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ABSTRACT

The aim of this thesis was to investigate the effect of factors on growth and carotenoid
production of cyanobacteria. Eighty-three isolates of cyanobacteria from Culture Collection of
Biotechnology Department, Thailand Institute of Scientific and Technological Research (TISTR)
were selected for high carotenoid production. Five selected strains were Anabaena siamensis
ANCG1709, Calothrix sp. ANCG18, Nostoc sp. ANCG1660, Calothrix sp. ANCGl4 and
Calothrix sp. ANCG1542. Carotenoid yields were 3.86, 3.54, 2.89, 2.17 and 2.0l mg/1
respectively. Effects of some essential organic elements and physical factors on growth for
carotenoid production from the selected strains were studied. Selected strains were cultured in
modified medium using the BG 11 medium that contains 0.06 g/l K,HPO,, 0.15 g/1 MgSO, and 1
g/l NaCl adjust pH to 7.5-8, physical factors such as white light intensities at 2000-4000 lux. The
result showed that carotenoid yields were increase as 9.14, 4.52, 6.00, 3.66 and 4.63 mg/l
respectively. Analyses of [3-carotene evolution in 5 strains with HPLC shown that the maximum
production of Calothrix genus was after 10 days cultivation. In others (Nostoc and A. siamensis)
the maximum production was after 8 days cultivation. Finally 4. siamensis was sclected as the
highest carotenoid production strain. 4. siamensis was induced with Sodium Chloride, Sodium
Acetate, Ferric Ammonium Citrate and high inensity light in order to increase carotenoid
content. The maximum production of carotenoid (17 mg/1) was obtained when induce with high
light intensity. In the stability study of color and [-carotene from A. siamensis, color was longest
storage when adding vegetable oil (Jade Brand) and -carotene was longest storage when adding

BHT.
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1 2.1 Tassadreveslo lawsuuaz lalafiu (un : oswssa, 2532)
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3) o2 T1-un Ts7upud (Apo-carotenoid) A0 LA lsAuBIANTIMISUBY
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unTsfiuesmidiuansdsssumnangulvg  Havnmssnanuves lolaniu
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2.1.2.1 msnalilady wiseenldiu 3 szos
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1) Uidsevlesmsu (Formation) Wumsinavuveale Tswunita
TwTsWoenwa (isopentanyl pyrophosphate) ﬁ»‘lgﬂﬁ 2.6
aan 4o o
2) JiAsennenIes i (Conversion) 1umsudsuain Tolamwum
ialwlsvoaa luSlumesianwesiiialnlswemma (geranylgeranyl pyrophosphate) (U7
2.7)
3) U§Asmnouauaty (Condensation) 1Humssanluanaves

wosianesiialwlsvemwa 2 Tuana ifadlu T Indu (U7 2.8)

2.1.2.2 msinalalaniu
W InduvzgnildounduliifiulaTndiu FalaTnfuduasdedn
(precursor) lunszuaumsduneualsiuosanaesia ﬂmﬁﬂﬂﬁﬁ?m"lﬂﬂaw‘i?u
(cyclization) fiawTuana ey Tuanaveunlsin (Ui 2.9)
mmfuiumqm:qmﬂ%‘ﬂuﬁluLtﬂiﬁﬁuﬂﬂﬁﬁﬁﬁnym:mmzﬁhaq iy

o
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#1317 2.10 (Camara 1102 Moneger, 1981)
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H,C-C-SCoA + HQC-C-SCOA—i’HSC-C—CHa—C SCoA

acetyl CoA acetyl CoA acetoacetyl CoA

0
H,C-C-SCoA
CoASH
OH 2NADPH, I OH (o)
H,C-C -CH,CH,OH —= . HyC-C-CH5C SCoA
CH, CH,
COOH 2NADF, CoASH ¢ooH
mavelonate HMG-CoA
ATP
P
P
OH { ?_[ OH
H3C-C- CH, CH,-OP H3C-G-CH, CH,-OPP
CH, CH,
COOH COOH
5-phosphomavelonate 5-pyrophosphomavelonate
ATP
CO,H,0 P.pi
H,C

*C-CH, CH,-OPP
H2

isopentenyl pyrophosphate

Ui 2.6 nalanisifiale TmmuiitialwlsWomwa (isopentenyl pyrophosphate) 31n0zFAa IAID

(acetyl CoA.) ('ﬂm : Camera 0% Moneger, 1981)
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pyrophosphate
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isopentenyl PP
pyrophosphate r
)vvl\/OPPSW‘

pyrophosphate

Is~ s~ Js-oppnesy

rlﬁ’ pyrophosphate
s~ s~ Is~Is~oPpP

geranyl geranyl pyrophosphate

g 27 nalamsnlasunduvesle Tamuniia lnlsweama Wuwesiiiawesialnls

Hoawa (1711!'1 : Camara 18 Moneger, 1981)
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X < ~ X =~ NN NS ~ ~
Neurosporene
-2H
=~ =~ = > o >~ NN =~
Lycopene

U1 2.8 m3nfdou W Tndwilulalaiu (M : Camara uag Moneger, 1981)
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B-ring ¢-ring 7-ring
(2.73) (2.74) (2.75)

1 2.9 msifal§Ase 1y laamduvesiaunau 3 uuy (M : o3NII0L, 2532)
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[ NIRRT
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N RTINS N

(2.27) Canthaxanthin

i ] =) o a =
g1l 2.10 msndoud-ua Tsiuduwan Tsiladueria (M : esnssw, 2532)
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2.1.3 manszaeiiveannlsivesd
=] o 4 Aada as a = o :
unlshuesailudadiimsnsznedlusssumndnniga  wunalunsly
v o a =54 1o ' o Ls ol o 3 o
fir dad uazyaunss uadas himumsadannzdualsivesaduuued]d dniuldeslasy

- A o oA
i]'lﬂW‘ﬁ'HSE]ffﬂ')ﬂlﬁu'E]'lT‘iﬁTﬂUﬂﬁi (FOX, 1957)

2.1.3.1 dad
Td efual*yq dtl w(\rlil £ w(d” v ' o ¥
LA LS NUBDIAT ININAT LUTAD LA Uﬂnuﬁmmmqnmuuu LHU 1’1111’1
a; A A ° 9 ad -~ = [ s o’dy
luﬂﬂﬂ'lﬂiaﬁ‘llﬂﬁﬂﬁ']ﬁ'lﬂ‘ﬂn ‘nﬂmmuﬂumﬂammum 11a:uawu1mmm aamvgaaIy

a et ar as : 4 A & & 5, Vv
dad hifinsrgndundnivauiounniu samamulureanimznaiy

2.1.3.2 WY
' A A A daaa Y - 7
Tunaslsnatasveailowonynudwes zlsznoualounlsnuova
- " ! ¥ =) = = = = . ¥
¥iinA199 15U wa-ualsiu gy Taleawausy uaziiTouyusuy (neoxanthin) Wudu uen
: ar =1 = d o o =

vintudanuiadun Isnuesasglulas luwaiad (chromoplast) mldnadlusenlilazma

9 = 1 = ot =1 [ (= Y = =3
19 alnfe: laesnuun lshuesa lus s uawuniwdr-unlsiy uazuearh-ualsnu

Usuaunluviasen

2.1.3.3 nuansey
uaTsiusesimuluuuafiGodunaiiuneu Isiadunniuals
AU (Ciegler, 1965) TﬂU‘wuegﬁNﬁqwaéﬁaaanmﬂﬁf%'u"lﬁﬁmswﬁuﬁa (non-photosynthetic
bacteria) V1eaenug waznu dunlunuaiiGudunsiziiueda (photosynthetic bacteria) iing

= g o & o a
nnua lshussalidudinylumsdunszvues

2134 9
[l [ s s = W ¥ P s o =}
dmlngndannziualsivess W8 siansadunnzvunlsi
' ' :3 ° w i-: = . as
wood 1admInaidundud (ower fungd) Tavdunsiziyuinlumdoy (mycelium) 1inez
=1 1 Jd v o [ =] ~ o g o
azauunlsiu douuvulsdadwudosnn  dmiumianuun lsiiuesd lumiadumersa
1 ~ o = o 3 3/ =
(chanterelle) @ ludad wuldludaadunsana Rhodotorula 1AuA A 1-uAlsiu uANMI-UA

o n v %
Tsiu Tnzdu uazTngais ledu uaz Phafia 1ANA LoaA LAY (Goodwin, 1962)

2.1.3.5 @MY
v aa o S ' ¥ ¥ a ¥
WUIMAAITY (division) vaammIwazaduud-ua iy onduly
a a =3 Y s aa’,' 1 @
asnlalnd1 (Cryptophyta) Nad1aueavh-ualsiiu  dmivuau Isvamivzuanannueen

