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ABSTRACT
Spirulina is very rich in protein, omega 3 and omega 6 oils, vitamin and mineral and its incorporation into cookies
will enrich their nutritional values. However, adding spirulina to cookies may affect their smell, color, appearance, texture and
taste. The objectives of this study were to evaluate the acceptability of spirulina added chocolate chip oatmeal cookies and to
assess the effect of the amount of added spirulina on the sensory evaluation parameters (odor, color, texture, taste and shred)
using a panel of 10 members. The results showed that all the baked samples had a noticeable smell. The majority of the panel
members described the smell of the cookies as pleasant cookies smell, sweet-yeast smell, musty-seawater smell and fishyseawater smell for the cookies receiving 0, 3, 6 and 9 % spirulina, respectively. Adding and/or increasing the amount of
spirulina increased the vividness of the color. The panel described the color as yellow, green-yellow, blue-green and green for
the cookies that received 0, 3, 6 and 9% spirulina, respectively. The color appearance seemed acceptable to the majority of the
panel members. The addition of spirulina affected the easiness with which breaking a cookie was made, the fragmentation and
the appearance of the break line. However, increasing the spirulina content increased the toughness of the cookies but did not
affect the fragmentation or appearance of the break line. Small parts and smooth line were observed with the cookies that
received no spirulina while large parts and irregular line were observed with all the cookies that received spirulina, regardless
the amount of spirulina added. Adding spirulina to cookies may help maintain their integrity and reduce breakage during
packaging and distributions. The addition of spirulina to the cookies affected both the texture and mouth feel. However, the
amount of spirulina added to the cookies did not have any significant effect on either the texture or the mouth feel. The cookies
that received no spirulina had a smooth texture and moist-smooth mouth feel whereas those received spirulina had grainy
texture and dry-chewy mouth feel. The taste of the cookies that received no spirulina was rated sweet/delicious whereas the
taste of the cookies that received spirulina was sweet-sour, sour-fishy and bitter-fishy for the cookies that received 3, 6 and 9%
spirulina, respectively. Increasing the amount of spirulina from 3 to 9% changed the nature of the taste from pleasant (sweet)
to unpleasant (bitter-fishy). The results showed that adding 3% spirulina did not affect the odor and taste of the cookies and
the addition of a strong aromatic compound to musk the smell of spirulina or a flavoring agent to musk the taste of spirulina
may be required with higher concentrations of spirulina.

Keywords: Spirulina, Chocolate Chips, Oatmeal, Cookies, Color, Taste, Odor, Texture, Shred.
INTRODUCTION
Algae are great sources of nutrients and natural
compounds which could be used as ingredients for new foods
and functional food products. They contain protein, fat,
carbohydrate, minerals and vitamins (Table 1) [1-10]. Algae
have a well-balanced chemical composition and can enhance
the nutritional value of foods and food products [11,12].
Among the most nutritious algae species, Spirulina has the
highest biomass growth and the highest protein yield (Table
2) [3,8,13,14]. For a given area, the harvest yield of Spirulina
is 10 times that of soy beans, 20 times that of corn and 200
times that of beef cattle [15].
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Table 1. Nutritional contents of some microalgae species [1-10].
Species
Protein Carbohydrate Lipids
Minerals
(%)
(%)
(%)
Botryococcus brauni
18
32
17
P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorella protothecides
57
26
31
P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorella pyrenoidosa
57
26
2
P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorella
25-45
24-35
20-28 P, Zn, I, Se, Fe, Mn,
Saccharophila
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorella srokiniana
45
10-28
27
P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorella vulgaris
51-58
12-17
14-22 P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Chlorococcum sp.
63
15
11
P, Zn, I, Se, Fe, Mn,
Mg, Cu, P, Na, N,
Co, Mo, S, Ca
Scenedesmus obliqus
50-56
10-17
12-14 P, K, Ca, Na, Mg,
S, Zn, Fe, Se, Cu,
Co, Mn, Mo
Spirulina platensisa
8-14
4-9
Ca, Fe, Zn, Mg, Cu,
61-72
Na, P, K, Mn, Se
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Vitamins
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B6, B9, B12, C, D, E,
H, riboflavin, pantothenate, folic
acid
A, B1, B2, B3, B5, B6, B12, E, H,
folacin, panthothenic acid, Inositol

