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Abstract Incorporation of Spirulina in milk as thermally
dried powder has the disadvantages of non-uniform dis-
tribution with undesirable odor and flavor. Through
homogenization (200 + 10 bar), complete dispersion of
fresh Spirulina biomass (7% w/w) in milk was achieved
and thereafter a carotenoid enriched probiotic yogurt was
developed. Confocal microscopy revealed porous Spir-
ulina-milk protein matrix integrated with smaller fat
globules in the yogurt. Spirulina led to a 29.56% increase
in Lactobacillus acidophilus count, a 20% reduction in
fermentation time and a total probiotic count of 1.2 x 10’
CFU mL ™. The protein, total chlorophyll, total carotenoid
and P-carotene content (on dry w/w basis) were
358 £0.08 g 100 g, 0.407 &+ 0.018 mg g,
0.235 + 0.016 mg g~ ' and 13.28 + 0.08 pg g~ ', respec-
tively. During storage (18 days at 6-8 °C), the L. aci-
dophilus count reached 8.83 + 0.11 log CFU mL™" with
103.03% increase in the viability by day three and the
yogurt retained 71.5% carotenoids. The probiotc Spirulina
yogurt was found to be acceptable to consumers as eval-
uated by affective consumer test.
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Abbreviations

Chl  Chlorophyll

Caro Carotenoids

PCY Probiotic control yogurt

PSY Probiotic Spirulina yogurt

Te Time taken to attain pH 4.6-4.7
SMP  Skimmed milk powder

DW  Dry weight

Introduction

The increasing health awareness and preference for natural
ingredients has led to an increased consumer base for
natural foods with health benefits like probiotics. The fer-
mented milk products like yogurt are considered as a pre-
ferred vehicle for probiotics. According to Food and
Agriculture Organization (FAO) and World Health Orga-
nization (WHO) (2001), probiotics are defined as “live
microorganisms which when administered in adequate
amounts confer a health benefit on the host”. The probiotic
products provide various clinically proven health benefits
like modulation of host’s immune system, anti-carcino-
genic and anti-mutagenic activity, alleviation of lactose
intolerance etc. (Kailasapathy and Chin 2000). To achieve
beneficial health effects and desirable functional properties
from probiotics, sufficient number of probiotic lactic acid
bacteria (LAB) at high viable rate must reach the intestine.
In India, according to the regulatory body, Food Safety and
Standards Authority of India (FSSAI), the standard
requirement of lactic count in probiotic products is one
million CFU g~' (FSSAI 2011). It is essential to maintain a
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high level of probiotic cell count (> 10° CFU g™') in
probiotic products throughout their shelf life (Donkor et al.
2006). Spirulina sp., a photoautotrophic blue green
microalga, is widely recognized as a food and dietary
supplement owing to its excellent nutritive value. Spirulina
contains about 63% protein, 18% carbohydrate and 4%
fats. Spirulina is also a rich source of carotenoids as it
contains (on dry w/w basis) about 0.5% total carotenoids
including about 0.2% [-carotene, the pro-vitamin A
(Gershwin and Belay 2007).

The bioavailability of B-carotene from Spirulina has
been established both in animal and human studies (An-
napurna et al. 1991a, b). In developing countries like India,
the malnutrition and the vitamin A deficiency among pre-
school children is still a major public health challenge
(Arlappa 2011). Another major issue affecting the nutri-
tional health of pre-school children has been identified as
the frequent bouts of diarrhea in rural areas of India
(Boudraa et al. 2001). Yogurt has been reported to be an
important food product that can help in dealing with the
occurrence of diarrhea among pre-school children (Bou-
draa et al. 2001). The Spirulina yogurt would offer a
unique combination of probiotic benefits and enhanced
carotenoid/B-carotene content to combat diarrhea and
deficiency of vitamin A prevalent among the pre-school
children, especially in the rural areas. The beneficial effect
of addition of Spirulina biomass on microbiological via-
bility and growth of lactic acid and probiotic bacteria in
fermented milk and yogurt has been reported in several
studies (De Caire et al. 2000; Varga et al. 2002; Behesh-
tipour et al. 2012). Beheshtipour et al. (2013) suggested
that combination of probiotic bacteria with Spirulina
platensis in fermented milk products enhances the func-
tional and nutritional properties of the product. The Spir-
ulina biomass could, therefore, serve as an important food
ingredient for preparation of fermented milk/yogurt prod-
ucts to take benefit of its growth promoting effect on
probiotic bacteria. However, such Spirulina containing
milk products are not widely available in the market.

