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INTRODUCTION 

Algae have been cultured and used as a human 

food for many years. In the last four decades, the 

commercial production of micro algae that are rich in 

provitamin A carotenoids has been mainly focused on 

spirulina, chlorella, and dunaliella [1]. These micro 

algae are the cell organisms that can easily grow in 

either fresh water or sea water. In addition to high 

levels of provitamin A, dried micro algae can provide 

various other nutrients including proteins, minerals, 

vitamins, and antioxidants. World production of 

consumable algae and algae products to be used as 

dietary supplements, food additives, functional foods, 

and medicines has reached thousands of tons per year 

[2-4]. Because of their potential use as biofuel, 

production will undoubtedly increase. However, many 

of the nutritional intervention studies for nutritional 

rehabilitation of malnutrition are of poor-methodological 

quality and have to be interpreted with caution [5]. In 

this article, recent progresses on the provitamin A 

value of these algae and their health benefits for 

humans will be reviewed.  

Spirulina (Athrospira platensis and Arthrospira 
maxima) Nutrient Content  

The microorganism called "spirulina" was so named 

this because of its spiral filament-like appearance 

under the microscope (and is classified as 

cyanobacterium). The nutritional composition of 

spirulina may vary according to the growing conditions.  
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For example, the iodine content will vary as a function 

when the spirulina is grown in sea water vs. fresh 

water. The nutritional composition of commercially 

available dried powdered spirulina grown in fresh water 

is summarized in Table 1. It should be noted that the 

cell wall of spirulina is composed of protein, 

carbohydrates and fat and not from indigestible 

cellulose. Therefore, the bioavailability of nutrients from 

spirulina might be more than from other food sources, 

especially plant food sources [6].  

There are substantial amounts of vitamin B12 in 

spirulina (also in chlorella) algae tablets. The 

bioavailability of vitamin B12-compounds from spirulina 

(and chlorella) was evaluated using vitamin B12-

deficient rats [7]. The results suggested that algal 

vitamin B12 is a bioavailable source for mammals. 

However, pseudovitamin B12 (an inactive corrinoid) 

which predominated in the spirulina tablets are not 

suitable for use as a vitamin B12 source [8].  

Spirulina has an exceptionally high protein content 

(on the order of 60-70% of its dry weight), of which 

90% is digestible. Spirulina contains all the essential 

amino acids in fairly high amounts, but the amount of 

the sulphur amino acids is low [9]. The biological value 

of algae protein varies according to the algae species 

[10]. Based on limited scientific evidence available, 

spirulina might be a promising source of protein for 

human nutriture especially in the situation of protein 

malnutrition. Athrospira platensis was originally 

collected from Lake Chad, Africa while Arthrospira 

maxima was originally collected from Lake Texcoco, 

Mexico [6]. This alga can also be produced, processed, 

and distributed, on a small scale, by local farming 
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networks in less developed countries. Village ponds 

and lakes [1], or land with soil conditions unsuitable for 

conventional crops [11] can be used.  

Table 1:  Nutritional Composition of Commercially 

Produced Dried Spirulina Powder (per 100 g) 
Adapted from [Reference: A. Belay. Spirulina 
(Arthrospira): Production and Quality 
Assurance. In: Spirulina in Human Nutrition 
and Health. ME Gershwin and A Belay. CRC 
Press, Boca Raton, FL, USA, 2008]. 

 

Energy Content 373 kcal 

Total Fat 

 - saturated fat 

 - PUFA 

 - MUFA 

 - Cholesterol 

 - gamma-Linolenic acid (GLA) 

4.3 g 

 1.95 

 1.93 

 0.26 

 < 0.1 

 1080 mg 

Carbohydrate  17.8 g 

Protein 63 g 

Vitamin A (as beta-Carotene) 352,000 IU 

Total carotenoids (mean) 

 - β-carotene (mean) 

 - Zeaxanthin 

504 mg 

 211 mg 

 101 mg 

Vitamin K 1090 µg 

Vitamin B1 (Thiamine HCL) 0.5 mg 

Vitamin B2  4.5 mg 

Niacin 14.9 mg 

Vitamin B 6 (Pyridoxine HCL) 0.96 mg 

Vitamin B12  162 µg 

Calcium 468 mg 

Phosphorus 961 mg 

Iron 87.4 mg 

Iodine 142 µg 

Magnesium 319 mg 

Zinc 1.45 mg 

Selenium 25.5 mg 

Copper 0.47 mg 

Potassium 1660 mg 

Manganese 3.26 mg 

Sodium 641 mg 

 

