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Abstract

Background and Objective: The most nutritional factors that effect on the metabolism and cell growth is phosphorus. The
concentration of phosphorus in the media can influence on the chemical contents and the biomass of microalgae. This study aimed to
determine the effect of phosphorus concentrations on the carbohydrate, protein, lipids content and active components such as tannins,
flavonoids, phenolic content, antioxidant, antibacterial activities and cholesterol reduction effect of Scenedesmus obliquus
(S. obliguus). Materials and Methods: Scenedesmus obliquus was cultured in BG11 medium. The flasks were incubated at 28+2°C
under continuous fluorescent light intensity of 180 uEm=2sec=" for 17 days at pH 7.5. Five different concentrations of phosphorous were
added to the medium as K,HPO, (0.001, 0.002, 0.005, 0.007 and 0.1g L™") and effect of the five phosphorus concentrations on the
carbohydrate, protein and lipids content of S. ob/iquus. The responses of the treatments were compared by analysis of variance (ANOVA)
SPSS software version 16, one way ANOVA LSD<0.5. Results: The results demonstrated that the best concentration of phosphorous was
0.007 gL~"whenthe carbohydrate content was 18.13%, the highest protein content was 34.68% when the green microalgae were grown
under phosphorous concentration was 0.007 g L~". The best percentage of lipid content was 16% when the phosphorous concentration
was 0.014 g L. The results demonstrated that the best concentration of phosphorous was 0.014 g L=" media for production of the
tennins concentration at 0.7 mg g~' dry wt. and the flavonoid content at 200 ug g—' algal dry wt,, the best phosphorous concentrations
had antioxidant activities of 35%. When the influence of phosphorus concentrations on the antibacterial activities of Scenedesmus
obliquus was compared with Vancomycin, the highest inhibition was found with Staphylococcus sp. at 26 mm sand Vancomycin at
28 mm. Conclusion: Thus, various concentrations of phosphorus can affect in the chemicals composition of Scenedesmus obliquus and
its activities.
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INTRODUCTION

Phosphorus plays an important role in most cellular
processes, essentially those related to energy transfer,
macromolecule biosynthesis, photosynthesis and respiration’.
Phosphorus limitation can cause strong reduction in the
membrane phospholipids concentration and impair these
contents by synthesis of non-phosphorus glycolipids and
sulfolipids?.

Phosphorus is also a key factor in lipid accumulation in
microalgae; however, only afew studies have investigated this
subject. Those studies did not draw a common conclusion
about the strains of microalgae used because; the process is
very species-dependent. For example, phosphorus restriction
led to enhance lipid productivity in Phaeodactylum
tricornutum, Chaetoceros sp. and Paviova lutheri, whereas
lower lipids level where found in green algae, such as
Nannochloris atomus and Tetraselmis sp..

Freshwater algae have high effort to remove heavy metals
from wastewater and to produce energy. The concentrations
of phosphorus and nitrogen have been found to impact on
the growth, nutrient absorption and lipid accumulation of a
freshwater microalga Scenedesmus sp.*. Many factors affect
these properties, nutrient concentration®’, CO, aeration®and
light conditions®. Nitrogen and phosphorus concentration that
present in wastewater is considered to be an essential factor,
has a direct effects on algal growth kinetics, which is closely
related to nutrient uptake and lipid accumulation. Since
uptake is the main mechanism of nutrient elimination by
microalgae, the microalgal population growth rate directly
affects the nutrient elimination rate. Meantime, nitrogen and
phosphorus can only be altogether utilized and discarded
efficiently if the nitrogen/phosphorus (N/P) ratio in
wastewater is in the suitable concentration.

