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ABSTRACT

The job is to compare the nutritional value of spirulina produced at the Center for Research in Biological Sciences
Food and Nutritional of Ouagadougou University that the farm of "Nayalgué" and "Ouahigouya". Eighteen (18)
Spirulina samples of approximately 150 g each of which six (6) per farm were collected. The physicochemical
parameters were determined. This study shows that Spirulina produced on the farm of "Nayalgué" has the best
levels of macronutrients with 55.66% protein, 11.66% total sugars and 5.66% fat followed by spirulina produced at
the Center for Research in Biological Sciences Food and Nutrition with 54.66% protein, 11.33% of total sugars and
5.33% fat and finally that of the "Ouahigouya” farm with 48.33% protein, 9.66% total sugars and 4.00% fat. The
spirulina of the farm of "Nayalgué" presented the best contents in protein, total sugar and fat. The richness of these

macronutrients gives it an important nutritional value with remarkable nutritional potentialities.
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INTRODUCTION

Spirulina platensis (Oscillatoriaceae) is a blue-green
microalgae that has been found by several scientists and
nutritionists to be a functional food with exceptional
nutritional qualities.™! It is promoted by several
structures within the United Nations organization and
world Health Organization for its use in the fight against
acute malnutrition in the world.” The blue-green color
and the phycocyanin content have earned it the name of
blue algae.”! It is cultivated at large scale in numerous
countries for commercial purposes,™ and are marketed
as dietary supplement being considered "nutraceuticals"
for their wide use as a rich source of minerals, proteins,
antioxidants, polyunsaturated fatty acids, carotenoids,
among other.®®"" Spirulina supplements have been
certified as safe and hence can be used as food
products.!”) It has been consumed for centuries by some
peoples of Africa and America and is a food of high
nutritional quality thanks to the diversity and the richness
of its constituents which attribute to it nutritional and
biological virtues quite remarkable.™® The cultivation of
spirulina must be improved and especially that there are
differences of the chemical composition related to certain
factors like origin, nature of sample, conduct of culture,
mode of drying, method of retention. With a view to

developing a pilot for the production of active spirulina
biomolecules for nutrition of vulnerable people, this
study contributes to existing data, information on the
chemical compositions of spirulina produced at different
wesites, where the comparison on the nutritional value of
spirulina produced at three farms (CRBSFN farm,
Koudougou "Nayalgué" farm and "Ouahigouya" farm)
from Burkina Faso.

MATERIAL AND METHODS

Biological material

The biological material consists of spirulina from three
sites which are: the Center for Research in Biological
Sciences Food and Nutrition (CRBSFN) of
Ouagadougou University; the farm "Nayalgué" of
Koudougou and the farm of "Ouahigouya".

Farms producing spirulina

CRBSFN Culture Basin

The production of Spirulina at the Center for Research in
Biological Sciences Food and Nutrition (CRBSFN) was
carried out under shelter. Two reinforced concrete basins
of rectangular shape and rounded corners were built.
These basins are in an enclosure covered with a roof in
translucent sheets and the sides surrounded by fine wire
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mesh. Each basin has 12.5 m? of surface, 50 cm deep,
and 2750 L of volume. Each basin has been equipped
with a paddle wheel and equipped with a timer to ensure
discontinuous agitation of the culture medium. The
agitation worked for 30 minutes and 15 minutes of rest
with a stop at night. The cultivation method is semi-
artisanal in view of the small size of the pond.

Seeding

This operation consisted of starting a new culture basin.
The input quantities were weighed according to the
Jourdan formula using PR 503 Delta Range scale for
low quantities (<1000g) and Honest type of 20kg
capacity for measurements over 1000 g. ! These inputs
were then dissolved in the water, giving the new culture
medium. The seed used to grow the first pond came from
the Loumbila production site. The choice of this site is
explained by its proximity to Ouagadougou. To ensure
the purity of spirulina and check the presence or absence
of foreign algae, the seed was first observed under an
optical microscope.

