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Cultivation of Spirulina platensis in Fermented Corn Feed Residues

Nuttaporn Chanchay* and Jutarat Sontirod

Program in Biotechnology, Maejo University Phrae Campus, Phrae, 54140, Thailand

Abstract

The cultivation of Spirulina platensis in corn feed residue liquid fermentation medium of low cost diet
with different ratios was investigated by a completely randomized design; CRD). The study was conducted on
fermented water from corn residue (corn husks, corn stalks, and corn dust) at 20% with chemical formula.
The study was found that the fermented water from the corn cultivar was the most suitable for use as a low
cost medium for culturing Spirulina with an average OD of 0.450+0.006 cells/ml., average number of cells was
81.440+0.497 cells/ml., specific growth rate (u) was 2.079+0.001 cells/day and average carotenoid content
was 79.943+0.043 micrograms/g dry cell weight with significant differences were observed (P<0.05). The
amount of fermented water from the corn stalks at 10, 15, 20 and 25% was studied. The results were showed
that 20% of corn feed was the best formulation because an average OD was 0.434+0.020 cells/ml., the
average cell number was 82.594+0.056 cells/ml., the average specific growth rate (u) was 2.015+0.016
cells/day., the average carotenoid content was 75.026+0.006 micrograms/g.dry cell weight and the average

protein content was 137.288+0.037% had significant differences (P<0.05).

Keywords: Spirulina platensis, Corn feed, Carotenoid, Protein and Air pollution

* Corresponding author: E-mail: nuttapornchanchay@smail.com

Ui 15 atiuil 1 unAu - Nquieu 2561 AFTINBATHIZ I
Volume 15 Number 1 January — June 2018

195



Prawarun Agr. J. Volume 15(1) 2018, Pages 194-203

NI

ludseinalne amsiealusduivieamine
\nawanes (Spirulina  platensis) Aeuhuldduans

@suomsdmsudSnavnan amsiedanaindu

I3

ameAdsunuiiuiinuannluihde Afleaslsiad
rglun1sdansiviuas Idnvaziduduinden
Lﬁ]’%zylﬁuimlﬁﬁﬁ”’ﬁuﬁmzmml,amfu?m (Wongrat,
1996) tHuamsoiwadifiodIflusiugundslasy
anuaulagslusimuvesnmsiuldszlovilduasiasy
Imwaﬂummiﬁ%%gﬂLﬁ@li’ﬂumﬂwwmﬁmé’miﬁw
(Chanchay, 2004; Tongsiri et al, 2012) WIoLile

nawnuwralusaunlaaininasdu 9 (Boonsom,

1992) WHasanianulaamuluisesvaslusauniley

Y

USunmuaefia 50-70% vosuInTnNiwaduie uay

o o A

GUERMGERIREY s]lﬁl,l,ﬂ' Phycocyanin, Allophycocyanin,
Beta-carotene, Chlorophyll-a waznsaluududy

¥nlududa (Vekataraman, 1983) 118991AN"S

a

WA mealusaunifunun sz eeaennn

9 U

) &

msldorvsmand faiudedumadenlunsiluld
Huanaieduluemsdn ihdnaguiidhdnissdngs
nomsdn ey 9 Famsmneidesamineldiinny
gaenrnlunameides lifesdinisinnisvideguaniniin
LLazﬁﬁ’]ﬁmymstwLﬁymami"]aalﬂgauwﬁuawMWiaam
FununisidesiiinadlilnenisAnduundsemsan
SITUYIF LU ﬁmﬁﬂmmﬁaé’miﬁaﬁmﬁnmﬂﬁwm 9
ﬁwmﬂﬁzqﬂﬁuaw%‘uﬂ@qLﬁaLﬂuqmmmié’unuﬁw
ﬁm%’umim’wL?ﬁymmm'waiﬁgém

