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ABSTRACT 

Introduction: Spirulina, a cyanobacterium recognized for 
its antioxidant, antiviral, and immunological properties, has 
been utilized for centuries as a natural source of protein and 
essential nutrients. Recent studies have highlighted its hypo-
glycemic and hypolipidemic effects, demonstrating its poten-
tial applications in managing non-communicable chronic dis-
eases. However, the distinct flavor of spirulina can lead to low 
acceptability when incorporated into food products.  

Objective: This research aimed to develop a proposal for 
a functional ice cream with spirulina containing no artificial 
flavors or colors based on scientific evidence due to the health 
benefits of Spirulina platensis and to evaluate its general ac-
ceptability in trained and untrained panels.  

Methodology: For the collection of scientific evidence on 
the benefits and recommended dose of spirulina for the for-
mulation of functional ice cream, a minireview was carried out 
in the indexed databases of Scopus, Embase and Pubmed. 
Only articles conducted in humans and with the consumption 
of spirulina powder were selected. For the analysis of general 
acceptability data, the spps and excel programs were used; 
for the evaluation of the nutritional profile, the Nutrisurvey 
software was used.  

Results and discussions: Our findings indicate that the 
formulation was better received by health and nutrition pro-
fessionals, while the trained panel reported a higher accept-

ability for the version containing less spirulina, primarily due 
to the aftertaste, as it is not a common ingredient.  

Conclusion: New formulations with stronger flavors may 
be necessary to mask the aftertaste of spirulina, in order to 
produce an ice cream with functional properties, given that 
the spirulina content varies from 1 to 2 grams per serving. 
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INTRODUCTION 

The prevalence of obesity is rising alarmingly in both devel-
oped and developing countries. It is projected that by 2030, 
60% of women and 50% of men will be classified as over-
weight or obese. Additionally, by 2040, one in ten adults is ex-
pected to suffer from diabetes, resulting in nearly 642 million 
individuals living with this condition, with the diabetic popula-
tion projected to increase by 60%. In response to this public 
health crisis, functional foods have emerged as vital compo-
nents in the management of non-communicable chronic dis-
eases. One such functional food is spirulina, a cyanobacterium 
renowned for its antioxidant, antiviral, and immunological 
properties. Spirulina has been shown to protect against heavy 
metal retention and provide antitoxic effects, with multiple 
studies indicating its efficacy in treating arsenic poisoning. 
Furthermore, it exhibits protective effects against certain can-
cers1. The Food and Drug Administration (FDA) recognizes 
spirulina as “Generally Recognized as Safe” (GRAS) for human 
consumption2. 

Spirulina boasts an impressive absorption rate of 85% to 
95% and contains approximately 65% protein, making it a 
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complete source of all essential amino acids3. Research indi-
cates that spirulina consumption is effective in managing 
glycemia and lipidemia in individuals with type 2 diabetes 
mellitus, leading to significant reductions in blood glucose lev-
els, glycosylated hemoglobin (HbA1c), and blood lipid pro-
files, including decreases in triglycerides and low-density 
lipoproteins (LDL cholesterol) alongside increases in high-
density lipoproteins (HDL cholesterol). Notably, studies have 
reported substantial decreases in triglycerides and total cho-
lesterol following spirulina supplementation, with one study 
documenting a 10% reduction in total cholesterol and a 28% 
reduction in triglycerides among healthy volunteers, as well 
as a 15% increase in HDL cholesterol4. Additionally, spirulina 
has demonstrated the ability to lower total serum cholesterol, 
LDL cholesterol, and triglycerides in patients with hyperlipi-
demia and nephrotic syndrome.  

Given its potential health benefits, spirulina may play a key 
role in dietary interventions aimed at improving lipid profiles 
in individuals with obesity and its associated comorbidities. 
Moreover, incorporating spirulina into foods designed for chil-
dren and adolescents could foster increased consumption 
throughout adulthood. In this study, we aim to develop an ar-
tisanal ice cream formulation enriched with spirulina, free 
from artificial flavorings and colorings, to encourage its con-
sumption. We assessed the overall acceptability of this prod-
uct among both trained and untrained sensory panels. 

