTe
anslalnlafindnaranisdmirlfiiaduln uaznnnfia
Lﬁmmﬁu;ﬂﬁﬂmﬁmmﬁmlﬁmgmﬂﬁuﬁf GS.No. 8974
ﬁumnvhqﬁwaﬂwﬁﬁuﬁﬂﬁruﬂNﬁﬁﬁ Aeziumnnderiy
feuaz 95 Tmewudn lunnnssudfzeanisdiuanslainla
Huadluamnsdansiges MS amnodnmi i duday
El'ﬂmlﬂxl‘ﬁ’]’lmﬁﬂ'lL%ﬂ’];]ﬂ"lﬂﬁwf GS.No. 8974 \iimdulua
waziTndueieiuty sndulunmiaaunuihi
winanslalalafudliannsnin s n g an sy
1§ LananniuanmeaasdanLd) nesAsniatin T0Z Tu
an?:ﬁumfmLi‘iwil'u'l,ﬁuﬂnﬁi‘iﬂﬁﬂﬁlﬁﬂﬁuua:nwﬁu
EuuAugandInNgsadiniaiin BAP uaz Kinetin Tagpn
wnThnFnadueded hiuinfissfunnudidufous
2.0 f4 6.0 AndAnFusiedns HuuaifuaesAnBnnfuain
aedlrlplafuusazaiainiu feanuantmasssillédu

=

wudn dAnnngenAfeaiuTEIuNTISEuateauiey
.

wiihil Fetiaidu nsiduragFiu (2540) Fareanuin
NINFANANT Kinetin szdumnadindu 1.0 Sadnfusedns
avluanurdaamsign: M amnmndniinliumadages
Fiugnonanuzd 105 nedlweild Wudanduseau
AR RULATANLE (2556) fsnaanudnnsd Kinetin 7isvdu
anudufwRzatuluanmisdansed aunsadnials
upadggasdnowufilusnd 60 Weadulwiduiu vie
FIRRIUNNTINEIBS Phopgao and others (2013) Fgmeauda
AWNTRUATIGAT MS iFin BA (N’ benzyladenine) Fezi

windii 3.0 iaRniusadng TaNiU NAA 0.1 Hadninsafng

aunsndninlfursdazesaedaiufuenssd 105 uas
Frawileanee Aindu (aaauazsn) 16ludnm 2.4 fuse
uARAE viaauideaeawuiaiuazaSyiRau (2560)
1891 nisllianmnsdeiaseigns MS Ay BA fiszsy
Arudindu 4.0 Sadnfusednaifeqetnauian aunsndn
ihlfuradaresiidvendafinnieaiadiuludlégagn
5.5 fiurlaupada sy uazannisdedaiainanauanaly
Wiwin siauazaaduduseslalnlafiufmunzay
mmmﬁqz\ﬁﬂﬁaﬂmaﬁwLuﬁaqtﬁﬂagtﬁﬂﬁuLLﬂztﬁu
Vrnoudl#7 wenanniianmevaseaiinw nesisnng
N TDZ Tunnszdvaududulinanisdni ldifingy
uﬂ:nﬁ?Lﬁuﬂ?mmﬁugﬁandﬂnﬁu‘ﬁ%mnﬁu BAP  ua:
Kinetin #sainnAdedfuseunnsideaes Mohitosh and
others (2012) @ l&vanauReuifieuransfulunndu
gaai19lpeldans BAP waz TDZ 'ﬁi:ﬁummuﬁuﬁuﬁhaq
uazarganuagylidn anansoin i udnusasdan (Oryza
sativa spp. Indica) Lﬁ'u'iﬁmmﬁu“lﬁqm;m 10.3 susa
FudnulnAsnamedaanediidn TDZ arsidide 4

o a =

faanfusadng wieswnuraegansnllarAMy (2555)
Me9ui ssenislinsudnovennsalfgeen 8 83
dusenaluannagas MS fiu TDZ 2.0 fadAnfuredns
faufuanslalnanu 2 daAnfuradng Tedeuddnazladl
mfdeiuReuifeunatnsaiatedlinlaiusenisiia
1Bunndudnalasnss wiaineunnsideansdszinalne
waneatiuwudt TDZ Winshasanisdnin s fuuaznis
B nEulE R luRauaneeia Wy Fustuaziu (g
URSANU, 2558)  wazAunuatuuy (FuAnuazamz,
2561) 1ilufu waEATNABNARERNEN 1A Asiuldin
Tademileiinalilsyay nadnsslunisinin e adnad
i innserlFRe iU uTmLzay faz
diuldanfnetnenainis BA Aiinslddiduan 3.0
40 fadnFusiedns udaa i B nneaiald
a1n 2.2 sudlu 5.5 Ausawpada Deusidnazifludnnauas
aneufiinan delddnensuunltusesuanimanasd
P T LTS 20 TR ARE NEtSr PetIE O o

TDZ une BAP luanunsgas MS anansnifisnFunniduses
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Avserace. Prasertsin 1. Suk-ueng K. Phinvo K. Yana E. 2021. The diversity and abundance of phytoplankton and benthic diatoms in
varying environmental conditions in Kok River, Chiang Rai, Thailand as bio-indicators of water quality. Biodiversitas 22: 1853-1862.
The study of living organisms was important information for bio-indicators which was utilized to assess the quality of the environment.
In the river ecosystem, the algae with which one organism was interesting accordingly considered the relationship of 2 groups algae,
including phytoplankton and benthic diatoms and the physical-chemical parameters of Kok River Chiang Rai, Thailand. Phytoplankton
and benthic diatoms were collected from five sampling sites along the Kok River during January (cool dry), March (summer), and June
(rainy season) 2018, and assessed as bio-indicators to monitor environmental factors that represent water quality across varying
conditions and periods. Fifty-seven species of phytoplankton and thirty-nine species of benthic diatoms were found. The phytoplankton
mainly belonged to the phylum Bacillariophyta (diatom group). Physical and chemical factors affecting the dominant phytoplankton and
benthic diatom species were subjected to canonical correspondence analysis (CCA). Results showed that planktonic and benthic
Gomphonema lagenula positively correlated with ammonium nitrogen, recording highest abundance during the rainy season.
Abundance of Achnanthidium straubianum, a planktonic and benthic diatom, and Navicula cincia negatively correlated with river
velocity and water conductivity, with lowest numbers during the rainy season. Water trophic status evaluated from the main parameters
of the AARL-PC score indicated that during the cool dry and summer seasons all sampling sites were classified as mesotrophic, while
during the rainy season they were classified as meso-eutrophic. The combination of phytoplankton and benthic diatom can be used as

bio-indicators of water quality in the Kok River and other freshwater ecosystems.

Keywords: AARL-PC score, bioindicator, correlation, environmental factor, standing water

INTRODUCTION

Algae play a significant role in global ecology and
ecosystem functioning as important oxygen-producing
communities in aquatic environments. Based on habitats,
algae can be divided into two groups, i.e. phytoplankton
and benthic algae. Phytoplankton is autotrophic organism
that lives near the water surface where there is sufficient
light to support photosynthesis. Among the more important
groups of phytoplankton are the diatoms, cyanobacteria,
green algae, euglenoids and dinoflagellates. On the other
hand, benthic algae are those attached to all kinds of
substrata including rocks, mud, organic and inorganic
particles, macrophytes and other living organisms (John et
al. 2011).

Two different kinds of communities are usually
recognized as microalgae and macroalgae (Lobo et al.
2016). A major group of benthic microalgae comprises the
diatoms. Diatoms are abundant in marine and freshwater
habitats which in all freshwater habitats including standing
and running waters and planktonic and benthic habitats.
They dominate both the biomass and biological diversity of
the microscopic flora in many aquatic ecosystems. Diatoms

inhabit a broad array of habitats but many have specific
habitat requirements and have been used as freshwater
environment bioassessment indicators to monitor long-term
changes in ecological conditions (Blanco and Ector 2009).
Algae is sensitive to changes in their surroundings, as
such total algal biomass and certain species are often used
as indicators of water quality (Omar 2010). Algae have a
long history of use as bio-indicators to determine water
quality. The uses of phytoplankton as indicators of water
quality were investigated by Peruma et al. (2009); Stepankova
et al. (2012); Jirvinen et al. (2012); Borics et al. (2014). In
Thailand, ecological studies on water quality and its effects
on the distribution and diversity of phytoplankton were
conducted by Peerapornpisal et al. (2004); Prasertsin et al.
(2018) while the applicability of benthic diatom indices to
assess river water quality was investigated by Pekthong
(2008); Suphan and Peerapornpisal (2010); Yana et al.
(2013); Leelahakriengkrai and Peerapornpisal (2014);
Nakkaew et al. (2015); Leelahakriengkrai and Kunpradid
(2018). While such studies present the use algae as bio-
indicators of water quality, each study focused on a
particular group of algae, either the phytoplankton or the
benthic diatoms. No studies in Thailand have integrated
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both groups of algae used as bio-indicators.

