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Abstract

Spirulina platensis is a biomass of cyanobacteria traditionally used for hundred years worldwide for its nutritional and
pharmacological benefits. So far, this microscopic organism has not undergone many scientific studies in East Africa.
Therefore, evaluating its nutritional properties could help to justify its potential and promote its utilization in the region. In
this study, the determination of vitamins was performed by using a high-performance liquid chromatography (HPLC) method.
Analysis of minerals and heavy metals was performed by using atomic absorption spectrophotometer (AAS). The protein
content of Spirulina platensis was determined by using the Kjeldahl method. The spectrophotometry method was used for
phytochemical analysis. The results showed that the vitamin A, vitamin By and vitamin B:. content of Spirulina platensis was
27.4 ug/100g, 246.89 ug/100g, and 3.87 ug/100g respectively. Concentrations of iron, zinc, calcium, and phosphorous in
spirulina platensis were found to be 82.2 mg/100g, 85.1 mg/100g, 1300 mg/100g, and 600 mg/100g respectively. The protein
content of spirulina platensis was 46 g/100g. The concentrations of total phenolic and total flavonoid in spirulina platensis
found to be 2.99 mg GAE/g and 1.92 mg QE/g respectively. These data indicated that the nutrient concentration of spirulina
platensis is enough to meet the recommended daily allowance (RDA) of most essential nutrients. Mercury, lead, cadmium and
arsenic contents of spirulina platensis was 0.000036 mg/kg, 0.0047 mg/kg, 0.00048 mg/kg and 0.0047 mg/kg respectively.
All the analyzed heavy metals were within the recommended EU safety limits. Our findings confirmed the nutritional potential
of Spirulina platensis cultivated in East Africa. Thus, Spirulina platensis could be considered as a potential alternative source

of sustainable nutrition to address malnutrition in the region.
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Introduction

Spirulina is a genus of blue-green algae, which
belongs to phylum cyanobacteria. Spirulina has
different species however, Spirulina platensis and
Spirulina maxima are the two commonly consumed
species by humans and animals. Numerous studies
reported that spirulina is the richest source of high-
quality protein, vitamins, minerals, and other health-
promoting bioactive compounds that are mostly
inadequate in typical African diets (Kay and Barton,
2009; Bruna et al., 2015; Saha and Murray, 2018).
Besides, unlike other food crops, spirulina requires
less space and inputs to grow (Garcia et al., 2017;
Caporgno and Mathys, 2018; Khan et al., 2018).
Spirulina thrives in alkaline lakes where it is difficult
or impossible for other microorganisms to survive.
Lakes in East Africa along the Great Rift Valley
including Lake Natron, Lake Tanganyika, Lake
Nakuru, Lake Elementeita and also Lake Victoria
have the special characteristic that makes them
favorable for spirulina production (Habib et al., 2011;

Antonio, 2011).

Although East Africa has the most favorable
environmental condition, production, as well as
utilization of spirulina, is very limited in the region;
besides, there is limited or no scientific information
on the nutrient and phytochemical composition and
other nutritional properties of spirulina grown in
East Africa. Hence, we believed that the existence of
limited scientific information restricted the wide

production and utilization of spirulina in East Africa.

Therefore, this study aimed to profile the nutrient
composition and other nutritional properties of

locally cultivated Spirulina platensis biomass.

Materials and methods

Spirulina samples

The powder of Spirulina platensis used in this study
was obtained from local producers from different
areas of Kenya. Spirulina platensis was cultivated in a
pond covered with a greenhouse. After harvesting, the
biomass of spirulina platensis was dried and

grounded to obtain powder products.
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Determination of vitamins

The determination of vitamins was performed using
HPLC following the methods described by Sami et al.
(2014). For vitamin A, 1 g of pyrogallic acid, 70 mL
ethanol, and 30 mL (50%) KOH were added into 10 g
of powder spirulina platensis, stirred and refluxed for
40 minutes using a water bath at 50 °C. Extracts were
obtained three times using 50 mL, 30 mL, and 20 mL
ether concentrations. Distilled water was used to
neutralize the extract. Further, the extract was
concentrated to approximately 5 mL by using a water
bath (50 °C), diluted to 10 mL by using methanol,
filtered using a 0.45 pm membrane, and finally

subjected to HPLC analysis.