HISTORY 

Arthrospira and Spirulina were classified as one genus un-
til their separation in 1989. Arthrospira includes over  
50 species, with Arthrospira platensis, Arthrospira maxima, 
and Arthrospira fusiformis being the most studied. Spirulina 
has existed for over 3.5 billion years, initially thriving as 
anaerobic cyanobacterial filaments before evolving to use 
water in photosynthesis5. Its ability to fix carbon dioxide and 
produce organic matter is utilized in industrial food cultiva-
tion. The earliest recorded use dates back to 1520 when 
Hernán Cortés informed the Spanish monarchy about its 
production, and the Aztecs relied on it as a primary protein 
source. Its cultivation declined during Spanish colonial rule6. 
Spirulina has been a food source in Lake Chad, Africa, for 
centuries. Dangeard noted its consumption by the Kanembu 
tribe in 1940 and identified Arthrospira platensis in 1960. 
Commercial cultivation began in Mexico in the 1970s and is 
now widespread in countries like the United States, India, 
and China. The International Energy Agency (IEA) estimates 
global annual Spirulina production at around 10,000 tons of 
dry biomass, with China contributing nearly 50%7.  

NUTRITIONAL ATTRIBUTES  

Spirulina exhibits an exceptionally high absorption rate, 
ranging from 85% to 95%. It is rich in protein, comprising ap-
proximately 65% of its composition, and contains low levels 

of sugars and carbohydrates. Notably, spirulina provides all 
the essential amino acids, including isoleucine (6%), leucine 
(9%), lysine (5%), methionine (2%), phenylalanine (5%), 
threonine (5%), tryptophan (2%), and others8. Additionally, 
spirulina contains proteins that are resistant to stress induced 
by high temperatures (35°-40°C) in the presence of light9.  

Moreover, spirulina is a good source of lipids, containing 
nine types of fatty acids, including palmitic, linoleic, and 
linolenic acids. It also offers a rich mineral profile, with more 
than nine minerals present; potassium and sodium are the 
most abundant, followed by magnesium, phosphorus, calcium, 
and iron. Spirulina boasts over thirteen vitamins, predomi-
nantly from the B vitamin group, along with significant 
amounts of vitamin A, beta-carotene, choline, and folate. The 
U.S. Food and Drug Administration (FDA) has classified many 
dry Arthrospira products as “Generally Recognized as Safe” 
(GRAS) for human consumption2. Doses ranging from 3 to  
10 grams per day have been utilized in various clinical trials, 
and an intake of up to 30 grams daily is considered safe10. 
Additionally, the methionine content of spirulina, whether 
fresh or dehydrated, is comparable to that found in other 
meats such as chicken, beef, eggs, pork, and tuna8. 

HEALTH BENEFITS 

 To elucidate the benefits associated with the consumption 
of spirulina powder, a mini-review of the literature from the 
past five years was conducted, concentrating on the advan-
tages of spirulina intake in humans. The primary objective of 
this review was to develop a functional ice cream based on 
scientific evidence. A systematic search and selection of per-
tinent scientific articles were executed, as depicted in the 
PRISMA 2020 flowchart (Figure 1). 

Spirulina has been shown to be effective in managing lipi-
demia in patients with type 2 diabetes mellitus and other co-
morbidities13. A systematic review of clinical trials indicated that 
the intake of Spirulina resulted in significant improvements in 
glycemic control and glycosylated hemoglobin levels, alongside 
reductions in lipid profiles, including triglycerides and low-den-
sity lipoprotein (LDL) cholesterol, as well as an increase in high-
density lipoprotein (HDL) cholesterol18. Furthermore, the con-
sumption of 2 grams of Spirulina daily for a duration of 8 weeks 
led to a decrease in triglycerides and cholesterol levels13, 
thereby significantly mitigating cardiovascular risk. Notably, a 
substantial reduction in both systolic and diastolic blood pres-
sure was observed in both male and female participants fol-
lowing the consumption of 8 grams of Spirulina at 120 min-
utes17. Additionally, the intake of 6 grams of Spirulina over a 
14-day period significantly increased hemoglobin levels11. In 
patients with non-alcoholic fatty liver disease (NAFLD), signifi-
cant improvements in fatty liver grade, oxidative stress mark-
ers, triglycerides, and Homeostasis Model Assessment of 
Insulin Resistance (HOMA-IR) were noted with the consump-
tion of 2 grams of Spirulina for 8 weeks16. After 8 weeks of sup-
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plementation with 2 grams of Spirulina, participants with obe-
sity exhibited significant upregulation of FNDC5 (Fibronectin 
type III domain-containing protein 5) and a reduction in the ex-
pression of NLRP3 (NLR family pyrin domain containing 3) and 
ACE2 genes (Angiotensin-converting enzyme 2)12.  