In view of its high protein content, spirulina may be 

a useful adjunct in the prevention and treatment of 

protein energy malnutrition (PEM) in children. In a 

study from Burkina Faso, the ingestion of 5 g spirulina 

together with traditional meals for 8 weeks was 

conducted on 84 HIV-infected and 86 HIV-negative 

children. The results showed on average, a weight gain 

of 15 and 25 g/day in HIV-infected and HIV-negative 

children, respectively. The level of anemia decreased 

during the study in all children. In which, 81.8% of HIV-

negative undernourished children recuperated, while 

63.6% of HIV-infected children responded (p = 0.088). 

These results suggested that spirulina may be a good 

food supplement for undernourished children. In 

particular, spirulina also seems to correct anemia and 

weight loss in HIV-infected children, and even more 

quickly in HIV-negative undernourished children [12]. A 

research study on 550 undernourished children (<5y) 

that provided an 8 week intervention on spirulina, 

Misola, spirulina plus Misola, or only traditional meals, 

showed that these interventions were good for 

undernourished children. However, the combination of 

spirulina and Mosola was better than the simple 

addition of protein and energy intake [13]. 

Vitamin A Value of Spirulina 

Spirulina is rich in carotenoids with ~ 50% occurring 

as ß-carotene, a principal provitamin A carotenoid. As 

shown in Figure 1, HPLC analysis [14] indicates that 1 

g of spirulina contains 0.9 mg of all-trans β-carotene or 

1.1 mg of all-trans β-carotene equivalence, assuming 

that cryptoxanthin, 13-cis ß-carotene, and 9-cis ß-

carotene have half the activity of all-trans β-carotene. 

ß-carotene in spirulina, as in higher plants, is contained 

in chloroplasts and is associated with carotenoid 

binding proteins [15]. However, due to its simple matrix 

(unicellular), it is thought to be more digestible than 

leafy green vegetables such as spinach. Although the 

world production of spirulina reached 2,450 metric tons 

in 1999 [16] (Earth Food Spirulina, page 165), the 

study of the bioavailability of algal carotenoids and their 

vitamin A value in humans is limited.  

A study carried out in India in 1-6 yr old children (n 

= 30) given 1 g spirulina per day for 6 weeks showed 

significant improvements in hemoglobin, serum protein, 

and serum retinol levels [17] as compared to the 

control group (n = 30, given a placebo). Ninety percent 

of the children taking spirulina had significant increase 

in serum retinol, while the children in the control group 

showed no significant change in serum retinol. Another 

study conducted in Madagascar on 90 underweight 

children aged 4 - 5 years old found that one third of the 

children who consumed spirulina platensis daily for 21 

days showed a 13% increase in the serum retinol 
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concentration and the prevalence of underweight 

(weight/age) had declined 10.5%, while the wasting 

had disappeared [18]. 

It is obvious that there is a need to further evaluate 

the vitamin A value of spirulina. It is now possible to 

use advanced technologies to conduct human 

investigations by using intrinsically labeled spirulina. 

Spirulina can grow under heavy water to produce an 

intrinsically labeled product for human absorption and 

conversion studies [19]. A very recent report used a 

vitamin A reference dose to determine the vitamin A 

value of β-carotene from the spirulina grown 

hydroponically [20]. For the study, spirulina was grown 

in a 23 atom% 
2
H2O cultural solution. Ten healthy 

Chinese male subjects with a mean (± SD) serum 

retinol concentration of 1.7 ± 0.3 µmol/L and a BMI of 

23 ± 3 kg/m
2
 consumed 5.8 µmol of [

13
C10] retinyl 

acetate in oil with a breakfast containing 13 g of fat as 

a reference dose. One week later, each subject 

consumed 7.9 µmol of trans β-carotene in spirulina with 

a breakfast containing 22 g of fat. Low carotenoid and 

vitamin A diets were followed by all the subjects and 

forty blood samples were collected from each subject 

over 56 days. The concentrations and enrichments of 

retinol and β-carotene in serum samples were 

determined by using HPLC (high-performance liquid 

chromatography) and MS (mass spectrometry). The 

formation of labeled vitamin A from the intrinsically 

labeled spirulina β-carotene was compared with a 

reference dose of known amount of vitamin A that was 

labeled differently in these subjects. By using this 

 

HPLC program used: 

Carotenoids in spirulina were analyzed using a Waters HPLC coupled with a Waters 994 Programmable Photodiode Array Detector (Waters 

Corporation, Milford, MA) and a semi micro bore C30 column (3 µm, 150 mm × 3.0 mm, YMC, Wilmington, NC).  

