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Table 1: Characteristics of experimental treatments

Treatments
MgSO4 Micronotrie  FeSOq4 KeHPOs4  CLF (20:20, Urea NaNOs  Treatme Groups
(gram) nt (mL) (gram) (gram) K:P) (mL) (gram) (gram) nts
- - - - - - - Control  Zarrouk
- - - - 200 - 25 N-0
- - - 1 200 - 25 N-K2
- - 0.1 - 200 - 25 N-Fe
NaNOs
- - 0.05 0.5 200 - 25 N-K2Fe
- 1 - - 200 - 25 N-Mic
1 - - - 200 - 25 N-Mg
- - - - 200 0.88 - U-0
- - - 1 200 0.88 - U-K2
- - 0.1 - 200 0.88 - U-Fe
Urea
- - 0.05 0.5 200 0.88 - U-KzFe
- 1 - - 200 0.88 - U-Mic
1 - - - 200 0.88 - U-Mg
- - - - 200 0.44 1.25 NU-0
- - 1 200 0.44 1.25 NU-K2
- - 0.1 - 200 0.44 1.25 NU-Fe NaNOs
NU- +Urea
- - 0.05 05 200 0.44 1.25 KFe  (50:50)
- 1 - - 200 0.44 1.25 NU-Mic
1 - - - 200 0.44 1.25 NU-Mg

Abbreviations: N: sodium nitrate, U: urea, NU: combination of sodium nitrate and urea with a ratio of 50:50, K2: K:HPOs, Fe:
FeSOa, KaFe: combination of 50 50: of K:HPO4 and FeSO4, Mic: micronutrients, Mg: MgSOa, CLF: Commercial liquid fertilizer
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Figure 1: Growth rate of spirulina algae in different treatments based on sodium nitrate on different days of the

experiment
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Figure 2: Growth rate of spirulina algae in different treatments based on urea on different days of the experiment
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Chart 3: Growth rate of spirulina algae in different treatments based on the combination of sodium nitrate and urea
(50:50) on different days of the experiment
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Table 2: Results of the growth parameters of spirulina algae in a period of 30 days in low-cost culture media
(meantstandard error)

Duppling times (days) SGR (days) Maximum cell density (cell.mL)  Treatments Groups
10.17+0.263 f 0.068+0.001 a 136.4+1.32a Control Zarrouk
11.81+0.123 ef 0.05940.001 b 91.8+1.33¢ N-0
12.03+0.180 ef 0.058+ 0.001 bc 92.3+0.86 d N-K2

13.42+0.093 def 0.052+0.001 d 1125+1.21c N-Fe NaNOs
12.96+0.053 def 0.053+ 0.001 cd 118.8+0.78 b N-K2Fe

11.67+0.058 ef 0.05940.001 b 141.8+1.27 a N-Mic

9.11+0.353 f 0.076+0.003 a 138.1+2.21 a N-Mg

19.36+0.222 cd 0.036+0.001 fg 70.2+0.89 g uU-0

18.87+0.881 cd 0.037+0.002 fg 20.5+0.88 U-K2
17.84+0.398 cde 0.039+0.001 ef 76.8+2.01 f U-Fe Urea
18.93+0.194 cd 0.037+0.001 fg 71.7+0.79 ¢ U-K2Fe
16.06+0.380 cde 0.043+0.001e 87.8+2.82 ¢ U-Mic

13.21+0.076 def 0.053+0.003 d 60.8+0.56 h U-Mg

47.22+3.776 a 0.015+0.001 i 20.7+£0.35 NU-0

32.22+0.286 b 0.022+0.002 h 20.6+2.50 j NU-K2

46.66+7.158 a 0.016+0.003 i 36.4+£0.24 i NU-Fe NaNOs+Urea
17.88+0.369 cde 0.039+0.001 ef 76.5+£1.79 f NU-K2Fe (50:50)
21.14+2.822 ¢ 0.034+0.004 g 23.2+0.10 NU-Mic

21.27+0.407 c 0.033+0.001 g 63.6+1.18 h NU-Mg

Different letters in each column indicate a statistically significant difference between different treatments (p<0.05).
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Table 3: Results of chlorophyll a, chlorophyll b, total pigments and protein of spirulina algae during 30 days in low

cost culture media (meanzstandard error)

