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A B S T R A C T   

Background: The effect of spirulina (Arthrospira platensis), on haemoglobin and serum ferritine was tested in 
young women aged between 18 and 21 years and presenting an iron-deficiency anemia. 
Methods: According to the allocation group, each participant daily consumed one placebo snack bar or one snack 
bar supplemented with 3 g of spirulina. At baseline, day 45, 60, and 90 after the first bar was consumed a 
complete blood count, serum ferritin, pregnancy test, and physical examination were performed. 
Results: Anemia prevalence was found to be 33.7% among the age range tested in Mumbai. In total, 181 women 
were screened, 61 of them were randomized and allocated into the two groups and finally 47 young women 
completed the study. 
Conclusions: Spirulina or placebo snack bars were well tolerated. However, we did not observe significant 
changes in serum ferritin and hemoglobin in both groups at the end of the study.   

1. Introduction 

Anemia, most commonly diagnosed by a low hemoglobin level in the 
blood, is associated with increased morbidity and mortality. Although it 
affects one-third of the world’s population the groups most vulnerable to 
anemia are children under 5 years old and women in reproductive age 
from low-income countries.1,2 Screening among non-pregnant women in 
the 15–45 years age group in northeastern states of India reported the 
incidence of anemia between 36 and 76% depending on the region. In 
this population, anemia is in most cases caused by nutrition 
deficiencies.3 

Microalgae, like spirulina (Arthrospira platensis), contain highly 
nutritional molecules, such as proteins, amino acids, vitamins, and 
minerals. It can be easily incorporated in the regular diet providing a 
rich source of macro and micronutrients. Also, spirulina can be grown in 
diverse climatic conditions with higher productivity than traditional 
crops.4,5 Therefore, spirulina represents a suitable candidate to curb 
malnutrition in developing countries. 

Clinical studies have provided scientific evidence supporting a pos-
itive correlation between nutritional supplementation with spirulina 
and improvement of nutritional parameters leading to reduced anemic 
condition. For instance, in young Indian girls (7–9 years old), the con-
sumption of 1 g of spirulina in Panjiri five day a week during two months 
improved their hematological profile.6 Moreover, 1.5 g of spirulina 
supplementation in pregnant women (from 28th week of amenorrhea to 
the 42nd day postnatal day) in Senegal showed higher gains in hemo-
globin compared to the group allocated to iron and folic acid supple-
mentation (IFAS).7 In children from Central Africa, the prevalence of 
severe anemia decreased from 20% to 6% after daily consumption of 10 
g of spirulina during one month,8 HIV patients9,10 and seniors11 also 
showed an improvement in blood parameters after daily supplementa-
tion. So, affordable products that are appealing and have high nutri-
tional content like spirulina might be a tool against malnutrition. 

Based on the available data, we investigated if daily consumption of 
spirulina (3 g) added into a snack bar known by the Indian population as 
“Chikki”, would improve hemoglobin and serum ferritin levels in 
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anemic volunteers. 61 young mildly anemic women between 18 and 21 
years old added in their diet a daily snack spirulina bar or snack placebo 
bar for 3 months according to the allocation group. 

2. Methods 

2.1. Study design 

This study consisted in a randomized double blind clinical trial 
where the 61 selected participants were randomly allocated to consume 
placebo or spirulina snack bar and identified with alphabetic and 
numeric code for blinding. The chikki for assessment were randomized 
in a two-group parallel treatment design and identified with alphabet 
codes (G & N) for blinding. The randomization schedule was prepared 
using PROC PLAN in SAS v9.4 (SAS Institute Inc., Cary, NC, USA). 

Chikki-Placebo and Chikki-Spirulina of equivalent weight were 
produced at Jay Chikki & Snacks Pvt. Ltd., Mumbai, India as per formula 
developed for Antenna by EnvisBE Solutions Pvt. Ltd. The nutritional 
content and stability of placebo and spirulina snack bars were analyzed 
by Envirocare Labs & Microchem Laboratory, Mumbai, India. The same 
laboratory analyzed the spirulina powder used in the production of 
Chikki-spirulina. 