T uudazdddu awaaaluaisia 2.1 (Nakayama, 1962)
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¥
A WwANEULAAUYY  (blue-green algae) 130 lwen IunUANSY
¥ ¥ v = w o . . ¥
(cyanobacteria) 9¢ @3 1A 15U UaEOYWUS (hydroxy- 11 keto-derivatives) 18 wonan

fivarwmowugeamisonaniin TasusuTsad 16d20 (myxoxanthophyll)

O-rhamnose

N TN N N RN RN NN S
OH

HO

quii 211 TnseadrveiinTausuTsiad (A : Briton, 1983)

as ¢
2.1.4 puaulnvemnlsnvesa

LAy ara d
2.1.4.1 aaniamaand
= I3 n LY @ o = - d a
unlsiuseadluiviy azaielaludivazawdunsd msanauals
=1 o J A A aaa 3) Yar o c::lu’: ] = o
fussaoenuntiae e 1A laolddiviazaionivy Wy oexlau woaneden oy
Y
AR WHALVDIAINIAZ A eNIADIFIA (Humbeck, 1990: Miki uazaAmy, 1986) uAT5N

o ) g4 a gy 0 ¥ o =] 9 Ya o =
wessnnyiaiiuvewdsnguugives uazd Idilundn laTav1ddvhazmonaunmuz

2.1.4.2 ANUAN
o A w Y ' ' 9
unlsnussananasenual 9 hasuaaang  anuIouLazNTa
o Y a = L4 . . . . a’: as 1 | £ o VY a
Taoi l¥iAani1siaou 1o 1aues (cis-trans isomerization) WenINTUEY 1IRDA1 Fai1ding
a rd 1 =Y o Y a
mi3oend ladnioluTuana (autooxidation) 1az ladesendiaulueinia sxilvina mseen

c'i"lﬂc}?ﬁv?nmﬁuﬁ:@: (oxidation bleaching) 1

2.1.4.3 Msganauuaa

P e A oA o -
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3190 2.1 uaawnlsivesanwuluaimiie (M : Nakayama, 1962)

12

Division Carotenoids present Division Carotenoids present
Bacillariophyta [-carotene Cryptophyta o-carotene
g-carotene g-carotene
Fucoxanthin Zeaxanthin
Diatoxanthin Euglenophyta [B-carotene
Diadinoxanthin y-carotene
Chlorophyta o-carotene Lutein
[3-carotne Neoxanthin
y-carotene Astaxanthin
g-carotene Echinenone
Lutein Cryptoxanthin
Zeaxanthin Euglenanone
Violaxanthin Hydroxyechinenone
Neoxanthin Pyrrophyta [-carotene
Astaxanthin Diadinoxanthin
Siphonaxanthin Sulcatoxanthin
Chrysophyta a-carotene Dinoxanthin
B-carotene Phaeophyta [B-carotene
Lutein Lutein
Fucoxanthin Violaxanthin
Diatoxanthin Fucoxanthin
Diadinoxanthin Diatoxanthin
Cyanophyta [3-carotene Rhodophyta o-carotene
Lutein [B-carotene
Zeaxanthin Lutein
Myxoxanthin Violaxanthin
Myxoxanthophyll Neoxanthin
Aphanizophyll Taraxanthin
Flavacin Xanthophyta [3-carotene
Echinenone Lutein
Violaxanthin

Neoxanthin




Absorbance
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Wavclengtlh (nm)

31 2.12 wovosEIhazawAsMsRANAULTVEIIA T3 TiUDLA :
— Tuillasi@ou (light petroleum) H381ONIUBA
------- Tunas Isvlesy niawudy
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2.1.5 winnvewalsnuesa

Y d
2.1.5.1 MsanIZHLad (Photosynthesis)

r=1 o == ) £ o [ v ] " @
ualsivesaihudadiiminsunaanuuea uaadaan loa

= o 0 " a a o
aadlsiad 1 1u32UY Photosystem 1 Goedheer (1969) na1dszdnimwlumsdaniy

o A o ~ o 4 o A o '
auysaiifon 100% lunuaiiise unlsivovs aaslsiad ozsandngous vz5IWAINUBY U
o 4 o (] o 1 ] P
TasanTales (chromatophore) UUWBKKAT dnlufisamdoaia luazamsweziludiunila
o o " =3 1 o . . S o o
ypanaeTsnaras Taosauiuiiuudu Son uru'lnainesd (thylakoid disk) 1A lsNussAvz
wihiigandunaslugisiinaeTsilad hifilsz@ninm ldudumeniinnuenndugandt 680

w1 TuAs (Moor LazAM, 1982)

2.1.5.2 mstleanuuas (Photoprotection)
o S o o kY [T 2 A a
waammwwuqa LUANLIY LLASI “’BZQﬂ‘V’Hﬂ’]Uﬂ’JULLfNVlﬂ\‘)']U‘UULﬂJ’E]lI

" 4 '
daui laAeus (photosensitizing agent) 33WBgAw Msimaril laun 5u nazTUsaunlsznou



Aawan 1w lalalasy (cytochrome) ‘[ﬂUN'mnsz'umms‘?’iﬁﬂﬁlﬁﬂTmaqaﬂaﬂ%ﬁmﬁgn
ﬂi:éj’u (excited oxygen molecule) uﬂisﬁuﬂuﬁﬁmﬁﬁﬁ‘luﬁuﬂmﬁu (protective agent) ‘-'?x‘l
mms05:311TmaQaaan%muﬁgnn53¢j’umd1€u1é’1’ Seemnsoflosfusunsoudisadiiia
1nANu AL (photosensitization) 1@ (Krinsky, 1971; Will Il uazane, 1984) dadlunls
funada A ueavh-unlsiu Rinnuauisonsznoud eassuasonazlosiumsenn

°Tf'lﬂ‘ﬁﬂﬂuﬁ 1 (photo-oxidation) 14a7

2.1.5.3 M35U1a3 (Photoreception)

3 4 1o vod ad ' .

AILUIUMITUDARUMNIUBYAUNQUIIATN 1IABLTS (photosensitive
’ = . £ 14 a a

pigments) 719 15A0UFU (thodopsin) FeogiisAvesntsm  IsaedFuilumsiszney

=Y (] = ar = oo o . =
IF9HoUTEN1900UTY (opsin) AU 11-Ta-15A1ian 1A (11-cis-retinaldehyde) W30 11-Fa@

a o 0‘: o
lalasisAianlem (11-cis-dehydroretinaldehyde)  lawmssznevsiaasailulelamesves
= = é 9 Y =1 3 = = = =Y =Y o 3
Foniiu 10 Ba lduanim-uaTsiy dnadadu e Ysualseodsulusauizasas il

a [~ - A = @ an 4
wanzued lmuluifiavnseadd @5uns uazame, 2523)

2.1.5.4 Ml¥ifaalwilemen1a
= o o YV a ng ‘; 4‘1 1 A Ada 3 =
Llﬂii“u@ﬂﬂﬁ'lﬂ'lﬁﬂﬂTiﬂlﬂﬂﬂﬁ]uiulu@mﬂﬂ']qq 1117:13“%'3917]@71
o ¢ o 2wy o My ada 4 a o s
frlll'15ﬂﬁ\3Lﬂ'i13'l"ilLﬂIiﬂu@ﬂﬂﬁ]uiﬂm\nlﬁzﬂilﬂi131'1"11]\1ﬂ ﬁmﬂﬂ'uummﬂﬂﬁnﬂLmTS‘l’luﬂUﬂ

@ o

— ] ~ = o = o ar ar = 4 4
ivsedadey niedludnnmsdsznouiFidousewnlsivesanuseninguiady Wedad

=1

ar =1 L =) a Ha o ' a )
185uua TsiussdlSinaunnzinamsazaunaImia 15y Yaunsm (rout) swazaugny
¥
= a @ Vo 1 " = Va as
vinwAmis 19 §u waziiie (Peterson tazamz, 1966) dulnszazaugiulilddimiu

MRS Amanady (Soeder, 1978)

2.1.6 Uszleviivesunlsnuosa

2.1.6.1 1¥lugaamn33ueI1Ms (Food industry)

v v
1 udnaue M5 (food colorant) Tesmwizua-ualsny lavly
@ ' o d A oy a A a o o
wauluomstsznnlviumeg @y wonds womad 1IMIN WNURY  LasHaANUN
b 1 ' ¥ *
vnnzTsil Wudu wenaniidilFlugammnssuniesauilssinmidu uazemisiszinnou

~ oA o @ o a .
TaslFiud-unlsiungnl5ulge nazamsdunsien ABUAUNIIBUTY (canthaxanthin) 1AL DE

T ¥ v
T-unlsiueed Feannsoazaiwiinla nienszawdalunir1la (Britton, 1983)