o o

Irlnadusyiivasegianddgaliidueims

o &

vosuywd uazdnd lnslannzog1sbatnlnaemsdn’
Wutngaundnlugnainnssunisudnenisdnd
(Maneesawang, 2011; Pongpiachan, 1999) ‘U%qﬁ’u
ANuBINsYestalnnemn s Simatnlulsyine

warna1ns1aUssimaAlinullluLugWuag 9Ll

o

neliiinvatduainnisinizdgniieds wWien uay

v
1%

dudnilne nMsvhatgiawiagmaefisnlnnemns
dnidwalaunssianmnineinia Lazinanessuy

v
aaa ]

maiunelavesdadidin sistiia¥AiuwLInInIs

196 FEINYAITNISIFEU

dnavndendalnnemsdninuszgndldlagn
wwndet1ilnnemnsdnd (Waen 49 du uazky
$1alwn) amindisnsdusing 9 sufugnsemsma
LﬂﬁLﬁ@ﬂ%’ﬂﬂ@%ﬁt@@smmiﬁunusﬁ"wﬁm%’ums
LW’]ngmmm'ﬁsJaiﬂgam (Spirulina platensis)
TumsAnwiadidiuiouiisulszansainnis

WIAle wazdruiuleaduesamsiealygiund

7
v v

wnzdesluansownsimdnaniawiilneemisdnl
AUgn38IM1IN19LA ?juﬂuqmmmsﬁﬁmﬂ%
wneidesansealugauiuiill waggnsoimsan
drnfnaniasindedirlnnernisdnsvialad
Uszdndninmonisiasyiaule Ysunaualsiuosa

F1UIULAS Larn1SHARLUSAUYesa Ius18alUsaun

Y
v

Indfganseifisuminivgnsemisniaeadl viell iie
L0 v 2 <, vl o 3 o

Flirudawuimuazanudululdnazinnmingn
Jagmdanamunuasuilszendldlunisiniziaes
amswalsdulunisandununisinzidesainsng

Tudsnawdlanaluluauan

A5aiiun1599y

mamwm?ﬁumamémalﬂgém Spirulina
platensis qummmﬁﬁwﬁﬂmmﬂwmﬁm’haiwm
91 3dnd (Waen 49 d1au wazdudnalng) wuans
npaoseeniu 2 Tumeu Fail

1. yinaingAssaniealuzaulugasimn
F11lnmnemsdniunaz v mnuidudu 20% lae
U3ums e 10 Su neliuasainmann 24 $9lua
(Wongrat, 1996) ¥in15inuszansaimnisiasgiiule
Y09a1%s1Y AnwiUsunuualsiiuees (Foss et al,
1984) ANAMNLILLL (OD) S1uiead (x10'cel/ml)
wE3udenvdnvesiminanesidednlnne1mis
dnifafaniofinuuiinuonimiinflFanemnde
IlneensdndluuSunauananesiulunisanwseld

2. AnwUSuaminvestinninaniasinde
FnlnnermsdniluvSinaiuananeiy Tnoidoarsi
winfisnsidiu 10, 15, 20 waz 25% lpgUSuins

wngidgsamsealusduiuagianisiasyidulnves

Uil 15 atuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 194-203

amse AnwiUsunuualsiiuesn (Foss et al, 1984)
AIAUNLILUL (OD) $1uaad (x10 cel/ml) way
Usunalusiumnieds Kjeldahl method (AOAC, 2000)

Tngulinsnaasseeniiy 2 nsveass A NS
naaosdl 1 ﬁﬂmg_jmﬁwﬁﬂmﬂLﬂwmﬁaﬁﬁniwmmmi
dniufiaing 9 udagnsnnaod 6 gns gnsay 3 91
LarnsNRasdt 2 AnwiUSuaesinudniunzey
usiazn1snAaeall 5 gus gasay 3 91 Wideyailldun
NATILRAMUUUTUTIUNIUAYT (One-way  ANOVA)
LLazLU%'EJULﬁsJum’mmeﬁhwmﬂ'wLaﬁﬂizwdwmmi
NAABIRE75 Duncan’s New Multiple’s Range Test
(DMRT) fiszfunauidodu 95% waz 99% @
Tusunsudnsagy Tnesuiiums dail

