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Abstract

Background and Objective: Supplementation of conventional foods with Spirulina platensis seems to be promising trend due to the
nutritional value of such alga which is known as a rich source of protein, fatty acids, fiber, essential vitamins and minerals. Also, it have
a functional properties due to the presence of anti-oxidants, omega 3, anti-viral and anti-cancer components. Therefore, the aim of the
present study was to supplement processed cheese with Spirulina platensisin order to enhance the nutritional and health value of the
final product. Materials and Methods: Processed cheese analog (PCA) was supplemented with 2, 4 and 6% of Spirulina platensis on
powder form and 4% of this alga on slurry form. The chemical, rheological and sensory properties were evaluated for supplemented PCA
as fresh and within 3 months of cold storages 5-7°C. Results: Supplemented PCA with 2% of algae showed the best sensory properties
followed by 4% fortified sample, but the level of 6% was unacceptable. The chemical analysis of supplemented PCA showed an increase
in the contents of protein, ash, fiber, selenium, zinc, iron, magnesium and potassium. Anti-oxidants activity was higher in supplemented
PCA in comparison to control sample. With respect to the powder form of algae, application of slurry form improved more the
organoleptic, physical and rheological properties of PCA properties. Conclusion: Supplemented PCA with Spirulina platensis proved to
have excellent nutritional, functional and healthy properties to be used as nutraceutical food.
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INTRODUCTION

Processed cheese represented one of the mostimportant
dairy products that is popular owing to likeable savor and
distinctive texture with easily produced and handled.
Processed cheese is produced by blending natural cheese of
different ages and degrees of maturity in the presence of
emulsifying salts and other dairy and non-dairy ingredients
followed by heating and continuous mixing to form a
homogeneous product with an extended shelf life'2. The
development of process cheese was brought about by Kraft
1916 in US, when it preserved natural cheese in cans by
heating and mixing it in order to increase its shelf life3, Later,
new varieties of processed cheese were invented using
non-conventional additives e.g., peppers, spices, mushroom,
sausage, oat olives and meats and production of smoked
processed cheese etc. The nutritional and potential
therapeutic value of food is a key characteristic in the
development of new value added products that are
manufactured for health conscious consumers like people that
sufferfrom certain diseases such as heart disease or hardening
of the arteries**.

Algae are an enormous biological resource, representing
one of the most promising sources to enhance the nutritional
value of food and animal feed, due to their well-balanced
chemical composition’. The application of microalgae biomass
and/or metabolites is an interesting and innovative approach
for the development of nutraceutical food products®. Some
microalgae species e.qg., Chlorella sp. and Spirulina sp. have
been used for many centuries as a nutrient-dense food in Asia,
Africa and Mexico. However commercial large-scale
production of microalgae only started in the early 1960s
(Japan) and nowadays microalgae are mainly marketed as
food supplements, commonly sold in the form of tablets,
capsules or liquids. Additionally, there is an increasingly
growing market for food products with microalgae addition
such as pastas, biscuits, mayonnaise, bread, snack foods,
candy bars or gums, yoghurts, drink mixes, soft drinks, etc.’.

Spirulina  platensis is a species of filamentous
cyanobacteria that grows naturally in alkaline salt lakes. It has

a high protein, vitamins such as A, B2, B6, B8, B12, E and K,
anti-oxidant components, abundant amino acids, iron, calcium
and unsaturated fatty acids. It has functional properties e.g.,
anti-cancer, antiviral, antitumor, reduces blood lipid pro le,
blood sugar, body weight and wound healing time'®'2,

The aim of this research is increment of nutritional and
potential therapeutic value of processed cheese by using
spirulina platensis algae in powder and slurry forms because
of its high nutritional and health value. Evaluation the effect of
supplementation by this alga on chemical, physical,
rheological and sensory properties of the processed cheese
within 3 months of cold storage (5-7°C) was also studied.

MATERIALS AND METHODS

Materials: Matured cheddar cheese (6 months old) was
imported from New Zealand by Khaled Khoshala Co. for Food
Industries and Cooling, Egypt. Ras cheese (1 month old) was
obtained from Mariam Co., Giza, Egypt. The Fonterra butter
was obtained from Sakr Group Co., Egypt. Low heat skim milk
powder was from Irish Dairy Board (Grattan House, Lower
Mount St., Dublin, Ireland). Kasomel (K-2394) and Joha S4
emulsifying salts were obtained from Rhone-Poulenc Chimie,
France. Spirulina platensis biomass in the forms of freeze-
dried and slurry were obtained from Algal Biotechnology Unit
(National Research Centre, Dokki, Cairo, Egypt). Table 1
showed the chemical composition of the ingredients used in
manufacture of processed cheese analogue.