Several planning have been applied to mend microalgae
growth and lipid accumulation, including optimization of the
medium’s composition (e.g., type of carbon source, nitrogen,
phosphorus, vitamins and salts)'® and physical parameters
(e.g., pH, temperature and light intensity)'". Microalgae can
gather considerable amount of carbohydrates, proteins and/or
lipids'>'3. Changes in microalgae biochemical content are
likely to occur as a result of diversity in pH'™, temperature',
light and salinity'® and metal content'. Alternate methods of
cultivation (i.e, autotrophic and heterotrophic)’® and
harvesting™ can also overlap with cellular biochemical
constitution. Regarding the influence of nutrients, studies
have elucidated that N and/or P limitation in growth media
causes metabolism modification that induces lipid
accumulation?2'. The major objective of the present study
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was to determine the effect of phosphorus concentrations on
the carbohydrate, protein and lipid content of S. obliquus and
its effects on the ability of alga to reduction cholesterol,
antibacterial and antioxidant activities.

MATERIALS AND METHODS

The studying were carried out in the Microbial
Biotechnology Department, Genetic Engineering and
Biotechnology Research Institute (GEBRI), University of Sadat
City, Egypt (2016) and all chemicals are used from Sigma
Aldrich.

Algae collection and preparation: The experimental
organism used in this study, microalga S. obliquus, was
obtained from the Microbial Biotechnology Department,
Genetic Engineering and Biotechnology Research Institute
(GEBRI), University of Sadat City, Egypt.

Alga cultivation with different phosphorus concentrations:
S. obliquus was cultured in BG11 medium?2 The flasks were
incubated at 28+2°C under continuous fluorescent light
intensity of 180 uEm~2sec' for 17days at pH 7.5. Five different
concentrations of phosphorous were added to the medium
as K,HPO, (0.001,0.002,0.005,0.007 and 0.1g L="). The growth
of S. obliquus was determined using optical density
measured at 660 nm; the cell count for S. obliguus was
calculated using a Neubauer hemocytometer chamber.

Effect of the five phosphorus concentrations on the
carbohydrate, protein and lipids content of S. obliquus: The
experiments aimed to identify the effects of the five different
phosphorus concentrations. All the experiments were
conducted in triplicate and then the carbohydrate, protein
and lipid content of S. obliguus was determined.

Determination of the protein content of S. obliguus: The
nitrogen content was determined?. The protein content is
equal to the nitrogen content multiplied by 6.25.
Determination of the lipid content and growth in
S. obliquus: To determine the lipid content, 2 g of
algal dry wt. were soaked in 20 mL chloroform-methanol
(1:1 v/v) for 48 h and then filtrated. The residues were soaked
again in (the previous solvent) chloroform-methanol (1:1 v/v)
for 48 h and filtrated. The filtrates were then concentrated in
a vacuum until dry. The weight of the crude lipids obtained
from the sample was measured using an electronic scale?*.
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Determination of the carbohydrate contentin $. obliquus:
Total carbohydrate content was determined using the
phenol-sulfuric acid method with glucose as the standard®.

Determination of the total phenolic content: The total
phenolic content (TPC) was determined using the
Folin-Ciocalteu method?. The color intensities were measured
at 765 nm using spectrophotometer (UV-200-RS LW) and
compared to gallic acid calibration curve.

Determination of antioxidant capacity (DPPH assay): The
percentage of antioxidant activity of alga treated with
different concentrations of phosphorus in BG 11 medium was
determine by DPPH (2,2-Diphenyl-1-picryl-hydrazyl-hydrate)
free radical assay?.

Determination of flavonoid contents: The flavonoid
contents of S. obliguus were determined according to the
aluminum chloride colorimetric method described by
Barku et a/?.