To determine vitamin By and Bi, about 2 g powder
spirulina platensis was placed in 25 mL of sulfuric
acid (0.1 N) solution and incubated for 30 minutes at
121°C. Then, the content was cooled and adjusted to
pH 4.5 with 2.5 M sodium acetate, and 50 mg
Takadiastase enzyme was added. The preparation was
stored at 35°C overnight. The mixture was then
filtered through a Whatman No. 4 filter, and the
filtrate was diluted with 50 mL of pure water and
filtered again through a micropore filter (0.45 um).
Twenty microliters of the filtrate were injected into
the HPLC system. Quantification of vitamin By and
B2 content was accomplished by comparison to

standards.

Determination of minerals and heavy metals

Concentrations of minerals and heavy metals were
determined using atomic absorption
(AAS) modifying a method

described by Steponéniené and Tautkus (2006).

spectrophotometer

Determination of minerals and heavy metals was
carried out after the preparation of samples and
standard solutions. Calibration solutions were used
for the calibration of the atomic absorption
spectrophotometer. The sample was prepared by
adding 10 g powder spirulina platensis into a 250 mL
volumetric flask and mixed with 10 mL of nitric acid.
The mixture was heated for 10 minutes using Kjeldahl
block digester. After cooling it down, 5 mL of nitric

acid was added and heated again for 30 minutes.
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After leaving the solution to cool for 10 minutes, 2 mL
distilled water, 3 mL hydrogen peroxide, and 2 mL
hydrochloric acid was added and heated again for
another 10 minutes. The solution was filtered using
Whatman filter paper 1 and diluted to 100 mL using
distilled water. Readings by atomic absorption
spectrophotometer were done at different
wavelengths; 248.3 nm, 213.9 nm, 422.7 nm, 213.6
nm, 193.7 nm, 228.8 nm, 253.7 nm, 283.3 nm was
used for iron, zinc, calcium, phosphorus, arsenic,

cadmium, mercury and lead respectively.

Determination of phytate

Phytate was determined using an anion-exchange
method following Ma et al. (2005). Samples were
accurately weighed (1.0-2.0 g) and transferred into
100 mL conical flasks. A total of 40-50 mL of Na2SO4
(100g/L)-HCI (1.2%) was added. Flasks were then
capped and shaken vigorously for 2 hours on a rotator

at ambient laboratory temperature.

The supernatant was then filtered through qualitative
filter paper no 4. A total of 10 mL of filtered extract
was diluted to 30 mL with distilled water after mixing
with 1 mL of 0.75M NaOH and then passed through
an anion resin column (resin AG1-X4, ~ 100-
200mesh, Biorad Laboratory Inc., column 0.8 x
1ocm). The column was washed before use with 20
mL of 0.5 mol/L NaCl solution and deionized water.
After sample application, the column was washed
with 15 mL of distilled water and 20 mL of 0.05M
NaCl solution to remove the inorganic phosphate.
Then the retained phytic acid was eluated with 0.7M
NacCl.

The post-column reagent was made up of a0.03%
FeCl; solution containing 0.3% sulfosalicylic acid. A
total of 4 mL of the reagent was added into 5 mL of
collected eluate and centrifuged at 3000 rpm for 10
minutes. The absorbance of the supernatant was
measured at 500 nm using a spectrophotometer (LKB
4053, U.K.). A calibration curve for the colorimetric
method was obtained by using phytate standards (P-
8810 Sigma Co.). The phytate content of samples was

calculated using the standard curve.
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Determination of protein

The Kjeldahl method described by Mehre et al
(2018) was used to determine spirulina protein
content. Briefly, a powder sample of 1 g was measured
and added to a digestion flask along with 25 mL
sulfuric acid, 15 g potassium sulfate, and 0.3 g copper
(I1) oxide. The mixture was heated for 2 hours at 370
°C. After cooling it down, 300 mL distilled water was
added. The digested sample was connected to the
distillation apparatus and the distillate was collected
into the collecting flask which contains 25 mL sulfuric
acid (HCL), 150 mL distilled water, and a few drops of
mixed indicator. The distilled solution was titrated
with sodium hydroxide solution (0.1 mol/L) until the
color of the solution is changed from violet to green.
The volume was recorded at the point where the color

is changed.

