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/Dunaliella salina )

photobioreactor Environmental variables

pH: (=7 and <7)
Saltiness: (1, 2 and 3 molars)
mmmmm) . Nitrate concentration: (0.25 and 0.5 gram per liter)

Light intensity: (2500 and 5000 Lux)

Temperature: (25 and 30 °C)

The best environmental conditions for maximum protein, lipid
and beta-carotene production

Protein: pH: ( =7) - Saltiness: (3 molar) -Nitrate concentration: (0.25
gram per liter) Light intensity: (5000 Lux) - Temperature: (25 °C)

Lipid: pH: (=7) - Saltiness: (2 molar) -Nitrate concentration: (0.25 gram
per liter) Light intensity: (5000 Lux) - Temperature: (25 °C)

Beta-carotene: pH: ( >7) - Saltiness: (3 molar) -Nitrate concentration:
(0.25 gram per liter) Light intensity: (5000 Lux) - Temperature: (30 °C)

Abstract: Microalgae can produce various products such as biofuel, proteins, and beta-carotene. Knowing the optimal conditions to
produce these products is very important. In this research, the effect of environmental parameters on the production rate of each product
in Dunaliella salina microalgae was investigated. saltiness (1, 2, and 3 M), pH above and below 7, nitrate concentrations of 0.25 and
0.5 g/L, light intensities of 2500 and 5000 lux, and temperature levels of 25 and 30 °C were studied. According to the results of this
study, the highest cell density of algae was at 3 M salinity and pH higher than 7, nitrate concentration equal to 0.25 g/L, light intensity
5000 lux, and temperature 25°C. The same conditions of salinity 3 M, pH of more than 7, nitrate concentration of 0.25 M, light intensity
of 5000 lux, and temperature of 25°C prevailed for the maximum production of microalgae biomass. Under these conditions, the highest
amount of protein was produced in Dunaliella salina microalgae. But for lipid production, the optimal conditions were at a salinity of
2 M, pH more than 7, nitrate concentration of 0.25 g/L, light intensity of 5000 lux, and temperature of 25°C. Optimum production of
betacarotene also occurred at 3 M salinity, pH more than 7, nitrate concentration 0.25 g/L, a light intensity of 5000 lux, and temperature
of 30°C. By knowing these conditions, it is possible to achieve the maximum amount of production of products such as biofuel, protein,
and betacarotene from Dunaliella salina microalgae.

Keywords: Microalgae, biofuel, light intensity, salinity.
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Figure 1- Vertical photobioreactor used in the experiment
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Table 1- Variables used in the current study under a full factorial design
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Table 2- Variance analysis of the effect of sources of changes on research treatments
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Figure 2- The effect of different environmental factors (A: Salt, B: pH, C: Nitrate, D: Lux and E: Temperature) on cell density of Dunaliella
salina algae



oy

e lgh g IAS 2l e (el sl (o) 2 il 0R g Gone

5 — B:pH=7.5+0.5 5 A:Salt=3 mol
C:No3=0.25 gr/lit C:No3=0.25 gr/lit
D:Lux=5000 D:Lux=5000
I E:Temperature=30°° . 4 | E:Temperature=30°°
5 3 = E 3 -
2 =S a e
: T E e
5 2 = 5 2 ST
o S o R
= T
1 = _ - 14 =—"
0 o]
T T T T T
1 2 3 1 2
A:Salt mol B:pH
_| A:Salt=3 mol : =
5 7 BipH=7.520.5 B i
4 BELInaum C:No3=0.25 gr/lit
- E:Temperature=30 __ 4 | E:Temperature=30°®
S 3 E
2 TS e E 2 4 PR
i.% e C‘% =
1 8,
0 o
0 0 T T
1 _ 2 1 “
C:No3 gr/lit D:Lux
5 A:Salt=3 mol
B:pH=7.5+0.5
C:No3=0.25 gr/lit
4 7| D:Lux=5000
5 B
e —_
w ==
£
5 29
7]
1 —
0_
| T
1 2

(95 (sole)

E:Temperature «C
Ll Sdbgs Sl 0095 ot 3 ool 30 (E: Temperatureg D: Lux . C: Nitrate « B: pH . A: Salt )caliseo oo Jolge il ¥ Ui

Figure 3- The effect of different environmental factors (A: Salt, B: pH, C: Nitrate, D: Lux and E: Temperature) on biomass of Dunaliella
salina algae

oaplie ¥ USE A Coond o a5 aigSilen

Yoo dw )90 )0 (mBgp Olime (oYL wob oo

O e 6558 Gl Gl L g esel Cewny
ol ey oz Geis A b e ol

Ll Mdlgs Sl (i ol o 0 (hawzxo byl s 51
O 6yl (Sxe )V PR ST Lg)l.J Pgge
o At Jaoe kil o gy e
(Y Jgaz)asl

1 Chen, H. and Jiang, J. 2009



(‘5&.65}3 ‘5».1.:) 1F+) ul.».m.a) ¥ e)Lo.{;‘a HY 0499 ‘O‘)‘.’.' ottt Gt and S f.f

Cg.la..: (\CJS.» C M)ML: < )M.] I l")f AN
CBl Gl el S e 5o s Y
Lourenco, ) o5 (oo o Sulz3; Jsho 5o 9
lod g 598 Ll Dul pgar o usen (2006
P9 oSy B0 Heign Glime VL e
D Cond)wl ool odgi ogaudis a0 YO sloo

