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The broad diversity of blue-green algae (cyanobacteria) allows the production of a wide range of useful 
bioactive compounds used as nutraceuticals, pharmaceuticals, cosmetics, food additives, and different 
types of biofuels. In spite of many efforts to study the morpho-taxonomy of the available cyanobacterial 
biodiversity in the Middle East region, very little studies were made to assess the physiological 
performance of these existing taxa, especially in Egypt. This study, thus, aims to evaluate the eco-
physiological adaptation of eight cyanobacterial isolates, from the Nile Delta region of Egypt, in terms of 
biomass productivity and their adaptability to different environmental conditions. Results revealed that 
the best biomass productivity was recorded in Anabaena fertilissima isolate at both 21 and 28 days 
culture age when grown in nitrogen free BG11 medium. Regarding specific growth rate, the highest 
values in A. fertilissima and A. sphaerica recording 0.102 and 0.088 d-1, respectively. Similarly, 
chlorophyll-a concentration was highest in A. fertilissima. Moreover, all isolates showed differential 
response to several media supplementation including NaCl, nitrogen and FeCl3. Furthermore, 
Mixotrophic growth using glucose was highly toxic to growth of isolates on agarized BG11 media. 
However, growth was boosted when sucrose, glycerol, and mannitol were used as external organic 
carbon sources. Future studies involving superior isolates like A. fertilissima and A. sphaerica are 
recommended to screen for useful bio products. 
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INTRODUCTION 
Cyanobacteria (blue-green algae) are all 

prokaryotes capable of oxygenic photosynthesis. 
They are very ancient organisms that date back 
almost 2.5-3.8 billion years (Altermann, 2007), 
which enabled them to evolve a large 
morphological and genetic diversity, some 
showing very distinctive cell differentiation 
patterns (Castenholz, 2001). Such intricate 
diversity allows the production of a wide range of 
bioactive compounds and multiple 
biotechnological applications such as the 
production of nutraceuticals, pharmaceuticals, 
cosmetics, food additives, and different types of 

biofuels (Ducat et al., 2011). Using cyanobacteria 
as sources of bioactive molecules and commercial 
products has led to many important patents 
(Sekar and Paulraj, 2007; Borowitzka, 2014). 
Cyanobacteria are also excellent model 
organisms for studying microbial biogeography 
and microevolution (Oren, 2014). Cyanobacteria 
grown in the geographical and water habitats of 
Egypt, there are 290 cyanobacterial taxa 
belonging to 51 genera (Hamed, 2005). 
Nevertheless, the diversity of cyanobacteria in 
northern African countries is still understudied 
(Komárek, 2003), and major efforts are needed to 
unveil their available diversity in Egypt. This is 
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also true regarding the often neglected studies of 
the ecophysiological adaptation of these taxa to 
their environment (Hamed, 2008). Therefore, this 
pilot study aims to shed the light on the physiology 
of 5 Anabaena and 3 Nostoc species isolated 
from different rice fields of delta region in Egypt, 
providing information on the ecophysiology of 
each isolate. 
 
MATERIALS AND METHODS 

The present study was carried out during 
June 2015-July 2018 in the Plant Physiology 
division, Department of Agricultural Botany, 
Faculty of Agriculture, Cairo University, Egypt. 

Cyanobacteria isolates and culturing 
conditions. 

Eight different cyanobacterial species 
belonging to Nostoc and Anabaena genera were 
obtained from the collection of Professor Dr. Fekry 
Ghazal of Soils, Water and Environment 
Research Institute, Agricultural Research Center, 
Giza, Egypt. The isolates (Fig. 1) were previously 
isolated from Egyptian rice fields of Kafr El Sheikh 
and Gharbia governorates and identified as 
Nostoc muscorum, Nostoc commune, Nostocsp., 
Anabaena fertilissima, Anabaena circinalis, 
Anabaena variabilis, Anabaena sphaerica, and 
Anabaena sp. All isolates were maintained under 
aseptic conditions and maintained in nitrogen-free 
BG-11 medium (BG110) according to Allen and 
Stanier (1968) at pH 7.2, temperature 25±2 ºC and 
continuous light intensity of 100 µE m-2 s-

1provided by a white fluorescent lamp. 