The Kok River is the main river in Chiang Rai
Province, Thailand and one of the tributaries of the
Mekong. The characteristics of the river vary from lentic to
fast-flowing stretches and this habitat diversity attracts
many animals, plants and microorganisms that can be used
as bio-indicators. This study aimed to examine the
diversity, distribution and abundance of phytoplankton and
benthic diatoms, and to investigate their relationships with
environmental factors in Kok River, Our data present the
first report in Thailand that combines phytoplankton and
benthic diatom data as indicators of water quality in the
Kok River.

MATERIALS AND METHODS

Study area and period

The Kok River is the main waterway in Chiang Rai
Province as a tributary of the Mekong. From its source in
Myanmar, the Kok River runs eastward through Chiang
Rai and joins the Mekong at Bann Sobkok, Chiang San
District. Total length of the river is 290 km, with 114 km

running across Chiang Rai Province (Pekthong 2008). Five
sampling sites along the Kok River were selected, based on
the properties of the water body and environmental impact.
Details and locations of each sampling site are shown in
Table 1 and Figure 1. Phytoplankton, benthic diatoms and
physicochemical water quality properties were determined
during January (cool dry), March (summer) and June (rainy
season) 2018,

Collection and identification of phytoplankton

Twenty liters of water samples were collected from
each sampling site along the Kok River and filtered using a
10 pum mesh size plankton net. The samples were preserved
by adding 0.7 mL of Lugol’s solution to 100 mL of the
sample (Eaton et al. 2005), observed under a light
microscope and photographed using an Olympus Normaski
Microscope. The phytoplankton specimens were identified
based on relevant characteristics, such as color, cell-size,
colony or filament, shape of the chloroplast, number and
position of the flagella with or without the spine, as well as
details of the granular characteristics of the cell wall (John
et al. 2011; Prasertsin et al. 2014; Phinyo et al. 2017).

Tanci= 1. Sampling sites locations and character of water types along the Kok River, Chiang Rai Province, Thailand

Samepling sits Location

Character of

water type

Site 1 Huay Mark Liam
Site 2 Had Chiang Rai
Site 3 Kok River bridge
Site 4 Chaloem Phrakiatl
Site 5 Fai Chiang Rai

Doi Hang Sub-district, (19°57'49.4"™N 99°40'40.1"E)
Rop Wiang Sub-district, (19°55'03.8"N 99°47'37.2"E)

Fast-flowing

Fast-flowing
Ban Rong Suea Ten, Rim Kok Sub-district, Mueang (19°55'18.4"N 99°50'45.6"E) Almost still
Ban Kwae Wai, Rop Wiang Sub-district, (19°5529.8"N 99°51'46.5"E) Almost still
Ban PA Yang Mon, Rim Kok Sub-district, (19°55'31.4"N 99°5349.9"E) Slow-flowing

99°300.0°

99°360.0°

99°420.0°

99°980.0° 99°5400° 100°00.0°

Figure 1. Map of the location of the study areas and sampling sites along the Kok River, Chiang Rai Province, Thailand
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Cell enumeration of the phytoplankton species was
assessed by the Lackey drop method (Phinyo et al. 2017).
This is a simple method that is used to obtain results when
studying the density of plankton populations. Dominance
(Y) of a species was calculated by the following equation
(Yang et al. 2016):

Y=nifi
N
Where:
ni = the abundance of species i
fi = the occurrence frequency of species i
N = the total abundance

The occurrence frequency of a species refers to the
proportion of the number of stations reporting its
occurrence to the total number of sampling stations. A
dominant species was defined if Y was greater or equal to
0.02.

Cnl\sction and identification of benthic diatoms

Benthic diatom samples were collected by scratching
the substrate surface of cobbles and gravel with a
toothbrush. The samples were placed in plastic boxes and
fixed with Lugol’s solution on site. Diatom samples were
then taken into the laboratory and cleaned following the
concentrated acid digestion method. The collected samples
were boiled in hot nitric acid for 15 min, followed by
hydrogen peroxide for 15 min before rinsing with distilled
water (Yana and Mayama 2015). For light microscopy
(LM), cleaned samples were mounted in Naphrax (SPI
Supplies, West Chester, USA). All diatom specimens in
each slide were counted, identified and photographed using
an Olympus Normaski Microscope with a x100 oil
immersion objective. Taxonomy and nomenclature were
determined according to Lange-Bertalot (2001); Yana et al.
(2013); Nakkaew et al. (2015)

Deter mination of physical and chemical properties of
water

Determination of the relevant physical and chemical
properties of the river water was conducted at each
sampling site by measuring air temperature, water
temperature, velocity, pH, conductivity and dissolved
oxygen (DO). Water samples were collected in
polyethylene bottles and kept in a cool box at 5-7°C for
laboratory analyses of alkalinity, biochemical oxygen
demand (BOD), nitrate nitrogen, ammonium nitrogen and
soluble reactive phosphorus (SRP) (Eaton et al. 2005).

The trophic status of water was evaluated from the main
parameters (i.e. conductivity, DO, BOD, ammonium
nitrogen, nitrate nitrogen and soluble reactive phosphorus)
by the Applied Algal Research Laboratory-Physical and
Chemical score: AARL PC-score (Peerapornpisal et al.
2004).

Relationsntp between phytoplankton content and
physical and chemical factars

Comparison between parameters in each season was
estimated using ANOVA, followed by Tukey’s post hoc
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test at p<0.05. Relationships between phytoplankton,
benthic diatoms and physical and chemical factors were
explored by canonical correspondence analysis (CCA)
using MVSP (Multi-Variate Statistical Package for Windows
ver. 3.22. The result was presented as a CCA plot.

RESULTS AND DISCUSSION

Distribution of phytoplankton and benthic diatoms in
the Knk Rlver

Four Phyla containing 57 species of phytoplankton
were found in the Kok River. The most diverse Phylum
was Chlorophyta (31 species), followed by Bacillariophyta
(18 species), Cyanobacteria (7 species) and Euglenozoa (1
species) (Table 2). All phytoplankton species found in the
Kok River were acknowledged as common species that are
typically found in standing water throughout Thailand
(Pollution Control Department 2010). Each species showed
different distribution at the sampling sites. All species in
the Phyla Chlorophyta, Cyanobacteria and Euglenozoa had
the highest distribution in almost still and slowly flowing
water (Sites 1, 2 and 3), while Phylum Bacillariophyta in
planktonic form was found at all five sampling sites. Each
species was recorded at a different percentage of relative
abundance during each season. Relative abundance can be
used to consider the dominant species (Yang et al. 2016).
Dominant phytoplankton in the Kok River was from the
Phylum Bacillariophyta (diatom group). These were found
at all sampling sites and included Achnanthidium
straubianum (Lange-Bertalot) Lange-Bertalot, Cymbella
tugidula Grunow, Gomphonema lagenula Kiitzing and
Navicula cincta (Ehrenberg) Ralfs.