Table 2. Biomass, protein yield and environmental growth conditions for some microalgae species [3,8,13,14].
Species
Biomass (g/L)
Protein yield (g/L)
Temperature (°C)
Botryococcus brauni
1.84
0.331
20
Chlorella protothecides
1.32
0.752
25
Chlorella pyrenoidosa
2.84
1.619
25
Chlorella Saccharophila
3.88
1.746
20-24
Chlorella srokiniana
3.22
1.449
30
Chlorella vulgaris
1.01
0.580
25-30
Chlorococcum sp.
3.92
2.470
20-30
Scenedesmus obliqus
4.35
2.436
20-30
Spirulina platensisa
30
4.30
2.709
Spirulina is a blue-green algae that has a great potential
for use in food and food products because of its high
nutritional composition (Table 3) [4,12,16,17]. The dark
green color of Spirulina comes from the high amount of
chlorophyll (plant blood) which is only one molecule
different from the hemoglobin (human blood). No one fruit,
vegetable or meat can provide all the nutrition elements the
human body demands as Spirulina. Spirulina contains over
100 nutritional and bioactive compounds, free of cholesterol,
has only 4 Cal/g, has a high digestibility (95%) and has an
alkali pH which can protect the human body from the diseases
resulting from acidic foods such as meat, sea food and cereals.
The protein content in Spirulina is about 65-71% which is
higher than that in the soybean and is easier to digest.
SciTech Central Inc.
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pH
7.6
6.0
6.0
6-9
7-8
7.0
8.0
8.0
9.0

Spirulina contain all the essential and non-essential amino
acids (Table 4) [12,17,18] which are 3-4 times those in fish
and meat and 29 times those in soybeans. Spirulina also
contains more than 2000 enzymes that are beneficial for
human health [12,19,20]. The fatty acids (Table 5) contain
omega 6 (gamma linolenic, essential linolenic and
dihomogamma linolenic) and omega 3 (alpha linolenic,
decosahexaenoic, palmitoleic, oleic and euric) oils [18,2123]. Spirulina also contain several vitamins (Table 6)
including: beta-carotene or vitamin A, thiamine or vitamin
B1, riboflavin or vitamin B2, niacin or vitamin B3, pyridoxine
or vitamin B6, cyanocobalamin or vitamin B12, d-a
tocopherol or vitamin E, biotin or vitamin H, folic acid,
panthothenate and inositol [4,12,16,17,21,22]. The vitamin
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Table 3. General composition of dry spirulina [4,12,16,17].
Content
Value
Unit
Moisture
4.0-5.0
%
Energy
2.9
Kcal/g
Protein
65.0-71.0
%
Carbohydrates
15.0-25.0
%
Fibers
3.0-7.0
%
Lipids
4.0-7.0
%
Minerals
6.0-12.0
mg/g
Table 4. Amino acids in fresh dried spirulina [12,17,18].
Amino Acid
Amount (mg/g)
Alanine
7.7-46.6
Arginine
7.9-47.6
Aspartic Acid
12.1-72.8
Cysteine
0.9-5.6
Glutamic Acid
4.1-84.4
Glycine
5.3-31.9
Histidine
2.5-15.0
Isoleucine
5.4-32.6
Leucine
8.2-48.9
Lysine
4.4-26.2
Methionine
2.2-13.3
Phenylalanine
4.5-26.1
Praline
4.1-24.7
Serine
4.4-26.5
Threonine
4.7-28.1
Tryptophan
1.4-8.5
Tyrosine
4.0-23.8
Valine
6.2-37.4
Table 5. Fatty acids in spirulina [18,21-23].
Content
Value
Omega 6
Gamma Linolenic
30.00
Essential Linolenic
33.00
Dihomogamma Linolenic
1.59
Omega 3
Alpha Linolenic
0.04
Docosahexaenoic
0.04
Palmitoleic
5.90
Oleic
0.50
Erucic
0.07