It is understood from the available literature that the
studies on addition of Spirulina biomass in fermented milk
and yogurt products, have been carried out with dry bio-
mass. The spray dried Spirulina biomass poses major sen-
sorial challenges in the form of a characteristic odor which
descends into the final product and its insolubility in food
formulations (Beheshtipour et al. 2013) thus limiting a
wider consumer acceptance. Also, the use of dried Spirulina
biomass puts a limitation on harnessing the maximum
nutritional benefits of the microalga as thermal drying
methods have considerable effect on its micronutrient
contents, e.g., vitamins, -carotene and amino acids (Dillon
et al. 1995). The utilization of fresh biomass of Spirulina for
product formulation may help in overcoming the sensorial
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perception associated with Spirulina while providing its
inherent nutritional benefits. However, as evident from the
literature, the potential benefits of fresh Spirulina biomass
for food product development have remained unexplored.
The present study, therefore, aims at incorporation of
fresh biomass of Spirulina for formulating a probiotic
yogurt. It was hypothesized that the incorporation of fresh
biomass of Spirulina would lead to a yogurt with an
enhanced probiotic count, enriched carotenoids and
acceptable sensory properties. The growth and viability of
probiotic bacteria; and the nutritional, biochemical and
physico-chemical properties were investigated along with
affective consumer test based sensory evaluation.

Materials and methods

Fresh Spirulina platensis biomass and other
ingredients

Spirulina platensis (strain SP6/CFTRI) was cultivated using
Zarrouk’s medium in pilot scale outdoor open raceway
pond (1000L capacity) at CSIR-CFTRI, Mysuru, India. The
fresh wet biomass was harvested by passing the culture
through nylon filter cloth, 400 micron mesh (Nylobolt®,
Dishti Industries Pvt. Ltd., Maharashtra, India). The
retained biomass was washed with deionized water. The
term ‘Spirulina biomass’ wherever appears in the manu-
script, implies ‘fresh wet biomass’. The other ingredients
included toned milk (commercially available from Nandini
Dairy, Karnataka Co-operative Milk Producer Federation
(KMF) Ltd., India), skimmed milk powder (SMP) (Sagar,
Amul, India) and sucrose (Parry White Label, India).

Preparation of yogurt starter and probiotic stock
culture

Freeze dried commercial yogurt (FD-DVS YC-X16 Yo-
Flex; Streptococcus thermophilus and Lactobacillus del-
brueckii ssp. bulgaricus) and probiotic culture (FD-DVS
nu-trish LAS, Lactobacillus acidophilus) were used (kind
gift from CHR Hansen Pvt. Ltd., Mumbai, India). The
stocks of both the starter and yogurt culture were freshly
prepared separately under aseptic conditions by adding 5 g
of Yo-Flex and 25 g of LAS in 1 kg of sterile reconstituted
skimmed milk (10% w/w) respectively, as per the
instructions of the suppliers.

Formulation of Spirulina supplemented probiotic
yogurt

The Spirulina biomass (85-90% moisture content) was
added to toned milk at a concentration of 10% (w/w) to
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obtain Spirulina-milk slurry. The Spirulina-milk slurry was
homogenized using a homogenizer (GEA NiroSoavi, Italy)
at 200 & 10 bar to obtain Spirulina-milk emulsion. The
toned milk served as control and was also subjected to
homogenizaton. The Spirulina-milk emulsion (10% w/w
Spirulina biomass) was diluted using toned milk to obtain
aliquots having 6, 7, 8 and 9% (w/w) Spirulina biomass
respectively. To the control milk and Spirulina-milk
emulsion aliquots, sugar (6% w/w) and skimmed milk
powder (SMP, 1% w/w) were added followed by pasteur-
ization at 90 °C for 10 min in a water bath. The pasteurized
samples (100 mL each) were poured into pre-sterilized
polystyrene cups and were allowed to cool down to 40 °C.
The control milk and Spirulina-milk emulsion aliquots
(6—-10% w/w) were inoculated with 0.5% and 1.5% (v/w) of
Yo-Flex and LA-5 stock cultures respectively. Fermenta-
tion method as described by Shah and Lankaputhra (1997)
was followed. All the samples were covered tightly with
aluminum foil, placed in sealed low density polyethylene
(LDPE) bags and incubated at 42 °C. The samples were
monitored hourly until the acidity and pH reached
0.8-0.9% and 4.6-4.7, respectively. The prepared yogurt
samples were stored under refrigeration at 6-8 °C. The
addition of food additives such as stabilizers, acidity reg-
ulators, flavors and colors was avoided as the focus of the
study was on exploring the variation in physico-chemical
properties of yogurt solely due to incorporation of fresh
Spirulina biomass. The formulated yogurt products were
referred to as; (a) Probiotic Control Yogurt (PCY) derived
from toned milk subjected to homogenization and (b) Pro-
biotic Spirulina Yogurt derived from Spirulina-milk
emulsion (PSY, containing 6-10% w/w Spirulina
biomass).

Microbiological analysis
Enumeration of L. acidophilus

The cell population of L. acidophilus was enumerated
hourly, after inoculation, for pasteurized milk and Spir-
ulina-milk emulsion, starting at time zero till the end of
fermentation when the desired pH was achieved. The
samples (1 mL aliquots) were diluted with 9 mL sterile
peptone water (Hi-media, India) and subsequent serial
dilutions were performed. The enumeration of L. aci-
dophilus was done in accordance with ISO 20128 (2006)
method using Lactobacillus MRS agar (Hi-Media, India).
Stock solutions of Clindamycin hydrochloride and Cipro-
floxacin hydrochloride (Hi-media, India) antibiotics were
prepared by dissolving 2 mg and 20 mg of respective
antibiotic in 10 mL of sterile water, and filtering through a
sterile filter (0.22 microns pore size) (Hi-media, India). The
Clindamycin and Ciprofloxacin antibiotic solutions were

added to the sterile MRS agar medium at a concentration of
0.05 and 0.5% (v/v), respectively, to selectively allow the
growth of L. acidophilus. Aliquots of serially diluted
samples (100 pL) were spread on antibiotics containing
MRS agar Petri plates and incubated under anaerobic
condition at 37 °C for 72 h. The percentage increase/de-
crease in growth and viability of L. acidophilus during
fermentation and storage respectively, was determined
from final and initial cell population (CFU mL™") as
described by Beheshtipour et al. (2012).