Measurement of isolates optical density for 
growth curve plotting. 

Changes in optical density (O.D), percent 
transmission for a growing cell suspension, were 
determined at 3 day intervals during the whole 
incubation period according to Sorokin (1973)  
using spectrophotometer at 678 nm. The increase 
in turbidity of the cyanobacterial cultures was 
measured as follows: 
T = I / Io 

Where, T is the light transmission of the 
culture, I the light transmission of the sample, and 
Io light transmission of the blank. 

Then T is converted into optical density by 
calculating log of its reciprocal: 
O.D = log (1 / T) 

 

Figure 1. Aseptic cultures of the eight 
cyanobacterial isolates at 21 d of growth. 

Measurement of biomass with respect to 
optical density. 

The eight cultures of cyanobacterial isolates 
were separately diluted and adjusted to the 
following optical densities using a 
spectrophotometer: 0.1, 0.2, 0.4, 0.8, 1, 1.2, 1.5, 
and 2. then, 3 samples of each dilution were taken 
and centrifuged at 4000 rpm for 10 min in 10 mL 
falcon tubes. Next, the algal pellets were 
transferred into an oven dried pre-weighed 
membrane filter paper (Whatman GF/C, 0.45 µm 
pore- size). Filter papers were then oven dried at 
65-70 ºC for 5 hours and left to cool overnight in a 
desiccator. The samples were finally weighed on 
a sensitive balance and biomass was determined 
for each replicate by subtracting the final weight of 
dried sample from the oven dried empty 
membrane filter paper and expressed per unit 
volume (mg L-1). Biomass productivity (mg L-1d-1) 
was calculated by multiplying biomass yield (mg L-

1) by specific growth rate (d-1). 

Specific growth rate measurement. 
Growth rate (K’) and specific growth rate (μ) 

were calculated from growth curves according to 
Moheimani et al., (2013) using the following 
equations: 
 

K' =
Ln(𝐍𝟐/𝐍𝟏)

𝐭𝟐-𝐭𝟏
 

Where: 
K’ is the growth rate in d-1 
N2 and N1 are the biomass at times t1and t2 

in exponential phase of growth. 
K’ was converted to the specific growth rate 

(μ) by division by Ln2: 
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Spot test. 
The ability of isolates to grow on agarized BG-

110 growth medium, i.e., formation of a visible 
‘spot’ (colonies) was assessed according to Suppi 
et al. (2015) with some modifications. The eight 
cyanobacteria cultures were adjusted to 0.5 O.D 
measured at 678 nm as above mentioned. Then, 
20 μlof each culture was placed on several Petri 
dishes containing solidified BG-110 media of 
different composition under aseptic conditions. 
These conditions were: pH 8.2, 60 μm FeCl3, 
NaCl (50, 75, and 100 mM), nitrogen (7 and 14 
mM NaNO3), and 2 times concentration (2X) of 
BG-110media salts. Moreover, growth of eight 
isolates on BG-110 media supplemented with 50 
and 100 mM of sucrose, glucose, mannitol, or 
glycerol sugars was tested. All inoculated plates 
were briefly let to dry in the laminar air flow cabin 
and then plates were incubated in growth 
chamber at the optimum conditions of 100 µE m-2 

s-1 and temperature of 25±2 ºC for 1 week. 

Chlorophyll-a pigment analysis. 
Chlorophyll-a pigment was determined 

according to Burnison (1980) and Ritchie (2008). 

Statistical analysis of data. 
Differences among means were tested by a 

one-way ANOVA followed by Duncan post 

hoc test. Differences were considered statistically 
significant when P<0.05 in all analyses. Both 
statistical analyses were carried out using IBM 
SPSS Statistics V. 20 (IBM, USA). Graphs were 
produced using Microsoft Office Excel 2007 
(Microsoft, USA). 
 
