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ABSTRACT

Functional foods are among the topical issues irtrition, nutritional foods, medicine and health Iéls.
Considering the unique properties of Spirulina plais, it can be used to enrich yogurt. The maipgae of this
research was to monitor the influence of the powdeCyanobacterium Spirulina platensis added toybghurt
containing Lactobacillus acidophilus and spinamh the survival of yogurt starter culture duringethefrigerated
storage. The cell viability of yoghurt starter auks (Lactobacillus delbrueckii subsp. bulgaricumsl&treptococcus
thermophilus) and Lactobacillus acidophilus undefrigeration conditions in yoghurts prepared with3, 0.5 and
0.8 (w/w) %) the addition of Spirulina powder anithf10 and 13 (w/w) %) spinach was investigatdte Yoghurts
were prepared under hygienic laboratory conditiofbe samples of yoghurts were stored at 4 °C aweéstigated
on days 1, 7, 14 and 21. Viable counts of the daatiid bacteria were above 6 log cfuihlof all “Spirulina
powder” added at the end of the storage periode fésults showed the positive effect of S. platgumivder on the
survival of the lactic acid bacteria during the stge of probiotic yoghurt containing spinach<(®01). It was
determined that Spirulina powder added to yoghsid igood medium for lactic acid bacteria during #tledays of
the refrigerated storage. According to final resulthe probiotic yoghurt sample containing 0.5 %wwSpirulina
platensis and 10 %(w/w) spinach was selected aprigference treatment.
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INTRODUCTION

Because of the changing dietary habits of the génaublic, functional foods are products of intéres many
people. Consumers would need to ingest considetabyymedicine and artificially produced vitamirdanineral
supplements if fermented milks were enriched witAnains, proteins, essential fatty acids, and treleenents of
natural origin. A simple way of attaining this gaslthe use of cyanobacteria in the manufactureutitired dairy
foods (Vargeet al, 1999, Vargeet al.,2002).Spirulinahas been used for many years as additive sin@sitigh
protein content and nutritional value. Cyanobaatédlue-green algae) are photoautotrophic micradsgas which
are widely distributed in natureSpirulina is the best known genus @yanobacteriabecause of its unique
nutritional properties (Cairet al, 2000). It has been proved that consumptionmfuBina is beneficial to health
due to its chemical composition including compoutiks essential amino acids, vitamins, natural pgis, and
fatty acids, especially-6 representatives such aslinolenic (GLNA) acid, a precursor of the prostudin
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hormones in the body. In addition to high qualitpteins, it contains high amounts of calcium, vitarB12,
Vitamin A, B2, B6, E, K and H, and many essentiahenals and enzymeSpirulinais also very rich in terms of
iron content (Fox, 1986; Henrikson, 1994; Akadiral, 2009).

Yoghurt and particularly probiotic yoghurts contrib to health by providing natural nutrients andebyichment of
the intestinal microbiota with lactic acid bactesiad probiotic cultures. They provide several besébr humans.
Among them are better resistance to infectiongjgtition of the immune system and better absorgifaminerals

and lactose (Hovet al, 1999; Caireet al, 2000). The probiotic activity of some strainsiwibe ability to colonize
the intestinal epithelium strengthening to stabilie intestinal microflora, especially after aiile treatment, has
been well described in previous researches (Piadd@esmazeaud, 1992; Gasson, 1993; Gardhed, 2002;

Kearneyet al, 2008).

Interest for probiotics has arisen in recent yeespecially in relation to the addition difidobacterium,
Lactobacillus acidophilus, Lactobacillus rhamnoslisctobacillus casei, Lactobacillus reute the fermented
dairy products such as yoghurt (Samargijal, 2009). After ingestion, these probiotic cultuees believed to play
a significant role in the intestinal system agaisste of the pathogenic microorganisms suclHelcobacter
pylori, Salmonellatyphi and Yersinia enterocoliticdGardineret al, 2002; Jayet al, 2005). To develop expected
therapeutic benefits, a sufficient number of viabieroorganisms must be assured throughout theeestielf life of
the product (Paradat al, 1998).Throughout the shelf life, the product mhate a certain number of viable
probiotic microorganisms to provide therapeutieefs.