Enumeration of other microorganisms

Total Plate Count agar (TPC, Hi-media, India) was used to
enumerate total bacterial count in the products. Violet Red
Bile agar (VRB, Hi-media, India) was used to determine
the presence of Coliform bacteria and Rose Bengal Chlo-
ramphenicol agar (RBC, Hi-media, India) was used to
determine the presence of yeast and mold in the products.

Physico-chemical analysis
pH and acidity

The aliquots of yogurt (1 mL) were mixed with distilled
water in a ratio of 1:1 to measure the pH (Eutech pH Tutor,
Singapore). The kinetic parameters described by Kristo
et al. (2003), i.e., the maximum acidification rate (Vm,
mUnit-pH minfl) and time taken to attain pH 4.6-4.7 (Te)
were studied. The Vm was calculated from pH versus time

(hours) curves using the equation Vm = (dg_tH) . Total
max

titrable acidity of the products expressed as percent lactic
acid was determined through titration with 0.1 N sodium
hydroxide (NaOH) solution using phenolphthalein indica-
tor (ISO 11869 2012).

Viscosity measurement

The aliquots of 80 mL refrigerated yogurt were poured in
100 mL glass beakers and stirred with a glass rod (10
times clockwise and 10 times anticlockwise) to break the
gel. The viscosity was measured by Brookfield RVDV-II
pro viscometer (Brookfield, U.S.A.) using Helipath stand
configuration (T-spindle, type D) at 2.5 rpm for 1 min at
8 °C (torque ranging between 10 and 90%). The mean of
apparent viscosity values (in cP) was obtained from
triplicate samples with a deviation of generally less than
5%.
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Water holding capacity (WHC)

The water holding capacity was measured by weighing
20 g of yogurt into 50 mL tubes and the samples were
centrifuged (Sorvall Legend XIR, Thermo Scientific,
Germany) at 3000 g for 15 min at 4 °C. The supernatant
was collected and weighed. Water holding capacity was
calculated using the following equation;

M2
WHC =(1—-——
= (1-311)
where M2(g) is weight of whey after centrifugation and
MI(g) is the initial weight of the yogurt.

Syneresis

The syneresis was estimated as described by Chawla and
Balachandran (1994) using drainage method. The prepared
yogurt samples stored under refrigeration for about 16 h
were taken out and tempered at 25 °C for 2 h. The yogurt
samples in polystyrene cups were loosened gently from the
sides and emptied into the funnels (9 cm diameter) holding
filter paper (Whatman, grade 1, 47 mm diameter) and the
exudates were collected in measuring cylinders. The total
volume (in mL) collected after 2 h of drainage was
measured.

Texture profile analysis (TPA)

Texture profile analysis (TPA) was performed using texture
analyzer (Universal Texture Machine, Model LR-5K,
Lloyd Instrument Ltd., U.K.) using a cylinder probe
(13 mm diameter). The prepared yogurt samples were fil-
led (about 120 mL) up to 5 cm height in a glass beaker
(10 cm height and 6 cm diameter) followed by tempering
at 25 °C for 2 h prior to analysis. The probe was pro-
grammed to penetrate down to 10 mm (at 20% compres-
sion) depth into the set yogurt at a crosshead speed of
1 mm per second. The firmness of products was calculated
from the obtained profile using Nexygen software (Lloyd
material testing, West Sussex, U.K.).

Confocal laser scanning microscopy

The confocal laser scanning microscope (ZEISS LSM 700,
Germany), operating in fluorescence mode, was used to
study the microstructure of milk and prepared probiotic
yogurt samples as described by Ciron et al. (2010). Acri-
dine orange and Nile red fluorescent dyes (Sigma Aldrich,
U.S.A.) were used to visualize protein and fat phases,
respectively. The acridine orange dye was prepared in a
concentration of 0.2% (w/w) in distilled water and Nile red
dye was prepared by dissolving 10 mg in 100 mL of

@ Springer

acetone. To 50 mL of toned milk, control milk (toned milk
subjected to homogenization as described above), Spir-
ulina-milk slurry, Spirulina-milk emulsion, probiotic con-
trol yogurt (PCY) and probiotic Spirulina yogurt (7% w/w,
PSY) samples, 300 pL of acridine orange and 10 pL of
Nile red dyes were added. The images were obtained using
63 x oil-immersion objective lens (numerical aper-
ture = 1.4) at an excitation wavelength of 488 nm and
633 nm provided by argon and helium/neon lasers,
respectively.

