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Abstract
The present study aimed to evaluate the growth parameters and biological activities of two cyanobacterial and a chlorphyta 
species cultivated on BG110 and BG11 (as control media) respectively, as well as a combination of culture media (BG) 
with treated sewage wastewater (TSW) at various concentrations (100, 75, and 50% TSW) which were selected from six 
algal species (three cyanobacterial and three chlorophyta species) according to the concentration of auxins and cytokinins 
analyzed by HPLC. The experiments were conducted in triplicates and cultures were incubated at 25 ± 1 °C under con-
tinuous aeration and light intensity of 40µE/m2/s for 30 days. The Biological activities include antimicrobial (using agar 
well diffusion assay) and antioxidant (using DPPH radical methods) of absolute methanol extracts were evaluated. The 
obtained results revealed that maximum growth of the studied algal species on their specific culture media (BG11 and 
BG110) showed variable growth which was significantly enhanced when cultivated in combined media (BG11 or BG110 
with TSW). HPLC analysis of auxin (IAA, indol acetic acid) and cytokinin (BA, benzyl adenin) in the investigated algal 
species grown under different media composition showed large variations depending on algal species and the type of 
culture media used. Maximum IAA concentration was recorded in Chlorella vulgaris and Nostoc muscorum cultivated 
in 100% TSW media. Concerning BA (cytokinin), Chlorella vulgaris and Nostoc muscorum showed the highest relative 
percentages on cultivation in 100% TSW. The antioxidant activity results of the algal species Nostoc muscorum cultured 
on BG110 showed higher activity with IC50 45.46 ug/ml when compared with Anabaena oryzae and Chlorella vulgaris 
(47.71 and 46.13 ug/ml), while IAA, BA, BHT (butylated hydroxytoluene), and ascorbic acid showed (26.97, 28.08, 
13.19, and 13.34 ug/ml). The cultivation of Chlorella vulgaris on 100% TSW showed the highest antioxidant activity with 
IC50 33.99 ug/ml, while Anabaena oryzae showed 35.33 ug/ml on 50% TSW and Nostoc muscorum 39.30 ug/ml on 75% 
TSW. Concerning the cultivation of Chlorella vulgaris under nitrogen stress conditions, the highest antioxidant activity 
(IC50) was recorded under 0 × N2 and 0.5 × N2 (30.91 and 33.77 ug/ml). The antimicrobial activity showed that IAA 
and BA exhibited antibacterial activity against both Gram -ve and Gram + ve bacteria in addition to antifungal activity 
for Candida albicans only.
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1  Introduction

Microalgae are phylogenetically heterogeneous group of 
mostly photoautotrophic uni- and multicellular organisms 
presumably numbering between 200 and 800 thousand of 

species. Many species of microalgae are among the most 
promising and popular objects of biotechnology. Their cells 
are rich in vitamins, proteins, carbohydrates, fatty acids, 
enzymes, pigments, macro- and microelements, biologi-
cally active compounds with valuable medicinal properties 
[21] and [10].

These microalgae directly helps in nitrogen-fixation pro-
cess, phosphate solubilization, or modulating plant hormone 
levels and indirectly helps in minimizing the effects of phy-
topathogens on plant growth and development by acting as 
biocontrol agents [26].
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Growing algae in wastewater could be potentially use-
ful to reduce wastes and turn it into a beneficial product. A 
variety of algae species and algae isolated from wastewater 
treatment plants such as Chlorella vulgaris, Scenedesmus 
sp., and Chlamydomonas are investigated with regard to 
their capability of treating municipal and artificial waste-
water as well as their growth under various environmental 
conditions [27].

The biomass has many potential uses, which include bio-
fuel, fish feed, and ethanol production. The algae can help in 
the elimination of harmful chemicals out of the wastewater 
and produce clean (drinking) water. This system could use 
the wastewater instead of being pumped into the ocean every 
day. Microalgae cultures offer an interesting alternative for 
wastewater treatment (urban, industrial, or agricultural efflu-
ents) because they provide a tertiary bio treatment coupled 
with the production of potentially valuable biomass, which 
can be used for various purposes [24] and [14].

Cultivation of high-lipid microalgae Chlorella pyrenoi-
dosa using municipal sewage can both treat polluted water 
and gain biodiesel Wang et al. [36].

Several bioactive metabolites produced by algae have 
been discovered by screening programs, employing target 
organisms quite unrelated to those for which the metabolites 
evolved. Many of these chemicals have a diverse range of 
biological activities and chemical structures, which affect 
many biochemical processes within the cell. Such chemi-
cals are related to the succession and regulation of algal and 
bacterial populations. These chemicals are expected to be 
synthesized under stress conditions and low growth rates and 
released at concentration large enough to be effective [13].

Phytohormones (plant growth regulators, PGRs) play a 
key role in the regulation of growth, development, and sus-
tainability of the plants. Phytohormones of microalgae are 
considered as exogenous growth regulators, affecting the 
tolerance to factors of abiotic and biotic stress, as well as 
endogenous components of microalgae affecting the pro-
cesses of the biosynthesis of pigments and lipids [32].

El semary and Mabrouk [9] found that the extracts from 
the microalgae (Poterioochromonas malhamensis and Syn-
echocystis salina) showed considerable antimicrobial bioac-
tivity against several multidrug-resistant isolates.

Natural antioxidants are highly desired for application in 
food industries as safer replacement to the synthetic antioxi-
dants. The ultrasonic-assisted extraction were successfully 
employed for extracting antioxidants and quercetin from 
Ulva lactuca. This extract of algae can be considered a novel 
source of natural antioxidants [18].

This work aimed to evaluate the laboratory cultivation 
of six algal species (3 cyanobacteria and 3 chlorophyta) on 
synthetic culture media (BG110 & BG11) and combinations 
with secondary treated sewage wastewater (TSW) for bio-
mass production, antimicrobial, and antioxidant activities.