Total caretonoids

Chlotophyll b

Chlotophyll a

Protein

(mg/L) (mg/L) (mg/L) (%) Treatments Groups
5.61+0.3 ef 6.86+0.04 b 151+0.14f 34.5+0.29 f N-0
7.60+0.03 4.63+0.14 ¢ 173+0.11e 40.0+0.29 d N-K2
9.53+0.01 ¢ 5.28+0.09 bc 26.1+0.05b 45.8+0.44 ¢ N-Fe NaNOs
9.7240.01 ¢ 4.06+0.10 cd 25.5+0.06 b 45.0+0.57 ¢ N-K2Fe
11.00£0.02 a 13.500.11a 31.8+0.05a 33.00.58 N-Mic
10.82+0.24 b 3.32+0.24 d 19.6+0.4d 40.0+0.57 d N-Mg
13.70£0.01a 4.03+0.13 cd 25.7+0.08 b 37+0.58 e u-0
8.24+0.09 2.70+0.16 de 150+0.18f 40.0+0.58 d U-K2
8.50+0.06 d 4.65+0.09 145+0.07 47.7+0.88 b U-Fe Urea
10.38+0.01 ¢ 2.32+0.10 de 16.3+0.07 e 37.8+0.17 ¢ U-K2Fe
6.43+0.11 f 1.42+0.39 ¢ 155+0.10 f 34.0+0.58 f U-Mic
- - - - U-Mg"
; - - ; NU-0"
9.97+0.01d 2.64+0.9 de 18.9+0.04d 45.1+0.47 NU-K2
11.12+0.01 b 3.59+0.9 d 23.7+0.07¢ 49+0.58 b NU-Fe NaNOs+Urea
9.30+0.01 ¢ 4.71+0.06 25.1 +0.09 be 51.2¢0.73a NU-K2Fe (50:50)
- - ) - NU-Mic*
9.82+0.01 ¢ 4.46+0.08 cd 26.5+0.06 b 46+0.58 ¢ NU-Mg

Different letters in each column indicate a statistically significant difference between different treatments (p<0.05).
* In these treatments, there was no mass of algae on the last day to measure pigments and protein.

(YY) o), Ken g Arumugam aslas ;o pol> §.bxs
9y el alie L Scenedesmus . >
Sl s oS Dl 0 059 cadns Dl i cpnly DI 200)
e e Sl g ab Sl (padgel WIS 5 poisal
oaseis SCENedeSMUS i o0g5 oy (gl (oollae
Olgie 409l 5l oolawl a5 58,8 Lo Ll ax 310 ool
Ol plp lo,d eogicns s olgs 4 i (395 e
39 celie goladl (Sl SO wlgi oo 45 WS pudw
Sl ol aslllas jo ail bSids gy oS
O 2l 93 Oloy S 9 (Sl o515 g o9 0, E 5
5 S0lomon .o saslive maw Sl gol> e yo
5 Sl al, il as wis S 5155 (Y- - A) Gilbert
)‘)3 u,«.a).....uo 5o J.J\) L .\4‘9)‘5‘1 o)j‘ u..».)l.i C;‘l.@u.'a.l.c
oyl a5l am Sl S g s pssel lags o855

AR

-y
5 Semd) he calize Lyll b ol bl
Lalys o8h GGl nlple wisd 5l (oleerd
Glaaist o sdie SLaS 3 g ad, bl 5l el Jame
,(Halimetal, 2012) coul iy Sl 5, calisee
o oolaiwl 8590 (g dlge S>3, 09l slacaS
NS 536 il (s y505 9 by 2 45 Censl Gl sl
Vonshak and Richmond, 1988; Faintuch et) ..
Ud g ol Sl 0y 50 ol i po @l 1991
b 4y 003 e Ol 4l Al glales L
et OO el ioen g Sl daldh cnS
2ald Lo 4 S | 6 3YL ol Olie o oo Sl g
YY) o, 5 Gorgij-Jaski asllas ;o .ol lis
ol CuiS e o (ghralcuiise job 4 Ly el
S g pawigel ks wosl Jals (G5 Rlisee mbie
Sl 03555 At S nl 3925l 5 950 0B el
o el Cavody podgel Dl gel S s o


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

...Guﬁ‘ﬁl)\sd)ﬁjﬁcﬁ)dﬁ.‘.&&wb

OloKea 5 g0l

gl gad S S )h parisel pozme s e wrlals
asl ol Jobo @) parigel s 45 olSin ohise;
el g cam 0 (wmen (Kim et al., 2016)
s 63k o151l Wil oo bara 10 el a5 e
Jobo 03 jlazmssyo st PH az g5 LB als cslH
Wuetal.,) s5s o Jobo 5l &by (2 500,57 6 T sl
.(2013; Lietal., 2019