Unit
mg/g
mg/g
mg/g
mg/g
mg/g
mg/g
mg/g
mg/g

Table 6. Minerals in spirulina [4,12,16,17,21,22].
Mineral
Value
Unit
Calcium
1.68
mg/g
Magnesium
2.55
mg/g
Iron
0.52
mg/g
Phosphorous
9.18
mg/g
Potassium
18.30
mg/g
Sodium
10.98
mg/g
Manganese
0.19
µg/g
Zinc
0.20
µg/g
Boron
0.30
mg/g
Copper
0.30
µg/g
Molybdenum
0.30
µg/g
SciTech Central Inc.
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contents in spirulina are higher than those in liver, carrot,
spinach and many vegetables [3,5,7]. Spirulina is very rich in
mineral content (Table 7) including: calcium, phosphorus,
iron, sodium, magnesium, potassium, manganese, zinc,
boron, copper and molybdenum [16,18]. The mineral contents
in Spirulina are 28 and 58 fold of those in beef liver and
spinach, respectively [8,9,10].
Because of its high content of highly valuable bioactive
compounds, spirulina has been used to stimulate the immune
system by enhancing the production of antibodies and
cytokines and, thus, improving the resistance to infections in
humans. Spirulina preparations have proved to be effective
against HIV, herpes virus, cytomegalovirus, and influenza
virus. Spirulina preparations are also regarded as functional
products contributing to the preservation of the resident
intestinal micro flora (especially lactic acid bacilli and bifid
bacteria) and decreasing of Candida albicans level. Many of
the phytonutrients in spirulina function not only as
antioxidants but also as anti-inflammatory nutrients working
together in synergistic fashion to provide their cardiovascular
benefits. Because of this unique combination of antioxidant
and anti-inflammatory nutrients, Spirulina has several health
benefits including: cardiovascular support and prevention of
cardiovascular diseases, heart, kidney and liver disease,
obesity, neurodegenerative disease, arthritis, allergies,
prevention of breast, cervical, colon and esophageal cancers,
cholesterol control and improved regulation of blood sugar
[24-26].
In recent years, novel attractive healthy foods have been
prepared from spirulina [11]. Traditional foods such as salad
dressings, dips, puddings, gelled desserts, biscuits, cookies,
bread, noodles, pasta, smoothies, ice cream and health drinks
such as microalgal sour milk and microalgal green tea were
supplemented with spirulina to add coloring and functional
Table 7. Vitamins in spirulina [16,18].
Item
Water soluble vitamins
Β-complex vitamins
Vitamin B1 (Thiamine)
Vitamin B2 (Riboflavin)
Vitamin B3 (Niacin)
Vitamin B5 (Pantothenic Acid)
Vitamin B6 (Pyridoxine)
Vitamin B9 (Folate)
Vitamin B12 (Cyanocobalamin)
Vitamin H (Biotin)
Choline
Vitamin C
Fat soluble vitamins
Vitamin A (as Beta Carotene)
Vitamin E (D-atocopherol)
Vitamin K
Alpha Carotene
Beta Carotene
Lutein and Zeaxanthin

Amount

238.00 mg/g
99,00 mg/g
3.67 mg/g
3.4mg/g
13.20 mg/g
94.00 µg/g
6.60 µg/g
1.00 mg/g
66.00 mg/g
58.80 mg/g
29.00 µg/g
5.0 mg/g
25.20 µg/g
7.50 µg/g
1900.00 µg/g
126.00 µg/g
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attributes, making the products more sensorial attractive with
health benefits due to the high content of carotenoids,
polyunsaturated fatty acids, antioxidant and antiinflammatory compounds [12,27-32].
OBJECTIVES
The main aim of this study was to evaluate the
acceptability of spirulina added chocolate chip oatmeal
cookies. The specific objectives were: (a) to assess the effect
of the amount of added spirulina on the sensory evaluation
parameters (odor, color, texture, shred and taste) and (b) to
establish the most acceptable amount of spirulina that can be
added to the cookies.
MATERIALS AND METHODS
Ingredients
The following ingredients were used: 1 cup soft butter
(250 ml), 1 ½ cups brown sugar (375 ml), 1 1/3 cups wheat
flower (325 ml), 2 cups cooking oats (500 ml), 2 cups
chocolate chips (500 ml), 3 eggs, 1 tablespoon baking soda (5
ml), ½ tablespoon salt (5 ml), ½ teaspoon vanilla and the
desired amount of spirulina (0, 3, 6 and 9% by weight or 0,
15, 30 and 45 g).
Preparation of Cookies
The butter and brown sugar were placed in a large bowl
and beaten until became fluffy. The eggs and vanilla were
added to the butter mixture. The wheat flower, cooking oats,
baking soda and salt were place in a medium bowl and mixed
with the required amount of spirulina. This mixture was then
added to the butter mixture in the large bowl with continuous
stirring. The chocolate chips were added while stirring. The
total mixture of 2000g was divided into 4 portions (500g
each). No spirulina was added to the first portion (control),
15g spirulina were added to the second portion (3%), 30g
spirulina were added to the third portion (6%) and 45g
spirulina were added to the forth portion (9%).
The oven was heated to 180oC (350oF). From each portion,
a teaspoon full was dropped onto lightly greased cooking
sheet. Each portion made about 40 cookies. The cooking
sheets were place in the oven and the cookies were baked for
15 min.
Sensory Evaluation
Sensory evaluations were carried out on the baked cookies
to investigate the effect of the amount of added spirulina to
the cookies on the odor, color, texture, shred and taste. A
panel of 10 evaluators was formed from among graduate
students and professors in the Biological Engineering and
Food Science Programs of Dalhousie University. The sensory
evaluation sheets used in this study are shown in Figures 1-5.
Nutritional Value
The nutritional contents of the cookies were analyzed. The
analyses include the determination of energy, protein,
carbohydrate, fat, vitamins and mineral contents. These

