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Abstract

Spirulina is gaining popularity as a food item due to its multiple health benefits for humans, which has led to
increased commercial demand globally. It is high in proteins rich in essential amino acids and contains many
important vitamins and minerals such as calcium and iron. Spirulina has been utilized to fortify drinks prepared
from apples and bananas by adding at (zero "control samples" 5, 10, and 15%) of the total pulp added to the
drink. The results revealed that increasing the content of spirulina enhanced the antioxidant properties and
nutritional contribution of apple and banana drinks. The employment of pasteurization at (90°C/15sec) and pH (4)
reduced the unpleasant taste as well as odor of spirulina. The application of 10% spirulina to apple and banana
drinks produced the highest taste as well as odor score, followed by 5% addition, the control sample, and lastly
the adding 15% spirulina. The supplemented drinks by 15% spirulina provided the most acceptable color and
appearance but decreased the degree of texture, which tends to the grainy texture with a feel of roughness. The
drinks of apple and banana containing 10 % of spirulina recorded the greatest overall acceptability followed by
that containing 5 %, then the control sample, while 15% recorded the worst score. As a result, it is advised to use
spirulina to fortify drinks since its high health value and antioxidant content. It must use a high degree of
pasteurization for a short time as well as minimize pH drink for a suitable point to get rid of undesirable smell
and taste, in addition, to use a higher degree of homogenization and thickening agents to avoid getting grainy
texture and improve the degree of appearance and acceptance.
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1. Introduction

Food, particularly beverages, has an essential role in keeping one's life quality and promoting health, and
prohibition of chronic illnesses. Increasing awareness of the value of high-quality beverages with health
advantages, which causes increasing consumption of natural products, delaying the development of significant
chronic illnesses stimulated by oxidative stress. Drink producers are being pressed to respond to the growing
demand for functional natural drinks due to the therapeutic advantages these beverages provide. The unique
combination of raw ingredients with various functional properties will lead to the creation of new products,
which will eventually lead to fundamental inventions in the natural beverage sector that will benefit public health
and prevent numerous diseases (Butu and Rodino, 2019).

Bananas represent the world's second largest fruit producer after citrus fruits (FAO, 2019), accounting for around
16% of worldwide fruit production. Bananas include vitamin C, which aids in healing and infection prevention,
as well as vitamin B6, potassium, and dietary fiber. Pyridoxamine (V.B6) dosages reduced oxidative stress signs
and ROS generation while maintaining normal blood glucose levels and assisting in the reduction of diabetes-
related issues (Abdullah et al., 2019). Bananas have a high potassium content, substantially higher than other
fruits. Potassium has many benefits, such as reducing stroke, preventing heart sickness, and lessening blood
pressure. Potassium-wealthy foods may also help to prevent the development of chronic kidney disease and
lower the risk of death in people with chronic kidney disease (Clegg et al., 2020). Banana has a high iron content,
which promotes the synthesis of hemoglobin in the blood and red cells and is beneficial in instances of anemia.
Iron also aids in protein metabolism and the correct functions of the centric nervous system. Because of their
smooth texture and softness, bananas are used as a meal to cure digestive disorders. Dietary fiber in banana
(resistant starch) has been attached to health advantages such as prevention of colonic diverticulosis,
hypocholesterolemic, constipation, as well as digestive processes (Ciudad - Mulero and others, 2019).
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Apples have high nutritional content and photochemistry, the fruit is well-known for its numerous health
advantages and contains the highest amounts of antioxidant activity of any fruit. Apples stimulate various
metabolic responses that promote human growth, development, and overall welfare. Apple is characterized by
the least cholesterol-containing fruits as it contains many types of flavonoids, additionally its richness in dietary
fiber. Apple consumption reverses oxidative damage to brain cells and lowers the hazard of diabetes. Apple
polyphenols and macronutrients have powerful therapeutic benefits such as cholesterol reduction, hypoglycemic
activity, chemopreventive impact, cardioprotective effect, and many other effects. Aside from being a low-calorie
nourishment, apples aid in the treatment of depression, the prevention of obesity, the prevention of constipation,
and the improvement of dental health (Hussain and others, 2021).

Humans have long consumed microalgae, dating back to the 16" century. Microalgae are integrated into many
food formulations. Spirulina shows possible use as a constituent in the improvement of recently functional foods
which the most important food industry developments (Lafarga et al., 2021). Because of the diversity and
quantities of nutrients spirulina provides, NASA employed it as a dietary supplementation for spacemen. Many
studies have proven the safety of using spirulina in food, and this has been approved by the administration of
drug and food of US as a result of many confirmed toxicological studies (Tarantino, 2003). It is sold as a
nutritional supplement or as a functional component for foods and beverages. Spirulina is an ideal food for
people of all ages owing to its high nutritional content and suitability for a variety of lifestyles. Spirulina
contains 55-70 % protein and a fat content of 5-6 % (on dry weight). Polyunsaturated fatty acids account for 1.5-
2 % of the algae's total lipid content. Spirulina contains 36% of pufas on the form linolenic acid, different types
of vitamins and minerals as well as pigments such as phycocyanin, carotenoids, chlorophyll, phycoerythrin, and
xanthophylls (Henrikson, 2009; Falquet, 2012). This alga is utilized as a staple meal in humans because it
contains both large and small components such as protein, linolenic acid, phenolic acids, provitamin A, VB12,
VE, and iron without any discernible negative consequences. It is considered safe when cultivated correctly in
pure environment and consumed in moderation (Tang and Sutter 2011). Several studies confirmed that spirulina
applied as a functional food (Park et al., 2008) since it has more protein (60-70 %) than any plant (Wang and
others, 2008). Spirulina is employed as both health food and food coloring (Shimamatsu, 2004). In terms of
calcium, protein, carotene, and iron, spirulina outperforms milk, tofu, carrot, and spinach by 180 %, 670 %,
3100 %, and 5100 %, respectively. It contains five times the anti-inflammatory and antioxidant activity when
compared to the same weight of fruits and vegetables (Moorehead et al., 2005). Spirulina produces phycocyanin,
which gives the organism its blue color (Pifiero-Estrada et al., 2001).

Spirulina has garnered widespread attention for its health advantages due to its capability to change
immunological and anti-inflammatory effects by decreasing mast cell histamine production (Karkos and others,
2008; Kumar and others, 2009). It also has anticancer, antiviral, anti-allergic properties, boosts immune device
(Hirahashi et al., 2002; Cingi et al., 2008), lowers serum lipid levels and pressure of blood (Juarez-Oropeza et al.,
2009), anti-obesity and diabetes effects (Kaur et al., 2009), defends versus radiation (Zhang and others, 2001),
and depression (Frazer and others, 2005). Spirulina enhances the index of glycemic and patterns of lipid in the
second type of diabetes and the reduction of cardiovascular risk factors (Gershwin and Belay, 2011). Spirulina
contains antibacterial, anticancer, and anti-poisoning by heavy metal (Fe, Hg, Pb, and Cd) characteristics,
besides immunostimulants and antioxidants (Hoseini et al, 2013). It stimulates the immune system by boosting
resistance to virus infections, resulting in fewer colds and influenza (Henrikson, 1989), as well as the capacity to
change hematopoiesis, enhancing the creation of antibodies and cytokines. It is also efficient against HIV, CMV,
influenza, cancer, and herpes (Blinkova et al., 2001; Hernandez-Corona et al., 2002). Phycocyanin, a selenium-
rich spirulina extract, prevents atherosclerosis (Riss and others, 2007). Spirulina includes vitamin K, which is
required for a range of biochemical functions including blood clotting, bone maintenance, atherosclerosis
prevention, nerve protection, and inflammatory modulation (Vermeer, 2012; Willems and others, 2014). There is
significant clinical data that suggests that increasing vitamin K dose may enhance bone health (Russell and Suter,
2015). Spirulina induces an immunomodulatory impact through improving resistance to infection, influencing
hematopoiesis, and raising antibody as well as cytokine generation. Spirulina encourages the growth of healthy
lactobacilli into the intestine allowing the formation VB6 which assists in energy emission (Baicus and Baicus,
2007). The main active ingredient in spirulina is phycocyanin, it had antioxidant and antibacterial properties.
Phycocyanin is a cyclooxygenase inhibitor that induces apoptosis while also being anticancer and anti-
inflammatory (Reddy et al., 2003).