MECHANISMS OF ACTION 

The mechanisms underlying the action of spirulina remain 
incompletely elucidated; however, existing studies suggest its 
metabolic effects. Notably, spirulina supplementation may of-
fer potential benefits for weight management and the reduc-
tion of serum lipids. Its high amino acid content, which in-
cludes L-tyrosine and L-phenylalanine, could influence 
appetite and energy expenditure. Nevertheless, a systematic 
review did not find significant reductions in body measure-
ments associated with spirulina consumption18. Spirulina has 
been shown to reduce hepatic lipid accumulation and improve 
lipid profiles by inhibiting low-density lipoprotein cholesterol 
(LDL-C) and increasing high-density lipoprotein cholesterol 

(HDL-C) through the action of C-phycocyanin, which also 
plays a role in cholesterol metabolism18. Additionally, spirulina 
may enhance insulin production and sensitivity, potentially 
leading to lower blood glucose levels; however, no significant 
changes were observed in the participants studied18.  

Phycocyanin and other bioactive compounds derived from 
Spirulina platensis have been shown to effectively enhance 
glucose and lipid metabolism in obesity-related metabolic dis-
orders through mechanisms such as AMP-activated protein ki-
nase (AMPK) activation, Akt signaling, and anti-inflammatory 
pathways. Although there is significant preclinical evi-
dence21,22 supporting these effects, robust studies in human 
populations remain limited21. Phycocyanin activates AMPK 
and Akt pathways, resulting in reduced hepatic gluconeogen-
esis and increased glycogen synthesis and glucose uptake in 
insulin-resistant models21,22.  

Furthermore, it enhances the translocation of glucose 
transporter type 4 (GLUT4) and provides protection to β-cells 
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Figure 1. PRISMA 2020 flow diagram



through its antioxidant properties, thereby reducing oxidative 
stress and preserving insulin secretion22. Additionally, spir-
ulina has been found to reduce lipogenesis by downregulat-
ing sterol regulatory element-binding protein 1c (SREBP-1c) 
and peroxisome proliferator-activated receptor gamma 
(PPARγ), while promoting fatty acid oxidation via the activa-
tion of carnitine palmitoyltransferase 1 (CPT1)23. It also in-
hibits pancreatic lipase activity, which reduces cholesterol ab-
sorption and improves lipid profiles24. Moreover, spirulina 
suppresses nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-κB) signaling and upregulates antioxidant 
enzymes such as superoxide dismutase (SOD) and catalase 
(CAT), thereby reducing systemic inflammation and oxidative 

stress22. Lastly, it modulates gut microbiota composition, 
leading to an increase in short-chain fatty acids (SCFAs) and 
enhanced insulin sensitivity23. 

The results presented in the table 1 indicate that a mini-
mum consumption of 1 gram of spirulina yields health bene-
fits. Furthermore, the majority of studies conducted over the 
past five years involving human subjects have utilized a min-
imum consumption of 2 grams. In light of the scientific evi-
dence identified in the review, the homemade ice cream was 
formulated with servings containing 1 gram and 2 grams of 
spirulina, which will be assessed for general acceptability by 
both trained and untrained panels.  
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Table 1. Spirulina Studies in Humans

Reference Country Design Population Sample 
size Doses Duration Comparison Main Results

Y. Ali  
et al. 202311

United 
Kingdom

RDBPC 
crossover

Active cyclist  
Age 23 ± 5 yrs

n=17  
GE= 10 
GP= 8

6g/day 14 days Placebo
Significantly improved hemoglobin 
levels. No changes in performance 

parameters.

Armannia, F. 
et al 202312 Iran RDBPC Obese subjecs  

Age 44.83 ± 3.04 yrs

n=24 
GE=12 
GP=12

2g/day 8 weeks Placebo

Significant upregulation of FNDC5, 
reduction of NLRP3 and ACE2 

genes expression. No changes in 
antropometric measures.

Rezaiyan M. 
et al 202313 Iran RDBPC T2DM patients

n=46  
GE= 23 
GP= 23

2g/day  
as 

Spirulina 
sauce

8 weeks Placebo

TG, TC and Waist circumference 
were significantly decreased,  

No significant changes for glycemic 
control.