Culture center

The new culture medium used is that proposed by
Jourdan with however some modifications in relation to
the water used for the culture. Control of the parameters
of the culture medium such as pH, spirulina
concentration of the culture medium (by a Secchi disk),
the water level and the temperature took place every
morning from 8 hours.

Feeding ponds

After each harvest, inputs were brought to the basins in
which the harvest was made and the amount of each
input is a function of the amount of dry Spirulina
harvested.

Farm ""Nayalgué" of Koudougou

The production management of “Nayalgué" farm differs
from that of CRBSFN in drying mode and the stirring
frequency. The only basin at which samples are
harvested is out of shelters and 200 m?. The mixed solar /
gas dryer that can be used during the rainy season is
used.

Farm of ""Ouahigouya"

The production line on the farm of "Ouahigouya” is the
same as at the level of the CRBSFN and the farm of
"Nayalgué". Three basins are functional and each basin
contains 22 m® of culture. The basin in which our
samples were taken is out of shelter.

Sampling

The samples consisted of spirulina harvested at
CRBSFN, "Nayalgué" farm in Koudougou and
"Ouahigouya™ farm. Each sample consisted of samples
of dry spirulina biomass from several locations of
spirulina harvested at the three sites. A total of eighteen
(18) samples, of which six (6) per farm were used for
analyzes.

The samples of "Nayalgué" and "Ouahigouya" were
shaped straw and packaged in aluminized bags and those
of CRBSFN in plastic bag and then enclosed in sealed
jars boxes away from moisture and light. An aluminum
grinder (mortar-pestle) and a mesh screen 0.5 mm in
diameter allowed the samples to be powders.

Determination of macronutrient composition

Analyzes of macronutrients (protein content, fat and total

sugars) and other parameters such as moisture content

and ash content were made in the CRBSFN laboratory at

Ouagadougou University. The protein content is

determined by the Kjeldahl method.!*”

- The determination of fat content is carried out
according to Soxhlet extraction method using
hexane as refluxing solvent.!”

- The determination of the total sugars is carried out
using dimethylsulfoxide.

- The moisture content is determined by oven drying
at 103 ° C for three hours.!*

- The incineration is carried out so as to obtain all the
cations (excluding ammonium) in the form of
carbonates and other anhydrous mineral salts.%

Calculation of energy value and statistical analysis

The energy value of Spirulina was determined from the
Merrill and Watt coefficients.™ Either sample whose
analysis gives: P% Protein, G% Carbohydrate, and L%
Lipid. The energy value of the sample was calculated by
the following relationship.

P*4 Kcal + G * 4 Kcal + L* 9 Kcal = X Kcal / 100 g

P. protein content; G: carbohydrate content; L: lipid
content.

The data was first entered using Excel software and
subsequently compared by the SPSS 17.0 software. A
paired sample t-test was used.

RESULTS AND DISCUSSION

Nutrient composition

Macronutrient composition

The macronutrient composition of spirulina varies from
farm to farm as shown in Table 1.

Table 1: Percentage levels of macronutrients
harvested Spirulina (%0).
Samples Protein Total Fat
sugars
CRBSFN Laboratory 54.66 | 11.33 | 5.33
Farm of "Nayalgué" 55.66 | 11.66 | 5.66
Farm of "Ouahigouya" | 48.33 9.66 | 4.00