The participants performed 4 visits to the study site. During the first 
visit, they were screened for complete blood count, serum ferritin, 
pregnancy test, and a physical examination was performed. Selected 
participants were enrolled, allocated, and started the daily consumption 
of placebo or spirulina snack bar. The study field coordinators witnessed 
the consumption of snack bars daily. The daily consumption of snack bar 
was recorded in a subject diary by each subject. At day 45, 60, and 90 
after the first bar was consumed, the participants visited the study site 
for assessment of complete blood count, serum ferritin, pregnancy test, 
and physical examination. Primary endpoints were hemoglobin and 
serum ferritin analysis at baseline, during, and after consumption. 

According to the allocation group, each participant daily consumed 
one placebo snack bar or one spirulina snack bar containing 3 g of 
spirulina in the morning between 9.00 h and 12.00 h for 90 days. The 
participants continued with their normal lifestyle and followed all reg-
ular food habits during the study period. Both the participants and the 
field coordinators were blinded to group assignment. 

From the 30 participants randomly allocated to the placebo group, 3 
participants were lost to follow-up and 3 participants were excluded for 
noncompliance. From the 31 participants that were randomly allocated 
to the Spirulina group, 4 participants were lost to follow-up and 4 par-
ticipants were excluded for noncompliance. Noncompliance included: 

Fig. 1. Study profile. Summary of the study design according to CONSORT guidelines.  
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irregular consumption of the product, no clear recording of product 
consumption entries in the diary by subject, and failing to report to the 
study site on the scheduled sample collection date (Fig. 1). 

2.2. Sample 

The sample size calculation aimed to achieve the statistical signifi-
cance for each group of data by a minimum number of thirty-three in 
phase one and twenty-eight in phase two. It was therefore planned to 
complete the study with fifty-four subjects in two phases. 

2.3. Study approval 

The study was conducted following CDSCO (Central Drugs Standard 
Control Organization), Ethical Guidelines for Biomedical Research on 
Human Participants, ICMR (Indian Council of Medical Research (2006) 
guidelines, ICH (Step 5) ‘Guidance on Good Clinical Practice’, Declara-
tion of Helsinki (64th WMA General Assembly, Fortaleza, Brazil, 
October 2013) and with all applicable requirements of Principles of 
Good Laboratory Practices (OECD and Schedule L-1 of D&C Rule 1945). 
The protocol was approved by the Institutional Ethics Committee of the 
Institute for advanced training and research in interdisciplinary science 
(Therapeutic Drug Monitoring Laboratory) under the number CH 
170509–01. 

2.4. Participants 

Female volunteers, belonging to middle and lower middle class in-
come group, between the ages of 18 and 21 (both inclusive) were 
recruited after field coordinators identified potential participants based 
on inclusion and exclusion criteria at the Therapeutic Drug Monitoring 
Laboratory in Mumbai, India. The recruitment process was by contact 
especially by word of mouth and by info passed between subjects. 181 
volunteers were screened for complete blood count, serum ferritin, 
pregnancy test, and physical examination and were given informed 
consent. From the initial screening, 61 mildly anemic participants 
without serious clinical symptoms were enrolled in the study. The study 
was conducted during 2018 until 2019. 

2.5. Inclusion and exclusion criteria 

Inclusion criteria were stablished as: Females subjects, aged between 
18 and 21 years old inclusive, with no serious clinical symptoms. The 
cut-off point for anemia at our study was taken as hemoglobin levels 
≤120 g/L as indicated by WHO for non-pregnant women above 15 years 
old.2 Selected participants had any hemoglobin levels ≤120 g/L and any 
ferritin levels ≤15 μg/L. Exclusion criteria included: illness or treatment 
for hypertension, high cholesterol, diabetes or thyroid dysfunction, al-
lergies or sensitivity to food products, participation in another food, 
cosmetic or therapeutic trial or pregnancy and breastfeeding women. 

