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In this study, dry chicken manure (DCM) was used as the source of nitrogen in the production of 
Spirulina platensis. Experiment was conducted in two different types of nutrition. In the type I nutrition, 
the highest average cell increase was recorded as 289.70 filaments mL-1 in value in the type I group 
(DCM+urea). In the type II nutrition, the highest average cell increase was recorded as 296.50 filament 
mL-1 in value in the type II group (DCM+urea+sodium bicarbonate). In the type I nutrition (DCM+Urea), 
the highest specific growth rate was detected as 0.21 division day-1 on the sixth day and k value as 
being 0.30 division day-1. In the type II nutrition, the highest specific growth rate was recorded as 0.08 
division day-1 in the group II (DCM+Urea+NaHCO3) and k value as being 0.12 division day-1. In both types 
of nutrition, the protein rates of the type I group (DCM+urea) and the group III (DCM+sodium 
bicarbonate) are found to be higher than that in the other groups. The lipid levels in both types of 
nutrition, in DCM (Control) and in the type I group (DCM+Urea) were found to be higher than the other 
groups. 
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INTRODUCTION 
 
Spirulina platensis (Geitler, 1932) is a species of 
cyanobacteria with a commercial value. It is a species of 
microalgae with thread-like structure constituting 
intensive populations in tropic and sub-tropic waters 
characterized with high carbonate, bicarbonate and the 
highest pH value (Binaghi et al., 2003). S. platensis 
production has been launched in Turkey and has find a 
place in the region of nutraceuticals and pharmaceuticals 
fields’ market (Blunden et al., 1992). Spirulina sp. is being 
used in combined feed of poultry, being an active 
biological additive due to high protein concentration, 
essential amino acids, vitamins, β-carotene, minerals, 

polysaccharides and essential fatty acids (Babadzhanov 
et al., 2004; Venkataraman et al., 1994). Spirulina is also 
stated to be a natural colorant. Hence, it is stated that it is 
being used in chicken eggs and fish feed; in aquaculture 
as natural colorant (Challem, 1981). It is also revealed 
that the cost can vary for the various nutrition com-
positions and nutrient environment for the biomass 
productivity of Spirulina sp. (Kendirli, 2010).   

Microalgae are in the need of basic elements such as 
carbon (C), nitrogen (N) and phosphorus (P) in order to 
conduct the organic substance synthesis (Davis, 1977). 
In cultures, the most  important  inorganic N sources  that
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Table 1. Nutrient media used in the experiment. 
  

Nutrition type I groups of nutrient media  Nutrition type II groups of nutrient media  

DCM (Control): tap water was added every 24 h DCM (Control): tap water was added every 24 h 
(DCM+Urea): urea (2.0 mg/L) was added every 24 h (DCM+Urea): urea (1.0 mg/L) was added every 24 h 
(DCM+Urea+NaHCO3): urea (2.0 mg/L) and sodium bicarbonate 
(40 mg/L) were added every 24 h 

(DCM+Urea+NaHCO3): urea (1.0 mg/L) and sodium 
bicarbonate (20 mg/L) were added every 24 h 

(DCM+NaHCO3): sodium bicarbonate (40 mg/L) was added 
every 24 h 

(DCM+NaHCO3): sodium bicarbonate (20 mg/L) was added 
every 24 h 

 
 
 
are able to be used by the cells are as follows; NO3 

nitrogen (NO3-NN), NH4 nitrogen (NH4-N) and urea 
nitrogen ((NH2)2CO-N) (Gökpınar, 1991). S. platensis, as 
opposed to the other photosynthetic microorganisms is 
able to use ammonia in high pH values. The penetration 
of ammonia into cell for an average inner cell pH (pHav) 
and the outer environment pH (pHout) is depended on the 
difference (delta pH) and limits the high pH average of 
inner cell. This high pH value is found to be pressured by 
inner thylakoid pH (Boussiba, 1989). Urea is converted to 
ammonia by hydrolysis in the alkaline culture media. This 
emerging ammonia in high concentration is able to create 
toxic impact for microalgae. However, addition of urea in 
discontinuous nutrition period enables the use of KNO3 as 
the source of nitrogen in culture medium. On the other 
hand, it is stated that working in the industrial scale might 
be simpler with constant urea addition (Danesi et al., 
2004).  

Another way of reasonable utilization of farm manure is 
to use it in the production of microalgae. Nitrogen source 
for S. platensis is known to be nitrate. Furthermore, the 
farmers managed to produce Spirulina sp. using the 
manure disposals of pig and chicken farms as the source 
of nitrogen (Ungsethaphand et al., 2007). By doing so, 
they cut back on purchasing expensive feed additive, at 
the same time utilizing from the waste water, they have 
provided as an economic contribution (Cheunbarn et al., 
2010). Algae use solar energy whilst absorbing nutrients 
using the carbonized substances from the waste waters 
in order to produce biomass. Biomass which is obtained 
from the useful part of the waste water ingredient is able 
to be used in animal feed as being a valuable nutrient 
source (Ratana et al., 2009). Later, researches showed 
that dry chicken manure provides the necessary nutrient 
source for S. platensis culture (Ungsethaphand et al., 
2007).  