G5, 9 b Ldg,ls @ Jdg)l5 xSl pol> aslllas o
ol Cawd @ lagdie i,y —pedw Ol ey S
Cudgaze (VAAF) o Sea g Piorreck aalas _ulul,
Jg) 5 clile als cel S e 0 (39
ol plas (V++1) o) 5ea 5 Choi asllas .54
S e 50 39y AL g, 00 5l e 89 15
e a8 laizme )0 ()59t Heam j0 b (o0 SRS
e el a5 05 o 03T 5ulg e o poigel (6 e
(Avila-Leon et al., 2012) 545 oo oS 5 (! i
et Lasme (Y 19) o), San s Mashor aslllas Lulu
0355 i i 5l 9,Shes (n e posigal Sl sl
gle om0 Lyl Sol p3 8 Ju3g)5 9 (Job
powigel Slalses wpsiigel Sl oyl (S i
ol ylas

bedg el Sl a9 Glie SV pol> addllas o
ol Caws 4y lawsd g ol ol er 4y 05k puaws Sled o
5 Gorgij Jaski aslllas )0 «pol> Guims bl uSe
P Sz oeBgn Qe e (T0VY) e
ol sl Sl 5 posigel Sl ol cutS bame
Ly o] Sl glociS alos o LT addllae o 0
Rl g eagiss Gl & mie 395 Ol RIS
(YV+) o),Ken 5 ROArigues .o 5 559p oo
g 2isls caS NH4Cl g KNO3 51 oS 5 L1y Ldg sl
o8 g pslie () 4 NHACL (3553 a5 i )57 oL
S9eaS g Sligal 5 (b Caonn 51 ] Jlaie yo o )
Yl (Jobo cdale 0y Sl 99,5 65 ol (39 55

Oeon (e Sk VVAD) Jdo)ls Jlade o WL
adllas o 350 )5 (Qo,0 Y4/0) gy 5 (o TA/A)

Slgiome g oy po,gl calie slacdale 31 (Y- ) Hayjji

Sl Ul (18,5 Sl o b (V00 0) lylSen
Lulyd )0 ppgasar psdsel 4 0y5l 4325 50 oSl
0331 5 pseigel Sy b memly Sl (05l (L
Gl 05 oy p | Cwedill (She s b plore 4
Wgg U oS Tl sl a2 )0 30,57 (3,15 (it
9 Ofrs & Hly Hlake 4 Jolo LS i jelate &
31l cadled o plonil 5 Sigal (6l il aslo]
Ll 2o o 50 Sligal bojsl 5udg aem QL8 Lyl
S sl Sligal alesgas 0 jlae 51 Jshoo 0 ()] i
a3 oL o5l 5l oslazwl aS sl lis ol auS o
Syt 5955 o0 bame 13 Shigal oS mazd sl aral
3 osliial el b el Soeslis Saw SYsb slaceis
L alice 00,5 oo oslpainn Olalgw pouisel sl 4 o
oHKea 5 Madkour jol> sidss slaul mls
JIAF glacdale (50,0l 5l oolawl a5 wols Las (Y+1Y)
Jedg,lS als cel Yae Lo VVVY 5 AIAY O/AA
bazeo b dnglile )3 0%ag 0y & 5 dinian 5 (Jobw (5590 42
i cnl @8, (6l p wols Sl 9 095 o0 So)ly S
Taagl (23S 1,93 olyan 4 ST e Sl Ol o0
L Ls el (Rangel-Yagui et al., 2004) o 5" oolazu!
L L (Carvajal et al., 1980) ;lo,ql oyl codled
Danesi ) oL Lol s 10 Sligel 40,9l ssloe 55,000
cde oS Gl 1 0,9l Wil o 2>1,4 (et al., 2002
Ssl> slocas base jo Lidg el SUl> 0y a8
Ailoe Sbigel a4 QU8 Lasme )5 o051 b oyl
38kes Sbls 4 Wil o Sligal & 05l oo (reien
RO -V BV PR P SOWOR{ L g\ I SOV S RN ROR S
9 S IS Loyl (05 bglie oS ws S sleidng
s | 51 0pgl ml Colled Wil oo pssigel ldgss.s
Jsbw oy 0 Sws,lesb i .(Yuan et al., 2018) ws
S Zoadly nl & psisel 5 0yl sl slacs
L ok a4 pobgel a1 Liw JWl a5 048 o o0ls
4 e 5 ol Cedlyg IS 0 ATP LS wile wilgs oo
S o (Ramanna et al., 2014) o 5 yiwgis jloe

SIS L Jolos Lauogs (Sl (sla sl ;3 s JUisl a5

1 Fed-Batch
Yy


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

Jia,lS gl Sl plo 4 G mpie o bl
Sl b9l 0aims S5 0slo po i [ 0092y
slaadllas o (Borowitzka and Borowitzka, 1988)
Ay o1y e juie Dlalgas &l 3H(Y 1Y) Schwenk sl
o)) 9 ewyy Scenedesmus dimorphus >
sk 08y 9 0515 Gl el mujie 929 45 3503
2145 00,5 Lo (V1 F) o], Kea 5 CONCAES .00 5 o
9 09Sen Jokw oI5 Gl g 0b) 5 Al e
SeeSlsd Sl 5 Rl )0 Wl oo ol Cudgue
oS dgiome b Sl n,y Sl ey 23 5 S
(VAAY) Petersen g Rueter .asb 5o yuwgd 2Sly
Uil de (6 xS bgilow o,y el yal a5 &5s S 5,158
D9 o0 (3G9 S g gt

