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Mass production of Spirulina 

by Claudio Santillan 

Biochemical Research Department, Sosa Texcoco SA, Reforma 

Introduction 

Among the lower plants, the blue-green alga Spirulina 
(fig. 1) has been the subject of  a number  of  basic and 
applied investigations 1,z. This alga can be harvested, 
processed and used for food. Attention has been 
directed to Spirulina platensis, which some tribes in 
the Lake Chad area have been eating since ancient 
times 3-5, as well as Spirulina Geitleri J. de Toni, which 
was consumed by the Aztecs that lived around Lake 
Texcoco, near Mexico City 6-9. 

Production of Spirulina 

Spirulina belongs to the family of  Oscillatoriaceae and 
grows in alkaline waters in Africa, Asia, North and 
South America 1~ in latitudes between 35~ and 
35~ areas of  incident solar irradiation from 600 to 
850 KJ /cm2.  year and total insolation from 3000 to 
4000 h /yea r  11. Like other microorganisms, Spirulina 
has a higher specific growth rate than higher plants. It 
has been cultivated in a semicontinuous system and 
harvested continuously all year round. Spirulina as 
other cyanobacteria possesses the following proper- 
ties: 
a) a short life cycle, approximately 1 day under 
optimal laboratory conditions and 3-5 days under 
natural conditions, depending on season and meteo- 
rological conditions 12; 
b) a high specific growth rate (0.3 d - l )  under optimal 
laboratory conditions t3-15, 0.2 d - I  in natural condi- 
tions during the summer  t6,17 and 0.1 d -1 in wint- 
er17,18; 
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c) growth in an aquatic medium which allows growth 
to a dense culture of algae biomass, consequently a 
good efficiency of solar energy conversion is obtained 
(3-4.5%)19; 

d) a high yield in good quality protein (28 ton/  
ha .  year)12; 
e) the tendency to float and stick together thus 
facilitating the harvesting; 
f) besides the high content of  protein, substantial 
amounts of  vitamins, carotenoids, minerals and mod- 
erate quantities of  lipids and carbohydrates w,2~ can 
be isolated. 

With current technology, 2 methods for cultivating 
Spirulina are known: the artificial culture and the 
seminatural culture. The 1st method, named sypho- 
gas, has been developed by the French Institute of  
Petroleum, which permits agitation, homogenization 
and supplementation with CO2 as the carbon source 
through the injection of air enriched with carbon 
dioxide with diffusors 21. This method has been tested 
on small plants with an area up to 1000 m 2 located in 
the Caribbean Martinique Island. It has been demon- 
strated that technical and economic problems limit 
industrial production 22. 
A 2rid method, called seminatural, has been devel- 
oped by the Mexican company Sosa Texcoco, SA, and 
consists of  using the natural  alkaline brines in race- 
way ponds supplemented with fertilizer to increase 
biomass production. This method has been  very suc- 
cessful during the last 9 years, resulting in a produc- 
tion of approximately 3000 tons during THIS 
period23, 24. 
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Table 1. Chemical composition of Spirufina spray dried 

Raw protein 

Essential aminoacids 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Triptophan 
Valine 

Non essential aminoacids 
Alanine 
Arginine 
Asparfic Acid 
Cystine 
Glutamic Acid 
Histidine 
Proline 
Serine 

Available lysine 

Lipids 

Fatty acids 
Lauric 
Myrisfic 
Palmitic 
Palmitoleic 
Heptadecanoic 
Stearic 
Oleic 
Lirloleic 
y-Linolenic 
a-Linolenic 
Others 

Ash 
Calcium 
Phosphorus 
Iron 
Sodium 
Chloride 
Magnesium 
Manganese 
Zinc 
Potassium 
Others 

Carotenoids 
r-Carotene 
Xanthophylls 

Carbohydrates 
Ramnose 
Glucane 
Cyclitols 

Glucosamine and muramic acid 
Glycogen 
Sialic acid and others 

Nucleic acids 
Ribonucleic acid 
Deoxyribonucleic acid 

Vitamins 
Biotin 
Cyanocobalamin 
d-Ca-pantothenate 
Folic acid 
Inositol 
Nicotinic acid 
Pyridoxine 
Riboflavine 
Thiamine 
Tocopherol 