Methods

Preparation of algae: Clean growth was performed within
1200 L Zigzag photo-bioreactor according to El-Sayed' in the
presence of the growth media as described by El-Sayed eta/'.
For harvesting and cleaning of the obtained biomass a series
of precipitation and washing was performed using tap water
and cooling centrifuge (Heidelberg Runne, RSU-20).

Manufacture of processed cheese analogue (PCA): The PCA
was manufactured as described by Savello et a/'>with 50-55%
moisture and 48-50% fat-in-dry-matter. PCA treatments were

Table 1: Chemical composition (%) of the ingredients used in manufacture of processed cheese

Ingredients

Analysis (%) Cheddar cheese Ras cheese Butter Skim milk powder Spirulena platensis (powder)  Spirulena platensis (Slurry)
Total solids 65.80 54.81 84.00 96.00 93.67 11.2

Fat 34.80 2477 81.99 0.97 8.03 0.96

Crude protein 125.47 122.26 ’ND 137.13 359.79 37.15

Ash 542 5.76 ND 7.89 8.40 1.00
Carbohydrate 0.10 1.64 ND 47.43 15.01 1.79

Fiber ND ND ND ND 244 0.29

1: Protein %-N X6.38, 2: ND, 3: protein% - N X 4.38
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manufactured by partial replacing of the base cheeses (Ras
and Cheddar) with 2,4 and 6% of Spirulina platensisin powder
form and with 4%in slurry form (Table 2). Processed cheese
and PCA were prepared by blending the dry ingredients with
previously warmed (50°C) butter at the pilot plant unit of the
National Research Centre. Cooking was done using direct
injection of steam at pressure of 1.5 bar to 66°C with
continuous agitation for 4 min. The blends were further
heated to a final temperature of 82°Cin approximately 4 min
and kept isothermal for 1 min to add the algae, prior to filling
into tin cans then stored at 5-7°C.

Methods of analysis: Spiru/ena platensis nutrient profile was
determined by AOAC'® standard methodsin terms of moisture,
ash, protein, fat and fiber contents, while total carbohydrate
contentwere calculated by difference. Total solids, fat content,
titratable acidity, soluble nitrogen and total protein content
for control and supplemented processed cheese were
determined as described by Ling". Meanwhile, the ash and
salt contents were determined according to the method by
AOAC'® and Bradley et a/'®. The pH values were measured
using a laboratory digital pH meter model Adwa 1030.
Minerals were detected and quantified using atomic
absorption spectrophotometer (model: GBC932AA) at the

Table 2: Formulations of different processed cheese analogue with dried
Spirulena platensis (kg/100 kg)

Treatments (%)

Ingredients Control 2 4 6
Cheddar cheese 12.8 12.8 12.8 12.8
Ras cheese 38.44 36.09 3553 34.92
Skim milk powder 5.12 4 3 2
Butter 10.26 10.26 10.26 1
Salt - 0.1 0.2 03
Emulsifying salt (K-2394) 25 25 25 25
Spirulena platensis - 2 4 6
Water 30.88 32.25 31.71 3048
Total 100 100 100 100

Regional Centre for Food and Feed, Agricultural Research
Center, Giza. Vitamins content were determined at National
Research Center as mention by De Leenheer and Lambert'.
Anti-oxidants activity was determined at National Research
Center according to Hatano et a/?° with some modifications.
Oiling off was determined according to the method outlined
by Thomas?'. Meltability of the sample of processed cheese
was determined according to the method designed by Olson
and Price?? and slightly modified by Savello et a/'. Texture
properties of PCAs were analyzed by universal testing machine
device described by Bourne®,

Organoleptic properties evaluation: All samples of processed
cheese were evaluated organoleptically for the different
sensory properties using a hedonic scale of 1-5, which was
designed by Larmond?. The sensory evaluation was carried
out by the staff members of the Dairy Department, Al-Azhar
University.

