ISSN: 2347-467X, Vol. 08, No. (2) 2020, Pg. 531-540

w Current Research in Nutrition and Food Science

www.foodandnutritionjournal.org

Effect of Arthrospira Microalga Fortification on
Physicochemical Properties of Yogurt

WANIDA PAN-UTAI'*, JARIYA ATKONGHAN?,
TIPAKORN ONSAMARK?® and WACHIRAYA IMTHALAY?

"Institute of Food Research and Product Development, Kasetsart University,
Chatuchak, Bangkok 10900, Thailand.
2Division of Fermentation Technology, Faculty of Food Industry, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand.
SDivision of Food Science and Technology, Faculty of Food Industry, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok 10520, Thailand.

Abstract /l

Arthrospira (Spirulina) platensis, a blue-green microalga, is a rich source of

organic nutrients. Microalgae are used as food supplements with enhanced

nutritional and functional values. Consumption of fermented milk products Article History

such as yogurt has recently increased. Both oven-dried and fresh Arthrospira _ _

biomass supplemented into yogurt at different concentrations of 0.1, 0.3, and Received: 13 April 2020
. . . . Accepted: 18 June 2020

0.5% (w/v) and 1, 5, and 10% (v/v), respectively improved physicochemical

properties. Arthrospira supplemented in yogurt fermentation gave faster Keywords

decrease in pH value with green color index of finished yogurt. Oven drying .

is a convenient method; however, fresh biomass gave similar nutritional value Arthrospira,

. . . . . L Food Ingredient,

with higher C-phycocyanin content. During storage, pH, titratable acidity, and Nutritional Composition,

color of yogurt showed negligible variations. Results indicated that Arthrospira Spirulina,

increased both nutritional composition and functional properties of yogurt Yogurt.

as a natural food ingredient.

Introduction

Expanding public health knowledge, with a
preference for natural ingredients and colorants,
has led to an increase in consumption of functional
health-promoting foods." A balanced and healthy
nutritional diet contains vitamins, minerals, and

polyunsaturated fatty acids (PUFAs).2 Microalgae
are a rich natural source of bioactive compounds for
a healthy diet. They contain proteins, carbohydrates,
lipids, minerals, vitamins, essential amino acids,
PUFAs, carotenoids, enzymes, and fiber.® The
microalga Arthrospira or Spirulina is produced
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commercially all over the world and has been used
in human food for thousands of years.* Arthrospirais
a micro-filamentous cyanobacterium with generally
recognized as safe (GRAS) status as a functional
food by the US Food and Drug Administration.®
Previous data relating to the safety and side effects
of Arthrospira were mainly concerned about human
clinical potential and application.® Arthrospira has
potential health benefits including carbohydrate,
protein, essential amino acids, essential fatty acids,
minerals, vitamins, and pigments.” Moreover, the
lack of cellulosic cell walls allows easy digestion of
Arthrospira biomass as suitable and acceptable for
human consumption.8

Fermented milk products or yogurt are preferred
foods for probiotics® as live microorganisms of
bacteria or yeast that provide their host with health
benefits.’® They promote gastrointestinal health
benefits through various intestinal functions and
electrolyte balance, nutrient absorption, transit time,
and management of digestive issues. Probiotics
improve nutrient digestibility and metabolic utilization
by generating volatile fatty acids that indirectly
modify gut microsystems.'"'2 Lactobacillus and
Bifidobacterium are the main genera used in
probiotic products.™

Market trends for natural sources in food and
beverages indicate the potential of utilizing
microalgae to satisfy demand. Various species of
microalga including Arthrospira, Chlorella, Dunaliella,
and Haematococcus have been developed and
incorporated in food products.* Arthrospira farms
produce food supplements but studies are lacking
in food product ingredients. Yogurt is a commercially
popular fermented food in Asian regions and has
potential for supplementation as an alternative
natural source of functional food. Therefore, the main
objective of this study was to supplement yogurt with
Arthrospira microalgae rich in bioactive compounds
as healthy food. Nutrient composition, functional
and physicochemical properties, and significant
parameters of Arthrospira supplemented yogurt
products were evaluated during 4 weeks of storage.