Moradi, S.  
et al 202314 Iran RDBPC Ulcerative colitis 

patients

n=80  
GE= 40 
GP= 40

1g/day 8 weeks Placebo

Significantly increased serum iron 
levels in patients with ulcerative 
colitis. Non significant changes 

were observed in FOBT.

Far, Z.  
et al 202215 Iran Tripled Blind 

Placebo RCT 
Patients with 
Hypertension

n=48 
GE=24 
GP=24

2g/day as 
Spirulina 
fortified 
dressing

8 weeks Placebo
Non significant changes in anxiety 
levels based on the Holmes- Rahe 

questionnaire.

Mazloomi, S. 
et al 202216 Iran RDBPC NAFLD patients

n=46  
GE= 23 
GP= 23

2g 
spirulina 8 weeks Placebo

Significant improvement in fatty 
liver grade, oxidative stress 

markers, TG, and HOMA- IR. No 
significant change was found in BP 

and anthropometric measures.

Lympaki F.,  
et al 202217 Greece

Randomized 
crossover 

clinical trial 

Healthy adults (Both 
male and female) n=13 

Trial 1: 
2,5g 

spirulina 
cookie, 
Trial 2:  

4, 6, 8 g 
spirulina

Postprand
ial effect 
for a Day

D-glucose, 
cookie 
without 
spirulina

Both 4 g and 8 g doses of spirulina 
reduced postprandial glucose levels 
at 120 minutes. Only the 8 g dose 
significantly reduced the AUC for 
glucose and systolic BP by 4% 
during the 90 to 120-minute 

interval

RDBPC (Randomized Double Blind Placebo Control trial), FNDC5 (Fibronectin type III domain-containing protein 5), NLRP3(NLR family pyrin do-
main containing 3), ACE2 (Angiotensin-converting enzyme 2), TG (Tryglicerides), TC (Total Cholesterol),  FOBT (Fecal occult blood test), BP (Blood  
pressure), AUC (Area Under the Curve).



MATERIAL AND METHODS 

In order to determine the recommended dosage of spir-
ulina for the formulation of a functional ice cream, a scop-
ing review was conducted. The review involved a compre-
hensive search of the SCOPUS, Embase, Web of Science, 
and PubMed/Medline databases, which was completed by 
July 20, 2023. The keywords employed in the search in-
cluded “Spirulina,” “Arthrospira platensis,” “Health benefits,” 
“Nutritional benefits,” “Clinical trials,” and “Consumption.” All 
articles pertaining to human studies on the consumption of 
spirulina powder were included in this minireview. Based on 

the scientific evidence identified in the minireview, two for-
mulations of homemade ice cream were developed, each 
containing servings of 1 gram and 2 grams of spirulina, 
which will be evaluated for general acceptability by both 
trained and untrained panels.  

The ice cream formulations were created using an artisanal 
recipe based on an anglaise sauce infused with fresh mint. 
Specifically, two samples were produced: Sample 1, which 
contained 12 grams of dried spirulina, and Sample 2, which 
contained 24 grams. The quantities of each formulation are 
detailed in Table 2 and 3. The nutritional composition of both 
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Table 2. Spirulina – enriched ice cream formulation 

Ingredients
Sample 1 with 12 g Spirulina  Sample 2 with 24 g of Spirulina

g % g %

Dried spirulina 12 0.83 24 1.64

Fresh mint 60 0 60 0

Stabilizer 5 0.35 5 0.34

Sugar 120 8.29 120 8.22

Powdered milk 80 5.53 80 5.48

Milk cream 150 10.37 150 10.28

Egg yolks 80 5.53 80 5.48

Fresh milk 1000 69.11 1000 68.54

Figure 2. (a) Recipe of the Spirulina ice cream (Sample 1 with 12 g); (b) Spirulina ice cream of sample 1 (With 24 g of spirulina)



samples was analyzed using nutritional software (Nutrisurvey). 
Furthermore, a general sensory acceptability evaluation was 
conducted with two panels: a trained panel (n=23), which in-
cluded chefs (n=5), professors (n=8), and graduated gastron-
omy students (n=10), and a non-trained panel (n=22), com-
prising administrators (n=5) and nutritionists (n=17). The 
sensory evaluation utilized a five-point scale: “I like it very 
much,” “I like it moderately,” “I neither like nor dislike,” “I dis-
like moderately,” and “I dislike it very much.” For the analysis 
of general acceptability data, the SPSS and Excel programs 
were employed, while the evaluation of the nutritional profile 
was conducted using Nutrisurvey software. 