RESULTS AND DISCUSSION 
Reports on the biodiversity of cyanobacteria date 
back to as early as the beginnings of the 20th 
century (West 1909). Since then, several reports 
have seen the light attempting to study the 
available biodiversity of cyanobacteria in Egypt 
such as the one carried out by Hamed (2005). 
The aforementioned study surveyed the available 
literature and concluded that about 290 
cyanobacterial taxa belong to 51 genera recorded 
within 9 families and 4 orders. Also, the author 
revealed that over 46% of the cyanobacterial flora 
in Egypt belong to Family Oscillatoriaceae (61 
species), while other subdominant families include 
Chroococcaceae and Nostocaceae forming 25.8 
and 14.8%, respectively. The rest of 16% taxa 

belong to six families which are: 
Entophysalidaceae, Pleurocapsaceae, 
Hyellaceae, Scytonemataceae, Rivulariaceae, 
and Stigonemataceae. The geographical 
distribution of these cyanobacterial taxa in Egypt 
was found to be as follows: Nile Delta (114 taxa), 
Nile Valley (105 taxa) and Southern Sinai (104 
taxa), while the poorest ones are Isthmic Desert 
(15 taxa), Cairo (23 taxa) and Mareotic sector. 
Recently, additional taxa were documented 
(Hamed, 2008; Shaaban et al., 2015; Shaaban et 
al., 2017).It seems astonishing, however, that in 
spite of all these aforementioned reports, Nostoc 
isolates are rarely mentioned or studied (Hamed, 
2005 & 2008). Moreover, despite the increasing 
efforts to document the existence of new taxa in 
the past few years, very little effort has been 
dedicated to study the ecological adaptation and 
physiological performance of this rich biodiversity. 
This study is an attempt, thus, to shed the light on 
growth physiology and adaptability of part of the 
cyanobacterial flora in Egypt. 

The eight isolates show different growth 
curves under normal conditions. 

The results obtained from plotting growth 
curves of the eight cyanobacterial isolates, based 
on optical density, are presented in Figure 2. It is 
apparent from this figure that the eight isolates 
exhibited different growth curves when incubated 
under standard conditions of light, pH, 
temperature and aeration. The lag phase for all 
the isolates started immediately after inoculation 
up to 7 d of incubation period, followed by an 
exponential phase starting from 8 to 21 d and a 
stationary phase from 21 to 28 d. Although no 
significant differences were detected among the 
isolates in the lag phase, nevertheless, during the 
exponential phase growth rates of isolates began 
to differ significantly, being highest in A. sp and 
lowest in N. commune. This observation is quite 
revealing because it shows an evident superiority 
of exponential growth in the studied Anabaena 
isolates as compared to Nostoc isolates. This 
seems in harmony with very early studies on 
growth of cyanobacteria regarding for example A. 
variabilis as compared to N. muscorum (Kratz and 
Myers, 1955).This inter-genus variation is 
apparently due to intrinsic genetic and metabolic 
causes (e.g. higher photosynthetic rates and/or 
nitrogenase activities), given that all isolates were 
subjected to the same standard culturing 
conditions. 
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Figure 2. Growth development of 8 cyanobacterial isolates measured as optical density at 678 nm 
during 27 days of incubation period. 

A.variabilishas the highest cellular weight 
withrespect to optical density. 

Optical density (OD) can be measured with 
instruments like turbidimeter or spectrophotometer 
at specific wavelengths. It is often necessary to 
compare optical density measurements at various 
cell densities with a direct biomass measurement 
to establish the OD to weight relationship for each 
algal isolate. This is because any contamination in 
the sample from other organisms, suspended 
substances, or extracellular components can 
significantly influence results of OD (Algae 
Biomass Organization, 2014). As Table 1 shows, 
there is a considerable difference concerning the 
relationship between OD and dry weight among 
the eight isolates. It can be seen from the data in 
this table that A. variabilis and A. sp. have the 
highest cellular weight with respect to optical 
density, while A. sphaerica shows the lowest as 
compared to the rest of isolates. Thus, it is 
interesting to note that inoculating cyanobacterial 
cultures with an identical OD does not necessarily 
mean that these inocula have the same DWT or 
number of cells. Consequently any results of DWT 
biomass production in screening studies should 
be interpreted together with the growth rate data 
of those specimens. 

