
BulL Nat. In3t. Oceanogr. & Fish. ARE. 15 (1).1989: 119 - 124. 

ALGAL SINGLE CELL PROTEIN FROM EXTRACT OF COW MANURE 
ENRICHED WITH DIFFERENT NITROGEN SOURCES. 

SHAALAN, S.H.; KHALEAFA, A.F. AND KASEM, A.M. 

Botany Department, Faculty of Science, Alexandria 
University. 

ABSTRACT 

\later extract of cow manure waste enriched with some nItrogen 
sources was used as culture media for Chlorella f'Yrenoidosa. The 
lowest concentratfOl'l (0.0125%) of the nitrogen soores added to the 
cow manure extract affected the highest growth rate. Urea proved to 
be the best ni trogen soorce that could be added at low 
concentration to the water extract of cow manure waste for single 
cell protein production by Chlorella pyrenoidosa. At higher 
concentrations, urea proved to be more toxic than both n; trate or 
arrmonia. 

INTRODUCTION 

Recycling waste material not only minimizes the problem 
of pollution but also is used in the ~roduction of single 
cell protein. with a view to the ~ncreasing universal 
problem of food storage, the CUltivation of unicellular 
algae, . both fresh water and marine species, has been 
conducted successfully in waste, liquid and water extracts 
of sewage slUdge (LUdwig and Oswald, 1952; Dunstan and 
Menzel, 1971; Ryther et al., 1972; Goldman and Ryther, 
1975: Wong, 1977 a & bi Wong and Ho, 1977; Wong et al., 1977 
and Yip and Wong, 1978). in barley and soybean wastes (Wong, 
1977 b) as well as in chicken manure and blood waste (Wong, 
1981). 

ChIarella sp. is rich in vitamins, fats and proteins 
(Provaside, 1974). Its efficiency in photosynthesis and the 
conversion of nitro1en to protein is greater than that of 
higher plants (Wass~nk et al., 1964). It has autotrophic, 
heterotrophic and mixotrophic modes of nutrition. 

The present work is an attempt ~o study the effect of 
different additional nitrogen sources to the water extract 
of cow manure waste on the efficiency of single cell protein 
production by ChIarella pyrenoidosa. 

MATERIALS AND METHODS 

Cow manure waste was air dried at 22 + 30 C for about two 
weeks. Water extracts were prepared by boiling the waste 
with distilled water for 20 minutes. The suspension was 
centrifuged for 15 minutes at 15,000 r.p.m. and the 
supernatant collected was diluteQwith distilled water ~o a 



final concentration of 1.5t concerning the solid waste. 
Preliminary experiments have been carried out by employing a 
series concentrations. One and half percent found to be the 
optimum concentration. 

3Culturing was carried out in steril!zed 100 cm
Erlenmeyer flasks containing each, 30 cm of the medium. 
Culture media composed of the water extract to which 'four 
concentration of the tested nitrogen sources were added in 
the following order: 0.0125, 0.050 and O.lt. The different 
nitrogen sources used were urea, ammonium sulphate and 
potassium nitrate. Waste-water extract alone was as a 
control medium. Each experiment was performed in triplicate.
In all treatment, the initial pH was adjusted to 7. To each 
culture flask an inoculum of ~hlorella pyrenoidosa was added 
in a concentration of 2 X 10 cells/mI. Culture flasks were 
incubated in a growth chamber for 7 days at 25 ± 30 C with a 
16 h light (2500 lux) 8 h dark cycle. The optimum incubation 
period was determined experimentally and it was found to be 
7 days. Using the microkjeldahl, the total nitrogen of the 
air-dired waste was found to be 3.8\. 

At the end of the culture period the final pH was 
determined and the cell suspensions had been thoroughly 
stirred before the determination of the algal cell counts 
using a haemocytometer. The algal cells were separted by
centrifugation and analyzed for their content by a 
spectrophotometric method (Kalb and Bernlohr, 1977) and 
chlorophyll a content (Jesperson & Christoffersen, 1987). 

RESULTS AND DISCUSSION 

The effect of water extract of C0W manure enr .!.chcrid. th 
different nitrogen sources on. the growth of Chlal<.2"i:i.a 
pyrenoidosa is shown in Figs. J. & 2. I '" is clear frO"1 l:hse 
results that ChIarella is able to utilize a wide range of 
nitrogenous compounds as a source of nitrogen for growth 
in the light. The utilization of urea by chlorella is in the 
line with pattern reported for other algae (syrett,1962: 
Thomas, 1968; Naylor, 1970; Leftley & syrett, 1973 and 
Bekheet and syrett 1977. Highest growth rate values were 
obtained at the concentration 0.0125% for all the tested 
nitrogen sources. Any further increase above this level did 
not result in any further increase in growth. The percent of 
decrease in both nitrate or ammonia was gradual, but in case 
of urea it was rapid. At concentration 0.0125\, urea gave 
the highest growth rate (45% and 80% increase in both number 
of cells and protein content, respectively) when compared to 
nitrate and ammonia (Fig. 2). Althou9h ammonia is toxic, 
plants can detoxify it by forming anunon1um salts of organic 
acids or from the amides glutamine or asparagine (Webster, 
1959). The rapid decrease in the growth rate of Chlorella at 
ured concentrations above 0.0125% indicates that urea is 
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FIG. 1 
Effect of cow manure extract enriched with 

di fferent nit rogen sources on the growth of 
chIarella pyrenoidosa. 
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FIG. 2. 
Growth rate of c. pyrenoidosa grown on cow-manure 
extract enrlched with different nitrogen sources. 

more toxic than both ammonia or nitrate. It was reported
that urea stimulates the plant to synthesize and accumulate 
a certain nucleotide which can "switch off" the synthesis of 
macromolecules in the cell (Lau et al., 1977; ownby et al., 
1979~ and Friga, 1980). Such a "switch off" may be 
considered as a logical reason for the decrease in the 
growth rate of Chlorella pyrenoidosa at higher 
concentrations of urea. 

