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ABSTRACT

Nostoc commune MTR was isolated from Maetaeng District, Chiangmai and
purify in axenic culture than compare to TISTR 8160 standard species and genome
sequencing (with 99% Similarity) from Thailand Institute of Science and Technology
Research (TISTR). Taxonomy identification with Desikachary (1959). Culture media was
Modified BG-11 and to protect over NaNO; concentration by Design an additive and
without NaNO; experiment, clause the ability of Nitrogen Fixing algae of it. The light
source was using Red light LED intensity at 10, 20, 30, 90, 100 and 120 pumol/m™?/s™.,
The resulted have shown that all the experiments have not exceeds the standard
value of 3,000 g.L with the ranged of 124.8 to 882 ¢.L™. The sample with no NaNO;
under SEM have more of Heterocyst than the NaNO; adding sample. After 21 days
culture, The result of 21 days culture have shown that the maximum 9% Dry weights
at 120 pymol m‘25'1,100 pmol m?s™tand 90 pmol m*s™ without NaNO; with the value
of 201 £ 1.28 gL', 1.48+1.06 ¢.L" and 1.53 + 1.15 g.L ! respectively. Cultured with the
addition NaNO; could be increased protein content, phycocyanin, carotenoid and
chlorophyll a than cultured without NaNOs. Protein content have shown the highest
value at 20 ymol m?s™ with 529.41 + 14.10 mg.L". Phycoyanain was high present at10
pmol m?s™, 20 umol m?s? and 30 umol m?s™ with the value of 3.147+0.16 mg.L,
1.03 + 0.02 mg.L'and 0.95 + 0.04 mg.L"! respectively. The conclusion LED Red light at
30 pmol m?s™ were optimal for cultured N. commune MTR in terms of biomass as dry
weight, nutrition value and the rate of electricity usage. The satisfying from 100 sample

population of 3 products from N. commune such as caviar, jelly and furikaki the



resulted shown that the most satisfying were jelly at 4.33 percentage, caviar at 4.15

percentage and furikaki 3.88 percentage respectively.

Keywords :  Nostoc commune, Nutrition value, Light intensity, Bioactive compouds
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ﬁﬁw%’uamiwﬁﬁ@ﬁauﬁﬁmé’mLﬁmmif\;mmﬁﬁmﬁauﬁwLL‘WQ AAMIStasuIN1sdAey Y

1 96’ a =1 a a a = 1 U a 1 1 g = [~ 1
a1919191739 Ao AU Anfu tnFews laelRmsiuswAlsiy weans1eurInaglaiduwnas
vaslalofu (Ywurg wazane, 2555) lngarunsatunldlalaenss viienisadiauazuusgun
191191N555UYR

] I3 ] a Y a da
#@11318 Nostoc commune L‘UuaTVii']EJﬁLGUEJ'JLLﬂﬂJu’]LQu‘Vlllﬁmﬂ’]VﬂQIﬂsﬁuqﬂ']i

q

Usznaume aaslsiiaa o Ty laloe1du Inladsssu walsiiusen srufansnaziilun

Fudu



Fedunsaauaudadesine q lunismeifiesamine N commune anunsaviunld
Uselemiiamedunanuastifuudafallasadliituiu Wemnamesiadamsn
p3vlulasiauainerniald Snvsanunsondaduemsiigaulufienmamisiaguinig
ilesaniinuAmiseimisgs Susiu 20.84 n3u (131/100 n$w) Inndud 1 0.43 uralTen
1.54 wdn 0.37 HAnfiuie Mnmsnzdssgeda 21.40 lulasn¥u/100 nfu Feannndilu
533UYIALIN (2.31) i1 nnezdiludndu (essential amino acid) i3 17 ¥ia (2101501 uae
Ay, 2548)

a ! v a < [ = vy o v a '
n15uUslaAaIns18 N. commune “U'YJU’]‘U‘IJEJ@JLﬂ‘UVLUVI'm’]‘U"NVLWUE]‘Uiz‘\]'1‘1/]6]\‘1@1‘14'3'1

wa o i

“, 8 y & a [ L3 ' [ | < = aaa '
LAY L‘Uuiugﬂwammmmmima amﬂiﬂmmmmwmmqumamummmwmmw

=

wangydafithuuslaa fe lfinduan viligatuteunulduslaadudszdmndluggey

& a

ieneliianiseysnsuaslduselovianamsieiinaiued g8y neaudaauvse (Aaa)

9

7. ey Inemans uua. vinnsideuasiausdesengilaaiviesdiu laglasuyu
atdvayunlasinsiawessfanuitasAnwiuleuienisianisninensiinmludseme
Ine (BRT) (@M. - av.) lun1s@nwideyaiugiuansomnsimunganlumamziewd sy

'
1 = A A

3 o & a v ¢ [ L4 a v )
WRATU WAsWAUNILUUNARNUNDINIT (810197 U LAY AY, 2548) LAUVDLEYAD RIS

[ |

ovsAMAstAuSw ety dossulsemiuan setunadonlunisuitamisana onald

]

[
ayv A

LI SRLINGR A lugULuudu 9 9uddeiid Winyideyanazuuinieiiagldamsiy
giaduwaunlundadudiniadon wu ades nlsedn wazwad Wneldansnisnsen
HANAUNAWAY UasliNaIMsIe N. commune kagatiuoankuuaaunIuALisnela it
< [y a o ¢ o [ | '
JuwwmslunsWamnndadusidmsunisdesensaly

AUNTINNBLEEE M N. commune dinmsauanladenisndnegraliusednsam
iy ylnveuas grse1s guugll anudunsn-lua Munzay wenanNITAIVANAIIY
Uasadeanmsvulounad fanunsauiunuevasansdifgluansgliiadu weaunse
o [ a [ ¢ [ ! = & ! aal
WaulundndudiomisUasadesdely tlosainnisiwiziassamsng N. commune 7l

o [ < a [ ¢ v a1 v = &

A mkazdmudunds s slulssimalnedaildnnndn 3aduwuimiddunis

Y & a [ (4 Aa 1
meLUuNamﬂm%mmswu@mmwmdﬂ



UIZHIAVIINITINY

§ a £ a

1. WeARALYNEINSIY N. commune @gNUsUIaNsSINNGITUYR

9 q

'
a

2. Welmngidesamsng N. commune aliinAnAmslauINsnelaan1iens
muautadeluszuuln

3. WeWRIUINAR A MNEINIELESY N. commune
Uszlevunaininazlasu

1. lganeiugainsie N. commune MUSEVIEANUAGIEIIUYIR

2. ldgnsenmsuazannsminzanlunsinzifesamsig N. commune HlinsLiiy
3. londndaeiannamsng N. commune Niuseleyisaguilag
YBULUATBINTTIRY

1. Waneiusavmsie N. commune IMNUVEISTINIA Tuituil suaduumng 81108
walwas Famingeslv
2. Mk malaguInslun1sHanfiueems namse N. commune lag

Asngagsluszuuln
DyrUANN AN

= 5 dgj Ya o Y o o dl a o U 1 dgj
nsfnwAsell PTelamnunnnuranevesmuildlunuidey deteluil
1. NSiNAAIMIATUINIT MUEDe ASNNEIReE s IEiaiuaTsUTENBY
dnyluansty N. commune wiu tillagnilu (phycocyanin) Tngnisldnnuunnsnsssyiln

o

yotuas Anuduturouas WWusmuautiidenafistuvesasusenoudidty

2. 91sUaendiy nuN8le AIATINARUNINTFIUANNURRASYURIAINTIUUAY
HARANTAINEMIIE N. commune MNIINSTFIUNTUINGIFNAATNITLINNE

3. spuuln wuneds szuumasdssamieluesu fonsidnisemuauiiad

1 a I ' P LY &
LU 81T YN el ANULTUNTA-LUE AN pH Watsosiunsuudou



uni 2

mqwﬁuazmsmamanmi

msiteadsthjsfnuviniamizidesamine N. commune WiuamAmalatuIng e
wu Wsiu Inlaleefiu Indusanlsd Tnenslétadevesuas lunsifinansddaluainsie
dotaniadusdnsusiommadumaiugenmailfituamas fadufvmsifodein
fuminenansuazaideiiieites dil

1. amse

NSIAVLIANYVBIANIY
. amseddounuiiity Blue - green Algae)

2

3

4. awseluana Nostoc

5. ANAMNIATUINTYREIMIIY Nostoc
6

. Y998NiNaAUAINISNYUINITVDIENMSIY Nostoc

9

#19%918

' 1%
= a U ¥ A

am378 NUeDs RNVInTUIENBUTAAETY #3TUNTYIBINGEIN algae LAY

e

Qe

'
aaa = 1

azfuin phykos Luddidiandauaswaianuin ldanunsaneaiumeniilan audsuin
naneasiumisnilal lneflduninane 510 andu waylu 525801 add (Thallus) &9
diulngjaziinaslsiaddislunisdaunsiziuas (gaf, 2549)

3

N1SAANNINVYVBIF NI
n1sdavIIAvYYesEImIe ddadnuunvinangavsigaininingimansnatgaui
wanaAeiueenbUiTauiesann nyaun1vid (2527 819lu 89f, 2549) laan1s3nansie
sonlunuany losuunasue a.a. 1754 Tag Linnaeus lil3uaaavsenuisniside
AMINYRILITNITHIONIINYIAEAS HIT

U A, 1754 Carl Linnaeus 1¢dnainselilu Class Cryptogamia Order Algae 34

4 (% '
N o v o a

[d A A o
LWUAULINNFTDNYTUAT YUAUIN Algae



I A.A1. 1978 Antonie de Jussieu lasuunfiveanidu 3 Subdivision Ag Acotyledon,
Monocotyledon wa¥ Dicolyledon wag dnausielilu Subdivision Acotyledon gl
fodiladfludes

U A.e. 1838 F.J.AN Unger lasauaiusie latau (lichen) wagt#inga (fungi) 141
sl Division Thallophyta ewanedls fvdilddruvesddu lu sgrsdmau diufindnelu
LaEd1RUTIN 158071 Waad (Thallus) wag lalnn (Zygote) Salafnrswmundu wwuusle
(embryo) Fafiunsdniindrendeiu August Wilhelem Eichler Tul a.el. 1883

ANUTEUUTZUUT0Y Copeland s uundadidinoendu 4 enandns Ao erandng
1OULUDTY (Kingdom Monera) 81ai1dnslUsAan (Kingdom Protista) 1audnslusilnan
(Kingdom Mataphyta) kaz@18413n51un197 (Kingdom Metazoa) a1ms1g9zdnagly 2
9N dnsusn Ae @amseEideaunutinidu (Blue - green Algae) dnagluananinsuouiues
(Kingdom Monera) liur &sildimmaninsueslon (morphous) dauavinesu q seundelu
9101¥n51UsRAaAN (Kingdom Protista) 1éuA @aid3anangan3len (eukaryote) AsiiFinly
onandnsidunnlueadines fannsavimihiildegansuiu vesilniverewadusiazlyl
fimswasuwaslyduidedenieatoziviminianzedng

druseuures Whittaker liutionandnsdadidineendu 5 e1andns lun e1andns
1oLUDI1 (Kingdom Monera) 81au19nslus@ani (Kingdom Protista) ®1eu1dnsilala
(Kingdom Fungi) ®1au19n5#% (Kingdom Plantae) uwage1andnsand (Kingdom Animalia)
Tnednamseliluenandnssing q el

ameAideunniitu dnegluoandnslinuesiruia

ams1edilonnuimans (Yellow Green Algae) @msnediimiawnumes (Golden
Algae) lnormau (Diatoms) laluumaiaian (Dinoflagellates) nduaes (Euglenoids) wag
Asnlaluuund (Cryptomonads) §neglueandnslusian

d1151981T87 (Green Algae) @wsnulul (Stoneworts) d1M31E A8 (Brown
Algae) hazamsnedund (Red Algae) aglupandansie

[

U p.Ai. 1985 Bold and Wynne suunawsieviavanaanidu 9 Division ¢l

1. Division Cyanophyta ¥ wanamse@idewnuiicu
2. Division Chlorophyta Touwn asediden

3. Division Charophyta Toun amsely

4. Division Euglenophyta laun ama’wqﬂﬁuaaﬁ

5. Division Phaeophyta laun awmseduinia



6. Division Chrysophyta laun ausediinialnuves

1 a A A
Aus18ETLNIEDY Lazlnayneu

7. Division Pyrrhophyta Taun awmedlaluunanaan
8. Division Cryptophyta laun amsedasnlalunund
9. Division Rhodophyta lauA @amsednng

dmsedleaunuuEy (Blue-green Algae)

] o S a @ a ada A a X = Yy AN @ i
ANNRINYALVYILANUINUY LUUﬁQ@JGU']WW’JﬂLLiﬂWLﬂmGUUUUIaﬂLNE] 4,500 A1uUU AgLLe

'
a IS

UMgANTWANLUSEY druansiedideanuluganauuseu e 600 auluiwdl amie

[ '
o £ = )

A0 unNUEU (blue - green algae) UONINUTILVOANYDNTDI1 Cyanobacteria (Carr

o

(% '
1Y o

and Whitton, 1973) awieaderunuin@udufivtusn Misendt Wsaslon (prokaryotic
cell) Fofmamoglumanifeniuuuaiite wiamhedeunnduiieaelsiiod o Jsaunse
funreiuadld uasfleendiauduiniuainnsdaaseinasiie Senuautidlinuluman
wuAise awhenguilifinsduiuguuuiiog asnsonselulesauluenidld Wasudves
wadld annsetuldvhnnuwidilan fahia dinea dmfeu iWuamefifisuiusinun

fandia 7,500 alTduFooraunnninil (Chapman and Chapman, 1975) @nilwgduminiied

Y
(%

o

N

Tuindn wagnuluiimeakazinngsetng @1ns18NINRLAINUEIUITONUADAN IS WAILAT T

lafifvdwasylaee wiuanulunziansne awsiemninamnsaasyls dmsuludnly
Tuawseannsansaylatuiidanwdunarawsesadnies Tuthi pH 4.5 agliflawsie

(%

yinileg (Meyaunvil, 2527)

anwaziialy (07, 2549 daen, 2542)

]

1. saning ansddwsumsduaeiiasesavsedideiwnuiitu Useneume

(% (% L4

1.1 aaolsflaa a (Chlorophyll a) WWuasdidien aluansddmnsudansy
waailasdu (primary photosynthetic pigment) aunsagauadlanignuies dnuaudily
goj 3 [ [ & Y a [y CY A &
azga1eun Wussainguanluaaslinanadsiuegivlusiudvluduvestenaslsnatad &
AaNUAlUNTALEELAMALIIRY AxviBuULaEITY)
1.2 unlsfiuses (carotenoids) \Wuansausyneou (accessory pigments) Ha

Wdewarddy walsfiueend zaedunasdultulard@dedlugisaiiue1indu 400 - 550



unluluns wagagiouuadsdindociazuasitiueonyn Juiuludivies du nSauna
uelsfiuaes ogfluilaornelsnanadivanolsiiad TuawseAdeunuiiiu Ussnaude
1.3 1um1 - walsfiu (B-carotene) 334w 1Juansdsmanlalasansueu #lud
DONTLIU
1.4 uwulsfaa (xanthophyll) H&wdes 13una1 ualsAusa (carotenol) Wseeen
Bunlsiiu (oxycarotene) Fuumsusznevlelnsaiveuiifioondiauiiiaudm Tneiluvyle
asendaa (-OH) laun dnlausudu (myxoxanthin) way dnlausulniasd (myxoxanthophyll)
1.5 lwladlalusfu (phycobiloprotiens) Wuasuseneuilisdou sauegiv
sy nuluamsredidorwnuindunazamsieduaaindu Iladlalusiu & 3 vda
Usznaumie
151 & - Ilales1du (c-phycocyanin) wag dalalwlaley iy
(allophycocyanin) Lﬁusﬂm"mqﬁﬁwﬁu @JmLLaﬂﬁiJQQ?iuﬁaﬁaﬂdﬂiaﬂi'mqﬁLLm
1.5.2 & - 1Wla8355u (c-phycoerythrin) dduwnas lngganfiuuasdidieavies
Fsnaelsiladliign
Tnladlalusiu Huansd iviwindieneneandsausdliun aaslsiiad o Ing
TWled3s3uvhmi A dussusaudrdwolls Ilalsedundrdselulvinaslsiiad o

=4 [ a

AsNamseialinimaslsias wazd - lalee1du sinlruearududige?

1% [ 1

WNNUNRY Samsevialuld - iledssiunnn enausaiuluduaslusdsiie dadiuves

1% (%

ssndnquansneiululuudazyin vidldamseysliadidnuandsiueenly wu I aswddides
i

TUaudemvisowne kagamiuninaisvesdaitd



Chlorophyll b
80 N

Chlorophyll a| | Chlorophyll a
| | Carotenoids Phycocyanin

Phycoerythrin |Chlorophyll b

Relative absorption (percent)

Wavelength of light (nanometers)

MW 1 N1IYANTULASUDITIATNG LULAREYIIARULE

fi111: Mallery et al. (2007)

anwauenLAY (897, 2549)

1. nswpdeudl (movement of motility) dnseddennuinduduansied
indouillilaglifeserfounataady drusneglu Family Oscillatoriaceae usiawsneman
’Slu 9 Wiy Oscillatoria, Trichodesmium, Spirulina, Arthrospira, Microcoleus, Aphanizomenon
wae Cylindrospermum wanvgadsneaiadauiile 1o Synechococcus, Gloeotheca,

Chroococcus Wwag Microcystis

(%
o a =

2. maasud (chromatic adaptation) @193 I8AWEILNLLIRY UAUNLABTAAIS

] a A A N av v d' =4 Y o
VINATNNINYVUNBDUAD ﬂ')']ma']m’]ﬁﬂl,ﬂaﬂual@ ANTLUAYUATUBYNUAITNYIIAFULEAS

U

a a 1

(wavelength) kagAIULUNYBILEY (intensity) Gaidukov lé’ﬁgqamymgmmmﬂ “Gaidukov
phenomenon” a3une41 amseanunsaasudldidedoduiifiuasdsie q fu vils
awwaieseningiidnaiuuasiuiinasnniesdeiu Gaidukov Iild Oscillatoria naaes
Tnelfuasiiden amserdaiarifung imseddorlunsedunisadrsssaingduaman
nlA33s3u dudsduuasdunsshliamnedaihdunnty nszuasdunsnssduliadsl
Talwendiu Fadussaingiitu mamassdinnududuresuasietu wuhdldanud

1%

YDIATGY AMIeiiauIiY denududureuawnanduduns Fwssiuanuduaiwiy



1% ' 1% 5%
a A o a ] o = aa

sysuIANa Al wnuIRunTUlusEAUENGEN 9 A8lFunanTeding dunvuegiav
%}1 Gl a a aa %7’ a v
11 SoRIAUITHAUIRULY

3. n19n39lulasiau (nitrogen fixation) @191518@1WEMANUNTUNAINITONT
lulastaulaninwadinen loun Gloeocapsa dndulalail laun Aphanothece audunin
vdudney Lewn Nostoc, Anabaena, Microcoleus, Cylindrospermum, Anabaenopsis,
Calothrix, Mastigocladus, Cylindrospermopsis Wag Tolypothrix n15n3elulasiauyes

' Y ' Ao a ' A e a )
amienInidesedluan1izNiioandiau ue Synechococcus UNETTANAIUITANT ¢
Tulnsiuluanenludlulasiau
] U a aAda A .. ! a S a = YY)

4. M3egIUuEdiTInDY (symbiosis) @ msedidgaunuiiuuuuiisnendeiu
n3po19laUseleviieathemednle wu winluslelwd azwu Nostoc way Anabaena U1
yinogiuunuuns (Azolla) 138 819WU Nostoc Tuusd (cycads) Faduman Fuluaasy
Tulawau (Lichen) wuanusedleiwnuiintumanesiia wi Rivularia wag Dichothrix Wudu

' Y a & | a A o ~ a o Y a

5. nmsnelitinainasugy (water bloom) amsedilsunuiiku MinliiAnie
wosuguiniluninunasineuily WInlwadiied wu Mycrocystis Winiduane 1gu
Anabaenopsis, Anabaena, Aphanizomenon, Nostoc, Nodularia, Spirulina, Oscillatoria,
Gloeotrichia \Jusu

6. ANUansaluMIUsaanmaMvilawazaun 9 I 1esanamseEen
wnuRudgnvun uagluanavedlusiuniglulusianaradududiiuiuy Jsieldamsiy
yipllfiaununiudeamgiinawsenniiunile daluusiangamgiian wuushiudilan
Tunziaanu USamidueun1sain wu Phormidium Tunidweumsainnu Calothrix way