SciTech Central Inc.
Int. J. Biopro. Biotechnol. Advance (IJBBA)

Ghaly, Hammouda &Al Hattab

Name_____________

Date: _____________

Oder is the property of substance that activates the sensory
smell. Odor intensity is the perceived strength of odor
sensation. Hedonic assessment is the process of rating on a
scale ranging from extremely unpleasant to extremely
pleasant. The characters of the odor are the ability to
distinguish odor.
A-Please rate the samples as to the presence of odor (color
intensity) and the odor hedonic tone using the following scale
Intensity
No odor
Very Faint
Faint
Week
Strong
Very Strong

0
1-2
3-4
5-7
8-9
10

Hedonic Tone
No Smell
Extremely Pleasant
Pleasant
Neutral
Unpleasant
Intolerable

0
1-2
3-4
5-7
8-9
10

B- Please describe the characters of each sample by giving an
appropriate descriptive term. Possible terms that might be
used are given in the list below. You may use a term of your
choice which you feel properly describes the odor.
Mold
Musty
Fish
Stagnant water
Sea water
Earthy

Yeast
Ammonia
Animal feed
Sour
Rotten cabbage
Other (Please specify)

RATING
Sample

Presence
Rating

Hedonic Tone
Rating

Odor
Description

1
2
3
4
Thank you for your time
Figure 1. Odor evaluation sheet.
analysis were performed according to the procedures
described Official Methods of Analysis of the Association of
the Official Chemists [33].
RESULTS AND DISCUSSION
Odor
The odor rating is shown in Table 8. All the baked samples
had a noticeable smell. The odor intensity measured on a scale
of 0: 10 (0= no odor and 10= very strong odor) was 4.89, 5.06,
5.28 and 6.00 for the cookies that received 0, 3, 6 and 9 %
spirulina, respectively. The results indicated that the odor
intensity ranged from faint for the cookie that received no
spirulina to weak for the cookies that received spirulina.
Increasing the amount of spirulina from 3 to 9% (3 fold) only
increased the odor intensity by 18.5 %.
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Date: _____________________

The color is the property of reflecting light of a
particular wavelength. The distinct colors of the
spectrum are red, orange, yellow, green, blue,
indigo, and violet, each of these is shading into
the next as shown in the diagram.

Please identify the color of the samples
according to the above diagram and rate the
saturation of the color using scale of 1:10 (dull=1
and vivid=10).
RATING
Sample
1
2
3
4

Color

Saturation

Thank you for your time
Figure 2. Color evaluation sheet.
Name: _____________________

Date: _____________________

Shredding/breaking is a method of cutting or breaking food into small pieces.
Please describe the easiness with which breaking is made and the appearance of the broken parts and the breaking line of the
samples using the following examples
Toughness
Firm and hard to break
Soft and easy to break
Sticky and hard to separate
Sticky and separate to clumps
Other (Specify)
RATING
Sample
1
2
3
4

Toughness

Fragments
Beaks into granules
Breaks into large parts
Breaks into irregular parts
Breaks into sticky parts/clumps
Other (Specify)

Fragmentation

Breaking Line
Uniform
Smooth
Irregular
Continuous
Other (Specify)

Break Line

Thank you for your time
Figure 3. Shred/break evaluation sheet.
SciTech Central Inc.
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Name: ______________

Date: ________________

The texture is the appearance, finish or consistency of a
surface of a substance. It is the characteristic physical
structure given to an object by the size, shape, arrangement
and proportions of its parts. It could also be defined as the way
that a food or drink feels in the mouth.