The highest protein content of spirulina is that of
"Nayalgué" (55.66%), higher than that CRBSFN
(54.66%) and "Ouahigouya" (48.33%). However, the
latter is close to 47.87% obtained at Koudougou minor
seminary farm.? The proportions 55.66% and 54.66%
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respectively for the farm of "Nayalgué" and CRBSFN
are close to 57.10% and 59.3%.** It should be noted,
however, that our protein results are 61.74%, 64.5%,
65%.70% different.!>!%7181%  Changes in protein
content may be due to inputs. In fact, the assimilation of
inputs introduced into the culture medium may vary
depending on the maintenance of the pond, nutrient
availability, temperature and light” The input
influencing the protein content is potassium nitrate which
is source of nitrogen in culture medium. Spirulina is
therefore a great source of protein for vegetarians.
Furthermore, this protein is highly absorbable.’!  The
growing environment, climate difference, or techniques
used to collect Spirulina platensis may also explain
differences in protein content from one country to
another.”? So, the content is 65% of proteins in
Switzerland; 61.3% in Burkina Faso then 58.61% and
50.24% in Chad.[*2*?! The results in total sugars were
11.66%; 11.33% and 9.66% respectively at the farm of
"Nayalgué", the CRBSFN and the farm of
"Ouahigouya". So our results are similar to 12.4%,
13.84% and 11%.***'1 Nevertheless, none of our
results are in the range of 13 to 25%, 14 to 24%, 15 to
25% and 24.39%.0%14?221 This variation can be

explained by the nature of the inputs and their uses in the
culture medium. There is also a variation in fat
depending on the farm. The content 5.66% of
"Nayalgué" and 5.33% of CRBSFN are close to 6%.2%!
So 5.66% of the samples of "Nayalgué" is in the range of
5.6 to 7% of the lipid content.?**°?! The proportion
4.00% to fat content of "Ouahigouya" is different from
11.5 and 11%.%*Y This fat content can be significant
and reach 30.12%.%"! Differences in fat are likely related
to climatic conditions such as temperature, humidity and
sample conditioning. Indeed our samples before being
analyzed were kept for about two weeks. This can
probably justify the low fat content. In other studies, it
has also been shown that fat composition decreases over
time."] With a fat content of less than 6% for our
samples, spirulina can be classified as one of the least
fatty food supplements. This characteristic gives it the
advantage of being preserved fairly easily because the
unsaturated fatty acids can oxidize easily with a content
of less than 6% fat.

Certain physicochemical parameters have also been
sought. This is the water, ash and calorie content as
shown in Table 2.

Table 2: Ash content in water and calorie samples from the three farms.

Samples Moisture (%) | Ash (%) | Energy Value (kcal/100g)
Laboratoire CRBSFN 7.66 9.66 319.66
Ferme "Nayalgué" 8.00 7.66 324.33
Ferme de "Ouahigouya” 7.66 5.00 278.66

The ash content of the CRBSFN samples (9.66%) is
higher than that of the "Nayalgué" farm and the
"Quahigouya" farm. This rate is close to 9.41; 10.76%
and 10.38%.1>?13 The ash content of 9.66% and 7.66%
obtained respectively at CRBSFN and t "Nayalgué" farm
belong to the range of 7 to 13%.1° The ash content of
Spirulina is a function of the Spirulina strain. This is the
case of the ash composition of Spirulina maxima (34%)
which is higher than that of Spirulina platensis
(7.93%).5327) The variations observed could be related to
the influence of the composition of the environment and
the washing of the biomass of spirulina after the harvest.
The washing can often rid spirulina of mineral salts but
with a risk of losing part of the biomass. Compared to
the water content, the results of the samples from
CRBSFN and the farm of "Ouahigouya" are identical
(7.66%) and are slightly lower than the samples of the
farm of "Nayalgué" (8.00%). Our results are similar to
7.24% but above 6% and 4.87% then in the range of 6 to
8%.271*3 Changes in moisture content could be
explained by the way in which biomass is dried. This
drying took 5 hours at the "Nayalgué" farm with the
solar / gas mixed dryer, 5 hours and 30 minutes at the
CRBSFN laboratory with the shell dryer and 6 hours at
the "Ouahigouya" farm with the solar mixed dryer / gas.
The water content of spirulina is therefore subject to
variations because it depends essentially on the

efficiency of the drying and often of the conditioning
mode.® Factors such as temperature, illumination,
salinity, amount of oxygen and minerals provide
different amounts of natural compounds.*33¢:37]

The samples from three farms are on the whole a source
of calorie intake which is not negligible compared to the
average calorific values which are 278.66 kcal/100 g for
the farm of "Ouahigouya”, 319.66 kcal / 100 g for
CRBSFN and 324.33 kcal / 100 g for the farm of
"Nayalgué". These calorific values are less than 397.3
kcal / 100 g, 330 kcal / 100 g, 344 kcal / 100 g et
518,84 kcal 12373271 The variations can be explained
by the protein, fat and total sugar contents which
represent the energetic constituents of Spirulina.