70.0% 

4.13% 
5.80% 
4.00% 
2.17% 
3.95% 
4.17% 
1.13% 
6.00% 

5.82% 
5.98% 
6.43% 
0.67% 
8.94% 
1.08% 
2.97% 
3.18% 

85% 

7.00~ 

5.70% 
229 mg/kg 
644 mg/kg 

21,141 mg/kg 
2035 mg/kg 

142 mg/kg 
353 mg/kg 

3009 mg/kg 
13,784 mg/kg 
11,970 mg/kg 

427 mg/kg 
699 mg/kg 

9.00~ 
1,315 mg/kg 
8,942 mg/kg 

580 mg/kg 
412 mg/kg 

4,400 mg/kg 
1,915 mg/kg 

25 mg/kg 
39 mg/kg 

15,400 mg/kg 
57,000 mg/kg 

4,000 mg/kg 
1,700 mg/kg 
1,600 mg/kg 

16.50% 
9.00% 
1.50% 
2.50% 

2.00~ 
0.50% 
0.50~ 

4.50% 
3.50~ 
1.00~ 

0.40 mg/kg 
2.00 mg/kg 
11.0 mg/kg 
0.50 mg/kg 

350.00 mg/kg 
118.00 mg/kg 

3.00 mg/kg 
40.00 mg/kg 
55.00 mg/kg 

190.00 mg/kg 

Large scale Spirulina culture requires all nutrients 
essential for life. The mineral content of Spirulina 
biomass and culture conditions of the alga are given 
in table 2. 
The optimization of an algae production system draws 
problems such as species selection, nutrient selection, 
growth unit design and harvesting methods into a 
practical and economical overall design 23,24. Spirulina 
has its filaments arranged in an elongated helix; this 
shape facilitates harvesting and permits filtration, e.g. 
by screens. It also allows the use of different depths of 
ponds and lower cell concentrations compatible with 
economical harvesting (see fig. 2). Zarrouk 13 and oth- 
ers 14'25'26 developed special nutrient solutions for the 
cultivation of Spirulina. 
In the growth ponds, depth is usually less than 0.5 m 
for the algae production, with a baffle system and 
recirculation and mixing equipment. The mixing by 
flow is usually more practical and economical than 
the paddle agitator. The former also inducesthe water 
mass to circulate through the raceways at a speed of 
0.03-0.06 m/sec, thus preventing thermic stratifica- 
tion. The maximal length of the channels depends 
upon the depth and the surface properties of these 
channels. 

Processing and use of the harvested biomass 

Spirulina is ruptured by homogenization or sonication 
of the cells 2~ The fluid is pasteurized to eliminate 
microbiological contamination and spray-dried to the 
final product. 
So far, industrial plants have produced such a dry 
product from which its chemical composition, its 
nutritional value and its toxicity have been investigat- 
ed. The material has been shown to have an excep- 
tionally high content of vitamins, especially of the B 
group, E and H (Biotin) (see table 1). A total of 4.2- 
4.4% of nucleic acids 28, as well as of 6.2-7.0% of 
unsaturated lipids have been found. Fatty acids repre- 
sent 83% of this fraction and the rest is made up of the 
insaponifiable fraction 29. Among the pigments, chlo- 
rophyll is present in 0.8%, r-carotene in 0.23% and 
xanthophylls in 0.12-0.15%. Phycobillins amount up 
to 12-15% 30,31 . 

Table 2. Mineral content of Spirulina and culture conditions 

Minerals (to be Dry weight 
supplied in (g/kg) 
growth medium) 

Growth conditions 

Carbon (from COs) 550 pH 
Nitrogen (from NO3) 100 Salinity 
Sulfur 30 Average temperature 

in ponds 
Potassium 30 
Phosphorus 16 
Magnesium 2 
Calcium l 
Micronutrients 

Average sunlight 

9-11 
3-8% 

7-30 ~ 

8-60 klx 
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The product is nontoxic and has no side effects in 
animals or humans 32. Nutritional tests have demon- 
strated that the Spirulina algae has a protein efficien- 
cy ratio (PER) of 2.2-2.6 (74-87% that of casein), a 
net protein utilization (NPU) of 53-61% (85-92% that 
of casein) and a digestibility of 83-84%. 
In animal feeding experiments Spirulina protein is 
perfectly digested in weanling pigs 37 and in broilers 39. 
In hens it has a good pigmentation effect on the skin 
and on egg yolks 38,40. For fish it has an excellent effect 
in cripinids 41. 
In human feeding experiments, Spirulina protein is 
adequately taken up when fed to adults and results in 
a low level of uric acid of the serum and a moderate 
increase in fecal nitrogen 42. With children suffering 
from third degree malnutrition, Spirulina proved to 
be better than soya, but not as good as whole cow's 

Figure 1. Alga Spirulina. 
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milk and human milk 43, with regard to nitrogen which 
is retained. 
More than 50 food products made with Spirulina or 
complemented by it have been explored in commer- 
cia! systems. The most successful ones are health 
foods (capsules, tablets and powder); especially pro- 
mising are the ones mixed with cereals and peanuts, 
e.g. cookies and nutritious candies where it has been 
possible to increase the protein content up to 12 and 
18%, respectively 2~ Actually, in the USA it is widely 
used as a health food to help people lose weight 
without being hungry or suffering malnutrition. 