It has been demonstrated that complete spirulina or a phycocyanin-wealthy fraction keep a good functional
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component of fruit juices (McCarty, 2007). To improve antioxidant status and vascular health, spirulina powder
can be combined with other nutrients (McCarty et al., 2010). Spirulina is consumed as dietary supplementation
as tablets, capsules, powder, or mixed with various types of healthy foods and beverages (Desai and Sivakami,
2004).

Combining spirulina with fruit drinks is a clever method to produce functional drinks since they include the same
fiber, carbohydrates, and vitamins as fruit juice. Since the drink is made to meet nutritional, sensory, security,
and technological requirements, the study aims to assess the drinks produced by mixing spirulina with apple and
banana in terms of nutritional, sensory, and technological properties to determine the optimal spirulina addition
ratios to achieve the highest quality of the functional drink produced.

2. Materials and method

2.1. Materials

2.1.1. Chemicals

All of the chemicals and reagents applied were of the analytical grade.

2.1.2. Spirulina

The dried spirulina was received from the Center of Aquaculture Research at Arab Academy for Science,
Technology and Marine Transmit, Arab League.

2.1.3. Apples

Apples (Red Delicious) were purchased at the ripening stage from a market located in Ismailia, Egypt.

2.1.4. Banana

Fruits (Musa paradisiaca L.) obtained from market located in Ismailia, Egypt.

2.1.5. The starting materials

Sugar as well as citric acid that are utilized in the manufacture of spirulina drinks, are bought from local markets
in Egypt's Ismailia Governorate.

2.1.6. Processing and preparation

2.1.6.1. Spirulina preparation

Spirulina has been grown, harvested, dried, ground and soft so it is ready to use.

2.1.6.2. Preparation of apple purees

The apples were washed, sliced into thin slices by hand with a knife, immersed in water twice their weight, and
cooked at 90°C for 4 minutes. It is cooled after cooking, the pulp is obtained by squeezing it with hot water in
(Moulinex blender, type: 741) and then running the liquid is passed through a cloth muslin to separate the coarse
fibers, seeds, and stem cells. The resulting puree was utilized in the manufacturing process.

2.1.6.3. Banana puree preparation

Ripe bananas were bought, washed, and peeled by hand. The fruits were sever and dipped in twice their weight
of water and boiled for 15 minutes, then cooled and juice extracted by (Moulinex blender, type: 741) after
mashing with the boiling water, then filtered during the cloth muslin to obtain a clear banana juice.

2.1.6.4. Apple drink

Every 100 grams of the final drink has 50% ready-made pulp, which is equivalent to 16.5 grams of natural juice
or puree devoid of fiber and seed, and this satisfies the Egyptian standards, which says that the drink must have
less than 20% fruit pulp. The drink was made with 14 % TSS and a pH of 4.

2.1.6.5. Banana drink

The drink was prepared from 50% of the pre-prepared pulp to get 14% TSS and pH 4.

2.1.6.6. Apple and banana drink blends

Spirulina was added in the following rate: 0, 5, 10, and 15% depending on the fruit puree (juice without seeds
and fibers before dilution), which accounts for 16.5 % of drink components. Sugar was used to modify the TSS
to 14 %, and a 50 % (w/v) concentrated citric solution was used to adjust the pH to 4. The drinks were
pasteurized for 15 s at 90 °C, then poured hot in clean, sterilized bottles with tight seals, cooled to 5 °C, and
stored at room temperature (20-25°C) until they are examined.

2.2. Method

2.2.1. Proximate analysis

AOAC (2005) methodologies were applied to define moisture, crude protein, crude fat, total dietary fiber, and
ash.

2.2.2. Brix (TSS)

At 20°C, the degree of Brix was determined using an Abbe refractometer (USA) C10.

2.2.3. pH values
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A pH meter Jenway 510 (UK) was used to determine the pH, which had previously been calibrated with two
buffers at pH 4.0 and pH 7.0.

2.2.4. Titratable acidity:

Titration with 0.IN from NaOH to determine acidity as % citric acid, as given by AOAC (2000).

2.2.5. Ascorbic acid determination:

Ascorbic acid was calibrated against 2,6- Dichlorophenolindophenol to output a pink color and identified
as mg/100g drink (Ranganna, 2009).

2.2.6. Sugars evaluation:

Shaffer and Hartman methodology, utilized to reducing and total sugars according to AOAC (2005).

2.2.7. Total pectic materials:

They determined using the (Carre & Hayness) technique, as described by Person (1976).

2.2.8. Total phenols (TPC)

TPC was estimated as mg equivalents from gallic acid for each 100 g sample using Folin-Ciocalteu according to
Osorio-Esquivel et al. (2011). Methyl alcohol 80% containing 0.1% HCl1 was used to extract phenols from a 0.6
g sample at room temperature using a vibrating apparatus for 20 min. The mixing was centrifuged (1000xg /15
min) and the clear liquid was put into a 10 ml tube. With repeated extraction of the residue. For determination,
0.1 ml of methanol extract is taken, 0.9 ml of Folin-ciocalteu (1 Folin:10 water) is added to it, , left at room
temperature for 5 minutes, then 0.75 ml of NaHCO3 7% was added, followed by strongly shaking for 30 s,
followed by staying at room temperature for 90 min. With using gallic acid for making the standard curve at
values ranging from 0 to 1 mg/ml, the absorbance achieved at 725 nm. All values were shown as mean (mg
gallic equivalents/100 fresh weight) for 3 replications.

2.2.9. Total flavonoids

The flavonoids content of a methyl alcohol extract was determined using (Zhishen and others, 1999). 0.5 ml of
the extract was mixed with 4.5 ml of distilled water, then 0.3 ml of 5% (w/v) of NaNO2 was added after 5
minutes, then 0.6 ml of AICI3 10% was placed 6 min later, followed by 2 ml NaOH (1M) after 6 minutes, and
finally 2.1 ml distilled water was added to the mixture. Absorbance at 350 nm was measured versus water
(blank), and flavonoids were reported as mg quercetin equivalents per 100 g of drink.

2.2.10. Antioxidant activity

As stated by Brand-Williams et al. (1995), DPPH (Diphenylpicrylhydrazyl) is used to quantify antioxidant
activity. Ten ml of methanol was added to 2.5 g sample, homogenized for 25 seconds at 20,500 rpm, and then
centrifuged for 25 minutes at 4 C° at 20,000 rpm. Methanol was used to dilute the supernatant up to 25 times, 1
ml of dilution is additional for 0.5 ml solution of 0.5 mmol DPPH (methanol-dissolved), and the mixture is
stored in the dark for thirty minutes at room temperature. The measurement used 517 nm and was represented as
AA%.

2.2.11. Color estimation

The determination was achieved by minolta reader CR-10 (Inc., Osaka, Japan). L* values of drink samples are
expressed on transparency, a* values are expressed on a red to green scale, and b* values are displayed on a blue
to green scale (yellow to blue). H*= tan™! (b*/a*) and C*= (a** + b*?)"2 were used to compute the hue angle (H*)
and chroma (C¥*).