A. fertilissimaand A. sphaerica show the 

highest specific growth rate and biomass 
productivity among all isolates. 

Results in Table 2 show the biomass yield 
and growth rate of the eight cyanobacterial 
isolates of our study measured at zero time as 
well as middle and late exponential phase (14 and 
21 days, respectively). From the table we can see 
that A. sp. and A. variabilis recorded the highest 
biomass yield at 14 and 21 days, while N. 
commune and A. sphaerica were the lowest. 
Interestingly, in terms of growth rate (K’) and 
specific growth rate (µ), A.fertilissima and A. 
sphaerica are clearly statistically superior to all 
other isolates (Table 2).It should be noted that, 
although A. variabilis and A. sp. show the highest 
biomass at 14 and 21 d of our experiments, this 
was a result of starting the incubation with a 
higher DWT inocula as compared to all other 
isolates, and not due to a higher growth rate. This 
emphasizes the importance of studying the 
relationship between OD and biomass before 
drawing any conclusions regarding the specimen 
studied, and focusing on parameters related to 
specific growth rate such as biomass productivity 
(Fig. 3). It is, thus, important that the specimen to 
be selected for any desired metabolite production 
should have a high growth rate and not just a 
superior DWT (Borowitzka, 2013). 
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Table 1. Dry weight (mg L-1) at different optical density of the eight microalgae isolates grown 
under standard Conditions (BG110, 100 µE m-2 s-1, 25±2 ºC). 
 

Each value represents the mean of 3 replicates. Means with identical letters in each column are not significantly different (P > 0.05) 
according to Duncan test. 

 
Table 2. Biomass (mg L-1), growth rate “K’” (d-1), and specific growth rate “µ” (d-1) of the eight 
isolates grown under standard Conditions (BG110, 100 µE m-2 s-1, 25±2 ºC). 

 
Biomass 0 d 

(mg L-1) 
Biomass 14 d 

(mg L-1) 
Biomass 21 d 

(mg L-1) 
K’ µ 

Nostoc commune 333c 528g 778e 0.043cd 0.062cd 

Nostoc muscorum 333c 983cd 1394c 0.039cd 0.056cd 

Nostoc sp. 267d 900de 1356cd 0.046cd 0.066cd 

Anabaena circinalis 333c 806ef 1228d 0.047c 0.068c 

Anabaena fertilissima 333c 1058c 2000b 0.071a 0.102a 

Anabaena sphaerica 267d 706f 1222d 0.061b 0.088b 

Anabaena variabilis 433a 1461b 2089b 0.040cd 0.057cd 

Anabaena sp. 400b 1889a 2644a 0.038d 0.054d 
Each value represents the mean of 3 replicates. Means with identical letters in each column are not significantly different (P > 0.05) 
according to Duncan test. 

 

 
 
 
Figure 3. Biomass productivity (mg L-1 d-1) of the eight microalgae isolates grown under standard 
conditions (100 µE m-2s-1, 25±2 ºC). Each value represents the mean of 3 replicates. Means with 
identical letters (small letters for 14 days and capital letters for 21 days) are not significantly 
different (P >0.05) according to Duncan test. 
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Nostoc commune 167b 333b 800b 1200b 1467ab 1667b 1967ab 2400ab 