The HPLC mobile phase A contained methanol, methyl tert-butyl ether (MTBE), and 1.5% ammonium acetate in water (85/12/3, v/v/v); and 

mobile phase B contained methanol, MTBE, and 1.0% ammonium acetate in water (8/90/2, v/v/v).  

The gradient procedure from 100% mobile phase A to 95% mobile phase B, at a flow rate of 0.4 ml/min, was as follows: 0% B isocratic (0 - 3 

min), 0% B - 20% B linear gradient (3 - 18 min), 20% B - 55% B linear gradient (18 -22 min), 55% B - 95% B linear gradient (22 - 33 min), 95% B 

(33 - 37min), 95% B - 0% B gradient (37 - 40 min). 

To extract carotenoids from spirulina, 1.0 mg of dried spirulina powder was mixed with 10 ml methanol for 1 h in a shaking incubator at 120 rpm. 

The mixture was centrifuged at 3000 rpm for 5 min, and the methanol extract was transferred into a 50 ml volumetric flask. The residue was 

further extracted with 10 ml of THF, vortexed, and centrifuged at 3000 rpm for 5 min. Extraction of THF was repeated 3 to 4 times, and all THF 

extracts were combined with the methanol extract in the same flask. The final volume of the spirulina extract was adjusted to exactly 50 ml in the 

volumetric flask, and 1 ml of the extract was transferred to a 10 ml glass tube, dried under nitrogen, and resuspended with 1 ml of ethanol for 

HPLC and LC-APCI-MS analyses.  

Figure 1: β-carotene and other Carotenoids in the extract of spirulina separated by using HPLC (equipped with C30 column) 

analysis (Bo et al, 2011, Br J Nutr. in press). 
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reference method, the conversion factor of spirulina β-

carotene to vitamin A was determined to be 4.5 to 1 (by 

weight) in adults [20]. 

 The evaluation of the bio-efficacy of spirulina β-

carotene provides a scientific basis for the possibility of 

using this algae to provide vitamin A nutrition and to 

alleviate vitamin A deficiency in some areas of the 

world. Further determination of the absorption and 

conversion of spirulina β-carotene to vitamin A in field 

settings with various age groups under various nutrition 

statuses is of great importance for eventually designing 

food programs in many regions of the world where 

vitamin A deficiency is common.  

Other Potential Biological Functions of Spirulina 

The possible biological function of spirulina 

supplements has been comprehensively reviewed by 

Belay [3] and in a recent book by Gershwin and Belay 

[4]. According to those sources, adding spirulina to 

meals has been reported to have favorable effects on 

glycemic control and lipid patterns, thus being of 

potential usefulness in the therapy of Diabetes mellitus 

Type II and in the control of cardiovascular risk factors 

[4]. There is a need to further understand the 

mechanism of these possibly favorable effects of 

spirulina.  

Other very recent reports on spirulina research in 

human health are briefly highlighted as follows.  

A human study reported [21] that a randomized 

double-blind, placebo-controlled experiment was 

conducted on 78 individuals aged 60–87 years who 

received either spirulina 8 g per day of spirulina or a 

placebo for 16 consecutive weeks. In male subjects, a 

significant plasma cholesterol-lowering effect was 

observed after the spirulina intervention (p < 0.05). 

Spirulina supplementation resulted in a significant rise 

in plasma interleukin (IL)-2 concentration, and a 

significant reduction in IL-6 concentration. A significant 

time-by-treatment intervention for total antioxidant 

status was observed between the spirulina and the 

placebo groups (p < 0.05). In female subjects, 

significant increases in IL-2 level and superoxide 

dismutase activity were observed (p < 0.05) after 

spirulina supplementation. There were significant 

reductions in the total cholesterol in female subjects. 

These results demonstrate that spirulina has favorable 

effects on lipid profiles, immune variables, and 

antioxidant capacity in healthy, elderly male and female 

subjects. 

Another study enrolled 40 volunteers (male & 

females > 50 y), who had no history of major chronic 

diseases [22]. Participants took a spirulina 

supplementation 0.5 g per day for 12 weeks and were 

administered comprehensive dietary questionnaires to 

determine their nutritional regimen during the study. 