In Turkey, the research on organic manure usage for S. 
platensis production is not yet sufficient. The aim of this 
study is to achieve the low cost production of S. platensis 
by adding urea and sodium bicarbonate into dry chicken 
manure and to determine the protein and lipid levels of 
the yield. 
 
 
MATERIALS AND METHODS 
 
S.  platensis  was  produced  in  the Plankton Laboratory  of  Mersin 

University of Fisheries Faculty. As the culture environment Spirulina 
liquid medium was used by having been modified. NaNO3 was not 
used in the modified Spirulina medium (Schlosser, 1982). Part I: 
180.6 g NaHCO3; 80.6 g Na2CO3; 10.0 g K2HPO4; Part II: 20.0 g 
K2SO4; 20.0 g NaCI; 4.0 g MgSO4.7H2O; 2.0 g CaCI2.2H2O; 20.0 g 
FeSO4.7H2O; 1.6 g EDTANa2 and 100 m, micro nutrient solution 
(0.001 g ZnSO4.7H2O; 0.002 g MnSO4.7H2O; 0.01 g H3BO3; 0.001 g 
Na2MoO4.2H2O; 0.001 g Co(NO3)2.6H2O; 0.00005 g CuSO4.5H2O; 
0.7 g FeSO4.7H2O; 0.8 g EDTANa2). Part I and II were prepared by 
being added into 10 L of pure water. To constitute a inoculation 
culture; firstly, the cells of Spirulina are filtered through a 30 µm 
mesh net and to purify from sodium nitrate washed three times with 
0.8% NaCl solution and harvested. Stabilizing the initial pH value at 
10 and the temperature at 34±1°C, cells of Spirulina was inoculated 
into modified Spirulina medium. Initial culture was carried out by 
providing moderate aeration in 1 L flasks. 24 h of lighting was 
applied with daylight fluorescent lamps and when the culture 
reached to maximum intensity, the cell was inoculated into the 
prepared manure syrup. 

In the experiment, 200 g of dry chicken manure which has been 
provided from a chicken farm was used for the culture medium. Dry 
chicken manure was powdered with a feed grinding machine and 
the powder sieved through 30 µm mesh net. Then, it was waited in 
10 L tap water filtered through 0.45 µm membrane filter and aerated 
for seven days. Furthermore, sodium metabisulfide (5 mg L-1) was 
added into the medium in order to prevent the microbial 
contamination. In addition, the manure syrup was waited in 121°C 
in an autoclave for 15 min sterilizing. 24 h after the commencement 
of the experiment, 8.5 g L-1 of sodium bicarbonate was also added. 
The experiment was conducted in 10 L of glass tanks in 
discontinuous mode for 10 days. Each of them was aerated by a 
central aeration system. 

The nutrient media and quantities used in the experiment are 
shown in Table 1. The addition of urea and sodium bicarbonate was 
conducted at the time of feeding. The experiments were conducted 
in two different types of nutrition on 4 x 3 experimental designs, in 8 
groups each, three times repeatedly. 
 
 
Inoculation 
 
The Spirulina cells (500 filaments mL-1 density) purified from nitrate 
were inoculated into the water with manure. Culture tanks were 
prepared with 5.5 L water with manure and by the inoculation of 4.5 
L Spirulina cells.  
 
 
Obtaining of the S. platensis yields 
 
S. platensis yields harvested from the type I and II nutrition were 
filtered through a 30 µm mesh net. Yields were kept waiting in the 
laboratory environment for one day and then the drying process 
was applied at 50°C temperature for three days in the incubator. 
The dried yields were preserved in the refrigerator and a second



 
 
 
 
drying process was applied at 65°C for 45 min before analyzing 
process.  
 
 
The calculation of filament number and specific growth rate of 
S. platensis 
 
Single drop method was used in the calculation of filament number 
(Semina, 1978). After each sample was counted at least 3 repeats, 
the filament number at 1 ml was calculated. In the experiment, the 
specific growth rate of Spirulina was calculated according to the 
formula below (Guillard, 1973); 
 

ln Nt - ln N0

t1- t0
   

 
µ: Specific growth rate, Nt: Number of cells at the end of the 
experiment, N0: Initial cell number, t: Time (day).  
 
 
 
Divisions per day were calculated according to (k) equation 
(Guillard, 1973; Mubeen et al., 2011).  
 