Thirty-nine species of benthic diatoms were found in
the Kok River (Table 3 and Figure 2). Most were common
species found in lotic ecosystems throughout Thailand
(Pekthong 2008; Yana et al. 2013; Nakkaew et al. 2015;
Leelahakriengkrai and Kunpradid 2018). The majority of
benthic diatoms were pennate (97%), while the remaining
3% were centric diatoms. This finding concurred with
Leelahakriengkrai and Peerapornpisal (2010) who noted
that pennate diatoms dominated freshwater bodies, whereas
centric diatoms were more abundant in marine ecosystems.
Achnanthidium straubianum (Lange-Bertalot), Cocconeis
placentula Ehrenberg, Gomphonema lagenula Kiitzing,
Planothidium frequentissimum (Ostrup) Lange-Bertalot,
Nitzschia inconspicua Grunow, Nitzschia palea (Kiitzing)
W.Smith and Nitzschia supralitorea Lange-Bertalot were
the seven dominant species of benthic diatoms recorded in
the Kok River. Achnanthidium straubianum (Lange-Bertalot)
Lange-Bertalot and Gomphonema lagenula Kiitzing were
found in planktonic and benthic diatoms, agreeing with
(Guiry and Guiry (2020), who reported that these two
species occurred in all freshwater biospheres including
standing and flowing waters and planktonic and benthic
habitats. Cocconeis placentula Ehrenberg, Cymbella
tugidula Grunow and Nitzschia palea (Kiitzing) W.Smith
were the dominant species in the Kok River. This result
concurred with Leelahakriengkrai and Peerapornpisal
(2011) who indicated that these three species were the
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dominant benthic diatoms in all the main rivers of
Thailand. Cocconeis placentula Ehrenberg, Cymbella
tugidula Grunow, Nitzschia palea (Kiitzing) W.Smith,
Planothidium lanceolatun (Brébisson ex Kiitzing) Lange-
Bertalot, Navicula cryptotenella Lange-Bertalot in Krammer
& Lange-Bertalot, Achnanthidium exiguum (Grunow)
Czarnecki, Seminavis strigose (Hustedt) Danieledis &
Economou-Amilli in Danielidis & D.G.Mann, and
Navicula germainii JH.Wallace were most abundant
species found in the Ping River Chiang Mai Province,
Thailand (Leelahakriengkrai and Kunpradid 2018).

Water quatity based on pnysical ang chemical
properties

Different values of physical and chemical parameters at
each sampling site along the Kok River were recorded
during the cool dry, summer and rainy seasons (Table 4).
Air and water temperatures ranged between 22.00+0.00
and 31.00+0.00 °C and 20.67+0.29 and 27.00£0.00 °C,
respectively. The highest value occurred during the
summer season at site 4, while the lowest was recorded
during the cool dry season at site 1. Water turbidity gave
diverse readings, ranging between 16.73+0.47 and
537.00+£35.59 NTU. Highest value occurred during the
rainy season at site 2, while the lowest was recorded during
the summer season at site 4. Turbidity was reported at less
than 10 NTU in some clean and clear headwater streams.
Differences in turbidity were recorded throughout the
sampling period, with maximum turbidity value at every
sampling site during the rainy season. Alkalinity in the Kok
River ranged between 56.67+4.16 and 142.67+4.62 mg L™
The value of alkalinity in the cool dry season indicated low
impact of effluents, while during the summer and rainy
seasons the impact of effluents was higher. Natural water
alkalinity ranges between 50 and 100 mg L' and is
frequently less than 100 mg L™ in clean resources. The pH

in the Kok River ranged between 6.42:£0.07 and 7.33+0.15.
On average, all sampling sites were neutral throughout the
summer and rainy seasons and slightly acid during the cool
dry season. Water at all sampling sites water was livable
for living organisms and suitable for human consumption
as it did not exceed the quality standard (6-9) of surface
water (Simachaya 2000; Evans et al. 2012). Overall
conductivity was between 104.4322.68 uS cm™' and
133.13£0.95 pS cml. All sampling sites were normal for
general water resources, meaning that the water was livable
for living organisms and suitable for human consumption
as it did not exceed the quality standard (<300 uS cm) of
surface water. Conductivity is a quality parameter that is
used to assess water status. The range for oligo-
mesotrophic status is 50-100 pS em™', with 100-250 uS cm-
! for mesotrophic (Shekha et al. 2017). Value of the
dissolved oxygen (DO) was between 2.73+1.08 mg L™ and
8.60+0.35 mg L. The highest and lowest values were
found during the cool dry season at sites 1 and 3 and at site
5 during the rainy season, respectively. All sampling sites
met the standard of surface water quality for general water
resources (2 mg L) (Simachaya 2000). The BOD was
between 1.87+1.50 and 11.53+1.29 mg L. The highest
value occurred during the rainy season at site 2, while the
lowest was recorded in the cool dry season at site 1. Results
showed that the standard of surface water was not exceeded
(Simachaya 2000). Amounts of nutrients, such as nitrate
nitrogen, ammonium nitrogen and soluble reactive
phosphorus, were between 0.5+0.29 and 6.4+0.75 mg L7,
0.23+0.03 and 0.87+0.32 mg L7, and 0.35+0.07 and
4.21£1.32 mg L7, respectively. The highest value occurred
during the rainy season, while the lowest was recorded in
the cool dry season. The levels of nitrate nitrogen and
ammonium nitrogen found at all sites did not exceed the
values of Thailand’s prescribed surface water quality
standards (Simachaya 2000).

Tawi= 2. Distribution and abundance (%) of phytoplankton in the Kok River at each sampling site during the three seasons

T Site Abundance (%)

orenomie eategeries discribution Cool ary  Summer Rainy
Phylum Cyanobacteria/Class Cyanophyceae /Order Synechococcales
Family Merismopediaceae

Aphanocapsa sp. 1.2,3 0.9 0.0 0.3
Family Coelosphaeriaceae

Coelomoren pusilfum (Van Goor) Komérek 1,2,3,4,5 0.2 0.8 2.1
Family Merismopediaceae

Merismopedia punctata Meyen 3.5 0.0 0.2 0.1
Family Leptolyngbyaccae

Planktolyngbya contorta (Lemmermann) Anagnostidis & Koméarek 1,35 0.0 0.0 0.1
Family Pseudanabaenaceae

Pseudanabaena sp. 4 0.0 0.0 24
Order Nostocales/Family Aphanizomenonaceae

Cvlindrospermopsis raciborskii (Woloszyniska) Seenayya & Subba Raju 1.3,4 0.0 0.0 0.5
Phylum Chlorophyta/Class Chlorophyceae/Order Chlamydomonadales
Family Chlamydomonadaceae

Chlamydomonas gloeopara Rodhe & Skuja 3,5 0.0 0.1 0.0
Family Goniaceae

Gonium pectosale O.F.Milller 2,3.4,5 1.1 0.0 0.0
Family Volvocaceae

Eudorina elegans Ehrenberg 1,3 0.3 0.3 0.5

Pandorina morum(O.F Miiller) Bory 1,2,3,5 0.0 1.6 2.0
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Order Sphaeropleales/Family Hydrodictyaceae

Pediastrum duplex var. subgranulosum Raciborski 3.4,5 0.3 3.1 34

Pediastrum simplex var. simplex Meyen 3.4.5 1.2 1.2 0.0

Pediastrum teiras (Ehrenberg) Ralfs 3.4,5 22 0.1 0.5
Class Trebouxiophyceae/Order Chlorellales/Family Chlorellaceae

Actinastrum hanizchii Lagerheim 3,4,5 0.0 1.7 0.9

Chlorella sp. 3,45 33 0.0 45

Dictyosphaerium granulatum Hindak 3,45 0.2 0.4 34

Dictyosphaerium tetrachotomum Printz 3.4,5 2.0 5.0 0.7

Micractinium quadrisetum (Lemmermann) G.M.Smith 3,45 0.5 1.1 2.0
Family Oocystaceae

Crucigeniella crucifera (Wolle) Komarek 3.4,5 0.0 0.3 1.8

Nephrocytivm limneticum (G.M.Smith) G.M.Smith 3,5 0.0 0.0 0.6
Order Sphaeropleales/Family Neochloridaceae

Golenkinia sp. 1,2,3,4 0.6 0.0 1.6
Family Selenastraceae

Ankistrodesmus bibraianus (Reinsch) Korshikov 3 0.0 0.4 0.0

Ankistrodesmus spiralis (W.B.Turner) Lemmermann 1.3.4,5 0.0 0.9 0.0
Family Selenastraceae

Kirchneriella Iunaris (Kirchner) Mébius 1,2,3,4,5 0.9 2.2 0.6
Family Scenedesmaceae