Biochemical analysis
Compositional analysis

The moisture content (%) of prepared yogurt samples was
determined by oven drying. The total solids were expressed
as the weight of the dried products. Total ash content was
determined by calcination at 550 °C until constant weight.
The ash was used for the estimation of mineral elements
(sodium, potassium, calcium, magnesium, iron, zinc and
copper) by procedure ISO 5984 (2002) using flame emis-
sion atomic absorption spectroscopy (AAS) (iCE 3000AA,
Thermo Scientific, U.S.A.). The concentrations of elements
were determined with respect to their respective standard
solution (SRL, India) plots. Crude protein content was
determined by calculating the percentage of nitrogen using
Kjeldahl method and converted to crude protein by multi-
plying with a factor of 6.25 (Chronakis et al. 2000). Total
carbohydrate content was estimated by phenol-sulfuric acid
method (Singleton and Rossi 1965). Total fat content was
estimated by Rose-Gottlieb method (AOAC 2000). All the
estimations were carried out in triplicates. The total energy
of the yogurt samples was calculated in accordance with
the factor given by FAO for milk and milk products (FAO
2003).

Pigment analysis

The yogurt samples obtained after fermentation were
freeze dried (Cool safe 55-4 pro, Scanvac, Denmark) and
estimated for total chlorophyll (AOAC 1995) and car-
otenoids (Jensen 1978). To determine the concentration of
B-carotene, HPLC analysis of the carotenoid extract of
freeze dried yogurt was carried out as described by Ranga
Rao et al. (2007). The extracts were dried by nitrogen
evaporator (N-EVAP 111, Organomation Associates,
U.S.A.) and 10 pL of pigment extract was injected into
HPLC system (Shimadzu, LC-10A, Japan) equipped with
C-18 column in isocratic mode and photo diode array
detector (PDA). The mobile phase consisted of acetonitrile,
dichloromethane and methanol (70:20:10 v/v/v) at a flow
rate of 1 mL min~'. The pigments were detected by
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measuring the maximum absorbance over wavelength
ranging from 370 to 800 nm. The chromatogram peak
corresponding to B-carotene for the products was identified
by comparing its retention time with respect to that of B-
carotene standard solution (Sigma Aldrich, U.S.A))
chromatogram.

Sensory evaluation: affective (consumer) test

The sensory properties of freshly prepared probiotic control
yogurt (PCY) and probiotic Spirulina yogurt (PSY, 6-10%
w/w) stored under refrigeration at 6-8 °C were evaluated
using the affective (consumer) test (Drake 2007). A total of
55 consumers (30 males and 25 females) between the ages
of 22-50 years who were the regular consumers of yogurt
products participated in the study. All the participants were
served with an approximately 15 g of PCY and PSY
6-10% (w/w) placed in transparent polystyrene plastic cups
covered with lids and labeled with random 3 digit codes. A
7-point degree of liking scale was used and consumers
were instructed to cleanse their mouths with water between
each of the samples tasted. Consumers were asked to rate
their degree of like/dislike towards all six of the served
samples in terms of; Like Extremely, Like Moderately,
Like Slightly, Neither Like or Dislike, Dislike Slightly,
Dislike Moderately and Dislike Extremely, respectively.
The results were expressed in terms of percentage popu-
lation distribution for each of the categories of likes and
dislikes. The PSY sample with the majority liking was
chosen for storage studies.

Storage studies

The prepared PSY samples were stored under refrigeration
(68 °C) for 18 days. On every third day, the samples were
analyzed for pH and titrable acidity, L. acidophilus count,
total plate count, and total Coliform bacteria and, yeast and
mold counts. The total chlorophyll and carotenoid content
of the products was estimated on every sixth day. The
affective (consumer) test for the sensory evaluation of the
PSY was carried out by the same consumer panel as per the
method described in the previous section on every third
day.

Statistical analysis

All the microbiological, physico-chemical and biochemical
determinations were performed in triplicates and the values
were represented as mean + S.D. The difference within
the groups was statistically analyzed by using one way
ANOVA followed by Tukey-Kramer multiple comparison
test at significance level of P < 0.05. The difference
between the groups was statistically analyzed by using two

way ANOVA followed by Bonferroni post-tests to com-
pare replicate means by row at significance levels of
P <0.001, P < 0.01 and P < 0.05 (GraphPad Prism 5.0,
U.S.A).

Results and discussion
Preparation of yogurt

The homogenization of Spirulina-milk slurry was carried
out to achieve disruption of Spirulina cells as well as for
the uniform mixing and distribution of cellular contents of
Spirulina into milk to obtain a Spirulina-milk emulsion.
The fragile nature of S. platensis cell wall, composed
mainly of murein and no cellulose, makes the disruption
relatively easier. In the present study, a pressure value of
200 £ 10 bar was used for the homogenization of 10% (w/
w) Spirulina biomass in milk and was found to be sufficient
to achieve complete disruption of Spirulina cells. The
microscopic observation of the Spirulina-milk emulsion
showed disrupted cells and fragments of Spirulina
(Fig. 2a).