Determination of phytochemicals

The total phenolic (TPC) and flavonoid (TFC)
contents were determined using a spectrophotometer
following the method as described by Chandra et al.
(2014) with slight modifications. In brief, powder
spirulina (10 g) from each sample was extracted using
75 mL (95% v/v) methanol at 40°C for 10 minutes
followed by centrifugation at 3500 rpm for 10
minutes. The clear supernatant was collected and

stored in an amber bottle for analysis.

Preparation of gallic acid standards

Various concentrations of Gallic acid solutions in
methanol (5-500 mg/L) were prepared. In a 20 ml
test tube, 1 mL Gallic acid of each concentration was
added and to that 5 mL of Folin-Ciocalteu’s reagent
(10%) and 4 mL of 7% sodium carbonate were added
to get a total volume of 10 mL. The blue-colored
mixture was shaken well and incubated for 30
minutes at 40 °C in a water bath. Then the
absorbance was measured at 765 nm against a blank
(0.5 mL methanol, 2.5 mL 10% FolinCiocalteu’s
reagent, and 2.5 mL of 7% sodium carbonate). All the
experiments were carried out in triplicate. The
average absorbance values obtained at different
concentrations of Gallic acid were used to plot the

calibration curve.
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Total phenolic content

The total phenolic content in spirulina sample was
determined by using the Folin and Ciocalteu reagent
method. The test samples were prepared by mixing
0.5 mL of extract, 2.5 mL of 10% Folin-Ciocalteu’s
reagent, and 2.5 mL 7% sodium carbonate. The
samples were thereafter incubated at 45 °C for 45
minutes in a water bath. The phenolic content was
calculated as Gallic acid equivalents GAE/g of dry
sample based on a standard curve of Gallic acid (5-

500 mg/L, Y = 0.5129x + 0.0145, R2 =0.9985).

Total flavonoids content

The total flavonoid content was estimated according
to the aluminum chloride colorimetric method. For
total flavonoid determination, quercetin was used to
make the standard calibration curve. The stock
quercetin solution was prepared by dissolving 50 mg
quercetin in 10 mL methanol. Quercetin standard
curve was built using a concentration of 50—250
ug/mL. An amount of 0.6 mL diluted standard
quercetin solutions and the same amount of extract
was separately mixed with 0.6 mL of 2% aluminum

chloride. After mixing, the solution was incubated for
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60 minutes at room temperature. The absorbance of
the reaction mixtures was measured at 420 nm. With

a Varian UV-Vis spectrophotometer.

The concentration of total flavonoid content in the
test samples was expressed as mg quercetin
equivalent (QE)/g of dry sample based on a standard
curve of quercetin (50-250 pug/mL, Y = 0.0017x -
0.0089, R2 =0.9982).

Statistical analysis
Data were analyzed using a statistical software IBM
SPSS version 23. All the descriptive data were

presented as mean values.

Results

Results showed that 100 g of spirulina platensis
grown in East Africa contains a significant amount of
essential nutrients and bioactive compounds that are
important for human nutrition. As described in
Tables 1 and 2, 100 g of spirulina platensis grown in
East Africa contains minerals, vitamins, and protein
in a concentration enough to meet the recommended

daily allowance (RDA) for a young child.

Table 1. Vitamin A, vitamin By, vitamin Bi», and protein composition of Spirulina platensis.

Nutrient Concentration
Vitamin A (ug/100g) 27.4
Vitamin By (ug/100g) 246.89
Vitamin Bi (ug/100g) 3.87
Protein (g/100g) 46

The study further revealed that spirulina platensis
has a very low concentration of heavy metals (Table
5). All the analyzed heavy metals were within the
recommended EU safety limits. Also, as described in
Table 3, the ratio of minerals to phytate are within the
ranges that favor micronutrients bioavailability. As
summarized in Table 4, spirulina platensis also
contains a significant amount of well-known health-
promoting antioxidants such as

phenolic compounds and flavonoids.