2.1.5.2 Miluermsdn ) (Animal feed)

Tumshuduemsdadezldinnalasmss  lusuiludenilada
wnuaTsuoodunozaiia 1y Tuamswiier amsoiindunud) Suennndaied
Fiite wia 19 aawaunda 91850 TlsAunasSaiiudndau (Ninet 110z Renaut, 1979) Taerh
Tomsdaiaznauun Tsiuevaninusu Isiadnidundasusiuiqninnnszuaumna
iwiiBun3d 1wy unlsTlad wala (Carophyll yellow) Farlsznoudaves Tun 15#i Tudaomnod
(apocarotenoic ester) 10% 1A9INAITANALUNIINYG) alfalfa wazwa WsanFonnariia uals
Wod 0015UT (Carophyll orange) #913EABUABUAUTAUTY (canthaxanthin) 10% 711491
msadauennniagusoisa A9 wazvuuaraialn uazunlsWad 15a (Carophyll red)

Usenouaives 1dua 157 Tudmoanes 5% uaziAus sy 5% (V35%0, 2524)

2.1.5.3 11ul1)53m3iu 18 (Provitamin A)

Y ~ i‘] q’: 3 s da a a0 w o
wa-ua Isiudlumsasduveamsdunsiziianiiu v AdAgnga

a L4 -~ Ao
Tt Tuanavoaud-unlsiivszgndaasanarsdaseu lmhwim-ualsiiu - 15, 15-00nFvud
a e A o a w o o
(B-carotene 15, 15'-oxygenase) nmuiilu 2 Tuianaveusdriad laa (15AWa ; retinal) Mmolud

o oA W

Qs o o 3 4 = ¢ a .
1uazduveadad mmivezldsuidusiuea (retinol) laoou lyslisAtiasanea (retinal

reductase) ﬁﬂ:i.ﬂ 2.13

2.1.5.4 15lumand¥n333 (Pharmaceutical)
c‘: £y ar da a YV = =
vinmsduasasaulumsdunsiziiaiiy e veuum-ualsnu 99
¥
ar a = = ar Vv

aunsoldlumsdsuanmuastiostumsvadmiiu 1 18 uenniniidalfiiuasiles

o r . P = o @ 3 ﬂ 4 4 a
AUE (light-protective agents) tentlasAimisninemsau Tnil uazitluiu Minasnms
sunaanaavoanu l9nioiu Tsa 'l (photosensitivity diseases) (Frossberg HazAE, 1959)
Tunswanenz1dunTsnuooa 15U 1WA1-uA 15N LAZIAUSWTUTY

e ¥ 4 A o " o ddmais
udnaulushamafindoy (sugar-coated) VUITAN WAVAWIAIAY (gelatin) N1iwALga

n3omanludae$119n soft gel (Munzel ag Fuller, 1961)
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Retinal

2 NADPH
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»2 NADP'
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H
R/I\/CHO + HOH(E/\rR
H

Retinul

i 213 nalnnsasu-uaTsiuTidudniu e asAven)
A Ao wd-unTs¥iu 15, 15-0anF U
=) ok -
B fio 15mia Sannd

(W11 : Goodwin, 1984)

o Ad ' a =1 d
2.1.7 taduiiinanemsnanualsnuesn
2.1.7.1 WAYDIHINIMTUIFHA

1) Heavlesa
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2) Tulnsau
1 ar a = o = 4! 4 "
Rau (1976) wunmsdunsizviun lsiuesavziiayuionylu
annznua luTasiou
Withers 1182 Haxo (1978) F1o1uUTuiauudi-ualsivvues
' = . Q' -g d’l. A’ 1 ar = 3 1
T30 Peridinium foliaceum ﬂ:mwumﬂmﬂag‘luizuzﬁm‘mmi (stationary phase) 10N
a 43' = o - = 3
522800 (log phase) 1ipIIMAANMIVIABIMIT lAommie lumse Tauadznsayaylald
a ) P Y A @ o a a o
uazwaaud-un lsnu laadioszau lulasnulueimisding 1 Haaluars
De Laura uazAmz  (1987)  wuduile lsor Tunuanise
(Pseudoanabaena sp. Un% Oscillatoria splendida) mﬂ'luimmun:ﬁﬂﬁ'q i’glﬁ ol Tnua lasau

" ¥
s 5 v = I -
(phycobiliproteins) dauun IsiussaidTuauiuiu

3) wavles
¥
asuan (2537) NARDUWIZIAYY Spirulina TUOIMIIYAT Zarrouk
wuiSinalaTidmdoudamanszauaieg Wilinanssnuaensnsyuesmme  uann
hilalaludmdoudamanaluomsmondum famswndaudr-un lsivldanga uazds
() " 1 - A s ; o 9 = 5‘: a Y
wuno bilduuniiFoudamaluemsmizineszsi linmsniyanassiuiimswaaiua-

= ; i é = a A a o = 3 Fy ' = Y = o' i
ualsiud undomuuuniiFoudama 0.1 nfwaas Midamswraauai-un Tsiui laga
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4) TwiApunanlsa
ar 1 =t o a = o v "
asyan (2537) wuhlmdsuaaelsa 1 nsw@as mldeamswe
. . = ydd. :5'. o 1 qv A a =3 o s
Spirulina Wiy ldanga uazidiothamouwizidvaluemsidau Tndounaelsa 20 niw
= ar . aa L4 @ o o =
Aas Wunal 3 3y uddelidssluemrsnauldounae lsa 30 nfwans M lAYTuw
unlsiuosagaga
¥ ¥
Powthongsook (1993) 104771 IWBIWIZIEIM NI BTAY)
o' qw Y |1a
Dunaliella  meldanududuvouniolmdounan lsaluomindeags  Whumg s

Cal o ¥ a 9 S [] ¢ A &g
aaolsHadaoadanad aulSIRUA-uA TsNUABITAAINNAY
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Lilly ttagame (1960) NANDUWIZIAUI Choanephora cucurbitarum il
- | " " s e =1 o = ydd'a
FITAVUNLIDTANN ‘WU'ﬂﬂTiﬁﬂlﬂ‘ﬂz‘ﬂLlﬂiiﬂuﬂﬂﬂi}mﬂﬂ‘lﬂﬂﬂwm‘ﬁ 7
" ¥ "

DINTIM (2532) WU NI WTREL Chlorella sp. Mavalua TN

fewsudu 7.5 vwndaualsiugaga uaziifiey 6.0 aausuTsiad ldgage
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De Fabo llagat (1976) 15ﬁ1ﬂ1iﬁﬂy1 Neurospora crassa WU
yoauasiiiiu ssamileni Wifansdunasziunlsivesdunniige
Haggblom 11aiZ Unestum (1979) ANy Alternaria alternata W"U’hlﬁﬂ
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Fiksdahl 1182 Liaaen-Jensen (1983) yiimsnaassluamaieminiy
unuded laun Lyngbya, Plectonema, Phormidium, Fremyella diplosiphon, Tolypothrix tenuis,

. 1 = ¥ = = Yt U =
UL Aphanizomenon flos-aquae wazwuNezwasmud-ua Tsiuluuasdun 1dannuasduag

2.1.7.4 ANUTULAY
o [ a = o't o Y
warasutludemswanun 1siuosa 1y Neurospora crassa 1aziInnms
a T S 13
HAALAT-UA l‘swquuiu Phycomyces sclerotiorium (Zarokar, 1954; Lilly Linznmg, 1957)
Schiff (1980) wWuhlu Euglena gracilis annsadansiziunlsh

ﬁlw Y - A :qy Ady Yo a - nly cg
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2.1.8 M3tHuTnualsnuesa
[ [ 1 = ' =1 o o
Simpson ttazAME (1981) Na1N uasaIdiHadoun lsiuouAnD Midnm
e = o F a a = =
auiiavoaun lsnussaiae 1 asoud vl Taomsiduasinnawma laasenduei laa
(butylated hydroxyanisole : BHA) uﬂzﬁ’lﬁlmﬂﬂ'l&ﬂ‘iﬂﬂsﬂﬂq‘iﬂ)u (butylated hydroxytoluene :
BHT)
7 ° = o P
WIFMN uazAmE  (2538)  ymsAnuuafosnmvesuau Isvaa lunay
- AT = - P a v g a ¢ i i
A pauaz a3 714NN A UAIS DIAIMIANAITADAINNITOBNT 1K (antioxidant) ad 11

] v e = a . "o a ad
Faensmaniu'ldun S5endaiu (ethoxyquin) Az BHA wuii iafiosnmvesmsaiy

2.2 lesenTununaniSe (Cyanobacteria)

A - 1 = : = = o ' aa

Tyen Tunuaiise M3eaMIWAIUIULNUIAYTD (blue-green algac) nﬂag‘lum

¥ lren Tulan (Division Cyanophyta) nioaa9u leonTulw Inan (Division Cyanophycota)
a dda e = ° Y 3 =1 =1 o Yo ar o [