3Bl yole YL lacdale o b SCl> o, uels
&3S kes slwog S (3,5 Sgine B2,k 5l (538 Congenne
oagglSgi b dameyl Jed ) pae slasSse 5o
L olalsdagg 5 55900 5350 Slge JUl (slaptn
(ko slagle 5l 90 slpn bRl
Se3slsned S ol (b Jled it g (el 53l
Rauser, 1995; ) col Jslo slalie 5 Jslw o
(5 ,sb « .(Cobbett and Goldsbrough, 2002
opmaz o515 lime p D3l DSl 45 05 o ol s
4g5 A (Sar &5 Sl Sglite 0355 g Judg IS
Farhadian- ) ,ls solatuls 50 cdale 5 518 £o5 Sl
(Y1) 3,5 4 Michael .(Omidhar et al., 2016
cole a4 ol Sl aS ol 4y dzgi b cin )57 5,158
3 Sgzge yolie (pl ladie witucs 055 5lis 50 yolie
aS o)l ol g s Lo yo ol Gl 4 (Soons S
Dgd oo i Sl alwga

a5l OlaS 5 gl o) slaciS lass 5l udz ol o
oolitl Lty sl Sl CtS 6ls 0] 5 maons Iy
50 58 L8s)l5 s Glie Go VL @bs Guloly o
Ol S lame g5l sbyylens o IS slaades S
45 09 Sg)l5 ciS lanzme (ol Lo b s lio Jo oo

3,5 ool o] 5 o,ls wlido 4o )lg5 o

Yy

a0 (o Ul g sl Sl (0595 9 g S
9 Je99,5 sloime nger ()50 059l ladte (RT3l L 0l
gl 5o Olie 5oVl 5 wbioe Gl eBsn Oliee
Yk Az S1.a00 S osaliv oyl id 5 oS (Los OIAND
Jj)‘)‘ cnS o )| odsodlawl )Lo...u 9O (5,90 ye

el Cawdds
Ay p S el 5l oleerd lajls 5 (b Jalse
93> ol (Moroney etal., 2011) s Loty ol
Cwglie 9 (Jolw ojlg0 5 Lo lawmg S i 4 aisy
2595066 Glgie 4 ol j0 sl o)l i Sl
slisSly egazd Gl Siddsn oSl
Oeied (S o0 OS5 20 3955 5 (g i D353 )
950 slaias (g el i (6,laeSS Jaloe 51 (o sy
2 sl yaie G o 50 (Ghezelbash et al., 2008)
Sgliste o 4 calisee GlacSilr LS g 0og Fiiwgid odsay
@ Selr sbodisS Sl pan lp yaie ol 352y ol
Olaie 4 g el Gl Judg IS casms LS oole lgae
Fallahi )3l ol 50 pwlul g b LU B pan y polic
Ol op YL Gol> aallas 4o (@nd Salvatian, 2006
lajless 50 Lyl Sulz 0hg 0B, E5 9 Geg
Sllges 335 15) lagdae 1) 5 e yolis sl
Dl (39555 ke b p (Oadge g e Slilgao s
aS 0,8 o liF (V) Behrouzi ..l casoas PR
095 99 )0 3By Pl » e g pally polie 56
Chaetoceros  , Tetraselmis suecica _S.l>
i SILS g pgenlS (59, wl3ls 4 s calcitrans
clale pulial a8 o5 (5158 Gasxe cpl Cizres 09
A S e 00 B oo 0I5 g sl 157 olie
chile ol Gl by ob Judg S (lie Gl el
o Farhi-Ashtiani  .cél zals  LSg IS ol
Olpe 2olS a5 Woges 5,155 (Y- -Y) Mahdieh
LS o e epely jolie (YL slaclale |5 Lds IS
Jodo a4 Jdg) 157 i 5l Cailen e 4 pgredlS 5 (s,
o Ll el S Lo o Jebe yieaST Lials
6 (Jg d9doe b IS l 3l el ol slacdile


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

...GLAG‘SJJ&#}‘):‘LL)JJS.L&CMJLE&

OloKea 5 g0l

Spirulina platensis with different nitrogen
sources. Biotechnology and Bioprocess
Engineering, 8: 368-372. DOl:
10.1007/BF02949281

Choonawala, B., 2007. Spirulina sp. Production
in brine effluent from cooling tower water.
Durban Institute of Technology, Durban.
421 P. DOI: 10.51415/10321/134