Discussion

In this study, we profiled the nutrient and

phytochemical composition of locally produced
spirulina platensis to evaluate its potential to utilize it
as an alternative food supplement to address
undernutrition in East Africa. Our findings showed
that spirulina platensis cultivated in East Africa are
rich in essential nutrients. Moreover, a small amount
of spirulina platensis is sufficient to meet the
recommended dietary allowance (RDA) of most
nutrients (Institute of Medicine, 2001). The analyzed
100 g spirulina platensis powder is sufficient to meet
the recommended dietary allowance (RDA) of
protein, iron, zine, calcium, and vitamin Bi» of

individuals in all age groups.
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Table 2. Concentrations of iron, zinc, calcium, phosphorus, and phytate in Spirulina platensis (mg/100g).

Nutrient Concentration (mg/100g)
Iron 82.8
Zinc 85.1
Calcium 1300
Phosphorous 600
Phytate 1.86

The same amount of spirulina platensis could provide
sufficient phosphorus to meet the recommended
dietary allowance (RDA) of 0-8 years old children.
Moreover, a 100 g spirulina platensis is enough to
provide 48% and 86% phosphorous to meet the
recommended dietary allowance (RDA) of 9-18 and
19-50 years old individuals respectively. The

recommended dietary allowance (RDA) of vitamin By

for children aged 0-8 years can be sufficiently met by
only 100 g spirulina platensis; about 100 g of
spirulina platensis is enough to provide more than
50% of the recommended dietary allowance (RDA) of
vitamin By for individuals aged 9 to 50 years. On the
other hand, a 100 g spirulina platensis can provide
only 9% of the recommended dietary allowance
(RDA) of vitamin A.

Table 3. Phytic acid to iron, phytic acid to zine, and phytic acid to calcium molar ratios.

Sample Phytate: Fe Phytate: Zn Phytate: Ca
Spirulina powder 0.0019 0.0021 0.000086
Suggested critical values 2 >1 > 15 > 0.24

aNorhaizan et al., 2009.

Essential minerals especially iron and zinc are among
the most deficient micronutrients in Africa and are
associated with poor growth and development and

impaired immune response (WHO, 2017).

The deficiency of essential minerals in the human
body may be a result of inadequate intake or impaired
absorption of minerals due to the interaction between
essential nutrients or the presence of phytate and

oxalate in the diet (Norhaizan and Faizadatul, 20009;

Nguyen et al., 2012).

It is often cited that a higher concentration of iron
which is above 2:1 molar ratio can negatively affect
zinc absorption especially when they are taken as a
solution (Nguyen et al., 2012; Rossander-Hult et al,,
2018). Furthermore, adequate intake of calcium, as
well as phosphorus in the appropriate ratio (1-2:1), is
vital for bone health and infant development

(Loughrill et al.,2017).

Table 4. Concentrations of total phenolic and total flavonoid in Spirulina platensis.

Nutrient Concentration
Total phenolic (mg GAE/g) 2.99
Total flavonoid (mg QE/g) 1.92

The computed molar ratios in this study
demonstrated that there is no impairment of nutrient
absorption due to interactions between minerals or
between minerals and phytate. Gutiérrez-Salmean et
al. (2015) also reported no inhibition of spirulina

nutrient absorption due to the presence of

antinutritional factors. Furthermore, due to the lack
of cellulose in spirulina cell wall, spirulina tends to be
easily digested by the human digestive system (Dillon
and Phucb, 1995; Karkos et al., 2011). In this study,
the safety of spirulina for human consumption was

evaluated based on heavy metals concentration. Our
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findings revealed that Spirulina platensis has a very
little amount of mercury, lead, cadmium, and arsenic
as compared with the recommended maximum level
of heavy metals in foodstuff set by the European
Commission (Europen Commission Regulation (EC),

2016). Moreover, studies reported that spirulina has

2020

neither an acute nor chronic toxicological effect on
the human body (Naidu et al, 2009; Gutiérrez-
Salmean et al., 2015; Neumann et al., 2018). Besides,
spirulina is among the foods which are generally
recognized as safe by the US Food and Drug
Administration (FDA, 2011).

