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Introduction

Carotenoids have many effects on human health. These compounds are produced by plants and microalgae. The
extraction of carotenoids from microalgae such as Chlorella has received much attention, since microalgae grow all year
round (regardless of the season) and at a much faster rate than plants in non-arable lands. The aim of this research was to
optimize the concentrations of nutrients (nitrogen and phosphorous) in the growth medium of microalgae with the
objective of maximizing carotenoids content. At the optimized nutrient conditions, the effect of phytohormones on
production of carotenoids using Chlorella sorokiniana 1G-W-96 was investigated.

Materials and Methods

Chlorella sorokiniana 1G-W-96 was cultivated in BG11 growth medium with light intensity of 25000 lux and light:
dark cycle of 16: 8 supplied with compressed air flow of 0.5 vwm containing 6% vol carbon dioxide. Under three
concentrations of nitrate (0.04, 0.25, 1.5 gL!) and three concentrations of phophate (0.01, 0.04, 0.16 gL™!) and
carotenoid concentration was measured. Full factorial experimnetal design was performed and the resuts of the
experiments were analyzed using Minitab (ver. 21.01.1). Finally, the best concentrations of nitrate and phosphate were
chosen for pigments production, and at that concentration, naphthalene acetic acid (0, 2.5, 5, 7.5, 10 and 12 ppm) was
added to the culture medium to check its effect on pigments production. By measuring the dry weight of C. sorokiniana,
its growth rate was determined. After extracting the pigments with solvent, the concentration of the pigments was
determined by measuring the amount of light absorption.

Results and Discussion
Dry weight

The results showed that the highest amount of dry weight was related to the treatment with nitrate amount of
0.25 g L™, and nitrate more and less than this amount caused a decrease in growth. This result was not dependent on the
amount of phosphate and was true for all phosphate concentrations. Nitrate reduction from 1.5 to 0.25 g L™tincreased the
growth of microalgae up to 81.8%, so that the dry weight of 0.88 g L reached 1.6 g L. However, reduction of nitrate
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from 0.25 t0 0.04 g L™ decreased the dry weight by 65.6%. In order to reach the maximum growth rate, it is necessary
to determine the appropriate concentration of each nutrient.

Carotenoids

Unlike the dry weight, not only the pigment production did not decrease with the excessive of nitrate concentration,
but also the maximum amount of pigment production was related to the treatment with the maximum amount of nitrate
concentration. Based on the results obtained, the concentration of carotenoids was higher in the concentration of 1.5 g L1
of nitrate and 0.04 g L~ of phosphate (6.7 mg L™1).

When the nitrate concentration was very low (0.04 g L™1), changing the phosphate concentration had no significant
effect on the production rate of any of the pigments. Only when the nitrate concentration was high (1.5 g L™1), change in
phosphate concentration caused a change in pigments concentration. The increase of phosphate concentration from 0.01
to 0.04 gL~ tincreased the carotenoids concentration to 1.65-fold. Of course, increasing phosphate concentration to 0.16
g L~1did not affect the pigments concentration.

Based on the statistical analysis, the P-value<0.05 indicated that the effect of the factors and the model was significant.
In this situation, in order to increase the production of carotenoids, naphthalene acetic acid was added to the phytohormone
culture medium. At the optimal concentration of 2.5 ppm of naphthalene acetic acid, the concentration of carotenoids
increased by 26.71% and reached 8.49 mg L™1. However, phytohormone had no significant effect on dry weight.

Conclusion

Carotenoid production using microalgae could be maximized through optimization of nutrients concentrations (nitrate
and phosphate) in the growth medium. Phytohormones could further increase the prodcution of carotenoids at optimum
concnetrations.
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Table 2- The effect of nitrate and phosphate concentration on the production of pigments

g g. Chlorophyll a (mg/L) Chlorophyll b (mg/L) Carotenoids (mg/L)
1 0.04 0.01 2.11+0.01F* 0.73+0.16F 1.3440.02F
2 0.04 0.04 2.56+0.49F 0.97+0.25PF 1.45+0.08"
3 0.04 0.16 2.05+0.12F 0.85+0.05PF 1.37+0.04F
4 0.25 0.01 9.2340.32¢P 3.17+0.32¢ 3.87+0.2¢P
5 0.25 0.04 7.06+0.45PF 2.60+0.14¢P 3.43+0.1PF
6 0.25 0.16 5.64+0.07F 1.93+0.06°PF 3.09+0.13F
7 1.50 0.01 10.99+1.03¢ 5.13+0.648 4.05+0.35¢
8 1.50 0.04 24.5+0.84 12.59+0.424 6.70+0.144
9 1.50 0.16 21.91+0.898 12.49+1.094 5.55+, 0355

S0 hlire glas LSS gy b pols
«The results with the same letters are not significantly different.

