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Abstract

The exploitation of microalgae as a protsource has led to increased interest in the afse
microalgae in health food production and sourcaromal feed. Three light intensities (125, 268 800
ME\m3sec) and four phosphorous concentration®,(@, 6, g\l) were used to study their effect oa th
growth and amount of protein contentGhlorella vulgaris alga. The growth curve of the studied alga was
different among the treatments. The stationarysphzegan at the days 13, 12 and 9 for treatmemts 12
268 and 300 (LE\m2\sec) respectively, while it vaestified as day 14, 12, 10 and 6 in treatmen#, @
and 0 g\l of phosphorous respectively. The highegalue was 0.15 at the 268 pE\m2sec (controljjevh
the lowest K value was 0.08 at 125 pE\m2\sec. Huoetest doubling time (G) was 2 days at controlB(26
ME\mAsec) treatment.

When used different phosphorous concgatrs, The highest K value was 0.16 at 0 g\l trestin
while the lower K value was 0.1 at 6 g\l treatmdrite shortest doubling time (G) was 1.8 day inttnesnt
0 g\l

Protein content o€. vulgarisincreased from 39.46% to 57.51% at 125 pE\m2s&0@puE\masec
light intensity. When used different phosphorusaamtrations, protein content increased from 51.5H{%
control treatment (4 g\l) to 75.56% at 6 g\l treaim

Keywords; Protein,Chlorela vulgaris, light intensity, phosphorous concentration

Introduction

Algae have been used in animal and hudiats since very early times. The lipids and starch
fraction in algae can be used for bio- oil prodmetithe residual algae cake, which is rich in pnsteis
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important for producing valuable co-products. Arof@nd starch) content can constitute up to 60%rpf
weight of algae [1]. This residual protein from thiemass can be used for livestock, poultry, asd feed
additives [2]. It has been reported that algaerepface about5%-10% of conventional protein souirtes
poultry feed [3]. Recently residual algae cakerdifgd extraction has been used in large animatiiieg
trials [4]. However high concentrations of nucleicids in algae can pose challenges for the ufibzan
animal feed applications [5].

The biochemical composition of algae esrivith species, light, temperature, and growtlgesta
Variation in biochemical composition due to growvgtiage is frequently related to culture age andiemitr
depletion, particularly if an organism is grownbiatch culture [6 , 7].

Light is the energy source during photorophic growth phase and organisms use lightgner
convert carbon dioxide to organic compounds espgciaugars. Light intensity affects the cellular
composition of algae, for exampunaliella tertiolecta exhibits decrease in protein content and an
increase in the lipid fraction with increasing lightensities up to saturation [8]. Low light intéty has
been observed to result in higher protein contdriteahigh photon flux density (PFD) results in ieased
extracellular polysaccharide content [9].

Considerable variation in the biochemmainposition under conditions of nutrient limitatioan be
observed in algae depending upon which nutrieliised and to what degree. In general, the gronate
of algae is proportional to the uptake rate of thest limiting nutrient under optimal conditions of
temperature and pH and is generally described bghadilis- Menten equation [10].Phosphorus is an
important component required for normal growth aedelopment of algal cells [11]. It has been shown
that phosphorus, rather than nitrogen, is the pwintianiting nutrient for microalgae in many natural
environments [12]. Phosphorus typically constitutes of dry weight of algae [13], but it may be reqd
in significant excess since not all added phospiatgioavailable due to formation of complexes with
metal ions [14]. Immediate effects of phosphorusitiktion include a reduction in the synthesis and
regeneration of substrates in the Calvin- Bensarlecgnd a consequential reduction in the rate giftli
utilization required for carbon fixation [15].phdspus starvation reduces chlorophglland protein
content thereby increasing the relative carbohgdecantent in algal cells [16 , 17, 18].

Therefore, this study was conducted tordase the protein content of green alGaldrella
vulgaris) under different light intensities and phosphoroascentrations.

Materialsand M ethods
Algalsolation, Purification and Cultivation

Microalgal species of the resear€hlérella vulgaris) was isolated from artificial canal around
University of Babylon campus near Al-Hilla cityh& alga cultured in Chu-10 modified from Kassim399
[19] (Table 1).