Table 5. The concentration of heavy metals in Spirulina platensis and the suggested maximum level of heavy

metals in foodstuff (mg/kg).

Metal Sample (mg/kg) aMaximum level (mg/kg)
Mercury 0.000036 0.1
Lead 0.0047 0.1
Cadmium 0.00048 0.05
Arsenic 0.0047 0.1

a European Communities Commission Regulation (EC) No 1881/2006 of 19 December 2006. Setting maximum

levels for certain contaminants in foodstuff.

Conclusion

In light of its nutritional potential, we thus concluded
that spirulina platensis cultivated in East Africa is a
safe source of essential nutrients. Therefore, its
production, as well as utilization, should be highly
promoted as a sustainable source of alternative food

supplements to address under nutrition in the region.

Acknowledgment

The authors would like to thank Centre for Research,
agricultural Advancement, Teaching Excellence and
Sustainability in Food and Nutrition Security
(CREATES- FNS) and Arusha Technical College for
their support.

References

Al-Dhabi NA, Arasu MV. 2016. Quantification of
Phytochemicals from Commercial Spirulina Products
and Their Antioxidant Activities. Evidence-Based
Complementary and Alternative Medicine 1-13.

http://dx.doi.org/10.1155/2016 /7631864

Caporgno MP, Mathys A. 2018. Trends in
Microalgae Incorporation into Innovative Food
Products with Potential Health Benefits. Frontiers in
Nutrition 5, 1-10.

https://doi.org/10.3389/fnut.2018.00058

Chandra S, Khan S, Avula B, Lata H, Yang
MH, Elsohly MA, Khan IA. 2014. Assessment of
Total Phenolic and Flavonoid Content, Antioxidant
and Yield
Conventionally Grown Leafy Vegetables and Fruit

Properties, of Aeroponically and

Crops: A Comparative Study. Evidence-Based
Complementary and Alternative Medicine 2014, 1-9.

http://dx.doi.org/10.1155/2014 /253875

Dillon JC, Phuc AP, Dubacq JP. 1995. Nutritional
Value of the Alga Spirulina. Plants in Human
Nutrition 77, 32-46.

Fatemeh L, Mohsen D. 2016. Effects of
Environmental Factors on the Growth, Optical
Density, and Biomass of the Green Algae Chlorella
Vulgaris in Outdoor Conditions. Journal of Applied

Science and Environmental Management 20, 133-

139.

Garcia JL, De Vicente M, Galan B. 2017.
Microalgae, old sustainable food, and fashion
nutraceuticals. Microbial Biotechnology 10, 1017-
1024.

https://doi.org/10.1111/1751-7915.12800

Fabila-Castillo L,

Chamorro-cevallos G, Arthrospira D. 2015.

Gutiérrez-Salmean G,

126 | Tezeraet al.


http://dx.doi.org/10.1155/2016/7631864
https://doi.org/10.3389/fnut.2018.00058
http://dx.doi.org/10.1155/2014/253875
https://doi.org/10.1111/1751-7915.12800

Nutritional and toxicological aspects of Spirulina
(Arthrospira). Nutrition Hospitalaria 23, 34-40.
https://doi.org/10.3305/nh.2015.32.1.9001

Habib M, Parvin H, Huntington TC, Hasan
MR. 2008. A review on culture, production, and use
of spirulina as food for humans and feeds for
domestic animals. In FAO Fisheries and Aquaculture

Circular (1034).

Karkos PD, Leong SC, Karkos CD, Sivaji N,
Assimakopoulos DA. 2011. Spirulina in Clinical
Practice: Evidence-Based Human Applications.
Evidence-Based Complementary and Alternative
Medicine 2011, 1-4.

https://doi.org/10.1093/ecam/neno58

Kay RA, Barton LL. 2009. Microalgae as food and
supplement. Critical Reviews in Food Science and
Nutrition 30, 555-573.
http://dx.doi.org/10.1080/10408399109527556

Khan MI, Shin JH, Kim JD. 2018. The promising
future of microalgae: Current status, challenges, and
optimization of a sustainable and renewable industry
for biofuels, feed, and other products. Microbial Cell
Factories 17, 1-21.

https://doi.org/10.1186/s12934-018-0879-x

Ma G, Jin Y, Piao J, Kok F, Guusje B, Jacobsen
E. 2005. Phytate, Calcium, Iron, and Zinc contents
and their molar ratios in foods commonly consumed
in China. Journal of Agricultural and Food Chemistry
53, 10285-10290.