2 � Materials and methods

2.1 � Chemical and solvents

Diphenyl-2-picrylhydrazyl (DPPH), sodium carbonate, 
Folin-Ciocalteu’s phenol reagent, gallic acid, aluminium 
chloride hexahydrate (AlCl3. 6 H2O), gallic acid, querce-
tin, penicillin G potassium + streptomycin, trypan blue, 
neutral red, glacial acetic acid, diphenyl, and dimethyl 
poly siloxane were obtained from Sigma-Aldrich (Sigma-
Aldrich, Milan, Italy). Phosphate buffer saline, calcium 
and magnesium free, trypsin–EDTA Mueller–Hinton 
agar Gibco were obtained from Thermo Fisher Scientific, 
USA. Complete media of DMEM supplemented with fetal 
bovine serum (SeraLab-Bio-Connect B.V., Begonialaan, 
the Netherlands). Sodium nitrite, gentamycin, nystatin, 
ethanol HPLC grade, and sodium hydroxide were supplied 
by Roth company (Overland Park, KS, United States).

2.2 � Algal species

Cyanobacterial species (Anabaena oryzae, Nostoc linckia, 
and Nostoc muscorum) were obtained from the Microbiol-
ogy Department, Soils, Water and Environment Res. Inst. 
(SWERI), Agric. Res., Center (ARC), and Chlorophyta spe-
cies (Chlorella vulgaris, Dichtyochloropsis splendida, and 
Muriella sp.) were obtained from the culture collection of 
Dr. Sanaa Shanab, Professor of Phycology, Department of 
Botany and Microbiology, Faculty of Science, Cairo Uni-
versity, Giza, Egypt.

2.3 � Bacterial strains

Gram–ve bacteria [Escherichia coli (ATCC:9637),and Kleb-
siella pneumoniae (ATCC:10,031)] and Gram + ve bacteria 
[Staphylococcus aureus (ATCC:6538) and Streptococcus 
mutans (ATCC:25,175)] were used as tested strains for anti-
bacterial activities.

2.4 � Fungal strains

Candida albicans (ATCC:10,231) and Aspergillus niger 
(ATCC:32,856) were used as tested strains for antifungal 
activities.

2.5 � Antifungal agents

Nystatin (Oxoid and Remel microbiology products); 
Streptoquin containing streptomycin (Medical Union 
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pharmaceuticals, Egypt); Pencitard containing benzathine 
benzylpenicillin (North China pharmaceutical Co., Ltd.)

2.6 � Antibacterial agents

Gentamycin containing gentamycin sulfate (Schering-
Plough Co., USA), Ampicillin (Oxoid and Remel microbi-
ology products).

2.7 � Culture and maintenance conditions

The investigated algae were cultured and maintained on liq-
uid BG110 free nitrogen [19] for cyanobacterial species and 
BG11 media for green algal species. Cultures were incu-
bated in a growth chamber under continuous aeration (1.25 l/
min), 16: 8 h light and dark cycle and light intensity 40 µE/
m2/s at 25 ± 1 °C for 30 days. Bacterial strains were streaked 
and cultured for 48 h in dark at 28 ˚C on sterile Petri-dishes 
containing sterilized solidified nutrient agar medium. Each 
liter of the medium contained: 5 g peptone,2 g yeast extract; 
1 g beef extract; 5 g NaCl and solidified with 15 g agar. The 
pH of the medium was adjusted to 7.0 before autoclaving 
[8]. Fungi were cultured and maintained on sterile slants 
of sterilized solidified Czapek’s medium in an incubator at 
28 ± 1˚C in the dark. The Czapek’s medium was prepared 
according to Raper and Fennell [17]. Each liter contained: 
2 g NaN03,1 g K2HPO4; 0.5 g MgSO4; 0.5 g KCl; 0.01 g 
FeSO4.7H2O; 5 g yeast extract; 30 g sucrose and solidified 
with 15 g agar.

2.8 � Preparation of algal axenic culture (free 
from bacteria)

Purification of green algal and cyanobacterial species from 
bacteria is necessary for this study concerning second-
ary metabolite production to avoid interference of bacte-
ria mixed with the algae under investigation. Antibiotics, 
penicilliumG, dihydrostreptomycin sulfate, and gentamycin 
sulfate at different concentrations were applied separatly 
according to the method described by Andersen and Robert 
[2]. The axenic cultures of the alga were used in all experi-
mental work.

2.9 � Wastewater sources

Sewage wastewater (SWW) was obtained from Zenain sta-
tion, Giza, Egypt.

2.10 � Treatment with sewage wastewater

This medium was investigated separately and in combi-
nation with standard medium, BG11 and BG110, (100%, 
75%, and 50% sterilized wastewater) Wang et al. [35]. The 

SWW was sterilized using glass microfiber filter (0.22 µm) 
to remove large particles and indigenous bacteria for the 
experiment,this was signed as treated sewage wastewater 
(TSW). TSW was applied separately and in combination 
with BG110 to study their effects on cyanobacterial spe-
cies. Similarly, TSW combinations were investigated with 
BG11 on green algae. BG11 and BG110 media were used 
as control media representing the standard synthetic media. 
The algal species were grown in 500 ml Erlenmeyer flasks. 
Ten percent algal inoculum was added to each flask (50 ml). 
The experiment was conducted in triplicates and cultures 
were incubated in an illuminated controlled culture condi-
tion at 25 ± 1 ºC, continuous aeration and light intensity of 
40µE/m2/s for 30 days. In case of Chlorella vulgaris, BG11 
with different nitrogen concentrations (N stress, ox, 0.5x, 2x, 
4x) were investigated, and growth was compared with those 
recorded in combination media (BG11 + TSW).

2.11 � PGRs extraction

The algal cells were harvested in each experiment by cen-
trifugation at 5000 rpm for 10 min. The harvested cells were 
dried in an oven at 50 °C for 24 h till constant weight was 
achieved.The powdered cells was extracted overnight in 96% 
methanol containing 10 mg/L butylated hydroxytoluene 
(BHT) as standard antioxidant at 4 °C Sun et al. [30]. Then, 
the methanolic fraction was filtrated, and the residual pellets 
were re-extracted 3 times with 40% (10 ml) cold methanol. 
The combined methanol extracts were evaporated in the dark 
at room temperature. The aqueous solution was adjusted to 
pH 2.6–2.8 and then extracted 3 times by absolute ethyl ace-
tate (50 ml/each extract). In addition, the ethyl acetate frac-
tion was separated, dried over anhydrous MgSO4. Finally, 
the residue was dissolved in 4 ml of absolute methanol.