Determination of tannins (Vanillin-HCL assay): Samples
(0.2 g) of algal dry weight were extracted with 10 mL of
methanol for 24 h at 30°C. One milliliter of the resulting
extract was reacted with 5 mL of vanillin reagent
(50:50 mixtures of 1% vanillin/ 8% HCl in methanol) for 20 min
at 30°C and absorbance was read at 500 nm. For blanks, 4%
HClin methanol instead of vanillin reagent was added to the
extract and absorbance was also read at 500 nm. Blank values
were subtracted from experimental values to give adjusted
data. Tannic acid standard curve from 0.0-1.0 mg mL~" was
used in calculating tannin levels®,

Determination of cholesterol reduction effect: The
enzymatic colorimetric kit was used for determination the
cholesterol reduction of methanol extracts obtained from
algal dry weight that treated with different concentrations of
phosphorus in BG 11 medium?®,

Antibacterial activity of algal methanol extracts that
grown under different phosphorus concentrations in
BG11 medium: The antibacterial activity of methanol extracts
of alga thatgrown under various concentration of phosphorus
in comparison with Vancomycin was assessed against both
Staphylococcus aureus and Escherichia coliusing agar well
diffusion method according to Perez eta/?'. Methanol extract
of S. obliguus was dry weight dissolved in dimethyl sulfoxide
(DMSO) and also used as negative control. Vancomycin was
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used as positive control. Exactly 200 pL from 1 mg mL~" was
used from algal methanol extract for each well. The inhibition
zones diameter was measured in mm after 24 h of
incubation.

FT-IR spectroscopy analysis: Fourier Transform Infra-Red
(FT-IR) for methanol extracts of S. obliquus was determined
according to the method of Abd El Ghany et a/*2.

Statistical analysis: The responses of the treatments were
compared by one way analysis of variance (ANOVA)3.
Significant differences between the means of parameters were
determined using Duncan’s multiple range tests (p<0.05). All
analysis was carried out with SPSS software version 16%.

RESULTS AND DISCUSSION

Phosphorus is a fundamental nutrient for algal growth,
since it share in intra-cell energy transfer, nucleic acid
synthesis and special reactions related to cell division®.
Phosphorus is a dynamic nutrient for converting sunlight into
chemical energy and fundamental to cellular growth and
reproduction®. Effects of phosphorus (P) or joint nitrogen (N)
and Pfecundity on lake biology are well studied and generally,
promotion algal biomass and productivity and change in
species structure, Fried et a/* concluded that both nitrogen
and phosphates have enhance algal biomass. Variables affect
on algal growth autonomous of each other and there is no
interaction between them. These reveal that both nitrogen
and phosphates are effective lowering nutrients that can be
decreased to control algal generation. Phosphorus is an
element required for microalgae growth, especially for
generating and transforming metabolic energy3s. Phosphorus
is an essential nutrient that constitutes cells, nucleotides and
nucleic acids¥.

Alga cultivation with different phosphorus concentrations:
It is evident from Fig. 1 that growth of S. obliquus at low
with no phosphorus present in the medium and the best
growth were obtained when the medium supplemented
with 0.007 g L= phosphorus medium. The phosphorus
concentration 0.0035 was the more positive effect on
growth than 0.014 and 0.01 g L' phosphorus of media.
Figure 2 illustrate that the phosphorus content in algal
medium had effective in growth that was measured by cell
count. The highest growth rate was obtained with
0.007 g L7" phosphorus followed by 0.0035, 0.01 and 0.014,
respectively. Meanwhile, when alga cultivated in media
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without phosphorus the algal growth rate is very low. The
yield of algae can be increased when the nutrients nitrogen
and phosphorus are efficiently utilized from the growth
medium. Nitrogen and phosphorus utilization by algae
depends on various agents such as the media composition,
initial nutrient concentration of the media, light intensity,
mixing and nitrogen/phosphorus ratio and light/dark cycle®.

The present results in Table 1 are in agreement with
Liang et a/*, who showed that the results suggest that the
change of phosphorus concentration had various effects on
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Fig. 1: Effect of phosphorus concentrations of S. obliquus
growth measured by OD

Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level

207 o0
-0 00035
—A— 0.007
200 ¢ 001
—%- 0014

g

100

Number of cellsx10"

Fig. 2: Effect of phosphorus concentrations of S. obliquus

growth measured by number of cells
Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level

the carbohydrate and the protein composition, in which the
protein composition was not significantly altered, whereas the
carbohydrate content appeared to be attached to the
phosphorus concentration.