The physico-chemical properties of the yogurts prepared
in the study, i.e., probiotic control yogurt (PCY) and pro-
biotic Spirulina yogurt (PSY), are shown in Table 1. For
probiotic Spirulina yogurts (PSY), a significant decrease in
WHC (91.58 £ 0.07-79.42 £ 0.21%) and apparent vis-
cosity (45,400 £+ 270-40,200 £ 286 cP) was observed
with an increase in biomass concentration (6—-10% w/w).
The firmness index declined significantly
(0.59 + 0.74-0.24 £+ 0.37 N) with respect to control as the
biomass concentration was increased beyond 7% (w/w).
PCY was comparatively firmer (2.16 & 0.12 N), more
viscous (47,045 4+ 326 cP) and possessed better water
retention capacity (92.82 4+ 0.08%).

Lopez-Fandino (2006) observed weaker and less firm
gels for yogurts prepared from milk treated with high
pressure (1000 bar) with added whey protein concentrate.
The authors indicated high pressure induced denaturation
of long B-lacto-globulin (Lg) bridges of milk proteins for
this effect. In the present study, the pressure values used for
homogenization were significantly lower (200 &+ 10 bar)
and weaker, less firm gels were observed only with Spir-
ulina supplemented yogurt (PSY) and not with control
yogurt (PCY). It was thus concluded that it’s not the
homogenization pressure which affected the texture and
firmness of yogurt, the effect might have been due to the
incorporation of fresh Spirulina biomass.

@ Springer



3726

J Food Sci Technol (August 2019) 56(8):3721-3731

Table 1 Physico-chemical and biochemical characteristics; L. acidophilus and total plate count of probiotic control yogurt (PCY) and probiotic Spirulina yogurt (PSY, 6-10% w/w)
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Microbiological parameters

Biochemical characteristics

Physico-chemical characteristics

Total Plate Count
(log CFU mL™")

L. acidophilus Count
(log CFU mL™h

Total Carotenoid

Total Chlorophyll

Firmness (N)

Syneresis (mL)  Viscosity (cP)

WHC (%)

Samples

Content (mg g‘1 DW)

Content (mg g‘l DW)

0.015 £+ 0.014* 7.96 + 0.14* 8.86 + 0.14°

47,045 £ 326" 2.16 + 0.12* 0.048 + 0.023*

25.7 + 0.02°

92.82 + 0.08"
91.58 + 0.07°
88.74 + 0.10°
85.18 £ 0.18¢
83.42 + 0.14°
79.42 £+ 0.21F

PCY

0.124 + 0.018° 8.35 &+ 0.04° 9.18 + 0.08°

0.360 + 0.024°

1.37 & 0.34*P
0.91 &+ 0.22%°

45,400 + 270P
0.59 + 0.74°

25.4 + 0.01°

PSY (6% wiw)

0.235 £ 0.016° 8.32 + 0.15" 9.19 £ 0.11°

0.407 & 0.018°

43,067 + 285°

25.6 + 0.02°

PSY (7% wiw)

0.280 =+ 0.003¢ 8.36 + 0.06" 9.05 & 0.13*°

0.488 + 0.015°

42,000 + 322¢

26.0 £+ 0.01¢

PSY (8% wiw)

0.297 + 0.020%¢ 8.47 £+ 0.18° 8.96 + 0.10*°

41,400 £+ 264%  0.38 £ 0.86°  0.520 £ 0.022°

40,200 + 286°

26.2 + 0.02°

PSY (9% wiw)

0.328 + 0.016° 8.90 £+ 0.12° 8.90 + 0.06™"

0.636 + 0.017¢

26.8 + 0.03 0.24 £+ 0.37°

PSY (10% w/w)

Data represents mean =+ S.D. of three independent experiments. The superscripts (letters a—f) denotes significant differences. Mean values within the same column sharing the same superscript

are statistically not significant (at P < 0.05) by one way ANOVA

Sensory evaluation

The photographs of the developed yogurts are presented in
Fig. la. The PCY and PSY 6 and 7% (w/w) samples had a
set consistency (Fig. li—iii) whereas with PSY 8% (w/w)
onwards the yogurt showed a loose consistency (Fig. liv—
vi). A rating of ‘Like Extremely’ was given to PCY by 82%
of the consumers and to PSY (6 and 7% w/w) by 72 and
78% of the consumers, respectively. On the other hand,
PSY 8% (w/w) was rated as ‘Dislike Moderately’ by 66%
of the consumers. The Spirulina biomass concentration in
PSY was maintained < 10% (w/w) as concentrations
higher than 10% (w/w) led to coagulation during pasteur-
ization. PSY 9 and 10% (w/w) samples were ‘Extremely
Disliked’ by the majority of consumers (80 and 92%,
respectively) which might have been due to the after taste,
enhanced greenish appearance and a watery kind of con-
sistency. However, unlike dried biomass powder based
Spirulina yogurt (Beheshtipour et al. 2012), it was
observed that fresh biomass based Spirulina yogurts in the
present study possessed a smooth texture with the absence
of graininess at all the biomass concentrations. Based on
the physico-chemical properties and affective (consumer)
test, the PSY 7% (w/w) Spirulina biomass was chosen for
storage studies.