Rivularia luanwiduiiay dauluirdanu Gloeocapsa wag Nostoc daulufigaumgl

71 - 91 parwaldad WU Anacystis

AUABINITFINDINNS (837, 2549)

=Y

519 1M15NAMI18A0IN1TIUNISIRTYRUIRAR B AUTIYTUEY WiEAIUABINTITEY

3 ]
gmsusaiuansalanii
§1791M1571799n15UT AN (macronutrient elements) 1 A1fueu lelasiay
ponTau lulasiau Weanesa Wunadey uwaawes wuni@eu uasdanas
ﬁﬂ@laﬂwﬁﬁﬁaﬂmiﬂ%mmﬁaa (micronutrient elements) L%u wan Aaalse

[

WUNTE TUTOU NoILAd JWAUATY wasdInyd
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ans19dL3eIunuULIU LU Anabaena, Anacystis, Nostoc fpenislelaasly
NM3LATEYLAULR UONAINUAINTIVIIABINITATOUNTIVUARIT &) 1du Fediu U1 Fendiu 012

wazlulafu 1udu
amsegluana Nostoc

aynsuIsuvasamigluana Nostoc mu3sn1531unves Desikachary (1959)
Division : Cyanophyta
Order : Nostocales
Family : Nostocaceae

Genus : Nostoc

a‘lgﬂ'iaﬁﬁm @158 Nostoc commune Voucher (Desikachary, 1959)
Division : Cyanophyta
Order : Nostocales
Family : Nostocaceae
Genus : Nostoc

Species: commune

aws1e N. commune Vouche datduaimsned@intuwnui@en (blue - green algae,
cyanobacterium) 7iviaaa (thallus) ﬁaﬁué’aama (Gelatinous Sheet) 'gU'ﬁNﬂaﬂuiszLﬁﬂ
mﬂﬁfuéummﬁumiué’ﬂwmmﬂu@ﬂﬂﬁu fidurgudnaavatevunn TauRuunulen @37
A o qoj a oA v ¥ =1 & 1 YY) 1 a a v @ a a

ugnan veduinna dllenvy duaeiiaudangu Wudugands Tanvausdulalativasd
Wanvieviuvuedaseau (colony mucilaginous or gelatinous globuse or morphous when
young.) aufazildnuaenay (Globus or hollow) lwadning 4.5 - 6 luaseu jUs1ad

Aanetalys (barrel — shape) (Desikachary, 1959)
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AW 2 awse N. commune eldinaasganssea 40X
;. niley wa Inatiun wiudlg (2561)

1. MslUselevianansie Nostoc

1d [ 1% 3

nslifuomsamiesindfsnuusduwufuuusedodemddoiituuy
funazydiudeniuluiaiu Sedddeusesviesiuin “iWinaiu” weanan (Nostoc
commune ; “l9%u”, “aoniiun”, Wina1u” (lne), “Koxianmi” (1) “Ishikurage” (ﬁﬁﬁu);
N. flagelliforme; “Fat tsai”, “Facai”, “Shi” (3u) ; Nostoc spp., “Star shot”, “Star jelly”,
“Witches’ butter”, “Fairies’ butter” (glsu) Li‘]ummﬁaﬁﬁfﬁﬁul,mmLsﬁmﬁﬁmm%ﬁyﬁuim
wuuiduduaeiifenieriu viswiagadiefoulsad viafideuuilaauin e Nostoc
commune finsuilaslunatsuszmeialan wu ludde anes 713 duladidy guu
wndln weslnide wazdu lneyidudendunvindusuuvinu @ Nostoc flagelliforme

o

< aa = a a a dl' [ aa o X o ()
Wuenisndsiauwns@svmaudeuvslanieninududsusnaluiuidutlnudmsu

o

Uszindalngluednineiinisusinaueanaalasidniulude “luiiu” vise “aoniiu” udd

a

amieifidnvuziusadadousansn wiiileglindesganssatiagnuinduiduaoni
msuanuaus stuludsindiudenhauilaadeutennisdouly Tnedenamineyiail
31 “@a0u” (Nostochopsis sp.) @11 “iinatu” uamsie N. commune #iuslaaldves
Useimanifsdnmaidadalaenuluwsviuadnitguaiudaduidssuud nanddnuase

LANIEAIVBITNNDUNTDN FMTAUMIAITAY L1ABN15d15I9U8 AT. 9B NAUNBN AL
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a a

a ¢ a o ' d de = v 2
WMYIAERT LNINGIFIUMIANTAN WUIUTETTUluNUILAULARaUTaT L AULR LATIALS7
Tugrgaruanuslag dwde “wWinaiu” du ldunaindnyasvesamsemduwiuiudides
AdeiayvY wagni1sivatiudendiuuslaalaenisinluaiu ITenazimuindndue
WNTINNAMIY “Wina1u” (N. commune, Cyanophyta) (8101594 uazame, 2548)

nsiduseleviainanste Nostoc Tuuseinaiuiinisiiainsie Nostoc unldidu
nanuuann vsviadsddifuesnulsaniduazazise (Chu and Tsang, 1988) uananil
wa2 (Huang et al., 1998) 51891411 @1%318 Nostoc sphearoides Katzing Tuusginaiu
= Y & Y & 1 o s a o
finsliduemsuazldidustegiseniuiu wazlusrsunndunuiuin Nostoc commune
way Nostoc sphearoides unliidug1snwlsantuenanatsiu wnalwlndiriouain wagld
Shwennisiuteiibigunsdneae

Chu and Tsang (1988 13lu 1Ak wazAme, 2555) lasreeunislauszleviann

| a A ’OI a a 1 a o Id

amsedvnnudiduluyssmalu wudn dn15U1 N commune Vaucher 1us1nnsun
1nN71 400 U lunaunaldesd uas fanes sulsemuamielunistdesiunasShwigunm
TunanawIud n1ug wastawu 5ulseniu Nostoc LUUBIMTAVNN @IUdIMS1E Nostoc
flagelliforme tuinszatgagaruiufiwiuainduiunste lulwanunaniugdiie
Al Lazneslnidey

1518911539898 Sinha and Hader (1996) anmsldusglosilunisiiuaiugay

auysalvasaulagianzluuitnn Tnenudn amsiedlsuwnuuitbu 1y @amsie Nostoc

=Y

a a (K% v & A % 1% = % 1% [ | a
Z‘ﬂiﬂiﬂL"\]iiLJJLG]‘UIGILL@%LLWiWUSﬂ@I@IUWUWLLMQLLEN LAY NI UUAI NI Y NULUBDNVAUN

voru FudlenaziinnudiAglunisnelviiinlaseasievesauniaiuin s1unsgigdnw
Anuduludulmduszeziiatuiu uana1ni Sinha et al. (1995) §anuin @1us1e Nostoc

commune \Juamsigfdanununiudesiddanililaiangindt amsieviindunlud

\anyu 1Y Anabaena sp.
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2. AMAMNLATUINTVRIAMTIE Nostoc

IINN1TILATIENAUAINILAYUINIT WU @193578 N. commune 100 N5
Usegnausniy TUsAY Uszuna 20 % LTy 1.56 % 3a10U A, B, B2 wAaLtBey vBan
nInoziluAsuaIU (8101591 wazANY, 2548)

91N91897UT8U09 AIUTEAT LazAME (2557) n1sAALANLasUId NI Y
Tufiuiinnamile thunumzides wuin @mse Nostoc uaz Nostochopsis SUsunalusiiy
16.81 - 26.05 % astulaimse 32.40 - 65.55 %

NTIBNUNTIVEVDY Dai (1972) wuin @use Nostoc flagelliforme Tulseinedu
HUTual TUshu 21.3 % aslulawnse 56 %

91191398989 Yang et al. (2011) laAnwaudufivuesansie N. commune
var. sphearoides Kutzing Wag Spirulina platensis TnefnwRawu in vitro ua in vivo Ha

nsAnen lanuansie microcystin lugnsiens 2 vila

UadeniinanuAInIalnsuINITuasaInse Nostoc

'
a1

INNUANIVDI Ma et al. (2015) 3NAIUTUTUYDILAIRATAMUNINVBIAIN T
TWladalusAuluamIng N. sphearoides Kitzing WUin MSINISLAESaINI e I8 UaTEY1
AULTNLAS 90 Tulaslua/m1919um /AU wse kasdiianuduneas 30 lastua/ansng
wns/Aunit Sanumnzauiiandvilrililadalushudiai

WoNNE Han et al. (2014) NUIMITIZEEMIE Nostoc flagelliforme Tuain4
AAULAIFuAAZLaERY T extracellular polysaccharide Wag capsular polysaccharide
e

wenaIni Pandey and Pandey (2008)) Anw1n1siae9a1nsie Nostochopsis
labutus WUUNIATININ WUT1 Nostochopsis labutus @1U1TONANAITAIUBULADATEEN
(46.12 uM AEAQ) dleviin1smaaesuuy immobilized cell cultures @1315aRANEITAIY
auyadaseaeds (46.12 pM AEAC) mnnauneavlesauaziwinadluluiady wui @ auAmng
ImjmmﬁLLazmmmmsalumsé}’ma%aamzLﬁuﬁummﬁ pH 7.8 Fsnsiasuneanedarh
T Aaelsilad uwalsfiuosd wavnsadydvlnvesavsiennit Tuvaed nsiasumdnyilv
anAmalavung Inlalvendu Inlad3ssu uazaruarunsalunsiueyyadasz i

UseaNTATNUINTY
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uenaNil FIUsEA" uavAMY (2557) AnwUunaseaingluamsne Nostoc anuaz
wis wuth Tasn1sideslu BG - 11 fiwaw Sodium alginate 5 % fUTunmualsfiuass gandn
oslnglalnay Sodium alginate 5 %

uBN9INT Das and Sarma (2015) N5AN®1ENT81913 BG - 11 gasaawdas wui
gn5811115 BG - 11 gnsnauas fifinnsifiy NaNO; 2.5 n§u/ans KHPO, 0.08 n¥u/ans
MgSO4.7H,0 0.095 n$11/3ns waz NH,CL 0.015 n3u/ans vlvdhuiauazraslsilad (o vy
P

uonaIndl Laun1 wazAmy (2555) sin1sAnsINUIT amirsifinaiunie
N. commune a1unsataigiavinlddlugnse1ns BG -11 fauvas deusznoudig
KoHPO, 3H,0 20 {afinsu/dns Na,CO5 20 fiadndu/ans NaCl 200 adnsu/dns gise 200
findin¥u/ans safuansiafidu uag Trace metal mix A5 mugnsiugiu Aaudunsn -
fing Wiy 7.5 Arerudusasviiu 20 lulaslealnil/msauns/Aui uasUSuaiige
Sudu 100 fadndu (wilnuka/ans Inefiunadfiutulaends 7.91 vhwvdeindinis
Baes 20 u

2.1 Uadpuatsonisiaiesansie N. commune Yagduuas LED tasuaauiey
urndulunisldiduunamdsnunagnuinduszsansamlunisiasyvesiivlussuuisla
(Sakhonwasee et al., 2017) msmuammmvﬁmLLaqLLamﬁmLaaﬁmmsamﬂuﬂ aseiidn Aty
ﬁqmiumﬁmwLﬁymmﬂ%qﬁ%%msumﬂLﬁﬂﬁé’ﬂmiwﬁé’aalmﬂé’ (Ugwu et al., 2008)

2.2 wanfuaaduamsie N. commune soanuauiRfiams 9 vesamieinaiu

natsuaud|uUNS 2. Jslandudewmalulagonns 1. war uua. in1sseyen

Wi ulAg NALIKARA 9115 INEANINBLTRAAIUTINBIANTATI TIU YULAED LAY

)
2D
ce

P

P

'
=Y

LAT0IRN 8113A1T bk Halsen3 (Thai daning, furikake), a1y, gUla, guuiny wagainsie
LHUABRUTEI-LAL 9115wU Taun Juansie (sauiled sansi) uazwadaivsienalil

915UUAYY LA NewuaIne (AN sawiy) And 91anseu Taie wagansieuws

[ |

U595 1aTeemn laun drdnuavamsesanald (Fulesa nszleu uvund) waviiuzunigns

a 6

wnanu wenanil gudqdunid 1. luszauanudnsalunseusndamsainaiulusses

a

g13lnen1suudengungll -85 esmwadua lngldlawnianenlud 3 % Wuaslesiuwad

Y

Fraziamsenaiuldgyiugluewan wasvaed 7. 390U wna. agluseninansidy

R welaiiondnainsieminaiuidanisansall (810150 wavaue, 2548)



unN 3

A5andunisIY

NSAUKAZNISAALENA2D8198138 N. commune

INUNRAISITUVR

1. fufifiusiegns Iidsraunasiiiinigasyvesaivine N. commune luftuil
Far¥adodvl nufiniseigiuiduiung sunousiuns Taoddnuus givssmautuung
1AU81 135 Alawns é}’uﬁﬂmmﬂmaauﬂﬂflLLsJﬂﬂquLLajLmﬂué’ﬁmaﬁwma drulnalu
fudiduindu 1 A Afeuaiadudeudiage fenugsanseduimeiaviunaisogszming
705 - 1,760 LU ”l,'viasj'mé’wLnaLLa,J'LLmaaajLLﬁﬁﬂ"TJﬂEﬂqmmﬁﬁﬁuaé’ummwu BILNDLULAY
Foriadedml eranudunse-in wihiilvaruusnafufodineds pH 8.3 naand

2, msuam??au‘%qw‘é nsivkazNIARLENABE19amMse N. commune lagn1s
AUF08199 N Una5TINTIR USauildiusiung duaduuning snaousiung Yo

ety

dl dl o ! o o = I
AN 3 ANLRNUTIBLNBLNLA JanTaLda gl

fan: nsuwaLRaY (2558)
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'
a

nsiufmegsamseUsnasunaanianuduwas Wuldnszynwatadin inusnely

QaunQdl 5 - 10 Bamgalliea Yiiiegsaemelinay wdignelandesgansiad liegiusis

9 Y

2 L2

ANWALY LATVUIATBITAAAINI1Y WU WUS8UsunUMBE9d@Inse N. commune TISTR
8160 3nnan1duITeINeeansuazinalulad (37.) wagldanvuenisdugiuinenlu

ASTWUNAINITAT (Desikachary, 1959)

AN 4 @ w31 Nostoc enanelanaesqgansse 40X
117: nnleg waInntun wiudlay (2561)

1. dausnatsiudiiieliarswus N commune u3ans Tag38n1s Pick up cell
Technique Tnenisegiamsne dresaetndu §199ae Ethyl alcohol 10% waz Clorox 5 %
wazdaditiindu 23 afe guadamsienelindesganssml waglivasavengaivad
aean 1 duae (trichrome) thanidssdneems BG-11 gnsuiudsilurinliona aun
20 fiaddns nelauasduianvaenngealsawud ANUNLAIUTEIN 40 pmol m-2s-1
Tuas 12 Hilussetu gumagll 28 + 2 ssmwalded

2. Fauunien (single colony isolation)Iﬂmﬁammi’lmﬁm Brandedounenms
fuRauda BG 11gnsUsuuss Tns8nsdnitie (Streak plate) Litelldidelaladiien uay

< o

Wusnwnlu stock Wranuseultsuiudieg1a@1nsie N. commune TISTR 8160 911
antuideIngeansuazmalulad (33.) luseaiuddaldiznisiisuaduiuaiugiudeya
Wu1 dauadnendsiu Nostoc sp. lugnudeua 99% lnsaniduinerransuazimnalulag
wislszinalng (32.) waglddnwaznisdugiuinenlunisdiwunszdvsiinniuisnig

(Desikachary, 1959)
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3. msiiunadmie Tnemsnzidesiivinaluszuuln deil
31 oIsnsiass [gnsdautas BG-11 gnafauuas (Stanier et al., 1971)
ot
ihlalafamsns N. commune snwizidssngldnisauauilads Wisuifiey
naasydivln sendnauasdenn wasuasduag 4 vinwud 3 91 Tasldo1ms BG-11 gns
fnuUas (Stanier et al., 1971) Lﬁam%mﬁsmmsmﬁﬁg@uim warnshliiue1msiulasiau
Wisuieuiumsiy osnamsesiinissclulnsauld msnaaail
stock (1) NaNOs 25 g per litre
(2) K2HPO4 8.0 ¢ per litre
(3) MgSO4.7H20 9.5 ¢ per litre
(4) CaCl2.2H20 3.6 g per litre
(5) Citric acid 0.6 g per per litre
(6) Ammonium ferric citrate 0.6 g per litre
(7) EDTANa2 0.1 g per litre
(8) Na2CO3 2 ¢ per litre
(9) NH4CL. 1.5 g per litre
(10) Trace metal solution: per litre
H3BO3 2.86 ¢
MnCl2.4H20 1.81 ¢
ZnS04.7H20 0.22 ¢
Na2Mo04.2H20 0.39 ¢
CuSO4.5H20 0.08 ¢
Co(NO3)2.6H20 0.05 ¢
A1se3en Medium per litre 1 stock wiiaziumauLazUuseindulild 1 ans
U5U pH 7.1 698 1M NaOH w3 HCL omsudisld 1indu 15.0 g per litre of Bacteriological
Agar (Oxoid L11)*. Autoclave at 15 psi W 15 undi. dndau stock Aildfe
Stock solution 1 100.0 ml
Stock solutions 2- 8 88198 10.0 ml
Stock solution 9 97121 1.0 ml
3.2 wasazdadesu q nsiiiuana @amsie N. commune wnziasneld

nsauanade wu was Inedonlduasdunsdadudasnduiians Inlasleetiudoanis (nm



18

71 5) WgUNULEITINNT DLEIEVI WAAILEIEVI LaThaIdLne TganviaanlnaanlED wasd
U717 6,500 Lux. Lasdns 2u1n 840 Lux. m1udunsn-lua pH gaungll 01115 BG-11 03

U5uUgs 91uau 30 dns Tugnawanafinuuin 280 ans wazvinisiiuien wdanhluimsiz

ANAMISIAYUINTG

a X | v = a
AN 5 AITINILLRYNEININY N. commune ﬂ']EJIG]LLaQﬁLL@\TLLagLLa\‘]aGU'TJ

;. niles wa Inatium wiudlgu (2561)

AN 6 NSWIEEEENSY N. commune A8l aAIFLAILAZLEIAY?

