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Abstract

In this study, spirulina which is one of the blue-green algae rich in protein 61.57% and contains a high
proportion of essential amino acids (38.81% of the protein) and a source of naturally rich in vitamins especially
vitamin B complex such as vitamin By, (193 pg / 100 g) and folic acid (9.66 mg / 100 g), which helps the
growth and nutrition of the child brain, also rich in calcium and iron it containing (1043.62 and 338.76 mg/ 100
g, respectively) to protect against osteoporosis and blood diseases as well as a high percentage of natural fibers.
So, the spirulina is useful and necessary for the growth of infants and very suitable for children, especially in the
growth phase, the elderly and the visually appetite. It also, helps a lot in cases of general weakness, anemia and
chronic constipation. Spirulina contain an selenium element (0.0488 mg/100 g) and many of the phytopigments
such as chlorophyll and phycocyanin (1.472% and 14.18%), and those seen as a powerful antioxidant. It ensures
the whole food and alkaline balance of the body. The spirulina used in the production of snack food by some
addition percentages zero, 2.5, 5, 7.5, 10 and 12.5%. Data of sensory evaluation results showed that the adding
spirulina by ratio 12.5% had lower score for most properties compared to other tested. The chemical analysis
was done, the obtained data showed that the add spirulina a large role in increasing protein ratio and ash where
the results were (9.43 - 18.11%) and (1.31 - 2.67%) for the samples the control sample and 10% spirulina. The
physical properties measurement were done, such as density, the expansion rate, grain index, WSI and WAI, the
results showed that the adding rate of spirulina was improvmant the physical properties of the snacks. It was
safety study microbiology samples prepared by adding snack spirulina and all samples were microbiologically
safe. Rheological properties were measured for snacks samples by using (Instron universal testing machine
model 4301) for measuring textures, all texture parameters were improved and increased constants textures add
spirulina and was at the same time economical cost and therefore can be produced for domestic use as well as
can be exported abroad.

Key words: Spirulina; nutritional value; chemical composition; amino acids, fatty acids, vitamins,
phytopigments, minerals; microbiological examination; snacks.

Practical Applications

Extruded food products produced from cereals
are usually low in protein and have a poor biological
value due to their limited essential amino acid
contents and are often fortified with proteins.
Spirulina — cyanobacteria has been used by different
populations as protein source and other nutritional
requirement. Successful incorporation of spirulina
into cereal-based extruded products could deliver
physiologically active components, represents a
major opportunity for food processors who are
engaged in providing the consumer a healthy maize-
based product, which is currently lacking in the
market place.

Introduction

Spirulina is the dried biomass of the
cyanobacterium Arthrospira platensis, it has been
widely used in several countries, it is considered
GRAS (generally recognized as safe), without
toxicological effects, and it is approved by the FDA
(U.S.A) and ANVISA (Navacchi et al., 2012). Rich
in protein (up to 65%), spirulina is considered safe
for consumption by molecules as phycocyanin, -

carotene and xanthophyll pigments,a-tocopherol and
phenolic compounds, which are responsible for the
antioxidant activities of these microalgae, as shown
by several authors for in vitro and in vivo
experiments (Patel et al., 2006). Moreover, most
research has focused on the health effects of spirulina
as a dietary supplement for humans and therapeutic
applications: an anti-cancer effect (Mao et al., 2005),
a hypolipidemic effect (Narmadha et al., 2012), and
a protective effect against diabetes and obesity
(Anitha and Chandralekh, 2010). These advantages
make spirulina a good raw material for the healthy
food.

Spirulina has no cellulose in its cell walls, being
composed of soft mucopolysaccharides. This makes
it easily digested and assimilated. It is 85 to 95%
digestible. This easy digestibility is especially
important for people suffering from intestinal
malabsorption.

Spirulina can be used at any age (from infancy to
pregnancy and adulthood), but its value is
particularly evident in the young growing child:
during weaning and during the pre-school period
(from 1 to 6 years), Dillon (2014).
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Spirulina offers remarkable health benefits to an
undernourished children. It is rich in beta-carotene
that can overcome eye problems caused by vitamin A
deficiency, it provides the daily dietary requirement
of beta-carotene which can help prevent blindness
and eye diseases Seshadri (1993).The protein and B-
vitamin complex makes a major nutritional
improvement in an infant’s diet. It is the only food
source other than breast milk containing substantial
amounts of essential fatty acid, essential amino acids
and GLA that helps to regulate the entire hormone
system Ramesh et al. (2013).

Spirulina's concentrated nutrition makes it an
ideal food supplement for people of all ages and
lifestyles. Spirulina is about sixty percent complete,
highly digestible protein. Spirulina contains every
essential amino acids. It contains more beta-carotene
than any other whole food; it is the best whole food
source of gamma linolenic acid (GLA); it is rich in B
vitamins, minerals, trace elements, chlorophyll, and
enzymes; and it is abundant in other valuable
nutrients about which scientists are learning more
each year, such as carotenoids, sulfolipids,
glycolipids, phycocyanin, superoxide dismutase,
RNA and DNA (Robert (2010); Kelly et al. (2011)
and Parry (2014)).

Spirulina platensis is used in the food, medicine,
and cosmetic industries, and as an additive for chips,
fruit juices, sauces, spice mixtures, vegetables, soups,
and other products. This investigation contributes to
the determination of nutrients in spirulina platensis
microalgae used in the food and aquaculture feed
industries.

Three to ten grams a day delivers impressive
amounts of beta carotene, vitamin B-12 and B
complex, iron, essential trace minerals, and gamma-
linolenic acid. Beyond vitamins and minerals,
spirulina is rich in phytonutrients and functional
nutrients that demonstrate a positive effect on health
Robert (2010).

It is legally approved as a food or food
supplement in Europe, Japan and many other
countries around the globe. The United States Food
and Drug Administration confirmed in 1981 that
spirulina is a source of protein and contains various
vitamins and minerals and may be legally marketed
as a food supplement. Many countries have set up
food quality and safety standards for spirulina, FDA
(1981).

Extrusion cooking of cereals is a very important
process in food industry, since it regards a wide
range of products such as snack-foods, baby-foods,
breakfast cereals, noodle, pasta and cereals based
blends (Semaska et al., 2010). Extruders minimize
the operating costs and higher productivity than other
cooking process, combining energy efficiency and
versatility. Corn meal is a major ingredient for
extruded foods, such as ready-to-eat breakfast cereals
and snacks (Jozinovic et al., 2012).