RESULTS AND DISCUSSION  

All the details regarding the formulations and nutritional 
profiles of the ice cream recipes for Sample 1 (containing 12 g 
of spirulina) and Sample 2 (containing 24 g of spirulina) are 
presented in detail in table 2 and 3 below. 

A comparative analysis of the nutritional profiles of our 
functional ice cream formulation, which incorporates spir-
ulina, and a commercially available vanilla ice cream with 
analogous characteristics reveals notable differences. Our 
formulation contains 50% fewer calories, includes dietary 
fiber, exhibits a lower total carbohydrate content, and has 
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Table 3. Spirulina-enriched ice cream nutritional Composition per serving (90g) 

Nutrients

Ice Cream Sample 1  
(formulation with 12 g of spirulina)

Ice Cream Sample 2  
(formulation with 24 g of spirulina)

g %(DV) g %(DV)

Calories 106 kcal - 108 kcal -

Carbohydrates (g) 11.57 4.00 11.73 4.05

Fat (mg) 4.83 7.00 4.88 7.05

Protein (g) 4.12 6.84 4.48 7.47

Dietary fiber (g) 0.27 0.89 0.30 1.00

Iron (mg) 0.52 3.47 0.7 4.68

Magnesium (mg) 14.23 4.58 15.464 5.00

Calcium (mg) 120.58 12.05 121.34 12.16

Potassium (mg) 161.72 4.63 170.32 4.84

Sodium (mg) 52.65 2.63 59.26 2.95

Vitamin C (mg) 1.56 1.58 1.63 1.63

Folic acid (ug) 14.89 3.74 15.49 3.89

Vitamin B6 (mg) 0.06 4.89 0.06 5.11

Vitamin B2 (mg) 0.22 18.11 0.24 20.00

Vitamin B1 (mg) 0.06 6.37 0.08 7.89

Vitamin E (mg) 0.02 0.16 0.02 0.16

Carotene (mg) 0.02  - 0.02  -

Vitamin A (ug) 68.14 8.53 68.32 8.53

Cholesterol(mg) 57.84  - 57.84  -

PUFA (mg) 0.39 3.95 0.41 4.05



300% less total fat. Furthermore, it offers a greater quantity 
of micronutrients in comparison to conventional commercial 
ice creams. 

The hedonic scale assessment of ice cream with 12 g and 
24 g of spirulina showed no significant difference in overall 
acceptability. The 12 g sample scored 3.91 out of 5, while the 
24 g sample scored 3.84. The lower acceptance of the higher 
concentration may stem from limited exposure to spirulina. 
Our artisanal recipe excluded artificial colors and flavors as 
the study of Ramón-Garcia did25, making it harder for non-
experts to identify the spirulina flavor. Acceptability de-
creased with increased spirulina content, yet overall scores 
were higher than expected, indicating a need for prior expo-
sure. Acceptability levels were nearly identical, though 
slightly more individuals preferred the lower concentration. 
These results align with other evaluations noting an after-
taste in higher spirulina samples.Notably, a significant por-
tion of the population was unfamiliar with spirulina, and the 
acceptability of spirulina ice cream containing 12 and  
24 grams was predominantly attributed to the group of nu-
tritionists. This may be due to their knowledge and familiar-
ity with health-beneficial products. Additionally, the gradu-
ates demonstrated a high level of acceptability, even 

surpassing that of the chefs who participated in the tasting; 
this could be attributed to the age of the graduates, as 
younger individuals exhibited a greater openness to new fla-
vors and a willingness to experiment with them. 