The present results are in agreement with Liang et a/%,
who showed that lipid accumulation can be improved by
manipulating the levels of phosphorus in culture media
reported the effect of phosphorus concentration at different
stages of culture in the lipid accumulation by Chlorella sp.

Under phosphorus stress, the green alga Ankistrodesmus
falcatusalso display higher carbohydrate and protein contents
as well as total lipid contents, with larger and intensive cells®.

Microalgae are the main natural source for a vast
arrangement of worthy compounds as lipids, proteins,
carbohydrates, pigments among others. Despite many
applications, only a few species of microalgae are cultured
commercially because of poorly developed of cultivation
process*'. Scenedesmus sp. increment in lipid content by
35% was observed when phosphorus starvation was used*.
In a base of these reports, it can be observed that during
microalgal cell exposition to phosphorus deprivation, the
biosynthetic pathways are altered, thus the synthesis of lipids
isincreased as a response to this stress. Hu et a/* mentioned
that under stress conditions, the formation of lipids is a
response to consuming 24-NADPH derived from the excess of
electron transport chain (formation of reactive oxygen
species), which is twice that demanded the synthesis of a
carbohydrate or protein molecule of the same mass.

In Fig. 3, the results showed that with increasing the
phosphorus concentrations, the tannic contents were
increased, due to phosphate concentration enhanced some
phytochemical components for tannic content.

In Fig. 4,5, 6, the results also indicated that the influence
of phosphorus concentration 0.07 g L™, gave the highest of
antioxidant, flavonoids and phenolic contents of S. obliquus
because the highest growth rate of S. obliguus was obtained
with 0.007 g L=! phosphorus.

InFig. 7,showed influence of phosphorus concentrations
on cholesterol, reduction activities of 5. obliquus.

Nyaka** reported that when 30 men with high cholesterol
and mild hypertension took Spirulina sp. complement daily
for 8 weeks and didn’t modification their customary diet, the

Table 1: Effect of phosphorus concentrations on carbohydrate, protein and lipids contents of S. obliguus

Concentrations (g L") 0 0.0035 0.007 0.01 0.014
Carbohydrate (%) 14.47 15.78 18.13 14.90 13.72
Protein (%) 34.68 31.18 25.18 19.56 27.81
Lipids (%) 9.00 9.00 12.00 12.00 16.00
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Fig. 3: Influence of phosphorus concentrations on tannic acid

contents of S. obliquus

Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level
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Fig. 4: Influence of phosphorus concentrations on phenolic

contents of S. obliquus
Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level
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Fig. 5: Influence of phosphorus concentrations on flavonoids

contents of S. obliquus
Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level
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Fig.7: Influence of phosphorus concentrations on cholesterol,

reduction activities of S. obliquus
Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level

cholesterol level were decreased by 4.5% within just 4 weeks.
Spirulinasp. also contains gamma-linoleic acid which is stellar
for the health of the heart and for reducing triglycerides. So,
these indicate that the crude fibers of the algae declare the
active component which reduces the cholesterol level. The
present result showed that no consistent relationship of the
influence of phosphorus concentrations on cholesterol, this is
due to phosphorus concentrations have no effect on
cholesterol, reduction activities of S. obliguus.

In Fig. 8 showed the influence of phosphorus
concentrations on antibacterial activities from S. obliquus
compared with Vancomycin, the highest inhibition with
Staphylococcus sp. at 26 mm while Vancomycin at 28 mm.