It has been observed th@pirulina platensis (S. platensippwder promotes the growth of lactic atidcteria in
synthetic media (Caire et al., 2000) and milk (\éaeg al, 2002; Akalinet al, 2009) andyoghurt made with
Bifidobacterium animalisand 0.3 %S. platensigpowder addition (Akalinet al, 2009). However, there was no
research in related to effe8t platensi®n the survival of yogurt starter culture in yoghzontaining spinach. In this
research, the effect of micro alg&pirulina platensig0.3, 0.5 and 0.8 %) was examined on the viabditjactic
acid bacteria in probiotic yogurt containing 10 d3d% spinach.

MATERIALS AND METHODS

Starter cultures and ingredients:

- Cow’s milk (Bargozideh company, Iran).

- A commercial yogurt starter culture containiBgreptococcus thermophiliend Lactobacillus delbrueckissp.
bulgaricus(Yc — 380 ,Chr. Hansen A/S, Hgrsholm, Denmark) drattobacillus acidophilugLa — 5Chr. Hansen
A/S, Harsholm, Denmark) were used in a freeze dilieect vat set (DVS), and stored according topgteucer’'s
recommendations.

- Spirulinaplatensis(Powdered form, Sina micro-algae Company, Iran).

- blanched chopped spinach.

Yoghurt preparation:
Yoghurts (set style) were made from cow’s milk @dng 3% (w/w) fat and 8 % (w/v) total solids.

Skim milk powder (2 % w/w), whey powder (1% ) ar@@b cream (3% w/w) were added to raw milk at 38R@w
milk was treated at 90 - 95 °C for 5-10 min, anertlzooled to 42 - 40 °C (for fermentation). All tcues were used
according to the manufacturer’s instructions. Millas inoculated with yogurt culture and mixed thgtaoly;
immediatelySpirulina platensigpowder (0, 0.3, 0.5, 0.8 %(w/w)) was added to thkk end incubated at 40 °C.
Fermentation continued up to the pH of 4.5 + 0®Rer fermentation, yoghurt samples were coole@2c 15 °C.
Following blanched chopped spinach addition (10 B8 (w/w)), the mixture was packed into 500-g fitasups,
transferred to a refrigerator at 4 °C and storetiiattemperature for 21 days.

Microbiological analysis:

The samples were taken aseptically and the sdtigloshs were prepared with 0.1 % sterile peptoraten. M17
agar (Oxoid, UK) was used to enumer&tethermophilusThe pH of the medium was 7.1. The inoculatedeglat
were incubated at 37 °C for 48 h under aerobic itmmd (Varga, 2006).
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Acidified MRS agar (Oxoid, UK) with pH 5.4 was uskxt enumeration of. bulgaricus(Varga , 2006). The plates
were incubated at 37 °C for 72 h under anaerohiditions.

Statistical analyses:

Statistics on a completely randomized design werdopmed with the analysis of variance (ANOVA) pedcre
using SAS software (version 9.1; Statistical Anedy8ystem Institute Inc., Cary, NC, USA). LSMEAN negaised to
compare the difference among mean values at tingfisant level of 0.01(p<0.01). All experiments weareplicated
three times.

RESULTS AND DISCUSSION

Changesin Lactobacillus bulgaricus viability in probiotic yoghurt containing spinach during cold storage:

According to Fig.1 and 2, the presenceSofplatensigpowder caused a significant increase of viablentoof L.
bulgaricusin the yoghurts (§0.01). The presence of spinach did not cause gmfisiant increase of viable counts
of L. bulgaricusin the yoghurts. Increasing the storage time didcaase the significant increase of viable coufits o
L.bulgaricusin the yoghurts. Similar effects were also reporgdAkalin et al. (2009) in yoghurt, Vargat al.
(2002) in fermented milk, Fox (1986) and Metin dridn (2010).