Materials and Methods
Arthrospira Preparation
Arthrospira (Spirulina) platensis IFRPD 1182 was
provided by the Institute of Food Research and

Product Development (IFRPD), Kasetsart University,
Bangkok, Thailand and maintained in Zarrouk
medium. The condition of A. platensis cultivation
followed Pan-utai et al.,'® Arthrospira was cultured
in a glass photobioreactor which was incubated in
chamber equipment with temperature controlled at
30°C, light intensity at 15 Klux and light and dark
cycles at 16 and 8 hours respectively. Carbon dioxide
mixed with air at 2% was used as a continuous
bubble feed with flow rate at 0.67 vvm. Cells were
grown to log phase and used as inoculum at 10%
in an open raceway pond system containing 200
liters of working volume. The culture was well mixed
using a paddle wheel at 15 rpm. Cells were grown
to exponential phase around 1 at an optical density
of 560 nm, harvested by filtration through a nylon
cloth and washed with tap water to completely
remove residual culture medium. Fresh Arthrospira
biomass was mixed with sterilized water at a ratio of
1:1 (w/w) using homogenization at 11,000 rpm for 3
min (Ultra Turrax, T25 basic, IKA, USA) and filtered
through 0.45 pm nylon membrane to remove residual
cells. Dried Arthrospira biomass was obtained by
drying at 55°C for 6 hours or until less than 5%
moisture content. Dried biomass samples were then
milled to 0.5 mm particle size for use in yogurt as
supplemented dried Arthrospira biomass.

Yogurt Production

Yogurt preparation was based on pasteurized fresh
cow’s milk (CP-Meiji Co., Ltd., Thailand) as raw
material. The milk formulation was composed of
sugar at 7% (w/v) and gelatin as thickener at 0.5%
(w/v). Arthrospira microalgal were supplemented
with oven-dried Arthrospira biomass at 0.1, 0.3,
and 0.5% (w/v) and fresh Arthrospira at 1, 5, and
10% (v/v). Fresh Arthrospira content was examined
on a dry weight basis and expressed as around
6.9% DW. Thus, concentrations of fresh Arthrospira
supplemented into yogurt at 1, 5 and 10% (v/v) in
terms of dry basis were expressed as 0.07, 0.35,
and 0.69% (w/v), respectively. Milk formulation
without Arthrospira supplement was used as the
control. Milk formulations were heated for 20 min at
85°C and then cooled to 40°C. A commercial starter
culture YC-X11 (Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus) was
mixed according to the manufacturer’s instructions
(Chr. Hansen, Denmark) and added to the samples.
After mixing well and transferring into plastic cups,
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all samples were incubated at 43°C for 4 hours.
The pH and acidity were determined every hour
during fermentation. After fermentation, the yogurt
samples were cooled and kept at 4°C. All samples
were analyzed for pH, titratable acidity, water holding
capacity, nutritional composition, C-phycocyanin
content, and color after fermentation. In addition,
pH, titratable acidity, and color were analyzed during
storage at 1, 2, 3, and 4 weeks.

Physicochemical Measurement

All samples were determined for pH and acidity
during yogurt fermentation and storage. The pH
was measured using a pH meter (Schott, Lab850,
Germany). The percentage of titratable acidity (TA) of
the yogurt samples was analyzed using 0.1 N NaOH
solution using phenolphthalein as the indicator.'*
Acidity was calculated as a percentage of lactic acid
produced. The factor is 90.08 (g/mol) which is the
molecular weight of lactate. The pH and acidity were
measured at different stages of sample preparation
including during fermentation, finished products and
during storage.

Water holding capacity (WHC) of the different yogurt
samples was determined according to the method of
Barkallah et al.,’ WHC was analyzed by centrifuging
10 g of each sample at 4,500 x g for 20 min at 4°C
(Sorvall RC6 Plus, Thermo Scientific, Germany)
and calculated according to the following equation:

WHC (%) = (1-W1/W2) x 100

where W1 is the weight of supernatant after
centrifugation and W2 is the weight of yogurt.

Nutritional Composition

Proximate composition of the yogurt samples was
analyzed using the AOAC standard method.'® Dry
weights of the samples were analyzed by oven-
drying at 105°C overnight to constant weight. Ash
content was determined by ignition of the dried
samples in an electric furnace at 550°C. Protein
content was analyzed by the Kjeldahl method using a
nitrogen conversion factor of 6.25. Total lipid contents
of the yogurt samples were determined using the
ether extraction method (AOAC Official Method
989.05). Carbohydrate content was calculated by
difference as the sum of moisture, protein, lipid, and
ash content in 100 g dry weight.
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C-phycocyanin Content

For determination of C-phycocyanin content, 1 ml of
each samples was centrifuged at 5,000 rpm for 10
min. The pellet was dissolved and then sonicated in
1 ml of distilled water for 30 min. The supernatant
was collected by centrifugation at 10,000 rpm for
5 min and measured for optical density at 615 and
652 nm (SP-80001, UV/vis Spectrophotometer,
Metertech, Taiwan). C-phycocyanin content was
calculated using the following equation.'”