Cobbett, C. and Goldsbrough, P., 2002.
Phytochelatins and metallothioneins: rolesin
heavy metal detoxification and
homeostasis. Annual Review of Plant
Biology, 53(1): 159-182. DOLl:
10.1146/annurev.arplant.53.100301.135154

Concas, A., Steriti, A., Pisu, M. and Cao, G.,
2014. Comprehensive modeling and
investigation of the effect of iron on the
growth rate and lipid accumulation of
Chlorella vulgaris cultured in batch
photobioreactors. Bioresource Technology,
153: 340-350. DOI:
10.1016/j.biortech.2013.11.085

Costa, J.A.V., Colla, L.M. and Duarte Filho,
P.F., 2003. Spirulina platensis growth in
open raceways ponds using fresh water
supplemented with carbon, nitrogen and
metal ions. Zeitschrift fir Naturforsch, 58:
76-80. DOI: 10.1515/znc-2003-1-214.

Dai, G.Z., Qiu, B.S. and Forchhammer, K.,
2014. Ammonium tolerance in the
cyanobacterium Synechocystis sp. strain PCC
6803 and the role of the psbA multigene
family. Plant, Cell and Environment, 37(4):
840-851. DOI: 10.1111/pce.12202.

&b

Arumugam, M., Agarwal, A., Arya, M.C. and
Ahmed, Z., 2013. Influence of nitrogen
sources on biomass productivity of
microalgae Scenedesmus bijugatus.
Bioresource Technology, 131: 246-249.
DOI: 10.1016/j.biortech.2012.12.159

Avila-Leon, M., Chuei Matsudo, S. and Sato,
J.C.M., 2012. Arthrospira platensis biomass
with high protein content cultivated in
continuous process using urea as hitrogen
source. Journal of Applied Microbiology,
112:1084-1094. DOI:  10.1111/j.1365-
2672.2012.05303.x

Behrouzi, A., 2014. The effect of some metals
(potassium,  cobalt, cadmium,  zinc,
magnesium) on the growth of two species of
algae, Tetraselmis suecica and Chaetoceros
calcitrans. Master's thesis, Hormozgan
University, 101 P [In Persian]

Borowitzka, M.A and Borowitzka, L.J., 1988.
Micro-algal  biothecnology. Cambridge
University Press, New York, pp. 14-15.

Carvajal, N., Fernandez, M., Rodriguez, J.P.
and Donoso, M., 1980. Urease of Spirulina
maxima. Phytochemistry, 21: 2821-2823.
DOI: 10.1016/0031-9422(80)85048-5

Chen, Y.C., 2011. The effect of shifts in
medium types on the growth andmorphology
of Spirulina platensis (Arthrospira platensis).
Journal of Marine Science and Technology,
19: 565-570. DOI: 10.51400/2709-
6998.2171.

Choi, A., Song-Gun, K. and Byung-Dae, Y.,
2003. Growth and amino acid contents of

YY


https://doi.org/https:/doi.org/10.51415/10321/134
https://doi.org/10.1146/annurev.arplant.53.100301.135154
https://doi.org/10.1111/pce.12202
http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

Danesi, E.D.G., Rangel-Yagui, C.D.O., De
Carvalho, J.C.M. and Sato, S., 2002. An
investigation of effect of replacing nitrate by
urea in the growth and production of
chlorophyll by Spirulina platensis. Biomass
and Bioenergy, 23(4): 261-2609.
DOI:10.1016/S0961-9534(02)00054-5

Danesi, E.D.G., Navacchi, M.F.P., Takeuchi,
K.P., Frata, M.T. and Carvalha, J.C.M.,
2010. Application of Spirulina platensis in
protein enrichment of manico based bakery
products. Journal of Biotechnology, 150:
311-311. DOI:10.1016/j.jbiotec.2010.09.286

Danesi, E.D.G., Rangel-Yagui, C.O., Sato, S.
and Carvalho, J.C.M.D., 2011. Growth and
content of Spirulina platensis biomass
chlorophyll cultivated at different values of
light intensity and temperature using different
nitrogen sources. Brazilian Journal of
Microbiology, 42(1): 362-373.
DOI: 10.1590/51517-83822011000100046

Faintuch, B.L., Sato, S. and Aquarone, E.,
1991. Influence of the nutritional sources on
the growth-rate of cyanobacteria. Arquivos de
Biologia e Tecnologia, 34(1): 13-30.

Fallahi, M., Salvatian, S. M., 2006. Study on
effect of different concentrations of
magnesium on growth and biomass of
Chlorella vulgaris. Pajouhesh Va Sazandgi:
Livestock and Aquatic Affairs, 72: 13-9 [In
Persian]

FAO, 2006. Fishstat software. Universal
software for fishery statistical. Time series
1950-2004. Food and  Agriculture
Organization of the United Nations, Viale

Yo

delle  Terme di Caracalla, Rome,
Italy,Version 2. 30.