1. mawdsuiudoamirealusiun lnevins
nzidesaiealzaunluies foRn1sdaegns
pnsMLATiLazve s USIMT o melUiEos 9
TlgUSnannneiasiluldlunsvaass wiileda
AAUNUILUUYDREAE (Optical  Density;  OD) i
AINBTIABULAS 560 uTwuns warldaiiu 0.8
Huguludeemnsatlddumdossdulunsane
saly (Choocherd et al., 2010)

2. nsdentmsinannAwuEed 1l nae S
dnd (1Waen 99 du wazdud1alnn) wuInImeass
aonlu 6 gnsq av 3 %1 i qmﬁ 1 gnsAIUANNIA
it (ypruAm) gosti 2 Ao dmsfnaindudnalnn 20%
TasUsung gusit 3 dindnanndud1nlnn 20% lae
USuns qmﬁ 4 Ymsinandadnlne 20% Tneusums
ans?t 5 dmsfnannidendalng 20% TagU3uing
LAzgnsi 6 ihudfnandudialne+fusderudondi
8n31dIu 1:1:1 20% lagd3ung lngusavgnsdney
dnlwnemsdafuminfuiiussundildeondiausen
W&a7isns1dau 1:10 Tudaun 20 a5 1Jurian 2
o szvavhnmsusinyinsauthunduadasn
winduan 2 dav 91ntunsesHui v ud
thlusi tevhaneitegaurisitlisioants (Choocherd
et al, 2010) dauiﬁﬁudauﬂizﬂawaaqmimmil,?i"m

awielugnseiely

Uit 15 atiuil 1 unAu - fquieu 2561

3. nrdeaminealusauilldanded 1 lu
uiazgns gnsay 10% lneUiuing aesamiedy
na1 10 Ju Tnelduasadnamasn 24 $alua vin1s3n
Usgdnsnmnisiaseiuln Usuiaualsiiuees (Foss
et al, 1984) AunuILLY (OD) kagduduiugas
(x10"cell/ml) uazdndenviinvetmsinainiAumnae
FnlnaomsdninaigaieAnyimieiudiunai
wanzaunoly

4. Anwrvsunawiavesininainawmnie
F1lnnesdnianuanisuaasstedl 3 Aiusuini
wansafulagyinnsideansvindisnandiu 10, 15,
20 way 25% lagUsunns (¥e9UsuIue1mITNINAL)
Lamﬁuﬁ'zﬂ?@mmﬁsJalU'géuwﬁlm"ﬁ]Wﬂsﬁ'aﬁ 1 Tuusiazgns
gnsar 10% vosU3uuems Gesamsedune 10
Ju Tnelduwasasnenaon 24 49109 ¥1n157n
Uszdnsnmnisiaseiuln Usuauualsiiuows (Foss
et al, 1984) AunuILUY (OD) 91uULYaa
(x10"celVml) wazUsurulusAudieds Keldahl
method (AOAC, 2000)

aNLmum‘imaauwuejmaam (Completely
Randomized Design ; CRD) Tngutsnsneasseenidu
2 MInnaes Ao n1snaaesd 131 6 gns UagN1INARDN
7l 2 5 gns wiavgnsutseanidu 3 41 weil
1. Msnaaasd 1 miﬁm-ngmmmsﬁmmzauiﬂa
Buthudnannrsmdadnalnnawnsdns

gsit 1 yanuRy + ﬁ’;L%@ﬂWﬁ'WﬁlUgﬁm
10% lngU3uns gasenmsmanil Ae

Tofgalumsuaiunvisonayl (NaHCO,) 6.0 ¢/L.