C-phycocyanin (mg/mL) =(OD,,,.-0.4740D ,,)/5.34

652)
Color Evaluation

Color parameters were determined using a
Datacolor Spectraflash Spectrophotometer (SF 600
plus, Datacolor International, USA). The instrument
was standardized using a standard black trap and
white and green plates. Color measurements were
expressed in terms of 3 values: lightness (L*) from O
(black) to 100 (white) with chromaticity parameters,
a* as green color (-) to red (+) and b* as blue (-) to
yellow (+).

Statistical Analysis

All experiments were analyzed in triplicate. Data
from the parameters were subjected to analysis of
variance (ANOVA) using SPSS 12.0 (SPSS, Inc.,
USA). Multiple comparisons in each parameter
were conducted using Duncan’s multiple range test
(DMRT) with significance set at 0.05 (P<0.05).

Results and Discussion

Arthrospira platensis microalga was used as
the ingredient supplemented in yogurt and
investigated as a functional food. All parameters
including physicochemical composition, nutritional
composition, C-phycocyanin content, and color index
value changes during fermentation were determined.
Changes in pH, acidity, and color indexes of yogurt
products were also assessed during 4 weeks of
storage. Yogurt without Arthrospira supplementation
was used as the control.

Physicochemical Measurement

Arthrospira platensis was prepared as oven-dried
biomass and fresh biomass for supplementation in
yogurt. The pH values during yogurt fermentation
for 4 hours at 43°C and storage at 4°C for 4 weeks
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are shown in Table 1. The pH values decreased with
increasing time during the fermentation process in all
experiments. Initial pH values of different conditions
were approximated at 6 and decreased to around
4 after 4 hours of fermentation, whereas pH did not
fluctuate under storage for 4 weeks. Milk fermentation
was inoculated from thermophilic bacteria consisting
of a mixture of Lactobacillus delbrueckii and
Streptococcus thermophilus as gelation form. Milk
formulation involved heating at high temperature.
This caused the denaturation of whey proteins.
Gelation, as caseins reach their isoelectric point,
results in denatured whey proteins interacting
with casein on the surface of casein micelles from
around pH 6.6 to 4.6 during yogurt fermentation.®
Moreover, variations in fermentation time were due
to differences in the ability of lactic acid bacteria to
grow and ferment in milk."®* The pH values among
various sample treatments were slightly lower than
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the control during 2-4 hours of fermentation. Similar
results from previous reports of A. platensis addition
in fermented milk showed larger decrease in pH%.
High protein content of Arthrospira microalgae
promoted the growth of probiotics in milk.?!
Therefore, both oven-dried and fresh Arthrospira
supplemented in yogurt gave pH values lower
than the control and supported the growth of lactic
acid bacteria. Valuable proteins and carbohydrates
from Arthrospira increased nitrogen and carbon
sources in milk formulation, and also increased solid
content that supported growth of probiotics during
fermentation. These properties were attributed
to different yogurt buffering capacities. Yogurt
supplemented with Arthrospira presented lower
buffering capacity during fermentation. Moreover,
increase in Arthrospira supported growth rates and
viability of lactic acid bacteria.™

Table 1: The pH values during yogurt fermentation for 4 hours at 43 °C and 4 weeks of storage at 4°C.

Time

Control

Oven-dried Arthrospira (%w/v)

Fresh Arthrospira (%v/v)

0.1 0.3 0.5 1 5 10

Fermentation (h)

0 6.18 £ 0.00%* 6.17 +0.01** 6.21 +0.02** 6.20 + 0.01%** 6.17 + 0.00°* 6.17 + 0.00** 6.16 + 0.01°*
1 5.97 +0.0138 5.96 + 0.00%® 5.95+0.02%8 592 +0.01"® 5.72+0.02°® 5.84 +0.02®® 5.79 +0.01%
2 5.35+0.04%°° 531 +0.022° 5.20+0.01°¢ 5.19+0.02°°C 5.09 +0.06°° 5.18 +£0.01°°© 5.10 + 0.02*°
3 4.75+0.022®°  4.67 +0.06°° 4.70 + 0.012® 4.71 + 0.03%*° 4.60 + 0.01%° 4.66 + 0.03°%® 4.61 + 0.02°P
4 4.39 +0.013 428 +0.02¢ 418 +0.01°¢  4.21 + 0.00¢ 4.37 +0.01*¢ 4.32 + 0.02°¢ 4.31 + 0.00°¢
Storage (weeks)