Coelastrum astroideum De Notaris 3,45 22 2.8 31

Coelastrum reticulatum (Dangeard) Senn 1,2,3,4,5 1.8 3.2 2.7

Coelastrum cf. verrucosum (Reinsch) Reinsch 3.4,5 0.0 0.7 0.1

Comasiella arcuata var. platydisca (G.M.Smith) E.Hegewald & M.Wolf 3.4.5 0.6 0.9 1.5

Dimorphococcus lunatus A.Braum 1.5 1.0 0.2 0.4

Desmodesmus opoliensis (P.G.Richter) E.Hegewald 3.4,5 0.7 3.3 4.8

Tetradesmus acuninatus (Lagerheim) M.J. Wynne 3.4,5 1.8 2.0 2.0
Class Zygnematophyceae/Order Desmidiales/Family Closteriaceae

Closterium parvulum Négeli 1.2,3,4,5 1.2 1.1 0.9
Family Desmidiaceae

Cosmarium contractum var. contractum Kirchner 2.3 0.6 0.0 0.8

Cosmarium askeasyi Schmidle 5 0.0 0.1 0.2

Euastrum turneri W.West 5 0.0 0.1 0.0

Staurastrum cf. longbrachiatum (Borge) Gutwinski 2,3,4,5 0.7 0.0 2.0
Phylum Euglenozoa/Class Euglenophyceae/Order Euglenida/Family Phacidae

Phacus longicauda (Ehrenberg) Dujardin L 0.2 0.1 0.0
Phylum Bacillariophyta/Class Bacillariophyceae/Order Bacillariales/Family Bacillariaceae

Nitzschia palea (Kiitzing) W.Smith 2,4,5 0.0 1.1 1.1

Nitzschia inconspicua Grunow 3,45 1.2 0.9 0.7
Order Cocconeidales Family Achnanthidiaceae

Achnanthidivm stravbianum (Lange-Bertalot) Lange-Bertalot 1.2,3,4,5 7.4 7.6 6.1
Family Cocconeidaceae

Cocconeis pediculus Ehrenberg 3.4 0.5 0.9 0.7
Order Cymbellales/Family Cymbellaceae

Cyvmbelia tugidula Grunow 1.2.3.4.5 6.9 6.6 6.5

Cymbelia tumida (Brébisson) Van Heurck 1.2.3,4,5 52 3.4 33
Family Gomphonemataceae

Gomphonema lagenula Kiitzing 1.2,3,4,5 6.8 10.4 12.5

Gomphonema pumifum(Grunow) E.Reichardt & Lange-Bertalot 1,2,3,4,5 1.2 2.6 1.1
Order Fragilariales/Family Fragilariaceae

Synedra ulna (Nitzsch) Ehrenberg 1,2,3,4,5 5.5 2.2 3.7
Order Mastogloiales/Family Achnanthaceae

Achnanthes inflata (Kiitzing) Grunow 2.3.4 0.9 0.0 0.0
Order Naviculales/Family Naviculaceae

Gyrosigma scalproides (Rabenhorst) Cleve 1.2,3,4,5 3.0 3.4 33

Gyrosigma spenceri (Bailey ex Quekett) Griffith & Henfrey 1,2,3.4,5 1.2 22 1.1

Navicula cincta (Ehrenberg) Ralfs 1.2,3,4,5 12.7 10.1 53

Navicula germainii 1.11. Wallace 1,2,3.4.5 53 3.8 2.8
Order Surirellales/Family Surirellaceae

Surirella sp. 1,2,3,4,5 44 2.9 29
Order Thalassiophysales/Family Catenulaceae

Amphora sp. 2,5 0.9 0.7 0.0
Class Coscinodiscophyceae/Order Melosirales/Family Melosiraceae

Melosira varians C.Agardh 1,2,3.4.5 3.0 34 42
Class Mediophyceae/Order Stephanodiscales/Family Stephanodiscaceae
Cyclotella meneghiniana Kiitzing 1,2,3,4,5 3.7 3.9 3.9
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Tasie 3. Distribution and abundance (%) of benthic diatoms in the Kok River at each sampling site during the three seasons

T _ Site Abundance (%)
srenemis categeries aiscribution  Coolary  Summer Rainy
Phyla Bacillariophyta
Order Bacillariales, Family Bacillariaceae
Nitzschia amphibia Grunow 1,345 1.1 0.3 0.9
Nitzschia inconspicua Grunow 1,2,3,4,5 6.2 6.1 3.8
Nitzschia intermedia Hantzsch 1,2,3,4,5 0.6 0.6 0.2
Nitzschia palea (Kiitzing) W.Smith 1,2,3,4,5 25 7.4 9.7
Nitzschia supralitorea Lange-Bertalot 1,2,3,4,5 7.2 4.0 6.0
Tryblionella jelineckii (Grunow) Mann 3 0.2 0.2 0.2
Order Cocconeidales, Family Achnanthidiaceae
Achnanthidium pseudoconspicuum var. yomensis Yana & Mayama 1,2,3,4,5 1.4 2.1 0.9
Achnanthidium straubianum (Lange-Bertalot) 1.2,3,4,5 43.7 149 14.0
Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot 1,2,3,4,5 5.4 7.0 4.7
Planothidium rostratum (@strup) Lange-Bertalot 1,2,3,4,5 0.8 0.9 1.1
Order Cocconeidales, Family Cocconeid
Cocconeis placentula Ehrenberg 1,2,3.4,5 4.8 12.1 1.1
Order Cymbellales, Family Cymbellaceae
Cyvmbelia tugidula Grunow 1,2,3,4,5 0.8 2.8 2.4
Cymbelia tumida (Brébisson) Van Heurck 1,3.4,5 0.1 0.1 0.4
Order Cymbellales, Family Gomphonemataceae
Gomphonema lagenula Kiitzing 1,2,3,4,5 3.7 5.8 13.3
Gomphonema pumilum var. rigidum E.Reichardt & Lange-Bertalot 1,2,3,4,5 0.7 4.0 1.0
Gomphonema subclavatum (Grunow) Grunow 3,4,5 0.0 0.2 0.1
Order Fragilariales, Family Fragilariaceae
Fragilaria capucina Desmaziéres 1,2.3.4,5 0.1 2.7 0.1
Order Licmophorales, Family Ulnariaceae
Ulnaria lanceolata (Kiitzing) Compére 1,3,4.5 0.1 0.2 0.8
Order Naviculales, Family Diadesmidaceae
Diadesmis confervacea Kiitzing 1,2,3,4,5 2.4 1.4 0.7
Luticola mutica (Kiitzing) D.G.Mann 1,2,3,4,5 1.3 1.6 7.2
Order Naviculales, Family Naviculales incertae sedis
Mayamaea agrestis (Hustedt) Lange-Bertalot 1,2,3,4,5 0.5 0.5 8.1
Order Naviculales, Family Naviculaceae
Navicula cincta (Ehrenberg) Ralfs 1,2,3,4,5 1.0 24 1.0
Navicula cryptotenella Lange-Bertalot 1,3,4,5 0.0 0.5 0.1
Navicula germainii .H.Wallace 1,2,3.4.5 1.4 35 1.6
Navicula simulata Manguin 1,2,3,4,5 2,0 1.9 1.7
Navicula sp.1 1,2,3,4,5 1.1 0.1 0.4
Navicula sp.2 1,2,3,4,5 23 0.7 1.0
Navicula sp.3 1.2,3.4.5 0.1 0.8 0.3
Naviculadicta nanogomphonema Lange-Bertalot & U.Rumrich 1,2,3,4,5 1.0 0.1 32
Seminavis strigosa (Hustedt) Danieledis & Economou-Amilli 1,2,3.4,5 1.1 6 1.1
Fallacia sp.1 3 0.3 0.1 0.1
Fallacia sp.2 3,4,5 0.3 0.0 0.3
Sellaphora lanceolata D.G.Mann & S.Droop 1,2,3,4,5 0.1 0.0 1.4
Sellaphora pupula (Kiitzing) Mereschkovsky 1,2,3,4,5 0.2 1.6 0.5
Seflaphora sp.1 1,2,3,4,5 1.7 0.5 5.7
Surirelia fonticola Hustedt 2.34 0.0 0.5 01
Amphora montana Krasske 1,2,3,4,5 1.8 0.3 3.6
Amphora pediculus (Kiitzing) Grunow 1,2,3.4,5 22 5.9 13
Cyclotella hiniana Kiitzing 2,3.4,5 0.3 0.3 0.2