Talnuwnaeslalnsiaueaslisnean (K,HPO,)
0.5 ¢/L.

TgsReulumsn (NaNOy) 1.5 ¢/L.

Ue N:P:K (16:16:16) 0.6 /L.

Qmﬁ‘/’i 2 YARIUAN + ﬁu%yamm'walﬂgam
10% TpoUsanns + Smsinanuemded alnae1ms
&nd (dmsnanndudnalne) 200 laeUsanas

gnsi 3 yaAuAw + %L%amm'waiuﬁm
10% TpoUsanns + Smsinanuemded alnae1ms

o

&3 hudnanndudilnm 20% taeusunns

MTENIINYATNISITU

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 194-203

gasfi 4 gauay + doamieallzaun
10% Tned3unns + vmsinannAwmaetalnaoms
&5 Wmsinanndadnalng) 20% TneU3unms

gnsdl 5 gnaauAy + Fudeaindiealusiun
10% TneUsinns + vmshanwmaedalnaems
&3 (hmfnannwaendalnm) 20% TneU3unns

gnsdl 6 gnrauAY + udeainirealusiun
10% TneUsinns + vmshanwmdedalnae1ms
&0l (wnandu+ e furdden) idadiu 111
20% lagUsung
2. Msvaaesi 2 MsAnwIUSNAsTestMnaNAY
Fralnaewinsdnifivanzausaufivenmsdansent

gnsil 1 yanIuAw + %L%Bamiwawgém
10% lagUSunnsansomnsmiaail fe

lodeuluasuaiuaviensy (NaHCO,) 6.0 /L.

lalnunadoulalasiausssisneainn (K,HPO,)
0.5 /L.

Tsieulumsn (NaNOy) 1.5 ¢/L.

Yo N:P:K (16:16:16) 0.6 g/L.

gnsil 2 yanIuAw + ﬁaL%amm'walﬂgém
10% TneU3anms + viavesmiinainmwmded alng
IMTERT 10% laeUsung

gasit 3 yaAuAw + ﬁaﬁamm’wa%gﬁm
10% TngU3uns + vlavesimsinanawmaed e
IMTANT 15% laeUsung

gasit 4 yaaauAw + ﬁaﬁamm’wa%gﬁm
10% TngU3uns + vlnvesimsinanawmaed e
DIMTART 20% lmeUsung

gasil 5 yanIuAN + ﬁ’mﬁgaamimawgém
10% TnU3anms + vlavesmiinainimwmaedalng
IMTANT 25% lmeUsung

‘L‘hﬁaL%uaaméﬂaaiﬂgﬁmﬁﬁm’]wmmeaa
\wad (OD) daud 0.8 AAMNB1IAAY 560 UIluLLAS
wnzidedduriananainlavuin 10 ans Ingldwde
aesogasewsTldiAssamidnad 1:5 Uiy
pH Tvaglugae 10.0+0.1 yinsguiSesvinnatadinla
winznIauudlikasaineanuaenlivgoaisaloud

paam 24 TIu9 waglwsyuvanegraminaialminnig

198 FEINYAITNISIFEU

muﬁauﬁwLLazi’Janﬁumﬁmnmmau azidsay
syevian 10 Su ndmnmnzdsadusyesian 10 Su
nI9TnnsesykartuduIuaiamsealusaun
Tneld Haemacytometer waginAtmnumuiniugessas
(0D) Tnawades Spectrophotometer fauETIRA LA
560 Wluiuns MAUSHuuAlsiusenlagiIsues Foss
et al (1984) uazUsu1aulusiulaneis Kjeldahl

method (LQW']S‘QG]ﬂ’li‘VIG]aENﬁ 2) ATUIDNTINTG

v
v

WIyvasamaluaw Asil
RTINTLATYINE (Specific growth rate; )
AualaN
M = Ln,, —Lng
t, -t