A comparison test of macronutrient contents from one
farm to another as shown in Table 3 revealed significant
differences.
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Table 3: Comparison of macronutrients of spirulina from CRBSFN farm, ""Nayalgué' and ""Ouahigouya".

Pair Parameter P
1 CRBSFN protein - NYG protein 0,742°
2 OHG protein - NYG protein 0,058°
3 CRBSFN protein - OHG protein 0,019°
4 CRBSFN total sugar - NYG total sugar 0,742°
5 OHG total sugar - NYG total sugar 0,074°
6 CRBSFN total sugar - OHG total sugar 0,338°
7 CRBSFN fat - NYG fat 0,423°
8 OHG fat - NYG fat 0,038
9 CRBSFN fat - OHG fat 0,057%

NYG : "Nayalgué"”, OHG : "Ouahigouya"

- The values with the letter a in exponent correspond to values of which p> 0.05;
- The values carrying the letter b in superscript corresponds to the value of which p <0.05;

p: Threshold of service.

It can be seen from Table 3 that a significant difference
was observed between the protein contents of the
CRBSFN samples and those of "Ouahigouya". This is
shown by the value of the significance level p (0.019). It
is the same for the fat contents between the samples of
"Ouahigouya" and those of "Nayalgué" whose threshold
p is 0.038. However no significant difference was

observed for the total sugar content between the three
farms.

As for macronutrient contents, the test for ash samples,
moisture and energy value from one farm to another is
shown in Table 4.

Table 4: Comparison of some physicochemical parameters of the spirulines of the CRBSFN farm, ""Nayalgué™

and ""Ouahigouya".

-NYG : "Nayalgué", OHG :

-p: Threshold of service.

Pair Parameter P
1 CRBSFN ash - NYG ash 0,074%
2 OHG ash -NYG ash 0,015°
3 CRBSFN ash- OHG ash 0,005°
4 CRBSFN Humidity - NYG Humidity 0,742
5 OHG Humidity - NYG Humidity 0,724
6 CRBSFN energy value-NYG energy value 0,728
7 OHG energy value - NYG energy value 0,046°
8 CRBSFN energy value - OHG energy value 0,002°
" Quahigouya"
- The values with the letter a in exponent correspond to values of which p> 0.05;
- The values carrying the letter b in exponent correspond to values of which p <0.05;
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therefore continue to be considered a quality dietary
supplement.

Our thanks to the West African Economic and Monetary
Union for their support to the production of Spirulina at
the Center for Research in Biological Sciences Food and
Nutrition (CRBSFN) of Ouagadougou University and the
head of the "Nayalgué" farm in Koudougou and the
"Ouahigouya" farm for their help in collecting samples.

REFERENCES

1. FAO/WHO/UNU. Protein Quality Evaluation.
Report of the Joint FAO/WHO Expert Consultation.
FAO/WHO/UNU 2- to 5-year old requirement
pattern, 1991; 51.

2. Goulamabasse TR. Spirulina: Therapeutic activities
and its interest in the fight against malnutrition in
Madagascar. Thesis for the State Diploma of Doctor
of Pharmacy, University of Lille, 2018; 135.

www.wijpls.org

31




Ousseini et al. World Journal of Pharmaceutical and Life Sciences
3. Fox RD. Spirulina: Technique, Practice and 17. Kaboré F. Nutritional rehabilitation of HIV positive
Promise. EDISUD, Aix en Provence, 1999; 246. and negative malnourished children with spirulina

4. Cencic A, Chingwaru W. The role of functional and misola in Ouagadougou. Diploma of Advanced
foods, nutraceuticals, and food supplements in Studies  Diploma  (DEA),  University  of
intestinal health. Nutrients, 2010; 2: 611-625. Ouagadougou, 2001; 45.