;. amiles wa dnatun widudiay (2561)
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3.3 naasdule dasnissaiulalugddminuis TngdBifiudiegianses
UAUNLLNAIANDUVUINAN 18 TuATau Wiagrsandaiuin walrtnlUaumeniasau

aufougumail 50 ssrwadua (°C ) Audminaliiudeuudas Sadwlnuisila
N13ATIENAMAMSLAYUINITAMIIY N. commune

1. WAy

N5IASIERLUTAUMIIE Lowry’s Method (Lowry et al., 1951) T4 nenea1nsng
Nostoc commune 1 ml. i 0.1N NaoH T#p1nuseu 100 °C é’ﬁlﬁﬁqquﬁ wioe T4 1 ml.
Wua15UT8NaU reagent 2% Na2CO3 1% CuSO4 kag 2% Sodium potassium tartrate
1l 7191 10 w1 Folin wwguagiisly 30-60 wift aArn1sganduuasii 660 nm.

bl ) U 1
L‘UiEJULVIEJUﬂUﬂWlHG]‘EE'TU

2. Tlaleeniiu (Boussiba and Richmond, 1979)

n15&nA Phycocyanin( Phycocycyaninextraction technologies) nsafialnlaloeniiy
Tnensthamsne 40 adndy MdinIsinziaes 25 Ju phosphate buffer pH 7 971u7u
10 findans Mel3lugiBu 24 §lus Centrifugation 7 35000 rmp. 10 BsALTATya 5 uni
Inlalegniiu %mnmnauagﬂiﬁﬁwaam 14 Spectrophotometrically A1u819AAUT 620

ulues 19 buffer 1Wu blank A lagLnUAlugns
A620x(10)(100)

gnsAUIN % pure C - Phycocyanin =
7.3x (mg.sample.) x (%dry weight)

yanews 7.3 (Pure) w3o 3.39 (Crude) #io AAsl CPC 4 620 nm, 10 iuAUsanasitonun

100 AoAIY WavesUTuIu Phycocyanin 100

gnsA1Iad % Crude Phycocyanin factor 3.39

3. WALSIURYA N15IATITTUSUNALALSAUBYA (KMUTT, 2001)
1. Tldawsie N. commune wiaUsunas 0.02 nsu aslulnines vuie 50 Jaddns
2. @Y 90 % ethanol Usu19s 10 1a8ans By 60 % KOH USu1es 1 1adans wile

pRagadamsy Mntuthluiiieadunndieinsosninudias 5 wii
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3. luudlu water bath 9aumgil 50 ssmwaidea Wunan 5 wiil ilevhnisadin
10133aTng penanLwad udiudeslmdulugungivies neuthluduueniwadieinios
centrifuge i 3,000 rom tHutan 10 wil Auansazaredmaeilaldlunasannans el
ns¥AENaDYA LﬁaﬂaﬁumigﬂazmmmLLaq

4. wansazareddeiilaatly Kieldal Flask 1fiu Diethyl ether USunns 15 Sadans
1% 9 % NaCl USums 15 fadans weuddensiaunentudivasuardla Tneflansavans

= |§j !
dlavzogduans

5. MUWagaerasazanedlaiialy whsudtudvdeweualsiiuesd waiau 9 %

[% (%

NaCl U3uns 15 daddns wewansndliaunentudlawazdmdos andulddidngaien
ansavavdlanegtuaisnsly
6. Urd1saratgd@udssldadlulninesvun 50 Jaddns walusuusuInsaae

Diethyl ether auldU3uns 25 Hadadns a1ntiuLfin Sodium sulphate anhydrous titeLiu

v
v o A

nsidntnfivde udmasmasanaassiviusiensenuwased ietastunisgniiane
MBI

7. hansazanedivdssiiadnlalusiinisindinisganduuasiinnnueiadu 450
wluns waduinga

8. AINUTINLALIIUREARINENS KMUTT (2001)

[y

AG50 x 25 x1000  Tadn5U/NSUWAIEININe

USunaunalsiiuess = B g ) 28N
260x Wninuiswesamsie @adnsu)

4. paalsWad MsAnszvinaalsilad (o uaz 7 lagds (dum, 2551)

l¥a111318 N. commune Y3uad 10 Tadnsu Wranadanigesdlaud3uing 20
a aa & A ! ~ a g A ] o U a
TadanT aullaevesameildsudidudviila mndudiuinseninesn wasdsuliunns
Yosasazaemeasdlaulilu 30 Jadans wildn1vusussgansazas wazanuuiunIYue
ussyansaranenaelsiladmenseaunsesiielasiunisagyduaaslsiladainnisiauuas
asazatuaaslsiladfaiamessdlaow lUTAAIN1TANAUKAINIAIINEIYIPEY 645 Lay
663 UULLAT AELATBY spectrophotometer LaziAflaluauumUsuunaslsiad (@

(a) uazmaslsiiad U (b) 91ngns d0unt (2551)
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V
AanlsWladie (a) = [12.7(0D663)-2.69(0D645)] x ———
1,000 xm

& v
Aavlsaal (b) = [22.9 (OD645)-4.68(0D663)] x ————
1,000 xm

V = YSu95ve9a1saranefingiadinmaslsiaa
m = UINUNFIBYNS

OD = AMIYANGULEY

n1snaassinenavasladenisinizideianisiasey

V911318 N. commune

1. nMeasAnyINaveIladslananIsiasyesansie N. commune
2. MIVAADIANYINATDIUaTBLEIRDNISISEVRENI18 N, commune Tugn1ig
ffinsivansemslulasiaunaslaiia
1) Usinanimtinan
2) USunashiinus
3. mMsneassdnwinavestadenaseasilaleetuluamsie N. commune
4. nsveapsinenavestladeasmelusiivluavwsie N. commune luannisdid
N9LANENT9 IS IATIAUA 9
5. AsneaesfnwinavesladenasnaUsunaualsiueenluanisie N.commune
Tuanmzifinsiuasemsiulasiaunasliia
6. NIINARBIANYINATRIUITBLEAIRaAaalsHas (o luausie N. commune Tu
anmsfiinisduansomsiulasaunas Ly
7. Asneaesdnuinavestadenasnenanlsias U luainsne N. commune Tu
anmefitnsiduansomsiulasounas iy

8. NITNARBINITHNILLALIAIMIIY N. commune A18lANTITAIUANLAITIUAY

asomslulasiauvienng o
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n13ns9ANUUaRRfuA1uaunIdluamsny N. commune

ALNUTNINTFIURAUNIEIUEIMT VBINTUINYIMIAATAITHINNG NDULAENSI
ansrgunamunanduel Wy n15As1zRUsSIIMLUAS8sIL (Total plate count)
N153ATIENUSIMEaRLaEI19 (Total Yeast and mold) MsiAsIeladnasukUATISY

(Total coliform) ey Total Fecal coliforms bacteria (E.coli)

1. Wnsaaszidsunauaiiisesau (Total plate count)

9IMSL18ET Plate count agar (PCA) §va Merck

4

aunsad

9

TulastUius 100 — 1000 lulasans

—_

\3eaivgmannviaaed (Minishaker ; Kika §u MS- 1)
wdeausuaulaladl (Colony Counter; Funke Gerber U 311530)
wifeflsnnudiule (Autoclave ; Tomy U SS-325)

é’auam%@u (Hot air oven S;u 500)

m‘%'m'ej”ﬂaﬁwmmmqmwgﬁ (Water Bath; Memmert 5u WB 22)
isastslniingiia 2 druvis (Balance : Metler Toledo U PG 2002 - S)

VIngnuNY (Flask) vuia 250 Uag 500 ml

DRSS SN O T SN Ay

navnNnaed (Test tube)

ULBETD (Pettridish)

—_
— O

. Pipette vu1@ 1, 5 wag 10 ml

. e (Loop)

—
N

Faidle (Needle)

_
A W

N3zUanMe (cylinder)

) ﬁﬂaam?ja (Laminar air flow)

—
($,]

. AULYB (Incubator)

—_
'\IO\

QINANERN

d' b=} a
Lﬁﬁ@ﬂﬁ@@iﬂwaqﬁﬁﬂ

H
®

. A58 Fruit hardness tester

—
Ne)
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AMEIGEY

1. wPAN®TRA 70 % way 95 %

ATN1SATYUDINSLAILTD

'
[

44 Plate count agar 23.5 n¥u azatgludindu 1 dns ussqlaluvin Duran Yu1A
500 fiaddns antutlugngely autoclave Ngaumgil 121 ssrwaidea AUAY 15 Jaud

pams1eil Wuan 15 udl

B/NSIATER

w3suansazaefetdnedeiietng 25 nu Inglddeuaunuiaadisndoudisinld
Qemanadniiiiunseneudadmiuld Stomacher s Woawatules 225 Gaddns iy
AuseIAIoe stomacher WWutaan 1 wadt axld dilution 1: 10 91ATurinsLSea19A
Wutu 1072, 107, 107, 10° way 10° Yiunasaraieianais Dilution 107, 102, 1072, 10,
10° way 10° egnsay 1 Jadans ldauidsaide Dilution ax 3 97U W Plate Count Agar (4

9auQdl 40 - 45 BarwALTea) adluueIMSHY TR WAL 15 - 20 JadanT pour

Y <

plate LAY Y19 U MISRELTelUUNT 35 + 0.5 peAwaldod Ul 2 - 3 Ju

a

v o N6 Y < o a1 [
G]i’J"\]UU"\]']U'JUﬁ!ﬁUVﬁULL@'?JT]EJ\‘]']UNﬁL‘UUF\]'WU'JUIﬂIau@@ 1 N3y

2. WAnrehdsunubanuazsnsau (Total Yeasts and Mold)
9WnsLaBde Dichloran 18 % glycerol (DG18) fva Merck
gunsal
1. lulasUia 100 - 1000 lulaséns
\3eaiugmannvIaaed (Minishaker ; Kika §u MS- 1)
ndestiusuaulaladl (Colony Counter; Funke Gerber §u 311530)

. vifellsanudile (Autoclave ; Tomy U SS-325)

2

3

4

5. gauauiou (Hot Air Oven Ju 500)
6 m’%laaé’ﬂaﬁwmuamqmugﬁ (Water Bath; Memmert 5u WB 22)

7. \n3eadaluiinviia 2 dumis (Balance ; Metler Toledo $u PG 2002 - S)
8. vIngnvuy (Flask) ¥u1A 250 uay 500 dadans

9

. apanaand (Test tube)
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10. audsade (Pettridish)

11. Pipette 9@ 1, 5 way 10 Uaaans
12. Wsehede (Loop)

13. Jude (Needle)

14. nszUanma (cylinder)

15. ﬁﬂaam%@ (Laminar air flow)

16. ﬁﬁm%a (Incubator)

17. ananamn

18. \A3as3ngImanaRn

19. Lfﬁl’m Fruit hardness tester

AREIGE

1. weanedaa 70 % way 95 %

Sa ol £ ¥
P/NIATINBMNTLA YD
44 Dichloran 18 % glycerol (DG18) 31.6 N3y azanglungu 1 dns ussylaluvin
Duran Y19 500 dadans nuuilsndely autoclave Ngaumall 121 asrigalfivs Ay

fu 15 Uaus/m319in Junan 15 wdl

B/NSIATER

w3suansazaneietdlnedeiietng 25 nu Inglddeuaunuiaadisnoudsinld
pamanafniiunissdeudadmiuld Stomacher s Woamntwirles 225 faddns tily
AludaiAses stomacher WWuan 1 undt agld dilution 1 : 10 9ndurinisiiesnsay

Wutu 1072, 107, 10 10° way 10°

—_

Umarsazranelaeang Dilution 10 102 103, 10%, 10° way 10° ag19ay
{adans lda1uiieate Dilution ag 3 97U w1 Dichloran 18 % glycerol (DG18) (Mgaunqd
40 - 45 peAwalded) adluaueITlduuTaUTIIM A 15 - 20 d8dans pour plate

v & X qgva
WA gLy
191U M5 R8NTR LUUNT 35 + 0.5 a9 LgaLTied WU 2 - 3 TU ASI9RUIIUIY

a a 6 ¥ < o a1 U
‘\!ﬁiW]ﬁEJLLﬁ’J'ﬁ']EJ\‘i']UNﬁLTJUQWUUUIﬂIﬁUG]E] 1 N3y
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3. A8Asnguladnesuuwuaiitsy (Total coliform) wazTotal fecal coliforms bacteria
(E. coli)
EJ']M’]?L?;IENL%’EJ
1. Lauryl Tryptose Broth
2. EC brothLevine’s Eosin-Methylene Blue
3. Tryptone broth
4. MR-VP medium
5. Kovac’s reagent
6. Brilliant Green Lactose Bile Broth

7. Nutrient agar slant

1.1ulasUUn 100 - 1000 lulasans

2. 1p300aEvanANAans (Minishaker : Kika U MS- 1)

3. ipsesiusiuwaulaladl (Colony Counter; Funke Gerber §u 311530)
a nifeflanusiule (Autoclave ; Tomy Ju 5S-325)

5. @’auau%@u (Hot air oven ju 500)

6. Lﬂ%aé’ﬂiaﬁwmmmqmqﬁ (Water Bath; Memmert Ju WB 22)

7. \Asoadalniinuia 2 fumus (Balance : Metler Toledo 3U PG 2002 - S)
8. wangnvu (Flask) vwm 250 uag 500 dadans

9. eanannaad (Test tube)

109770 (Pettridish)

11. Pipette wu1a 1,5 wag 10 Jadans

12. Wagheide (Loop)

13. 1y (Needle)

14. nszUBNM (cylinder)

15. é’ﬂaam‘%@ (Laminar air flow)

16. é’ﬂm%?a (Incubator)

17. ananafin

18. \A303AqINaIadn

19. Lﬂ'%laﬂ Fruit Hardness Tester
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AMEIGEY

1.4L0aN88a 70 % way 95 %

’/N1TIATIZN

1. AIPFUUAIDLNN

wsuasavanefetalnedeinegne 25 ndu Inglddeuaumuaatisndoud
drldgenanafniinunissnilewdadmiuld Stomacher in Woamaties 225 fadans
ihluithushewrdes stomacher Wunan 1 widt 9¢ld dilution 1 : 10 ! anduwriinisideans
ALY 107 wag 107

2. A5nmasu Coliforms fecal coliforms 1835 Most probable number
(MPN) 13e919sheghaliiisesunnuiions 10 ., 102 way 10 a1ntadlsivin 3 - tube MPN
el series 3:3:3

3. MPN-Presumptive test for coliforms fecal coliforms and Escherichia
coli UUpansazauiog e TulsaTeAUANNEB98Y 3 tube MPN 9819ay 1 ladansld
TumaenemsiaBade LST ﬁﬁmaaﬂﬁﬂﬁ"wﬂfﬂag’ ANULAD9198E 1 UaddnT 571 9 waen
ﬁﬂﬂﬂmﬁqmmﬁ 35 + 1 garwalded sufnnaeafiiouianing 24 + 2 $3lus denvaen
Finufa warTufinnaadluwuunlosy

4. MPN —Confirmed test for coliforms

fheioainmasn LST Miinuiaadluems BGLB wasnaz 1 Loop Wil
oaumadl 35 = 1 ssmwaldea (unan 48 + 2 Halus denviaeaiiinuAatlugiudiain
M1519 MPN 3:3:3 nuaeilu MPN/g faeeng

5. MPN-Confirmed test for fecal coliforms and Escheichia coli

feonnvase LST neileainuasn LST iinuiaadluennns EC viaonas
1 Loop thluufigamail 44.5 + 0.28smiwaidoa Wunan 48 = 2 alus Sudnidonuasai
Aaufarioan 24 = 2 Hlus d1lvina negative (hifnufa) Iiuusieauasuiian 48 = 2 4alus
Fadenuaen EC broth TiAnudalanasndnufia Wilueiuiainaisis MPN 3:3:3 wihedu
MPN/g fnae19

6. MPN-complete test for Escheichia coli

1% loop dwﬁ?amﬂ EC broth TiAAuAawn streak vuimiemsiao e
EMB — agar ¥lUvnilguuail 35 + 1esanwaiioa Wuan 18 - 24 s dnwasrlaladved

A [J a A v

& . AN Aaa o =
\We E. coli Uue111s EMB - agar agdidiiansenn asanaslaladiidanienainselulianwes
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funmeanglane (Metallic sheen) waantAlatanwaeainaniun streak Ul PCA slant 37u7u

al

5 Taladl drlUvufauvndl 35 + 19sawatdea Wunan 18 - 24 $2lu4 wievnlunaasu

9 Y

va IS IS
AnvantAn1Taliseoly

4. nmsnagauAnEuUANIIIAll

1. vadeunsadns Indole dnendoain PCA Slant ldlumasn Tryptone broth 1ld
Unilgamgd 35 + 1 ssmuaiea Wunan 24 + 2 $alus Mnduthumageunisadis Indole
Tnevenansnadeau Kovac’ s reagent 0.2 - 0.3 §iadans mnioanunsaasns Indole léaziin
rwnudunserunaifuuin dunaavazldifnaunudung

2. N3MAEBU Voges - Proskaure (VP) d1e1@891n PCA Slant ldlumaen MR-VP
medium thlUtugumgll 35 + 1 ssmwaidea 1Juan 48 + 2 $alus gasn 1 dadans
Talunasawdivuin 13 X 100 Jadiuns fgndouds antutunrenans Ol-naphtol 0.6
fiadans, 40 % KOH 0.2 fadans wenliid1iulazifung creatine Lantosiveinaniu
grunaniely 2 §2lus mnAedvuyuaserunaifuvinuazliiinnisidsuulaseiuna
Juau

3. N1INAdaU Methyl red (MR) nasa1nnagay VP ka3l uu MR-VP medium
sioluBnlinsu 48 + 2 42Tus figaungd 35 + 1 ssrueaiGoa IntuNAgeU Methyl
Red lnAag § nuna1snaday Methyl red 5 nen mndvesemsiasadoasuiuduns
srunaldiuuin wigwldsududmiewunaduay

4. nsnedeunisld Citrate d181¥e91n PCA Slant aslu Koser’s citrate broth
iluvuitgumnd 35 + 1 oseigadea Hunan 96 + 2 Falaus mneadsadorusuna
Fuwan Sremnsidsadeliudountas snuwadiuau £ coli a¥linaauiaye

5. nsnedeunsadiiaaintiaa Lactose d1eidean PCA Slant aslunasn
LST thluuwitgamail 35 + lesmiwaidoa 1unan 48 + 2 alus dudnufalunasndnufa

1 ) wa IS IS & .
@’]‘L!NﬁL‘U‘L!'U'JﬂﬂmﬁmU@WN‘U’JLﬂNSU@QL“UE] E. Coli

5. nsngan1sluieluanine N. commune

1. n1snsadasiesilulas@aiu nsnsiadiaeilulasdadudloyn The
Quantiplate TM Microcystin Kit (EP 022)

2. msmsraviinalumsnazanluamsne N. commune 1osaniissaumnyin

TusegrafiuNTn1sToluasn 91905ANVUSUIUANA I LUSU LN UYIN AL AR UAS e
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liasilAuAmasguUIINA NaNO; Tifsluileifiuaurnstasuinsvesamie laiifu
AR EU ﬁlﬁmmmgmﬁuaﬂumsw #i 199 - 2,500 ppm. wazvuouluemnslaiiiu
2,500 fadnsu/Alansy dmduussimalngainuseniAnsensieansisq atuil 281 w.g.
2547 AvualiaIuInsgIuasanaA1sresbulasaliiiu 3,000 Tadnfu/Alansy (d11n
ANENTTUNNSEMNTUAZEN, 2556) Fatssinnsnsavaeunsandnsluange N, commune
Fremsvaassdneusnalunsnluannensinsassdsuadnns luaninefidnsiiy

arsonsiulasudlonenlunsyn NaNO; wazlaiiy NaNO;
NISNAILINAANUNINEIRIY N. commune

ANSNAUINARNUNINNEINSY N. commune b1U LWaa AMIYS @RS UDINITNINU
wagralsednd dmsulsenthomis vieusssaims Mlguslaalandadusiasusawiiin

U IS 6 1 1 aaa a v dy
Suusemunaziiuselosunesniniy 1nedion1snseundl

1. wad
damsie 1 nfu dhlueuigamgll 60 C° 30 wiil thanualmduns

[

apAuuazaunsaflunsineadamsne
1. dwan 200 faddns
2. @aAuNe 15 n3y
thenansie 230 niu

NAUAILATIZN

bR W

Ananovng Avunuazdung

6. NUNTALAU

YUABUNITN YRR

o a

1. daafunaldasiuiilan 50 Jaddns wadnnld

£
o o

2. shduuan 150 fiadans wldnse mudietiimansie aulddfuuda
iludslnauien

3. \flodunauienudilaesliiionsadn 5 und

4. asu 5 it wdhluwldlueanauiiuginly aulsidniu

5. Wunduansawassatliuwazdnauannsasly
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6. nlungenldiuiaunun wdrnhuddiluaueadsivszuia 10-20 il

wnzeBNANNLA (http://www.foodtravel.tv/recipe)

AN 7 NanAuaeadansie N. commune

;. nileg wa Inatiun wiudlgy (2560)

2. AWIYs
1. W398 5 % laearsazans Sodium alginate 2.5 n3u luthagen 500 Jaaans
Auazanglmannu

a

2. thawielusuilgamgil 60 ssmwal@ea 30 uril dwualiaziden wisu
9EINI8 1 NN WEuAU Sodium alginate 5%

3. \w3euafsazay CacCl, 5% Iawavane CaCl, 2.5 ndu luthazenn 500 Jadans
Auliavaneiniu

4. livaengadiuainiieiu Sodium alginate 5% Aee 9 venadluaisazaty CaCl,
5% fn3euls veunarvziduadieinduty q wazidewdu sphere anelusseozinalid
Huf iflosnauandivedudousaiun WelluaniTendosusmegtevinlviAnaalui
\Hu wazagldgnnau o vie Adef luflgndnsdwideslunisway sodium alginate ogi
Uszaad 0.5% — 1% soUTunnveanan Mnszvoudnanisiuddafeihazein 2-3 ass

Antan1vuy


http://www.foodtravel.tv/recipe

30

A 8 wAndngiAIesamsie N. commune
;. niles wa Inatium wiudlgu (2560)

3. Wilsadng

Fumoud 135 ssraadea Wsunsulvdrsliuy vadinge 1 ndudunadn 9
Tdsum 40 nfunazardi 20 lénend 1 deunn inasluagniadliiiadosusesansyanevinf
iludslildlnisaunuliidndu 10 uifausenemiuasandanlssindetu 0.5 nu wliiu
asnau laluviavisensugagyyinia Iilsetninseamnsviingie 9 (https://www.pholfood

mafia.com/recipe/homemade-furikake)

AN 9 NARAUINISEUIEIMIe N. commune

;. niley wa Inatiun wiudlgy (2560)


https://www.pholfoodmafia.com/recipe/homemade-furikake
https://www.pholfoodmafia.com/recipe/homemade-furikake

31
[] = Y a
n13d1sANNawelavesiuslng

nsdsnnuianelavesiusina Mnrdndueilagnsiwuudsisnuianelaly

nARSMI 100 519
N15AATIEdaYanI1eEan
lagnsldgnsaruiunisaidnasldlusunsy SAS (Statistic Analysis Software)

Wiguiguaaiey wagn1sidgauuningguadig 4 anmsmaaesitn1siuseuliiguaue

nalnwunnis iy Aaslsilad o Tusau nlaloeniu walsiuaes (udu



Ui 4

NAN1SI8LazIR5a]

NSAUBAZNISAALENA2D8198138 N. commune

IMNURAISITUVR

1. NUNLAUFBE1Y d150anUaI 98 N. commune 3NNSISUV IR MUNUNF1UaFU
LAY B NDLULAS Tioneslng USaLLiILiLae YIn1SAULAENITAALENFIDEN
a111918 N. commune IagLAufi1e819@IMIIeUSIASUARINIALTULAE (A nh 10) LAUld

nszUnwanafin iusnulueamall 5-10 esmwaided Uidegrsdadedingu udagniels

NABIaNTIAY INBYIUTNENYE UALVUIAYDUYASAINIIEY AININT 11

M|y

AR 10 usliuslunanazusnuiAusaegsa e Nostoc i 470 494162 2114333

;. nileg wa Inatium wiudlgy (2560)

AR 11 @ mse N. commune fgrundesgansIalanvazadenudes 40X

un: niles wa Inatium wiudlgy (2560)
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wonanfudrluvsnanfeiiudmuainsiesiineng q wu awmsedunaiide dadu
FulFTntennuareInURILlUILLLAY @11518@1T87 Chaetophora sp. Wag Chlorella sp.