Nostoc muscorum 167b 333b 800b 1233b 1500ab 1733b 2133a 2600a 

Nostoc sp. 133c 267c 667c 1067b 1267b 1533b 1867b 2333b 

Anabaena circinalis 167b 333b 833b 1300ab 1600a 1867a 2200a 2733a 

Anabaena 
fertilissima 

167b 333b 800b 1233b 1500ab 1800a 2167a 2700a 

Anabaena 
sphaerica 

133c 267c 633c 1000c 1267b 1533b 1867b 2467a 

Anabaena variabilis 200a 433a 1000a 1500a 1767a 2000a 2233a 2433ab 

Anabaena sp. 200a 400ab 933ab 1367a 1667a 1867a 2167a 2500a 
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When comparing both isolates in terms of 
biomass productivity (i.e. multiplying specific 
growth rate by biomass yield), A. fertilissima and 
A. sp. isolates show the highest values of biomass 
productivity (Fig. 3). Relatively high biomass 
productivity is a desirable trait for scaling up algal 
culturing at a commercial scale (Borowitzka and 
Vonshak, 2017). 

The eight isolates showed a differential growth 
response to variousgrowth media conditions. 

The cyanobacterial isolates growth on 
different media conditions (Fig. 4), revealed a 
differential adaptation of the isolates to various 
media conditions and supplements. For example, 
N. muscorum growth was only noticeably 
increased when supplemented with NaNO3 as 
compared to its poor growth on solidified N-free 
medium. Likewise, supplementation of 7mM 
NaNO3 promoted vigorous growth in all isolates. 
Nevertheless, when the concentration was 
increased to 14 mM NaNO3, it was completely 
toxic to A. sp growth as compared to all the rest of 
isolates. An increase of growth was also noted 
when the growth medium components were 
doubled (2X) or by supplementing 60 µm FeCl3. 
Also, increasing the pH of the BG-110 medium 
from 7.2 to 8.2 improved isolates growth, 
indicating the adaptation of these isolates to 
alkaline soil conditions. Finally, growth of all 
isolates was promoted by addition of 50 NaCl. In 
fact, the eight isolates seem to be adapted to 
saline conditions tolerating concentrations up to 
100 mM NaCl. About 33% of Egyptian lands are 
affected by soil salinity, especially in the Nile delta 
region. Therefore, it is not unusual for Egyptian 
cyanobacterial flora to be adapted to saline 
conditions (Hamed, 2008). As expected, NaCl 
supplementation boosted biomass growth of 
isolates in our study, especially at lower 
concentrations (50 mM NaCl). Also, it should be 
noted that sodic soils containing high 
concentrations of carbonates are also widely 
prevalent in Egypt. For this reason, a positive 
stimulation of growth was observed in isolates 
when pH of the growth medium was raised to 8.2. 
Although, all the isolates in our study are nitrogen 
fixing specimens, it is known that mixotrophic 
growth using combined nitrogen (nitrate) in 
cyanobacteria greatly promotes growth rates. 
Nitrogen is a vital component of functional and 
structural proteins in algae, forming about 7%–
20% of its dry mass (Hu, 2004). Nitrogen plays 
several important physiological roles in algae 
(Raven and Giordano, 2016) and, thus, its 

deficiency impairs many important functions in 
algal cells (Li et al., 2008). Increasing media 
concentration to its double (2X), also stimulated 
growth probably due to increasing concentration 
of macro elements other than nitrogen such as 
phosphorus and potassium. Finally, the addition of 
iron to the growth medium also seemed to 
enhance growth of isolates. This is because iron 
is needed by all cyanobacteria for major 
physiological functions such as photosynthesis, 
nitrogen assimilation, respiration, and chlorophyll 
synthesis (Murphy et al., 1976; Hyenstrand et al., 
2000). Iron is also fundamental for the production 
of secondary metabolites such as certain 
cyanotoxins (Wang et al., 2018). 

Mannitol and glycerol sugarsas external 
carbon source induce best growthin all 
isolates except A. variabilis. 