Sudasiztasmanldsaslon MldlaseaauazFunivearaa lndsanuuuanizouinnin
= a e 1 an w 4 ar - 1 = -1 =1 v o

fezlndsanuamseluaidudug dnvusiuanaannuuaiiGe Ao sandagaao IsWad 1o
o Y s o [ = 3 - P

(chlorophyll a) yhlWmunsadunnzuasaziantosveondionld  Tuvmzinuniise

v . N = v
Funsizvnaa (photosynthetic bacteria) HaRPINTIIU 1A
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TyenTunuaiiie wunszawalegnali Negerds (habitat) Innunanra

' ' a a a a a @ A & ' A £ A M Y S

WIN 1Y WUINMZBYUURIAU AN AIriu wilsdn nieervegaden livesiatuduuii

a ar ' Af daaa 'L ] v -~ ¥ =

vsnasinanoevenusuluunmiiddaegld  wesnmmsnaiuienyulnlai
} 4 . ¥ 4 i

Yuyunesnunuiu 1314 anvazruitoih inudeanimnadeuiuiwda1dan

v an o A 1 o ' S o = I

amswluaiduou e lsimumsunsnszasves lso TunuanSewunigamuiey

[ ¥ ¥ "
oo umMani1 (aquatic habitat) Tavezisingisludnuuziiluuwasiaen (planktonic)

=1 dy Y °y = ar a“
HIDIMZAIWWUNDIUT (benthic) (FUANA, 2530)
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d o
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L
2) unlshiused Usznoudie
W =1
- wa-unlsny
o a 1 1 = =y =
- uwulsHadvanewiia  dwlnejvndludinlsusuiu waziinle
o
uay Is¥aa
3) ‘I Iadiau (Phycobilin) Ysznovaly
- &1 loentiv (c-phycocyanin)
- dalalnla'lewtiu (allophycocyanin)
- -1 1avinsu (c-phycoerythrin)
oA (F=1 o o - A f& ' A e A
Tyl Tunnaiiso lilinae lsnaaadany - TifosInanesadeeginury  uliie
) 144 v A w 1dj e a M s A a )
v1eq v uez lilimsdaSesdaniudug  wusaszial)lugad nSeusnuseuusnved
d A o Aa ) 1 ci"» =] a .{ﬁ P
iwaa Fonusnantisniagmaiiian Tns Tuwa1edu (chromoplasm) USHIn InanosAilu
' o ' @ A ' a o w 4 d
9g903n00 15Wad 19 AIUTINIAYOU mm:aguumﬂuaa"l*nmﬂauﬂ"luaﬂym:ﬁ‘]ummanq

Gon I TndaTan (Ui 2.19)

] I
2.2.1.2 auilsznevvedivaa

@ d
1) Wiaaa (Cell wall)
» ' A4 A o L4 n‘: 3
Desikachary (1959) na1a lasen TunuaiGeimiugad 2 $u Fuluing
v
Uszneudomsninaag laa misuuennuilszneudiueInIneaIAY L Prescott (1981)
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& i a b A o
WININARY ﬁ'auﬁsuuﬂﬂqmi‘luﬁmﬂanmmﬁm matﬂu%umiunﬂ N (sheath) S ATATTSROTRET)

4 4wy w 5 ¢ A . y
wuanusu 13 1ann iuilss Temideamswileansg luanzudauds

2) lalanaradu (Cytoplasm)
laven TunvaiiSoli la Tanaraduiuanannamsidu  feaginnn
s a A ]
wrivaraait ldalu Sidewarauuuuusu (plasma membrane) 413 TaTanaadumisenn
i 2 dau uinadululiidilennlilswingEon @uTaswarady (centroplasm) d2u
a = o L] = -
Vsnuseuuoniisiniagazauegiion Tnsluwaaduy (chromoplasm) luuimlns Tu ware
: a 2 =1 &
auiiil lase Tu lWdunsiya (cyanophycin granule) Fuiluwanuilagiaiang saumislnalaoun
¥ 0 ¥
572 uazveminiuang (lipid globule) nszawagna 1 (31U 2.14 uaz 2.16)

T Tunpanise luddundeadanuy  Iismsnimnadeiwndod

A A d 4 @ r & ﬂ 1 3 M a o ' gy ¥
ADALDULD °h'»1E]’li]i’:lllﬁ’)ﬂul.{lui’l\‘nmﬁﬁ'luﬂ HIDUUNDUTU mmnmnuuuumﬂﬂ‘lﬂ

thylakoids photosynthetic

vesicles
membrane
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]
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e
ey e
TR

-

[ ! W
fibrous sheath DNA strand /

outer membrane inner membrane tner invesment

1 o P=y “
51 2.4 Tassadumelumadveslan TunuafiGonuuduas (Mun: 4Ia, 2542)
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3) winalea (Vacuole)
o a = a

punuuAmNA2lea (gas vacuole) 1309 lawIAIlea (pseudovacuole)
@ [=1 =1 o H ' a ¥ ] [
anvazithudadng nszenaly uﬁ’ﬁ'ﬁﬂg‘lummianmu“lwq,wﬂu'lu'Immu dutteuilu
DONFIIU

o = ] ar v u': c:

ufenfiTeatwlunmsasudivesamsis  Taevialsgwuluwinindly

's '
UNAINAOUNY (phytoplankton) 1%Y Anacystis, Anabaena, Nostoc \Wa& Coelosphaerium i

4) e 1msNNUazan (Storage food)
omsnnvazauduwnms Wlawmse  1dun  utla Toen Tulngu

¥ ¥
(cyanophycin starch) uanvintudal lna Talwunsiya uagneariniu
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1) gﬂiwatﬂuwaasﬁuaﬁ?ﬂﬂiau"hui'flumumu (non-filamentous form)
[ a o L4 [ Y]
2) gll'iwﬁ‘]mﬁ’umu (filamentous form) INADINKFAAHDWIBAAUIADNUIU
ﬂ ) & = =1 ) ¥ = 3 A A
Sumesn  @uaetioasasoyluinsuanuus  vatiaduaeeidais lnmsola
a a ¥ ~ & a A " a dyy
Fwnaer veriiadluduaofiuanuuus Faersunnuuneesanseuanuuna hissan 1a
H [ o ar
Tuwanimiluduae  diwvessasnsoaduiduuodSen  laslau
o cﬂ 1 ar H o
(trichome) Aoulundazidumsianlsznoudanlns Tauuazdnsaniu (U 215 wadlu

= & = ' 4 [} =1 A o
las Tauaziimawou Tvaves Iy Tanmadusznnusaa Taskugana nmiauwaa

trichomes

r 1 filament

sheath

i 215 danlsznoumuludumuoveslan TunuaiiGoudozidu (iu : gan, 2542)



(a) cross wall.

(b) thylakoids or photosynthetic membranes.

(c) cylindrical body seen in cross section (upper) and longitudinal section (lower).
(d) polyhedral body, also found in bacteria.

(e) structured granule, also called cyanophycin granule.
(f) DNA strands in the “centroplasm.”

(g) glycogen granules.

(h) ribosomes.

(i) lipid globule.

(j) phycobilisomes.

(k) pore.

o w s dd
1 2.16 madavNaveuad lve1 Tunuaiie (AW : Trainor, 1978)
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2.2.1.4 13mals¥an (Heterocyst)
o Ad o o Y A =] P
dueradmeenimianuimingelumsasalulasou wuluwind
i‘_' ) " 3 =Y =1 a’;ﬂ 1 ::io LY o ar ] [
Wudumomniu wazusnaeme lssaniitlugegeum lvwadviaesnnniu udazneu
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HuaoenaniuiGen g03 11Ny (hormogone) W30803 IuTnKily (hormogonia) deeruiluaiy
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111 v3emedus o 14 uazens lulnudinanmmnsoutswad Iidumesae 114
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amwiadeud lummzan ldnnnuwadsssua  eannadeuminzaufzsenily
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Funamanamme 15Ea 2 Auma Al
1) Anszvnawaamelieie  (intercalary  heterocyst) U wulu
w P
Anabaena FNE‘]J‘VI 2.17
a A o . ]
2) AanUawmerad (terminal heterocyst) Lty
¥ ’
2.1 weuSnadawaens 2 9wy Awulu Anabaenopsis,

Cylindrospermapsis (gﬂ‘ﬁ 2.18)

vegetative cell

heterocyst
polar nodule

U7 2.17 1eme Tsdasimolumomad (i : gId, 2542)
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Ui 2.18 1emelsFaieguSnalawaoia 2 9 (M : IR, 2542)

22 favsnulauAaiulaiedy  (basal heterocyst) 14 Wulu

Calothrix (Eﬂﬁ 2.19)

U7 2.19 1ame IsdaviuSnanlmemy (an : gad, 2542)