LARSDIAIUMAIENAINNITININVDIEN I8 TULLIU L LA

AN 12 @ msednns Batrachospermum sp.

S1UNIUNABIFANTIAY 40X

;. nmileg wa Inatium wiudlg (2560)

il

PELLPLERUREE g e R
L 5 b a) Vo <

Al 13 @ msedllien Chaetophora sp. TusTsusa@

WaENNENEHUNGDI9anTIA 40X

;. nileg wa Inatium wiudlgy (2560)
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o o Y ‘
QL. 3 ; \\\\\\\ e S
Al 14 awwdiden Chlorella sp. anesinundesqanssed 40X

i niley wadantdunt uiudlau (2560)
2, mmam%u‘%qw‘é fadl

21 Aausnaneiusifieliléarsius N commune U3ans 1ng33nns Pick up

cell Technique Taeynfiot1sa1ms1ed1agaedandy §196ae Ethyl alcohol 10% waz

Clorox 5 % uagdsseiindu 2-3 ads quadamsenisldndesganssmi waglivaen

mmamlfzjaéamiwm 1 (uane (trichrome) WaniAssdneems BG-11 gnsuTuusalumin

2

loea vwn 20 faddns nelauasdvianvaeangeelsalyus AMTNLES 40 pmol m’

s Wiuaa 12 9aluasiadu gaumgil 28 + 2 aspnwawded (A i 15)

ldl v v 6 d' 4 v ¢ a 12‘
awn 15 ﬂ'ﬁﬂﬂLLEJﬂ?i']EJWUQLW@FLMﬁWEJWUD: N. commune UIene

1n835n13 Pick up cell technique

;. niley wa Inatium wiudlgy (2560)
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2.2 AawenLagl (Single colony isolation) LiBa1%M318LaTgY UINNVSLFOUUY
91M157UNUDe BG 11am5U5uuse tnedsn1sTnude (Streak plate) isliladelalatifeuay

<3

wiusnwidu stock thunueuiisuiuiiegnsainsie N. commune TISTR 8160 anaaitu
Renemaniwazimalulad (33.) luszauidaldismsisudduivadiugudeyalagandu
IngneansuazmalulaguisUssinalng (37.) waglddnvaenedagivinelunisdtuun
sEAUTnR1N35A1T (Desikachary, 1959) wuin fegraduainsie N. commune lagld
Wnsdigudduadiugiuteyainlduanadugiuteya NCBl wudn dadnuadiendeiu
Nostoc sp. lugnudaya 99% AnaaduinermansuasinaluladuisUsewmealng (7)) wag

Fiadvdinanndiieves Desikachary (1959) Bududuniia N. commune (Amil 16-18)

Awil 16 @ w3 N. commune EeIunovnT Uil BG 11 gnsuiulss

u0: Anlee w.a.Inatiuy wiaudlgy (2560)

N. commune : TISTR 8160 N. commune: MTR uaitnuaiung

AN 17 @wmsie N. commune TISTR 8160 vasannvuddeinedmanswasimalulad

wisUseinealng (33.) ag N. commune waituauas aeH1uNdeeanssal 40X

un: niles wa Inatium wiudlgy (2560)
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@318 N. commune Vouche daduainsnodnniuunuides (blue-green
algae, cyanobacterium) fiflviada (thallus) Viovumelaa (Gelatinous Sheet) sUsenaulu
svozusn Mntureeduuiudnuusfugnedu fdukigudnanmaisrunn SanGuwny
e Aderuenon videdtana fidlentiy uanedenuBangu sufugands Tanuundu
lalatiuagdl Lﬁaﬂﬁaﬁmmzé’aﬁiau (colony mucilaginous or gelatinous globuse or
morphous when young.) Lilounasdidnwaznau (Globus or hollow) Lwadning 4.5-6

lumseu sUs1wadaiedudes (barrel - shape) (Desikachary, 1959)

ANN 18 SEEYNISWAUIYEIEINSIY N. commume

(n) filament szogiduany 40X
(¥) sheath began to invaginate wazﬁLﬁaﬂﬁu 40X way

(m) single colony Teladhien

;. niley wa Inatium wiudlgy (2560)
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a s

2.3 wanswiguitguanduivadiugiudeyainanniuideinemansiag

3

wialulagususznelng (31.) wunaneiug Nostoc sp. fA1AUARIEAGS 99 LUBSITUF
Tnsiaed 165 rRNA (Al 19-21) Faaeapdestunuideveunddl (2558) AnuwUTeulfioy
AULANAI9YBITURUUYDS 16S-rRNA intergenic spacer region (ISR) fuenldann
Acinetobacter baumannii aneviugesuaylaifes1fae3EATeNs S1uau 15 Telwan wuih
A. baumannii 111 15 lelaian flanuadsadeiuiudiduiiandlelndves A baumannii

ATCC 17978 fip 98% wavnuwnunisaulidinuiniswud A baumannii aneugheeaz

v a IS (%

lyifeen fanduianalalnaiumilouiy 98-99% 9ty msﬁﬂtﬂgﬂLLUU%udauaLSuLaﬁLﬂm
Usunaulevae ISR Aegdsiidens envaza unsatluankun A baumannii NNAIFINTIVLUY

seavuatadle

>181106-034_I07_N2_1_27F_16S_CYANO.abl 809
TTGGAGGAGGCTGCGTACAACAGAAGTCGACGGAATCTTAGGATTTAGTG
GCGGACGGGTGAGTAACGCGTGAGAATCTGGCTTCAGGTCGGGGACAACA
GTTGGAAACGACTGCTAATACCGGATGTGCCGAAAGGTAAAAGGCTTGCT
GCCTGAAGATGAGCTCGCGTCTGATTAGCTAGTTGGTGTGGTAAGAGCGC
ACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTC
CGCAATGGGCGAAAGCC TGACGGAGCAATACCGCGTGAGGGAGGAAGGCT
CTTGGGTTGTAAACCTCTTTTCTCAAGGAATAACTCAATGAAGGTACTTG
AGGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGG
ATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCAG
TGTAAGTCTGCTGTCAAAGAATCACGCTCAACGTGATCAAGGCAGTGGAA
ACTACACAGCTAGAGTACGGTCGGGGTAGAAGGAATTCCTGGTGTAGCGG
TGAAATGCGTAGAGATCAGGAAGAACACCGGTGGCGAAAGCGTTCTGCTA
GACCTGTACTGACAC TGAGGGACGAAAGC TAGGGGAGCGAATGGGATTAG
ATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGCGTGGCTTGTA
TCGACCCAGCGGGCCCCAAAACACAAAAAAAAAGAGGATTTTTTTTTTTC
TTCCCCTGG

d' L a o U I
AN 19 NITAALTLIAAULUAYDIANIE N. commune



FYle: N2_I_27F_165_CYANO.adl  Rum Ended: 2018/11/7 20:7:30  Sigmal G:714 A:1343 C:1179 T-849 % .
Sample: N3_I_37F_165_CYANO  Lome: 34  Bozeipocimg- 13322404 509 boze: in 16858 zcom:  Page I of 2

L ] o & b “ o L) "© 100 e 12e
TTYT MA@ A00CTOO TACACAO AAOGTCA A CO0LTCT TAGO TTTAOT 0OCAG COGATO \OT LCACOaTO A0 A TCTOOCTTCLAOTC 0000 '\CAACLOTTOO A AACOACTOCT A AT AC

dl U a o U 1
AN 20 NIFIALTYIAAULUEAYDIANIIE N. commune

8¢



File: N2_1_27F_165_CYANO.eb! Run Ended: 2018/11/7 20:7:50 Signal G:714 A:1345 C:1179 T:549
Sample: N2_1_27F_165_CYANO Lone: ¥ Baze spocing: 15.222404 509 baze: tn 16558 zconz Page 2¢f2

g o o % a0 0 o0 T ™ b B k)
ATGACHA LACOT TCTOCT A0 ACCTAT ACTOACACTOAGGO ACG A A MICT MO 000 \OCA A ATOGG T TAGATACCCCHOT AT CCTAGCOOT A AACAATOO AT ACT AGOCOTOOCTTOT ATCOACOC A O

b ™ b e o
WAl CCCC AL CACAAAAAAAAAGAGOATTTTTTTTITT TCTTOOCCTOO

AR 20 (sl0)

6¢



IUTISTR

TI89URAT A-2562/004 i gudarummnvatenisianm
FIBNUHANTNAFULALIATIENA
Tun
wE@aatiun uiudigy UnAnwannineinisinens umniInerdeusild

nAEaY / Aased Wisuiieudiuiuanugudoya

Bnadeu / Aasied afefidue Waviinudu dvndduaanliouiisuiugudeya
ANEMMAERY / ATV : gungll -

Yuilnasey / Siased 29 manAu 2561

HANSNAGDY / wAsiedd

wneLaY feug Arnuai1ends
(Wedidus) Iwswed
Nostoc sp. 99 165 rRNA
2 Nostoc sp. 99 16s rRNA

Avesou / Tiasizi

ueaUndns ARaNTsUUN

gprandey f@_m?/ \} J'}.szﬂ, o #Fuses

(welaneu 83Asn)

HgnemseudmmaInaneneianin
i 40 w.e. §)

wammageu vie Tinseiil Susomaimziaotne wis memsilésey iy msutlunsoudfeduamiismengrane
mahmenuilvirsen dadeviemahasuisdo Wiesuwdiomssusdodldsuoynmbumednvaldnusanngddms 2.

[uﬁ‘ltm%"'aﬁ k3 wuureuussmel¥uil 24 unsran 2560 FM-BRC-WI-10-02 (In) l

souudspinsmaniuaznalulafuvedsanelne (i)
ad W o Al .a800% 8.RBIMEIS LU albeko
T, (o) o wdoies wooo Inias o ke doos
E - Mail : tistr.or.th Website : www.tistr.or.th

-

Favrim] : Wuasdnitwiszdbondoulud it waw wessimydwinmmand wmalulafuszwianisy

AN 21 S1EURNANSNRARUANRULUAEI S8 N. commune

40
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nsitadelaslddnuaenisdugiuinenlunisdnunsedusiinn1uisnis (Desikachary,

1959)

A 22 dnwaurdg

38

CYANOPHYTA

PLATE 68, Figs, 14,
(afier Feémy): 2. N. sponpisforme v. B’
Suchier, geemiing. (iier Geder); 4. 3 digronporiy o

I
e
d
E"

Daeniin [ o Noww bolen
* Cnone wrden @ w0 N emamne Koo

18 Mester oomemems Vigidar @ Paa @ Pk
\’-M.I!—Qhw‘-d-u.‘l'ﬂ.ﬁ M g ) (eeled,
1889 ; Darnes o Madasi, X e M e 00, 1.
Pard bs D Tond, Mi-ﬂﬂ.!ﬂ!;l'ﬂa’_ﬂmfﬁ.m

. 1929, Cailer, #), g, 394,397,
e ’g’:ﬁ-m.m.ﬂ g AT

i

- N Despionem Tallor, Aigne collonmad o Avvacns o, ). Asac S,
Iu'l.ﬂ:l’l.llﬂ-;mil.-lﬂ,um

o bladens Mace .Mm.——wh s s
of & ek, Chinglepen [ 1) Ladoew in Fabisan A, ).

Lieniln (1938, p. 613) bncheden dhin i 5 5 ]
Dl

YINYIVBIANIE N. commune (Desikachary, 1959)
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3. madfiunaamens maedsddansdauiag BG-11 (Stanier et al,, 1971) Tu
sUonIuds lunvuzwanadinvunn 300 fiadans Inemsnaaeutadefetestunisiady
UeUsEns feil

3.1 Jaduuas wansissuifisunisasyiaulavesansieniglanasduniiey
LaFUAIIINNADANA AN DBLTALYUA Imaé’mﬂqmmaaqmiLﬁyaqmEﬂé}’mimuamumﬁmn
2U1A 90 pmol m? s LazuasduasuuIn 30 pmol m? s AnwiUSeuiisunsiasgiaule

Tngn1sdedminuiaiolSeuisun1sasyAule nan1svaaes Al

USunausnvisinusis

Usinanihminudsildannnisimngidesamsng N, commune Tuszuudnnelduasd
9712 (W) wazuasduns (R) wuin a9nnsiveiassansne N. commune aelduasdunnil
Usinanimiinuwisgedign fo 0.0173 + 0.0021 (n¥u/4u/dns) ieisuifisuiumsimizides

AelALEIELAS (NN 23)

USUUUAU NI
0.025

0.02

0.015

0.01

0.005

.

W R

= a § o v oy & ,
Al 23 USunaulminuwimailaannnsinnglaesansie N. commune

L =) =] U U a
nelauasdunilazuasdileg (NIN/IW/ERT)
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BNTIATIZRRUAIMILATUINTEUIIY N. commune

1. WsAU MTIAs1eilushumeds Lowry’s method (Lowry et al., 1951)

1@et19amsne N. commune 1 mg wisl 0.1N NaOH 1anugou 100 °C fsl47
gauniivies 19 1 ml. 1Aua15UsENBY reagent 2% Na,COs 1% CuSO, kag 2% Sodium
potassium tartrate 1 ml. 79l 10wt 1fia Folin lwguaziialy 30-60 wiit Yarrn1sganu

Wl 660 nm. WIBUMBUAUAININTEIU HARININT 24

AR 24 NFIATIEAUSAU

;. nmleg wa deatun winudlay (2561)

2. billalgegniiu n1siiesenilnlalegiuusanslngds Boussiba and Richmond
(1979) lnan1s@in Phycocyanin (Phycocycyaninextraction technologies) nisarinllale
919U laun1sinaInsie 40 mg MEINSINZED 25 Su iy phosphate buffer pH 7 47u7u
10 ml. ﬁalﬂué’lﬁu 24 713 Centrifugation 7 35000 rmp 10 °C 5 unt Tulaleenfiu Az
annznausgfifunasn 14 Spectrophotometrically AnueAduil 620 uilumns 19 buffer

\Ju blank FwimAlaewnuATiugns Hadanmi 25

A620x(10)(100)

gn3AwIn % pure C - Phycocyanin =
7.3x (mg sample.) x (%dry weight)



aq

Al 25 msiasizilnlaleeniuuians

;. nmiles wa Ienatun winudiay (2561)

3. wAlSTUBYR NN5ILASIEAUSUNMLALSAUBYS (KMUTT, 2001)

a a ¢ PN I
AN 26 N1FAAT S‘WLLﬂITVI‘L!@EJﬁ

;. nmiles wa eatun wiaudiay (2561)

4. @aplsiaa NMIATIZAaBLSNAA (a way U Lnedd dmvi (2551)

AR 27 NSIASIEYRaslsilas (a way U

wn: nmiles wa Ieatiun widudiay (2561)
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n1snaassinenavasladenisinizidenanisiasey

V911318 N. commune

1. NMINAaodAneINaveIdadenasduIiuasLasdunnInoni1sLa3QuadaIniny
N. commune luanmgiiinmaiuasomnslulasiau (NaNos) wazliiii

nsnnassdieuiisunsinedunasdunuasiasdvivesamsig N.commune lu
pnswlae 4 wuAniadevinuiwesamieluannuasdunsdagnitluaniizuadd
y1uaziiAgianlue1msfiiu NaNo, uag sodium alginate f1 0.070333 + 0.017474 uag

sgalunasdviiia NaNo, fd1 0.014333 + 0.008622 fladn3u/n3u

0.1

0.08

006 -
0.0 |
“ 01 &
] I 2 B
NAR NR AR NOR

o

(me/e DW)
=9

(%]

NAW NW AW NOW

a 3 o v a o ~ a & = =
AN 28  LLEAIANULINAUNLIANREAY (NTN) L‘UﬁEJ'UW]EJUﬂ']ﬁLa‘ENIULLﬁQﬁLLWQLLagLLa\‘iaGU’]'J

YIEUIIE N. commune Tuamsviinging o

2. NMSNAABNANWINAYRIUATELEIAVILALLAIF AR oA T WAl e Tuluanse

N. commune
Usunaulwlalognfiuuians

miﬁﬂmﬂ%u'1mms"LWIﬂlszimﬁuu%ajm'émamimwLgmmwﬁw N. commune
meldnasdaninaziasduns lnedsas1sduaz inamsaiualasinleines (Saranraj et al,
2013) wuin msinziaessamsglussuulalaenisliuas LED Auns dawaliiiusinadeay
arslulaleeniuuians Ae fevar 1.31 = 0.02 JefiAngeniiuasdun (Gesay 2.51 + 0.02)
donadnsiu Colla et al. (2007) finuin wasdunsdinaviliusunalnlaloeduanas 16% us

ANUUTANSNAUNLTUDS 33% WWoBUiuLasdund (19 29 115199 1)
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Tlalwenfiuusagns

1.4

-

1.2

(%)

I3

§ @
ILYUR

LUa

1.1

W R

amuil 29 Wesdudaslilalgefuusansanmsiniziaesainsia N. commune

MlALAIFUIILASLEIF LA

A5 1 USunaansiwlaleedunlaannnisiniziaesd@nsie N. commune Ael@waad

YTILASLEAIELAS
LENINNADA NC Dry %Pure %Crude
Welg LED weight(g./day/Lit) Phycocyanin Phycocyanin
TGCEGRRY) 0.0173 + 0.0021 251 +0.02 1.16 £ 0.01
WAELAY 0.0043 + 0.0004 2.82 +£0.04 1.31 +0.02

3. NSNARRIANYINAYeIUdBLAIEV LA LASELAIRBUS LAl NIUD ALY
aws1e N. commune luanmsfidnsiiunayliidia NaNO,

nsAnuUsInamelsiivessannnisneiaesamsne N. commune nelduasdung
(Hesanuanisfinvinsiaiyvesasduaaiinitwasden wagldinsdusunaluuasdung
100 pmol m2 s'¢e) wuin Mamziassamsslussuudalagnisliuas LED duns 30

pmol m?s™ $3ufunIsiAY NaNOs denalvluSunaualsiiueungeiign fe 1.428 + 0.24

1%
[ 1 o o

Jaansunensy (U

o w [

MUALIAY) FILAULANA1INISaTRARE I TBE Ay UNTIUITOU 9 uay
HANAADUEUTUNALUTUNEULEIEV1ILAZLEIELAT 100 pmol m2s T wuan wasdvn?
(0.270 + 0.04 fadnsumensy) dawalsAuesanininlulasdiLag (0.397 + 0.08 fadnsume

n%10) (WAl 30; 51991 2)