 
Chemical analysis 
 
Kjeldahl method (AOAC, 1984) was applied in the protein analysis 
and Blig and Dyer (1959) method was applied in lipid analysis. 
 
 
Statistical analysis 
 
The statistical analysis were made using SPSS 16.0 software 
package and the comparisons were carried out with one-way 
ANOVA-Duncan method. 
 
 
RESULTS AND DISCUSSION 
 
In the type I nutrition, the increase of cells in the type I 
group of the sixth day are detected respectively as 
follows: 326.67 filament ml-1; 336.33 filament ml-1; 357.67 
filament ml-1; 317.67 filament ml-1; 260.33 filament ml-1 

and are found to be different statistically in comparison to 
other groups (p<0.05). In the type I nutrition, average cell 
increase (289.70 filament ml-1) was found to be in the 
highest level (Figure 1). In the experiment; in the type I 
nutrition, the ideal cell increase was detected in the type I  
group in the urea added nutrient medium. Costa et al. 
(2004) reported that the highest cell increase is obtained 
from the type I group with the addition of urea in which no 
sodium bicarbonate is added. The result which the 
researchers reported matches the results we had 
obtained. In various studies that have been conducted, it 
is stated that in S. platensis cultures, as the source of 
nitrogen increases, the use of urea causes an increase of 
cell (Stanca and Popovici, 1996). The result that they had 
obtained matches the findings we obtained as the result 
of our studies. Xu et al. (2001) reported that nitrogen 
sources and concentrations are one of the important fac-
tors in effecting the growth and biochemical composition  
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in algae cultures. In the chicken manure medium with rich 
nitrogen, 2.0 mg L-1 of urea urged the increase of cell of 
S. platensis and affected its growth and biochemical 
structure positively in our study. Vonshak et al. (1982) 
reported that only when sodium bicarbonate is added, the 
increase of cell was affected negatively. They reported 
that in dark cycle at high temperatures, due to the 
increase in respiratory activity, cells apply the 
consumption of carbohydrates for respiration and this 
resulted in a decrease of cell growth.  

According to the results of this study, the increase of 
cell that was found in the group with the sodium 
bicarbonate added is consistent with the Vonshak et al. 
(1982) result which they had reported. In that sense, the 
decrease in the cell increase can be connected to high 
CO2 and high bicarbonate rates depended on the 
acceleration of photosynthesis and fast carbohydrate 
consumption. In the type II nutrition, the second day, the 
increase of cell in the type II group were defined 
respectively; 324.00 filament ml-1; 311.33 filament ml-1; 
320.33 filament ml-1; 318.67 filament ml-1; 345.00 filament 
ml-1; 325.00 filament ml-1; 259.33 filament ml-1; 233.00 
filament ml-1; 220.00 filament ml-1. However, in the type II 
group nutrition, the average increase of cell (296.50 ml-1 
filament) was found to be the ideal (p<0.05) (Figure 1). In 
the type II nutrition, from the second day, the increase of 
cell in the type I group were defined respectively; 340.00 
filament ml-1; 321.33 filament ml-1; 329.00 filament ml-1; 
302.67 filament ml-1; 270.00 filament ml-1; 231.33 filament 
ml-1; 165.33 filament ml-1. From sixth day, any consi-
derable difference was not found between type II group 
with type I group and other groups(p>0.05). But, signifi-
cant differences were found between type II group with 
other groups after sixth day (p<0.05). The highest in-
crease of cell took place in the type II nutrition due to the 
rates of urea and sodium bicarbonate which was halved 
compared to the type I nutrition. However, as opposed to 
the increase of cell, decrease in the rates of protein was 
observed. The reason for this is the nitrogen source and 
levels being one of the most important factors affecting 
the growth and biochemical contents in algae cultures. 
The growth is affected by concentrations as well as by 
nourishing elements that are used in the nutrition 
environments (Xu et al., 2001). It is concluded that the 
decrease in the protein ratios is the result of sodium 
bicarbonate pressuring the nitrogen levels in the 
environment, slowing down the protein metabolism and 
augmenting carbohydrate metabolism. 

In the type I nutrition, the specific growth rates in the 
second, fourth, sixth, seventh and eighth days were 
recorded as being respectively; 0.07 division day-1; 0.01 
division day-1; 0.21 division day-1; 0.03 division day-1; 0.06 
division day-1. The most ideal specific growth rate in the  
type I group was found to be 0.21 division day-1 and k 
value as being 0.30 division day-1. The specific growth 
rate in the type II group, in the second day was found to 
be 0.06 division day-1 and the k value as 0.09 division 

k= µ/ 0.6931 
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Figure 1. Daily increases in filament densities of S. platensis were cultivated in I and II type of nutrition with DCM. 