Confocal laser scanning microscopy

The confocal laser scanning microscopy was carried out for
control (homogenized toned milk), Spirulina-milk slurry,
Spirulina-milk emulsion, PCY and 7% (w/w) PSY. At least
three images were obtained for each sample and the rep-
resentative micrographs are presented in Fig. 2b—f. Con-
ventional homogenization has been reported to provide a
uniform distribution of milk constituents in low fat yogurts
by reducing the size of fat globules (Ciron et al. 2010). In
the present study, similar observations were made with the
control milk and Spirulina-milk emulsion; both subjected
to homogenization at 200 £ 10 bar. In both these samples
(Fig. 2c and d), bigger fat globules were observed in
control milk (Fig. 2b), were broken into smaller ones as a
result of homogenization and the protein matrix appeared
more porous. The similar effect of homogenization was
observed for PCY and 7% (w/w) PSY (Fig. 2e and f).

Acidification kinetics during fermentation

During the process of yogurt development, the complete
precipitation of caseinate particles occurs over a pH range
of 4.6-4.7 (Rasic and Kurmann 1978). Hence, in the pre-
sent study the end point of fermentation was set as time
taken to attain pH 4.6-4.7 (Te). The acidification and pH
profile of PCY and 7% (w/w) PSY presented in Fig. 3a
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Fig. 1 Photograph of probiotic
yogurt products developed

(i) probiotic control yogurt
(PCY); (ii)—(vi) probiotic
Spirulina yogurt (PSY) with
fresh Spirulina biomass 6, 7, 8,
9 and 10% (w/w) respectively
(color figure online)

shows an increase in acidity and decrease in pH during
fermentation. It was observed that during the initial stage
of fermentation (up to 1 h), the change in pH and acidity
was minimal for both PCY and PSY. The pH decreased
from 6.51 to 6.44 for PCY and from 6.56 to 6.35 for PSY;
and increase in acidity was 0.21-0.22% for PCY and
0.24-0.25% for PSY. These initial changes could be
attributed to relatively high buffering capacity of milk and
lag phase of L. acidophilus growth (Beheshtipour et al.
2012). The maximum drop in pH for PCY was 0.38 during
5th to 6th hour while for PSY it was 0.47 during 4th to 5th
hour. During these hours, maximum acidity increased in
the same fashion for both PCY and PSY. The ‘Te’ to attain
the optimal pH of 4.6-4.7 for the PCY and PSY was at the
end of 6th and 5th hour of fermentation respectively. This
showed that incorporation of Spirulina biomass decreased
the fermentation time by 20%. It was also observed that
fermentation in case of PSY had higher maximum acidi-
fication rate of 6.16 mUnit-pH min~' while for PCY it was
5.16 mUnit-pH min~". Oliveira et al. (2001) have reported
a similar trend for milk supplemented with casein
hydrolysate.

Microbiological analysis

At the time of inoculation (0 h) the population of L. aci-
dophilus was 6.55 log CFU mL ™" and the final count after
fermentation differed significantly between PCY
(7.96 + 0.14 log CFU mL™") and PSY 6-10% (w/w)
which  was  higher than 8 log CFU mL™'
(8.35 £ 0.04-8.9 + 0.12) (Table 1). The growth of L.
acidophilus during fermentation for PCY and 7% (w/w)
PSY up to 7 h of fermentation is shown in Fig. 3b. The
initial increase in the growth of L. acidophilus (after 2 h of
fermentation) was 5.7% for PSY and 2.97% for PCY

respectively. After 4 h, the growth promotion was 19.05%
for PSY and 11.53% for PCY. The desired pH value of
4.6-4.7 was attained after 5 h of fermentation in PSY and
the growth promotion was 29.56% whereas in PCY the
desired pH was achieved after 6 h of fermentation and the
growth promotion was 26.31%. Microalgae have been
reported to stimulate the growth of probiotic bacteria,
increase their viability and acid production by providing
essential compounds such as adenine, hypoxanthine and
free amino acids (Beheshtipour et al. 2013). Both the PCY
and PSY did not show the presence of yeast, mold and
coliform bacteria. The present study, therefore, shows that
incorporation of fresh biomass of Spirulina has a growth
promoting effect on probiotic microorganisms.

Biochemical analysis

The Spirulina contains a rich profile of carotenoids com-
prising of B-carotene and xanthophylls like zeaxanthin and
incorporation of fresh biomass of Spirulina led to a car-
otenoid enriched probiotic yogurt. The PCY prepared with
milk alone showed a base level of total carotenoid content
as 0.015 £ 0.014 mg g~' (DW) and total chlorophyll
content as 0.048 & 0.023 mg g~' (DW). For PSY, the
incorporation of Spirulina biomass at 6-10% (w/w) sig-
nificantly increased the carotenoid content of yogurt from
0.124 4 0.018-0.328 + 0.016 mg g~ ' (DW), a 8-22 fold
increase from base level; and total chlorophyll content
from 0.36 & 0.024-0.636 +£ 0.017 mg g~' (DW), a
7.5-13.3 fold increase from base level, respectively
(Table 1). The consumer acceptable 7% (w/w) PSY was
found to contain 13.28 + 0.08 pg g~ (DW) of B-carotene.
The RDA of B-carotene for an adult Indian man and
woman is 4800 pg day ' and for children (4-6 years) is
3200 pg day~' (ICMR 2010). The 100 g serving size of
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Fig. 2 a Photomicrograph of
homogenized Spirulina-milk
slurry showing disrupted cells
and fragments of Spirulina
platensis, Scale bar = 8 pm.
Representative confocal
micrographs, b toned milk,