)

t%

TaanSUABNSY (UNVInNLT

walsuasn
2.00
1.50 §
1.00 %
%
0.50 % % %
S S S\ § aﬁ\ N & ]_I_‘

C10 C20 C30 C90 C100 C120 CNR30  CNW100

R W

o X ~ cay v & |
AN 30 USUeuashAlsAuasanlaannNISINIZLag9@InsIe N. commune

L = =
Melauasdvny Lavuasdueg

= a = caln v P ] o a
AN 2 Uﬁﬂqmﬁ’ﬁuﬂiimuaﬂﬂmlﬂﬂ’]ﬂﬂ']iLW']gLaEJQa’]Wﬁ’]EJ N. commune ﬂ"IEJFLG]LLﬂQﬁ

a7

V1AL UAIFUA

USUNUAMULTULES Usunauualsiiuasn

pmol m2s™ fiadnSusiandy (hainuv)
C10 0.070% + 0.02

C20 0.056% + 0.03

C30 0.185“ + 0.04

C90 0.357°+ 0.13

C100 0.397° + 0.08

C120 0.195“ + 0.02

CNR30 1.428% + 0.24

CNW100 0.270% + 0.04
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4. NINAREINISIIIELABIaMINE N commune aeldudsdvninasuacdung
Jrufuansennslulasiueiinging q Msinzdesaming N commune Aeliuasdunnas
WadLAISINAU Nitrogen with sodium alginate (NA), Nitrogen (N), Non Nitrogen plus
sodium alginate (WNoA) iag Non Nitrogen and non sodium alginate (WNo)

nanhainusteiildannsinsideense N. commune nelduasdvuasuas
AuRe39uAU Nitrogen with sodium alginate 0.25% (NA), Nitrogen (N), non nitrogen plus
sodium alginate 0.25% (WNoA), kg non nitrogen and non sodium alginate 0.25%
(WNo) WU31 n1siwziaesannsne N commune ael@uasdunasauiu Nitrogen with
sodium alginate 0.25% (NA) dsnalviivsuiaimdnuiageiian e 0.070 £ 0.017 nu
S09A9UNAD NSINNZIABIEMIY N commune nelduasdungiuiy Nitrogen (N) wag
non nitrogen plus sodium alginate 0.25% (WNoA) Faiusunaniminusis 0.049 + 0.035

a o (Y

waz 0.052 + 0.012 NSU AIUAINU FILAMUBLANANNIIEDRBE LT AR UAUNITENIZLALS

o

a918 N. commune agldnasdunsiudu Nitrogen with sodium alginate 0.25% (NA),
Nitrogen (N), non nitrogen plus sodium alginate 0.25% (WNoA) &g non nitrogen and

non sodium alginate 0.25% (WNo) &s@anndesiuiuideanudnuyal Wagend (2557) wui

9

nsineligsamIgliiu (Nostoc) wagaeu (Nostochopsis) luemvsinaigns BG11 gns

[ (3

YFulsannaulaiendadun (Na alginate) 0.25-0.5 WWasidus d8ns1n1siasayanan (nnd

31; A15797 3)
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USUNUUATINILIAS
0.1
0.08
- 0.06
'€ 004 7
. / .
0.02 ééé ééé
0 -:i: e l %
Nitrogen with Nitrogen (N) ~ Non Nitrogen plus Non Nitrogen and
sodium alginate sodium alginate non sodium alginate
0.25% (WNoA) 0.25% (WNoA)

0.25% (NA)

Ow #R

A a H o Y A v By’ '
AN 31 USuavinemanlaannnIsmngiagad@nsie N. commune

MlALAIEUIILAZ LALLM

a a - o Y ay vy & ] Y =
A1919N 3 Uiﬂ,ﬂmuWi"LmLLW‘Vﬂ(ﬂﬁﬂﬂﬂ’]iLWWzLaﬂﬂﬁ’mﬂEJ N. commune ﬂ’lEJFLGILLmﬂ“UTJ

WAZUAIALAS
wasdv12 WASELAS
Nitrogen with sodium alginate 0.25% (NA) 0.025°+ 0.005 0.070% + 0.017
Nitrogen (N) 0.037°+ 0.020  0.049* + 0.035
non nitrogen plus sodium alginate 0.25% 0.014° 0.009  0.052°*° + 0.012

(WNoA)

non nitrogen and non sodium alginate 0.25%  0.013“+ 0.006  0.036™ + 0.012
(WNo)
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5. MInaaedfnuinavesdadunas LED AunsdanmuaIniIalavuin1saInsie
N.commune

¢ 1

N1531ATLAAUAMILATUINTENIIY N. commune
NFIATIERAMAMITATUINITANIIE N. commune agyiNTIAmTenUIuIaEns
Inlalegdu Usunalushiu Usunaualsiuesa Usunumaslsilad (Chlorophyll (o wag 0)

wazUSunadluwmsn

nan1saziUsInaEnsinlaleenduiildanmsmisidesamsie N. commune
Tuszuvlalaenislvings LED dunssaununisliifuuaziia NaNO,

d1sinlalyeniiy

nsAnuUsnaasiilalesiuainnsmnzdesaniie N. commune lussuule
Tagnslrias LED dunsuSuimualnuduuas 10, 20, 30, 90, 100 Lar120 umol m2s™
Jaufunsldiiunaziin NaNO, Wuszegian 21 Yu lneisadreduaTnasealalnsluls
Hwo3 (Saranraj et al., 2013) WU Mangdssamseluszuudalnenislias LED Suns
TudSuraimnudunas 10 pmol m?s?t sauiunisiiid NaNO; dswalriiusunusesasvosans

uilalweniugeiian Ao Jouaz 7.004 + 0.22 (1wdl 32; Ans1sii 4)

ansllalogduuians

nsfnvIUiinuansinlalsenfuuigviannisnsdesamie N, commune Tu
svuuTnlaensTviuas LED Aunsetnafien (HosainuanisAinwinisiadyveuasduasiings
wared@w17) TuuSunuauLtuLas 10, 20, 30, 90, 100 wag 120 pmol m?s? saufunisluif
wazid NaNOs Wuszezinan 21 Tu lneifaseduarTnrmeaualasiilniines (Saranraj
et al., 2013) nui1 mstmziaesamsesluszuulalaonisiiuas LED Auaslud3unaaiy
Wawaa 10 pmol m?s? sauiun1suin NaNO; danaliiusunandesidusansinlaloenily

UIgNSgaiign Ao Seway 3.147 = 0.16 (N9 32; 113199 4)
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Lfsm =l
C100 C120
[I] PPNitrate+N

AW 32 USunauasniaenuas LED Lasdunesiunisldifiuiagidu NaNoO,

saUsuaanstilaloedu

15197 4 USunauasannviaenuas LED wasdunasiunishiifuiazifiy NaNO; siouSun

Wesdwiashilaleenduuazivesidudiasinlaloeniuuians

USNIUAMUTULES % crude C-phycoyanin % pure C-phycoyanin

pmol m? st CPNitrate-N  CPNitrate+N PPNitrate-N  PPNitrate+N
C10 2.732 + 0.3 7.004 + 0.22 1.152 + 0.34  3.147 + 0.16
C20 2.179 + 0.15 2918 + 0.21 0.946 + 0.16 1.183 = 0.36
C30 2374 +0.08 2.196 + 0.22 1.046 + 0.12 0973+ 0.16
90 0.865 + 0.01 1.667 +0.17 0.394 + 0.02 0.769 + 0.08
C100 0.782 + 0.09 1.194 + 0.04 0.355 + 0.05 0.528 + 0.06
€120 0.994 + 0.05 1.651 + 0.05 0.455 + 0.03 0.728 + 0.08

Y

LEMISLYZ19 Il

ALLTDIU 95 %

ANWYTIUBLALUIUBULA BN UL T U TUTAMULANANAUNI9EDRNS

[y

ANY]
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nanSIATTRUSInalUsAuildannsmisaesavsne N. commune luszuulalag
A151ALEe LED unesaununshiifuuaziin NaNO,
nsAnwUSInaUSInalUsAuannsIEesE e N. commune luszuulalag
nsliuas LED dune agnaifien (fosannuanisinsnisiasyueuasduneinitwasdvn) lu
USHaUAMULTULEELALYINAY 10, 20, 30, 90, 100 wag 120 umol m?s? saudunslilfa
LazLiy NaNO, Wuszozian 21 Fu wuin mswneiassanielusyuudalaenisliuas LED
AuadluuSunamnuaulas 20 umol m2st sauiunisiid NaNO; dwnalriiusunalusiulu

o w

amsngaafign Ae 529.41 = 14.10 NadnTusiedns Fellmnuunnsanisained1aiitedfry

o

Y} & ] aaa =i =
funsmztassamIglunssuisou o (1w 33; #15759 5)

USuaulusau
600 -

500 4

a

UAANIUNDARNT

300 A

a o

200 4

a

100 4

10 20 30 9

[ NO

(]
=

AR 33 USHNAULEIRINUa0ALES LED Lasdunssiunsiiifuiaziiia NaNoO,

faUsSIUlUTAU



AN5199 5 AuSunalusAuluannsie N. commune Tussuulalnenisiiwas LED duwna

saufunsldiAunaziin NaNOs;

53

USUIUANULTULES

pmol m?s™

135l NaNO,

(Haansunoans)

i NaNO,

(HaansSunoans)

C10
C20
C30
C90
C100
C120

126.81% + 6.21
143.38% + 14.74
154.46% + 15.23
112.11%" + 12.77
98.77" + 7.68
116.91™ + 12.79

204.31° + 8.40
529.41% + 14.10
361.96° + 10.79
200.59¢ + 17.80
162.25% + 13.68
173.92° + 16.62

LY

wnewme  adneslukniuuaumeInuimiiouiy ludanuuanaeiunieeaia

NILAUANUTDIU 95%

a ¢ = saiv v =1 ' a
Naﬂ’]i’)Lﬂiﬂ31/]‘1.'%&’1mLLﬂIﬁ‘VI‘HE]ﬂﬂﬂlﬂﬁnﬂﬂﬂﬂwq&a&lﬂﬁqﬁ‘ﬂEJ N. commune 1usz‘umlﬂ

Taen1slvings LED dunssaununisludifuuaziiy NaNo,

ASANIUSUIULALSAUBENINNNITENLLAEEINSY N. commune TuszuuTalag

n19lilas LED Aund9819hen (11e991nnan1sAnen15iasuouasdunsiniiiasde) Tu

USUNUAILLTNLES 10, 20, 30, 90, 100 wag 120 pmol m?st squdunsiuifuuagiiu

NaNO, tuszeziian 21 Fu wuin Msungdesanusislussuulnlagnisiiuas LED dundlu

USUIUALLTNLES 10, 20 wag 30 pumol m?s! sauAunIsifin NaNO; dealidiusunauals

o

ﬁuaaﬁqﬂﬁqm D 1.04 + 0.19, 1.03 + 0.02 waz 0.95 + 0.04 JadnSuronsy (Mt 39

)~ ] aa 1 A w o ) & ] aad a
UANULLANA NN WEANAD YU UL AALY ‘Uﬂ']iL‘W']gLaUqaqwiquIUﬂiiujﬁ@u i (1N 34;

MNS19N 6)



54

LAlsAuaen

14

)

2ol N \ \ X
; 0.6 % \ \ 3 §
I\ I\ I\

[INO g N

A 34 USunauuasannviaenias LED waedunesiunisluiduiazifis NaNO,

faUSuauwAlsiuasn

AN519N 6 USuauuAlsiiuasnnlaainnsmnziassannsie N. commune tuszuulalag

NISLIALES LED @uaesiudunisliiisuazifia NaNO;

USUIUAULTULLES 138l NaNO, 1 NaNO,
pmol m?s™! fiadnSusanda winudte) fiadnSusiandy (hinuve)
C10 0.26° + 0.03 1.04% + 0.19
C20 0.25% + 0.02 1.03% + 0.02
C30 0.35% + 0.11 0.95% + 0.04
C90 0.33% + 0.03 0.62° + 0.03
C100 0.43% + 0.02 0.79° + 0.15
C120 0.31% + 0.03 0.77° + 0.03

Y LY

wnewms  dasnestuknikuiusufedfulmloudu lliaauwans1aiunadfnseau

AMULTDLU 95%
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nsnaassfnunavastlaseuasanaslsilad o luauite N. commune Tuan1aziia
nsldiunaziiia NaNo,

nsfnwUSinunaslsiiad @ anmsngassamse N commune Tuszuudalag
nsliuas LED dune agnaifien (fosannuanisinunsiasyueuasduneinitwasdvn) lu
USuaumnuuwas 10, 20, 30, 90, 100 way 120 pumol m?st saudunsiiutaz liudu
NaNO, uszeziaan 21 Yu wuit mswnsidesamislussuuTnlaonisiiueas LED aunsly
USnauaandiuuas 20 umol m? s s3ufiun1siiu NaNO; deralvidliusunamaslsilas o aq

d‘ =) a a U 1 a d! a 1 aa 1 a
Ygn Ao 0.91 £ 0.16 UAANIUABANT TIUAIIULANANNNADABYINUUYFIAYNUNITLNITLAYS

awaelunssuasou o (i 35; 19199 7)

AavlsNaa (@

X \ s

T e 8

Zg . - “m\ - § :Ef& = % 1N
Axis Title

A 35 USunauasannuasnuas LED wasdilaesiunishiuuazify NaNO,

saUsunuAaslsias @
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5199 7 USuuraslsilad o Aleainmsingidesavisieg N. commune Tussuulalag

NMSALES LED @unasiuiunisldiduuagiis NaNOs

USunauautdunes Tsiviiu NaNO, LAY NaNO;
pmol m?s™ (Hadn3unoans) (Haansurodns)
C10 0.21° + 0.18 0.20° + 0.17
C20 0.49° + 0.05 0.91% + 0.16
C30 0.45° + 0.14 0.55° + 0.05
C90 0.42°° + 0.19 0.34° + 0.12
C100 0.40° + 0.18 0.39° + 0.03
C120 0.30° + 0.21 0.30° + 0.14

v [y

wnewms  dasnestusalwiusufgfuiliuiliouiu tuliauuanaeiunisadfinsssiu

AMULTDLU 95%

¢ A

nsnaassfnunavastlaseuaanaslsilad 7 luawsie N. commune luannaziia
MsludiRunaziiia NaNO,

nsAnwUSunanaelsilad 7 anmsinsiaesamsie N. commune lussuulalag
nsliiuas LED Aunsagnufen (Hesninnanisfinwinisadyveadunsiniiuasdend) lu
USUIUAULTULEAS 10, 20, 30, 90, 100 kay 120 pmol m?2 st saudunisluifutaziiy
NaNO; Wuszezinan 21 Su wuin msiwzdesanseluszuudalngnisliuas LED dundly
USunaunuiduues 20 pmol m?s™ sauiun1slaliiin NaNO; dawalviliusunamaslsilad Jas
flgn #o 0.43 + 0.03 fadn3usiodng Faflauuandnansadifossiideddyfumaimizides
amselasnisliies LED duasludSunauanuiduuas 10 100 umol m?st saununishuldu
NaNO; wagnstnias LED duasluusunaimiuiduuas 10, 30, 90 wag 120 umol m2s™
$2fUN15LRL NaNO, nsnuUSunanasisilad T Fsamsie N. commune Huamsned
FeunuiFuiiaylifnaclsiiad 7 a1nnsianalsuueaslsilag 7 iesanidusisuniu
911 Protein complex 1wu ullalwenduluamse ensiainrnisgandunadudisaduuas
71 470- 650 wlwuns MM IaUSinauaaslsilad ”Luﬁn"gqmsgmﬁuumﬁmmmmﬁu 645

WAL 663 UluAT YlinsanuusunaUsunanaslsilaa U Tuusuiuites J9dennandnu

9398084 (Rusckowski and Zilinskas, 1980) (mwﬁ 36; A15797 8)
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g
§ e )
N § IR [ EAAR
3-3§ % - ::% §
% 1-1% ] BN
Z-Z% \\\s j-j\ ;:% §
'31§ 313§ :2% 'E% 1:1§
0 20 30 90 100 120
FINO g N

AR 36 USunauuasanurasnuas LED wasdilaasiunishiiuuazifa NaNO,

faUSunumaslsiaa U

A5 8 USumraslsilad 7 Aleainnisungdesavisie N. commune Tussuudalag

NISLIALES LED @uaesiudunisliidsuasifia NaNO;

USUUAULTULES T3ifin NaNO, bl NaNO,

pmol m2s™ (Haansunoans) (Haansunodns)
C10 0.21° + 0.07 0.13 + 0.06

C20 0.43% + 0.03 0.33%° + 0.01

C30 0.31% + 0.08 0.26° + 0.05

C90 0.30% + 0.13 0.24° + 0.10

C100 0.24° + 0.08 0.21° + 0.01

C120 0.30% + 0.09 0.20™ + 0.06

vinovn  fdneslukaruuiveuideatudiindeoudu T dad1uunnn19funieaia

o
N3

[y

LAUAULTBLUY 95%
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n13ns9ANUUARRfEA1uaunIdluamsy N. commune

a1y N. commune filéimzidsslunisaivauszvunuuaniazdaldings
psvaeuaEUaensedienisiluiinzdnisuuiiouqdunis Total bacteria uas
Coliform bacteria luseg11uaze1msanamiteusanen iosanamsgusanoaiiy
amefiannsauusenuldlaensaieilunyssuludnuagsine q Issndudesiinigi
amirelunsatandedvesgdunisfvuiovluamiteneudinziiluuilan 1o
nsuIngmaninsunndlainuauinsgiudimiunisuilon lngamsiegninbiduems

NSDUUSLAA (AN51991 9)

M50 9 WINTFINEMSUNMTUTINANTUING AR NITLNNE

Frurudiny
FuIugAUNIE CFU/NSY Woendn 1 x 10°
Fuuddn CFU/NSY $p8n31 1,000
U CFU/N3Y 198N 500
Fscherichia coli MPN/n33 Wosndn 100
Staphylococcus aureus CFU/n3u #ana1 100
Salmonella spp. /25 N5y Taiwu
Listeria monocytogenes /25 N5 laiwu

a

MnmaiamsefimzdeslussuuiRnsluasamauaugaunie Sad uage
WU Msieiasenelduasdung waz nsmnziassnfelduasden wudn MswiEes
Aelauasdine 491u2u Total bacteria 1.57x108 CFU/ml Total Coliform fagn3n 3.0
Total Yeast and Mold 1.88 x107 (CFU/mU) wazlswumsuiouwes E.coli (M3t 11) Tu
d1u709n15M121a89n18lduasdvnr wuindsiuau Total bacteria 1.03 x108 CFU/m
Total Coliform 111An41 1,100 Total Yeast and Mold 2.18 x10° (CFU/ml) waglainwuns

TJUL%E]WUBJ E. coli (mimﬁ 10)



a

M990 10 WANINTIAUTHIAUNTEIULL

[

&

Youluansng N. commune
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AU UDERNDA Total Total Total Yeast and (E.coli)
bacteria Coliform  Mold (CFU/mU)
(CFU/ml)
WaNALA 1.57x10° <3.0 1.88 x10’ Tainu
Wwagdv? 1.03 x10° >1,100 2.18 x10° Tainu
AnsgIuivualifiy - < 1x 10° < 100 < 500 Tus

<1 x 10° Tudas

AN 37 wuadisennuludiegne N. commune wasd@nag (n) wuaiseAnulusgn

N. commune Wwasdu17 (1)

;. amiles wadeatun winudiay (2561)

LAy Total fecal coliforms bacteria (E. coli)

;. amiles wadnatun widudiay (2561)
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AN 39 Badunarsiinuludiegne N. commune waadng

;. amiles wadnatun winudlaw (2561)

a

Tunsuiainsie N. commune Tvihndadausiomsaziinnsinluauiigamai 60 C°

Y

Wuan 24 719 nautluvindnsusiiemnuvasasiudnasanta
< a 1
A15A5AANSUUNEIUESIE N. commune

1. MInnvieseilulasdany

N139133931A3 e llAsTaRuAI8Yn The Quantiplate TM Microcystin Kit (EP 022)
n1sineLassaInIe Nostoc nelinisniuguilade lavildiAalulasdafu uagaimii
fhogsamieingnglindoanssminnnszeglunsitssamnglinulalastaiu Telald
fnsnsaniesgililasdaiu widahisas guuadl 15 - 30 ssenwaidoa pH 69 uaz
widsthiinsuidouresansormsdmanlumsn uazveamn Usinaann dslun1smaaos
desamhednanuauiadelunismzdes wu mslveendiauluemamizsdesamineg
nsiAsueadssEmenn 7 fu uaznniuhiesameiemgaeldindesgansaend
nnsverlumadssamielinululasdaiu Fwaenndasiunansidevesaivszn wazaus
(2557) Fmsanlinvansfislulasdafuluamsne Nostoc sp. ynlelaaniinuniesdy
RNIRIEHRE

2. MInTnsenvsnalunsaanaslugvsie

2.1 wanmsnreiuTinalunsmitldanniawisdesamate N. commune lu

syuulUnalaen1siolas LED dumssiununisliifunazifiy NaNO;
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nsAnUsInalumsaaInMssEssansie N commune Tussuulalag
nsliiuas LED Aumsagnufen (Hesninnanisfinwinisadyveadunsiniiuasdnd) lu
USHauAULUNWES 10, 20, 30, 90, 100 way 120 pmol m? st saudunisiuifuasLiu
NaNO, 1fuszeziian 21 Yu wuin mswnzidesamsslussuulalnenislduas LED Aundly
Umnaaanduuas 120 pmol m?s™ saufutiia NaNO, dssalsifiuiunalunsngsiian fe
29.4 + 47.20 §aanSunoans ?jqﬁmmLmnmqmqaﬁaas}wﬁﬁaﬁwﬁzyjﬁ’umil,wwLgﬂﬂaméﬂa
Tunssudsdu 9 warnsinziesaniielaenisiin NaNO, Usunas 25 ndusedns nuin
U1na NaNO; fidluiiteriinnnrmislagunnisvesamsne BiAudunnsgiu EU il
1psgIuveslulam 7 199 - 2,500 ppm. wazduidouluemslaiiu 2,500 Jadndu/Alandy
dmdulsumalneanuszmanseniansisagy adudl 281 wa. 2507 fvualiiAuasgu

a1sanAnvadbumseliiiu 3,000 Sadnsu/Alansy (Mg 41; 15197 11)