Wie x A9 NUILLYAR LAY t Ap IBEN

Ainsgianuuansiisvesdeya liud Aade
VOITIUIULLAS AIANUAUILUUVDUYAE 871TINTT
w3y Uinamalsiuesd uaglusiuililundazgns
AIUNTIATIERAMULUSUTIU (Analysis of variance ;
ANOVA) LagitAs1#Auuang1902835 Duncan’s
Multiple Range Test fisvdupinaniesiu 95% uax
99% selusunsudnsagy SPSS/PC

NaWATITUINANISIY

1. AmAansd 1 msﬁm«ngmmmsﬁmmzamiﬂa

Buthusinanremaadalnaansdnd
msﬁﬂmqmmmiﬁmmzammmsmm?ﬁ”m

Spirulina platensis Inensiisnimsinewmaedilna

mmié’miﬁﬂ%mmmﬂsmf'fui"mﬁuqmmmiwmﬂﬁ

= a

1TAEHNANTISANWITTAVDIUINITNINNLAYNA BT LNA

9MTANINANan UL NIEAgIEIIe el 10 Tu

Tavliuasainenana 24 92lus LA239%1n1970
Uszansnmn1sasguesamsne Jausunaualsiiuess

(Foss et al, 1984) JaA1AuuuILUY (OD) wastiy

° s 7 = o
Uaa (x10° cell/ml) FanIsvIeandLkang a9 Table 1

Uil 15 atuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 194-203

Table 1 Mean cell numbers, optical density (OD), specific growth rate and carotenoid content of Spirulina

platensis in liquid fermentation from corn feed residues

Educational factors Chemical Formula 2 Formula 3 Formula 4 Formula 5 Formula 6
formula

Density(OD) 0.514°+ 0.015  0.406+0.001  0.450° 0006  0.446'+0.015  0.429°:0.006  0.422°:0.010

Cell number 105.350°+0.010  46.8300.010  81.440°:0.497  71.083%0.401  62.630°+0.010  51.000°:0.010

(x10'cell/ml)

Growth rate 7.900°+0.001 0‘279; 0.002

(b; cells/day)
62.854'+0.012

Carotenoids 109.432°+ 0.001

(pg/g cell dry weight)

2.079°+0.001

79.943°+0.043

1.779°+0.001 1263740002 1.023°+0.004

74.456°+0.005 71.574°+0.010  68.124 “+0.004

Note: Similarly, the horizontal

alphabet showed no statistically significant difference (P<<0.05) at 95% confidence level by

Duncan's Multiple Range Test (DMRT) : Supplemented with 20% of fermented corn extracted in the control medium (chemical formula)
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Table 2 Mean cell numbers, optical density (OD), specific growth rate, carotenoid content and protein

content of Spirulina platensis in liquid fermentation from corn feed residues

Educational factors Chemical Fermented Fermented Fermented Fermented
formula water at 10% water at 15% water at 20% water at 25%

Density (OD) 0.506°+0.004 0.444°+0.138 0.361°+0.185 0.434+0.020 0.504°+ 0.003
Cell number (x10cel/ml) 105.332°£0.012 80.026+0.023  81.3657+0.061  82.594°+0.056  64.030°+0.028
Growth rate (i ; cells/day) 8.510°+0.023 0.527"+0.006 1.770°£0.034 2.015"+0.016 0.270°+0.015
Carotenoids (ug/scell dry weight) 113.964°+0.002 122.021°£0.003 3.486°+0.005 75.026°+ 0.006 4.178"+0.007
Protein (%) 140.075°£0.037 11.053°+0.026  26.077°+ 0020  137.288°:0.037  4.294°+0.071

Note: Similarly, the horizontal alphabet showed no statistically significant difference (P<0.05) at 95% confidence level by

Duncan's Multiple Range Test (DMRT) : Dilution rate of fermented water from 10%, 15%, 20% and 25%

13
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