2.2.12. Determination of vitamins:

All vitamins except vitamin C were determined by the HPLC system method according to AOAC (2005). The
standard curve for each vitamin was made from five concentrations of the standard substance for each vitamin by
HPLC. An Eelipse x BD-C18 column (4.6 x 250 mm 5 pum) with a linear gradient (95:5) methanol: water by
flow rate 1 ml/min at 40 °C was applied to the column using a double pump. The curves were gotten at 325 nm
using a multi-wavelength detector with a bandwidth of 8 nm.

2.2.13. Minerals analysis:-

Calcium (Ca), potassium (K), magnesium (Mg), sodium (Na), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn),
chrome (Cr), selenium (Se), boron (B), and molybdenum (Mo) were determined using an atomic absorption
spectroscopy technology as described by AOAC (2005). Phosphorus was determined by measuring the
absorbance at 650 nm using the Ranganna (1978) technique.

2.2.14. Phytopigments determination

Chlorophylls, carotenoids, and phycocyanin are among the pigments investigated. Chlorophylls were extracted
with dichloromethane for 12 hours at 4°C and evaluated using HPLC (Lee and Choe, 2009). After passing the
solution through a hydrophobic membrane filter (20 pL), it was injected into an HPLC equipped with a C18
column (5.0 um, 4.6x250 mm). The UV detector was used to measure absorption. The flow rate for mixed
solution of ethylacetate, methanol, and water (50:37.5:12.5, v/v/v) was at 1.5 mL/min. The chlorophyll standard
curve was used for measurement and identification. While AOAC method 970.64 (2005) employed to determine
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carotenoids by extraction with mixture formed of hexane, acetone, absolute ethanol, and toluene (10:7:6:7,
v/v/v/v), and 20 pL was injected into HPLC. The column (10 um, 3.9%300 mm) and a UV-Vis detector (436 nm)
were used. The flow rate of the solvent prepared from hexane and isopropanol (97:3, v/v) was 1
ml/min. Phycocyanin was extracted by buffer phosphate 0.1 M at pH 6.8 and the spectrophotometer absorbance
was estimated at the degrees illustrated in the equation according to Beer and Eshel (1985). Phycocyanin
(mg/mL) =[(A618—A645)— (A592—A645) x0.51]x0.15.

2.3. Sensory evaluation:

The sensory assessment was performed using the Awolu et al. (2018) (2018) with some alterations. For each
variable of taste, odor, color, appearance, texture, and mouthfeel, ten panelists from the Food Technology
Research Institute were requested to show their observations from 10 degrees. Five samples were used in the
analysis. Overall acceptability was calculated using the average scores of the examined qualities.

2.4. Statistical analysis:

The SPSS program (Chicago, USA) version 17 was applied to determine the significance of treatment means at
the (p 0.05) level.

3. Results and Discussion

The approximate analysis (moisture, protein, fat, ash, carbohydrates, and crude fiber) of apple puree, banana
puree, and spirulina powder used in this study was shown in Tables (1). According to the tabulated data in Table
(1), the measured moisture value for dry Spirulina was 4.74 %. Spirulina is often recognized as one of the
world's richest whole food sources, especially when compared to plant foods. It is commonly used as a dietary
supplement. As seen in the table, dried spirulina has a high concentration of proteins, lipids, and carbohydrates,
with the value of 62.84 %, 6.93 %, and 10%, Abd El Baky (2015) and others stated the same results. When
compared to typical dietary proteins, spirulina proteins comprise all of the necessary amino acids, notably
leucine, valine, and isoleucine, but are lacking in methionine, cysteine, and lysine (meat, eggs, or milk). It does,
however, surpass all vegetable proteins and so serves as an alternate protein source (Gershwin and Belay, 2008;
Henrikson, 2009). Spirulina carbohydrates are a branching polysaccharide polymer that is structurally similar to
high molecular weight glycogen and possesses antiviral and immunomodulatory properties Parages et al., (2012).

Table 1: Approximate analysis of apple puree, banana puree, and spirulina powder.

alysis [Moisture [Protein Fat |Ash Carbohydrates [Crude fiber
Treatmen
Spirulina 4.74 £0.21 62.84+0.22 [6.93+£0.39 [7.47+0.09 {10+0.33 10 +£0.38

IApple Puree [86.11 +0.23(0.19+0.17 [0.23+0.18 0.63£0.15 |11.15+0.38 1.952+0.14
Banana puree(74.2+ 0.33 |1.41 +£0.18 (0.43+0.19 [0.75+0.14 20.29 +£0.55 2.22+0.35

Each assessment is the mean of three replicates + S.E.

In addition to, high ash and crude fiber levels of 7.47 and 10, respectively. It should be noted that the high
spirulina concentration in raw fibers results in a granular or coarse texture in large quantities, as well as a look
that resembles a foamy or buttery texture after the fibers are impregnated with water during manufacture.
Accordingly, the pulp will easily separate from the water in the final drinks, so strong homogenization with the
homogenizer with narrow holes and high pressure is required. The moisture level in the prepared fruits puree
varied from 74.2 % in banana puree to 86.11 % in apple puree. Protein contents were from 0.19 to 1.41 % in
apple and banana puree, respectively. According to the findings, apple puree has a low amount of fat (0.23 %),
but banana puree has a significant proportion of fat (0.43 %). In terms of ash content, the results revealed that
each of the fruits had less than 1%. Banana puree had a higher ash content than apple puree. The high ash
content of the fruits puree stimulates the use of the fruits as the primary component in the creation of drink.
Carbohydrates are widely acknowledged as the most important fruit quality parameters influencing palatability,
quality and discoloration formation, processability, and viscosity. The banana puree has the most carbohydrates
(20.29 %), followed by apple puree (11.15 %). As indicated in Table 1, banana puree included a large quantity of
crude fiber compared with apple puree with values 2.22 %, and 1.95, respectively.

Physicochemical properties of fresh apple puree and banana puree were showed in Table 2.
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Table (2): The physicochemical parameters of apple and banana purees.

lAnalysed item IApple Puree[Banana puree
Total Solids% 13.89% 25.8%

Total Soluble Solids o Brix (12.9+0.2 21.9+0.2

pH values 5.83+0.05 4.82+0.03
Titratable acidity% 0.28+0.02  [0.46+0.06
|Ascorbic acid mg/100g 44.34+0.55 [9.17+0.22
Total Sugars% 10.7740.43 (19.44+0.63
Reducing Sugars% 7.35+0.25 [5.5840.19

INon-Reducing Sugars% 3.42+0. 38 [13.86+0.63
Total Pectic substance% 2.33+0.18 |1.92+0.15

Total phenols (mg/100g) 345.25+10 [24.35+2.24
Color index (O.D. at 420 nm)|0.29+0.08 0.274+0.09
lAntioxidant activity% 59.58+0.47 [51.13+0.39
Carotenoids (ng/100g) 0.42+0.08 |0.52+0.09

Total flavonoids (mg/100g) [175.91+0.72 (18.72+0.65

Each assessment is the mean of three replicates + S.E. (on a wet weight basis)

The higher total solids content elevated the final product quality. It should be noted that banana puree is superior
to apple puree because the proportion of solids in bananas (25.8 %) is nearly double that of apples (13.89 %).
The results revealed that apple puree had lower acidity (0.28%) than banana puree (0.46%). The nutritional and
vital value of a drink grows as the vitamin C of the fruit derived from juice increases. In this aspect, apple puree
has a greater vitamin C concentration (44.34 mg/100g) than banana puree (9.17 mg/100g). Banana puree
contains more total sugars (19.44 %) than apple puree (10.77 %). Apples, on the other hand, have a higher
concentration of reducing sugars than bananas, which encourages browning more. Apple puree has more pectic
components (2.33 %) than banana puree (1.92 %), indicating a better possibility for turbidity stability after
processing and throughout storage. It is observed that apple puree contains more total phenols than banana puree,
which explains why apple fruit enzymatically browns faster than banana fruit. It also explains why enzymatic
browning develops in higher amounts and at a faster rate in apples that are constantly concentrated at
temperatures below 70°C and, in certain situations, below 65°C. When apples are not available, the
stored concentrated apples are used to make drinks. The high quantity of phenolic antioxidants in drinks after
preparation and pasteurization inhibits the oxidation process. The color index relates to non-enzymatic browning
as evaluated by the absorption of an alcoholic extract of puree at 420nm. It is noticed that the non-enzymatic
browning for apple puree is greater than that of banana puree. Perhaps this is due to apples having a larger
quantity of reducing sugars than bananas. Finally, it was noticed that apple puree had a higher antioxidant
activity (59.58 %) and total flavonoids (175.91 mg/100g) than banana puree in terms of antioxidant activity
(51.13 %) and flavonoids (18.72 mg/100g). This will reflect on the entire physicochemical and sensorial
properties for both drinks, especially when the percentages of spirulina added to each of them are equal, making
apple juice superior in these parameters as can be seen in Tables (5 and 6).