The market share of “ready-to-eat” food, “snack”
food and breakfast cereals are growing almost
everywhere in the world (Brncic et al. 2006). Snack
foods are prepared from natural ingredients or
components to vyield products with specified
functional properties (Reid et al. 1998). Snacks can
be used as a vehicle for incorporating nutrients that
have health benefits (Zazueta-Morales et al. 2002).
Food extrusion has been widely used to produce
ready to-eat cereals and snack foods. Physical
characteristics of an extruded snhack product such as
expansion, hardness and density are important
parameters in terms of the consumer acceptability as
well as functional properties of the final product.

Extruded snhack products are predominantly made
from cereal flour because of their good expansion
characteristics. However, extruded food products
produced from cereals tend to be low in protein and
have a poor biological value because of their limited
essential amino acid contents (Igbal et al. 2006).
Many snack foods have low nutrient densities and
are often fortified with proteins (Tangkanakul et al.,
1999).

As a carbohydrate source, maize is extensively
used in the production of snack food by extrusion
technology. Among the many available protein-rich
food sources, spirulina is one of the magic foods that
have immense nutritional importance. Spirulina —
cyanobacteria has been used as food for centuries by
different populations. Concentrated nutrition of
spirulina makes it an ideal food supplement for
people of all ages and lifestyles. Only few published
reports are available on the utilization of spirulina
powder (SP) in food preparations like biscuits,
cookies and chikki (Conrad 2004). However, the
utilization of spirulina into maizebased extruded
product has not been reported.

The effect of various extrusion parameters i.e.,
screw speed, barrel temperature, feed composition
ratio and feed moisture content on the maize—
spirulina blend extruded product characteristics, and
nutritional quality were studied by Joshi et al.
(2014).

Extrusion has become a very important role in
food processing operation. Today, the food extruder
is used to produce pasta, ready-to eat cereals, snacks,
confectionery products, modified starches for soup,
baby food and instant foods, beverage bases and
texturized vegetable proteins. Extrusion cooking
technology is a high temperature-short time
processing for the development of new innovative
products. It minimizes energy, time and cost
(Vijayarani et al., 2012).

Finally, spirulina called the ideal food for
mankind and the World Health Organization
considered its "super food" and the best food for the
future because of its nutritional value is very high.
The American space agency is working on a project
to be grown in space and regards it as the main food
for astronauts. All this and more is what makes the
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best food spirulina exists on the ground (Sharoba
2014).

Therefore, owing to all these advantages, the
present work aims to study the physicochemical and
nutritive values of spirulina, and formulate different
extruded food products to use as a complementary
for child and adult foods formulas with lower cost.
To develop value added extruded products with
different proportions of spirulina. Also, to assess the
acceptable level of incorporation of spirulina powder
in extruded products organoleptically, to evaluate the
formulas from standpoint of organolyptically,
physicochemical properties of the best formulas were
evaluated, finally to analyse and compare the
nutritional composition of the most acceptable
developed extruded products.

Materials and methods

Materials:

Spirulina was obtained from Aquaculture Research
Center at Arab Academy for Scince, Technology &
Maritime Transport, Arab League, Alexandria
governorate, Egypt.

Raw materials for experimental snack blends
preparation:

Some food ingredients were used as starting
materials to produce spirulina snack (SS) products.
These materials were obtained from the following
sources:

A. Yellow corn grits (Zea mays L.), were obtained
from "Egypt Food Company”, Quisna, Minoufiya,

Egypt.

Chemical composition of corn grits

Components %
Moisture 12.63+0.07
Protein* 8.88+0.31
Fat* 3.565+0.17
Ash* 0.65+0.11
Crude fiber* 2.24+0.06
Available carbohydrates*” 72.05

* (on dry weight basis)
** Available carbohydrate by difference:

B. Chesse flavor was obtained from Quest
International Egypt Company, 6 of October City,
Giza, Egypt.

C. Palm olean oil was obtained from El-Motahda
Company, Egypt.

D. Sodium chloride was purchased from the local
markets.

Technological treatments:
Snack food preparation:

The following procedures were carried out as
preliminary steps, towards preparing the formulated
food mixtures.

Production  of snack  food
preparation:

a) Formulation of experimental shack food
blends:

Five blends were formulated, in addition to
another one, the commercial product (100% yellow
corn grits) which served as control treatment. Total
weight of each blend was about 20-25 kg. The five
experimental blends were prepared according to the
percentages of constituent ingredients given in
following table and each blend was named according
to its distinguished constituent ingredient as follows:

experimental

Percentage of ingredients used to develop the
snack products

Cornflour  Spirulina
Blends %) %)

Blend (1) (0% S) Control 100 % -

Blend (2) (2.5% S) 975 % 25%
Blend (3) (5% S) 950 % 50%
Blend (4) (7.5% S) 925 % 75%
Blend (5) (10% S) 900 % 10.0 %
Blend (6) (12.5% S) 875 % 125 %

B) Extrusion apparatus:

All  equipments used to prepare the six
experimental extruded products were existed at
"Egypt Food Company" Quisna, Minoufiya, Egypt.
Snack extrusion was made in single-screw extruder
(type American extrusion) with production capacity
of 150 kg per hour and four heating zones. Extrusion
vibro feed hopper with vibrator and screw auger for
easy metered flow of raw materials, quiet direct
drive, and speed control of main drive via inverter. In
general, yellow corn grits with moisture adjusted to
15% was used normally in such extrusion process.

The drier (Model 3000 Dryer American
extrusion) passes hot dry air through the product
which travels through the oven. This efficiently dries
the product in 2 to 5 minutes using pelt conveyor
equipped with diesel oil burner to raise temperature
around (115-125°C).

C) Operation conditions for extrusion:

Each blend was mix-fed to the extruder had
modification for moisture content which ranged
between (11.24 to 15.93%). The blends were mixed
for 10 min before cook and extrusion. Blends were
cooked by the single extruder American type at
different extrusion operation conditions as follows:
1- Rotation screw speed 700 rpm was used for all
blends.

2- Two temperatures of extruder (175 and 180°C).
3- The feeding rates ranged between 1.8 to 2 kg/min.

After the extrusion blends were dried at (115 and
125°C) for 2 to 3 min. A screw speeds (50 to 70
rpm). By pelt conveyor oven equipped with diesel oil
burner.