5. Kepekci RA, Polat S, Celik A, Bayat N, and 18. Belay A, Ota Y, Miyakawa K, Shimamatsu H.
Saygideger SD. Protective effect of Spirulina Current knowledge on potential health benefits of
platensis enriched in phenolic compounds against Spirulina. Journal of Applied Phycolflamebgy,
hepatotoxicity induced by CCl4. Food Chemistry, 1993; 5: 235-241.

2013; 141: 1972-1979. 19. Vonshak A, Richmond A. Mass production of blue-

6. Ngo-Matip E, Pieme CA, Azabji-Kenfack M, Biapa green alga Spirulina — an overview. Biomass, 1988;
PCN, Germaine N, Heike E, Ngogang JY. Effects of 15: 233-247.

Spirulina platensis supplementation on lipid profile 20. Cornet JF. Kinetic and energetic study of a
in HIV-infected antiretroviral naive patients in photobioreactor. Ph.D. thesis, University of Paris-
Yaounde - Cameroon: A randomized trial study. Sud Center d'Orsay, 1992.

Lipids in Health and Disease, 2014; 13: 191. 21. Sharoba MA. Nutritional value of spirulina and its

7. Dietary  Supplements-U.S.Food and Drug use in the preparation of some complementary baby
Administration<http://www.fda.gov/downloads/food food formulas. J. Agroaliment. Proc. Technol, 2014;
f/ingredientspackaginglabeling/gras/notieinventory/u 20(4): 330-350.
cm269772.pdf>2011. 22. Clément G. Production and characteristic

8. Pierlovisi C. Chemical composition of spirulina. constituents of algae Spirulina platensis and
International Symposium on Spirulina: "Spirulina maxima. Ann. Nutr. Alim, 1975; 29: 447-488.
and Development” Transfer of Technology in 23. Azabji KM, Loni GE, Sobngwi E, Onana EA, Edie
Spirulina Culture, 2008 April 28, 29 and 30, 2008. DS, Denis von der Weid. The Effect of Spirulina
Toliara, Madagascar. platensis versus Soybean on Insulin Resistance in

9. Jourdan JP. Grow your spirulina. Antenna HIV-Infected Patients: A Randomized Pilot Study.
Technology, Geneva, 1999; 143. Nutrients, 2011; 3: 712-724.

10. AOAC. Official methods of analysis association of 24. Branger B, Cadudal JL, Delobel M, Ouoba H,
official analytical chemists. Centennial edition 1884- Yameogo P, Ouedraogo D, Guerin D, Valea A,
1984 (14 th ed), Virginia 22209 USA. Zombre C and Ancel P. Personnels des CREN.

11. Merill AL, and Watt BK. Energy value of foods Spiruline as a food supplement in case of infant
basis and derivation.  Agricultural  Research malnutrition in Burkina-Faso. Archives de Pediatrie,
Service, 1975; 74. 2003; 10(5): 424-31.

12. Kambou S. "Contribution to the determination of 25. Ngakou A, Ridine W, Mbaiguinam M and Namba F.
the content of fat soluble vitamins (Alpha Changes in the physico-chemical properties of
Tocopherol and Beta carotene) and total proteins of Spirulina platensis from three production sites in
spirulina grown on the Koudougou farm (Burkina Chad. Journal of Animal & Plant Sciences, 2012;
Faso)" Th. Doc. Pharm. University of Ouagadougou, 13(3): 1811-1822.