The amount of phytopigments, minerals, and vitamins in spirulina is given in Table 3. Spirulina is a high-quality
source of vitamins B, C, D, E, as well as K. Spirulina is a high-quality source of thiamin, often known as vitamin
B1, with 4.1 mg/100g. The daily intake of VBI in the US is 0.2 - 1.4 mg/day as established by the Academy of
Sciences and this depending on age group or specific instances. 25 g from spirulina per day will roughly fulfill
the body's daily requirements. Thiamine is essential for many crucial activities in the body, including the
neurological system, muscular performance, nerve transmission, several enzyme processes, glucose metabolism,
and hydrochloric acid generation (necessary for digestion).

Spirulina is one of the greatest sources of vitamin B2 or riboflavin, including 4.17 mg/100g of vitamin B2, which
is higher than beef liver, which is regarded as the highest source (3.46 mg/100g). An adult person requires
between 1.1 and 1.4 mg/day, with exceptions requiring greater or lower quantities. A lack of vitamin B2 causes a
variety of health problems, including skin and mucous membrane inflammation. VB2 is necessary for the body's
growth and health, and also for the production of red cells blood. It participates in all metabolic activities
involving lipids, amino acids, and carbohydrates as well as generates the energy required by the human body. It
is important to enhance the functions of enzymes and contribute to the formation of amino acids and fatty acids,
as well glutathione, cellular respiration, and it maintains the eye mucous membranes and skin. Only 20g of these
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algae provides the body with VB1 (thiamine), VB2 (riboflavin), and VB3 (niacin) (Gershwin and Belay, 2008;
Sharma et al., 2011).

Table (3) Phytopigments, minerals, and vitamins in spirulina.

Vitamins Minerals mg/100g | Phytopigments
Vitamin B1 (thiamine) mg/100g 4.1 Ca 1115.52 phycocyanin |12.55 %
Vitamin B2 riboflavin mg/100g 417 1 K 1806.12 Chlorophyll |1.64 %
Vitamin B3 (Niacin) mg/100g 14.05 | Mg 389.80 Carotenoids | 630 mg/100g
Vitamin BS (Pantothenic acid) mg/100g | 127 Na 713.76 B-caroten 285 mg/100g
Vitamin B6 (pyridoxine) mg/100g 0.67 | P 1011.32 Xanthophylls |0.304 mg/100g
Vitamin B7 (Biotin) ug/100g 11 Fe 115.20 Zeaxanthin 153 mg/100g
Vitamin B9 (Folate) ug/100g 152 Cu 1.23
Vitamin B12 (cobalamin) ug/100g 210 Zn 5.92
Vitamin C mg/100g 13.51 § Mn 2.41
Vitamin E (alpha-tocopherol) mg/100g | 7.34 | Cr 0.50
Vitamin K phylloquinone) ug/100g 1167 | Se 22.02
inositol mg/100g 8034 | B 2.70

Mo 0.33

Vitamin B6 (active pyridoxine) is a pyridoxal phosphate that is essential for amino acid metabolism, muscle
glycogen breakdown, neurotransmitter synthesis, histamine synthesis, haemoglobin formation and functionality,
and gene expression are all affected. This vitamin's lack and excess both induce peripheral nerve dysfunction,
often known as peripheral neuropathy. The recommended daily dose varies depending on the age group and the
condition, and it ranges from 1-2 mg per day. This vitamin is present in spirulina by 6.7 g per kg.

VB7 (biotin) is an imidazole derivative produced by intestinal bacteria, and biotin deficiency is uncommon
because a large portion of it is reused several times before being excreted in the urine or feces. It is necessary to
consume 30 to 60 pg of it per day. Spirulina contains 11 micrograms per 100 grams. Biotin is responsible for
metabolic processes as well as the health of the skin, nails, and hair, and a lack of it causes hair loss, skin
infections, a lack of appetite, dizziness, and even depression marks.

Spirulina has 152 pg of folate/100 g. Folate, also known as VB9, is essential for the creation of DNA, RNA, as
well as the production of red blood cells and the metabolization of amino acids required for cell reproduction.
The daily folic acid intake required for adults is 400 pug from meals or supplements. This vitamin is required for
the appropriate metabolization of protein and lipids, as well as the maintenance of the gastrointestinal tract, skin,
hair, neurological system, muscles, and other tissues in the body. It is required during times of fast development,
such as pregnancy, puberty, and childhood. Folate Helps in anemia treatment.

Vitamin B12, commonly known as cobalamin, helps in DNA synthesis as well as fatty acid and amino acid
metabolism. It is thought to be essential for the correct functioning of the neurological system and brain, as well
as the development of red blood cells in the bone marrow. The daily-recommended dietary intake for vitamin
B12 is 2.4 pg. Spirulina is high in vitamin B12, each 100 g containing 210 pg.

Spirulina has 13.51mg/100g of vitamin C, which is a little quantity when compared to the fruit. Vitamin E's
antioxidant function is most effective at high oxygen concentrations, thus it is concentrated in red blood cells,
respiratory membranes, and the retina. It also preserves the phospholipids of cellular and subcellular membranes
by inhibiting unsaturated fatty acid oxidation. As the intake of pufa grows, so does the demand for vitamin E.
Adults should take 15 mg vitamin E each day.

The fat absorption depends on vitamin K, which is produced in the human body by bacteria in the intestine.
Daily recommendations range from 90 to 120 pg. Blood coagulation, bone building as well as blood vessel
creation are all facilitated by vitamin K. Spirulina is amongst the greatest sources of vitamin K, with 1.2 mg
/100g.