2.12 � Wastewater analysis

Chemical and physical parameters of treated sewage waste-
water were analyzed as reported by APHA [4] as shown in 
Table 1.

2.13 � Determination of growth rate

a-	 Determination of algal growth rates by optical density 
(O.D.)

	   Growth of all axenic algal cultures was determined by 
measuring the optical density at 550 nm (cyanobacteria) 
and 660 nm (chlorophyta) at 5-day interval through the 
incubation period of 30 days at the controlled culture 
conditions according to the method described by Wang 
et al. [35]. The algal harvest was at the beginning of the 
stationary phase [15].

b-	 Determination of algal growth rate by dry weight (D.wt)
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	   Algal dry biomasses were determined at 5-day inter-
val during the incubation period. Twenty ml of algal 
suspension was filtrated, washed, and dried in oven at 
105 °C for 24 h according to the method described by 
Talukddar [31].

2.14 � Determination of phosphorus (P)

The total phosphorus in different algal treatments was 
extracted as reported by Soltanpour [29] and spectropho-
tometrically determined according to procedures of Wata-
nabe and Olsen [37].

2.15 � Determination of potassium (K)

The total potassium in tested samples was determined by 
Flame photometry according to APHA method [3].

2.16 � Determination of total nitrogen (N)

The determination of total nitrogen in the samples was 
carried out according to Micro-Kjeldahel method [1].

2.17 � HPLC conditions

The standard hormonal sample and the investigated algal 
methanol extracts were subjected successively to be analyzed 
by high performance liquid chromatography (HPLC). The 
quantitative analysis of phytohormones was performed with 
YL9100 HPLC system with C18 column, UV at 254 nm and 
40 ºC with gradient mode of methanol and acetic acid. The 
amount of IAA and BA in the algae grown on BG110 or 
BG11 and 100% TSW were calculated from the dose growth 
curves and the HPLC analysis of algal hormones.

2.18 � Antioxidant activity using DPPH method

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) test was car-
ried out as described by Burits and Bucar [5]. One ml of 
algal crude methanol extracts at different concentration 
(50–500 μg/ml) was mixed with 1 ml DPPH reagent [0.002% 
(w/v)/methanol water solution]. After an incubation period 
(30 and 60 min), the absorbance was measured at 517 nm. 
The percentage and IC50 of antioxidant activity was calcu-
lated. As % antioxidant activity = Ac-At / Ac × 100 where: 
At was the absorbance of the algal extract samples or anti-
oxidant standards (BHT and Ascorbic acid) or plant growth 
regulators (PGRs) substances (BA and IAA) and Ac the 
absorbance of methanolic DPPH solution.

2.19 � Antimicrobial activities

The antimicrobial activity of synthesized hormonal com-
pounds was determined using agar well diffusion method 
according to Scott [22].

All the algal extracts were tested in  vitro at a con-
centration of 15  mg/ml for their antibacterial activity 
against Staphylococcus aureus and Streptococcus mutans 
(Gram + ve bacteria) and Escherichia coli, Pseudomonas 
aeruginosa, and Klebsiella pneumoniae (Gram − ve bacte-
ria) using nutrient agar medium. Ampicillin was used as 
standard drug for Gram + ve, while Gentamicin was used 
for Gram –ve bacteria, respectively. DMSO was used as sol-
vent and –ve control. Nystatin was tested against the fungal 
strains; Candida albicans (ATCC:10,231) and Aspergillus 
niger (ATCC:32,856).

Under aseptic condition, the sterilized media was 
poured onto the sterilized petri-dishes (20–25 ml, each 
petri dish) and allowed to solidify at room tempera-
ture. Bacterial suspension was prepared in sterilized 
saline equivalent to McFarland 0.5 standard solution 
(1.5 × 105  CFU/ml) and its turbidity was adjusted to 
O.D = 0.13 using spectrophotometer at 625 nm. Optimally, 
within 15 min after adjusting the turbidity of the inocu-
lum suspension, a sterile cotton swab was dipped into the 
adjusted suspension and was flooded on the dried agar 

Table 1   Physical and chemical analyses of the treated sewage waste-
water (TSW) used for cultivation of algae compared with BG11 
medium composition 

Parameters BG11
medium

Treated sewage
Wastewater (TSW)

pH 7 6.48
Total nitrogen 248 mg/L 28.5 mg/L
Cations mg/L

  Ca2+ 9.8 36.7
  Mg2+ 8.8 16.2
  K+ 17.9 17.5
  Na+ 140 177

Anions mg/L
  CO3

2− 6.2 39.9
  HCO3− 13 183
  Cl− 18 71
  SO4

2− 37 263
Trace elements (µg/L)

  Cu 20 36
  Zn 5 62
  B 500 150
  P 7000 6100
  Fe 3200 130
  Co 16 27
  Mn 500 110
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surface then allowed to dry for 15 min with lid in place. 
Wells of 6 mm diameter was made in the solidified media 
with the help of sterile cork borer tool. 100 μl of algal 
extract was added to each well. The plates were incubated 
at 37 °C for 24 h (for antibacterial activities) and 72 h (for 
antifungal activities). This experiment was carried out in 
triplicate, and zones of inhibition were measured in mm 
scale.

2.20 � Statistical analysis

Data were subjected to an analysis of variance, and the 
means were compared using the least significant difference 
(LSD) test at the 0.05 levels (p ≤ 0.05), as recommended 
by Snedecor and Cochran [28].