Annals of Agric. Sci., Moshtohor, Vol. 52 (4) 2014.



-498 -

Morsy O.M. et al.

D) Slurry preparation and application system:

American extrusion international melting tanks
with double jacket water to raise temperature around
(40-45°C) are designed for oil slurry type seasoning
application and will function with all standard
coating  application  systems. The finished
experimental extruded products were coated by
chesse flavor blend which consisted of 6% chesse
and 19% palm olean oil.

| Dried Spirulina powder |
!

| Yellow corn grits |
!

| Mixing (10 min) |
!

| Modification moisture |
!

| Mixing (15 — 20 min) |
!

| Extrusion |
!

| Drying |

!
Coating 6% chesse flavor + 19% palm
Olean oil

!
| Packing |

l

Analysis

Fig.1Flow chart for snacks processing

Methods:

Physicochemical analysis:

Moisture content, total solids, ash, fat, protein,
ascorbic acid and starch were determined according
to AOAC (2000). The pH value was measured with a
pH meter model Consort pH meter P107. Titratable
acidity was determined by titration with NaOH 0.1 N
solution using phenolphthalein as indicator according
to AOAC (2000). Total and reducing sugars were
determined by Shaffer and Hartman method as
described in the AOAC (2000). Total pectin content
and fractional pectin components were determined
by the method of Robertson (1979). Crude fiber was
determined by Weende method in which VELP
Scientifica extraction unit was used. The method is
based on the solubilization of non-cellulosic
compounds by sulfuric acid and hydroxide solutions
as described in AOAC (2000). Total carotenoids
were determined according to Harvey and
Catherine (1982). Total anthocyanins was measured
according to the method of Skalaki and Sistrunk
(1973). Three replications of all these determinations
were carried out. Carbohydrates were calculated by
difference from the total of moisture dietary fibre,

lipids, protein and ash contents (Sharoba et al.,
2013). The total energy value of the food formulation
was calculated according to Sharoba et al. (2013)
using the formula as shown in the following
equation:
Total energy (kcal/100 g) = [(% available
carbohydrates x 4) + (% protein x 4) + (% fat x 9)]

Amino acid analysis:

The protein quantification was done with micro-
Kjeldahl method. Amino acid analysis procedure
involves acid/alkaline hydrolysis, separation by
cation exchange column, post-column derivatization
with Ninhydrin and detection using UV/Vis detector
at 570 nm as described in the Korean Food Code
(KFDA, 2003). These procedures in the Korean
Food Code were established based on AOAC
Official Method 960.52 for micro-chemical
determination of nitrogen (micro-Kjeldahl), AOAC
Official Method 988.15 for tryptophan, AOAC
Official Method 985.28 for sulfur amino acids, and
AOAC Official Method 994.12 for acid-stable
amino acids. After hydrolysis, amino acid analyzer
(Sykam Gmbh, Germany) with an integrator
(Axxiom Chromatography Inc.) was used for
quantification of amino acids. All results are
expressed on the basis of 100 g edible portion.

Fatty acids composition analysis:

The fatty acid profile was analyzed using a Gas—
Chromatographic model GC-17A according to
AOAC (2000).Three samples of the oils which
extracted from spirulina sample was converted to
their corresponding methyl ester using boron
trifluoride methanol complex (14% wi/v). The
mixture was maintained at 100 °C for 1 h. The
reaction was stopped with 0.5 ml of distilled water.
Then, the extracted fatty acid methyl esters (FAMES)
were dissolved in heptane for GC analyses. GC
analyses were performed on a Hewlett—Packard 5890
Series Il gas chromatograph (H.P. Co., Amsterdam,
The Netherlands) equipped with a hydrogen flame
ionization detector and a capillary column: HP
Inovax cross-linked PEG (30 m x 0.32 mm x 0.25 Im
film). The column temperature was programmed
from 180 to 240 °C at 5 °C/min and the injector and
detector temperature was set at 250 °C. Nitrogen was
the carrier gas. FAMEs were identified by
comparison of their retention time with respect to
pure standard FAMEs purchased from Sigma and
analyzed under the same conditions. Date seed
FAMEs were quantified according to their
percentage area, obtained by integration of the peaks.
The results were expressed as a percentage of
individual fatty acids in the lipid fraction.

Minerals content:

Minerals content were determined according to
AOAC (2000) using Perkin-elmer, 2380 Atomic
absorption  spectroscopy apparatus in  central
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laboratory of Veterinary Faculty, Moshtohor
according to AOAC (2000) official method 985.01.
Meanwhile phosphorus was determined by the
official spectrophotometric method of the AOAC
(2000) using UV/visible automatic scanning
spectrophotometer.

Vitamins Assay:

Vitamin C was determined in all samples by
dichlorophenol Indophenol dye reduction method
(AOAC, 2000).

Thiamine, Riboflavin, Niacin, Pyridoxine,
Analogue, folic acid, inositol, vitamin E, vitamin K,
Pantothenate and biotin were determined by the
HPLC system method according to AOAC (2000).
Determination of vitamin A: About 10 g of sample
was homo-genized, weighed and transferred into a
ground bottom flask, 30 ml of extraction solution,
0.1% antioxidant and few drops of KOH were added
and reflux for 30 min at 70°C. The sample was cool
down, vitamin A was extracted into hexane, and the
combined hexane extract was washed with water and
then dried the hexane layer to about 2 ml on a rotary
evaporator. The final volume was made up to 50 ml
with the mobile phase. The mobile phase, standard
and sample were filtered through 0.45 p membrane
filter and were degassed before injection. Calibration
curve was made by a standard in mobile phase with
five point calibrations and analyzed independently by
HPLC. A standard curve was plotted between the
concentration of vitamin A and peak area obtained.
For HPLC analysis, an Eelipse x BD — C18 column
(4.6 x 250 mm 5 pm) was used with a linear gradient
of methanol: water (95:5) at constant flow rate of 1
ml /min by using a binary pump with column
tempera-ture 40°C. A multiple wavelength detector
was employed for the detection of pecks using a
wavelength of 325 nm and a bandwidth of 8 nm.
Phytopigments Assay:

Phytopigments  content  were  determined
according to AOAC (2000) by using HPLC.