Inositol is a substance being used to treat a number of ailments, including diabetic nerve aches, neurological
problems, cancer, and attention deficit and hyperactivity disorder. Lithium-based medical therapy has several
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side effects. It is also used to treat diseases related to polycystic ovarian syndromes, such as hypertension,
excessive triglycerides, and high testosterone levels. It can be used to treat a wide range of neurological diseases.
Per 100 grams of spirulina, there are 1.1 grams of calcium, 1.8 grams of potassium, 1.3 grams of sodium, and 2
grams of phosphorous. Similar results have been documented by (Henrikson, 2009; Falquet, 2012) who found a
higher quantity of various micronutrients in Spirulina's particularly (iron, calcium, phosphorus, and potassium),
making it an excellent dietary supplement for vegetarians. They also mentioned that Spirulina's mineral
concentration varies depending on the source and production circumstances. Furthermore, they discovered that
phosphorus, calcium, and magnesium are present in comparable amounts to those found in milk. Finally, they
discovered that Spirulina was the richest iron source, with absorption rates exceeding 60% when compared to
ferrous sulfate (present in iron supplements). Calcium is an element that the human need in large quantities.
Calcium is the largest component of the human body, making up 90% of the components of bones and teeth. It is
necessary for the health of the muscular, circulatory, and digestive systems, as well as the creation of bones and
the synthesis and function of blood cells. Moreover, it is associated with growth and development properties and
aiding in hematopoiesis and clotting, nerve signaling, muscle relaxation, and contraction (Narvaez Andino and
Reyes Toval, 2013). The average estimated requirement (EAR) of calcium an expectant woman takes a minimum
of 1 grams of calcium. A diurnal dosage (1.3 g) of calcium is regarded extremely acceptable for children aged 9
to 18, and it is lowered in the elderly until it reaches 1 g per day to avoid osteomalacia, while women over 50
require 1,2 g/day (Gonzalez Sanchez et al., 2012). The amount of calcium that an individual obtains through
food does not exceed the required amount per day (Aballay, 2012); as a result, poor calcium consumption may
result in osteoporosis and a high risk of fractures, particularly in postmenopausal women (Zamudio et al., 2015).
Therefore, it should increase the consumption of foods rich in calcium or fortified with nutritional supplements
such as spirulina. In addition to the above minerals, magnesium, iron, copper, chromium, selenium, zinc,
manganese, boron, and molybdenum are present in lower amounts: 14.80, 315.20, 1.23, 5.92, 6.11, 0.50, 0.02,
2.70, and 0.33 mg/100 g, respectively.

Spirulina contains a high concentration of phytopigments with high antioxidant activity, such as phycocyanin,
chlorophyll, carotenoids, B-carotenes, xanthophylls, and zeaxanthin, which explains the high protection power
against oxidative free radicals in spirulina-containing products, as well as disease prevention and increased
lifespan in consuming countries for this type of algae. Due to the high biological value of the carotenoids and -
carotene present in spirulina, this alga can be used to relieve vitamin A deficiency in some parts of the world
Tang and Suter, 2011. Table 4 presents the approximate analysis of apple and banana drinks mixed with
spirulina in different proportions. The percentage of moisture in the drinks was close to some, the range was
between 85.57 to 85.94% for all samples. As for the apple drinks, the humidity gradually decreased with the
increase in the percentage of added spirulina. The moisture percentage in the control sample was 85.94, and the
percentage of spirulina decreased the moisture to 85.65% by increasing spirulina addition to 15%. The same
decrease was observed in the banana drinks when spirulina powder was gradually increased to reach the lowest
moisture content in sample B15 to 85.57%. As the amount of spirulina powder supplementation increases, so
does the crude protein of the beverages. The treatments that had 15% Spirulina added to the pulp, whether apples
or bananas, had the highest protein content. The protein percentages in apple and banana drink samples
containing 15% spirulina were 1.8576 and 2.0595 %, respectively. This could be owing to spirulina's high
protein content, which ranges from 50 to 70%, and the results are regarded to be identical (Habib and others,
2008; Henrikson, 2009; Vijayarani et al., 2012; Bahlol et al., 2018).

Table 4: Approximate analysis of apple and banana drinks blended with or without spirulina.

Analysis Moisture Protein [Fat Ash Carbohydrates Crude fiber

Treatments

Apple drinks (CA) 85.94° 0.00559 {0.0066¢ [0.0182¢ |13.8534% 0.05634
Apple and Spirulina at 5% (AS) 85.85% 0.6205¢ {0.0745¢ [0.0913¢ |12.9095° 0.1542¢
Apple and Spirulina at 10% (A10) 85.75% 1.2378 0.1426" [0.1647° |11.9523¢ 0.2526°
Apple and Spirulina at 15% (A15) 85.65° 1.8576* |0.2109* |0.2384* |10.9918¢ 0.3513*
Banana drinks (CB) 85.89% 0.0695¢ {0.0212¢ [0.0370¢ |13.6529* 0.1094¢
Banana and Spirulina at 5% (BS) 85.79% 0.7301¢ [0.0941¢ |0.1155¢ |12.6356° 0.2147°¢
Banana and Spirulina at 10% (B10) [85.68* 1.3934 10.1673 |0.1945° | 11.6043¢ 0.3205°
Banana and Spirulina at 15% (B15) }85.57* 2.0595* [0.2407° |0.2737* |10.5693¢ 0.4267*

The diverse letters within the same pillar for the same variety of fruit indicate considerable differences between the mean of various treatments
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The control apple drink had a fat level of 0.0066 %. Spirulina-supplemented samples steadily increase their fat
content as the percentage of spirulina rises. A15 recorded the highest fat percentage (0.2109 %). Despite adding
the same quantity of spirulina to the comparable samples, the percentage of fat in all banana drink samples was
greater than that of apple drink, which might be attributed to the higher percentage of fat in banana fruit than
apple fruit. The ash content of the control sample of apple and banana drinks was the lowest, followed by the
other mixtures, and this was similar to what Bahlol et al., (2018) found. The highest ash levels were recorded by
A15 (0.2384%) and B15 (0.2737%), respectively. The ash level of the drinks rose as the spirulina amount
increased. The carbohydrate content of the control sample in apple and banana drinks was 13.8534 and 13.6529
%, respectively, and decreased with increased spirulina powder supplementation. It achieved the lowest rate of
carbohydrate in the samples with 15% spirulina in both apples and bananas, and the carbohydrate content in
which reached 10.9918 and 10.5693 percent, respectively. Perhaps this is due to spirulina powder's lower
carbohydrate content when compared to banana and apple fruit pulp. When the spirulina powder dose was
increased in comparison to the control samples, the fiber proportion of both the apple and banana beverages
increased somewhat. Its because spirulina has more fiber than apple or banana pulp. When apple drink samples
are compared to banana drink samples, it is discovered that the fiber level in the banana drink samples is higher
than in the apple drink samples, which is owing to the higher raw fiber content in the banana fruit compared to
the apple fruit.

Table 5: Physicochemical parameters of apple and banana drinks blende with or without spirulina

reatments (CA) | (AS) | (A10) | (A15) | (CB) | (C5) | (C10) | (C15)
Analysis
Total soluble solids (Brix) 14.0° [14.0* [14.0* 14.0* 14.0°  |14.0* |14.0° 14.0°
pH values 4.00* 14.00* [4.00° 4.00* 4.00° [4.00* 14.00* |4.00*
Titratable acidity% 0.32° [0.36° [0.38® [0.422 0.49° [0.51° [0.54° 0.59*
Ascorbic acid mg/100g 1.10° [1.48c [2.22° 3.34* 0.36° [0.73° [1.48P 2.60*
Total Sugars% 10.96° [11.04* |11.12* [11.19* ]10.722 [10.80* |10.88* [10.96*
Reducing Sugars% 7.46* |7.51* |7.56* 7.61* 3.00* ]3.02* [3.05* 3.07*
Non Reducing Sugars% 3.40° [3.42% [3.45° 3.47* 7.61* |7.67* |7.73* 7.78*
Color index(0.D. at 420 nm) [0.412* [0.293° [0.214° [0.180° J0.4332[0.387° [0.315° [0.188¢
Antioxidant activity% 23.519142.01° [59.81° [73.41* [17.629 [33.46° [56.37° |65.94*
Total phenols (mg/100g) 8.467 [19.34° [38.68° [58.02¢ J0.959 |14.88° [28.83° [42.77°
Total flavonoids% 4319 [81.50° |158.69° [235.88* 0.739 [65.45¢ [130.29° [195.132
Chlorophyll (mg/100g) 0.07¢ [0.90° [1.73P 2.56* 0.05¢ 10.69° [1.34° 1.98°
L* 69.49 [72.5° [74.2° 78.2% 54.69 [58.1° [61.8° 63.6%
a* 0.8° -0.5° [-1.0° -1.1° 0.5% -0.3> [-0.4° -0.5°
b* 1.1° 2.3 ]-55° -6.5¢ 1.02 -2.6° [-3.8° -9.04
Hue 53.979[77.74° [79.70° [80.39* []63.439 [83.42° [83.99"> [86.82%
Chroma 1.369 [2.35¢ [5.59P 6.59* 1.129 [2.62° [3.82P 9.01*