Ysunaulumse
40
ng 35
(@ 30 2
_g 25 §
20
= N
«g . i 3 %
NS S NS\ R\

CNO ®N

i 40 USualumseandiunazliidiy NaNO; melaan1izuasdiiea
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A15199 11 YSualumse Aleainnisngtdssannsie N. commune Tussuudalaenishi

wels LED dwnsesaununislaiiuuagzifs NaNOs

USRI UTULES Tsiviiu NaNO, LU NaNO;

pmol m?s™ (Haansunodns) (Haansunodng)
C10 4.79°¢ + 1.23 6.74° + 2.30
C20 1.64° + 1.24 7.55° + 371
C30 4.09° +1.64 15.04° + 12.62
C90 9.44" + 6.04 7.05° + 4.92
C100 3.03° + 1.04 4.16° + 3.90
C120 3.84 + 0.58 29.4% + 47.20

Y [y

wnewme  dasnustusnikuiusuisIfululiounu tlulauuanaeiunisadnnsesiu

AMULTDLU 95%

dNSwavasudIaInvaan LED §une saununislitfunaziiy NaNoO, fadvisne
N. commune

dasnamsiesiinidl heterocyst dufeadestupuansnsalumsnsslulnsauld
ensrunavesnmsiusazldiuaisenmislulasiause heterocyst Seldnamsagludne
aNYUEUIINHALAIENARIFaNITANUBLAAATOU WUUADBINIIA (Scanning electron
ricroscope : SEM) nuin fidsmanonisadns heterocyst unnsnafiuuds ludiuvesdnuae
nduianandnanuansnafiudie Tnensiasamsiedienisdiy NaNos ssiididendudneas
deduifaneu drunsideadenisliliiin NaNO, Snnsade heterocyst sauausnn Saden

an anwauziiladula Yy adneead (i 41)
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n U
AT 41 @5 N. commune MTR @nlagsiigamsiay NaNos (n)

wag lailfu NaNos (v) Silledudanunnaneiy

NSLA89ENIE N. commune fagnsiankaylailiy NaNO; TudruveInandnuwiis

ANWULNFNUADAN WS RIFUEAYDIFTININY

AMNA 42 @58 N. commune MTR (R) WALLE89A891M5LAN NaNO;

n v

way (v) NaNdRLRARI15lAL NaNO;

nsdBAIMEIDE1UTIA MY N, commune MTR wiituluns drendosqansan
Blannsou WUUEDINIIA (Scanning electron microscope : SEM) kaaslAlAUALLANATS
izijmimwLgmé’wmmsgmﬁtﬁu NaNO, wazliiis NaNO, wuidin1simnzidede
grsTilaiiy NaNO, vilsidnisasraewmelsdad (heterocyst) Suruunniiieldlun1snss

U & a [

lulnsiau Jsaenadestunuidevesiudnieg uazane (2555) AdnvinsuTINguoswad
iewnelsdaduedlseluuuadiFeanssiug Nostoc sp. TUBTO1 waz TUBT02 fidedlueimis
gnsfifimnadudures NaNO; 3 niudedns wuinlifinnsusingueawadiamelsdadiay
dosnluannedflulnsaufomeleslusuafiFerns 2 aeiuslidosaiasadiomels

Fadioldlun1sesdulasiau wiluansermsnladlulasiaulesluwuaiseazasrvead
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wwmelstadiiedislunisasslulasiau wazgiluldlunmsesydule Jeenadunaliaisns

NSLSQYAUTRTLINIZLINNIT (AN 43-45)

15kU #Z2.088 18kn 200088

a ! i v v fa & !
AMNN 43 @518 N. commune MTR ﬂ']ﬁﬂaﬂﬂaaﬂﬂa'ﬂiﬁﬂu@Laﬂmi@uLL‘UUaaﬂﬂiqﬂ

;. niley wa Inatium wiudlg (2561)

=
3

15U KZ.8808

A

AR 44 @ mse N. commune MTR 1&g9a2801913 bty NaNO; vilwdinsasi
heterocyst $ruusndadumaaiimunnieluiiioulesd nitrogenase

Jueuledndliiensslulnsiauudaswdu NH; w50 NH,"
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MR 15kU ReeBoaf 1Bem GO0 6 B
Y y

AN 45 @518 N. commune MTR Lag9a1881915663 NaNO;

;. nileg waInntiun wiludlgy (2561)

o]

1He9R8a1mslaiin NaNO;

LA89A281%I5LAY NaNO;
AN 46 @ sy N. commune MTR 1890891915601 NaNO; wazlaiiiu NaNO;

in15a379 heterocyst NuANEAY A8HIUNEDIRANTIAL 40X

;. niley wa Inatiun wiudlgy (2561)
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INTwavesUsunauANNITULEIINTaan LED wasdunesaunisidifuuaziiy NaNoO; s
USumiingauazstmiinuieuasamig N. commune MTR
Wisuisun1sasiulavesdansie N. commune MTR arglauasduninaguasd
N Ima%’msqﬂmamﬂ’m?:mé’uEqummiﬂ%'Uﬂqqmﬂ BG - 11 @nsanuUas (Stanier et al,,
1971) luguomsuds lunargugnanafinvua 300 fiddns aneldnisaruauuasduns vuie
40 lulaslua/mnsnauns/Aui wazuasdunsuun 30 lulaslua/msiauns/Aud 31w 3
41 mamzdsndung 30 fu iuismandslasnsldteuyauiiania miminan
wagtninuie Inenisouamiedigungd 50 esensadoa (Huaan 1 42Tua Fil
thamse uidsangliuasdumuazuasdung 2 In1smeaes gansvaassas 3 41 tagld
ansomstneiu Anvndisufsunisiaiydvle lasnstaimdnuiaiewIsuiie

NSLS AUl

Usinashwiinan

Tunsiramine N. commune MTR smneidsslussuutalaenisliiueas LED duns
ag1ufien (Hewinuanisfinwinmsiasyveuasdunsiniiuadvn) Tuusuuauduuas
10, 20 30, 90, 100 wag 120 umol m?s™* SaufunislaiAnuaziis NaNOs Wuszeziian 21
$u Wit MsgiEesEmsne N, commune MTR lusyuuTalagnislduas LED lud3una
ANALTULES 120 umol m%s ! sauAunslaliin NaNO; dawaiﬁﬁﬂ%mmﬁmﬁﬂaﬂqqqﬂ Ao
100.55 + 48.47 AU 5898931 N15bALaS LED dunsluuSuauainuiduuas 100 wag 90
umol m? s sauAunsladifia NaNO, Susinaimidngn 74.48 + 43.90 was 68.31 + 31.26
n%u Feflnuumnsnameatinegadifud A funsinzdesanselussuulalnensliues
LED duasluuSunaumnuiduuas 10, 20 wag 30 umol m?s? saudun1sliiiu NaNO; uay
10, 20, 30, 90 100 kag 120 pmol m?s? sauAunIstaztay NaNO; @ennasdnuiTuifeved
fusinfiug wavany (2555) ineifiesamine Nostoc sp. lugnsonmsiilifilulasiau leelu
wuafiSsavaavadiamelsdadifiorelunsesslulasiau wazihluldlunsedyiuln 3
o dunaliia1dnsinisiasiiuladunizuinnituaraenadaeiuseaIunsIve (Hense
and Beckmann, 2006) is189uinamiiedioinnuinduunsinozadrasmels dadiite

madlulasiauanenmiauazi lUldlunmsiasgiivlnanenvinlulasiau ((wi 47)
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YNAUNAR
200
150
® 100
<
50
10 20 30 90 100 120
N0 RN

AR 47 USHnunasanrasnuasdiLaasiunshiAulazify NaNO;

AoUSuUNNLNan

VSunausnvsinusis

Tun1syanine N. commune MTR smnziassluszuulalnensiiuas LED lu
Usumananduuasdunsetiafier (Hesnuanisfinwinisiasyvesuasdunsinituasden
TudSunuauduas 10, 20, 30, 90, 100 wag 120 umol m? st sauAunIsidiRuLagLis
NaNO, tfuszagiaan 21 Sy wudn nsnnzaesamsne N. commune MTR TuszuuUalag
n5liinas LED TuuSunaumauidunas 120 pmol m? st squdunislaiiis NaNO; dewalidl
USunanintinuitageiian fie 2.01 = 1.28 n¥u 59091 nsluas LED Auaslutiinaaa
Fuuas 100 way 90 umol m2s saufunislaiin NaNO, dUSunanminuis 1.48 + 1.06
waz 1.53 + 1.15 A1ua9U ?fﬂﬁmmmeﬁmmaaaaasmﬁﬁfaﬁwﬁmﬁumamwLﬁymm‘wéw
TuszuuUalaanistiuas LED duasludsunmuanuiduuas 10, 20 wag 30 pmol m?s? saufu
n1sldLAu NaNOs wag 10, 20, 30 wag 100 pmol m2st saudunIshaziAy NaNOs

(mwﬁ 48; A5 12)
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dronnuis
q
3
E 2 T
: .
S N .
10 20 30 90 100 120

FINO SN

AN 48 USuauinvidnuienlaannnismngiaesannsie N. commune MTR

ke a =]
melauasduniiazuadiLeg

A15199 12 USunauasannvaenuas LED wasdiaesiunisluipunaziay NaNO; siaUsunel

UIAUNEAWBL LA NI

\ Svitingn Brvtinusie
U%SJ']mﬂ’J']llHlllLLﬁﬁ - o
) 1 (nsy) (n3y)
pmol m™s’ — . .Q -
laifiy NaNO,  1Ad NaNO laifiy NaNO, 1A NaNO
3 3 3 3
C10 3.06+1.77 11.33%+1.12 0.099+0.05 0.209+0.00
C20 9.02°+2.50 16.30°+3.07 0.18%9+0.07  0.34%+0.07
C30 29.45°+14.60 27.94°°+4.19 0.56°9+0.35  0.50°+0.09
C90 68.31%°+31.26  34.50°+1.07 1.48%°+1.06  0.95%9+0.12
C100 74.48°+43.90  31.61°°+1.24 1.53%°+1.15  1.317+0.01
C120 100.55°+48.47 31.74%+3.03 2.01%+1.28 1.23%%%940.20

Y [y

wewe  fgnuslukaikuIveulfgIfuimiiauiu lllauuana1eiunisadanssau

AMULTBLU 95%
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nsiSeurisuansinisauilaaludnlun1siwnziaesannsne N. commune MTR
Tnen1sliuas LED gunsusunamnuiduwnes 10, 20, 30, 90, 100

1az 120 pmol m?s™?

mMsmnzidesanselaentsiudmiaon LED duns
AMsziasadensliuasadILas 10, 20, 30 pmol m?st Tduasaln LED
aun 50 0 §1uau 1 vaen Waldl 12 Falustetu isdes 21 Su Al 4.5 vinse
wihe axiisnsaudemdanuliih el
50w X12h X 21d/1,000 = 12.6 #u3e
50w X 12h X4.5 um /1,000 = 2.7 uwm/ 12 %’ﬂm

= 27/12h = 0.23 v/l

nswngEesienisliuasnudunas 90 umol m?st 14waenlil LED wuia 45
S0 1020 2 vaen Walw 12 Fluwietu wnzdes 21 Tu Al 4.5 vindevie 2w
Sasnauddemdnulnih fadl
45w X 2 X 12h X 21d/1,000 = 22.68 iy
45w X 2 X 12h X4.5 v /1,000 =4.86 U/ 12 éi'j"’ﬂm

= 4.86/12h = 0.41 v n/dlas

NSLNILLABIA8NTIALAIAINULTNLES 90 pmol m2st Tgvuasnln LED auin 45

AR UL 3 viaen WAkl 12 TR wngdes 21 AW Al 4.5 uinsenuie Al

ons1auUasanasnulnii eadl

45w X 3 X 12h X 21d/1,000 = 34.02 #Y
45w X 3 X 12h X4.5 uw /1,000 =7.29 uw/ 12 ij'"ﬂm
= 7.29/12h = 0.61 un/dlas
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NILNNZLABIAIUNTIALEIANULTLLES 90 pmol m%s? Tdvasnln LED wue 45

[

af $1uau 4 vaen (el 12 Salusdety wnzdes 21 Su dilwih 4.5 vivsemie 2w
Sasauddemdnulnih fd

45w X 4 X 12h X 21d/1,000 = 45.36 Mg

45w X4 X 12h X4.5 119 /1,000 = 9.72u1 / 12 $3la

= 9.72/12h = 0.81 UW/4alag

ANSINNZLALNEINI1 LR8N MALEIaan iaan LED a1

[

Asiziasssienisiuasdeny Tdvaenlil LED auin 19 $nd $1uau 4 vaen
ol 12 Flussiotu wnzdes 21 Su ddlwih 4.5 vinstewihe axiishsauUdomdsy
it ofedd
19w X12h X 21d/1,000 = 4.78 viuqe
19w X 12h X4.5 U /1,000 = 1.03 U / 12 $alus

= 1.03/12h = 0.09 U/Flas

dns1n1sauldeslwinlunisiwizidssansne N. commune Tagnisiiua1na TaUuLRy
INA VUIA 5 IAA ORI NN el
5w X24h X 21d/1,000 = 2.52 %12e

2.52 X4.5 U 11.34 v/ 21 JU

0.54 UN/3U
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ANSNAUINANNUNINEINI18 N. commune MTR
ANSNAUINARNUNINNEINSY N. commune MTR L9U waa ALIES @a1NSUBINIS
I wazalsednd dmdulseninenns nseusesaemis vilviguslaalandnduaiiasy

sarRUNSUUTEN LAl UsElovnas1ene

=] a o ¢ a a o ]
AMNN 49 HWARNAUN AR ATLIYT LLagm\ﬂiEJsU'TJ ANANNIY N. commune

10 A nlee uadeatiuy wiiulay (2561)
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Han1sasIanuNanalavauslnaniidenanduaiannis

NEIMNIIY N. commune MTR

nsdranuiisnelavesuslan anudnsdun 3 via lagn1sviuuudisianing

fanalalundndue 100 57¢

P ° ~ Y a a o ¢
ann 50 ﬂ'ﬁﬂ'ﬁ'ﬁ"i]ﬂ'ﬁllWﬂW@SLq]sU@QQUﬁIﬂﬂNaC‘]ﬂmsﬂ

N@N18 N. commune MTR

fian: nlan ua Snntiurt wisdlae (2561)
aoudl 1 dayanluvesiiuslnaimasaunnuitaweleifineamsnsusanan
MnnsAnudeyiiluvesmeuuvuasuauiildinissiuunduys Tiun ma eng
aounm sedumsinuuazendn fnansdnudateluil
1. e
Nnmsnmud fuslaniinaasunufianelefiflsondndusiovisainamine
usanen dilvgFesas 69.0 Wuiwdauazdndosay 31.0 1Hufwe (el 13)
2. 97
Nnnmsnwmud fuslaniinaasunufianelefiflsondafusionmnsainainine

Id v

weanen diulvgjegluyiteny 11 s 20 U Anluiesar 37.0 sesaunagluyiteny 21 ds

a a

30 U Andudovay 32.0 Tugaseny 41 89 50 U Aadudesas 12.0 lutaseny 31 8140 Y

Anluseay 9.0 lurweny 51 f1 60 U Andudesaz 9.0 aud1du wazduslaafinaaey
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anuftanelafifidondnfusiomisanaminsusanentdesiianegluriasery 61 Jauly
Aondu Sewaz 2.0 (151991 13)

3. @0IUNIN

Mnnmsnwnud fuslaniinaaounufianelefiflvondafusionmisainaining
weanemdlngllaounnlan Anluiesas 77 sesaunfeanunmausaAnduiovay 21
wazdoaz 2.0 fan1unndu o fe ne¥e (n51adl 13)

4. FEAUNIANYI

INNITANYINUTN Q’U‘%T,ﬂﬂﬁmmaaummﬁqwahﬁﬁGiamﬁmﬁm%mmiﬁ]’ma’mi’lEJ
uaamaﬂdauimijmaﬁnmazé’uﬂ%@yj@nm%éﬁulﬂ Andudesay 77.0 5998911 Ap
quANSAnETERU Uad. / Uav. Anludesay 11.0 seauslsendnun Anduiesay 9.0 uay
unsEnwnIgisenAne Anludesas 3.0 (n3nefl 13)

5. 91N

INNITANYINUTN Q’U‘%T,ﬂﬂﬁmmaaummﬁawa%ﬁﬁGiamﬁmﬁm%mmiﬁ]’ma’mi’lEJ
uoanendulugUsznauendniniiou / dndnw Aatdusesay 54.0 so9asu1 41519015 /

a a a ! v a

winusgiamie Anudesaz 16.0 Uszneuendngsivdium Anluieay 11.0 winau

Ustn Andudewas 9.0 Uszneve@wdu q Andudovas 7.0 wazwetu / withu Aadu

Yovay 3.0 (AN5199 14)

M13190 13 Puukazeriogazvewlideyannuianeladendningiomnsainavmsig

ueanan JuunmuteyaniluvesinauluUaeunIY

Foyaviluvesginau HIunansinaiaImsanamsieuaganan (n=100)
wuugdaual DRIV Sovaz
\Wel

U8 31 31.0

AN 69 69.0

33 100 100.0
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Hoyaviluvesginou HIunAnf 115N M eURaRaA (n=100)
WUUdaUAY U fouay
218
11-20 ¥ 37 37.0
21-30 U 32 32.0
31-40 U 9 9.0
41-50 U 12 12.0
51-60 U 8 8.0
61 Yiuly 2 2.0
394 100 100.0
A07UN N
1an 77 77.0
AUTd 21 21.0
Bu 9 2 2.0
39U 100 100.0
SEAUNISANEN
fnIsfsau@ne 3 3.0
58UANY 9 9.0
U, / Uw. 11 11.0
USayaeatuly 77 77.0
394 100 100.0
1IN
HnSeU / Unfine 54 54.0
11319013 / WUNUSFIAUAT 16 16.0
WU / LU 3 3.0
WUNUUTIN 9 9.0
UsENaueIngsnadIum 11 11.0
Ju 7 7.0
394 100 100.0
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naud 2 NeANIIUNTUIINATMSEvanagauANNINa lafaKERA 19181111530
dvsNeuHnan
INNIANYINGANTTUNTUSINAAMS 18RI NAdRUANNTIaNa LI aNEn U8 1MT
NnawseueanenlauUiiaueenidude o i
1. gnaaeuanuianelavsineamsieussualny
nNIsnageuAuianelavsianavsieUseuAluy wuld gnaaeuaiiuiienela
$ovaz 49.0 Uilnnamsieofindazads sesannduaaeunufionsladosay 39.0 u3lna
amsgunneindazats naasuarmieneladosay 8.0 Vilnaamie 2-3 Yunss uay

Anaaeuauianeladeray 4.0 Uslapansienniu (5199 14)

M1390 14 nukaeniesazvew iteyannuianelausinaavmsieussaliu

WHANITUNITUILAA HIuNAnfuII1 5 NEMIIeUBERBA (N=100)
U Sowaz
Anagauadnunanalauslaaamsieussualny
NN 4 4.0
ofindazads 49 49.0
2-3 Yupds 8 8.0
wnnefindazass 39 39.0
33U 100 100.0

a (% 6 1

2. gnageuauienalangInHandaugmsIINamgUsEanlaunnoutne

a v (3 1

PnMIaaeuANuianelalag JINHERSuIo M TIINa Mg UTEI TR AR uTg

WU naaeuAUiianelafesay 80.0 LAYIINNANAMNAMIIHUHUNIADY TOIAIUIAD

'
v a v (3 =

Jeuay 17.0 weiinuandueiamsneiesa Jeear 2.0 ine3Innanduileadaniieg was

= b4

Anagouauianelalngidnndndunnilsednainamsiedesingn As Seay 1.0

q

(mﬁfmﬁ 15)
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Y 4 !