2.6. Statistical analysis 

Clinical data collection, analysis, and records, except the confidential 
and personal data of the subjects, were kept at EnvisBE Solutions Pvt. 
Ltd. (Mumbai, India). Two-way ANOVA followed by multiple t-test was 
used to evaluate the changes in all the variables over the study period. 
For statistical analysis, GraphPad Prism 8 was used and significance was 
accepted at p < 0.05. 

3. Results 

At the moment of enrollment in the study, the 24 participants from 
the placebo group had an average body mass index (BMI) of 20.13 (SD: 
3.2 Min-Max: 15.2–27.4) 33.3% (8 out of 24) of them were following a 
vegetarian diet. The 23 participants from the spirulina group had an 

average 18.81 BMI (SD: 2.61 Min-Max: 15.7–28.8) and 26% (6 out of 23) 
of them were following a vegetarian diet (Table 1). The difference in 
BMI between both groups were not statistically significant (p-value: 
0.13). 

Placebo and spirulina snack bars were analyzed for their nutritional 
content. Both bars showed similar values of most of the parameters 
measured, including energy, fat, carbohydrates, iron, and vitamin C. The 
parameters measured that showed the biggest differences between the 
two snack bars were protein and sodium content (Table 2). On the 
contrary, iron levels were very similar in both types of bars. The spir-
ulina powder used in the production of the snack bars had 64.4 g/100 g 
of protein and 34 mg/100 g of iron content. 

At baseline, the placebo-snack bar group had an average hemoglobin 
level of 105.0 g/L (SD: 11.0 Min-Max: 82.0–119.0) and the spirulina 
snack bar group had an average of 104.5 g/L (SD:10.1 Min-Max: 
86–118), p-value: 0.86. After 45, 60, and 90 days of placebo or 
spirulina-snack bar consumption, the levels of hemoglobin in both 
groups did not significantly change (p-values: 0.79, 0.46 and 0.78, 
respectively) (Fig. 2). 

At baseline, the placebo-snack bar group had an average serum 
ferritin level of 3.55 μg/L (SD: 1.27 Min-Max: 1.30–5.8) and spirulina- 
snack bar group had an average of 4.54 μg/L (SD: 2.13 Min-Max: 
2.00–9.40), p-value: 0.06. After 45, 60, and 90 days of placebo or spir-
ulina consumption, the levels of serum ferritin in both groups did not 
significantly change (p-values: 0.99, 0.95 and 0.28, respectively) 
(Fig. 3). 

All participants from both groups tolerated the snack bars well and 
did not show any adverse event during and/or after the completion of 
the study. 

4. Discussion 

The present study aimed to investigate if daily consumption of 3 g of 
spirulina added into a snack bar would ameliorate the anemia of 
childbearing age women. 

We assessed 181 volunteers between 18 and 21 years old but most of 
them, 113 women, didn’t meet the criteria because they were not 
anemic. In the region of Mumbai, we found that 33.7% (61) of the 
women tested were anemic and willing to participate in the program. 

We applied low-cost technology to incorporate 3 g of spirulina into a 
generally accepted product (known as chikki bar), in an attempt to fill 
the nutritional gap in the Indian population. Both bars (placebo and 
spirulina) had similar nutritional content and were both well accepted 
by the participants. 

There are clinical studies on nutritional supplementation with spir-
ulina with anemic patients (mostly infants) but only a few evaluate 
hematological parameters. For instance, some of them report significant 
improvements in the ferritin as well as iron levels in Palestinian children 
younger than 5 years old after daily consumption of spirulina (3 g) for 3 
months12 thus demonstrating the benefits of Spirulina in the treatment 
of child malnutrition. In line with this, some studies in Africa on the 
nutritional rehabilitation of malnourished and HIV-infected chil-
dren.9,13 In the other hand, using a 5 g daily dosage during the same 
period (3 months), Branger et al. reported that spirulina did not bring 
any benefit compared to traditional nutrition in children aged from 
three months up to three years. However, the outcomes were not based 

Table 1 
Participants BMI and diet.  