The diverse letters within the same pillar for the same variety of fruit indicate considerable differences between the mean of various treatments

Table 5 shows the physicochemical parameters of apple and banana drinks, mixed with or without spirulina. The
drinks were made at a Brix concentration 14% and a pH of 4. In general, the titrated acidity of the banana drinks
was greater than that of the apple drinks. The measured acidity rose as the quantity of spirulina added to the
drink increased. When we compare the apple drink control sample (0.32 %) to the apple drink samples with
spirulina added, we find a gradual increase in acidity as the amount of spirulina added increases. The acidity of
the banana drink alone or fortified with increasing amounts of spirulina followed the same pattern as the acidity
of the apple drink alone or fortified with spirulina. In terms of vitamin C results, it is worth noting that the
vitamin content in the sample raised as the proportion of spirulina added to the drink increased. When a
considerable amount of spirulina is put in various drinks, it increases their biofunctional and nutritional quality,
as well as their stability. By increasing the concentration of spirulina added to drinks, all indices such as total
sugars, reducing sugars, non-reducing sugars, total phenols, antioxidant activity carotenoids, total flavonoids,
chlorophyll, L*, hue, and chroma were raised. Antioxidant activity in drinks is increased by increasing the
amount of spirulina added. This is attributed to an increase in the compounds responsible for higher antioxidant
activity in spirulina, such as phenols, flavonoids, and chlorophyll, which resulted in a decrease in a color index
and increased transparency in the drinks. Abd El Baky et al. (2015) discovered that adding Spirulina to various
foods improves the biofunctional and nutritive quality of the meal as well as its durability against auto-oxidation.
The higher antioxidant activity might also be due to the phycocyanin protein found in spirulina, which is a potent
antioxidant with high radical scavenging capabilities since it is a cyclooxygenase inhibitor or due to the higher
content of phenols, flavonoids, chlorophylls, and carotenoids (Reddy et al., 2003). The decrease in a* value as
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the concentration of spirulina added to the drink relates to an increase in the green color, which results in the
green-blue color of spirulina, whilst the decrease in b* value refers to an increase in the blue color. It should be
mentioned that the hue color values of spirulina-supplemented drinks range from dark green (86.2) to yellow-
green (77.74). Chroma reflected the purity of the hue, which improved as the quantity of spirulina was raised.
This is responsible for the decrease in browning color as a result of the antioxidant compounds provided by
spirulina.

Table 6: Organoleptic scores of apple and banana drinks mixed with or without spirulina.

eatments (CA) (A5) (A10) (A15) (CB) (C5) (C10) (C15)
Analysis
Jlaste B.48+0.59" B.5240.52° 9.07+0.63* 5.73+0.69¢ J.73+0.70° §8.39+1.02° 9.28+0.79* 6.60+0.44¢
Ddor 7.12+0.39° 8.2840.59° 9.38+0.42% [7.03+0.78¢ .92+0.46° [8.24+0.74" 8.74+0.66* [5.67+0.89¢
Color B.26+0.269 8.74+0.70° 9.36+0.34° [10.0+0.75* .82+0.799 [7.31+0.51° [7.89+0.92° 9.43+0.48*
Appearance b.69+0.679 [7.89+0.43¢ [8.18+0.51" .33+£0.46* .06+0.179 [7.67+0.28¢ [8.22+0.63 [8.74+0.75%
Cexture D.22+0.672 [7.72+0.62" [7.33£0.62¢ 5.42+0.829 B.18+0.65* [7.36+0.37" 6.35+0.18¢ [5.74+0.534
bveral] Acceptability [.95+0.52° 8.2340.57° 8.66+0.50* [7.51+0.70¢ J.354+0.55° [7.80+0.58" §8.10+0.64" [7.24+0.62¢

The diverse letters within the same pillar for the same variety of fruit indicate considerable differences between the mean of various treatments

Results of sensory assessments of color, taste, odor, appearance, texture, and overall acceptability are presented
in Table 6. Sensory evaluation, in general, is the ultimate guide to quality in the eyes of the consumer. Where the
results reflect the best results that were recorded by the addition percentage (10 % spirulina), this
drink achieved the highest score when compared to other drinks. The sensory test results agreed with those of
Fradique et al. (2010), Liu et al. (2012), Bahlol et al., (2018) in different fruit juices enhanced with spirulina.
According to the committee members' average ratings of apple drinks and their mixtures with spirulina, A10
drinks taste as well as odor better than CA, A5, and A15 drinks. Because of the increased spirulina powder
composition, A15 is less acceptable. In terms of the banana drink alone and the drink blended with spirulina, the
taste as well as odor of sample B10 were the best, followed by sample B5, then CB and finally B15. Because of
the supremacy of the taste as well as odor of the spirulina on the sample and the poor taste as well as odor of
bananas, sample B15 was the least tasty. The average rating for color or appearance of apple drinks and their
mixing was highest for A15 and lowest for CA. An increase in spirulina supplementation develops and raises the
level of green, making apple drinks more appealing. According to panelists' mean scores, B15 had the most
acceptable color and appearance of banana drinks when compared to other samples, whereas CB had the lowest.
The texture is character that defines surface properties, mechanical properties, and structure that we feel with our
senses.

The texture of food describes how it feels in your mouth, such as how firm, soft, crunchy, or smooth it is.
Control sample regarded apple and banana have a superior texture than all samples fortified by spirulina and the
texture worsens with the increase in the concentration of spirulina, as the grainy texture increases and the feeling
of roughness increases. A10 had the greatest mean sensory score apple drinks for overall acceptability followed
by A5 then control sample, whereas the lowest score was A15. The banana drink and the mixed drink with
spirulina followed the same pattern of overall acceptability. Treatment B10 had the greatest overall acceptability,
whereas treatment B15 had the lowest. The review concluded that the A10 and B10 were the most acceptable
because they did not degrade the product's quality while also improving its taste, appearance, and color. Finally,
the findings of apple and banana drinks mixed with spirulina show that drinks blended containing 10% spirulina
achieved higher in all attributes and were more acceptable to the panelists due to improved nutritional and health
value, as well as improved acceptance rates for taste, smell, and color, in addition to general acceptance. This
suggests that spirulina, which has higher levels of all physical and chemical properties, improves the nutritional
value of apple and banana drinks. According to McCarty (2007), McCarty et al (2010), and Bahlol et al. (2018),
spirulina improved fruit juice quality, chemical and nutritional composition, and sensory appeal; the outcomes of
this study confirm these conclusions.

4. Conclusions

According to the findings of immediate research, the powder of spirulina includes necessary nutrients. Since it
boosts antioxidant and nutritional qualities. For its high nutritious content, it may be utilized to fortify several
products. In this study, it was utilized to fortify drinks such as apple and banana. The results revealed that
pasteurizing drinks at 90°C moreover, lowering pH to 4 led to reduction in the unpleasant taste and smell of
spirulina. The study revealed that fortifying apple and banana drinks, with up to 10% from the pulp used to
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manufacture the drink, enhanced nutritional and health value, likewise taste, smell, and color, in addition to
overall acceptability. Adding 10% spirulina had greater quality features than the addition of 5% spirulina, and
then the CA was compared to additionally 15% spirulina. The last treatment (15%) was achieved the highest
color and appearance only but decreased the rest quality parameters such as texture which became more grainy
with a roughness. To create a commercial product with high-quality characteristics, three points must be
considered during the industry of functional drinks made by mixing spirulina with apple or banana pulp. The
first is to use high pasteurization heat for a short time as well as lower the pH to the greatest extent possible to
remove the unpleasant taste and smell of spirulina. The second step to obtain soft texture must use a higher
degree of harmonization as possible to avoid a grainy and roughness texture. Finally, suitable thickening agent
should use to maintain the texture stable and provide a marketable appearance.