1 4.13 £ 0.01%F 4,08 + 0.00°F 4.06 + 0.01°F  4.11 + 0.02%F 4,15 + 0.03*F 4.19 + 0.07*" 4.11 + 0.05%°"
2 4.08 +£0.02:¢  4.00 £ 0.00°¢ 3.99 +0.01°¢ 4.06 + 0.00*" 4.08 + 0.022¢ 4.00 + 0.03°" 3.96 + 0.02°"
3 4.08 £ 0.02%¢  3.93 + 0.03%¢ 4.04 +0.04%F¢ 4.01 £ 0.02°¢ 4.09 + 0.04%7¢ 4.10 + 0.022¢ 4.02 = 0.00°*¢
4 413 +£0.00""  4.00 £ 0.01°® 4.01 +0.05°"¢ 4.01 £ 0.04°¢ 4.09 + 0.0137¢ 4.13 + 0.02:¢ 4.08 + 0.00%"

Values are averages of triplicates + standard deviation. Mean values with different superscript letters indicate significant

differences.

a, b,... Means in the same row with different letters are significantly different (P<0.05).

A, B,... Means in the same column with different letters are significantly different (P<0.05).

Titratable acidity values during yogurt fermentation
and storage are shown in Table 2. Increased acidity
of yogurt during fermentation was observed in
all experiments. Arthrospira addition increased
acidity faster than the control and was related to
the higher buffering capacity of media containing
Arthrospira.’®The finished yogurt product
supplemented with 0.5% oven-dried Arthrospira

gave the highest acidity of 0.78%. Acidity of finished
products with oven-dried Arthrospira supplemented
in yogurt increased at higher concentrations of oven-
dried Arthrospira, whereas fresh Arthrospira showed
no significant differences with concentration. The
control showed the lowest acidity. Moreover, results
also indicated that pH decreased and titratable
acidity increased during yogurt fermentation
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with thermophilic bacteria over 4 hours. Lactic
acid production from lactose fermentation led to
decreasing pH and increasing titratable acidity as
a result of microorganism metabolism.?? Titratable
acidity also slightly increased during the first week
of storage due to the decrease in temperature from
fermentation to storage. As mentioned, lactic acid
fermentation continuing growth and produced lactic
acid from active cell viability until becoming stable
at storage temperature. Lactic acid bacteria (LAB)
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instigate three significant biochemical conversions
of milk constituents consisting of carbohydrate to
lactic acid or other metabolite substances, casein
hydrolysis to peptides and breakdown of free amino
acids and milk fat to free fatty acids. The role in milk
fermentation by lactic acid bacteria produces the
final product as lactic acid. Moreover, organic acids
provide the flavor and aroma of yogurt as well as
acting as a preservative.?>23

Table 2: Titratable acidity (%) during yogurt fermentation for 4 hours at 43°C and 4 weeks of storage at 4°C.

Time Control Oven-dried Arthrospira (%w/v)

Fresh Arthrospira (%viv)

0.1 0.3 0.5 1 5 10

Fermentation (h)

0 0.19 £ 0.045F 0.17 £0.01F 0.19 £0.01¥¢ 0.20 + 0.00*¢ 0.18 +0.00" 0.17 +0.013¢ 0.17 + 0.012"
1 0.19 £ 0.01°F  0.20 £ 0.00° 0.23 + 0.01®F 0.24 + 0.01% 0.21 £ 0.01*F  0.20 + 0.00°® 0.21 + 0.00>¢
2 0.30 £ 0.01"®  0.30 + 0.00°¢ 0.36 +0.02®® 0.39 +0.01®® 0.41 +0.04*¢  0.36 + 0.03*F 0.37 + 0.01%"
3 0.50 £ 0.00°® 0.51 +£0.01*® 0.56 +0.02° 0.59 +0.02°° 0.46 +0.02°®  0.51 + 0.04°¢  0.49 + 0.00>
4 0.55 +0.01¢° 0.65+0.00°¢ 0.76 £ 0.02°® 0.78 +0.01*® 0.61 +0.01° 0.61 +0.01®® 0.61 +0.01P
Storage (weeks)