122
 



% increase or decrease i n cell number' 

'<sf:!. 

Z o 
~ 
a:,... 
z 
w 
o z 
o 
o 
w 
oa: 
::> 
o 
CI) 

z 
w 
(!). 
o 
0: 
I­
Z 

0.0125 

. 
0.025 

0.050 

0.100 

-100 -80 -40 -?O 60 80 100 

% increase or decrease 1n prot~in content 

0.0125 

0.025 

0.050 

0.100 

-100 -eo -60 -40 -20 0 20 100 

- UREA q AMM. SULPHATE _ POT. NITRATe 

fiG. 3
 
Percent increase or decrees. in cell nUllber
 

end protein content frOlll the blenlt.
 

REFERENC~ 

Bekheet, I.A. 8l1d P.J. Syrett, 1977. Ur.a degrldi-ng et')Z)1lIea rn alg••• 8r. Phycol 
... 12: 137· 

DW1Stan. ".M. and D.W. Menzel, 1971. Continuous culture. of natutal POPUl.tfons 
of phytoplankton fn dilute, treated aewage .ffluent. 1I_t. 0cean0sIer. 16:
623-632. 

123 



Frigs, G.M., 1980. sc.e novel apecta of .tabolic r-..latfon in Ancystis 
nictll_, a photOBUtotraphic ~lllbecteriUl. A thesis slbnitted for the 
candidate of scienee degree. Biol. Res. Cen. Szeged. 

Goldman, J.C. AND J.H. Ryther, 1975. Mass production of marine algae in outdoor 
cultures. Mature, Land. 254: 594-595. 

Jespersen, A. and K. Chrlstofferesen, 1987. Measurements of chlorophyll-a from 
phytoplankton using ethanol as extraction solvent. Arch. HydrObiol., 109 (S): 
445-454. 

Kalb, V.F.Jr. and R.W. Bernlohr, 1977. A new spectrophotometric assay for 
protein in cell extracts. 'Anal. liodh~., 82: 362'371. 

lau, R.H.; M.M. Margaret and W.E. Doolittle, 1977. Phycocyanin synthesis and 
degradation in the green bacterium A. nictlland. J. Bacteriol., 132: 771-778. 

Leftly, J.W. and P.J. Syrett, 1973. Urease and ATP, urea amidolyase activity in 
unicellular algae. J. Gen. MicrObiol., 77: 109­

ludwlOll, H.f. and W.J. Oswald, 1952. Role of algae in sewage oxidation ponds. 
SCi. Monthly, 74: 3-6. 

Naylor, A.W., 1970. Phylogenetic aspects of nitrogen metabolism In the algae. 
Ann. N. Y. Acad_. Sci. 175: 511­

Ownby, J.D.; M. Shannahan and E. Hood, 1979. Protein synthesis and degradation in 
Anabaena during nitrogen starvation. J. Gen_ MicrObiol •• 110: 255'261. 

Pr-ovasidi, L., 1974. Vitamins and growth regulator. In: Algal Physiology and 
Biochemistry, (Ed. Stewart, W.D.P.) Blackwetl, Oxoford, Sci. Pub, 241-872. 

Ryther, J.H.; W.M. Dunstan; K.R. Tenore and J.E. Huguenir., 1972. ControLLed 
eutrophication in,;reasing food production from the saa by recycl ing human 
waste. Bio. Sci., 22: 144-152. 

Syrett, P.J. 1962. Nitrogen assimilation. In: Physiology and liodh~i.try of 
algae (Ed. lewin, R.A.). Academic Press. New York, 171-188. 

Thomas, W.H., 1968. Nutrient requirements and utilization: Algae. In; 
Mctaboll iSlll. Biological llanclxJot. (Ed. Al thman and Dltt,ner) pp. Sotilesda 
Maryland 210-228. 

Wassink, E.C.; I. Kok and J.C.P. Van Oorschot, 1964. The efficiency of llJht 
energy conver.lon in Chlorella cultures as compared with higher plants. In: 
Algal culture, f~ laboratory to pilot plant. (Ed. Burlew, J.S.) Washingt~n 

D.C., Carnegie Ins;, 55-62. 
Webster, G.C., 1959. Nitrogen Metaboli~ in Plants. Rpw, Peterson Co. New York. 
Wong, M.H., 1977a. The comparison of activated and digested sludge extracts In 

eul t Ivat ing ChloreUa pyrenoidosa and C. soline. Environ. Pollut., 14: 
207-211. 

Wong, M.H., 1917b. Chlorella cultivation in the barley and Soybean residues. J. 
Environ. Sci. Neelth., A 12: 567-574. 

Wong, M.H. and S.K. Ho, 1977. The comparison of sludge extracts and chulo In 
cul tivat(ng Chlor.lla ~Idoa.a. Che.osphere, 9: 581-588. 

Wong, M.H.; S.W. Yip and K.Y. fan. 1977. Chlorella cultivation in Sludge 
extracts. Environ. Pollut., 12: 205-209. . 

Wong. M.H.. 1981. Chicken lllllnure and blood water for growing CIIlorella 
pyrenoldosa. ConseI'Y8~ion and lec:ylfng, 4: 9-14. 

YIp, S.W. and M.H. Wong, 1978. The eOll'pSrison of sewage effluent and Iludge 
extract in the cultIvatIon of Chlorella pyrenoldosa. Arch. Iydrobl I 84' 
368-380. 0., • 

124 