WHANITUNITUILAA HYUNAAI 912191159 NE M8 URERBA (N=100)

U Savaz

gnagauadnunanalaireidnuandue

2MMTANEMTIUTZAN AN NBUTNS

ANIVELAY 80 80.0
GRVEUDIIFRRE 17 17.0
ANEREiee! 1 1.0
\wadavsne 2 2.0
Bu 9 0 0.0
394 100 100.0
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1NN1SNAasUALRINeladIn s IRAR A usianaredunuula wuln negeu

AMuNaneladavay 49.0 doen1slvndndugnanna nietdusInisninu 5998911 Souas

42.0 sesnshindndasiannamseiliuemsan uwasimedeuanuiianelatosignfonis

InanSusianamseduemisdu 9 Segaz 9.0 (157197 16)

M 16 ulazATevarvelideyanuienalafeanslindndueianamieg

Wuwuule
NHANTIUNITUSLAA HIundnfuaionnsanamsieuadanan (n=100)
AU Sauay
v = v v
Knagauaunanalafian sl
a v 1 1 <
NARNMANINEMI1E UL
DIMITAINU 49 49.0
9115AN 42 42.0
DU 9 9 9.0

33U 100 100.0




14

4. fmeaeuauiiselatimnufisnelasiomnsifiuseleviluavseusanenalusyiula
(@ ms1sueansn Usznaunie 1UTAW 1.00 mg/L! ualsAusua 0.40 me.G' uag %
Iullamneniuudans 3.14 %)

Mnnmsnaasumuitsneladeasifivssloviluamsgusananlusedule wuin
fnaaounnuiianelafesas 55.0 fianufisnelasearsifiussloviluamsiousansely
sefuInn sesasngnaaounuiianeladesay 22.0 faudfiwelaseansifiusylovily
amirusanenluszdvunfigauazuiunats uazimageuauiianelefesas 1.0 4
anuiianelaseansitiiusslondluamheueanealussdutos uenanilimuiienudianela

soansniussleviluamseusanenlusyivieenan (3199 17)

M990 17 FunulavaSevazvelideyannuiisneladeasniiussleviluamine

yaanamluseauln

a a ya a o/ 4 ]
Wi]ﬁlﬂii&lﬂ’ﬁ‘uﬂﬂﬂ HYUNGANUNDINITINAININYUDEANDA (n=100)

U Sovay

Aunawalaneansniussleviluamsieusananluszaule

1Nitgn 22 22.0
41N 55 55.0
Urunang 22 22.0
oy 1 1.0
Yfouiian 0 0.0
374 100 100.0
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nnsaneauianelafifinendnsmeiesanamiteusanen Tneiindnsue
DIMNTIINAMINYUBENDA AB 1) HARAUNAIILIANNATINTI8UDENDA 2) NILTEY1IN
ANMIBURAREA WAz 3) WaARIINEMTIEUDEnaA TlRTnsRmuasTSuaswuuAuTaulY B9
finmsutsUszamesarufionelalugusing q wonaa 3 @ ldud 1) dndszamdudauas

1Y

933098 2) AMUUTIYIUI WAz 3) AUNEANU Felinanuiisnelandsendninme1msan

€

=De

ANNTIYUDENDA H19
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1. anufanelandsenan i uginIlesAINE NI UUDEAN DA

=

ANNNISANYIANUNINDLANUABKNAN A UNAIYSIINAINI U UDANDATINATIUYD
U cal 1

anuisneladslusiulssamdudanaressnsa AuUUTIANILaEAUNER MIILAY 4.00

~ Y] a « [ Y] a
wazdlsziunnuAndiueglussiuun (M 18)

AT 18 SrAuANAnuTe ileyaruanelanendadueiaiesanaimiy

UDARDA
=< Ao a (% 4 ya a o/ < 1
AMuNswalandinonannn Ed‘ljuwﬁﬂﬂm“l/la']‘ﬂ'ﬁﬁ]']ﬂﬁ']ﬂ’i']ﬂuﬁ]'dﬁaﬂ (n=100)
2MMTINFNNINLUDEHNDA v S.D. STAUAIUAALIAU

NANNUINAIEIAINAINIIUDENDA

Loulszamdudalazossnsa 4.15 723 11N
2. AUUTTYNN 3.95 797 aly
3. puNAR AU 3.91 767 1A

374 4.00 762 4N

1.1 sudssamdilauarassnsa
NsAnwIANUianelavreddsranuiisnelanddenissanamingus
anoAlunuUsEamMANNaLazesTasa WUl Ja1annuianelalinnuianelaeglusedu

U

a a a o ¢ ' a a o =~ A ~
wniian Ae Kanduwlanivdinaulalaedidadeanuiiawely 4.38 Geeaduauianels

=

asiian wazanufisweladimuieweloogluseiumn Iéun sadula amuiu Ay
AnaduAuRianele 4.20 savaiianedoanuiisnels 4.17 dnvauzvesdndusidaedy
anufenela 4.09 Fduianuihudssmuiianadoanuiianele 4.08 waznduiiaade
aufianela 4.00 mud1du FansdrsraaufianelaiiinenBesanamssusanenaly
sulszanmduianazessnsauandiifiuin erwiswelovestdsamiuiianslafioglusedu

1NNLAIANRALAUNINDLD 4.15 (AN5199 19)
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A13el 19 seduauAniuvesideyanuiitnelaiulssamduiauazessasaiisise

ANIYSINEVS Y UDENDA

(% '3

AaNanalanddeniiasan HUUNANNU9121911591nAmMI8UERA (N=100)

#Ms18URENDA X S.D. FZAUAUAALTL

AUUSTANFUNFALAZDTIATE

AU 4.17 570 1
nay 4.00 765 1N
ddulimnuinSuusenu 4.08 761 1N
THAUNE AU ALY 4.20 725 Ul
aNvEYRINANA I 4.09 793 1N
AR Uaniud Urauls 4.38 722 1nilgn
59U 4.15 723 k)

1.2 AUUTIYIUN
NMsAnwIANTanelavedd1sianuiianelanddenisfainainsie
UoANoALUAIUUTIN NN WU Hd15aanuianelainnuiisnelasgluseivuin fe

9 Y

U359 9Iae/an daadeanuiianely 4.00 WAz ANUWMENEANUTIYINY denade
ANURaNele 3.89 mudIau Fan1sdrsraauianelaniideniesainamineueanenty
AusuusTSasiuansliidiui auisnelavesidisiannuiisnelafiegluszdvuinuay
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ABSTRACT

To assess the effects of light intensity on the phycocyanin of Nitrogen-fixing cyanobacteria
Nastoc commume Vaucher, which was isolated from Maetang District, Chiangman Provinee,
Thailand. The algae was cultivated in laboratory under different red light LED (LD} intensity
of, 10, 20, 30, 100 and 120 pmol m” 5. The medium using BG 11 modified without N
source.  Results Biomass as fresh weight and dry weight, %Dry weights, protein, and
Phycocyanin contents were fluctuation in difference light intensity. The highest biomass as
fresh weight have shown in LD 30 with the value of 9.24 g.L'1 and the lowest was at LDI10
with the value of 2.56 g L™ and as dry weight was maximum at LD120 with 0.21 g L" and
minimum was (0L07 g.L'1 at LD10. %Dry weights was found the maximum value at LI120
with 3.51% and lowest at LD 30 with the value of 1.8%. Protein content have shown the
highest value at LD30 with 1 8%. Protein was high present at LD10 with the value of
1.00+0.12 m&;.L'1 and low value at LDOO with 0.79+0.09 mg.L". The Red light intensity of
30 pmol m” 5" was resulied in phycocyanin higher values than other intensities with the
value of 0.32+0.09 rrng,.L'1 and lowest concentration at LD120 with the value of 0.17+0.01
mg L. Conclusion LED Red light at 30 pymol m™ s were optimal for phycocyanin
secumulation in Nostoe commune Waucher.
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INTRODUCTION

MNowadays, light emitting diodes (LED) has been increasingly wsed as a source of artificial
light in controlled environmental system due to its energy-efficiency. LED light quality and
imtensity have an effect to the growth of plant in semi-closed system. (Sakhonwasn et al.
2017

Blue-green algae occupy an anomalous position in the biological world. They are treated by
botanists as a division (or class) of algae because they are photoautotrophs that use water as
an electron donor and contain the two photopigments (chlorophyll a and f-carotene) that are
the chemical hallmarks of plant photosynthesis (Stanier ot al, 1971). Nostoc commame is an
blue green algae and edible fresh water cyanobactenum and its a nitrogen fixing blue green
algae of the Division Cyanophyta . Nestoc commume contain rich a, amino acids, fatty acids,
flavonoids polysacchande, vitamins, and many kinds of minerals (Diao et al. 2014, Li and
L, 2003y It has been widely used as food in northeast of Thailand. The control and
optimization of light mtensity and hght wavelength 1s regarded as one of the most important
parameters for the culture of photosynthetic microorganisms (Ugwu et al., 2008). For last
decade cyanobactena have been recetving increasing interest due to their potential to produce
a diverse range of chemicals and biclogically active compounds, such as vitamins, carotenoid
pigments, proteins, lipids and polysacchandes (Zhang et al., 1999). For exploration of these
potentials of cyanobacteria it should be cultivated in commercial way. Globally researchers
are trying to produce microalgas! cyanobacteria commercially (Belay 1997; Ben-Amotz
2004). Yet very little or primary information i1s available on detailed design cnteria and
innowation, location selection, scaling considerations, or constrains involved in large scale
cultivation. Nostoe commumne is blue-algae which human wse for organic food source and
contains high proteins with well-balanced amino acids. It is also rich in carbohydrates,
vitamins, minerals, phenolic, pigments (chlorophyll, carotenoids and phycobilins) and poly-
unsaturated fatty acids (Miranda et al. 1998; Anupama 2000). Nostor commune algae could
b used for high value food. This algae is a nitrogen fixing 5o it"s have high nutriional value,
such as 20.84 gram / 100 g of protein, (.43 grams of vitamin B 1, 1.54 grams of caleium,
(.37 iron, and 21.40 micrograms / 100g of vitamin A. and 17 essential amino acids. Nostoc 15
an edible blue green algae used for health food and herbal medicine doe to its nutritional
values and antioxidant properties (Y1 and Zuiun. 2014). Nostoc has been used as a source of
proteins, vitamin and unsaturated fatty acids for human and animals (Gao. 1998). However,
wild type M. commume has been decreasing in quantity as a result of ever-growing market

demand and environmental pollution. Therefore, artificial culture of M. commwe 15 important
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as it can bring great social and economic benefits. (Y1 Dso and Zujun Yang 2014). C-
phycocyanin { C-PC) could be extracted from cyanobactena such as Spirnling platensis, which
has been widely wsed in commercial applications in the food and cosmetic industry as a
natural blue dye (Romay et al., 2003), anti-inflammatory (Romay et al. 2003; Reddy et al.,
2003; Bhat and Madyastha, 2001 ) and antioxidant { Estrada et al., 2001; Bhat and Madyastha,
2000). Some papers report C-PC extraction from cyanobacterium. Estrada et al., 2001) and
also studied the optimization of extraction from dred biomass. The extraction using
ultrasonic bath in the presence of glass pearls in the biomass proved to be more efficient
method, 56% higher than using freewing and thawing, and presented a extraction yield of
4375 mg.g” and a C-phycocyanin concentration of 0.21 mgmL™". (Moraes et al 2011)

The previous study was companng the light quantity between red light and white condition.
The result was shown that the red light was exhibit the higher phycocyanin content than white
light. In this study o find out the quality of red light intensity by adjust the treatment of lighe
between the previous red light intensity.  To find more the influence of red light intensity on

phycocyanin accumulation

MATERIAL AND METHODS

Al Microorganism and cultwre mediom:

The Nostoc commune stam was solated from natural Mae Taeng clean and shallow river.
Located in Chiang Mai province. The sample was camed out to Program in Agricultural
Interdisciplinary Lab, Magjo University. The colony was washed with distilled water and
follow with Ethyl alcohol 10%% Clorox 5% and then washing with distilled water done in 3
times replicated. The pure colony was transfer to culture in BG 11 modified {Das Karabi et al.
(2014}, Slant agar media to growth under white light condition as the stock. This mediom was
also used to mass production. All the reagents wsed were of commercial grade. The collected
algal samples and solated the samples by pick cell technigue and transferred in BG-11
modified medium in vials bottle at 2842 °C under light mtensity (2000 lux) and photopenod
of 12:12 hour for 2 mouths. Then transferred samples were spread on algal broth agar plates
and incubated at the above mentioned condition. After the single colonies grown were picked
out and transferred to BG-11 modified medium in 250 ml. conical flask and shaken manually
for 2 to 3 times in a day. The isolated microalgae were identified with standard manual for
algae (Desikachary, 1959) and confirmed species to Standard species from TISTR 8160 from
Thailand Institute of Scientific and Technological Research (Fig. 1).
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Fig.1. The study site (A) and Noséoc conme algae from Mae Taeng River (B, C) and
Standard Nostor commume species TISTR 8160(0x)
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Fig.2. Culture of Nostoc commume in LED Red-light condition

B. Cultivation condition

C. The cyanobacterium Nostor commume was grown 3 litre media in 5 litre plastic bowl
under 5 levels of irmadiance, 10. 20, 30, 100 and 120 pmol m™ 5™, with illumination provided
by Red light LED lamps. The rrradiance was measured on the surface of the media using light
meter. The pH was measured using a 7.5 pH meter. Temperature was adjusted the air
condition to 25 + 2 °C (Manigandam.2014). C0" was used to increase the source for
photosynthesis and the source for mass production. {Manigandam, 2014) and pH sensor was
to adjust pH of the optimum algae growth condiion under CO: adjustment. Coincide with
controlling the light source by use LED Red-light as the irmadiance source. Light 12:12 Tum
of f switch was used to control the growth.

. Biomass measurements

21 days after culturing of Nostor commune. The samples were yield to find biomass as the
term of fresh weight dry weight and %dry weight. Collected though the 100 pm. mesh net
weight the fresh sample and then to keep dry by heat in oven-dried of 60 'C for 1 hour or dry
weights were determined when the specimens were at constant weights after continuous
drying, and the dry matter content was caleulated as a ratio of dry to fresh weight, expressed
as percentage. The biomass and % dry weight were used to calculated the pure phycocyanin
content of Nostor commune Vaucher

E. Determination of total protein

Protein Estimation by Lowry's Method (Lowry et al., 1951) One ml. of algae cell suspension
from 5 different LED Red-light condition harvested and was washed twice and suspended in
sterile water. 0LIN NaOH was added and the cell suspensions were heated at 100°C to lyses
cells. The hydrobysate was cooled to room temperature and 1 ml. of freshly mixed complex
forming reagent (28598 g NaOH, 143084 g WNa,C0; for 500 ml. 14232 g CuS0, 5H0 for
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100 ml. and 2% Sodim potassium tartrate for 100 ml.) was added. The solution was allowed
to stand at room temperature for 10 minutes. One ml of folin reagent was added and vortexed
and the mixer were allowed to stand at room temperature for 30-60 minutes. The absorbance
was read at 750 nm. Standard curve of absorbance was plotted as a function of initial protein
concentration and use it to determine the unknown protein concentration.

F. Estimative of C-phyeocyanin determination

Phycocyanin was extracted from the dry biomass of algae by using Low temperature method,
this is a spectrophotometry method adapted to extracted and quantify a relatively pure C-
Phycocyamin fraction (Boussiba and Richmond. 1979). By weigh accurately 40 mg. Nostoc
commune powder into a 10 ml. centrifuge tube, than add 10 ml. of 100 mM phosphate buffer
( 100y mM phosphate buffer contams 10.64g. K HPO, and 5.29g. KH, PO, per liter, pHT). Next
vortex to mix well. Store the solution in refrigerator overnight and vortex to mix well again.
Take the sample to centrifuge at 100 °C at 3500 RPM and the supernatant used to venify the
extraction yield. Read absorbency of each replicate at 620 nm. Using phosphate buffer as
blank. Average asbsorbency readings for dilution replicates. Calculated percent C-

Phycocyanin as follow equation.

Denivation of pure C-Phycocyanin:

Yapure CPC = AB20 x (10) x (100}
7.3 x (sample) x (¥odry wit)

{(Where 73 15 Extraction coefficient of CPC at 620 nm. And 10 is total volume, 100
represents 100%0)

G Analytical procedures and Statistical analysis

To validate the results reproducibility each treatments was done in tnplicate. Statically of
compare mean between treatments was done. All analyses were performed considering a level
of 95% of confidence (p=<0.05). The difference relation of biomass, protein and phycocyanin

between different light intensities
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RESULT AND DISCUSSION

1) Nostor commune Biomass

The results biomass as fresh weight have shown the highest at LD30 pmol m™ 5 with the
value of 9.24 ¢ 17" and the lowest value was 2.56 ¢ 17" at LD10. biomass as dry weight have
shown the highest at LDV20 pmol m™ 5 with the value of 0.21 g,L" and the lowest value
was 0.07 g L7 at LDI0. (Fig.3A).

The %adry weight was shown the maximoum value at LD 20 with 3.51% and the minimum
value at LD30 with 1.8 % (Fig.3B).
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Fig.3. Biomass and %adry weight of Mostoc commune at difference light intensity
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1) Total protein content
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LD=LED Red-light at 10, 20, 30, 100 and 120 pmol m™~ 5™
FigA4. Total Protein content of Nostoc commune at difference light intensity

The results of total protein have shown the highest concentration at LD10 pmaol m~ 5" with
the value of 1.0020.12 mg.L" and the lowest value was 0.79£0.09 g_L" at LD (Fig4).

3 C-Phycocyanin production
The pure C-phycocyanin concentration was present higher than others at LD30 with the value
of 0.32£0.09 % and most lower at LD120 with the value of 0.1720.01%. The phycocyanin
content was significant difference (p=0.05) between LD20 and LD120 condition (Fig 5).

e Phyencyamlm
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. I I l
-

L 1w LEGE  LBMOE LONZE
LD=LED Red-light at 10, 20, 30, 100 and 120 pmol m™ 5

Fig.5. C-Phycocyanin content of Nostoc commumne at difference light intensity
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CONCLUSION

The Smart culture for Mostor commume in closed system, under red light controlling in this
research have shown the results of the idea to plant factory or make a large scale of NMostoc
commune production and food safety and C-phycocyanin seem to be increase in the optimum
of the red light LED intensity. In this study red light LED intensity 30 pmol m™ s have an
idea for plant of this algae for the purpose of increasing C-phycocyanin concen- tration and
also the high yield of freshweight.
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DETERMINATION OF SOME BENEFICIAL HEALTH CHEMICAL
COMPOSITION AND NITRATE RESIDUAL IN NOSTOC COMMUNE
UNDER RED LIGHT CONDITION AT CLOSED SYSTEM
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Abstract - The adible blue preen alzae Nostor commme Vancher was used fo determine some beneficial health chensical
comipesition (Carotencid and Phycocynin) and Nirate residual. The effect condition was using BG-11 with (+X) and withomt
{-1) Wal¥ 0, in 3 Kirre media with 3 litre plastic bowl container under 5 levels of iradiance, 10, 20, 30, 80, 100 and 120 pmal
foi~ £, with illuprinaticn provided by Red light LED lamps. 21 days culturing. The samples were visld to find biomass as
the term of fresh weight, dry weight and %edry weight The results biomass as fesh meight have shown the highest at
C120-N ar 120 pmol fmc¥s™! with the value of 47.392 g1 and the lowest value was 1.580 gL' at C10+N. Dy weight
have shomn the highest at C120+N have the value of 1.090 g1 and the lowest value was 0.067 gL at C10-N. The ®adry
weight was shonn the maximmm valoe at C100-M (4.277%%) md the minirmom valoe at C10-X was recard of 1.505%. The
results caretenaids comtent m Nostoo commme in BG-11 media N have morease apparel to the Red- lipght ingredient from
C10-N to C100-N and then lower at C120-N. The carotennids content have shown the highest at C100-N with the value of
0.4=0.08 me.G* amd the lowest value was 0.07=0.02 mz.G™ a1t C10-N. The result of carotenoids content was decrease at
C120-N with the value of 0.2:0.01 mg G, The Phyrocyanin vahue of Mestoo copmmme in form of “Crode C-Phycocyaning
%ahare C-Phycocyanin were the highest value at C10 and the Jomest at C100 for all condition. The Mitmate value of Nestoc
commmune using BG-11 with NaN0y (+1) and natheut a0y () media under Red-light condition were shown the highest
valoe at C30-N (37818 pg Wml") and the lowest at C30+M, CO00-N and C130-N with the value of zero. This can be
exploited to enbance the muritional conbent of the MNostoo conmnme and safery food from nirate confamination.