2006; 88. 26. Roy SS and Pal R. Mircoalgae in aquaculture: A

13. Simporé J, Kaboré F, Zongo F, Dansou D, Bere A, review with special references to nutritional value
Pignatelli S, Biondi DM, Ruberto G and Musumeci and fish dietetics. Proceeding of Zoological Society,
S.  "Nutrition rehabilitation of undernourished 2015; 68(1): 1-8.
children utilizing Spirulina and Misola," Nutrition 27. Vicky Jocelyne AM, Constant Anatole P, Prosper
Journal, 2006; 5: 3. Cabral NB, Marthe Elise NM, Bruno MM, Francine

14. Razafindrajaona  JM, Rakotozandriny  JN, TN, Pauline N, Jeanne N. Chemical composition of
Rakotozandrindrainy R, José NR and spirulina platensis of nomayos-yaounde
Ramampiherika KD. Study of the nutritional value (Cameroon). Annals. Food Science and Technology,
of Madagascar Spirulina (Spirulina platensis Toliara 2016; 2(17): 524-528.
variety), Malagasy Land, 2006; 26: 162-188. 28. Cornet JF, Dussap CG, Dubertret G. A structured

15. Benahmed DA, Saidi N, Mekssoud A and Benamara model for simulation of cultures of the
S. Pharmacological and Biological Properties of a cyanobacterium Spirulina platensis in
Mixture of Date Powder (Mech-Degla) and photobioreactors. I. Coupling between light transfer
Spirulina.  Mouloud  Mammeri  Tizi-Ouzou and growth  kinetics.  Biotechnology and
University (Algeria), Food Technology Laboratory Bioengineering, 1992; 40: 817-825.

University of Boumerdés (Algeria), 2010; 10. 29. Fox RD. "Algoculture: la spirulina, un espoir pour le

16. M'Baye BK, Lo BB and Bassene E. Study of monde de la faim", Edisud, Aix-en-Provence, 1986.
Carotenoids, Phycocyanines and Proteins of 30. Falquet J. "Spirulina, Nutritional Aspects”, Antenna
Spirulina in Mauritania, Science Lib Editions Technologie, Geneva, 1996; 22.

Mersenne, 2011; 3: 110906, ISSN 2111-4706, p 8. 31. Hudson BJF and Karis IG. The lipids of the alga

Spirulina. J. Sci. Food Agric, 1974; 25: 759-763.

www.wijpls.org

32




Ousseini et al.

World Journal of Pharmaceutical and Life Sciences

32.

33.

34.

35.

36.

37.

38.

Flamingo Green "Producing spirulina in autonomous
systems"”, Editions de la Tempresse, Eaux-Vives,
Switzerland, 1988.

Rodrigues LS, Ferreira AV, D’Elia E. Biomass of
Microalgae Spirulina Maxima as a Corrosion
Inhibitor for 1020 Carbon Steel in Acidic Solution.
Int. J. Electrochem. Sci., 2018; 13: 6169-6189.
Koller M, Muhr A and Braunegg G. Microalgae as
versatile cellular factories for valued products. Algal
research, 2014; 6: 52-63.

Batista AP, Gouveia L, Bandarra NM, Franco JM
and Raymundo A. Comparison of microalgal
biomass profiles as novel functional ingredient for
food products. Algal research, 2013; 2: 164-173.
Ranga Rao A, Dayananda C, Sarada R, Shamala TR
and Ravishankar GA. Effet of salinity on growth of
green alga Botryococcus braunii and its constituents
Bioresoure Technologie, 2007; 98: 560-564.

Santos AM, Wijffels RH and Lamers PP. pH-
upshock yields more lipids in nitrogen-starved
Neochloris oleoabundans, Bioresource Technology,
2013; doi:
http://dx.doi.org/10.1016/j.biortech.2013.10079.
Doumandji A, Boutekrabt L, Saidi NA, Doumandji
S, Hamerouch D et Haouari S. Nature &
Technologie, 2012: 06: 40-50.

www.wijpls.org

33



http://dx.doi.org/10.1016/j.biortech.2013.10079