Farhadian Omidhar, Moulai Hossein, Pir Ali
Zafrayi Ahmad Reza. 2016. Effects of Zn
and Mn on Population Dynamic, Chlorophyll
a and Caroteniods in green microalgae
Scenedesmus quadricauda. Plant Process
and Function, 5(15):33-42. [In Persian]

Farhi-Ashtiani, S. and Mahdieh, M., 2002.
The effect of nitrogen form on the growth of
astaxanthin content of single-celled green
algae Haematococcus pluvialis. Tehran
University Science Journal, 28: 224-215. [In
Persian]

Gami, B., Naik, A. and Patel, B., 2011.
Cultivation of Spirulina species in different
liguid media. Journal of Algal Biomass
Utilization, 2: 15-26.

Gershwin, M.E., and Belay, A., 2007.
Spirulina in human nutrition and health (1st
ed.). CRC Press, 328 P.
DOI:10.1201/9781420052572

Ghezelbash, F., Farboodnia, T., Heidari, R.
and Agh, N., 2008. Biochemical effects of
different salinities and luminance on green
microalgae Tetraselmis chuii. Research
Journal of Biological Sciences, 3: 217-221.
[In Persian]

Gorgij-Jaski, M., Yahivi, M., Rouhani
Qadiklai, K. and Salarzadeh, A., 2017. The
effect of different Nitrogen sources on
growth rate and protein content of Spirulina
platensis. Iranian Scientific  Fisheries

Journal, 27(6): 57-65.
DOI:10.22092/1SFJ.2019.118398. [In
Persian]


https://doi.org/10.1016/S0961-9534\(02\)00054-5
https://doi.org/10.22092/isfj.2019.118398
http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

...GLAG‘SJJ&#}‘):‘LL)JJS.L&CMJLE&

OloKea 5 g0l

Habib, M.A.B., Parvin, M., Huntington, T.C.
and Hasan, R.M., 2008. A review on
culture, production and use of spirulina as
food for humans and feeds for domestic
animals and fish. FAO Fisheries and
Aquaculture Circular, Rome-Italy. 41 P.

Hajji, S., 2014. Investigating the effect of urea
concentration (as a nitrogen source) on the
growth and content of protein and amino acid
lysine in algae (Spirulina paltensis). Master's
thesis. Mashhad Ferdowsi University. 81 P.
[In Persian]

Halim, R., Danquah, M.K. and Webley, P.A.,
2012. Extraction of oil from microalgae for
biodiesel production: A review.
Biotechnology Advances, 30(3): 709-732.
DOI: 10.1016/j.biotechadv.2012.01.001

Kim, C.K., Jung, Y.H. and Oh, H.M., 2007.
Factors indicating culture status during
cultivation of Spirulina platensis. The
Journal of Microbiology, 45 (2): 122-127.

Kim, G., Mujtaba, G. and Lee, K., 2016.
Effects of nitrogen sources on cell growth
and biochemical composition of marine
chlorophyte Tetraselmis sp. for lipid
production. Algae, 31(3): 257-266. DOI:
10.4490/algae.2016.31.8.18

Kumari, A., Pathak, A.K. and Guria, C.,
2015. Cost-effective cultivation of Spirulina
platensis using NPK fertilizer. Agricultural
Research, 4: 261-271. DOI: 10.1007/s40003-
015-0168-4

Li, X,, Li, W., Zhai, J., Wei, H. and Wang, Q.,
2019. Effect of ammonium nitrogen on
microalgal growth, biochemical composition
and  photosynthetic ~ performance in

mixotrophic  cultivation.  Bioresource
Technology, 273: 368-376. DOl:
10.1016/j.biortech.2018.11.042

Lichtenthaler, H.K. and Wellburn, A.R.,
1983. Determinations of total carotenoids and
chlorophylls a and b of leaf extracts in
different solvents. Biochemical Society
Transactions, 11(5): 591-592. DOI:
10.1042/bst0110591

Madkour, F.F., Kamil, A. and Nasr, H.S.,
2012. Production and nutritive value of
Spirulina platensis in reduced cost media.
Egyptian Journal of Aquaculture Research,
38: 51-57. DOI: 10.1016/j.ejar.2012.09.003

Mashor, N., Yazam, M.S.M., Naqgqgiuddin,
M.A., Omar, H. and Ismail, A., 2016.
Different nitrogen sources effects on the
growth and productivity of Spirulina grown
In outdoor conditions. Acta Biologica
Malaysiana, 5(1): 16-26.
doi:10.7593/abm/5.1.16