Sensory tests on various products containing spirulina 
were conducted. Gershwin (2008) describes a study in 
which tests were performed using 1 g, 2.5 g, and 5 g of spir-
ulina per recipe in cookies, yielding general acceptability 
scores of 3.00, 2.66, and 2.41, respectively, on a scale of  
5 points. Notably, as the concentration of spirulina in-
creased, the acceptability decreased26. To minimize bias, we 
did not disclose the specific products used or the functional 
benefits of spirulina prior to the tests, as knowledge of 
health benefits or nutritional composition may influence ac-
ceptability. After the tests, participants were informed about 
the composition of the samples and their associated health 
benefits. We then inquired about their knowledge, previous 
consumption, potential acceptance of these products, and 
other related items. Very few studies have been conducted 
on the incorporation of spirulina into ice cream formulations. 
A recent study developed a functional ice cream using 
Spirulina platensis, in which both fat and sugar content were 
reduced27. All recipes featured a 50% reduction in fat and a 
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Figure 3. (a) Hedonic scale of mint ice cream with spirulina 12 g (Sample 1) in general (b), by panel; (c) Hedonic scale of mint ice 
cream with spirulina 24 g (Sample 2) in general and (d) by panel



25% reduction in sugar. Additionally, spirulina, inulin, and 
emulsifiers were incorporated into some formulations. The 
total amount of spirulina powder added varied from 7.3 to 
8.6 grams per recipe, which is lower than the quantity used 
in this research, ranging from 12 to 24 grams per recipe. 
The primary ingredients are similar to those used in this for-
mulation, including powdered milk, stabilizers such as car-
boxymethyl cellulose, sugar, and cream. Another study 
added spirulina powder to an enriched vanilla ice cream for-
mulation, developing four samples (T1, T2, T3, and T4) with 
1.25 g, 2.5 g, 3.75 g, and 3.75 g of spirulina powder added 
to 825 g of vanilla ice cream28. 

A sensory acceptability evaluation was performed on two 
samples: Sample 1 with 12 g of spirulina powder in mint-in-
fused ice cream and Sample 2 with 24 g of spirulina. Using a 
5-point scale, results revealed that 7% of participants 
strongly disliked Sample 1, while 4% strongly disliked 
Sample 2. Additionally, 11% moderately disliked both sam-
ples, with 11% neutral toward Sample 1 and 8% neutral to-
ward Sample 2. Moderate liking was reported by 49% for 
Sample 1 and 38% for Sample 2. Finally, 29% liked Sample 
1 very much, compared to 36% for Sample 2. The average 
acceptability rating was 3.91 (78.22%) for Sample 1 and 
76.89% for Sample 2. 

When comparing our results with those presented in the 
study by Jadhav28, which examined four samples of vanilla 
ice cream infused with spirulina, it is crucial to note that none 
of the samples contained the quantities of spirulina utilized 

in our research. Specifically, we incorporated 12 g of spirulina 
in Sample 1, whereas the sample with the highest spirulina 
content in Jadhav’s study contained only 5 g (T4). The sec-
ond formulation evaluated in that study included 3.75 g (T3) 
of spirulina. Consequently, our Sample 1 contained 220% 
more spirulina than T3 and 38% more than T4. In contrast, 
Sample 2 contained 540% more spirulina than T3 and 176% 
more than T4. 

Despite the significantly lower amounts of spirulina in the 
ice cream samples T3 and T4 from the Jadhav study, their 
acceptability ratings were notably high, with T3 at 87.33% 
and T4 at 89.22%. In contrast, our results indicated that 
Sample 1 received a rating of 78.22%, while Sample 2 re-
ceived a rating of 76.89%. In a separate study conducted 
by da Silva Faresin27, four formulations of ice cream con-
taining spirulina were evaluated, each containing between 
10% and 15% more spirulina than our Sample 1. 
Comparatively, our Sample 2 contained 70%, 75%, 80%, 
and 73% more spirulina than samples IC6, IC7, IC10, and 
IC11, respectively. Despite the varying percentages of spir-
ulina—and a greater difference with Sample 2—the samples 
from the da Silva Faresin study achieved acceptability rat-
ings of 71.00% (IC6), 71.56% (IC7), 74.11% (IC10), and 
72.78% (IC11). These ratings are quite close to those ob-
tained in our study: 78.22% for Sample 1 and 76.89% for 
Sample 2. 

Unlike the sugar and fat-reduced recipe, which contains ad-
ditional ingredients that may diminish certain sensory charac-
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Figure 4. General sensory acceptability  of spirulina enriched mint ice cream : (a) with 12 g spirulina (Sample 1), (b)with 24 g spirulina 
(Sample 2)



teristics of spirulina powder, such as Chantilly and flavoring 
agents, the overall impression from the nine-point evaluation 
of ice cream formulations with spirulina powder ranged from 
71% ± 19.37% to 74.11% ± 18.44%. In contrast, the over-
all acceptability of our samples varied from 73.33% to 78%, 
despite having a higher spirulina content. This suggests that 
mint, as an aromatic herb, may be more effective in masking 
the taste and aftertaste of spirulina compared to traditional 
flavoring agents. 