Changesin Streptococcus thermophilus viability in probiotic yoghurt containing spinach during cold storage:
According to Fig. 3 and 4, the presenceSofplatensigpowder caused a significant increase of viablentoofS.
thermophilusin the yoghurts (g0.01). The presence of spinach did not cause ti@fisiant increase of viable
counts ofS. thermophilusn the yoghurts. Increasing the storage time catisedncrease of viable counts $f
thermophilusin the yoghurts during the twenty-one days. Siméfiects were also reported by Akagnhal. (2009)
in yoghurt, Vargaet al. (2002) in fermented milk, Fox (1986) and Metirddrkin (2010).

The viability of S. thermophilusvas higher than of.. bulgaricus(Fig.1,2,3 and 4) at the end of the storage
period.,as reported similarly by previous reseache

In general, the viability of the bacteria in allglurts increased whe®8. platensigpowder was added during the
storage period. Yoghurt starter bacteria need entsito grow and survive (Kearney al, 2008).S. platensis
powder may represent a unique source of nutriemtshiese bacteria since it contains significantcemitrations of
amino acids, precursors of nucleic acids, vitamimisieral and etc., among them also derivation @fmin B which

is a well known promoter for the probiotic bactefteox, 1986). From the survival curves, it can bersthatS.
platensispowder added into the all yoghurt resulted in advejrowth of all added bacteria. It was probaladysed
by the nutritive properties d. platensisdesignated by Akalin et al. (2009). Better growttd asurvival can be
explained with the presence of nitrogenous substamstich as free amino acids, peptone etc. dericed $.
platensishiomass (Vargat al, 1999; Vargeet al, 2002; Molnatal., 2005; Akalinet al, 2009).
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Figure 1. Changes in the viable counts df. bulgaricus (log cfumL™) in probiotic yoghurt containing spirulina (S;A1:0% , S1A,
:0.3% , S;A3:0.5% , SiA4 : 0.8%) and 10% spinach during the storage
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Figure 2. Changes in the viable counts df. bulgaricus (log cfumL™) in probiotic yoghurt containing spirulina (S;A1:0% , S;A»
:0.3%, SA3:05% , SA,:0.8%)and 13% spinach during the storage
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Figure 3. Changes in the viable counts &. thermophilus (log cfumL™?) in probiotic yoghurt containing spirulina (S;A1:0% , S;A,
:0.3% , S1A3:0.5% , S;A4 : 0.8%) and 10% spinach during the storage
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Figure 4. Changes in the viable counts o8. thermophilus (log cfumL™) in probiotic yoghurt containing spirulina (S;A1:0% , S,A,
:0.3%, SSA3:05% , SA,:0.8%)and 13% spinach during the storage
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In addition to the above benefits, the cyanobaaitéiopmass increased the essential amino acid igethin contents
of cow’s milk and also improved its fatty acid comsftion. The abundance of bioactive componentS.iplatensis
is of great importance from a nutritional point wiew because the cyanobacterial biomass providemva
opportunity for the manufacture of functional daiopds (Vargeet al, 2002).

According to the taste panel ( not reported date, highest scores were given by the panelisthi@optobiotic
yoghurt containing 0.5 %pirulina platensisand 10 % spinach.

CONCLUSION

The results of this research demonstrated thatSthplatensishiomass positively influenced the yoghurt starter
bacteria viability in the probiotic yoghurt contaig spinach during the storage period. Yoghurt witB %
spirulina had the maximum effect on increasing the viabiityyoghurt starter bacteria; but, caused the smeeof
production costs. Yoghurt with 0.5 Spirulina maintained the number of probiotic bacteria aedmational Dairy
Federation (IDF) standard level during storagewBen the two concentrations of spinach, there wediffierence

in yoghurt starter bacteria viability; but only,vitas effective in the sensory evaluation of thedpot ,so that the
concentration of 10% spinach had higher scoresthegprobiotic yoghurt sample containing 0.5 % (W8&pirulina
platensisand 10 %(w/w) spinach was selected as the prefereaatment.
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