Matsudo, M.C., Bezerra, R.P., Sato, S.,
Perego, P., Converti, A. and Carvalho,
J.C.M., 2009. Repeated fed-batch cultivation
of Arthrospira (Spirulina) platensis using
urea as nitrogen source. Biochemical
Engineering Journal, 43: 52-57. DOI:
10.1016/j.bej.2008.08.009

Michael, A., Kyewalyanga, M.S. and
Lugomela, C.V. 2019. Biomass and
nutritive value of Spirulina (Arthrospira
fusiformis) cultivated in a cost-effective
medium. Annals of Microbiology, 69(13):
1387-1395. DOI:10.1007/s13213-019-01520-
4

\id


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

Moroney, J.V., Ma, Y., Frey, W.D., Fusilier,
K.A., Pham, T.T., Simms, T.A., Di Mario,
R.J., Yang, J. and Mukherjee, B., 2011.
The carbonic anhydrase isoforms of
Chlamydomonas reinhardtii: intracellular
location, expression, and physiological roles.
Photosynthesis Research, 109(1-3): 133-149.
DOI: 10.1007/s11120-011-9635-3

Mulokozi, D.P., Mtolera, M.S. and Mmochi,
A.J., 2019. Biomass production and growth
performance of Momela Lake’s spirulina
(Arthrospira fusiformis) cultured under urea
and N: P: K fertilizers as cheaper nitrogen
sources. International Journal of Biological
and Chemical Sciences, 13(2): 861-8609.
DOI:10.4314/ijbcs.v13i2.23

Nogueira, S.M.S., Souza Junior, J., Maia,
H.D., Saboya, J.P.S. and Farias, W.R.L.,
2018. Use of Spirulina platensis in treatment
of fish farming wastewater. Revista Ciéncia
Agrondmica, 49(4): 599-606.
DOI:10.5935/1806-6690.20180068

Nor, N.M., Naggiuddin, M, A., Mashor, N.,
Zulkifly, S., Omar, H. and Ismail, A., 2015.
The effect of different nitrogen sources on
continuous growth of Arthrospira platensis in
simple floating photobioreactor design in
outdoor conditions. Journal of Algal Biomass
Utilization, 6(4): 1-11.

Piorreck, M., Baasch, K.H. and Pohl, P.,
1984. Biomass production total protein,
chlorophyll, lipids and fatty acids of
freshwater green and blue-green algae under
different nitrogen regimes. Phytochemistry,
23: 207-216. DOI: 10.1016/S0031-
9422(00)80304-0

Yv

Ramanna, L., Guldhe, A., Rawat, I. and Bux,
F., 2014. The optimization of biomass and
lipid yields of Chlorella sorokiniana when
using wastewater supplemented  with
different nitrogen sources. Bioresource
Technology, 168: 127-135.
DOI: 10.1016/j.biortech.2014.03.064

Rangel-Yagui, C., Danesi, E.D.G., de
Carvalho, J.C.M. and Sato, S., 2004.
Chlorophyll production from Spirulina
platensis: cultivation with urea addition by
fed-batch process. Bioresource Technology,
92(2): 133-141. DOI:
10.1016/j.biortech.2003.09.002

Raoof, B., Kaushik, B.D. and Prasanna, R.,
2006. Formulation of a low-cost medium for
mass production of spirulina. Biomass and
Bioenergy Journal, 30(6): 537-542. DOI:
10.1016/j.biombioe.2005.09.006

Rauser, W.E., 1995. Phytochelatins and related
peptides: structure, biosynthesis and function.
Plant  Physiology, 109: 1141-1149.
DOI: 10.1104/pp.109.4.1141

Rodrigues, M.S., Ferreira, L.S., Converti, A.,
Sato, S. and Carvalho, J.C.M., 2010. Fed-
batch cultivation of Arthrospira (Spirulina)
platensis: potassium nitrate and ammonium
chloride as simultaneous nitrogen sources.
Bioresource Technology, 101(12): 4491-
4498. DOI: 10.1016/j.biortech.2010.01.054

Rueter, J.G. and Petersen, R.R., 1987.
Micronutrient effects on cyanobacterial
growth and physiology. New Zealand
Journal of Marine and Freshwater Research,
21(3): 435-445, DOI:
10.1080/00288330.1987.9516239


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

...GLAG‘SJJ&#}‘):‘LL)JJS.L&CMJLE&

OloKea 5 g0l

Schwenk, J.R., 2012. Effects of magnesium
sulfate, digestate, and other inorganic
nutrients on the phototrophic growth of the
green microalga Scenedesmus dimorphus.
Doctoral dissertation, Cleveland State
University, United States. 83 P.