All other chemicals were obtained from Merck
(Darmstadt, Germany) or Riedel-de Haen (Seelze,
Germany) as HPLC-grade. All standers materials
were purchased from Merck (Darmstadt, Germany)

or Sigma-Aldrich Chemicals Co. (Steinheim,
Germany).
Microbiological examination:

Total viable bacterial count, mesophilic

sporeformers bacteria, yeasts and moulds, coliform
group were enumerated and the presence of
(Salmonella spp. and Staphylococcus aureus) was
detected according to the methods established by
APHA (1992) and Kang et al. (2003). Results were
expressed as CFU g™.
Rodent hairs and Insect fragments in spirulina:
Rodent hairs and insect fragments in spirulina
were determined according Thind (2000).
Analytical methods for heavy metals in spirulina:

The determination of arsenic, cadmium and lead
in spirulina sample were performed according to the
methods described in the Korean Food Code (KFDA
(Korea Food and Drug Administration, 2003)
which described by Haeng-Shin et al. (2006) by
inductively coupled plasma—emission spectrometry
(Model JY 38 S; Horiba, Jobin Yvon Cedex, France).
Duplicate samples were run in triplicates for the
analysis of each heavy metal.

Bulk density of spirulina:

Bulk density (Kg/lit) was determined by gently
pouring 2 g of spirulina into an empty 10 ml
graduated cylinder and holding the cylinder and
tapping 10 times on a rubber mat from a height of 15
cm. The ratio of the mass of the powder and the
volume occupied in the cylinder was determines the
bulk density according to Sharoba (2014).
Determination  of functional
properties
Bulk density of snachs (B.D) g/cm?

The bulk density of extrudates was determined
according to the method described by Gujska and
Khan (1991) where:

Bulk density (g/cm3) = Extruded weight/Extruded
volume

However, samples obtained for measurement of
extrudate expansion was also used to determine the
bulk density.

Grain index (9):

Three random samples of 100 grains of snack
food product were weighted and the average weight
of these samples was reported as grain index by
Myklestad et al. (1968).

physical and

Expansion ratio (ER):

Expansion ratio was measured according to
the method described by Gujska and Khan (1990)
which calculated as the diameter of the extrudate
(D1) divided by the diameter of the die (d1).
Extrudate diameterof product (D1)

Extrudate diameterof die (d1)

Expansion ratio=

Water absorption:

Water absorption was measured according to the
procedure of Andersson et al. (1979) with some
modifications. About 2g sample was added to 1 ml
distilled water in a weighing centrifuge tube.
Material was suspended in water by mixing with a
thin glass rod without meal adhering to the side of
the centrifuge tube. After a holding period of 30 min,
10 ml of distilled water were used to wash the meal
adhering to the stirring rod and centrifuge tubes. The
suspension was then centrifuged at 3000 rpm for 25
min. The supernatant liquid was discarded and the
tube was kept mouth down in forced draft air oven at
50°C for 20 min, it was allowed to drain and dry, and
then it was kept in desiccators at (22+3°C) and
subsequently weighted. Water absorption was
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expressed as the amount of water retained by 100 g

of the sample.

Water absorption index (WAI) and water
solubility index (WSI)

WAL (grams of gel recovered per gram of dry
sample) and WSI (percent of dry sample in water
layer) were determined according to the methods of
Andersson and Hedlund (1991). Two grams of the
sample were suspended in 30 ml of water in a 50 ml
centrifuge tube at 30°C., then stirred intermittently
for 30 min, and centrifuged at 3000 rpm for 10
minutes. The supernatant liquid was carefully poured
into a tared evaporating dish. The remaining gel was
weighed and the WAI was determined. The amount
of dried solids recovered by evaporating the
supernatant from the water absorption test was
expressed as percentage of dry solids. WSI and WAI
were calculated according to the following equations:

_ Solidsweight N
Weight of sample
WA — Weightof gel

~ Weightof sample

Mechanical properties measurements:

Texture parameters were measured on an Instron
Universal Testing Machine (Model 4302) at Food
Development Center, Kaha city, Kalyobia, Egypt
using the Warner-Bratzler test (5 mm-min-1 knife
speed; 0 to 500 N measuring cell) as described by
Bourne (2002); Sharoba (2004) and Ravi et al.,
(2007). All tests were performed at room temperature
(25°C).

A force necessary to completely cut an extrudate
sample with a single cut was recorded. The graphs
obtained allowed to read sample hardness, T (the
curve peak). The test device was interfaced to a
computer and a printer, whereby a printout of the
data obtained during each series of measurements (6
to 10 replicates) was produced.

Mechanical measurements analysis:

1-The force corresponding to the maximum
compression is defined as the maximum force
(Fmax). The maximum puncture force (Fmax)
was measured in Newtons (N), as mentioned by
Sharoba (2004).

2- The mean slope of the force—deformation curve
was taken as stiffness and the actual area under
the curve was expressed according to Sharoba
(2004).

3- Maximum deformation: The distance from
beginning to distance at maximum force.

4- Hardness = Maximum force (N)/Maximum
deformation (mm), as mentioned by Sharoba
(2004).

Sensory evaluation of snacks:

Sensory evaluation was carried out on samples
immediately after preparation. Sensory analysis was
performed for selected experimental extruded

products. A trained panel of staff of Food Science
Department, Faculty of Agriculture Moshtohor,
Benha University evaluated the extruded snacks for
appearance (color and porosity), texture (hardness,
crispness and brittleness) and overall acceptability
and a modification number of evaluation the
extruded shacks from nine point hedonic scale as
follows: (very good (90-80%), good (60-70%), fair
(40-50%), poor (20-30%) and very poor (0-10%) ).
The samples of approximately 5g were presented in
white cups labeled with random letters. The
extrudates were offered to panelists at room
temperature (23°C). Panelists rinsed their mouths
with water after tasting each sample. All sensory
attributes were presented before sensory analysis.
The sheet that contains definitions of sensory
attributes was also placed in individual booths.
Panelists evaluated hardness as the amount of force
required to break the sample on first chew with
molars. Crispness was measured as the degree to
which breaking noise was heard. Brittleness was
measured as capacity of a sample to break up into
numerous pieces during the first bite. Porosity was
visually evaluated as number of pores per unit area
by panelists according to Altan et al. (2008 a, b) and
Joshi et al. (2014).

Statistical analysis:

Data of chemical composition of ingredients and
formulas were expressed as mean of three replicates
+ standard error (SE). Data for the sensory evaluation
of all baby food formulas were subjected to the
analysis of variance followed by multiple
comparison using LSD (Snedecor and Cochran,
1989).