Notably, the amount of spirulina in each recipe significantly 
influences its protein content. Our formulations contain 5.41 g 
(12 g of spirulina per recipe) and 5.84 g (24 g of spirulina per 
recipe) of protein per 100 g portion. In contrast, the fat- and 
sugar-reduced ice cream contains between 2.52 g and 2.85 g 
of protein per 100 g. Additionally, a handmade spirulina ice 
cream formulation with 0.6% to 1.2% spirulina powder con-
tains between 3.48 ± 0.07 g and 3.54 ± 0.14 g of protein per 
portion29. Therefore, our formulations provide a higher protein 
content due to their spirulina content, making them an excel-
lent alternative for increasing protein intake in children and 
teenagers. 

The trained and untrained panelists were analyzed sepa-
rately. For sample 1, which consisted of 12 grams of spirulina, 
a higher percentage of untrained panelists (41%) indicated 
that they liked it a lot, compared to only 17% of the trained 
panelists. However, the responses for the “I like it moder-
ately” option were quite similar, with untrained panelists at 
50% and trained panelists at 48%. In sample 2, which com-
prised 24 grams of spirulina, the untrained panelists again 
demonstrated a higher percentage (59%) of those who ex-
pressed a strong preference for the product, while only 14% 
of the trained panelists reported the same. Similarly, in the “I 
like it moderately” category, the untrained panelists ac-
counted for 32%, while the trained panelists were slightly 
higher at 43%. 

Another study30 developed a handmade ice cream that 
incorporated 1% Spirulina biomass relative to the total 
mass of the ice cream. In contrast, other research formu-
lated ice creams with 0.6% and 1.2% Spirulina29, which fall 
between the percentages used in this study: 0.83% and 
1.64% for each formulation, respectively. However, the car-
bohydrate content was higher due to the inclusion of con-
densed milk, resulting in an overall sensory acceptability 
that was lower than our findings. The average sensory eval-
uation scores for aroma, color, texture, and flavor of the ice 
cream samples were converted to percentages, yielding 
76.33% (±9.67%) for the ice cream with 0.6% Spirulina 
powder and 70.56% (±12%) for the ice cream with 1.2%. 
As indicated by our results, an increase in Spirulina powder 
correlates with a decrease in overall acceptability. Since in-
ulin does not negatively impact palatability, it may be ben-
eficial to include it in future formulations to enhance fiber 

content and reduce sugar levels. Consequently, Spirulina 
could be incorporated into the development of ice cream 
and other functional products. 

CONCLUSIONS 

Due to its antioxidant, hypolipidemic, and hypoglycemic 
properties, spirulina can be beneficial for obesity-related 
metabolic disorders. Notably, spirulina supplementation has 
been shown to significantly reduce total cholesterol and 
triglyceride levels. In terms of carbohydrate metabolism, 
the consumption of spirulina enhances glycosylated hemo-
globin, improves insulin resistance, and positively impacts 
glucose response, thereby supporting the treatment of 
metabolic syndrome. This improvement in glucose metabo-
lism is attributed to its phycocyanin content, which acti-
vates the expression of glucokinase and insulin signaling 
pathways in the pancreas and liver. As a result, spirulina en-
hances pancreatic and liver function and increases the syn-
thesis of hepatic glycogen, leading to lower blood glucose 
levels. 

Despite its numerous benefits, there have been very few 
studies on the incorporation of spirulina into ice cream for-
mulations. Interestingly, higher concentrations of spirulina 
powder in formulations tend to correlate with lower overall 
acceptability. Therefore, more research is needed to explore 
the incorporation of spirulina into various ice cream formu-
lations, particularly those that are easy to consume, to pro-
mote the development of functional food products contain-
ing spirulina. 

Additionally, no existing studies have utilized aromatic 
herbs to mitigate the unique taste of spirulina. This high-
lights the need for further research into alternative formula-
tions to achieve optimal sensory acceptability and to demon-
strate the potential health benefits of this product. The 
nutritional profile of spirulina, which includes vitamins, min-
erals, and amino acids, positions it as a promising ingredient 
for developing functional products aimed at improving nutri-
tional status and health, as well as managing chronic dis-
eases related to obesity. 
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