 
 
 
day-1. The specific growth rate in the type III group, in the 
second day was found to be 0.36 division day-1 and the k 
value as 0.52 division day-1. The specific growth rate in 
the control group, in the eighth day was found to be 0.04 
division day-1 and the k value as 0.06 division day-1 
(Figures 2 and 3). In the type II nutrition, the specific 
growth rates in the second, fourth and the fifth day were 
recorded respectively; 0.04 division day-1; 0.03 division 
day-1; 0.05 division day-1. The specific growth rates in the 
second day were recorded to be 0.04 division day-1 and 
the k value as being 0.06 division day-1; in the fourth day 
was 0.03 division day-1 and the k value as being 0.04 
division day-1; in the fifth day was 0.05 division day-1 and 
the k value as 0.07 division day-1. The specific growth 
rates in the second, fourth and the sixth day were 
recorded respectively; 0.05 division day-1; 0.03 division 
day-1; 0.08 division day-1.  

The highest specific growth rate in the type II group 
was found to be 0.08 division day-1 and the k value is 
recorded as 0.12 division day-1. The specific growth rate 

in the type III group is recorded as 0.06 division day-1 and 
the k value as 0.09 division day1. The specific growth 
rates in the control group in the third, fourth and the 
seventh day were recorded respectively; 0.08 division 
day-1; 0.12 division day-1; 0.02 division day-1. The specific 
growth rate in the control group in the fourth day is 
recorded to be 0.12 division day-1 and the k value as 0.17 
division day-1 (Figures 2 and 3). Vonshak et al. (1982) 
reported that in the group where low cell increase had 
taken place, high specific growth was observed. Similarly, 
in our study in the groups where low cell increase had 
taken place, a maximum specific growth rate (µmax) was 
obtained. Vonshak et al. (1982) detected the µmax rates 
as 0.048 to 0.054 division day-1 and this is consistent with 
the specific growth rates (0.04 to 0.08 division day-1) as 
we had obtained in our study.  

There was no statistical discrepancies observed in the 
two different nutrition media in terms of lipid levels 
(p>0.05). Between I to II groups and III to IV groups of the 
type I nutrition media statistical discrepancies were found  
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Figure 2. Daily increases in specific growth rates of S. platensis were cultivated in I and II type of nutrition with DCM.  
 
 
 
(p<0.05). In the type II nutrition medium, there was a 
discrepancy found between I, II, III and IV groups 
(p<0.05). The lipid levels of S. platensis which was 
produced in the types I and II groups are found to be 
higher than that found in the types III and IV groups of 
both nutrition media (Figure 4). It can be concluded that 
the addition of sodium bicarbonate into the III and IV 
groups could be responsible. Vonshak et al. (1982) 
reported that this took place due to the partial CO2 

pressure of biomass values being high at high 
temperatures and the acceleration of photosynthesis. The 
results that the researchers reported support our findings. 
Danesi et al. (2002) reported that the lipid contents in the 
biomass of S. platensis are not under the influence of 
nitrogen source that was used. In our study, there was no 
discrepancy found in the lipid rates of the various 
concentrations of urea and sodium bicarbonate in both 

nutrition media. Our results are consistent with the results 
that Danesi et al. (2002) reported. Ungsethaphand (2009) 
reported that the highest protein content is obtained from 
the media in which urea and urea + sodium bicarbonate 
is added into the chicken manure. The increase in the 
protein content takes place due to the nitrogen levels 
increase in the environment (Ungsethaphand, 2009). In 
our study, the highest protein ratio is obtained from the 
groups in which urea and urea + sodium bicarbonate 
were added into the chicken manure. Our findings are 
consisted with the results that were obtained from the 
studies conducted by Ungsethaphand (2009). 

In the study conducted by Koru and Cirik (2003), the 
protein ratio of S. platensis was reported to be 57.5% and 
the lipid ratio as 8%. In our study, the ratios of lipid and 
protein are found respectively, between 2.59 to 4.96, 
35.51 to 44.98%. Based on the results that the researchers 
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Figure 3. Daily growth rates (division day-1) of S. platensis were cultivated in I and II type of nutrition 
with DCM.  

 
 
 

 
 
Figure 4. Lipid and protein ratio of S. platensis were cultivated in I and II type of nutrition with DCM. 
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reported, it was concluded that the low protein and lipid 
ratios that was obtained in our study is due to the 
differences in the nutrition media. 

It was determined that usage of 1.0 mg/L urea+20 mg/L 
NaCO3 added 200 mg/10 L of DCM (in type II nutrition) 
gave the best cellular increase and usage of 2.0 mg/L 
urea added 200 mg/10 L of DCM (in type I nutrition) gave 
the best cellular increase and the best protein ratio. In 
this case, we can say that suppressive effect of NaCO3 
decreased when the amount of urea and NaCO3 had 
been halved.  
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