3 � Results and discussion

3.1 � Growth parameters

The growth rate has been estimated as dried mass (mg per 
10 ml sample) every 5 days; then it has expressed as dry 
weight (gm/L) and optical density (OD) (Fig. 1 A and B). 
The growth rates of six algal species, three of them were 
chlorophyta (green algae) (Chlorella vulgaris, Muriella sp. 
and Dictyochloropsis splendida), which were cultivated on 
BG11 medium, and the Cyanobacteria (Anabaena oryzae, 
Nostoc muscurum, and Nostoc linkia), which were culti-
vated on BG110 medium appeared with short lag phase 
(day 5), different log phase lengths and short decline phase 
as recorded in Fig. 1 A and B. The growth rate of algae 
increased gradually from the first cultivation day until they 

Fig. 1   A Growth rate by 
O.D660nm of three algal spe-
cies cultivated on BG11 for 
chlorophyta and O.D550 nm of 
three algal species on BG110 
for Cyanobacteria. B Growth 
rate by dry wt. (g/L) of six algal 
species cultivated on BG11 
for chlorophyta and BG110 for 
Cyanobacteria
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reached the maximum biomass productivity then declined. 
Maximum growth rates of Chlorella vulgaris and Nostoc 
linkia was at day 25, while that of Dictyochloropsis splen-
dida, Anabaena oryzae, and Nostoc muscurum was at day 
20 and Muriella sp. maximum growth rate was at day 30, 
as shown in Fig. 1 A and B. The optical density method of 
green algae was recorded at 660 nm, while the cyanobacteria 
were at 550 nm.

3.2 � Growth rate of algal species

The growth rates of all Chlorella vulgaris treatments and 
control (Fig. 2 A and B) appeared with short lag phase (day 
5), different log phase length, and short decline phase. The 
growth rate of control medium BG11 and TSW (treated 
sewage wastewater) treatments increased gradually from 
the first cultivation day until they reached the maximum 
biomass productivity then declined. The day by which 
the maximum productivity was reached differ by treat-
ments. Maximum growth rates of C. vulgaris reached about 
900 mg/L at day 25 of cultivation when treated with control 
medium BG11, which represent approximately about two-
fold of that recorded with 50% TSW at day 50 of cultiva-
tion. Treatment with 100% and 75% TSW expressed lower 
growth rates reaching 356 and 373 mg/L at day 50 of cul-
tivation, which was lower than that recorded with control 

medium (900 mg/L) at day 25 of cultivation. Treating C. 
vulgaris with control medium BG11 showed high produc-
tivity compared to other treatments even in the decline 
phase which recorded 715 mg/L at day 30 of cultivation 
as shown in Fig. 2A. The optical density method shown in 
Fig. 2A also recorded that treatment with control medium 
BG11 expressed maximum productivity at day 25 and even 
at decline phase (day 30 of cultivation) the productivity 
remains high as compared to the values of other treatments.

Also, the growth rate of C. vulgaris with control medium 
BG11 and different concentrations of nitrogen treatments 
(0, 0.5, 2, 4 × of NaNO3 in control medium) recorded in 
Fig. 2B increased gradually from the first cultivation day 
until they reached the maximum biomass productivity then 
declined. The day by which the maximum productivity was 
reached differ by treatments. Maximum growth rates of C. 
vulgaris reached about 1000 mg/L at day 35 of cultivation 
when treated with 2 × conc (3 g/l) of NaNO3. Treatment with 
zero nitrogen conc. reached 92 mg/L at day 20, half nitro-
gen conc. expressed 166 mg/L at day 25 of cultivation, and 
4 × conc. recorded 835 mg/L at day 35, which was lower 
than that recorded with control medium (900 mg/L) at day 
25 of cultivation. Treating C. vulgaris with 2x conc. of nitro-
gen showed high productivity compared to other treatments 
even in the decline phase which recorded 949 mg/L at day 
40 of cultivation as shown in Fig. 2B. The optical density 
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method shown in Fig. 2B also recorded that treatment with 
2 × nitrogen conc. expressed maximum productivity at day 
35, and even at decline phase (day 40 of cultivation), the 
productivity remains high as compared to the values of other 
treatments. Increasing nitrogen conc than that in control 
medium (1.59 g/l) showed stimulatory effect which reached 
its maximum at 2x (3 g/l) and more evaluated conc 4x (4 g/l) 
were inhibitory.

As shown in Fig. 3A, the growth rates of all Anabaena 
oryzae treatments and control medium BG110 appeared 
with short lag phase (day 5), different log phase length, and 
short decline phase. The growth rate of control medium 
BG110 and treatments increased gradually from the first 
cultivation day until they reached the maximum biomass 
productivity then decline. It was clearly noticed that the day 
by which the maximum productivity was reached differ by 
treatments. Maximum growth rates of A. oryzae reached 
about 600 mg/L at day 25 of cultivation when treated with 
100% TSW, which represent about 1.5-fold of that recorded 
with control medium BG110 at day 20 of cultivation. Treat-
ment with 50% and 75% TSW expressed respectively low 
growth rates reaching 50 and 300 mg/L at day 15 of cul-
tivation, which was lower than that recorded by control 

medium (400 mg/L) at day 20 of cultivation. Treating A. 
oryzae with 100% TSW showed high productivity compared 
to other treatments even in the decline phase which recorded 
400 mg/L at day 30 of cultivation, which is similar to the 
maximum growth rate of control recorded at day 25. The 
optical density method shown in Fig. 3A also recorded that 
treatment with 100% TSW expressed maximum productivity 
at day 25, and even at decline phase (day 30 of cultivation), 
the productivity remains high as compared to the values of 
other treatments and control.

The growth rates of all Nostoc muscurum treatments 
and control BG110 (Fig. 3B) appeared with short lag phase 
(day 5), different log phase length, and short declined phase. 
The growth rate of control medium BG110 and treatments 
increased gradually from the first cultivation day until they 
reached the maximum biomass productivity then decline. 
The day by which the maximum productivity was reached 
differ by treatments. Maximum growth rates of Nostoc mus-
curum reached about 350 mg/L at day 20 of cultivation when 
treated with control medium BG110. Treatment with 100% 
TSW and 75%TSW represented about 273 mg/L at day 25 
and 253 mg/L at day 30 of cultivation, respectively. Treat-
ment with 50% expressed low growth rates reaching 109 at 
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day 15 of cultivation, which was lower than that recorded 
with control medium (350 mg/L) at day 20 of cultivation. 
Treating N. muscurum with control medium BG110 showed 
high productivity compared to other treatments as shown in 
Fig. 1 A and B. The optical density method shown in Fig. 1A 
also showed the same trend and recorded that treatment with 
control medium BG110 expressed maximum productivity.