7=lis s Ll 5]
P- e . pbul aages S el Lululy b o Lol U0
Jdo g laygS1h 31 aS s o L Y Jodo j3 +/+0 5l 558 value
g bbb Jds 4 b (Sl jobay 5 039 Jhline oud 550
R%= Q9/FA s oo e (ol p ogMe abl o5 SYMB
& sy |y Slss JS "o )8 wlgs o Jde 45 amd o )l
2l sl oxie ) 3l il ly 50T g loodly Como (s pelaio
oyt ssbaioty U515 Sy bosslagdl .5 eslizl ssile 3l
6y Boslagdly Jlo s Jlon] Jlagas A=Y IS ittt gl Coms
4 085lauBl blS jbges cpl 50 cdmd o s 1) lanseis,lS clale

Al sl i i3l b iS5, wer s & by B

@ by 35 balS) My e Sl oSl wdl ials
cbale a8 590 ol @l g s Slis lise 45 dg Sliales]
2l R L AliSS, g ad) Sl 4 (e lp Olits die
Dammak et al., ) cuol oad b jo 42d5 clajingh ) Coms
Sl o imgh 4o (2017, Montes-Gonzalez et al., 2021
» i g4 Isochrysis galbana asss,) S 5 eagicuw j clale
Lol cwds als 5l VY mgLTt g WF mgLTt cbile
o)Ll Dy50 opl & i I Sy (Zarrinmehr et al., 2020)
Y glod g i iol38l aSle oyl dbxl Lyl s )5 48" W S
i capx Ladsig 5 adgi bl b oo (ials Sila ) 03 a2 51

b o il ¢ oyl bl Blde > S>3



V¥ 33T i o5l I8 ol oyl i qoliw g pole Glodudols &1 pis PV

¥ gLt g clms Vo gLt byls 4 byye basliss, cbale
A g g AISS, cdale ioli8l Gun oSyl 4 s g b gy il
e i +[+F gL 5l Vo gLt (gl i Layoma
oo WSSy e g 4B) 9 05 039331 (90 92508 | e (sl
@) 18 48) p (s pSea Sl (ga)9m98 45 b (LS gl
0958 e o 03 ¥ S 0 &S jeblen Lol L(sis 0dly s
LXelt i)l el cusS b a4y dul Sl Jliés Y/0 ppm
hoy VEIVY Lol agasgylS ol 5@ Lo IS olsee 1o
938 dawy A¥A + N0 mg LTt 4 8/VO £ -/YYmg LTt
sobds BB Jdg IS (e Clale (g pSaita ST (9909
|y ey cdalé syl Sl b5 VU o (slacdile IS

Sy gl

ol gl (pl WlB S )3 s b jgle )3 (ogllae 5l
bbbl yioan Wlosd m95 Jloy jsbas lallas a5 W5 0
e BoY S5 wee b g jio b ply L oSl
oS pahilan w3 e L5 ) Slisle)l caiy ey baowslagdly
xS e samlio ol g8 IS5 ol > 3 e s
2k 35 ol S Wleas plgl dolar by Lobey cliylej
cble 5 alis clale oyl g0 a3 Cusl balls dg Jiiiuno

sl (ageie)S) LaslasS, Wles e §3 ok i Olawd

A 93 g IS Gl g iy g3 (19090 938 )

e bl el Conty ©laws </ ¥ gLt g olms /YogLT!

Ly, 5 clalé wlwl p guli g b! WUT-Y Joua
D9 /L AQ/FA ol RP%-sq ,laie Minitab 138l o5 5l ool cunts golis oluly

Table 3- Statistical analysis of the results based on the concentration of carotenoids
Based on the results obtained from Minitab software, the value of R2-sq was equal to 99.68%.

Source DF Adj SS Adj MS F-Value P-Value
F) WOl anyd Wljgdome ggemme  Wljgdome (mile  F-jlade  P-jlade
Model
Jae 8 56.8355 7.1044 351.03 0.000
Linear 4 50.9913 127478 629.87  0.000
Nitrate
el 2 49.1379 24.5690 1213.95 0.000
Phosphate
A LEMB 2 1.8534 0.9267 45.79 0.000
2-Way Interactions 4 5.8442 1.4611 72.19 0.000
Sland g il Sl s pap ' ' ' '
Error
L 9 0.1822 0.0202
Total
17 57.0177
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The results with the same letters are not significantly different.
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