Complete cell count (CCC) and indoleamine 2,3-

dioxygenase (IDO) enzyme activity, as a sign of 

immune function, were determined at baseline and 

weeks 6 and 12 of supplementation. Thirty study 

participants completed the entire study and the data 

obtained were analyzed. Over the 12-week study 

period, there was a steady increase in average values 

of mean corpuscular hemoglobin in subjects of both 

sexes. In addition, mean corpuscular volume and mean 

corpuscular hemoglobin concentration also increased 

in male participants. Older women appeared to benefit 

more rapidly from spirulina supplements. Similarly, the 

majority of subjects manifested increased IDO activity 

and white blood cell count at 6 and 12 weeks of 

spirulina supplementation. Spirulina may improve 

anemia status and immunosenescence in older 

subjects.  

Spirulina also showed as an effective source to 

provide zeaxanthin (Figure 1, peak 1), a component 

also found in human macular [23]. Zeaxanthin is a 

predominant xanthophyll in human eyes and may 

reduce the risk of cataracts and age-related macular 

degeneration. Spirulina is an algal food that contains a 

high concentration of zeaxanthin. Single servings of 
2
H 

labeled spirulina (4.0-5.0 g) containing 2.6-3.7 mg of 

zeaxanthin were consumed by 14 healthy male 

volunteers (4 Americans and 10 Chinese) with 12 g 

dietary fat. Blood samples were collected over 45 days. 

Serum concentrations of total zeaxanthin were 

measured using HPLC and enrichment, and 

enrichment of labeled zeaxanthin was determined 

using LC-APCI-MS (liquid chromatography/ 

Atmospheric pressure chemical ionization). The results 

showed that intrinsically labeled spirulina zeaxanthin in 

the circulation was detected and a single dose of 

spirulina can increase mean serum zeaxanthin 

concentration in human subjects from 0.06 to 0.15 

µmol/L in American and Chinese volunteers. It is 

concluded that spirulina can serve as a rich source of 

dietary zeaxanthin which can effectively increase 

serum zeaxanthin concentration in humans. 

These studies reveal that great attention and 

extensive studies have been devoted to evaluate the 

health benefits on reduce diseased conditions including 

hypercholesterolemia, hyperglycerolemia, cardiovascu-
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lar diseases, inflammatory diseases, cancer, and viral 

infections. The cardiovascular benefits of spirulina [24] 

are primarily resulted from its hypolipidemic, 

antioxidant, and anti-inflammatory activities. Data from 

human clinical trials are largely consistent with the 

hypolipidemic effects of spirulina observed in the 

preclinical studies. However, most of the human clinical 

trials are hampered by limited sample size and some 

by poor experimental design.  

To have a clearer understanding on the use of 

spirulina, FAO (was requested by the UN General 

Assembly to prepare a draft position paper on spirulina 

entitled “A review on culture, production and use of 

spirulina as food for humans and feeds for domestic 

animals and fish” [25]. 

CHLORELLA 

 Chlorella is another alga that is high in protein 

content (~ 60 %, providing most amino acids) and 

contains many vitamins and minerals. However, the 

cell wall of chlorella is rigid and indigestable. Because 

of this, harvested chlorella cells need to be processed 

in order to break the cell wall before using it as a 

dietary supplement for its nutrient content. The 

bioavailability of chlorella provitamin A carotenoids has 

not been tested in humans yet. Although there is a 

good amount of provitamin A carotenoids in this alga 

that could be converted to vitamin A in humans, 

chlorella has an exceptionally high content of 

chlorophyll and is the source of most commercial 

chlorophyll [26].  

Vitamin B12 in Chlorella  

It is reported that 171 out of 326 algal species 

tested showed cobalamin auxotrophy [27]. For algae 

that are cobalamin auxotrophy, the source of 

cobalamin will be the interaction of algae with the 

bacteria or the added vitamin B12 in the growth 

medium. It was reported that freshwater chlorella 

(bacteria free condition) grown in a medium containing 

vitamin B12 can achieve the same level of vitamin B12 

as that of marine chlorella has [28]. The nutritional 

value of the freshwater chlorella can therefore be 

improved.  