The present results showed with increasing of
phosphorus concentration, the antibacterial increased and
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Fig. 8: Influence of phosphorus  concentrations on

antibacterial activities of S. obliquus
Bars represent the standard error of the mean of three replicates. The
mean variation is significant at the 0.05 level

that according to Oswald and Gotaas*, who showed that
bio-treatment of wastewater with algae to eliminate nutrients
like nitrogen and phosphorus and to supply oxygen for
aerobic bacteria was offer over 50 years ago. The nitrogen in
sewage out flowing emerges primarily from metabolic
changes of extra derived compounds, whereas 50% or
more of phosphorus emerges from synthetic detergents.
The main nutrients in which they exist in wastewater are
NH,* (@ammonia), NO,~ (nitrite), NO,~ (nitrate) and PO,2~
(orthophosphate). Simultaneously these two elements are
known as nutrients and their elimination is known as nutrient
baring and enhanced antibacterial activities*.

Fourier transform infrared (FTIR) spectroscopy was used
in this work to identify and determine spectral lineaments of
S. obliquus (Table 2). For FTIR analyses, a view from the
transmission region between 3443 and 541 cm™' on the
microscope was chosen. All FTIR spectra showed a widely
analogous sequence of some special bands and were assigned
a range of vibrationally active chemical groups, including
remaining water (-OH), lipid (-CH,), cellulose (-C=0), protein
(amide). The results show that FTIR technique has the
possibility to become usable for the determination of single
cell biomass content, the purpose of the present consideration
was to use FTIR analysis to check molecular diversity in
freshwater alga S. obliguus. Each peak was expressed a
functional group. Protein spectra were described by two
strong features at 1636 cm~" (8. obliquus). The protein amide
bands represent by 1636 cm™', the wavenumber range of
lipid-carbohydrates between 2809-3012 cm~—" 47,
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Table 2: FT-IR spectra of S. obliguus grown with different concentrations of phosphorus

Type of vibration

800-200

1300-1000

1330-1430

2140-1990 1750-1625 1500-1440

2280-2440

3300-2500

3500-3400

cm™!

causing IR absorption

Treatments

Alkyl
halides

C-OH

stretch
1111-1016-609

1168-1035-1023

1111-1017
1169-1028
1097-1024

H-C-H O-H
bending

bend

C=

P-H
phosphine

Acids overlap

N-H primary

phosphorus

stretch

=5

C
2128

N=

(C-H)
2954-2843-2605-2529
2925-2952-2855-

amine

concentrations

0.001

541
617
550-445
351-478

1455
1455
1454

1640
1638
1641
1636
1738-1635

3438

2358

3438

0.002

2126

2111

2994-2952-2842-2601-2528

2924-2855-

3437

0.005

2350
2292

3443

3433

0.007
0.1

1457

2925-2855-2842-2600-2528
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CONCLUSION

Phosphorus is one of the most important limiting
nutrients for algae growth, under conditions of nitrogen or
phosphorus deficiency, the lipid content of Scenedesmus
obliguus was rise but lipid productivity and accumulation
rate were not at its elevated due to the relatively depressed
algal biomass. Further research should be managed to test
the contradiction of lipid content and lipid productivity, it
appears that carbohydrates and lipid contents can be
significantly amended by straightforward operational
process predominant phosphorus availability. Phosphate
concentration enhanced some phytochemical compounds
for example phenols, antioxidants, flavonoids and protein.
Increasing of  phosphorus  concentration possessed
increasing of antibacterial activity against Staphylococcus
aureus, Escherichia coli to 0.01 and 0.007, respectively. The
gradual lipid content can be particularly pertinent, for
biodiesel industries as well as several other companies
attentive in the commercial value of algae-derived oil
by-products.

SIGNIFICANCE STATEMENTS

This study discovers that, different phosphorus
concentrations on BG11medium has effect on the growth,
primary and secondary metabolites of microgreen alga
Scenedesmus obliquus and also influence on the ability of
cholesterol reduction effect, antioxidant and antibacterial
activity against pathogenic bacteria. This study will help the
researcher to find out the significant areas of the phosphate
concentration enhanced some phytochemical compounds
that many researchers were not able to examine. Thus a new
theory on the importance of phosphorus concentrations may
be arrived to promote of bioactive contents of algae.
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