' ¥
23 iAandawvoaunadug (pedicellate heterocyst) Wu 1y

Nostochopsis

= a ow o’
24 1iadhen s laouuAaduad ludueo (lateral heterocyst)

wulu Nostochopsis (ﬁ&;ﬂﬁ 2.20)
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2.2.2.1 mswasud (chromatic adaptation)
A A aa 4 Y A
msulaoudves lyo TunuafiiseyuegiuANIIRAUUAS (Wave length)
HAZANUDVYDWAS (intensity)  iws1zuasdansuh Iiems wadnsaniagiysumnn
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2.2.2.2 M3A391UIASIOU (nitrogen fixation)
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= ar é o
e lsFaniudadiueu lanlluTasdua (nitrogenase) Bad1Agysons
a31TuTasouTaoansowldonlalulasnuldifluwenTude  wazssiimsn/asunas’yl
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2.2.2.3 ANNABNIONUARAMNRUHYNGWazMA1INNg 1A
Teon TunuafiGeiidnmn  uazTuegavesTusumoluTus Tanarady
v w ' Q ¥ ' a A g ' any 1 a o
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Tuierimiou

2.2.3 msnzias leenluuuaniSe
a2 44 ' o Aa a -:i
2 IMIsRsUFB NIz ANABMTINIZIAN Iy TunuaRGulivaegas  aui
o kY Y o Y . . .
MYIUMBU  (2527) TAs1wau130a931 Allen’s blue green medium (modified), Bristol’s
medium, Chu no.1 medium, Modified Chu no.1 medium, BG 11 medium 8% Soil water medium
¥ ¥ . bl
qI35001 (2542) 504N BG 11 Wlusmisidsaenimunzaemsiaes leon
P .:; 1 [ " = ' :’ 4' 9 o [
TuuuANEONUENINUMAIA1Y 1B AU unani uazdle Iudannnasavgeos maua (15
. . . 0 q ¥ o o d 4
cool white, warm white, day light) mlvmsmizidealianuduisanniu
o =Y [ 4 " dy
qUNINAZY501 (2542) ANEIOAIINSG IHOIMATIMINZ ANADMISINIZIT A.
siamensis WM THOIMATUEAT 3 vwm MmTwlimsniygega
. 1 ar ' o 9 4
Antarikanonda (1980) Wy m3dannuuvessaanlunioddnlas Inla
a o { y @ Yy o
11A03 (spectrophotometer) NANUBIAAU 900 W1 THWAST AWITDTAMANUINIUVDUYAD
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amswihRuunuded 18 TashFuessndng lisunau
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3.1 gUnsnl, M5Adl wazgaunsd
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2.

10.
11.
12.
13.
14.
15.
l16.

17.

18.
19.
20.
21.
22.
23,

24.

T { o o o
Ty TunuaNGenInAaUNUED M. T4 83 MU

A A 3

msnlmneateslugasens BG 11, il lumsasauazinsiziua s
wous uazaniiilanaaounund

MABAMIZIALY (Culture tube) UFAUENATS 4.5 @, g9 30 @, Tivealdonmdy
HIgUENE13 0.5 .

w304uAn 1y Wanan, nnes, nizvenads, Tilad 1a4

TuTlnstulad (Micropipette) *a;' U pipetman U84 Gilson France

#id0i%0 1 Faster Bio 48

mfs"mmth (Shaker) ‘;'. U New Brunswick Scientific Y99 Brunswick Scientific USA
ﬂﬁﬂﬁﬂiwﬁammﬁuqq (Autoclave) JU SS-325 U9 Tomy

Lﬂ?ﬂd‘i’]uﬁzl‘atjﬂ (Homogenizer) S:‘L! Ultra-turrax T25 4949 Kika-Labortechnik
‘];ﬂ‘lmléﬂlﬁlﬂ (Tissue Homogenizers) ¥84 Thomas Scientific

a)nTas I Tadines 34 Spectronic 20 Y83 Bausch & Lomb

Lﬂém!ﬁuthﬁ 15 (Vortex) model K-550-GB 484 Scientific Industries, Inc. USA

N3381LLN (Separatory funnel) 250 19a0nT Y09 Witeg Preciso L1a¥ Pyrex no. 6402
N52AIYNTDI Whatmann GF/C LaZ¥ANTEATENIDINIIVDI HP

ﬂgﬂﬂimﬁiaﬁnﬁu (suction pump)

401 (Oven) YB3 Mammert

m‘%l‘mﬂuum%m (Centrifuge) 5:1"! Labofuge 6000 ¥®4 Heraeus Christ Lmzm%‘m‘ngu
WM3eANIE YA (Ultra centrifuge) 34 RC 285 04 Sorvall

Lﬂém;ﬁ'ﬂﬁmﬂi (pH meter) model PHB2 484 Yokokawa Electric Corporation
Lﬂéﬂﬂiﬂﬂ’ﬂmﬂmmﬂ (Lux meter) ';l“L.l 51001 illuminance meter ‘qm Y okokawa
1n3093A8R51m5 1Mave01M#l (Air flow meter) U943 Kofloc

HPLC Series 1100 Diode array detector Y93 Hewlett Packard

méﬂ\i‘i 2118 (Evaporator)

g1911%01U (Water bath) §1 GFL 1083

L
Taa@mm%u (Desiccator) 34 Glaswerk wertheim GL 32
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waoanQeoIsAAUA U TLD 36 W Daylight 2600/m. 72 Lmv/W 404 Philips
ﬁnau 'j: W Heavy duty industrial Y494 Puma Taiwan
NnanSuussauauauamiuy 5 ¥

Moruaan Idurgudnats s Tadwas
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3.2 Mtz lsanluuuaniGe
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3.2.1 MAFBHIMIFIQEIYD

—Hq ¥ o s a s o ~
E'I’]‘YI'Ii1’]1‘&{]“E)'I'Hﬁﬁxitﬂ‘i'lz'ﬂﬂ'luilﬂﬁ BG 11 Uﬂﬂﬂﬂﬁgﬂf)‘l}ﬂ{lﬂﬁu'ﬂ 3.1

v ¥ ¥
M3199 3.1 UAAIGATINITALUTE BG 11
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adauisznou AU (NFN/AAT) 200 1M1 (PFN/AAT)

NaNO, 1.500 300.000

K,HPO,3H,0 0.040 8.000

MgSO, 7H,0 0.075 15.000

CaCl»2H,0 0.036 7.200

Citric acid 0.006 1.200

Ferric ammonium citrate 0.006 1.200
Ethylenediaminetetraacetic acid (EDTA) 0.001 0.200

(disodium magnesium salt)

Na,CO, 0.020 4.000
Trace metal mix 1.0 Haaans
Distilled water 1.0 AR5

@ i .-; ¥ 3y & a kY | "]d_l
HAIDINHUTOAIHUDUIANHAUGILAD 'lJﬁJWLE]‘M U74

Trace metal mix Hannsuannnns N3N/aNI
H,BO, 2.860 2.860
MnCl,*4H,0 1.810 1.810
ZnSO,-7H,0 0.222 0.222
Na,MoO,*2H,0 0.049 0.049
CuSO,*5H,0 0.079 0.079

Co(NO,) *6H,0 0.049 0.049
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213 BG 11 hiduTandon Tuwsn 451135 70-75 addas  @eauwnIsaudl NG 200
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a1 wawnimsniyvearaamnweuds Jnh lliusedsdulumsnaasese’ll

3.2.3 manziasalunasamiziass
b ¥ v
MTUUMARAIMIZIABIUSTIOIMISIABUTRgRs BG 11 1Suias 250 ladans
Yy a 3 3 u 1 a " = L
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a) Calothrix sp. ANCG14 b) Calothrix sp. ANCG18
¢) Calothrix sp. ANCG1542 d) Nostoc sp. ANCG1660

e) A. siamensis ANCGI1709
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= \ a a = d = o
1. r-m*umhmuu'iummﬂﬂmsmif.uuu’nzm'mnmmimuatmmm‘lwﬂummm‘m

1.1 Calothrix sp. ANCG14

1.1.1 HaFBM SRy

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0240 0.0120™°
Within Groups 3 0.0384 0.0128

Total 5 0.0625
C.V.=26.81%

1 = d
1.1.2 HaA® ﬂ1‘iﬂﬁﬂllﬂi‘i‘ﬁuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.3650 1.3650%*
Within Groups 3 0.0028 0.0009

Total 5 2.7328
C.V.=1.493%
Multiple Range Test : LSD test with significance level 0.05
NaNO, (g/l) Carotenoid (mg/1)
0 2.96"
1.5 161"
’ 3 1.46°
1.2 Calothrix sp. ANCG18
1.2.1 HARBN3IDIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0961 0.0481™°
Within Groups 3 0.0274 0.0091

Total 5 1.1235

C.V.=19.35%



d
1.2.2 HaneMsHanunlsNuoa

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.6872 1.6872**
Within Groups 3 0.0010 0.0003