¢ control (toned milk subjected
to homogenization),

d Spirulina-milk emulsion,

e probiotic control yogurt
(PCY) and f probiotic Spirulina
yogurt with 7% (w/w) fresh
Spirulina biomass (PSY). The
green region depicts protein
matrix and the red region
depicts fat globules, Scale

bar = 2 um (color figure online)

7% (w/w) PSY would thus meet 27.30% and 40.93% of B-
carotene RDA for Indian adults and children, respectively.
The energy and proximate composition in terms of carbo-
hydrate, ash and fat content of 7% (w/w) PSY was not
significantly different from PCY except for a compara-
tively higher protein content of 3.58 £ 0.008% than PCY
(3.01 £ 0.007%). The mineral content of PSY was com-
parable to PCY except for a slightly higher content of
magnesium (24.62 + 0.16 mg 100 g~ ).

Storage studies

Total plate count (TPC), percentage viability and count
of L. acidophilus, pH and acidity

The microbiological and physico-chemical profile of PCY

and 7% (w/w) PSY during storage at 6-8 °C is presented in
Table 2. The TPC count for PCY increased up to

@ Springer

9.09 + 0.09 log CFU mL™~" (on day 6 of storage) which
was significantly higher than in PSY. In case of PSY, the
TPC count continued to decrease and near the end of
storage period (day 15 and 18), it was significantly lower
than that of PCY. This might be due to the growth pro-
moting effect of supplementation of Spirulina biomass on
probiotic microorganisms making their growth dominant
over other bacteria. In PCY, the initial lag phase of the
growth of probiotic L. acidophilus (Table 2) might have
contributed towards the higher growth of the other bacteria.
Also, during the entire storage period, both the PSY and
PCY did not show any growth of yeast, mold and coliform
organisms. It has been suggested that pathogenic and
spoilage microorganisms are not able to survive in the
fermented milks due to the high acidity and low levels of
oxygen and production of antimicrobial compounds by the
starter cultures in these products (Northolt 1983; Varga
et al. 2002).
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Fig. 3 Probiotic control yogurt (PCY) and probiotic Spirulina yogurt
(PSY, 7% w/w) during fermentation a pH and acidity profile
b growth profile of L. acidophilus (error bars represent standard
deviation)

In PSY, the percentage viability of L. acidophilus ini-
tially increased from 100 on day 0-103.03% on day 3
which was maintained up to 1 week. From day 9 onwards,
it started to decline attaining the value of 82.6% by day 18
which was about 3% less than that of PCY (Table 2). A
similar trend was observed by Varga et al. (2002) where
the percentage viability of probiotic bacteria in yogurt
supplemented with dry Spirulina platensis powder
increased till day 3 and later declined. This decline in the
viability of L. acidophilus in PSY is well correlated with
the profile of L. acidophilus count. It was observed that till
day 6 of storage the L. acidophilus count of PSY
(8.66 £ 0.16 log CFU mL™') remained significantly
higher than PCY (8.11 £ 0.22 log CFU mL™') and then
registered a decline. In case of PSY, post acidification
effect was observed as the acidity increased from
0.84 £ 0.02-1.22 £ 0.00% upon storage. The decline in
viable L. acidophilus count in PSY during the later stages
of storage as compared to PCY, could be the result of
increasingly acidic environment (pH < 4.3 from day 6
onwards) during storage. Beheshtipour et al. (2012) stated
that pH is one of the most critical factors in fermented
milks and the probiotic bacteria undergo a pH drop shock
when there is a sudden decline in pH (Shafiee et al. 2010).

Table 2 Changes in physico-chemical characteristics and microbiological parameters of probiotic control yogurt (PCY) and probiotic Spirulina yogurt (PSY, 7% w/w) during storage at 6-8 °C

Microbiological parameters

Day of storage Physico-chemical characteristics

CFU mL™1)

Increase/decrease in viability of L.  Total plate count (log

acidophilus (%)*

L. acidophilus count (log

CFU mL™1)

Acidity (%)

pH

PCY PSY (7% wiw) PCY PSY (7% wiw)

PSY (7% wiw)

PCY

PSY (7% wlw)

PCY

PSY (7% wiw)

PCY

8.93 £ 0.14 n.s.

8.81 £ 0.16
8.96 + 0.07
9.09 £ 0.09
9.02 £ 0.13
8.92 + 0.17
8.83 + 0.09
8.65 + 0.18

100.00

8.57 £ 0.13* 100.00

8.12 £ 0.11
823 +£0.14
8.11 £ 0.22
7.86 £ 0.08
7.71 £ 0.15
743 £ 0.12
6.98 £ 0.15

0.76 £ 0.02 0.84 £ 0.02%**

0.78 + 0.01

4.55 £ 0.05 4.43 + 0.02%*

4.53 £ 0.03 4.34 £ 0.03%%**
4.50 £ 0.10 4.30 £ 0.01%***
448 £ 0.02 4.25 £ 0.01%%*

4.45 £+ 0.01

8.84 £+ 0.09 n.s.