 Chlorella contains large quantities of folate, vitamin 

B-12 and iron, and can help improve anemia and 

hypertensive disorders. A recent study [29] investigated 

the preventive effects of chlorella supplements on 

anemia in Japanese pregnant women. During the 

study, a total of 70 pregnant Japanese women were 

placed into the control group (n = 38) or the chlorella 

group (n = 32). The subjects in the chlorella group were 

supplemented daily with 6 g of the chlorella supplement 

from the 12th-18th week of gestation until delivery. The 

proportion of anemic (hemoglobin level < 11 g/dL) 

subjects in the chlorella group were significantly lower 

than those in control group in the second and third 

trimesters. Additionally, in the chlorella group, the 

incidences of proteinuria and edema (signs of 

pregnancy-induced hypertension), were significantly 

lower during the third trimester. These results suggest 

that chlorella supplementation significantly reduces the 

risk of pregnancy associated anemia, proteinuria and 

edema. Chlorella supplement may be useful as a 

resource of natural folate, vitamin B-12 and iron for 

pregnant women [29]. 

Other Health Effect 

Chlorella also contains Chlorella Growth Factor that 

can strengthen immunity and prevent or destroy cancer 

lesions. A recent report on a randomized, double-blind, 

placebo-controlled community-based clinical trial 

showed that, after feeding a 200 mg or 400 mg 

chlorella aqueous extract for 28 days, the antibody 

response among participants aged 50 – 55 years 

increased [30]. Therefore, this algae extract may be 

useful as a dietary supplement for its immuno-

enhancing effect.  

Also, a clinic trial [31] that used a daily dietary 

supplement of 10 g chlorella tablets and 100 ml 

chlorella extract for 2 months showed that 6 out of 24 

study subjects reduced their Sitting Diastolic Blood 

Pressure (from 90 to 115 mmHg to less than 90 mm 

Hg). Therefore, for some subjects with mild to 

moderate hypertension, a daily consumption of 

chlorella may reduce their blood pressure. 

DUNALIELLA  

Dunaliella is a genus of unicellar algae belonging to 

the family Polyblepharidaceae, that which lacks a rigid 

cell wall. This is a salt water alga and unlike spirulina 

and chlorella with high levels of proteins, it is very rich 

in mixed carotenes (α-carotene, all-trans β-carotene, 9-

cis β-carotene, 9-, 15-dicis β-carotene, 15-cis β-

carotene, and lycopene) and xanthophylls (zeaxanthin, 

lutein, α & β-cryptoxanthin, violaxanthin, and 

echinenone) with an exceptionally high amount of 9-cis 

β-carotene [32, 33]. Dunaliella (Rhodophyta) provides 

the highest density of natural carotenoids of all the 
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plants and algae. Thus, dunaliella provitamin A 

carotenes (located in the chloroplast) exhibit bright red 

color. While the provitamin A carotenoids of dunaliella 

are the highest among the three algae (as high as 

13.8% of dry weight to be β-carotene) [34], the 

application of dunaliella has been focused in its 

pharmacological functions (antihypertentive, 

bronchodilator, etc.) [35] and its use as natural food 

colorants or as an additive to cosmetics. Recently, 

Betatene® natural mixed carotenoids that are extracted 

from dunaliella salina algae have been approved by US 

FDA (United States Food and Drug Administration) as 

a US food color and Generally Recognized as Safe 

(GRAS) [36]. 

Other Health Effect 

Dunaliella carotene can protect cells against oxidant 

and photo damage [37]. Dunaliella helps protect the 

mammary cells [38, 39] and the delaying the 

development of atherosclerosis in diabetic patients 

through the susceptibility to LDL oxidation [40]. It is 

also reported that dunaliella protected rats from acid-

induced enteritis and may have a possible benefit to 

patients with Crohn’ disease [41]. Dunalielia contains 

high levels of 9-cis β-carotene. A study combining 

treatments of fibrate and 9-cis β-carotene-rich powder 

of the alga dunaliella bardawil showed improvement in 

the drug's effect on HDL-cholesterol levels. In an open-

labeled first trial, 20 fibrate-treated men with plasma 

HDL-cholesterol levels below 40 mg/dl were given 

dunaliella [42] capsules, providing 60 mg β-

carotene/day, containing all-trans and 9-cis β-carotene 

(1:1 ratio, w/w). During a double blind placebo-

controlled second trial, 22 fibrate-treated patients 

participated. In this trial, 11 patients were treated with 

dunaliella capsules, and 11 patients were treated with 

β-carotene-deficient dunaliella (by exposing the 

dunaliella powder exposed to air for 2 weeks to destroy 

the β-carotene contents in the powder) capsules. 