This means the maximum OD was more early reached 
on algal cultivation with combined media (BG11, BG110, 
and TSW) than the control one (BG11 or BG110) growth of 
cyanobacterial species (Anabaena oryza and Nostoc musco-
rum) at 100% TSW, while green Chlorella vulgaris at 50% 
TSW. These results may be due to the richness of TSW in 
anions, cations, some trace elements in addition to IAA and 
BA and NPK compared to the synthetic media used (BG11 
and BG110).

The results were in an agreement with the results obtained by 
Wang et al. [34] showing that some microalgae such as Chlo-
rella sp. could adapt well on different wastewaters (municipal 
wastewater treatment plant, MWTP) with no lag phase observed. 
Similar observation and results were recorded by Shalaby et al. 
[24] for Nostoc muscorum cultivated at different types of waste-
waters (sewage, industrial, and agriculture).

To inspect why TSW supported higher growth rates of 
algae in the present study referred to the physical and chemi-
cal analyses of both TSW and BG11 media (Table 1). TSW 
appeared to be slightly acidic (pH 6.48) while BG11 medium 
was neutral (pH 7). Both TSW and BG11 media have nearly 
similar amount of potassium (17.9 and 17.5 mg/L, respec-
tively). TSW showed richness in anions compared with those 
found in BG medium. The data recorded in Table 1 revealed 

that the total nitrogen in BG11 media was more than 8 folds 
the nitrogen content of treated sewage water (248 and 28.5 
mg/L respectively). Concerning trace elements, elevated 
amount of copper, zinc, and cobalt were noticed in TSW, 
while the concentrations of boron, phosphate, iron, and man-
ganese were much more in BG medium.

3.3 � HPLC results

Tables 2 and 3 showed the HPLC analysis of different plant 
hormones (ABA, GA3, IAA, and BA) in all the investigated 
cyanobacterial and green algal species. IAA conc. ranges 
0.003, 0.005, and 0.010 mg/g and BA ranges (0.001, 0.002, 
and 0.004 mg/g) in green algae. While in cyanobacterial 
species, IAA conc. ranges 0.0002, 0.002, and 0.003 mg/g 
and BA ranges 0.005, 0.013, and 0.014 mg/g.

Analysis of plant growth regulators especially IAA and BA 
in different algal extracts of Anabaena oryzae cultivated in TSW 
and BG110 media was performed using HPLC (as shown in 
Table 4). The analyses revealed that both IAA and BA amounts 
were increased in alga cultivated in BG110 and TSW combina-
tion media (50, 75, and 100%) and when compared with BG110 
medium. Moreover, TSW 100% recorded highest concentration 
of IAA (0.051 mg/g) when compared with BG110 medium 
(0.003 mg/g). However, algae cultivated in 50% TSW recorded 
the highest concentration of BA (0.044 mg/g) when compared 
with BG110 medium (0.013 mg/g). These results may be due to 
the abiotic stress occurred due to algal cultivation of A. oryzae 
in sewage wastewater which was rich with macro and micro 
nutrients as shown in Table 1 stress led to secretion of different 
secondary metabolites from algal cells as type of self-defense.

Table 2   HPLC analysis of 
PGRs (mg/g) extracted from 
chlorophyta species cultivated 
on BG11 medium

ABA abscisic acid, GB3 gibberellic acid, IAA indol acetic acid, BA benzyl adenine

Hormones R.T
min

Chlorella vulgaris Dictyochloropsis sp. Muriella sp.

Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R%

ABA 11.267 0.005 15.4 0.001 15.6 0.0004 3.2
GA3 7.850 0.017 46.1 - - 0.008 59.2
IAA 9.400 0.010 28.6 0.005 68.1 0.003 21.9
BA 10.500 0.004 10.0 0.001 15.6 0.002 15.7

Table 3   HPLC analysis of 
PGRs (mg/g) extracted from 
cyanobacteria species cultivated 
on BG110 medium

ABA abscisic acid, GB3 gibberellic acid, IAA indol acetic acid, BA benzyl adenine

Hormones R.T
min

Anabaena oryzae Nostoc muscorum Nostoc linkia

Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R%

ABA 11.267 0.001 6.5 0.0009 3.9 0.0003 2.1
GA3 7.850 0.003 14.2 0.006 27.0 0.010 66.1
IAA 9.400 0.003 12.8 0.002 10.0 0.0002 1.2
BA 10.500 0.013 6.5 0.014 59.0 0.005 30.7
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Analysis of plant growth regulators especially IAA and BA 
in different extracts of Nostoc muscurum cultivated in TSW 
and BG110 media was performed using HPLC (as shown in 
Table 4). The obtained results revealed that IAA concentration 
was increased in alga cultivated in 50, 75 and 100% treated 
media (BG110 and TSW combination by 0.050, 0.025, and 
0.053 mg/g respectively, when compared with 100% BG110 
medium (0.002 mg/g), while BA amount was increased in 
100% and 50% treated media by 0.120 and 0.017 mg/g respec-
tively and decreased in 75% TSW by 0.004 mg/g compared 
with 100% BG110 medium by 0.002 mg/g. treated alga with 
TSW 100% recorded the highest concentration of IAA and 
BA when compared with BG110 medium.

Analysis of plant growth regulators especially IAA and BA 
of Chlorella vulgaris cultivated in TSW (50, 75, and 100%), 
BG11 and nitrogen stress conditions (0x, 0.5x, 2 × and 4x) 
media was performed using HPLC as shown in Table 5. The 
obtained results revealed that IAA amount was increased 
in alga cultivated in 50 and 100% of TSW and BG11 combi-
nation by 0.014 and 0.032 mg/g respectively, when compared 
with BG11 medium by 0.01 mg/g, while, BA amount was 
increased in 100, 75, and 50% of TSW and BG11 combination 

by 0.695, 0.005, and 0.033 mg/g respectively, also in nitrogen 
stress conditions (0x, 0.5x, and 4x) by 0.005, 0.006, and 0.005 
mg/g respectively, when compared with BG11 medium by 
0.004 mg/g. TSW 100% recorded highest concentration of 
IAA and BA when compared with BG11 medium.