5. References

Aballay, L. R. (2012). Obesity in Cordoba: study of its prevalence and identification of risk factors (Doctoral
dissertation). National University of Cordoba. Faculty of Medical Sciences, Argentina.

Abd El Baky, H. H., El Baroty, G. S., & Ibrahem, E. A. (2015). Functional characters evaluation of biscuits
sublimated with pure phycocyanin isolated from Spirulina and Spirulina biomass. 0212-1611 « CODEN
NUHOEQ S.V.R. 318 Original / Alimentos funcionales.

Abdullah, K. M., Abul Qais, F., Hasanc, H., & Naseem, 1. (2019). Anti-diabetic study of vitamin B6 on
hyperglycaemia induced protein carbonylation, DNA damage and ROS production in alloxan induced
diabetic rats. The Royal Society of Chemistry, 8, 568—579.

AOAC (2000). Official methods of analysis, 16t" edn. Association of Official Analytical Chemists, Washington.

AOAC (2005). Official methods of analysis (18" edn.). Association of Official Analytical Chemists, Washington
DC, USA.

Awolu, O. O., Okedele, G. O., Ojewumi, M. E., & Oseyemi, F. G. (2018). Functional Jam Production from
Blends of Banana, Pineapple and Watermelon Pulp. International Journal of Food Science and
Biotechnology, 3(1),7-14.

Bahlol, H. E. M., El-Desouky, A. I., Sharoba, A. M., Morsy, O. M., & Abd El-Mawla, E. M. (2018). "Utilization
of Sprulina Algae to Improve the Nutritional Value of Kiwifruits and Cantaloupe Nectar Blends."
Annals of Agricultural Science, Moshtohor 56.4th ICBAA, 315-324.

Baicus, C, & Baicus A, (2007). Spirulina did not ameliorate idiopathic chronic fatigue in four N-of-1 randomized
controlled trials. Phytotherapy Research, Volume 21, Issue 6, Pages 570-573.

Beer, S., & Eshel, A. (1985). Determining phycoerythrin and phycocyanin concentrations in aqueous crude
extracts of red algae. Aust. J. Mar. Freshw. Res., 36, 185-792.

Blinkova, L. P., Gorobets, O. B., & Baturo, A. P. (2001). Biological activity of Spirulina. Mikrobial Epidemiol
Immunobiol., 2, 114-118.

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of free radical method to evaluate antiox-idant
activity. Lebensmittel-Wissenschaft and Technology, 28, 25-30.

Butu, M., & Rodino, S. (2019).Fruit and vegetable-based beverages—nutritional properties and health benefits.
In: Grumezescu, A. M. & Holban, A. M. (eds.) The Science of Beverages. Woodhead Publishing:
Elsevier. https://doi.org/10.1016/B978-0-12-816689-5.09988-0.

Cingi, C., Conk-Dalay, M., Cakli, H., & Bal, C. (2008).“The effects of spirulina on allergic rhinitis,” European
Archives of Oto-Rhino- Laryngology. In press.

Ciudad-Mulero, M., Fernandez-Ruiz, V., Matallana-Gonzélez, C., & Morales, P. (2019). Chapter Two- Dietary
fiber sources and human benefits: The case study of cereal and pseudocereals. Advances in Food and
Nutrition Research, 90, 83-134.

Deborah, J., Samue, C., Headley, A. & Germain J., (2020). Impact of Dietary Potassium Restrictions in KD on
Clinical Outcomes: Benefits of a Plant-Based Diet. Kidney Medicine, 2, (4), 476-487

Desai, K., & Sivakami, S. (2004). Spirulina the Wonder Food of the 21 Century. APBN 8 (23):1298-1302.
www.asiabiotech.com  Clinical ~ Application, Source: = www.biol.tsukuba.ac.jp/~inouge/ino/cy/
spirulina.gif.

Falquet, J. (2012). The nutritional aspects of spirulina, antenna technologies. http://antenna.ch/en/ documents
/AspectNut_UK.pdf (accessed on 14/10/2012).

FAO (2019). FAOSTAT — Crops. Available at http://www.fao.org/faostat/en/#data/QC/ visualize (accessed 15
March 2019).

Fradique, M., Batista, A. P., Nunes, M. C., Gouveia, L., Bandarra, N. M., & Raymundo, A. (2010). Incorporation
of Chlorella vulgaris and Spirulina maxima biomass in pasta products. Part 1: Preparation and

60



Food Science and Quality Management www.iiste.org
ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) may
Vol.113, 2022 IIsTE

evaluation. Journal of the Science of Food and Agriculture, 90, 1656-1664.

Frazer, C. J., Christensen, H., Griffiths, & K. M. (2005). Effectiveness of treatments for depression in older
people. The Medical Journal of Australia, 182(12),627-632.

Gershwin, M. E., & Belay, A. (2008). Spirulina in Human Nutrition and Health, CRC Press, Taylor & Francis
Group, Boca Raton: London, New York., pp.1-27.

Gonzalez Sanchez, M., Rivera Torres, A., & Moran Fagindez, L. J. (2012). Nutritional study to evaluate the
contribution of calcium in the diet of a fermented milk enriched in calcium and vitamin D (Densia®) in
postmenopausal women. Hospital Nutrition, 27(2), 537-541. PMid:22732980.

Habib, M. A. B., Parvin, M., Huntington, T. C., & Hasan, M. R. (2008). A Review on Culture, Production and
Use of Spirulina as Food for Humans and Feeds for Domestic Animals and Fish, FAO Fisheries and
Aquaculture Circular No. 1034.

Henrikson, R. (1989). Earth Food Spirulina Ronore Enterprises, Inc ISBN #0-9623111-0-3.

Henrikson, R. (2009). Earth Food Spirulina, 6rd ed.; Ronore Enterprises, Inc: Hana, Maui, Hawaii, 2009
http://www.spirulinasource.com/ PDF.cfm/EarthFood Spirulina.pdf (accessed on 14/12/2012)

Hernandez-Corona, A., Nieves, 1., Meckes, M., Chamorro, G., & Barron, B. L. (2002). Antiviral activity of
Spirulina maxima against herpes simplex virus type 2. Antiviral Research, 56(3), 279-285.

Hirahashi, T., Matsumoto, M., Hazeki, K., Saeki, Y., Ui, M., & Seya, T. (2002). “Activation of the human innate
immune system by Spirulina: augmentation of interferon production and NK cytotoxicity by oral
administration of hot water extract of Spirulina platensis,” International Immunopharmacology, vol. 2,
no. 4, pp. 423-434.

Hoseini, S. M., Khosravi-Darani, K., Mozafari, & M. R. (2013). Nutritional and Medical Applications of
Spirulina Microalgae. Chemistry, 13, 1231-1237.

Hussain, S. Z - Naseer, B., Qadri, T., Fatima, T., & Bhat, T. A. (2021) . Apples (Pyrus Malus)—Morphology,
Taxonomy, Composition and Health Benefits: Fruits Grown in Highland Regions of the Himalayas.
Springer Nature, Switzerland AG, 2021. p. 17-34. https://doi.org/10.1007/978-3-030-75502-7.

Juarez-Oropeza, M. A., Mascher, D., Torres-Duran, P. V., Farias, J. M., & Paredes-Carbajal, M. C. (2009).
Effects of Spirulina on vascular reactivity. J Med., Food 12(1) 15-20.