Total 5 3.3754
C.V.=0.669%
Multiple Range Test : LSD test with significance level 0.05
NaNoO, (g/1) Carotenoid (mg/l)
0 2.93°
1.5 3.29°
3 1.55°
1.3 Calothrix sp. ANCG1542
1.3.1 HANBNII3DY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0091 0.0045™
Within Groups 3 0.0061 0.0020

Total 5 0.0151
C.V.=5.85%
1.3.2 wademInanuAlsNuosa
~ Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.4772 0.7386**
Within Groups 3 0.0080 0.0027
Total 5 1.4852
C.V.=1.836%
Multiple Range Test : LSD test with significance level 0.05
NaNoO, (g/1) Carotenoid (mg/l)
0 2.34°
1.5 3517
3 2.64°




1.4 Nostoc sp. ANCG1660

1.4.1 HOADMISIDIEY

96

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1697 0.0849*
Within Groups 3 0.0172 0.0057

Total 5 0.1869

C.V.=11491%

Multiple Range Test : LSD test with significance level 0.05

NaNoO, (g/) 0.D. 900 nm.
0 0.44"
1.5 0.85"
3 0.68"™
142 WadeMsKaAuAlsNLELA
Source D.F. Sum of Squares Mean Squares
Between Groups 2 10.3345 5.1673**
Within Groups 3 0.0060 0.0020
Total 5 10.3405
C.V.=1.831%

Multiple Range Test : LSD test with significance level 0.05

NaNoO, (g/) Carotenoid (mg/1)
0 4.20"
1.5 2.02"
3 1.09°




1.5 A. siamensis ANCG1709

1.5.1 WanIM 038y

97

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.3657 0.1829**
Within Groups 3 0.0076 0.0025

Total 5 0.3733
C.V.=6916%
Multiple Range Test : LSD test with significance level 0.05
NaNoO, (g/1) 0.D. 900 nm.
0 0.98°
1.5 0.80"
3 0.39°

1 a = d
1.5.2 panesHanualsNuaen

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.0656 5.5328%*
Within Groups 5 0.0122 0.0041

Total 5 10.3405
C.V.= 1.323%

Multiple Range Test : LSD test with significance level 0.05

NaNoO, (g/l) Carotenoid (mg/l)
0 6.76'
1.5 3.84"
3 3.92"




2. waveslnldmdunlalasnueaindemsnIauazmsndaunlsiivesdveslanly

= o
HUANLSE
2.1 Calothrix sp. ANCG14

2.1.1HaNBNI51058Y

98

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0296 0.0148*
Within Groups 3 0.0017 0.0006

Total 5 0.0313
C.V.=4.684%
Multiple Range Test : LSD test with significance level 0.05
K,HPO, (g/1) 0.D. 900 nm.
0.04 0.44"
0.06 0.85"
0.08 0.68"

2.1.2 WamemMsHanualsnyesa

Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.5996 1.2998%*
Within Groups 3 0.0090 0.0030

Total 5 2.6086
C.V.=1.942%

Multiple Range Test : LSD test with significance level 0.05

K,HPO, (g/1) Carotenoid (mg/l)
0.04 297
0.06 2.04°
0.08 3.65




2.2 Calothrix sp. ANCG18

2.2.1 HaRBMSIO3EY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0432 0.0216"
Within Groups 3 0.0170 0.0057

Total 5 0.0602

CV.=14.112%

a d
2.2.2 wWanamsHanualinueua

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.2564 0.6282%*
Within Groups 3 0.0058 0.0019

Total 5 1.2622
C.V.=1.207%
Multiple Range Test : LSD test with significance level 0.05
K,HPO, (g/1) Carotenoid (mg/l)
0.04 4.12°
0.06 3.01°
0.08 3.70°
2.3 Calothrix sp. ANCG1542
2.3.1 HONBNITNIY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.2749 0.1375%*
Within Groups 3 0.0345 0.0115

Total 5 0.3094

C.V.=24.652%
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Multiple Range Test : LSD test with significance level 0.05

K,HPO, (g/1) 0.D. 900 nm.
0.04 0.25°
0.06 0.74°
0.08 0.32%

1 a = d
2.3.2 HANDMSHAAUAITNHBHA

Mean Squares

Source D.F. Sum of Squares
Between Groups 2 1.7785 0.8893%*
Within Groups 3 0.0060 0.0020
Total 5 1.7845
C.V.=1.836%

Multiple Range Test : LSD test with significance level 0.05

Carotenoid (mg/1)

K,HPO, (g/)
0.04 1.61°
0.06 2.19"
0.08 2.94°
2.4 Nostoc sp. ANCG1660
2.4.1 HAABMIIDILY
Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0868 0.0434*
Within Groups 3 0.0172 0.0057
Total 5 0.1040
C.V.=9.679%
Multiple Range Test : LSD test with significance level 0.05
K,HPO, (g/1) 0.D. 900 nm.
0.04 0.69"
0.06 0.95"
0.70™

0.08




U a =l d
Nﬂﬂﬂﬂl‘iﬂﬁﬂuﬂj‘iﬂuﬂﬂﬂ
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24.2
Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.6644 1.3322%*
Within Groups 3 0.0194 0.0065
Total 5 2.6838
C.V.=2.799%
Multiple Range Test : LSD test with significance level 0.05
K,HPO, (g/l) Carotenoid (mg/l)
0.04 2.04°
0.06 3.67°
0.08 2.93°
2.5 A. siamensis ANCG1709
2.5.1 HAABNMIITY
Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0589 0.0294*
Within Groups 3 0.0043 0.0014
Total 5 0.0632
C.V.=3.818%
Multiple Range Test : LSD test with significance level 0.05
K,HPO, (g/1) 0.D. 900 nm.
0.04 0.92"
0.06 0.91"
0.08 132

] a =] d
2.5.2 pasleMsHanuAlsNueen

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0417 0.0209*
Within Groups 3 0.0024 0.0008

Total 5 0.0441




102

C.V.=0.563%
Multiple Range Test : LSD test with significance level 0.05
NaNO, (g/l) Carotenoid (mg/l)
0 4.98"
1.5 5.14°
3 4.95°

o ot 1 a a = d A
3. Ni’;l'llﬂﬂ!mﬂu!“ﬂﬂ!l‘llil!ﬂﬂﬂE}ﬂﬁ!ﬂﬁylm:,’fl'I‘SNnﬂ!!ﬂiiﬂuﬂﬂﬂﬂﬂdﬁfﬂﬂﬂulmﬂ‘l‘ll‘.ir_l

3.1 Calothrix sp. ANCG14

311 HAABNITRIY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0170 0.0085*
Within Groups 3 0.0013 0.0004

Total 5 0.0183
C.V.=6.390%
Multiple Range Test : LSD test with significance level 0.05
MgSO, (g/) 0.D. 900 nm.
0075 037"
0.113 0.34”
0.150 0.24°
3.1.2 wamremswanualsnuesa
Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.3412 0.1706**
Within Groups 3 0.0108 0.0036
Total 5 0.3520

C.V. = 3.046%



Multiple Range Test : LSD test with significance level 0.05

MgSO, (g/l) Carotenoid (mg/l)
0.075 2.24°
0.113 2.01°
0.150 1.66°

3.2 Calothrix sp. ANCGI18

3.2.1 HAABMIIIEY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0100 0.0050™
Within Groups 3 0.0037 0.0012

Total 5 0.0137
C.V.=8.726%

v a I d
3.22 Nﬁﬂﬂm‘a’ﬂaﬂuﬂiﬁﬂ‘uﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1385 0.0693*
Within Groups 3 0.0082 0.0027

Total 5 0.1467
C.V.=2.089%

Multiple Range Test : LSD test with significance level 0.05

MgSO, (g/l) Carotenoid (mg/1)
0.075 2.29°
0.113 2.51%
0.150 2.66"




3.3 Calothrix sp. ANCG1542

3.3.1 WaRBM I

104

Source D.F. Sum of Squares Mean Squares
Between Groups 3 0.0175 0.0087"
Within Groups 3 0.0135 0.0045

Total 5 0.0310
C.V.=15.60%

3.3.2 wamemsHanualsNueua

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.3204 0.6602**
Within Groups 3 0.0162 0.0054

Total 5 1.3366
C.V.=3.499%
Multiple Range Test: LSD test with significance level 0.05
MgSO, (g/D) Carotenoid (mg/l)
0.075 1.66"
0.113 1.89"
0.150 2.75

3.4 Nostoc sp. ANCG1660

3.4.1 WAABM NI

Source D.F. Sum of Squares Mean Squares
Between Groups 2 22.6602 11.3301°°
Within Groups 3 32.1611 10.7204

Total 5 54.8213

C.V.=146.04%



d
3.4.2 EanaMsHanuAlINuoEA

105

Sum of Squares

Mean Squares

Source D.F.
Between Groups 2 1.6825 0.8413**
Within Groups 3 0.0096 0.0032

Total 5 1.6921
C.V.=1424%

Multiple Range Test : LSD test with significance level 0.05

MgSO, (g/1) Carotenoid (mg/l)
0.075 472"
0.113 3.65"
0.150 3.55"