These results were in agreement with the results obtained 
by Rodríguez-Meizoso et al. [20] who reported that micro-
algae live in complex habitats and are subjected to stress 
and/or extreme natural environmental conditions, such as 
changes in salinity, temperature, and nutrients. Thus, these 
microorganisms must rapidly adapt to new environmental 
conditions to survive and thus produce a great variety of 
biologically active secondary metabolites that are not found 
in similar organisms lived in normal conditions.

3.4 � N, P, and K results

Table 6 showed the percentage of NPK in Anabaena ory-
zae cultivated in various media conditions (BG110 and 
TSW). The results indicated that algal cell (cultivated on 
control medium, BG110) had relatively high amount of 
nitrogen (11.82%). In contrast, alga contained a moderate 

Table 4   HPLC analysis 
of PGRs (mg/g) extracted 
from cyanobacterial species 
cultivated in TSW and BG110 
media

TSW treated sewage wastewater, IAA, Indol aceticacid, BA, benzyl adenine

Samples crud extracts Hormones R.T
min

100% TSW 75%TSW 50%TSW BG110

Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R%

A.oryzae IAA 9.4 0.051 67.5 0.012 38 0.011 17.7 0.003 66.7
BA 10.5 0.023 32.5 0.021 62 0.044 82.3 0.013 33.3

N. muscorum IAA 9.4 0.053 31.5 0.025 88.6 0.050 67.5 0.002 14.49
BA 10.5 0.120 68.5 0.004 11.4 0.017 32.5 0.014 85.51

Table 5   HPLC analysis of PGRs (mg/g) extracted from Chlorella vulgaris cultivated in various media

1: Chlorella vulgaris, TSW treated sewage wastewater, X conc., N2 nitrogen, IAA, indole acetic acid, BA benzyl adenine

Hormones R.T
Min

(100% TSW) (75% TSW) (50% TSW) 0 × N2 0.5 × N2 2 × N2 4 × N2 BG11

Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R% Conc
mg/g

R%

IAA 9.4 0.032 4.3 0.005 70.2 0.014 28.5 0.005 44.1 0.006 46.3 0.008 80.8 0.007 55.9 0.01 75.26
BA 10.5 0.695 95.7 0.005 29.8 0.033 71.5 0.005 55.9 0.006 53.7 0.002 19.2 0.005 44.1 0.004 24.74

Table 6   NPK percentage in Anabaena oryzae and Nostoc muscorum cells cultivated in TSW and BG110 media

TSW treated sewage wastewater, N nitrogen,P phosphorus, K potassium

Nutrients Anabaena oryzae Nostoc muscorum

BG-110 TSW (50%) TSW (75%) TSW (100%) BG110 TSW (50%) TSW (75%) TSW (100%)

N 11.82 7.1 6.88 5.22 15.08 6.29 16.55 8.02
P 1.46 0.028 0.016 0.012 1.63 0.088 0.030 0.026
K 1.11 0.72 0.55 0.46 1.18 0.56 0.61 0.57
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amount of potassium and phosphorus (1.46 and 1.11%, 
respectively). The percentage of these nutrients decreased 
in algal cells cultivated in mixed media (BG110 and TSW) 
with increasing the percentage of TSW media as shown 
in Table 6. The nitrogen decrease from 11.82% in control 
media (BG110) to 7.1% in 50% TSW followed by 6.88% 
in 75% TSW then 5.22% in 100% TSW, and the same trend 
was observed in cases of phosphorus and potassium.

Table 6 also showed the percentage of NPK in Nostoc 
muscurum cultivated in various media conditions (BG110 
and TSW). The results indicated that algal cell (cultivated 
on 75% TSW) had relatively high amount of nitrogen 
(16.55%). In contrast, alga contained a low amount of 
potassium (0.030%) and a moderate amount of phospho-
rus (0.61%). The percentage of these nutrients decreased 
in algal cells cultivated in media (BG110 combined with 
50% TSW and 100%) as shown in Table 6. The nitrogen 
decrease from 16.55% in 75% TSW medium to 15.08% 
in control medium(BG110) followed by 8.02% in 100% 
TSW then 6.29% in 50% TSW. However control medium 
(BG110) was observed increase in cases of phosphorus 
and potassium.

The percentage of NPK was showed in Table 7 of Chlo-
rella vulgaris cultivated in various media conditions (BG11 
and TSW). The results indicated that algal cells (cultivated 
on control medium, BG11) had relatively high amount of 
nitrogen (8.64%). In contrast, alga contained a moderate 
amount of potassium and phosphorus (1.28% and 0.51%, 
respectively). The percentage of these nutrients decreased 
in algal cells cultivated in mixed media (BG11 and TSW). 
The nitrogen decrease from 8.64% in control media (BG11) 
to 7.09% in 50% TSW followed by 7.045% in 75% TSW 
then 4.31% in 100% TSW, and the same trend was observed 
in cases of phosphorus and potassium. Also, the percentage 
of NPK was showed in Table 7 of C. vulgaris cultivated 
in various media conditions (BG11 and nitrogen different 
conc. 0.0 N, 0.75 g/l, 3 g/l, and 6 g/l). Under nitrogen stress 
conditions, the nitrogen content decrease from 8.64% in 
control media (BG11) to 3.9% in 4 × N followed by 2 × N 
(3.51%) then 0.5 × and 0 N media by 0.375% and 0.365% 
respectively, while phosphorus decrease from 1.28 in control 
media (BG11) to 4 × (0.20%) followed by 0.5 × (0.047%) 
then 0 and 2 × media by 0.041 and 0.039% respectively. In 
the case of potassium, 2× medium recorded the heighest 
result with 0.71% followed by 0.5× (0.55%).

These results may be due to the composition of media 
(BG11 and TSW) from these nutrients (N, P, and K) as 
recorded in Table 1. It is clear from the data that the N, P, 
and K contents in treated sewage wastewater were less than 
those in the control media (BG11 and BG110), and this may 
be correlated with the percentage of these nutrients in algal 
cells as shown in Tables 6 and 7.