Conclusions 

A large industrial production of Spirulina and its 
products is possible already now, thanks to technolog- 
ical development. This production capacity and its 
excellent properties as a food have justified the effort 
to overcome the barriers of sanitary regulations in 
countries such as Mexico, Japan, Canada, the United 
States of America, France, Great Britain, the Federal 
Republic of Germany, New Zealand, Australia, 
Korea etc., where its consumption is expanding. 
In the forecoming years, the production of Spirulina is 
expected to reach several thousands of tons yearly, 
which will initiate a massive production and con- 
sumption program. Spirulina, which Farrar 9 calls 
'glimpse of the Aztec food technology', will undergo a 
broad distribution and its alimentary benefits will be 
within everyone's reach. 
At present, Sosa Texcoco is ready to market 500 tons 
more in 1982, and is working on another expansion of 
2000 tons per year which should be realized by 1983. 
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Figure 2. Flow sheet of the industrial cultivation and processing of 
Spirulina. 
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Microorganisms as hydrocarbon producers 

by T. G. Tornabene 

School of Biology, Georgia Institute of Technology, Atlanta (Georgia 30332, USA) 

Mul t i f ace ted  and  diverse  energy sources will rep lace  
our once mass ive  accumula t ions  o f  energy reserves. 
One o f  these energy sources will be  b iomass  and  its 
na tu ra l  products ;  in tact,  it  will  most  cer ta in ly  be one 
o f  the essent ia l  e lements  in the complex  o f  the fu ture  

energy s tructure.  
Solar  and  chemica l  energy conversion,  th rough  biolo-  
gy as a prac t ica l  energy  convers ion  mechan i sm,  has  
been  extensively  d o c u m e n t e d  and  reviewed;  there-  
fore, this  discussion will  be  res t r ic ted to mic rob ia l  
f e rmenta t ions  with specific eva lua t ions  o f  the po ten-  
tials for mic roo rgan i sms  to synthesize oi ly hydroca r -  
bons  as f e rmen ta t i on  products .  In  biosynthesis ,  the 
acycl ic  h y d r o c a r b o n s  are  re fer red  to as f e rmen ta t i on  
produc ts  on the basis  o f  the strict def in i t ion  o f  fer- 
m e n t a t i o n  as be ing  those chemica l  energy  y ie ld ing  
react ions  that  requi re  organic  componen t s  as e lect ron 
acceptors .  A genera l ized  f e rmen ta t i on  scheme is g iven 
in the figure. The  scheme is pu rpose ly  restr ict ive to 
emphas ize  p roduc ts  tha t  are  po ten t i a l  fuels. Each  o f  
the f e rmen ta t i on  produc ts  represents  a va luab le  ener-  
gy form. The  most  efficient  o f  these f e rmen ta t i on  

products ,  in terms o f  cost o f  p roduc t ion ,  canno t  be 
fair ly eva lua ted  at  this t ime because  o f  the differences 
in cell cul t iva t ion  requi rements ,  p roduc t  recovery,  and  
most  impor tan t ly ,  since m a n y  o f  these produc ts  via 
microb ia l  fe rmenta t ions  are  not  yet  suff iciently devel-  
oped  for commerc ia l  cons idera t ion .  W i t h  increas ing  
awareness  o f  mic roorgan i sms  which grow well or  
a d a p t  to marg ina l ,  ex t reme  or  waste  env i ronments  
( taking into account  the benef i t  va lue  o f  these envi-  
r onmen t s  a n d  the r ising expenses  o f  waste  t r ea tment )  
the dis t inct  p robab i l i t y  exists that  the p roduc t ion  costs 
in deve lop ing  f e rmen ta t i on  systems for  fuel  will 
become  increas ingly  feas ible  and  at t ract ive.  A l t h o u g h  
the c o m p o u n d s  l is ted in the  f igure  are  accep tab le  
fuels and  are  accessible th rough  mic rob ia l  processes,  
the obvious  select ion o f  a b iochemica l  fuel  for devel-  
o p m e n t  canno t  be d e t e r m i n e d  at  this t ime because  not  
all  systems have  been  a de qua t e ly  inves t igated.  The  
compet i t ive  readiness  o f  the  di f ferent  f e rmen ta t ion  
systems and  the economics  o f  p roduc ing  each p roduc t  
as they  become  deve loped  will au toma t i ca l ly  m a p  out  
our  course of  ac t ion in years  to come. 