Note: Data are expressed as mean + standard deviation (SD) of four replicates. Ditferent letters (a, b and c) represent statistical
comparisons between groups in each row using ANOVA and Tukey’s post hoc test (p<0.05)

The trophic status of the Kok River water was classified
as mesotrophic to meso-eutrophic. Results showed that all
sampling sites during the cool dry and summer seasons
were classified as mesotrophic, while during the rainy
season all sites were classified as meso-eutrophic. This
result concurred with Pekthong (2008) who indicated that
water qualities in Kok River were mesotrophic status in

most months, with the exception of the rainy season when
water quality changed to meso-eutrophic status, The
physical and chemical parameters among the sampling sites
showed that conductivity, BOD, nitrate nitrogen,
ammonium nitrogen and soluble reactive phosphorus had
highest values in the rainy season and lowest values in the
cool dry season.
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Figure 2. Light micrographs of dominant phytoplankton and benthic diatoms in the Kok River (scale bar = 10 pm). A-B.
Achnanthidium straubianum (Lange-Bertalot)', C-E. Navicula cincta (Ehrenberg) Ralfs*, F-G. Gomphonema lagenuia Kiitzing*", H.

e P
um [

Cymbella tugidula Grunow*, I-J. PI.

im (Dstrup) Lange-Bertalot*, K. Cocconeis placentula Ehrenberg®, L.

Nitzschia inconspicua Grunow”, M-N., Nitzschia palea (Kiitzing) W.Smith®, O-P. Nitzschia supralitorea Lange-Bertalot™ Note: The
symbol represent to living characteristic: * Phytoplankton, ¥ Benthic diatoms and'* Phytoplankton and benthic diatoms

The Kok River is one of the tributaries of the Mekong,
and runs for 114 km across Chiang Rai Province through
the general community, restaurants, fish ponds, and
agricultural activities. These conditions impact various
water quality parameters including nutrient loading (Xu et
al. 2015; Withers et al. 2014). Frequent rainfall occurring
during June resulted in discharge of nitrogen and
phosphorus from the soil and discharge of agricultural
fertilizers and wastewater from the community into the
water body (Sharpley et al. 2013). Flushing of inorganic
nitrogen from N-enriched upper soils horizons has been
suggested as the primary mechanism for increasing N
concentrations during rainfall events (Howden et al. 2011).
This finding was similar to results reported by Liu et al.
(2014), indicating that total nitrogen and nitrate nitrogen
under heavy rainfall conditions were higher than measured
under conditions of moderate rainfall. Pekthong (2008)
found that during the rainy season months, the Kok River
water was highly turbid, with high nitrate nitrogen and
ammonium nitrogen concentrations.

Correlation between phytoplankton, benthic diatoms
and water gquality

Many variables influence the growth of freshwater
algae. Environmental factors affect stream conditions and
freshwater algal seasonality. Algae possess different
physical and chemical requirements, whereby each species
has a different set of favorable conditions that promote its
growth and reproduction (Prasertsin and Peerapornpisal
2018). Algal communities are sensitive to changes in their
environment (Li et al. 2018). As a result, algae total
biomass and certain designated species are often used as
indicators of water quality (Jirvinen et al. 2012). In a lotic
ecosystem, almost all algae live as benthic forms (Bere and
Tundisi 2010).

The relationship between the dominant phytoplankton,
benthic diatoms and the physical and chemical
characteristics of the water body are shown by the results
of the CCA plot (Figure 3).
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Figure 3. Canonical Correspondence Analysis (CCA) of the physical and chemical parameters and the phytoplankton and benthic
diatoms. The results revealed a correlation between the physicochemical parameters and the dominant phytoplankton and benthic diatom
in the Kok River, Chiang Rai province, Thailand (Eigenvalues percentage of axis 1 = 43.2, axis = 27.62

Gomphonema lagenula (Gomp_lag) in both planktonic
and benthic forms showed a positive correlation with
ammonium nitrogen. The highest percentage of abundance
of this species was found during the rainy season, with the
highest ammonium nitrogen. This result concurred with
Leelahakriengkrai and Peerapornpisal (2010) who reported
that the species occurred in moderate water quality.
Moreover, Achnanthidium straubianum (Achn_str) in both
planktonic and benthic forms and MNawvicula cincta
(Navi_cin) showed a negative correlation between velocity
and conductivity. The abundance of these species was the
lowest during the rainy season with the highest water
velocity and conductivity, similar to Ivanov (2018) who
reported that these species occurred in moderate water
quality.

Nitzschia palea (Nitz pal) also showed a positive
correlation ~ with  alkalinity, while  Planothidium
frequentissimum (Plan_fre) had a positive correlation with
pH. Nitzschia inconspicua (Nitz_inc) had a positive
correlation with air temperature (Atemp) but a negative
correlation with DO (Fig. 3). Temperature was the most
important factor controlling which phytoplankton taxa were
present in freshwater lakes (Lv et al. 2014). Dominant
planktonic and benthic diatoms, such as Nitzschia palea,
Gomphonema lagenula and Cocconers placentula, were
good indicator species for moderate water quality. This
result was similar to Leelahakriengkrai and Peerapornpisal
(2010) findings who reported that these species occurred in
moderate water quality.

In conclusion, phytoplankton and benthic diatoms can
be found in a wide variety of water qualities that possess
different physical and chemical requirements. Water
temperature,  turbidity, pH, alkalinity,  velocity,

conductivity, DO, BOD, ammonium nitrogen and soluble
reactive phosphorus were the main factors that influenced
the composition of phytoplankton and benthic diatoms in
Kok River. The combination of phytoplankton and benthic
diatom can be used as bio-indicators of water quality in the
Kok River and other freshwater ecosystems.
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This study aimed to evaluate the antioxidant activity, total phenolic content and
tyrosinase inhibitory activity of Thai colored rice. Two different colored rice cultivars
(Sew-Dang and Nor-Prae) were extracted using water and 95% ethanol. Antioxidant
activities of rice extracts were tested using three different methods: DPPH, ABTS and
FRAP. These analyses revealed that ethanolic extracts produced stronger antioxidant
activity than water extracts. The ethanolic extract of Nor-Prae rice grains contained
114.12 mg GAE/g extract, 147.55 mg TE/g extract, and 152.44 mg FeSO /g extract
tested by DPPH, ABTS, and FRAP assays respectively which were significantly
higher than Sew-Dang rice (P<(.05).Total phenolic content was determined using the
Folin-Ciocalteu method, and the ethanolic extract had significantly greater levels of
phenolics than water extracts (P<(.03). Nor-Prae ethanolic extracts were determined
to possess the greatest phenolic content, which was 39.18 mg GAE/g extract, relative
to other extracts assessed. Tyrosinase inhibitory activities of rice extracts were
determined using the dopachrome microplate method. The greatest tyrosinase
inhibitory activity was produced by the ethanolic extract of Nor-Prae rice, which
inhibited tyrosinase 24.19%, while all water extracts had no affect on the activity of
tyrosinase. In summary, the ethanolic extract of Nor-Prae rice had the strongest
antioxidant capacity, greatest total phenolic content and the greatest capacity to
inhibit tyrosinase activity. This indicated the potential of colored rice as a source of
natural antioxidants and tyrosinase inhibitors, which might be used for further
cosmetic or pharmaceutical product development.

Introduction

complex, minerals. fiber and important amino acid (Liu,
2007; Yodmanee et al., 2011). Colored rice is a good

Rice (Oryza sativa L.) belongs to the Poaceae
family, and is a staple food consumed in Asia and is also
the most important export of Thailand. Generally, rice
contains nutraceuticals such as vitamin E, vitamin B
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source of phytochemical components such as phenolic
compounds, anthocyanins and y- oryzanol, which has
been reported to be an efficient antioxidant (Chakuton
et al., 2012). Several studies have shown that colored
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rice exhibits greater antioxidant activity and contains
more potent antioxidant compounds, including
anthocyanins and phenolic compounds, than white rice
(Ahuja et. al., 2007; Vichapong et al., 2010: Chakuton
etal., 2012). Antioxidant compounds promote health by
protecting the cells of the body from damage caused by
free radicals and reactive oxygen species. Moreover,
previous studies have shown that antioxidant activity
correlates well with total phenolic content in rice
(Yodmanee et al., 2011; Nakornriab, 2018). The most
prominent phenolic compounds present in colored rice
have been reported to be anthocyanins (Igbal et al., 2005;
Zhang et al., 2006; Yawadio et al., 2007). Therefore, it
is important to determine the antioxidant activity and
total levels of phenolic compounds in Thai colored rice
cultivars.