Figure (5) illustrates the effects of external 
organic carbon source supplementation of to the 
growth media, to test for mixotrophic growth ability 
of the eight isolates. It can be noted from the 
figure that there was a differential response when 
different sources of organic carbon was used. 
Positive growth stimulation was achieved 
especially when using mannitol and glycerol sugar 
alcohols at medium and high concentrations (50 
and 100 mM, respectively) in all isolates except A. 
variabilis. On the other hand, the use of sucrose 
only succeeded to induce growth in N. sp. and A. 
sp. and to a much lower extent in N. commune, A. 
fertilissima, A. circinalis and A. sphaerica. No 
response was detected in N. muscorum and A. 
variabilis to sucrose supplementation. 
Interestingly, glucose seemed to have a toxic 
effect on all isolates, where growth was 
completely arrested. Microalgae can adopt 
various types of metabolisms; autotrophic, 
heterotrophic, mixotrophic and photo-
heterotrophic. This flexibility in shifting metabolism 
present in certain algae taxa gives them an 
advantage to respond and adapt to environmental 
changes (Perez-Garcia et al., 2011). In the case 
of mixotrophic growth, algae consume 
atmospheric CO2 (carried out by photosynthesis) 
in addition to nutrients and organic materials from 
the surrounding environment. Successful 
implementation of several external organic carbon 
sources in heterotrophic and mixotrophic algal 
cultures was reported in the literature. 
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Figure 4. Spot test of the eight microalgae isolates grown under solid BG110 medium 

supplemented with different conditions. 
 

 
 

Figure 5. Spot test of the eight microalgae isolates grown under solid BG110 medium 
supplemented with different sugars. 

 
 These include, but not limited to: acetate 

glucose, starch, sucrose, glycerol, molasses, 
fructose, and mannose (Chen and Johns 1994; 
Liu et al., 2010&2011&2012; Li et 
al.,2011).Glucose is the most commonly used 
organic carbon source for enhancing 
heterotrophic and mixotrophic growth of many 
green microalgae, especially Chlorella (Liu et al., 
2014). Studies on mixotrophic and heterotrophic  

 
growth of cyanobacteria, however, are very 
limited. Our results did not reveal a response to 
mixotrophic growth on glucose in any of our 
studied isolates. Our results, nevertheless, are 
contradictory with results obtained by Stebegg et 
al., (2012) on Anabaena sp. PCC 7120. 
Mixotrophic growth using glucose was also 
observed by Ghazal et al., (2016). In addition, 
results using fructose was also previously 



El-Bahbohy et al.,                         Physiological performance of eight blue-green algae isolated from Egypt 

 

                                                 Bioscience Research, 2018 volume 15(4):3081-3091                                            3088 

 

observed in Anabaena variabilis (Ungerer et al., 
2008).The ability of Nostoc sp. to grow 
mixotrophically using glucose was also previously 
reported (Borsari et al., 2007; Ghazal et al., 2016). 
Similarly, inorganic carbon sources such as 
carbonates can enhance biomass growth (El-
Bahbohy et al., 2016). Further studies are needed 
to elucidate and exploit this ability in strains of 
special economic interest in order to produce high 
value compounds with superior efficiency. In all 
cases, mixotrophic cultures usually show higher 
growth rates than autotrophic and heterotrophic 
cultures (Mitra et al., 2012). Nevertheless, the 
presence of organic molecules in the nutritional 
medium facilitates its easy contamination by other 
heterotrophic organisms. Thus, the process of 
mixotrophic algal culturing in large scale open air 
is extremely difficult to control. Another 
disadvantage of mixotrophic cultures is the 
significant increase in the biomass production 
cost, which might be overcome by using cheaper 
sources of carbon from industrial wastewaters or 
agricultural sectors. 