Results and discussion

Chemical composition and nutritive values of
spirulina:

The Chemical composition and nutritional values
of spirulina may vary according to the growing
conditions. For example, the iodine content will vary
as a function when the spirulina is grown in sea
water vs. fresh water. The Chemical composition and
nutritional values of dried powdered spirulina grown
in fresh water is summarized in Tables (1, 2 and 3). It
should be noted that, the cell wall of spirulina is
composed of protein, carbohydrates and fat.
Therefore, the bioavailability of nutrients from
spirulina might be more than from other food
sources, especially plant food sources.

Spirulina is the richest nutrient and complete food
source found in the world. It contains over 100
nutrients, more than any other plants, grains or herbs.
Today Spirulina is widely used as a food supplement
to maintain health, boost energy and reduce weight.
Spirulina contains 61.57 % protein, higher than any
other natural food. Spirulina contains all the essential
amino acids in fairly high amounts, Spirulina is just
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that, a complete protein, other protein sources have
very negative properties as well, such as animal fat
and cholesterol. Spirulina contains essence minerals
like calcium, magnesium, potassium, phosphorus,
iron, and zinc as well as complete vitamin B groups
and many important anti-oxidants (which protect
cells). The anti-oxidant phycocyanin can only be
found in spirulina. It is the richest natural source of
vitamin E and beta-carotene. The results of chemical
composition of spirulina are in agreement with those
obtained by Branger et al. (2003); Habib et al.
(2008); Vijayarani et al. (2012) and Dolly (2014).
The protein and B-vitamin complex in spirulina
makes a major nutritional improvement in the diet. It
is the only food source other than breast milk
containing substantial amounts of essential fatty
acids, essential amino acids and GLA that helps to
regulate the entire hormone system.

Physical properties of spirulina:

Spirulina offers a convenient solution to the
pH problems of most diets as it is very alkaline.
Because spirulina is an alkaline food (pH 6.93) that

counters the acidic foods and help raise the pH level
towards the alkaline side of the scale. This, in turn,
promotes increased bone mass (since your body
doesn’t have to sacrifice calcium to balances its pH),
and vastly improved metabolic functions. Consuming
more alkaline foods has been strongly linked with
improved immune system function, mental function,
kidney function, and higher levels of energy, among
other important benefits. Acidic body condition may
cause many modern diseases like hypertension,
cancer, diabetes, heart disease, gout and rheumatism.

Adjust the body's pH value: The ideal healthy
human bodys pH level should remain on low
alkaline about pH 7.35~7.45. Modern day people
indulge in too much acidic food like soft drinks,
meat, cheese, eggs, and ham. These cause our body
to become acidic (pH< 7). Many medical research
reports have proven that acidic bodies will have more
chance of getting diseases or cancer. Regular use of
Spirulina can help keep your body alkaline will help
you reduce this risk and is the ideal food supplement
for the weight reducer.

Table 1. Chemical composition and physical properties of Spirulina (g/100 g sample, on dry weight basis)

Component Values % Physical properties Values
Moisture content 537+024 pH 6.93+0.12
Total solids 94.63 Bulk density 0.84 + 0.02 Kg/lit
Protein content 61.57 +1.61 Particle size 100% 60 mesh
Lipid 7.19+0.25 Appearance Fine, uniform powder
Ash content 7.10+£0.09 Color Blue green to green
Crude fiber 7.93+0.38 Odor and taste Mild like sea weed
Starch 3.47 £ 0.06 Consistency Powder

Data in Table (1) also showed the bulk density of
spirulina (0.84 Kg/lit), the bulk density of the
product is affected by particle size distribution, type
of agglomeration, particle porosity, and to a certain
extent the moisture content. Particle size distribution
is affected by the initial size of the trichomes as they
are fed to the dryer and the pore diameter of the
atomizer. The final quality of the product with
respect to bulk density is therefore dependent on
culturing, harvesting and drying conditions. To a
certain extent, all these factors are harnessed in order
to obtain a product that meets the requirements of
formulated babies food formulas. The color of
spirulina in the powder form appears a blue green to
green color.

Finally Spirulina called a superfood because its
nutrient profile is more potent than any other food,
such as plants, grains or herbs. These nutrients and
phytonutrients make spirulina a whole food
alternative to isolated vitamin supplements. Protein
and amino acids, vitamins and minerals, essential
fatty acids and phytonutrients, comparing with other
foods. Spirulina can renourish our bodies and renew
our health. Spirulina has been used in preparation

sancks foods because of its therapeutic properties and
the presence of antioxidant compounds. Babies can
eat spirulina in complete safety and assimilate its
nutrients without difficulty. Even malnourished
babies with diminished capacity for nutrient
absorption could assimilate spirulina and recover
from malnutrition.

Microbiological quality and contaminant
specifications of Spirulina:

Microbiological quality of Spirulina:

The total viable bacterial count is widely used as
an indicator microbiological quality of food. Data in
Table (4) indicated that, the total viable bacterial
count and mesophilic spore formers bacteria were
cannot be detected. This is more acceptable for
prepared food product especially snacks and baby
foods. Yeasts and moulds cannot be detected, this
may that yeast and moulds cannot resist for drying.
The count of pathogenic bacteria took the same trend
of total viable bacterial count. Coliform group,
salmonella and staphylococcus were not detected.
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Table 2. Amino acids and fatty acids content of Spirulina (mg/100 g).

Amino acids Values Fatty acids Values
Essential amino acids % Myristic (C14:0) 0.52
Isoleucine 6.78 Palmitic (C16:0) 3987
Leucine 7.67 Palmitoleic (C16:1 omega-6) 6.46
Lysine 4.37 Stearic (C18:0) 1.97
Methionine 2.39 Oleic (C18:1 omega-6) 1.83
Phenylalanine 4.42 Linoleic (C18:2 omega-6) 1791
Threonine 4.88 Gamma-linolenic (C18:3 omega-6) 2458
Tryptophan 1.93 Alpha-linolenic (C18:3 omega-3) traces
Valine 6.37 Erucic acid (C22:1) 5.39
Total 38381 Lignoceric acid (C24:0) 1.47
Non-essential amino acids % Total saturate fatty acid 4383
Alanine 7.52 Total unsaturated fatty acid 56.17
Arginine 7.65
Aspartic 1117
Cysteine 1.28
Glutamic 13.79
Glycine 5.24
Histidine 2.71
Proline 4.35
Serine 4.16
Tyrosin 3.48
Total 61.19
Total amino acids 100 %
% Protein 61.57
Table 3. Vitamins, phytopigments and minerals in Spirulina.