Tyrosinase is a copper-containing enzyme
involved in the production of melanin. This enzyme
catalyzes the oxidation of L-tyrosine to 3-(3.4-dihydroxy-
phenyl)-L-alanine (L-DOPA) and oxidation of L-DOPA
to produce dopachrome, which is results eventually in
the production of melanin pigment (Kim & Uyama,
2005). High levels of production of tyrosinase enzyme
leads to a dermatological disorder such as age spots,
melanoma, freckles and hyperpigmentation (Costin &
Hearing, 2007; Ortonne & Bissett, 2008). Moreover,
tyrosinase also is responsible for the enzymatic browning
of fruits and vegetables, which results in discoloration.
This is an unfavorable characteristic and results in
economic and nutritional losses (Martinez & Whitaker,
1995). The identification of tyrosinase inhibitors may be
important for the production of cosmetic products as well
as the food industry (Wang et al., 2011; Loizzo et al,
2012). Anti-tyrosinase compounds are derived from both
synthetic and natural sources such as kojic acid,
hydroquinone, arbutin, ellagic acid, and ascorbic acid
(Zolghadri et al., 2019). Moreover, several phenolic
compounds have been reported to contain antioxidant
activity along with anti-tyrosinase activity in various
plant species (Rashed et al., 2016:; Chatatikun &
Chiabchalard, 2017). Although various Thai colored
rice cultivars have been reported to have tyrosinase
inhibitory activity (Jansom et al., 2010), some varieties
are weak tyrosinase inhibitors (Teeranachaideekul et al,
2018). Further, there is no assessment of the bioactive
activity and phytochemical components within
Sew-Dang and Nor-Prae rice cultivars. Sew-Dang rice
(Oryza sativa L. cv., Sew-Dang) and Nor-Prae rice
(Oryza sativa L. cv. Nor-Prae) are glutinous rice cultivars

cultivated in Chiang Rai, Thailand. Both rice cultivars
have a deepred bran layer (Chaichana, 2019). This study
aimed to evaluate antioxidant activity using various
antioxidant models. Furthermore, the total phenolic
content and tyrosinase enzyme inhibition of water
and ethanolic extracts of Thai rice cultivars were also
determined.

Materials and Methods

1. Sample preparation

Sew-Dang (Oryza sativa L. cv. Sew-Dang) and Nor
Prae rice (Oryza sativa L. cv. Nor-Prae) were collected
from Chiang San district, Chiang Rai, Thailand. The rice
grains were dried at 60°C. Dried samples were ground
into a fine powder (100 g) and extractions were performed
using distilled water and 95% ethanol (1:10 w/v) at room
temperature with frequent agitation for 24 h. The mixture
was filtrated through Whatman no. 1 filters. Crude
rice extracts were obtained from filtrates that were
evaporated using a rotary evaporator under reduced
pressure and lyophilized via freeze-drying.
2. Antioxidant activity

2.1 DPPH radical scavenging assay

The DPPH radical scavenging ability of rice

extracts was determined according to the modified
method of Brand—Williams et al. (1995) and Ho et al.
(2010). Briefly, 0.5 mL of various concentrations of plant
extracts in methanol were added to 1.5 mL of 0.1 mM
DPPH in methanol. The mixtures were incubated in the
dark at room temperature for 20 min. Absorbance was
measured at 517 nm using UV/Visible spectrophotometry
(Biochrom Libra S60, UK). The percentage of free
radical inhibition provided by the extract was calculated
using the following equation:

% Inhibition = [(A- (B-C)/A] x 100 i)

Where A is the absorbance of the control (DPPH
solution), B is the absorbance of the tested sample
(the plant extract with DPPH solution), and C is the
absorbance of the blank sample (the plant extract without
DPPH solution).

The IC,, value was defined as the concentration
of the sample required to scavenge 50% of DPPH
radicals. The IC, was obtained from the linear regression
of the dose-response curve of % inhibition versus
concentration, Then, the antioxidant activity of rice
extracts was reported as the gallic acid equivalent
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antioxidant capacity per gram extract (mg GAE/g
extract), as follows:

(IC,, gallic acid (mg/mL)
(IC,, rice extract (mg/mL)

Antioxidant activity (mg GAE/g extract) = x 1000 (2)
2.2 ABTS radical scavenging assay

The ABTS radical scavenging activity was
measured by assessing the color change associated with
the formation of an ABTS cation radical (ABTS"), with
slight modifications (Re et al., 1999). The ABTS" was
generated via a reaction between 7 mM ABTS and
2.45 mM potassium persulfate (K_S,0,). The mixture
was incubated in the dark at room temperature for 12-16 h
before used. Afterward, the ABTS working solution was
diluted with 95% ethanol until the solution produced
an absorbance of 0.700 + 0.02 at 734 nm. To assess
experimental replicates, 20 pL of various concentrations
of rice extracts were mixed with the ABTS™ working
solution and incubated in the dark for 6 min before their
absorbance was measured at 734 nm using UV/Visible
spectrophotometry (Biochrom Libra S60, UK). Trolox
solution was used as a standard. The percentage of free
radical inhibition of rice extracts were calculated using
the following equation:

% Inhibition = [(A-(B-C)/A] x 100 (3)

Where A is the absorbance of the control (ABTS
solution), B is the absorbance of the tested sample (the
extracts with ABTS solution), and C is the absorbance
ofthe blank sample (the extract without ABTS solution).

The IC,, value was defined as the concentration
of'the sample required to scavenge 50% of ABTS radicals.
The IC,, was obtained from the linear regression of the
dose-response curve of % inhibition versus concentration.
The antioxidant activity of rice extracts was reported as
the trolox equivalent antioxidant capacity per gram
extract (mg TE/g extract).

I rolox (mg/ml
(€, trolox ML) 400 (4

Antioxidant activity (mg TE/g extract) = ———
(IC,, rice extract (mg/mlL)

2.3 Ferric reducing antioxidant power (FRAP) assay
Reducing power was determined using a ferric
reducing antioxidant power (FRAP) assay described
by Benzie & Strain (1996), with some modifications.
Briefly, extracts were dissolved in 95% ethanol and 1.0
mg/mL concentrations of extracts were obtained. Then,
an aliquot of 500 pL of rice extract was mixed with
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1.5 mL FRAP reagent (10 mM TPTZ solution, 20 mM
FeCl,.6H,0, 300 mM acetate buffer, pH 3.6 and
deionized water). Next, mixtures were incubated in the
dark 15 min and measured at 593 nm using a UV/Visible
spectrophotometer (Biochrom Libra $60, UK). Deionized
water was used as a blank solution. Reducing power was
calculated from a FeSO, standard curve and expressed
as mg FeSO, /g extract.
3. Total phenolic compound content assay

Total phenolic content was determined using the
Folin-Ciocalteu method, with some modifications
(Chandler & Dodds, 1983). In brief, 0.25 mL rice extract
(1 mg/mL) was mixed with 1.25 mL water, 0.25 mL 95%
ethanol and 0.125 mL 50% Folin-Ciocalteu reagent.
Mixtures were incubated 5 min at room temperature,
0.25 mL 5% Na,CO, was added and mixtures were
incubated in the dark for 1 h. The absorbance of each
solution was measured at 725 nm using 95% ethanol as
a blank. Total phenolic content was calculated from a
gallic acid standard curve and expressed as mg gallic
acid equivalents (mg GAE/g extract).
4. Tyrosinase inhibitory assay

Tyrosinase inhibitory activity of rice extracts was
evaluated using the dopachrome microplate method
(Potduang et al., 2008). Rice extracts were diluted with
20% ethanol to a final concentration of 1 mg/mL. Then,
50 pL of each rice extract was mixed with 150 pL. 20 mM
phosphate buffer (pH 6.8) and 50 uL mushroom
tyrosinase (313 units/mL). Mixtures were incubated at
37°C for 10 min. Afterward, 50 pL of 0.34 mM 3.4-
Dihydroxy-L-phehylalanine (L-DOPA) was added to
each well and incubated at 37°C for an additional 10 min.
Absorbance was measured at 492 nm using a microplate
reader (M965+, Metertech, Taiwan). Kojic acid (1 mg/mL)
was used as a positive control. Percentage tyrosinase
inhibition was calculated using the following equation:

Tyrosinase inhibition (%) = [(A-B)-(C-D)A-B] x 100, (3)

Where A is the absorbance of the control (L-DOPA,
tyrosinase); B is the absorbance of the blank (L-DOPA);
C is the absorbance of the sample (rice extract, L-DOPA
and tyrosinase) and D is the blank for C (L-DOPA mixed
with rice extract).