3.5 � Antioxidant activity

The obtained results using the antioxidant bioassays of meth-
anol extracts of three selected algal species revealed that the 
antioxidant activity was concentration and time-dependent 
against DPPH radical assay. The antioxidant activity reached 
to IC50 47.71 µg/mL for Anabaena oryzae cultivated on 
medium BG110; this activity increased in algal cells culti-
vated in mixed media (50% BG110 with 50% TSW and 25% 
BG110 with 75% TSW) and recorded in Fig. 4 with IC50 
35.33 and 43.33 µg/ml, respectively. However, this activ-
ity was decreased in alga cultivated in 100% TSW media 
with IC50 54.49 µg/ml when compared with IC50 values of 
natural and synthetic antioxidant standards (Ascorbic acid 
and BHT) (13.34 and 13.59 µg/ml). It is the same trend of 
Nostoc muscurum that the antioxidant activity reached to 
IC50 45.46 µg/mL Fig. 4 cultivated on medium BG110; this 
activity increased in algal cells cultivated in mixed media 
(50% BG110 with 50% TSW and 25% BG110 with 75% 
TSW) with IC50 34.42 and 39.30 µg/ml, respectively). How-
ever, this activity was decreased in alga cultivated in 100% 
TSW media with IC50 48.86 µg/ml when compared with 
IC50 values of natural and synthetic antioxidant standards 
(13.34 and 13.59 µg/ml). Moreover, plant growth regulators 
standards such as IAA and BA recorded high antioxidant 
activity with IC50 26.97 and 28.08 µg/ml by about twofold 
more than those recorded by ascorbic acid (vit. C) and BHT 
as shown in Fig. 4.

The antioxidant activity reached to IC50 46.13 µg/mL for 
Chlorella vulgaris cultivated on medium BG11; this activ-
ity increased in algal cells cultivated in TSW and nitrogen 
different conc. (50% TSW, 75% TSW, and 100% TSW) with 
IC50 34.72, 34.87, and 33.99 µg/ml, respectively) and (0x, 
0.5x, 2x, 4x) with IC50 30.91, 33.77, 37.84, and 36.63 µg/
mL as shown in Figs. 4 and 5.

So, it was clear now that the cultivation of samples 
under stress (TSW and nitrogen different conc.) increased 

Table 7   NPK percentage 
in Chlorella vulgaris cells 
cultivated in BG11 in 
combination with TSW at 
different conc. and under 
different nitrogen concentration. 
(BG11 medium with different 
conc. of nitrogen)

Nutrients Culture media Conc. of nitrogen

BG11 TSW (50%) TSW (75%) TSW (100%) BG-11 0 × N2 0.5 × N2 2 × N2 4 × N2

N 8.64 7.09 7.045 4.31 8.64 0.365 0.375 3.51 3.9
P 1.28 0.11 0.20 0.23 1.28 0.041 0.047 0.039 0.200
K 0.51 0.260 0.351 0.221 0.51 0.51 0.55 0.71 0.36
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its ability of antioxidant activity when compared with alga 
cultivated in synthetic medium (BG110 and BG11). This 
activity may be due to the active ingredient formation 
during the cultivation of samples under a biotic stress. 
These active ingredients include plant growth regulators 
(especially IAA and BA), phenolic compounds, and Phy-
cobiliprotein. The obtained results were in agreement with 
the results reported by Shalaby [23], Shanab et al. [25], 
Mtaki et al. [16], and Shalaby et al. [24]. The antioxi-
dant activity of IAA and BA may be due to the chemi-
cal structure and the atoms such as nitrogen in both the 
chemical structures of IAA and BA. This structure helps 
to scavenge the free radicals and increased the antioxidant 
values, which were in agreement with the results obtained 
by Chitra et al. [6].

3.6 � Antimicrobial activities

The antimicrobial activity of selected algal extracts grown 
on control culture media (BG11 and BG110) were inves-
tigated against Gram –ve bacterial strains (E. coli and K. 
pneumonia) and Gram + ve (S. aureus and S. mutans) as well 
as against fungal species (A. niger and C. albicans) using 
well diffusion method and compared to the activity exhibited 
by IAA, BA, and standard bacterial and fungal drugs.

The obtained results recorded in Table 8 showed that IAA 
and BA exhibited antimicrobial activity against both Gram 
–ve and Gram + ve bacteria. Benzyladenine (BA) demon-
strated higher activity than IAA for both types of bacteria 
except to K. pneumonia (Table 9), IAA activity higher than 
BA as shown in Table 10, and showed moderate activity 

Fig. 4   Antioxidant activity of 
samples crud extract cultivated 
on BG11, BG110, and TSW

Fig. 5   Antioxidant activity of C. 
vulgaris crud extract cultivat-
edon different conc. of nitrogen
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Table 8   Antimicrobial activity (as agar disc diffusion assay) of algal’ extracts cultivated on BG11 and BG110 media

IAA indole acetic acid, BA, benzyl adenine, NA:no activity. The values are the mean of 3 replicates ± SD

Organisms\Samples IAA BA Chlorella 
vulgaris
(BG11)

Anabaena oryzae
(BG110)

Nostoc 
muscorum
(BG110)

Standard antibiotics

Gram -ve Gentamicin
Escherichia coli (ATCC:9637) 15.6 ± 0.5 30.6 ± 0.5 NA 17,6 ± 0.5 NA 27 ± 0.6
Klebsiella pneumonia (ATCC:10,031) 15.3 ± 0.5 14.85 ± 1 NA NA NA 25 ± 0.5
Gram + ve Ampicillin
Staphylococcus aureus (ATCC:6538) 18.6 ± 0.6 25.6 ± 0.6 NA 13.6 ± 0.5 NA 22 ± 0.5
Streptococcus mutaus (ATCC:25,175) 11.6 ± 0.5 27.8 ± 0.6 NA NA NA 30 ± 0.6
Fungi Nystatin
Candida albicans (ATCC:10,231) 14.3 ± 0.5 17 ± 1 NA NA NA 21 ± 0.5
Aspergillus niger (ATCC:32,856) NA NA NA NA NA 20 ± 0.5

Table 9   Antimicrobial activity (as agar disc diffusion assay) of algal samples’ extracts cultivated in TSW and nitrogen stress

IAA indol acetic acid, BA benzyl adenine, TSW treated sewage water, 2xN2 double conc. of nitrogen in BG11. The values are the mean of 3 repli-
cates ± SD