RESULTS AND DISCUSSION

Effect of adding dried Spirulina platensison the processed
cheese properties: Sensory evaluation for processed cheese
with/without Algae: Data in Table 3 presented the results of
adding 2, 4 and 6% of algae on sensory properties of the
processed cheese. The processed cheese with 2% of
S. platensis showed identical properties in terms of the
spreading quality, saltiness, flavor, gumminess and overall
preference followed by supplemented sample with 4% of
S. platensis algae, while the sample with 6% addition of
S. platensis was rejected organoleptically. On the basis of the
aboveresults, furtherinvestigation was only carried out for the
products with 2 and 4% addition of S. p/atensis algae.

Chemical analysis of studied processed cheese: The results
of the chemical analysis presented in Table 4 indicated that,

Table 3: Sensory evaluation of processed cheese supplemented with Spirulina platensis

Processed cheese made using Spirulina platensis Score limit
Attribute Control 2% 4% 6% 1 5
Surface appearance 3 2.5 3 4 Dull very much Shiny very much
Firmness of body 2 2 2.5 3 Very soft Very firm
Spreading quality 3 3 4 4 Difficult to spread Easy to spread
Stickiness 3 2 2 1 Not sticky Very sticky
Smoothness of texture 45 3 2.5 2 Not smooth Very smooth
Breakdown properties 4 2 2 1.5 Doesn't dissolves Dissolve very well
Oiling off 1 1.5 2 3 Absent Very pronounced
Flavour 3 3 35 4 Very weak Very strong
Saltiness 3 3 3 3 Not salt Very salt
Over all preference 45 4 3 2 Dislike very much Like very much
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Table 4: Chemical composition of processed cheese supplemented with

Table 7:  Minerals content of processed cheese supplemented with Spirulina

Spirulina platensis platensis
Spirulina platensis cheese (%) Treatments

Analysis (%) Control 2 4 Elements (mg kg™") Control Spirulina platensis cheese (4%)
Fat 19.5 20.5 21.0 Selenium 2494 17.00
TS 39.73 41.62 4297 Zinc 0.410 13.25
F/DM 47.82 493 489 Iron 6.938 27.184
Salt 1.19 0.962 0.993 Magnesium 172.7 192.90
SN 1.03 0.852 0.977 Calcium 3954 3979.00
TP 12 13.05 13.46 Potassium 463.9 832.90
Ash 2.26 3.76 3.77
Fiber 0.00 0.14 0.21

Table 5: Changes in pH during storage for processed cheese supplemented
with Spirulina platensis

Spirulina platensis cheese (%)

Storage periods Control 2 4

Fresh 577 5.90 592
1 month 572 5.86 5.88
2 months 5.70 5.80 5.82
3 months 5.67 5.71 5.75

Table 6: Changes in acidity during storage of processed cheese supplemented
with Spirulina platensis

Spirulina platensis cheese

Storage period Control 2 4

Fresh 14 13 12
1 month 1.5 14 13
2 months 1.7 1.6 1.5
3 months 1.8 17 1.6

the addition of algae to the processed cheese had increased
the fat content slightly from 19.5% for the control sample to
20.5 and 21% for the processed cheese samples with 2 and
4% of S. platensis respectively. With respect to the higher
protein content of 5. p/atensis (Table 1), the supplemented
processed cheese with 4% of algae exhibited the highest TP
level (13.46%) compared to the control sample (12%) as
obtained by Toro et a/*® and Mohamed et al?.
Supplementation with 5. platensisincreased the fiber content
of the processed cheese samples (Table 4). Fiber is an
important ingredient to reduce risk of degenerative diseases
including diabetes, obesity, coronary heart disease, bowel
cancerand gallstones?. The addition of algae to the processed
cheese has increased the ash content of the final product. The
highest level of ash was 3.77% for processed cheese fortified
with 4% of S. platensis, while the lowest level was in the
control sample (2.26%) which was in agreement to Shalaby
and Yasin?,

The pH level and acidity of supplemented cheese: The
results in Table 5 indicated that the pH level had increased on
storage as the percentage of added algae increased. This was
may be due to the pH value of algae themselves which range

between? 8.5-11. As the duration of storage at 7°C was
increased, the pH value was noticed to decrease which could
be attributed to acidity increase of the fortified cheese
samples (Table 6) and conforming to report of Seleet et a/*°
and Mehanna et a/?'.