Sigurdarson, J.J., Svane, S. and Karring, H.,
2018. The molecular processes of urea
hydrolysis in relation to ammonia emissions
from agriculture. Reviews in Environmental
Science and Biotechnology, 17: 241-258.
DOI::10.1007/s11157-018-9466-1

Soletto, D., Binaghi, L., Lodi, A., Carvalho,
J.C.M. and Converti, A., 2005. Batch and
fed-batch cultivations of Spirulina platensis
using ammonium sulphate and urea as
nitrogen sources. Aquaculture, 243(1-4):
217-224. DOl:
10.1016/j.aquaculture.2004.10.005

Solomon, C.M. and Glibert, P.M., 2008.
Urease activity in five phytoplankton species.
Aquatic Microbial Ecology, 52: 149-157.
DOI: 10.3354/ame01213

Tarko, T., Duda-Chodak, A. and Kobus, M.,
2012. Influence of growth medium
composition on synthesis of bioactive
compounds and antioxidant properties of
selected strains of Arthrospira cyanobacteria.
Czech Journal of Food Sciences, 30(3): 258-
267. DOI:10.17221/46/2011-CJFS

Volkmann, H., Imianovsky, U., Oliveira,
J.LB. and Sant Anna, E.S., 2008.
Cultivation of Arthrospira platensis in
desalinator ~ wastewater and salinated
synthetic medium: protein content and amino
acid profile. Brazilian Journal of

Microbiology, 39: 1-4. DOI:: 10.1590/S1517-
838220080001000022

Vonshak, A. and Richmond, A., 1988. Mass

production of the blue-green alga Spirulina:
An overview. Biomass, 15(4): 233-247. DOI:
10.1016/0144-4565(88)90059-5

Wu, L.F., Chen, P.C. and Lee, C.M., 2013.

The effects of nitrogen sources and
temperature on cell growth and lipid
accumulation of microalgae. International
Biodeterioration and Biodegradation, 85:
506-510. DOI: 10.1016/j.ibiod.2013.05.016

Yuan, C., Xu, K., Sun, J., Hu, G.R. and Li,

F.L.2018. Ammonium, nitrate, and urea play
different roles for lipid accumulation in the
nervonic  acid—producing  microalgae
Mychonastes afer HSO-3-1. Journal of
Applied Phycology, 30(2): 793-801. DOI:
10.1007/s10811-017-1308-y.

YA


http://isfj.ir/article-1-2518-fa.html

[ Downloaded from isfj.ir on 2026-06-29 ]

Iranian Scientific Fisheries Journal Vol. 32, No.4

Study of growth performance, protein, and pigments in Spirulina (Arthrospira sp.) using
low-cost culture media

Moradi A.r; Ahmadifard N.»™: Habibzadeh Y .2

“n.ahmadifard@urmia.ac.ir
1- Department of fisheries, Faculty of Natural Resources, Urmia University, P.O. Box: 46414-
356, Urmia, Iran, Urmia, Iran.
2- West Azarbaijan Agricultural and Natural Resources Research and Education Center, Urmia,
Iran.

Abstract

The most important limitation of the mass production of Spirulina microalgae in the world is the
high cost of its culture medium. The present study was carried out with the aim of evaluating the
cultivation mediums based on chemicals and commercial fertilizers and comparing the growth
characteristics, pigments, and the amount of protein in the produced spirulina in comparison with
the Zarrouk’s medium. In order to meet the nutritional needs of Spirulina species, low-cost
fertilizers were used in the form of 18 treatments and three replications. In all treatments,
commercial sodium bicarbonate at 16.8 g/L, sea salt at 0.5 g/L, and the commercial liquid
fertilizer (K:P, 20:20) were used to meet the phosphorus and potassium needs of the microalgae.
To supply nitrogen in the treatments, three sources of sodium nitrate, urea, and a 50:50
combination of both were used. In all three groups, 6 substances were used in the form of 6
treatments (control, potassium, iron, a combination of potassium and iron, magnesium, and
micronutrients). According to the results, the growth of Spirulina was higher in the control group
(Zarrouk’s medium) than other treatments until the 20th day, but after that, the sodium nitrate -
magnesium (N-Mg) treatment showed a higher growth rate than the control group. Also, the
highest specific growth rate, cell density of algae, and the lowest doubling time were measured in
the treatment containing sodium nitrate source. The highest algal cell density and specific growth
rate were significantly (p<0.05) observed in sodium nitrate-magnesium (N-Mg) and sodium
nitrate-micronutrients (N-Mic) treatments, which were significantly different from the control
group (Zarrouk’s medium). The maximum chlorophyll a, chlorophyll b, and total pigment were
obtained significantly in sodium nitrate-micronutrients (N-Mic) treatment (p<0.05). The highest
amount of protein was obtained in the combined sodium nitrate-urea group with iron and
potassium sources. To sum up, the highest growth rate and the highest cell density were obtained
in the culture medium containing sodium nitrate, which is comparable to Zarrouk’s culture
medium that can be used on a commercial scale.
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