Index terms - Beneficial health chemical compositdon, Mitrate residual, Nostoc commume, red light, closed system

L INTRODUCTION significant decreases in production costs are expected

in coming years.[15]. The coatrol and optimization of
Cyanchacteria are a proup of Gram mnegative light ntensity and lLight wavelength is regarded as one
photoautorophic  microorgamisms — capable  of of the most importsnt parameters for the culture of
oxygenic photosynrhesis [1]. These sncent organisms photosynthetic microorganisms [16]. In the past
[2.3.4] have minimal nutrient requirements. They are years, nirate level n foods has moreased. Basically,
capabls of fixing CO; and urilizing light as an enerzy potential reduce from nitrate to nimite is kmovwn as
source and water as an aleciron doner [3]. In addidon,  Darmifl factors on human and animals. In fact, niwie
many strains possess the ability to fix atmospheric is ahble fo reacts Amine Acids in towic form and
nitrogen [1,5]. It have been proven to be an exfremely ~— COUVEITS to carcinegenic nitrosamine. In addition,
valuable source of nanmal drugs and agents for nifrite is kmovm as Methemoglobinemia (Anoxiz)
developing not only medicines, but alse functional — fcrorin children Niwite and nitrase in water drinking
foods far disease prevention and heslth promotion — #nd foods are environmental factor to lead wpper
[6.7] and antoxidant [8.9]. Nostoc commume contain  Saswointestinal cancer [17.15,19] Niwosamine is
tich an amine acids, fary acids, favonoids derived from nitrate and it seems as one of the factars
polysaccharide vitaming, snd many kinds of minesals ~ 30d cawses of gasrommestinal cancer moadults and
[10.11]. It is also rich in carbohydrares, vitamins, — dehemoglobinemia (Whue baby syndrome). S0%: of
minerals. phanolic, pizments {chlorophydl nifrate enters to the body through vegetables and
carotengids and phycobiling) snd poly-unsanmrated fruits [20]. However, wild type M. commnme has been
fatry acids [12,13]. Carotencids have also the ability — decreasing in quantity as a result of ever-growing
10 stimulate the immune-svstem, tis being  Warket  demand and  envirommental  polluton
poentially invelved in more than 60 life-threatening ~ Therefore, artificial cultare of N. commume is
diseases—inclnding various form of cancer, coronary  Important as it can bring great secial and economic
heart diseases, premature ageing and arthritis [14].  bemefis. [10]. Nowadays, lighr emimimg dicdes
Carotenoid production appears to be one of the mest  (LED) has been inceasingly used as a source of
successful case smdies of blue biotechnology. The artificial light in controlled envirenmental system dne
rising markst demand for pisments from nstal 0 15 emergyefficency. LED light qualiy and
sources has promoted large-scale cultivaton of mtensity have an effect to the growth of plant m
microalzae for symthesis of such compounds, so  Sem-Closed system. [I1].
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The previous of our smdy was compare the lizht
quantity between red light and whire light condition.
The result was shovn that the red light was exhibit
the higher phycocyanin content than white light. [22].
In this smdy to investigated the quality of red lizht
intensity by adjust the weament of lisht betrreen the
previous red light mtensity. To find out the influence
of red light intensity on beneficial health chemdical
composition like phycocyanin and carotencid
accumulation and Mirate residual i this sain.

IO CULTIVATION OF ¥OSTOC COMMUNE

The Mostor comumune stain was iselated fom natural
Mae Taeng clean snd shallow-river. Located in
Chisng Mai province. The culnre media was using
BG-11 with (+M) and without (-IN) NalNOy and was
cultured in 3 litre madia in 5 litre plastic bor] under 5
levels of frradiance, 10, 20, 30, 90, 100 and 120 pmol
fm? st with illumimation provided by Red light LED
lamps (Figure.1). The imadisnce was measured on the
surface of the media using light meter. The pH was
measired using & 7.5 pH meter. Temperaure was
adjusted the air condition to 25 + 2 °C [23]. CO, was
used to ineass the source for photosynthesis and the
source for mass production (Manigandam, 2014)
Light 12:12 Tum off switch was used to conirol the
erowih,

Biomass measurements

21 days after calnring Nestoc commune. vere yield
1o find biomass as the term of fresh weight dry weight
and Yedry weight. The results biomass as fresh weight
have shown the highest at C120+N or 120 pmal /m-
5" with the value of 47.392 gL and the lowest
value was 1.580 gL' ar Cl10+N. Biomass as dry
weight have shorm the highest at C120+¥ have the
value of 1.099 gL' and the lowest value was 0.067
gL" at C10-N. (Table 1, Figure 7).

The Yadry weight was shown the maxinmom value at
C100-I¥ was record of 4.277% and the minimmm
value at Cl0-N was record of 1.305% (Table
1 Figure2).
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II. BENEFICIAL HEALITH CHEMICAL
COMPOSITION

1. Carotenoid content

Carotenoid production appears to be one of the most
successful case smdies of blue biotechnology. The
rising market demand for pipments fom natural
sources has promoted large-scale culdvation of
micoalgae for synthesis of sach compounds, so
significant decreases in production costs are expected
n coming years [15]. In these study we peoint to the
safety Mitrate residue in oulhare product, so the
determination of Nirate was done only the media
withoat Wal Oy, (-I) in media of BG-11

1. Determination of Carotencids content

The carotencids comfent was analytical performed
with spectrophotometer at the wavelength of 450 nm
for carotenoid follow: [24] method.

3. Carotencids content in Nostoc commune

The results carotenoids content in Nostoc commune
n BG-11 media without {-I) have inoease apparel o
the Red- light inpredient from C10-M to C100-17 and
then lower at C120-I (Figure 4). The carotenoids
content have shonm the highest ar C100-M or 100
pmol m” 5" with the value of 0.4=0.08 mz.G' and
the lowest value was 0.07=0.02 mpg G ar C10-N.
The result of carotencids comtent was decrease at
C120-N with the value of 0.2=0.02 mg G (Tabla 2,
Figure 4).
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1. Phycocyanin comtent

C-phycocyanin  (C-PC) could be exiracted from
cyanabacteria such as Spinilina platensis, which has
been widely used in commercial applications in the
food and cosmetic industry a5 a natural blue dye [25],
mnti-mfammatary [9,25.261] and antoxidant [E,9].
Some papers report C-PC exraction from
cyanabacterium [9].

1. Determination of C-Fhycocyanin content
Phyrocysnin was extracted from the dry biomass of
algre by using Low temperature method, this is a
specirophotomedty method adapted to exoacted and
quantify a relatively pure C-Phycocyanin fraction
[27]. Calculated percemt C-Phycocyamin using
equation. The pure C-phyrocyanin concentration was
present higher than others at LD30 with the vahe of
0.32=0.09 % and mwost lower at C120 with the value
of 0.17=0.01%.

1. C-Phycocyanin content in Nostor commune

Table 3 The Phyeocyanin value of Nester commume
Prycocyann content [ %)
%e pure C-placoyanin
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The Phycocyanin vahie of MNostoo commune in form
of "vCmde C-Phycocyanin, %ePure C-Phycocyanin
were the highest value at €10 and lowest at C100 for
condition. (Table 3 Figure 5). Those seen to be lowr
lizhi intensity was suitable to nduce the high

Phycocyanin combent.
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3. Nitrate residual

Standard limir for nitrate wvalue in  vegetables,
standard limit per weight kilogram is less than 3. 635
Millizram [28] (Tabatabaed et al 20051

1. Determination of Mitrate residual
The niTate conceniratdon vwas determine using
Salicylic Acid method [29].

2. Nitrate residual in Nostoc commune

The Wirate value of Nostoc commune using BG-11
with WalQ, (+¥) and withouwt NalOy (M) media
under Red-lizht condition were shown the highest
value ar C30-N (37.812 pg.20mL ") and the lowest at
C30 =N, CO0+N and CI120-N with the wale of
zero (Table 4, Figure 7). The results was the effect of
the media with nitrate concentration which could be
imterfere the nirate residue in organism. (Figare ).
The consumption of niates is assumed to be the
primary ¢oniibaior i ineasing the pH since pH
mcrease did net ocour in BG-N mednon. [Eevin J.
Hom. 2008]. Nostec commune where heteracyst had
formed indicating nitrogen fixation had become the
source of nirogen. Culnres of Mostor commune that
went to 61 days in the same medium vere at pH 9.5-
10 indicating that this range is the maximum pH
mmduced by cell gromth. The data also suggest that the
primary factor in inoessing the pH was the
consumption of nirate [30]. The nirate confent m
NWostoc comnmme vas lowr at all reamments,

Table 4 The Xiorace valne of Noster commune

Tremment  ilmale concantration(p 20mL ")
M. comninm: Milrate-M Milrate+MN
[ 1] 20,809 4,909
20 13.091 24,545
30 37.818 0,000
) 16,182 0,000
C 1y 16,727 13.455
Cl120 0.000 0.000
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CONCLUSION

The use of red-lizht conditicn and BG-11 media with
{+14) and without {-2) NalN 0, could be effect oo the
powth of Nestoc commune and the exhibit of
chemical comtent. The condition  for
bdomass was 120 ymol fm” /57 with the BG-11 madia
with Male, and Carotencid was 120 pmol Ao f5°
with the BG-11 media without MNalos. The
Phyrocysnin was shown high concentration in lowr
light intemsity. The results of Mimate residue was an
effact from the media with nimate concentration
which also alternate the high pH in media. This smdy
could be the idea to ingease the some beneficial
health chemical compaosition, sach as Carotencid md
phycocyanin content and reduce migate residual m
Nostoc comnmmne 1o have the valuable food.
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Abstract

In this study to assess the effects of light sources on the growth of Nitrogen-fixing
cyanchacteria Nostoe commmume which was isolated from Maestang District, Chiangmai
Province, Thailand. The algae was cultivated in laboratory under dlﬁ'erem hght SOUTCES,
W]nte light and Red light. The light mtensity of white light was 30 ymol m™ <" ! and 16 pmol
m™~ 5”7 for red light. The medium using BG 11 modified with and without sodium alginate
(0.25%). The result of 30 days culture have shown that the highest prowth was at red light
with 0.070 g. DW in BG 11 modified medium with adding sodinm alginate. Follow with BG
11 medivm without sodium alginate at 0.056 g DW and white hight m BG 11 medified
without sodium alginate at 0.037 g DW and white light with sodimmn alginate at 0.025 g DW
expletively.
Keywords: Nostoc conmune, Light and Biomass

Introduction

Blue-green algae occupy an anomalous position in the biolegical world. They are
treated by botamists as a division (or class) of algae because they are photoautotrophs that use
water as an electron donor and contain the two photopigments (chlorophyll a and f-carotens)
that are the chemical hallmarks of plant photosynthesis (Sanier et al \1971). Nostoc commume
is an blue green algae and edible fresh water cyanobacterium and its a nitrogen fixing blue
grzen zlgae of the Division Cyanophyta. Mostee commume contamn rich, amine acids, fatty
acids, flavonoids polysaccharide, vitamins, and many kinds of minerals (Diao et al 2012, Li
et al. 2003) It has been widely used as food in northeast of Thailand. The control and
optimization of hight mtensity and light wavelength is regarded as one of the most important
parameters for the eulture of phntﬂsymhetlc mmm-urgmlmns (Ugwa et al., 2008). For last
decade cyanobacteria have been receiving increasing interest due to their pcr[enual te preduce
a diverse range of chemicals and biclogically active compeunds, such as vitamins, carotenoid
pigments, protems, lipids and polysacchandes (Zhang et al., 1999). For exploration of thesa
potentials of cyancbacteria it should be cultivated in commercial way. Globally researchers
are frying to produce microalgas/cyancbacteria commercially (Belay 1997 Ben-Ameotz
2004). Yet very litfle or primary mformation 1s avallable on detailed desigm entena and
movation, location selection, scaling considerations, or constrams innvolved in large seale
cultivation. Nostec commune 15 blue-algae which liman use for organic food source and
contains high proteins with well-balanced amine acids. It is alse rich in carbohydrates,
vitamms, minerals, pheneolics, pigments (chlorophyll, carotenoids and phycobilns) and poly-
unsaturated fatty acids (Miranda et al. 1992; Anupama 2000). Nostoe commune algae could
be used for high value food. This algae 15 a nifrogen fixing so it contains have high
nuiritional value, such as 20.84 gram / 100 g of protem, (.43 grams of vitamm B 1, 1.54
grams of caleiim, 0.37 ron, and 21.40 micrograms / 100g of vitamin A and 17 essential
amino acids. Nostoc 15 an edible blue green algae used for health food and herbal medicine
due to its nuiritional values and antioxidant properties (Y1 and Zuiun. 2014). Nostoc has been
used as a source of proteins, vitammn and unsaturated fatty acids for human and amimals (Gao.
1998). However, wild type IN. commune has been decreasing in quantity as a result of ever-
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growing market demand and environmental pellution. Therefore, artificial culture of N.
commune 1s Important as it can bring great social and economic benefits. (Y1 Dizo and Zujun
Yang 2014). C-phycocyanin (C-PC) could be extracted from cyanobacteria such as Spiruling
platensis, which has been widely used in commereial applications i the food and cosmetic
industry as a natural blue dye (Romay et al., 2003), anti-inflammatory (Romay et al.,2000;
Reddy et al.. 2003; Bhat and Madyastha, 2001) and antioxidant (Estrada et al., 2001; Bhat
and Madyastha, 2000). Some papers report C-PC extraction from cyancbacterium Estrada et
al., 2001) and also smdied the optimization of extraction from dried biomass. The extraction
using ultrasonic bath in the presence of glass pearls i the biomass proved to be more
efficient method, 56% higher than using freezing and thawing, and presented a extraction
yield of 4375 mgg” and a C-phycocyanin concentration of 021 mgmL™” (Moraes et
al.2011)

The aim of this work was to investigate the production and purify of phycocyanin by
Nestoc commune compare betwezen white and red spectra of light. The purpose was along
with the property of it containing f-carotene pigment as Spirufing. The dependent variables
evaluated were the amount of phycocyanin obtained and its purity.

Materials and Methods

Isolafion and Identification: The Nostoc commumne stain was 1solated from natural
Mae Taeng clean and Shallow River Located in Chiang Mai provimce. The sample was
carried cut to Program in Agnieultural Interdisciplinary Lab, Maejo University. The colony
was washed with distilled water and follow with Ethyl alechel 10% Clorex 5% and then
washing with distilled water done in 3 times replicated. The pure colony was transfer to
culure in BG 11 medified, Slant agar media to growth under white light condition as the
stock. This medinm was also used to mass production. All the reagents used were of
commercial grade. The collected algal samples and isolated the samples by picking uwp of
single cells technique and transferred in BG-11 medium in vials bottle at 28+2 °C under light
intensity (2000 lux) and photoperiod of 12:12 hour for 2 mouths. Then transferred samples
were spread on algal broth agar plates and incubated at the above mentioned condifion. After
the single colonies grown were picked up and transferred to BG-11 medium in 250 ml
conical flask and shaken mamually for 2 to 3 times in a day. The isolated microalgae were
identified with standard manual for algae (Desikachary, 1959) and confirm species to
Standard species from TISTR £160 (Fig.1).

e

Figure 2. The study site (A) and Nestoc commune algae from Mae Taeng River (B, C) and
Standard Nostoc commune species TISTR 8160 (D).
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Figure 2. Biomass culture of MNostoc commune in Culture tank at White light (A), Red light
(B), Collect by 30 um sieve (C), D, Red light condition, Effect of circulation velocity(D)

Biomass Growih

1) Culture Media: Media was using modified BG11 5 (BlueGreen Medium) Das
Earabi et al (2014) and combination with 0.25% sodium alginate (Pandey and Pandey
2008) and was filled in media for increased Phycocycanin and Phycoerythrin. The cniginal
formula adjusted pH value to 7.5 and light mtensity was 20 microns / square meter. /Second
Encourage algas mmshroom te grow well The review of this media was record of the
biomass was imcreased by an average of 7.91 times after culturing for 20 days (Jadesada
Thipayasooksm et al. 2355). Alginate 0.25% was filled in media for increased Phycocyeanin
and Ph in.

2) Culture condition CO: : was used to increase the source for photosynthesis and the
source for mass production. (Mamigandam.2014) and pH sensor was to adjust pH of the
optimum algae growth condition under CO; adjustment. Comcide with controlling the hight
source by use white light (6500 Lux) and red light (340 Lux) White light and Red light 12/12
Turn off switch was used to control the growth. Temperature 25 =+ 2 °C (Manigandam. 2014),
(Fig.2).

& 3) Technigue collecting and chemical analyses: The sample was collect at 28 Day’s
cultivar, biomass was collected by using 50 pm sieves and dried at low temperature (60°C)
than meortar to power particle by hand gnnder. Collect the Nesroc commume for measure the
biomass and some chemical content. The chemical was determination phycocyanin and
protein content. Protein Estimation by Lowry™s Method (Lowry et al, 1951). To validate
Phycocyanin was extracted from the dry biomass of algae by using low temperature method,
this is a spectrophotometry method adapted to extract and gquantify a relatively pure c-
phycocyanin fraction (Boussiba nad Richmond. 1979).
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Figure 3. Nostoc commune biomass.

White light (W) condition plos Nitrogen with sodium alginate 0.25% (NA), Nittogen
(N}, without Mitrogen plus sodium alginate 0.25% (WNoA), without Nitrogen and sodium
alginate 0.25% (WNo)

&) Biomass: The results have shown the high biomass concentration at Red light then
White light condition. The maximum Dry weight value was Nirogen with sodiom alginate
0.25% (NA) media with the value of 0.07 mg/zg DW. (Fig.3).

Cphycocyanin content

Phycocyanin was extracted from the dry biomass of algae by using low temperature
method, this is a spectrophotometry method adapted to extract and quantify a relatively pure
c-phycocyanin fraction (Boussiba nad Richmeond 1979). By weigh accurately 40 mg.
Spiruling powder inte a 10 ml. centrifuge tube, than add 10 ml of 100 mM phosphate buffer
(100 mM phosphate buffer contams 10.64 g K-HPO, and 5.29 KH2PO, per liter, pHT). Next
vortex to mix well. Store the solution in refrigerator overnight and vortex to mix well again.
Take the sample to centrifuge at 10°C at 3500 RPM. read absorbency of each replicate at 620
nm. using phosphate buffer as blank. Average absorbency readings for dilution replicates and
calenlate percent C-Phycoeyvanin as follow equation.

Denvation of pure C-Phycocyanin:
% pure CPC(%cmude) = A620=(10)=(100
7.3(3.39) x (mg sample) x(%odry wit.)
Where 7.3 is Extraction coefficient of pure or crude of CPC at 620 nm.
10 is tetal volume
100 represents 100%

After extraction, the samples were cemtrifuged and the supematant used to verify the
exfraction yield.
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Figure 4. Phycocyanin content in Nostoe commmme under White light and Red light
condition
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The extract of phyeocyanin which was extracted from Nostoc commune powder was
cultivated in two different light sources, white and red light lamps. The Crude phycocyanin
content was shown higher in red light (2.823%) than im white light (2.51%). The pure
phycocyanin content in red light was also higher than white light condition with the value of
1.31% and 1.16% respectively (Fig.4).

Analytical procedures and Statistical analysis

To validate the results reproducibility, each treatments was deme i tmiplicate.
Statically of compare mean between treatments was done. All analyses were performed
considering a level of 95% of confidence (p=0.03). The difference relation of Dry weight
between white light and red light was p=0.05, and %:Pure Phycocyanm was p=0.03.

Results and Discussions

1) Biomass Production. The high biomass of Nostoe commune have shown at Red
light condifion with the value of 140 pgfday/100 liter Dry weight.

1) Chemical content Phycocyanin under red light condition have the higher
phycocyanin content than white light condition with the value of 1.923% and 1.624%
respactively. Protein content have shown the high value in Red light condition with the value
of 75.56+3,3 mg/g Dry weight

3) Food safety. In white light condition, green algae could be survive alongwith
protozoa. Cause of the ability to absorb the wave length of chlorophyll a in their cells. Red
light have only blue greem algae Phormidium ambiguum that have found. All of
contamination organism have no toxic to human i record. Comnside with the the resulted
have shown the low contamination of bacteria in these system cultivation and have the lower
m Red hight condition which could be confirmed that it clean for making safety powder and
food production (Fig 6 and Table 1).

A
C

| — D_.‘

Figure 6. The result of cultivar Nestoc commmme A, Green algae contaminate B,
Phormidimm ambiguum C, Safety food production (Spheroid- jelly foed or algae Caviar)
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Table 1. The total fecal coliforms and total coliform of Nostoe commume powder

Samples Total fecal coliforms Total Coliform
bacteria (E.colr) MPN/n¥u
N, commune + Red light ND =3.0
N, commune + White light ND =1, 100

Motation: ND mean Non Detectable
Standard of Food safety is =1x10®

Conclusion

The Smart culture for Nostoc commume m closed system, under Read Light
controlling in this research have showm the results of the idea to plant factory or make a large
scale of Nostoc commune production and foed safety.
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