Components Values Components Values
1. Vitamins (Values /100g) 3. Minerals (mg/100g)
Vitamin B1(Thiamine) 5.61 mg Ca Calcium 1043.625
Vitamin B2 (Riboflavin) 4.94 mg K Potassium 2185.744
Vitamin B3 (Niacin) 17.19 mg Mg Magnesium 1.4759
Vitamin B6 (Pyridoxine) 0.87 mg Na Sodium 1510.168
Vitamin By, (Analogue) 193 ng P Phosphprus 1917.718
Folic acid 9.66 mg Cu Copper 1.5071
Inositol 58.39 mg Fe Iron 338.765
Vitamin E 9.57 mg Mn Manganese 7.0194
Vitamin K 1124 pg Zn Zinc 4.4924
Pantothenate 136 pg Cr Chromium 0.403
Biotin 8.32 ug Se Selenium 0.0488
2. Phytopigments (%) B Boron 3.565
Total Carotenoids 0.551 Mo Molybdenum 0.4613
beta carotenoids 0.243
Xanthophylls 0.271
Zeaxanthin 0.128
Chlorophyll 1.472
Phycocyanin 14.18
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Table 4. Microbiological quality of Spirulina (CFU/g)

Test Values
TVBC (Total viable bacterial count) negative
MSB (Mesophilic Spore formers bacteria) ND
Y &M (Yeasts and Moulds) ND
Coliform group ND
Salmonella ND
Staphylococcus ND

Contaminant specifications of Spirulina:

Data in Table (5) indicated that, the spirulina free
from pesticides, rodent hairs and insect fragments.
On the other hand, the level of heavy metals in line
with the specifications of the global food, these
results are in agreement with those obtained by
Haeng-Shin et al. (2006) and Llobet et al. (2003)
Used spirulina in production of snack foods:

In view of importance of snack foods in the
dietary habits of Egyptian children and the increased
consumption by different other classes of the
Egyptian community, the present study was initiated
to investigate the possibility of producing some
improved snack products based mainly on some
spirulina.

Using the sensory evaluation to select the best
ratio in addition of spirulina in snacks:

Sensory evaluation is considered one of the
limiting factors of consumer acceptability for
organoleptic properties including appearance (color
and porosity), taste (bran flavor, bitterness, off-odor
and after taste), texture (hardness, crispness,
brittleness and Firmness), odor (odor raw material,
stink odor, undesirable odor and old odor), solubility
in mouth, volume and over all acceptability. Data
indicated that a significant (P<0.05) changes were
found in all properties for all experimental products.

Table 5. Contaminant specifications of spirulina

Data in Table (6) showed that sample 6
(12.5% spirulina, blend (6)) had lower scores for
most properties compared to the other tested
products. Besides it showed the lowest score for
overall acceptability (59.88). The highest over all
acceptability scores were registered for sample
content 2.5% spirulina, blend (2). The highest score
for appearance, also the highest score for color and
the highest score for porosity, also, the highest scores
for taste, bitterness, off-odor, texture, volume,
hardness, crispness, brittleness and after taste

These obtained results for organoleptic
properties are in agreement with those of Hussein
(2000); El-Sharkawi (2004); Kabiel (2007);
Vijayarani et al. (2012); Nour EI-Deen (2013) and
Joshietal . (2014).

Finally, the results showed that in all the
sensory qualities that increase the proportion of
spirulina about 10% less than in the sensory qualities,
especially color and appearance. Also these results
were confirmed by the results of the physical
properties of snacks. Therefor we had been stopped
at using 10% spirulina in snacks processing. Also,
the results for organoleptic properties are in
agreement with those of Maity et al. (2012); Alam
et al. (2013) and Raja et al. (2014) they found that,
the addition of sources of protein and fiber improved
the sensory properties of snacks.

Test Values
Arsenic < 1.0 ppm
Cadmium < 0.5 ppm
Lead < 0.5 ppm
Mercury < 0.05 ppm
Pesticides negative
Rodent hairs ND
Insect fragments ND
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Table 6. Sensory evaluation for experimental snacks foods blends prepared from the different blends
investigated.

Groups of experimental extruded foods*

Property Blend 1 Blend 2 Blend 3 Blend 4 Blend 5 Blend 6 LS
0% 2.5% 5% 7.5% 10% 12.5%
spirulina spirulina spirulina spirulina spirulina spirulina

g g Color 053+0.28 948061 8524047  8.11:052  7.89:+0.32  5.93:028 0.54
Z ®porosity  923:051  9.36+057 8324061 819+0.37  7.01#030 555047 059
Branflavor 4 eg.014 4741025 4694024 486+032 3912017  321%0.14 0.18

3 BIttermess 4561023 4914017  4.65:0.28 445027  396+031  3.880.27 0.23
£ Offodor 461,010 4855033 465:028 442:011 4012017 3684030 031
ATeTtaste 4661004  4.96+017 4824031 4724027  353+0.14  3.28+025 0.26
Hardness 3964017 4764021 491012 496024  3.89+0.09  2.9240.15 0.7
g Crispness 4914028 475019  4.63+0.18 423014  3.76:020 349031 0.4
3 Britleness  4g6.025  496:018 4764026  4.12:017  375:012 3288024 018
FIrmness 4744026  4.86+0.18  4.92+027 4562013  4.44+015  268+0.19 0.29
g‘;?errir:;"’ 3.88£0.00 4.79:0.14  4.83:023  4.89:0.16  3.96:0.24  3.9820.17  0.27

< Stinkodor 4 971013 4.68:028  4.36+0.17 4212009 3124031 2924010 0.16
S gg%ejr"ab' 4.96£020  4.82+027  432+0.14 416026  351%0.18  2.67:0.18 0.19
Oldodor 4751008  4.66:012 456+0.18 4.32:018 378027  258+0.21 0.3
So'r‘r‘]guitthy N 969+028 0364053 889+043 8374036 7012040  586:063 0.42
Volume  9.86£0.24  9.48+0.36  9.31#0.42  8.76:0.51  7.16£0.39  5.8410.84  0.53
Overall 7191197 §979+238 87.89+168 8439+179 7166+146 59.88+224 2.14

acceptability

*LSD =least significant difference at 0.05.
**Means with different superscripts are significantly different (P>0.05).