Taste is the sensation of a flavor perceived in the mouth and
throat on contact with a substance. The characters of the taste
are the ability to distinguish flavors. The hedonic tone is the
process of rating the taste on a scale ranging from nasty to
delicious

A-Please describe the surface appearance and mouth feel of
the samples using the following examples

A-Please rate the samples as to the characters and the hedonic
tone of flavor.

Appearance
Coarse
Clumpy
Grating
Gritty
Grainy
Granular
Sandy
Smooth
Fuzzy
Slimy
Other (Specify)
RATING
Sample
1
2
3
4

Mouth Feel
Heavy
Rough
Dry
Firm
Chewy
Sticky
Sandy
Grainy
Smooth
Moist
Other (Specify)
Appearance

Mouth Feel

RATING
Sample
1
2
3
4

Hedonic Tone
Nasty
Bad
Unpleasant
Tasteless
Pleasant
Delicious

Taste

1
2-3
4-5
6-7
8-9
10

Hedonic Tone

Thank you for your time
Figure 5. Taste evaluation sheet.
Thank you for your time

Figure 4. Texture evaluation sheet.
The nature of the smell (hedonic tone) was also rated on a
scale of 1:10 with a score of 1-2 considered as pleasant odor
and a score of 10 considered as intolerable odor. The sensory
panel rating for the hedonic tone was 4.06, 4.63, 5.78 and 6.33
for the cookies that received 0, 3, 6 and 9 % spirulina,
respectively. The nature of the smell of the cookies that
received 0 and 3% spirulina was pleasant while that of the
cookies that revived 6 and 9% spirulina was natural.
Increasing the amount of spirulina from 3 to 9% (3 fold)
increased the hedonic tone by 36.7 %.
The majority of the panel members described the smell of
the cookies as cookies smell, sweet-yeast smell, mustyseawater smell and fishy-seawater smell for the cookies
receiving 0, 3, 6 and 9 % spirulina, respectively. The results
showed that adding 3% spirulina did not affect the odor and
the addition of a strong aromatic compound to musk the smell
of spirulina may be required with higher concentrations of
spirulina.
Sharma and Dunkwal [34] found that the addition of 10%
spirulina into biscuits did not significantly alter the smell of
the biscuit as compared with the biscuits without spirulina.
Lemes et al. [35] noted no difference in the odor of pasta
containing 5 and 10 % spirulina. Vijayarani et al. [36] found
no significant differences in the odor of extruded products
containing 5, 10 and 15% spirulina.
SciTech Central Inc.
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Characters
Sweet
Vinegar
Sour
Bitter
Salty
Coffee
Pumpkin
Others (Specially)

Color
The color of the baked cookies is shown in Figure 6. The
color rating results are presented in Table 9. The sensory
panel also described the color as yellow, green-yellow, bluegreen and green for the cookies that received 0, 3, 6 and 9%
spirulina, respectively. The color appearance seemed
acceptable to the majority of the panel members. The
intensity or saturation of the color was rated in scale of 1:10
with 1 considered dull color and 10 considered vivid color.
The intensity rating of the color by the sensory panel was
3.78, 4.56, 6.22 and 7.54 for the cookies that received 0, 3, 6
and 9% spirulina, respectively. The results obtained from the
sensory panel showed that adding and/or increasing the
amount of spirulina increased the vividness of the color.
Salehifar et al. [37] reported that the addition of 0.5-1.5%
spirulina into traditional Iranian cookies did not alter the
color compared to that of the original cookies. Morsy et al.
[38] reported that the addition of 2.5% spirulina did not
significantly change the color of extruded products, but the
addition of 5- 12.5% significantly altered the color of the
product. Lemes et al. (2012) noted that the addition of 5%
spirulina to pasta did not change the color significantly from
the original pasta, but the addition of 10% significantly
altered the color of the pasta. Vijayarani et al. (2012) noticed
slight decreases in the color rating of extruded products on
the hedonic scale when the spirulina content was increased
from 5 to 15% (5.0, 4.7 and 4.3 for the 5, 10 and 15%,
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Table 8. Odor rating
Cookie Sample
Spirulina Content (%)
Odor Intensity
Hedonic Tone
1
0
4.89±0.16
4.06±0.12
2
3
5.06±0.24
4.83±0.11
3
6
5.28±0.22
5.78±0.15
4
9
6.00±0.19
6.33±0.09
Odor intensity is the perceived strength of odor sensation.
Hedonic tone is rating odor on a scale of 1 (extremely unpleasant): 10 (extremely pleasant.)