Meahre HK, Dalheim L, Edvinsen GK, Elvevoll
EO, Jensen 1. 2018. Protein Determination- Method
Matters. Foods 7, 1-5.
https://doi.org/10.3390/foods7010005

Norhaizan ME, Faizadatul AW.

Determination of Phytate, Iron, Zinc, Calcium

20009.

Contents, and Their Molar Ratios in Commonly
Consumed Raw and Prepared Food in Malaysia.

Malaysia Journal of Nutrition 15, 213-222.

2020

Mohan A, Misra N, Srivastav D, Umapathy D,
Kumar S. 2014. Spirulina- the Nature’s Wonder: A
Review. Scholars Journal of Applied Medical Sciences

2, 1334-1339-

Naidu KA, Sarada R, Manoj G, Khan MY. 1999.
Toxicity Assessment of Phycocyanin - A Blue Colorant
from Blue Green Alga Spirulina platensis. Food
Biotechnology 13, 51-66.
http://dx.doi.org/10.1080/08905439609549961

Neumann U, Derwenskus F, Gille A, Louis S,
Schmid-Staiger U, Briviba K, Bischoff SC.
2018. Bioavailability and Safety of Nutrients from the
Chlorella
Nannochloropsisoceanica, and
C57BL/6  Mice.

Microalgae vulgaris,
Phaeodactylumtricornutum in
Nutrients 10, 965-981.

https://doi.org/10.3390/nu10080965

Nguyen P, Grajeda R, Melgar P, Marcinkevage
J, Flores R, Ramakrishnan U, Martorell R.
2012. Effect of Zinc on Efficacy of Iron
Supplementation in Improving Iron and Zinc Status
in Women. Journal of Nutrition and Metabolism
2012, 1-8.

https://doi.org/10.1155/2012/216179

Rossander-Hult L, Brune M, Sandstr B. 1991.
Competitive inhibition of iron absorption and zinc in
humans. American Journal of Clinical Nutrition 54,

152—-156.

Saha SK, Murray P. 2018. Exploitation of
Microalgae Species for Nutraceutical Purposes:
Cultivation Aspects. Fermentation 4, 46-57
https://doi.org/10.3390/fermentation4020046

Sami R, Li Y, Qi B, Wang S, Zhang Q, Han F,
Jiang L. 2014. HPLC Analysis of Water-Soluble
Vitamins (B2, B3, B6, B12, and C) and Fat-Soluble
Vitamins (E, K, D, A, and p-Carotene) of Okra
(Abelmoschusesculentus). Journal of Chemistry
2014, 1-6.

http://dx.doi.org/10.1155/2014/831357

127 | Tezeraet al.


https://doi.org/10.3305/nh.2015.32.1.9001
https://doi.org/10.1093/ecam/nen058
http://dx.doi.org/10.1080/10408399109527556
https://doi.org/10.1186/s12934-018-0879-x
https://doi.org/10.3390/foods7010005
http://dx.doi.org/10.1080/08905439609549961
https://doi.org/10.3390/nu10080965
https://doi.org/10.1155/2012/216179
https://doi.org/10.3390/fermentation4020046
http://dx.doi.org/10.1155/2014/831357

Int. J. Biosci. 2020

Steponéniené L, Tautkus S. 2006. Determination revisiting our understanding. Journal of Applied
of zinc in plants and grains by atomic absorption Phycology 29, 949—982.
spectrometry. Chemija 3, 3-6. https://doi.org/10.1007/s10811-016-0974-5

Wells ML, Potin P, Craigie JS, Raven JA,
Merchant SS, Helliwell KE, Brawley SH. 2017.

Algae as nutritional and functional food sources:

128 | Tezeraet al.


https://doi.org/10.1007/s10811-016-0974-5