Chemical composition of snacks blends:

Chemical composition of snack foods are
given in Table (7). There were significant (P>0.05)
differences in crude fat, ash, crude protein and
carbohydrates contents among all experimental
products, but not in moisture content. Data in Table
(7) demonstrated that moisture content was low in all
products (ranged from 4.83 to 7.15 %), while ether
extracts content was higher in all products (ranged
from 18.65 to 20.38). These results are in agreement
with those found by El-Sharkawi (2004), Kabiel
(2007), Vijayarani et al. (2012), Nour El-Deen
(2013) and Joshi et al.(2014). The highest amount of
ash (2.67) was in snacks sample content 10 %
spirulina followed by snacks sample content 7.5 %
spirulina and the lowest ash content was in control

sample. On the other hand, It became clear to add
significant impact on spirulina protein in sancks
samples, the highest level of crude protein content
(18.11%) was found in snacks sample content 10 %
spirulina followed by snacks sample content 7.5 %
spirulina (15.94%). Besides, there were significant
differences in protein content between extrudate
experimental product. The highest amount of
carbohydrates (63.33%) was in commercial sample
product followed by control sample (62.91%), while
the lowest carbohydrates content was in snacks
sample product content 10 % spirulina (54.98%),
these results are in agreement with those found by
El-Sharkawi (2004), Kabiel (2007), Vijayarani et
al. (2012), Nour El-Deen (2013) and Joshi et
al.(2014).
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Table 7. Chemical composition of snacks foods blends (Mean * SE):
Components Snacks foods blends
P Blend 1 Blend 2 Blend 3 Blend 4 Blend 5 Commercial
0% 2.5% 5% 7.5% 10% sample
spirulina spirulina spirulina spirulina spirulina
Moisture (%) 6.27+0.17 5.88+0.08 5.53+0.13 5.04+0.17 4.83+0.07 7.15+0.038
Crude protein (%) 9.43+0.11 11.38+0.09  13.72+0.13 15.94+0.17  18.11+0.12 9.28+0.22
Ether extract (%) 20.38£0.85  19.86+0.69  19.79+0.81  19.63+0.56  19.41+0.43 18.65+0.69
Ash (%) 1.31+0.02 1.76+0.01 1.96+0.04 2.28+0.02 2.67+0.01 1.59+0.01
Carbohydrate (%) 62.91 61.12 59.00 57.11 54.98 63.33
Caloric value
(kcal/100g) 472.78 468.74 468.99 468.87 467.05 458.29
Physical and  functional  properties  of material, moisture content, extrudate expansion and

experimental snhacks foods prepared from the
different ratio of spirulina:

Physical and functional properties of extruded
preparations are given in Table (8). There were
significant (P>0.05) differences in all Physical and
functional properties with adding spirulina. Values
for bulk density (BD), grain index, expansion rate,
water solubility index (WSI) and water absorption
index (WAI) are represented in Table (8).

Bulk density (BD) is a major physical
property of the extrudate products. The BD, which
considers expansion in all direction, ranged from
0.18 to 0.32 g/cm®. Increasing level of temperature
resulted decrease in BD of extrudate. High
temperature results in more starch gelatinization.
Case et al. (1992) and Joshi et al.(2014) reported
that with increase in starch gelatinization, the volume
of the extrudate increases and the BD decreases. It
appeared that with the increase in screw speed, BD
increased because of less expansion.

Such increase could be due to the high protein
and fiber contents as a result to the presence the
spirulina in the starting blends. Ozer et al. (2004)
and Kabiel (2007) have reported the existence of a
relationship between the screw speed (rpm) and the
bulk density of the extrudates. Also, it could be
observed that increasing percentage of defatted
soybean from 15 to 25% had resulted in a significant
increase in the bulk density of the extrudates. This
could be ascribed to the increase screw speed that
decreased the time which in turn definitely affect the
gelatinization process of starch. These results are in
agreement with those reported by Murphy et al.
(2003), Ainsworth et al. (2007) and Altan et al.
(2008a).

Data in Table (8) cleared that the grain index
values ranged between 6.78 to 7.59 g where the
lower limit was in product control sample (0%
spirulina) and the higher limit was in product sample
content 10% spirulina Various investigators have
reported the milling process led to a decline in grain
index. The obtained data are related to the bulk
density where the rate of changes depends on the
ratio of spirulina.

Expansion rate could be improved by
increasing screw speed. In the present study the raw

fracture stress are correlated. High moisture content
during extrusion reduced expansion of the extrudate
and increased the fracture stress as reported
previously by Suknark et al. (1999) and Wang et al.
(1999). The extrudates product control sample (0%
spirulina) and the higher limit was in product sample
content 10% spirulina. These results are in agreement
with those reported by Obatolu et al. (2005) and
Carvalho et al. (2010).

WSI used as an indicator of degradation of
molecular components. It measures the amount of
soluble polysaccharide released from the starch
component after extrusion (Ding et al. 2005). The
WSI ranged from 8.21 to 10.09%; however, WSI
decreased with increasing the levels of feed moisture
content. It may be due to higher moisture content of
the blend resulted in the lower viscosity of the mass
liquefied in the extrusion-cooker and thus the
intensity impact of the shearing forces on the
material processed was lower and it also decreased
the degree of dextrinization of the starch polymers.
This results are in agreement with Ragab (1992) and
Kabiel (2007).

WAI measures the amount of water absorbed
by starch that can be used as an index of
gelatinization. The WAI ranged from 4.89 to 6.37
g/g. WAI increased at higher levels of moisture
content of blend. Moisture acts as a plasticizer during
extrusion cooking and reduces the degradation of
starch granule, resulting in increased capacity for
water absorption according the (Hagenimana et al.
(2006) and Joshi et al.(2014)).