For algae isolation and purification, twechniques were used, these were serial dilutinth a
streaking on plate agar methods.10 ml of isolatgd was added to 100 ml of Chu-10 media and in@agbat
for 14 days for alga cultivation and then transpdrto a glass container (five liter) [20]. Opticknsity
(OD 540 nm) was determined daily to measure grosefls. The following two equations were used to

calculate growth rate (K) and doubling time (G):
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(log O log OLy)
K= *3.322 [21]

0.301

G= 21
K [21]

t: time (day)
OD: Optical density after (t) day

ODy: Optical density at zero time

Table 1The components of modified Chu-10

Number of stock solution Chemical formula of each salt Concentration

oMl
1 MgSq,.7H,O 10
2 KoHPO 4
3 NaNo; 8
CaCl, 16

4 FeCk 0.32
5 EDTA-Na 4
6 NacCl 30
7 Na,Cos 8

MnC|2.4H20 0.02

(NH4) sM07054.4H,0 0.028

8 ZnSaq,.7H,0 0.224

CuSq.5H,0 0.08

CoCbL.6H,0 0.004

H3BO; 0.288

Experimental Planning

Three light intensities were used, thghtliintensity 268 pE\m2sec was used for cultivatiof
studied isolated alga. This intensity was treate@antrol in the study experiments and measurehlnby
meter [22]. The other two levels of light were ude% and 300 pE\m2\sec as treatments [23].

Phosphate represented as phosphor soutbis study that was used in the media for isalatlga
C. wlgaris. The phosphate compound is K2ZHPO4, and its coraté is 4 g\l (as a stock solution salt)
that considered to be the control for the experineaacording to their concentration in modified €l
media (Table 1).
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Three concentrations of phosphate weegl @5 2, 6 g\l (stock solution salt) as treatmernitsgach

treatment the Phosphate in used media were taken of

Deter mination of Protein
After centrifugation of alga samples moling centrifuge for 5000 r/min for 30 min, 4C° the

stationary phase, the supernatant was collectedhanprotein determined according to Bradford [24].

Statistical Analysis

General Treatment Structure was usexhaxperimental design. Data were analyzed by uging
stat discovery (2012) programme to study the effefctdifferent light intensities and phosphorous
concentrations on growth curve and protein contéefast significant difference (LSD) was used to

compare the significant difference between meamps<ad.05.

Results and Dissection
Effect of Light Intensity on the Growth Curve and Protein Content

Different growth curve and growth rate) (iere observed for isolated alga in the treatmédtitgire
(1) illustrates the effect of different levels ajht intensity onC. vulgaris biomass growth. The stationary
phase began at the days 13, 12 and 9 for treatrh26{268 and 300 (LE\m2\sec) respectively.

The highest K value was 0.15 at the 268m#\sec (control), while the lowest K value wa88at
125 pE\m3sec, but the K value at 300 pE\ma\secOnzs

Significant differences were recordedKinvalue (p<0.05) between all treatments (Figure T2)e
growth rate of algae is maximal at saturation istigrand decreases with both increase or decredight
intensity [25]. Light intensity increases abovéusating limits causes photo inhibition or photddation
(viz. irreversible damage to the photosynthetic ivagry) [26]. This is due to the disruption of the
chloroplast lamellae caused by high light intenaityl inactivation of enzymes involved in carbonxiie
fixation [9].

The shortest doubling time (G) was 2 datysontrol treatment, while the longest was 3.¢sdat
125pE\masec and at 300 pE\m?sec G was 3.1 @gnificant differences were recorded in G value
(p<0.05) between control and all treatments as showFigure 3).

The doubling time (G) increased when Itgkt intensity below or above the control, becattse
decreasing of growth rate led to slow of cell dotisso doubling cells took more time [27].

This study is in agreement with a study [B8] reported that the growth rate ®ficrocystis
aeruginosa was increased from 0.42 at 20 pE\m2sec to 0.480atiE\m3sec. [29] observed a marked
decrease in productivity dpirulina platensis during scale-up to outdoor cultivations even indiable
conditions. Thus they attributed to photo-inhihitibecause of high light intensity which resuliedhe

reduction of biomass yield.
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Protein content ofC. vulgaris increased from 39.46% to 57.51% at 125 pE\m3sec 300
ME\mAsec, and it was 51.17% at control treatreamd, statistically there are significant differenaeesong
treatments (Figure 4).