Following 6 weeks of the dual treatment plasma HDL-

cholesterol increased by 24.5 and 12.7% in the first 

and second trials, respectively (P=0.002 and 0.012). 

The results show that a combination treatment of 

fibrate and 9-cis β-carotene-rich dunaliella powder 

amplifies the effect of the drug on HDL-cholesterol 

levels. 

Safety of Using Algal Products 

The fact that spirulina has been traditionally 

consumed in Chad and Mexico suggests the 

harmlessness of consuming the alga as a food as long 

as it is cultivated with clean water and in a non-polluted 

environment. Any potential toxicity of spirulina has to 

be viewed from both the 1) innate toxicity of spirulina 

and 2) the “external” toxicity due to contamination 

during the cultivation and processing of the product. As 

of today, there is little high-quality scientific research 

data on the safety and toxicity of spirulina in humans. 

Most data is from animal and in vitro experiments and 

these are discussed in the following section. Extensive 

toxicological studies in an animal model showed no 

adverse effects after subchronic treatment [43]. 

Spirulina has been determined by US FDA as GRAS 

and this affirmed its use as an ingredient in foods. 

Chlorella has been used for human consumption for 

more than a half century. A recent report of a lack of 

toxicity study in rats, in which orally administered 

(gastric gavages) were given to rats with low (2 g), 

high, 2x, 4x, and 8x high dose (equivalent to low to 8 

times of recommended therapeutic dose to humans) of 

chlorella per day for 15 – 30 day. The study confirmed 

the safety of consuming this alga [44]. Further, a 

toxicity study on dunaliella carotenoids, after a 90-day 

subchronic toxicity study was performed in F344 rats at 

dose levels of 0 (control), 0.63%, 1.25%, 2.5% and 5% 

in powdered basal diet [45] showed that organ weight 

measurement and histopathological observation 

revealed no toxicological changes.  

 Recently, several concerns regarding potential 

toxicity of blue-green alga (spirulina) have been raised. 

Algae do have a rather high-metal binding capacity for 

metals such as cadmium (CD2+), or others (Ni2+, 

Cr3+, Cu2+) in the environment [46, 47]. Theoretically, 

heavy metal toxicity might result from a high intake of 

these metals with spirulina. On the other hand, 

spirulina might elicit a protective effect for cadmium 

induced hepatotoxicity [48]. In addition, these algae 

can also be used as an indicator of water quality as 

growth stops in contaminated water, eventhough the 

algae cannot improve the quality of water. The janus 

potentials of spirulina demonstrated the importance of 

assuring the cultivation of spirulina in clean non-

contaminated water and containers to produce a safe 

product. More research in safe culture techniques for 

these promising algae is needed [49].  

Spirulina related toxicity in the form of acute 

rhabdomyolysis was described in a young man 

consuming spirulina supplements [50]. 

Rhabdomyolysis has a wide differential diagnosis, and 

the spirulina ingestion could have been by an unrelated 

causal relation. In another study, spirulina has been 

shown to have musculo-protectivity in the setting of 
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exhaustive incremental exercise testing [51]. In 

addition, any toxicity of spirulina might be related to 

contaminants. This underlines the importance of 

improving and studying different cultivation techniques 

which might be most suitable for “home growing” of 

spirulina as a vitamin A or protein source. Often, 

cynobacterial toxins are stemmed from toxic species 

when harvesting algae from mixed phytoplankton 

populations [4].  

Nevertheless in view of the increasing consumption 

of spirulina as well as the suggested use of spirulina to 

reduce vitamin A malnutrition, any potential toxicity 

issues should be taken seriously. Based on the 

presently available data, it can be concluded that 

spirulina platensis bears no toxicity if cultivated 

properly and not consumed in excessive amounts. 

Similarly, the consumptions of chlorella and products of 

dunaliella are not harmful for human consumption as 

dietary supplements, food additive, or food colorant etc. 

It should be noted that in the past, studies evaluating 

the nutritional effect and value of spirulina to improve 

the status of certain nutrients often used poor 

methodology. Therefore, no final statement about the 

safety, efficiency and efficacy of spirulina can be made 

at the present time. Spirulina as a nutritional 

supplement is promoted as a panacea for many 

conditions and diseases and is now widely sold in the 

health food market. Nevertheless, the extensive use in 

higher amounts should be discouraged until more 

studies can be performed that will prove its safety and 

efficiency.  
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