1 0.70 £ 0.03*® 0.75 +0.01*® 0.84 +£0.01** 0.86+0.01** 0.72+0.00*® 0.68 + 0.01%° 0.68 + 0.00%
2 0.81 +0.03%* 0.83 + 0.03%°A 0.87 + 0.01*** 0.90 + 0.08* 0.78 +0.01°*  0.82 +0.01** (.80 + 0.01°**
3 0.74 £0.03® 0.80 +0.01** 0.84 +0.03** 0.86 +0.01% 0.74 +0.01%*® 0.73 +0.02®® 0.74 + 0.00°®
4 0.73+0.00® 0.81 +0.02** 0.87 +0.01** 0.90 +0.02%* 0.76 + 0.00%*  0.72 + 0.00® 0.72 + 0.04°®

Values are averages of triplicates + standard deviation
differences.

a, b,... Means in the same row with different letters are significantly different (P<0.05).

. Mean values with different superscript letters indicate significant

A, B,... Means in the same column with different letters are significantly different (P<0.05).

80

60

40

WHC (%)

20

control

Samples

oven, 0.1 % oven, 0.3 % oven, 0.5% fresh, 1% fresh,5 % fresh, 10 %

Fig. 1: Water holding capacity of different supplemented concentrations of
oven-dried and fresh Arthrospira and the control
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Water holding capacity in fermented milk like yogurt
is mainly determined by the microstructure of the
protein network. Water holding capacity indicates
the ability of proteins to prevent water releases from
their three-dimensional structure. Furthermore, whey
protein is vented on the surface of the product if the
water-binding capacity is not sufficient.2* Results
showed that water holding capacity in all experiments
ranged at 53-62% (Figure 1). Fresh Arthrospira
supplemented in yogurt displayed the highest water
holding capacity. However, the values of water
holding capacity showed little difference among
various conditions. Yogurt products supplemented
with Arthrospira showed the ability to retain water
after fermentation.

Nutritional Composition

Nutritional compositions of yogurt supplemented
with various concentrations of oven-dried and fresh
Arthrospira and the control treatment as moisture
content, protein, fat, ash, and carbohydrate are
shown in Table 3. All treatments had similar
nutritional compositions compared to the control.
Although Arthrospira has high protein content,
yogurt products cannot be added with large amounts
of oven-dried Arthrospira powder because this
imparts an unsuitable flavor. Previous experiments
showed that all organoleptic properties of yogurt
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with high microalgal powder concentration at 0.75
and 1% gave lower sensory acceptability scores.
Unacceptable flavor at higher Arthrospira powder
concentration results from the oxidation of lipids
and minerals that act as pro-oxidant molecules and
produce metallic off-flavors.

Arthrospira platensis is considered as a food source
of natural molecules with functional composition
and nutritional health benefits.?® Arthrospira is a
dried food, easy to store and transport with long
shelf life.2” Moreover, oven drying of Arthrospira
is a conventional low-cost process that also
affects protein denaturation in cell structure and
composition.™ However, fresh Arthrospira biomass
has higher nutritional value compared with the dried
biomass. Oven-dried Arthrospira biomass showed
reduced protein content of 35% with respect to
the fresh biomass.2® Therefore, fresh Arthrospira
supplemented into yogurt treatments gave similar
nutritional composition with oven-dried Arthrospira.
Yogurt products supplemented with fresh Arthrospira
produced an off-flavor and smell compared with
oven-dried biomass. Furthermore, Arthrospira has
high iron content. Iron bio-availability has been trialed
in both rats and humans without side effects. Thus,
yogurt supplemented with Arthrospira has proven
nutritional beneficial iron content enrichment.?®

Table 3: Nutritional composition of control, oven-dried, and fresh Arthrospira
supplemented in yogurt after production.