103.03

101.35

8.83 &+ 0.11%**

0.88 £ 0.03%%**

8.73 £ 0.16%

101.05

99.88

8.66 £ 0.16%*

0.79 £ 0.02 0.90 & 0.02***

0.81 £ 0.01
0.82 £ 0.00
0.83 £ 0.01
0.84 £ 0.02

8.66 + 0.18*

94.75

96.80
94.95

8.12 £ 0.21 ns.

1.07 £ 0.00%**
1.12 £ 0.01%%*
1.17 £ 0.01%%*
1.22 £ 0.00%%**

8.58 + 0.14 n.s.

91.48
88.45

82.61

7.84 £ 0.24 n.s.

4.23 £ 0.01%**

12
15
18

8.43 + 0.21*

91.50

7.58 £ 0.16 n.s.

443 £ 0.02 4.19 £ 0.02%%*
441 £ 0.03 4.17 £ 0.01%#%*

8.30 + 0.16*

85.96

7.08 £ 0.19 n.s.

Data represents mean £ S.D. of three independent experiments (except #). The mean values of PSY were compared against PCY by two way ANOVA, Bonferroni’s multiple comparison test;

P < 0.001, **P < 0.01, *P < 0.05, n.s. (not significant) P > 0.05
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In the present study, the rate of change in pH remained
almost constant for the control PCY (0.02 £ 0.005 pH
units) for every three days of storage period. On the other
hand, PSY experienced an increased rate of change of pH
during the first 3 days of storage (0.09 & 0.001 pH units)
before attaining the similar rate of pH change as that of
PCY. The total probiotic count at the end of storage
however, was 9.5 x 10° in PCY whereas in PSY it was
1.2 x 107 which shows that addition of fresh Spirulina
biomass promoted growth and viability of probiotic
bacteria.

Total chlorophyll and carotenoid content and sensory
properties during storage

The 7% (w/w) PSY retained 91% and 71.5% of total
chlorophyll and carotenoids respectively by the end of storage
period (Fig. 4a). There was no significant change in -car-
otene content during storage period (13.28 & 0.08 ug g'
(DW) on day zero and 13.10 + 0.03 pug g~' (DW) on day
18). The PSY received positive reviews from the consumer
panelists during the first week of storage. On the days 0 and 3,
the yogurt was rated as ‘Like Extremely’ by the panelists (94
and 86% consumers, respectively). On days 6 and 9, the
yogurt was rated ‘Like Moderately’ and ‘Like Slightly’ by 74
and 80% of the consumers, respectively. Day 9 onwards, the
consumers rated the yogurt as ‘Dislike Slightly’ on day 12
(72%) and ‘Dislike Moderately’ on days 15 (66%) and 18
(60%), respectively. The discussion with the consumers
revealed that they experienced loose consistency in yogurt
texture and after taste which only progressed as the storage
period reached day 18. These changes in the consistency of
PSY observed during the late stages of storage (after 12 days)
can be attributed to the fact that no stabilizers or acidity
regulators were used. Therefore, 7% (w/w) PSY obtained in

~ 420 1 ———— r250 ~
< fI SRt S y S i »
8 360 4 I e
o F200 =
£ 300 ' z
E I - 150 §
S 240 o
E 180 2
= 1 - 100
& g
S 1201 £
<
~ 60 50 ©
< 7 —
E Ii—xi\;{\“ §
0 0
0 6 12 18
Day of storage

Total Caro, PCY
—— Total Chl, PCY

Total Caro, PSY (7% w/w)
==& = Total Chl, PSY (7% w/w)

Fig. 4 Total chlorophyll and total carotenoid content of probiotic
control yogurt (PCY) and probiotic Spirulina yogurt (PSY, 7% wiw
fresh biomass) during storage at 68 °C (error bars represent standard
deviation)
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the present study had the mandatory probiotic count, enriched
carotenoid content, and; an appreciable shelf life. Such a
product is important not only from a general health promoting
point of view, but more so from the view point of targeted
intervention to combat malnutrition among children.

Conclusion

The probiotic Spirulina yogurt (PSY) rich in carotenoids
was prepared with fresh biomass of Spirulina platensis
without using any food additives such as stabilizers, acidity
regulators, etc. Deducing from the physico-chemical and
affective (consumer) tests, the incorporation of 7% (W/w)
biomass of S. platensis yielded a highly acceptable product.
The PSY showed an accelerated growth of L. acidophilus
during fermentation and maintained its viability upon
storage. The study successfully established the feasibility
of utilization of fresh biomass to develop Spirulina enri-
ched food/dairy products. The effective cell disruption by
homogenization at conventional pressure (200 = 10 bar)
implies the feasibility of scaling up of this process. Also, it
has not escaped the notice of the authors that “Spirulina-
milk emulsion” (fresh Spirulina biomass incorporated
milk), a semi-processed raw material prepared in the pre-
sent study, is an independent product in itself that can be
used as a base for a variety of new product formulations.
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