3.5 A. siamensis ANCG1709

3.5.1 HARBNIIIDIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0641 0.0321**
Within Groups 3 0.0004 0.0001

Total 5 0.0632
C.V.=1.028%
Multiple Range Test : LSD test with significance level 0.05
MgSO, (g/D 0.D. 900 nm.
0.075 0.95’
0.113 0.86"
0.150 111

a d
3.5.2 pasemsHanunlsNueen

Sum of Squares

Mean Squares

Source D.F.
Between Groups 2 0.2789 0.1395™
Within Groups 3 5.0154 1.6718
Total 5 5.2943
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C.V.=24.996%

=) d 1 a a ) 3 =
4. wavealmAsunaelsanemsniguazmswanunlsivesnvealyslunuanise
4.1 Calothrix sp. ANCG14

4.1.1 WOARM3IEY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.2257 0.1128*
Within Groups 3 0.0159 0.0053

Total 5 0.2416

C.V.=21412%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/1) 0.D. 900 nm.
0 0.38"
1 0.56"
10 0.09°

1 =3 = ¢
4.1.2 Nnﬂﬂﬂlﬁﬂﬁﬂllﬂjﬁﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 3.6324 1.8162%*
Within Groups 3 0.108 0.0036

Total 5 3.6432
CV.=2532%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/1) Carotenoid (mg/l)
0 3.18'
1 2.61°

c

10 1.32




4.2 Calothrix sp. ANCGI18

4.2.1 HaNBM D3R

107

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0992 0.0496*
Within Groups 3 0.0101 0.0034

Total 5 0.1093

C.V.=13.466%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/) 0O.D. 900 nm.
0 0.35"
1 0.62"
10 0.34"

v = = 3
4.2.2 Nimﬂﬂ'l‘iﬂﬂﬂuﬂi‘i‘nuﬂ&lﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 3.8745 L9375*
Within Groups 3 0.0068 0.0023

Total 5 3.8813
C.V.=1.998%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/1) Carotenoid (mg/l)
0 2.62°
1 158"
10 1.32°




4.3 Calothrix sp. ANCG1542

4.3.1 HONDNIIDIRY

108

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0608 0.0304*
Within Groups 3 0.0053 0.0018

Total 5 0.0661

C.V.=12.227%

Multiple Range Test : LSD test with significance level 0.05

NacCl (g/1) 0.D. 900 nm.
0 0.41%
1 0.43°
10 0.21%°

J =) = d
4.3.2 Nﬂﬂﬂﬂfiﬂilﬂllﬂi‘i‘ﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.0172 1.0086**
Within Groups 3 0.0050 0.0017

Total 5 2.0222

C.V.=11.950%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/l) Carotenoid (mg/l)
0 2.45"
1 2.45"
10 1.22°




4.4 Nostoc sp. ANCG1660

4.4.1 HAARMIIDIY

109

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0916 0.0458*
Within Groups 3 0.0082 0.0027

Total 5 0.0998
C.V.=7.994%
Multiple Range Test : LSD test with significance level 0.05
NaCl (g/1) 0.D. 900 nm.
0 0.70"
1 0.77"
10 0.48°

1 a = d
4.42  WAARMIHANNAIINUHBLA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 4.1301 2.0651**
Within Groups 3 0.0140 0.0047

Total 5 4.1441
CV.=2.174%
Multiple Range Test : LSD test with significance level 0.05
NaCl (g/1) Carotenoid (mg/1)
0 374"
1 3.74"
10 1.98°




4.5 A. siamensis ANCG1709

4.5.1 WaABNIIIIGY

110

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.6891 0.8445**
Within Groups 3 0.0015 0.0005

Total 5 1.6905
C.V.=2.923%
Multiple Range Test : LSD test with significance level 0.05
NacCl (g/) 0.D. 900 nm.
0 1.30°
1 0.96’
10 0.04°

v = = d
452 Nﬁﬂﬁ]flﬁﬂﬁﬂ!!ﬂi‘iﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 25.9009 12.9505**
Within Groups 3 0.0152 0.0051

Total 5 25.9161
C.V.=1.833%

Multiple Range Test : LSD test with significance level 0.05

NaCl (g/i) Carotenoid (mg/l)
0 5.54"
1 5.28"
10 0.96°
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5. Nﬁ‘ll‘f)\iwlil‘m‘ﬂlﬁl‘I—IﬂElﬂ'I‘i!‘i]‘iiyl!ﬁi’u’ﬂ1‘iﬂﬂﬂ!lﬂiﬁnﬂﬂﬂﬂ‘lli’)ﬂulmﬂﬂulwﬂﬂﬁﬂ
5.1 Calothrix sp. ANCG14

51.1  WaABM303YY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0824 0.0412*
Within Groups 3 0.0079 0.0026

Total 5 0.0903
C.V.=9.768%
Multiple Range Test : LSD test with significance level 0.05
pH 0.D. 900 nm.
7 0.40™
7.5 0.68"
8 0.49™

\ = = d
5.1.2 Nflﬂﬂﬂﬁﬂ’slﬂ!!ﬂi‘iﬂui’)ﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.5081 0.7541**
Within Groups 3 0.0328 0.0109

Total 5 1.5409
C.V.=2753%

Multiple Range Test : LSD test with significance level 0.05

pH Carotenoid (mg/l)
7 3.49
75 4.50°

ac

8 3.39




5.2 Calothrix sp. ANCG18

5.2.1 HaABNI3QY

112

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0114 0.0057"
Within Groups 3 0.0115 0.0038

Total 5 0.0229

C.V.=10.056%

U a = d
522 WaneMsHanuAlsNuBEA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0201 0.0101™°
Within Groups 3 0.0192 0.0064

Total 5 0.0393
C.V.=3.073%

5.3 Calothrix sp. ANCG1542

5.3.1 HaABNIIIY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0129 0.0064™
Within Groups 3 0.0201 0.0067

Total 5 0.0330

C.V.=21.540%

T =Y = d
5.3.2 WanenNsHanuAlsNuesa

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.7492 0.3746*
Within Groups 3 0.0372 0.0124

Total 5 0.7864
C.V.=5.228%

Multiple Range Test : LSD test with significance level 0.05
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pH Carotenoid (mg/l)
g 2.29%

7.5 2.46"
8 1.64°

5.4 Nostoc sp. ANCG1660

5.4.1 HOABMSINIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0277 0.0139*
Within Groups 3 0.0023 0.0008

Total 5 0.0300
C.V.=2.931%
Multiple Range Test : LSD test with significance level 0.05
pH 0.D. 900 nm.
7 0.87"
7.5 1.03”
8 1.00°

] d
5.4.2 wademMsNanualinuea

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.4421 0.2211**
Within Groups 3 0.0138 0.0046

Total 5 0.4559
C.V.=1.156%

Multiple Range Test : LSD test with significance level 0.05

pH Carotenoid (mg/l)
7 556

7.5 6.22"
8 5.82°




5.5 A. siamensis ANCG1709

5.5.1 WanBN1III03EY

114

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0009 0.0005"
Within Groups 3 0.0010 0.0003

Total 5 0.0019
C.V.=2.007%

\ =3 ) d
5.5.2 Nﬂﬂﬂﬂﬁﬂﬂm!ﬂiiﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.3621 0.1811*
Within Groups 3 0.0388 0.0129

Total 5 0.4009
C.V.=2.026%

Multiple Range Test : LSD test with significance level 0.05

pH Carotenoid (mg/l)
7 532"

7.5 S50
8 5.58°

a v a a = 3 =
6. NT;HIENQi).!‘ﬁQ‘Nﬂﬂﬂ]ﬁl‘i]‘imuuﬁzm‘iﬂﬂﬂt!ﬂiiﬂuﬂﬂﬂﬂlﬂﬂ"ﬁﬂﬂu!mﬂ‘l"ll‘iE!