Parameter Placebo-Snack bar Spirulina-Snack bar 
BMI mean ± SD (kg/m2) * 20.13 ± 3.21 18.81 ± 2.61 
Non-vegetarian diet (n) 16 out of 24 17 out of 23 
Vegetarian diet (n) 8 out of 24 6 out of 23 

* Means between placebo and spirulina are not significant. Unpaired t-test (p =
0.13). 
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on biochemical measurements but height per age, weight for height 
group evolution, and the corresponding Z-score at 60 and 90 days 
instead.14 

To our best knowledge, there are two clinical studies using spirulina 
supplementation on anemic women comprising the age range 18–21 
years old. Madhusnata and colleagues reported that after one year of 
daily supplementation with 300 mg of spirulina, 257 anemic women 
from ages 36–76 years considerably increased their hemoglobin levels.3 

Mani and colleagues evaluated the daily supplementation with 5 g of 
Spirulina powder (as syrup or parathas) in the diet of young anaemic 
girls, 18–22 years, for 30 days and observed a mean increase of 10.33% 
in the blood hemoglobin levels.15 

Although our daily dosage (3 g) is comprised in the above-mentioned 
studies, we did not observe an increase in blood hemoglobin or serum 
ferritin levels. This may be explained by several reasons. First, the 
duration of the study; 3 months of daily consumption of 3 g of spirulina 
in snack bars may be a short period and perhaps we would have to 

extend the length of the study, as done by Madhusnata and colleagues, to 
observe significant changes. Second, it was recently reported that Chikki 
snack bars contains oxalates and phytates that can inhibit iron absorp-
tion, thus affecting the uptake of nutrients present in spirulina. One can 
consider that the iron contained in the 3 g of spirulina supplemented in 
the snack bars were not sufficient to overcome the effect of oxalates and 
phytates.16 Besides, the iron content was very similar in the chikki bars, 
with and without spirulina (Table 2) and the spirulina powder had an 
amount of iron that is perhaps inferior from the amount used in other 
trials. Although some studies observed that the relation between iron 
supplementation and decreasing anemia may not be straightforward, as 
iron supplementation in itself may not be able to overcome other 
nutritional deficiencies because other nutrients seem to play an impor-
tant role,17 of which some might have been in insufficient supply in both 
groups. Additionally, as the main study limitation, the lack of 
deworming might also explain the results found in our study as anemia is 
strongly associated with moderate and heavy hookworm infection.18 

Although in an urban community in India it was found that 
under-nutrition and low per capita monthly income had a statistically 
significant relationship to anaemia which were not the case of intestinal 
parasitic and malaria infection19 this question remains open. Because of 
cultural issues, we decided not to perform deworming before their in-
clusion in the trial. Among women in this community, collecting stool 
for analysis is perceived as shameful and they threatened to leave the 
study if that was required. Furthermore, as it is not allowed to provide 
deworming medication without the stool analysis in a clinical study, we 
decided to proceed with the protocol without deworming the 
participants. 

Our results highlight the importance of hemoglobin and ferritin 
screening in young female Indian populations and the acceptability of 
nutritional supplementation in such populations. These results bring 
new information to practitioners that aim to treat the young female 
patients without any severe symptoms. Future interventionist studies 
might consider the population perceptions about stool analysis to 
exclude the possible effect of parasitic infection on anemia. 

5. Conclusion 

The supplementation with 3 g of spirulina into a snack bar (known as 
chikki) was well tolerated and well accepted in young anemic women 
between 18 and 21 years but did not significantly change the levels of 
serum ferritin and hemoglobin after 3 months of daily consumption. 
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