Minerals content in the processed cheese supplemented
with Spirulina platensis. Selenium was found at 17 mg kg~ for
the processed cheese fortified with 4% of S. platensis as
compared to the control sample (2.494 mg kg~") while zinc
was 13.25 mg kg~ (Table 7). Devi et a/3?reported that zinc is
important for the human body to care for the skin, teeth,
bones, hair, nails, muscles, nerves and the brain function. The
body uses zinc to heal wounds and pneumonias addition to its
support for body growth. The S. platensis has added
substantial level of iron content to the processed cheese
recorded at 27.184 mg kg~! compared to only 6.938 mg kg™
for the control sample. Iron is one of the main body nutrients
forming hemoglobin in the blood red cells as well as
myoglobin that distributes oxygen all over the body in
addition to storing oxygen in the muscles and tissues?:.

Spirulina platensis cheese sample showed a high content
of magnesium at 192.9 mg kg~' compared to 172.7 mg kg™
for the control sample. Magnesium is another important
element that the body uses to regulate the transfer of nerves
signal, nerves connectivity, muscles contraction, blood
pressure and the insulin metabolism. It also plays animportant
role in the care of many diseases such as Alzheimer, insulin
resistance, diabetes, high blood pressure and heart and blood
vessels disorders such as brain attack and migraines as
reported by Grober et a/**. As for calcium, the fortified cheese
samples did not show any significant increase in its content.

Results showed higher content of potassium which was
reported at 832.9 mg kg~' for supplemented sample
compared to 463.9 mg kg~ for the control one. Lanham-
New et a/3> reported that taking high doses of potassium have
a positive effect against many problems that affect the heart
system, the kidneys, the bones and the blood vessels.
Continuous dosages of potassium reduce the blood pressure
and are also effective in reducing the risks of brain stroke and
preventing chronic kidney damage.
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Table 8: Changes in melting index during storage of processed cheese

Table 10: Supplemented processed cheese with 4% of S. platensis in slurry form

Spirulina platensis cheese (%)

Time under cooling Control 2 4

Fresh 57 78 130
1 month 57 79 140
2 months 58 80 146
3 months 60 83 150

Table 9:Changesin oiling off during storage of supplemented processed cheese
Spirulina platensis cheese (%)

Time under cooling Control 2 4

Fresh 40 44 51
1 month 46 56 58
2 months 50 60 62
3 months 54 68 70

Spirulina platensishas antioxidant properties asindicated
by the /n vitro and in vivo studies. The protective effect of
algae against CCl,-induced liver toxicity is due to free radical
scavenging. This observation is attributed to its high contents
of proteins, lipids, minerals (zinc, manganese, magnesium and
selenium) and some vitamins (beta carotene, riboflavin,
cyanocobalamin, alfa-tocopherol and alfa-lipoic acid)®*.

Meltability of supplemented processed cheese: The Table 8
presented the relationship between meltability of the
processed cheese and the effect of adding algae at zero time
and during storage period at 5-7°C. The addition of algae to
the processed cheese had increased the degree of the
meltability when compared with the control sample at both
zero time and during storage. Mohamed et a/*’ reported that
the degree of meltability of the processed cheese could be
affected by the ingredients of the products, and/or the
increased rigidity and reduced flowing rate could be
attributed to the reduction of the fat granules size. Meanwhile,
Solowiej*®found out that the viability of fusion is related to the
increase in pH value along with smoothness in the texture,
high degree of the disintegration of casein and the reduction
of fat emulsification. The soft texture of the processed cheese
together with an increase in the moisture content could also
leads to increased meltability.

Oiling off: The degree of oiling off in the studied processed
cheese had been recorded in Table 9. While the control
sample indicated the lowest degree of oiling off especially at
the zero time in comparison with supplemented samples (2
and 4% of S. platensis). Saad et a/* mentioned that the low
degree of oiling off could be attributed to the high stability of
the emulsified material and the good fat emulsification in the
texture. During the storage of the processed cheese, all

Ingredients Control Supplemented formula (%)
Cheddar cheese 12.80 12.80
Ras cheese 38.44 38.44
Skim milk powder 5.12 5.00
Butter 10.26 10.26
Salt - 0.20
Emulsifying salt S4 1.70 1.70
Spirulena platensis - 4.00
Water 30.88 27.40
Total 100.00 100.00

products showed gradual increase in the degree of oiling off
proportional to the storage duration. Bachmann* pointed out
that the increase in oiling off could be due to the existence of
another protein other than casein in the processed cheese
mixture, makes the cheese less capable to keep the protein
inside with the fat in the emulsion and this is more likely to
take place as the storage period is increased. This explained
theincrease of oiling off in the supplemented cheese products
as they contain small portions of algae protein and hence less
capable of keeping the fat as in the case of the casein of the
milk.