In general, water absorption index (WAI)
depends on availability of hydrophilic groups which
bind water molecules and on the gel forming
capacity of macromolecules for gelatinized corn
flours. These findings suggested that smaller starch
particles have a greater contact area for shear
fragmentation during extrusion which leads to
increased dextrinization and improves its water
absorption capacity. The WAI estimates the amount
of water absorbed by starch and can be used as an
index of gelatinization, since it is known that
disrupted starch granule binds more water (Ding et
al., 2005 &2006 and Semaska et al.2010).
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Table 8. Physical and functional properties of experimental extruded products prepared from the different ratio

of spirulina
Groups of experimental extruded products*
Property blend 1 tz'g'}g % blend 3 blend 4 blend 5 L.S.D.
0, i i : 0, I i 0, i I 0, i i
(0% spirulina) spirulina) (5% spirulina) (7.5% spirulina) (10% spirulina)
Bulk density 0.1840.00 0.2140.01 0.2540.02 0.28+0.01 0.3240.01 0.03
Grain index 6.7840.21 6.93+0.17 7.1440.11 7.3310.28 7.5940.15 0.19
Expansion rate 4.89+0.17 4.67+0.09 4.31+0.10 4.07+0.12 3.86+0.08 0.21
WSI1%* 8.2140.15 8.69+0.37 8.94+0.23 9.45+0.33 10.09+0.29 0.28
WAI%* 4.89+0.08 5.24+0.26 5.73+0.13 6.0240.14 6.37+0.11 0.16

** Values represent mean of three replicates +standard error.

***Means with different superscripts are significantly different (°P>0.05).

WSI= water solubility index. WAI= water absorption index
Microbiological quality of experimental extruded
snack food products prepared from the different
ratio of spirulina:

Microbiological ~ quality = of  extruded
preparations are given in Table (9). Experimental
extruded products were examined for total bacterial
count, yeasts and molds counts and coliform groups
directly after processing and packaging and the
obtained results were illustrated in Table (9). Total
bacterial counts (TBC), yeasts and molds counts
were absent from all tested samples. On the other
hand, coliform group was not recovered also from all
tested samples. The spirulina adding it had higher
antimicrobial effects Ramadan et al. (2008) and the
heat treatments for all products were being
responsible for such absence Kabiel (2007) and
Nour El-Deen (2013).

They could not be detected or recovered
because the starting mixtures during processing were
treated with heat at high temperature (180°C). The
effect of such heat treatment may be same as
commercial sterilization of food. This result is in
general agreement with those Kabiel (2007); Maity
et al. (2012); Vijayarani et al. (2012) and Raja et
al. (2014). However, yeast and mold counts in the
present study were distinctly much lower, even
absent completely, compared to that of total bacterial
count reported by Kabiel (2007); Maity et al.
(2012); Vijayarani et al. (2012) and Raja et al.
(2014). The same author added "although it is well
known that most vegetative organisms, yeast and
moulds are destroyed under typical extrusion
conditions, the operating conditions under which
spores are inactivated are not well understood".

Table 9. Microbiological quality of experimental extruded snacks foods prepared from the different ratio of

spirulina and commercial snack sample (CFU/g).

Shack blends TVBC* Y&M** Coliform group
Commercial snacks 3.0 *10° 4*10 ND
blend (1) 0% spirulina ND ND ND
blend (2) 2.5% spirulina ND ND ND
blend (3) 5% spirulina ND ND ND
blend (4) 7.5% spirulina ND ND ND
blend (5) 10% spirulina ND ND ND

* (TVBC) =Total viable bacterial count ** Y& M=Yeasts and Moulds

Texture parameters of experimental extruded
snacks foods products prepared from the
different ratio of spirulina:

Texture parameters of extruded preparations
are given in Table (10). There were significant
(P>0.05) differences in texture properties and ratio of
adding of spirulina. Data in Table (10) illustrate the
various texture parameters, mainly, maximum force
(N), maximum deformation (mm), hardness (N/mm)
and work (J). These texture parameters of the
extruded snacks were determined as the maximum
force offered by the sample during shearing in a
texture-testing machine (Instron). Results data in
Table (10) demonstrated that the maximum force for
all samples of different snack products ranged

***ND= Not detected

between 47.23 and 126.31 N in extrudate products
for the extrudates product control sample (0%
spirulina) and the sample content 10% spirulina, the
replacement corn flour with spirulina improved the
texture parameters in all extrudate produced. On the
other hand, the higher of maximum force and
hardness for snacks which content with spirulina
related to low moisture and increase hardness, on
other side increased work done. Hardness of different
extrudate samples varied between 8.587 to 22.965
N/mm in extrudate products for the extrudates
product control sample (0% spirulina) and the sample
content 10% spirulina. The hardness of expanded
extrudate is a perceptible to consumers, and may be
correlated with the expansion and cell structure of
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the product, independent of the feed moisture
content, these results are in agreement with Ding et
al. (2005); Ravi et al., (2007); Maity et al. (2012);
Alam et al. (2013) and Raja et al. (2014). These
data as an indicator of hardness were measured by

shearing through the 1 cm height to 50 to 60% of
their original height at a speed of 5 mm/min.
Maximum force and hardness for different sample of
snack products, indicating that the different blends
improvement the texture parameters.

Table 10. Texture parameters of snacks foods (Mean * SE):

Snacks foods

blend (1) blend (2) blend (3) blend (4) blend (5) Commercial
Texture parameters 0% 2.5% 5% 7.5% 10% snacks
spirulina spirulina spirulina spirulina spirulina
Maximum Force(N) 47.23+138 6427+107 8238+1.13 102.19+1.63 126.31+1.85 53.83+1.92
Maximum 55 5.5 55 5.5 55 55
deformation(mm)
Hardness (N/mm) 8.587 11.685 14978 18.580 22.965 9.787
Work (3) 87.00 109.64 126.68 146.92 160.54 9213

Each value is the average of three replicates

The textural property of extrudate snack was
determined by measuring the force required to break
the extrudate. The higher value of maximum peak
force required in gram, which means the more force
required to breakdown the sample, the higher
hardness of the sample to fracture.

Conclusions

A spirulina farm is an environmentally sound
green food machine. Cultivated in shallow ponds,
this algae can double its biomass every 2 to 5 days.
This productivity breakthrough yields over 20 times
more protein than soybeans on the same area, 40
times corn and 400 times beef. Spirulina can flourish
in ponds of brackish or alkaline water built on
already unfertile land. In this way, it can augment the
food supply not by increase the agricultural area or
increasing agricultural intensification in Egypt, or
clearing the disappearing rainforests in the world, but
by cultivating the expanding deserts. Finally from
this research we can use as spirulina recommended
by the United Nations World Health Organization
(WHO) which confirmed that spirulina represents an
interesting food for multiple reasons, rich in iron and
protein, it can be safely administered to babies
without any risk.
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