A. fertilissimaand N. muscorum have the 
highest and lowest chlorophyll-a content, 
respectively. 

Results in Table (3) show chlorophyll-a 
content of the eight cyanobacterial isolates. It can 
be noted that the highest chlorophyll-a contents 
were detected in A. fertilissima at both 21 and 28 
d of growth. On the other hand, N. muscorum 
gave the lowest concentration of chlorophyll-a. 
The color of microalgae and cyanobacteria is 
determined by three distinct classes of 
photosynthetic pigments: carotenoids, 
chlorophylls, and phycobiliproteins (Christaki et 
al., 2015). These serve as the light-harvesting 
antennae for photosynthesis which is transferred 
to the photosynthetic reaction centers and used to 

drive photosynthetic electron transport. 
Interestingly, the vast adaptive divergence in 
pigment composition of microalgae promotes its 
biodiversity (Stomp et al., 2004). Regarding 
chlorophyll, there are several types: chlorophyll a, 
b, c, d and f which show small differences in their 
absorption spectra and therefore their tones of 
color (Roy et al., 2011). Chlorophyll-a, is present 
in all photosynthetic organisms, chlorophyll-b only 
in chlorophyta, while chlorophyll-c appears solely 
in rhodophyta. Chlorophyll-a is commonly used as 
an index of phytoplankton and algal biomass, 
which makes its measurement important for 
estimating algal productivity (Reynolds, 2006). In 
our study this is clearly evident as, for example, A. 
fertilissima isolate at 21 d culture has the highest 
chlorophyll-content (Table 3) and the highest 
biomass productivity (Fig. 3). This also applies to 
low chlorophyll isolates like N. commune and N. 
muscorum that show low biomass productivities. 
Nevertheless, at stationary phase cultures (e.g. 28 
days in our experiments) this relation may not be 
accurate because of cellular death and 
decomposition. Although chlorophyll in microalgae 
may constitute 0.5-1.0% of dry weight (Christaki et 
al., 2015), other studies report higher contents of 
about 0.3% to 3.9%of dry mass (Reynolds, 2006). 
In additional to considerable genetic variation 
leading to these wide ranges of chlorophyll 
concentration among taxa, these values are also 
very susceptible to light and nutrient supply and 
deployment. It is worth noting also that the 
amount of chlorophyll-a is proportionate to cell 
volume and not cell number, where bigger cells 
carry proportionately more chlorophyll than 
smaller ones (Reynolds, 1984).This might partly 
explain the variation in chlorophyll-a contents 
among isolates in our study.

Table 3. Chlorophyll-contents of the eight isolates grown under standard Conditions (BG110, 100 
µE m-2 s-1, 25 ±2 ºC) 

 
Chlorophyll-a content 21 d 

(µg ml-1) 
Chlorophyll-a content 28 d 

(µg ml-1) 

Nostoc commune 5.72c 12.44a 

Nostoc muscorum 2.07d 4.29c 

Nostoc sp. 5.46c 12.36a 

Anabaena circinalis 7.41a 10.17b 

Anabaena fertilissima 7.25a 12.05a 

Anabaena sphaerica 5.29c 11.53ab 

Anabaena variabilis 6.08bc 11.29ab 

Anabaena sp. 6.76ab 11.63ab 
Each value represents the mean of 3 replicates. Means with identical letters in each column are not significantly 
different (P >0.05) according to Duncan test. 
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 In all cases, in addition to the health benefits 
of dietary supplementation of chlorophyll in human 
diet (Chernomorsky et al., 1999), there is a strong 
focus at the present time on the commercial 
production of chlorophyll as a natural pigment to 
be used in animal feed, pharmaceuticals, and 
cosmetics (Hosikian et al., 2010). It is thus 
important to screen for cyanobacterial species 
that can accumulate high chlorophyll contents, in 
order to be used for commercial scale production 
of chlorophyll. 

CONCLUSION 
This study sheds the light on the physiology of 

eight isolates of cyanobacteria originating from 
rice lands of Nile delta region in Egypt, especially 
the often neglected and understudied Egyptian 
Nostoc isolates. It also assessed and showed 
differential response to several media 
supplementation and mixotrophic growth. Future 
studies involving molecular identity confirmation of 
the eight isolates of our study using 16S rDNA are 
of paramount importance to keep the strains 
available for future studies. Finally, screening for 
natural products in high specific growth rate 
isolates such as A. fertilissima and A. spahaerica 
is highly recommendable and should help us dig 
deeper on their biochemical significance. 
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