5. Statistical analysis

The results of three replicates were reported as a mean
+ SD. Analysis of variance (ANOVA) was calculated
using Duncan’s new multiple range test (DMRT). Values
of P < 0.05 were considered statistically significant.
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Results and Discussion

1. Antioxidant activity

In this study, two glutinous colored rice cultivars
(Sew-Dang and Nor-Prae) were extracted using water
and 95% ethanol. The water and ethanolic extracts of
both rice cultivars were tested for their antioxidant
activity, total phenolic content, and tyrosinase inhibitory
activity. Various methods have been used to analyze the
antioxidant capacity in several plant materials, and since
they all function based on different reaction mechanisms
results of each type of test may differ (Pérez-Jiménez &
Saura-Calixto, 2006). Therefore, at least two test methods
should be used to produce results that reliably indicate
the antioxidant activity of plant samples (Pérez-Jiménez
et al., 2008). In this study, three different methods
including DPPH, ABTS and FRAP were used to analyze
the antioxidant capacity of rice extracts.

The DPPH method has been widely used to provide
standard information regarding the antioxidant activity
of various plant species. DPPH is a stable nitrogen
radical species that is capable of accepting either electron
or hydrogen radicals to form a stable diamagnetic
molecule. Antioxidants are able to reduce stable radical
DPPH to is yellow-colored, non-radical form, DPPH-H
through their hydrogen donating capabilities (Cotelle et
al., 1996). The results of DPPH radical scavenging
activity indicated the concentration of the sample required
to scavenge 50% of DPPH radicals (IC,) and was
expressed as the gallic acid equivalent antioxidant
capacity per gram extract (mg GAE/g extract). The
lower the IC, | value, the greater antioxidant activity it
represented. As shown in Table 1, gallic acid which was
used as a standard compound had the lowest IC, value
of 0.006 mg/mL. Among colored rice extracts, the
ethanolic extract of Nor-Prae rice had the lowest IC_
(0.05 mg/mL). followed by the ethanolic extract of
Sew-Dang rice (0.11 mg/mL) and the water extract of
Nor-Praerice (0.75 mg/mL). The highest IC, was found
in the water extract of Sew-Dang rice (1.39 mg/mL). For
antioxidant activity, our results demonstrated that the
significantly (P<0.05) greatest antioxidant activity
(114,12 mg GAE/g extracts) was attributed to the
ethanolic extract of Nor-Prae rice, followed by the
ethanolic extract of Sew-Dang rice (53.66 mg GAE/g
extracts). Water extracts of both types rice were determined
to contain radical scavenging activities of 7.63 and 4.11
mg GAE/g extract, respectively, which was significantly
lower than activities of ethanolic extracts (P<0.05).

Table 1 DPPH radical scavenging activity of water and ethanolic extracts of
Sew-Dang and Nor-Prae rice cultivars

DPPH radical scavenging

Ri Itivars  Extracts IC /mL]
oo culfivars xiracts « (me/ml) activity (mg GAE/g extract)
Water 1.39 + 0.067* 4.11 +0.206
Sew-Dang
Ethanol 011 + 0,004 53,60 = 1.996°
v b o
Nor-Prac Water 0750011 7.63+0.117
Ethanol 0.05+0022¢ 114,12 + 4.569°
Gallic acid - 0.006 + 0.000¢ -

Remark: The data are given as mean + standard deviation (SD) of triplicate
data. Values followed by different letters in column were significantly
different (P<0.05)

ABTS is another method that has been widely
used to measure the radical scavenging activity of
antioxidant compounds. ABTS can be oxidized by
potassium persulfate or manganese dioxide, which gives
rise to the ABTS cation radical (ABTS™). The ABTS
method measures the ability of the sample to donate an
electron or hydrogen to ABTS™ (blue-green color) to
form ABTS (colorless) (Moon & Shibamoto, 2009; Alam
et al., 2013). The ABTS" radical scavenging activity in
term of the extract concentration required to inhibit 50%
of initial ABTS radical (IC, ) and was expressed as mg
trolox equivalent antioxidant activity per gram of extract
(mg TE/g extract). As shown in Table 2, ABTS assays
revealed that the radical scavenging activities of rice
extracts were similar to those of the DPPH assay. Trolox
was used as a standard antioxidant compound and gave
the lowest IC_ with 0.35 mg/mL (P<(.03). Furthermore,
the result showed that the IC, of colored rice extracts
ranged from 2.39-97.75 mg/mL. The lowest IC, among
colored rice extracts was found in the ethanolic extract
of Nor-Prae rice with IC, value of 2.39 mg/mL followed
by the ethanolic extract of Sew-Dang rice with 1C,_ of
5.94 mg/mL. However, both water extracts had higher
IC, values with 54.57 mg/mL (Nor-Prae) and 97.75 mg/
mL (Sew-Dang). The ABTS radical scavenging
activity of the ethanolic extract of Nor-Prae rice was
147.55 mg TE/g extract, which was significantly
stronger than the ethanolic extract of Sew-Dang rice,
which was 59.23 mg TE/g extract (P<0.05). The aqueous
extracts of rice types, Nor-Prae and Sew-Dang, exhibited
weak antioxidant activity, which was determined to be
6.45 and 3.60 mg TE/g extract, respectively.
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Table 2 ABTS radical scavenging activity of water and ethanolic extract of
Sew-Dang and Nor-Prae rice cultivars

ABTS radical scavenging

Rice cultivars  Extracts IC,, (mg/mL) L -
: activity (mg TE/g extract)

o Water 97.75 £ 1.329* 3.60 40,049
Sew-Dang

Ethanol 5.94 +0.099° 59.23 + 0,998

fater o N

Nor-Prae Water 54.57 £1.142 645 +£0.134

Ethanol 239 =0.089 14755 = 5.543*
Trolox - 0.35 =+ 0.002° -

Remark: The data are given as mean = standard deviation (SD) of triplicate
data. Values followed by different letters in column were significantly
different (P 0.03)

Also, a FRAP assay was used to measure the
quantity of antioxidants or reductants present within rice
extracts. Antioxidants can reduce ferric (I11) ions to
ferrous (I1) ions via a redox-linked colorimetric reaction
(Benzie & Strain, 1996; Li et al., 2006). The ferric
reducing antioxidant power of colored rice is provided
Fig. 1. The ethanolic extracts of Nor-Prae rice had the
greatest (P<(.03) ferric reducing capacity (152.44 mg
FeSO /g extract), followed by that of the ethanolic extract
of Sew-Deng rice, which was determined to be 63.24 mg
FeSO,/g extract. Again, water extracts of Nor-Prae
and Sew-Dang rice had low levels of ferric reducing
capacity, and values determined for the extracts were
12.64 and 9.61 mg FeSO, /g extract, respectively. The
antioxidant activities of Sew-Dang and Nor-Prae rice
cultivars have not been reported. However, other colored
rice cultivars demonstrated good sources of antioxidant
compounds. According to the previous report, Vichit
and Saewan (2015) revealed that some black and red rice
cultivars gave strong antioxidant activity ranging from
0.06 - 1.36 mg AAE/mL for FRAP, IC_ 0.10 - 1.12 mg/
mL for DPPH and 7.57- 40.48 % for TBARS. A similar
result was reported by Moko et al. (2014) that the
colored rice had higher antioxidant activity than
non-colored varieties. It was shown that the red rice
varieties had the highest DPPH radical scavenging
ability with 88.29% and also had the lowest I1C, with
26.26 pg/mL.