F JSs

(Chen & Jiang., w5 o omb |, axs
oLt gl basms 4 apl (5 53l o gas32009)
i PH & by o (029 (e 00 YL A4S 200 (oo
20 )5 a8 >0 (FUSS B Cond) il (o V)
Gl 03905 0,L5I A PH ;3 1159 995 b 095 b
g olis clale e peas o (Garciaetal., 2007)
oYL oS 03,5 e oanlie g e 2 0 b
b plp ol cdile @ boy o gadss (g n (s

50— A:Salt=1 mol
C:No3=0.25 gr/lit
D:Lux=5000
40+ E:Temperature=25°C
30
20
e —
10 am——"—"""""
0_
T T
1 2
B:pH
_| A:Salt=1 mol
50 B:pH=7.5:0.5
C:No3=0.25 gr/lit
40— E:Temperature=25°°
30
20— NP s
e e S PRI
10
0._
1 T
1 2

D:Lux

_| B:pH=7.5+0.5 e
50 , P
C:No3=0.25 gr/lit 7
D:Lux=5000 P
40— oG
E:Temperature=25 P
= 30 s b=
3 ' ko
= i <
@ 20— L o
e
10—
0—
T T T
1 2 3
A:Salt mol
_| A:Salt=1 mol
o B:pH=7.5+0.5
D:Lux=5000
40— E:Temperature=25°%
S =
= 30 —
S 5
e I
o 20 — o
_________ = =
10—
0_
T T
1 2
C:No3 gr/lit
50 A:Salt=1 mol

B:pH=7.5x0.5
C:MNo3=0.25 gr/lit
40— D:Lux=5000

30

Protein (%)

20—

10—

00—

N=

E:Temperature =C

Lot SLBgo Sl> (paigp ool3w0 » (ExTemperatureg D:Lux . C:Nitrate . B:pH  A:Salt )ciliso o Jolge il -F IS
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Figure 5- The effect of different environmental factors (A: Salt, B: pH, C: Nitrate, D: Lux and E: Temperature) on the amount of lipids in
Dunaliella salina algae

PH e ¢ gmmdis a0 YO los a8 lais L
Sogd )2 S Be e Gl Sad sVl il lame ] (e (i fden o5 w00 o0 Gl il Al

Gl 6y 0 Sepd 9 e egas o



(‘5&.65}3 ‘5».1.:) 1F+) ul.».m.a) ¥ e)Lo.{;‘a HY 0499 ‘O‘)‘.’.' ottt Gt and S

Ol 5o olilaie lug a5 dis coge Jelse
Sl JIAS,50 0 Johos 0y 9 aSes,l5 ¢ Judg IS
sle,eSB e 3l So (Salmaningjad, 2016)
4 g aeig)l5 adsi b Sl i, adgs jo i 050
2 e aBeg,) 5 (gl Ly all oo () 5Ly &5
St 5Bl s ey 5 eBluS I (eliSL
P b A, Ko ol 4 G395l (5 5eS
(Boonyaratpalin et s o oolaiwl Xw 1y g las
Sl (535,50 00 0l gl e 0 )5 wieo al., 2001)
& Doz oyl bl cod g ST cldlyg 550

(Tavallaei et al., 2011) » .5

B:pH=7.5+0.5

C:Ne3=0.25 gr/lit

D:Lux=5000
E:Temperature=30°% -

50—

40—

30 =

20— e

Beta Caroten (%)
K
\

10—

O—

-
N_
(OE

AcSalt mol

Beta Caroten (%)

A:Salt=2 mol
B:pH=7.5+0.5
D:Lux=5000
E:Temperatu re=30°¢

50
40—
30

20—

Beta Caroten (%)

10—

-
N=

C:No3 gr/lit

5

4

20—

10—

Beta Caroten (%)

fe5

Ol cnl s Gl L g oasl sy Vs ¥
Olyee o (OJSS A o) Wb (oo ialS
S4B o) dol e V1 5L as ol jo ad
b ple ol cdale )0 s odss (e cn 5YL O
5 Gl S 3 s (O S C Ceand) 390 + /YO
b Dad 5o dend adgs Ol G pYL a5 ol s

(OUSE D ) ol (oSl B v b s o

Ul Sl 539, (l3ae 2 Slauzmo byl 51
Slde g PH clos (5550 ¢y g5 aloz 5| AliSs (sl 5256
w0 i o Sl 0t o i Logae ol ook
Ailgice 398 slo, S o o cds b gl
S oss 99 less bl g oS @ SLLs Ses

A:Salt=2 mol
C:No3=0.25 gr/lit
D:Lux=5000
E:Temperatu re=30°°

o

o

B:pH

A:Salt=2 mol
B:pH=7.5+0.5
C:No3=0.25 gr/lit
E:Temperature=30°

50—

40—

30—

20— e

10—

-
N

D:Lux

50— A:Salt=2 mol
B:pH=7.5+0.5
C:No3=0.25 gr/lit

—. 407 D:Lux=5000
=
S 30—
B
[3+]
C 20 -
[
K
10—
0_
T
T

M=

E:Temperature =C

Ldlos Sdligs Sl 39,5k ol5m0 ,» (E: Temperatures D: Lux .C: Nitrate . B: pH < A: Salt ) ciliseo Jawmmo Jolge pili -5 5o

Figure 6- The effect of different environmental factors (A: Salt, B: pH, C: Nitrate D: Lux and E: Temperature) on the amount of beta-
carotene in Dunaliella salina algae
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