Organisms\Samples IAA BA Chlorella vulgaris
4 × N2

Chlorella 
vulgaris
TSW100%

Anabaena 
oryzae
TSW100%

Nostoc muscorum
TSW100%

Standard antibiotics

Gram neg Gentamicin
Escherichia coli (ATCC:9637) 15.6 ± 0.5 30.6 ± 0.5 NA NA NA 19.6 ± 0.5 27 ± 0
Klebsiella pneumonia 

(ATCC:10,031)
15.3 ± 0.5 14.85 ±  NA NA NA NA 25 ± 0.5

Gram pos Ampicillin
Staphylococcus aureus 

(ATCC:6538)
18.6 ± 0 25.6 ± 0.6 20.3 ± 0.5 NA NA 15.6 ± 0.5 22 ± 0.5

Streptococcus mutaus 
(ATCC:25,175)

11.6 ± 0.5 27.8 ± 0.6 NA NA NA NA 30 ± 0.6

Fungi Nystatin
Candida albicans 

(ATCC:10,231)
14.3 ± 0 17 ± 1 NA NA NA NA 21 ± 0.5

Aspergillus niger 
(ATCC:32,856)

NA NA NA NA NA NA 20 ± 0.5

Table 10   MIC (as ug/ml) of 
antimicrobial activity of algal 
extracts compared with standard 
PGRs and antimicrobial 
standard

IAA indol acetic acid, BA benzyl adenine, TSW treated sewage water, 2xN2 double conc. of nitrogen in 
BG11

Organisms\Samples IAA BA Chlorella 
vulgaris
4 × N2

Anabaena 
oryzae
BG110

Nostoc mus-
corum
TSW100%

Standards

Gram negative Gentamicin
Escherichia coli 250 250 - 250 250 31.25
Klebsiella pneumonia 250 250 - - 62.5
Gram positive Ampicillin
Staphylococcus aureus 125 125 125 250 250 62.5
Streptococcus mutaus 125 250 - - 62.5
Fungi Nystatin
Candida albicans 250 125 - - 1.95
Aspergillus niger - - - -
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against C. albicans (anticandidal activity), but no antifun-
gal activity was observed. The IAA and BA exhibited MIC 
ranges of 125–250 ppm.

Chlorella vulgaris and Nostoc muscorum grew on control 
media showed no activity against all the tested microorgan-
isms, while Anabaena oryzae extract exhibited low to mod-
erate antibacterial activity against E. coli (17.6 ± 0.5 mm) 
and S. aureus (13.6 ± 0.5 mm) as shown in Table 8. The MIC 
for A. oryzae was 250 ppm compared to the standard drugs 
used (Table 10).

Cultivation of the selected algal species on 100% TSW 
showed neither antibacterial nor antifungal activities con-
cerning extracts of C. vulgaris and A. oryzae, while N. mus-
corum showed activity against E. coli (19.6 ± 0.5 mm) and 
S. aureus (15.6 ± 0.5 mm) as recorded in Table 10, with MIC 
ranges 250 ppm.

Cultivation of C. vulgaris in different nitrogen conc. 
conditions (N-stress) showed higher antibacterial activity 
against S. aureus (20.3 ± 0.5 mm) which was comparable to 
that shown by the standard drug Ampicillin (22 ± 0.5 mm), 
with MIC ranges 125 ppm which is considered high com-
pared to the range of MIC of standard drugs( 1.95–62.5) 
(Table 10).

Cultivation of the selected algal species on control media 
or on stressed 100% TSW conditions mostly do not permit 
the algae to manufacture antimicrobial compounds except in 
rare cases. Even under nitrogen stress conditions, C. vulgaris 
exhibited antibacterial activity against only S. aureus with 
high MIC value. These results may be algal species specific 
in case of C. vulgaris or due to metabolic alterations under 
stressed culture conditions (as in case of 100% TSW of N. 
muscorum and N-stressed C. vulgaris).

The obtained results in this study were in agreement with 
those obtained by Vehapi et al. [33] who reported that Chlo-
rella vulgaris and Chlorella minutissima were cultivated on 
bold basal medium and municipal wastewater (ISKi) and 
Iroko tree extract water had strong antifungal activity against 
Aspergillus niger and Fusarium oxysporum using fumigation 
bioassay.

Microalgae grown under stress conditions (temperature, 
pH, salinity, light intensity, and medium components) effect 
the synthesis of bioactive compounds with antifungl, anti-
bacterial, antiviral, antioxidant, anticoagulant, anticancer, 
and antiinflammatory activities [7].

The microalgal crude extracts of N. oculata, T. suecica, 
and Chlorella sp. in co-application with silver nanoparticles 
(AgNPs) had enhanced antimicrobial activity with the poten-
tial to overcome the global problem of microbial antibiotic 
resistance Hussein et al. [11].

Also, Iasimone et al. [12] reported that combined yeast 
and microalgal cultivation in a pilot-scale raceway pond 
for urban wastewater treatment and potential biomass 
production. Oleaginous yeast Lipomyces starkeyi and the 

wasrewater native microalgae (mostly Chlorella sp. and 
Scenedesmus sp.) was used to enhance lipid and biomass 
production from urban wastewaters.

Microalgal photosynthesis induced high pH and dissolved 
oxygen values resulted in matural bactericidal and antifungal 
activity; these results were concomitant with our results.

4 � Conclusion

Growth of algal species was enhanced when cultured on 
combined media (control media + TSW conc.). Hormonal 
content (IAA/BA) showed variations depending on algal 
species and culture media. NPK contents in algae culti-
vated in control media were gradually decreased in com-
bined media (50, 75, and 100% TSW). Elevation in antioxi-
dant activity was recorded in algal cultivation on combined 
medium 50% TSW as well as under nitrogen stress condi-
tions (in case of C. vulgaris). IAA and BA exhibited antimi-
crobial activity, while algae grown on control media showed 
no activity. Most of the selected algae cultured on media of 
100% TSW or under N-stress conc. demonstrated no activity 
neither against bacteria (Gram –ve, Gram + ve) nor against 
fungi (C. albicans, A. niger) except in rare cases where anti-
bacterial activity with high MIC values (125–250 ppm) was 
recorded.

Data availability  The data used and analysed in this study are available 
from the corresponding author on reasonable request.
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