0%

3%

6%

Ghaly, Hammouda &Al Hattab

Description
Cookie
Sweet-yeast
Musty-seawater
Fishy-seawater

9%

Figure 6. Baked cookies with varying amounts of spirulina.
Table 9. Color rating.
Cookie
Spirulina
Sample
(%)
1
0
2
3
3
6
4
9

Saturation
Rating
3.78±0.17
4.56±0.23
6.22±0.27
7.54±0.21

Color
Yellow
Green-yellow
Blue-green
green

The saturation of the color is the intensity of the color in a scale of 1
(dull): 10 (vivid).

respectively). However, Sharma and Dunkwal [34] found
that the change in the color of the biscuits due to the addition
of 10% spirulina was not statistically significant. Lyer et al.
[29] found that increasing the addition of spirulina from 1 g
to 5 g (2-10%) in 22 Indian recipes (including biscuits),
decreased the color/appearance acceptance and concluded
that addition of 1.0-2.5 g (2-5%) of spirulina was acceptable.
Shred/Break
The toughness or easiness with which breaking cookies is
made, fragmentation or appearance of the broken parts and
the appearance of the break line were evaluated for cookies
receiving different amounts of spirulina. The shred/beak
rating results are presented in Table 10. The addition of
spirulina affected the easiness with which breaking a cookie
was made, the fragmentation and the appearance of the break
line. However, increasing the spirulina content affected the
easiness with which breaking a cookie was made but did not
affect the fragmentation or the appearance of the break line.
The panel reported a toughness rating of soft-easy to beak,
firm-easy to beak, firm-hard to break and very firm-hard to
break for the cookies that received 0, 3, 6 and 9% spirulina,
respectively. However, small parts and smooth line were
observed with the cookies that received no spirulina while
SciTech Central Inc.
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large parts and irregular line were observed with all the
cookies that received spirulina, regardless the amount of
spirulina added. The results showed that adding spirulina to
cookies may help maintain their integrity and reduce
breakage during packaging and distributions
Morsy et al. [38] reported that the addition of 2.5-7.5
spirulina did not significantly alter the brittleness and the
firmness of the extruded products but concentrations above
7.5% significantly altered the firmness and the brittleness of
the extruded products.
Texture
The results of the texture appearance and mouth feel of
the cookies are presented in Table 11. The addition of
spirulina to the cookies affected both the texture and mouth
feel. However, the amount of spirulina added to the cookies
did not have any significant effect on either the texture or the
mouth feel. The cookies that received no spirulina had a
smooth texture and moist-smooth mouth feel whereas those
received spirulina had grainy texture and dry-chewy mouth
feel.
Lemes et al. [35] noted that there was no difference in the
texture of pasta containing spirulina at concentrations of 0, 5
and 10%. Sharma and Dunkwal [34] reported that the
incorporation of 10% spirulina into biscuits did not have any
significant effect on the texture. Salehifar et al. [37] noted
that the addition of 0.5-1.5% spirulina into traditional Iranian
cookies did not alter the texture of the cookies. Morsy et al.
[38] reported that the addition of 2.5-7.5 spirulina did not
significantly alter the texture of the extruded products but
concentrations above 7.5 % had a significant effect on the
texture of the extruded products. Lyer et al. [39] found that
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Table 10. Shred/break rating
Cookie Sample
Spirulina (%)
1
0
2
3
3
6
4
9

Toughness
Soft & easy to break
Firm & easy to break
Firm & hard to break
Very firm & hard to break

Ghaly, Hammouda &Al Hattab

Fragmentation
Small parts
Large parts
Large parts
Large parts

Break line
Smooth
Irregular
Irregular
Irregular

Toughness is the easiness with which breaking of a cookie is made
Fragmentation is the appearance of the broken parts of a cookie
Break line is the appearance of the breaking line of a cookie

Table 11. Texture rating
Cookie
Spirulina
Texture
Sample
(%)
Appearance
1
0
Smooth
2
3
Grainy
3
6
Grainy
4
9
Grainy

Mouth Feel
Moist and Smooth
Dry and Chewy
Dry and Chewy
Dry and Chewy

Texture is appearance, finish or consistency of a surface of a cookie
Mouth feel is the feeling of moistness and dryness or chewiness and
smoothness of a substance in the mouth.