A study by [30] on the marine diatoRfaeodactylum tricornutum showed the low light (400 lux at
the culture surface) led to an increase in the e&fgrotein synthesis. In the study by [31] Gnwulgaris
reported the rapidly growing cells of natural daght at 25-30°C showed higher amount of protein i.e
52.6%.

Effect of Phosphorous Concentrationson Growth Curve and Protein Content

The biomass growth @f. vulgaris entered a stationary phase in different days anteaments
(Figure 5). The stationary phase was identifieddag 14, 12, 10 and 6 in treatments 6, 4, 2 and 0 g\
respectively.

The highest K value was 0.16 at 0 g%timent, while the lower K value was 0.1 at 6 gdatment,
but at 4 and 2 g\l treatments the K value was @uid 0.15. Significant differences were recordedin
value (p<0.05) between control all treatments ektreatment 4 g\l as shown in (Figure 6).

The shortest doubling time (G) was 1.8 idatreatment 0 g\l, while the longest was 2.&ig\l, and
at control treatment (4 g\l) and 2 g\l the G wak &nd 1.9 days respectively. Significant differenegre
recorded in G value (p<0.05) between control ahttedtments except treatment 4 g\l (Figure 7).

The explanation for these results was Ween phosphorus concentration decreased caussagec
in dry weight and reduction of essential photosgtithpigments and photosynthetic activity was obeser
[32]. Reduced utilization of the light energy fdrqtosynthesis will increase membrane damage camsed
excessive photo oxidation, this may be compensfatedy a reduction of thylakoid membranes [33]. A
study on the green alga. kesseri agrees with this study, and shows an increasingrawth under
phosphate starvation [34].

Protein content @. vulgaris decreased from 51.17% at control treatment (4tg\lI)3.85% at 0 g\l
treatment, and it was 31.90% at 2 g\l treatmentijemine highest protein content was 75.56% at 6 g\l
treatment. Significant differences were recordetivben all treatments (Figure 8). A study on GreégeA
Selenastrum minutum by [35] reported that soluble protein content daseel under phosphorus limitation.
They suggested that the decreasing because theesisibf nonessential proteins may be repressedigdur
phosphorus limitation because the enzymes thatresponsible for protein synthesis affected by
phosphorus concentration [35]. The study of [36fedothat in C. vulgaris the protein level decreased

from 50.8% to 38.16% during phosphate starvation.
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Figure 1:Growth curve ofC. vulgaris at different levels of light intensities (LE\m3$&\= 125; B=

268(control); C= 300.
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Figure 2: Growth rate ofC. vulgaris at different light intensities (WE\m2sec).
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Figure 3: Doubling time ofC. vulgaris at different light intensities (LE\m3sec).
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Figure 4: Protein content of. vulgaris at different light intensities (LWE\m2\sec).
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Figure5: Growth curve odC. vulgaris at different phosphate concentrations (g\l) A=62BC=
4(control); D= 6.
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Figure 6: growth rate ofC. vulgaris at different phosphate concentrations (g\l).

LSD=0.307

37

<

£ 21

=

o

= 1

=]

g

= g

phosphate concentration g/1

Figure 7: Doubling time ofC. vulgaris at different phosphate concentrations (g\l).

80 -

60 -

40 -

20 | .
2

6

m | SD=1.438

protein %

4
phosphate concentration g/I

Figure8: Protein content of. vulgaris at different phosphate concentrations (g\l).
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Conclusions

1-High light intensity and phosphorus limitatiorfeat the biomass production and growth rate ofistud
microalga.

2- Highest growth rate and shortest doubling time $tudied isolated microalga were recorded at
268uE\masec light intensity and zero g\l phosphate

3. The best light intensity that leads to increasgein content is 300 pE\m3\sec.

4. The best phosphorus concentration that leathetease the protein content is 6 g\l.
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