Effect of adding slurry Spirulina platensison the processed
cheese properties: Spirulina platensis was studied in the
form of slurry for manufacturing analog processed cheese.
S4 emulsifying salt was tested in the supplemented samplein
order to improve oiling off and meltability of the final product
as shown in Table 10. Emulsifying salts are of major
importance in processed cheese production where they were
used to provide a uniform structure during the melting
process and supplement the emulsifying capability of cheese
proteins. This was accomplished by removing calcium from
the protein system and peptizing, hydrating, swelling,
solubilizing and dispersing the protein. In addition, it
emulsified fat to stabilize the emulsion, controls pH and
formed an appropriate structure after cooling*'.

Sensory evaluation for processed cheese with/without
Algae: The Table 11 presented the results of adding 4% of
slurry algae on the sensory properties of the processed cheese.
Using of algae in slurry form apparently improved the sensory
properties of the supplemented cheese. The granular texture
completely disappeared in cheese made by using slurry of
algae and this could be inferred through the degrees of
arbitration smoothness of texture in Table 10. Also, oiling off
was absent in samples due to use emulsifying salt (54).

Chemical analysis of the supplemented cheese: Result in
Table 12 showed that, in comparison to control sample, total
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Table 11: Sensory evaluation of processed cheese supplemented with slurry S. platensis

Score limit

Attributes Control Processed cheese with S. platensis 1 5
Surface appearance 4 4 Dull very much Shiny very much
Firmness of body 3 3 Very soft Very firm
Spreading quality 3 4 Difficult to spread Easy to spread
Stickiness 3 3 Not sticky Very sticky
Smoothness of texture 5 4 Not smooth Very smooth
Breakdown properties 4 4 Doesn't dissolves Dissolve very well
Qil separation 1 1 Absent Very pronounced
Flavour 5 4 Very weak Very strong
Saltiness 3 3 Not salt Very salt

5 4

Over all preference

Dislike very much

Like very much

Table 12: Chemical analysis of processed cheese supplemented with slurry

S. platensis
Ingredients Control Processed cheese with S. platensis
TS 50.63 48.93
Fat 25.60 24.5
Ash 3.08 3.28
pH 5.49 5.81

Table 13: Rheological Properties of processed cheese made by using slurry

algae
Rheological properties Control Spirulina platensis cheese
Oiling off (%) 10 10
Melting index (mm) 95 80
Penetrometer reading (mm) 76 82

solids and fat content were lower in supplemented sample.
While ash content increased in fortified sample. The pH value
of cheese sample made by using algae in slurry form was
higher than control one, 5.81 and 5.49 in algae cheese and
control samples in table 11, respectively.

Rheological properties of the supplemented cheese:
Table 13 showed the rheological properties; Qiling off,
Meltability and Penetrometer degrees of analog processed
cheese. The control and supplemented cheese samples had
the same rate of oiling off (10%). Meltability of supplemented
cheese sample was lower than the control one. The cheese
sample fortified with algae was higher than the control sample
for penetrometer reading, 76 and 82 mm in control and
fortified respectively.

CONCLUSION

This study has highlighted the nutrition value of Spirulina
platensis with higher contents of fiber, elements, vitamins and
anti-oxidants that may use to formulate nutraceutical food
products. Also, its can additionally enhance the rheological
properties of the fortified processed cheese.

SIGNIFICANCE STATEMENT

Since the use of algae in processed cheese s stillon a very
small scale, this study was of importance to the applicability
with a product that is not easy to get. To maintain the
characteristics of processed cheese after adding algae which
will be difficult to obtain otherwise. Addition of 2% of the
Spirulina platensisin soft powder form can keep the sensory
properties and improve the nutritive characteristics of the final
product, while using 4% of the algae in slurry form can
additionally enhance the rheological properties of the fortified
processed cheese. Return the importance and usefulness of
this study for its role at the industry level and health.
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