Composition Control

Oven-dried Arthrospira (%ow/v)

Fresh Arthrospira (%viv)

(9/100 g dry

weight) 0.1 0.3 0.5 1 5 10

Moisture 81.57 +0.04 82.11 £0.57 82.22+1.14 81.20+0.24 81.84+0.07 82.53 +0.03 83.24 +0.01
Protein 18.43 +£0.04 17.89 +0.57 17.78 +0.14 18.80+0.24 18.16 +0.07 17.47 +0.03 16.76 + 0.01
Fat 1554 +0.76 1714 +1.54 1747 +1.21 18.65+0.20 16.91+0.42 16.79+0.06 16.08 +0.09
Ash 5.02+0.53 3.61+0.07 453+054 459+0.60 362+0.11 4.00+0.86 3.80+0.68
Carbohydrate 0.66 +0.01 0.63+0.04 0.66+0.01 0.68+0.02 0.67+0.00 0.63+0.01 0.60=+0.01

Color Evaluation

Yogurt with Arthrospira supplemented treatments
achieved different colors of final product as shown in
Figures 2-4. Color shade of yogurt supplemented with
Arthrospira changed from green to blue depending
on the added concentration. The color of dairy
products is important for consumer acceptance.®
Values of L*, a*, and b* indexes recorded lightness,
green to red, and blue to yellow respectively. All

treatments showed negligible variations after storage
for 4 weeks. Yogurt with fresh Arthrospira samples
showed increased whiteness when compared with
oven-dried biomass supplementation, whereas
higher quantity of oven-dried biomass gave more
greenness than fresh Arthrospira supplement.
Moreover, yogurt samples with fresh Arthrospirahad
higher blue color indexes as fresh Arthrospira gave
more C-phycocyanin.
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—e— Control
—0— Oven, 0.1%
—w— Oven, 0.3%
—4A— Oven,0.5%
—8— Fresh 1%
—0— Fresh, 5%
—&— Fresh, 10%

Value L*

0 1 2

w
IS

Time (week)

Fig. 2: The L* index values of different oven-dried and fresh Arthrospira
concentrations in supplemented and control experiments.

—e— Control
—O— Oven, 0.1%
—w— Oven, 0.3%
—4&— Oven,0.5%
—&— Fresh, 1%
—0— Fresh, 5%

- | —— Fresh, 10%

Value a*

0 1 2 3 4
Time (week)

Fig. 3: Value a* index of different oven-dried and fresh Arthrospira concentrations
in supplemented and control experiments.

—e— Control
—0— Oven, 0.1%
—w— Oven, 0.3%
—a— Oven,0.5%
—&— Fresh, 1%
—0— Fresh, 5%
—&— Fresh, 10%

Value b*

0 1 2 3

Time (week)

Fig. 4: The b* index values of different oven-dried and fresh Arthrospira
concentrations in supplemented and control experiments.
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C-phycocyanin Content

Arthrospira, a blue-green alga that contains blue
pigment as C-phycocyanin (C-PC), is mostly
consumed as a natural edible and functional
brilliant blue colorant. The alga has excellent
antioxidant, anticancer and anti-inflammatory
properties. C-phycocyanin (C-PC) is found in
cyanobacteria as a blue water-soluble light-
harvesting protein-pigment complex."” It is normally
used as a food colorant ingredient and also as a
pharmaceutical reagent with antioxidant and anti-
inflammatory.®" Yogurt products were added with
C-PC content under different treatments in the range

20
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0.2-16.5 mg/g (Figure 5). All experiments showed
that C-PC content increased with increasing
Arthrospira addition. Oven-dried Arthrospira
biomass gave lower C-PC content compared with
fresh biomass caused by denaturation at high
temperature. Higher C-PC content showed greater
antioxidant activity. Our results concurred with Papalia
et al.,?® who found that fresh Arthrospira gave higher
antioxidant activity than frozen and oven-dried
Arthrospira biomass. Yogurt supplemented with fresh
Arthrospira achieved high nutritional and antioxidant
activity as a functional product.

15 A

C-PC (ug/g)
=

0 . ) . pzzz

control

oven, 0.1 % oven, 0.3 % oven, 0.5 % fresh,1 % fresh,5 % fresh, 10 %

Samples

Fig. 5: C-phycocyanin content of different oven-dried and fresh Arthrospira
concentrations in supplemented and control experiments.

Conclusions

Arthrospira platensis has long been used as a food
ingredient with important nutritional and functional
properties. Milk fermented with Arthrospira addition
can be used to develop new healthy yogurt products.
Our results showed that yogurt supplemented with
Arthrospira improved nutritional and functional
properties, depending on type of preparation and
concentration. It is difficult to assess the optimal
condition for Arthrospira addition to yogurt. Fresh
Arthrospira supplementation remains largely
understudied; however, addition of fresh Arthrospira
into yogurt improved nutritional and functional
properties of the final product.
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