increasing spirulina content from 1 g to 5 g (2-10%) did not
significantly alter the texture of Parathas bread and biscuits.
Vijayarani et al. [36] noticed slight differences in the texture
of extruded products when the spirulina content was
increased from 5% to 15%. However, Sharma and Dunkwal
[34] found that the change in the texture of the biscuits due to
the addition of 10% spirulina was not statistically significant.
Taste
The sensation of flavor perceived in the mouth and throat
on contact with pieces of cookies was evaluated by the panel.
The nature of the taste or hedonic tone was also rated on a
scale of 1 (nasty): 10 (delicious). The results are presented in
Table 12. The addition and/or increasing the amount of
spirulina affected both the taste and the hedonic tone. The
taste of the cookies that received no spirulina was rated
sweet/delicious with a hedonic score of 8.33 which is in the
pleasant taste range of 8-9. The taste of the cookies that
received spirulina was sweet-sour, sour-fishy and bitter fishy
and the hedonic tone was 7.06, 5.11 and 5.00 for the cookies
that received 3, 6 and 9% spirulina, respectively. Increasing
the amount of spirulina from 3 to 9% changed the nature of
the taste from pleasant (sweet) to unpleasant (bitter-fishy).
The results showed that adding 3% spirulina did not affect
the taste and the addition of a flavoring agent to musk the
taste of spirulina may be required with higher concentrations
of spirulina.
Lemes et al. [35] noted differences in the taste of pasta
containing 5% spirulina and the pasta containing no
spirulina. Morsy et al. [38] reported that the addition of 2.5%
spirulina did not significantly alter the taste of the extruded
products, but higher concentrations of 5 to 12.5% resulted in
an undesirable taste. Lyer et al. [39] found that with
increasing spirulina content from 1 to 5 g (2-10%) the taste
of Parathas bread and biscuits changed but remained
acceptable. However, Sharma and Dunkwal [34] found that
SciTech Central Inc.
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Table 12. Taste rating
Cookie Spirulina
Sample
(%)
1
0
2
3
3
6
4
9

Taste
Sweet/Delicious
Sweet
Sour/Fishy
Bitter/Fishy

Hedonic
Tone
8.33±0.35
7.06±0.34
5.11±0.26
5.00±0.18

Taste is the sensation of flavor perceived in the mouth and throat on
contact with a substance.
The hedonic tone is the rating of taste on a scale of 1 (nasty): 10
(delicious)

the addition of 10% spirulina into biscuits did not result in
any significant change in the taste.
Nutritional Facts
The nutritional values are shown in Table 13. The addition
of spirulina has enhanced the nutritional value of the cookies
by increasing the protein, vitamin and mineral contents and
adding omega 3 and omega 6 oils. Spirulina is much better
source of protein (65%) than milk (4.3%), eggs (13.3%),
pulses (24%) and soybean (43.2%). The beta carotene in
spiruina (1900 µg/g) is much higher than that in carrots (18.9
µg/g), spinach (55.8 µg/g) and mango (27.4 µg/g). The iron
content in spirulina (0.522 mg/g) is also higher than spinach
(0.109 mg/g) and soy bean (0.115 mg/g).
CONCULOSION
The incorporation of spirulina into cookies will enrich
their nutritional values by increasing the protein, vitamin and
mineral contents and the addition of omega 3 and omega 6
oils. Spirulina is a good source of protein, beta carotene and
iron. The protein content in spirulina (65%) is much higher
than that in milk (4.3%), eggs (13.3%), pulses (24%) and
soybean (43.2%). The beta carotene in spiruina (1900 µg/g)
is much higher than that in carrots (18.9 µg/g), spinach (55.8
µg/g) and mango (27.4 µg/g). The iron content in spirulina
(0.522 mg/g) is also higher than spinach (0.109 mg/g) and soy
bean (0.115 mg/g). However, adding spirulina to cookies
affected their smell, color, appearance, texture and taste.
All the baked samples had a noticeable smell. The odor
intensity ranged from faint for the cookie that received no
spirulina to weak for the cookies that received spirulina. The
smell of the cookies that received 0 and 3% spirulina was
pleasant while that of the cookies that revived 6 and 9%
spirulina was natural. Increasing the amount of spirulina
from 3 to 9% (3 fold) increased the odor intensity by 18.5 %
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Table 13. Nutritional facts for a cookie.
Amount per serving
Calories (Cal)
Fat (g)
Omega 3 (mg)
Omega 6 (mg)
Carbohydrate (g)
Fiber (g)
Sugar (g)
Protein (g)
Vitamin
A (mg)
B1 (mg)
B2 (mg)
B3 (µg)
B6 (µg)
B9 (µg)
B12 (µg)
C (mg)
E (µg)
H (mg)
K (µg)
Alpha Carotene (µg)
Beta Carotene (µg)
Lutein and Zeaxanthin (µg)
Choline (µg)
Folic Acid (µg)
Pantothenic Acid (µg)
Minerals
Calcium (mg)
Magnesium (mg)
Iron (mg)
Phosphorous (mg)
Potassium (mg)
Sodium (mg)
Manganese (µg)
Zinc (µg)
Boron (µg)
Copper (µg)
Molybdenum (µg)
Cookie Size = 30 g