2. Total phenolic compound content assay
Phenolic compounds are commonly found in
plants and have been reported to have several biological
functions including antibacterial and antioxidant
activities (Soobratte et al., 2005). The main phenolics in
colored rice cultivars are phenolic acids such as ferulic,
coumaric, caffeic, cinnamic and gallic acids (Tian et al.,
2005; Zhou et al., 2004). Also, another phenolic in colored
rice is mainly anthocyanin, which has strong antioxidant
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O Water

4 b ® Ethanol

Ferric reducing antioxidant capacity
(mg FeSO,/g extract)
o8 52883B32E

Sew-Dang Nor-Prae

Rice Extracts

Fig. 1 Ferric reducing antioxidant power of water and ethanolic extracts of Sew-
Dang and Nor-Prae rice cultivars. Each bar represents the mean of three
replicates and the error bars indicate the standard error of the means.
Values labelled with different letters were significantly different (7~ 0.05)

activity (Goufo & Trindade, 2014). Phenolic compounds
act as antioxidants, since they are able to scavenge free
radicals, to donate hydrogen atoms or electrons and to
chelate metal cations (Javanraedi et al., 2003). Previous
publications have shown that antioxidant activity
correlates with phenolic content in several plant species
(Velioglu et al., 1998; Zhang et al., 2006; Yawadio et al.,
2007; Doetal.,2014). As shown in Fig. 2, investigations
of the phenolic content of rice extracts produced similar
results as the DPPH, ABTS and FRAP assays. This
suggests that the antioxidant activity of colored rice
likely depends on total phenolic content. The highest
levels of phenols were observed in the ethanolic extract
of Nor-Prae rice, followed by the ethanolic extract of
Sew-Dang rice in which levels were determined to be
39.18 and 22.41 mg GAE/g extract, respectively.
Additionally, water extracts of the both types of rice
contained significantly (P<0.05) lower levels of
phenolics: 4.43 and 2.32 mg GAE/g extract, respectively.
These findings are consistent with a previous report
by Yodmanee et al. (2011), which showed that the
antioxidant capacity of dehusked rice grain extracts were
correlated with polyphenol content. Furthermore,
Nakornriab (2018) reported that brown rice extracts
had the highest total phenolic content and antioxidant
activity. The researchers further showed that total phenol
content and antioxidant activity was tightly correlated.
Solvents used to extract bioactive compounds of plants
have an effect on the resulting biological activities of
extracts. Most phenolic substances range from polar to
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nonpolar in plants, thus the choice of solvent for
extractions is very important for phenolic compounds
(Do et al., 2014). A previous study reported that the
majority of solvents used for extracting antioxidant
compounds are comprised of mixtures of organic solvents
including ethanol, methanol, and acetone. Ethanol
has previously been shown to be a good solvent for
extracting antioxidant compounds from plant materials.
The studies also suggested that ethanol is the most
suitable nontoxic solvent for extracting the compounds
(Dai & Mumper, 2010). In this study, all ethanolic extracts
obtained had higher antioxidant capacities than water
extracts when any of the three measures of antioxidant
capacity were considered. Also, ethanolic extracts had
greater phenolic content than water extracts. This is
consistent with a previous report, which showed that
ethanolic extracts of colored rice (Sang-Yod red rice)
produced strong DPPH radical scavenging activity and
also had high total phenolic and flavonoid content
(Hansakul et al., 2011). This finding suggests solvent
used for extraction plays an important role in
determining antioxidant activity and phenolic content,
which is due to differences in the solubilities of
compounds within samples. However, the antioxidant
activity and concentration of polyphenol compounds
also depend on the cultivars of colored rice used. In
the present study, Nor-Prae rice extracts possessed
significantly (P<().05) greater antioxidant capacities and
had significantly greater levels of total phenolic content
than Sew-Dang rice extracts.

45 -
40

35 -
30 -

25 b O Water

20 - m Ethanol
15 4

10

Total phenolic compound content
(mg GAE/g extracts)

5 d =

Sew-Dang Nor-Prae

Rice Extracts

Fig. 2 Total phenolic compound content of water and ethanolic extracts of
Sew-Dang and Nor-Prae rice cultivars. Each bar represents the mean of
three replicates and error bars indicate the standard error. Values labelled
with different letters were significantly different (7 < 0.05).

3. Tyrosinase inhibitory assay

Tyrosinase is a polyphenol oxidase enzyme that
is involved in melanin biosynthesis in organisms.
Overproduction of tyrosinase leads to hyperpigmentation
in human and animal skin and also affects the fruit
and vegetable quality (Chang, 2009). Tyrosinase is a
copper-containing enzyme that catalyzes the conversion
of L-tyrosine to L-DOPA, and the oxidation of L-DOPA
to dopaquinone, which are required for melanin
biosynthesis (Kim & Uyama, 2005). Therefore,
identification of a tyrosinase inhibitor has the potential
to inhibit the process of hyperpigmentation. In our study,
the ability of rice extracts to inhibit tyrosinase activity
was evaluated using a dopachrome assay, and L-DOPA
was used as a substrate of the tyrosinase enzyme. The
results of the tyrosinase inhibitory activity assay are
shown in Table 3. The tyrosinase inhibitory activity of
rice extracts was influenced by rice cultivar and solvents
used for extractions. Anti-tyrosinase activity of rice
extracts were compared to 1 mg/mL kojic acid (positive
control). At this concentration, both rice extracts had a
lower inhibitory activities against tyrosinase than kojic
acid, which had the significantly (P<0.05) highest
tyrosinase inhibitory activity assessed, with percentage
inhibition of 92.74%. Among rice extracts tested, the
ethanolic extracts of Nor-Prae and Sew-Dang rice
displayed significant anti-tyrosinase activity while water
extracts of both rice cultivars did not affect tyrosinase
activity because their activities were so low. The highest
level of tyrosinase inhibitory activity was determined to
be associated with the ethanolic extract of Nor-Prae rice,
which had a percentage inhibition of 24.19%. The
ethanolic extract of Sew-Dang rice exhibited a low
inhibitory activity against the tyrosinase enzyme, with a
percentage inhibition value of 6.45%. This result is
consistent with reports of Jansom et al. (2010), who
showed that some purple glutinous rice extracts showed
strong tyrosinase inhibitory activity. Similar anti-
tyrosinase abilities were also reported in red rice (Oryza
nivara) extracts (Batubara et al., 2017). Several
polyphenol compounds found in natural sources have
been shown to be effective tyrosinase inhibitors
including gallic acid, kaempferol, quercetin, catechin,
and rhamnetin (Orhan & Khan, 2014; Lee et al., 2016;
Panzella & Napolitano, 2019). Miyazawa et al. (2003)
demonstrated that protocatechuic acid methyl ester
isolated from black rice bran had strong tyrosinase
inhibitory activity.
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Table 3 Tyrosinase inhibitory activity of water and ethanolic extracts of
Sew-Dang and Nor-Prae rice cultivars

Rice cultivars Extracts Tyrosinase Inhibition (%)
.
Sew-Dang Water ND
Ethanol 6.45 = 1.40°
MNor-Prae Water ND
Ethanol 2419+ 1.40"
Kaojic acid 9274+ 242

Remark: The data are given as mean + standard deviation (SD) of triplicate
data. Values followed by different letters were significantly different
(P 0.05), ND: Not determined at assayed concentration (consequence
of low activity).

Conclusion

The present study indicates that the biological
activities of colored rice extracts depend on the type of
rice cultivar used and the solvent used for extractions.
The ethanolic extracts had more potent antioxidant
activity, greater total phenolic content and increased
tyrosinase inhibitory activity relative to water extracts.
The ethanolic extract of Nor-Prae rice produced the
strongest antioxidant activity according to all three
methods used to measure antioxidant capacity. Further,
it also had the highest total phenolic content and the
greatest tyrosinase inhibitory activity of all extracts
examined. Therefore, this research suggests that Nor-Prae
rice extracts contain potent of antioxidant compounds
and tyrosinase inhibitors, which are likely phenolics. The
HPLC guantitative analysis and stability test of colored
rice extract should be investigated in further works in
order to achieve pharmaceutical product development.
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