Karkos, P. D., Leong, S. C., Karkos, C. D., Sivaji, N., & Assimakopoulos, D. A. (2008). Spirulina in Clinical
Practice: Evidence-Based Human Applications. Evidence-Based Complementary and Alternative
Medicine Volume 2011, Article ID 531053, 4 pages doi:10.1093/ecam/nen058.

Kaur, K., Sachdeva, R., & Kochhar, A. (2009). Effect of spirulina supplementation on the nutrient adequacy and
health status of noninsulin-dependent diabetes mellitus (NIDDM) male subjects. Studies on Ethno-
medicine, 3(2), 119-126.

Kumar, N., Singh, S., Patro, S., & Patro, 1. (2009). Evaluation of protective efficacy of Spirulina platensis against
collagen-induced arthritis in rats. Inflammopharmacology, 17(3),181-190.

Lafarga, T., Fernandez-Sevilla, J.M., Gonzalez-Lopez, C. & Acién-Fernandez, F.G. (2020). Spirulina for the food
and functional food industries. Food Research International, Volume 137(2020), 109356.

Lee, J. Y, & Choe, E. O. (2009). Effects of phosphatidylcholine and phosphatidylethanolamine on the
photooxidation of canola oil. J. Food Sci., 74, 481-486.

Liu, Y., Feng, Y., & Lun, J. (2012). Aqueous two- phase countercurrent distribution for the separation of c-
phycocyanin and allophycocyanin from Spirulina platensis. Food and Bioproducts Processing, 90, 111-
117.

McCarty, M. F. (2007). Clinical potential of Spirulina as a source of phycocyanobilin. Journal of Medicinal Food,
10 (4), 566-570.

McCarty, M. F. Barroso-Aranda, J., & Contreras, F. (2010). Potential complementarity of high- flavanol cocoa
powder and spirulina for health protection. Medical Hypotheses, 74, 370-373.

Narvaez Andino, K. J., & Reyes Toval, Y. C. (2013). Factors that increase the risk of suffering osteosporosis in
patients aged 60-80 years treated at the Centro de Salud Telica, Municipality of Telica-Ledn, March-
June del 2013 (Doctoral dissertation). National Autonomous University of Nicaragua, Leon.

Osorio-Esquivel, O. A., " lvarez, V. B., Dorantes, A.," lvarez, L., & Giusti, M. M. (2011). Phenolics, betacyanins
and antioxidant activity in Opuntia joconostle fruits. Food Res. Int., 44, 2160-2168.
https://doi.org/10.1016/j.foodres.2011.02.011.

Parages, M. L., Rico, R. M., Abdala-Diaz, R. T., Chabrillon, M., Sotiroudis, T. G., & Jiménez, C. (2012). Acidic
polysaccharides of Arthrospira (Spirulina) platensis induce the synthesis of TNF- in RAW macrophages.
J Appl Phycol., 24, 1537-46.

Park, H. J., Lee, Y. J., Ryu, H. K., Kim, M. H., Chung, H. W., & Kim, W. Y. (2008). A randomized double-blind,

61



Food Science and Quality Management www.iiste.org
ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) may
Vol.113, 2022 IIsTE

placebo-controlled study to establish the effects of spirulina in elderly Koreans. Ann Nutr Metab., 52,
322-8.

Person, D. (1976). The chemical analysis of food, 7th edn. Churchill, London U.D.

Pifero Estrada, J. E., Bermejo Bescds, P., & Villar del Fresno, A. M. (2001). Anti-oxidant Activity of Different
Fractions of Spirulina Protean Extract. Farmaco, 56, 497-500. https://doi.org/10.1016/S0014-827
X(01)01084-9

Ranganna, S. (1978). Manual of analysis of fruit and vegetable products. Tata Mc Grow-Hill Pub. Comp.
Limited, New Delhi.

Ranganna, S. (2009). Handbook of Analysis and Quality Control for Fruit and Vegetable Products. New Delhi:
Tata McGraw Hill, pub. Co. Ltd. pp. 1112.

Reddy, M. C., Subhashini, J., & Mahipal, S. V. K. (2003). “CPhycocyanin, a selective cyclooxygenase-2
inhibitor, induces apoptosis in lipopolysaccharide-stimulated RAW 264.7 macrophages,” Biochemical
and Biophysical Research Communications, vol. 304, no. 2, pp. 385-392.

Riss, J., Decorde, K., Sutra, T., Delage, M., Baccou, J. C., Jouy, N., Brune, J. P., Oreal, H., Cristol, J. P, &
Rouanet, J. M. (2007). Phycobiliprotein C-phycocyanin from Spirulina platensis is powerfully
responsible for reducing oxidative stress and NADPH oxidase expression induced by an atherogenic
diet in hamsters J Agricul Food Chem., 55(19), 7962-7967.

Russell, R. M., & Suter, P. M. (2015). Vitamin and trace mineral deficiency and excess, in: Kasper, D., Fauci, A.,
Hauser, S., Longo, D., Jameson, J. L., & Loscalzo, J. (Eds.), Harrison's Principles of Internal Medicine,
McGraw-Hill Education, New York, NY, 2015.

Sharma, N. K., Tiwari, S. P., Tripathi, K., & Rai, A. K. (2011). Sustainability and cyanobacteria (blue-green
algae): facts and challenges. J. Appl Phycol., 23 (6), 1059-1081.

Shimamatsu, H. (2004). Mass production of Spirulina, an edible microalga. Hydrobiologia, 512, 39—44.

Tang, G. W. & Suter, P. M. (2011). Vitamin A, Nutrition, and health values of algae: spirulina, chlorella and
dunaliella. Journal of Pharmacy and Nutrition Sciences, 1(2), 111-118.

Vermeer, C. (2012). Vitamin K: the effect on health beyond coagulation — an overview. Food Nutr. Res., 56, 5329.

Tarantino, L. M. (2003). “Agency Response Letter GRAS Notice No. GRN000127,” FDA Home page, October
2003.

Vijayarani, D., Ponnalaghu, S., & Rajathivya, J. (2012). Development of Value Added Extruded Product Using
Spirulina. International Journal of Health Sciences and Research, 2(4), 42-47.

Wang, J., Wang, Y., Wang, Z., Li, L., Qin, J., Lai, W., Fu, Y., Suter, P. M., Russell, R. M., Grusak, M.A., Tang, G.,
Yin, S. (2008). Vitamin A equivalence of spirulina f-carotene in Chinese adults as assessed by using a
stable-isotope reference method. The American Journal of Clinical Nutrition, 87,1730-1737.

Willems, B. A. G., Vermeer, C., Reutelingsperger, C. P. M., & Schurgers, L. J. (2014). The realm of vitamin K
dependent proteins: shifting from coagulation toward calcification. Mol. Nutr. Food Res., 58, 1620-
1635.

Zamudio, C., Garmendia, M. L., Corvalan, C., & Uauy, R. (2015). CO071. Association between gestational
obesity and maternal metabolic complications a decade after childbirth in Chilean premenopausal
women. Archivos Latinoamericano de Nutricion, 65(Suppl.2), 59. Retrieved in 2018, August 26, from
http://www. alanrevista.org/ediciones/2015/suplemento-2/art-59/

Zhang, H. Q., Lin, A. P, Sun, Y., & Deng Y. M. (2001). Chemo- and radio-protective effects of polysaccharide of
Spirulina platensis on hemopoietic system of mice and dogs. Acta Pharmacol Sinica., 22(12), 1121-
1124.

Zhishen, J., Mengcheng, T., & Jianming, W. (1999). The determination of flavonoid contents in mulberry and
their scavenging effects on superoxide radicals. Food Chemistry, 64(4), 555-559.

62