0
175.000
3.750

24.750
0.750
1.500
1.500

120.000

and increased the hedonic tone by 36.7 %. The majority of
the panel members described the smell of the cookies as
cookies smell, sweet-yeast smell, musty-seawater smell and
fishy-seawater smell for the cookies receiving 0, 3, 6 and 9
% spirulina, respectively.
The results obtained from the sensory panel showed that
adding and/or increasing the amount of spirulina increased
the vividness of the color. The panel described the color as
yellow, green-yellow, blue-green and green for the cookies
that received 0, 3, 6 and 9% spirulina, respectively. The color
appearance seemed acceptable to the majority of the panel
members.
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Spirulina (%)
3
6
177.610
180.220
3.795
3.840
6.543
13.086
58.131
116.262
24.990
25.110
0.750
0.750
1.500
1.500
2.083
2.670

9
182.830
3.890
19.629
174.393
25.290
0.750
1.500
3.255

0.270
0.306
297.000
18.630
0.396
0.360
0.198
1.764
13.500
0.030
0.066
0.225
0.225
3.780
0.171
0.027
0.004

0.540
0.612
594.000
37.260
0.792
0.720
0.396
3.528
27.000
0.060
0.132
0.450
0.450
7.560
0.342
0.054
0.007

0.810
0.918
891.000
55.890
1.188
1.080
0.594
5.292
40.500
0.090
0.198
0.675
0.675
11.340
0.513
0.081
0.0108

0.360
0.432
0.095
0.936
1.368
120.657
2.340
1.080
0.900
0.090
0.090

0.720
0.864
0.1908
1.872
2.736
121.314
4.680
2.160
1.800
0.180
0.180

1.080
1.296
0.286
2.808
4.104
121.971
7.020
3.240
2.700
0.270
0.270

The addition of spirulina affected the easiness with which
breaking a cookie was made, the fragmentation and the
appearance of the break line. However, increasing the
spirulina content affected the easiness with which breaking a
cookie was made but did not affect the fragmentation and the
appearance of the break line. The toughness was reported as
soft-easy to beak, firm-easy to beak, firm-hard to break and
very firm-hard to break for the cookies that received 0, 3, 6
and 9% spirulina, respectively. Small parts and smooth break
line were observed with the cookies that received no spirulina
while large parts and irregular break line were observed with
all the cookies that received spirulina, regardless the amount
of spirulina added.
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The addition of spirulina to the cookies affected both the
texture and mouth feel. However, the amount of spirulina
added to the cookies did not have any significant effect on
either the texture or the mouth feel. The cookies that received
no spirulina had a smooth texture and moist-smooth feel
whereas those received spirulina had grainy texture and drychewy mouth feel.
The taste of the cookies that received no spirulina was
rated sweet/delicious whereas the taste of the cookies that
received spirulina was rated sweet-sour, sour-fishy and
bitter-fishy for the cookies that received 3, 6 and 9%
spirulina, respectively. Increasing the amount of spirulina
from 3 to 9% changed the nature of the taste from pleasant
(sweet) to unpleasant (bitter-fishy).
The results showed that adding 3% spirulina did not affect
the odor and taste of the cookies and the addition of a strong
aromatic compound to musk the smell of spirulina or a
flavoring agent to musk the taste of spirulina may be required
with higher concentrations of spirulina. Adding spirulina to
cookies may help maintain their integrity and reduce
breakage during packaging and distributions.
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