6.1 Calothrix sp. ANCG14

6.1.1 WAABNIIIEY

Source D.F. Sum of Squares Mean Squares
Between Groups y 0.0070 0.0035™°
Within Groups 3 0.0063 0.0021

Total 5 0.0133

C.V.=16.25%



T a d
6.1.2 Ni;‘lﬂf]ﬂﬁﬂﬁﬂllﬂiﬁﬁuﬁ)ﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.9467 0.9738**
Within Groups 3 0.0298 0.0099

Total 5 1.9774
C.V.=5.349%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) Carotenoid (mg/l)
30 1.98"
35 2.49"
40 L11°

6.2 Calothrix sp. ANCG18

6.2.1 HANBN3IDIEY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0093 0.0047"
Within Groups 3 0.0597 0.0199

Total 5 0.0690

C.V.=34.831%

1 a = d
6.2.2 Nﬁﬂﬂﬂ]‘iﬂﬁﬂuﬂiiﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.6089 0.3045%*
Within Groups 3 0.0050 0.0017

Total 5 0.6139
C.V.=1.894%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) Carotenoid (mg/l)
30 2.56'
35 2.19"
40 1.78°




6.3 Calothrix sp. ANCG1542

6.3.1 WaNBNI3IV31Y
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Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0296 0.0148*
Within Groups 3 0.0042 0.0014

Total 5 0.0339

C.V.=11.070%

Multiple Range Test : LSD test with significance level 0.05

Temp. ('C) 0.D. 900 nm.
30 0.38"
35 0.40"
40 0.24°

6.3.2 HameMIHanuAlsNveEA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.6036 0.8018**
Within Groups 3 0.0460 0.0153

Total 5 1.6496
C.V.=5.622%
Multiple Range Test : LSD test with significance level 0.05
Temp. ‘o) Carotenoid (mg/l)
30 2.92°
35 1.73"
40 1.95"




6.4 Nostoc sp. ANCG1660

6.4.1 HONBNIIIDIEY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1911 0.0956**
Within Groups 3 0.0047 0.0016

Total 5 0.1958
C.V.=6.897%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) 0.D. 900 nm.
30 0.65"
35 0.76"
40 0.34°

v d
6.4.2 Nﬁﬂﬂﬂ1§ﬂ§ﬂ!lﬂiiﬁuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 8.2917 4.1450**
Within Groups 3 0.0160 0.0053

Total 5 8.3077
C.V.=2.504%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) Carotenoid (mg/l)
30 4.08
35 3.34°
40 1.30°




6.5 A. siamensis ANCG1709

6.5.1 WORBMTIEY
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Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0363 0.0181*
Within Groups 3 0.0033 0.0011

Total 5 0.0396
C.V.=4.606%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) 0.D. 900 nm.
30 0.83"
35 0.67"
40 0.67"

v a = d
6.5.2 Nﬁﬂﬂﬂ]iﬂﬁﬂ!!ﬂiﬁﬂ“ﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.8689 0.4345%*
Within Groups 3 0.0220 0.0073

Total 5 0.8909
C.V.=2511%
Multiple Range Test : LSD test with significance level 0.05
Temp. ('C) Carotenoid (mg/l)
30 3.82"
35 2.90”
40 3.49°
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a U a a a d =
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7.1 Calothrix sp. ANCG14

7.1.1 HaNBM338Y

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0589 0.0294**
Within Groups 3 0.0014 0.0005

Total 5 0.0603

C.V.=10.400%

Multiple Range Test : LSD test with significance level 0.05

Light 0.D. 900 nm.

White 0.35"

Green 0.12%
Red 0.18%

~ d
7.1.2 wamamsnanualsnuoue

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.4572 0.2286**
Within Groups 3 0.0028 0.0009

Total 5 0.4600
CV.=2314%

Multiple Range Test : LSD test with significance level 0.05

) Light Carotenoid (mg/l)
White 4.49°
Green 3.92"
3.89™

Red




7.2 Calothrix sp. ANCG18

7.2.1 WHaABMINIRY

i\i
o

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0965 0.0483*
Within Groups 3 0.0065 0.0022

Total 5 0.1031

C.V.=11.668%

Multiple Range Test : LSD test with significance level 0.05

Light " 0.D. 900 nm.
White 0.58"
Green 0.28%
Red 0.36°
722 wanemswanualiniuesa
Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.2070 1.1035%*
Within Groups 3 0.0037 0.0012
Total 5 2.2107
C.V.=0.837%

Multiple Range Test : LSD test with significance level 0.05

Light Carotenoid (mg/1)
White 4.64'
Green 3.29°

Red 4.49°




7.3 Calothrix sp. ANCG1542

7.3.1 WanoMsnIY

()

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.2341 0.1171%*
Within Groups 3 0.0011 0.0004

Total 5 0.2352
C.V.=6.452%

Multiple Range Test : LSD test with significance level 0.05

Light 0.D. 900 nm.

White 0.59°

Green 0.13°
Red 0.22°

73.2 Wamemsnanualsnuoud

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.3844 0.1922%*
Within Groups 3 0.0062 0.0021

Total 5 0.3907
CV.=1447%

Multiple Range Test : LSD test with significance level 0.05

Light Carotenoid (mg/1)
] White 3.48"
Green 347"
Red 2.86"




7.4  Nostoc sp. ANCG1660

7.4.1 HANBNISIIEY
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Ze

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1126 0.0563"
Within Groups 3 0.0521 0.0174

Total 5 0.1647

C.V.=26.756%

7.4.2 WasnemsHanualsnuesa

Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.3877 1.1939%**
Within Groups 3 0.0050 0.0017

Total 5 2.3927
C.V.=1.254%

Multiple Range Test : LSD test with significance level 0.05

Light Carotenoid (mg/l)
White 4.02°
Green 2.48°

Red 3.36°

7.5 A. siamensis ANCG1709

7.5.1 WARBNIIDIEY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1842 0.0921%**
Within Groups 3 0.0051 0.0017

Total 5 0.1893

CV.=6.219%



Multiple Range Test : LSD test with significance level 0.05

Light 0.D. 900 nm.
White 091"
Green 0.50"
Red 0.59°
7.5.2 wanemsnanualsnuesn
Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1841 0.0921™
Within Groups 3 0.1988 0.0663
Total 5 0.3829
C.V.=5.345%

v 4 o oy = d o
8. Nﬂ‘llﬂ\iﬂ’J13J!‘llu&!ﬂ'\‘lﬂilﬂ1im‘iig!m$ﬂ'liN?;!ﬂLlﬂi‘i‘l’l“ﬂﬂﬂ‘“Bﬁllf']}fﬂﬂ‘m!ﬂﬂﬂ!‘iﬂ

8.2 Calothrix sp. ANCG14

8.2.1 HAABNIIDIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 5 0.0156 0.0078"°
Within Groups 3 0.0237 0.0079

Total 5 0.0393

C.V.=18402%

v =Y d
7.2.2 WanamMIHanuAlsNuoA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.9321 0.9661**
Within Groups 3 0.0468 0.0156

Total 5 1.9789

C.V.=5.495%



Multiple Range Test : LSD test with significance level 0.05
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Intensity (lux) Carotenoid (mg/1)
2000 3.05°
3000 2.06™
4000 1.71%

7.3 Calothrix sp. ANCG18

8.2.1 WaABMIIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0697 0.0349™
Within Groups 3 0.0580 0.0193

Total 5 0.1277

C.V.=13.890%

U =3 = Jd
8.2.2 Nﬁﬂi’)ﬂ‘l‘iﬂi\ﬂuﬂii‘ﬂuﬂﬂﬂ

Source D.F. Sum of Squares Mean Squares
Between Groups 2 1.7889 0.8945%*
Within Groups 3 0.0130 0.0043

Total 5 1.8019
C.V.=5.500%

Multiple Range Test : LSD test with significance level 0.05

Intensity (lux) Carotenoid (mg/l)
2000 {3
3000 1.61"

4000 2.84°




8.3 Calothrix sp. ANCG1542

8.3.1 WarBNII03YY
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Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.1249 0.0625*
Within Groups 3 0.0225 0.0075

Total 5 0.1475

C.V.=15.140%

Multiple Range Test : LSD test with significance level 0.05

Intensity (lux) 0.D. 900 nm.
2000 0.46"
3000 0.49™
4000 0.78°

=Y d
8.3.2 HWaneN1sHanUAlINUHA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.2561 1:1281*
Within Groups 3 0.1500 0.0500

Total 5 2.4061
C.V.=7.995%

Multiple Range Test : LSD test with significance level 0.05

Intensity (lux) Carotenoid (mg/l)
2000 2.55"
3000 2.20"
4000 3.64°




8.4 Nostoc sp. ANCG1660

8.4.1 HAABNSINIEY

126

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0308 0.0154™
Within Groups 3 0.0403 0.0134

Total 5 0.0711

C.V.=14.344%

d
8.4.2 WameMINaAUAlINUBHA

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0097 0.0049™
Within Groups 3 0.0898 0.0299

Total 5 0.0995
C.V.=0.672%

8.5 A. siamensis ANCG1709

8.5.1 WaNONIIIVIRY

Source D.F. Sum of Squares Mean Squares
Between Groups 2 0.0169 0.0085"
Within Groups 3 0.0065 0.0022

Total 5 0.0234
C.V.=4.667%

1 =Y = d
8.5.2 wanamMsKanuAlINUoaa

Source D.F. Sum of Squares Mean Squares
Between Groups 2 2.4657 1.2329**
Within Groups 3 0.0666 0.0222

Total 5 2.5323

C.NV.=2.732%



Multiple Range Test : LSD test with significance level 0.05
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Intensity (lux) Carotenoid (mg/l)
2000 547"
3000 4.66"
4000 6.23°
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